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PREFACE.
The electr�cal problems of the present day l�e largely �n the

econom�cal transm�ss�on of power and �n the rad�cal �mprovement of
the means and methods of �llum�nat�on. To many workers and
th�nkers �n the doma�n of electr�cal �nvent�on, the apparatus and
dev�ces that are fam�l�ar, appear cumbrous and wasteful, and subject
to severe l�m�tat�ons. They bel�eve that the pr�nc�ples of current
generat�on must be changed, the area of current supply be enlarged,
and the appl�ances used by the consumer be at once cheapened
and s�mpl�f�ed. The br�ll�ant successes of the past just�fy them �n
every expectancy of st�ll more generous fru�t�on.

The present volume �s a s�mple record of the p�oneer work done
�n such departments up to date, by Mr. N�kola Tesla, �n whom the
world has already recogn�zed one of the foremost of modern
electr�cal �nvest�gators and �nventors. No attempt whatever has been
made here to emphas�ze the �mportance of h�s researches and
d�scover�es. Great �deas and real �nvent�ons w�n the�r own way,
determ�n�ng the�r own place by �ntr�ns�c mer�t. But w�th the conv�ct�on
that Mr. Tesla �s blaz�ng a path that electr�cal development must
follow for many years to come, the comp�ler has endeavored to br�ng
together all that bears the �mpress of Mr. Tesla's gen�us, and �s
worthy of preservat�on. As�de from �ts value as show�ng the scope of
h�s �nvent�ons, th�s volume may be of serv�ce as �nd�cat�ng the range
of h�s thought. There �s �ntellectual prof�t �n study�ng the push and
play of a v�gorous and or�g�nal m�nd.

Although the l�vely �nterest of the publ�c �n Mr. Tesla's work �s
perhaps of recent growth, th�s volume covers the results of full ten
years. It �ncludes h�s lectures, m�scellaneous art�cles and
d�scuss�ons, and makes note of all h�s �nvent�ons thus far known,
part�cularly those bear�ng on polyphase motors and the effects
obta�ned w�th currents of h�gh potent�al and h�gh frequency. It w�ll be



seen that Mr. Tesla has ever pressed forward, barely paus�ng for an
�nstant to work out �n deta�l the ut�l�zat�ons that have at once been
obv�ous to h�m of the new pr�nc�ples he has eluc�dated. Wherever
poss�ble h�s own language has been employed.

It may be added that th�s volume �s �ssued w�th Mr. Tesla's
sanct�on and approval, and that perm�ss�on has been obta�ned for
the re-publ�cat�on �n �t of such papers as have been read before
var�ous techn�cal soc�et�es of th�s country and Europe. Mr. Tesla has
k�ndly favored the author by look�ng over the proof sheets of the
sect�ons embody�ng h�s latest researches. The work has also
enjoyed the careful rev�s�on of the author's fr�end and ed�tor�al
assoc�ate, Mr. Joseph Wetzler, through whose hands all the proofs
have passed.

D�������, 1893.

T. C. M.
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PART I.

POLYPHASE CURRENTS.



CHAPTER I.

B����������� ���
I�����������.

As an �ntroduct�on to the record conta�ned �n th�s volume of Mr.
Tesla's �nvest�gat�ons and d�scover�es, a few words of a b�ograph�cal
nature w�ll, �t �s deemed, not be out of place, nor other than welcome.

N�kola Tesla was born �n 1857 at Sm�ljan, L�ka, a borderland
reg�on of Austro-Hungary, of the Serb�an race, wh�ch has ma�nta�ned
aga�nst Turkey and all comers so unceas�ng a struggle for freedom.
H�s fam�ly �s an old and representat�ve one among these Sw�tzers of
Eastern Europe, and h�s father was an eloquent clergyman �n the
Greek Church. An uncle �s to-day Metropol�tan �n Bosn�a. H�s mother
was a woman of �nher�ted �ngenu�ty, and del�ghted not only �n sk�lful
work of the ord�nary household character, but �n the construct�on of
such mechan�cal appl�ances as looms and churns and other
mach�nery requ�red �n a rural commun�ty. N�kola was educated at
Gosp�ch �n the publ�c school for four years, and then spent three
years �n the Real Schule. He was then sent to Carstatt, Croat�a,
where he cont�nued h�s stud�es for three years �n the H�gher Real
Schule. There for the f�rst t�me he saw a steam locomot�ve. He
graduated �n 1873, and, surv�v�ng an attack of cholera, devoted
h�mself to exper�mentat�on, espec�ally �n electr�c�ty and magnet�sm.
H�s father would have had h�m ma�nta�n the fam�ly trad�t�on by
enter�ng the Church, but nat�ve gen�us was too strong, and he was
allowed to enter the Polytechn�c School at Gratz, to f�n�sh h�s
stud�es, and w�th the object of becom�ng a professor of mathemat�cs
and phys�cs. One of the mach�nes there exper�mented w�th was a
Gramme dynamo, used as a motor. Desp�te h�s �nstructor's perfect
demonstrat�on of the fact that �t was �mposs�ble to operate a dynamo
w�thout commutator or brushes, Mr. Tesla could not be conv�nced



that such accessor�es were necessary or des�rable. He had already
seen w�th qu�ck �ntu�t�on that a way could be found to d�spense w�th
them; and from that t�me he may be sa�d to have begun work on the
�deas that fruct�f�ed ult�mately �n h�s rotat�ng f�eld motors.

In the second year of h�s Gratz course, Mr. Tesla gave up the
not�on of becom�ng a teacher, and took up the eng�neer�ng
curr�culum. H�s stud�es ended, he returned home �n t�me to see h�s
father d�e, and then went to Prague and Buda-Pesth to study
languages, w�th the object of qual�fy�ng h�mself broadly for the
pract�ce of the eng�neer�ng profess�on. For a short t�me he served as
an ass�stant �n the Government Telegraph Eng�neer�ng Department,
and then became assoc�ated w�th M. Puskas, a personal and fam�ly
fr�end, and other explo�ters of the telephone �n Hungary. He made a
number of telephon�c �nvent�ons, but found h�s opportun�t�es of
benef�t�ng by them l�m�ted �n var�ous ways. To ga�n a w�der f�eld of
act�on, he pushed on to Par�s and there secured employment as an
electr�cal eng�neer w�th one of the large compan�es �n the new
�ndustry of electr�c l�ght�ng.

It was dur�ng th�s per�od, and as early as 1882, that he began
ser�ous and cont�nued efforts to embody the rotat�ng f�eld pr�nc�ple �n
operat�ve apparatus. He was enthus�ast�c about �t; bel�eved �t to mark
a new departure �n the electr�cal arts, and could th�nk of noth�ng else.
In fact, but for the sol�c�tat�ons of a few fr�ends �n commerc�al c�rcles
who urged h�m to form a company to explo�t the �nvent�on, Mr. Tesla,
then a youth of l�ttle worldly exper�ence, would have sought an
�mmed�ate opportun�ty to publ�sh h�s �deas, bel�ev�ng them to be
worthy of note as a novel and rad�cal advance �n electr�cal theory as
well as dest�ned to have a profound �nfluence on all dynamo electr�c
mach�nery.

At last he determ�ned that �t would be best to try h�s fortunes �n
Amer�ca. In France he had met many Amer�cans, and �n contact w�th
them learned the des�rab�l�ty of turn�ng every new �dea �n electr�c�ty
to pract�cal use. He learned also of the ready encouragement g�ven
�n the Un�ted States to any �nventor who could atta�n some new and
valuable result. The resolut�on was formed w�th character�st�c



qu�ckness, and abandon�ng all h�s prospects �n Europe, he at once
set h�s face westward.

Arr�ved �n the Un�ted States, Mr. Tesla took off h�s coat the day he
arr�ved, �n the Ed�son Works. That place had been a goal of h�s
amb�t�on, and one can read�ly �mag�ne the benef�t and st�mulus
der�ved from assoc�at�on w�th Mr. Ed�son, for whom Mr. Tesla has
always had the strongest adm�rat�on. It was �mposs�ble, however,
that, w�th h�s own �deas to carry out, and h�s own �nvent�ons to
develop, Mr. Tesla could long rema�n �n even the most del�ghtful
employ; and, h�s work now attract�ng attent�on, he left the Ed�son
ranks to jo�n a company �ntended to make and sell an arc l�ght�ng
system based on some of h�s �nvent�ons �n that branch of the art.
W�th unceas�ng d�l�gence he brought the system to perfect�on, and
saw �t placed on the market. But the th�ng wh�ch most occup�ed h�s
t�me and thoughts, however, all through th�s per�od, was h�s old
d�scovery of the rotat�ng f�eld pr�nc�ple for alternat�ng current work,
and the appl�cat�on of �t �n motors that have now become known the
world over.

Strong as h�s conv�ct�ons on the subject then were, �t �s a fact that
he stood very much alone, for the alternat�ng current had no well
recogn�zed place. Few electr�cal eng�neers had ever used �t, and the
major�ty were ent�rely unfam�l�ar w�th �ts value, or even �ts essent�al
features. Even Mr. Tesla h�mself d�d not, unt�l after protracted effort
and exper�mentat�on, learn how to construct alternat�ng current
apparatus of fa�r eff�c�ency. But that he had accompl�shed h�s
purpose was shown by the tests of Prof. Anthony, made �n the of
w�nter 1887-8, when Tesla motors �n the hands of that d�st�ngu�shed
expert gave an eff�c�ency equal to that of d�rect current motors.
Noth�ng now stood �n the way of the commerc�al development and
�ntroduct�on of such motors, except that they had to be constructed
w�th a v�ew to operat�ng on the c�rcu�ts then ex�st�ng, wh�ch �n th�s
country were all of h�gh frequency.

The f�rst full publ�cat�on of h�s work �n th�s d�rect�on—outs�de h�s
patents—was a paper read before the Amer�can Inst�tute of Electr�cal
Eng�neers �n New York, �n May, 1888 (read at the suggest�on of Prof.



Anthony and the present wr�ter), when he exh�b�ted motors that had
been �n operat�on long prev�ous, and w�th wh�ch h�s bel�ef that
brushes and commutators could be d�spensed w�th, was
tr�umphantly proved to be correct. The sect�on of th�s volume
devoted to Mr. Tesla's �nvent�ons �n the ut�l�zat�on of polyphase
currents w�ll show how thoroughly from the outset he had mastered
the fundamental �dea and appl�ed �t �n the greatest var�ety of ways.

Hav�ng noted for years the many advantages obta�nable w�th
alternat�ng currents, Mr. Tesla was naturally led on to exper�ment
w�th them at h�gher potent�als and h�gher frequenc�es than were
common or approved of. Ever press�ng forward to determ�ne �n even
the sl�ghtest degree the outl�nes of the unknown, he was rewarded
very qu�ckly �n th�s f�eld w�th results of the most surpr�s�ng nature. A
sl�ght acqua�ntance w�th some of these exper�ments led the comp�ler
of th�s volume to urge Mr. Tesla to repeat them before the Amer�can
Inst�tute of Electr�cal Eng�neers. Th�s was done �n May, 1891, �n a
lecture that marked, beyond quest�on, a d�st�nct departure �n
electr�cal theory and pract�ce, and all the results of wh�ch have not
yet made themselves fully apparent. The New York lecture, and �ts
successors, two �n number, are also �ncluded �n th�s volume, w�th a
few supplementary notes.

Mr. Tesla's work ranges far beyond the vast departments of
polyphase currents and h�gh potent�al l�ght�ng. The "M�scellaneous"
sect�on of th�s volume �ncludes a great many other �nvent�ons �n arc
l�ght�ng, transformers, pyro-magnet�c generators, thermo-magnet�c
motors, th�rd-brush regulat�on, �mprovements �n dynamos, new forms
of �ncandescent lamps, electr�cal meters, condensers, un�polar
dynamos, the convers�on of alternat�ng �nto d�rect currents, etc. It �s
needless to say that at th�s moment Mr. Tesla �s engaged on a
number of �nterest�ng �deas and �nvent�ons, to be made publ�c �n due
course. The present volume deals s�mply w�th h�s work
accompl�shed to date.



CHAPTER II.

A N�� S����� ��
A���������� C������

M����� ��� T�����������.

The present sect�on of th�s volume deals w�th polyphase currents,
and the �nvent�ons by Mr. Tesla, made known thus far, �n wh�ch he
has embod�ed one feature or another of the broad pr�nc�ple of
rotat�ng f�eld poles or resultant attract�on exerted on the armature. It
�s needless to rem�nd electr�c�ans of the great �nterest aroused by the
f�rst enunc�at�on of the rotat�ng f�eld pr�nc�ple, or to dwell upon the
�mportance of the advance from a s�ngle alternat�ng current, to
methods and apparatus wh�ch deal w�th more than one. S�mply
prefac�ng the cons�derat�on here attempted of the subject, w�th the
remark that �n now�se �s the object of th�s volume of a polem�c or
controvers�al nature, �t may be po�nted out that Mr. Tesla's work has
not at all been fully understood or real�zed up to date. To many
readers, �t �s bel�eved, the analys�s of what he has done �n th�s
department w�ll be a revelat�on, wh�le �t w�ll at the same t�me �llustrate
the beaut�ful flex�b�l�ty and range of the pr�nc�ples �nvolved. It w�ll be
seen that, as just suggested, Mr. Tesla d�d not stop short at a mere
rotat�ng f�eld, but dealt broadly w�th the sh�ft�ng of the resultant
attract�on of the magnets. It w�ll be seen that he went on to evolve
the "mult�phase" system w�th many ram�f�cat�ons and turns; that he
showed the broad �dea of motors employ�ng currents of d�ffer�ng
phase �n the armature w�th d�rect currents �n the f�eld; that he f�rst
descr�bed and worked out the �dea of an armature w�th a body of �ron
and co�ls closed upon themselves; that he worked out both
synchron�z�ng and torque motors; that he expla�ned and �llustrated
how mach�nes of ord�nary construct�on m�ght be adapted to h�s
system; that he employed condensers �n f�eld and armature c�rcu�ts,



and went to the bottom of the fundamental pr�nc�ples, test�ng,
approv�ng or reject�ng, �t would appear, every deta�l that �nvent�ve
�ngenu�ty could h�t upon.

Now that op�n�on �s turn�ng so emphat�cally �n favor of lower
frequenc�es, �t deserves spec�al note that Mr. Tesla early recogn�zed
the �mportance of the low frequency feature �n motor work. In fact h�s
f�rst motors exh�b�ted publ�cly—and wh�ch, as Prof. Anthony showed
�n h�s tests �n the w�nter of 1887-8, were the equal of d�rect current
motors �n eff�c�ency, output and start�ng torque—were of the low
frequency type. The necess�ty ar�s�ng, however, to ut�l�ze these
motors �n connect�on w�th the ex�st�ng h�gh frequency c�rcu�ts, our
survey reveals �n an �nterest�ng manner Mr. Tesla's fert�l�ty of
resource �n th�s d�rect�on. But that, after exhaust�ng all the
poss�b�l�t�es of th�s f�eld, Mr. Tesla returns to low frequenc�es, and
�ns�sts on the super�or�ty of h�s polyphase system �n alternat�ng
current d�str�but�on, need not at all surpr�se us, �n v�ew of the strength
of h�s conv�ct�ons, so often expressed, on th�s subject. Th�s �s,
�ndeed, s�gn�f�cant, and may be regarded as �nd�cat�ve of the
probable development next to be w�tnessed.

Inc�dental reference has been made to the eff�c�ency of rotat�ng
f�eld motors, a matter of much �mportance, though �t �s not the
�ntent�on to dwell upon �t here. Prof. Anthony �n h�s remarks before
the Amer�can Inst�tute of Electr�cal Eng�neers, �n May, 1888, on the
two small Tesla motors then shown, wh�ch he had tested, stated that
one gave an eff�c�ency of about 50 per cent. and the other a l�ttle
over s�xty per cent. In 1889, some tests were reported from
P�ttsburgh, made by Mr. Tesla and Mr. Albert Schm�d, on motors up
to 10 �. �. and we�gh�ng about 850 pounds. These mach�nes showed
an eff�c�ency of nearly 90 per cent. W�th some larger motors �t was
then found pract�cable to obta�n an eff�c�ency, w�th the three w�re
system, up to as h�gh as 94 and 95 per cent. These �nterest�ng
f�gures, wh�ch, of course, m�ght be supplemented by others more
elaborate and of later date, are c�ted to show that the eff�c�ency of
the system has not had to wa�t unt�l the present late day for any
demonstrat�on of �ts commerc�al usefulness. An �nvent�on �s none the
less beaut�ful because �t may lack ut�l�ty, but �t must be a pleasure to



any �nventor to know that the �deas he �s advanc�ng are fraught w�th
substant�al benef�ts to the publ�c.



CHAPTER III.

T�� T���� R�������
M������� F����.—M�����

W��� C����� C���������.—
S������������ M�����.—

R������� F����
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The best descr�pt�on that can be g�ven of what he attempted, and
succeeded �n do�ng, w�th the rotat�ng magnet�c f�eld, �s to be found �n
Mr. Tesla's br�ef paper explanatory of h�s rotary current, polyphase
system, read before the Amer�can Inst�tute of Electr�cal Eng�neers, �n
New York, �n May, 1888, under the t�tle "A New System of Alternate
Current Motors and Transformers." As a matter of fact, wh�ch a
perusal of the paper w�ll establ�sh, Mr. Tesla made no attempt �n that
paper to descr�be all h�s work. It dealt �n real�ty w�th the few top�cs
enumerated �n the capt�on of th�s chapter. Mr. Tesla's ret�cence was
no doubt due largely to the fact that h�s act�on was governed by the
w�shes of others w�th whom he was assoc�ated, but �t may be worth
ment�on that the comp�ler of th�s volume—who had seen the motors
runn�ng, and who was then cha�rman of the Inst�tute Comm�ttee on
Papers and Meet�ngs—had great d�ff�culty �n �nduc�ng Mr. Tesla to
g�ve the Inst�tute any paper at all. Mr. Tesla was overworked and �ll,
and man�fested the greatest reluctance to an exh�b�t�on of h�s
motors, but h�s object�ons were at last overcome. The paper was
wr�tten the n�ght prev�ous to the meet�ng, �n penc�l, very hast�ly, and
under the pressure just ment�oned.

In th�s paper casual reference was made to two spec�al forms of
motors not w�th�n the group to be cons�dered. These two forms were:
1. A motor w�th one of �ts c�rcu�ts �n ser�es w�th a transformer, and the



other �n the secondary of the transformer. 2. A motor hav�ng �ts
armature c�rcu�t connected to the generator, and the f�eld co�ls closed
upon themselves. The paper �n �ts essence �s as follows, deal�ng w�th
a few lead�ng features of the Tesla system, namely, the rotat�ng
magnet�c f�eld, motors w�th closed conductors, synchron�z�ng motors,
and rotat�ng f�eld transformers:—

The subject wh�ch I now have the pleasure of br�ng�ng to your
not�ce �s a novel system of electr�c d�str�but�on and transm�ss�on of
power by means of alternate currents, afford�ng pecul�ar advantages,
part�cularly �n the way of motors, wh�ch I am conf�dent w�ll at once
establ�sh the super�or adaptab�l�ty of these currents to the
transm�ss�on of power and w�ll show that many results heretofore
unatta�nable can be reached by the�r use; results wh�ch are very
much des�red �n the pract�cal operat�on of such systems, and wh�ch
cannot be accompl�shed by means of cont�nuous currents.

Before go�ng �nto a deta�led descr�pt�on of th�s system, I th�nk �t
necessary to make a few remarks w�th reference to certa�n
cond�t�ons ex�st�ng �n cont�nuous current generators and motors,
wh�ch, although generally known, are frequently d�sregarded.

In our dynamo mach�nes, �t �s well known, we generate alternate
currents wh�ch we d�rect by means of a commutator, a compl�cated
dev�ce and, �t may be justly sa�d, the source of most of the troubles
exper�enced �n the operat�on of the mach�nes. Now, the currents so
d�rected cannot be ut�l�zed �n the motor, but they must—aga�n by
means of a s�m�lar unrel�able dev�ce—be reconverted �nto the�r
or�g�nal state of alternate currents. The funct�on of the commutator �s
ent�rely external, and �n no way does �t affect the �nternal work�ng of
the mach�nes. In real�ty, therefore, all mach�nes are alternate current
mach�nes, the currents appear�ng as cont�nuous only �n the external
c�rcu�t dur�ng the�r trans�t from generator to motor. In v�ew s�mply of
th�s fact, alternate currents would commend themselves as a more
d�rect appl�cat�on of electr�cal energy, and the employment of
cont�nuous currents would only be just�f�ed �f we had dynamos wh�ch
would pr�mar�ly generate, and motors wh�ch would be d�rectly
actuated by, such currents.



But the operat�on of the commutator on a motor �s twofold; f�rst, �t
reverses the currents through the motor, and secondly, �t effects
automat�cally, a progress�ve sh�ft�ng of the poles of one of �ts
magnet�c const�tuents. Assum�ng, therefore, that both of the useless
operat�ons �n the systems, that �s to say, the d�rect�ng of the alternate
currents on the generator and revers�ng the d�rect currents on the
motor, be el�m�nated, �t would st�ll be necessary, �n order to cause a
rotat�on of the motor, to produce a progress�ve sh�ft�ng of the poles of
one of �ts elements, and the quest�on presented �tself—How to
perform th�s operat�on by the d�rect act�on of alternate currents? I w�ll
now proceed to show how th�s result was accompl�shed.

F�g. 1.
F��. 1.

F�g. 1a. F��. 1a.

In the f�rst exper�ment a drum-armature was prov�ded w�th two
co�ls at r�ght angles to each other, and the ends of these co�ls were
connected to two pa�rs of �nsulated contact-r�ngs as usual. A r�ng
was then made of th�n �nsulated plates of sheet-�ron and wound w�th
four co�ls, each two oppos�te co�ls be�ng connected together so as to
produce free poles on d�ametr�cally oppos�te s�des of the r�ng. The
rema�n�ng free ends of the co�ls were then connected to the contact-
r�ngs of the generator armature so as to form two �ndependent
c�rcu�ts, as �nd�cated �n F�g. 9. It may now be seen what results were
secured �n th�s comb�nat�on, and w�th th�s v�ew I would refer to the
d�agrams, F�gs. 1 to 8a. The f�eld of the generator be�ng
�ndependently exc�ted, the rotat�on of the armature sets up currents
�n the co�ls C C1, vary�ng �n strength and d�rect�on �n the well-known
manner. In the pos�t�on shown �n F�g. 1, the current �n co�l C �s n�l,
wh�le co�l C1 �s traversed by �ts max�mum current, and the
connect�ons may be such that the r�ng �s magnet�zed by the co�ls c1
c1, as �nd�cated by the letters N S �n F�g. 1a, the magnet�z�ng effect of
the co�ls c c be�ng n�l, s�nce these co�ls are �ncluded �n the c�rcu�t of
co�l C.



F�g. 2.
F��. 2.

F�g. 2a. F��. 2a.

In F�g. 2, the armature co�ls are shown �n a more advanced
pos�t�on, one-e�ghth of one revolut�on be�ng completed. F�g. 2a
�llustrates the correspond�ng magnet�c cond�t�on of the r�ng. At th�s
moment the co�l C1 generates a current of the same d�rect�on as
prev�ously, but weaker, produc�ng the poles n1 s1 upon the r�ng; the
co�l C also generates a current of the same d�rect�on, and the
connect�ons may be such that the co�ls c c produce the poles n s, as
shown �n F�g. 2a. The result�ng polar�ty �s �nd�cated by the letters N S,
and �t w�ll be observed that the poles of the r�ng have been sh�fted
one-e�ghth of the per�phery of the same.

F�g. 3.
F��. 3.

F�g. 3a. F��. 3a.

In F�g. 3 the armature has completed one quarter of one
revolut�on. In th�s phase the current �n co�l C �s a max�mum, and of
such d�rect�on as to produce the poles N S �n F�g. 3a, whereas the
current �n co�l C1 �s n�l, th�s co�l be�ng at �ts neutral pos�t�on. The poles
N S �n F�g. 3a are thus sh�fted one quarter of the c�rcumference of the
r�ng.

F�g. 4.
F��. 4.

F�g. 4a. F��. 4a.

F�g. 4 shows the co�ls C C �n a st�ll more advanced pos�t�on, the
armature hav�ng completed three-e�ghths of one revolut�on. At that
moment the co�l C st�ll generates a current of the same d�rect�on as
before, but of less strength, produc�ng the comparat�vely weaker
poles n s �n F�g. 4a. The current �n the co�l C1 �s of the same strength,



but oppos�te d�rect�on. Its effect �s, therefore, to produce upon the
r�ng the poles n1 s1, as �nd�cated, and a polar�ty, N S, results, the
poles now be�ng sh�fted three-e�ghths of the per�phery of the r�ng.

F�g. 5.
F��. 5.

F�g. 5a. F��. 5a.

In F�g. 5 one half of one revolut�on of the armature �s completed,
and the result�ng magnet�c cond�t�on of the r�ng �s �nd�cated �n F�g.
5a. Now the current �n co�l C �s n�l, wh�le the co�l C1 y�elds �ts
max�mum current, wh�ch �s of the same d�rect�on as prev�ously; the
magnet�z�ng effect �s, therefore, due to the co�ls, c1 c1 alone, and,
referr�ng to F�g. 5a, �t w�ll be observed that the poles N S are sh�fted
one half of the c�rcumference of the r�ng. Dur�ng the next half
revolut�on the operat�ons are repeated, as represented �n the F�gs. 6
to 8a.

F�g. 6.
F��. 6.

F�g. 6a. F��. 6a.

A reference to the d�agrams w�ll make �t clear that dur�ng one
revolut�on of the armature the poles of the r�ng are sh�fted once
around �ts per�phery, and, each revolut�on produc�ng l�ke effects, a
rap�d wh�rl�ng of the poles �n harmony w�th the rotat�on of the
armature �s the result. If the connect�ons of e�ther one of the c�rcu�ts
�n the r�ng are reversed, the sh�ft�ng of the poles �s made to progress
�n the oppos�te d�rect�on, but the operat�on �s �dent�cally the same.
Instead of us�ng four w�res, w�th l�ke result, three w�res may be used,
one form�ng a common return for both c�rcu�ts.

F�g. 7.
F��. 7.

F�g. 7a. F��. 7a.



Th�s rotat�on or wh�rl�ng of the poles man�fests �tself �n a ser�es of
cur�ous phenomena. If a del�cately p�voted d�sc of steel or other
magnet�c metal �s approached to the r�ng �t �s set �n rap�d rotat�on,
the d�rect�on of rotat�on vary�ng w�th the pos�t�on of the d�sc. For
�nstance, not�ng the d�rect�on outs�de of the r�ng �t w�ll be found that
�ns�de the r�ng �t turns �n an oppos�te d�rect�on, wh�le �t �s unaffected �f
placed �n a pos�t�on symmetr�cal to the r�ng. Th�s �s eas�ly expla�ned.
Each t�me that a pole approaches, �t �nduces an oppos�te pole �n the
nearest po�nt on the d�sc, and an attract�on �s produced upon that
po�nt; ow�ng to th�s, as the pole �s sh�fted further away from the d�sc
a tangent�al pull �s exerted upon the same, and the act�on be�ng
constantly repeated, a more or less rap�d rotat�on of the d�sc �s the
result. As the pull �s exerted ma�nly upon that part wh�ch �s nearest to
the r�ng, the rotat�on outs�de and �ns�de, or r�ght and left, respect�vely,
�s �n oppos�te d�rect�ons, F�g. 9. When placed symmetr�cally to the
r�ng, the pull on the oppos�te s�des of the d�sc be�ng equal, no
rotat�on results. The act�on �s based on the magnet�c �nert�a of �ron;
for th�s reason a d�sc of hard steel �s much more affected than a d�sc
of soft �ron, the latter be�ng capable of very rap�d var�at�ons of
magnet�sm. Such a d�sc has proved to be a very useful �nstrument �n
all these �nvest�gat�ons, as �t has enabled me to detect any
�rregular�ty �n the act�on. A cur�ous effect �s also produced upon �ron
f�l�ngs. By plac�ng some upon a paper and hold�ng them externally
qu�te close to the r�ng, they are set �n a v�brat�ng mot�on, rema�n�ng �n
the same place, although the paper may be moved back and forth;
but �n l�ft�ng the paper to a certa�n he�ght wh�ch seems to be
dependent on the �ntens�ty of the poles and the speed of rotat�on,
they are thrown away �n a d�rect�on always oppos�te to the supposed
movement of the poles. If a paper w�th f�l�ngs �s put flat upon the r�ng
and the current turned on suddenly, the ex�stence of a magnet�c wh�rl
may eas�ly be observed.

To demonstrate the complete analogy between the r�ng and a
revolv�ng magnet, a strongly energ�zed electro-magnet was rotated
by mechan�cal power, and phenomena �dent�cal �n every part�cular to
those ment�oned above were observed.



Obv�ously, the rotat�on of the poles produces correspond�ng
�nduct�ve effects and may be ut�l�zed to generate currents �n a closed
conductor placed w�th�n the �nfluence of the poles. For th�s purpose �t
�s conven�ent to w�nd a r�ng w�th two sets of super�mposed co�ls
form�ng respect�vely the pr�mary and secondary c�rcu�ts, as shown �n
F�g. 10. In order to secure the most econom�cal results the magnet�c
c�rcu�t should be completely closed, and w�th th�s object �n v�ew the
construct�on may be mod�f�ed at w�ll.



F�g. 8.
F��. 8.

F�g. 8a. F��. 8a.

The �nduct�ve effect exerted upon the secondary co�ls w�ll be
ma�nly due to the sh�ft�ng or movement of the magnet�c act�on; but
there may also be currents set up �n the c�rcu�ts �n consequence of
the var�at�ons �n the �ntens�ty of the poles. However, by properly
des�gn�ng the generator and determ�n�ng the magnet�z�ng effect of
the pr�mary co�ls, the latter element may be made to d�sappear. The
�ntens�ty of the poles be�ng ma�nta�ned constant, the act�on of the
apparatus w�ll be perfect, and the same result w�ll be secured as
though the sh�ft�ng were effected by means of a commutator w�th an
�nf�n�te number of bars. In such case the theoret�cal relat�on between
the energ�z�ng effect of each set of pr�mary co�ls and the�r resultant
magnet�z�ng effect may be expressed by the equat�on of a c�rcle
hav�ng �ts centre co�nc�d�ng w�th that of an orthogonal system of
axes, and �n wh�ch the rad�us represents the resultant and the co-
ord�nates both of �ts components. These are then respect�vely the
s�ne and cos�ne of the angle α between the rad�us and one of the
axes (O X). Referr�ng to F�g. 11, we have r2 = x2 + y2; where x = r
cos α, and y = r s�n α.

Assum�ng the magnet�z�ng effect of each set of co�ls �n the
transformer to be proport�onal to the current—wh�ch may be
adm�tted for weak degrees of magnet�zat�on—then x = Kc and y =
Kc1, where K �s a constant and c and c1 the current �n both sets of
co�ls respect�vely. Suppos�ng, further, the f�eld of the generator to be
un�form, we have for constant speed c1 = K1 s�n α and c = K1 s�n
(90° + α) = K1 cos α, where K1 �s a constant. See F�g. 12.

Therefore,

x = K c = K K1 cos α;
y = K c1 = K K1 s�n α; and
K K1 = r.



F�g. 9.
F��. 9.

That �s, for a un�form f�eld the d�spos�t�on of the two co�ls at r�ght
angles w�ll secure the theoret�cal result, and the �ntens�ty of the
sh�ft�ng poles w�ll be constant. But from r2 = x2 + y2 �t follows that for
y = 0, r = x; �t follows that the jo�nt magnet�z�ng effect of both sets of
co�ls should be equal to the effect of one set when at �ts max�mum
act�on. In transformers and �n a certa�n class of motors the
fluctuat�on of the poles �s not of great �mportance, but �n another
class of these motors �t �s des�rable to obta�n the theoret�cal result.

In apply�ng th�s pr�nc�ple to the construct�on of motors, two typ�cal
forms of motor have been developed. F�rst, a form hav�ng a
comparat�vely small rotary effort at the start but ma�nta�n�ng a
perfectly un�form speed at all loads, wh�ch motor has been termed
synchronous. Second, a form possess�ng a great rotary effort at the
start, the speed be�ng dependent on the load.

These motors may be operated �n three d�fferent ways: 1. By the
alternate currents of the source only. 2. By a comb�ned act�on of
these and of �nduced currents. 3. By the jo�nt act�on of alternate and
cont�nuous currents.

F�g. 10.
F��. 10.

The s�mplest form of a synchronous motor �s obta�ned by w�nd�ng
a lam�nated r�ng prov�ded w�th pole project�ons w�th four co�ls, and
connect�ng the same �n the manner before �nd�cated. An �ron d�sc
hav�ng a segment cut away on each s�de may be used as an
armature. Such a motor �s shown �n F�g. 9. The d�sc be�ng arranged
to rotate freely w�th�n the r�ng �n close prox�m�ty to the project�ons, �t
�s ev�dent that as the poles are sh�fted �t w�ll, ow�ng to �ts tendency to
place �tself �n such a pos�t�on as to embrace the greatest number of
the l�nes of force, closely follow the movement of the poles, and �ts
mot�on w�ll be synchronous w�th that of the armature of the
generator; that �s, �n the pecul�ar d�spos�t�on shown �n F�g. 9, �n wh�ch
the armature produces by one revolut�on two current �mpulses �n



each of the c�rcu�ts. It �s ev�dent that �f, by one revolut�on of the
armature, a greater number of �mpulses �s produced, the speed of
the motor w�ll be correspond�ngly �ncreased. Cons�der�ng that the
attract�on exerted upon the d�sc �s greatest when the same �s �n
close prox�m�ty to the poles, �t follows that such a motor w�ll ma�nta�n
exactly the same speed at all loads w�th�n the l�m�ts of �ts capac�ty.

To fac�l�tate the start�ng, the d�sc may be prov�ded w�th a co�l
closed upon �tself. The advantage secured by such a co�l �s ev�dent.
On the start the currents set up �n the co�l strongly energ�ze the d�sc
and �ncrease the attract�on exerted upon the same by the r�ng, and
currents be�ng generated �n the co�l as long as the speed of the
armature �s �nfer�or to that of the poles, cons�derable work may be
performed by such a motor even �f the speed be below normal. The
�ntens�ty of the poles be�ng constant, no currents w�ll be generated �n
the co�l when the motor �s turn�ng at �ts normal speed.

Instead of clos�ng the co�l upon �tself, �ts ends may be connected
to two �nsulated sl�d�ng r�ngs, and a cont�nuous current suppl�ed to
these from a su�table generator. The proper way to start such a
motor �s to close the co�l upon �tself unt�l the normal speed �s
reached, or nearly so, and then turn on the cont�nuous current. If the
d�sc be very strongly energ�zed by a cont�nuous current the motor
may not be able to start, but �f �t be weakly energ�zed, or generally so
that the magnet�z�ng effect of the r�ng �s preponderat�ng, �t w�ll start
and reach the normal speed. Such a motor w�ll ma�nta�n absolutely
the same speed at all loads. It has also been found that �f the mot�ve
power of the generator �s not excess�ve, by check�ng the motor the
speed of the generator �s d�m�n�shed �n synchron�sm w�th that of the
motor. It �s character�st�c of th�s form of motor that �t cannot be
reversed by revers�ng the cont�nuous current through the co�l.

F�g. 11.
F��. 11.

F�g. 12.
F��. 12.



The synchron�sm of these motors may be demonstrated
exper�mentally �n a var�ety of ways. For th�s purpose �t �s best to
employ a motor cons�st�ng of a stat�onary f�eld magnet and an
armature arranged to rotate w�th�n the same, as �nd�cated �n F�g. 13.
In th�s case the sh�ft�ng of the poles of the armature produces a
rotat�on of the latter �n the oppos�te d�rect�on. It results therefrom that
when the normal speed �s reached, the poles of the armature
assume f�xed pos�t�ons relat�vely to the f�eld magnet, and the same �s
magnet�zed by �nduct�on, exh�b�t�ng a d�st�nct pole on each of the
pole-p�eces. If a p�ece of soft �ron �s approached to the f�eld magnet,
�t w�ll at the start be attracted w�th a rap�d v�brat�ng mot�on produced
by the reversals of polar�ty of the magnet, but as the speed of the
armature �ncreases, the v�brat�ons become less and less frequent
and f�nally ent�rely cease. Then the �ron �s weakly but permanently
attracted, show�ng that synchron�sm �s reached and the f�eld magnet
energ�zed by �nduct�on.

The d�sc may also be used for the exper�ment. If held qu�te close
to the armature �t w�ll turn as long as the speed of rotat�on of the
poles exceeds that of the armature; but when the normal speed �s
reached, or very nearly so, �t ceases to rotate and �s permanently
attracted.

F�g. 13.
F��. 13.

A crude but �llustrat�ve exper�ment �s made w�th an �ncandescent
lamp. Plac�ng the lamp �n c�rcu�t w�th the cont�nuous current
generator and �n ser�es w�th the magnet co�l, rap�d fluctuat�ons are
observed �n the l�ght �n consequence of the �nduced currents set up
�n the co�l at the start; the speed �ncreas�ng, the fluctuat�ons occur at
longer �ntervals, unt�l they ent�rely d�sappear, show�ng that the motor
has atta�ned �ts normal speed. A telephone rece�ver affords a most
sens�t�ve �nstrument; when connected to any c�rcu�t �n the motor the
synchron�sm may be eas�ly detected on the d�sappearance of the
�nduced currents.



In motors of the synchronous type �t �s des�rable to ma�nta�n the
quant�ty of the sh�ft�ng magnet�sm constant, espec�ally �f the magnets
are not properly subd�v�ded.

To obta�n a rotary effort �n these motors was the subject of long
thought. In order to secure th�s result �t was necessary to make such
a d�spos�t�on that wh�le the poles of one element of the motor are
sh�fted by the alternate currents of the source, the poles produced
upon the other elements should always be ma�nta�ned �n the proper
relat�on to the former, �rrespect�ve of the speed of the motor. Such a
cond�t�on ex�sts �n a cont�nuous current motor; but �n a synchronous
motor, such as descr�bed, th�s cond�t�on �s fulf�lled only when the
speed �s normal.

F�g. 14.
F��. 14.

The object has been atta�ned by plac�ng w�th�n the r�ng a properly
subd�v�ded cyl�ndr�cal �ron core wound w�th several �ndependent co�ls
closed upon themselves. Two co�ls at r�ght angles as �n F�g. 14, are
suff�c�ent, but a greater number may be advantageously employed. It
results from th�s d�spos�t�on that when the poles of the r�ng are
sh�fted, currents are generated �n the closed armature co�ls. These
currents are the most �ntense at or near the po�nts of the greatest
dens�ty of the l�nes of force, and the�r effect �s to produce poles upon
the armature at r�ght angles to those of the r�ng, at least theoret�cally
so; and s�nce th�s act�on �s ent�rely �ndependent of the speed—that
�s, as far as the locat�on of the poles �s concerned—a cont�nuous pull
�s exerted upon the per�phery of the armature. In many respects
these motors are s�m�lar to the cont�nuous current motors. If load �s
put on, the speed, and also the res�stance of the motor, �s d�m�n�shed
and more current �s made to pass through the energ�z�ng co�ls, thus
�ncreas�ng the effort. Upon the load be�ng taken off, the counter-
electromot�ve force �ncreases and less current passes through the
pr�mary or energ�z�ng co�ls. W�thout any load the speed �s very nearly
equal to that of the sh�ft�ng poles of the f�eld magnet.

F�g. 15, 16, 17.



F��. 15. F��. 16. F��. 17.

It w�ll be found that the rotary effort �n these motors fully equals
that of the cont�nuous current motors. The effort seems to be
greatest when both armature and f�eld magnet are w�thout any
project�ons; but as �n such d�spos�t�ons the f�eld cannot be
concentrated, probably the best results w�ll be obta�ned by leav�ng
pole project�ons on one of the elements only. Generally, �t may be
stated the project�ons d�m�n�sh the torque and produce a tendency to
synchron�sm.

A character�st�c feature of motors of th�s k�nd �s the�r property of
be�ng very rap�dly reversed. Th�s follows from the pecul�ar act�on of
the motor. Suppose the armature to be rotat�ng and the d�rect�on of
rotat�on of the poles to be reversed. The apparatus then represents a
dynamo mach�ne, the power to dr�ve th�s mach�ne be�ng the
momentum stored up �n the armature and �ts speed be�ng the sum of
the speeds of the armature and the poles.

F�g. 18, 19, 20, 21.
F��. 18. F��. 19. F��. 20. F��. 21.

If we now cons�der that the power to dr�ve such a dynamo would
be very nearly proport�onal to the th�rd power of the speed, for that
reason alone the armature should be qu�ckly reversed. But
s�multaneously w�th the reversal another element �s brought �nto
act�on, namely, as the movement of the poles w�th respect to the
armature �s reversed, the motor acts l�ke a transformer �n wh�ch the
res�stance of the secondary c�rcu�t would be abnormally d�m�n�shed
by produc�ng �n th�s c�rcu�t an add�t�onal electromot�ve force. Ow�ng
to these causes the reversal �s �nstantaneous.

If �t �s des�rable to secure a constant speed, and at the same t�me
a certa�n effort at the start, th�s result may be eas�ly atta�ned �n a
var�ety of ways. For �nstance, two armatures, one for torque and the
other for synchron�sm, may be fastened on the same shaft and any
des�red preponderance may be g�ven to e�ther one, or an armature
may be wound for rotary effort, but a more or less pronounced



tendency to synchron�sm may be g�ven to �t by properly construct�ng
the �ron core; and �n many other ways.

As a means of obta�n�ng the requ�red phase of the currents �n
both the c�rcu�ts, the d�spos�t�on of the two co�ls at r�ght angles �s the
s�mplest, secur�ng the most un�form act�on; but the phase may be
obta�ned �n many other ways, vary�ng w�th the mach�ne employed.
Any of the dynamos at present �n use may be eas�ly adapted for th�s
purpose by mak�ng connect�ons to proper po�nts of the generat�ng
co�ls. In closed c�rcu�t armatures, such as used �n the cont�nuous
current systems, �t �s best to make four der�vat�ons from equ�-d�stant
po�nts or bars of the commutator, and to connect the same to four
�nsulated sl�d�ng r�ngs on the shaft. In th�s case each of the motor
c�rcu�ts �s connected to two d�ametr�cally oppos�te bars of the
commutator. In such a d�spos�t�on the motor may also be operated at
half the potent�al and on the three-w�re plan, by connect�ng the motor
c�rcu�ts �n the proper order to three of the contact r�ngs.

In mult�polar dynamo mach�nes, such as used �n the converter
systems, the phase �s conven�ently obta�ned by w�nd�ng upon the
armature two ser�es of co�ls �n such a manner that wh�le the co�ls of
one set or ser�es are at the�r max�mum product�on of current, the
co�ls of the other w�ll be at the�r neutral pos�t�on, or nearly so,
whereby both sets of co�ls may be subjected s�multaneously or
success�vely to the �nduc�ng act�on of the f�eld magnets.

Generally the c�rcu�ts �n the motor w�ll be s�m�larly d�sposed, and
var�ous arrangements may be made to fulf�ll the requ�rements; but
the s�mplest and most pract�cable �s to arrange pr�mary c�rcu�ts on
stat�onary parts of the motor, thereby obv�at�ng, at least �n certa�n
forms, the employment of sl�d�ng contacts. In such a case the
magnet co�ls are connected alternately �n both the c�rcu�ts; that �s, 1,
3, 5 ... �n one, and 2, 4, 6 ... �n the other, and the co�ls of each set of
ser�es may be connected all �n the same manner, or alternately �n
oppos�t�on; �n the latter case a motor w�th half the number of poles
w�ll result, and �ts act�on w�ll be correspond�ngly mod�f�ed. The F�gs.
15, 16, and 17, show three d�fferent phases, the magnet co�ls �n
each c�rcu�t be�ng connected alternately �n oppos�t�on. In th�s case



there w�ll be always four poles, as �n F�gs. 15 and 17; four pole
project�ons w�ll be neutral; and �n F�g. 16 two adjacent pole
project�ons w�ll have the same polar�ty. If the co�ls are connected �n
the same manner there w�ll be e�ght alternat�ng poles, as �nd�cated
by the letters n' s' �n F�g. 15.

The employment of mult�polar motors secures �n th�s system an
advantage much des�red and unatta�nable �n the cont�nuous current
system, and that �s, that a motor may be made to run exactly at a
predeterm�ned speed �rrespect�ve of �mperfect�ons �n construct�on, of
the load, and, w�th�n certa�n l�m�ts, of electromot�ve force and current
strength.

In a general d�str�but�on system of th�s k�nd the follow�ng plan
should be adopted. At the central stat�on of supply a generator
should be prov�ded hav�ng a cons�derable number of poles. The
motors operated from th�s generator should be of the synchronous
type, but possess�ng suff�c�ent rotary effort to �nsure the�r start�ng.
W�th the observance of proper rules of construct�on �t may be
adm�tted that the speed of each motor w�ll be �n some �nverse
proport�on to �ts s�ze, and the number of poles should be chosen
accord�ngly. St�ll, except�onal demands may mod�fy th�s rule. In v�ew
of th�s, �t w�ll be advantageous to prov�de each motor w�th a greater
number of pole project�ons or co�ls, the number be�ng preferably a
mult�ple of two and three. By th�s means, by s�mply chang�ng the
connect�ons of the co�ls, the motor may be adapted to any probable
demands.

If the number of the poles �n the motor �s even, the act�on w�ll be
harmon�ous and the proper result w�ll be obta�ned; �f th�s �s not the
case, the best plan to be followed �s to make a motor w�th a double
number of poles and connect the same �n the manner before
�nd�cated, so that half the number of poles result. Suppose, for
�nstance, that the generator has twelve poles, and �t would be
des�red to obta�n a speed equal to 12/7 of the speed of the
generator. Th�s would requ�re a motor w�th seven pole project�ons or
magnets, and such a motor could not be properly connected �n the
c�rcu�ts unless fourteen armature co�ls would be prov�ded, wh�ch



would necess�tate the employment of sl�d�ng contacts. To avo�d th�s,
the motor should be prov�ded w�th fourteen magnets and seven
connected �n each c�rcu�t, the magnets �n each c�rcu�t alternat�ng
among themselves. The armature should have fourteen closed co�ls.
The act�on of the motor w�ll not be qu�te as perfect as �n the case of
an even number of poles, but the drawback w�ll not be of a ser�ous
nature.

However, the d�sadvantages result�ng from th�s unsymmetr�cal
form w�ll be reduced �n the same proport�on as the number of the
poles �s augmented.

If the generator has, say, n, and the motor n1 poles, the speed of
the motor w�ll be equal to that of the generator mult�pl�ed by n/n1.

The speed of the motor w�ll generally be dependent on the
number of the poles, but there may be except�ons to th�s rule. The
speed may be mod�f�ed by the phase of the currents �n the c�rcu�t or
by the character of the current �mpulses or by �ntervals between
each or between groups of �mpulses. Some of the poss�ble cases
are �nd�cated �n the d�agrams, F�gs. 18, 19, 20 and 21, wh�ch are
self-explanatory. F�g. 18 represents the cond�t�on generally ex�st�ng,
and wh�ch secures the best result. In such a case, �f the typ�cal form
of motor �llustrated �n F�g. 9 �s employed, one complete wave �n each
c�rcu�t w�ll produce one revolut�on of the motor. In F�g. 19 the same
result w�ll be effected by one wave �n each c�rcu�t, the �mpulses be�ng
success�ve; �n F�g. 20 by four, and �n F�g. 21 by e�ght waves.

By such means any des�red speed may be atta�ned, that �s, at
least w�th�n the l�m�ts of pract�cal demands. Th�s system possesses
th�s advantage, bes�des others, result�ng from s�mpl�c�ty. At full loads
the motors show an eff�c�ency fully equal to that of the cont�nuous
current motors. The transformers present an add�t�onal advantage �n
the�r capab�l�ty of operat�ng motors. They are capable of s�m�lar
mod�f�cat�ons �n construct�on, and w�ll fac�l�tate the �ntroduct�on of
motors and the�r adaptat�on to pract�cal demands. The�r eff�c�ency
should be h�gher than that of the present transformers, and I base
my assert�on on the follow�ng:



In a transformer, as constructed at present, we produce the
currents �n the secondary c�rcu�t by vary�ng the strength of the
pr�mary or exc�t�ng currents. If we adm�t proport�onal�ty w�th respect
to the �ron core the �nduct�ve effect exerted upon the secondary co�l
w�ll be proport�onal to the numer�cal sum of the var�at�ons �n the
strength of the exc�t�ng current per un�t of t�me; whence �t follows that
for a g�ven var�at�on any prolongat�on of the pr�mary current w�ll
result �n a proport�onal loss. In order to obta�n rap�d var�at�ons �n the
strength of the current, essent�al to eff�c�ent �nduct�on, a great
number of undulat�ons are employed; from th�s pract�ce var�ous
d�sadvantages result. These are: Increased cost and d�m�n�shed
eff�c�ency of the generator; more waste of energy �n heat�ng the
cores, and also d�m�n�shed output of the transformer, s�nce the core
�s not properly ut�l�zed, the reversals be�ng too rap�d. The �nduct�ve
effect �s also very small �n certa�n phases, as w�ll be apparent from a
graph�c representat�on, and there may be per�ods of �nact�on, �f there
are �ntervals between the succeed�ng current �mpulses or waves. In
produc�ng a sh�ft�ng of the poles �n a transformer, and thereby
�nduc�ng currents, the �nduct�on �s of the �deal character, be�ng
always ma�nta�ned at �ts max�mum act�on. It �s also reasonable to
assume that by a sh�ft�ng of the poles less energy w�ll be wasted
than by reversals.



CHAPTER IV.

M������������ ���
E��������� �� ��� T����

P�������� S������.

In h�s earl�er papers and patents relat�ve to polyphase currents,
Mr. Tesla devoted h�mself ch�efly to an enunc�at�on of the broad l�nes
and �deas ly�ng at the bas�s of th�s new work; but he supplemented
th�s �mmed�ately by a ser�es of other str�k�ng �nvent�ons wh�ch may
be regarded as mod�f�cat�ons and expans�ons of certa�n features of
the Tesla systems. These we shall now proceed to deal w�th.

In the preced�ng chapters we have thus shown and descr�bed the
Tesla electr�cal systems for the transm�ss�on of power and the
convers�on and d�str�but�on of electr�cal energy, �n wh�ch the motors
and the transformers conta�n two or more co�ls or sets of co�ls, wh�ch
were connected up �n �ndependent c�rcu�ts w�th correspond�ng co�ls
of an alternat�ng current generator, the operat�on of the system be�ng
brought about by the co-operat�on of the alternat�ng currents �n the
�ndependent c�rcu�ts �n progress�vely mov�ng or sh�ft�ng the poles or
po�nts of max�mum magnet�c effect of the motors or converters. In
these systems two �ndependent conductors are employed for each of
the �ndependent c�rcu�ts connect�ng the generator w�th the dev�ces
for convert�ng the transm�tted currents �nto mechan�cal energy or �nto
electr�c currents of another character. Th�s, however, �s not always
necessary. The two or more c�rcu�ts may have a s�ngle return path or
w�re �n common, w�th a loss, �f any, wh�ch �s so extremely sl�ght that �t
may be d�sregarded ent�rely. For the sake of �llustrat�on, �f the
generator have two �ndependent co�ls and the motor two co�ls or two
sets of co�ls �n correspond�ng relat�ons to �ts operat�ve elements one
term�nal of each generator co�l �s connected to the correspond�ng
term�nals of the motor co�ls through two �ndependent conductors,



wh�le the oppos�te term�nals of the respect�ve co�ls are both
connected to one return w�re. The follow�ng descr�pt�on deals w�th
the mod�f�cat�on. F�g. 22 �s a d�agrammat�c �llustrat�on of a generator
and s�ngle motor constructed and electr�cally connected �n
accordance w�th the �nvent�on. F�g. 23 �s a d�agram of the system as
�t �s used �n operat�ng motors or converters, or both, �n parallel, wh�le
F�g. 24 �llustrates d�agrammat�cally the manner of operat�ng two or
more motors or converters, or both, �n ser�es. Referr�ng to F�g. 22, A
A des�gnate the poles of the f�eld magnets of an alternat�ng-current
generator, the armature of wh�ch, be�ng �n th�s case cyl�ndr�cal �n
form and mounted on a shaft, C, �s wound long�tud�nally w�th co�ls B
B'. The shaft C carr�es three �nsulated contact-r�ngs, a b c, to two of
wh�ch, as b c, one term�nal of each co�l, as e d, �s connected. The
rema�n�ng term�nals, f g, are both connected to the th�rd r�ng, a.

F�g. 22.
F��. 22.

F�g. 24.
F��. 24.

A motor �n th�s case �s shown as composed of a r�ng, H, wound
w�th four co�ls, I I J J, electr�cally connected, so as to co-operate �n
pa�rs, w�th a tendency to f�x the poles of the r�ng at four po�nts n�nety
degrees apart. W�th�n the magnet�c r�ng H �s a d�sc or cyl�ndr�cal core
wound w�th two co�ls, G G', wh�ch may be connected to form two
closed c�rcu�ts. The term�nals j k of the two sets or pa�rs of co�ls are
connected, respect�vely, to the b�nd�ng-posts E' F', and the other
term�nals, h �, are connected to a s�ngle b�nd�ng-post, D'. To operate
the motor, three l�ne-w�res are used to connect the term�nals of the
generator w�th those of the motor.

F�g. 23.
F��. 23.

So far as the apparent act�on or mode of operat�on of th�s
arrangement �s concerned, the s�ngle w�re D, wh�ch �s, so to speak, a
common return-w�re for both c�rcu�ts, may be regarded as two



�ndependent w�res. In the �llustrat�on, w�th the order of connect�on
shown, co�l B' of the generator �s produc�ng �ts max�mum current and
co�l B �ts m�n�mum; hence the current wh�ch passes through w�re e,
r�ng b, brush b', l�ne-w�re E, term�nal E', w�re j, co�ls I I, w�re or
term�nal D', l�ne-w�re D, brush a', r�ng a, and w�re f, f�xes the polar l�ne
of the motor m�dway between the two co�ls I I; but as the co�l B'
moves from the pos�t�on �nd�cated �t generates less current, wh�le co�l
B, mov�ng �nto the f�eld, generates more. The current from co�l B
passes through the dev�ces and w�res des�gnated by the letters d, c,
c' F, F' k, J J, �, D', D, a', a, and g, and the pos�t�on of the poles of the
motor w�ll be due to the resultant effect of the currents �n the two sets
of co�ls—that �s, �t w�ll be advanced �n proport�on to the advance or
forward movement of the armature co�ls. The movement of the
generator-armature through one-quarter of a revolut�on w�ll obv�ously
br�ng co�l B' �nto �ts neutral pos�t�on and co�l B �nto �ts pos�t�on of
max�mum effect, and th�s sh�fts the poles n�nety degrees, as they are
f�xed solely by co�ls B. Th�s act�on �s repeated for each quarter of a
complete revolut�on.

When more than one motor or other dev�ce �s employed, they
may be run e�ther �n parallel or ser�es. In F�g. 23 the former
arrangement �s shown. The electr�cal dev�ce �s shown as a converter,
L, of wh�ch the two sets of pr�mary co�ls p r are connected,
respect�vely, to the ma�ns F E, wh�ch are electr�cally connected w�th
the two co�ls of the generator. The cross-c�rcu�t w�res l m, mak�ng
these connect�ons, are then connected to the common return-w�re D.
The secondary co�ls p' p'' are �n c�rcu�ts n o, �nclud�ng, for example,
�ncandescent lamps. Only one converter �s shown ent�re �n th�s
f�gure, the others be�ng �llustrated d�agrammat�cally.

When motors or converters are to be run �n ser�es, the two w�res
E F are led from the generator to the co�ls of the f�rst motor or
converter, then cont�nued on to the next, and so on through the
whole ser�es, and are then jo�ned to the s�ngle w�re D, wh�ch
completes both c�rcu�ts through the generator. Th�s �s shown �n F�g.
24, �n wh�ch J I represent the two co�ls or sets of co�ls of the motors.



There are, of course, other cond�t�ons under wh�ch the same �dea
may be carr�ed out. For example, �n case the motor and generator
each has three �ndependent c�rcu�ts, one term�nal of each c�rcu�t �s
connected to a l�ne-w�re, and the other three term�nals to a common
return-conductor. Th�s arrangement w�ll secure s�m�lar results to
those atta�ned w�th a generator and motor hav�ng but two
�ndependent c�rcu�ts, as above descr�bed.

When appl�ed to such mach�nes and motors as have three or
more �nduced c�rcu�ts w�th a common electr�cal jo�nt, the three or
more term�nals of the generator would be s�mply connected to those
of the motor. Mr. Tesla states, however, that the results obta�ned �n
th�s manner show a lower eff�c�ency than do the forms dwelt upon
more fully above.



CHAPTER V.

U�������� F������� T���� ��
G�������� �� ���

C��������� C������ T���.

The preced�ng descr�pt�ons have assumed the use of alternat�ng
current generators �n wh�ch, �n order to produce the progress�ve
movement of the magnet�c poles, or of the resultant attract�on of
�ndependent f�eld magnets, the current generat�ng co�ls are
�ndependent or separate. The ord�nary forms of cont�nuous current
dynamos may, however, be employed for the same work, �n
accordance w�th a method of adaptat�on dev�sed by Mr. Tesla. As w�ll
be seen, the mod�f�cat�on �nvolves but sl�ght changes �n the�r
construct�on, and presents other elements of economy.

On the shaft of a g�ven generator, e�ther �n place of or �n add�t�on
to the regular commutator, are secured as many pa�rs of �nsulated
collect�ng-r�ngs as there are c�rcu�ts to be operated. Now, �t w�ll be
understood that �n the operat�on of any dynamo electr�c generator
the currents �n the co�ls �n the�r movement through the f�eld of force
undergo d�fferent phases—that �s to say, at d�fferent pos�t�ons of the
co�ls the currents have certa�n d�rect�ons and certa�n strengths—and
that �n the Tesla motors or transformers �t �s necessary that the
currents �n the energ�z�ng co�ls should undergo a certa�n order of
var�at�ons �n strength and d�rect�on. Hence, the further step—v�z., the
connect�on between the �nduced or generat�ng co�ls of the mach�ne
and the contact-r�ngs from wh�ch the currents are to be taken off—
w�ll be determ�ned solely by what order of var�at�ons of strength and
d�rect�on �n the currents �s des�red for produc�ng a g�ven result �n the
electr�cal translat�ng dev�ce. Th�s may be accompl�shed �n var�ous
ways; but �n the draw�ngs we g�ve typ�cal �nstances only of the best
and most pract�cable ways of apply�ng the �nvent�on to three of the



lead�ng types of mach�nes �n w�despread use, �n order to �llustrate
the pr�nc�ple.

F�g. 25 �s a d�agram �llustrat�ve of the mode of apply�ng the
�nvent�on to the well-known type of "closed" or cont�nuous c�rcu�t
mach�nes. F�g. 26 �s a s�m�lar d�agram embody�ng an armature w�th
separate co�ls connected d�ametr�cally, or what �s generally called an
"open-c�rcu�t" mach�ne. F�g. 27 �s a d�agram show�ng the appl�cat�on
of the �nvent�on to a mach�ne the armature-co�ls of wh�ch have a
common jo�nt.

F�g. 25.
F��. 25.

Referr�ng to F�g. 25, let A represent a Tesla motor or transformer
wh�ch, for conven�ence, we w�ll des�gnate as a "converter." It
cons�sts of an annular core, B, wound w�th four �ndependent co�ls, C
and D, those d�ametr�cally oppos�te be�ng connected together so as
to co-operate �n pa�rs �n establ�sh�ng free poles �n the r�ng, the
tendency of each pa�r be�ng to f�x the poles at n�nety degrees from
the other. There may be an armature, E, w�th�n the r�ng, wh�ch �s
wound w�th co�ls closed upon themselves. The object �s to pass
through co�ls C D currents of such relat�ve strength and d�rect�on as
to produce a progress�ve sh�ft�ng or movement of the po�nts of
max�mum magnet�c effect around the r�ng, and to thereby ma�nta�n a
rotary movement of the armature. There are therefore secured to the
shaft F of the generator, four �nsulated contact-r�ngs, a b c d, upon
wh�ch bear the collect�ng-brushes a' b' c' d', connected by w�res G G
H H, respect�vely, w�th the term�nals of co�ls C and D.

Assume, for sake of �llustrat�on, that the co�ls D D are to rece�ve
the max�mum and co�ls C C at the same �nstant the m�n�mum current,
so that the polar l�ne may be m�dway between the co�ls D D. The
r�ngs a b would therefore be connected to the cont�nuous armature-
co�l at �ts neutral po�nts w�th respect to the f�eld, or the po�nt
correspond�ng w�th that of the ord�nary commutator brushes, and
between wh�ch ex�sts the greatest d�fference of potent�al; wh�le r�ngs
c d would be connected to two po�nts �n the co�l, between wh�ch



ex�sts no d�fference of potent�al. The best results w�ll be obta�ned by
mak�ng these connect�ons at po�nts equ�d�stant from one another, as
shown. These connect�ons are eas�est made by us�ng w�res L
between the r�ngs and the loops or w�res J, connect�ng the co�l I to
the segments of the commutator K. When the converters are made �n
th�s manner, �t �s ev�dent that the phases of the currents �n the
sect�ons of the generator co�l w�ll be reproduced �n the converter
co�ls. For example, after turn�ng through an arc of n�nety degrees the
conductors L L, wh�ch before conveyed the max�mum current, w�ll
rece�ve the m�n�mum current by reason of the change �n the pos�t�on
of the�r co�ls, and �t �s ev�dent that for the same reason the current �n
these co�ls has gradually fallen from the max�mum to the m�n�mum �n
pass�ng through the arc of n�nety degrees. In th�s spec�al plan of
connect�ons, the rotat�on of the magnet�c poles of the converter w�ll
be synchronous w�th that of the armature co�ls of the generator, and
the result w�ll be the same, whether the energ�z�ng c�rcu�ts are
der�vat�ons from a cont�nuous armature co�l or from �ndependent
co�ls, as �n Mr. Tesla's other dev�ces.

In F�g. 25, the brushes M M are shown �n dotted l�nes �n the�r
proper normal pos�t�on. In pract�ce these brushes may be removed
from the commutator and the f�eld of the generator exc�ted by an
external source of current; or the brushes may be allowed to rema�n
on the commutator and to take off a converted current to exc�te the
f�eld, or to be used for other purposes.

In a certa�n well-known class of mach�nes known as the "open
c�rcu�t," the armature conta�ns a number of co�ls the term�nals of
wh�ch connect to commutator segments, the co�ls be�ng connected
across the armature �n pa�rs. Th�s type of mach�ne �s represented �n
F�g. 26. In th�s mach�ne each pa�r of co�ls goes through the same
phases as the co�ls �n some of the generators already shown, and �t
�s obv�ously only necessary to ut�l�ze them �n pa�rs or sets to operate
a Tesla converter by extend�ng the segments of the commutators
belong�ng to each pa�r of co�ls and caus�ng a collect�ng brush to bear
on the cont�nuous port�on of each segment. In th�s way two or more
c�rcu�ts may be taken off from the generator, each �nclud�ng one or
more pa�rs or sets of co�ls as may be des�red.



F�g. 26, 27.
F��. 26. F��. 27.

In F�g. 26 I I represent the armature co�ls, T T the poles of the f�eld
magnet, and F the shaft carry�ng the commutators, wh�ch are
extended to form cont�nuous port�ons a b c d. The brushes bear�ng
on the cont�nuous port�ons for tak�ng off the alternat�ng currents are
represented by a' b' c' d'. The collect�ng brushes, or those wh�ch may
be used to take off the d�rect current, are des�gnated by M M. Two
pa�rs of the armature co�ls and the�r commutators are shown �n the
f�gure as be�ng ut�l�zed; but all may be ut�l�zed �n a s�m�lar manner.

There �s another well-known type of mach�ne �n wh�ch three or
more co�ls, A' B' C', on the armature have a common jo�nt, the free
ends be�ng connected to the segments of a commutator. Th�s form of
generator �s �llustrated �n F�g. 27. In th�s case each term�nal of the
generator �s connected d�rectly or �n der�vat�on to a cont�nuous r�ng,
a b c, and collect�ng brushes, a' b' c', bear�ng thereon, take off the
alternat�ng currents that operate the motor. It �s preferable �n th�s
case to employ a motor or transformer w�th three energ�z�ng co�ls, A''
B'' C'', placed symmetr�cally w�th those of the generator, and the
c�rcu�ts from the latter are connected to the term�nals of such co�ls
e�ther d�rectly—as when they are stat�onary—or by means of
brushes e' and contact r�ngs e. In th�s, as �n the other cases, the
ord�nary commutator may be used on the generator, and the current
taken from �t ut�l�zed for exc�t�ng the generator f�eld-magnets or for
other purposes.



CHAPTER VI.

M����� �� O��������
D������ S���� �� M���� ��

G��������.

W�th the object of obta�n�ng the des�red speed �n motors operated
by means of alternat�ng currents of d�ffer�ng phase, Mr. Tesla has
dev�sed var�ous plans �ntended to meet the pract�cal requ�rements of
the case, �n adapt�ng h�s system to types of mult�polar alternat�ng
current mach�nes y�eld�ng a large number of current reversals for
each revolut�on.

For example, Mr. Tesla has po�nted out that to adapt a g�ven type
of alternat�ng current generator, you may couple r�g�dly two complete
mach�nes, secur�ng them together �n such a way that the requ�s�te
d�fference �n phase w�ll be produced; or you may fasten two
armatures to the same shaft w�th�n the �nfluence of the same f�eld
and w�th the requ�s�te angular d�splacement to y�eld the proper
d�fference �n phase between the two currents; or two armatures may
be attached to the same shaft w�th the�r co�ls symmetr�cally
d�sposed, but subject to the �nfluence of two sets of f�eld magnets
duly d�splaced; or the two sets of co�ls may be wound on the same
armature alternately or �n such manner that they w�ll develop
currents the phases of wh�ch d�ffer �n t�me suff�c�ently to produce the
rotat�on of the motor.

Another method �ncluded �n the scope of the same �dea, whereby
a s�ngle generator may run a number of motors e�ther at �ts own rate
of speed or all at d�fferent speeds, �s to construct the motors w�th
fewer poles than the generator, �n wh�ch case the�r speed w�ll be
greater than that of the generator, the rate of speed be�ng h�gher as
the number of the�r poles �s relat�vely less. Th�s may be understood



from an example, tak�ng a generator that has two �ndependent
generat�ng co�ls wh�ch revolve between two pole p�eces oppos�tely
magnet�zed; and a motor w�th energ�z�ng co�ls that produce at any
g�ven t�me two magnet�c poles �n one element that tend to set up a
rotat�on of the motor. A generator thus constructed y�elds four
reversals, or �mpulses, �n each revolut�on, two �n each of �ts
�ndependent c�rcu�ts; and the effect upon the motor �s to sh�ft the
magnet�c poles through three hundred and s�xty degrees. It �s
obv�ous that �f the four reversals �n the same order could be
produced by each half-revolut�on of the generator the motor would
make two revolut�ons to the generator's one. Th�s would be read�ly
accompl�shed by add�ng two �ntermed�ate poles to the generator or
alter�ng �t �n any of the other equ�valent ways above �nd�cated. The
same rule appl�es to generators and motors w�th mult�ple poles. For
�nstance, �f a generator be constructed w�th two c�rcu�ts, each of
wh�ch produces twelve reversals of current to a revolut�on, and these
currents be d�rected through the �ndependent energ�z�ng-co�ls of a
motor, the co�ls of wh�ch are so appl�ed as to produce twelve
magnet�c poles at all t�mes, the rotat�on of the two w�ll be
synchronous; but �f the motor-co�ls produce but s�x poles, the
movable element w�ll be rotated tw�ce wh�le the generator rotates
once; or �f the motor have four poles, �ts rotat�on w�ll be three t�mes
as fast as that of the generator.

F�g. 28, 29.
F��. 28. F��. 29.

These features, so far as necessary to an understand�ng of the
pr�nc�ple, are here �llustrated. F�g. 28 �s a d�agrammat�c �llustrat�on of
a generator constructed �n accordance w�th the �nvent�on. F�g. 29 �s a
s�m�lar v�ew of a correspond�ngly constructed motor. F�g. 30 �s a
d�agram of a generator of mod�f�ed construct�on. F�g. 31 �s a d�agram
of a motor of correspond�ng character. F�g. 32 �s a d�agram of a
system conta�n�ng a generator and several motors adapted to run at
var�ous speeds.

In F�g. 28, let C represent a cyl�ndr�cal armature core wound
long�tud�nally w�th �nsulated co�ls A A, wh�ch are connected up �n



ser�es, the term�nals of the ser�es be�ng connected to collect�ng-r�ngs
a a on the shaft G. By means of th�s shaft the armature �s mounted to
rotate between the poles of an annular f�eld-magnet D, formed w�th
polar project�ons wound w�th co�ls E, that magnet�ze the sa�d
project�ons. The co�ls E are �ncluded �n the c�rcu�t of a generator F, by
means of wh�ch the f�eld-magnet �s energ�zed. If thus constructed,
the mach�ne �s a well-known form of alternat�ng-current generator. To
adapt �t to h�s system, however, Mr. Tesla w�nds on armature C a
second set of co�ls B B �ntermed�ate to the f�rst, or, �n other words, �n
such pos�t�ons that wh�le the co�ls of one set are �n the relat�ve
pos�t�ons to the poles of the f�eld-magnet to produce the max�mum
current, those of the other set w�ll be �n the pos�t�on �n wh�ch they
produce the m�n�mum current. The co�ls B are connected, also, �n
ser�es and to two connect�ng-r�ngs, secured generally to the shaft at
the oppos�te end of the armature.

F�g. 30.
F��. 30.

F�g. 31.
F��. 31.

The motor shown �n F�g. 29 has an annular f�eld-magnet H, w�th
four pole-p�eces wound w�th co�ls I. The armature �s constructed
s�m�larly to the generator, but w�th two sets of two co�ls �n closed
c�rcu�ts to correspond w�th the reduced number of magnet�c poles �n
the f�eld. From the forego�ng �t �s ev�dent that one revolut�on of the
armature of the generator produc�ng e�ght current �mpulses �n each
c�rcu�t w�ll produce two revolut�ons of the motor-armature.

The appl�cat�on of the pr�nc�ple of th�s �nvent�on �s not, however,
conf�ned to any part�cular form of mach�ne. In F�gs. 30 and 31 a
generator and motor of another well-known type are shown. In F�g.
30, J J are magnets d�sposed �n a c�rcle and wound w�th co�ls K,
wh�ch are �n c�rcu�t w�th a generator wh�ch suppl�es the current that
ma�nta�ns the f�eld of force. In the usual construct�on of these
mach�nes the armature-conductor L �s carr�ed by a su�table frame, so
as to be rotated �n face of the magnets J J, or between these



magnets and another s�m�lar set �n front of them. The magnets are
energ�zed so as to be of alternately oppos�te polar�ty throughout the
ser�es, so that as the conductor C �s rotated the current �mpulses
comb�ne or are added to one another, those produced by the
conductor �n any g�ven pos�t�on be�ng all �n the same d�rect�on. To
adapt such a mach�ne to h�s system, Mr. Tesla adds a second set of
�nduced conductors M, �n all respects s�m�lar to the f�rst, but so
placed �n reference to �t that the currents produced �n each w�ll d�ffer
by a quarter-phase. W�th such relat�ons �t �s ev�dent that as the
current decreases �n conductor L �t �ncreases �n conductor M, and
conversely, and that any of the forms of Tesla motor �nvented for use
�n th�s system may be operated by such a generator.

F�g. 31 �s �ntended to show a motor correspond�ng to the mach�ne
�n F�g. 30. The construct�on of the motor �s �dent�cal w�th that of the
generator, and �f coupled thereto �t w�ll run synchronously therew�th.
J' J' are the f�eld-magnets, and K' the co�ls thereon. L' �s one of the
armature-conductors and M' the other.

F�g. 32 shows �n d�agram other forms of mach�ne. The generator
N �n th�s case �s shown as cons�st�ng of a stat�onary r�ng O, wound
w�th twenty-four co�ls P P', alternate co�ls be�ng connected �n ser�es �n
two c�rcu�ts. W�th�n th�s r�ng �s a d�sc or drum Q, w�th project�ons Q'
wound w�th energ�z�ng-co�ls �ncluded �n c�rcu�t w�th a generator R. By
dr�v�ng th�s d�sc or cyl�nder alternat�ng currents are produced �n the
co�ls P and P', wh�ch are carr�ed off to run the several motors.

The motors are composed of a r�ng or annular f�eld-magnet S,
wound w�th two sets of energ�z�ng-co�ls T T', and armatures U, hav�ng
project�ons U' wound w�th co�ls V, all connected �n ser�es �n a closed
c�rcu�t or each closed �ndependently on �tself.

Suppose the twelve generator-co�ls P are wound alternately �n
oppos�te d�rect�ons, so that any two adjacent co�ls of the same set
tend to produce a free pole �n the r�ng O between them and the
twelve co�ls P' to be s�m�larly wound. A s�ngle revolut�on of the d�sc or
cyl�nder Q, the twelve polar project�ons of wh�ch are of oppos�te
polar�ty, w�ll therefore produce twelve current �mpulses �n each of the



c�rcu�ts W W'. Hence the motor X, wh�ch has s�xteen co�ls or e�ght free
poles, w�ll make one and a half turns to the generator's one. The
motor Y, w�th twelve co�ls or s�x poles, w�ll rotate w�th tw�ce the speed
of the generator, and the motor Z, w�th e�ght co�ls or four poles, w�ll
revolve three t�mes as fast as the generator. These mult�polar motors
have a pecul�ar�ty wh�ch may be often ut�l�zed to great advantage.
For example, �n the motor X, F�g. 32, the e�ght poles may be e�ther
alternately oppos�te or there may be at any g�ven t�me alternately two
l�ke and two oppos�te poles. Th�s �s read�ly atta�ned by mak�ng the
proper electr�cal connect�ons. The effect of such a change, however,
would be the same as reduc�ng the number of poles one-half, and
thereby doubl�ng the speed of any g�ven motor.



F�g. 32.
F��. 32.

It �s obv�ous that the Tesla electr�cal transformers wh�ch have
�ndependent pr�mary currents may be used w�th the generators
descr�bed. It may also be stated w�th respect to the dev�ces we now
descr�be that the most perfect and harmon�ous act�on of the
generators and motors �s obta�ned when the numbers of the poles of
each are even and not odd. If th�s �s not the case, there w�ll be a
certa�n unevenness of act�on wh�ch �s the less apprec�able as the
number of poles �s greater; although th�s may be �n a measure
corrected by spec�al prov�s�ons wh�ch �t �s not here necessary to
expla�n. It also follows, as a matter of course, that �f the number of
the poles of the motor be greater than that of the generator the motor
w�ll revolve at a slower speed than the generator.

In th�s chapter, we may �nclude a method dev�sed by Mr. Tesla for
avo�d�ng the very h�gh speeds wh�ch would be necessary w�th large
generators. In l�eu of revolv�ng the generator armature at a h�gh rate
of speed, he secures the des�red result by a rotat�on of the magnet�c
poles of one element of the generator, wh�le dr�v�ng the other at a
d�fferent speed. The effect �s the same as that y�elded by a very h�gh
rate of rotat�on.

In th�s �nstance, the generator wh�ch suppl�es the current for
operat�ng the motors or transformers cons�sts of a subd�v�ded r�ng or
annular core wound w�th four d�ametr�cally-oppos�te co�ls, E E', F�g.
33. W�th�n the r�ng �s mounted a cyl�ndr�cal armature-core wound
long�tud�nally w�th two �ndependent co�ls, F F', the ends of wh�ch lead,
respect�vely, to two pa�rs of �nsulated contact or collect�ng r�ngs, D D'
G G', on the armature shaft. Collect�ng brushes d d' g g' bear upon
these r�ngs, respect�vely, and convey the currents through the two
�ndependent l�ne-c�rcu�ts M M'. In the ma�n l�ne there may be �ncluded
one or more motors or transformers, or both. If motors be used, they
are of the usual form of Tesla construct�on w�th �ndependent co�ls or
sets of co�ls J J', �ncluded, respect�vely, �n the c�rcu�ts M M'. These
energ�z�ng-co�ls are wound on a r�ng or annular f�eld or on pole
p�eces thereon, and produce by the act�on of the alternat�ng currents



pass�ng through them a progress�ve sh�ft�ng of the magnet�sm from
pole to pole. The cyl�ndr�cal armature H of the motor �s wound w�th
two co�ls at r�ght angles, wh�ch form �ndependent closed c�rcu�ts.

If transformers be employed, one set of the pr�mary co�ls, as N N,
wound on a r�ng or annular core �s connected to one c�rcu�t, as M',
and the other pr�mary co�ls, N N', to the c�rcu�t M. The secondary co�ls
K K' may then be ut�l�zed for runn�ng groups of �ncandescent lamps P
P'.

F�g. 33.
F��. 33.

W�th th�s generator an exc�ter �s employed. Th�s cons�sts of two
poles, A A, of steel permanently magnet�zed, or of �ron exc�ted by a
battery or other generator of cont�nuous currents, and a cyl�ndr�cal
armature core mounted on a shaft, B, and wound w�th two
long�tud�nal co�ls, C C'. One end of each of these co�ls �s connected
to the collect�ng-r�ngs b c, respect�vely, wh�le the other ends are both
connected to a r�ng, a. Collect�ng-brushes b' c' bear on the r�ngs b c,
respect�vely, and conductors L L convey the currents therefrom
through the co�ls E and E of the generator. L' �s a common return-w�re
to brush a'. Two �ndependent c�rcu�ts are thus formed, one �nclud�ng
co�ls C of the exc�ter and E E of the generator, the other co�ls C' of the
exc�ter and E' E' of the generator. It results from th�s that the
operat�on of the exc�ter produces a progress�ve movement of the
magnet�c poles of the annular f�eld-core of the generator, the sh�ft�ng
or rotary movement of the poles be�ng synchronous w�th the rotat�on
of the exc�ter armature. Cons�der�ng the operat�ve cond�t�ons of a
system thus establ�shed, �t w�ll be found that when the exc�ter �s
dr�ven so as to energ�ze the f�eld of the generator, the armature of
the latter, �f left free to turn, would rotate at a speed pract�cally the
same as that of the exc�ter. If under such cond�t�ons the co�ls F F' of
the generator armature be closed upon themselves or short-
c�rcu�ted, no currents, at least theoret�cally, w�ll be generated �n these
armature co�ls. In pract�ce the presence of sl�ght currents �s
observed, the ex�stence of wh�ch �s attr�butable to more or less
pronounced fluctuat�ons �n the �ntens�ty of the magnet�c poles of the



generator r�ng. So, �f the armature-co�ls F F' be closed through the
motor, the latter w�ll not be turned as long as the movement of the
generator armature �s synchronous w�th that of the exc�ter or of the
magnet�c poles of �ts f�eld. If, on the contrary, the speed of the
generator armature be �n any way checked, so that the sh�ft�ng or
rotat�on of the poles of the f�eld becomes relat�vely more rap�d,
currents w�ll be �nduced �n the armature co�ls. Th�s obv�ously follows
from the pass�ng of the l�nes of force across the armature
conductors. The greater the speed of rotat�on of the magnet�c poles
relat�vely to that of the armature the more rap�dly the currents
developed �n the co�ls of the latter w�ll follow one another, and the
more rap�dly the motor w�ll revolve �n response thereto, and th�s
cont�nues unt�l the armature generator �s stopped ent�rely, as by a
brake, when the motor, �f properly constructed, runs at the speed
w�th wh�ch the magnet�c poles of the generator rotate.

The effect�ve strength of the currents developed �n the armature
co�ls of the generator �s dependent upon the strength of the currents
energ�z�ng the generator and upon the number of rotat�ons per un�t
of t�me of the magnet�c poles of the generator; hence the speed of
the motor armature w�ll depend �n all cases upon the relat�ve speeds
of the armature of the generator and of �ts magnet�c poles. For
example, �f the poles are turned two thousand t�mes per un�t of t�me
and the armature �s turned e�ght hundred, the motor w�ll turn twelve
hundred t�mes, or nearly so. Very sl�ght d�fferences of speed may be
�nd�cated by a del�cately balanced motor.

Let �t now be assumed that power �s appl�ed to the generator
armature to turn �t �n a d�rect�on oppos�te to that �n wh�ch �ts magnet�c
poles rotate. In such case the result would be s�m�lar to that
produced by a generator the armature and f�eld magnets of wh�ch
are rotated �n oppos�te d�rect�ons, and by reason of these cond�t�ons
the motor armature w�ll turn at a rate of speed equal to the sum of
the speeds of the armature and magnet�c poles of the generator, so
that a comparat�vely low speed of the generator armature w�ll
produce a h�gh speed �n the motor.



It w�ll be observed �n connect�on w�th th�s system that on
d�m�n�sh�ng the res�stance of the external c�rcu�t of the generator
armature by check�ng the speed of the motor or by add�ng translat�ng
dev�ces �n mult�ple arc �n the secondary c�rcu�t or c�rcu�ts of the
transformer the strength of the current �n the armature c�rcu�t �s
greatly �ncreased. Th�s �s due to two causes: f�rst, to the great
d�fferences �n the speeds of the motor and generator, and, secondly,
to the fact that the apparatus follows the analogy of a transformer,
for, �n proport�on as the res�stance of the armature or secondary
c�rcu�ts �s reduced, the strength of the currents �n the f�eld or pr�mary
c�rcu�ts of the generator �s �ncreased and the currents �n the
armature are augmented correspond�ngly. For s�m�lar reasons the
currents �n the armature-co�ls of the generator �ncrease very rap�dly
when the speed of the armature �s reduced when runn�ng �n the
same d�rect�on as the magnet�c poles or conversely.

It w�ll be understood from the above descr�pt�on that the
generator-armature may be run �n the d�rect�on of the sh�ft�ng of the
magnet�c poles, but more rap�dly, and that �n such case the speed of
the motor w�ll be equal to the d�fference between the two rates.



CHAPTER VII.

R�������� ��� R�����
C������ M�����.

An �nterest�ng dev�ce for regulat�ng and revers�ng has been
dev�sed by Mr. Tesla for the purpose of vary�ng the speed of
polyphase motors. It cons�sts of a form of converter or transformer
w�th one element capable of movement w�th respect to the other,
whereby the �nduct�ve relat�ons may be altered, e�ther manually or
automat�cally, for the purpose of vary�ng the strength of the �nduced
current. Mr. Tesla prefers to construct th�s dev�ce �n such manner
that the �nduced or secondary element may be movable w�th respect
to the other; and the �nvent�on, so far as relates merely to the
construct�on of the dev�ce �tself, cons�sts, essent�ally, �n the
comb�nat�on, w�th two oppos�te magnet�c poles, of an armature
wound w�th an �nsulated co�l and mounted on a shaft, whereby �t may
be turned to the des�red extent w�th�n the f�eld produced by the
poles. The normal pos�t�on of the core of the secondary element �s
that �n wh�ch �t most completely closes the magnet�c c�rcu�t between
the poles of the pr�mary element, and �n th�s pos�t�on �ts co�l �s �n �ts
most effect�ve pos�t�on for the �nduct�ve act�on upon �t of the pr�mary
co�ls; but by turn�ng the movable core to e�ther s�de, the �nduced
currents del�vered by �ts co�l become weaker unt�l, by a movement of
the sa�d core and co�l through 90°, there w�ll be no current del�vered.

F�g. 34 �s a v�ew �n s�de elevat�on of the regulator. F�g. 35 �s a
broken sect�on on l�ne x x of F�g. 34. F�g. 36 �s a d�agram �llustrat�ng
the most conven�ent manner of apply�ng the regulator to ord�nary
forms of motors, and F�g. 37 �s a s�m�lar d�agram �llustrat�ng the
appl�cat�on of the dev�ce to the Tesla alternat�ng-current motors. The
regulator may be constructed �n many ways to secure the des�red



result; but that wh�ch �s, perhaps, �ts best form �s shown �n F�gs. 34
and 35.

A represents a frame of �ron. B B are the cores of the �nduc�ng or
pr�mary co�ls C C. D �s a shaft mounted on the s�de bars, D', and on
wh�ch �s secured a sect�onal �ron core, E, wound w�th an �nduced or
secondary co�l, F, the convolut�ons of wh�ch are parallel w�th the ax�s
of the shaft. The ends of the core are rounded off so as to f�t closely
�n the space between the two poles and perm�t the core E to be
turned to and held at any des�red po�nt. A handle, G, secured to the
project�ng end of the shaft D, �s prov�ded for th�s purpose.

F�g. 34.
F��. 34.

F�g. 35.
F��. 35.

In F�g. 36 let H represent an ord�nary alternat�ng current
generator, the f�eld-magnets of wh�ch are exc�ted by a su�table
source of current, I. Let J des�gnate an ord�nary form of
electromagnet�c motor prov�ded w�th an armature, K, commutator L,
and f�eld-magnets M. It �s well known that such a motor, �f �ts f�eld-
magnet cores be d�v�ded up �nto �nsulated sect�ons, may be
pract�cally operated by an alternat�ng current; but �n us�ng th�s
regulator w�th such a motor, Mr. Tesla �ncludes one element of the
motor only—say the armature-co�ls—�n the ma�n c�rcu�t of the
generator, mak�ng the connect�ons through the brushes and the
commutator �n the usual way. He also �ncludes one of the elements
of the regulator—say the stat�onary co�ls—�n the same c�rcu�t, and �n
the c�rcu�t w�th the secondary or movable co�l of the regulator he
connects up the f�eld-co�ls of the motor. He also prefers to use
flex�ble conductors to make the connect�ons from the secondary co�l
of the regulator, as he thereby avo�ds the use of sl�d�ng contacts or
r�ngs w�thout �nterfer�ng w�th the requ�s�te movement of the core E.

If the regulator be �n �ts normal pos�t�on, or that �n wh�ch �ts
magnet�c c�rcu�t �s most nearly closed, �t del�vers �ts max�mum



�nduced current, the phases of wh�ch so correspond w�th those of the
pr�mary current that the motor w�ll run as though both f�eld and
armature were exc�ted by the ma�n current.

F�g. 36.
F��. 36.

To vary the speed of the motor to any rate between the m�n�mum
and max�mum rates, the core E and co�ls F are turned �n e�ther
d�rect�on to an extent wh�ch produces the des�red result, for �n �ts
normal pos�t�on the convolut�ons of co�l F embrace the max�mum
number of l�nes of force, all of wh�ch act w�th the same effect upon
the co�l; hence �t w�ll del�ver �ts max�mum current; but by turn�ng the
co�l F out of �ts pos�t�on of max�mum effect the number of l�nes of
force embraced by �t �s d�m�n�shed. The �nduct�ve effect �s therefore
�mpa�red, and the current del�vered by co�l F w�ll cont�nue to d�m�n�sh
�n proport�on to the angle at wh�ch the co�l F �s turned unt�l, after
pass�ng through an angle of n�nety degrees, the convolut�ons of the
co�l w�ll be at r�ght angles to those of co�ls C C, and the �nduct�ve
effect reduced to a m�n�mum.

Inc�dentally to certa�n construct�ons, other causes may �nfluence
the var�at�on �n the strength of the �nduced currents. For example, �n
the present case �t w�ll be observed that by the f�rst movement of co�l
F a certa�n port�on of �ts convolut�ons are carr�ed beyond the l�ne of
the d�rect �nfluence of the l�nes of force, and that the magnet�c path
or c�rcu�t for the l�nes �s �mpa�red; hence the �nduct�ve effect would be
reduced. Next, that after mov�ng through a certa�n angle, wh�ch �s
obv�ously determ�ned by the relat�ve d�mens�ons of the bobb�n or co�l
F, d�agonally oppos�te port�ons of the co�l w�ll be s�multaneously
�ncluded �n the f�eld, but �n such pos�t�ons that the l�nes wh�ch
produce a current-�mpulse �n one port�on of the co�l �n a certa�n
d�rect�on w�ll produce �n the d�agonally oppos�te port�on a
correspond�ng �mpulse �n the oppos�te d�rect�on; hence port�ons of
the current w�ll neutral�ze one another.

As before stated, the mechan�cal construct�on of the dev�ce may
be greatly var�ed; but the essent�al cond�t�ons of the pr�nc�ple w�ll be



fulf�lled �n any apparatus �n wh�ch the movement of the elements w�th
respect to one another effects the same results by vary�ng the
�nduct�ve relat�ons of the two elements �n a manner s�m�lar to that
descr�bed.

F�g. 37.
F��. 37.

It may also be stated that the core E �s not �nd�spensable to the
operat�on of the regulator; but �ts presence �s obv�ously benef�c�al.
Th�s regulator, however, has another valuable property �n �ts
capab�l�ty of revers�ng the motor, for �f the co�l F be turned through a
half-revolut�on, the pos�t�on of �ts convolut�ons relat�vely to the two
co�ls C C and to the l�nes of force �s reversed, and consequently the
phases of the current w�ll be reversed. Th�s w�ll produce a rotat�on of
the motor �n an oppos�te d�rect�on. Th�s form of regulator �s also
appl�ed w�th great advantage to Mr. Tesla's system of ut�l�z�ng
alternat�ng currents, �n wh�ch the magnet�c poles of the f�eld of a
motor are progress�vely sh�fted by means of the comb�ned effects
upon the f�eld of magnet�z�ng co�ls �ncluded �n �ndependent c�rcu�ts,
through wh�ch pass alternat�ng currents �n proper order and relat�ons
to each other.

In F�g. 37, let P represent a Tesla generator hav�ng two
�ndependent co�ls, P' and P'', on the armature, and T a d�agram of a
motor hav�ng two �ndependent energ�z�ng co�ls or sets of co�ls, R R'.
One of the c�rcu�ts from the generator, as S' S', �ncludes one set, R' R',
of the energ�z�ng co�ls of the motor, wh�le the other c�rcu�t, as S S,
�ncludes the pr�mary co�ls of the regulator. The secondary co�l of the
regulator �ncludes the other co�ls, R R, of the motor.

Wh�le the secondary co�l of the regulator �s �n �ts normal pos�t�on,
�t produces �ts max�mum current, and the max�mum rotary effect �s
�mparted to the motor; but th�s effect w�ll be d�m�n�shed �n proport�on
to the angle at wh�ch the co�l F of the regulator �s turned. The motor
w�ll also be reversed by revers�ng the pos�t�on of the co�l w�th
reference to the co�ls C C, and thereby revers�ng the phases of the



current produced by the generator. Th�s changes the d�rect�on of the
movement of the sh�ft�ng poles wh�ch the armature follows.

One of the ma�n advantages of th�s plan of regulat�on �s �ts
economy of power. When the �nduced co�l �s generat�ng �ts max�mum
current, the max�mum amount of energy �n the pr�mary co�ls �s
absorbed; but as the �nduced co�l �s turned from �ts normal pos�t�on
the self-�nduct�on of the pr�mary-co�ls reduces the expend�ture of
energy and saves power.

It �s obv�ous that �n pract�ce e�ther co�ls C C or co�l F may be used
as pr�mary or secondary, and �t �s well understood that the�r relat�ve
proport�ons may be var�ed to produce any des�red d�fference or
s�m�lar�ty �n the �nduc�ng and �nduced currents.



CHAPTER VIII.

S����� C������, S���-
S������� S������������

M�����.

In the f�rst chapters of th�s sect�on we have, bear�ng �n m�nd the
broad underly�ng pr�nc�ple, cons�dered a d�st�nct class of motors,
namely, such as requ�re for the�r operat�on a spec�al generator
capable of y�eld�ng currents of d�ffer�ng phase. As a matter of course,
Mr. Tesla recogn�z�ng the des�rab�l�ty of ut�l�z�ng h�s motors �n
connect�on w�th ord�nary systems of d�str�but�on, addressed h�mself
to the task of �nvent�ng var�ous methods and ways of ach�ev�ng th�s
object. In the succeed�ng chapters, therefore, we w�tness the
evolut�on of a number of �deas bear�ng upon th�s �mportant branch of
work. It must be obv�ous to a careful reader, from a number of h�nts
encountered here and there, that even the �nvent�ons descr�bed �n
these chapters to follow do not represent the full scope of the work
done �n these l�nes. They m�ght, �ndeed, be regarded as
exempl�f�cat�ons.

We w�ll present these var�ous �nvent�ons �n the order wh�ch to us
appears the most helpful to an understand�ng of the subject by the
major�ty of readers. It w�ll be naturally perce�ved that �n offer�ng a
ser�es of �deas of th�s nature, where�n some of the steps or l�nks are
m�ss�ng, the descr�pt�ons are not altogether sequent�al; but any one
who follows carefully the ma�n dr�ft of the thoughts now brought
together w�ll f�nd that a sat�sfactory comprehens�on of the pr�nc�ples
can be ga�ned.

As �s well known, certa�n forms of alternat�ng-current mach�nes
have the property, when connected �n c�rcu�t w�th an alternat�ng
current generator, of runn�ng as a motor �n synchron�sm therew�th;



but, wh�le the alternat�ng current w�ll run the motor after �t has
atta�ned a rate of speed synchronous w�th that of the generator, �t w�ll
not start �t. Hence, �n all �nstances heretofore where these
"synchron�z�ng motors," as they are termed, have been run, some
means have been adopted to br�ng the motors up to synchron�sm
w�th the generator, or approx�mately so, before the alternat�ng
current of the generator �s appl�ed to dr�ve them. In some �nstances
mechan�cal appl�ances have been ut�l�zed for th�s purpose. In others
spec�al and compl�cated forms of motor have been constructed. Mr.
Tesla has d�scovered a much more s�mple method or plan of
operat�ng synchron�z�ng motors, wh�ch requ�res pract�cally no other
apparatus than the motor �tself. In other words, by a certa�n change
�n the c�rcu�t connect�ons of the motor he converts �t at w�ll from a
double c�rcu�t motor, or such as have been already descr�bed, and
wh�ch w�ll start under the act�on of an alternat�ng current, �nto a
synchron�z�ng motor, or one wh�ch w�ll be run by the generator only
when �t has reached a certa�n speed of rotat�on synchronous w�th
that of the generator. In th�s manner he �s enabled to extend very
greatly the appl�cat�ons of h�s system and to secure all the
advantages of both forms of alternat�ng current motor.

The express�on "synchronous w�th that of the generator," �s used
here �n �ts ord�nary acceptat�on—that �s to say, a motor �s sa�d to
synchron�ze w�th the generator when �t preserves a certa�n relat�ve
speed determ�ned by �ts number of poles and the number of
alternat�ons produced per revolut�on of the generator. Its actual
speed, therefore, may be faster or slower than that of the generator;
but �t �s sa�d to be synchronous so long as �t preserves the same
relat�ve speed.

In carry�ng out th�s �nvent�on Mr. Tesla constructs a motor wh�ch
has a strong tendency to synchron�sm w�th the generator. The
construct�on preferred �s that �n wh�ch the armature �s prov�ded w�th
polar project�ons. The f�eld-magnets are wound w�th two sets of co�ls,
the term�nals of wh�ch are connected to a sw�tch mechan�sm, by
means of wh�ch the l�ne-current may be carr�ed d�rectly through
these co�ls or �nd�rectly through paths by wh�ch �ts phases are
mod�f�ed. To start such a motor, the sw�tch �s turned on to a set of



contacts wh�ch �ncludes �n one motor c�rcu�t a dead res�stance, �n the
other an �nduct�ve res�stance, and, the two c�rcu�ts be�ng �n
der�vat�on, �t �s obv�ous that the d�fference �n phase of the current �n
such c�rcu�ts w�ll set up a rotat�on of the motor. When the speed of
the motor has thus been brought to the des�red rate the sw�tch �s
sh�fted to throw the ma�n current d�rectly through the motor-c�rcu�ts,
and although the currents �n both c�rcu�ts w�ll now be of the same
phase the motor w�ll cont�nue to revolve, becom�ng a true
synchronous motor. To secure greater eff�c�ency, the armature or �ts
polar project�ons are wound w�th co�ls closed on themselves.

In the accompany�ng d�agrams, F�g. 38 �llustrates the deta�ls of
the plan above set forth, and F�gs. 39 and 40 mod�f�cat�ons of the
same.

F�g. 38, 39 and 40. F���. 38, 39 and 40.

Referr�ng to F�g. 38, let A des�gnate the f�eld-magnets of a motor,
the polar project�ons of wh�ch are wound w�th co�ls B C �ncluded �n
�ndependent c�rcu�ts, and D the armature w�th polar project�ons
wound w�th co�ls E closed upon themselves, the motor �n these
respects be�ng s�m�lar �n construct�on to those descr�bed already, but
hav�ng on account of the polar project�ons on the armature core, or
other s�m�lar and well-known features, the propert�es of a
synchron�z�ng-motor. L L' represents the conductors of a l�ne from an
alternat�ng current generator G.

Near the motor �s placed a sw�tch the act�on of wh�ch �s that of
the one shown �n the d�agrams, wh�ch �s constructed as follows: F F'
are two conduct�ng plates or arms, p�voted at the�r ends and
connected by an �nsulat�ng cross-bar, H, so as to be sh�fted �n
parallel�sm. In the path of the bars F F' �s the contact 2, wh�ch forms
one term�nal of the c�rcu�t through co�ls C, and the contact 4, wh�ch �s
one term�nal of the c�rcu�t through co�ls B. The oppos�te end of the
w�re of co�ls C �s connected to the w�re L or bar F', and the
correspond�ng end of co�ls B �s connected to w�re L' and bar F; hence
�f the bars be sh�fted so as to bear on contacts 2 and 4 both sets of
co�ls B C w�ll be �ncluded �n the c�rcu�t L L' �n mult�ple arc or der�vat�on.



In the path of the levers F F' are two other contact term�nals, 1 and 3.
The contact 1 �s connected to contact 2 through an art�f�c�al
res�stance, I, and contact 3 w�th contact 4 through a self-�nduct�on
co�l, J, so that when the sw�tch levers are sh�fted upon the po�nts 1
and 3 the c�rcu�ts of co�ls B and C w�ll be connected �n mult�ple arc or
der�vat�on to the c�rcu�t L L', and w�ll �nclude the res�stance and self-
�nduct�on co�l respect�vely. A th�rd pos�t�on of the sw�tch �s that �n
wh�ch the levers F and F' are sh�fted out of contact w�th both sets of
po�nts. In th�s case the motor �s ent�rely out of c�rcu�t.

The purpose and manner of operat�ng the motor by these dev�ces
are as follows: The normal pos�t�on of the sw�tch, the motor be�ng out
of c�rcu�t, �s off the contact po�nts. Assum�ng the generator to be
runn�ng, and that �t �s des�red to start the motor, the sw�tch �s sh�fted
unt�l �ts levers rest upon po�nts 1 and 3. The two motor-c�rcu�ts are
thus connected w�th the generator c�rcu�t; but by reason of the
presence of the res�stance I �n one and the self-�nduct�on co�l J �n the
other the co�nc�dence of the phases of the current �s d�sturbed
suff�c�ently to produce a progress�on of the poles, wh�ch starts the
motor �n rotat�on. When the speed of the motor has run up to
synchron�sm w�th the generator, or approx�mately so, the sw�tch �s
sh�fted over upon the po�nts 2 and 4, thus cutt�ng out the co�ls I and
J, so that the currents �n both c�rcu�ts have the same phase; but the
motor now runs as a synchronous motor.

It w�ll be understood that when brought up to speed the motor w�ll
run w�th only one of the c�rcu�ts B or C connected w�th the ma�n or
generator c�rcu�t, or the two c�rcu�ts may be connected �n ser�es. Th�s
latter plan �s preferable when a current hav�ng a h�gh number of
alternat�ons per un�t of t�me �s employed to dr�ve the motor. In such
case the start�ng of the motor �s more d�ff�cult, and the dead and
�nduct�ve res�stances must take up a cons�derable proport�on of the
electromot�ve force of the c�rcu�ts. Generally the cond�t�ons are so
adjusted that the electromot�ve force used �n each of the motor
c�rcu�ts �s that wh�ch �s requ�red to operate the motor when �ts c�rcu�ts
are �n ser�es. The plan followed �n th�s case �s �llustrated �n F�g. 39. In
th�s �nstance the motor has twelve poles and the armature has polar
project�ons D wound w�th closed co�ls E. The sw�tch used �s of



substant�ally the same construct�on as that shown �n the prev�ous
f�gure. There are, however, f�ve contacts, des�gnated as 5, 6, 7, 8,
and 9. The motor-c�rcu�ts B C, wh�ch �nclude alternate f�eld-co�ls, are
connected to the term�nals �n the follow�ng order: One end of c�rcu�t C
�s connected to contact 9 and to contact 5 through a dead
res�stance, I. One term�nal of c�rcu�t B �s connected to contact 7 and
to contact 6 through a self-�nduct�on co�l, J. The oppos�te term�nals of
both c�rcu�ts are connected to contact 8.

One of the levers, as F, of the sw�tch �s made w�th an extens�on, f,
or otherw�se, so as to cover both contacts 5 and 6 when sh�fted �nto
the pos�t�on to start the motor. It w�ll be observed that when �n th�s
pos�t�on and w�th lever F' on contact 8 the current d�v�des between
the two c�rcu�ts B C, wh�ch from the�r d�fference �n electr�cal character
produce a progress�on of the poles that starts the motor �n rotat�on.
When the motor has atta�ned the proper speed, the sw�tch �s sh�fted
so that the levers cover the contacts 7 and 9, thereby connect�ng
c�rcu�ts B and C �n ser�es. It �s found that by th�s d�spos�t�on the motor
�s ma�nta�ned �n rotat�on �n synchron�sm w�th the generator. Th�s
pr�nc�ple of operat�on, wh�ch cons�sts �n convert�ng by a change of
connect�ons or otherw�se a double-c�rcu�t motor, or one operat�ng by
a progress�ve sh�ft�ng of the poles, �nto an ord�nary synchron�z�ng
motor may be carr�ed out �n many other ways. For �nstance, �nstead
of us�ng the sw�tch shown �n the prev�ous f�gures, we may use a
temporary ground c�rcu�t between the generator and motor, �n order
to start the motor, �n substant�ally the manner �nd�cated �n F�g. 40.
Let G �n th�s f�gure represent an ord�nary alternat�ng-current
generator w�th, say, two poles, M M', and an armature wound w�th two
co�ls, N N', at r�ght angles and connected �n ser�es. The motor has,
for example, four poles wound w�th co�ls B C, wh�ch are connected �n
ser�es, and an armature w�th polar project�ons D wound w�th closed
co�ls E E. From the common jo�nt or un�on between the two c�rcu�ts of
both the generator and the motor an earth connect�on �s establ�shed,
wh�le the term�nals or ends of these c�rcu�ts are connected to the
l�ne. Assum�ng that the motor �s a synchron�z�ng motor or one that
has the capab�l�ty of runn�ng �n synchron�sm w�th the generator, but
not of start�ng, �t may be started by the above-descr�bed apparatus



by clos�ng the ground connect�on from both generator and motor.
The system thus becomes one w�th a two-c�rcu�t generator and
motor, the ground form�ng a common return for the currents �n the
two c�rcu�ts L and L'. When by th�s arrangement of c�rcu�ts the motor
�s brought to speed, the ground connect�on �s broken between the
motor or generator, or both, ground-sw�tches P P' be�ng employed for
th�s purpose. The motor then runs as a synchron�z�ng motor.

In descr�b�ng the ma�n features wh�ch const�tute th�s �nvent�on
�llustrat�ons have necessar�ly been om�tted of the appl�ances used �n
conjunct�on w�th the electr�cal dev�ces of s�m�lar systems—such, for
�nstance, as dr�v�ng-belts, f�xed and loose pulleys for the motor, and
the l�ke; but these are matters well understood.

Mr. Tesla bel�eves he �s the f�rst to operate electro-magnet�c
motors by alternat�ng currents �n any of the ways here�n descr�bed—
that �s to say, by produc�ng a progress�ve movement or rotat�on of
the�r poles or po�nts of greatest magnet�c attract�on by the alternat�ng
currents unt�l they have reached a g�ven speed, and then by the
same currents produc�ng a s�mple alternat�on of the�r poles, or, �n
other words, by a change �n the order or character of the c�rcu�t
connect�ons to convert a motor operat�ng on one pr�nc�ple to one
operat�ng on another.



CHAPTER IX.

C����� F��� D�����
C������ �� S����� C������

M����.

A descr�pt�on �s g�ven elsewhere of a method of operat�ng
alternat�ng current motors by f�rst rotat�ng the�r magnet�c poles unt�l
they have atta�ned synchronous speed, and then alternat�ng the
poles. The motor �s thus transformed, by a s�mple change of c�rcu�t
connect�ons from one operated by the act�on of two or more
�ndependent energ�z�ng currents to one operated e�ther by a s�ngle
current or by several currents act�ng as one. Another way of do�ng
th�s w�ll now be descr�bed.

At the start the magnet�c poles of one element or f�eld of the
motor are progress�vely sh�fted by alternat�ng currents d�ffer�ng �n
phase and passed through �ndependent energ�z�ng c�rcu�ts, and
short c�rcu�t the co�ls of the other element. When the motor thus
started reaches or passes the l�m�t of speed synchronous w�th the
generator, Mr. Tesla connects up the co�ls prev�ously short-c�rcu�ted
w�th a source of d�rect current and by a change of the c�rcu�t
connect�ons produces a s�mple alternat�on of the poles. The motor
then cont�nues to run �n synchron�sm w�th the generator. The motor
here shown �n F�g. 41 �s one of the ord�nary forms, w�th f�eld-cores
e�ther lam�nated or sol�d and w�th a cyl�ndr�cal lam�nated armature
wound, for example, w�th the co�ls A B at r�ght angles. The shaft of
the armature carr�es three collect�ng or contact r�ngs C D E. (Shown,
for better �llustrat�on, as of d�fferent d�ameters.)

One end of co�l A connects to one r�ng, as C, and one end of co�l
B connects w�th r�ng D. The rema�n�ng ends are connected to r�ng E.
Collect�ng spr�ngs or brushes F G H bear upon the r�ngs and lead to



the contacts of a sw�tch, to be presently descr�bed. The f�eld-co�ls
have the�r term�nals �n b�nd�ng-posts K K, and may be e�ther closed
upon themselves or connected w�th a source of d�rect current L, by
means of a sw�tch M. The ma�n or controll�ng sw�tch has f�ve contacts
a b c d e and two levers f g, p�voted and connected by an �nsulat�ng
cross-bar h, so as to move �n parallel�sm. These levers are
connected to the l�ne w�res from a source of alternat�ng currents N.
Contact a �s connected to brush G and co�l B through a dead
res�stance R and w�re P. Contact b �s connected w�th brush F and co�l
A through a self-�nduct�on co�l S and w�re O. Contacts c and e are
connected to brushes G F, respect�vely, through the w�res P O, and
contact d �s d�rectly connected w�th brush H. The lever f has a
w�dened end, wh�ch may span the contacts a b. When �n such
pos�t�on and w�th lever g on contact d, the alternat�ng currents d�v�de
between the two motor-co�ls, and by reason of the�r d�fferent self-
�nduct�on a d�fference of current-phase �s obta�ned that starts the
motor �n rotat�on. In start�ng, the f�eld-co�ls are short c�rcu�ted.

F�g. 41.
F��. 41.

When the motor has atta�ned the des�red speed, the sw�tch �s
sh�fted to the pos�t�on shown �n dotted l�nes—that �s to say, w�th the
levers f g rest�ng on po�nts c e. Th�s connects up the two armature
co�ls �n ser�es, and the motor w�ll then run as a synchronous motor.
The f�eld-co�ls are thrown �nto c�rcu�t w�th the d�rect current source
when the ma�n sw�tch �s sh�fted.



CHAPTER X.

M���� W��� "C������ L��"
A����������� S������.

One of the general ways followed by Mr. Tesla �n develop�ng h�s
rotary phase motors �s to produce pract�cally �ndependent currents
d�ffer�ng pr�mar�ly �n phase and to pass these through the motor-
c�rcu�ts. Another way �s to produce a s�ngle alternat�ng current, to
d�v�de �t between the motor-c�rcu�ts, and to effect art�f�c�ally a lag �n
one of these c�rcu�ts or branches, as by g�v�ng to the c�rcu�ts d�fferent
self-�nduct�ve capac�ty, and �n other ways. In the former case, �n
wh�ch the necessary d�fference of phase �s pr�mar�ly effected �n the
generat�on of currents, �n some �nstances, the currents are passed
through the energ�z�ng co�ls of both elements of the motor—the f�eld
and armature; but a further result or mod�f�cat�on may be obta�ned by
do�ng th�s under the cond�t�ons here�nafter spec�f�ed �n the case of
motors �n wh�ch the lag, as above stated, �s art�f�c�ally secured.

F�gs. 42 to 47, �nclus�ve, are d�agrams of d�fferent ways �n wh�ch
the �nvent�on �s carr�ed out; and F�g. 48, a s�de v�ew of a form of
motor used by Mr. Tesla for th�s purpose.

F�gs. 42, 43 and 44. F���. 42, 43 and 44.

A B �n F�g. 42 �nd�cate the two energ�z�ng c�rcu�ts of a motor, and
C D two c�rcu�ts on the armature. C�rcu�t or co�l A �s connected �n
ser�es w�th c�rcu�t or co�l C, and the two c�rcu�ts B D are s�m�larly
connected. Between co�ls A and C �s a contact-r�ng e, form�ng one
term�nal of the latter, and a brush a, form�ng one term�nal of the
former. A r�ng d and brush c s�m�larly connect co�ls B and D. The
oppos�te term�nals of the f�eld-co�ls connect to one b�nd�ng post h of
the motor, and those of the armature co�ls are s�m�larly connected to
the oppos�te b�nd�ng post � through a contact-r�ng f and brush g. Thus



each motor-c�rcu�t wh�le �n der�vat�on to the other �ncludes one
armature and one f�eld co�l. These c�rcu�ts are of d�fferent self-
�nduct�on, and may be made so �n var�ous ways. For the sake of
clearness, an art�f�c�al res�stance R �s shown �n one of these c�rcu�ts,
and �n the other a self-�nduct�on co�l S. When an alternat�ng current �s
passed through th�s motor �t d�v�des between �ts two energ�z�ng-
c�rcu�ts. The h�gher self-�nduct�on of one c�rcu�t produces a greater
retardat�on or lag �n the current there�n than �n the other. The
d�fference of phase between the two currents effects the rotat�on or
sh�ft�ng of the po�nts of max�mum magnet�c effect that secures the
rotat�on of the armature. In certa�n respects th�s plan of �nclud�ng
both armature and f�eld co�ls �n c�rcu�t �s a marked �mprovement.
Such a motor has a good torque at start�ng; yet �t has also
cons�derable tendency to synchron�sm, ow�ng to the fact that when
properly constructed the max�mum magnet�c effects �n both armature
and f�eld co�nc�de—a cond�t�on wh�ch �n the usual construct�on of
these motors w�th closed armature co�ls �s not read�ly atta�ned. The
motor thus constructed exh�b�ts too, a better regulat�on of current
from no load to load, and there �s less d�fference between the
apparent and real energy expended �n runn�ng �t. The true
synchronous speed of th�s form of motor �s that of the generator
when both are al�ke—that �s to say, �f the number of the co�ls on the
armature and on the f�eld �s x, the motor w�ll run normally at the
same speed as a generator dr�v�ng �t �f the number of f�eld magnets
or poles of the same be also x.

F�gs. 45, 46 and 47. F���. 45, 46 and 47.

F�g. 43 shows a somewhat mod�f�ed arrangement of c�rcu�ts.
There �s �n th�s case but one armature co�l E, the w�nd�ng of wh�ch
ma�nta�ns effects correspond�ng to the resultant poles produced by
the two f�eld-c�rcu�ts.

F�g. 44 represents a d�spos�t�on �n wh�ch both armature and f�eld
are wound w�th two sets of co�ls, all �n mult�ple arc to the l�ne or ma�n
c�rcu�t. The armature co�ls are wound to correspond w�th the f�eld-
co�ls w�th respect to the�r self-�nduct�on. A mod�f�cat�on of th�s plan �s
shown �n F�g. 45—that �s to say, the two f�eld co�ls and two armature



co�ls are �n der�vat�on to themselves and �n ser�es w�th one another.
The armature co�ls �n th�s case, as �n the prev�ous f�gure, are wound
for d�fferent self-�nduct�on to correspond w�th the f�eld co�ls.

Another mod�f�cat�on �s shown �n F�g. 46. In th�s case only one
armature-co�l, as D, �s �ncluded �n the l�ne-c�rcu�t, wh�le the other, as
C, �s short-c�rcu�ted.

In such a d�spos�t�on as that shown �n F�g. 43, or where only one
armature-co�l �s employed, the torque on the start �s somewhat
reduced, wh�le the tendency to synchron�sm �s somewhat �ncreased.
In such a d�spos�t�on as shown �n F�g. 46, the oppos�te cond�t�ons
would ex�st. In both �nstances, however, there �s the advantage of
d�spens�ng w�th one contact-r�ng.

F�g. 48.
F��. 48.

In F�g. 46 the two f�eld-co�ls and the armature-co�l D are �n
mult�ple arc. In F�g. 47 th�s d�spos�t�on �s mod�f�ed, co�l D be�ng
shown �n ser�es w�th the two f�eld-co�ls.

F�g. 48 �s an outl�ne of the general form of motor �n wh�ch th�s
�nvent�on �s embod�ed. The c�rcu�t connect�ons between the armature
and f�eld co�ls are made, as �nd�cated �n the prev�ous f�gures, through
brushes and r�ngs, wh�ch are not shown.



CHAPTER XI.

A������ M����� ��
T������������� ���� �

T����� �� � S������������
M����.

In a preced�ng chapter we have descr�bed a method by wh�ch Mr.
Tesla accompl�shes the change �n h�s type of rotat�ng f�eld motor
from a torque to a synchron�z�ng motor. As w�ll be observed, the
des�red end �s there reached by a change �n the c�rcu�t connect�ons
at the proper moment. We w�ll now proceed to descr�be another way
of br�ng�ng about the same result. The pr�nc�ple �nvolved �n th�s
method �s as follows:—

If an alternat�ng current be passed through the f�eld co�ls only of a
motor hav�ng two energ�z�ng c�rcu�ts of d�fferent self-�nduct�on and
the armature co�ls be short-c�rcu�ted, the motor w�ll have a strong
torque, but l�ttle or no tendency to synchron�sm w�th the generator;
but �f the same current wh�ch energ�zes the f�eld be passed also
through the armature co�ls the tendency to rema�n �n synchron�sm �s
very cons�derably �ncreased. Th�s �s due to the fact that the
max�mum magnet�c effects produced �n the f�eld and armature more
nearly co�nc�de. On th�s pr�nc�ple Mr. Tesla constructs a motor hav�ng
�ndependent f�eld c�rcu�ts of d�fferent self-�nduct�on, wh�ch are jo�ned
�n der�vat�on to a source of alternat�ng currents. The armature �s
wound w�th one or more co�ls, wh�ch are connected w�th the f�eld
co�ls through contact r�ngs and brushes, and around the armature
co�ls a shunt �s arranged w�th means for open�ng or clos�ng the
same. In start�ng th�s motor the shunt �s closed around the armature
co�ls, wh�ch w�ll therefore be �n closed c�rcu�t. When the current �s
d�rected through the motor, �t d�v�des between the two c�rcu�ts, (�t �s
not necessary to cons�der any case where there are more than two



c�rcu�ts used), wh�ch, by reason of the�r d�fferent self-�nduct�on,
secure a d�fference of phase between the two currents �n the two
branches, that produces a sh�ft�ng or rotat�on of the poles. By the
alternat�ons of current, other currents are �nduced �n the closed—or
short-c�rcu�ted—armature co�ls and the motor has a strong torque.
When the des�red speed �s reached, the shunt around the armature-
co�ls �s opened and the current d�rected through both armature and
f�eld co�ls. Under these cond�t�ons the motor has a strong tendency
to synchron�sm.

F�gs. 49, 50 and 51. F���. 49, 50 and 51.

In F�g. 49, A and B des�gnate the f�eld co�ls of the motor. As the
c�rcu�ts �nclud�ng these co�ls are of d�fferent self-�nduct�on, th�s �s
represented by a res�stance co�l R �n c�rcu�t w�th A, and a self-
�nduct�on co�l S �n c�rcu�t w�th B. The same result may of course be
secured by the w�nd�ng of the co�ls. C �s the armature c�rcu�t, the
term�nals of wh�ch are r�ngs a b. Brushes c d bear on these r�ngs and
connect w�th the l�ne and f�eld c�rcu�ts. D �s the shunt or short c�rcu�t
around the armature. E �s the sw�tch �n the shunt.

It w�ll be observed that �n such a d�spos�t�on as �s �llustrated �n
F�g. 49, the f�eld c�rcu�ts A and B be�ng of d�fferent self-�nduct�on,
there w�ll always be a greater lag of the current �n one than the other,
and that, generally, the armature phases w�ll not correspond w�th
e�ther, but w�th the resultant of both. It �s therefore �mportant to
observe the proper rule �n w�nd�ng the armature. For �nstance, �f the
motor have e�ght poles—four �n each c�rcu�t—there w�ll be four
resultant poles, and hence the armature w�nd�ng should be such as
to produce four poles, �n order to const�tute a true synchron�z�ng
motor.

F�g. 52.
F��. 52.

The d�agram, F�g. 50, d�ffers from the prev�ous one only �n
respect to the order of connect�ons. In the present case the
armature-co�l, �nstead of be�ng �n ser�es w�th the f�eld-co�ls, �s �n
mult�ple arc therew�th. The armature-w�nd�ng may be s�m�lar to that



of the f�eld—that �s to say, the armature may have two or more co�ls
wound or adapted for d�fferent self-�nduct�on and adapted,
preferably, to produce the same d�fference of phase as the f�eld-
co�ls. On start�ng the motor the shunt �s closed around both co�ls.
Th�s �s shown �n F�g. 51, �n wh�ch the armature co�ls are F G. To
�nd�cate the�r d�fferent electr�cal character, there are shown �n c�rcu�t
w�th them, respect�vely, the res�stance R' and the self-�nduct�on co�l
S'. The two armature co�ls are �n ser�es w�th the f�eld-co�ls and the
same d�spos�t�on of the shunt or short-c�rcu�t D �s used. It �s of
advantage �n the operat�on of motors of th�s k�nd to construct or w�nd
the armature �n such manner that when short-c�rcu�ted on the start �t
w�ll have a tendency to reach a h�gher speed than that wh�ch
synchron�zes w�th the generator. For example, a g�ven motor hav�ng,
say, e�ght poles should run, w�th the armature co�l short-c�rcu�ted, at
two thousand revolut�ons per m�nute to br�ng �t up to synchron�sm. It
w�ll generally happen, however, that th�s speed �s not reached, ow�ng
to the fact that the armature and f�eld currents do not properly
correspond, so that when the current �s passed through the armature
(the motor not be�ng qu�te up to synchron�sm) there �s a l�ab�l�ty that �t
w�ll not "hold on," as �t �s termed. It �s preferable, therefore, to so
w�nd or construct the motor that on the start, when the armature co�ls
are short-c�rcu�ted, the motor w�ll tend to reach a speed h�gher than
the synchronous—as for �nstance, double the latter. In such case the
d�ff�culty above alluded to �s not felt, for the motor w�ll always hold up
to synchron�sm �f the synchronous speed—�n the case supposed of
two thousand revolut�ons—�s reached or passed. Th�s may be
accompl�shed �n var�ous ways; but for all pract�cal purposes the
follow�ng w�ll suff�ce: On the armature are wound two sets of co�ls. At
the start only one of these �s short-c�rcu�ted, thereby produc�ng a
number of poles on the armature, wh�ch w�ll tend to run the speed up
above the synchronous l�m�t. When such l�m�t �s reached or passed,
the current �s d�rected through the other co�l, wh�ch, by �ncreas�ng the
number of armature poles, tends to ma�nta�n synchron�sm.



F�g. 53.
F��. 53.

In F�g. 52, such a d�spos�t�on �s shown. The motor hav�ng, say,
e�ght poles conta�ns two f�eld-c�rcu�ts A and B, of d�fferent self-
�nduct�on. The armature has two co�ls F and G. The former �s closed
upon �tself, the latter connected w�th the f�eld and l�ne through
contact-r�ngs a b, brushes c d, and a sw�tch E. On the start the co�l F
alone �s act�ve and the motor tends to run at a speed above the
synchronous; but when the co�l G �s connected to the c�rcu�t the
number of armature poles �s �ncreased, wh�le the motor �s made a
true synchronous motor. Th�s d�spos�t�on has the advantage that the
closed armature-c�rcu�t �mparts to the motor torque when the speed
falls off, but at the same t�me the cond�t�ons are such that the motor
comes out of synchron�sm more read�ly. To �ncrease the tendency to
synchron�sm, two c�rcu�ts may be used on the armature, one of
wh�ch �s short-c�rcu�ted on the start and both connected w�th the
external c�rcu�t after the synchronous speed �s reached or passed.
Th�s d�spos�t�on �s shown �n F�g. 53. There are three contact-r�ngs a
b e and three brushes c d f, wh�ch connect the armature c�rcu�ts w�th
the external c�rcu�t. On start�ng, the sw�tch H �s turned to complete
the connect�on between one b�nd�ng-post P and the f�eld-co�ls. Th�s
short-c�rcu�ts one of the armature-co�ls, as G. The other co�l F �s out
of c�rcu�t and open. When the motor �s up to speed, the sw�tch H �s
turned back, so that the connect�on from b�nd�ng-post P to the f�eld
co�ls �s through the co�l G, and sw�tch K �s closed, thereby �nclud�ng
co�l F �n mult�ple arc w�th the f�eld co�ls. Both armature co�ls are thus
act�ve.

From the above-descr�bed �nstances �t �s ev�dent that many other
d�spos�t�ons for carry�ng out the �nvent�on are poss�ble.



CHAPTER XII.

"M������� L��" M����.

The follow�ng descr�pt�on deals w�th another form of motor,
namely, depend�ng on "magnet�c lag" or hysteres�s, �ts pecul�ar�ty
be�ng that �n �t the attract�ve effects or phases wh�le lagg�ng beh�nd
the phases of current wh�ch produce them, are man�fested
s�multaneously and not success�vely. The phenomenon ut�l�zed thus
at an early stage by Mr. Tesla, was not generally bel�eved �n by
sc�ent�f�c men, and Prof. Ayrton was probably f�rst to advocate �t or to
eluc�date the reason of �ts supposed ex�stence.

F�g. 54 �s a s�de v�ew of the motor, �n elevat�on. F�g. 55 �s a part-
sect�onal v�ew at r�ght angles to F�g. 54. F�g. 56 �s an end v�ew �n
elevat�on and part sect�on of a mod�f�cat�on, and F�g. 57 �s a s�m�lar
v�ew of another mod�f�cat�on.

In F�gs. 54 and 55, A des�gnates a base or stand, and B B the
support�ng-frame of the motor. Bolted to the support�ng-frame are
two magnet�c cores or pole-p�eces C C', of �ron or soft steel. These
may be subd�v�ded or lam�nated, �n wh�ch case hard �ron or steel
plates or bars should be used, or they should be wound w�th closed
co�ls. D �s a c�rcular d�sc armature, bu�lt up of sect�ons or plates of
�ron and mounted �n the frame between the pole-p�eces C C', curved
to conform to the c�rcular shape thereof. Th�s d�sc may be wound
w�th a number of closed co�ls E. F F are the ma�n energ�z�ng co�ls,
supported by the support�ng-frame, so as to �nclude w�th�n the�r
magnet�z�ng �nfluence both the pole-p�eces C C' and the armature D.
The pole-p�eces C C' project out beyond the co�ls F F on oppos�te
s�des, as �nd�cated �n the draw�ngs. If an alternat�ng current be
passed through the co�ls F F, rotat�on of the armature w�ll be
produced, and th�s rotat�on �s expla�ned by the follow�ng apparent
act�on, or mode of operat�on: An �mpulse of current �n the co�ls F F



establ�shes two polar�t�es �n the motor. The protrud�ng end of pole-
p�ece C, for �nstance, w�ll be of one s�gn, and the correspond�ng end
of pole-p�ece C' w�ll be of the oppos�te s�gn. The armature also
exh�b�ts two poles at r�ght angles to the co�ls F F, l�ke poles to those
�n the pole-p�eces be�ng on the same s�de of the co�ls. Wh�le the
current �s flow�ng there �s no apprec�able tendency to rotat�on
developed; but after each current �mpulse ceases or beg�ns to fall,
the magnet�sm �n the armature and �n the ends of the pole-p�eces C
C' lags or cont�nues to man�fest �tself, wh�ch produces a rotat�on of
the armature by the repellent force between the more closely
approx�mat�ng po�nts of max�mum magnet�c effect. Th�s effect �s
cont�nued by the reversal of current, the polar�t�es of f�eld and
armature be�ng s�mply reversed. One or both of the elements—the
armature or f�eld—may be wound w�th closed �nduced co�ls to
�ntens�fy th�s effect. Although �n the �llustrat�ons but one of the f�elds
�s shown, each element of the motor really const�tutes a f�eld, wound
w�th the closed co�ls, the currents be�ng �nduced ma�nly �n those
convolut�ons or co�ls wh�ch are parallel to the co�ls F F.

F�g. 54, 55.
F��. 54. F��. 55.

A mod�f�ed form of th�s motor �s shown �n F�g. 56. In th�s form G �s
one of two standards that support the bear�ngs for the armature-
shaft. H H are upr�ghts or s�des of a frame, preferably magnet�c, the
ends C C' of wh�ch are bent �n the manner �nd�cated, to conform to
the shape of the armature D and form f�eld-magnet poles. The
construct�on of the armature may be the same as �n the prev�ous
f�gure, or �t may be s�mply a magnet�c d�sc or cyl�nder, as shown, and
a co�l or co�ls F F are secured �n pos�t�on to surround both the
armature and the poles C C'. The armature �s detachable from �ts
shaft, the latter be�ng passed through the armature after �t has been
�nserted �n pos�t�on. The operat�on of th�s form of motor �s the same
�n pr�nc�ple as that prev�ously descr�bed and needs no further
explanat�on.

F�g. 56.
F��. 56.



F�g. 57.
F��. 57.

One of the most �mportant features �n alternat�ng current motors
�s, however, that they should be adapted to and capable of runn�ng
eff�c�ently on the alternat�ng c�rcu�ts �n present use, �n wh�ch almost
w�thout except�on the generators y�eld a very h�gh number of
alternat�ons. Such a motor, of the type under cons�derat�on, Mr. Tesla
has des�gned by a development of the pr�nc�ple of the motor shown
�n F�g. 56, mak�ng a mult�polar motor, wh�ch �s �llustrated �n F�g. 57.
In the construct�on of th�s motor he employs an annular magnet�c
frame J, w�th �nwardly-extend�ng r�bs or project�ons K, the ends of
wh�ch all bend or turn �n one d�rect�on and are generally shaped to
conform to the curved surface of the armature. Co�ls F F are wound
from one part K to the one next adjacent, the ends or loops of each
co�l or group of w�res be�ng carr�ed over toward the shaft, so as to
form U-shaped groups of convolut�ons at each end of the armature.
The pole-p�eces C C', be�ng substant�ally concentr�c w�th the
armature, form ledges, along wh�ch the co�ls are la�d and should
project to some extent beyond the the co�ls, as shown. The
cyl�ndr�cal or drum armature D �s of the same construct�on as �n the
other motors descr�bed, and �s mounted to rotate w�th�n the annular
frame J and between the U-shaped ends or bends of the co�ls F.
The co�ls F are connected �n mult�ple or �n ser�es w�th a source of
alternat�ng currents, and are so wound that w�th a current or current
�mpulse of g�ven d�rect�on they w�ll make the alternate pole-p�eces C
of one polar�ty and the other pole-p�eces C' of the oppos�te polar�ty.
The pr�nc�ple of the operat�on of th�s motor �s the same as the other
above descr�bed, for, cons�der�ng any two pole-p�eces C C', a current
�mpulse pass�ng �n the co�l wh�ch br�dges them or �s wound over both
tends to establ�sh polar�t�es �n the�r ends of oppos�te s�gn and to set
up �n the armature core between them a polar�ty of the same s�gn as
that of the nearest pole-p�ece C. Upon the fall or cessat�on of the
current �mpulse that establ�shed these polar�t�es the magnet�sm
wh�ch lags beh�nd the current phase, and wh�ch cont�nues to
man�fest �tself �n the polar project�ons C C' and the armature,
produces by repuls�on a rotat�on of the armature. The effect �s



cont�nued by each reversal of the current. What occurs �n the case of
one pa�r of pole-p�eces occurs s�multaneously �n all, so that the
tendency to rotat�on of the armature �s measured by the sum of all
the forces exerted by the pole-p�eces, as above descr�bed. In th�s
motor also the magnet�c lag or effect �s �ntens�f�ed by w�nd�ng one or
both cores w�th closed �nduced co�ls. The armature core �s shown as
thus wound. When closed co�ls are used, the cores should be
lam�nated.

It �s ev�dent that a pulsatory as well as an alternat�ng current
m�ght be used to dr�ve or operate the motors above descr�bed.

It w�ll be understood that the degree of subd�v�s�on, the mass of
the �ron �n the cores, the�r s�ze and the number of alternat�ons �n the
current employed to run the motor, must be taken �nto cons�derat�on
�n order to properly construct th�s motor. In other words, �n all such
motors the proper relat�ons between the number of alternat�ons and
the mass, s�ze, or qual�ty of the �ron must be preserved �n order to
secure the best results.



CHAPTER XIII.

M����� �� O��������
D��������� �� P���� ��

M������� S��������.

In that class of motors �n wh�ch two or more sets of energ�z�ng
magnets are employed, and �n wh�ch by art�f�c�al means a certa�n
�nterval of t�me �s made to elapse between the respect�ve max�mum
or m�n�mum per�ods or phases of the�r magnet�c attract�on or effect,
the �nterval or d�fference �n phase between the two sets of magnets
�s l�m�ted �n extent. It �s des�rable, however, for the econom�cal
work�ng of such motors that the strength or attract�on of one set of
magnets should be max�mum, at the t�me when that of the other set
�s m�n�mum, and conversely; but these cond�t�ons have not
heretofore been real�zed except �n cases where the two currents
have been obta�ned from �ndependent sources �n the same or
d�fferent mach�nes. Mr. Tesla has therefore dev�sed a motor
embody�ng cond�t�ons that approach more nearly the theoret�cal
requ�rements of perfect work�ng, or �n other words, he produces
art�f�c�ally a d�fference of magnet�c phase by means of a current from
a s�ngle pr�mary source suff�c�ent �n extent to meet the requ�rements
of pract�cal and econom�cal work�ng. He employs a motor w�th two
sets of energ�z�ng or f�eld magnets, each wound w�th co�ls connected
w�th a source of alternat�ng or rap�dly-vary�ng currents, but form�ng
two separate paths or c�rcu�ts. The magnets of one set are protected
to a certa�n extent from the energ�z�ng act�on of the current by means
of a magnet�c sh�eld or screen �nterposed between the magnet and
�ts energ�z�ng co�l. Th�s sh�eld �s properly adapted to the cond�t�ons of
part�cular cases, so as to sh�eld or protect the ma�n core from
magnet�zat�on unt�l �t has become �tself saturated and no longer
capable of conta�n�ng all the l�nes of force produced by the current. It



w�ll be seen that by th�s means the energ�z�ng act�on beg�ns �n the
protected set of magnets a certa�n arb�trar�ly-determ�ned per�od of
t�me later than �n the other, and that by th�s means alone or �n
conjunct�on w�th other means or dev�ces heretofore employed a
pract�cal d�fference of magnet�c phase may read�ly be secured.

F�g. 58 �s a v�ew of a motor, partly �n sect�on, w�th a d�agram
�llustrat�ng the �nvent�on. F�g. 59 �s a s�m�lar v�ew of a mod�f�cat�on of
the same.

F�g. 58, 59.
F��. 58. F��. 59.

In F�g. 58, wh�ch exh�b�ts the s�mplest form of the �nvent�on, A A �s
the f�eld-magnet of a motor, hav�ng, say, e�ght poles or �nwardly-
project�ng cores B and C. The cores B form one set of magnets and
are energ�zed by co�ls D. The cores C, form�ng the other set are
energ�zed by co�ls E, and the co�ls are connected, preferably, �n
ser�es w�th one another, �n two der�ved or branched c�rcu�ts, F G,
respect�vely, from a su�table source of current. Each co�l E �s
surrounded by a magnet�c sh�eld H, wh�ch �s preferably composed of
an annealed, �nsulated, or ox�d�zed �ron w�re wrapped or wound on
the co�ls �n the manner �nd�cated so as to form a closed magnet�c
c�rcu�t around the co�ls and between the same and the magnet�c
cores C. Between the pole p�eces or cores B C �s mounted the
armature K, wh�ch, as �s usual �n th�s type of mach�nes, �s wound w�th
co�ls L closed upon themselves. The operat�on result�ng from th�s
d�spos�t�on �s as follows: If a current �mpulse be d�rected through the
two c�rcu�ts of the motor, �t w�ll qu�ckly energ�ze the cores B, but not
so the cores C, for the reason that �n pass�ng through the co�ls E
there �s encountered the �nfluence of the closed magnet�c c�rcu�ts
formed by the sh�elds H. The f�rst effect �s to retard effect�vely the
current �mpulse �n c�rcu�t G, wh�le at the same t�me the proport�on of
current wh�ch does pass does not magnet�ze the cores C, wh�ch are
sh�elded or screened by the sh�elds H. As the �ncreas�ng
electromot�ve force then urges more current through the co�ls E, the
�ron w�re H becomes magnet�cally saturated and �ncapable of
carry�ng all the l�nes of force, and hence ceases to protect the cores



C, wh�ch becomes magnet�zed, develop�ng the�r max�mum effect
after an �nterval of t�me subsequent to the s�m�lar man�festat�on of
strength �n the other set of magnets, the extent of wh�ch �s arb�trar�ly
determ�ned by the th�ckness of the sh�eld H, and other well-
understood cond�t�ons.

From the above �t w�ll be seen that the apparatus or dev�ce acts
�n two ways. F�rst, by retard�ng the current, and, second, by retard�ng
the magnet�zat�on of one set of the cores, from wh�ch �ts
effect�veness w�ll read�ly appear.

Many mod�f�cat�ons of the pr�nc�ple of th�s �nvent�on are poss�ble.
One useful and eff�c�ent appl�cat�on of the �nvent�on �s shown �n F�g.
59. In th�s f�gure a motor �s shown s�m�lar �n all respects to that
above descr�bed, except that the �ron w�re H, wh�ch �s wrapped
around the co�ls E, �s �n th�s case connected �n ser�es w�th the co�ls D.
The �ron-w�re co�ls H, are connected and wound, so as to have l�ttle
or no self-�nduct�on, and be�ng added to the res�stance of the c�rcu�t
F, the act�on of the current �n that c�rcu�t w�ll be accelerated, wh�le �n
the other c�rcu�t G �t w�ll be retarded. The sh�eld H may be made �n
many forms, as w�ll be understood, and used �n d�fferent ways, as
appears from the forego�ng descr�pt�on.

As a mod�f�cat�on of h�s type of motor w�th "sh�elded" f�elds, Mr.
Tesla has constructed a motor w�th a f�eld-magnet hav�ng two sets of
poles or �nwardly-project�ng cores and placed s�de by s�de, so as
pract�cally to form two f�elds of force and alternately d�sposed—that
�s to say, w�th the poles of one set or f�eld oppos�te the spaces
between the other. He then connects the free ends of one set of
poles by means of lam�nated �ron bands or br�dge-p�eces of
cons�derably smaller cross-sect�on than the cores themselves,
whereby the cores w�ll all form parts of complete magnet�c c�rcu�ts.
When the co�ls on each set of magnets are connected �n mult�ple
c�rcu�ts or branches from a source of alternat�ng currents,
electromot�ve forces are set up �n or �mpressed upon each c�rcu�t
s�multaneously; but the co�ls on the magnet�cally br�dged or shunted
cores w�ll have, by reason of the closed magnet�c c�rcu�ts, a h�gh
self-�nduct�on, wh�ch retards the current, perm�tt�ng at the beg�nn�ng



of each �mpulse but l�ttle current to pass. On the other hand, no such
oppos�t�on be�ng encountered �n the other set of co�ls, the current
passes freely through them, magnet�z�ng the poles on wh�ch they are
wound. As soon, however, as the lam�nated br�dges become
saturated and �ncapable of carry�ng all the l�nes of force wh�ch the
r�s�ng electromot�ve force, and consequently �ncreased current,
produce, free poles are developed at the ends of the cores, wh�ch,
act�ng �n conjunct�on w�th the others, produce rotat�on of the
armature.

The construct�on �n deta�l by wh�ch th�s �nvent�on �s �llustrated �s
shown �n the accompany�ng draw�ngs.

F�g. 60, 61.
F��. 60. F��. 61.

F�g. 60 �s a v�ew �n s�de elevat�on of a motor embody�ng the
pr�nc�ple. F�g. 61 �s a vert�cal cross-sect�on of the motor. A �s the
frame of the motor, wh�ch should be bu�lt up of sheets of �ron
punched out to the des�red shape and bolted together w�th �nsulat�on
between the sheets. When complete, the frame makes a f�eld-
magnet w�th �nwardly project�ng pole-p�eces B and C. To adapt them
to the requ�rements of th�s part�cular case these pole-p�eces are out
of l�ne w�th one another, those marked B surround�ng one end of the
armature and the others, as C, the oppos�te end, and they are
d�sposed alternately—that �s to say, the pole-p�eces of one set occur
�n l�ne w�th the spaces between those of the other sets.

The armature D �s of cyl�ndr�cal form, and �s also lam�nated �n the
usual way and �s wound long�tud�nally w�th co�ls closed upon
themselves. The pole-p�eces C are connected or shunted by br�dge-
p�eces E. These may be made �ndependently and attached to the
pole-p�eces, or they may be parts of the forms or blanks stamped or
punched out of sheet-�ron. The�r s�ze or mass �s determ�ned by
var�ous cond�t�ons, such as the strength of the current to be
employed, the mass or s�ze of the cores to wh�ch they are appl�ed,
and other fam�l�ar cond�t�ons.



Co�ls F surround the pole-p�eces B, and other co�ls G are wound
on the pole-p�eces C. These co�ls are connected �n ser�es �n two
c�rcu�ts, wh�ch are branches of a c�rcu�t from a generator of
alternat�ng currents, and they may be so wound, or the respect�ve
c�rcu�ts �n wh�ch they are �ncluded may be so arranged, that the
c�rcu�t of co�ls G w�ll have, �ndependently of the part�cular
construct�on descr�bed, a h�gher self-�nduct�on than the other c�rcu�t
or branch.

The funct�on of the shunts or br�dges E �s that they shall form w�th
the cores C a closed magnet�c c�rcu�t for a current up to a
predeterm�ned strength, so that when saturated by such current and
unable to carry more l�nes of force than such a current produces they
w�ll to no further apprec�able extent �nterfere w�th the development,
by a stronger current, of free magnet�c poles at the ends of the cores
C.

In such a motor the current �s so retarded �n the co�ls G, and the
man�festat�on of the free magnet�sm �n the poles C �s so delayed
beyond the per�od of max�mum magnet�c effect �n poles B, that a
strong torque �s produced and the motor operates w�th approx�mately
the power developed �n a motor of th�s k�nd energ�zed by
�ndependently generated currents d�ffer�ng by a full quarter phase.



CHAPTER XIV.

T��� �� T���� S�����-P����
M����.

Up to th�s po�nt, two pr�nc�pal types of Tesla motors have been
descr�bed: F�rst, those conta�n�ng two or more energ�z�ng c�rcu�ts
through wh�ch are caused to pass alternat�ng currents d�ffer�ng from
one another �n phase to an extent suff�c�ent to produce a cont�nuous
progress�on or sh�ft�ng of the poles or po�nts of greatest magnet�c
effect, �n obed�ence to wh�ch the movable element of the motor �s
ma�nta�ned �n rotat�on; second, those conta�n�ng poles, or parts of
d�fferent magnet�c suscept�b�l�ty, wh�ch under the energ�z�ng
�nfluence of the same current or two currents co�nc�d�ng �n phase w�ll
exh�b�t d�fferences �n the�r magnet�c per�ods or phases. In the f�rst
class of motors the torque �s due to the magnet�sm establ�shed �n
d�fferent port�ons of the motor by currents from the same or from
�ndependent sources, and exh�b�t�ng t�me d�fferences �n phase. In the
second class the torque results from the energ�z�ng effects of a
current upon d�fferent parts of the motor wh�ch d�ffer �n magnet�c
suscept�b�l�ty—�n other words, parts wh�ch respond �n the same
relat�ve degree to the act�on of a current, not s�multaneously, but
after d�fferent �ntervals of t�me.

In another Tesla motor, however, the torque, �nstead of be�ng
solely the result of a t�me d�fference �n the magnet�c per�ods or
phases of the poles or attract�ve parts to whatever cause due, �s
produced by an angular d�splacement of the parts wh�ch, though
movable w�th respect to one another, are magnet�zed
s�multaneously, or approx�mately so, by the same currents. Th�s
pr�nc�ple of operat�on has been embod�ed pract�cally �n a motor �n
wh�ch the necessary angular d�splacement between the po�nts of
greatest magnet�c attract�on �n the two elements of the motor—the



armature and f�eld—�s obta�ned by the d�rect�on of the lam�nat�on of
the magnet�c cores of the elements.

F�g. 62 �s a s�de v�ew of such a motor w�th a port�on of �ts
armature core exposed. F�g. 63 �s an end or edge v�ew of the same.
F�g. 64 �s a central cross-sect�on of the same, the armature be�ng
shown ma�nly �n elevat�on.

F�g. 62, 63, 64.
F��. 62. F��. 63. F��. 64.

Let A A des�gnate two plates bu�lt up of th�n sect�ons or lam�næ of
soft �ron �nsulated more or less from one another and held together
by bolts a and secured to a base B. The �nner faces of these plates
conta�n recesses or grooves �n wh�ch a co�l or co�ls D are secured
obl�quely to the d�rect�on of the lam�nat�ons. W�th�n the co�ls D �s a
d�sc E, preferably composed of a sp�rally-wound �ron w�re or r�bbon
or a ser�es of concentr�c r�ngs and mounted on a shaft F, hav�ng
bear�ngs �n the plates A A. Such a dev�ce when acted upon by an
alternat�ng current �s capable of rotat�on and const�tutes a motor, the
operat�on of wh�ch may be expla�ned �n the follow�ng manner: A
current or current-�mpulse travers�ng the co�ls D tends to magnet�ze
the cores A A and E, all of wh�ch are w�th�n the �nfluence of the f�eld of
the co�ls. The poles thus establ�shed would naturally l�e �n the same
l�ne at r�ght angles to the co�ls D, but �n the plates A they are
deflected by reason of the d�rect�on of the lam�nat�ons, and appear at
or near the extrem�t�es of these plates. In the d�sc, however, where
these cond�t�ons are not present, the poles or po�nts of greatest
attract�on are on a l�ne at r�ght angles to the plane of the co�ls; hence
there w�ll be a torque establ�shed by th�s angular d�splacement of the
poles or magnet�c l�nes, wh�ch starts the d�sc �n rotat�on, the
magnet�c l�nes of the armature and f�eld tend�ng toward a pos�t�on of
parallel�sm. Th�s rotat�on �s cont�nued and ma�nta�ned by the
reversals of the current �n co�ls D D, wh�ch change alternately the
polar�ty of the f�eld-cores A A. Th�s rotary tendency or effect w�ll be
greatly �ncreased by w�nd�ng the d�sc w�th conductors G, closed upon
themselves and hav�ng a rad�al d�rect�on, whereby the magnet�c
�ntens�ty of the poles of the d�sc w�ll be greatly �ncreased by the



energ�z�ng effect of the currents �nduced �n the co�ls G by the
alternat�ng currents �n co�ls D.

The cores of the d�sc and f�eld may or may not be of d�fferent
magnet�c suscept�b�l�ty—that �s to say, they may both be of the same
k�nd of �ron, so as to be magnet�zed at approx�mately the same
�nstant by the co�ls D; or one may be of soft �ron and the other of
hard, �n order that a certa�n t�me may elapse between the per�ods of
the�r magnet�zat�on. In e�ther case rotat�on w�ll be produced; but
unless the d�sc �s prov�ded w�th the closed energ�z�ng co�ls �t �s
des�rable that the above-descr�bed d�fference of magnet�c
suscept�b�l�ty be ut�l�zed to ass�st �n �ts rotat�on.

The cores of the f�eld and armature may be made �n var�ous
ways, as w�ll be well understood, �t be�ng only requ�s�te that the
lam�nat�ons �n each be �n such d�rect�on as to secure the necessary
angular d�splacement of the po�nts of greatest attract�on. Moreover,
s�nce the d�sc may be cons�dered as made up of an �nf�n�te number
of rad�al arms, �t �s obv�ous that what �s true of a d�sc holds for many
other forms of armature.



CHAPTER XV.

M����� ���� C������� ��
D�������� R���������.

As has been po�nted out elsewhere, the lag or retardat�on of the
phases of an alternat�ng current �s d�rectly proport�onal to the self-
�nduct�on and �nversely proport�onal to the res�stance of the c�rcu�t
through wh�ch the current flows. Hence, �n order to secure the proper
d�fferences of phase between the two motor-c�rcu�ts, �t �s des�rable to
make the self-�nduct�on �n one much h�gher and the res�stance much
lower than the self-�nduct�on and res�stance, respect�vely, �n the
other. At the same t�me the magnet�c quant�t�es of the two poles or
sets of poles wh�ch the two c�rcu�ts produce should be approx�mately
equal. These requ�rements have led Mr. Tesla to the �nvent�on of a
motor hav�ng the follow�ng general character�st�cs: The co�ls wh�ch
are �ncluded �n that energ�z�ng c�rcu�t wh�ch �s to have the h�gher self-
�nduct�on are made of coarse w�re, or a conductor of relat�vely low
res�stance, and w�th the greatest poss�ble length or number of turns.
In the other set of co�ls a comparat�vely few turns of f�ner w�re are
used, or a w�re of h�gher res�stance. Furthermore, �n order to
approx�mate the magnet�c quant�t�es of the poles exc�ted by these
co�ls, Mr. Tesla employs �n the self-�nduct�on c�rcu�t cores much
longer than those �n the other or res�stance c�rcu�t.

F�g. 65 �s a part sect�onal v�ew of the motor at r�ght angles to the
shaft. F�g. 66 �s a d�agram of the f�eld c�rcu�ts.

In F�g. 66, let A represent the co�ls �n one motor c�rcu�t, and B
those �n the other. The c�rcu�t A �s to have the h�gher self-�nduct�on.
There are, therefore, used a long length or a large number of turns of
coarse w�re �n form�ng the co�ls of th�s c�rcu�t. For the c�rcu�t B, a
smaller conductor �s employed, or a conductor of a h�gher res�stance



than copper, such as German s�lver or �ron, and the co�ls are wound
w�th fewer turns. In apply�ng these co�ls to a motor, Mr. Tesla bu�lds
up a f�eld-magnet of plates C, of �ron and steel, secured together �n
the usual manner by bolts D. Each plate �s formed w�th four (more or
less) long cores E, around wh�ch �s a space to rece�ve the co�l and an
equal number of short project�ons F to rece�ve the co�ls of the
res�stance-c�rcu�t. The plates are generally annular �n shape, hav�ng
an open space �n the centre for rece�v�ng the armature G, wh�ch Mr.
Tesla prefers to w�nd w�th closed co�ls. An alternat�ng current d�v�ded
between the two c�rcu�ts �s retarded as to �ts phases �n the c�rcu�t A to
a much greater extent than �n the c�rcu�t B. By reason of the relat�ve
s�zes and d�spos�t�on of the cores and co�ls the magnet�c effect of the
poles E and F upon the armature closely approx�mate.

F�g. 65, 66.
F��. 65. F��. 66.

An �mportant result secured by the construct�on shown here �s
that these co�ls wh�ch are des�gned to have the h�gher self-�nduct�on
are almost completely surrounded by �ron, and that the retardat�on �s
thus very mater�ally �ncreased.



CHAPTER XVI.

M���� W��� E���� M�������
E������� �� F���� ���

A�������.

Let �t be assumed that the energy as represented �n the
magnet�sm �n the f�eld of a g�ven rotat�ng f�eld motor �s n�nety and
that of the armature ten. The sum of these quant�t�es, wh�ch
represents the total energy expended �n dr�v�ng the motor, �s one
hundred; but, assum�ng that the motor be so constructed that the
energy �n the f�eld �s represented by f�fty, and that �n the armature by
f�fty, the sum �s st�ll one hundred; but wh�le �n the f�rst �nstance the
product �s n�ne hundred, �n the second �t �s two thousand f�ve
hundred, and as the energy developed �s �n proport�on to these
products �t �s clear that those motors are the most eff�c�ent—other
th�ngs be�ng equal—�n wh�ch the magnet�c energ�es developed �n the
armature and f�eld are equal. These results Mr. Tesla obta�ns by
us�ng the same amount of copper or ampere turns �n both elements
when the cores of both are equal, or approx�mately so, and the same
current energ�zes both; or �n cases where the currents �n one
element are �nduced to those of the other he uses �n the �nduced
co�ls an excess of copper over that �n the pr�mary element or
conductor.

F�g. 67.
F��. 67.

The convent�onal f�gure of a motor here �ntroduced, F�g. 67, w�ll
g�ve an �dea of the solut�on furn�shed by Mr. Tesla for the spec�f�c
problem. Referr�ng to the draw�ng, A �s the f�eld-magnet, B the
armature, C the f�eld co�ls, and D the armature-co�ls of the motor.



Generally speak�ng, �f the mass of the cores of armature and f�eld
be equal, the amount of copper or ampere turns of the energ�z�ng
co�ls on both should also be equal; but these cond�t�ons w�ll be
mod�f�ed �n d�fferent forms of mach�ne. It w�ll be understood that
these results are most advantageous when ex�st�ng under the
cond�t�ons presented where the motor �s runn�ng w�th �ts normal load,
a po�nt to be well borne �n m�nd.



CHAPTER XVII.

M����� W��� C���������
M����� �� M������� E�����

�� A������� ��� F����.

In th�s form of motor, Mr. Tesla's object �s to des�gn and bu�ld
mach�nes where�n the max�ma of the magnet�c effects of the
armature and f�eld w�ll more nearly co�nc�de than �n some of the
types prev�ously under cons�derat�on. These types are: F�rst, motors
hav�ng two or more energ�z�ng c�rcu�ts of the same electr�cal
character, and �n the operat�on of wh�ch the currents used d�ffer
pr�mar�ly �n phase; second, motors w�th a plural�ty of energ�z�ng
c�rcu�ts of d�fferent electr�cal character, �n or by means of wh�ch the
d�fference of phase �s produced art�f�c�ally, and, th�rd, motors w�th a
plural�ty of energ�z�ng c�rcu�ts, the currents �n one be�ng �nduced from
currents �n another. Cons�der�ng the structural and operat�ve
cond�t�ons of any one of them—as, for example, that f�rst named—
the armature wh�ch �s mounted to rotate �n obed�ence to the co-
operat�ve �nfluence or act�on of the energ�z�ng c�rcu�ts has co�ls
wound upon �t wh�ch are closed upon themselves and �n wh�ch
currents are �nduced by the energ�z�ng-currents w�th the object and
result of energ�z�ng the armature-core; but under any such cond�t�ons
as must ex�st �n these motors, �t �s obv�ous that a certa�n t�me must
elapse between the man�festat�ons of an energ�z�ng current �mpulse
�n the f�eld co�ls, and the correspond�ng magnet�c state or phase �n
the armature establ�shed by the current �nduced thereby;
consequently a g�ven magnet�c �nfluence or effect �n the f�eld wh�ch
�s the d�rect result of a pr�mary current �mpulse w�ll have become
more or less weakened or lost before the correspond�ng effect �n the
armature �nd�rectly produced has reached �ts max�mum. Th�s �s a
cond�t�on unfavorable to eff�c�ent work�ng �n certa�n cases—as, for



�nstance, when the progress of the resultant poles or po�nts of
max�mum attract�on �s very great, or when a very h�gh number of
alternat�ons �s employed—for �t �s apparent that a stronger tendency
to rotat�on w�ll be ma�nta�ned �f the max�mum magnet�c attract�ons or
cond�t�ons �n both armature and f�eld co�nc�de, the energy developed
by a motor be�ng measured by the product of the magnet�c quant�t�es
of the armature and f�eld.

To secure th�s co�nc�dence of max�mum magnet�c effects, Mr.
Tesla has dev�sed var�ous means, as expla�ned below. F�g. 68 �s a
d�agrammat�c �llustrat�on of a Tesla motor system �n wh�ch the
alternat�ng currents proceed from �ndependent sources and d�ffer
pr�mar�ly �n phase.

F�g. 68, 69.
F��. 68. F��. 69.

A des�gnates the f�eld-magnet or magnet�c frame of the motor; B
B, oppos�tely located pole-p�eces adapted to rece�ve the co�ls of one
energ�z�ng c�rcu�t; and C C, s�m�lar pole-p�eces for the co�ls of the
other energ�z�ng c�rcu�t. These c�rcu�ts are des�gnated, respect�vely,
by D E, the conductor D'' form�ng a common return to the generator G.
Between these poles �s mounted an armature—for example, a r�ng
or annular armature, wound w�th a ser�es of co�ls F, form�ng a closed
c�rcu�t or c�rcu�ts. The act�on or operat�on of a motor thus constructed
�s now well understood. It w�ll be observed, however, that the
magnet�sm of poles B, for example, establ�shed by a current �mpulse
�n the co�ls thereon, precedes the magnet�c effect set up �n the
armature by the �nduced current �n co�ls F. Consequently the mutual
attract�on between the armature and f�eld-poles �s cons�derably
reduced. The same cond�t�ons w�ll be found to ex�st �f, �nstead of
assum�ng the poles B or C as act�ng �ndependently, we regard the
�deal resultant of both act�ng together, wh�ch �s the real cond�t�on. To
remedy th�s, the motor f�eld �s constructed w�th secondary poles B' C',
wh�ch are s�tuated between the others. These pole-p�eces are wound
w�th co�ls D' E', the former �n der�vat�on to the co�ls D, the latter to
co�ls E. The ma�n or pr�mary co�ls D and E are wound for a d�fferent
self-�nduct�on from that of the co�ls D' and E', the relat�ons be�ng so



f�xed that �f the currents �n D and E d�ffer, for example, by a quarter-
phase, the currents �n each secondary co�l, as D' E', w�ll d�ffer from
those �n �ts appropr�ate pr�mary D or E by, say, forty-f�ve degrees, or
one-e�ghth of a per�od.

Now, assum�ng that an �mpulse or alternat�on �n c�rcu�t or branch
E �s just beg�nn�ng, wh�le �n the branch D �t �s just fall�ng from
max�mum, the cond�t�ons are those of a quarter-phase d�fference.
The �deal resultant of the attract�ve forces of the two sets of poles B C
therefore may be cons�dered as progress�ng from poles B to poles C,
wh�le the �mpulse �n E �s r�s�ng to max�mum, and that �n D �s fall�ng to
zero or m�n�mum. The polar�ty set up �n the armature, however, lags
beh�nd the man�festat�ons of f�eld magnet�sm, and hence the
max�mum po�nts of attract�on �n armature and f�eld, �nstead of
co�nc�d�ng, are angularly d�splaced. Th�s effect �s counteracted by the
supplemental poles B' C'. The magnet�c phases of these poles
succeed those of poles B C by the same, or nearly the same, per�od
of t�me as elapses between the effect of the poles B C and the
correspond�ng �nduced effect �n the armature; hence the magnet�c
cond�t�ons of poles B' C' and of the armature more nearly co�nc�de
and a better result �s obta�ned. As poles B' C' act �n conjunct�on w�th
the poles �n the armature establ�shed by poles B C, so �n turn poles C
B act s�m�larly w�th the poles set up by B' C', respect�vely. Under such
cond�t�ons the retardat�on of the magnet�c effect of the armature and
that of the secondary poles w�ll br�ng the max�mum of the two more
nearly �nto co�nc�dence and a correspond�ngly stronger torque or
magnet�c attract�on secured.

In such a d�spos�t�on as �s shown �n F�g. 68 �t w�ll be observed
that as the adjacent pole-p�eces of e�ther c�rcu�t are of l�ke polar�ty
they w�ll have a certa�n weaken�ng effect upon one another. Mr. Tesla
therefore prefers to remove the secondary poles from the d�rect
�nfluence of the others. Th�s may be done by construct�ng a motor
w�th two �ndependent sets of f�elds, and w�th e�ther one or two
armatures electr�cally connected, or by us�ng two armatures and one
f�eld. These mod�f�cat�ons are �llustrated further on.

F�g. 70, 71.



F��. 70. F��. 71.

F�g. 69 �s a d�agrammat�c �llustrat�on of a motor and system �n
wh�ch the d�fference of phase �s art�f�c�ally produced. There are two
co�ls D D �n one branch and two co�ls E E �n another branch of the
ma�n c�rcu�t from the generator G. These two c�rcu�ts or branches are
of d�fferent self-�nduct�on, one, as D, be�ng h�gher than the other. Th�s
�s graph�cally �nd�cated by mak�ng co�ls D much larger than co�ls E.
By reason of the d�fference �n the electr�cal character of the two
c�rcu�ts, the phases of current �n one are retarded to a greater extent
than the other. Let th�s d�fference be th�rty degrees. A motor thus
constructed w�ll rotate under the act�on of an alternat�ng current; but
as happens �n the case prev�ously descr�bed the correspond�ng
magnet�c effects of the armature and f�eld do not co�nc�de ow�ng to
the t�me that elapses between a g�ven magnet�c effect �n the
armature and the cond�t�on of the f�eld that produces �t. The
secondary or supplemental poles B' C' are therefore ava�led of. There
be�ng th�rty degrees d�fference of phase between the currents �n co�ls
D E, the magnet�c effect of poles B' C' should correspond to that
produced by a current d�ffer�ng from the current �n co�ls D or E by
f�fteen degrees. Th�s we can atta�n by w�nd�ng each supplemental
pole B' C' w�th two co�ls H H'. The co�ls H are �ncluded �n a der�ved
c�rcu�t hav�ng the same self-�nduct�on as c�rcu�t D, and co�ls H' �n a
c�rcu�t hav�ng the same self-�nduct�on as c�rcu�t E, so that �f these
c�rcu�ts d�ffer by th�rty degrees the magnet�sm of poles B' C' w�ll
correspond to that produced by a current d�ffer�ng from that �n e�ther
D or E by f�fteen degrees. Th�s �s true �n all other cases. For example,
�f �n F�g. 68 the co�ls D' E' be replaced by the co�ls H H' �ncluded �n the
der�ved c�rcu�ts, the magnet�sm of the poles B' C' w�ll correspond �n
effect or phase, �f �t may be so termed, to that produced by a current
d�ffer�ng from that �n e�ther c�rcu�t D or E by forty-f�ve degrees, or one-
e�ghth of a per�od.

Th�s �nvent�on as appl�ed to a der�ved c�rcu�t motor �s �llustrated �n
F�gs. 70 and 71. The former �s an end v�ew of the motor w�th the
armature �n sect�on and a d�agram of connect�ons, and F�g. 71 a
vert�cal sect�on through the f�eld. These f�gures are also drawn to
show one of the d�spos�t�ons of two f�elds that may be adopted �n



carry�ng out the pr�nc�ple. The poles B B C C are �n one f�eld, the
rema�n�ng poles �n the other. The former are wound w�th pr�mary
co�ls I J and secondary co�ls I' J', the latter w�th co�ls K L. The pr�mary
co�ls I J are �n der�ved c�rcu�ts, between wh�ch, by reason of the�r
d�fferent self-�nduct�on, there �s a d�fference of phase, say, of th�rty
degrees. The co�ls I' K are �n c�rcu�t w�th one another, as also are
co�ls J' L, and there should be a d�fference of phase between the
currents �n co�ls K and L and the�r correspond�ng pr�mar�es of, say,
f�fteen degrees. If the poles B C are at r�ght angles, the armature-
co�ls should be connected d�rectly across, or a s�ngle armature core
wound from end to end may be used; but �f the poles B C be �n l�ne
there should be an angular d�splacement of the armature co�ls, as
w�ll be well understood.

The operat�on w�ll be understood from the forego�ng. The
max�mum magnet�c cond�t�on of a pa�r of poles, as B' B', co�nc�des
closely w�th the max�mum effect �n the armature, wh�ch lags beh�nd
the correspond�ng cond�t�on �n poles B B.



CHAPTER XVIII.

M���� B���� �� ���
D��������� �� P���� �� ���
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C���.

It �s well known that �f a magnet�c core, even �f lam�nated or
subd�v�ded, be wound w�th an �nsulated co�l and a current of
electr�c�ty be d�rected through the co�l, the magnet�zat�on of the ent�re
core does not �mmed�ately ensue, the magnet�z�ng effect not be�ng
exh�b�ted �n all parts s�multaneously. Th�s may be attr�buted to the
fact that the act�on of the current �s to energ�ze f�rst those lam�næ or
parts of the core nearest the surface and adjacent to the exc�t�ng-
co�l, and from thence the act�on progresses toward the �nter�or. A
certa�n �nterval of t�me therefore elapses between the man�festat�on
of magnet�sm �n the external and the �nternal sect�ons or layers of
the core. If the core be th�n or of small mass, th�s effect may be
�napprec�able; but �n the case of a th�ck core, or even of a
comparat�vely th�n one, �f the number of alternat�ons or rate of
change of the current strength be very great, the t�me �nterval
occurr�ng between the man�festat�ons of magnet�sm �n the �nter�or of
the core and �n those parts adjacent to the co�l �s more marked. In
the construct�on of such apparatus as motors wh�ch are des�gned to
be run by alternat�ng or equ�valent currents—such as pulsat�ng or
undulat�ng currents generally—Mr. Tesla found �t des�rable and even
necessary to g�ve due cons�derat�on to th�s phenomenon and to
make spec�al prov�s�ons �n order to obv�ate �ts consequences. W�th
the spec�f�c object of tak�ng advantage of th�s act�on or effect, and to
render �t more pronounced, he constructs a f�eld magnet �n wh�ch the
parts of the core or cores that exh�b�t at d�fferent �ntervals of t�me the



magnet�c effect �mparted to them by alternat�ng or equ�valent
currents �n an energ�z�ng co�l or co�ls, are so placed w�th relat�on to a
rotat�ng armature as to exert thereon the�r attract�ve effect
success�vely �n the order of the�r magnet�zat�on. By th�s means he
secures a result s�m�lar to that wh�ch he had prev�ously atta�ned �n
other forms or types of motor �n wh�ch by means of one or more
alternat�ng currents he has produced the rotat�on or progress�on of
the magnet�c poles.

Th�s new mode of operat�on w�ll now be descr�bed. F�g. 72 �s a
s�de elevat�on of such motor. F�g. 73 �s a s�de elevat�on of a more
pract�cable and eff�c�ent embod�ment of the �nvent�on. F�g. 74 �s a
central vert�cal sect�on of the same �n the plane of the ax�s of
rotat�on.



F�g. 72 and 73. F���. 72 and 73.

Referr�ng to F�g. 72, let X represent a large �ron core, wh�ch may
be composed of a number of sheets or lam�næ of soft �ron or steel.
Surround�ng th�s core �s a co�l Y, wh�ch �s connected w�th a source E
of rap�dly vary�ng currents. Let us cons�der now the magnet�c
cond�t�ons ex�st�ng �n th�s core at any po�nt, as b, at or near the
centre, and any other po�nt, as a, nearer the surface. When a current
�mpulse �s started �n the magnet�z�ng co�l Y, the sect�on or part at a,
be�ng close to the co�l, �s �mmed�ately energ�zed, wh�le the sect�on or
part at b, wh�ch, to use a conven�ent express�on, �s "protected" by
the �nterven�ng sect�ons or layers between a and b, does not at once
exh�b�t �ts magnet�sm. However, as the magnet�zat�on of a �ncreases,
b becomes also affected, reach�ng f�nally �ts max�mum strength
some t�me later than a. Upon the weaken�ng of the current the
magnet�zat�on of a f�rst d�m�n�shes, wh�le b st�ll exh�b�ts �ts max�mum
strength; but the cont�nued weaken�ng of a �s attended by a
subsequent weaken�ng of b. Assum�ng the current to be an
alternat�ng one, a w�ll now be reversed, wh�le b st�ll cont�nues of the
f�rst �mparted polar�ty. Th�s act�on cont�nues the magnet�c cond�t�on
of b, follow�ng that of a �n the manner above descr�bed. If an
armature—for �nstance, a s�mple d�sc F, mounted to rotate freely on
an ax�s—be brought �nto prox�m�ty to the core, a movement of
rotat�on w�ll be �mparted to the d�sc, the d�rect�on depend�ng upon �ts
pos�t�on relat�vely to the core, the tendency be�ng to turn the port�on
of the d�sc nearest to the core from a to b, as �nd�cated �n F�g. 72.

F�g. 74.
F��. 74.

Th�s act�on or pr�nc�ple of operat�on has been embod�ed �n a
pract�cable form of motor, wh�ch �s �llustrated �n F�g. 73. Let A �n that
f�gure represent a c�rcular frame of �ron, from d�ametr�cally oppos�te
po�nts of the �nter�or of wh�ch the cores project. Each core �s
composed of three ma�n parts B, B and C, and they are s�m�larly
formed w�th a stra�ght port�on or body e, around wh�ch the energ�z�ng
co�l �s wound, a curved arm or extens�on c, and an �nwardly
project�ng pole or end d. Each core �s made up of two parts B B, w�th



the�r polar extens�ons reach�ng �n one d�rect�on, and a part C
between the other two, and w�th �ts polar extens�on reach�ng �n the
oppos�te d�rect�on. In order to lessen �n the cores the c�rculat�on of
currents �nduced there�n, the several sect�ons are �nsulated from one
another �n the manner usually followed �n such cases. These cores
are wound w�th co�ls D, wh�ch are connected �n the same c�rcu�t,
e�ther �n parallel or ser�es, and suppl�ed w�th an alternat�ng or a
pulsat�ng current, preferably the former, by a generator E,
represented d�agrammat�cally. Between the cores or the�r polar
extens�ons �s mounted a cyl�ndr�cal or s�m�lar armature F, wound w�th
magnet�z�ng co�ls G, closed upon themselves.

The operat�on of th�s motor �s as follows: When a current �mpulse
or alternat�on �s d�rected through the co�ls D, the sect�ons B B of the
cores, be�ng on the surface and �n close prox�m�ty to the co�ls, are
�mmed�ately energ�zed. The sect�ons C, on the other hand, are
protected from the magnet�z�ng �nfluence of the co�l by the
�nterposed layers of �ron B B. As the magnet�sm of B B �ncreases,
however, the sect�ons C are also energ�zed; but they do not atta�n
the�r max�mum strength unt�l a certa�n t�me subsequent to the
exh�b�t�on by the sect�ons B B of the�r max�mum. Upon the weaken�ng
of the current the magnet�c strength of B B f�rst d�m�n�shes, wh�le the
sect�ons C have st�ll the�r max�mum strength; but as B B cont�nue to
weaken the �nter�or sect�ons are s�m�larly weakened. B B may then
beg�n to exh�b�t an oppos�te polar�ty, wh�ch �s followed later by a
s�m�lar change on C, and th�s act�on cont�nues. B B and C may
therefore be cons�dered as separate f�eld-magnets, be�ng extended
so as to act on the armature �n the most eff�c�ent pos�t�ons, and the
effect �s s�m�lar to that �n the other forms of Tesla motor—v�z., a
rotat�on or progress�on of the max�mum po�nts of the f�eld of force.
Any armature—such, for �nstance, as a d�sc—mounted �n th�s f�eld
would rotate from the pole f�rst to exh�b�t �ts magnet�sm to that wh�ch
exh�b�ts �t later.

It �s ev�dent that the pr�nc�ple here descr�bed may be carr�ed out
�n conjunct�on w�th other means for secur�ng a more favorable or
eff�c�ent act�on of the motor. For example, the polar extens�ons of the
sect�ons C may be wound or surrounded by closed co�ls. The effect



of these co�ls w�ll be to st�ll more effect�vely retard the magnet�zat�on
of the polar extens�ons of C.



CHAPTER XIX.

A������ T��� �� T����
I�������� M����.

It w�ll have been gathered by all who are �nterested �n the
advance of the electr�cal arts, and who follow carefully, step by step,
the work of p�oneers, that Mr. Tesla has been foremost to ut�l�ze
�nduct�ve effects �n permanently closed c�rcu�ts, �n the operat�on of
alternat�ng motors. In th�s chapter one s�mple type of such a motor �s
descr�bed and �llustrated, wh�ch w�ll serve as an exempl�f�cat�on of
the pr�nc�ple.

Let �t be assumed that an ord�nary alternat�ng current generator �s
connected up �n a c�rcu�t of pract�cally no self-�nduct�on, such, for
example, as a c�rcu�t conta�n�ng �ncandescent lamps only. On the
operat�on of the mach�ne, alternat�ng currents w�ll be developed �n
the c�rcu�t, and the phases of these currents w�ll theoret�cally
co�nc�de w�th the phases of the �mpressed electromot�ve force. Such
currents may be regarded and des�gnated as the "unretarded
currents."

It w�ll be understood, of course, that �n pract�ce there �s always
more or less self-�nduct�on �n the c�rcu�t, wh�ch mod�f�es to a
correspond�ng extent these cond�t�ons; but for conven�ence th�s may
be d�sregarded �n the cons�derat�on of the pr�nc�ple of operat�on,
s�nce the same laws apply. Assume next that a path of currents be
formed across any two po�nts of the above c�rcu�t, cons�st�ng, for
example, of the pr�mary of an �nduct�on dev�ce. The phases of the
currents pass�ng through the pr�mary, ow�ng to the self-�nduct�on of
the same, w�ll not co�nc�de w�th the phases of the �mpressed
electromot�ve force, but w�ll lag beh�nd, such lag be�ng d�rectly
proport�onal to the self-�nduct�on and �nversely proport�onal to the



res�stance of the sa�d co�l. The �nsert�on of th�s co�l w�ll also cause a
lagg�ng or retardat�on of the currents travers�ng and del�vered by the
generator beh�nd the �mpressed electromot�ve force, such lag be�ng
the mean or resultant of the lag of the current through the pr�mary
alone and of the "unretarded current" �n the ent�re work�ng c�rcu�t.
Next cons�der the cond�t�ons �mposed by the assoc�at�on �n �nduct�ve
relat�on w�th the pr�mary co�l, of a secondary co�l. The current
generated �n the secondary co�l w�ll react upon the pr�mary current,
mod�fy�ng the retardat�on of the same, accord�ng to the amount of
self-�nduct�on and res�stance �n the secondary c�rcu�t. If the
secondary c�rcu�t has but l�ttle self-�nduct�on—as, for �nstance, when
�t conta�ns �ncandescent lamps only—�t w�ll �ncrease the actual
d�fference of phase between �ts own and the pr�mary current, f�rst, by
d�m�n�sh�ng the lag between the pr�mary current and the �mpressed
electromot�ve force, and, second, by �ts own lag or retardat�on
beh�nd the �mpressed electromot�ve force. On the other hand, �f the
secondary c�rcu�t have a h�gh self-�nduct�on, �ts lag beh�nd the
current �n the pr�mary �s d�rectly �ncreased, wh�le �t w�ll be st�ll further
�ncreased �f the pr�mary have a very low self-�nduct�on. The better
results are obta�ned when the pr�mary has a low self-�nduct�on.

F�g. 75, 76.
F��. 75. F��. 76.

F�g. 75 �s a d�agram of a Tesla motor embody�ng th�s pr�nc�ple.
F�g. 76 �s a s�m�lar d�agram of a mod�f�cat�on of the same. In F�g. 75
let A des�gnate the f�eld-magnet of a motor wh�ch, as �n all these
motors, �s bu�lt up of sect�ons or plates. B C are polar project�ons
upon wh�ch the co�ls are wound. Upon one pa�r of these poles, as C,
are wound pr�mary co�ls D, wh�ch are d�rectly connected to the c�rcu�t
of an alternat�ng current generator G. On the same poles are also
wound secondary co�ls F, e�ther s�de by s�de or over or under the
pr�mary co�ls, and these are connected w�th other co�ls E, wh�ch
surround the poles B B. The currents �n both pr�mary and secondary
co�ls �n such a motor w�ll be retarded or w�ll lag beh�nd the �mpressed
electromot�ve force; but to secure a proper d�fference �n phase
between the pr�mary and secondary currents themselves, Mr. Tesla
�ncreases the res�stance of the c�rcu�t of the secondary and reduces



as much as pract�cable �ts self-�nduct�on. Th�s �s done by us�ng for
the secondary c�rcu�t, part�cularly �n the co�ls E, w�re of comparat�vely
small d�ameter and hav�ng but few turns around the cores; or by
us�ng some conductor of h�gher spec�f�c res�stance, such as German
s�lver; or by �ntroduc�ng at some po�nt �n the secondary c�rcu�t an
art�f�c�al res�stance R. Thus the self-�nduct�on of the secondary �s
kept down and �ts res�stance �ncreased, w�th the result of decreas�ng
the lag between the �mpressed electro-mot�ve force and the current
�n the pr�mary co�ls and �ncreas�ng the d�fference of phase between
the pr�mary and secondary currents.

In the d�spos�t�on shown �n F�g. 76, the lag �n the secondary �s
�ncreased by �ncreas�ng the self-�nduct�on of that c�rcu�t, wh�le the
�ncreas�ng tendency of the pr�mary to lag �s counteracted by �nsert�ng
there�n a dead res�stance. The pr�mary co�ls D �n th�s case have a
low self-�nduct�on and h�gh res�stance, wh�le the co�ls E F, �ncluded �n
the secondary c�rcu�t, have a h�gh self-�nduct�on and low res�stance.
Th�s may be done by the proper w�nd�ng of the co�ls; or �n the c�rcu�t
�nclud�ng the secondary co�ls E F, we may �ntroduce a self-�nduct�on
co�l S, wh�le �n the pr�mary c�rcu�t from the generator G and �nclud�ng
co�ls D, there may be �nserted a dead res�stance R. By th�s means
the d�fference of phase between the pr�mary and secondary �s
�ncreased. It �s ev�dent that both means of �ncreas�ng the d�fference
of phase—namely, by the spec�al w�nd�ng as well as by the
supplemental or external �nduct�ve and dead res�stance—may be
employed conjo�ntly.

In the operat�on of th�s motor the current �mpulses �n the pr�mary
co�ls �nduce currents �n the secondary co�ls, and by the conjo�nt
act�on of the two the po�nts of greatest magnet�c attract�on are
sh�fted or rotated.

In pract�ce �t �s found des�rable to w�nd the armature w�th closed
co�ls �n wh�ch currents are �nduced by the act�on thereon of the
pr�mar�es.



CHAPTER XX.

C����������� ��
S������������ M���� ���

T����� M����.

In the preced�ng descr�pt�ons relat�ve to synchron�z�ng motors
and methods of operat�ng them, reference has been made to the
plan adopted by Mr. Tesla, wh�ch cons�sts broadly �n w�nd�ng or
arrang�ng the motor �n such manner that by means of su�table
sw�tches �t could be started as a mult�ple-c�rcu�t motor, or one
operat�ng by a progress�on of �ts magnet�c poles, and then, when up
to speed, or nearly so, converted �nto an ord�nary synchron�z�ng
motor, or one �n wh�ch the magnet�c poles were s�mply alternated. In
some cases, as when a large motor �s used and when the number of
alternat�ons �s very h�gh, there �s more or less d�ff�culty �n br�ng�ng
the motor to speed as a double or mult�ple-c�rcu�t motor, for the plan
of construct�on wh�ch renders the motor best adapted to run as a
synchron�z�ng motor �mpa�rs �ts eff�c�ency as a torque or double-
c�rcu�t motor under the assumed cond�t�ons on the start. Th�s w�ll be
read�ly understood, for �n a large synchron�z�ng motor the length of
the magnet�c c�rcu�t of the polar project�ons, and the�r mass, are so
great that apparently cons�derable t�me �s requ�red for magnet�zat�on
and demagnet�zat�on. Hence w�th a current of a very h�gh number of
alternat�ons the motor may not respond properly. To avo�d th�s
object�on and to start up a synchron�z�ng motor �n wh�ch these
cond�t�ons obta�n, Mr. Tesla has comb�ned two motors, one a
synchron�z�ng motor, the other a mult�ple-c�rcu�t or torque motor, and
by the latter he br�ngs the f�rst-named up to speed, and then e�ther
throws the whole current �nto the synchron�z�ng motor or operates
jo�ntly both of the motors.



Th�s �nvent�on �nvolves several novel and useful features. It w�ll
be observed, �n the f�rst place, that both motors are run, w�thout
commutators of any k�nd, and, secondly, that the speed of the torque
motor may be h�gher than that of the synchron�z�ng motor, as w�ll be
the case when �t conta�ns a fewer number of poles or sets of poles,
so that the motor w�ll be more read�ly and eas�ly brought up to
speed. Th�rdly, the synchron�z�ng motor may be constructed so as to
have a much more pronounced tendency to synchron�sm w�thout
lessen�ng the fac�l�ty w�th wh�ch �t �s started.

F�g. 77 �s a part sect�onal v�ew of the two motors; F�g. 78 an end
v�ew of the synchron�z�ng motor; F�g. 79 an end v�ew and part
sect�on of the torque or double-c�rcu�t motor; F�g. 80 a d�agram of the
c�rcu�t connect�ons employed; and F�gs. 81, 82, 83, 84 and 85 are
d�agrams of mod�f�ed d�spos�t�ons of the two motors.

F�g. 77.
F��. 77.

Inasmuch as ne�ther motor �s do�ng any work wh�le the current �s
act�ng upon the other, the two armatures are r�g�dly connected, both
be�ng mounted upon the same shaft A, the f�eld-magnets B of the
synchron�z�ng and C of the torque motor be�ng secured to the same
base D. The preferably larger synchron�z�ng motor has polar
project�ons on �ts armature, wh�ch rotate �n very close prox�m�ty to
the poles of the f�eld, and �n other respects �t conforms to the
cond�t�ons that are necessary to secure synchronous act�on. The
pole-p�eces of the armature are, however, wound w�th closed co�ls E,
as th�s obv�ates the employment of sl�d�ng contacts. The smaller or
torque motor, on the other hand, has, preferably, a cyl�ndr�cal
armature F, w�thout polar project�ons and wound w�th closed co�ls G.
The f�eld-co�ls of the torque motor are connected up �n two ser�es H
and I, and the alternat�ng current from the generator �s d�rected
through or d�v�ded between these two c�rcu�ts �n any manner to
produce a progress�on of the poles or po�nts of max�mum magnet�c
effect. Th�s result �s secured by connect�ng the two motor-c�rcu�ts �n
der�vat�on w�th the c�rcu�t from the generator, �nsert�ng �n one motor
c�rcu�t a dead res�stance and �n the other a self-�nduct�on co�l, by



wh�ch means a d�fference �n phase between the two d�v�s�ons of the
current �s secured. If both motors have the same number of f�eld
poles, the torque motor for a g�ven number of alternat�ons w�ll tend to
run at double the speed of the other, for, assum�ng the connect�ons
to be such as to g�ve the best results, �ts poles are d�v�ded �nto two
ser�es and the number of poles �s v�rtually reduced one-half, wh�ch
be�ng acted upon by the same number of alternat�ons tend to rotate
the armature at tw�ce the speed. By th�s means the ma�n armature �s
more eas�ly brought to or above the requ�red speed. When the speed
necessary for synchron�sm �s �mparted to the ma�n motor, the current
�s sh�fted from the torque motor �nto the other.

F�g. 78, 79.
F��. 78. F��. 79.

A conven�ent arrangement for carry�ng out th�s �nvent�on �s shown
�n F�g. 80, �n wh�ch J J are the f�eld co�ls of the synchron�z�ng, and H I
the f�eld co�ls of the torque motor. L L' are the conductors of the ma�n
l�ne. One end of, say, co�ls H �s connected to w�re L through a self-
�nduct�on co�l M. One end of the other set of co�ls I �s connected to
the same w�re through a dead res�stance N. The oppos�te ends of
these two c�rcu�ts are connected to the contact m of a sw�tch, the
handle or lever of wh�ch �s �n connect�on w�th the l�ne-w�re L'. One
end of the f�eld c�rcu�t of the synchron�z�ng motor �s connected to the
w�re L. The other term�nates �n the sw�tch-contact n. From the
d�agram �t w�ll be read�ly seen that �f the lever P be turned upon
contact m, the torque motor w�ll start by reason of the d�fference of
phase between the currents �n �ts two energ�z�ng c�rcu�ts. Then when
the des�red speed �s atta�ned, �f the lever P be sh�fted upon contact n
the ent�re current w�ll pass through the f�eld co�ls of the synchron�z�ng
motor and the other w�ll be do�ng no work.

The torque motor may be constructed and operated �n var�ous
ways, many of wh�ch have already been touched upon. It �s not
necessary that one motor be cut out of c�rcu�t wh�le the other �s �n, for
both may be acted upon by current at the same t�me, and Mr. Tesla
has dev�sed var�ous d�spos�t�ons or arrangements of the two motors



for accompl�sh�ng th�s. Some of these arrangements are �llustrated �n
F�gs. 81 to 85.

F�g. 80.
F��. 80.

Referr�ng to F�g. 81, let T des�gnate the torque or mult�ple c�rcu�t
motor and S the synchron�z�ng motor, L L' be�ng the l�ne-w�res from a
source of alternat�ng current. The two c�rcu�ts of the torque motor of
d�fferent degrees of self-�nduct�on, and des�gnated by N M, are
connected �n der�vat�on to the w�re L. They are then jo�ned and
connected to the energ�z�ng c�rcu�t of the synchron�z�ng motor, the
oppos�te term�nal of wh�ch �s connected to w�re L'. The two motors
are thus �n ser�es. To start them Mr. Tesla short-c�rcu�ts the
synchron�z�ng motor by a sw�tch P', throw�ng the whole current
through the torque motor. Then when the des�red speed �s reached
the sw�tch P' �s opened, so that the current passes through both
motors. In such an arrangement as th�s �t �s obv�ously des�rable for
econom�cal and other reasons that a proper relat�on between the
speeds of the two motors should be observed.

In F�g. 82 another d�spos�t�on �s �llustrated. S �s the synchron�z�ng
motor and T the torque motor, the c�rcu�ts of both be�ng �n parallel. W
�s a c�rcu�t also �n der�vat�on to the motor c�rcu�ts and conta�n�ng a
sw�tch P''. S' �s a sw�tch �n the synchron�z�ng motor c�rcu�t. On the
start the sw�tch S' �s opened, cutt�ng out the motor S. Then P'' �s
opened, throw�ng the ent�re current through the motor T, g�v�ng �t a
very strong torque. When the des�red speed �s reached, sw�tch S' �s
closed and the current d�v�des between both motors. By means of
sw�tch P'' both motors may be cut out.

F�g. 81, 82, 83, 84 and 85. F���. 81, 82, 83, 84 and 85.

In F�g. 83 the arrangement �s substant�ally the same, except that
a sw�tch T' �s placed �n the c�rcu�t wh�ch �ncludes the two c�rcu�ts of
the torque motor. F�g. 84 shows the two motors �n ser�es, w�th a
shunt around both conta�n�ng a sw�tch S T. There �s also a shunt
around the synchron�z�ng motor S, w�th a sw�tch P'. In F�g. 85 the



same d�spos�t�on �s shown; but each motor �s prov�ded w�th a shunt,
�n wh�ch are sw�tches P' and T'', as shown.



CHAPTER XXI.

M���� ���� � C�������� ��
��� A������� C������.

We now come to a new class of motors �n wh�ch resort �s had to
condensers for the purpose of develop�ng the requ�red d�fference of
phase and neutral�z�ng the effects of self-�nduct�on. Mr. Tesla early
began to apply the condenser to alternat�ng apparatus, �n just how
many ways can only be learned from a perusal of other port�ons of
th�s volume, espec�ally those deal�ng w�th h�s h�gh frequency work.

Certa�n laws govern the act�on or effects produced by a
condenser when connected to an electr�c c�rcu�t through wh�ch an
alternat�ng or �n general an undulat�ng current �s made to pass.
Some of the most �mportant of such effects are as follows: F�rst, �f
the term�nals or plates of a condenser be connected w�th two po�nts
of a c�rcu�t, the potent�als of wh�ch are made to r�se and fall �n rap�d
success�on, the condenser allows the passage, or more str�ctly
speak�ng, the transference of a current, although �ts plates or
armatures may be so carefully �nsulated as to prevent almost
completely the passage of a current of unvary�ng strength or
d�rect�on and of moderate electromot�ve force. Second, �f a c�rcu�t,
the term�nals of wh�ch are connected w�th the plates of the
condenser, possess a certa�n self-�nduct�on, the condenser w�ll
overcome or counteract to a greater or less degree, dependent upon
well-understood cond�t�ons, the effects of such self-�nduct�on. Th�rd,
�f two po�nts of a closed or complete c�rcu�t through wh�ch a rap�dly
r�s�ng and fall�ng current flows be shunted or br�dged by a condenser,
a var�at�on �n the strength of the currents �n the branches and also a
d�fference of phase of the currents there�n �s produced. These effects
Mr. Tesla has ut�l�zed and appl�ed �n a var�ety of ways �n the
construct�on and operat�on of h�s motors, such as by produc�ng a



d�fference �n phase �n the two energ�z�ng c�rcu�ts of an alternat�ng
current motor by connect�ng the two c�rcu�ts �n der�vat�on and
connect�ng up a condenser �n ser�es �n one of the c�rcu�ts. A further
development, however, possesses certa�n novel features of pract�cal
value and �nvolves a knowledge of facts less generally understood. It
compr�ses the use of a condenser or condensers �n connect�on w�th
the �nduced or armature c�rcu�t of a motor and certa�n deta�ls of the
construct�on of such motors. In an alternat�ng current motor of the
type part�cularly referred to above, or �n any other wh�ch has an
armature co�l or c�rcu�t closed upon �tself, the latter represents not
only an �nduct�ve res�stance, but one wh�ch �s per�od�cally vary�ng �n
value, both of wh�ch facts compl�cate and render d�ff�cult the
atta�nment of the cond�t�ons best su�ted to the most eff�c�ent work�ng
cond�t�ons; �n other words, they requ�re, f�rst, that for a g�ven
�nduct�ve effect upon the armature there should be the greatest
poss�ble current through the armature or �nduced co�ls, and, second,
that there should always ex�st between the currents �n the energ�z�ng
and the �nduced c�rcu�ts a g�ven relat�on of phase. Hence whatever
tends to decrease the self-�nduct�on and �ncrease the current �n the
�nduced c�rcu�ts w�ll, other th�ngs be�ng equal, �ncrease the output
and eff�c�ency of the motor, and the same w�ll be true of causes that
operate to ma�nta�n the mutual attract�ve effect between the f�eld
magnets and armature at �ts max�mum. Mr. Tesla secures these
results by connect�ng w�th the �nduced c�rcu�t or c�rcu�ts a condenser,
�n the manner descr�bed below, and he also, w�th th�s purpose �n
v�ew, constructs the motor �n a spec�al manner.

F�g. 86.
F��. 86.

F�g. 88, 89.
F��. 88. F��. 89.

F�g. 87.
F��. 87.

F�g. 90.
F��. 90.



Referr�ng to the draw�ngs, F�g. 86, �s a v�ew, ma�nly
d�agrammat�c, of an alternat�ng current motor, �n wh�ch the present
pr�nc�ple �s appl�ed. F�g. 87 �s a central sect�on, �n l�ne w�th the shaft,
of a spec�al form of armature core. F�g. 88 �s a s�m�lar sect�on of a
mod�f�cat�on of the same. F�g. 89 �s one of the sect�ons of the core
detached. F�g. 90 �s a d�agram show�ng a mod�f�ed d�spos�t�on of the
armature or �nduced c�rcu�ts.

The general plan of the �nvent�on �s �llustrated �n F�g. 86. A A �n
th�s f�gure represent the the frame and f�eld magnets of an
alternat�ng current motor, the poles or project�ons of wh�ch are
wound w�th co�ls B and C, form�ng �ndependent energ�z�ng c�rcu�ts
connected e�ther to the same or to �ndependent sources of
alternat�ng currents, so that the currents flow�ng through the c�rcu�ts,
respect�vely, w�ll have a d�fference of phase. W�th�n the �nfluence of
th�s f�eld �s an armature core D, wound w�th co�ls E. In motors of th�s
descr�pt�on heretofore these co�ls have been closed upon
themselves, or connected �n a closed ser�es; but �n the present case
each co�l or the connected ser�es of co�ls term�nates �n the oppos�te
plates of a condenser F. For th�s purpose the ends of the ser�es of
co�ls are brought out through the shaft to collect�ng r�ngs G, wh�ch
are connected to the condenser by contact brushes H and su�table
conductors, the condenser be�ng �ndependent of the mach�ne. The
armature co�ls are wound or connected �n such manner that adjacent
co�ls produce oppos�te poles.

The act�on of th�s motor and the effect of the plan followed �n �ts
construct�on are as follows: The motor be�ng started �n operat�on and
the co�ls of the f�eld magnets be�ng traversed by alternat�ng currents,
currents are �nduced �n the armature co�ls by one set of f�eld co�ls, as
B, and the poles thus establ�shed are acted upon by the other set, as
C. The armature co�ls, however, have necessar�ly a h�gh self-
�nduct�on, wh�ch opposes the flow of the currents thus set up. The
condenser F not only perm�ts the passage or transference of these
currents, but also counteracts the effects of self-�nduct�on, and by a
proper adjustment of the capac�ty of the condenser, the self-
�nduct�on of the co�ls, and the per�ods of the currents, the condenser
may be made to overcome ent�rely the effect of self-�nduct�on.



It �s preferable on account of the undes�rab�l�ty of us�ng sl�d�ng
contacts of any k�nd, to assoc�ate the condenser w�th the armature
d�rectly, or make �t a part of the armature. In some cases Mr. Tesla
bu�lds up the armature of annular plates K K, held by bolts L between
heads M, wh�ch are secured to the dr�v�ng shaft, and �n the hollow
space thus formed he places a condenser F, generally by w�nd�ng
the two �nsulated plates sp�rally around the shaft. In other cases he
ut�l�zes the plates of the core �tself as the plates of the condenser.
For example, �n F�gs. 88 and 89, N �s the dr�v�ng shaft, M M are the
heads of the armature-core, and K K' the �ron plates of wh�ch the core
�s bu�lt up. These plates are �nsulated from the shaft and from one
another, and are held together by rods or bolts L. The bolts pass
through a large hole �n one plate and a small hole �n the one next
adjacent, and so on, connect�ng electr�cally all of plates K, as one
armature of a condenser, and all of plates K' as the other.

To e�ther of the condensers above descr�bed the armature co�ls
may be connected, as expla�ned by reference to F�g. 86.

In motors �n wh�ch the armature co�ls are closed upon themselves
—as, for example, �n any form of alternat�ng current motor �n wh�ch
one armature co�l or set of co�ls �s �n the pos�t�on of max�mum
�nduct�on w�th respect to the f�eld co�ls or poles, wh�le the other �s �n
the pos�t�on of m�n�mum �nduct�on—the co�ls are best connected �n
one ser�es, and two po�nts of the c�rcu�t thus formed are br�dged by a
condenser. Th�s �s �llustrated �n F�g. 90, �n wh�ch E represents one
set of armature co�ls and E' the other. The�r po�nts of un�on are jo�ned
through a condenser F. It w�ll be observed that �n th�s d�spos�t�on the
self-�nduct�on of the two branches E and E' var�es w�th the�r pos�t�on
relat�vely to the f�eld magnet, and that each branch �s alternately the
predom�nat�ng source of the �nduced current. Hence the effect of the
condenser F �s twofold. F�rst, �t �ncreases the current �n each of the
branches alternately, and, secondly, �t alters the phase of the
currents �n the branches, th�s be�ng the well-known effect wh�ch
results from such a d�spos�t�on of a condenser w�th a c�rcu�t, as
above descr�bed. Th�s effect �s favorable to the proper work�ng of the
motor, because �t �ncreases the flow of current �n the armature
c�rcu�ts due to a g�ven �nduct�ve effect, and also because �t br�ngs



more nearly �nto co�nc�dence the max�mum magnet�c effects of the
coact�ng f�eld and armature poles.

It w�ll be understood, of course, that the causes that contr�bute to
the eff�c�ency of condensers when appl�ed to such uses as the above
must be g�ven due cons�derat�on �n determ�n�ng the pract�cab�l�ty and
eff�c�ency of the motors. Ch�ef among these �s, as �s well known, the
per�od�c�ty of the current, and hence the �mprovements descr�bed are
more part�cularly adapted to systems �n wh�ch a very h�gh rate of
alternat�on or change �s ma�nta�ned.

Although th�s �nvent�on has been �llustrated �n connect�on w�th a
spec�al form of motor, �t w�ll be understood that �t �s equally
appl�cable to any other alternat�ng current motor �n wh�ch there �s a
closed armature co�l where�n the currents are �nduced by the act�on
of the f�eld, and the feature of ut�l�z�ng the plates or sect�ons of a
magnet�c core for form�ng the condenser �s appl�cable, generally, to
other k�nds of alternat�ng current apparatus.



CHAPTER XXII.

M���� ���� C�������� ��
��� �� ��� F���� C�������.

If the f�eld or energ�z�ng c�rcu�ts of a rotary phase motor be both
der�ved from the same source of alternat�ng currents and a
condenser of proper capac�ty be �ncluded �n one of the same,
approx�mately, the des�red d�fference of phase may be obta�ned
between the currents flow�ng d�rectly from the source and those
flow�ng through the condenser; but the great s�ze and expense of
condensers for th�s purpose that would meet the requ�rements of the
ord�nary systems of comparat�vely low potent�al are part�cularly
proh�b�tory to the�r employment.

Another, now well-known, method or plan of secur�ng a d�fference
of phase between the energ�z�ng currents of motors of th�s k�nd �s to
�nduce by the currents �n one c�rcu�t those �n the other c�rcu�t or
c�rcu�ts; but as no means had been proposed that would secure �n
th�s way between the phases of the pr�mary or �nduc�ng and the
secondary or �nduced currents that d�fference—theoret�cally n�nety
degrees—that �s best adapted for pract�cal and econom�cal work�ng,
Mr. Tesla dev�sed a means wh�ch renders pract�cable both the above
descr�bed plans or methods, and by wh�ch he �s enabled to obta�n an
econom�cal and eff�c�ent alternat�ng current motor. H�s �nvent�on
cons�sts �n plac�ng a condenser �n the secondary or �nduced c�rcu�t of
the motor above descr�bed and ra�s�ng the potent�al of the secondary
currents to such a degree that the capac�ty of the condenser, wh�ch
�s �n part dependent on the potent�al, need be qu�te small. The value
of th�s condenser �s determ�ned �n a well-understood manner w�th
reference to the self-�nduct�on and other cond�t�ons of the c�rcu�t, so
as to cause the currents wh�ch pass through �t to d�ffer from the
pr�mary currents by a quarter phase.



F�g. 91 �llustrates the �nvent�on as embod�ed �n a motor �n wh�ch
the �nduct�ve relat�on of the pr�mary and secondary c�rcu�ts �s
secured by w�nd�ng them �ns�de the motor partly upon the same
cores; but the �nvent�on appl�es, generally, to other forms of motor �n
wh�ch one of the energ�z�ng currents �s �nduced �n any way from the
other.

Let A B represent the poles of an alternat�ng current motor, of
wh�ch C �s the armature wound w�th co�ls D, closed upon themselves,
as �s now the general pract�ce �n motors of th�s k�nd. The poles A,
wh�ch alternate w�th poles B, are wound w�th co�ls of ord�nary or
coarse w�re E �n such d�rect�on as to make them of alternate north
and south polar�ty, as �nd�cated �n the d�agram by the characters N S.
Over these co�ls, or �n other �nduct�ve relat�on to the same, are
wound long f�ne-w�re co�ls F F, and �n the same d�rect�on throughout
as the co�ls E. These co�ls are secondar�es, �n wh�ch currents of very
h�gh potent�al are �nduced. All the co�ls E �n one ser�es are
connected, and all the secondar�es F �n another.

F�g. 91.
F��. 91.

On the �ntermed�ate poles B are wound f�ne-w�re energ�z�ng co�ls
G, wh�ch are connected �n ser�es w�th one another, and also w�th the
ser�es of secondary co�ls F, the d�rect�on of w�nd�ng be�ng such that a
current-�mpulse �nduced from the pr�mary co�ls E �mparts the same
magnet�sm to the poles B as that produced �n poles A by the pr�mary
�mpulse. Th�s cond�t�on �s �nd�cated by the characters N' S'.

In the c�rcu�t formed by the two sets of co�ls F and G �s �ntroduced
a condenser H; otherw�se th�s c�rcu�t �s closed upon �tself, wh�le the
free ends of the c�rcu�t of co�ls E are connected to a source of
alternat�ng currents. As the condenser capac�ty wh�ch �s needed �n
any part�cular motor of th�s k�nd �s dependent upon the rate of
alternat�on or the potent�al, or both, �ts s�ze or cost, as before
expla�ned, may be brought w�th�n econom�cal l�m�ts for use w�th the
ord�nary c�rcu�ts �f the potent�al of the secondary c�rcu�t �n the motor
be suff�c�ently h�gh. By g�v�ng to the condenser proper values, any



des�red d�fference of phase between the pr�mary and secondary
energ�z�ng c�rcu�ts may be obta�ned.



CHAPTER XXIII.

T���� P��������
T����������.

Apply�ng the polyphase pr�nc�ple to the construct�on of
transformers as well to the motors already not�ced, Mr. Tesla has
�nvented some very �nterest�ng forms, wh�ch he cons�ders free from
the defects of earl�er and, at present, more fam�l�ar forms. In these
transformers he prov�des a ser�es of �nduc�ng co�ls and
correspond�ng �nduced co�ls, wh�ch are generally wound upon a core
closed upon �tself, usually a r�ng of lam�nated �ron.

The two sets of co�ls are wound s�de by s�de or superposed or
otherw�se placed �n well-known ways to br�ng them �nto the most
effect�ve relat�ons to one another and to the core. The �nduc�ng or
pr�mary co�ls wound on the core are d�v�ded �nto pa�rs or sets by the
proper electr�cal connect�ons, so that wh�le the co�ls of one pa�r or
set co-operate �n f�x�ng the magnet�c poles of the core at two g�ven
d�ametr�cally oppos�te po�nts, the co�ls of the other pa�r or set—
assum�ng, for sake of �llustrat�on, that there are but two—tend to f�x
the poles n�nety degrees from such po�nts. W�th th�s �nduct�on dev�ce
�s used an alternat�ng current generator w�th co�ls or sets of co�ls to
correspond w�th those of the converter, and the correspond�ng co�ls
of the generator and converter are then connected up �n �ndependent
c�rcu�ts. It results from th�s that the d�fferent electr�cal phases �n the
generator are attended by correspond�ng magnet�c changes �n the
converter; or, �n other words, that as the generator co�ls revolve, the
po�nts of greatest magnet�c �ntens�ty �n the converter w�ll be
progress�vely sh�fted or wh�rled around.

F�g. 92 �s a d�agrammat�c �llustrat�on of the converter and the
electr�cal connect�ons of the same. F�g. 93 �s a hor�zontal central



cross-sect�on of F�g. 92. F�g. 94 �s a d�agram of the c�rcu�ts of the
ent�re system, the generator be�ng shown �n sect�on.

F�g. 92 and 93. F���. 92 and 93.

Mr. Tesla uses a core, A, wh�ch �s closed upon �tself—that �s to
say, of an annular cyl�ndr�cal or equ�valent form—and as the
eff�c�ency of the apparatus �s largely �ncreased by the subd�v�s�on of
th�s core, he makes �t of th�n str�ps, plates, or w�res of soft �ron
electr�cally �nsulated as far as pract�cable. Upon th�s core are wound,
say, four co�ls, B B B' B', used as pr�mary co�ls, and for wh�ch long
lengths of comparat�vely f�ne w�re are employed. Over these co�ls
are then wound shorter co�ls of coarser w�re, C C C' C', to const�tute
the �nduced or secondary co�ls. The construct�on of th�s or any
equ�valent form of converter may be carr�ed further, as above
po�nted out, by �nclos�ng these co�ls w�th �ron—as, for example, by
w�nd�ng over the co�ls layers of �nsulated �ron w�re.

F�g. 94.
F��. 94.

The dev�ce �s prov�ded w�th su�table b�nd�ng posts, to wh�ch the
ends of the co�ls are led. The d�ametr�cally oppos�te co�ls B B and B' B'
are connected, respect�vely, �n ser�es, and the four term�nals are
connected to the b�nd�ng posts. The �nduced co�ls are connected
together �n any des�red manner. For example, as shown �n F�g. 94, C
C may be connected �n mult�ple arc when a quant�ty current �s
des�red—as for runn�ng a group of �ncandescent lamps—wh�le C' C'
may be �ndependently connected �n ser�es �n a c�rcu�t �nclud�ng arc
lamps or the l�ke. The generator �n th�s system w�ll be adapted to the
converter �n the manner �llustrated. For example, �n the present case
there are employed a pa�r of ord�nary permanent or electro-magnets,
E E, between wh�ch �s mounted a cyl�ndr�cal armature on a shaft, F,
and wound w�th two co�ls, G G'. The term�nals of these co�ls are
connected, respect�vely, to four �nsulated contact or collect�ng r�ngs,
H H H' H', and the four l�ne c�rcu�t w�res L connect the brushes K,
bear�ng on these r�ngs, to the converter �n the order shown. Not�ng
the results of th�s comb�nat�on, �t w�ll be observed that at a g�ven



po�nt of t�me the co�l G �s �n �ts neutral pos�t�on and �s generat�ng l�ttle
or no current, wh�le the other co�l, G', �s �n a pos�t�on where �t exerts
�ts max�mum effect. Assum�ng co�l G to be connected �n c�rcu�t w�th
co�ls B B of the converter, and co�l G' w�th co�ls B' B', �t �s ev�dent that
the poles of the r�ng A w�ll be determ�ned by co�ls B' B' alone; but as
the armature of the generator revolves, co�l G develops more current
and co�l G' less, unt�l G reaches �ts max�mum and G' �ts neutral
pos�t�on. The obv�ous result w�ll be to sh�ft the poles of the r�ng A
through one-quarter of �ts per�phery. The movement of the co�ls
through the next quarter of a turn—dur�ng wh�ch co�l G' enters a f�eld
of oppos�te polar�ty and generates a current of oppos�te d�rect�on and
�ncreas�ng strength, wh�le co�l G, �n pass�ng from �ts max�mum to �ts
neutral pos�t�on generates a current of decreas�ng strength and
same d�rect�on as before—causes a further sh�ft�ng of the poles
through the second quarter of the r�ng. The second half-revolut�on
w�ll obv�ously be a repet�t�on of the same act�on. By the sh�ft�ng of the
poles of the r�ng A, a powerful dynam�c �nduct�ve effect on the co�ls C
C' �s produced. Bes�des the currents generated �n the secondary
co�ls by dynamo-magnet�c �nduct�on, other currents w�ll be set up �n
the same co�ls �n consequence of many var�at�ons �n the �ntens�ty of
the poles �n the r�ng A. Th�s should be avo�ded by ma�nta�n�ng the
�ntens�ty of the poles constant, to accompl�sh wh�ch care should be
taken �n des�gn�ng and proport�on�ng the generator and �n d�str�but�ng
the co�ls �n the r�ng A, and balanc�ng the�r effect. When th�s �s done,
the currents are produced by dynamo-magnet�c �nduct�on only, the
same result be�ng obta�ned as though the poles were sh�fted by a
commutator w�th an �nf�n�te number of segments.

The mod�f�cat�ons wh�ch are appl�cable to other forms of
converter are �n many respects appl�cable to th�s, such as those
perta�n�ng more part�cularly to the form of the core, the relat�ve
lengths and res�stances of the pr�mary and secondary co�ls, and the
arrangements for runn�ng or operat�ng the same.



CHAPTER XXIV.

A C������� C������
T���������� ���� M�������

S����� B������ C���� ��
P������ ��� S��������.

Mr. Tesla has appl�ed h�s pr�nc�ple of magnet�c sh�eld�ng of parts
to the construct�on also of transformers, the sh�eld be�ng �nterposed
between the pr�mary and secondary co�ls. In transformers of the
ord�nary type �t w�ll be found that the wave of electromot�ve force of
the secondary very nearly co�nc�des w�th that of the pr�mary, be�ng,
however, �n oppos�te s�gn. At the same t�me the currents, both
pr�mary and secondary, lag beh�nd the�r respect�ve electromot�ve
forces; but as th�s lag �s pract�cally or nearly the same �n the case of
each �t follows that the max�mum and m�n�mum of the pr�mary and
secondary currents w�ll nearly co�nc�de, but d�ffer �n s�gn or d�rect�on,
prov�ded the secondary be not loaded or �f �t conta�n dev�ces hav�ng
the property of self-�nduct�on. On the other hand, the lag of the
pr�mary beh�nd the �mpressed electromot�ve force may be d�m�n�shed
by load�ng the secondary w�th a non-�nduct�ve or dead res�stance—
such as �ncandescent lamps—whereby the t�me �nterval between the
max�mum or m�n�mum per�ods of the pr�mary and secondary currents
�s �ncreased. Th�s t�me �nterval, however, �s l�m�ted, and the results
obta�ned by phase d�fference �n the operat�on of such dev�ces as the
Tesla alternat�ng current motors can only be approx�mately real�zed
by such means of produc�ng or secur�ng th�s d�fference, as above
�nd�cated, for �t �s des�rable �n such cases that there should ex�st
between the pr�mary and secondary currents, or those wh�ch,
however produced, pass through the two c�rcu�ts of the motor, a
d�fference of phase of n�nety degrees; or, �n other words, the current
�n one c�rcu�t should be a max�mum when that �n the other c�rcu�t �s a



m�n�mum. To atta�n to th�s cond�t�on more perfectly, an �ncreased
retardat�on of the secondary current �s secured �n the follow�ng
manner: Instead of br�ng�ng the pr�mary and secondary co�ls or
c�rcu�ts of a transformer �nto the closest poss�ble relat�ons, as has
h�therto been done, Mr. Tesla protects �n a measure the secondary
from the �nduct�ve act�on or effect of the pr�mary by surround�ng
e�ther the pr�mary or the secondary w�th a comparat�vely th�n
magnet�c sh�eld or screen. Under these mod�f�ed cond�t�ons, as long
as the pr�mary current has a small value, the sh�eld protects the
secondary; but as soon as the pr�mary current has reached a certa�n
strength, wh�ch �s arb�trar�ly determ�ned, the protect�ng magnet�c
sh�eld becomes saturated and the �nduct�ve act�on upon the
secondary beg�ns. It results, therefore, that the secondary current
beg�ns to flow at a certa�n fract�on of a per�od later than �t would
w�thout the �nterposed sh�eld, and s�nce th�s retardat�on may be
obta�ned w�thout necessar�ly retard�ng the pr�mary current also, an
add�t�onal lag �s secured, and the t�me �nterval between the
max�mum or m�n�mum per�ods of the pr�mary and secondary currents
�s �ncreased. Such a transformer may, by properly proport�on�ng �ts
several elements and determ�n�ng the proper relat�ons between the
pr�mary and secondary w�nd�ngs, the th�ckness of the magnet�c
sh�eld, and other cond�t�ons, be constructed to y�eld a constant
current at all loads.



F�g. 95.
F��. 95.

F�g. 95 �s a cross-sect�on of a transformer embody�ng th�s
�mprovement. F�g. 96 �s a s�m�lar v�ew of a mod�f�ed form of
transformer, show�ng d�agrammat�cally the manner of us�ng the
same.

A A �s the ma�n core of the transformer, composed of a r�ng of soft
annealed and �nsulated or ox�d�zed �ron w�re. Upon th�s core �s
wound the secondary c�rcu�t or co�l B B. Th�s latter �s then covered
w�th a layer or layers of annealed and �nsulated �ron w�res C C,
wound �n a d�rect�on at r�ght angles to the secondary co�l. Over the
whole �s then wound the pr�mary co�l or w�re D D. From the nature of
th�s construct�on �t w�ll be obv�ous that as long as the sh�eld formed
by the w�res C �s below magnet�c saturat�on the secondary co�l or
c�rcu�t �s effectually protected or sh�elded from the �nduct�ve �nfluence
of the pr�mary, although on open c�rcu�t �t may exh�b�t some
electromot�ve force. When the strength of the pr�mary reaches a
certa�n value, the sh�eld C, becom�ng saturated, ceases to protect
the secondary from �nduct�ve act�on, and current �s �n consequence
developed there�n. For s�m�lar reasons, when the pr�mary current
weakens, the weaken�ng of the secondary �s retarded to the same or
approx�mately the same extent.

F�g. 96.
F��. 96.

The spec�f�c construct�on of the transformer �s largely �mmater�al.
In F�g. 96, for example, the core A �s bu�lt up of th�n �nsulated �ron
plates or d�scs. The pr�mary c�rcu�t D �s wound next the core A. Over
th�s �s appl�ed the sh�eld C, wh�ch �n th�s case �s made up of th�n
str�ps or plates of �ron properly �nsulated and surround�ng the
pr�mary, form�ng a closed magnet�c c�rcu�t. The secondary B �s
wound over the sh�eld C. In F�g. 96, also, E �s a source of alternat�ng
or rap�dly chang�ng currents. The pr�mary of the transformer �s
connected w�th the c�rcu�t of the generator. F �s a two-c�rcu�t
alternat�ng current motor, one of the c�rcu�ts be�ng connected w�th



the ma�n c�rcu�t from the source E, and the other be�ng suppl�ed w�th
currents from the secondary of the transformer.



PART II.

THE TESLA EFFECTS WITH
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CHAPTER XXV.

I�����������.—T�� S����
�� ��� T���� L�������.

Before proceed�ng to study the three Tesla lectures here
presented, the reader may f�nd �t of some ass�stance to have h�s
attent�on d�rected to the ma�n po�nts of �nterest and s�gn�f�cance
there�n. The f�rst of these lectures was del�vered �n New York, at
Columb�a College, before the Amer�can Inst�tute of Electr�cal
Eng�neers, May 20, 1891. The urgent des�re expressed �mmed�ately
from all parts of Europe for an opportun�ty to w�tness the br�ll�ant and
unusual exper�ments w�th wh�ch the lecture was accompan�ed,
�nduced Mr. Tesla to go to England early �n 1892, when he appeared
before the Inst�tut�on of Electr�cal Eng�neers, and a day later, by
spec�al request, before the Royal Inst�tut�on. H�s recept�on was of the
most enthus�ast�c and flatter�ng nature on both occas�ons. He then
went, by �nv�tat�on, to France, and repeated h�s novel demonstrat�ons
before the Soc�été Internat�onale des Electr�c�ens, and the Soc�été
França�se de Phys�que. Mr. Tesla returned to Amer�ca �n the fall of
1892, and �n February, 1893, del�vered h�s th�rd lecture before the
Frankl�n Inst�tute of Ph�ladelph�a, �n fulf�lment of a long stand�ng
prom�se to Prof. Houston. The follow�ng week, at the request of
Pres�dent James I. Ayer, of the Nat�onal Electr�c L�ght Assoc�at�on,
the same lecture was re-del�vered �n St. Lou�s. It had been �ntended
to l�m�t the �nv�tat�ons to members, but the appeals from res�dents �n
the c�ty were so numerous and press�ng that �t became necessary to
secure a very large hall. Hence �t came about that the lecture was
l�stened to by an aud�ence of over 5,000 people, and was �n some
parts of a more popular nature than e�ther of �ts predecessors.
Desp�te th�s concess�on to the need of the hour and occas�on, Mr.
Tesla d�d not hes�tate to show many new and br�ll�ant exper�ments,



and to advance the front�er of d�scovery far beyond any po�nt he had
theretofore marked publ�cly.

We may now proceed to a runn�ng rev�ew of the lectures
themselves. The ground covered by them �s so vast that only the
lead�ng �deas and exper�ments can here be touched upon; bes�des, �t
�s preferable that the lectures should be carefully gone over for the�r
own sake, �t be�ng more than l�kely that each student w�ll d�scover a
new beauty or st�mulus �n them. Tak�ng up the course of reason�ng
followed by Mr. Tesla �n h�s f�rst lecture, �t w�ll be noted that he
started out w�th the recogn�t�on of the fact, wh�ch he has now
exper�mentally demonstrated, that for the product�on of l�ght waves,
pr�mar�ly, electrostat�c effects must be brought �nto play, and
cont�nued study has led h�m to the op�n�on that all electr�cal and
magnet�c effects may be referred to electrostat�c molecular forces.
Th�s op�n�on f�nds a s�ngular conf�rmat�on �n one of the most str�k�ng
exper�ments wh�ch he descr�bes, namely, the product�on of a
ver�table flame by the ag�tat�on of electrostat�cally charged
molecules. It �s of the h�ghest �nterest to observe that th�s result
po�nts out a way of obta�n�ng a flame wh�ch consumes no mater�al
and �n wh�ch no chem�cal act�on whatever takes place. It also throws
a l�ght on the nature of the ord�nary flame, wh�ch Mr. Tesla bel�eves
to be due to electrostat�c molecular act�ons, wh�ch, �f true, would lead
d�rectly to the �dea that even chem�cal aff�n�t�es m�ght be electrostat�c
�n the�r nature and that, as has already been suggested, molecular
forces �n general may be referable to one and the same cause. Th�s
s�ngular phenomenon accounts �n a plaus�ble manner for the
unexpla�ned fact that bu�ld�ngs are frequently set on f�re dur�ng
thunder storms w�thout hav�ng been at all struck by l�ghtn�ng. It may
also expla�n the total d�sappearance of sh�ps at sea.

One of the str�k�ng proofs of the correctness of the �deas
advanced by Mr. Tesla �s the fact that, notw�thstand�ng the
employment of the most powerful electromagnet�c �nduct�ve effects,
but feeble lum�nos�ty �s obta�nable, and th�s only �n close prox�m�ty to
the source of d�sturbance; whereas, when the electrostat�c effects
are �ntens�f�ed, the same �n�t�al energy suff�ces to exc�te lum�nos�ty at
cons�derable d�stances from the source. That there are only



electrostat�c effects act�ve seems to be clearly proved by Mr. Tesla's
exper�ments w�th an �nduct�on co�l operated w�th alternat�ng currents
of very h�gh frequency. He shows how tubes may be made to glow
br�ll�antly at cons�derable d�stances from any object when placed �n a
powerful, rap�dly alternat�ng, electrostat�c f�eld, and he descr�bes
many �nterest�ng phenomena observed �n such a f�eld. H�s
exper�ments open up the poss�b�l�ty of l�ght�ng an apartment by
s�mply creat�ng �n �t such an electrostat�c f�eld, and th�s, �n a certa�n
way, would appear to be the �deal method of l�ght�ng a room, as �t
would allow the �llum�nat�ng dev�ce to be freely moved about. The
power w�th wh�ch these exhausted tubes, devo�d of any electrodes,
l�ght up �s certa�nly remarkable.

That the pr�nc�ple propounded by Mr. Tesla �s a broad one �s
ev�dent from the many ways �n wh�ch �t may be pract�cally appl�ed.
We need only refer to the var�ety of the dev�ces shown or descr�bed,
all of wh�ch are novel �n character and w�ll, w�thout doubt, lead to
further �mportant results at the hands of Mr. Tesla and other
�nvest�gators. The exper�ment, for �nstance, of l�ght�ng up a s�ngle
f�lament or block of refractory mater�al w�th a s�ngle w�re, �s �n �tself
suff�c�ent to g�ve Mr. Tesla's work the stamp of or�g�nal�ty, and the
numerous other exper�ments and effects wh�ch may be var�ed at w�ll,
are equally new and �nterest�ng. Thus, the �ncandescent f�lament
sp�nn�ng �n an unexhausted globe, the well-known Crookes
exper�ment on open c�rcu�t, and the many others suggested, w�ll not
fa�l to �nterest the reader. Mr. Tesla has made an exhaust�ve study of
the var�ous forms of the d�scharge presented by an �nduct�on co�l
when operated w�th these rap�dly alternat�ng currents, start�ng from
the thread-l�ke d�scharge and pass�ng through var�ous stages to the
true electr�c flame.

A po�nt of great �mportance �n the �ntroduct�on of h�gh tens�on
alternat�ng current wh�ch Mr. Tesla br�ngs out �s the necess�ty of
carefully avo�d�ng all gaseous matter �n the h�gh tens�on apparatus.
He shows that, at least w�th very rap�dly alternat�ng currents of h�gh
potent�al, the d�scharge may work through almost any pract�cable
th�ckness of the best �nsulators, �f a�r �s present. In such cases the a�r
�ncluded w�th�n the apparatus �s v�olently ag�tated and by molecular



bombardment the parts may be so greatly heated as to cause a
rupture of the �nsulat�on. The pract�cal outcome of th�s �s, that,
whereas w�th steady currents, any k�nd of �nsulat�on may be used,
w�th rap�dly alternat�ng currents o�ls w�ll probably be the best to
employ, a fact wh�ch has been observed, but not unt�l now
sat�sfactor�ly expla�ned. The recogn�t�on of the above fact �s of
spec�al �mportance �n the construct�on of the costly commerc�al
�nduct�on co�ls wh�ch are often rendered useless �n an unaccountable
manner. The truth of these v�ews of Mr. Tesla �s made ev�dent by the
�nterest�ng exper�ments �llustrat�ve of the behav�or of the a�r between
charged surfaces, the lum�nous streams formed by the charged
molecules appear�ng even when great th�cknesses of the best
�nsulators are �nterposed between the charged surfaces. These
lum�nous streams afford �n themselves a very �nterest�ng study for
the exper�menter. W�th these rap�dly alternat�ng currents they
become far more powerful and produce beaut�ful l�ght effects when
they �ssue from a w�re, p�nwheel or other object attached to a
term�nal of the co�l; and �t �s �nterest�ng to note that they �ssue from a
ball almost as freely as from a po�nt, when the frequency �s very
h�gh.

From these exper�ments we also obta�n a better �dea of the
�mportance of tak�ng �nto account the capac�ty and self-�nduct�on �n
the apparatus employed and the poss�b�l�t�es offered by the use of
condensers �n conjunct�on w�th alternate currents, the employment of
currents of h�gh frequency, among other th�ngs, mak�ng �t poss�ble to
reduce the condenser to pract�cable d�mens�ons. Another po�nt of
�nterest and pract�cal bear�ng �s the fact, proved by Mr. Tesla, that for
alternate currents, espec�ally those of h�gh frequency, �nsulators are
requ�red possess�ng a small spec�f�c �nduct�ve capac�ty, wh�ch at the
same t�me have a h�gh �nsulat�ng power.

Mr. Tesla also makes �nterest�ng and valuable suggest�on �n
regard to the econom�cal ut�l�zat�on of �ron �n mach�nes and
transformers. He shows how, by ma�nta�n�ng by cont�nuous
magnet�zat�on a flow of l�nes through the �ron, the latter may be kept
near �ts max�mum permeab�l�ty and a h�gher output and economy
may be secured �n such apparatus. Th�s pr�nc�ple may prove of



cons�derable commerc�al �mportance �n the development of
alternat�ng systems. Mr. Tesla's suggest�on that the same result can
be secured by heat�ng the �ron by hysteres�s and eddy currents, and
�ncreas�ng the permeab�l�ty �n th�s manner, wh�le �t may appear less
pract�cal, nevertheless opens another d�rect�on for �nvest�gat�on and
�mprovement.

The demonstrat�on of the fact that w�th alternat�ng currents of
h�gh frequency, suff�c�ent energy may be transm�tted under
pract�cable cond�t�ons through the glass of an �ncandescent lamp by
electrostat�c or electromagnet�c �nduct�on may lead to a departure �n
the construct�on of such dev�ces. Another �mportant exper�mental
result ach�eved �s the operat�on of lamps, and even motors, w�th the
d�scharges of condensers, th�s method afford�ng a means of
convert�ng d�rect or alternat�ng currents. In th�s connect�on Mr. Tesla
advocates the perfect�ng of apparatus capable of generat�ng
electr�c�ty of h�gh tens�on from heat energy, bel�ev�ng th�s to be a
better way of obta�n�ng electr�cal energy for pract�cal purposes,
part�cularly for the product�on of l�ght.

Wh�le many were probably prepared to encounter cur�ous
phenomena of �mpedance �n the use of a condenser d�scharged
d�srupt�vely, the exper�ments shown were extremely �nterest�ng on
account of the�r paradox�cal character. The burn�ng of an
�ncandescent lamp at any candle power when connected across a
heavy metal bar, the ex�stence of nodes on the bar and the
poss�b�l�ty of explor�ng the bar by means of an ord�nary Cardew
voltmeter, are all pecul�ar developments, but perhaps the most
�nterest�ng observat�on �s the phenomenon of �mpedance observed
�n the lamp w�th a stra�ght f�lament, wh�ch rema�ns dark wh�le the
bulb glows.

Mr. Tesla's manner of operat�ng an �nduct�on co�l by means of the
d�srupt�ve d�scharge, and thus obta�n�ng enormous d�fferences of
potent�al from comparat�vely small and �nexpens�ve co�ls, w�ll be
apprec�ated by exper�menters and w�ll f�nd valuable appl�cat�on �n
laborator�es. Indeed, h�s many suggest�ons and h�nts �n regard to the



construct�on and use of apparatus �n these �nvest�gat�ons w�ll be
h�ghly valued and w�ll a�d mater�ally �n future research.

The London lecture was del�vered tw�ce. In �ts f�rst form, before
the Inst�tut�on of Electr�cal Eng�neers, �t was �n some respects an
ampl�f�cat�on of several po�nts not spec�ally enlarged upon �n the
New York lecture, but brought forward many add�t�onal d�scover�es
and new �nvest�gat�ons. Its repet�t�on, �n another form, at the Royal
Inst�tut�on, was due to Prof. Dewar, who w�th Lord Rayle�gh,
man�fested a most l�vely �nterest �n Mr. Tesla's work, and whose
k�ndness �llustrated once more the strong Engl�sh love of sc�ent�f�c
truth and apprec�at�on of �ts votar�es. As an �ndefat�gable
exper�menter, Mr. Tesla was certa�nly nowhere more at home than �n
the haunts of Faraday, and as the guest of Faraday's successor. Th�s
Royal Inst�tut�on lecture summed up the lead�ng po�nts of Mr. Tesla's
work, �n the h�gh potent�al, h�gh frequency f�eld, and we may here
ava�l ourselves of so valuable a summar�zat�on, �n a s�mple form, of a
subject by no means easy of comprehens�on unt�l �t has been
thoroughly stud�ed.

In these London lectures, among the many notable po�nts made
was f�rst, the d�ff�culty of construct�ng the alternators to obta�n the
very h�gh frequenc�es needed. To obta�n the h�gh frequenc�es �t was
necessary to prov�de several hundred polar project�ons, wh�ch were
necessar�ly small and offered many drawbacks, and th�s the more as
exceed�ngly h�gh per�pheral speeds had to be resorted to. In some of
the f�rst mach�nes both armature and f�eld had polar project�ons.
These mach�nes produced a cur�ous no�se, espec�ally when the
armature was started from the state of rest, the f�eld be�ng charged.
The most eff�c�ent mach�ne was found to be one w�th a drum
armature, the �ron body of wh�ch cons�sted of very th�n w�re annealed
w�th spec�al care. It was, of course, des�rable to avo�d the
employment of �ron �n the armature, and several mach�nes of th�s
k�nd, w�th mov�ng or stat�onary conductors were constructed, but the
results obta�ned were not qu�te sat�sfactory, on account of the great
mechan�cal and other d�ff�cult�es encountered.



The study of the propert�es of the h�gh frequency currents
obta�ned from these mach�nes �s very �nterest�ng, as nearly every
exper�ment d�scloses someth�ng new. Two co�ls traversed by such a
current attract or repel each other w�th a force wh�ch, ow�ng to the
�mperfect�on of our sense of touch, seems cont�nuous. An �nterest�ng
observat�on, already noted under another form, �s that a p�ece of
�ron, surrounded by a co�l through wh�ch the current �s pass�ng
appears to be cont�nuously magnet�zed. Th�s apparent cont�nu�ty
m�ght be ascr�bed to the def�c�ency of the sense of touch, but there �s
ev�dence that �n currents of such h�gh frequenc�es one of the
�mpulses preponderates over the other.

As m�ght be expected, conductors traversed by such currents are
rap�dly heated, ow�ng to the �ncrease of the res�stance, and the
heat�ng effects are relat�vely much greater �n the �ron. The hysteres�s
losses �n �ron are so great that an �ron core, even �f f�nely subd�v�ded,
�s heated �n an �ncred�bly short t�me. To g�ve an �dea of th�s, an
ord�nary �ron w�re 1/16 �nch �n d�ameter �nserted w�th�n a co�l hav�ng
250 turns, w�th a current est�mated to be f�ve amperes pass�ng
through the co�l, becomes w�th�n two seconds' t�me so hot as to
scorch wood. Beyond a certa�n frequency, an �ron core, no matter
how f�nely subd�v�ded, exerc�ses a dampen�ng effect, and �t was easy
to f�nd a po�nt at wh�ch the �mpedance of a co�l was not affected by
the presence of a core cons�st�ng of a bundle of very th�n well
annealed and varn�shed �ron w�res.

Exper�ments w�th a telephone, a conductor �n a strong magnet�c
f�eld, or w�th a condenser or arc, seem to afford certa�n proof that
sounds far above the usually accepted l�m�t of hear�ng would be
perce�ved �f produced w�th suff�c�ent power. The arc produced by
these currents possesses several �nterest�ng features. Usually �t
em�ts a note the p�tch of wh�ch corresponds to tw�ce the frequency of
the current, but �f the frequency be suff�c�ently h�gh �t becomes
no�seless, the l�m�t of aud�t�on be�ng determ�ned pr�nc�pally by the
l�near d�mens�ons of the arc. A cur�ous feature of the arc �s �ts
pers�stency, wh�ch �s due partly to the �nab�l�ty of the gaseous column
to cool and �ncrease cons�derably �n res�stance, as �s the case w�th



low frequenc�es, and partly to the tendency of such a h�gh frequency
mach�ne to ma�nta�n a constant current.

In connect�on w�th these mach�nes the condenser affords a
part�cularly �nterest�ng study. Str�k�ng effects are produced by proper
adjustments of capac�ty and self-�nduct�on. It �s easy to ra�se the
electromot�ve force of the mach�ne to many t�mes the or�g�nal value
by s�mply adjust�ng the capac�ty of a condenser connected �n the
�nduced c�rcu�t. If the condenser be at some d�stance from the
mach�ne, the d�fference of potent�al on the term�nals of the latter may
be only a small fract�on of that on the condenser.

But the most �nterest�ng exper�ences are ga�ned when the tens�on
of the currents from the mach�ne �s ra�sed by means of an �nduct�on
co�l. In consequence of the enormous rate of change obta�nable �n
the pr�mary current, much h�gher potent�al d�fferences are obta�ned
than w�th co�ls operated �n the usual ways, and, ow�ng to the h�gh
frequency, the secondary d�scharge possesses many str�k�ng
pecul�ar�t�es. Both the electrodes behave generally al�ke, though �t
appears from some observat�ons that one current �mpulse
preponderates over the other, as before ment�oned.

The phys�olog�cal effects of the h�gh tens�on d�scharge are found
to be so small that the shock of the co�l can be supported w�thout
any �nconven�ence, except perhaps a small burn produced by the
d�scharge upon approach�ng the hand to one of the term�nals. The
dec�dedly smaller phys�olog�cal effects of these currents are thought
to be due e�ther to a d�fferent d�str�but�on through the body or to the
t�ssues act�ng as condensers. But �n the case of an �nduct�on co�l
w�th a great many turns the harmlessness �s pr�nc�pally due to the
fact that but l�ttle energy �s ava�lable �n the external c�rcu�t when the
same �s closed through the exper�menter's body, on account of the
great �mpedance of the co�l.

In vary�ng the frequency and strength of the currents through the
pr�mary of the co�l, the character of the secondary d�scharge �s
greatly var�ed, and no less than f�ve d�st�nct forms are observed:—A
weak, sens�t�ve thread d�scharge, a powerful flam�ng d�scharge, and



three forms of brush or stream�ng d�scharges. Each of these
possesses certa�n noteworthy features, but the most �nterest�ng to
study are the latter.

Under certa�n cond�t�ons the streams, wh�ch are presumably due
to the v�olent ag�tat�on of the a�r molecules, �ssue freely from all
po�nts of the co�l, even through a th�ck �nsulat�on. If there �s the
smallest a�r space between the pr�mary and secondary, they w�ll form
there and surely �njure the co�l by slowly warm�ng the �nsulat�on. As
they form even w�th ord�nary frequenc�es when the potent�al �s
excess�ve, the a�r-space must be most carefully avo�ded. These h�gh
frequency streamers d�ffer �n aspect and propert�es from those
produced by a stat�c mach�ne. The w�nd produced by them �s small
and should altogether cease �f st�ll cons�derably h�gher frequenc�es
could be obta�ned. A pecul�ar�ty �s that they �ssue as freely from
surfaces as from po�nts. Ow�ng to th�s, a metall�c vane, mounted �n
one of the term�nals of the co�l so as to rotate freely, and hav�ng one
of �ts s�des covered w�th �nsulat�on, �s spun rap�dly around. Such a
vane would not rotate w�th a steady potent�al, but w�th a h�gh
frequency co�l �t w�ll sp�n, even �f �t be ent�rely covered w�th
�nsulat�on, prov�ded the �nsulat�on on one s�de be e�ther th�cker or of
a h�gher spec�f�c �nduct�ve capac�ty. A Crookes electr�c rad�ometer �s
also spun around when connected to one of the term�nals of the co�l,
but only at very h�gh exhaust�on or at ord�nary pressures.

There �s st�ll another and more str�k�ng pecul�ar�ty of such a h�gh
frequency streamer, namely, �t �s hot. The heat �s eas�ly percept�ble
w�th frequenc�es of about 10,000, even �f the potent�al �s not
excess�vely h�gh. The heat�ng effect �s, of course, due to the
molecular �mpacts and coll�s�ons. Could the frequency and potent�al
be pushed far enough, then a brush could be produced resembl�ng
�n every part�cular a flame and g�v�ng l�ght and heat, yet w�thout a
chem�cal process tak�ng place.

The hot brush, when properly produced, resembles a jet of
burn�ng gas escap�ng under great pressure, and �t em�ts an
extraord�nary strong smell of ozone. The great ozon�z�ng act�on �s
ascr�bed to the fact that the ag�tat�on of the molecules of the a�r �s



more v�olent �n such a brush than �n the ord�nary streamer of a stat�c
mach�ne. But the most powerful brush d�scharges were produced by
employ�ng currents of much h�gher frequenc�es than �t was poss�ble
to obta�n by means of the alternators. These currents were obta�ned
by d�srupt�vely d�scharg�ng a condenser and sett�ng up osc�llat�ons.
In th�s manner currents of a frequency of several hundred thousand
were obta�ned.

Currents of th�s k�nd, Mr. Tesla po�nted out, produce str�k�ng
effects. At these frequenc�es, the �mpedance of a copper bar �s so
great that a potent�al d�fference of several hundred volts can be
ma�nta�ned between two po�nts of a short and th�ck bar, and �t �s
poss�ble to keep an ord�nary �ncandescent lamp burn�ng at full
candle power by attach�ng the term�nals of the lamp to two po�nts of
the bar no more than a few �nches apart. When the frequency �s
extremely h�gh, nodes are found to ex�st on such a bar, and �t �s easy
to locate them by means of a lamp.

By convert�ng the h�gh tens�on d�scharges of a low frequency co�l
�n th�s manner, �t was found pract�cable to keep a few lamps burn�ng
on the ord�nary c�rcu�t �n the laboratory, and by br�ng�ng the
undulat�on to a low p�tch, �t was poss�ble to operate small motors.

Th�s plan l�kew�se allows of convert�ng h�gh tens�on d�scharges of
one d�rect�on �nto low tens�on un�d�rect�onal currents, by adjust�ng the
c�rcu�t so that there are no osc�llat�ons. In pass�ng the osc�llat�ng
d�scharges through the pr�mary of a spec�ally constructed co�l, �t �s
easy to obta�n enormous potent�al d�fferences w�th only few turns of
the secondary.

Great d�ff�cult�es were at f�rst exper�enced �n produc�ng a
successful co�l on th�s plan. It was found necessary to keep all a�r, or
gaseous matter �n general, away from the charged surfaces, and o�l
�mmers�on was resorted to. The w�res used were heav�ly covered
w�th gutta-percha and wound �n o�l, or the a�r was pumped out by
means of a Sprengel pump. The general arrangement was the
follow�ng:—An ord�nary �nduct�on co�l, operated from a low frequency
alternator, was used to charge Leyden jars. The jars were made to



d�scharge over a s�ngle or mult�ple gap through the pr�mary of the
second co�l. To �nsure the act�on of the gap, the arc was blown out by
a magnet or a�r blast. To adjust the potent�al �n the secondary a small
o�l condenser was used, or pol�shed brass spheres of d�fferent s�zes
were screwed on the term�nals and the�r d�stance adjusted.

When the cond�t�ons were carefully determ�ned to su�t each
exper�ment, magn�f�cent effects were obta�ned. Two w�res, stretched
through the room, each be�ng connected to one of the term�nals of
the co�l, em�tted streams so powerful that the l�ght from them allowed
d�st�ngu�sh�ng the objects �n the room; the w�res became lum�nous
even though covered w�th th�ck and most excellent �nsulat�on. When
two stra�ght w�res, or two concentr�c c�rcles of w�re, are connected to
the term�nals, and set at the proper d�stance, a un�form lum�nous
sheet �s produced between them. It was poss�ble �n th�s way to cover
an area of more than one meter square completely w�th the streams.
By attach�ng to one term�nal a large c�rcle of w�re and to the other
term�nal a small sphere, the streams are focused upon the sphere,
produce a strongly l�ghted spot upon the same, and present the
appearance of a lum�nous cone. A very th�n w�re glued upon a plate
of hard rubber of great th�ckness, on the oppos�te s�de of wh�ch �s
fastened a t�nfo�l coat�ng, �s rendered �ntensely lum�nous when the
coat�ng �s connected to the other term�nal of the co�l. Such an
exper�ment can be performed also w�th low frequency currents, but
much less sat�sfactor�ly.

When the term�nals of such a co�l, even of a very small one, are
separated by a rubber or glass plate, the d�scharge spreads over the
plate �n the form of streams, threads or br�ll�ant sparks, and affords a
magn�f�cent d�splay, wh�ch cannot be equaled by the largest co�l
operated �n the usual ways. By a s�mple adjustment �t �s poss�ble to
produce w�th the co�l a success�on of br�ll�ant sparks, exactly as w�th
a Holtz mach�ne.

Under certa�n cond�t�ons, when the frequency of the osc�llat�on �s
very great, wh�te, phantom-l�ke streams are seen to break forth from
the term�nals of the co�l. The ch�ef �nterest�ng feature about them �s,
that they stream freely aga�nst the outstretched hand or other



conduct�ng object w�thout produc�ng any sensat�on, and the hand
may be approached very near to the term�nal w�thout a spark be�ng
�nduced to jump. Th�s �s due presumably to the fact that a
cons�derable port�on of the energy �s carr�ed away or d�ss�pated �n
the streamers, and the d�fference of potent�al between the term�nal
and the hand �s d�m�n�shed.

It �s found �n such exper�ments that the frequency of the v�brat�on
and the qu�ckness of success�on of the sparks between the knobs
affect to a marked degree the appearance of the streams. When the
frequency �s very low, the a�r g�ves way �n more or less the same
manner as by a steady d�fference of potent�al, and the streams
cons�st of d�st�nct threads, generally m�ngled w�th th�n sparks, wh�ch
probably correspond to the success�ve d�scharges occurr�ng
between the knobs. But when the frequency �s very h�gh, and the arc
of the d�scharge produces a sound wh�ch �s loud and smooth (wh�ch
�nd�cates both that osc�llat�on takes place and that the sparks
succeed each other w�th great rap�d�ty), then the lum�nous streams
formed are perfectly un�form. They are generally of a purpl�sh hue,
but when the molecular v�brat�on �s �ncreased by ra�s�ng the
potent�al, they assume a wh�te color.

The lum�nous �ntens�ty of the streams �ncreases rap�dly when the
potent�al �s �ncreased; and w�th frequenc�es of only a few hundred
thousand, could the co�l be made to w�thstand a suff�c�ently h�gh
potent�al d�fference, there �s no doubt that the space around a w�re
could be made to em�t a strong l�ght, merely by the ag�tat�on of the
molecules of the a�r at ord�nary pressure.

Such d�scharges of very h�gh frequency wh�ch render lum�nous
the a�r at ord�nary pressure we have very l�kely occas�on to w�tness
�n the aurora boreal�s. From many of these exper�ments �t seems
reasonable to �nfer that sudden cosm�c d�sturbances, such as
erupt�ons on the sun, set the electrostat�c charge of the earth �n an
extremely rap�d v�brat�on, and produce the glow by the v�olent
ag�tat�on of the a�r �n the upper and even �n the lower strata. It �s
thought that �f the frequency were low, or even more so �f the charge
were not at all v�brat�ng, the lower dense strata would break down as



�n a l�ghtn�ng d�scharge. Ind�cat�ons of such break�ng down have
been repeatedly observed, but they can be attr�buted to the
fundamental d�sturbances, wh�ch are few �n number, for the
super�mposed v�brat�on would be so rap�d as not to allow a d�srupt�ve
break.

The study of these d�scharge phenomena has led Mr. Tesla to the
recogn�t�on of some �mportant facts. It was found, as already stated,
that gaseous matter must be most carefully excluded from any
d�electr�c wh�ch �s subjected to great, rap�dly chang�ng electrostat�c
stresses. S�nce �t �s d�ff�cult to exclude the gas perfectly when sol�d
�nsulators are used, �t �s necessary to resort to l�qu�d d�electr�cs.
When a sol�d d�electr�c �s used, �t matters l�ttle how th�ck and how
good �t �s; �f a�r be present, streamers form, wh�ch gradually heat the
d�electr�c and �mpa�r �ts �nsulat�ng power, and the d�scharge f�nally
breaks through. Under ord�nary cond�t�ons the best �nsulators are
those wh�ch possess the h�ghest spec�f�c �nduct�ve capac�ty, but such
�nsulators are not the best to employ when work�ng w�th these h�gh
frequency currents, for �n most cases the h�gher spec�f�c �nduct�ve
capac�ty �s rather a d�sadvantage. The pr�me qual�ty of the �nsulat�ng
med�um for these currents �s cont�nu�ty. For th�s reason pr�nc�pally �t
�s necessary to employ l�qu�d �nsulators, such as o�ls. If two metal
plates, connected to the term�nals of the co�l, are �mmersed �n o�l and
set a d�stance apart, the co�l may be kept work�ng for any length of
t�me w�thout a break occurr�ng, or w�thout the o�l be�ng warmed, but �f
a�r bubbles are �ntroduced, they become lum�nous; the a�r molecules,
by the�r �mpact aga�nst the o�l, heat �t, and after some t�me cause the
�nsulat�on to g�ve way. If, �nstead of the o�l, a sol�d plate of the best
d�electr�c, even several t�mes th�cker than the o�l �nterven�ng between
the metal plates, �s �nserted between the latter, the a�r hav�ng free
access to the charged surfaces, the d�electr�c �nvar�ably �s warmed
and breaks down.

The employment of o�l �s adv�sable or necessary even w�th low
frequenc�es, �f the potent�als are such that streamers form, but only
�n such cases, as �s ev�dent from the theory of the act�on. If the
potent�als are so low that streamers do not form, then �t �s even



d�sadvantageous to employ o�l, for �t may, pr�nc�pally by conf�n�ng the
heat, be the cause of the break�ng down of the �nsulat�on.

The exclus�on of gaseous matter �s not only des�rable on account
of the safety of the apparatus, but also on account of economy,
espec�ally �n a condenser, �n wh�ch cons�derable waste of power may
occur merely ow�ng to the presence of a�r, �f the electr�c dens�ty on
the charged surfaces �s great.

In the course of these �nvest�gat�ons a phenomenon of spec�al
sc�ent�f�c �nterest was observed. It may be ranked among the brush
phenomena, �n fact �t �s a k�nd of brush wh�ch forms at, or near, a
s�ngle term�nal �n h�gh vacuum. In a bulb w�th a conduct�ng electrode,
even �f the latter be of alum�num, the brush has only a very short
ex�stence, but �t can be preserved for a cons�derable length of t�me �n
a bulb devo�d of any conduct�ng electrode. To observe the
phenomenon �t �s found best to employ a large spher�cal bulb hav�ng
�n �ts centre a small bulb supported on a tube sealed to the neck of
the former. The large bulb be�ng exhausted to a h�gh degree, and the
�ns�de of the small bulb be�ng connected to one of the term�nals of
the co�l, under certa�n cond�t�ons there appears a m�sty haze around
the small bulb, wh�ch, after pass�ng through some stages, assumes
the form of a brush, generally at r�ght angles to the tube support�ng
the small bulb. When the brush assumes th�s form �t may be brought
to a state of extreme sens�t�veness to electrostat�c and magnet�c
�nfluence. The bulb hang�ng stra�ght down, and all objects be�ng
remote from �t, the approach of the observer w�th�n a few paces w�ll
cause the brush to fly to the oppos�te s�de, and �f he walks around
the bulb �t w�ll always keep on the oppos�te s�de. It may beg�n to sp�n
around the term�nal long before �t reaches that sens�t�ve stage. When
�t beg�ns to turn around, pr�nc�pally, but also before, �t �s affected by a
magnet, and at a certa�n stage �t �s suscept�ble to magnet�c �nfluence
to an aston�sh�ng degree. A small permanent magnet, w�th �ts poles
at a d�stance of no more than two cent�metres w�ll affect �t v�s�bly at a
d�stance of two metres, slow�ng down or accelerat�ng the rotat�on
accord�ng to how �t �s held relat�vely to the brush.



When the bulb hangs w�th the globe down, the rotat�on �s always
clockw�se. In the southern hem�sphere �t would occur �n the oppos�te
d�rect�on, and on the (magnet�c) equator the brush should not turn at
all. The rotat�on may be reversed by a magnet kept at some
d�stance. The brush rotates best, seem�ngly, when �t �s at r�ght
angles to the l�nes of force of the earth. It very l�kely rotates, when at
�ts max�mum speed, �n synchron�sm w�th the alternat�ons, say,
10,000 t�mes a second. The rotat�on can be slowed down or
accelerated by the approach or recess�on of the observer, or any
conduct�ng body, but �t cannot be reversed by putt�ng the bulb �n any
pos�t�on. Very cur�ous exper�ments may be performed w�th the brush
when �n �ts most sens�t�ve state. For �nstance, the brush rest�ng �n
one pos�t�on, the exper�menter may, by select�ng a proper pos�t�on,
approach the hand at a certa�n cons�derable d�stance to the bulb,
and he may cause the brush to pass off by merely st�ffen�ng the
muscles of the arm, the mere change of conf�gurat�on of the arm and
the consequent �mpercept�ble d�splacement be�ng suff�c�ent to
d�sturb the del�cate balance. When �t beg�ns to rotate slowly, and the
hands are held at a proper d�stance, �t �s �mposs�ble to make even
the sl�ghtest mot�on w�thout produc�ng a v�s�ble effect upon the
brush. A metal plate connected to the other term�nal of the co�l
affects �t at a great d�stance, slow�ng down the rotat�on often to one
turn a second.

Mr. Tesla hopes that th�s phenomenon w�ll prove a valuable a�d �n
the �nvest�gat�on of the nature of the forces act�ng �n an electrostat�c
or magnet�c f�eld. If there �s any mot�on wh�ch �s measurable go�ng
on �n the space, such a brush would be apt to reveal �t. It �s, so to
speak, a beam of l�ght, fr�ct�onless, devo�d of �nert�a. On account of
�ts marvellous sens�t�veness to electrostat�c or magnet�c
d�sturbances �t may be the means of send�ng s�gnals through
submar�ne cables w�th any speed, and even of transm�tt�ng
�ntell�gence to a d�stance w�thout w�res.

In operat�ng an �nduct�on co�l w�th these rap�dly alternat�ng
currents, �t �s aston�sh�ng to note, for the f�rst t�me, the great
�mportance of the relat�on of capac�ty, self-�nduct�on, and frequency
as bear�ng upon the general result. The comb�ned effect of these



elements produces many cur�ous effects. For �nstance, two metal
plates are connected to the term�nals and set at a small d�stance, so
that an arc �s formed between them. Th�s arc prevents a strong
current from flow�ng through the co�l. If the arc be �nterrupted by the
�nterpos�t�on of a glass plate, the capac�ty of the condenser obta�ned
counteracts the self-�nduct�on, and a stronger current �s made to
pass. The effects of capac�ty are the most str�k�ng, for �n these
exper�ments, s�nce the self-�nduct�on and frequency both are h�gh,
the cr�t�cal capac�ty �s very small, and need be but sl�ghtly var�ed to
produce a very cons�derable change. The exper�menter br�ngs h�s
body �n contact w�th the term�nals of the secondary of the co�l, or
attaches to one or both term�nals �nsulated bod�es of very small bulk,
such as exhausted bulbs, and he produces a cons�derable r�se or fall
of potent�al on the secondary, and greatly affects the flow of the
current through the pr�mary co�l.

In many of the phenomena observed, the presence of the a�r, or,
generally speak�ng, of a med�um of a gaseous nature (us�ng th�s
term not to �mply spec�f�c propert�es, but �n contrad�st�nct�on to
homogene�ty or perfect cont�nu�ty) plays an �mportant part, as �t
allows energy to be d�ss�pated by molecular �mpact or bombardment.
The act�on �s thus expla�ned:—When an �nsulated body connected to
a term�nal of the co�l �s suddenly charged to h�gh potent�al, �t acts
�nduct�vely upon the surround�ng a�r, or whatever gaseous med�um
there m�ght be. The molecules or atoms wh�ch are near �t are, of
course, more attracted, and move through a greater d�stance than
the further ones. When the nearest molecules str�ke the body they
are repelled, and coll�s�ons occur at all d�stances w�th�n the �nduct�ve
d�stance. It �s now clear that, �f the potent�al be steady, but l�ttle loss
of energy can be caused �n th�s way, for the molecules wh�ch are
nearest to the body hav�ng had an add�t�onal charge �mparted to
them by contact, are not attracted unt�l they have parted, �f not w�th
all, at least w�th most of the add�t�onal charge, wh�ch can be
accompl�shed only after a great many coll�s�ons. Th�s �s �nferred from
the fact that w�th a steady potent�al there �s but l�ttle loss �n dry a�r.
When the potent�al, �nstead of be�ng steady, �s alternat�ng, the
cond�t�ons are ent�rely d�fferent. In th�s case a rhythm�cal



bombardment occurs, no matter whether the molecules after com�ng
�n contact w�th the body lose the �mparted charge or not, and, what �s
more, �f the charge �s not lost, the �mpacts are all the more v�olent.
St�ll, �f the frequency of the �mpulses be very small, the loss caused
by the �mpacts and coll�s�ons would not be ser�ous unless the
potent�al was excess�ve. But when extremely h�gh frequenc�es and
more or less h�gh potent�als are used, the loss may be very great.
The total energy lost per un�t of t�me �s proport�onate to the product
of the number of �mpacts per second, or the frequency and the
energy lost �n each �mpact. But the energy of an �mpact must be
proport�onate to the square of the electr�c dens�ty of the body, on the
assumpt�on that the charge �mparted to the molecule �s proport�onate
to that dens�ty. It �s concluded from th�s that the total energy lost
must be proport�onate to the product of the frequency and the square
of the electr�c dens�ty; but th�s law needs exper�mental conf�rmat�on.
Assum�ng the preced�ng cons�derat�ons to be true, then, by rap�dly
alternat�ng the potent�al of a body �mmersed �n an �nsulat�ng gaseous
med�um, any amount of energy may be d�ss�pated �nto space. Most
of that energy, then, �s not d�ss�pated �n the form of long ether waves,
propagated to cons�derable d�stance, as �s thought most generally,
but �s consumed �n �mpact and coll�s�onal losses—that �s, heat
v�brat�ons—on the surface and �n the v�c�n�ty of the body. To reduce
the d�ss�pat�on �t �s necessary to work w�th a small electr�c dens�ty—
the smaller, the h�gher the frequency.

The behav�or of a gaseous med�um to such rap�d alternat�ons of
potent�al makes �t appear plaus�ble that electrostat�c d�sturbances of
the earth, produced by cosm�c events, may have great �nfluence
upon the meteorolog�cal cond�t�ons. When such d�sturbances occur
both the frequency of the v�brat�ons of the charge and the potent�al
are �n all probab�l�ty excess�ve, and the energy converted �nto heat
may be cons�derable. S�nce the dens�ty must be unevenly
d�str�buted, e�ther �n consequence of the �rregular�ty of the earth's
surface, or on account of the cond�t�on of the atmosphere �n var�ous
places, the effect produced would accord�ngly vary from place to
place. Cons�derable var�at�ons �n the temperature and pressure of
the atmosphere may �n th�s manner be caused at any po�nt of the



surface of the earth. The var�at�ons may be gradual or very sudden,
accord�ng to the nature of the or�g�nal d�sturbance, and may produce
ra�n and storms, or locally mod�fy the weather �n any way.

From many exper�ences gathered �n the course of these
�nvest�gat�ons �t appears certa�n that �n l�ghtn�ng d�scharges the a�r �s
an element of �mportance. For �nstance, dur�ng a storm a stream
may form on a na�l or po�nted project�on of a bu�ld�ng. If l�ghtn�ng
str�kes somewhere �n the ne�ghborhood, the harmless stat�c
d�scharge may, �n consequence of the osc�llat�ons set up, assume
the character of a h�gh-frequency streamer, and the na�l or project�on
may be brought to a h�gh temperature by the v�olent �mpact of the a�r
molecules. Thus, �t �s thought, a bu�ld�ng may be set on f�re w�thout
the l�ghtn�ng str�k�ng �t. In l�ke manner small metall�c objects may be
fused and volat�l�zed—as frequently occurs �n l�ghtn�ng d�scharges—
merely because they are surrounded by a�r. Were they �mmersed �n
a pract�cally cont�nuous med�um, such as o�l, they would probably be
safe, as the energy would have to spend �tself elsewhere.

An �nstruct�ve exper�ence hav�ng a bear�ng on th�s subject �s the
follow�ng:—A glass tube of an �nch or so �n d�ameter and several
�nches long �s taken, and a plat�num w�re sealed �nto �t, the w�re
runn�ng through the center of the tube from end to end. The tube �s
exhausted to a moderate degree. If a steady current �s passed
through the w�re �t �s heated un�formly �n all parts and the gas �n the
tube �s of no consequence. But �f h�gh frequency d�scharges are
d�rected through the w�re, �t �s heated more on the ends than �n the
m�ddle port�on, and �f the frequency, or rate of charge, �s h�gh
enough, the w�re m�ght as well be cut �n the m�ddle as not, for most
of the heat�ng on the ends �s due to the raref�ed gas. Here the gas
m�ght only act as a conductor of no �mpedance, d�vert�ng the current
from the w�re as the �mpedance of the latter �s enormously
�ncreased, and merely heat�ng the ends of the w�re by reason of the�r
res�stance to the passage of the d�scharge. But �t �s not at all
necessary that the gas �n the tube should be conduct�ng; �t m�ght be
at an extremely low pressure, st�ll the ends of the w�re would be
heated; however, as �s ascerta�ned by exper�ence, only the two ends
would �n such case not be electr�cally connected through the



gaseous med�um. Now, what w�th these frequenc�es and potent�als
occurs �n an exhausted tube, occurs �n the l�ghtn�ng d�scharge at
ord�nary pressure.

From the fac�l�ty w�th wh�ch any amount of energy may be carr�ed
off through a gas, Mr. Tesla �nfers that the best way to render
harmless a l�ghtn�ng d�scharge �s to afford �t �n some way a passage
through a volume of gas.

The recogn�t�on of some of the above facts has a bear�ng upon
far-reach�ng sc�ent�f�c �nvest�gat�ons �n wh�ch extremely h�gh
frequenc�es and potent�als are used. In such cases the a�r �s an
�mportant factor to be cons�dered. So, for �nstance, �f two w�res are
attached to the term�nals of the co�l, and the streamers �ssue from
them, there �s d�ss�pat�on of energy �n the form of heat and l�ght, and
the w�res behave l�ke a condenser of larger capac�ty. If the w�res be
�mmersed �n o�l, the d�ss�pat�on of energy �s prevented, or at least
reduced, and the apparent capac�ty �s d�m�n�shed. The act�on of the
a�r would seem to make �t very d�ff�cult to tell, from the measured or
computed capac�ty of a condenser �n wh�ch the a�r �s acted upon, �ts
actual capac�ty or v�brat�on per�od, espec�ally �f the condenser �s of
very small surface and �s charged to a very h�gh potent�al. As many
�mportant results are dependant upon the correctness of the
est�mat�on of the v�brat�on per�od, th�s subject demands the most
careful scrut�ny of �nvest�gators.

In Leyden jars the loss due to the presence of a�r �s
comparat�vely small, pr�nc�pally on account of the great surface of
the coat�ngs and the small external act�on, but �f there are streamers
on the top, the loss may be cons�derable, and the per�od of v�brat�on
�s affected. In a resonator, the dens�ty �s small, but the frequency �s
extreme, and may �ntroduce a cons�derable error. It appears certa�n,
at any rate, that the per�ods of v�brat�on of a charged body �n a
gaseous and �n a cont�nuous med�um, such as o�l, are d�fferent, on
account of the act�on of the former, as expla�ned.

Another fact recogn�zed, wh�ch �s of some consequence, �s, that
�n s�m�lar �nvest�gat�ons the general cons�derat�ons of stat�c



screen�ng are not appl�cable when a gaseous med�um �s present.
Th�s �s ev�dent from the follow�ng exper�ment:—A short and w�de
glass tube �s taken and covered w�th a substant�al coat�ng of bronze
powder, barely allow�ng the l�ght to sh�ne a l�ttle through. The tube �s
h�ghly exhausted and suspended on a metall�c clasp from the end of
a w�re. When the w�re �s connected w�th one of the term�nals of the
co�l, the gas �ns�de of the tube �s l�ghted �n sp�te of the metal coat�ng.
Here the metal ev�dently does not screen the gas �ns�de as �t ought
to, even �f �t be very th�n and poorly conduct�ng. Yet, �n a cond�t�on of
rest the metal coat�ng, however th�n, screens the �ns�de perfectly.

One of the most �nterest�ng results arr�ved at �n pursu�ng these
exper�ments, �s the demonstrat�on of the fact that a gaseous
med�um, upon wh�ch v�brat�on �s �mpressed by rap�d changes of
electrostat�c potent�al, �s r�g�d. In �llustrat�on of th�s result an
exper�ment made by Mr. Tesla may by c�ted:—A glass tube about
one �nch �n d�ameter and three feet long, w�th outs�de condenser
coat�ngs on the ends, was exhausted to a certa�n po�nt, when, the
tube be�ng suspended freely from a w�re connect�ng the upper
coat�ng to one of the term�nals of the co�l, the d�scharge appeared �n
the form of a lum�nous thread pass�ng through the ax�s of the tube.
Usually the thread was sharply def�ned �n the upper part of the tube
and lost �tself �n the lower part. When a magnet or the f�nger was
qu�ckly passed near the upper part of the lum�nous thread, �t was
brought out of pos�t�on by magnet�c or electrostat�c �nfluence, and a
transversal v�brat�on l�ke that of a suspended cord, w�th one or more
d�st�nct nodes, was set up, wh�ch lasted for a few m�nutes and
gradually d�ed out. By suspend�ng from the lower condenser coat�ng
metal plates of d�fferent s�zes, the speed of the v�brat�on was var�ed.
Th�s v�brat�on would seem to show beyond doubt that the thread
possessed r�g�d�ty, at least to transversal d�splacements.

Many exper�ments were tr�ed to demonstrate th�s property �n a�r
at ord�nary pressure. Though no pos�t�ve ev�dence has been
obta�ned, �t �s thought, nevertheless, that a h�gh frequency brush or
streamer, �f the frequency could be pushed far enough, would be
dec�dedly r�g�d. A small sphere m�ght then be moved w�th�n �t qu�te
freely, but �f thrown aga�nst �t the sphere would rebound. An ord�nary



flame cannot possess r�g�d�ty to a marked degree because the
v�brat�on �s d�rect�onless; but an electr�c arc, �t �s bel�eved, must
possess that property more or less. A lum�nous band exc�ted �n a
bulb by repeated d�scharges of a Leyden jar must also possess
r�g�d�ty, and �f deformed and suddenly released should v�brate.

From l�ke cons�derat�ons other conclus�ons of �nterest are
reached. The most probable med�um f�ll�ng the space �s one
cons�st�ng of �ndependent carr�ers �mmersed �n an �nsulat�ng flu�d. If
through th�s med�um enormous electrostat�c stresses are assumed
to act, wh�ch vary rap�dly �n �ntens�ty, �t would allow the mot�on of a
body through �t, yet �t would be r�g�d and elast�c, although the flu�d
�tself m�ght be devo�d of these propert�es. Furthermore, on the
assumpt�on that the �ndependent carr�ers are of any conf�gurat�on
such that the flu�d res�stance to mot�on �n one d�rect�on �s greater
than �n another, a stress of that nature would cause the carr�ers to
arrange themselves �n groups, s�nce they would turn to each other
the�r s�des of the greatest electr�c dens�ty, �n wh�ch pos�t�on the flu�d
res�stance to approach would be smaller than to reced�ng. If �n a
med�um of the above character�st�cs a brush would be formed by a
steady potent�al, an exchange of the carr�ers would go on
cont�nually, and there would be less carr�ers per un�t of volume �n the
brush than �n the space at some d�stance from the electrode, th�s
correspond�ng to rarefact�on. If the potent�al were rap�dly chang�ng,
the result would be very d�fferent; the h�gher the frequency of the
pulses, the slower would be the exchange of the carr�ers; f�nally, the
mot�on of translat�on through measurable space would cease, and,
w�th a suff�c�ently h�gh frequency and �ntens�ty of the stress, the
carr�ers would be drawn towards the electrode, and compress�on
would result.

An �nterest�ng feature of these h�gh frequency currents �s that
they allow of operat�ng all k�nds of dev�ces by connect�ng the dev�ce
w�th only one lead�ng w�re to the electr�c source. In fact, under
certa�n cond�t�ons �t may be more econom�cal to supply the electr�cal
energy w�th one lead than w�th two.



An exper�ment of spec�al �nterest shown by Mr. Tesla, �s the
runn�ng, by the use of only one �nsulated l�ne, of a motor operat�ng
on the pr�nc�ple of the rotat�ng magnet�c f�eld enunc�ated by Mr.
Tesla. A s�mple form of such a motor �s obta�ned by w�nd�ng upon a
lam�nated �ron core a pr�mary and close to �t a secondary co�l,
clos�ng the ends of the latter and plac�ng a freely movable metal d�sc
w�th�n the �nfluence of the mov�ng f�eld. The secondary co�l may,
however, be om�tted. When one of the ends of the pr�mary co�l of the
motor �s connected to one of the term�nals of the h�gh frequency co�l
and the other end to an �nsulated metal plate, wh�ch, �t should be
stated, �s not absolutely necessary for the success of the
exper�ment, the d�sc �s set �n rotat�on.

Exper�ments of th�s k�nd seem to br�ng �t w�th�n poss�b�l�ty to
operate a motor at any po�nt of the earth's surface from a central
source, w�thout any connect�on to the same except through the
earth. If, by means of powerful mach�nery, rap�d var�at�ons of the
earth's potent�al were produced, a grounded w�re reach�ng up to
some he�ght would be traversed by a current wh�ch could be
�ncreased by connect�ng the free end of the w�re to a body of some
s�ze. The current m�ght be converted to low tens�on and used to
operate a motor or other dev�ce. The exper�ment, wh�ch would be
one of great sc�ent�f�c �nterest, would probably best succeed on a
sh�p at sea. In th�s manner, even �f �t were not poss�ble to operate
mach�nery, �ntell�gence m�ght be transm�tted qu�te certa�nly.

In the course of th�s exper�mental study spec�al attent�on was
devoted to the heat�ng effects produced by these currents, wh�ch are
not only str�k�ng, but open up the poss�b�l�ty of produc�ng a more
eff�c�ent �llum�nant. It �s suff�c�ent to attach to the co�l term�nal a th�n
w�re or f�lament, to have the temperature of the latter percept�bly
ra�sed. If the w�re or f�lament be enclosed �n a bulb, the heat�ng effect
�s �ncreased by prevent�ng the c�rculat�on of the a�r. If the a�r �n the
bulb be strongly compressed, the d�splacements are smaller, the
�mpacts less v�olent, and the heat�ng effect �s d�m�n�shed. On the
contrary, �f the a�r �n the bulb be exhausted, an �nclosed lamp
f�lament �s brought to �ncandescence, and any amount of l�ght may
thus be produced.



The heat�ng of the �nclosed lamp f�lament depends on so many
th�ngs of a d�fferent nature, that �t �s d�ff�cult to g�ve a generally
appl�cable rule under wh�ch the max�mum heat�ng occurs. As
regards the s�ze of the bulb, �t �s ascerta�ned that at ord�nary or only
sl�ghtly d�ffer�ng atmospher�c pressures, when a�r �s a good �nsulator,
the f�lament �s heated more �n a small bulb, because of the better
conf�nement of heat �n th�s case. At lower pressures, when a�r
becomes conduct�ng, the heat�ng effect �s greater �n a large bulb, but
at excess�vely h�gh degrees of exhaust�on there seems to be,
beyond a certa�n and rather small s�ze of the vessel, no percept�ble
d�fference �n the heat�ng.

The shape of the vessel �s also of some �mportance, and �t has
been found of advantage for reasons of economy to employ a
spher�cal bulb w�th the electrode mounted �n �ts centre, where the
rebound�ng molecules coll�de.

It �s des�rable on account of economy that all the energy suppl�ed
to the bulb from the source should reach w�thout loss the body to be
heated. The loss �n convey�ng the energy from the source to the
body may be reduced by employ�ng th�n w�res heav�ly coated w�th
�nsulat�on, and by the use of electrostat�c screens. It �s to be
remarked, that the screen cannot be connected to the ground as
under ord�nary cond�t�ons.

In the bulb �tself a large port�on of the energy suppl�ed may be
lost by molecular bombardment aga�nst the w�re connect�ng the body
to be heated w�th the source. Cons�derable �mprovement was
effected by cover�ng the glass stem conta�n�ng the w�re w�th a closely
f�tt�ng conduct�ng tube. Th�s tube �s made to project a l�ttle above the
glass, and prevents the crack�ng of the latter near the heated body.
The effect�veness of the conduct�ng tube �s l�m�ted to very h�gh
degrees of exhaust�on. It d�m�n�shes the energy lost �n bombardment
for two reasons; f�rst, the charge g�ven up by the atoms spreads over
a greater area, and hence the electr�c dens�ty at any po�nt �s small,
and the atoms are repelled w�th less energy than �f they would str�ke
aga�nst a good �nsulator; secondly, as the tube �s electr�f�ed by the
atoms wh�ch f�rst come �n contact w�th �t, the progress of the



follow�ng atoms aga�nst the tube �s more or less checked by the
repuls�on wh�ch the electr�f�ed tube must exert upon the s�m�larly
electr�f�ed atoms. Th�s, �t �s thought, expla�ns why the d�scharge
through a bulb �s establ�shed w�th much greater fac�l�ty when an
�nsulator, than when a conductor, �s present.

Dur�ng the �nvest�gat�ons a great many bulbs of d�fferent
construct�on, w�th electrodes of d�fferent mater�al, were exper�mented
upon, and a number of observat�ons of �nterest were made. Mr. Tesla
has found that the deter�orat�on of the electrode �s the less, the
h�gher the frequency. Th�s was to be expected, as then the heat�ng �s
effected by many small �mpacts, �nstead by fewer and more v�olent
ones, wh�ch qu�ckly shatter the structure. The deter�orat�on �s also
smaller when the v�brat�on �s harmon�c. Thus an electrode,
ma�nta�ned at a certa�n degree of heat, lasts much longer w�th
currents obta�ned from an alternator, than w�th those obta�ned by
means of a d�srupt�ve d�scharge. One of the most durable electrodes
was obta�ned from strongly compressed carborundum, wh�ch �s a
k�nd of carbon recently produced by Mr. E. G. Acheson, of
Monongahela C�ty, Pa. From exper�ence, �t �s �nferred, that to be
most durable, the electrode should be �n the form of a sphere w�th a
h�ghly pol�shed surface.

In some bulbs refractory bod�es were mounted �n a carbon cup
and put under the molecular �mpact. It was observed �n such
exper�ments that the carbon cup was heated at f�rst, unt�l a h�gher
temperature was reached; then most of the bombardment was
d�rected aga�nst the refractory body, and the carbon was rel�eved. In
general, when d�fferent bod�es were mounted �n the bulb, the hardest
fus�ble would be rel�eved, and would rema�n at a cons�derably lower
temperature. Th�s was necess�tated by the fact that most of the
energy suppl�ed would f�nd �ts way through the body wh�ch was more
eas�ly fused or "evaporated."

Cur�ously enough �t appeared �n some of the exper�ments made,
that a body was fused �n a bulb under the molecular �mpact by
evolut�on of less l�ght than when fused by the appl�cat�on of heat �n



ord�nary ways. Th�s may be ascr�bed to a loosen�ng of the structure
of the body under the v�olent �mpacts and chang�ng stresses.

Some exper�ments seem to �nd�cate that under certa�n cond�t�ons
a body, conduct�ng or nonconduct�ng, may, when bombarded, em�t
l�ght, wh�ch to all appearances �s due to phosphorescence, but may
�n real�ty be caused by the �ncandescence of an �nf�n�tes�mal layer,
the mean temperature of the body be�ng comparat�vely small. Such
m�ght be the case �f each s�ngle rhythm�cal �mpact were capable of
�nstantaneously exc�t�ng the ret�na, and the rhythm were just h�gh
enough to cause a cont�nuous �mpress�on �n the eye. Accord�ng to
th�s v�ew, a co�l operated by d�srupt�ve d�scharge would be em�nently
adapted to produce such a result, and �t �s found by exper�ence that
�ts power of exc�t�ng phosphorescence �s extraord�nar�ly great. It �s
capable of exc�t�ng phosphorescence at comparat�vely low degrees
of exhaust�on, and also projects shadows at pressures far greater
than those at wh�ch the mean free path �s comparable to the
d�mens�ons of the vessel. The latter observat�on �s of some
�mportance, �nasmuch as �t may mod�fy the generally accepted v�ews
�n regard to the "rad�ant state" phenomena.

A thought wh�ch early and naturally suggested �tself to Mr. Tesla,
was to ut�l�ze the great �nduct�ve effects of h�gh frequency currents to
produce l�ght �n a sealed glass vessel w�thout the use of lead�ng �n
w�res. Accord�ngly, many bulbs were constructed �n wh�ch the energy
necessary to ma�nta�n a button or f�lament at h�gh �ncandescence,
was suppl�ed through the glass by e�ther electrostat�c or
electrodynam�c �nduct�on. It was easy to regulate the �ntens�ty of the
l�ght em�tted by means of an externally appl�ed condenser coat�ng
connected to an �nsulated plate, or s�mply by means of a plate
attached to the bulb wh�ch at the same t�me performed the funct�on
of a shade.

A subject of exper�ment, wh�ch has been exhaust�vely treated �n
England by Prof. J. J. Thomson, has been followed up �ndependently
by Mr. Tesla from the beg�nn�ng of th�s study, namely, to exc�te by
electrodynam�c �nduct�on a lum�nous band �n a closed tube or bulb.
In observ�ng the behav�or of gases, and the lum�nous phenomena



obta�ned, the �mportance of the electrostat�c effects was noted and �t
appeared des�rable to produce enormous potent�al d�fferences,
alternat�ng w�th extreme rap�d�ty. Exper�ments �n th�s d�rect�on led to
some of the most �nterest�ng results arr�ved at �n the course of these
�nvest�gat�ons. It was found that by rap�d alternat�ons of a h�gh
electrostat�c potent�al, exhausted tubes could be l�ghted at
cons�derable d�stances from a conductor connected to a properly
constructed co�l, and that �t was pract�cable to establ�sh w�th the co�l
an alternat�ng electrostat�c f�eld, act�ng through the whole room and
l�ght�ng a tube wherever �t was placed w�th�n the four walls.
Phosphorescent bulbs may be exc�ted �n such a f�eld, and �t �s easy
to regulate the effect by connect�ng to the bulb a small �nsulated
metal plate. It was l�kew�se poss�ble to ma�nta�n a f�lament or button
mounted �n a tube at br�ght �ncandescence, and, �n one exper�ment,
a m�ca vane was spun by the �ncandescence of a plat�num w�re.

Com�ng now to the lecture del�vered �n Ph�ladelph�a and St.
Lou�s, �t may be remarked that to the superf�c�al reader, Mr. Tesla's
�ntroduct�on, deal�ng w�th the �mportance of the eye, m�ght appear as
a d�gress�on, but the thoughtful reader w�ll f�nd there�n much food for
med�tat�on and speculat�on. Throughout h�s d�scourse one can trace
Mr. Tesla's effort to present �n a popular way thoughts and v�ews on
the electr�cal phenomena wh�ch have �n recent years capt�vated the
sc�ent�f�c world, but of wh�ch the general publ�c has even yet merely
rece�ved an �nkl�ng. Mr. Tesla also dwells rather extens�vely on h�s
well-known method of h�gh-frequency convers�on; and the large
amount of deta�l �nformat�on w�ll be gratefully rece�ved by students
and exper�menters �n th�s v�rg�n f�eld. The employment of apt
analog�es �n expla�n�ng the fundamental pr�nc�ples �nvolved makes �t
easy for all to ga�n a clear �dea of the�r nature. Aga�n, the ease w�th
wh�ch, thanks to Mr. Tesla's efforts, these h�gh-frequency currents
may now be obta�ned from c�rcu�ts carry�ng almost any k�nd of
current, cannot fa�l to result �n an extens�ve broaden�ng of th�s f�eld of
research, wh�ch offers so many poss�b�l�t�es. Mr. Tesla, true
ph�losopher as he �s, does not hes�tate to po�nt out defects �n some
of h�s methods, and �nd�cates the l�nes wh�ch to h�m seem the most
prom�s�ng. Part�cular stress �s la�d by h�m upon the employment of a



med�um �n wh�ch the d�scharge electrodes should be �mmersed �n
order that th�s method of convers�on may be brought to the h�ghest
perfect�on. He has ev�dently taken pa�ns to g�ve as much useful
�nformat�on as poss�ble to those who w�sh to follow �n h�s path, as he
shows �n deta�l the c�rcu�t arrangements to be adopted �n all ord�nary
cases met w�th �n pract�ce, and although some of these methods
were descr�bed by h�m two years before, the add�t�onal �nformat�on �s
st�ll t�mely and welcome.

In h�s exper�ments he dwells f�rst on some phenomena produced
by electrostat�c force, wh�ch he cons�ders �n the l�ght of modern
theor�es to be the most �mportant force �n nature for us to �nvest�gate.
At the very outset he shows a str�k�ngly novel exper�ment �llustrat�ng
the effect of a rap�dly vary�ng electrostat�c force �n a gaseous
med�um, by touch�ng w�th one hand one of the term�nals of a
200,000 volt transformer and br�ng�ng the other hand to the oppos�te
term�nal. The powerful streamers wh�ch �ssued from h�s hand and
aston�shed h�s aud�ences formed a cap�tal �llustrat�on of some of the
v�ews advanced, and afforded Mr. Tesla an opportun�ty of po�nt�ng
out the true reasons why, w�th these currents, such an amount of
energy can be passed through the body w�th �mpun�ty. He then
showed by exper�ment the d�fference between a steady and a rap�dly
vary�ng force upon the d�electr�c. Th�s d�fference �s most str�k�ngly
�llustrated �n the exper�ment �n wh�ch a bulb attached to the end of a
w�re �n connect�on w�th one of the term�nals of the transformer �s
ruptured, although all extraneous bod�es are remote from the bulb.
He next �llustrates how mechan�cal mot�ons are produced by a
vary�ng electrostat�c force act�ng through a gaseous med�um. The
�mportance of the act�on of the a�r �s part�cularly �llustrated by an
�nterest�ng exper�ment.

Tak�ng up another class of phenomena, namely, those of dynam�c
electr�c�ty, Mr. Tesla produced �n a number of exper�ments a var�ety
of effects by the employment of only a s�ngle w�re w�th the ev�dent
�ntent of �mpress�ng upon h�s aud�ence the �dea that electr�c v�brat�on
or current can be transm�tted w�th ease, w�thout any return c�rcu�t;
also how currents so transm�tted can be converted and used for
many pract�cal purposes. A number of exper�ments are then shown,



�llustrat�ng the effects of frequency, self-�nduct�on and capac�ty; then
a number of ways of operat�ng mot�ve and other dev�ces by the use
of a s�ngle lead. A number of novel �mpedance phenomena are also
shown wh�ch cannot fa�l to arouse �nterest.

Mr. Tesla next dwelt upon a subject wh�ch he th�nks of great
�mportance, that �s, electr�cal resonance, wh�ch he expla�ned �n a
popular way. He expressed h�s f�rm conv�ct�on that by observ�ng
proper cond�t�ons, �ntell�gence, and poss�bly even power, can be
transm�tted through the med�um or through the earth; and he
cons�ders th�s problem worthy of ser�ous and �mmed�ate
cons�derat�on.

Com�ng now to the l�ght phenomena �n part�cular, he �llustrated
the four d�st�nct k�nds of these phenomena �n an or�g�nal way, wh�ch
to many must have been a revelat�on. Mr. Tesla attr�butes these l�ght
effects to molecular or atom�c �mpacts produced by a vary�ng
electrostat�c stress �n a gaseous med�um. He �llustrated �n a ser�es of
novel exper�ments the effect of the gas surround�ng the conductor
and shows beyond a doubt that w�th h�gh frequency and h�gh
potent�al currents, the surround�ng gas �s of paramount �mportance �n
the heat�ng of the conductor. He attr�butes the heat�ng part�ally to a
conduct�on current and part�ally to bombardment, and demonstrates
that �n many cases the heat�ng may be pract�cally due to the
bombardment alone. He po�nted out also that the sk�n effect �s
largely mod�f�ed by the presence of the gas or of an atom�c med�um
�n general. He showed also some �nterest�ng exper�ments �n wh�ch
the effect of convect�on �s �llustrated. Probably one of the most
cur�ous exper�ments �n th�s connect�on �s that �n wh�ch a th�n
plat�num w�re stretched along the ax�s of an exhausted tube �s
brought to �ncandescence at certa�n po�nts correspond�ng to the
pos�t�on of the str�æ, wh�le at others �t rema�ns dark. Th�s exper�ment
throws an �nterest�ng l�ght upon the nature of the str�æ and may lead
to �mportant revelat�ons.

Mr. Tesla also demonstrated the d�ss�pat�on of energy through an
atom�c med�um and dwelt upon the behav�or of vacuous space �n
convey�ng heat, and �n th�s connect�on showed the cur�ous behav�or



of an electrode stream, from wh�ch he concludes that the molecules
of a gas probably cannot be acted upon d�rectly at measurable
d�stances.

Mr. Tesla summar�zed the ch�ef results arr�ved at �n pursu�ng h�s
�nvest�gat�ons �n a manner wh�ch w�ll serve as a valuable gu�de to all
who may engage �n th�s work. Perhaps most �nterest w�ll centre on
h�s general statements regard�ng the phenomena of
phosphorescence, the most �mportant fact revealed �n th�s d�rect�on
be�ng that when exc�t�ng a phosphorescent bulb a certa�n def�n�te
potent�al g�ves the most econom�cal result.

The lectures w�ll now be presented �n the order of the�r date of
del�very.



CHAPTER XXVI.

E���������� W��� A��������
C������� �� V��� H���
F�������� ��� T����

A���������� �� M������ ��
A��������� I�����������.[1]

There �s no subject more capt�vat�ng, more worthy of study, than
nature. To understand th�s great mechan�sm, to d�scover the forces
wh�ch are act�ve, and the laws wh�ch govern them, �s the h�ghest a�m
of the �ntellect of man.

Nature has stored up �n the un�verse �nf�n�te energy. The eternal
rec�p�ent and transm�tter of th�s �nf�n�te energy �s the ether. The
recogn�t�on of the ex�stence of ether, and of the funct�ons �t performs,
�s one of the most �mportant results of modern sc�ent�f�c research.
The mere abandon�ng of the �dea of act�on at a d�stance, the
assumpt�on of a med�um pervad�ng all space and connect�ng all
gross matter, has freed the m�nds of th�nkers of an ever present
doubt, and, by open�ng a new hor�zon—new and unforeseen
poss�b�l�t�es—has g�ven fresh �nterest to phenomena w�th wh�ch we
are fam�l�ar of old. It has been a great step towards the
understand�ng of the forces of nature and the�r mult�fold
man�festat�ons to our senses. It has been for the enl�ghtened student
of phys�cs what the understand�ng of the mechan�sm of the f�rearm
or of the steam eng�ne �s for the barbar�an. Phenomena upon wh�ch
we used to look as wonders baffl�ng explanat�on, we now see �n a
d�fferent l�ght. The spark of an �nduct�on co�l, the glow of an
�ncandescent lamp, the man�festat�ons of the mechan�cal forces of
currents and magnets are no longer beyond our grasp; �nstead of the
�ncomprehens�ble, as before, the�r observat�on suggests now �n our



m�nds a s�mple mechan�sm, and although as to �ts prec�se nature all
�s st�ll conjecture, yet we know that the truth cannot be much longer
h�dden, and �nst�nct�vely we feel that the understand�ng �s dawn�ng
upon us. We st�ll adm�re these beaut�ful phenomena, these strange
forces, but we are helpless no longer; we can �n a certa�n measure
expla�n them, account for them, and we are hopeful of f�nally
succeed�ng �n unravel�ng the mystery wh�ch surrounds them.

In how far we can understand the world around us �s the ult�mate
thought of every student of nature. The coarseness of our senses
prevents us from recogn�z�ng the ulter�or construct�on of matter, and
astronomy, th�s grandest and most pos�t�ve of natural sc�ences, can
only teach us someth�ng that happens, as �t were, �n our �mmed�ate
ne�ghborhood: of the remoter port�ons of the boundless un�verse,
w�th �ts numberless stars and suns, we know noth�ng. But far beyond
the l�m�t of percept�on of our senses the sp�r�t st�ll can gu�de us, and
so we may hope that even these unknown worlds—�nf�n�tely small
and great—may �n a measure become known to us. St�ll, even �f th�s
knowledge should reach us, the search�ng m�nd w�ll f�nd a barr�er,
perhaps forever unsurpassable, to the true recogn�t�on of that wh�ch
seems to be, the mere appearance of wh�ch �s the only and slender
bas�s of all our ph�losophy.

Of all the forms of nature's �mmeasurable, all-pervad�ng energy,
wh�ch ever and ever chang�ng and mov�ng, l�ke a soul an�mates the
�nert un�verse, electr�c�ty and magnet�sm are perhaps the most
fasc�nat�ng. The effects of grav�tat�on, of heat and l�ght we observe
da�ly, and soon we get accustomed to them, and soon they lose for
us the character of the marvelous and wonderful; but electr�c�ty and
magnet�sm, w�th the�r s�ngular relat�onsh�p, w�th the�r seem�ngly dual
character, un�que among the forces �n nature, w�th the�r phenomena
of attract�ons, repuls�ons and rotat�ons, strange man�festat�ons of
myster�ous agents, st�mulate and exc�te the m�nd to thought and
research. What �s electr�c�ty, and what �s magnet�sm? These
quest�ons have been asked aga�n and aga�n. The most able
�ntellects have ceaselessly wrestled w�th the problem; st�ll the
quest�on has not as yet been fully answered. But wh�le we cannot
even to-day state what these s�ngular forces are, we have made



good headway towards the solut�on of the problem. We are now
conf�dent that electr�c and magnet�c phenomena are attr�butable to
ether, and we are perhaps just�f�ed �n say�ng that the effects of stat�c
electr�c�ty are effects of ether under stra�n, and those of dynam�c
electr�c�ty and electro-magnet�sm effects of ether �n mot�on. But th�s
st�ll leaves the quest�on, as to what electr�c�ty and magnet�sm are,
unanswered.

F�rst, we naturally �nqu�re, What �s electr�c�ty, and �s there such a
th�ng as electr�c�ty? In �nterpret�ng electr�c phenomena, we may
speak of electr�c�ty or of an electr�c cond�t�on, state or effect. If we
speak of electr�c effects we must d�st�ngu�sh two such effects,
oppos�te �n character and neutral�z�ng each other, as observat�on
shows that two such oppos�te effects ex�st. Th�s �s unavo�dable, for �n
a med�um of the propert�es of ether, we cannot poss�bly exert a
stra�n, or produce a d�splacement or mot�on of any k�nd, w�thout
caus�ng �n the surround�ng med�um an equ�valent and oppos�te
effect. But �f we speak of electr�c�ty, mean�ng a th�ng, we must, I
th�nk, abandon the �dea of two electr�c�t�es, as the ex�stence of two
such th�ngs �s h�ghly �mprobable. For how can we �mag�ne that there
should be two th�ngs, equ�valent �n amount, al�ke �n the�r propert�es,
but of oppos�te character, both cl�ng�ng to matter, both attract�ng and
completely neutral�z�ng each other? Such an assumpt�on, though
suggested by many phenomena, though most conven�ent for
expla�n�ng them, has l�ttle to commend �t. If there �s such a th�ng as
electr�c�ty, there can be only one such th�ng, and excess and want of
that one th�ng, poss�bly; but more probably �ts cond�t�on determ�nes
the pos�t�ve and negat�ve character. The old theory of Frankl�n,
though fall�ng short �n some respects, �s, from a certa�n po�nt of v�ew,
after all, the most plaus�ble one. St�ll, �n sp�te of th�s, the theory of the
two electr�c�t�es �s generally accepted, as �t apparently expla�ns
electr�c phenomena �n a more sat�sfactory manner. But a theory
wh�ch better expla�ns the facts �s not necessar�ly true. Ingen�ous
m�nds w�ll �nvent theor�es to su�t observat�on, and almost every
�ndependent th�nker has h�s own v�ews on the subject.

It �s not w�th the object of advanc�ng an op�n�on, but w�th the
des�re of acqua�nt�ng you better w�th some of the results, wh�ch I w�ll



descr�be, to show you the reason�ng I have followed, the departures I
have made—that I venture to express, �n a few words, the v�ews and
conv�ct�ons wh�ch have led me to these results.

I adhere to the �dea that there �s a th�ng wh�ch we have been �n
the hab�t of call�ng electr�c�ty. The quest�on �s, What �s that th�ng? or,
What, of all th�ngs, the ex�stence of wh�ch we know, have we the
best reason to call electr�c�ty? We know that �t acts l�ke an
�ncompress�ble flu�d; that there must be a constant quant�ty of �t �n
nature; that �t can be ne�ther produced nor destroyed; and, what �s
more �mportant, the electro-magnet�c theory of l�ght and all facts
observed teach us that electr�c and ether phenomena are �dent�cal.
The �dea at once suggests �tself, therefore, that electr�c�ty m�ght be
called ether. In fact, th�s v�ew has �n a certa�n sense been advanced
by Dr. Lodge. H�s �nterest�ng work has been read by everyone and
many have been conv�nced by h�s arguments. H�s great ab�l�ty and
the �nterest�ng nature of the subject, keep the reader spellbound; but
when the �mpress�ons fade, one real�zes that he has to deal only w�th
�ngen�ous explanat�ons. I must confess, that I cannot bel�eve �n two
electr�c�t�es, much less �n a doubly-const�tuted ether. The puzzl�ng
behav�or of the ether as a sol�d to waves of l�ght and heat, and as a
flu�d to the mot�on of bod�es through �t, �s certa�nly expla�ned �n the
most natural and sat�sfactory manner by assum�ng �t to be �n mot�on,
as S�r W�ll�am Thomson has suggested; but regardless of th�s, there
�s noth�ng wh�ch would enable us to conclude w�th certa�nty that,
wh�le a flu�d �s not capable of transm�tt�ng transverse v�brat�ons of a
few hundred or thousand per second, �t m�ght not be capable of
transm�tt�ng such v�brat�ons when they range �nto hundreds of m�ll�on
m�ll�ons per second. Nor can anyone prove that there are transverse
ether waves em�tted from an alternate current mach�ne, g�v�ng a
small number of alternat�ons per second; to such slow d�sturbances,
the ether, �f at rest, may behave as a true flu�d.

Return�ng to the subject, and bear�ng �n m�nd that the ex�stence
of two electr�c�t�es �s, to say the least, h�ghly �mprobable, we must
remember, that we have no ev�dence of electr�c�ty, nor can we hope
to get �t, unless gross matter �s present. Electr�c�ty, therefore, cannot
be called ether �n the broad sense of the term; but noth�ng would



seem to stand �n the way of call�ng electr�c�ty ether assoc�ated w�th
matter, or bound ether; or, �n other words, that the so-called stat�c
charge of the molecule �s ether assoc�ated �n some way w�th the
molecule. Look�ng at �t �n that l�ght, we would be just�f�ed �n say�ng,
that electr�c�ty �s concerned �n all molecular act�ons.

Now, prec�sely what the ether surround�ng the molecules �s,
where�n �t d�ffers from ether �n general, can only be conjectured. It
cannot d�ffer �n dens�ty, ether be�ng �ncompress�ble: �t must,
therefore, be under some stra�n or �n mot�on, and the latter �s the
most probable. To understand �ts funct�ons, �t would be necessary to
have an exact �dea of the phys�cal construct�on of matter, of wh�ch, of
course, we can only form a mental p�cture.

But of all the v�ews on nature, the one wh�ch assumes one matter
and one force, and a perfect un�form�ty throughout, �s the most
sc�ent�f�c and most l�kely to be true. An �nf�n�tes�mal world, w�th the
molecules and the�r atoms sp�nn�ng and mov�ng �n orb�ts, �n much
the same manner as celest�al bod�es, carry�ng w�th them and
probably sp�nn�ng w�th them ether, or �n other words, carry�ng w�th
them stat�c charges, seems to my m�nd the most probable v�ew, and
one wh�ch, �n a plaus�ble manner, accounts for most of the
phenomena observed. The sp�nn�ng of the molecules and the�r ether
sets up the ether tens�ons or electrostat�c stra�ns; the equal�zat�on of
ether tens�ons sets up ether mot�ons or electr�c currents, and the
orb�tal movements produce the effects of electro and permanent
magnet�sm.

About f�fteen years ago, Prof. Rowland demonstrated a most
�nterest�ng and �mportant fact, namely, that a stat�c charge carr�ed
around produces the effects of an electr�c current. Leav�ng out of
cons�derat�on the prec�se nature of the mechan�sm, wh�ch produces
the attract�on and repuls�on of currents, and conce�v�ng the
electrostat�cally charged molecules �n mot�on, th�s exper�mental fact
g�ves us a fa�r �dea of magnet�sm. We can conce�ve l�nes or tubes of
force wh�ch phys�cally ex�st, be�ng formed of rows of d�rected mov�ng
molecules; we can see that these l�nes must be closed, that they
must tend to shorten and expand, etc. It l�kew�se expla�ns �n a



reasonable way, the most puzzl�ng phenomenon of all, permanent
magnet�sm, and, �n general, has all the beaut�es of the Ampere
theory w�thout possess�ng the v�tal defect of the same, namely, the
assumpt�on of molecular currents. W�thout enlarg�ng further upon the
subject, I would say, that I look upon all electrostat�c, current and
magnet�c phenomena as be�ng due to electrostat�c molecular forces.

The preced�ng remarks I have deemed necessary to a full
understand�ng of the subject as �t presents �tself to my m�nd.

Of all these phenomena the most �mportant to study are the
current phenomena, on account of the already extens�ve and ever-
grow�ng use of currents for �ndustr�al purposes. It �s now a century
s�nce the f�rst pract�cal source of current was produced, and, ever
s�nce, the phenomena wh�ch accompany the flow of currents have
been d�l�gently stud�ed, and through the unt�r�ng efforts of sc�ent�f�c
men the s�mple laws wh�ch govern them have been d�scovered. But
these laws are found to hold good only when the currents are of a
steady character. When the currents are rap�dly vary�ng �n strength,
qu�te d�fferent phenomena, often unexpected, present themselves,
and qu�te d�fferent laws hold good, wh�ch even now have not been
determ�ned as fully as �s des�rable, though through the work,
pr�nc�pally, of Engl�sh sc�ent�sts, enough knowledge has been ga�ned
on the subject to enable us to treat s�mple cases wh�ch now present
themselves �n da�ly pract�ce.

The phenomena wh�ch are pecul�ar to the chang�ng character of
the currents are greatly exalted when the rate of change �s
�ncreased, hence the study of these currents �s cons�derably
fac�l�tated by the employment of properly constructed apparatus. It
was w�th th�s and other objects �n v�ew that I constructed alternate
current mach�nes capable of g�v�ng more than two m�ll�on reversals
of current per m�nute, and to th�s c�rcumstance �t �s pr�nc�pally due,
that I am able to br�ng to your attent�on some of the results thus far
reached, wh�ch I hope w�ll prove to be a step �n advance on account
of the�r d�rect bear�ng upon one of the most �mportant problems,
namely, the product�on of a pract�cal and eff�c�ent source of l�ght.



The study of such rap�dly alternat�ng currents �s very �nterest�ng.
Nearly every exper�ment d�scloses someth�ng new. Many results
may, of course, be pred�cted, but many more are unforeseen. The
exper�menter makes many �nterest�ng observat�ons. For �nstance, we
take a p�ece of �ron and hold �t aga�nst a magnet. Start�ng from low
alternat�ons and runn�ng up h�gher and h�gher we feel the �mpulses
succeed each other faster and faster, get weaker and weaker, and
f�nally d�sappear. We then observe a cont�nuous pull; the pull, of
course, �s not cont�nuous; �t only appears so to us; our sense of
touch �s �mperfect.

We may next establ�sh an arc between the electrodes and
observe, as the alternat�ons r�se, that the note wh�ch accompan�es
alternat�ng arcs gets shr�ller and shr�ller, gradually weakens, and
f�nally ceases. The a�r v�brat�ons, of course, cont�nue, but they are
too weak to be perce�ved; our sense of hear�ng fa�ls us.

We observe the small phys�olog�cal effects, the rap�d heat�ng of
the �ron cores and conductors, cur�ous �nduct�ve effects, �nterest�ng
condenser phenomena, and st�ll more �nterest�ng l�ght phenomena
w�th a h�gh tens�on �nduct�on co�l. All these exper�ments and
observat�ons would be of the greatest �nterest to the student, but
the�r descr�pt�on would lead me too far from the pr�nc�pal subject.
Partly for th�s reason, and partly on account of the�r vastly greater
�mportance, I w�ll conf�ne myself to the descr�pt�on of the l�ght effects
produced by these currents.

In the exper�ments to th�s end a h�gh tens�on �nduct�on co�l or
equ�valent apparatus for convert�ng currents of comparat�vely low
�nto currents of h�gh tens�on �s used.

If you w�ll be suff�c�ently �nterested �n the results I shall descr�be
as to enter �nto an exper�mental study of th�s subject; �f you w�ll be
conv�nced of the truth of the arguments I shall advance—your a�m
w�ll be to produce h�gh frequenc�es and h�gh potent�als; �n other
words, powerful electrostat�c effects. You w�ll then encounter many
d�ff�cult�es, wh�ch, �f completely overcome, would allow us to produce
truly wonderful results.



F�rst w�ll be met the d�ff�culty of obta�n�ng the requ�red frequenc�es
by means of mechan�cal apparatus, and, �f they be obta�ned
otherw�se, obstacles of a d�fferent nature w�ll present themselves.
Next �t w�ll be found d�ff�cult to prov�de the requ�s�te �nsulat�on w�thout
cons�derably �ncreas�ng the s�ze of the apparatus, for the potent�als
requ�red are h�gh, and, ow�ng to the rap�d�ty of the alternat�ons, the
�nsulat�on presents pecul�ar d�ff�cult�es. So, for �nstance, when a gas
�s present, the d�scharge may work, by the molecular bombardment
of the gas and consequent heat�ng, through as much as an �nch of
the best sol�d �nsulat�ng mater�al, such as glass, hard rubber,
porcela�n, seal�ng wax, etc.; �n fact, through any known �nsulat�ng
substance. The ch�ef requ�s�te �n the �nsulat�on of the apparatus �s,
therefore, the exclus�on of any gaseous matter.

In general my exper�ence tends to show that bod�es wh�ch
possess the h�ghest spec�f�c �nduct�ve capac�ty, such as glass, afford
a rather �nfer�or �nsulat�on to others, wh�ch, wh�le they are good
�nsulators, have a much smaller spec�f�c �nduct�ve capac�ty, such as
o�ls, for �nstance, the d�electr�c losses be�ng no doubt greater �n the
former. The d�ff�culty of �nsulat�ng, of course, only ex�sts when the
potent�als are excess�vely h�gh, for w�th potent�als such as a few
thousand volts there �s no part�cular d�ff�culty encountered �n
convey�ng currents from a mach�ne g�v�ng, say, 20,000 alternat�ons
per second, to qu�te a d�stance. Th�s number of alternat�ons,
however, �s by far too small for many purposes, though qu�te
suff�c�ent for some pract�cal appl�cat�ons. Th�s d�ff�culty of �nsulat�ng
�s fortunately not a v�tal drawback; �t affects mostly the s�ze of the
apparatus, for, when excess�vely h�gh potent�als would be used, the
l�ght-g�v�ng dev�ces would be located not far from the apparatus, and
often they would be qu�te close to �t. As the a�r-bombardment of the
�nsulated w�re �s dependent on condenser act�on, the loss may be
reduced to a tr�fle by us�ng excess�vely th�n w�res heav�ly �nsulated.

Another d�ff�culty w�ll be encountered �n the capac�ty and self-
�nduct�on necessar�ly possessed by the co�l. If the co�l be large, that
�s, �f �t conta�n a great length of w�re, �t w�ll be generally unsu�ted for
excess�vely h�gh frequenc�es; �f �t be small, �t may be well adapted for
such frequenc�es, but the potent�al m�ght then not be as h�gh as



des�red. A good �nsulator, and preferably one possess�ng a small
spec�f�c �nduct�ve capac�ty, would afford a two-fold advantage. F�rst, �t
would enable us to construct a very small co�l capable of
w�thstand�ng enormous d�fferences of potent�al; and secondly, such a
small co�l, by reason of �ts smaller capac�ty and self-�nduct�on, would
be capable of a qu�cker and more v�gorous v�brat�on. The problem
then of construct�ng a co�l or �nduct�on apparatus of any k�nd
possess�ng the requ�s�te qual�t�es I regard as one of no small
�mportance, and �t has occup�ed me for a cons�derable t�me.

The �nvest�gator who des�res to repeat the exper�ments wh�ch I
w�ll descr�be, w�th an alternate current mach�ne, capable of supply�ng
currents of the des�red frequency, and an �nduct�on co�l, w�ll do well
to take the pr�mary co�l out and mount the secondary �n such a
manner as to be able to look through the tube upon wh�ch the
secondary �s wound. He w�ll then be able to observe the streams
wh�ch pass from the pr�mary to the �nsulat�ng tube, and from the�r
�ntens�ty he w�ll know how far he can stra�n the co�l. W�thout th�s
precaut�on he �s sure to �njure the �nsulat�on. Th�s arrangement
perm�ts, however, an easy exchange of the pr�mar�es, wh�ch �s
des�rable �n these exper�ments.

The select�on of the type of mach�ne best su�ted for the purpose
must be left to the judgment of the exper�menter. There are here
�llustrated three d�st�nct types of mach�nes, wh�ch, bes�des others, I
have used �n my exper�ments.

F�g. 97 represents the mach�ne used �n my exper�ments before
th�s Inst�tute. The f�eld magnet cons�sts of a r�ng of wrought �ron w�th
384 pole project�ons. The armature compr�ses a steel d�sc to wh�ch
�s fastened a th�n, carefully welded r�m of wrought �ron. Upon the r�m
are wound several layers of f�ne, well annealed �ron w�re, wh�ch,
when wound, �s passed through shellac. The armature w�res are
wound around brass p�ns, wrapped w�th s�lk thread. The d�ameter of
the armature w�re �n th�s type of mach�ne should not be more than
1/6 of the th�ckness of the pole project�ons, else the local act�on w�ll
be cons�derable.



F�g. 97.
F��. 97.

F�g. 98 represents a larger mach�ne of a d�fferent type. The f�eld
magnet of th�s mach�ne cons�sts of two l�ke parts wh�ch e�ther
enclose an exc�t�ng co�l, or else are �ndependently wound. Each part
has 480 pole project�ons, the project�ons of one fac�ng those of the
other. The armature cons�sts of a wheel of hard bronze, carry�ng the
conductors wh�ch revolve between the project�ons of the f�eld
magnet. To w�nd the armature conductors, I have found �t most
conven�ent to proceed �n the follow�ng manner. I construct a r�ng of
hard bronze of the requ�red s�ze. Th�s r�ng and the r�m of the wheel
are prov�ded w�th the proper number of p�ns, and both fastened upon
a plate. The armature conductors be�ng wound, the p�ns are cut off
and the ends of the conductors fastened by two r�ngs wh�ch screw to
the bronze r�ng and the r�m of the wheel, respect�vely. The whole
may then be taken off and forms a sol�d structure. The conductors �n
such a type of mach�ne should cons�st of sheet copper, the th�ckness
of wh�ch, of course, depends on the th�ckness of the pole
project�ons; or else tw�sted th�n w�res should be employed.

F�g. 99 �s a smaller mach�ne, �n many respects s�m�lar to the
former, only here the armature conductors and the exc�t�ng co�l are
kept stat�onary, wh�le only a block of wrought �ron �s revolved.

F�g. 98.
F��. 98.

It would be uselessly lengthen�ng th�s descr�pt�on were I to dwell
more on the deta�ls of construct�on of these mach�nes. Bes�des, they
have been descr�bed somewhat more elaborately �n The Electr�cal
Eng�neer, of March 18, 1891. I deem �t well, however, to call the
attent�on of the �nvest�gator to two th�ngs, the �mportance of wh�ch,
though self ev�dent, he �s nevertheless apt to underest�mate; namely,
to the local act�on �n the conductors wh�ch must be carefully avo�ded,
and to the clearance, wh�ch must be small. I may add, that s�nce �t �s
des�rable to use very h�gh per�pheral speeds, the armature should be
of very large d�ameter �n order to avo�d �mpract�cable belt speeds. Of



the several types of these mach�nes wh�ch have been constructed by
me, I have found that the type �llustrated �n F�g. 97 caused me the
least trouble �n construct�on, as well as �n ma�ntenance, and on the
whole, �t has been a good exper�mental mach�ne.

In operat�ng an �nduct�on co�l w�th very rap�dly alternat�ng
currents, among the f�rst lum�nous phenomena not�ced are naturally
those presented by the h�gh-tens�on d�scharge. As the number of
alternat�ons per second �s �ncreased, or as—the number be�ng h�gh
—the current through the pr�mary �s var�ed, the d�scharge gradually
changes �n appearance. It would be d�ff�cult to descr�be the m�nor
changes wh�ch occur, and the cond�t�ons wh�ch br�ng them about, but
one may note f�ve d�st�nct forms of the d�scharge.

F�g. 99.
F��. 99.

F�rst, one may observe a weak, sens�t�ve d�scharge �n the form of
a th�n, feeble-colored thread. (F�g. 100a.) It always occurs when, the
number of alternat�ons per second be�ng h�gh, the current through
the pr�mary �s very small. In sp�te of the excess�vely small current,
the rate of change �s great, and the d�fference of potent�al at the
term�nals of the secondary �s therefore cons�derable, so that the arc
�s establ�shed at great d�stances; but the quant�ty of "electr�c�ty" set
�n mot�on �s �ns�gn�f�cant, barely suff�c�ent to ma�nta�n a th�n,
threadl�ke arc. It �s excess�vely sens�t�ve and may be made so to
such a degree that the mere act of breath�ng near the co�l w�ll affect
�t, and unless �t �s perfectly well protected from currents of a�r, �t
wr�ggles around constantly. Nevertheless, �t �s �n th�s form
excess�vely pers�stent, and when the term�nals are approached to,
say, one-th�rd of the str�k�ng d�stance, �t can be blown out only w�th
d�ff�culty. Th�s except�onal pers�stency, when short, �s largely due to
the arc be�ng excess�vely th�n; present�ng, therefore, a very small
surface to the blast. Its great sens�t�veness, when very long, �s
probably due to the mot�on of the part�cles of dust suspended �n the
a�r.

F�g. 100a, 100b.



F��. 100a. F��. 100b.

When the current through the pr�mary �s �ncreased, the d�scharge
gets broader and stronger, and the effect of the capac�ty of the co�l
becomes v�s�ble unt�l, f�nally, under proper cond�t�ons, a wh�te
flam�ng arc, F�g. 100B, often as th�ck as one's f�nger, and str�k�ng
across the whole co�l, �s produced. It develops remarkable heat, and
may be further character�zed by the absence of the h�gh note wh�ch
accompan�es the less powerful d�scharges. To take a shock from the
co�l under these cond�t�ons would not be adv�sable, although under
d�fferent cond�t�ons, the potent�al be�ng much h�gher, a shock from
the co�l may be taken w�th �mpun�ty. To produce th�s k�nd of
d�scharge the number of alternat�ons per second must not be too
great for the co�l used; and, generally speak�ng, certa�n relat�ons
between capac�ty, self-�nduct�on and frequency must be observed.

The �mportance of these elements �n an alternate current c�rcu�t �s
now well-known, and under ord�nary cond�t�ons, the general rules are
appl�cable. But �n an �nduct�on co�l except�onal cond�t�ons preva�l.
F�rst, the self-�nduct�on �s of l�ttle �mportance before the arc �s
establ�shed, when �t asserts �tself, but perhaps never as prom�nently
as �n ord�nary alternate current c�rcu�ts, because the capac�ty �s
d�str�buted all along the co�l, and by reason of the fact that the co�l
usually d�scharges through very great res�stances; hence the
currents are except�onally small. Secondly, the capac�ty goes on
�ncreas�ng cont�nually as the potent�al r�ses, �n consequence of
absorpt�on wh�ch takes place to a cons�derable extent. Ow�ng to th�s
there ex�sts no cr�t�cal relat�onsh�p between these quant�t�es, and
ord�nary rules would not seem to be appl�cable. As the potent�al �s
�ncreased e�ther �n consequence of the �ncreased frequency or of the
�ncreased current through the pr�mary, the amount of the energy
stored becomes greater and greater, and the capac�ty ga�ns more
and more �n �mportance. Up to a certa�n po�nt the capac�ty �s
benef�c�al, but after that �t beg�ns to be an enormous drawback. It
follows from th�s that each co�l g�ves the best result w�th a g�ven
frequency and pr�mary current. A very large co�l, when operated w�th
currents of very h�gh frequency, may not g�ve as much as 1/8 �nch



spark. By add�ng capac�ty to the term�nals, the cond�t�on may be
�mproved, but what the co�l really wants �s a lower frequency.

When the flam�ng d�scharge occurs, the cond�t�ons are ev�dently
such that the greatest current �s made to flow through the c�rcu�t.
These cond�t�ons may be atta�ned by vary�ng the frequency w�th�n
w�de l�m�ts, but the h�ghest frequency at wh�ch the flam�ng arc can
st�ll be produced, determ�nes, for a g�ven pr�mary current, the
max�mum str�k�ng d�stance of the co�l. In the flam�ng d�scharge the
eclat effect of the capac�ty �s not percept�ble; the rate at wh�ch the
energy �s be�ng stored then just equals the rate at wh�ch �t can be
d�sposed of through the c�rcu�t. Th�s k�nd of d�scharge �s the severest
test for a co�l; the break, when �t occurs, �s of the nature of that �n an
overcharged Leyden jar. To g�ve a rough approx�mat�on I would state
that, w�th an ord�nary co�l of, say 10,000 ohms res�stance, the most
powerful arc would be produced w�th about 12,000 alternat�ons per
second.

When the frequency �s �ncreased beyond that rate, the potent�al,
of course, r�ses, but the str�k�ng d�stance may, nevertheless,
d�m�n�sh, paradox�cal as �t may seem. As the potent�al r�ses the co�l
atta�ns more and more the propert�es of a stat�c mach�ne unt�l, f�nally,
one may observe the beaut�ful phenomenon of the stream�ng
d�scharge, F�g. 101, wh�ch may be produced across the whole length
of the co�l. At that stage streams beg�n to �ssue freely from all po�nts
and project�ons. These streams w�ll also be seen to pass �n
abundance �n the space between the pr�mary and the �nsulat�ng
tube. When the potent�al �s excess�vely h�gh they w�ll always appear,
even �f the frequency be low, and even �f the pr�mary be surrounded
by as much as an �nch of wax, hard rubber, glass, or any other
�nsulat�ng substance. Th�s l�m�ts greatly the output of the co�l, but I
w�ll later show how I have been able to overcome to a cons�derable
extent th�s d�sadvantage �n the ord�nary co�l.

Bes�des the potent�al, the �ntens�ty of the streams depends on the
frequency; but �f the co�l be very large they show themselves, no
matter how low the frequenc�es used. For �nstance, �n a very large
co�l of a res�stance of 67,000 ohms, constructed by me some t�me



ago, they appear w�th as low as 100 alternat�ons per second and
less, the �nsulat�on of the secondary be�ng 3/4 �nch of ebon�te. When
very �ntense they produce a no�se s�m�lar to that produced by the
charg�ng of a Holtz mach�ne, but much more powerful, and they em�t
a strong smell of ozone. The lower the frequency, the more apt they
are to suddenly �njure the co�l. W�th excess�vely h�gh frequenc�es
they may pass freely w�thout produc�ng any other effect than to heat
the �nsulat�on slowly and un�formly.

F�g. 101, 102.
F��. 101. F��. 102.

The ex�stence of these streams shows the �mportance of
construct�ng an expens�ve co�l so as to perm�t of one's see�ng
through the tube surround�ng the pr�mary, and the latter should be
eas�ly exchangeable; or else the space between the pr�mary and
secondary should be completely f�lled up w�th �nsulat�ng mater�al so
as to exclude all a�r. The non-observance of th�s s�mple rule �n the
construct�on of commerc�al co�ls �s respons�ble for the destruct�on of
many an expens�ve co�l.

At the stage when the stream�ng d�scharge occurs, or w�th
somewhat h�gher frequenc�es, one may, by approach�ng the
term�nals qu�te nearly, and regulat�ng properly the effect of capac�ty,
produce a ver�table spray of small s�lver-wh�te sparks, or a bunch of
excess�vely th�n s�lvery threads (F�g. 102) am�dst a powerful brush—
each spark or thread poss�bly correspond�ng to one alternat�on. Th�s,
when produced under proper cond�t�ons, �s probably the most
beaut�ful d�scharge, and when an a�r blast �s d�rected aga�nst �t, �t
presents a s�ngular appearance. The spray of sparks, when rece�ved
through the body, causes some �nconven�ence, whereas, when the
d�scharge s�mply streams, noth�ng at all �s l�kely to be felt �f large
conduct�ng objects are held �n the hands to protect them from
rece�v�ng small burns.

If the frequency �s st�ll more �ncreased, then the co�l refuses to
g�ve any spark unless at comparat�vely small d�stances, and the f�fth
typ�cal form of d�scharge may be observed (F�g. 103). The tendency



to stream out and d�ss�pate �s then so great that when the brush �s
produced at one term�nal no spark�ng occurs, even �f, as I have
repeatedly tr�ed, the hand, or any conduct�ng object, �s held w�th�n
the stream; and, what �s more s�ngular, the lum�nous stream �s not at
all eas�ly deflected by the approach of a conduct�ng body.

F�g. 103, 104.
F��. 103. F��. 104.

At th�s stage the streams seem�ngly pass w�th the greatest
freedom through cons�derable th�cknesses of �nsulators, and �t �s
part�cularly �nterest�ng to study the�r behav�or. For th�s purpose �t �s
conven�ent to connect to the term�nals of the co�l two metall�c
spheres wh�ch may be placed at any des�red d�stance, F�g. 104.
Spheres are preferable to plates, as the d�scharge can be better
observed. By �nsert�ng d�electr�c bod�es between the spheres,
beaut�ful d�scharge phenomena may be observed. If the spheres be
qu�te close and a spark be play�ng between them, by �nterpos�ng a
th�n plate of ebon�te between the spheres the spark �nstantly ceases
and the d�scharge spreads �nto an �ntensely lum�nous c�rcle several
�nches �n d�ameter, prov�ded the spheres are suff�c�ently large. The
passage of the streams heats, and, after a wh�le, softens, the rubber
so much that two plates may be made to st�ck together �n th�s
manner. If the spheres are so far apart that no spark occurs, even �f
they are far beyond the str�k�ng d�stance, by �nsert�ng a th�ck plate of
glass the d�scharge �s �nstantly �nduced to pass from the spheres to
the glass �n the form of lum�nous streams. It appears almost as
though these streams pass through the d�electr�c. In real�ty th�s �s not
the case, as the streams are due to the molecules of the a�r wh�ch
are v�olently ag�tated �n the space between the oppos�tely charged
surfaces of the spheres. When no d�electr�c other than a�r �s present,
the bombardment goes on, but �s too weak to be v�s�ble; by �nsert�ng
a d�electr�c the �nduct�ve effect �s much �ncreased, and bes�des, the
projected a�r molecules f�nd an obstacle and the bombardment
becomes so �ntense that the streams become lum�nous. If by any
mechan�cal means we could effect such a v�olent ag�tat�on of the
molecules we could produce the same phenomenon. A jet of a�r
escap�ng through a small hole under enormous pressure and str�k�ng



aga�nst an �nsulat�ng substance, such as glass, may be lum�nous �n
the dark, and �t m�ght be poss�ble to produce a phosphorescence of
the glass or other �nsulators �n th�s manner.

The greater the spec�f�c �nduct�ve capac�ty of the �nterposed
d�electr�c, the more powerful the effect produced. Ow�ng to th�s, the
streams show themselves w�th excess�vely h�gh potent�als even �f
the glass be as much as one and one-half to two �nches th�ck. But
bes�des the heat�ng due to bombardment, some heat�ng goes on
undoubtedly �n the d�electr�c, be�ng apparently greater �n glass than
�n ebon�te. I attr�bute th�s to the greater spec�f�c �nduct�ve capac�ty of
the glass, �n consequence of wh�ch, w�th the same potent�al
d�fference, a greater amount of energy �s taken up �n �t than �n
rubber. It �s l�ke connect�ng to a battery a copper and a brass w�re of
the same d�mens�ons. The copper w�re, though a more perfect
conductor, would heat more by reason of �ts tak�ng more current.
Thus what �s otherw�se cons�dered a v�rtue of the glass �s here a
defect. Glass usually g�ves way much qu�cker than ebon�te; when �t
�s heated to a certa�n degree, the d�scharge suddenly breaks through
at one po�nt, assum�ng then the ord�nary form of an arc.

The heat�ng effect produced by molecular bombardment of the
d�electr�c would, of course, d�m�n�sh as the pressure of the a�r �s
�ncreased, and at enormous pressure �t would be negl�g�ble, unless
the frequency would �ncrease correspond�ngly.

It w�ll be often observed �n these exper�ments that when the
spheres are beyond the str�k�ng d�stance, the approach of a glass
plate, for �nstance, may �nduce the spark to jump between the
spheres. Th�s occurs when the capac�ty of the spheres �s somewhat
below the cr�t�cal value wh�ch g�ves the greatest d�fference of
potent�al at the term�nals of the co�l. By approach�ng a d�electr�c, the
spec�f�c �nduct�ve capac�ty of the space between the spheres �s
�ncreased, produc�ng the same effect as �f the capac�ty of the
spheres were �ncreased. The potent�al at the term�nals may then r�se
so h�gh that the a�r space �s cracked. The exper�ment �s best
performed w�th dense glass or m�ca.



Another �nterest�ng observat�on �s that a plate of �nsulat�ng
mater�al, when the d�scharge �s pass�ng through �t, �s strongly
attracted by e�ther of the spheres, that �s by the nearer one, th�s
be�ng obv�ously due to the smaller mechan�cal effect of the
bombardment on that s�de, and perhaps also to the greater
electr�f�cat�on.

From the behav�or of the d�electr�cs �n these exper�ments, we
may conclude that the best �nsulator for these rap�dly alternat�ng
currents would be the one possess�ng the smallest spec�f�c �nduct�ve
capac�ty and at the same t�me one capable of w�thstand�ng the
greatest d�fferences of potent�al; and thus two d�ametr�cally oppos�te
ways of secur�ng the requ�red �nsulat�on are �nd�cated, namely, to
use e�ther a perfect vacuum or a gas under great pressure; but the
former would be preferable. Unfortunately ne�ther of these two ways
�s eas�ly carr�ed out �n pract�ce.

It �s espec�ally �nterest�ng to note the behav�or of an excess�vely
h�gh vacuum �n these exper�ments. If a test tube, prov�ded w�th
external electrodes and exhausted to the h�ghest poss�ble degree,
be connected to the term�nals of the co�l, F�g. 105, the electrodes of
the tube are �nstantly brought to a h�gh temperature and the glass at
each end of the tube �s rendered �ntensely phosphorescent, but the
m�ddle appears comparat�vely dark, and for a wh�le rema�ns cool.

When the frequency �s so h�gh that the d�scharge shown �n F�g.
103 �s observed, cons�derable d�ss�pat�on no doubt occurs �n the co�l.
Nevertheless the co�l may be worked for a long t�me, as the heat�ng
�s gradual.

In sp�te of the fact that the d�fference of potent�al may be
enormous, l�ttle �s felt when the d�scharge �s passed through the
body, prov�ded the hands are armed. Th�s �s to some extent due to
the h�gher frequency, but pr�nc�pally to the fact that less energy �s
ava�lable externally, when the d�fference of potent�al reaches an
enormous value, ow�ng to the c�rcumstance that, w�th the r�se of
potent�al, the energy absorbed �n the co�l �ncreases as the square of
the potent�al. Up to a certa�n po�nt the energy ava�lable externally



�ncreases w�th the r�se of potent�al, then �t beg�ns to fall off rap�dly.
Thus, w�th the ord�nary h�gh tens�on �nduct�on co�l, the cur�ous
paradox ex�sts, that, wh�le w�th a g�ven current through the pr�mary
the shock m�ght be fatal, w�th many t�mes that current �t m�ght be
perfectly harmless, even �f the frequency be the same. W�th h�gh
frequenc�es and excess�vely h�gh potent�als when the term�nals are
not connected to bod�es of some s�ze, pract�cally all the energy
suppl�ed to the pr�mary �s taken up by the co�l. There �s no break�ng
through, no local �njury, but all the mater�al, �nsulat�ng and
conduct�ng, �s un�formly heated.

F�g. 105, 106.
F��. 105. F��. 106.

To avo�d m�sunderstand�ng �n regard to the phys�olog�cal effect of
alternat�ng currents of very h�gh frequency, I th�nk �t necessary to
state that, wh�le �t �s an unden�able fact that they are �ncomparably
less dangerous than currents of low frequenc�es, �t should not be
thought that they are altogether harmless. What has just been sa�d
refers only to currents from an ord�nary h�gh tens�on �nduct�on co�l,
wh�ch currents are necessar�ly very small; �f rece�ved d�rectly from a
mach�ne or from a secondary of low res�stance, they produce more
or less powerful effects, and may cause ser�ous �njury, espec�ally
when used �n conjunct�on w�th condensers.

The stream�ng d�scharge of a h�gh tens�on �nduct�on co�l d�ffers �n
many respects from that of a powerful stat�c mach�ne. In color �t has
ne�ther the v�olet of the pos�t�ve, nor the br�ghtness of the negat�ve,
stat�c d�scharge, but l�es somewhere between, be�ng, of course,
alternat�vely pos�t�ve and negat�ve. But s�nce the stream�ng �s more
powerful when the po�nt or term�nal �s electr�f�ed pos�t�vely, than
when electr�f�ed negat�vely, �t follows that the po�nt of the brush �s
more l�ke the pos�t�ve, and the root more l�ke the negat�ve, stat�c
d�scharge. In the dark, when the brush �s very powerful, the root may
appear almost wh�te. The w�nd produced by the escap�ng streams,
though �t may be very strong—often �ndeed to such a degree that �t
may be felt qu�te a d�stance from the co�l—�s, nevertheless,
cons�der�ng the quant�ty of the d�scharge, smaller than that produced



by the pos�t�ve brush of a stat�c mach�ne, and �t affects the flame
much less powerfully. From the nature of the phenomenon we can
conclude that the h�gher the frequency, the smaller must, of course,
be the w�nd produced by the streams, and w�th suff�c�ently h�gh
frequenc�es no w�nd at all would be produced at the ord�nary
atmospher�c pressures. W�th frequenc�es obta�nable by means of a
mach�ne, the mechan�cal effect �s suff�c�ently great to revolve, w�th
cons�derable speed, large p�n-wheels, wh�ch �n the dark present a
beaut�ful appearance ow�ng to the abundance of the streams (F�g.
106).

F�g. 107, 108.
F��. 107. F��. 108.

In general, most of the exper�ments usually performed w�th a
stat�c mach�ne can be performed w�th an �nduct�on co�l when
operated w�th very rap�dly alternat�ng currents. The effects produced,
however, are much more str�k�ng, be�ng of �ncomparably greater
power. When a small length of ord�nary cotton covered w�re, F�g.
107, �s attached to one term�nal of the co�l, the streams �ssu�ng from
all po�nts of the w�re may be so �ntense as to produce a cons�derable
l�ght effect. When the potent�als and frequenc�es are very h�gh, a
w�re �nsulated w�th gutta percha or rubber and attached to one of the
term�nals, appears to be covered w�th a lum�nous f�lm. A very th�n
bare w�re when attached to a term�nal em�ts powerful streams and
v�brates cont�nually to and fro or sp�ns �n a c�rcle, produc�ng a
s�ngular effect (F�g. 108). Some of these exper�ments have been
descr�bed by me �n The Electr�cal World, of February 21, 1891.

Another pecul�ar�ty of the rap�dly alternat�ng d�scharge of the
�nduct�on co�l �s �ts rad�cally d�fferent behav�or w�th respect to po�nts
and rounded surfaces.

If a th�ck w�re, prov�ded w�th a ball at one end and w�th a po�nt at
the other, be attached to the pos�t�ve term�nal of a stat�c mach�ne,
pract�cally all the charge w�ll be lost through the po�nt, on account of
the enormously greater tens�on, dependent on the rad�us of
curvature. But �f such a w�re �s attached to one of the term�nals of the



�nduct�on co�l, �t w�ll be observed that w�th very h�gh frequenc�es
streams �ssue from the ball almost as cop�ously as from the po�nt
(F�g. 109).

It �s hardly conce�vable that we could produce such a cond�t�on to
an equal degree �n a stat�c mach�ne, for the s�mple reason, that the
tens�on �ncreases as the square of the dens�ty, wh�ch �n turn �s
proport�onal to the rad�us of curvature; hence, w�th a steady potent�al
an enormous charge would be requ�red to make streams �ssue from
a pol�shed ball wh�le �t �s connected w�th a po�nt. But w�th an
�nduct�on co�l the d�scharge of wh�ch alternates w�th great rap�d�ty �t
�s d�fferent. Here we have to deal w�th two d�st�nct tendenc�es. F�rst,
there �s the tendency to escape wh�ch ex�sts �n a cond�t�on of rest,
and wh�ch depends on the rad�us of curvature; second, there �s the
tendency to d�ss�pate �nto the surround�ng a�r by condenser act�on,
wh�ch depends on the surface. When one of these tendenc�es �s a
max�mum, the other �s at a m�n�mum. At the po�nt the lum�nous
stream �s pr�nc�pally due to the a�r molecules com�ng bod�ly �n
contact w�th the po�nt; they are attracted and repelled, charged and
d�scharged, and, the�r atom�c charges be�ng thus d�sturbed, v�brate
and em�t l�ght waves. At the ball, on the contrary, there �s no doubt
that the effect �s to a great extent produced �nduct�vely, the a�r
molecules not necessar�ly com�ng �n contact w�th the ball, though
they undoubtedly do so. To conv�nce ourselves of th�s we only need
to exalt the condenser act�on, for �nstance, by envelop�ng the ball, at
some d�stance, by a better conductor than the surround�ng med�um,
the conductor be�ng, of course, �nsulated; or else by surround�ng �t
w�th a better d�electr�c and approach�ng an �nsulated conductor; �n
both cases the streams w�ll break forth more cop�ously. Also, the
larger the ball w�th a g�ven frequency, or the h�gher the frequency,
the more w�ll the ball have the advantage over the po�nt. But, s�nce a
certa�n �ntens�ty of act�on �s requ�red to render the streams v�s�ble, �t
�s obv�ous that �n the exper�ment descr�bed the ball should not be
taken too large.

In consequence of th�s two-fold tendency, �t �s poss�ble to
produce by means of po�nts, effects �dent�cal to those produced by
capac�ty. Thus, for �nstance, by attach�ng to one term�nal of the co�l a



small length of so�led w�re, present�ng many po�nts and offer�ng great
fac�l�ty to escape, the potent�al of the co�l may be ra�sed to the same
value as by attach�ng to the term�nal a pol�shed ball of a surface
many t�mes greater than that of the w�re.

F�g. 109, 110.
F��. 109. F��. 110.

An �nterest�ng exper�ment, show�ng the effect of the po�nts, may
be performed �n the follow�ng manner: Attach to one of the term�nals
of the co�l a cotton covered w�re about two feet �n length, and adjust
the cond�t�ons so that streams �ssue from the w�re. In th�s exper�ment
the pr�mary co�l should be preferably placed so that �t extends only
about half way �nto the secondary co�l. Now touch the free term�nal
of the secondary w�th a conduct�ng object held �n the hand, or else
connect �t to an �nsulated body of some s�ze. In th�s manner the
potent�al on the w�re may be enormously ra�sed. The effect of th�s
w�ll be e�ther to �ncrease, or to d�m�n�sh, the streams. If they
�ncrease, the w�re �s too short; �f they d�m�n�sh, �t �s too long. By
adjust�ng the length of the w�re, a po�nt �s found where the touch�ng
of the other term�nal does not at all affect the streams. In th�s case
the r�se of potent�al �s exactly counteracted by the drop through the
co�l. It w�ll be observed that small lengths of w�re produce
cons�derable d�fference �n the magn�tude and lum�nos�ty of the
streams. The pr�mary co�l �s placed s�dew�se for two reasons: F�rst,
to �ncrease the potent�al at the w�re; and, second, to �ncrease the
drop through the co�l. The sens�t�veness �s thus augmented.

There �s st�ll another and far more str�k�ng pecul�ar�ty of the brush
d�scharge produced by very rap�dly alternat�ng currents. To observe
th�s �t �s best to replace the usual term�nals of the co�l by two metal
columns �nsulated w�th a good th�ckness of ebon�te. It �s also well to
close all f�ssures and cracks w�th wax so that the brushes cannot
form anywhere except at the tops of the columns. If the cond�t�ons
are carefully adjusted—wh�ch, of course, must be left to the sk�ll of
the exper�menter—so that the potent�al r�ses to an enormous value,
one may produce two powerful brushes several �nches long, nearly
wh�te at the�r roots, wh�ch �n the dark bear a str�k�ng resemblance to



two flames of a gas escap�ng under pressure (F�g. 110). But they do
not only resemble, they are ver�table flames, for they are hot.
Certa�nly they are not as hot as a gas burner, but they would be so �f
the frequency and the potent�al would be suff�c�ently h�gh. Produced
w�th, say, twenty thousand alternat�ons per second, the heat �s eas�ly
percept�ble even �f the potent�al �s not excess�vely h�gh. The heat
developed �s, of course, due to the �mpact of the a�r molecules
aga�nst the term�nals and aga�nst each other. As, at the ord�nary
pressures, the mean free path �s excess�vely small, �t �s poss�ble that
�n sp�te of the enormous �n�t�al speed �mparted to each molecule
upon com�ng �n contact w�th the term�nal, �ts progress—by coll�s�on
w�th other molecules—�s retarded to such an extent, that �t does not
get away far from the term�nal, but may str�ke the same many t�mes
�n success�on. The h�gher the frequency, the less the molecule �s
able to get away, and th�s the more so, as for a g�ven effect the
potent�al requ�red �s smaller; and a frequency �s conce�vable—
perhaps even obta�nable—at wh�ch pract�cally the same molecules
would str�ke the term�nal. Under such cond�t�ons the exchange of the
molecules would be very slow, and the heat produced at, and very
near, the term�nal would be excess�ve. But �f the frequency would go
on �ncreas�ng constantly, the heat produced would beg�n to d�m�n�sh
for obv�ous reasons. In the pos�t�ve brush of a stat�c mach�ne the
exchange of the molecules �s very rap�d, the stream �s constantly of
one d�rect�on, and there are fewer coll�s�ons; hence the heat�ng effect
must be very small. Anyth�ng that �mpa�rs the fac�l�ty of exchange
tends to �ncrease the local heat produced. Thus, �f a bulb be held
over the term�nal of the co�l so as to enclose the brush, the a�r
conta�ned �n the bulb �s very qu�ckly brought to a h�gh temperature. If
a glass tube be held over the brush so as to allow the draught to
carry the brush upwards, scorch�ng hot a�r escapes at the top of the
tube. Anyth�ng held w�th�n the brush �s, of course, rap�dly heated,
and the poss�b�l�ty of us�ng such heat�ng effects for some purpose or
other suggests �tself.

When contemplat�ng th�s s�ngular phenomenon of the hot brush,
we cannot help be�ng conv�nced that a s�m�lar process must take
place �n the ord�nary flame, and �t seems strange that after all these



centur�es past of fam�l�ar�ty w�th the flame, now, �n th�s era of electr�c
l�ght�ng and heat�ng, we are f�nally led to recogn�ze, that s�nce t�me
�mmemor�al we have, after all, always had "electr�c l�ght and heat" at
our d�sposal. It �s also of no l�ttle �nterest to contemplate, that we
have a poss�ble way of produc�ng—by other than chem�cal means—
a ver�table flame, wh�ch would g�ve l�ght and heat w�thout any
mater�al be�ng consumed, w�thout any chem�cal process tak�ng
place, and to accompl�sh th�s, we only need to perfect methods of
produc�ng enormous frequenc�es and potent�als. I have no doubt that
�f the potent�al could be made to alternate w�th suff�c�ent rap�d�ty and
power, the brush formed at the end of a w�re would lose �ts electr�cal
character�st�cs and would become flamel�ke. The flame must be due
to electrostat�c molecular act�on.

Th�s phenomenon now expla�ns �n a manner wh�ch can hardly be
doubted the frequent acc�dents occurr�ng �n storms. It �s well known
that objects are often set on f�re w�thout the l�ghtn�ng str�k�ng them.
We shall presently see how th�s can happen. On a na�l �n a roof, for
�nstance, or on a project�on of any k�nd, more or less conduct�ng, or
rendered so by dampness, a powerful brush may appear. If the
l�ghtn�ng str�kes somewhere �n the ne�ghborhood the enormous
potent�al may be made to alternate or fluctuate perhaps many m�ll�on
t�mes a second. The a�r molecules are v�olently attracted and
repelled, and by the�r �mpact produce such a powerful heat�ng effect
that a f�re �s started. It �s conce�vable that a sh�p at sea may, �n th�s
manner, catch f�re at many po�nts at once. When we cons�der, that
even w�th the comparat�vely low frequenc�es obta�ned from a
dynamo mach�ne, and w�th potent�als of no more than one or two
hundred thousand volts, the heat�ng effects are cons�derable, we
may �mag�ne how much more powerful they must be w�th
frequenc�es and potent�als many t�mes greater; and the above
explanat�on seems, to say the least, very probable. S�m�lar
explanat�ons may have been suggested, but I am not aware that, up
to the present, the heat�ng effects of a brush produced by a rap�dly
alternat�ng potent�al have been exper�mentally demonstrated, at
least not to such a remarkable degree.



F�g. 111.
F��. 111.

By prevent�ng completely the exchange of the a�r molecules, the
local heat�ng effect may be so exalted as to br�ng a body to
�ncandescence. Thus, for �nstance, �f a small button, or preferably a
very th�n w�re or f�lament be enclosed �n an unexhausted globe and
connected w�th the term�nal of the co�l, �t may be rendered
�ncandescent. The phenomenon �s made much more �nterest�ng by
the rap�d sp�nn�ng round �n a c�rcle of the top of the f�lament, thus
present�ng the appearance of a lum�nous funnel, F�g. 111, wh�ch
w�dens when the potent�al �s �ncreased. When the potent�al �s small
the end of the f�lament may perform �rregular mot�ons, suddenly
chang�ng from one to the other, or �t may descr�be an ell�pse; but
when the potent�al �s very h�gh �t always sp�ns �n a c�rcle; and so
does generally a th�n stra�ght w�re attached freely to the term�nal of
the co�l. These mot�ons are, of course, due to the �mpact of the
molecules, and the �rregular�ty �n the d�str�but�on of the potent�al,
ow�ng to the roughness and d�ssymmetry of the w�re or f�lament.
W�th a perfectly symmetr�cal and pol�shed w�re such mot�ons would
probably not occur. That the mot�on �s not l�kely to be due to others
causes �s ev�dent from the fact that �t �s not of a def�n�te d�rect�on,
and that �n a very h�ghly exhausted globe �t ceases altogether. The
poss�b�l�ty of br�ng�ng a body to �ncandescence �n an exhausted
globe, or even when not at all enclosed, would seem to afford a
poss�ble way of obta�n�ng l�ght effects, wh�ch, �n perfect�ng methods
of produc�ng rap�dly alternat�ng potent�als, m�ght be rendered
ava�lable for useful purposes.

F�g. 112a. F��. 112a.

In employ�ng a commerc�al co�l, the product�on of very powerful
brush effects �s attended w�th cons�derable d�ff�cult�es, for when
these h�gh frequenc�es and enormous potent�als are used, the best
�nsulat�on �s apt to g�ve way. Usually the co�l �s �nsulated well enough
to stand the stra�n from convolut�on to convolut�on, s�nce two double
s�lk covered paraff�ned w�res w�ll w�thstand a pressure of several
thousand volts; the d�ff�culty l�es pr�nc�pally �n prevent�ng the



break�ng through from the secondary to the pr�mary, wh�ch �s greatly
fac�l�tated by the streams �ssu�ng from the latter. In the co�l, of
course, the stra�n �s greatest from sect�on to sect�on, but usually �n a
larger co�l there are so many sect�ons that the danger of a sudden
g�v�ng way �s not very great. No d�ff�culty w�ll generally be
encountered �n that d�rect�on, and bes�des, the l�ab�l�ty of �njur�ng the
co�l �nternally �s very much reduced by the fact that the effect most
l�kely to be produced �s s�mply a gradual heat�ng, wh�ch, when far
enough advanced, could not fa�l to be observed. The pr�nc�pal
necess�ty �s then to prevent the streams between the pr�mary and
the tube, not only on account of the heat�ng and poss�ble �njury, but
also because the streams may d�m�n�sh very cons�derably the
potent�al d�fference ava�lable at the term�nals. A few h�nts as to how
th�s may be accompl�shed w�ll probably be found useful �n most of
these exper�ments w�th the ord�nary �nduct�on co�l.

F�g. 112b. F��. 112b.

One of the ways �s to w�nd a short pr�mary, F�g. 112a, so that the
d�fference of potent�al �s not at that length great enough to cause the
break�ng forth of the streams through the �nsulat�ng tube. The length
of the pr�mary should be determ�ned by exper�ment. Both the ends of
the co�l should be brought out on one end through a plug of
�nsulat�ng mater�al f�tt�ng �n the tube as �llustrated. In such a
d�spos�t�on one term�nal of the secondary �s attached to a body, the
surface of wh�ch �s determ�ned w�th the greatest care so as to
produce the greatest r�se �n the potent�al. At the other term�nal a
powerful brush appears, wh�ch may be exper�mented upon.

The above plan necess�tates the employment of a pr�mary of
comparat�vely small s�ze, and �t �s apt to heat when powerful effects
are des�rable for a certa�n length of t�me. In such a case �t �s better to
employ a larger co�l, F�g. 112b, and �ntroduce �t from one s�de of the
tube, unt�l the streams beg�n to appear. In th�s case the nearest
term�nal of the secondary may be connected to the pr�mary or to the
ground, wh�ch �s pract�cally the same th�ng, �f the pr�mary �s
connected d�rectly to the mach�ne. In the case of ground connect�ons
�t �s well to determ�ne exper�mentally the frequency wh�ch �s best



su�ted under the cond�t�ons of the test. Another way of obv�at�ng the
streams, more or less, �s to make the pr�mary �n sect�ons and supply
�t from separate, well �nsulated sources.

In many of these exper�ments, when powerful effects are wanted
for a short t�me, �t �s advantageous to use �ron cores w�th the
pr�mar�es. In such case a very large pr�mary co�l may be wound and
placed s�de by s�de w�th the secondary, and, the nearest term�nal of
the latter be�ng connected to the pr�mary, a lam�nated �ron core �s
�ntroduced through the pr�mary �nto the secondary as far as the
streams w�ll perm�t. Under these cond�t�ons an excess�vely powerful
brush, several �nches long, wh�ch may be appropr�ately called "St.
Elmo's hot f�re," may be caused to appear at the other term�nal of the
secondary, produc�ng str�k�ng effects. It �s a most powerful ozon�zer,
so powerful �ndeed, that only a few m�nutes are suff�c�ent to f�ll the
whole room w�th the smell of ozone, and �t undoubtedly possesses
the qual�ty of exc�t�ng chem�cal aff�n�t�es.

For the product�on of ozone, alternat�ng currents of very h�gh
frequency are em�nently su�ted, not only on account of the
advantages they offer �n the way of convers�on but also because of
the fact, that the ozon�z�ng act�on of a d�scharge �s dependent on the
frequency as well as on the potent�al, th�s be�ng undoubtedly
conf�rmed by observat�on.

In these exper�ments �f an �ron core �s used �t should be carefully
watched, as �t �s apt to get excess�vely hot �n an �ncred�bly short t�me.
To g�ve an �dea of the rap�d�ty of the heat�ng, I w�ll state, that by
pass�ng a powerful current through a co�l w�th many turns, the
�nsert�ng w�th�n the same of a th�n �ron w�re for no more than one
second's t�me �s suff�c�ent to heat the w�re to someth�ng l�ke 100° C.

But th�s rap�d heat�ng need not d�scourage us �n the use of �ron
cores �n connect�on w�th rap�dly alternat�ng currents. I have for a long
t�me been conv�nced that �n the �ndustr�al d�str�but�on by means of
transformers, some such plan as the follow�ng m�ght be pract�cable.
We may use a comparat�vely small �ron core, subd�v�ded, or perhaps
not even subd�v�ded. We may surround th�s core w�th a cons�derable



th�ckness of mater�al wh�ch �s f�re-proof and conducts the heat
poorly, and on top of that we may place the pr�mary and secondary
w�nd�ngs. By us�ng e�ther h�gher frequenc�es or greater magnet�z�ng
forces, we may by hysteres�s and eddy currents heat the �ron core so
far as to br�ng �t nearly to �ts max�mum permeab�l�ty, wh�ch, as
Hopk�nson has shown, may be as much as s�xteen t�mes greater
than that at ord�nary temperatures. If the �ron core were perfectly
enclosed, �t would not be deter�orated by the heat, and, �f the
enclosure of f�re-proof mater�al would be suff�c�ently th�ck, only a
l�m�ted amount of energy could be rad�ated �n sp�te of the h�gh
temperature. Transformers have been constructed by me on that
plan, but for lack of t�me, no thorough tests have as yet been made.

Another way of adapt�ng the �ron core to rap�d alternat�ons, or,
generally speak�ng, reduc�ng the fr�ct�onal losses, �s to produce by
cont�nuous magnet�zat�on a flow of someth�ng l�ke seven thousand or
e�ght thousand l�nes per square cent�metre through the core, and
then work w�th weak magnet�z�ng forces and preferably h�gh
frequenc�es around the po�nt of greatest permeab�l�ty. A h�gher
eff�c�ency of convers�on and greater output are obta�nable �n th�s
manner. I have also employed th�s pr�nc�ple �n connect�on w�th
mach�nes �n wh�ch there �s no reversal of polar�ty. In these types of
mach�nes, as long as there are only few pole project�ons, there �s no
great ga�n, as the max�ma and m�n�ma of magnet�zat�on are far from
the po�nt of max�mum permeab�l�ty; but when the number of the pole
project�ons �s very great, the requ�red rate of change may be
obta�ned, w�thout the magnet�zat�on vary�ng so far as to depart
greatly from the po�nt of max�mum permeab�l�ty, and the ga�n �s
cons�derable.

The above descr�bed arrangements refer only to the use of
commerc�al co�ls as ord�nar�ly constructed. If �t �s des�red to construct
a co�l for the express purpose of perform�ng w�th �t such exper�ments
as I have descr�bed, or, generally, render�ng �t capable of
w�thstand�ng the greatest poss�ble d�fference of potent�al, then a
construct�on as �nd�cated �n F�g. 113 w�ll be found of advantage. The
co�l �n th�s case �s formed of two �ndependent parts wh�ch are wound
oppos�tely, the connect�on between both be�ng made near the



pr�mary. The potent�al �n the m�ddle be�ng zero, there �s not much
tendency to jump to the pr�mary and not much �nsulat�on �s requ�red.
In some cases the m�ddle po�nt may, however, be connected to the
pr�mary or to the ground. In such a co�l the places of greatest
d�fference of potent�al are far apart and the co�l �s capable of
w�thstand�ng an enormous stra�n. The two parts may be movable so
as to allow a sl�ght adjustment of the capac�ty effect.

As to the manner of �nsulat�ng the co�l, �t w�ll be found conven�ent
to proceed �n the follow�ng way: F�rst, the w�re should be bo�led �n
paraff�ne unt�l all the a�r �s out; then the co�l �s wound by runn�ng the
w�re through melted paraff�ne, merely for the purpose of f�x�ng the
w�re. The co�l �s then taken off from the spool, �mmersed �n a
cyl�ndr�cal vessel f�lled w�th pure melted wax and bo�led for a long
t�me unt�l the bubbles cease to appear. The whole �s then left to cool
down thoroughly, and then the mass �s taken out of the vessel and
turned up �n a lathe. A co�l made �n th�s manner and w�th care �s
capable of w�thstand�ng enormous potent�al d�fferences.

F�g. 113.
F��. 113.

It may be found conven�ent to �mmerse the co�l �n paraff�ne o�l or
some other k�nd of o�l; �t �s a most effect�ve way of �nsulat�ng,
pr�nc�pally on account of the perfect exclus�on of a�r, but �t may be
found that, after all, a vessel f�lled w�th o�l �s not a very conven�ent
th�ng to handle �n a laboratory.

If an ord�nary co�l can be d�smounted, the pr�mary may be taken
out of the tube and the latter plugged up at one end, f�lled w�th o�l,
and the pr�mary re�nserted. Th�s affords an excellent �nsulat�on and
prevents the format�on of the streams.

Of all the exper�ments wh�ch may be performed w�th rap�dly
alternat�ng currents the most �nterest�ng are those wh�ch concern the
product�on of a pract�cal �llum�nant. It cannot be den�ed that the
present methods, though they were br�ll�ant advances, are very
wasteful. Some better methods must be �nvented, some more
perfect apparatus dev�sed. Modern research has opened new



poss�b�l�t�es for the product�on of an eff�c�ent source of l�ght, and the
attent�on of all has been turned �n the d�rect�on �nd�cated by able
p�oneers. Many have been carr�ed away by the enthus�asm and
pass�on to d�scover, but �n the�r zeal to reach results, some have
been m�sled. Start�ng w�th the �dea of produc�ng electro-magnet�c
waves, they turned the�r attent�on, perhaps, too much to the study of
electro-magnet�c effects, and neglected the study of electrostat�c
phenomena. Naturally, nearly every �nvest�gator ava�led h�mself of an
apparatus s�m�lar to that used �n earl�er exper�ments. But �n those
forms of apparatus, wh�le the electro-magnet�c �nduct�ve effects are
enormous, the electrostat�c effects are excess�vely small.

In the Hertz exper�ments, for �nstance, a h�gh tens�on �nduct�on
co�l �s short c�rcu�ted by an arc, the res�stance of wh�ch �s very small,
the smaller, the more capac�ty �s attached to the term�nals; and the
d�fference of potent�al at these �s enormously d�m�n�shed. On the
other hand, when the d�scharge �s not pass�ng between the
term�nals, the stat�c effects may be cons�derable, but only
qual�tat�vely so, not quant�tat�vely, s�nce the�r r�se and fall �s very
sudden, and s�nce the�r frequency �s small. In ne�ther case,
therefore, are powerful electrostat�c effects perce�vable. S�m�lar
cond�t�ons ex�st when, as �n some �nterest�ng exper�ments of Dr.
Lodge, Leyden jars are d�scharged d�srupt�vely. It has been thought
—and I bel�eve asserted—that �n such cases most of the energy �s
rad�ated �nto space. In the l�ght of the exper�ments wh�ch I have
descr�bed above, �t w�ll now not be thought so. I feel safe �n assert�ng
that �n such cases most of the energy �s partly taken up and
converted �nto heat �n the arc of the d�scharge and �n the conduct�ng
and �nsulat�ng mater�al of the jar, some energy be�ng, of course,
g�ven off by electr�f�cat�on of the a�r; but the amount of the d�rectly
rad�ated energy �s very small.

When a h�gh tens�on �nduct�on co�l, operated by currents
alternat�ng only 20,000 t�mes a second, has �ts term�nals closed
through even a very small jar, pract�cally all the energy passes
through the d�electr�c of the jar, wh�ch �s heated, and the electrostat�c
effects man�fest themselves outwardly only to a very weak degree.
Now the external c�rcu�t of a Leyden jar, that �s, the arc and the



connect�ons of the coat�ngs, may be looked upon as a c�rcu�t
generat�ng alternat�ng currents of excess�vely h�gh frequency and
fa�rly h�gh potent�al, wh�ch �s closed through the coat�ngs and the
d�electr�c between them, and from the above �t �s ev�dent that the
external electrostat�c effects must be very small, even �f a reco�l
c�rcu�t be used. These cond�t�ons make �t appear that w�th the
apparatus usually at hand, the observat�on of powerful electrostat�c
effects was �mposs�ble, and what exper�ence has been ga�ned �n that
d�rect�on �s only due to the great ab�l�ty of the �nvest�gators.

But powerful electrostat�c effects are a s�ne qua non of l�ght
product�on on the l�nes �nd�cated by theory. Electro-magnet�c effects
are pr�mar�ly unava�lable, for the reason that to produce the requ�red
effects we would have to pass current �mpulses through a conductor,
wh�ch, long before the requ�red frequency of the �mpulses could be
reached, would cease to transm�t them. On the other hand, electro-
magnet�c waves many t�mes longer than those of l�ght, and
produc�ble by sudden d�scharge of a condenser, could not be
ut�l�zed, �t would seem, except we ava�l ourselves of the�r effect upon
conductors as �n the present methods, wh�ch are wasteful. We could
not affect by means of such waves the stat�c molecular or atom�c
charges of a gas, cause them to v�brate and to em�t l�ght. Long
transverse waves cannot, apparently, produce such effects, s�nce
excess�vely small electro-magnet�c d�sturbances may pass read�ly
through m�les of a�r. Such dark waves, unless they are of the length
of true l�ght waves, cannot, �t would seem, exc�te lum�nous rad�at�on
�n a Ge�ssler tube, and the lum�nous effects, wh�ch are produc�ble by
�nduct�on �n a tube devo�d of electrodes, I am �ncl�ned to cons�der as
be�ng of an electrostat�c nature.

To produce such lum�nous effects, stra�ght electrostat�c thrusts
are requ�red; these, whatever be the�r frequency, may d�sturb the
molecular charges and produce l�ght. S�nce current �mpulses of the
requ�red frequency cannot pass through a conductor of measurable
d�mens�ons, we must work w�th a gas, and then the product�on of
powerful electrostat�c effects becomes an �mperat�ve necess�ty.



It has occurred to me, however, that electrostat�c effects are �n
many ways ava�lable for the product�on of l�ght. For �nstance, we
may place a body of some refractory mater�al �n a closed, and
preferably more or less exhausted, globe, connect �t to a source of
h�gh, rap�dly alternat�ng potent�al, caus�ng the molecules of the gas
to str�ke �t many t�mes a second at enormous speeds, and �n th�s
manner, w�th tr�ll�ons of �nv�s�ble hammers, pound �t unt�l �t gets
�ncandescent; or we may place a body �n a very h�ghly exhausted
globe, �n a non-str�k�ng vacuum, and, by employ�ng very h�gh
frequenc�es and potent�als, transfer suff�c�ent energy from �t to other
bod�es �n the v�c�n�ty, or �n general to the surround�ngs, to ma�nta�n �t
at any degree of �ncandescence; or we may, by means of such
rap�dly alternat�ng h�gh potent�als, d�sturb the ether carr�ed by the
molecules of a gas or the�r stat�c charges, caus�ng them to v�brate
and to em�t l�ght.

But, electrostat�c effects be�ng dependent upon the potent�al and
frequency, to produce the most powerful act�on �t �s des�rable to
�ncrease both as far as pract�cable. It may be poss�ble to obta�n qu�te
fa�r results by keep�ng e�ther of these factors small, prov�ded the
other �s suff�c�ently great; but we are l�m�ted �n both d�rect�ons. My
exper�ence demonstrates that we cannot go below a certa�n
frequency, for, f�rst, the potent�al then becomes so great that �t �s
dangerous; and, secondly, the l�ght product�on �s less eff�c�ent.

I have found that, by us�ng the ord�nary low frequenc�es, the
phys�olog�cal effect of the current requ�red to ma�nta�n at a certa�n
degree of br�ghtness a tube four feet long, prov�ded at the ends w�th
outs�de and �ns�de condenser coat�ngs, �s so powerful that, I th�nk, �t
m�ght produce ser�ous �njury to those not accustomed to such
shocks; whereas, w�th twenty thousand alternat�ons per second, the
tube may be ma�nta�ned at the same degree of br�ghtness w�thout
any effect be�ng felt. Th�s �s due pr�nc�pally to the fact that a much
smaller potent�al �s requ�red to produce the same l�ght effect, and
also to the h�gher eff�c�ency �n the l�ght product�on. It �s ev�dent that
the eff�c�ency �n such cases �s the greater, the h�gher the frequency,
for the qu�cker the process of charg�ng and d�scharg�ng the
molecules, the less energy w�ll be lost �n the form of dark rad�at�on.



But, unfortunately, we cannot go beyond a certa�n frequency on
account of the d�ff�culty of produc�ng and convey�ng the effects.

I have stated above that a body �nclosed �n an unexhausted bulb
may be �ntensely heated by s�mply connect�ng �t w�th a source of
rap�dly alternat�ng potent�al. The heat�ng �n such a case �s, �n all
probab�l�ty, due mostly to the bombardment of the molecules of the
gas conta�ned �n the bulb. When the bulb �s exhausted, the heat�ng
of the body �s much more rap�d, and there �s no d�ff�culty whatever �n
br�ng�ng a w�re or f�lament to any degree of �ncandescence by s�mply
connect�ng �t to one term�nal of a co�l of the proper d�mens�ons.
Thus, �f the well-known apparatus of Prof. Crookes, cons�st�ng of a
bent plat�num w�re w�th vanes mounted over �t (F�g. 114), be
connected to one term�nal of the co�l—e�ther one or both ends of the
plat�num w�re be�ng connected—the w�re �s rendered almost �nstantly
�ncandescent, and the m�ca vanes are rotated as though a current
from a battery were used. A th�n carbon f�lament, or, preferably, a
button of some refractory mater�al (F�g. 115), even �f �t be a
comparat�vely poor conductor, �nclosed �n an exhausted globe, may
be rendered h�ghly �ncandescent; and �n th�s manner a s�mple lamp
capable of g�v�ng any des�red candle power �s prov�ded.

The success of lamps of th�s k�nd would depend largely on the
select�on of the l�ght-g�v�ng bod�es conta�ned w�th�n the bulb. S�nce,
under the cond�t�ons descr�bed, refractory bod�es—wh�ch are very
poor conductors and capable of w�thstand�ng for a long t�me
excess�vely h�gh degrees of temperature—may be used, such
�llum�nat�ng dev�ces may be rendered successful.

F�g. 114, 115.
F��. 114. F��. 115.

It m�ght be thought at f�rst that �f the bulb, conta�n�ng the f�lament
or button of refractory mater�al, be perfectly well exhausted—that �s,
as far as �t can be done by the use of the best apparatus—the
heat�ng would be much less �ntense, and that �n a perfect vacuum �t
could not occur at all. Th�s �s not conf�rmed by my exper�ence; qu�te
the contrary, the better the vacuum the more eas�ly the bod�es are



brought to �ncandescence. Th�s result �s �nterest�ng for many
reasons.

At the outset of th�s work the �dea presented �tself to me, whether
two bod�es of refractory mater�al enclosed �n a bulb exhausted to
such a degree that the d�scharge of a large �nduct�on co�l, operated
�n the usual manner, cannot pass through, could be rendered
�ncandescent by mere condenser act�on. Obv�ously, to reach th�s
result enormous potent�al d�fferences and very h�gh frequenc�es are
requ�red, as �s ev�dent from a s�mple calculat�on.

But such a lamp would possess a vast advantage over an
ord�nary �ncandescent lamp �n regard to eff�c�ency. It �s well-known
that the eff�c�ency of a lamp �s to some extent a funct�on of the
degree of �ncandescence, and that, could we but work a f�lament at
many t�mes h�gher degrees of �ncandescence, the eff�c�ency would
be much greater. In an ord�nary lamp th�s �s �mpract�cable on account
of the destruct�on of the f�lament, and �t has been determ�ned by
exper�ence how far �t �s adv�sable to push the �ncandescence. It �s
�mposs�ble to tell how much h�gher eff�c�ency could be obta�ned �f the
f�lament could w�thstand �ndef�n�tely, as the �nvest�gat�on to th�s end
obv�ously cannot be carr�ed beyond a certa�n stage; but there are
reasons for bel�ev�ng that �t would be very cons�derably h�gher. An
�mprovement m�ght be made �n the ord�nary lamp by employ�ng a
short and th�ck carbon; but then the lead�ng-�n w�res would have to
be th�ck, and, bes�des, there are many other cons�derat�ons wh�ch
render such a mod�f�cat�on ent�rely �mpract�cable. But �n a lamp as
above descr�bed, the lead�ng �n w�res may be very small, the
�ncandescent refractory mater�al may be �n the shape of blocks
offer�ng a very small rad�at�ng surface, so that less energy would be
requ�red to keep them at the des�red �ncandescence; and �n add�t�on
to th�s, the refractory mater�al need not be carbon, but may be
manufactured from m�xtures of ox�des, for �nstance, w�th carbon or
other mater�al, or may be selected from bod�es wh�ch are pract�cally
non-conductors, and capable of w�thstand�ng enormous degrees of
temperature.



All th�s would po�nt to the poss�b�l�ty of obta�n�ng a much h�gher
eff�c�ency w�th such a lamp than �s obta�nable �n ord�nary lamps. In
my exper�ence �t has been demonstrated that the blocks are brought
to h�gh degrees of �ncandescence w�th much lower potent�als than
those determ�ned by calculat�on, and the blocks may be set at
greater d�stances from each other. We may freely assume, and �t �s
probable, that the molecular bombardment �s an �mportant element
�n the heat�ng, even �f the globe be exhausted w�th the utmost care,
as I have done; for although the number of the molecules �s,
comparat�vely speak�ng, �ns�gn�f�cant, yet on account of the mean
free path be�ng very great, there are fewer coll�s�ons, and the
molecules may reach much h�gher speeds, so that the heat�ng effect
due to th�s cause may be cons�derable, as �n the Crookes
exper�ments w�th rad�ant matter.

But �t �s l�kew�se poss�ble that we have to deal here w�th an
�ncreased fac�l�ty of los�ng the charge �n very h�gh vacuum, when the
potent�al �s rap�dly alternat�ng, �n wh�ch case most of the heat�ng
would be d�rectly due to the surg�ng of the charges �n the heated
bod�es. Or else the observed fact may be largely attr�butable to the
effect of the po�nts wh�ch I have ment�oned above, �n consequence
of wh�ch the blocks or f�laments conta�ned �n the vacuum are
equ�valent to condensers of many t�mes greater surface than that
calculated from the�r geometr�cal d�mens�ons. Sc�ent�f�c men st�ll
d�ffer �n op�n�on as to whether a charge should, or should not, be lost
�n a perfect vacuum, or �n other words, whether ether �s, or �s not, a
conductor. If the former were the case, then a th�n f�lament enclosed
�n a perfectly exhausted globe, and connected to a source of
enormous, steady potent�al, would be brought to �ncandescence.

F�g. 116, 117.
F��. 116. F��. 117.

Var�ous forms of lamps on the above descr�bed pr�nc�ple, w�th the
refractory bod�es �n the form of f�laments, F�g. 116, or blocks, F�g.
117, have been constructed and operated by me, and �nvest�gat�ons
are be�ng carr�ed on �n th�s l�ne. There �s no d�ff�culty �n reach�ng
such h�gh degrees of �ncandescence that ord�nary carbon �s to all



appearance melted and volat�l�zed. If the vacuum could be made
absolutely perfect, such a lamp, although �noperat�ve w�th apparatus
ord�nar�ly used, would, �f operated w�th currents of the requ�red
character, afford an �llum�nant wh�ch would never be destroyed, and
wh�ch would be far more eff�c�ent than an ord�nary �ncandescent
lamp. Th�s perfect�on can, of course, never be reached, and a very
slow destruct�on and gradual d�m�nut�on �n s�ze always occurs, as �n
�ncandescent f�laments; but there �s no poss�b�l�ty of a sudden and
premature d�sabl�ng wh�ch occurs �n the latter by the break�ng of the
f�lament, espec�ally when the �ncandescent bod�es are �n the shape
of blocks.

W�th these rap�dly alternat�ng potent�als there �s, however, no
necess�ty of enclos�ng two blocks �n a globe, but a s�ngle block, as �n
F�g. 115, or f�lament, F�g. 118, may be used. The potent�al �n th�s
case must of course be h�gher, but �s eas�ly obta�nable, and bes�des
�t �s not necessar�ly dangerous.

F�g. 118.
F��. 118.

The fac�l�ty w�th wh�ch the button or f�lament �n such a lamp �s
brought to �ncandescence, other th�ngs be�ng equal, depends on the
s�ze of the globe. If a perfect vacuum could be obta�ned, the s�ze of
the globe would not be of �mportance, for then the heat�ng would be
wholly due to the surg�ng of the charges, and all the energy would be
g�ven off to the surround�ngs by rad�at�on. But th�s can never occur �n
pract�ce. There �s always some gas left �n the globe, and although
the exhaust�on may be carr�ed to the h�ghest degree, st�ll the space
�ns�de of the bulb must be cons�dered as conduct�ng when such h�gh
potent�als are used, and I assume that, �n est�mat�ng the energy that
may be g�ven off from the f�lament to the surround�ngs, we may
cons�der the �ns�de surface of the bulb as one coat�ng of a
condenser, the a�r and other objects surround�ng the bulb form�ng
the other coat�ng. When the alternat�ons are very low there �s no
doubt that a cons�derable port�on of the energy �s g�ven off by the
electr�f�cat�on of the surround�ng a�r.



In order to study th�s subject better, I carr�ed on some
exper�ments w�th excess�vely h�gh potent�als and low frequenc�es. I
then observed that when the hand �s approached to the bulb,—the
f�lament be�ng connected w�th one term�nal of the co�l,—a powerful
v�brat�on �s felt, be�ng due to the attract�on and repuls�on of the
molecules of the a�r wh�ch are electr�f�ed by �nduct�on through the
glass. In some cases when the act�on �s very �ntense I have been
able to hear a sound, wh�ch must be due to the same cause.

F�g. 119, 120.
F��. 119. F��. 120.

When the alternat�ons are low, one �s apt to get an excess�vely
powerful shock from the bulb. In general, when one attaches bulbs
or objects of some s�ze to the term�nals of the co�l, one should look
out for the r�se of potent�al, for �t may happen that by merely
connect�ng a bulb or plate to the term�nal, the potent�al may r�se to
many t�mes �ts or�g�nal value. When lamps are attached to the
term�nals, as �llustrated �n F�g. 119, then the capac�ty of the bulbs
should be such as to g�ve the max�mum r�se of potent�al under the
ex�st�ng cond�t�ons. In th�s manner one may obta�n the requ�red
potent�al w�th fewer turns of w�re.

The l�fe of such lamps as descr�bed above depends, of course,
largely on the degree of exhaust�on, but to some extent also on the
shape of the block of refractory mater�al. Theoret�cally �t would seem
that a small sphere of carbon enclosed �n a sphere of glass would
not suffer deter�orat�on from molecular bombardment, for, the matter
�n the globe be�ng rad�ant, the molecules would move �n stra�ght
l�nes, and would seldom str�ke the sphere obl�quely. An �nterest�ng
thought �n connect�on w�th such a lamp �s, that �n �t "electr�c�ty" and
electr�cal energy apparently must move �n the same l�nes.

F�g. 121a, 121b.
F��. 121a. F��. 121b.

The use of alternat�ng currents of very h�gh frequency makes �t
poss�ble to transfer, by electrostat�c or electromagnet�c �nduct�on



through the glass of a lamp, suff�c�ent energy to keep a f�lament at
�ncandescence and so do away w�th the lead�ng-�n w�res. Such
lamps have been proposed, but for want of proper apparatus they
have not been successfully operated. Many forms of lamps on th�s
pr�nc�ple w�th cont�nuous and broken f�laments have been
constructed by me and exper�mented upon. When us�ng a secondary
enclosed w�th�n the lamp, a condenser �s advantageously comb�ned
w�th the secondary. When the transference �s effected by
electrostat�c �nduct�on, the potent�als used are, of course, very h�gh
w�th frequenc�es obta�nable from a mach�ne. For �nstance, w�th a
condenser surface of forty square cent�metres, wh�ch �s not
�mpract�cably large, and w�th glass of good qual�ty 1 mm. th�ck, us�ng
currents alternat�ng twenty thousand t�mes a second, the potent�al
requ�red �s approx�mately 9,000 volts. Th�s may seem large, but
s�nce each lamp may be �ncluded �n the secondary of a transformer
of very small d�mens�ons, �t would not be �nconven�ent, and,
moreover, �t would not produce fatal �njury. The transformers would
all be preferably �n ser�es. The regulat�on would offer no d�ff�cult�es,
as w�th currents of such frequenc�es �t �s very easy to ma�nta�n a
constant current.

In the accompany�ng engrav�ngs some of the types of lamps of
th�s k�nd are shown. F�g. 120 �s such a lamp w�th a broken f�lament,
and F�gs. 121 A and 121 B one w�th a s�ngle outs�de and �ns�de
coat�ng and a s�ngle f�lament. I have also made lamps w�th two
outs�de and �ns�de coat�ngs and a cont�nuous loop connect�ng the
latter. Such lamps have been operated by me w�th current �mpulses
of the enormous frequenc�es obta�nable by the d�srupt�ve d�scharge
of condensers.

The d�srupt�ve d�scharge of a condenser �s espec�ally su�ted for
operat�ng such lamps—w�th no outward electr�cal connect�ons—by
means of electromagnet�c �nduct�on, the electromagnet�c �nduct�ve
effects be�ng excess�vely h�gh; and I have been able to produce the
des�red �ncandescence w�th only a few short turns of w�re.
Incandescence may also be produced �n th�s manner �n a s�mple
closed f�lament.



Leav�ng now out of cons�derat�on the pract�cab�l�ty of such lamps,
I would only say that they possess a beaut�ful and des�rable feature,
namely, that they can be rendered, at w�ll, more or less br�ll�ant
s�mply by alter�ng the relat�ve pos�t�on of the outs�de and �ns�de
condenser coat�ngs, or �nduc�ng and �nduced c�rcu�ts.

When a lamp �s l�ghted by connect�ng �t to one term�nal only of
the source, th�s may be fac�l�tated by prov�d�ng the globe w�th an
outs�de condenser coat�ng, wh�ch serves at the same t�me as a
reflector, and connect�ng th�s to an �nsulated body of some s�ze.
Lamps of th�s k�nd are �llustrated �n F�g. 122 and F�g. 123. F�g. 124
shows the plan of connect�on. The br�ll�ancy of the lamp may, �n th�s
case, be regulated w�th�n w�de l�m�ts by vary�ng the s�ze of the
�nsulated metal plate to wh�ch the coat�ng �s connected.

It �s l�kew�se pract�cable to l�ght w�th one lead�ng w�re lamps such
as �llustrated �n F�g. 116 and F�g. 117, by connect�ng one term�nal of
the lamp to one term�nal of the source, and the other to an �nsulated
body of the requ�red s�ze. In all cases the �nsulated body serves to
g�ve off the energy �nto the surround�ng space, and �s equ�valent to a
return w�re. Obv�ously, �n the two last-named cases, �nstead of
connect�ng the w�res to an �nsulated body, connect�ons may be made
to the ground.

The exper�ments wh�ch w�ll prove most suggest�ve and of most
�nterest to the �nvest�gator are probably those performed w�th
exhausted tubes. As m�ght be ant�c�pated, a source of such rap�dly
alternat�ng potent�als �s capable of exc�t�ng the tubes at a
cons�derable d�stance, and the l�ght effects produced are
remarkable.

F�g. 122, 123.
F��. 122. F��. 123.

Dur�ng my �nvest�gat�ons �n th�s l�ne I endeavored to exc�te tubes,
devo�d of any electrodes, by electromagnet�c �nduct�on, mak�ng the
tube the secondary of the �nduct�on dev�ce, and pass�ng through the
pr�mary the d�scharges of a Leyden jar. These tubes were made of
many shapes, and I was able to obta�n lum�nous effects wh�ch I then



thought were due wholly to electromagnet�c �nduct�on. But on
carefully �nvest�gat�ng the phenomena I found that the effects
produced were more of an electrostat�c nature. It may be attr�buted
to th�s c�rcumstance that th�s mode of exc�t�ng tubes �s very wasteful,
namely, the pr�mary c�rcu�t be�ng closed, the potent�al, and
consequently the electrostat�c �nduct�ve effect, �s much d�m�n�shed.

When an �nduct�on co�l, operated as above descr�bed, �s used,
there �s no doubt that the tubes are exc�ted by electrostat�c �nduct�on,
and that electromagnet�c �nduct�on has l�ttle, �f anyth�ng, to do w�th
the phenomena.

F�g. 124.
F��. 124.

Th�s �s ev�dent from many exper�ments. For �nstance, �f a tube be
taken �n one hand, the observer be�ng near the co�l, �t �s br�ll�antly
l�ghted and rema�ns so no matter �n what pos�t�on �t �s held relat�vely
to the observer's body. Were the act�on electromagnet�c, the tube
could not be l�ghted when the observer's body �s �nterposed between
�t and the co�l, or at least �ts lum�nos�ty should be cons�derably
d�m�n�shed. When the tube �s held exactly over the centre of the co�l
—the latter be�ng wound �n sect�ons and the pr�mary placed
symmetr�cally to the secondary—�t may rema�n completely dark,
whereas �t �s rendered �ntensely lum�nous by mov�ng �t sl�ghtly to the
r�ght or left from the centre of the co�l. It does not l�ght because �n the
m�ddle both halves of the co�l neutral�ze each other, and the electr�c
potent�al �s zero. If the act�on were electromagnet�c, the tube should
l�ght best �n the plane through the centre of the co�l, s�nce the
electromagnet�c effect there should be a max�mum. When an arc �s
establ�shed between the term�nals, the tubes and lamps �n the
v�c�n�ty of the co�l go out, but l�ght up aga�n when the arc �s broken,
on account of the r�se of potent�al. Yet the electromagnet�c effect
should be pract�cally the same �n both cases.

By plac�ng a tube at some d�stance from the co�l, and nearer to
one term�nal—preferably at a po�nt on the ax�s of the co�l—one may
l�ght �t by touch�ng the remote term�nal w�th an �nsulated body of



some s�ze or w�th the hand, thereby ra�s�ng the potent�al at that
term�nal nearer to the tube. If the tube �s sh�fted nearer to the co�l so
that �t �s l�ghted by the act�on of the nearer term�nal, �t may be made
to go out by hold�ng, on an �nsulated support, the end of a w�re
connected to the remote term�nal, �n the v�c�n�ty of the nearer
term�nal, by th�s means counteract�ng the act�on of the latter upon
the tube. These effects are ev�dently electrostat�c. L�kew�se, when a
tube �s placed at a cons�derable d�stance from the co�l, the observer
may, stand�ng upon an �nsulated support between co�l and tube, l�ght
the latter by approach�ng the hand to �t; or he may even render �t
lum�nous by s�mply stepp�ng between �t and the co�l. Th�s would be
�mposs�ble w�th electro-magnet�c �nduct�on, for the body of the
observer would act as a screen.

When the co�l �s energ�zed by excess�vely weak currents, the
exper�menter may, by touch�ng one term�nal of the co�l w�th the tube,
ext�ngu�sh the latter, and may aga�n l�ght �t by br�ng�ng �t out of
contact w�th the term�nal and allow�ng a small arc to form. Th�s �s
clearly due to the respect�ve lower�ng and ra�s�ng of the potent�al at
that term�nal. In the above exper�ment, when the tube �s l�ghted
through a small arc, �t may go out when the arc �s broken, because
the electrostat�c �nduct�ve effect alone �s too weak, though the
potent�al may be much h�gher; but when the arc �s establ�shed, the
electr�f�cat�on of the end of the tube �s much greater, and �t
consequently l�ghts.

If a tube �s l�ghted by hold�ng �t near to the co�l, and �n the hand
wh�ch �s remote, by grasp�ng the tube anywhere w�th the other hand,
the part between the hands �s rendered dark, and the s�ngular effect
of w�p�ng out the l�ght of the tube may be produced by pass�ng the
hand qu�ckly along the tube and at the same t�me w�thdraw�ng �t
gently from the co�l, judg�ng properly the d�stance so that the tube
rema�ns dark afterwards.

If the pr�mary co�l �s placed s�dew�se, as �n F�g. 112 B for �nstance,
and an exhausted tube be �ntroduced from the other s�de �n the
hollow space, the tube �s l�ghted most �ntensely because of the
�ncreased condenser act�on, and �n th�s pos�t�on the str�æ are most



sharply def�ned. In all these exper�ments descr�bed, and �n many
others, the act�on �s clearly electrostat�c.

The effects of screen�ng also �nd�cate the electrostat�c nature of
the phenomena and show someth�ng of the nature of electr�f�cat�on
through the a�r. For �nstance, �f a tube �s placed �n the d�rect�on of the
ax�s of the co�l, and an �nsulated metal plate be �nterposed, the tube
w�ll generally �ncrease �n br�ll�ancy, or �f �t be too far from the co�l to
l�ght, �t may even be rendered lum�nous by �nterpos�ng an �nsulated
metal plate. The magn�tude of the effects depends to some extent on
the s�ze of the plate. But �f the metal plate be connected by a w�re to
the ground, �ts �nterpos�t�on w�ll always make the tube go out even �f
�t be very near the co�l. In general, the �nterpos�t�on of a body
between the co�l and tube, �ncreases or d�m�n�shes the br�ll�ancy of
the tube, or �ts fac�l�ty to l�ght up, accord�ng to whether �t �ncreases or
d�m�n�shes the electr�f�cat�on. When exper�ment�ng w�th an �nsulated
plate, the plate should not be taken too large, else �t w�ll generally
produce a weaken�ng effect by reason of �ts great fac�l�ty for g�v�ng
off energy to the surround�ngs.

If a tube be l�ghted at some d�stance from the co�l, and a plate of
hard rubber or other �nsulat�ng substance be �nterposed, the tube
may be made to go out. The �nterpos�t�on of the d�electr�c �n th�s case
only sl�ghtly �ncreases the �nduct�ve effect, but d�m�n�shes
cons�derably the electr�f�cat�on through the a�r.

In all cases, then, when we exc�te lum�nos�ty �n exhausted tubes
by means of such a co�l, the effect �s due to the rap�dly alternat�ng
electrostat�c potent�al; and, furthermore, �t must be attr�buted to the
harmon�c alternat�on produced d�rectly by the mach�ne, and not to
any super�mposed v�brat�on wh�ch m�ght be thought to ex�st. Such
super�mposed v�brat�ons are �mposs�ble when we work w�th an
alternate current mach�ne. If a spr�ng be gradually t�ghtened and
released, �t does not perform �ndependent v�brat�ons; for th�s a
sudden release �s necessary. So w�th the alternate currents from a
dynamo mach�ne; the med�um �s harmon�cally stra�ned and released,
th�s g�v�ng r�se to only one k�nd of waves; a sudden contact or break,
or a sudden g�v�ng way of the d�electr�c, as �n the d�srupt�ve



d�scharge of a Leyden jar, are essent�al for the product�on of
super�mposed waves.

In all the last descr�bed exper�ments, tubes devo�d of any
electrodes may be used, and there �s no d�ff�culty �n produc�ng by
the�r means suff�c�ent l�ght to read by. The l�ght effect �s, however,
cons�derably �ncreased by the use of phosphorescent bod�es such
as yttr�a, uran�um glass, etc. A d�ff�culty w�ll be found when the
phosphorescent mater�al �s used, for w�th these powerful effects, �t �s
carr�ed gradually away, and �t �s preferable to use mater�al �n the
form of a sol�d.

Instead of depend�ng on �nduct�on at a d�stance to l�ght the tube,
the same may be prov�ded w�th an external—and, �f des�red, also
w�th an �nternal—condenser coat�ng, and �t may then be suspended
anywhere �n the room from a conductor connected to one term�nal of
the co�l, and �n th�s manner a soft �llum�nat�on may be prov�ded.

F�g. 125.
F��. 125.

The �deal way of l�ght�ng a hall or room would, however, be to
produce such a cond�t�on �n �t that an �llum�nat�ng dev�ce could be
moved and put anywhere, and that �t �s l�ghted, no matter where �t �s
put and w�thout be�ng electr�cally connected to anyth�ng. I have been
able to produce such a cond�t�on by creat�ng �n the room a powerful,
rap�dly alternat�ng electrostat�c f�eld. For th�s purpose I suspend a
sheet of metal a d�stance from the ce�l�ng on �nsulat�ng cords and
connect �t to one term�nal of the �nduct�on co�l, the other term�nal
be�ng preferably connected to the ground. Or else I suspend two
sheets as �llustrated �n F�g. 125, each sheet be�ng connected w�th
one of the term�nals of the co�l, and the�r s�ze be�ng carefully
determ�ned. An exhausted tube may then be carr�ed �n the hand
anywhere between the sheets or placed anywhere, even a certa�n
d�stance beyond them; �t rema�ns always lum�nous.

In such an electrostat�c f�eld �nterest�ng phenomena may be
observed, espec�ally �f the alternat�ons are kept low and the
potent�als excess�vely h�gh. In add�t�on to the lum�nous phenomena



ment�oned, one may observe that any �nsulated conductor g�ves
sparks when the hand or another object �s approached to �t, and the
sparks may often be powerful. When a large conduct�ng object �s
fastened on an �nsulat�ng support, and the hand approached to �t, a
v�brat�on, due to the rythm�cal mot�on of the a�r molecules �s felt, and
lum�nous streams may be perce�ved when the hand �s held near a
po�nted project�on. When a telephone rece�ver �s made to touch w�th
one or both of �ts term�nals an �nsulated conductor of some s�ze, the
telephone em�ts a loud sound; �t also em�ts a sound when a length of
w�re �s attached to one or both term�nals, and w�th very powerful
f�elds a sound may be perce�ved even w�thout any w�re.

How far th�s pr�nc�ple �s capable of pract�cal appl�cat�on, the future
w�ll tell. It m�ght be thought that electrostat�c effects are unsu�ted for
such act�on at a d�stance. Electromagnet�c �nduct�ve effects, �f
ava�lable for the product�on of l�ght, m�ght be thought better su�ted. It
�s true the electrostat�c effects d�m�n�sh nearly w�th the cube of the
d�stance from the co�l, whereas the electromagnet�c �nduct�ve effects
d�m�n�sh s�mply w�th the d�stance. But when we establ�sh an
electrostat�c f�eld of force, the cond�t�on �s very d�fferent, for then,
�nstead of the d�fferent�al effect of both the term�nals, we get the�r
conjo�nt effect. Bes�des, I would call attent�on to the effect, that �n an
alternat�ng electrostat�c f�eld, a conductor, such as an exhausted
tube, for �nstance, tends to take up most of the energy, whereas �n
an electromagnet�c alternat�ng f�eld the conductor tends to take up
the least energy, the waves be�ng reflected w�th but l�ttle loss. Th�s �s
one reason why �t �s d�ff�cult to exc�te an exhausted tube, at a
d�stance, by electromagnet�c �nduct�on. I have wound co�ls of very
large d�ameter and of many turns of w�re, and connected a Ge�ssler
tube to the ends of the co�l w�th the object of exc�t�ng the tube at a
d�stance; but even w�th the powerful �nduct�ve effects produc�ble by
Leyden jar d�scharges, the tube could not be exc�ted unless at a very
small d�stance, although some judgment was used as to the
d�mens�ons of the co�l. I have also found that even the most powerful
Leyden jar d�scharges are capable of exc�t�ng only feeble lum�nous
effects �n a closed exhausted tube, and even these effects upon



thorough exam�nat�on I have been forced to cons�der of an
electrostat�c nature.

How then can we hope to produce the requ�red effects at a
d�stance by means of electromagnet�c act�on, when even �n the
closest prox�m�ty to the source of d�sturbance, under the most
advantageous cond�t�ons, we can exc�te but fa�nt lum�nos�ty? It �s
true that when act�ng at a d�stance we have the resonance to help us
out. We can connect an exhausted tube, or whatever the �llum�nat�ng
dev�ce may be, w�th an �nsulated system of the proper capac�ty, and
so �t may be poss�ble to �ncrease the effect qual�tat�vely, and only
qual�tat�vely, for we would not get more energy through the dev�ce.
So we may, by resonance effect, obta�n the requ�red electromot�ve
force �n an exhausted tube, and exc�te fa�nt lum�nous effects, but we
cannot get enough energy to render the l�ght pract�cally ava�lable,
and a s�mple calculat�on, based on exper�mental results, shows that
even �f all the energy wh�ch a tube would rece�ve at a certa�n
d�stance from the source should be wholly converted �nto l�ght, �t
would hardly sat�sfy the pract�cal requ�rements. Hence the necess�ty
of d�rect�ng, by means of a conduct�ng c�rcu�t, the energy to the place
of transformat�on. But �n so do�ng we cannot very sens�bly depart
from present methods, and all we could do would be to �mprove the
apparatus.

From these cons�derat�ons �t would seem that �f th�s �deal way of
l�ght�ng �s to be rendered pract�cable �t w�ll be only by the use of
electrostat�c effects. In such a case the most powerful electrostat�c
�nduct�ve effects are needed; the apparatus employed must,
therefore, be capable of produc�ng h�gh electrostat�c potent�als
chang�ng �n value w�th extreme rap�d�ty. H�gh frequenc�es are
espec�ally wanted, for pract�cal cons�derat�ons make �t des�rable to
keep down the potent�al. By the employment of mach�nes, or,
generally speak�ng, of any mechan�cal apparatus, but low
frequenc�es can be reached; recourse must, therefore, be had to
some other means. The d�scharge of a condenser affords us a
means of obta�n�ng frequenc�es by far h�gher than are obta�nable
mechan�cally, and I have accord�ngly employed condensers �n the
exper�ments to the above end.



When the term�nals of a h�gh tens�on �nduct�on co�l, F�g. 126, are
connected to a Leyden jar, and the latter �s d�scharg�ng d�srupt�vely
�nto a c�rcu�t, we may look upon the arc play�ng between the knobs
as be�ng a source of alternat�ng, or generally speak�ng, undulat�ng
currents, and then we have to deal w�th the fam�l�ar system of a
generator of such currents, a c�rcu�t connected to �t, and a condenser
br�dg�ng the c�rcu�t. The condenser �n such case �s a ver�table
transformer, and s�nce the frequency �s excess�ve, almost any rat�o
�n the strength of the currents �n both the branches may be obta�ned.
In real�ty the analogy �s not qu�te complete, for �n the d�srupt�ve
d�scharge we have most generally a fundamental �nstantaneous
var�at�on of comparat�vely low frequency, and a super�mposed
harmon�c v�brat�on, and the laws govern�ng the flow of currents are
not the same for both.

In convert�ng �n th�s manner, the rat�o of convers�on should not be
too great, for the loss �n the arc between the knobs �ncreases w�th
the square of the current, and �f the jar be d�scharged through very
th�ck and short conductors, w�th the v�ew of obta�n�ng a very rap�d
osc�llat�on, a very cons�derable port�on of the energy stored �s lost.
On the other hand, too small rat�os are not pract�cable for many
obv�ous reasons.

As the converted currents flow �n a pract�cally closed c�rcu�t, the
electrostat�c effects are necessar�ly small, and I therefore convert
them �nto currents or effects of the requ�red character. I have
effected such convers�ons �n several ways. The preferred plan of
connect�ons �s �llustrated �n F�g. 127. The manner of operat�ng
renders �t easy to obta�n by means of a small and �nexpens�ve
apparatus enormous d�fferences of potent�al wh�ch have been
usually obta�ned by means of large and expens�ve co�ls. For th�s �t �s
only necessary to take an ord�nary small co�l, adjust to �t a condenser
and d�scharg�ng c�rcu�t, form�ng the pr�mary of an aux�l�ary small co�l,
and convert upward. As the �nduct�ve effect of the pr�mary currents �s
excess�vely great, the second co�l need have comparat�vely but very
few turns. By properly adjust�ng the elements, remarkable results
may be secured.



In endeavor�ng to obta�n the requ�red electrostat�c effects �n th�s
manner, I have, as m�ght be expected, encountered many d�ff�cult�es
wh�ch I have been gradually overcom�ng, but I am not as yet
prepared to dwell upon my exper�ences �n th�s d�rect�on.

I bel�eve that the d�srupt�ve d�scharge of a condenser w�ll play an
�mportant part �n the future, for �t offers vast poss�b�l�t�es, not only �n
the way of produc�ng l�ght �n a more eff�c�ent manner and �n the l�ne
�nd�cated by theory, but also �n many other respects.



F�g. 126.
F��. 126.

For years the efforts of �nventors have been d�rected towards
obta�n�ng electr�cal energy from heat by means of the thermop�le. It
m�ght seem �nv�d�ous to remark that but few know what �s the real
trouble w�th the thermop�le. It �s not the �neff�c�ency or small output—
though these are great drawbacks—but the fact that the thermop�le
has �ts phylloxera, that �s, that by constant use �t �s deter�orated,
wh�ch has thus far prevented �ts �ntroduct�on on an �ndustr�al scale.
Now that all modern research seems to po�nt w�th certa�nty to the
use of electr�c�ty of excess�vely h�gh tens�on, the quest�on must
present �tself to many whether �t �s not poss�ble to obta�n �n a
pract�cable manner th�s form of energy from heat. We have been
used to look upon an electrostat�c mach�ne as a playth�ng, and
somehow we couple w�th �t the �dea of the �neff�c�ent and �mpract�cal.
But now we must th�nk d�fferently, for now we know that everywhere
we have to deal w�th the same forces, and that �t �s a mere quest�on
of �nvent�ng proper methods or apparatus for render�ng them
ava�lable.

In the present systems of electr�cal d�str�but�on, the employment
of the �ron w�th �ts wonderful magnet�c propert�es allows us to reduce
cons�derably the s�ze of the apparatus; but, �n sp�te of th�s, �t �s st�ll
very cumbersome. The more we progress �n the study of electr�c and
magnet�c phenomena, the more we become conv�nced that the
present methods w�ll be short-l�ved. For the product�on of l�ght, at
least, such heavy mach�nery would seem to be unnecessary. The
energy requ�red �s very small, and �f l�ght can be obta�ned as
eff�c�ently as, theoret�cally, �t appears poss�ble, the apparatus need
have but a very small output. There be�ng a strong probab�l�ty that
the �llum�nat�ng methods of the future w�ll �nvolve the use of very h�gh
potent�als, �t seems very des�rable to perfect a contr�vance capable
of convert�ng the energy of heat �nto energy of the requ�s�te form.
Noth�ng to speak of has been done towards th�s end, for the thought
that electr�c�ty of some 50,000 or 100,000 volts pressure or more,
even �f obta�ned, would be unava�lable for pract�cal purposes, has
deterred �nventors from work�ng �n th�s d�rect�on.



F�g. 127.
F��. 127.

In F�g. 126 a plan of connect�ons �s shown for convert�ng currents
of h�gh, �nto currents of low, tens�on by means of the d�srupt�ve
d�scharge of a condenser. Th�s plan has been used by me frequently
for operat�ng a few �ncandescent lamps requ�red �n the laboratory.
Some d�ff�cult�es have been encountered �n the arc of the d�scharge
wh�ch I have been able to overcome to a great extent; bes�des th�s,
and the adjustment necessary for the proper work�ng, no other
d�ff�cult�es have been met w�th, and �t was easy to operate ord�nary
lamps, and even motors, �n th�s manner. The l�ne be�ng connected to
the ground, all the w�res could be handled w�th perfect �mpun�ty, no
matter how h�gh the potent�al at the term�nals of the condenser. In
these exper�ments a h�gh tens�on �nduct�on co�l, operated from a
battery or from an alternate current mach�ne, was employed to
charge the condenser; but the �nduct�on co�l m�ght be replaced by an
apparatus of a d�fferent k�nd, capable of g�v�ng electr�c�ty of such
h�gh tens�on. In th�s manner, d�rect or alternat�ng currents may be
converted, and �n both cases the current-�mpulses may be of any
des�red frequency. When the currents charg�ng the condenser are of
the same d�rect�on, and �t �s des�red that the converted currents
should also be of one d�rect�on, the res�stance of the d�scharg�ng
c�rcu�t should, of course, be so chosen that there are no osc�llat�ons.

F�g. 128.
F��. 128.

In operat�ng dev�ces on the above plan I have observed cur�ous
phenomena of �mpedance wh�ch are of �nterest. For �nstance �f a
th�ck copper bar be bent, as �nd�cated �n F�g. 128, and shunted by
ord�nary �ncandescent lamps, then, by pass�ng the d�scharge
between the knobs, the lamps may be brought to �ncandescence
although they are short-c�rcu�ted. When a large �nduct�on co�l �s
employed �t �s easy to obta�n nodes on the bar, wh�ch are rendered
ev�dent by the d�fferent degree of br�ll�ancy of the lamps, as shown
roughly �n F�g. 128. The nodes are never clearly def�ned, but they
are s�mply max�ma and m�n�ma of potent�als along the bar. Th�s �s



probably due to the �rregular�ty of the arc between the knobs. In
general when the above-descr�bed plan of convers�on from h�gh to
low tens�on �s used, the behav�or of the d�srupt�ve d�scharge may be
closely stud�ed. The nodes may also be �nvest�gated by means of an
ord�nary Cardew voltmeter wh�ch should be well �nsulated. Ge�ssler
tubes may also be l�ghted across the po�nts of the bent bar; �n th�s
case, of course, �t �s better to employ smaller capac�t�es. I have
found �t pract�cable to l�ght up �n th�s manner a lamp, and even a
Ge�ssler tube, shunted by a short, heavy block of metal, and th�s
result seems at f�rst very cur�ous. In fact, the th�cker the copper bar
�n F�g. 128, the better �t �s for the success of the exper�ments, as they
appear more str�k�ng. When lamps w�th long slender f�laments are
used �t w�ll be often noted that the f�laments are from t�me to t�me
v�olently v�brated, the v�brat�on be�ng smallest at the nodal po�nts.
Th�s v�brat�on seems to be due to an electrostat�c act�on between the
f�lament and the glass of the bulb.

F�g. 129.
F��. 129.

In some of the above exper�ments �t �s preferable to use spec�al
lamps hav�ng a stra�ght f�lament as shown �n F�g. 129. When such a
lamp �s used a st�ll more cur�ous phenomenon than those descr�bed
may be observed. The lamp may be placed across the copper bar
and l�ghted, and by us�ng somewhat larger capac�t�es, or, �n other
words, smaller frequenc�es or smaller �mpuls�ve �mpedances, the
f�lament may be brought to any des�red degree of �ncandescence.
But when the �mpedance �s �ncreased, a po�nt �s reached when
comparat�vely l�ttle current passes through the carbon, and most of �t
through the raref�ed gas; or perhaps �t may be more correct to state
that the current d�v�des nearly evenly through both, �n sp�te of the
enormous d�fference �n the res�stance, and th�s would be true unless
the gas and the f�lament behave d�fferently. It �s then noted that the
whole bulb �s br�ll�antly �llum�nated, and the ends of the lead�ng-�n
w�res become �ncandescent and often throw off sparks �n
consequence of the v�olent bombardment, but the carbon f�lament
rema�ns dark. Th�s �s �llustrated �n F�g. 129. Instead of the f�lament a



s�ngle w�re extend�ng through the whole bulb may be used, and �n
th�s case the phenomenon would seem to be st�ll more �nterest�ng.

From the above exper�ment �t w�ll be ev�dent, that when ord�nary
lamps are operated by the converted currents, those should be
preferably taken �n wh�ch the plat�num w�res are far apart, and the
frequenc�es used should not be too great, else the d�scharge w�ll
occur at the ends of the f�lament or �n the base of the lamp between
the lead�ng-�n w�res, and the lamp m�ght then be damaged.

In present�ng to you these results of my �nvest�gat�on on the
subject under cons�derat�on, I have pa�d only a pass�ng not�ce to
facts upon wh�ch I could have dwelt at length, and among many
observat�ons I have selected only those wh�ch I thought most l�kely
to �nterest you. The f�eld �s w�de and completely unexplored, and at
every step a new truth �s gleaned, a novel fact observed.

How far the results here borne out are capable of pract�cal
appl�cat�ons w�ll be dec�ded �n the future. As regards the product�on
of l�ght, some results already reached are encourag�ng and make me
conf�dent �n assert�ng that the pract�cal solut�on of the problem l�es �n
the d�rect�on I have endeavored to �nd�cate. St�ll, whatever may be
the �mmed�ate outcome of these exper�ments I am hopeful that they
w�ll only prove a step �n further development towards the �deal and
f�nal perfect�on. The poss�b�l�t�es wh�ch are opened by modern
research are so vast that even the most reserved must feel sangu�ne
of the future. Em�nent sc�ent�sts cons�der the problem of ut�l�z�ng one
k�nd of rad�at�on w�thout the others a rat�onal one. In an apparatus
des�gned for the product�on of l�ght by convers�on from any form of
energy �nto that of l�ght, such a result can never be reached, for no
matter what the process of produc�ng the requ�red v�brat�ons, be �t
electr�cal, chem�cal or any other, �t w�ll not be poss�ble to obta�n the
h�gher l�ght v�brat�ons w�thout go�ng through the lower heat
v�brat�ons. It �s the problem of �mpart�ng to a body a certa�n veloc�ty
w�thout pass�ng through all lower veloc�t�es. But there �s a poss�b�l�ty
of obta�n�ng energy not only �n the form of l�ght, but mot�ve power,
and energy of any other form, �n some more d�rect way from the
med�um. The t�me w�ll be when th�s w�ll be accompl�shed, and the



t�me has come when one may utter such words before an
enl�ghtened aud�ence w�thout be�ng cons�dered a v�s�onary. We are
wh�rl�ng through endless space w�th an �nconce�vable speed, all
around us everyth�ng �s sp�nn�ng, everyth�ng �s mov�ng, everywhere
�s energy. There must be some way of ava�l�ng ourselves of th�s
energy more d�rectly. Then, w�th the l�ght obta�ned from the med�um,
w�th the power der�ved from �t, w�th every form of energy obta�ned
w�thout effort, from the store forever �nexhaust�ble, human�ty w�ll
advance w�th g�ant str�des. The mere contemplat�on of these
magn�f�cent poss�b�l�t�es expands our m�nds, strengthens our hopes
and f�lls our hearts w�th supreme del�ght.



CHAPTER XXVII.

E���������� ���� A��������
C������� �� H��� P��������

��� H��� F��������.[2]

I cannot f�nd words to express how deeply I feel the honor of
address�ng some of the foremost th�nkers of the present t�me, and so
many able sc�ent�f�c men, eng�neers and electr�c�ans, of the country
greatest �n sc�ent�f�c ach�evements.

The results wh�ch I have the honor to present before such a
gather�ng I cannot call my own. There are among you not a few who
can lay better cla�m than myself on any feature of mer�t wh�ch th�s
work may conta�n. I need not ment�on many names wh�ch are world-
known—names of those among you who are recogn�zed as the
leaders �n th�s enchant�ng sc�ence; but one, at least, I must ment�on
—a name wh�ch could not be om�tted �n a demonstrat�on of th�s k�nd.
It �s a name assoc�ated w�th the most beaut�ful �nvent�on ever made:
�t �s Crookes!

When I was at college, a good wh�le ago, I read, �n a translat�on
(for then I was not fam�l�ar w�th your magn�f�cent language), the
descr�pt�on of h�s exper�ments on rad�ant matter. I read �t only once �n
my l�fe—that t�me—yet every deta�l about that charm�ng work I can
remember to th�s day. Few are the books, let me say, wh�ch can
make such an �mpress�on upon the m�nd of a student.

But �f, on the present occas�on, I ment�on th�s name as one of
many your Inst�tut�on can boast of, �t �s because I have more than
one reason to do so. For what I have to tell you and to show you th�s
even�ng concerns, �n a large measure, that same vague world wh�ch
Professor Crookes has so ably explored; and, more than th�s, when I
trace back the mental process wh�ch led me to these advances—



wh�ch even by myself cannot be cons�dered tr�fl�ng, s�nce they are so
apprec�ated by you—I bel�eve that the�r real or�g�n, that wh�ch started
me to work �n th�s d�rect�on, and brought me to them, after a long
per�od of constant thought, was that fasc�nat�ng l�ttle book wh�ch I
read many years ago.

And now that I have made a feeble effort to express my homage
and acknowledge my �ndebtedness to h�m and others among you, I
w�ll make a second effort, wh�ch I hope you w�ll not f�nd so feeble as
the f�rst, to enterta�n you.

G�ve me leave to �ntroduce the subject �n a few words.

A short t�me ago I had the honor to br�ng before our Amer�can
Inst�tute of Electr�cal Eng�neers some results then arr�ved at by me �n
a novel l�ne of work. I need not assure you that the many ev�dences
wh�ch I have rece�ved that Engl�sh sc�ent�f�c men and eng�neers were
�nterested �n th�s work have been for me a great reward and
encouragement. I w�ll not dwell upon the exper�ments already
descr�bed, except w�th the v�ew of complet�ng, or more clearly
express�ng, some �deas advanced by me before, and also w�th the
v�ew of render�ng the study here presented self-conta�ned, and my
remarks on the subject of th�s even�ng's lecture cons�stent.

Th�s �nvest�gat�on, then, �t goes w�thout say�ng, deals w�th
alternat�ng currents, and to be more prec�se, w�th alternat�ng currents
of h�gh potent�al and h�gh frequency. Just �n how much a very h�gh
frequency �s essent�al for the product�on of the results presented �s a
quest�on wh�ch, even w�th my present exper�ence, would embarrass
me to answer. Some of the exper�ments may be performed w�th low
frequenc�es; but very h�gh frequenc�es are des�rable, not only on
account of the many effects secured by the�r use, but also as a
conven�ent means of obta�n�ng, �n the �nduct�on apparatus employed,
the h�gh potent�als, wh�ch �n the�r turn are necessary to the
demonstrat�on of most of the exper�ments here contemplated.

Of the var�ous branches of electr�cal �nvest�gat�on, perhaps the
most �nterest�ng and the most �mmed�ately prom�s�ng �s that deal�ng
w�th alternat�ng currents. The progress �n th�s branch of appl�ed



sc�ence has been so great �n recent years that �t just�f�es the most
sangu�ne hopes. Hardly have we become fam�l�ar w�th one fact,
when novel exper�ences are met and new avenues of research are
opened. Even at th�s hour poss�b�l�t�es not dreamed of before are, by
the use of these currents, partly real�zed. As �n nature all �s ebb and
t�de, all �s wave mot�on, so �t seems that �n all branches of �ndustry
alternat�ng currents—electr�c wave mot�on—w�ll have the sway.

One reason, perhaps, why th�s branch of sc�ence �s be�ng so
rap�dly developed �s to be found �n the �nterest wh�ch �s attached to
�ts exper�mental study. We w�nd a s�mple r�ng of �ron w�th co�ls; we
establ�sh the connect�ons to the generator, and w�th wonder and
del�ght we note the effects of strange forces wh�ch we br�ng �nto play,
wh�ch allow us to transform, to transm�t and d�rect energy at w�ll. We
arrange the c�rcu�ts properly, and we see the mass of �ron and w�res
behave as though �t were endowed w�th l�fe, sp�nn�ng a heavy
armature, through �nv�s�ble connect�ons, w�th great speed and power
—w�th the energy poss�bly conveyed from a great d�stance. We
observe how the energy of an alternat�ng current travers�ng the w�re
man�fests �tself—not so much �n the w�re as �n the surround�ng space
—�n the most surpr�s�ng manner, tak�ng the forms of heat, l�ght,
mechan�cal energy, and, most surpr�s�ng of all, even chem�cal
aff�n�ty. All these observat�ons fasc�nate us, and f�ll us w�th an �ntense
des�re to know more about the nature of these phenomena. Each
day we go to our work �n the hope of d�scover�ng,—�n the hope that
some one, no matter who, may f�nd a solut�on of one of the pend�ng
great problems,—and each succeed�ng day we return to our task
w�th renewed ardor; and even �f we are unsuccessful, our work has
not been �n va�n, for �n these str�v�ngs, �n these efforts, we have
found hours of untold pleasure, and we have d�rected our energ�es to
the benef�t of mank�nd.

We may take—at random, �f you choose—any of the many
exper�ments wh�ch may be performed w�th alternat�ng currents; a few
of wh�ch only, and by no means the most str�k�ng, form the subject of
th�s even�ng's demonstrat�on; they are all equally �nterest�ng, equally
�nc�t�ng to thought.



Here �s a s�mple glass tube from wh�ch the a�r has been part�ally
exhausted. I take hold of �t; I br�ng my body �n contact w�th a w�re
convey�ng alternat�ng currents of h�gh potent�al, and the tube �n my
hand �s br�ll�antly l�ghted. In whatever pos�t�on I may put �t, wherever I
move �t �n space, as far as I can reach, �ts soft, pleas�ng l�ght pers�sts
w�th und�m�n�shed br�ghtness.

Here �s an exhausted bulb suspended from a s�ngle w�re.
Stand�ng on an �nsulated support, I grasp �t, and a plat�num button
mounted �n �t �s brought to v�v�d �ncandescence.

Here, attached to a lead�ng w�re, �s another bulb, wh�ch, as I
touch �ts metall�c socket, �s f�lled w�th magn�f�cent colors of
phosphorescent l�ght.

Here st�ll another, wh�ch by my f�ngers' touch casts a shadow—
the Crookes shadow—of the stem �ns�de of �t.

Here, aga�n, �nsulated as I stand on th�s platform, I br�ng my body
�n contact w�th one of the term�nals of the secondary of th�s �nduct�on
co�l—w�th the end of a w�re many m�les long—and you see streams
of l�ght break forth from �ts d�stant end, wh�ch �s set �n v�olent
v�brat�on.

Here, once more, I attach these two plates of w�re gauze to the
term�nals of the co�l; I set them a d�stance apart, and I set the co�l to
work. You may see a small spark pass between the plates. I �nsert a
th�ck plate of one of the best d�electr�cs between them, and �nstead
of render�ng altogether �mposs�ble, as we are used to expect, I a�d
the passage of the d�scharge, wh�ch, as I �nsert the plate, merely
changes �n appearance and assumes the form of lum�nous streams.

Is there, I ask, can there be, a more �nterest�ng study than that of
alternat�ng currents?

In all these �nvest�gat�ons, �n all these exper�ments, wh�ch are so
very, very �nterest�ng, for many years past—ever s�nce the greatest
exper�menter who lectured �n th�s hall d�scovered �ts pr�nc�ple—we
have had a steady compan�on, an appl�ance fam�l�ar to every one, a
playth�ng once, a th�ng of momentous �mportance now—the



�nduct�on co�l. There �s no dearer appl�ance to the electr�c�an. From
the ablest among you, I dare say, down to the �nexper�enced student,
to your lecturer, we all have passed many del�ghtful hours �n
exper�ment�ng w�th the �nduct�on co�l. We have watched �ts play, and
thought and pondered over the beaut�ful phenomena wh�ch �t
d�sclosed to our rav�shed eyes. So well known �s th�s apparatus, so
fam�l�ar are these phenomena to every one, that my courage nearly
fa�ls me when I th�nk that I have ventured to address so able an
aud�ence, that I have ventured to enterta�n you w�th that same old
subject. Here �n real�ty �s the same apparatus, and here are the
same phenomena, only the apparatus �s operated somewhat
d�fferently, the phenomena are presented �n a d�fferent aspect. Some
of the results we f�nd as expected, others surpr�se us, but all
capt�vate our attent�on, for �n sc�ent�f�c �nvest�gat�on each novel result
ach�eved may be the centre of a new departure, each novel fact
learned may lead to �mportant developments.

Usually �n operat�ng an �nduct�on co�l we have set up a v�brat�on
of moderate frequency �n the pr�mary, e�ther by means of an
�nterrupter or break, or by the use of an alternator. Earl�er Engl�sh
�nvest�gators, to ment�on only Spott�swoode and J. E. H. Gordon,
have used a rap�d break �n connect�on w�th the co�l. Our knowledge
and exper�ence of to-day enables us to see clearly why these co�ls
under the cond�t�ons of the test d�d not d�sclose any remarkable
phenomena, and why able exper�menters fa�led to perce�ve many of
the cur�ous effects wh�ch have s�nce been observed.

In the exper�ments such as performed th�s even�ng, we operate
the co�l e�ther from a spec�ally constructed alternator capable of
g�v�ng many thousands of reversals of current per second, or, by
d�srupt�vely d�scharg�ng a condenser through the pr�mary, we set up
a v�brat�on �n the secondary c�rcu�t of a frequency of many hundred
thousand or m�ll�ons per second, �f we so des�re; and �n us�ng e�ther
of these means we enter a f�eld as yet unexplored.

It �s �mposs�ble to pursue an �nvest�gat�on �n any novel l�ne
w�thout f�nally mak�ng some �nterest�ng observat�on or learn�ng some
useful fact. That th�s statement �s appl�cable to the subject of th�s



lecture the many cur�ous and unexpected phenomena wh�ch we
observe afford a conv�nc�ng proof. By way of �llustrat�on, take for
�nstance the most obv�ous phenomena, those of the d�scharge of the
�nduct�on co�l.

Here �s a co�l wh�ch �s operated by currents v�brat�ng w�th
extreme rap�d�ty, obta�ned by d�srupt�vely d�scharg�ng a Leyden jar. It
would not surpr�se a student were the lecturer to say that the
secondary of th�s co�l cons�sts of a small length of comparat�vely
stout w�re; �t would not surpr�se h�m were the lecturer to state that, �n
sp�te of th�s, the co�l �s capable of g�v�ng any potent�al wh�ch the best
�nsulat�on of the turns �s able to w�thstand; but although he may be
prepared, and even be �nd�fferent as to the ant�c�pated result, yet the
aspect of the d�scharge of the co�l w�ll surpr�se and �nterest h�m.
Every one �s fam�l�ar w�th the d�scharge of an ord�nary co�l; �t need
not be reproduced here. But, by way of contrast, here �s a form of
d�scharge of a co�l, the pr�mary current of wh�ch �s v�brat�ng several
hundred thousand t�mes per second. The d�scharge of an ord�nary
co�l appears as a s�mple l�ne or band of l�ght. The d�scharge of th�s
co�l appears �n the form of powerful brushes and lum�nous streams
�ssu�ng from all po�nts of the two stra�ght w�res attached to the
term�nals of the secondary. (F�g. 130.)

F�g. 130, 131.
F��. 130. F��. 131.

Now compare th�s phenomenon wh�ch you have just w�tnessed
w�th the d�scharge of a Holtz or W�mshurst mach�ne—that other
�nterest�ng appl�ance so dear to the exper�menter. What a d�fference
there �s between these phenomena! And yet, had I made the
necessary arrangements—wh�ch could have been made eas�ly, were
�t not that they would �nterfere w�th other exper�ments—I could have
produced w�th th�s co�l sparks wh�ch, had I the co�l h�dden from your
v�ew and only two knobs exposed, even the keenest observer
among you would f�nd �t d�ff�cult, �f not �mposs�ble, to d�st�ngu�sh from
those of an �nfluence or fr�ct�on mach�ne. Th�s may be done �n many
ways—for �nstance, by operat�ng the �nduct�on co�l wh�ch charges
the condenser from an alternat�ng-current mach�ne of very low



frequency, and preferably adjust�ng the d�scharge c�rcu�t so that
there are no osc�llat�ons set up �n �t. We then obta�n �n the secondary
c�rcu�t, �f the knobs are of the requ�red s�ze and properly set, a more
or less rap�d success�on of sparks of great �ntens�ty and small
quant�ty, wh�ch possess the same br�ll�ancy, and are accompan�ed by
the same sharp crackl�ng sound, as those obta�ned from a fr�ct�on or
�nfluence mach�ne.

Another way �s to pass through two pr�mary c�rcu�ts, hav�ng a
common secondary, two currents of a sl�ghtly d�fferent per�od, wh�ch
produce �n the secondary c�rcu�t sparks occurr�ng at comparat�vely
long �ntervals. But, even w�th the means at hand th�s even�ng, I may
succeed �n �m�tat�ng the spark of a Holtz mach�ne. For th�s purpose I
establ�sh between the term�nals of the co�l wh�ch charges the
condenser a long, unsteady arc, wh�ch �s per�od�cally �nterrupted by
the upward current of a�r produced by �t. To �ncrease the current of
a�r I place on each s�de of the arc, and close to �t, a large plate of
m�ca. The condenser charged from th�s co�l d�scharges �nto the
pr�mary c�rcu�t of a second co�l through a small a�r gap, wh�ch �s
necessary to produce a sudden rush of current through the pr�mary.
The scheme of connect�ons �n the present exper�ment �s �nd�cated �n
F�g. 131.

G �s an ord�nar�ly constructed alternator, supply�ng the pr�mary P
of an �nduct�on co�l, the secondary S of wh�ch charges the
condensers or jars C C. The term�nals of the secondary are
connected to the �ns�de coat�ngs of the jars, the outer coat�ngs be�ng
connected to the ends of the pr�mary p p of a second �nduct�on co�l.
Th�s pr�mary p p has a small a�r gap a b.

The secondary s of th�s co�l �s prov�ded w�th knobs or spheres K K
of the proper s�ze and set at a d�stance su�table for the exper�ment.

A long arc �s establ�shed between the term�nals A B of the f�rst
�nduct�on co�l. M M are the m�ca plates.

Each t�me the arc �s broken between A and B the jars are qu�ckly
charged and d�scharged through the pr�mary p p, produc�ng a
snapp�ng spark between the knobs K K. Upon the arc form�ng



between A and B the potent�al falls, and the jars cannot be charged
to such h�gh potent�al as to break through the a�r gap a b unt�l the arc
�s aga�n broken by the draught.

In th�s manner sudden �mpulses, at long �ntervals, are produced
�n the pr�mary p p, wh�ch �n the secondary s g�ve a correspond�ng
number of �mpulses of great �ntens�ty. If the secondary knobs or
spheres, K K, are of the proper s�ze, the sparks show much
resemblance to those of a Holtz mach�ne.

But these two effects, wh�ch to the eye appear so very d�fferent,
are only two of the many d�scharge phenomena. We only need to
change the cond�t�ons of the test, and aga�n we make other
observat�ons of �nterest.

When, �nstead of operat�ng the �nduct�on co�l as �n the last two
exper�ments, we operate �t from a h�gh frequency alternator, as �n the
next exper�ment, a systemat�c study of the phenomena �s rendered
much more easy. In such case, �n vary�ng the strength and frequency
of the currents through the pr�mary, we may observe f�ve d�st�nct
forms of d�scharge, wh�ch I have descr�bed �n my former paper on
the subject before the Amer�can Inst�tute of Electr�cal Eng�neers,
May 20, 1891.

It would take too much t�me, and �t would lead us too far from the
subject presented th�s even�ng, to reproduce all these forms, but �t
seems to me des�rable to show you one of them. It �s a brush
d�scharge, wh�ch �s �nterest�ng �n more than one respect. V�ewed
from a near pos�t�on �t resembles much a jet of gas escap�ng under
great pressure. We know that the phenomenon �s due to the
ag�tat�on of the molecules near the term�nal, and we ant�c�pate that
some heat must be developed by the �mpact of the molecules
aga�nst the term�nal or aga�nst each other. Indeed, we f�nd that the
brush �s hot, and only a l�ttle thought leads us to the conclus�on that,
could we but reach suff�c�ently h�gh frequenc�es, we could produce a
brush wh�ch would g�ve �ntense l�ght and heat, and wh�ch would
resemble �n every part�cular an ord�nary flame, save, perhaps, that



both phenomena m�ght not be due to the same agent—save,
perhaps, that chem�cal aff�n�ty m�ght not be electr�cal �n �ts nature.

As the product�on of heat and l�ght �s here due to the �mpact of
the molecules, or atoms of a�r, or someth�ng else bes�des, and, as
we can augment the energy s�mply by ra�s�ng the potent�al, we
m�ght, even w�th frequenc�es obta�ned from a dynamo mach�ne,
�ntens�fy the act�on to such a degree as to br�ng the term�nal to
melt�ng heat. But w�th such low frequenc�es we would have to deal
always w�th someth�ng of the nature of an electr�c current. If I
approach a conduct�ng object to the brush, a th�n l�ttle spark passes,
yet, even w�th the frequenc�es used th�s even�ng, the tendency to
spark �s not very great. So, for �nstance, �f I hold a metall�c sphere at
some d�stance above the term�nal, you may see the whole space
between the term�nal and sphere �llum�nated by the streams w�thout
the spark pass�ng; and w�th the much h�gher frequenc�es obta�nable
by the d�srupt�ve d�scharge of a condenser, were �t not for the
sudden �mpulses, wh�ch are comparat�vely few �n number, spark�ng
would not occur even at very small d�stances. However, w�th
�ncomparably h�gher frequenc�es, wh�ch we may yet f�nd means to
produce eff�c�ently, and prov�ded that electr�c �mpulses of such h�gh
frequenc�es could be transm�tted through a conductor, the electr�cal
character�st�cs of the brush d�scharge would completely van�sh—no
spark would pass, no shock would be felt—yet we would st�ll have to
deal w�th an electr�c phenomenon, but �n the broad, modern
�nterpretat�on of the word. In my f�rst paper, before referred to, I have
po�nted out the cur�ous propert�es of the brush, and descr�bed the
best manner of produc�ng �t, but I have thought �t worth wh�le to
endeavor to express myself more clearly �n regard to th�s
phenomenon, because of �ts absorb�ng �nterest.

When a co�l �s operated w�th currents of very h�gh frequency,
beaut�ful brush effects may be produced, even �f the co�l be of
comparat�vely small d�mens�ons. The exper�menter may vary them �n
many ways, and, �f �t were for noth�ng else, they afford a pleas�ng
s�ght. What adds to the�r �nterest �s that they may be produced w�th
one s�ngle term�nal as well as w�th two—�n fact, often better w�th one
than w�th two.



But of all the d�scharge phenomena observed, the most pleas�ng
to the eye, and the most �nstruct�ve, are those observed w�th a co�l
wh�ch �s operated by means of the d�srupt�ve d�scharge of a
condenser. The power of the brushes, the abundance of the sparks,
when the cond�t�ons are pat�ently adjusted, �s often amaz�ng. W�th
even a very small co�l, �f �t be so well �nsulated as to stand a
d�fference of potent�al of several thousand volts per turn, the sparks
may be so abundant that the whole co�l may appear a complete
mass of f�re.

Cur�ously enough the sparks, when the term�nals of the co�l are
set at a cons�derable d�stance, seem to dart �n every poss�ble
d�rect�on as though the term�nals were perfectly �ndependent of each
other. As the sparks would soon destroy the �nsulat�on, �t �s
necessary to prevent them. Th�s �s best done by �mmers�ng the co�l
�n a good l�qu�d �nsulator, such as bo�led-out o�l. Immers�on �n a l�qu�d
may be cons�dered almost an absolute necess�ty for the cont�nued
and successful work�ng of such a co�l.

It �s, of course, out of the quest�on, �n an exper�mental lecture,
w�th only a few m�nutes at d�sposal for the performance of each
exper�ment, to show these d�scharge phenomena to advantage, as,
to produce each phenomenon at �ts best, a very careful adjustment
�s requ�red. But even �f �mperfectly produced, as they are l�kely to be
th�s even�ng, they are suff�c�ently str�k�ng to �nterest an �ntell�gent
aud�ence.

Before show�ng some of these cur�ous effects I must, for the sake
of completeness, g�ve a short descr�pt�on of the co�l and other
apparatus used �n the exper�ments w�th the d�srupt�ve d�scharge th�s
even�ng.

F�g. 132.
F��. 132.

It �s conta�ned �n a box B (F�g. 132) of th�ck boards of hard wood,
covered on the outs�de w�th a z�nc sheet Z, wh�ch �s carefully
soldered all around. It m�ght be adv�sable, �n a str�ctly sc�ent�f�c
�nvest�gat�on, when accuracy �s of great �mportance, to do away w�th



the metal cover, as �t m�ght �ntroduce many errors, pr�nc�pally on
account of �ts complex act�on upon the co�l, as a condenser of very
small capac�ty and as an electrostat�c and electromagnet�c screen.
When the co�l �s used for such exper�ments as are here
contemplated, the employment of the metal cover offers some
pract�cal advantages, but these are not of suff�c�ent �mportance to be
dwelt upon.

The co�l should be placed symmetr�cally to the metal cover, and
the space between should, of course, not be too small, certa�nly not
less than, say, f�ve cent�metres, but much more �f poss�ble; espec�ally
the two s�des of the z�nc box, wh�ch are at r�ght angles to the ax�s of
the co�l, should be suff�c�ently remote from the latter, as otherw�se
they m�ght �mpa�r �ts act�on and be a source of loss.

The co�l cons�sts of two spools of hard rubber R R, held apart at a
d�stance of 10 cent�metres by bolts C and nuts n, l�kew�se of hard
rubber. Each spool compr�ses a tube T of approx�mately 8
cent�metres �ns�de d�ameter, and 3 m�ll�metres th�ck, upon wh�ch are
screwed two flanges F F, 24 cent�metres square, the space between
the flanges be�ng about 3 cent�metres. The secondary, S S, of the
best gutta percha-covered w�re, has 26 layers, 10 turns �n each,
g�v�ng for each half a total of 260 turns. The two halves are wound
oppos�tely and connected �n ser�es, the connect�on between both
be�ng made over the pr�mary. Th�s d�spos�t�on, bes�des be�ng
conven�ent, has the advantage that when the co�l �s well balanced—
that �s, when both of �ts term�nals T1, T1, are connected to bod�es or
dev�ces of equal capac�ty—there �s not much danger of break�ng
through to the pr�mary, and the �nsulat�on between the pr�mary and
the secondary need not be th�ck. In us�ng the co�l �t �s adv�sable to
attach to both term�nals dev�ces of nearly equal capac�ty, as, when
the capac�ty of the term�nals �s not equal, sparks w�ll be apt to pass
to the pr�mary. To avo�d th�s, the m�ddle po�nt of the secondary may
be connected to the pr�mary, but th�s �s not always pract�cable.

The pr�mary P P �s wound �n two parts, and oppos�tely, upon a
wooden spool w, and the four ends are led out of the o�l through hard
rubber tubes t t. The ends of the secondary T1 T1, are also led out of



the o�l through rubber tubes t1 t1 of great th�ckness. The pr�mary and
secondary layers are �nsulated by cotton cloth, the th�ckness of the
�nsulat�on, of course, bear�ng some proport�on to the d�fference of
potent�al between the turns of the d�fferent layers. Each half of the
pr�mary has four layers, 24 turns �n each, th�s g�v�ng a total of 96
turns. When both the parts are connected �n ser�es, th�s g�ves a rat�o
of convers�on of about 1:2.7, and w�th the pr�mar�es �n mult�ple, 1:5.4;
but �n operat�ng w�th very rap�dly alternat�ng currents th�s rat�o does
not convey even an approx�mate �dea of the rat�o of the �. �. �'s. �n
the pr�mary and secondary c�rcu�ts. The co�l �s held �n pos�t�on �n the
o�l on wooden supports, there be�ng about 5 cent�metres th�ckness of
o�l all round. Where the o�l �s not spec�ally needed, the space �s f�lled
w�th p�eces of wood, and for th�s purpose pr�nc�pally the wooden box
B surround�ng the whole �s used.

The construct�on here shown �s, of course, not the best on
general pr�nc�ples, but I bel�eve �t �s a good and conven�ent one for
the product�on of effects �n wh�ch an excess�ve potent�al and a very
small current are needed.

In connect�on w�th the co�l I use e�ther the ord�nary form of
d�scharger or a mod�f�ed form. In the former I have �ntroduced two
changes wh�ch secure some advantages, and wh�ch are obv�ous. If
they are ment�oned, �t �s only �n the hope that some exper�menter
may f�nd them of use.

One of the changes �s that the adjustable knobs A and B (F�g.
133), of the d�scharger are held �n jaws of brass, J J, by spr�ng
pressure, th�s allow�ng of turn�ng them success�vely �nto d�fferent
pos�t�ons, and so do�ng away w�th the ted�ous process of frequent
pol�sh�ng up.

F�g. 133.
F��. 133.

The other change cons�sts �n the employment of a strong
electromagnet N S, wh�ch �s placed w�th �ts ax�s at r�ght angles to the
l�ne jo�n�ng the knobs A and B, and produces a strong magnet�c f�eld
between them. The pole p�eces of the magnet are movable and



properly formed so as to protrude between the brass knobs, �n order
to make the f�eld as �ntense as poss�ble; but to prevent the d�scharge
from jump�ng to the magnet the pole p�eces are protected by a layer
of m�ca, M M, of suff�c�ent th�ckness; s1 s1 and s2 s2 are screws for
fasten�ng the w�res. On each s�de one of the screws �s for large and
the other for small w�res. L L are screws for f�x�ng �n pos�t�on the rods
R R, wh�ch support the knobs.

In another arrangement w�th the magnet I take the d�scharge
between the rounded pole p�eces themselves, wh�ch �n such case
are �nsulated and preferably prov�ded w�th pol�shed brass caps.

The employment of an �ntense magnet�c f�eld �s of advantage
pr�nc�pally when the �nduct�on co�l or transformer wh�ch charges the
condenser �s operated by currents of very low frequency. In such a
case the number of the fundamental d�scharges between the knobs
may be so small as to render the currents produced �n the secondary
unsu�table for many exper�ments. The �ntense magnet�c f�eld then
serves to blow out the arc between the knobs as soon as �t �s
formed, and the fundamental d�scharges occur �n qu�cker
success�on.

F�g. 134.
F��. 134.

Instead of the magnet, a draught or blast of a�r may be employed
w�th some advantage. In th�s case the arc �s preferably establ�shed
between the knobs A B, �n F�g. 131 (the knobs a b be�ng generally
jo�ned, or ent�rely done away w�th), as �n th�s d�spos�t�on the arc �s
long and unsteady, and �s eas�ly affected by the draught.

When a magnet �s employed to break the arc, �t �s better to
choose the connect�on �nd�cated d�agrammat�cally �n F�g. 134, as �n
th�s case the currents form�ng the arc are much more powerful, and
the magnet�c f�eld exerc�ses a greater �nfluence. The use of the
magnet perm�ts, however, of the arc be�ng replaced by a vacuum
tube, but I have encountered great d�ff�cult�es �n work�ng w�th an
exhausted tube.



The other form of d�scharger used �n these and s�m�lar
exper�ments �s �nd�cated �n F�gs. 135 and 136. It cons�sts of a
number of brass p�eces c c (F�g. 135), each of wh�ch compr�ses a
spher�cal m�ddle port�on m w�th an extens�on e below—wh�ch �s
merely used to fasten the p�ece �n a lathe when pol�sh�ng up the
d�scharg�ng surface—and a column above, wh�ch cons�sts of a
knurled flange f surmounted by a threaded stem l carry�ng a nut n, by
means of wh�ch a w�re �s fastened to the column. The flange f
conven�ently serves for hold�ng the brass p�ece when fasten�ng the
w�re, and also for turn�ng �t �n any pos�t�on when �t becomes
necessary to present a fresh d�scharg�ng surface. Two stout str�ps of
hard rubber R R, w�th planed grooves g g (F�g. 136) to f�t the m�ddle
port�on of the p�eces c c, serve to clamp the latter and hold them
f�rmly �n pos�t�on by means of two bolts C C (of wh�ch only one �s
shown) pass�ng through the ends of the str�ps.

F�g. 135.
F��. 135.
F�g. 136.
F��. 136.

In the use of th�s k�nd of d�scharger I have found three pr�nc�pal
advantages over the ord�nary form. F�rst, the d�electr�c strength of a
g�ven total w�dth of a�r space �s greater when a great many small a�r
gaps are used �nstead of one, wh�ch perm�ts of work�ng w�th a
smaller length of a�r gap, and that means smaller loss and less
deter�orat�on of the metal; secondly, by reason of spl�tt�ng the arc up
�nto smaller arcs, the pol�shed surfaces are made to last much
longer; and, th�rdly, the apparatus affords some gauge �n the
exper�ments. I usually set the p�eces by putt�ng between them sheets
of un�form th�ckness at a certa�n very small d�stance wh�ch �s known
from the exper�ments of S�r W�ll�am Thomson to requ�re a certa�n
electromot�ve force to be br�dged by the spark.

It should, of course, be remembered that the spark�ng d�stance �s
much d�m�n�shed as the frequency �s �ncreased. By tak�ng any
number of spaces the exper�menter has a rough �dea of the
electromot�ve force, and he f�nds �t eas�er to repeat an exper�ment,



as he has not the trouble of sett�ng the knobs aga�n and aga�n. W�th
th�s k�nd of d�scharger I have been able to ma�nta�n an osc�llat�ng
mot�on w�thout any spark be�ng v�s�ble w�th the naked eye between
the knobs, and they would not show a very apprec�able r�se �n
temperature. Th�s form of d�scharge also lends �tself to many
arrangements of condensers and c�rcu�ts wh�ch are often very
conven�ent and t�me-sav�ng. I have used �t preferably �n a d�spos�t�on
s�m�lar to that �nd�cated �n F�g. 131, when the currents form�ng the
arc are small.

I may here ment�on that I have also used d�schargers w�th s�ngle
or mult�ple a�r gaps, �n wh�ch the d�scharge surfaces were rotated
w�th great speed. No part�cular advantage was, however, ga�ned by
th�s method, except �n cases where the currents from the condenser
were large and the keep�ng cool of the surfaces was necessary, and
�n cases when, the d�scharge not be�ng osc�llat�ng of �tself, the arc as
soon as establ�shed was broken by the a�r current, thus start�ng the
v�brat�on at �ntervals �n rap�d success�on. I have also used
mechan�cal �nterrupters �n many ways. To avo�d the d�ff�cult�es w�th
fr�ct�onal contacts, the preferred plan adopted was to establ�sh the
arc and rotate through �t at great speed a r�m of m�ca prov�ded w�th
many holes and fastened to a steel plate. It �s understood, of course,
that the employment of a magnet, a�r current, or other �nterrupter,
produces no effect worth not�c�ng, unless the self-�nduct�on, capac�ty
and res�stance are so related that there are osc�llat�ons set up upon
each �nterrupt�on.

I w�ll now endeavor to show you some of the most noteworthy of
these d�scharge phenomena.

I have stretched across the room two ord�nary cotton covered
w�res, each about seven metres �n length. They are supported on
�nsulat�ng cords at a d�stance of about th�rty cent�metres. I attach
now to each of the term�nals of the co�l one of the w�res, and set the
co�l �n act�on. Upon turn�ng the l�ghts off �n the room you see the
w�res strongly �llum�nated by the streams �ssu�ng abundantly from
the�r whole surface �n sp�te of the cotton cover�ng, wh�ch may even
be very th�ck. When the exper�ment �s performed under good



cond�t�ons, the l�ght from the w�res �s suff�c�ently �ntense to allow
d�st�ngu�sh�ng the objects �n a room. To produce the best result �t �s,
of course, necessary to adjust carefully the capac�ty of the jars, the
arc between the knobs and the length of the w�res. My exper�ence �s
that calculat�on of the length of the w�res leads, �n such case, to no
result whatever. The exper�menter w�ll do best to take the w�res at
the start very long, and then adjust by cutt�ng off f�rst long p�eces,
and then smaller and smaller ones as he approaches the r�ght
length.

A conven�ent way �s to use an o�l condenser of very small
capac�ty, cons�st�ng of two small adjustable metal plates, �n
connect�on w�th th�s and s�m�lar exper�ments. In such case I take
w�res rather short and at the beg�nn�ng set the condenser plates at
max�mum d�stance. If the streams from the w�res �ncrease by
approach of the plates, the length of the w�res �s about r�ght; �f they
d�m�n�sh, the w�res are too long for that frequency and potent�al.
When a condenser �s used �n connect�on w�th exper�ments w�th such
a co�l, �t should be an o�l condenser by all means, as �n us�ng an a�r
condenser cons�derable energy m�ght be wasted. The w�res lead�ng
to the plates �n the o�l should be very th�n, heav�ly coated w�th some
�nsulat�ng compound, and prov�ded w�th a conduct�ng cover�ng—th�s
preferably extend�ng under the surface of the o�l. The conduct�ng
cover should not be too near the term�nals, or ends, of the w�re, as a
spark would be apt to jump from the w�re to �t. The conduct�ng
coat�ng �s used to d�m�n�sh the a�r losses, �n v�rtue of �ts act�on as an
electrostat�c screen. As to the s�ze of the vessel conta�n�ng the o�l,
and the s�ze of the plates, the exper�menter ga�ns at once an �dea
from a rough tr�al. The s�ze of the plates �n o�l �s, however, calculable,
as the d�electr�c losses are very small.

In the preced�ng exper�ment �t �s of cons�derable �nterest to know
what relat�on the quant�ty of the l�ght em�tted bears to the frequency
and potent�al of the electr�c �mpulses. My op�n�on �s that the heat as
well as l�ght effects produced should be proport�onate, under
otherw�se equal cond�t�ons of test, to the product of frequency and
square of potent�al, but the exper�mental ver�f�cat�on of the law,
whatever �t may be, would be exceed�ngly d�ff�cult. One th�ng �s



certa�n, at any rate, and that �s, that �n augment�ng the potent�al and
frequency we rap�dly �ntens�fy the streams; and, though �t may be
very sangu�ne, �t �s surely not altogether hopeless to expect that we
may succeed �n produc�ng a pract�cal �llum�nant on these l�nes. We
would then be s�mply us�ng burners or flames, �n wh�ch there would
be no chem�cal process, no consumpt�on of mater�al, but merely a
transfer of energy, and wh�ch would, �n all probab�l�ty, em�t more l�ght
and less heat than ord�nary flames.



F�g. 137.
F��. 137.

The lum�nous �ntens�ty of the streams �s, of course, cons�derably
�ncreased when they are focused upon a small surface. Th�s may be
shown by the follow�ng exper�ment:

I attach to one of the term�nals of the co�l a w�re w (F�g. 137), bent
�n a c�rcle of about 30 cent�metres �n d�ameter, and to the other
term�nal I fasten a small brass sphere s, the surface of the w�re be�ng
preferably equal to the surface of the sphere, and the centre of the
latter be�ng �n a l�ne at r�ght angles to the plane of the w�re c�rcle and
pass�ng through �ts centre. When the d�scharge �s establ�shed under
proper cond�t�ons, a lum�nous hollow cone �s formed, and �n the dark
one-half of the brass sphere �s strongly �llum�nated, as shown �n the
cut.

By some art�f�ce or other �t �s easy to concentrate the streams
upon small surfaces and to produce very strong l�ght effects. Two
th�n w�res may thus be rendered �ntensely lum�nous.

In order to �ntens�fy the streams the w�res should be very th�n and
short; but as �n th�s case the�r capac�ty would be generally too small
for the co�l—at least for such a one as the present—�t �s necessary to
augment the capac�ty to the requ�red value, wh�le, at the same t�me,
the surface of the w�res rema�ns very small. Th�s may be done �n
many ways.

F�g. 138.
F��. 138.

Here, for �nstance, I have two plates, R R, of hard rubber (F�g.
138), upon wh�ch I have glued two very th�n w�res w w, so as to form
a name. The w�res may be bare or covered w�th the best �nsulat�on—
�t �s �mmater�al for the success of the exper�ment. Well �nsulated
w�res, �f anyth�ng, are preferable. On the back of each plate,
�nd�cated by the shaded port�on, �s a t�nfo�l coat�ng t t. The plates are
placed �n l�ne at a suff�c�ent d�stance to prevent a spark pass�ng from
one w�re to the other. The two t�nfo�l coat�ngs I have jo�ned by a



conductor C, and the two w�res I presently connect to the term�nals of
the co�l. It �s now easy, by vary�ng the strength and frequency of the
currents through the pr�mary, to f�nd a po�nt at wh�ch the capac�ty of
the system �s best su�ted to the cond�t�ons, and the w�res become so
strongly lum�nous that, when the l�ght �n the room �s turned off the
name formed by them appears �n br�ll�ant letters.

It �s perhaps preferable to perform th�s exper�ment w�th a co�l
operated from an alternator of h�gh frequency, as then, ow�ng to the
harmon�c r�se and fall, the streams are very un�form, though they are
less abundant than when produced w�th such a co�l as the present
one. Th�s exper�ment, however, may be performed w�th low
frequenc�es, but much less sat�sfactor�ly.

F�g. 139.
F��. 139.

When two w�res, attached to the term�nals of the co�l, are set at
the proper d�stance, the streams between them may be so �ntense
as to produce a cont�nuous lum�nous sheet. To show th�s
phenomenon I have here two c�rcles, C and c (F�g. 139), of rather
stout w�re, one be�ng about 80 cent�metres and the other 30
cent�metres �n d�ameter. To each of the term�nals of the co�l I attach
one of the c�rcles. The support�ng w�res are so bent that the c�rcles
may be placed �n the same plane, co�nc�d�ng as nearly as poss�ble.
When the l�ght �n the room �s turned off and the co�l set to work, you
see the whole space between the w�res un�formly f�lled w�th streams,
form�ng a lum�nous d�sc, wh�ch could be seen from a cons�derable
d�stance, such �s the �ntens�ty of the streams. The outer c�rcle could
have been much larger than the present one; �n fact, w�th th�s co�l I
have used much larger c�rcles, and I have been able to produce a
strongly lum�nous sheet, cover�ng an area of more than one square
metre, wh�ch �s a remarkable effect w�th th�s very small co�l. To avo�d
uncerta�nty, the c�rcle has been taken smaller, and the area �s now
about 0.43 square metre.

The frequency of the v�brat�on, and the qu�ckness of success�on
of the sparks between the knobs, affect to a marked degree the



appearance of the streams. When the frequency �s very low, the a�r
g�ves way �n more or less the same manner, as by a steady
d�fference of potent�al, and the streams cons�st of d�st�nct threads,
generally m�ngled w�th th�n sparks, wh�ch probably correspond to the
success�ve d�scharges occurr�ng between the knobs. But when the
frequency �s extremely h�gh, and the arc of the d�scharge produces a
very loud and smooth sound—show�ng both that osc�llat�on takes
place and that the sparks succeed each other w�th great rap�d�ty—
then the lum�nous streams formed are perfectly un�form. To reach
th�s result very small co�ls and jars of small capac�ty should be used.
I take two tubes of th�ck Bohem�an glass, about 5 cent�metres �n
d�ameter and 20 cent�metres long. In each of the tubes I sl�p a
pr�mary of very th�ck copper w�re. On the top of each tube I w�nd a
secondary of much th�nner gutta-percha covered w�re. The two
secondar�es I connect �n ser�es, the pr�mar�es preferably �n mult�ple
arc. The tubes are then placed �n a large glass vessel, at a d�stance
of 10 to 15 cent�metres from each other, on �nsulat�ng supports, and
the vessel �s f�lled w�th bo�led-out o�l, the o�l reach�ng about an �nch
above the tubes. The free ends of the secondary are l�fted out of the
co�l and placed parallel to each other at a d�stance of about ten
cent�metres. The ends wh�ch are scraped should be d�pped �n the o�l.
Two four-p�nt jars jo�ned �n ser�es may be used to d�scharge through
the pr�mary. When the necessary adjustments �n the length and
d�stance of the w�res above the o�l and �n the arc of d�scharge are
made, a lum�nous sheet �s produced between the w�res wh�ch �s
perfectly smooth and textureless, l�ke the ord�nary d�scharge through
a moderately exhausted tube.

I have purposely dwelt upon th�s apparently �ns�gn�f�cant
exper�ment. In tr�als of th�s k�nd the exper�menter arr�ves at the
startl�ng conclus�on that, to pass ord�nary lum�nous d�scharges
through gases, no part�cular degree of exhaust�on �s needed, but that
the gas may be at ord�nary or even greater pressure. To accompl�sh
th�s, a very h�gh frequency �s essent�al; a h�gh potent�al �s l�kew�se
requ�red, but th�s �s merely an �nc�dental necess�ty. These
exper�ments teach us that, �n endeavor�ng to d�scover novel methods
of produc�ng l�ght by the ag�tat�on of atoms, or molecules, of a gas,



we need not l�m�t our research to the vacuum tube, but may look
forward qu�te ser�ously to the poss�b�l�ty of obta�n�ng the l�ght effects
w�thout the use of any vessel whatever, w�th a�r at ord�nary pressure.

Such d�scharges of very h�gh frequency, wh�ch render lum�nous
the a�r at ord�nary pressures, we have probably occas�on often to
w�tness �n Nature. I have no doubt that �f, as many bel�eve, the
aurora boreal�s �s produced by sudden cosm�c d�sturbances, such as
erupt�ons at the sun's surface, wh�ch set the electrostat�c charge of
the earth �n an extremely rap�d v�brat�on, the red glow observed �s
not conf�ned to the upper raref�ed strata of the a�r, but the d�scharge
traverses, by reason of �ts very h�gh frequency, also the dense
atmosphere �n the form of a glow, such as we ord�nar�ly produce �n a
sl�ghtly exhausted tube. If the frequency were very low, or even more
so, �f the charge were not at all v�brat�ng, the dense a�r would break
down as �n a l�ghtn�ng d�scharge. Ind�cat�ons of such break�ng down
of the lower dense strata of the a�r have been repeatedly observed at
the occurrence of th�s marvelous phenomenon; but �f �t does occur, �t
can only be attr�buted to the fundamental d�sturbances, wh�ch are
few �n number, for the v�brat�on produced by them would be far too
rap�d to allow a d�srupt�ve break. It �s the or�g�nal and �rregular
�mpulses wh�ch affect the �nstruments; the super�mposed v�brat�ons
probably pass unnot�ced.

When an ord�nary low frequency d�scharge �s passed through
moderately raref�ed a�r, the a�r assumes a purpl�sh hue. If by some
means or other we �ncrease the �ntens�ty of the molecular, or atom�c,
v�brat�on, the gas changes to a wh�te color. A s�m�lar change occurs
at ord�nary pressures w�th electr�c �mpulses of very h�gh frequency. If
the molecules of the a�r around a w�re are moderately ag�tated, the
brush formed �s redd�sh or v�olet; �f the v�brat�on �s rendered
suff�c�ently �ntense, the streams become wh�te. We may accompl�sh
th�s �n var�ous ways. In the exper�ment before shown w�th the two
w�res across the room, I have endeavored to secure the result by
push�ng to a h�gh value both the frequency and potent�al; �n the
exper�ment w�th the th�n w�res glued on the rubber plate I have
concentrated the act�on upon a very small surface—�n other words, I
have worked w�th a great electr�c dens�ty.



F�g. 140.
F��. 140.

A most cur�ous form of d�scharge �s observed w�th such a co�l
when the frequency and potent�al are pushed to the extreme l�m�t. To
perform the exper�ment, every part of the co�l should be heav�ly
�nsulated, and only two small spheres—or, better st�ll, two sharp-
edged metal d�scs (d d, F�g. 140) of no more than a few cent�metres
�n d�ameter—should be exposed to the a�r. The co�l here used �s
�mmersed �n o�l, and the ends of the secondary reach�ng out of the
o�l are covered w�th an a�r-t�ght cover of hard rubber of great
th�ckness. All cracks, �f there are any, should be carefully stopped
up, so that the brush d�scharge cannot form anywhere except on the
small spheres or plates wh�ch are exposed to the a�r. In th�s case,
s�nce there are no large plates or other bod�es of capac�ty attached
to the term�nals, the co�l �s capable of an extremely rap�d v�brat�on.
The potent�al may be ra�sed by �ncreas�ng, as far as the
exper�menter judges proper, the rate of change of the pr�mary
current. W�th a co�l not w�dely d�ffer�ng from the present, �t �s best to
connect the two pr�mar�es �n mult�ple arc; but �f the secondary should
have a much greater number of turns the pr�mar�es should preferably
be used �n ser�es, as otherw�se the v�brat�on m�ght be too fast for the
secondary. It occurs under these cond�t�ons that m�sty wh�te streams
break forth from the edges of the d�scs and spread out phantom-l�ke
�nto space. W�th th�s co�l, when fa�rly well produced, they are about
25 to 30 cent�metres long. When the hand �s held aga�nst them no
sensat�on �s produced, and a spark, caus�ng a shock, jumps from the
term�nal only upon the hand be�ng brought much nearer. If the
osc�llat�on of the pr�mary current �s rendered �nterm�ttent by some
means or other, there �s a correspond�ng throbb�ng of the streams,
and now the hand or other conduct�ng object may be brought �n st�ll
greater prox�m�ty to the term�nal w�thout a spark be�ng caused to
jump.

Among the many beaut�ful phenomena wh�ch may be produced
w�th such a co�l, I have here selected only those wh�ch appear to
possess some features of novelty, and lead us to some conclus�ons
of �nterest. One w�ll not f�nd �t at all d�ff�cult to produce �n the



laboratory, by means of �t, many other phenomena wh�ch appeal to
the eye even more than these here shown, but present no part�cular
feature of novelty.

Early exper�menters descr�be the d�splay of sparks produced by
an ord�nary large �nduct�on co�l upon an �nsulat�ng plate separat�ng
the term�nals. Qu�te recently S�emens performed some exper�ments
�n wh�ch f�ne effects were obta�ned, wh�ch were seen by many w�th
�nterest. No doubt large co�ls, even �f operated w�th currents of low
frequenc�es, are capable of produc�ng beaut�ful effects. But the
largest co�l ever made could not, by far, equal the magn�f�cent
d�splay of streams and sparks obta�ned from such a d�srupt�ve
d�scharge co�l when properly adjusted. To g�ve an �dea, a co�l such
as the present one w�ll cover eas�ly a plate of one metre �n d�ameter
completely w�th the streams. The best way to perform such
exper�ments �s to take a very th�n rubber or a glass plate and glue on
one s�de of �t a narrow r�ng of t�nfo�l of very large d�ameter, and on
the other a c�rcular washer, the centre of the latter co�nc�d�ng w�th
that of the r�ng, and the surfaces of both be�ng preferably equal, so
as to keep the co�l well balanced. The washer and r�ng should be
connected to the term�nals by heav�ly �nsulated th�n w�res. It �s easy
�n observ�ng the effect of the capac�ty to produce a sheet of un�form
streams, or a f�ne network of th�n s�lvery threads, or a mass of loud
br�ll�ant sparks, wh�ch completely cover the plate.

S�nce I have advanced the �dea of the convers�on by means of
the d�srupt�ve d�scharge, �n my paper before the Amer�can Inst�tute of
Electr�cal Eng�neers at the beg�nn�ng of the past year, the �nterest
exc�ted �n �t has been cons�derable. It affords us a means for
produc�ng any potent�als by the a�d of �nexpens�ve co�ls operated
from ord�nary systems of d�str�but�on, and—what �s perhaps more
apprec�ated—�t enables us to convert currents of any frequency �nto
currents of any other lower or h�gher frequency. But �ts ch�ef value
w�ll perhaps be found �n the help wh�ch �t w�ll afford us �n the
�nvest�gat�ons of the phenomena of phosphorescence, wh�ch a
d�srupt�ve d�scharge co�l �s capable of exc�t�ng �n �nnumerable cases
where ord�nary co�ls, even the largest, would utterly fa�l.



Cons�der�ng �ts probable uses for many pract�cal purposes, and
�ts poss�ble �ntroduct�on �nto laborator�es for sc�ent�f�c research, a few
add�t�onal remarks as to the construct�on of such a co�l w�ll perhaps
not be found superfluous.

It �s, of course, absolutely necessary to employ �n such a co�l
w�res prov�ded w�th the best �nsulat�on.

Good co�ls may be produced by employ�ng w�res covered w�th
several layers of cotton, bo�l�ng the co�l a long t�me �n pure wax, and
cool�ng under moderate pressure. The advantage of such a co�l �s
that �t can be eas�ly handled, but �t cannot probably g�ve as
sat�sfactory results as a co�l �mmersed �n pure o�l. Bes�des, �t seems
that the presence of a large body of wax affects the co�l
d�sadvantageously, whereas th�s does not seem to be the case w�th
o�l. Perhaps �t �s because the d�electr�c losses �n the l�qu�d are
smaller.

I have tr�ed at f�rst s�lk and cotton covered w�res w�th o�l
�mmers�ons, but I have been gradually led to use gutta-percha
covered w�res, wh�ch proved most sat�sfactory. Gutta-percha
�nsulat�on adds, of course, to the capac�ty of the co�l, and th�s,
espec�ally �f the co�l be large, �s a great d�sadvantage when extreme
frequenc�es are des�red; but, on the other hand, gutta-percha w�ll
w�thstand much more than an equal th�ckness of o�l, and th�s
advantage should be secured at any pr�ce. Once the co�l has been
�mmersed, �t should never be taken out of the o�l for more than a few
hours, else the gutta-percha w�ll crack up and the co�l w�ll not be
worth half as much as before. Gutta-percha �s probably slowly
attacked by the o�l, but after an �mmers�on of e�ght to n�ne months I
have found no �ll effects.

I have obta�ned two k�nds of gutta-percha w�re known �n
commerce: �n one the �nsulat�on st�cks t�ghtly to the metal, �n the
other �t does not. Unless a spec�al method �s followed to expel all a�r,
�t �s much safer to use the f�rst k�nd. I w�nd the co�l w�th�n an o�l tank
so that all �nterst�ces are f�lled up w�th the o�l. Between the layers I
use cloth bo�led out thoroughly �n o�l, calculat�ng the th�ckness



accord�ng to the d�fference of potent�al between the turns. There
seems not to be a very great d�fference whatever k�nd of o�l �s used; I
use paraff�ne or l�nseed o�l.

To exclude more perfectly the a�r, an excellent way to proceed,
and eas�ly pract�cable w�th small co�ls, �s the follow�ng: Construct a
box of hardwood of very th�ck boards wh�ch have been for a long
t�me bo�led �n o�l. The boards should be so jo�ned as to safely
w�thstand the external a�r pressure. The co�l be�ng placed and
fastened �n pos�t�on w�th�n the box, the latter �s closed w�th a strong
l�d, and covered w�th closely f�tt�ng metal sheets, the jo�nts of wh�ch
are soldered very carefully. On the top two small holes are dr�lled,
pass�ng through the metal sheet and the wood, and �n these holes
two small glass tubes are �nserted and the jo�nts made a�r-t�ght. One
of the tubes �s connected to a vacuum pump, and the other w�th a
vessel conta�n�ng a suff�c�ent quant�ty of bo�led-out o�l. The latter
tube has a very small hole at the bottom, and �s prov�ded w�th a
stopcock. When a fa�rly good vacuum has been obta�ned, the
stopcock �s opened and the o�l slowly fed �n. Proceed�ng �n th�s
manner, �t �s �mposs�ble that any b�g bubbles, wh�ch are the pr�nc�pal
danger, should rema�n between the turns. The a�r �s most completely
excluded, probably better than by bo�l�ng out, wh�ch, however, when
gutta-percha coated w�res are used, �s not pract�cable.

For the pr�mar�es I use ord�nary l�ne w�re w�th a th�ck cotton
coat�ng. Strands of very th�n �nsulated w�res properly �nterlaced
would, of course, be the best to employ for the pr�mar�es, but they
are not to be had.

In an exper�mental co�l the s�ze of the w�res �s not of great
�mportance. In the co�l here used the pr�mary �s No. 12 and the
secondary No. 24 Brown & Sharpe gauge w�re; but the sect�ons may
be var�ed cons�derably. It would only �mply d�fferent adjustments; the
results a�med at would not be mater�ally affected.

I have dwelt at some length upon the var�ous forms of brush
d�scharge because, �n study�ng them, we not only observe
phenomena wh�ch please our eye, but also afford us food for



thought, and lead us to conclus�ons of pract�cal �mportance. In the
use of alternat�ng currents of very h�gh tens�on, too much precaut�on
cannot be taken to prevent the brush d�scharge. In a ma�n convey�ng
such currents, �n an �nduct�on co�l or transformer, or �n a condenser,
the brush d�scharge �s a source of great danger to the �nsulat�on. In a
condenser, espec�ally, the gaseous matter must be most carefully
expelled, for �n �t the charged surfaces are near each other, and �f the
potent�als are h�gh, just as sure as a we�ght w�ll fall �f let go, so the
�nsulat�on w�ll g�ve way �f a s�ngle gaseous bubble of some s�ze be
present, whereas, �f all gaseous matter were carefully excluded, the
condenser would safely w�thstand a much h�gher d�fference of
potent�al. A ma�n convey�ng alternat�ng currents of very h�gh tens�on
may be �njured merely by a blow hole or small crack �n the �nsulat�on,
the more so as a blowhole �s apt to conta�n gas at low pressure; and
as �t appears almost �mposs�ble to completely obv�ate such l�ttle
�mperfect�ons, I am led to bel�eve that �n our future d�str�but�on of
electr�cal energy by currents of very h�gh tens�on, l�qu�d �nsulat�on w�ll
be used. The cost �s a great drawback, but �f we employ an o�l as an
�nsulator the d�str�but�on of electr�cal energy w�th someth�ng l�ke
100,000 volts, and even more, becomes, at least w�th h�gher
frequenc�es, so easy that �t could be hardly called an eng�neer�ng
feat. W�th o�l �nsulat�on and alternate current motors, transm�ss�ons
of power can be affected w�th safety and upon an �ndustr�al bas�s at
d�stances of as much as a thousand m�les.

A pecul�ar property of o�ls, and l�qu�d �nsulat�on �n general, when
subjected to rap�dly chang�ng electr�c stresses, �s to d�sperse any
gaseous bubbles wh�ch may be present, and d�ffuse them through �ts
mass, generally long before any �njur�ous break can occur. Th�s
feature may be eas�ly observed w�th an ord�nary �nduct�on co�l by
tak�ng the pr�mary out, plugg�ng up the end of the tube upon wh�ch
the secondary �s wound, and f�ll�ng �t w�th some fa�rly transparent
�nsulator, such as paraff�ne o�l. A pr�mary of a d�ameter someth�ng
l�ke s�x m�ll�metres smaller than the �ns�de of the tube may be
�nserted �n the o�l. When the co�l �s set to work one may see, look�ng
from the top through the o�l, many lum�nous po�nts—a�r bubbles
wh�ch are caught by �nsert�ng the pr�mary, and wh�ch are rendered



lum�nous �n consequence of the v�olent bombardment. The occluded
a�r, by �ts �mpact aga�nst the o�l, heats �t; the o�l beg�ns to c�rculate,
carry�ng some of the a�r along w�th �t, unt�l the bubbles are d�spersed
and the lum�nous po�nts d�sappear. In th�s manner, unless large
bubbles are occluded �n such way that c�rculat�on �s rendered
�mposs�ble, a damag�ng break �s averted, the only effect be�ng a
moderate warm�ng up of the o�l. If, �nstead of the l�qu�d, a sol�d
�nsulat�on, no matter how th�ck, were used, a break�ng through and
�njury of the apparatus would be �nev�table.

The exclus�on of gaseous matter from any apparatus �n wh�ch the
d�electr�c �s subjected to more or less rap�dly chang�ng electr�c forces
�s, however, not only des�rable �n order to avo�d a poss�ble �njury of
the apparatus, but also on account of economy. In a condenser, for
�nstance, as long as only a sol�d or only a l�qu�d d�electr�c �s used, the
loss �s small; but �f a gas under ord�nary or small pressure be present
the loss may be very great. Whatever the nature of the force act�ng
�n the d�electr�c may be, �t seems that �n a sol�d or l�qu�d the
molecular d�splacement produced by the force �s small: hence the
product of force and d�splacement �s �ns�gn�f�cant, unless the force
be very great; but �n a gas the d�splacement, and therefore th�s
product, �s cons�derable; the molecules are free to move, they reach
h�gh speeds, and the energy of the�r �mpact �s lost �n heat or
otherw�se. If the gas be strongly compressed, the d�splacement due
to the force �s made smaller, and the losses are reduced.

In most of the succeed�ng exper�ments I prefer, ch�efly on
account of the regular and pos�t�ve act�on, to employ the alternator
before referred to. Th�s �s one of the several mach�nes constructed
by me for the purpose of these �nvest�gat�ons. It has 384 pole
project�ons, and �s capable of g�v�ng currents of a frequency of about
10,000 per second. Th�s mach�ne has been �llustrated and br�efly
descr�bed �n my f�rst paper before the Amer�can Inst�tute of Electr�cal
Eng�neers, May 20th, 1891, to wh�ch I have already referred. A more
deta�led descr�pt�on, suff�c�ent to enable any eng�neer to bu�ld a
s�m�lar mach�ne, w�ll be found �n several electr�cal journals of that
per�od.



The �nduct�on co�ls operated from the mach�ne are rather small,
conta�n�ng from 5,000 to 15,000 turns �n the secondary. They are
�mmersed �n bo�led-out l�nseed o�l, conta�ned �n wooden boxes
covered w�th z�nc sheet.

I have found �t advantageous to reverse the usual pos�t�on of the
w�res, and to w�nd, �n these co�ls, the pr�mar�es on the top; thus
allow�ng the use of a much larger pr�mary, wh�ch, of course, reduces
the danger of overheat�ng and �ncreases the output of the co�l. I
make the pr�mary on each s�de at least one cent�metre shorter than
the secondary, to prevent the break�ng through on the ends, wh�ch
would surely occur unless the �nsulat�on on the top of the secondary
be very th�ck, and th�s, of course, would be d�sadvantageous.

When the pr�mary �s made movable, wh�ch �s necessary �n some
exper�ments, and many t�mes conven�ent for the purposes of
adjustment, I cover the secondary w�th wax, and turn �t off �n a lathe
to a d�ameter sl�ghtly smaller than the �ns�de of the pr�mary co�l. The
latter I prov�de w�th a handle reach�ng out of the o�l, wh�ch serves to
sh�ft �t �n any pos�t�on along the secondary.

I w�ll now venture to make, �n regard to the general man�pulat�on
of �nduct�on co�ls, a few observat�ons bear�ng upon po�nts wh�ch
have not been fully apprec�ated �n earl�er exper�ments w�th such
co�ls, and are even now often overlooked.

The secondary of the co�l possesses usually such a h�gh self-
�nduct�on that the current through the w�re �s �napprec�able, and may
be so even when the term�nals are jo�ned by a conductor of small
res�stance. If capac�ty �s added to the term�nals, the self-�nduct�on �s
counteracted, and a stronger current �s made to flow through the
secondary, though �ts term�nals are �nsulated from each other. To
one ent�rely unacqua�nted w�th the propert�es of alternat�ng currents
noth�ng w�ll look more puzzl�ng. Th�s feature was �llustrated �n the
exper�ment performed at the beg�nn�ng w�th the top plates of w�re
gauze attached to the term�nals and the rubber plate. When the
plates of w�re gauze were close together, and a small arc passed
between them, the arc prevented a strong current from pass�ng



through the secondary, because �t d�d away w�th the capac�ty on the
term�nals; when the rubber plate was �nserted between, the capac�ty
of the condenser formed counteracted the self-�nduct�on of the
secondary, a stronger current passed now, the co�l performed more
work, and the d�scharge was by far more powerful.

The f�rst th�ng, then, �n operat�ng the �nduct�on co�l �s to comb�ne
capac�ty w�th the secondary to overcome the self-�nduct�on. If the
frequenc�es and potent�als are very h�gh, gaseous matter should be
carefully kept away from the charged surfaces. If Leyden jars are
used, they should be �mmersed �n o�l, as otherw�se cons�derable
d�ss�pat�on may occur �f the jars are greatly stra�ned. When h�gh
frequenc�es are used, �t �s of equal �mportance to comb�ne a
condenser w�th the pr�mary. One may use a condenser connected to
the ends of the pr�mary or to the term�nals of the alternator, but the
latter �s not to be recommended, as the mach�ne m�ght be �njured.
The best way �s undoubtedly to use the condenser �n ser�es w�th the
pr�mary and w�th the alternator, and to adjust �ts capac�ty so as to
annul the self-�nduct�on of both the latter. The condenser should be
adjustable by very small steps, and for a f�ner adjustment a small o�l
condenser w�th movable plates may be used conven�ently.

I th�nk �t best at th�s juncture to br�ng before you a phenomenon,
observed by me some t�me ago, wh�ch to the purely sc�ent�f�c
�nvest�gator may perhaps appear more �nterest�ng than any of the
results wh�ch I have the pr�v�lege to present to you th�s even�ng.

It may be qu�te properly ranked among the brush phenomena—�n
fact, �t �s a brush, formed at, or near, a s�ngle term�nal �n h�gh
vacuum.

F�g. 141, 142.
F��. 141. F��. 142.

In bulbs prov�ded w�th a conduct�ng term�nal, though �t be of
alum�num, the brush has but an ephemeral ex�stence, and cannot,
unfortunately, be �ndef�n�tely preserved �n �ts most sens�t�ve state,
even �n a bulb devo�d of any conduct�ng electrode. In study�ng the
phenomenon, by all means a bulb hav�ng no lead�ng-�n w�re should



be used. I have found �t best to use bulbs constructed as �nd�cated �n
F�gs. 141 and 142.

In F�g. 141 the bulb compr�ses an �ncandescent lamp globe L, �n
the neck of wh�ch �s sealed a barometer tube b, the end of wh�ch �s
blown out to form a small sphere s. Th�s sphere should be sealed as
closely as poss�ble �n the centre of the large globe. Before seal�ng, a
th�n tube t, of alum�num sheet, may be sl�pped �n the barometer tube,
but �t �s not �mportant to employ �t.

The small hollow sphere s �s f�lled w�th some conduct�ng powder,
and a w�re w �s cemented �n the neck for the purpose of connect�ng
the conduct�ng powder w�th the generator.

The construct�on shown �n F�g. 142 was chosen �n order to
remove from the brush any conduct�ng body wh�ch m�ght poss�bly
affect �t. The bulb cons�sts �n th�s case of a lamp globe L, wh�ch has
a neck n, prov�ded w�th a tube b and small sphere s, sealed to �t, so
that two ent�rely �ndependent compartments are formed, as �nd�cated
�n the draw�ng. When the bulb �s �n use the neck n �s prov�ded w�th a
t�nfo�l coat�ng, wh�ch �s connected to the generator and acts
�nduct�vely upon the moderately raref�ed and h�ghly conducted gas
�nclosed �n the neck. From there the current passes through the tube
b �nto the small sphere s, to act by �nduct�on upon the gas conta�ned
�n the globe L.

It �s of advantage to make the tube t very th�ck, the hole through �t
very small, and to blow the sphere s very th�n. It �s of the greatest
�mportance that the sphere s be placed �n the centre of the globe L.

F�g. 143.
F��. 143.

F�gs. 143, 144 and 145 �nd�cate d�fferent forms, or stages, of the
brush. F�g. 143 shows the brush as �t f�rst appears �n a bulb prov�ded
w�th a conduct�ng term�nal; but, as �n such a bulb �t very soon
d�sappears—often after a few m�nutes—I w�ll conf�ne myself to the
descr�pt�on of the phenomenon as seen �n a bulb w�thout conduct�ng
electrode. It �s observed under the follow�ng cond�t�ons:



When the globe L (F�gs. 141 and 142) �s exhausted to a very h�gh
degree, generally the bulb �s not exc�ted upon connect�ng the w�re w
(F�g. 141) or the t�nfo�l coat�ng of the bulb (F�g. 142) to the term�nal of
the �nduct�on co�l. To exc�te �t, �t �s usually suff�c�ent to grasp the
globe L w�th the hand. An �ntense phosphorescence then spreads at
f�rst over the globe, but soon g�ves place to a wh�te, m�sty l�ght.
Shortly afterward one may not�ce that the lum�nos�ty �s unevenly
d�str�buted �n the globe, and after pass�ng the current for some t�me
the bulb appears as �n F�g. 144. From th�s stage the phenomenon
w�ll gradually pass to that �nd�cated �n F�g. 145, after some m�nutes,
hours, days or weeks, accord�ng as the bulb �s worked. Warm�ng the
bulb or �ncreas�ng the potent�al hastens the trans�t.

F�g. 144, 145.
F��. 144. F��. 145.

When the brush assumes the form �nd�cated �n F�g. 145, �t may
be brought to a state of extreme sens�t�veness to electrostat�c and
magnet�c �nfluence. The bulb hang�ng stra�ght down from a w�re, and
all objects be�ng remote from �t, the approach of the observer at a
few paces from the bulb w�ll cause the brush to fly to the oppos�te
s�de, and �f he walks around the bulb �t w�ll always keep on the
oppos�te s�de. It may beg�n to sp�n around the term�nal long before �t
reaches that sens�t�ve stage. When �t beg�ns to turn around,
pr�nc�pally, but also before, �t �s affected by a magnet, and at a
certa�n stage �t �s suscept�ble to magnet�c �nfluence to an aston�sh�ng
degree. A small permanent magnet, w�th �ts poles at a d�stance of no
more than two cent�metres, w�ll affect �t v�s�bly at a d�stance of two
metres, slow�ng down or accelerat�ng the rotat�on accord�ng to how �t
�s held relat�vely to the brush. I th�nk I have observed that at the
stage when �t �s most sens�t�ve to magnet�c, �t �s not most sens�t�ve to
electrostat�c, �nfluence. My explanat�on �s, that the electrostat�c
attract�on between the brush and the glass of the bulb, wh�ch retards
the rotat�on, grows much qu�cker than the magnet�c �nfluence when
the �ntens�ty of the stream �s �ncreased.

When the bulb hangs w�th the globe L down, the rotat�on �s
always clockw�se. In the southern hem�sphere �t would occur �n the



oppos�te d�rect�on and on the equator the brush should not turn at all.
The rotat�on may be reversed by a magnet kept at some d�stance.
The brush rotates best, seem�ngly, when �t �s at r�ght angles to the
l�nes of force of the earth. It very l�kely rotates, when at �ts max�mum
speed, �n synchron�sm w�th the alternat�ons, say, 10,000 t�mes a
second. The rotat�on can be slowed down or accelerated by the
approach or reced�ng of the observer, or any conduct�ng body, but �t
cannot be reversed by putt�ng the bulb �n any pos�t�on. When �t �s �n
the state of the h�ghest sens�t�veness and the potent�al or frequency
be var�ed, the sens�t�veness �s rap�dly d�m�n�shed. Chang�ng e�ther of
these but l�ttle w�ll generally stop the rotat�on. The sens�t�veness �s
l�kew�se affected by the var�at�ons of temperature. To atta�n great
sens�t�veness �t �s necessary to have the small sphere s �n the centre
of the globe L, as otherw�se the electrostat�c act�on of the glass of
the globe w�ll tend to stop the rotat�on. The sphere s should be small
and of un�form th�ckness; any d�ssymmetry of course has the effect
to d�m�n�sh the sens�t�veness.

The fact that the brush rotates �n a def�n�te d�rect�on �n a
permanent magnet�c f�eld seems to show that �n alternat�ng currents
of very h�gh frequency the pos�t�ve and negat�ve �mpulses are not
equal, but that one always preponderates over the other.

Of course, th�s rotat�on �n one d�rect�on may be due to the act�on
of the two elements of the same current upon each other, or to the
act�on of the f�eld produced by one of the elements upon the other,
as �n a ser�es motor, w�thout necessar�ly one �mpulse be�ng stronger
than the other. The fact that the brush turns, as far as I could
observe, �n any pos�t�on, would speak for th�s v�ew. In such case �t
would turn at any po�nt of the earth's surface. But, on the other hand,
�t �s then hard to expla�n why a permanent magnet should reverse
the rotat�on, and one must assume the preponderance of �mpulses of
one k�nd.

As to the causes of the format�on of the brush or stream, I th�nk �t
�s due to the electrostat�c act�on of the globe and the d�ssymmetry of
the parts. If the small bulb s and the globe L were perfect concentr�c
spheres, and the glass throughout of the same th�ckness and qual�ty,



I th�nk the brush would not form, as the tendency to pass would be
equal on all s�des. That the format�on of the stream �s due to an
�rregular�ty �s apparent from the fact that �t has the tendency to
rema�n �n one pos�t�on, and rotat�on occurs most generally only when
�t �s brought out of th�s pos�t�on by electrostat�c or magnet�c �nfluence.
When �n an extremely sens�t�ve state �t rests �n one pos�t�on, most
cur�ous exper�ments may be performed w�th �t. For �nstance, the
exper�menter may, by select�ng a proper pos�t�on, approach the hand
at a certa�n cons�derable d�stance to the bulb, and he may cause the
brush to pass off by merely st�ffen�ng the muscles of the arm. When
�t beg�ns to rotate slowly, and the hands are held at a proper
d�stance, �t �s �mposs�ble to make even the sl�ghtest mot�on w�thout
produc�ng a v�s�ble effect upon the brush. A metal plate connected to
the other term�nal of the co�l affects �t at a great d�stance, slow�ng
down the rotat�on often to one turn a second.

I am f�rmly conv�nced that such a brush, when we learn how to
produce �t properly, w�ll prove a valuable a�d �n the �nvest�gat�on of
the nature of the forces act�ng �n an electrostat�c or magnet�c f�eld. If
there �s any mot�on wh�ch �s measurable go�ng on �n the space, such
a brush ought to reveal �t. It �s, so to speak, a beam of l�ght,
fr�ct�onless, devo�d of �nert�a.

I th�nk that �t may f�nd pract�cal appl�cat�ons �n telegraphy. W�th
such a brush �t would be poss�ble to send d�spatches across the
Atlant�c, for �nstance, w�th any speed, s�nce �ts sens�t�veness may be
so great that the sl�ghtest changes w�ll affect �t. If �t were poss�ble to
make the stream more �ntense and very narrow, �ts deflect�ons could
be eas�ly photographed.

I have been �nterested to f�nd whether there �s a rotat�on of the
stream �tself, or whether there �s s�mply a stress travel�ng around the
bulb. For th�s purpose I mounted a l�ght m�ca fan so that �ts vanes
were �n the path of the brush. If the stream �tself was rotat�ng the fan
would be spun around. I could produce no d�st�nct rotat�on of the fan,
although I tr�ed the exper�ment repeatedly; but as the fan exerted a
not�ceable �nfluence on the stream, and the apparent rotat�on of the



latter was, �n th�s case, never qu�te sat�sfactory, the exper�ment d�d
not appear to be conclus�ve.

I have been unable to produce the phenomenon w�th the
d�srupt�ve d�scharge co�l, although every other of these phenomena
can be well produced by �t—many, �n fact, much better than w�th
co�ls operated from an alternator.

It may be poss�ble to produce the brush by �mpulses of one
d�rect�on, or even by a steady potent�al, �n wh�ch case �t would be st�ll
more sens�t�ve to magnet�c �nfluence.

In operat�ng an �nduct�on co�l w�th rap�dly alternat�ng currents, we
real�ze w�th aston�shment, for the f�rst t�me, the great �mportance of
the relat�on of capac�ty, self-�nduct�on and frequency as regards the
general results. The effects of capac�ty are the most str�k�ng, for �n
these exper�ments, s�nce the self-�nduct�on and frequency both are
h�gh, the cr�t�cal capac�ty �s very small, and need be but sl�ghtly
var�ed to produce a very cons�derable change. The exper�menter
may br�ng h�s body �n contact w�th the term�nals of the secondary of
the co�l, or attach to one or both term�nals �nsulated bod�es of very
small bulk, such as bulbs, and he may produce a cons�derable r�se
or fall of potent�al, and greatly affect the flow of the current through
the pr�mary. In the exper�ment before shown, �n wh�ch a brush
appears at a w�re attached to one term�nal, and the w�re �s v�brated
when the exper�menter br�ngs h�s �nsulated body �n contact w�th the
other term�nal of the co�l, the sudden r�se of potent�al was made
ev�dent.

I may show you the behav�or of the co�l �n another manner wh�ch
possesses a feature of some �nterest. I have here a l�ttle l�ght fan of
alum�num sheet, fastened to a needle and arranged to rotate freely
�n a metal p�ece screwed to one of the term�nals of the co�l. When
the co�l �s set to work, the molecules of the a�r are rhythm�cally
attracted and repelled. As the force w�th wh�ch they are repelled �s
greater than that w�th wh�ch they are attracted, �t results that there �s
a repuls�on exerted on the surfaces of the fan. If the fan were made
s�mply of a metal sheet, the repuls�on would be equal on the



oppos�te s�des, and would produce no effect. But �f one of the
oppos�ng surfaces �s screened, or �f, generally speak�ng, the
bombardment on th�s s�de �s weakened �n some way or other, there
rema�ns the repuls�on exerted upon the other, and the fan �s set �n
rotat�on. The screen�ng �s best effected by fasten�ng upon one of the
oppos�ng s�des of the fan �nsulated conduct�ng coat�ngs, or, �f the fan
�s made �n the shape of an ord�nary propeller screw, by fasten�ng on
one s�de, and close to �t, an �nsulated metal plate. The stat�c screen
may, however, be om�tted, and s�mply a th�ckness of �nsulat�ng
mater�al fastened to one of the s�des of the fan.

To show the behav�or of the co�l, the fan may be placed upon the
term�nal and �t w�ll read�ly rotate when the co�l �s operated by
currents of very h�gh frequency. W�th a steady potent�al, of course,
and even w�th alternat�ng currents of very low frequency, �t would not
turn, because of the very slow exchange of a�r and, consequently,
smaller bombardment; but �n the latter case �t m�ght turn �f the
potent�al were excess�ve. W�th a p�n wheel, qu�te the oppos�te rule
holds good; �t rotates best w�th a steady potent�al, and the effort �s
the smaller the h�gher the frequency. Now, �t �s very easy to adjust
the cond�t�ons so that the potent�al �s normally not suff�c�ent to turn
the fan, but that by connect�ng the other term�nal of the co�l w�th an
�nsulated body �t r�ses to a much greater value, so as to rotate the
fan, and �t �s l�kew�se poss�ble to stop the rotat�on by connect�ng to
the term�nal a body of d�fferent s�ze, thereby d�m�n�sh�ng the
potent�al.

Instead of us�ng the fan �n th�s exper�ment, we may use the
"electr�c" rad�ometer w�th s�m�lar effect. But �n th�s case �t w�ll be
found that the vanes w�ll rotate only at h�gh exhaust�on or at ord�nary
pressures; they w�ll not rotate at moderate pressures, when the a�r �s
h�ghly conduct�ng. Th�s cur�ous observat�on was made conjo�ntly by
Professor Crookes and myself. I attr�bute the result to the h�gh
conduct�v�ty of the a�r, the molecules of wh�ch then do not act as
�ndependent carr�ers of electr�c charges, but act all together as a
s�ngle conduct�ng body. In such case, of course, �f there �s any
repuls�on at all of the molecules from the vanes, �t must be very
small. It �s poss�ble, however, that the result �s �n part due to the fact



that the greater part of the d�scharge passes from the lead�ng-�n w�re
through the h�ghly conduct�ng gas, �nstead of pass�ng off from the
conduct�ng vanes.

In try�ng the preced�ng exper�ment w�th the electr�c rad�ometer the
potent�al should not exceed a certa�n l�m�t, as then the electrostat�c
attract�on between the vanes and the glass of the bulb may be so
great as to stop the rotat�on.

A most cur�ous feature of alternate currents of h�gh frequenc�es
and potent�als �s that they enable us to perform many exper�ments
by the use of one w�re only. In many respects th�s feature �s of great
�nterest.

In a type of alternate current motor �nvented by me some years
ago I produced rotat�on by �nduc�ng, by means of a s�ngle alternat�ng
current passed through a motor c�rcu�t, �n the mass or other c�rcu�ts
of the motor, secondary currents, wh�ch, jo�ntly w�th the pr�mary or
�nduc�ng current, created a mov�ng f�eld of force. A s�mple but crude
form of such a motor �s obta�ned by w�nd�ng upon an �ron core a
pr�mary, and close to �t a secondary co�l, jo�n�ng the ends of the latter
and plac�ng a freely movable metal d�sc w�th�n the �nfluence of the
f�eld produced by both. The �ron core �s employed for obv�ous
reasons, but �t �s not essent�al to the operat�on. To �mprove the
motor, the �ron core �s made to enc�rcle the armature. Aga�n to
�mprove, the secondary co�l �s made to partly overlap the pr�mary, so
that �t cannot free �tself from a strong �nduct�ve act�on of the latter,
repel �ts l�nes as �t may. Once more to �mprove, the proper d�fference
of phase �s obta�ned between the pr�mary and secondary currents by
a condenser, self-�nduct�on, res�stance or equ�valent w�nd�ngs.

I had d�scovered, however, that rotat�on �s produced by means of
a s�ngle co�l and core; my explanat�on of the phenomenon, and
lead�ng thought �n try�ng the exper�ment, be�ng that there must be a
true t�me lag �n the magnet�zat�on of the core. I remember the
pleasure I had when, �n the wr�t�ngs of Professor Ayrton, wh�ch came
later to my hand, I found the �dea of the t�me lag advocated. Whether
there �s a true t�me lag, or whether the retardat�on �s due to eddy



currents c�rculat�ng �n m�nute paths, must rema�n an open quest�on,
but the fact �s that a co�l wound upon an �ron core and traversed by
an alternat�ng current creates a mov�ng f�eld of force, capable of
sett�ng an armature �n rotat�on. It �s of some �nterest, �n conjunct�on
w�th the h�stor�cal Arago exper�ment, to ment�on that �n lag or phase
motors I have produced rotat�on �n the oppos�te d�rect�on to the
mov�ng f�eld, wh�ch means that �n that exper�ment the magnet may
not rotate, or may even rotate �n the oppos�te d�rect�on to the mov�ng
d�sc. Here, then, �s a motor (d�agrammat�cally �llustrated �n F�g. 146),
compr�s�ng a co�l and �ron core, and a freely movable copper d�sc �n
prox�m�ty to the latter.

F�g. 146.
F��. 146.

To demonstrate a novel and �nterest�ng feature, I have, for a
reason wh�ch I w�ll expla�n, selected th�s type of motor. When the
ends of the co�l are connected to the term�nals of an alternator the
d�sc �s set �n rotat�on. But �t �s not th�s exper�ment, now well known,
wh�ch I des�re to perform. What I w�sh to show you �s that th�s motor
rotates w�th one s�ngle connect�on between �t and the generator; that
�s to say, one term�nal of the motor �s connected to one term�nal of
the generator—�n th�s case the secondary of a h�gh-tens�on �nduct�on
co�l—the other term�nals of motor and generator be�ng �nsulated �n
space. To produce rotat�on �t �s generally (but not absolutely)
necessary to connect the free end of the motor co�l to an �nsulated
body of some s�ze. The exper�menter's body �s more than suff�c�ent.
If he touches the free term�nal w�th an object held �n the hand, a
current passes through the co�l and the copper d�sc �s set �n rotat�on.
If an exhausted tube �s put �n ser�es w�th the co�l, the tube l�ghts
br�ll�antly, show�ng the passage of a strong current. Instead of the
exper�menter's body, a small metal sheet suspended on a cord may
be used w�th the same result. In th�s case the plate acts as a
condenser �n ser�es w�th the co�l. It counteracts the self-�nduct�on of
the latter and allows a strong current to pass. In such a comb�nat�on,
the greater the self-�nduct�on of the co�l the smaller need be the
plate, and th�s means that a lower frequency, or eventually a lower
potent�al, �s requ�red to operate the motor. A s�ngle co�l wound upon



a core has a h�gh self-�nduct�on; for th�s reason, pr�nc�pally, th�s type
of motor was chosen to perform the exper�ment. Were a secondary
closed co�l wound upon the core, �t would tend to d�m�n�sh the self-
�nduct�on, and then �t would be necessary to employ a much h�gher
frequency and potent�al. Ne�ther would be adv�sable, for a h�gher
potent�al would endanger the �nsulat�on of the small pr�mary co�l, and
a h�gher frequency would result �n a mater�ally d�m�n�shed torque.

It should be remarked that when such a motor w�th a closed
secondary �s used, �t �s not at all easy to obta�n rotat�on w�th
excess�ve frequenc�es, as the secondary cuts off almost completely
the l�nes of the pr�mary—and th�s, of course, the more, the h�gher the
frequency—and allows the passage of but a m�nute current. In such
a case, unless the secondary �s closed through a condenser, �t �s
almost essent�al, �n order to produce rotat�on, to make the pr�mary
and secondary co�ls overlap each other more or less.

But there �s an add�t�onal feature of �nterest about th�s motor,
namely, �t �s not necessary to have even a s�ngle connect�on
between the motor and generator, except, perhaps, through the
ground; for not only �s an �nsulated plate capable of g�v�ng off energy
�nto space, but �t �s l�kew�se capable of der�v�ng �t from an alternat�ng
electrostat�c f�eld, though �n the latter case the ava�lable energy �s
much smaller. In th�s �nstance one of the motor term�nals �s
connected to the �nsulated plate or body located w�th�n the
alternat�ng electrostat�c f�eld, and the other term�nal preferably to the
ground.

It �s qu�te poss�ble, however, that such "no w�re" motors, as they
m�ght be called, could be operated by conduct�on through the
raref�ed a�r at cons�derable d�stances. Alternate currents, espec�ally
of h�gh frequenc�es, pass w�th aston�sh�ng freedom through even
sl�ghtly raref�ed gases. The upper strata of the a�r are raref�ed. To
reach a number of m�les out �nto space requ�res the overcom�ng of
d�ff�cult�es of a merely mechan�cal nature. There �s no doubt that w�th
the enormous potent�als obta�nable by the use of h�gh frequenc�es
and o�l �nsulat�on, lum�nous d�scharges m�ght be passed through
many m�les of raref�ed a�r, and that, by thus d�rect�ng the energy of



many hundreds or thousands of horse-power, motors or lamps m�ght
be operated at cons�derable d�stances from stat�onary sources. But
such schemes are ment�oned merely as poss�b�l�t�es. We shall have
no need to transm�t power �n th�s way. We shall have no need to
transm�t power at all. Ere many generat�ons pass, our mach�nery w�ll
be dr�ven by a power obta�nable at any po�nt of the un�verse. Th�s
�dea �s not novel. Men have been led to �t long ago by �nst�nct or
reason. It has been expressed �n many ways, and �n many places, �n
the h�story of old and new. We f�nd �t �n the del�ghtful myth of
Antheus, who der�ves power from the earth; we f�nd �t among the
subtle speculat�ons of one of your splend�d mathemat�c�ans, and �n
many h�nts and statements of th�nkers of the present t�me.
Throughout space there �s energy. Is th�s energy stat�c or k�net�c? If
stat�c our hopes are �n va�n; �f k�net�c—and th�s we know �t �s, for
certa�n—then �t �s a mere quest�on of t�me when men w�ll succeed �n
attach�ng the�r mach�nery to the very wheelwork of nature. Of all,
l�v�ng or dead, Crookes came nearest to do�ng �t. H�s rad�ometer w�ll
turn �n the l�ght of day and �n the darkness of the n�ght; �t w�ll turn
everywhere where there �s heat, and heat �s everywhere. But,
unfortunately, th�s beaut�ful l�ttle mach�ne, wh�le �t goes down to
poster�ty as the most �nterest�ng, must l�kew�se be put on record as
the most �neff�c�ent mach�ne ever �nvented!

The preced�ng exper�ment �s only one of many equally �nterest�ng
exper�ments wh�ch may be performed by the use of only one w�re
w�th alternat�ons of h�gh potent�al and frequency. We may connect an
�nsulated l�ne to a source of such currents, we may pass an
�napprec�able current over the l�ne, and on any po�nt of the same we
are able to obta�n a heavy current, capable of fus�ng a th�ck copper
w�re. Or we may, by the help of some art�f�ce, decompose a solut�on
�n any electrolyt�c cell by connect�ng only one pole of the cell to the
l�ne or source of energy. Or we may, by attach�ng to the l�ne, or only
br�ng�ng �nto �ts v�c�n�ty, l�ght up an �ncandescent lamp, an exhausted
tube, or a phosphorescent bulb.

However �mpract�cable th�s plan of work�ng may appear �n many
cases, �t certa�nly seems pract�cable, and even recommendable, �n
the product�on of l�ght. A perfected lamp would requ�re but l�ttle



energy, and �f w�res were used at all we ought to be able to supply
that energy w�thout a return w�re.

It �s now a fact that a body may be rendered �ncandescent or
phosphorescent by br�ng�ng �t e�ther �n s�ngle contact or merely �n the
v�c�n�ty of a source of electr�c �mpulses of the proper character, and
that �n th�s manner a quant�ty of l�ght suff�c�ent to afford a pract�cal
�llum�nant may be produced. It �s, therefore, to say the least, worth
wh�le to attempt to determ�ne the best cond�t�ons and to �nvent the
best appl�ances for atta�n�ng th�s object.

Some exper�ences have already been ga�ned �n th�s d�rect�on,
and I w�ll dwell on them br�efly, �n the hope that they m�ght prove
useful.

The heat�ng of a conduct�ng body �nclosed �n a bulb, and
connected to a source of rap�dly alternat�ng electr�c �mpulses, �s
dependent on so many th�ngs of a d�fferent nature, that �t would be
d�ff�cult to g�ve a generally appl�cable rule under wh�ch the max�mum
heat�ng occurs. As regards the s�ze of the vessel, I have lately found
that at ord�nary or only sl�ghtly d�ffer�ng atmospher�c pressures, when
a�r �s a good �nsulator, and hence pract�cally the same amount of
energy by a certa�n potent�al and frequency �s g�ven off from the
body, whether the bulb be small or large, the body �s brought to a
h�gher temperature �f enclosed �n a small bulb, because of the better
conf�nement of heat �n th�s case.

At lower pressures, when a�r becomes more or less conduct�ng,
or �f the a�r be suff�c�ently warmed to become conduct�ng, the body �s
rendered more �ntensely �ncandescent �n a large bulb, obv�ously
because, under otherw�se equal cond�t�ons of test, more energy may
be g�ven off from the body when the bulb �s large.

At very h�gh degrees of exhaust�on, when the matter �n the bulb
becomes "rad�ant," a large bulb has st�ll an advantage, but a
comparat�vely sl�ght one, over the small bulb.

F�nally, at excess�vely h�gh degrees of exhaust�on, wh�ch cannot
be reached except by the employment of spec�al means, there



seems to be, beyond a certa�n and rather small s�ze of vessel, no
percept�ble d�fference �n the heat�ng.

These observat�ons were the result of a number of exper�ments,
of wh�ch one, show�ng the effect of the s�ze of the bulb at a h�gh
degree of exhaust�on, may be descr�bed and shown here, as �t
presents a feature of �nterest. Three spher�cal bulbs of 2 �nches, 3
�nches and 4 �nches d�ameter were taken, and �n the centre of each
was mounted an equal length of an ord�nary �ncandescent lamp
f�lament of un�form th�ckness. In each bulb the p�ece of f�lament was
fastened to the lead�ng-�n w�re of plat�num, conta�ned �n a glass stem
sealed �n the bulb; care be�ng taken, of course, to make everyth�ng
as nearly al�ke as poss�ble. On each glass stem �n the �ns�de of the
bulb was sl�pped a h�ghly pol�shed tube made of alum�num sheet,
wh�ch f�tted the stem and was held on �t by spr�ng pressure. The
funct�on of th�s alum�num tube w�ll be expla�ned subsequently. In
each bulb an equal length of f�lament protruded above the metal
tube. It �s suff�c�ent to say now that under these cond�t�ons equal
lengths of f�lament of the same th�ckness—�n other words, bod�es of
equal bulk—were brought to �ncandescence. The three bulbs were
sealed to a glass tube, wh�ch was connected to a Sprengel pump.
When a h�gh vacuum had been reached, the glass tube carry�ng the
bulbs was sealed off. A current was then turned on success�vely on
each bulb, and �t was found that the f�laments came to about the
same br�ghtness, and, �f anyth�ng, the smallest bulb, wh�ch was
placed m�dway between the two larger ones, may have been sl�ghtly
br�ghter. Th�s result was expected, for when e�ther of the bulbs was
connected to the co�l the lum�nos�ty spread through the other two,
hence the three bulbs const�tuted really one vessel. When all the
three bulbs were connected �n mult�ple arc to the co�l, �n the largest
of them the f�lament glowed br�ghtest, �n the next smaller �t was a
l�ttle less br�ght, and �n the smallest �t only came to redness. The
bulbs were then sealed off and separately tr�ed. The br�ghtness of
the f�laments was now such as would have been expected on the
suppos�t�on that the energy g�ven off was proport�onate to the
surface of the bulb, th�s surface �n each case represent�ng one of the
coat�ngs of a condenser. Accord�ngly, there was less d�fference



between the largest and the m�ddle s�zed than between the latter
and the smallest bulb.

An �nterest�ng observat�on was made �n th�s exper�ment. The
three bulbs were suspended from a stra�ght bare w�re connected to a
term�nal of a co�l, the largest bulb be�ng placed at the end of the w�re,
at some d�stance from �t the smallest bulb, and at an equal d�stance
from the latter the m�ddle-s�zed one. The carbons glowed then �n
both the larger bulbs about as expected, but the smallest d�d not get
�ts share by far. Th�s observat�on led me to exchange the pos�t�on of
the bulbs, and I then observed that wh�chever of the bulbs was �n the
m�ddle was by far less br�ght than �t was �n any other pos�t�on. Th�s
myst�fy�ng result was, of course, found to be due to the electrostat�c
act�on between the bulbs. When they were placed at a cons�derable
d�stance, or when they were attached to the corners of an equ�lateral
tr�angle of copper w�re, they glowed �n about the order determ�ned by
the�r surfaces.

As to the shape of the vessel, �t �s also of some �mportance,
espec�ally at h�gh degrees of exhaust�on. Of all the poss�ble
construct�ons, �t seems that a spher�cal globe w�th the refractory
body mounted �n �ts centre �s the best to employ. By exper�ence �t
has been demonstrated that �n such a globe a refractory body of a
g�ven bulk �s more eas�ly brought to �ncandescence than when
d�fferently shaped bulbs are used. There �s also an advantage �n
g�v�ng to the �ncandescent body the shape of a sphere, for self-
ev�dent reasons. In any case the body should be mounted �n the
centre, where the atoms rebound�ng from the glass coll�de. Th�s
object �s best atta�ned �n the spher�cal bulb; but �t �s also atta�ned �n a
cyl�ndr�cal vessel w�th one or two stra�ght f�laments co�nc�d�ng w�th �ts
ax�s, and poss�bly also �n parabol�cal or spher�cal bulbs w�th
refractory body or bod�es placed �n the focus or foc� of the same;
though the latter �s not probable, as the electr�f�ed atoms should �n all
cases rebound normally from the surface they str�ke, unless the
speed were excess�ve, �n wh�ch case they would probably follow the
general law of reflect�on. No matter what shape the vessel may
have, �f the exhaust�on be low, a f�lament mounted �n the globe �s
brought to the same degree of �ncandescence �n all parts; but �f the



exhaust�on be h�gh and the bulb be spher�cal or pear-shaped, as
usual, focal po�nts form and the f�lament �s heated to a h�gher degree
at or near such po�nts.

To �llustrate the effect, I have here two small bulbs wh�ch are
al�ke, only one �s exhausted to a low and the other to a very h�gh
degree. When connected to the co�l, the f�lament �n the former glows
un�formly throughout all �ts length; whereas �n the latter, that port�on
of the f�lament wh�ch �s �n the centre of the bulb glows far more
�ntensely than the rest. A cur�ous po�nt �s that the phenomenon
occurs even �f two f�laments are mounted �n a bulb, each be�ng
connected to one term�nal of the co�l, and, what �s st�ll more cur�ous,
�f they be very near together, prov�ded the vacuum be very h�gh. I
noted �n exper�ments w�th such bulbs that the f�laments would g�ve
way usually at a certa�n po�nt, and �n the f�rst tr�als I attr�buted �t to a
defect �n the carbon. But when the phenomenon occurred many
t�mes �n success�on I recogn�zed �ts real cause.

In order to br�ng a refractory body �nclosed �n a bulb to
�ncandescence, �t �s des�rable, on account of economy, that all the
energy suppl�ed to the bulb from the source should reach w�thout
loss the body to be heated; from there, and from nowhere else, �t
should be rad�ated. It �s, of course, out of the quest�on to reach th�s
theoret�cal result, but �t �s poss�ble by a proper construct�on of the
�llum�nat�ng dev�ce to approx�mate �t more or less.

For many reasons, the refractory body �s placed �n the centre of
the bulb, and �t �s usually supported on a glass stem conta�n�ng the
lead�ng-�n w�re. As the potent�al of th�s w�re �s alternated, the raref�ed
gas surround�ng the stem �s acted upon �nduct�vely, and the glass
stem �s v�olently bombarded and heated. In th�s manner by far the
greater port�on of the energy suppl�ed to the bulb—espec�ally when
exceed�ngly h�gh frequenc�es are used—may be lost for the purpose
contemplated. To obv�ate th�s loss, or at least to reduce �t to a
m�n�mum, I usually screen the raref�ed gas surround�ng the stem
from the �nduct�ve act�on of the lead�ng-�n w�re by prov�d�ng the stem
w�th a tube or coat�ng of conduct�ng mater�al. It seems beyond doubt
that the best among metals to employ for th�s purpose �s alum�num,



on account of �ts many remarkable propert�es. Its only fault �s that �t
�s eas�ly fus�ble, and, therefore, �ts d�stance from the �ncandesc�ng
body should be properly est�mated. Usually, a th�n tube, of a
d�ameter somewhat smaller than that of the glass stem, �s made of
the f�nest alum�num sheet, and sl�pped on the stem. The tube �s
conven�ently prepared by wrapp�ng around a rod fastened �n a lathe
a p�ece of alum�num sheet of proper s�ze, grasp�ng the sheet f�rmly
w�th clean chamo�s leather or blott�ng paper, and sp�nn�ng the rod
very fast. The sheet �s wound t�ghtly around the rod, and a h�ghly
pol�shed tube of one or three layers of the sheet �s obta�ned. When
sl�pped on the stem, the pressure �s generally suff�c�ent to prevent �t
from sl�pp�ng off, but, for safety, the lower edge of the sheet may be
turned �ns�de. The upper �ns�de corner of the sheet—that �s, the one
wh�ch �s nearest to the refractory �ncandescent body—should be cut
out d�agonally, as �t often happens that, �n consequence of the
�ntense heat, th�s corner turns toward the �ns�de and comes very
near to, or �n contact w�th, the w�re, or f�lament, support�ng the
refractory body. The greater part of the energy suppl�ed to the bulb �s
then used up �n heat�ng the metal tube, and the bulb �s rendered
useless for the purpose. The alum�num sheet should project above
the glass stem more or less—one �nch or so—or else, �f the glass be
too close to the �ncandesc�ng body, �t may be strongly heated and
become more or less conduct�ng, whereupon �t may be ruptured, or
may, by �ts conduct�v�ty, establ�sh a good electr�cal connect�on
between the metal tube and the lead�ng-�n w�re, �n wh�ch case,
aga�n, most of the energy w�ll be lost �n heat�ng the former. Perhaps
the best way �s to make the top of the glass tube, for about an �nch,
of a much smaller d�ameter. To st�ll further reduce the danger ar�s�ng
from the heat�ng of the glass stem, and also w�th the v�ew of
prevent�ng an electr�cal connect�on between the metal tube and the
electrode, I preferably wrap the stem w�th several layers of th�n m�ca,
wh�ch extends at least as far as the metal tube. In some bulbs I have
also used an outs�de �nsulat�ng cover.

The preced�ng remarks are only made to a�d the exper�menter �n
the f�rst tr�als, for the d�ff�cult�es wh�ch he encounters he may soon
f�nd means to overcome �n h�s own way.



To �llustrate the effect of the screen, and the advantage of us�ng
�t, I have here two bulbs of the same s�ze, w�th the�r stems, lead�ng-�n
w�res and �ncandescent lamp f�laments t�ed to the latter, as nearly
al�ke as poss�ble. The stem of one bulb �s prov�ded w�th an alum�num
tube, the stem of the other has none. Or�g�nally the two bulbs were
jo�ned by a tube wh�ch was connected to a Sprengel pump. When a
h�gh vacuum had been reached, f�rst the connect�ng tube, and then
the bulbs, were sealed off; they are therefore of the same degree of
exhaust�on. When they are separately connected to the co�l g�v�ng a
certa�n potent�al, the carbon f�lament �n the bulb prov�ded w�th the
alum�num screen �s rendered h�ghly �ncandescent, wh�le the f�lament
�n the other bulb may, w�th the same potent�al, not even come to
redness, although �n real�ty the latter bulb takes generally more
energy than the former. When they are both connected together to
the term�nal, the d�fference �s even more apparent, show�ng the
�mportance of the screen�ng. The metal tube placed on the stem
conta�n�ng the lead�ng-�n w�re performs really two d�st�nct funct�ons:
F�rst, �t acts more or less as an electrostat�c screen, thus
econom�z�ng the energy suppl�ed to the bulb; and, second, to
whatever extent �t may fa�l to act electrostat�cally, �t acts
mechan�cally, prevent�ng the bombardment, and consequently
�ntense heat�ng and poss�ble deter�orat�on of the slender support of
the refractory �ncandescent body, or of the glass stem conta�n�ng the
lead�ng-�n w�re. I say slender support, for �t �s ev�dent that �n order to
conf�ne the heat more completely to the �ncandesc�ng body �ts
support should be very th�n, so as to carry away the smallest
poss�ble amount of heat by conduct�on. Of all the supports used I
have found an ord�nary �ncandescent lamp f�lament to be the best,
pr�nc�pally because among conductors �t can w�thstand the h�ghest
degree of heat.

The effect�veness of the metal tube as an electrostat�c screen
depends largely on the degree of exhaust�on.

At excess�vely h�gh degrees of exhaust�on—wh�ch are reached
by us�ng great care and spec�al means �n connect�on w�th the
Sprengel pump—when the matter �n the globe �s �n the ultra-rad�ant



state, �t acts most perfectly. The shadow of the upper edge of the
tube �s then sharply def�ned upon the bulb.

At a somewhat lower degree of exhaust�on, wh�ch �s about the
ord�nary "non-str�k�ng" vacuum, and generally as long as the matter
moves predom�nantly �n stra�ght l�nes, the screen st�ll does well. In
eluc�dat�on of the preced�ng remark �t �s necessary to state that what
�s a "non-str�k�ng" vacuum for a co�l operated as ord�nar�ly, by
�mpulses, or currents, of low frequency, �s not so, by far, when the
co�l �s operated by currents of very h�gh frequency. In such case the
d�scharge may pass w�th great freedom through the raref�ed gas
through wh�ch a low frequency d�scharge may not pass, even though
the potent�al be much h�gher. At ord�nary atmospher�c pressures just
the reverse rule holds good: the h�gher the frequency, the less the
spark d�scharge �s able to jump between the term�nals, espec�ally �f
they are knobs or spheres of some s�ze.

F�nally, at very low degrees of exhaust�on, when the gas �s well
conduct�ng, the metal tube not only does not act as an electrostat�c
screen, but even �s a drawback, a�d�ng to a cons�derable extent the
d�ss�pat�on of the energy laterally from the lead�ng-�n w�re. Th�s, of
course, �s to be expected. In th�s case, namely, the metal tube �s �n
good electr�cal connect�on w�th the lead�ng-�n w�re, and most of the
bombardment �s d�rected upon the tube. As long as the electr�cal
connect�on �s not good, the conduct�ng tube �s always of some
advantage, for although �t may not greatly econom�ze energy, st�ll �t
protects the support of the refractory button, and �s the means of
concentrat�ng more energy upon the same.

To whatever extent the alum�num tube performs the funct�on of a
screen, �ts usefulness �s therefore l�m�ted to very h�gh degrees of
exhaust�on when �t �s �nsulated from the electrode—that �s, when the
gas as a whole �s non-conduct�ng, and the molecules, or atoms, act
as �ndependent carr�ers of electr�c charges.

In add�t�on to act�ng as a more or less effect�ve screen, �n the true
mean�ng of the word, the conduct�ng tube or coat�ng may also act, by
reason of �ts conduct�v�ty, as a sort of equal�zer or dampener of the



bombardment aga�nst the stem. To be expl�c�t, I assume the act�on to
be as follows: Suppose a rhythm�cal bombardment to occur aga�nst
the conduct�ng tube by reason of �ts �mperfect act�on as a screen, �t
certa�nly must happen that some molecules, or atoms, str�ke the tube
sooner than others. Those wh�ch come f�rst �n contact w�th �t g�ve up
the�r superfluous charge, and the tube �s electr�f�ed, the electr�f�cat�on
�nstantly spread�ng over �ts surface. But th�s must d�m�n�sh the
energy lost �n the bombardment, for two reasons: f�rst, the charge
g�ven up by the atoms spreads over a great area, and hence the
electr�c dens�ty at any po�nt �s small, and the atoms are repelled w�th
less energy than they would be �f they struck aga�nst a good
�nsulator; secondly, as the tube �s electr�f�ed by the atoms wh�ch f�rst
come �n contact w�th �t, the progress of the follow�ng atoms aga�nst
the tube �s more or less checked by the repuls�on wh�ch the
electr�f�ed tube must exert upon the s�m�larly electr�f�ed atoms. Th�s
repuls�on may perhaps be suff�c�ent to prevent a large port�on of the
atoms from str�k�ng the tube, but at any rate �t must d�m�n�sh the
energy of the�r �mpact. It �s clear that when the exhaust�on �s very
low, and the raref�ed gas well conduct�ng, ne�ther of the above
effects can occur, and, on the other hand, the fewer the atoms, w�th
the greater freedom they move; �n other words, the h�gher the
degree of exhaust�on, up to a l�m�t, the more tell�ng w�ll be both the
effects.



F�g. 147, 148.
F��. 147. F��. 148.

What I have just sa�d may afford an explanat�on of the
phenomenon observed by Prof. Crookes, namely, that a d�scharge
through a bulb �s establ�shed w�th much greater fac�l�ty when an
�nsulator than when a conductor �s present �n the same. In my
op�n�on, the conductor acts as a dampener of the mot�on of the
atoms �n the two ways po�nted out; hence, to cause a v�s�ble
d�scharge to pass through the bulb, a much h�gher potent�al �s
needed �f a conductor, espec�ally of much surface, be present.

For the sake of eluc�dat�ng of some of the remarks before made, I
must now refer to F�gs. 147, 148 and 149, wh�ch �llustrate var�ous
arrangements w�th a type of bulb most generally used.

F�g. 147 �s a sect�on through a spher�cal bulb L, w�th the glass
stem s, conta�ns the lead�ng-�n w�re w, wh�ch has a lamp f�lament l
fastened to �t, serv�ng to support the refractory button m �n the
centre. M �s a sheet of th�n m�ca wound �n several layers around the
stem s, and a �s the alum�num tube.

F�g. 148 �llustrates such a bulb �n a somewhat more advanced
stage of perfect�on. A metall�c tube S �s fastened by means of some
cement to the neck of the tube. In the tube �s screwed a plug P, of
�nsulat�ng mater�al, �n the centre of wh�ch �s fastened a metall�c
term�nal t, for the connect�on to the lead�ng-�n w�re w. Th�s term�nal
must be well �nsulated from the metal tube S; therefore, �f the cement
used �s conduct�ng—and most generally �t �s suff�c�ently so—the
space between the plug P and the neck of the bulb should be f�lled
w�th some good �nsulat�ng mater�al, such as m�ca powder.

F�g. 149 shows a bulb made for exper�mental purposes. In th�s
bulb the alum�num tube �s prov�ded w�th an external connect�on,
wh�ch serves to �nvest�gate the effect of the tube under var�ous
cond�t�ons. It �s referred to ch�efly to suggest a l�ne of exper�ment
followed.



S�nce the bombardment aga�nst the stem conta�n�ng the lead�ng-
�n w�re �s due to the �nduct�ve act�on of the latter upon the raref�ed
gas, �t �s of advantage to reduce th�s act�on as far as pract�cable by
employ�ng a very th�n w�re, surrounded by a very th�ck �nsulat�on of
glass or other mater�al, and by mak�ng the w�re pass�ng through the
raref�ed gas as short as pract�cable. To comb�ne these features I
employ a large tube T (F�g. 150), wh�ch protrudes �nto the bulb to
some d�stance, and carr�es on the top a very short glass stem s, �nto
wh�ch �s sealed the lead�ng-�n w�re w, and I protect the top of the
glass stem aga�nst the heat by a small alum�num tube a and a layer
of m�ca underneath the same, as usual. The w�re w, pass�ng through
the large tube to the outs�de of the bulb, should be well �nsulated—
w�th a glass tube, for �nstance—and the space between ought to be
f�lled out w�th some excellent �nsulator. Among many �nsulat�ng
powders I have found that m�ca powder �s the best to employ. If th�s
precaut�on �s not taken, the tube T, protrud�ng �nto the bulb, w�ll
surely be cracked �n consequence of the heat�ng by the brushes
wh�ch are apt to form �n the upper part of the tube, near the
exhausted globe, espec�ally �f the vacuum be excellent, and
therefore the potent�al necessary to operate the lamp be very h�gh.

F�g. 149, 150.
F��. 149. F��. 150.

F�g. 151 �llustrates a s�m�lar arrangement, w�th a large tube T
protrud�ng �nto the part of the bulb conta�n�ng the refractory button m.
In th�s case the w�re lead�ng from the outs�de �nto the bulb �s om�tted,
the energy requ�red be�ng suppl�ed through condenser coat�ngs C C.
The �nsulat�ng pack�ng P should �n th�s construct�on be t�ghtly f�tt�ng
to the glass, and rather w�de, or otherw�se the d�scharge m�ght avo�d
pass�ng through the w�re w, wh�ch connects the �ns�de condenser
coat�ng to the �ncandescent button m.

The molecular bombardment aga�nst the glass stem �n the bulb �s
a source of great trouble. As an �llustrat�on I w�ll c�te a phenomenon
only too frequently and unw�ll�ngly observed. A bulb, preferably a
large one, may be taken, and a good conduct�ng body, such as a
p�ece of carbon, may be mounted �n �t upon a plat�num w�re sealed �n



the glass stem. The bulb may be exhausted to a fa�rly h�gh degree,
nearly to the po�nt when phosphorescence beg�ns to appear. When
the bulb �s connected w�th the co�l, the p�ece of carbon, �f small, may
become h�ghly �ncandescent at f�rst, but �ts br�ghtness �mmed�ately
d�m�n�shes, and then the d�scharge may break through the glass
somewhere �n the m�ddle of the stem, �n the form of br�ght sparks, �n
sp�te of the fact that the plat�num w�re �s �n good electr�cal connect�on
w�th the raref�ed gas through the p�ece of carbon or metal at the top.
The f�rst sparks are s�ngularly br�ght, recall�ng those drawn from a
clear surface of mercury. But, as they heat the glass rap�dly, they, of
course, lose the�r br�ghtness, and cease when the glass at the
ruptured place becomes �ncandescent, or generally suff�c�ently hot to
conduct. When observed for the f�rst t�me the phenomenon must
appear very cur�ous, and shows �n a str�k�ng manner how rad�cally
d�fferent alternate currents, or �mpulses, of h�gh frequency behave,
as compared w�th steady currents, or currents of low frequency. W�th
such currents—namely, the latter—the phenomenon would of course
not occur. When frequenc�es such as are obta�ned by mechan�cal
means are used, I th�nk that the rupture of the glass �s more or less
the consequence of the bombardment, wh�ch warms �t up and
�mpa�rs �ts �nsulat�ng power; but w�th frequenc�es obta�nable w�th
condensers I have no doubt that the glass may g�ve way w�thout
prev�ous heat�ng. Although th�s appears most s�ngular at f�rst, �t �s �n
real�ty what we m�ght expect to occur. The energy suppl�ed to the
w�re lead�ng �nto the bulb �s g�ven off partly by d�rect act�on through
the carbon button, and partly by �nduct�ve act�on through the glass
surround�ng the w�re. The case �s thus analogous to that �n wh�ch a
condenser shunted by a conductor of low res�stance �s connected to
a source of alternat�ng current. As long as the frequenc�es are low,
the conductor gets the most and the condenser �s perfectly safe; but
when the frequency becomes excess�ve, the role of the conductor
may become qu�te �ns�gn�f�cant. In the latter case the d�fference of
potent�al at the term�nals of the condenser may become so great as
to rupture the d�electr�c, notw�thstand�ng the fact that the term�nals
are jo�ned by a conductor of low res�stance.



It �s, of course, not necessary, when �t �s des�red to produce the
�ncandescence of a body �nclosed �n a bulb by means of these
currents, that the body should be a conductor, for even a perfect
non-conductor may be qu�te as read�ly heated. For th�s purpose �t �s
suff�c�ent to surround a conduct�ng electrode w�th a non-conduct�ng
mater�al, as, for �nstance, �n the bulb descr�bed before �n F�g. 150, �n
wh�ch a th�n �ncandescent lamp f�lament �s coated w�th a non-
conductor, and supports a button of the same mater�al on the top. At
the start the bombardment goes on by �nduct�ve act�on through the
non-conductor, unt�l the same �s suff�c�ently heated to become
conduct�ng, when the bombardment cont�nues �n the ord�nary way.

F�g. 151, 152.
F��. 151. F��. 152.

A d�fferent arrangement used �n some of the bulbs constructed �s
�llustrated �n F�g. 152. In th�s �nstance a non-conductor m �s mounted
�n a p�ece of common arc l�ght carbon so as to project some small
d�stance above the latter. The carbon p�ece �s connected to the
lead�ng-�n w�re pass�ng through a glass stem, wh�ch �s wrapped w�th
several layers of m�ca. An alum�num tube a �s employed as usual for
screen�ng. It �s so arranged that �t reaches very nearly as h�gh as the
carbon and only the non-conductor m projects a l�ttle above �t. The
bombardment goes at f�rst aga�nst the upper surface of carbon, the
lower parts be�ng protected by the alum�num tube. As soon,
however, as the non-conductor m �s heated �t �s rendered good
conduct�ng, and then �t becomes the centre of the bombardment,
be�ng most exposed to the same.

I have also constructed dur�ng these exper�ments many such
s�ngle-w�re bulbs w�th or w�thout �nternal electrode, �n wh�ch the
rad�ant matter was projected aga�nst, or focused upon, the body to
be rendered �ncandescent. F�g. 153 (page 263) �llustrates one of the
bulbs used. It cons�sts of a spher�cal globe L, prov�ded w�th a long
neck n, on top, for �ncreas�ng the act�on �n some cases by the
appl�cat�on of an external conduct�ng coat�ng. The globe L �s blown
out on the bottom �nto a very small bulb b, wh�ch serves to hold �t
f�rmly �n a socket S of �nsulat�ng mater�al �nto wh�ch �t �s cemented. A



f�ne lamp f�lament f, supported on a w�re w, passes through the
centre of the globe L. The f�lament �s rendered �ncandescent �n the
m�ddle port�on, where the bombardment proceed�ng from the lower
�ns�de surface of the globe �s most �ntense. The lower port�on of the
globe, as far as the socket S reaches, �s rendered conduct�ng, e�ther
by a t�nfo�l coat�ng or otherw�se, and the external electrode �s
connected to a term�nal of the co�l.

The arrangement d�agrammat�cally �nd�cated �n F�g. 153 was
found to be an �nfer�or one when �t was des�red to render
�ncandescent a f�lament or button supported �n the centre of the
globe, but �t was conven�ent when the object was to exc�te
phosphorescence.

In many exper�ments �n wh�ch bod�es of d�fferent k�nd were
mounted �n the bulb as, for �nstance, �nd�cated �n F�g. 152, some
observat�ons of �nterest were made.

It was found, among other th�ngs, that �n such cases, no matter
where the bombardment began, just as soon as a h�gh temperature
was reached there was generally one of the bod�es wh�ch seemed to
take most of the bombardment upon �tself, the other, or others, be�ng
thereby rel�eved. The qual�ty appeared to depend pr�nc�pally on the
po�nt of fus�on, and on the fac�l�ty w�th wh�ch the body was
"evaporated," or, generally speak�ng, d�s�ntegrated—mean�ng by the
latter term not only the throw�ng off of atoms, but l�kew�se of large
lumps. The observat�on made was �n accordance w�th generally
accepted not�ons. In a h�ghly exhausted bulb, electr�c�ty �s carr�ed off
from the electrode by �ndependent carr�ers, wh�ch are partly the
atoms, or molecules, of the res�dual atmosphere, and partly the
atoms, molecules, or lumps thrown off from the electrode. If the
electrode �s composed of bod�es of d�fferent character, and �f one of
these �s more eas�ly d�s�ntegrated than the other, most of the
electr�c�ty suppl�ed �s carr�ed off from that body, wh�ch �s then brought
to a h�gher temperature than the others, and th�s the more, as upon
an �ncrease of the temperature the body �s st�ll more eas�ly
d�s�ntegrated.



It seems to me qu�te probable that a s�m�lar process takes place
�n the bulb even w�th a homogeneous electrode, and I th�nk �t to be
the pr�nc�pal cause of the d�s�ntegrat�on. There �s bound to be some
�rregular�ty, even �f the surface �s h�ghly pol�shed, wh�ch, of course, �s
�mposs�ble w�th most of the refractory bod�es employed as
electrodes. Assume that a po�nt of the electrode gets hotter; �nstantly
most of the d�scharge passes through that po�nt, and a m�nute patch
�t probably fused and evaporated. It �s now poss�ble that �n
consequence of the v�olent d�s�ntegrat�on the spot attacked s�nks �n
temperature, or that a counter force �s created, as �n an arc; at any
rate, the local tear�ng off meets w�th the l�m�tat�ons �nc�dent to the
exper�ment, whereupon the same process occurs on another place.
To the eye the electrode appears un�formly br�ll�ant, but there are
upon �t po�nts constantly sh�ft�ng and wander�ng around, of a
temperature far above the mean, and th�s mater�ally hastens the
process of deter�orat�on. That some such th�ng occurs, at least when
the electrode �s at a lower temperature, suff�c�ent exper�mental
ev�dence can be obta�ned �n the follow�ng manner: Exhaust a bulb to
a very h�gh degree, so that w�th a fa�rly h�gh potent�al the d�scharge
cannot pass—that �s, not a lum�nous one, for a weak �nv�s�ble
d�scharge occurs always, �n all probab�l�ty. Now ra�se slowly and
carefully the potent�al, leav�ng the pr�mary current on no more than
for an �nstant. At a certa�n po�nt, two, three, or half a dozen
phosphorescent spots w�ll appear on the globe. These places of the
glass are ev�dently more v�olently bombarded than others, th�s be�ng
due to the unevenly d�str�buted electr�c dens�ty, necess�tated, of
course, by sharp project�ons, or, generally speak�ng, �rregular�t�es of
the electrode. But the lum�nous patches are constantly chang�ng �n
pos�t�on, wh�ch �s espec�ally well observable �f one manages to
produce very few, and th�s �nd�cates that the conf�gurat�on of the
electrode �s rap�dly chang�ng.

From exper�ences of th�s k�nd I am led to �nfer that, �n order to be
most durable, the refractory button �n the bulb should be �n the form
of a sphere w�th a h�ghly pol�shed surface. Such a small sphere
could be manufactured from a d�amond or some other crystal, but a
better way would be to fuse, by the employment of extreme degrees



of temperature, some ox�de—as, for �nstance, z�rcon�a—�nto a small
drop, and then keep �t �n the bulb at a temperature somewhat below
�ts po�nt of fus�on.

Interest�ng and useful results can, no doubt, be reached �n the
d�rect�on of extreme degrees of heat. How can such h�gh
temperatures be arr�ved at? How are the h�ghest degrees of heat
reached �n nature? By the �mpact of stars, by h�gh speeds and
coll�s�ons. In a coll�s�on any rate of heat generat�on may be atta�ned.
In a chem�cal process we are l�m�ted. When oxygen and hydrogen
comb�ne, they fall, metaphor�cally speak�ng, from a def�n�te he�ght.
We cannot go very far w�th a blast, nor by conf�n�ng heat �n a
furnace, but �n an exhausted bulb we can concentrate any amount of
energy upon a m�nute button. Leav�ng pract�cab�l�ty out of
cons�derat�on, th�s, then, would be the means wh�ch, �n my op�n�on,
would enable us to reach the h�ghest temperature. But a great
d�ff�culty when proceed�ng �n th�s way �s encountered, namely, �n
most cases the body �s carr�ed off before �t can fuse and form a drop.
Th�s d�ff�culty ex�sts pr�nc�pally w�th an ox�de, such as z�rcon�a,
because �t cannot be compressed �n so hard a cake that �t would not
be carr�ed off qu�ckly. I have endeavored repeatedly to fuse z�rcon�a,
plac�ng �t �n a cup of arc l�ght carbon, as �nd�cated �n F�g. 152. It
glowed w�th a most �ntense l�ght, and the stream of the part�cles
projected out of the carbon cup was of a v�v�d wh�te; but whether �t
was compressed �n a cake or made �nto a paste w�th carbon, �t was
carr�ed off before �t could be fused. The carbon cup, conta�n�ng
z�rcon�a, had to be mounted very low �n the neck of a large bulb, as
the heat�ng of the glass by the projected part�cles of the ox�de was
so rap�d that �n the f�rst tr�al the bulb was cracked almost �n an
�nstant, when the current was turned on. The heat�ng of the glass by
the projected part�cles was found to be always greater when the
carbon cup conta�ned a body wh�ch was rap�dly carr�ed off—I
presume, because �n such cases, w�th the same potent�al, h�gher
speeds were reached, and also because, per un�t of t�me, more
matter was projected—that �s, more part�cles would str�ke the glass.

The before-ment�oned d�ff�culty d�d not ex�st, however, when the
body mounted �n the carbon cup offered great res�stance to



deter�orat�on. For �nstance, when an ox�de was f�rst fused �n an
oxygen blast, and then mounted �n the bulb, �t melted very read�ly
�nto a drop.

Generally, dur�ng the process of fus�on, magn�f�cent l�ght effects
were noted, of wh�ch �t would be d�ff�cult to g�ve an adequate �dea.
F�g. 152 �s �ntended to �llustrate the effect observed w�th a ruby drop.
At f�rst one may see a narrow funnel of wh�te l�ght projected aga�nst
the top of the globe, where �t produces an �rregularly outl�ned
phosphorescent patch. When the po�nt of the ruby fuses, the
phosphorescence becomes very powerful; but as the atoms are
projected w�th much greater speed from the surface of the drop,
soon the glass gets hot and "t�red," and now only the outer edge of
the patch glows. In th�s manner an �ntensely phosphorescent,
sharply def�ned l�ne, l, correspond�ng to the outl�ne of the drop, �s
produced, wh�ch spreads slowly over the globe as the drop gets
larger. When the mass beg�ns to bo�l, small bubbles and cav�t�es are
formed, wh�ch cause dark colored spots to sweep across the globe.
The bulb may be turned downward w�thout fear of the drop fall�ng off,
as the mass possesses cons�derable v�scos�ty.

I may ment�on here another feature of some �nterest, wh�ch I
bel�eve to have noted �n the course of these exper�ments, though the
observat�ons do not amount to a cert�tude. It appeared that under the
molecular �mpact caused by the rap�dly alternat�ng potent�al, the
body was fused and ma�nta�ned �n that state at a lower temperature
�n a h�ghly exhausted bulb than was the case at normal pressure and
appl�cat�on of heat �n the ord�nary way—that �s, at least, judg�ng from
the quant�ty of the l�ght em�tted. One of the exper�ments performed
may be ment�oned here by way of �llustrat�on. A small p�ece of
pum�ce stone was stuck on a plat�num w�re, and f�rst melted to �t �n a
gas burner. The w�re was next placed between two p�eces of
charcoal, and a burner appl�ed, so as to produce an �ntense heat,
suff�c�ent to melt down the pum�ce stone �nto a small glass-l�ke
button. The plat�num w�re had to be taken of suff�c�ent th�ckness, to
prevent �ts melt�ng �n the f�re. Wh�le �n the charcoal f�re, or when held
�n a burner to get a better �dea of the degree of heat, the button
glowed w�th great br�ll�ancy. The w�re w�th the button was then



mounted �n a bulb, and upon exhaust�ng the same to a h�gh degree,
the current was turned on slowly, so as to prevent the crack�ng of the
button. The button was heated to the po�nt of fus�on, and when �t
melted, �t d�d not, apparently, glow w�th the same br�ll�ancy as before,
and th�s would �nd�cate a lower temperature. Leav�ng out of
cons�derat�on the observer's poss�ble, and even probable, error, the
quest�on �s, can a body under these cond�t�ons be brought from a
sol�d to a l�qu�d state w�th the evolut�on of less l�ght?

When the potent�al of a body �s rap�dly alternated, �t �s certa�n that
the structure �s jarred. When the potent�al �s very h�gh, although the
v�brat�ons may be few—say 20,000 per second—the effect upon the
structure may be cons�derable. Suppose, for example, that a ruby �s
melted �nto a drop by a steady appl�cat�on of energy. When �t forms a
drop, �t w�ll em�t v�s�ble and �nv�s�ble waves, wh�ch w�ll be �n a def�n�te
rat�o, and to the eye the drop w�ll appear to be of a certa�n br�ll�ancy.
Next, suppose we d�m�n�sh to any degree we choose the energy
stead�ly suppl�ed, and, �nstead, supply energy wh�ch r�ses and falls
accord�ng to a certa�n law. Now, when the drop �s formed, there w�ll
be em�tted from �t three d�fferent k�nds of v�brat�ons—the ord�nary
v�s�ble, and two k�nds of �nv�s�ble waves: that �s, the ord�nary dark
waves of all lengths, and, �n add�t�on, waves of a well def�ned
character. The latter would not ex�st by a steady supply of the
energy; st�ll they help to jar and loosen the structure. If th�s really be
the case, then the ruby drop w�ll em�t relat�vely less v�s�ble and more
�nv�s�ble waves than before. Thus �t would seem that when a
plat�num w�re, for �nstance, �s fused by currents alternat�ng w�th
extreme rap�d�ty, �t em�ts at the po�nt of fus�on less l�ght and more
v�s�ble rad�at�on than �t does when melted by a steady current,
though the total energy used up �n the process of fus�on �s the same
�n both cases. Or, to c�te another example, a lamp f�lament �s not
capable of w�thstand�ng as long w�th currents of extreme frequency
as �t does w�th steady currents, assum�ng that �t be worked at the
same lum�nous �ntens�ty. Th�s means that for rap�dly alternat�ng
currents the f�lament should be shorter and th�cker. The h�gher the
frequency—that �s, the greater the departure from the steady flow—
the worse �t would be for the f�lament. But �f the truth of th�s remark



were demonstrated, �t would be erroneous to conclude that such a
refractory button as used �n these bulbs would be deter�orated
qu�cker by currents of extremely h�gh frequency than by steady or
low frequency currents. From exper�ence I may say that just the
oppos�te holds good: the button w�thstands the bombardment better
w�th currents of very h�gh frequency. But th�s �s due to the fact that a
h�gh frequency d�scharge passes through a raref�ed gas w�th much
greater freedom than a steady or low frequency d�scharge, and th�s
w�ll mean that w�th the former we can work w�th a lower potent�al or
w�th a less v�olent �mpact. As long, then, as the gas �s of no
consequence, a steady or low frequency current �s better; but as
soon as the act�on of the gas �s des�red and �mportant, h�gh
frequenc�es are preferable.

In the course of these exper�ments a great many tr�als were
made w�th all k�nds of carbon buttons. Electrodes made of ord�nary
carbon buttons were dec�dedly more durable when the buttons were
obta�ned by the appl�cat�on of enormous pressure. Electrodes
prepared by depos�t�ng carbon �n well known ways d�d not show up
well; they blackened the globe very qu�ckly. From many exper�ences
I conclude that lamp f�laments obta�ned �n th�s manner can be
advantageously used only w�th low potent�als and low frequency
currents. Some k�nds of carbon w�thstand so well that, �n order to
br�ng them to the po�nt of fus�on, �t �s necessary to employ very small
buttons. In th�s case the observat�on �s rendered very d�ff�cult on
account of the �ntense heat produced. Nevertheless there can be no
doubt that all k�nds of carbon are fused under the molecular
bombardment, but the l�qu�d state must be one of great �nstab�l�ty. Of
all the bod�es tr�ed there were two wh�ch w�thstood best—d�amond
and carborundum. These two showed up about equally, but the latter
was preferable for many reasons. As �t �s more than l�kely that th�s
body �s not yet generally known, I w�ll venture to call your attent�on to
�t.

It has been recently produced by Mr. E. G. Acheson, of
Monongahela C�ty, Pa., U. S. A. It �s �ntended to replace ord�nary
d�amond powder for pol�sh�ng prec�ous stones, etc., and I have been
�nformed that �t accompl�shes th�s object qu�te successfully. I do not



know why the name "carborundum" has been g�ven to �t, unless
there �s someth�ng �n the process of �ts manufacture wh�ch just�f�es
th�s select�on. Through the k�ndness of the �nventor, I obta�ned a
short wh�le ago some samples wh�ch I des�red to test �n regard to
the�r qual�t�es of phosphorescence and capab�l�ty of w�thstand�ng
h�gh degrees of heat.

Carborundum can be obta�ned �n two forms—�n the form of
"crystals" and of powder. The former appear to the naked eye dark
colored, but are very br�ll�ant; the latter �s of nearly the same color as
ord�nary d�amond powder, but very much f�ner. When v�ewed under a
m�croscope the samples of crystals g�ven to me d�d not appear to
have any def�n�te form, but rather resembled p�eces of broken up
egg coal of f�ne qual�ty. The major�ty were opaque, but there were
some wh�ch were transparent and colored. The crystals are a k�nd of
carbon conta�n�ng some �mpur�t�es; they are extremely hard, and
w�thstand for a long t�me even an oxygen blast. When the blast �s
d�rected aga�nst them they at f�rst form a cake of some compactness,
probably �n consequence of the fus�on of �mpur�t�es they conta�n. The
mass w�thstands for a very long t�me the blast w�thout further fus�on;
but a slow carry�ng off, or burn�ng, occurs, and, f�nally, a small
quant�ty of a glass-l�ke res�due �s left, wh�ch, I suppose, �s melted
alum�na. When compressed strongly they conduct very well, but not
as well as ord�nary carbon. The powder, wh�ch �s obta�ned from the
crystals �n some way, �s pract�cally non-conduct�ng. It affords a
magn�f�cent pol�sh�ng mater�al for stones.

The t�me has been too short to make a sat�sfactory study of the
propert�es of th�s product, but enough exper�ence has been ga�ned �n
a few weeks I have exper�mented upon �t to say that �t does possess
some remarkable propert�es �n many respects. It w�thstands
excess�vely h�gh degrees of heat, �t �s l�ttle deter�orated by molecular
bombardment, and �t does not blacken the globe as ord�nary carbon
does. The only d�ff�culty wh�ch I have exper�enced �n �ts use �n
connect�on w�th these exper�ments was to f�nd some b�nd�ng mater�al
wh�ch would res�st the heat and the effect of the bombardment as
successfully as carborundum �tself does.



I have here a number of bulbs wh�ch I have prov�ded w�th buttons
of carborundum. To make such a button of carborundum crystals I
proceed �n the follow�ng manner: I take an ord�nary lamp f�lament
and d�p �ts po�nt �n tar, or some other th�ck substance or pa�nt wh�ch
may be read�ly carbon�zed. I next pass the po�nt of the f�lament
through the crystals, and then hold �t vert�cally over a hot plate. The
tar softens and forms a drop on the po�nt of the f�lament, the crystals
adher�ng to the surface of the drop. By regulat�ng the d�stance from
the plate the tar �s slowly dr�ed out and the button becomes sol�d. I
then once more d�p the button �n tar and hold �t aga�n over a plate
unt�l the tar �s evaporated, leav�ng only a hard mass wh�ch f�rmly
b�nds the crystals. When a larger button �s requ�red I repeat the
process several t�mes, and I generally also cover the f�lament a
certa�n d�stance below the button w�th crystals. The button be�ng
mounted �n a bulb, when a good vacuum has been reached, f�rst a
weak and then a strong d�scharge �s passed through the bulb to
carbon�ze the tar and expel all gases, and later �t �s brought to a very
�ntense �ncandescence.

When the powder �s used I have found �t best to proceed as
follows: I make a th�ck pa�nt of carborundum and tar, and pass a
lamp f�lament through the pa�nt. Tak�ng then most of the pa�nt off by
rubb�ng the f�lament aga�nst a p�ece of chamo�s leather, I hold �t over
a hot plate unt�l the tar evaporates and the coat�ng becomes f�rm. I
repeat th�s process as many t�mes as �t �s necessary to obta�n a
certa�n th�ckness of coat�ng. On the po�nt of the coated f�lament I
form a button �n the same manner.

There �s no doubt that such a button—properly prepared under
great pressure—of carborundum, espec�ally of powder of the best
qual�ty, w�ll w�thstand the effect of the bombardment fully as well as
anyth�ng we know. The d�ff�culty �s that the b�nd�ng mater�al g�ves
way, and the carborundum �s slowly thrown off after some t�me. As �t
does not seem to blacken the globe �n the least, �t m�ght be found
useful for coat�ng the f�laments of ord�nary �ncandescent lamps, and I
th�nk that �t �s even poss�ble to produce th�n threads or st�cks of
carborundum wh�ch w�ll replace the ord�nary f�laments �n an
�ncandescent lamp. A carborundum coat�ng seems to be more



durable than other coat�ngs, not only because the carborundum can
w�thstand h�gh degrees of heat, but also because �t seems to un�te
w�th the carbon better than any other mater�al I have tr�ed. A coat�ng
of z�rcon�a or any other ox�de, for �nstance, �s far more qu�ckly
destroyed. I prepared buttons of d�amond dust �n the same manner
as of carborundum, and these came �n durab�l�ty nearest to those
prepared of carborundum, but the b�nd�ng paste gave way much
more qu�ckly �n the d�amond buttons; th�s, however, I attr�buted to the
s�ze and �rregular�ty of the gra�ns of the d�amond.

It was of �nterest to f�nd whether carborundum possesses the
qual�ty of phosphorescence. One �s, of course, prepared to
encounter two d�ff�cult�es: f�rst, as regards the rough product, the
"crystals," they are good conduct�ng, and �t �s a fact that conductors
do not phosphoresce; second, the powder, be�ng exceed�ngly f�ne,
would not be apt to exh�b�t very prom�nently th�s qual�ty, s�nce we
know that when crystals, even such as d�amond or ruby, are f�nely
powdered, they lose the property of phosphorescence to a
cons�derable degree.

The quest�on presents �tself here, can a conductor
phosphoresce? What �s there �n such a body as a metal, for
�nstance, that would depr�ve �t of the qual�ty of phosphoresence,
unless �t �s that property wh�ch character�zes �t as a conductor? For �t
�s a fact that most of the phosphorescent bod�es lose that qual�ty
when they are suff�c�ently heated to become more or less
conduct�ng. Then, �f a metal be �n a large measure, or perhaps
ent�rely, depr�ved of that property, �t should be capable of
phosphoresence. Therefore �t �s qu�te poss�ble that at some
extremely h�gh frequency, when behav�ng pract�cally as a non-
conductor, a metal or any other conductor m�ght exh�b�t the qual�ty of
phosphoresence, even though �t be ent�rely �ncapable of
phosphoresc�ng under the �mpact of a low-frequency d�scharge.
There �s, however, another poss�ble way how a conductor m�ght at
least appear to phosphoresce.

Cons�derable doubt st�ll ex�sts as to what really �s
phosphorescence, and as to whether the var�ous phenomena



compr�sed under th�s head are due to the same causes. Suppose
that �n an exhausted bulb, under the molecular �mpact, the surface of
a p�ece of metal or other conductor �s rendered strongly lum�nous,
but at the same t�me �t �s found that �t rema�ns comparat�vely cool,
would not th�s lum�nos�ty be called phosphorescence? Now such a
result, theoret�cally at least, �s poss�ble, for �t �s a mere quest�on of
potent�al or speed. Assume the potent�al of the electrode, and
consequently the speed of the projected atoms, to be suff�c�ently
h�gh, the surface of the metal p�ece, aga�nst wh�ch the atoms are
projected, would be rendered h�ghly �ncandescent, s�nce the process
of heat generat�on would be �ncomparably faster than that of
rad�at�ng or conduct�ng away from the surface of the coll�s�on. In the
eye of the observer a s�ngle �mpact of the atoms would cause an
�nstantaneous flash, but �f the �mpacts were repeated w�th suff�c�ent
rap�d�ty, they would produce a cont�nuous �mpress�on upon h�s
ret�na. To h�m then the surface of the metal would appear
cont�nuously �ncandescent and of constant lum�nous �ntens�ty, wh�le
�n real�ty the l�ght would be e�ther �nterm�ttent, or at least chang�ng
per�od�cally �n �ntens�ty. The metal p�ece would r�se �n temperature
unt�l equ�l�br�um was atta�ned—that �s, unt�l the energy cont�nuously
rad�ated would equal that �nterm�ttently suppl�ed. But the suppl�ed
energy m�ght under such cond�t�ons not be suff�c�ent to br�ng the
body to any more than a very moderate mean temperature,
espec�ally �f the frequency of the atom�c �mpacts be very low—just
enough that the fluctuat�on of the �ntens�ty of the l�ght em�tted could
not be detected by the eye. The body would now, ow�ng to the
manner �n wh�ch the energy �s suppl�ed, em�t a strong l�ght, and yet
be at a comparat�vely very low mean temperature. How should the
observer name the lum�nos�ty thus produced? Even �f the analys�s of
the l�ght would teach h�m someth�ng def�n�te, st�ll he would probably
rank �t under the phenomena of phosphorescence. It �s conce�vable
that �n such a way both conduct�ng and non-conduct�ng bod�es may
be ma�nta�ned at a certa�n lum�nous �ntens�ty, but the energy
requ�red would very greatly vary w�th the nature and propert�es of the
bod�es.



These and some forego�ng remarks of a speculat�ve nature were
made merely to br�ng out cur�ous features of alternate currents or
electr�c �mpulses. By the�r help we may cause a body to em�t more
l�ght, wh�le at a certa�n mean temperature, than �t would em�t �f
brought to that temperature by a steady supply; and, aga�n, we may
br�ng a body to the po�nt of fus�on, and cause �t to em�t less l�ght than
when fused by the appl�cat�on of energy �n ord�nary ways. It all
depends on how we supply the energy, and what k�nd of v�brat�ons
we set up; �n one case the v�brat�ons are more, �n the other less,
adapted to affect our sense of v�s�on.

Some effects, wh�ch I had not observed before, obta�ned w�th
carborundum �n the f�rst tr�als, I attr�buted to phosphorescence, but �n
subsequent exper�ments �t appeared that �t was devo�d of that
qual�ty. The crystals possess a noteworthy feature. In a bulb
prov�ded w�th a s�ngle electrode �n the shape of a small c�rcular metal
d�sc, for �nstance, at a certa�n degree of exhaust�on the electrode �s
covered w�th a m�lky f�lm, wh�ch �s separated by a dark space from
the glow f�ll�ng the bulb. When the metal d�sc �s covered w�th
carborundum crystals, the f�lm �s far more �ntense, and snow-wh�te.
Th�s I found later to be merely an effect of the br�ght surface of the
crystals, for when an alum�num electrode was h�ghly pol�shed, �t
exh�b�ted more or less the same phenomenon. I made a number of
exper�ments w�th the samples of crystals obta�ned, pr�nc�pally
because �t would have been of spec�al �nterest to f�nd that they are
capable of phosphorescence, on account of the�r be�ng conduct�ng. I
could not produce phosphorescence d�st�nctly, but I must remark that
a dec�s�ve op�n�on cannot be formed unt�l other exper�menters have
gone over the same ground.

The powder behaved �n some exper�ments as though �t conta�ned
alum�na, but �t d�d not exh�b�t w�th suff�c�ent d�st�nctness the red of
the latter. Its dead color br�ghtens cons�derably under the molecular
�mpact, but I am now conv�nced �t does not phosphoresce. St�ll, the
tests w�th the powder are not conclus�ve, because powdered
carborundum probably does not behave l�ke a phosphorescent
sulph�de, for example, wh�ch could be f�nely powdered w�thout
�mpa�r�ng the phosphorescence, but rather l�ke powdered ruby or



d�amond, and therefore �t would be necessary, �n order to make a
dec�s�ve test, to obta�n �t �n a large lump and pol�sh up the surface.

If the carborundum proves useful �n connect�on w�th these and
s�m�lar exper�ments, �ts ch�ef value w�ll be found �n the product�on of
coat�ngs, th�n conductors, buttons, or other electrodes capable of
w�thstand�ng extremely h�gh degrees of heat.

The product�on of a small electrode, capable of w�thstand�ng
enormous temperatures, I regard as of the greatest �mportance �n
the manufacture of l�ght. It would enable us to obta�n, by means of
currents of very h�gh frequenc�es, certa�nly 20 t�mes, �f not more, the
quant�ty of l�ght wh�ch �s obta�ned �n the present �ncandescent lamp
by the same expend�ture of energy. Th�s est�mate may appear to
many exaggerated, but �n real�ty I th�nk �t �s far from be�ng so. As th�s
statement m�ght be m�sunderstood, I th�nk �t �s necessary to expose
clearly the problem w�th wh�ch, �n th�s l�ne of work, we are
confronted, and the manner �n wh�ch, �n my op�n�on, a solut�on w�ll be
arr�ved at.

Any one who beg�ns a study of the problem w�ll be apt to th�nk
that what �s wanted �n a lamp w�th an electrode �s a very h�gh degree
of �ncandescence of the electrode. There he w�ll be m�staken. The
h�gh �ncandescence of the button �s a necessary ev�l, but what �s
really wanted �s the h�gh �ncandescence of the gas surround�ng the
button. In other words, the problem �n such a lamp �s to br�ng a mass
of gas to the h�ghest poss�ble �ncandescence. The h�gher the
�ncandescence, the qu�cker the mean v�brat�on, the greater �s the
economy of the l�ght product�on. But to ma�nta�n a mass of gas at a
h�gh degree of �ncandescence �n a glass vessel, �t w�ll always be
necessary to keep the �ncandescent mass away from the glass; that
�s, to conf�ne �t as much as poss�ble to the central port�on of the
globe.

In one of the exper�ments th�s even�ng a brush was produced at
the end of a w�re. The brush was a flame, a source of heat and l�ght.
It d�d not em�t much percept�ble heat, nor d�d �t glow w�th an �ntense
l�ght; but �s �t the less a flame because �t does not scorch my hand?



Is �t the less a flame because �t does not hurt my eyes by �ts
br�ll�ancy? The problem �s prec�sely to produce �n the bulb such a
flame, much smaller �n s�ze, but �ncomparably more powerful. Were
there means at hand for produc�ng electr�c �mpulses of a suff�c�ently
h�gh frequency, and for transm�tt�ng them, the bulb could be done
away w�th, unless �t were used to protect the electrode, or to
econom�ze the energy by conf�n�ng the heat. But as such means are
not at d�sposal, �t becomes necessary to place the term�nal �n the
bulb and rarefy the a�r �n the same. Th�s �s done merely to enable the
apparatus to perform the work wh�ch �t �s not capable of perform�ng
at ord�nary a�r pressure. In the bulb we are able to �ntens�fy the
act�on to any degree—so far that the brush em�ts a powerful l�ght.

The �ntens�ty of the l�ght em�tted depends pr�nc�pally on the
frequency and potent�al of the �mpulses, and on the electr�c dens�ty
on the surface of the electrode. It �s of the greatest �mportance to
employ the smallest poss�ble button, �n order to push the dens�ty
very far. Under the v�olent �mpact of the molecules of the gas
surround�ng �t, the small electrode �s of course brought to an
extremely h�gh temperature, but around �t �s a mass of h�ghly
�ncandescent gas, a flame photosphere, many hundred t�mes the
volume of the electrode. W�th a d�amond, carborundum or z�rcon�a
button the photosphere can be as much as one thousand t�mes the
volume of the button. W�thout much reflect�on one would th�nk that �n
push�ng so far the �ncandescence of the electrode �t would be
�nstantly volat�l�zed. But after a careful cons�derat�on one would f�nd
that, theoret�cally, �t should not occur, and �n th�s fact—wh�ch,
moreover, �s exper�mentally demonstrated—l�es pr�nc�pally the future
value of such a lamp.

At f�rst, when the bombardment beg�ns, most of the work �s
performed on the surface of the button, but when a h�ghly conduct�ng
photosphere �s formed the button �s comparat�vely rel�eved. The
h�gher the �ncandescence of the photosphere, the more �t
approaches �n conduct�v�ty to that of the electrode, and the more,
therefore, the sol�d and the gas form one conduct�ng body. The
consequence �s that the further the �ncandescence �s forced the
more work, comparat�vely, �s performed on the gas, and the less on



the electrode. The format�on of a powerful photosphere �s
consequently the very means for protect�ng the electrode. Th�s
protect�on, of course, �s a relat�ve one, and �t should not be thought
that by push�ng the �ncandescence h�gher the electrode �s actually
less deter�orated. St�ll, theoret�cally, w�th extreme frequenc�es, th�s
result must be reached, but probably at a temperature too h�gh for
most of the refractory bod�es known. G�ven, then, an electrode wh�ch
can w�thstand to a very h�gh l�m�t the effect of the bombardment and
outward stra�n, �t would be safe, no matter how much �t was forced
beyond that l�m�t. In an �ncandescent lamp qu�te d�fferent
cons�derat�ons apply. There the gas �s not at all concerned; the
whole of the work �s performed on the f�lament; and the l�fe of the
lamp d�m�n�shes so rap�dly w�th the �ncrease of the degree of
�ncandescence that econom�cal reasons compel us to work �t at a
low �ncandescence. But �f an �ncandescent lamp �s operated w�th
currents of very h�gh frequency, the act�on of the gas cannot be
neglected, and the rules for the most econom�cal work�ng must be
cons�derably mod�f�ed.

In order to br�ng such a lamp w�th one or two electrodes to a
great perfect�on, �t �s necessary to employ �mpulses of very h�gh
frequency. The h�gh frequency secures, among others, two ch�ef
advantages, wh�ch have a most �mportant bear�ng upon the
economy of the l�ght product�on. F�rst, the deter�orat�on of the
electrode �s reduced by reason of the fact that we employ a great
many small �mpacts, �nstead of a few v�olent ones, wh�ch qu�ckly
shatter the structure; secondly, the format�on of a large photosphere
�s fac�l�tated.

In order to reduce the deter�orat�on of the electrode to the
m�n�mum, �t �s des�rable that the v�brat�on be harmon�c, for any
suddenness hastens the process of destruct�on. An electrode lasts
much longer when kept at �ncandescence by currents, or �mpulses,
obta�ned from a h�gh frequency alternator, wh�ch r�se and fall more or
less harmon�cally, than by �mpulses obta�ned from a d�srupt�ve
d�scharge co�l. In the latter case there �s no doubt that most of the
damage �s done by the fundamental sudden d�scharges.



One of the elements of loss �n such a lamp �s the bombardment
of the globe. As the potent�al �s very h�gh, the molecules are
projected w�th great speed; they str�ke the glass, and usually exc�te a
strong phosphorescence. The effect produced �s very pretty, but for
econom�cal reasons �t would be perhaps preferable to prevent, or at
least reduce to a m�n�mum, the bombardment aga�nst the globe, as
�n such case �t �s, as a rule, not the object to exc�te
phosphorescence, and as some loss of energy results from the
bombardment. Th�s loss �n the bulb �s pr�nc�pally dependent on the
potent�al of the �mpulses and on the electr�c dens�ty on the surface of
the electrode. In employ�ng very h�gh frequenc�es the loss of energy
by the bombardment �s greatly reduced, for, f�rst, the potent�al
needed to perform a g�ven amount of work �s much smaller; and,
secondly, by produc�ng a h�ghly conduct�ng photosphere around the
electrode, the same result �s obta�ned as though the electrode were
much larger, wh�ch �s equ�valent to a smaller electr�c dens�ty. But be
�t by the d�m�nut�on of the max�mum potent�al or of the dens�ty, the
ga�n �s effected �n the same manner, namely, by avo�d�ng v�olent
shocks, wh�ch stra�n the glass much beyond �ts l�m�t of elast�c�ty. If
the frequency could be brought h�gh enough, the loss due to the
�mperfect elast�c�ty of the glass would be ent�rely negl�g�ble. The loss
due to bombardment of the globe may, however, be reduced by
us�ng two electrodes �nstead of one. In such case each of the
electrodes may be connected to one of the term�nals; or else, �f �t �s
preferable to use only one w�re, one electrode may be connected to
one term�nal and the other to the ground or to an �nsulated body of
some surface, as, for �nstance, a shade on the lamp. In the latter
case, unless some judgment �s used, one of the electrodes m�ght
glow more �ntensely than the other.

But on the whole I f�nd �t preferable, when us�ng such h�gh
frequenc�es, to employ only one electrode and one connect�ng w�re. I
am conv�nced that the �llum�nat�ng dev�ce of the near future w�ll not
requ�re for �ts operat�on more than one lead, and, at any rate, �t w�ll
have no lead�ng-�n w�re, s�nce the energy requ�red can be as well
transm�tted through the glass. In exper�mental bulbs the lead�ng-�n
w�re �s not generally used on account of conven�ence, as �n



employ�ng condenser coat�ngs �n the manner �nd�cated �n F�g. 151,
for example, there �s some d�ff�culty �n f�tt�ng the parts, but these
d�ff�cult�es would not ex�st �f a great many bulbs were manufactured;
otherw�se the energy can be conveyed through the glass as well as
through a w�re, and w�th these h�gh frequenc�es the losses are very
small. Such �llustrat�ng dev�ces w�ll necessar�ly �nvolve the use of
very h�gh potent�als, and th�s, �n the eyes of pract�cal men, m�ght be
an object�onable feature. Yet, �n real�ty, h�gh potent�als are not
object�onable—certa�nly not �n the least so far as the safety of the
dev�ces �s concerned.

There are two ways of render�ng an electr�c appl�ance safe. One
�s to use low potent�als, the other �s to determ�ne the d�mens�ons of
the apparatus so that �t �s safe, no matter how h�gh a potent�al �s
used. Of the two, the latter seems to me the better way, for then the
safety �s absolute, unaffected by any poss�ble comb�nat�on of
c�rcumstances wh�ch m�ght render even a low-potent�al appl�ance
dangerous to l�fe and property. But the pract�cal cond�t�ons requ�re
not only the jud�c�ous determ�nat�on of the d�mens�ons of the
apparatus; they l�kew�se necess�tate the employment of energy of
the proper k�nd. It �s easy, for �nstance, to construct a transformer
capable of g�v�ng, when operated from an ord�nary alternate current
mach�ne of low tens�on, say 50,000 volts, wh�ch m�ght be requ�red to
l�ght a h�ghly exhausted phosphorescent tube, so that, �n sp�te of the
h�gh potent�al, �t �s perfectly safe, the shock from �t produc�ng no
�nconven�ence. St�ll such a transformer would be expens�ve, and �n
�tself �neff�c�ent; and, bes�des, what energy was obta�ned from �t
would not be econom�cally used for the product�on of l�ght. The
economy demands the employment of energy �n the form of
extremely rap�d v�brat�ons. The problem of produc�ng l�ght has been
l�kened to that of ma�nta�n�ng a certa�n h�gh-p�tch note by means of a
bell. It should be sa�d a barely aud�ble note; and even these words
would not express �t, so wonderful �s the sens�t�veness of the eye.
We may del�ver powerful blows at long �ntervals, waste a good deal
of energy, and st�ll not get what we want; or we may keep up the
note by del�ver�ng frequent taps, and get nearer to the object sought
by the expend�ture of much less energy. In the product�on of l�ght, as



far as the �llum�nat�ng dev�ce �s concerned, there can be only one
rule—that �s, to use as h�gh frequenc�es as can be obta�ned; but the
means for the product�on and conveyance of �mpulses of such
character �mpose, at present at least, great l�m�tat�ons. Once �t �s
dec�ded to use very h�gh frequenc�es, the return w�re becomes
unnecessary, and all the appl�ances are s�mpl�f�ed. By the use of
obv�ous means the same result �s obta�ned as though the return w�re
were used. It �s suff�c�ent for th�s purpose to br�ng �n contact w�th the
bulb, or merely �n the v�c�n�ty of the same, an �nsulated body of some
surface. The surface need, of course, be the smaller, the h�gher the
frequency and potent�al used, and necessar�ly, also, the h�gher the
economy of the lamp or other dev�ce.

Th�s plan of work�ng has been resorted to on several occas�ons
th�s even�ng. So, for �nstance, when the �ncandescence of a button
was produced by grasp�ng the bulb w�th the hand, the body of the
exper�menter merely served to �ntens�fy the act�on. The bulb used
was s�m�lar to that �llustrated �n F�g. 148, and the co�l was exc�ted to
a small potent�al, not suff�c�ent to br�ng the button to �ncandescence
when the bulb was hang�ng from the w�re; and �nc�dentally, �n order
to perform the exper�ment �n a more su�table manner, the button was
taken so large that a percept�ble t�me had to elapse before, upon
grasp�ng the bulb, �t could be rendered �ncandescent. The contact
w�th the bulb was, of course, qu�te unnecessary. It �s easy, by us�ng a
rather large bulb w�th an exceed�ngly small electrode, to adjust the
cond�t�ons so that the latter �s brought to br�ght �ncandescence by the
mere approach of the exper�menter w�th�n a few feet of the bulb, and
that the �ncandescence subs�des upon h�s reced�ng.



F�g. 153, 154.
F��. 153. F��. 154.

In another exper�ment, when phosphorescence was exc�ted, a
s�m�lar bulb was used. Here aga�n, or�g�nally, the potent�al was not
suff�c�ent to exc�te phosphorescence unt�l the act�on was �ntens�f�ed
—�n th�s case, however, to present a d�fferent feature, by touch�ng
the socket w�th a metall�c object held �n the hand. The electrode �n
the bulb was a carbon button so large that �t could not be brought to
�ncandescence, and thereby spo�l the effect produced by
phosphorescence.

Aga�n, �n another of the early exper�ments, a bulb was used, as
�llustrated �n F�g. 141. In th�s �nstance, by touch�ng the bulb w�th one
or two f�ngers, one or two shadows of the stem �ns�de were projected
aga�nst the glass, the touch of the f�nger produc�ng the same results
as the appl�cat�on of an external negat�ve electrode under ord�nary
c�rcumstances.

In all these exper�ments the act�on was �ntens�f�ed by augment�ng
the capac�ty at the end of the lead connected to the term�nal. As a
rule, �t �s not necessary to resort to such means, and would be qu�te
unnecessary w�th st�ll h�gher frequenc�es; but when �t �s des�red, the
bulb, or tube, can be eas�ly adapted to the purpose.

In F�g. 153, for example, an exper�mental bulb, L, �s shown, wh�ch
�s prov�ded w�th a neck, n, on the top, for the appl�cat�on of an
external t�nfo�l coat�ng, wh�ch may be connected to a body of larger
surface. Such a lamp as �llustrated �n F�g. 154 may also be l�ghted by
connect�ng the t�nfo�l coat�ng on the neck n to the term�nal, and the
lead�ng-�n w�re, w, to an �nsulated plate. If the bulb stands �n a socket
upr�ght, as shown �n the cut, a shade of conduct�ng mater�al may be
sl�pped �n the neck, n, and the act�on thus magn�f�ed.

A more perfected arrangement used �n some of these bulbs �s
�llustrated �n F�g. 155. In th�s case the construct�on of the bulb �s as
shown and descr�bed before, when reference was made to F�g. 148.
A z�nc sheet, Z, w�th a tubular extens�on, T, �s appl�ed over the
metall�c socket, S. The bulb hangs downward from the term�nal, t, the



z�nc sheet, Z, perform�ng the double off�ce of �ntens�f�er and reflector.
The reflector �s separated from the term�nal, t, by an extens�on of the
�nsulat�ng plug, P.

A s�m�lar d�spos�t�on w�th a phosphorescent tube �s �llustrated �n
F�g. 156. The tube, T, �s prepared from two short tubes of d�fferent
d�ameter, wh�ch are sealed on the ends. On the lower end �s placed
an �ns�de conduct�ng coat�ng, C, wh�ch connects to the w�re w. The
w�re has a hook on the upper end for suspens�on, and passes
through the centre of the �ns�de tube, wh�ch �s f�lled w�th some good
and t�ghtly packed �nsulator. On the outs�de of the upper end of the
tube, T, �s another conduct�ng coat�ng, C1, upon wh�ch �s sl�pped a
metall�c reflector Z, wh�ch should be separated by a th�ck �nsulat�on
from the end of w�re w.

The econom�cal use of such a reflector or �ntens�f�er would
requ�re that all energy suppl�ed to an a�r condenser should be
recoverable, or, �n other words, that there should not be any losses,
ne�ther �n the gaseous med�um nor through �ts act�on elsewhere.
Th�s �s far from be�ng so, but, fortunately, the losses may be reduced
to anyth�ng des�red. A few remarks are necessary on th�s subject, �n
order to make the exper�ences gathered �n the course of these
�nvest�gat�ons perfectly clear.

F�g. 155.
F��. 155.

Suppose a small hel�x w�th many well �nsulated turns, as �n
exper�ment F�g. 146, has one of �ts ends connected to one of the
term�nals of the �nduct�on co�l, and the other to a metal plate, or, for
the sake of s�mpl�c�ty, a sphere, �nsulated �n space. When the co�l �s
set to work, the potent�al of the sphere �s alternated, and a small
hel�x now behaves as though �ts free end were connected to the
other term�nal of the �nduct�on co�l. If an �ron rod be held w�th�n a
small hel�x, �t �s qu�ckly brought to a h�gh temperature, �nd�cat�ng the
passage of a strong current through the hel�x. How does the
�nsulated sphere act �n th�s case? It can be a condenser, stor�ng and
return�ng the energy suppl�ed to �t, or �t can be a mere s�nk of energy,



and the cond�t�ons of the exper�ment determ�ne whether �t �s rather
one than the other. The sphere be�ng charged to a h�gh potent�al, �t
acts �nduct�vely upon the surround�ng a�r, or whatever gaseous
med�um there m�ght be. The molecules, or atoms, wh�ch are near the
sphere, are of course more attracted, and move through a greater
d�stance than the farther ones. When the nearest molecules str�ke
the sphere, they are repelled, and coll�s�ons occur at all d�stances
w�th�n the �nduct�ve act�on of the sphere. It �s now clear that, �f the
potent�al be steady, but l�ttle loss of energy can be caused �n th�s
way, for the molecules wh�ch are nearest to the sphere, hav�ng had
an add�t�onal charge �mparted to them by contact, are not attracted
unt�l they have parted, �f not w�th all, at least w�th most of the
add�t�onal charge, wh�ch can be accompl�shed only after a great
many coll�s�ons. From the fact, that w�th a steady potent�al there �s
but l�ttle loss �n dry a�r, one must come to such a conclus�on. When
the potent�al of a sphere, �nstead of be�ng steady, �s alternat�ng, the
cond�t�ons are ent�rely d�fferent. In th�s case a rhythm�cal
bombardment occurs, no matter whether the molecules, after com�ng
�n contact w�th the sphere, lose the �mparted charge or not; what �s
more, �f the charge �s not lost, the �mpacts are only the more v�olent.
St�ll, �f the frequency of the �mpulses be very small, the loss caused
by the �mpacts and coll�s�ons would not be ser�ous, unless the
potent�al were excess�ve. But when extremely h�gh frequenc�es and
more or less h�gh potent�als are used, the loss may very great. The
total energy lost per un�t of t�me �s proport�onate to the product of the
number of �mpacts per second, or the frequency and the energy lost
�n each �mpact. But the energy of an �mpact must be proport�onate to
the square of the electr�c dens�ty of the sphere, s�nce the charge
�mparted to the molecule �s proport�onate to that dens�ty. I conclude
from th�s that the total energy lost must be proport�onate to the
product of the frequency and the square of the electr�c dens�ty; but
th�s law needs exper�mental conf�rmat�on. Assum�ng the preced�ng
cons�derat�ons to be true, then, by rap�dly alternat�ng the potent�al of
a body �mmersed �n an �nsulat�ng gaseous med�um, any amount of
energy may be d�ss�pated �nto space. Most of that energy then, I
bel�eve, �s not d�ss�pated �n the form of long ether waves, propagated
to cons�derable d�stance, as �s thought most generally, but �s



consumed—�n the case of an �nsulated sphere, for example—�n
�mpact and coll�s�onal losses—that �s, heat v�brat�ons—on the
surface and �n the v�c�n�ty of the sphere. To reduce the d�ss�pat�on, �t
�s necessary to work w�th a small electr�c dens�ty—the smaller, the
h�gher the frequency.

F�g. 156.
F��. 156.

But s�nce, on the assumpt�on before made, the loss �s d�m�n�shed
w�th the square of the dens�ty, and s�nce currents of very h�gh
frequenc�es �nvolve cons�derable waste when transm�tted through
conductors, �t follows that, on the whole, �t �s better to employ one
w�re than two. Therefore, �f motors, lamps, or dev�ces of any k�nd are
perfected, capable of be�ng advantageously operated by currents of
extremely h�gh frequency, econom�cal reasons w�ll make �t adv�sable
to use only one w�re, espec�ally �f the d�stances are great.

When energy �s absorbed �n a condenser, the same behaves as
though �ts capac�ty were �ncreased. Absorpt�on always ex�sts more
or less, but generally �t �s small and of no consequence as long as
the frequenc�es are not very great. In us�ng extremely h�gh
frequenc�es, and, necessar�ly �n such case, also h�gh potent�als, the
absorpt�on—or, what �s here meant more part�cularly by th�s term,
the loss of energy due to the presence of a gaseous med�um—�s an
�mportant factor to be cons�dered, as the energy absorbed �n the a�r
condenser may be any fract�on of the suppl�ed energy. Th�s would
seem to make �t very d�ff�cult to tell from the measured or computed
capac�ty of an a�r condenser �ts actual capac�ty or v�brat�on per�od,
espec�ally �f the condenser �s of very small surface and �s charged to
a very h�gh potent�al. As many �mportant results are dependent upon
the correctness of the est�mat�on of the v�brat�on per�od, th�s subject
demands the most careful scrut�ny of other �nvest�gators. To reduce
the probable error as much as poss�ble �n exper�ments of the k�nd
alluded to, �t �s adv�sable to use spheres or plates of large surface,
so as to make the dens�ty exceed�ngly small. Otherw�se, when �t �s
pract�cable, an o�l condenser should be used �n preference. In o�l or
other l�qu�d d�electr�cs there are seem�ngly no such losses as �n



gaseous med�a. It be�ng �mposs�ble to exclude ent�rely the gas �n
condensers w�th sol�d d�electr�cs, such condensers should be
�mmersed �n o�l, for econom�cal reasons, �f noth�ng else; they can
then be stra�ned to the utmost, and w�ll rema�n cool. In Leyden jars
the loss due to a�r �s comparat�vely small, as the t�nfo�l coat�ngs are
large, close together, and the charged surfaces not d�rectly exposed;
but when the potent�als are very h�gh, the loss may be more or less
cons�derable at, or near, the upper edge of the fo�l, where the a�r �s
pr�nc�pally acted upon. If the jar be �mmersed �n bo�led-out o�l, �t w�ll
be capable of perform�ng four t�mes the amount of work wh�ch �t can
for any length of t�me when used �n the ord�nary way, and the loss
w�ll be �napprec�able.

It should not be thought that the loss �n heat �n an a�r condenser
�s necessar�ly assoc�ated w�th the format�on of v�s�ble streams or
brushes. If a small electrode, �nclosed �n an unexhausted bulb, �s
connected to one of the term�nals of the co�l, streams can be seen to
�ssue from the electrode, and the a�r �n the bulb �s heated; �f �nstead
of a small electrode a large sphere �s �nclosed �n the bulb, no
streams are observed, st�ll the a�r �s heated.

Nor should �t be thought that the temperature of an a�r condenser
would g�ve even an approx�mate �dea of the loss �n heat �ncurred, as
�n such case heat must be g�ven off much more qu�ckly, s�nce there
�s, �n add�t�on to the ord�nary rad�at�on, a very act�ve carry�ng away of
heat by �ndependent carr�ers go�ng on, and s�nce not only the
apparatus, but the a�r at some d�stance from �t �s heated �n
consequence of the coll�s�ons wh�ch must occur.

Ow�ng to th�s, �n exper�ments w�th such a co�l, a r�se of
temperature can be d�st�nctly observed only when the body
connected to the co�l �s very small. But w�th apparatus on a larger
scale, even a body of cons�derable bulk would be heated, as, for
�nstance, the body of a person; and I th�nk that sk�lled phys�c�ans
m�ght make observat�ons of ut�l�ty �n such exper�ments, wh�ch, �f the
apparatus were jud�c�ously des�gned, would not present the sl�ghtest
danger.



A quest�on of some �nterest, pr�nc�pally to meteorolog�sts,
presents �tself here. How does the earth behave? The earth �s an a�r
condenser, but �s �t a perfect or a very �mperfect one—a mere s�nk of
energy? There can be l�ttle doubt that to such small d�sturbance as
m�ght be caused �n an exper�ment, the earth behaves as an almost
perfect condenser. But �t m�ght be d�fferent when �ts charge �s set �n
v�brat�on by some sudden d�sturbance occurr�ng �n the heavens. In
such case, as before stated, probably only l�ttle of the energy of the
v�brat�ons set up would be lost �nto space �n the form of long ether
rad�at�ons, but most of the energy, I th�nk, would spend �tself �n
molecular �mpacts and coll�s�ons, and pass off �nto space �n the form
of short heat, and poss�bly l�ght, waves. As both the frequency of the
v�brat�ons of the charge and the potent�al are �n all probab�l�ty
excess�ve, the energy converted �nto heat may be cons�derable.
S�nce the dens�ty must be unevenly d�str�buted, e�ther �n
consequence of the �rregular�ty of the earth's surface, or on account
of the cond�t�on of the atmosphere �n var�ous places, the effect
produced would accord�ngly vary from place to place. Cons�derable
var�at�ons �n the temperature and pressure of the atmosphere may �n
th�s manner be caused at any po�nt of the surface of the earth. The
var�at�ons may be gradual or very sudden, accord�ng to the nature of
the general d�sturbance, and may produce ra�n and storms, or locally
mod�fy the weather �n any way.

From the remarks before made, one may see what an �mportant
factor of loss the a�r �n the ne�ghborhood of a charged surface
becomes when the electr�c dens�ty �s great and the frequency of the
�mpulses excess�ve. But the act�on, as expla�ned, �mpl�es that the a�r
�s �nsulat�ng—that �s, that �t �s composed of �ndependent carr�ers
�mmersed �n an �nsulat�ng med�um. Th�s �s the case only when the a�r
�s at someth�ng l�ke ord�nary or greater, or at extremely small,
pressure. When the a�r �s sl�ghtly raref�ed and conduct�ng, then true
conduct�on losses occur also. In such case, of course, cons�derable
energy may be d�ss�pated �nto space even w�th a steady potent�al, or
w�th �mpulses of low frequency, �f the dens�ty �s very great.

When the gas �s at very low pressure, an electrode �s heated
more because h�gher speeds can be reached. If the gas around the



electrode �s strongly compressed, the d�splacements, and
consequently the speeds, are very small, and the heat�ng �s
�ns�gn�f�cant. But �f �n such case the frequency could be suff�c�ently
�ncreased, the electrode would be brought to a h�gh temperature as
well as �f the gas were at very low pressure; �n fact, exhaust�ng the
bulb �s only necessary because we cannot produce, (and poss�bly
not convey) currents of the requ�red frequency.

Return�ng to the subject of electrode lamps, �t �s obv�ously of
advantage �n such a lamp to conf�ne as much as poss�ble the heat to
the electrode by prevent�ng the c�rculat�on of the gas �n the bulb. If a
very small bulb be taken, �t would conf�ne the heat better than a large
one, but �t m�ght not be of suff�c�ent capac�ty to be operated from the
co�l, or, �f so, the glass m�ght get too hot. A s�mple way to �mprove �n
th�s d�rect�on �s to employ a globe of the requ�red s�ze, but to place a
small bulb, the d�ameter of wh�ch �s properly est�mated, over the
refractory button conta�ned �n the globe. Th�s arrangement �s
�llustrated �n F�g. 157.

F�g. 157, 158.
F��. 157. F��. 158.

The globe L has �n th�s case a large neck n, allow�ng the small
bulb b to sl�p through. Otherw�se the construct�on �s the same as
shown �n F�g. 147, for example. The small bulb �s conven�ently
supported upon the stem s, carry�ng the refractory button m. It �s
separated from the alum�num tube a by several layers of m�ca M, �n
order to prevent the crack�ng of the neck by the rap�d heat�ng of the
alum�num tube upon a sudden turn�ng on of the current. The �ns�de
bulb should be as small as poss�ble when �t �s des�red to obta�n l�ght
only by �ncandescence of the electrode. If �t �s des�red to produce
phosphorescence, the bulb should be larger, else �t would be apt to
get too hot, and the phosphorescence would cease. In th�s
arrangement usually only the small bulb shows phosphorescence, as
there �s pract�cally no bombardment aga�nst the outer globe. In some
of these bulbs constructed as �llustrated �n F�g. 157, the small tube
was coated w�th phosphorescent pa�nt, and beaut�ful effects were
obta�ned. Instead of mak�ng the �ns�de bulb large, �n order to avo�d



undue heat�ng, �t answers the purpose to make the electrode m
larger. In th�s case the bombardment �s weakened by reason of the
smaller electr�c dens�ty.

Many bulbs were constructed on the plan �llustrated �n F�g. 158.
Here a small bulb b, conta�n�ng the refractory button m, upon be�ng
exhausted to a very h�gh degree was sealed �n a large globe L,
wh�ch was then moderately exhausted and sealed off. The pr�nc�pal
advantage of th�s construct�on was that �t allowed of reach�ng
extremely h�gh vacua, and, at the same t�me of us�ng a large bulb. It
was found, �n the course of exper�ments w�th bulbs such as
�llustrated �n F�g. 158, that �t was well to make the stem s, near the
seal at e, very th�ck, and the lead�ng-�n w�re w th�n, as �t occurred
somet�mes that the stem at e was heated and the bulb was cracked.
Often the outer globe L was exhausted only just enough to allow the
d�scharge to pass through, and the space between the bulbs
appeared cr�mson, produc�ng a cur�ous effect. In some cases, when
the exhaust�on �n globe L was very low, and the a�r good conduct�ng,
�t was found necessary, �n order to br�ng the button m to h�gh
�ncandescence, to place, preferably on the upper part of the neck of
the globe, a t�nfo�l coat�ng wh�ch was connected to an �nsulated
body, to the ground, or to the other term�nal of the co�l, as the h�ghly
conduct�ng a�r weakened the effect somewhat, probably by be�ng
acted upon �nduct�vely from the w�re w, where �t entered the bulb at
e. Another d�ff�culty—wh�ch, however, �s always present when the
refractory button �s mounted �n a very small bulb—ex�sted �n the
construct�on �llustrated �n F�g. 158, namely, the vacuum �n the bulb b
would be �mpa�red �n a comparat�vely short t�me.

The ch�ef �dea �n the two last descr�bed construct�ons was to
conf�ne the heat to the central port�on of the globe by prevent�ng the
exchange of a�r. An advantage �s secured, but ow�ng to the heat�ng
of the �ns�de bulb and slow evaporat�on of the glass, the vacuum �s
hard to ma�nta�n, even �f the construct�on �llustrated �n F�g. 157 be
chosen, �n wh�ch both bulbs commun�cate.

But by far the better way—the �deal way—would be to reach
suff�c�ently h�gh frequenc�es. The h�gher the frequency, the slower



would be the exchange of the a�r, and I th�nk that a frequency may
be reached, at wh�ch there would be no exchange whatever of the
a�r molecules around the term�nal. We would then produce a flame �n
wh�ch there would be no carry�ng away of mater�al, and a queer
flame �t would be, for �t would be r�g�d! W�th such h�gh frequenc�es
the �nert�a of the part�cles would come �nto play. As the brush, or
flame, would ga�n r�g�d�ty �n v�rtue of the �nert�a of the part�cles, the
exchange of the latter would be prevented. Th�s would necessar�ly
occur, for, the number of �mpulses be�ng augmented, the potent�al
energy of each would d�m�n�sh, so that f�nally only atom�c v�brat�ons
could be set up, and the mot�on of translat�on through measurable
space would cease. Thus an ord�nary gas burner connected to a
source of rap�dly alternat�ng potent�al m�ght have �ts eff�c�ency
augmented to a certa�n l�m�t, and th�s for two reasons—because of
the add�t�onal v�brat�on �mparted, and because of a slow�ng down of
the process of carry�ng off. But the renewal be�ng rendered d�ff�cult, a
renewal be�ng necessary to ma�nta�n the burner, a cont�nued
�ncrease of the frequency of the �mpulses, assum�ng they could be
transm�tted to and �mpressed upon the flame, would result �n the
"ext�nct�on" of the latter, mean�ng by th�s term only the cessat�on of
the chem�cal process.

I th�nk, however, that �n the case of an electrode �mmersed �n a
flu�d �nsulat�ng med�um, and surrounded by �ndependent carr�ers of
electr�c charges, wh�ch can be acted upon �nduct�vely, a suff�c�ent
h�gh frequency of the �mpulses would probably result �n a grav�tat�on
of the gas all around toward the electrode. For th�s �t would be only
necessary to assume that the �ndependent bod�es are �rregularly
shaped; they would then turn toward the electrode the�r s�de of the
greatest electr�c dens�ty, and th�s would be a pos�t�on �n wh�ch the
flu�d res�stance to approach would be smaller than that offered to the
reced�ng.

The general op�n�on, I do not doubt, �s that �t �s out of the quest�on
to reach any such frequenc�es as m�ght—assum�ng some of the
v�ews before expressed to be true—produce any of the results wh�ch
I have po�nted out as mere poss�b�l�t�es. Th�s may be so, but �n the
course of these �nvest�gat�ons, from the observat�on of many



phenomena, I have ga�ned the conv�ct�on that these frequenc�es
would be much lower than one �s apt to est�mate at f�rst. In a flame
we set up l�ght v�brat�ons by caus�ng molecules, or atoms, to coll�de.
But what �s the rat�o of the frequency of the coll�s�ons and that of the
v�brat�ons set up? Certa�nly �t must be �ncomparably smaller than
that of the strokes of the bell and the sound v�brat�ons, or that of the
d�scharges and the osc�llat�ons of the condenser. We may cause the
molecules of the gas to coll�de by the use of alternate electr�c
�mpulses of h�gh frequency, and so we may �m�tate the process �n a
flame; and from exper�ments w�th frequenc�es wh�ch we are now
able to obta�n, I th�nk that the result �s produc�ble w�th �mpulses
wh�ch are transm�ss�ble through a conductor.

In connect�on w�th thoughts of a s�m�lar nature, �t appeared to me
of great �nterest to demonstrate the r�g�d�ty of a v�brat�ng gaseous
column. Although w�th such low frequenc�es as, say 10,000 per
second, wh�ch I was able to obta�n w�thout d�ff�culty from a spec�ally
constructed alternator, the task looked d�scourag�ng at f�rst, I made a
ser�es of exper�ments. The tr�als w�th a�r at ord�nary pressure led to
no result, but w�th a�r moderately raref�ed I obta�n what I th�nk to be
an unm�stakable exper�mental ev�dence of the property sought for.
As a result of th�s k�nd m�ght lead able �nvest�gators to conclus�ons of
�mportance, I w�ll descr�be one of the exper�ments performed.

It �s well known that when a tube �s sl�ghtly exhausted, the
d�scharge may be passed through �t �n the form of a th�n lum�nous
thread. When produced w�th currents of low frequency, obta�ned
from a co�l operated as usual, th�s thread �s �nert. If a magnet be
approached to �t, the part near the same �s attracted or repelled,
accord�ng to the d�rect�on of the l�nes of force of the magnet. It
occurred to me that �f such a thread would be produced w�th currents
of very h�gh frequency, �t should be more or less r�g�d, and as �t was
v�s�ble �t could be eas�ly stud�ed. Accord�ngly I prepared a tube about
one �nch �n d�ameter and one metre long, w�th outs�de coat�ng at
each end. The tube was exhausted to a po�nt at wh�ch, by a l�ttle
work�ng, the thread d�scharge could be obta�ned. It must be
remarked here that the general aspect of the tube, and the degree of
exhaust�on, are qu�te other than when ord�nary low frequency



currents are used. As �t was found preferable to work w�th one
term�nal, the tube prepared was suspended from the end of a w�re
connected to the term�nal, the t�nfo�l coat�ng be�ng connected to the
w�re, and to the lower coat�ng somet�mes a small �nsulated plate was
attached. When the thread was formed, �t extended through the
upper part of the tube and lost �tself �n the lower end. If �t possessed
r�g�d�ty �t resembled, not exactly an elast�c cord stretched t�ght
between two supports, but a cord suspended from a he�ght w�th a
small we�ght attached at the end. When the f�nger or a small magnet
was approached to the upper end of the lum�nous thread, �t could be
brought locally out of pos�t�on by electrostat�c or magnet�c act�on;
and when the d�sturb�ng object was very qu�ckly removed, an
analogous result was produced, as though a suspended cord would
be d�splaced and qu�ckly released near the po�nt of suspens�on. In
do�ng th�s the lum�nous thread was set �n v�brat�on, and two very
sharply marked nodes, and a th�rd �nd�st�nct one, were formed. The
v�brat�on, once set up, cont�nued for fully e�ght m�nutes, dy�ng
gradually out. The speed of the v�brat�on often var�ed percept�bly,
and �t could be observed that the electrostat�c attract�on of the glass
affected the v�brat�ng thread; but �t was clear that the electrostat�c
act�on was not the cause of the v�brat�on, for the thread was most
generally stat�onary, and could always be set �n v�brat�on by pass�ng
the f�nger qu�ckly near the upper part of the tube. W�th a magnet the
thread could be spl�t �n two and both parts v�brated. By approach�ng
the hand to the lower coat�ng of the tube, or �nsulat�on plate �f
attached, the v�brat�on was qu�ckened; also, as far as I could see, by
ra�s�ng the potent�al or frequency. Thus, e�ther �ncreas�ng the
frequency or pass�ng a stronger d�scharge of the same frequency
corresponded to a t�ghten�ng of the cord. I d�d not obta�n any
exper�mental ev�dence w�th condenser d�scharges. A lum�nous band
exc�ted �n the bulb by repeated d�scharges of a Leyden jar must
possess r�g�d�ty, and �f deformed and suddenly released, should
v�brate. But probably the amount of v�brat�ng matter �s so small that
�n sp�te of the extreme speed, the �nert�a cannot prom�nently assert
�tself. Bes�des, the observat�on �n such a case �s rendered extremely
d�ff�cult on account of the fundamental v�brat�on.



The demonstrat�on of the fact—wh�ch st�ll needs better
exper�mental conf�rmat�on—that a v�brat�ng gaseous column
possesses r�g�d�ty, m�ght greatly mod�fy the v�ews of th�nkers. When
w�th low frequenc�es and �ns�gn�f�cant potent�als �nd�cat�ons of that
property may be noted, how must a gaseous med�um behave under
the �nfluence of enormous electrostat�c stresses wh�ch may be act�ve
�n the �nterstellar space, and wh�ch may alternate w�th �nconce�vable
rap�d�ty? The ex�stence of such an electrostat�c, rhythm�cally
throbb�ng force—of a v�brat�ng electrostat�c f�eld—would show a
poss�ble way how sol�ds m�ght have formed from the ultra-gaseous
uterus, and how transverse and all k�nds of v�brat�ons may be
transm�tted through a gaseous med�um f�ll�ng all space. Then, ether
m�ght be a true flu�d, devo�d of r�g�d�ty, and at rest, �t be�ng merely
necessary as a connect�ng l�nk to enable �nteract�on. What
determ�nes the r�g�d�ty of a body? It must be the speed and the
amount of mot�ve matter. In a gas the speed maybe cons�derable,
but the dens�ty �s exceed�ngly small; �n a l�qu�d the speed would be
l�kely to be small, though the dens�ty may be cons�derable; and �n
both cases the �nert�a res�stance offered to d�splacement �s
pract�cally n�l. But place a gaseous (or l�qu�d) column �n an �ntense,
rap�dly alternat�ng electrostat�c f�eld, set the part�cles v�brat�ng w�th
enormous speeds, then the �nert�a res�stance asserts �tself. A body
m�ght move w�th more or less freedom through the v�brat�ng mass,
but as a whole �t would be r�g�d.

There �s a subject wh�ch I must ment�on �n connect�on w�th these
exper�ments: �t �s that of h�gh vacua. Th�s �s a subject, the study of
wh�ch �s not only �nterest�ng, but useful, for �t may lead to results of
great pract�cal �mportance. In commerc�al apparatus, such as
�ncandescent lamps, operated from ord�nary systems of d�str�but�on,
a much h�gher vacuum than �s obta�ned at present would not secure
a very great advantage. In such a case the work �s performed on the
f�lament, and the gas �s l�ttle concerned; the �mprovement, therefore,
would be but tr�fl�ng. But when we beg�n to use very h�gh frequenc�es
and potent�als, the act�on of the gas becomes all �mportant, and the
degree of exhaust�on mater�ally mod�f�es the results. As long as
ord�nary co�ls, even very large ones, were used, the study of the



subject was l�m�ted, because just at a po�nt when �t became most
�nterest�ng �t had to be �nterrupted on account of the "non-str�k�ng"
vacuum be�ng reached. But at present we are able to obta�n from a
small d�srupt�ve d�scharge co�l potent�als much h�gher than even the
largest co�l was capable of g�v�ng, and, what �s more, we can make
the potent�al alternate w�th great rap�d�ty. Both of these results
enable us now to pass a lum�nous d�scharge through almost any
vacua obta�nable, and the f�eld of our �nvest�gat�ons �s greatly
extended. Th�nk we as we may, of all the poss�ble d�rect�ons to
develop a pract�cal �llum�nant, the l�ne of h�gh vacua seems to be the
most prom�s�ng at present. But to reach extreme vacua the
appl�ances must be much more �mproved, and ult�mate perfect�on
w�ll not be atta�ned unt�l we shall have d�scharged the mechan�cal
and perfected an electr�cal vacuum pump. Molecules and atoms can
be thrown out of a bulb under the act�on of an enormous potent�al:
th�s w�ll be the pr�nc�ple of the vacuum pump of the future. For the
present, we must secure the best results we can w�th mechan�cal
appl�ances. In th�s respect, �t m�ght not be out of the way to say a few
words about the method of, and apparatus for, produc�ng excess�vely
h�gh degrees of exhaust�on of wh�ch I have ava�led myself �n the
course of these �nvest�gat�ons. It �s very probable that other
exper�menters have used s�m�lar arrangements; but as �t �s poss�ble
that there may be an �tem of �nterest �n the�r descr�pt�on, a few
remarks, wh�ch w�ll render th�s �nvest�gat�on more complete, m�ght be
perm�tted.

F�g. 159.
F��. 159.

The apparatus �s �llustrated �n a draw�ng shown �n F�g. 159. S
represents a Sprengel pump, wh�ch has been spec�ally constructed
to better su�t the work requ�red. The stop-cock wh�ch �s usually
employed has been om�tted, and �nstead of �t a hollow stopper s has
been f�tted �n the neck of the reservo�r R. Th�s stopper has a small
hole h, through wh�ch the mercury descends; the s�ze of the outlet o
be�ng properly determ�ned w�th respect to the sect�on of the fall tube
t, wh�ch �s sealed to the reservo�r �nstead of be�ng connected to �t �n
the usual manner. Th�s arrangement overcomes the �mperfect�ons



and troubles wh�ch often ar�se from the use of the stopcock on the
reservo�r and the connect�ons of the latter w�th the fall tube.

The pump �s connected through a U-shaped tube t to a very
large reservo�r R1. Espec�al care was taken �n f�tt�ng the gr�nd�ng
surfaces of the stoppers p and p1, and both of these and the mercury
caps above them were made except�onally long. After the U-shaped
tube was f�tted and put �n place, �t was heated, so as to soften and
take off the stra�n result�ng from �mperfect f�tt�ng. The U-shaped tube
was prov�ded w�th a stopcock C, and two ground connect�ons g and
g1,—one for a small bulb b, usually conta�n�ng caust�c potash, and
the other for the rece�ver r, to be exhausted.

The reservo�r R1, was connected by means of a rubber tube to a
sl�ghtly larger reservo�r R2, each of the two reservo�rs be�ng prov�ded
w�th a stopcock C1 and C2, respect�vely. The reservo�r R2 could be
ra�sed and lowered by a wheel and rack, and the range of �ts mot�on
was so determ�ned that when �t was f�lled w�th mercury and the
stopcock C2 closed, so as to form a Torr�cell�an vacuum �n �t when
ra�sed, �t could be l�fted so h�gh that the reservo�r R1 would stand a
l�ttle above stopcock C1; and when th�s stopcock was closed and the
reservo�r R2 descended, so as to form a Torr�cell�an vacuum �n
reservo�r R1, �t could be lowered so far as to completely empty the
latter, the mercury f�ll�ng the reservo�r R2 up to a l�ttle above stopcock
C2.

The capac�ty of the pump and of the connect�ons was taken as
small as poss�ble relat�vely to the volume of reservo�r, R1, s�nce, of
course, the degree of exhaust�on depended upon the rat�o of these
quant�t�es.

W�th th�s apparatus I comb�ned the usual means �nd�cated by
former exper�ments for the product�on of very h�gh vacua. In most of
the exper�ments �t was most conven�ent to use caust�c potash. I may
venture to say, �n regard to �ts use, that much t�me �s saved and a
more perfect act�on of the pump �nsured by fus�ng and bo�l�ng the



potash as soon as, or even before, the pump settles down. If th�s
course �s not followed, the st�cks, as ord�nar�ly employed, may g�ve
off mo�sture at a certa�n very slow rate, and the pump may work for
many hours w�thout reach�ng a very h�gh vacuum. The potash was
heated e�ther by a sp�r�t lamp or by pass�ng a d�scharge through �t, or
by pass�ng a current through a w�re conta�ned �n �t. The advantage �n
the latter case was that the heat�ng could be more rap�dly repeated.

Generally the process of exhaust�on was the follow�ng:—At the
start, the stop-cocks C and C1 be�ng open, and all other connect�ons
closed, the reservo�r R2 was ra�sed so far that the mercury f�lled the
reservo�r R1 and a part of the narrow connect�ng U-shaped tube.
When the pump was set to work, the mercury would, of course,
qu�ckly r�se �n the tube, and reservo�r R2 was lowered, the
exper�menter keep�ng the mercury at about the same level. The
reservo�r R2 was balanced by a long spr�ng wh�ch fac�l�tated the
operat�on, and the fr�ct�on of the parts was generally suff�c�ent to
keep �t �n almost any pos�t�on. When the Sprengel pump had done �ts
work, the reservo�r R2 was further lowered and the mercury
descended �n R1 and f�lled R2, whereupon stopcock C2 was closed.
The a�r adher�ng to the walls of R1 and that absorbed by the mercury
was carr�ed off, and to free the mercury of all a�r the reservo�r R2 was
for a long t�me worked up and down. Dur�ng th�s process some a�r,
wh�ch would gather below stopcock C2, was expelled from R2 by
lower�ng �t far enough and open�ng the stopcock, clos�ng the latter
aga�n before ra�s�ng the reservo�r. When all the a�r had been expelled
from the mercury, and no a�r would gather �n R2 when �t was lowered,
the caust�c potash was resorted to. The reservo�r R2 was now aga�n
ra�sed unt�l the mercury �n R1, stood above stopcock C1. The caust�c
potash was fused and bo�led, and mo�sture partly carr�ed off by the
pump and partly re-absorbed; and th�s process of heat�ng and
cool�ng was repeated many t�mes, and each t�me, upon the mo�sture
be�ng absorbed or carr�ed off, the reservo�r R2 was for a long t�me
ra�sed and lowered. In th�s manner all the mo�sture was carr�ed off
from the mercury, and both the reservo�rs were �n proper cond�t�on to
be used. The reservo�r R2 was then aga�n ra�sed to the top, and the



pump was kept work�ng for a long t�me. When the h�ghest vacuum
obta�nable w�th the pump had been reached, the potash bulb was
usually wrapped w�th cotton wh�ch was spr�nkled w�th ether so as to
keep the potash at a very low temperature, then the reservo�r R2 was
lowered, and upon reservo�r R1 be�ng empt�ed the rece�ver was
qu�ckly sealed up.

When a new bulb was put on, the mercury was always ra�sed
above stopcock C1, wh�ch was closed, so as to always keep the
mercury and both the reservo�rs �n f�ne cond�t�on, and the mercury
was never w�thdrawn from R1 except when the pump had reached
the h�ghest degree of exhaust�on. It �s necessary to observe th�s rule
�f �t �s des�red to use the apparatus to advantage.

By means of th�s arrangement I was able to proceed very qu�ckly,
and when the apparatus was �n perfect order �t was poss�ble to reach
the phosphorescent stage �n a small bulb �n less than f�fteen
m�nutes, wh�ch �s certa�nly very qu�ck work for a small laboratory
arrangement requ�r�ng all �n all about 100 pounds of mercury. W�th
ord�nary small bulbs the rat�o of the capac�ty of the pump, rece�ver,
and connect�ons, and that of reservo�r R was about 1 to 20, and the
degrees of exhaust�on reached were necessar�ly very h�gh, though I
am unable to make a prec�se and rel�able statement how far the
exhaust�on was carr�ed.

What �mpresses the �nvest�gator most �n the course of these
exper�ences �s the behav�or of gases when subjected to great rap�dly
alternat�ng electrostat�c stresses. But he must rema�n �n doubt as to
whether the effects observed are due wholly to the molecules, or
atoms, of the gas wh�ch chem�cal analys�s d�scloses to us, or
whether there enters �nto play another med�um of a gaseous nature,
compr�s�ng atoms, or molecules, �mmersed �n a flu�d pervad�ng the
space. Such a med�um surely must ex�st, and I am conv�nced that,
for �nstance, even �f a�r were absent, the surface and ne�ghborhood
of a body �n space would be heated by rap�dly alternat�ng the
potent�al of the body; but no such heat�ng of the surface or
ne�ghborhood could occur �f all free atoms were removed and only a
homogeneous, �ncompress�ble, and elast�c flu�d—such as ether �s



supposed to be—would rema�n, for then there would be no �mpacts,
no coll�s�ons. In such a case, as far as the body �tself �s concerned,
only fr�ct�onal losses �n the �ns�de could occur.

It �s a str�k�ng fact that the d�scharge through a gas �s establ�shed
w�th ever-�ncreas�ng freedom as the frequency of the �mpulses �s
augmented. It behaves �n th�s respect qu�te contrar�ly to a metall�c
conductor. In the latter the �mpedance enters prom�nently �nto play
as the frequency �s �ncreased, but the gas acts much as a ser�es of
condensers would; the fac�l�ty w�th wh�ch the d�scharge passes
through, seems to depend on the rate of change of potent�al. If �t acts
so, then �n a vacuum tube even of great length, and no matter how
strong the current, self-�nduct�on could not assert �tself to any
apprec�able degree. We have, then, as far as we can now see, �n the
gas a conductor wh�ch �s capable of transm�tt�ng electr�c �mpulses of
any frequency wh�ch we may be able to produce. Could the
frequency be brought h�gh enough, then a queer system of electr�c
d�str�but�on, wh�ch would be l�kely to �nterest gas compan�es, m�ght
be real�zed: metal p�pes f�lled w�th gas—the metal be�ng the
�nsulator, the gas the conductor—supply�ng phosphorescent bulbs,
or perhaps dev�ces as yet un�nvented. It �s certa�nly poss�ble to take
a hollow core of copper, rarefy the gas �n the same, and by pass�ng
�mpulses of suff�c�ently h�gh frequency through a c�rcu�t around �t,
br�ng the gas �ns�de to a h�gh degree of �ncandescence; but as to the
nature of the forces there would be cons�derable uncerta�nty, for �t
would be doubtful whether w�th such �mpulses the copper core would
act as a stat�c screen. Such paradoxes and apparent �mposs�b�l�t�es
we encounter at every step �n th�s l�ne of work, and there�n l�es, to a
great extent, the charm of the study.

I have here a short and w�de tube wh�ch �s exhausted to a h�gh
degree and covered w�th a substant�al coat�ng of bronze, the coat�ng
barely allow�ng the l�ght to sh�ne through. A metall�c cap, w�th a hook
for suspend�ng the tube, �s fastened around the m�ddle port�on of the
latter, the clasp be�ng �n contact w�th the bronze coat�ng. I now want
to l�ght the gas �ns�de by suspend�ng the tube on a w�re connected to
the co�l. Any one who would try the exper�ment for the f�rst t�me, not
hav�ng any prev�ous exper�ence, would probably take care to be



qu�te alone when mak�ng the tr�al, for fear that he m�ght become the
joke of h�s ass�stants. St�ll, the bulb l�ghts �n sp�te of the metal
coat�ng, and the l�ght can be d�st�nctly perce�ved through the latter. A
long tube covered w�th alum�num bronze l�ghts when held �n one
hand—the other touch�ng the term�nal of the co�l—qu�te powerfully. It
m�ght be objected that the coat�ngs are not suff�c�ently conduct�ng;
st�ll, even �f they were h�ghly res�stant, they ought to screen the gas.
They certa�nly screen �t perfectly �n a cond�t�on of rest, but far from
perfectly when the charge �s surg�ng �n the coat�ng. But the loss of
energy wh�ch occurs w�th�n the tube, notw�thstand�ng the screen, �s
occas�oned pr�nc�pally by the presence of the gas. Were we to take a
large hollow metall�c sphere and f�ll �t w�th a perfect, �ncompress�ble,
flu�d d�electr�c, there would be no loss �ns�de of the sphere, and
consequently the �ns�de m�ght be cons�dered as perfectly screened,
though the potent�al be very rap�dly alternat�ng. Even were the
sphere f�lled w�th o�l, the loss would be �ncomparably smaller than
when the flu�d �s replaced by a gas, for �n the latter case the force
produces d�splacements; that means �mpact and coll�s�ons �n the
�ns�de.

No matter what the pressure of the gas may be, �t becomes an
�mportant factor �n the heat�ng of a conductor when the electr�c
dens�ty �s great and the frequency very h�gh. That �n the heat�ng of
conductors by l�ghtn�ng d�scharges, a�r �s an element of great
�mportance, �s almost as certa�n as an exper�mental fact. I may
�llustrate the act�on of the a�r by the follow�ng exper�ment: I take a
short tube wh�ch �s exhausted to a moderate degree and has a
plat�num w�re runn�ng through the m�ddle from one end to the other. I
pass a steady or low frequency current through the w�re, and �t �s
heated un�formly �n all parts. The heat�ng here �s due to conduct�on,
or fr�ct�onal losses, and the gas around the w�re has—as far as we
can see—no funct�on to perform. But now let me pass sudden
d�scharges, or h�gh frequency currents, through the w�re. Aga�n the
w�re �s heated, th�s t�me pr�nc�pally on the ends and least �n the
m�ddle port�on; and �f the frequency of the �mpulses, or the rate of
change, �s h�gh enough, the w�re m�ght as well be cut �n the m�ddle
as not, for pract�cally all heat�ng �s due to the raref�ed gas. Here the



gas m�ght only act as a conductor of no �mpedance d�vert�ng the
current from the w�re as the �mpedance of the latter �s enormously
�ncreased, and merely heat�ng the ends of the w�re by reason of the�r
res�stance to the passage of the d�scharge. But �t �s not at all
necessary that the gas �n the tube should be conduct�ng; �t m�ght be
at an extremely low pressure, st�ll the ends of the w�re would be
heated—as, however, �s ascerta�ned by exper�ence—only the two
ends would �n such case not be electr�cally connected through the
gaseous med�um. Now what w�th these frequenc�es and potent�als
occurs �n an exhausted tube, occurs �n the l�ghtn�ng d�scharges at
ord�nary pressure. We only need remember one of the facts arr�ved
at �n the course of these �nvest�gat�ons, namely, that to �mpulses of
very h�gh frequency the gas at ord�nary pressure behaves much �n
the same manner as though �t were at moderately low pressure. I
th�nk that �n l�ghtn�ng d�scharges frequently w�res or conduct�ng
objects are volat�l�zed merely because a�r �s present, and that, were
the conductor �mmersed �n an �nsulat�ng l�qu�d, �t would be safe, for
then the energy would have to spend �tself somewhere else. From
the behav�or of gases under sudden �mpulses of h�gh potent�al, I am
led to conclude that there can be no surer way of d�vert�ng a l�ghtn�ng
d�scharge than by afford�ng �t a passage through a volume of gas, �f
such a th�ng can be done �n a pract�cal manner.

There are two more features upon wh�ch I th�nk �t necessary to
dwell �n connect�on w�th these exper�ments—the "rad�ant state" and
the "non-str�k�ng vacuum."

Any one who has stud�ed Crookes' work must have rece�ved the
�mpress�on that the "rad�ant state" �s a property of the gas
�nseparably connected w�th an extremely h�gh degree of exhaust�on.
But �t should be remembered that the phenomena observed �n an
exhausted vessel are l�m�ted to the character and capac�ty of the
apparatus wh�ch �s made use of. I th�nk that �n a bulb a molecule, or
atom, does not prec�sely move �n a stra�ght l�ne because �t meets no
obstacle, but because the veloc�ty �mparted to �t �s suff�c�ent to propel
�t �n a sens�bly stra�ght l�ne. The mean free path �s one th�ng, but the
veloc�ty—the energy assoc�ated w�th the mov�ng body—�s another,
and under ord�nary c�rcumstances I bel�eve that �t �s a mere quest�on



of potent�al or speed. A d�srupt�ve d�scharge co�l, when the potent�al
�s pushed very far, exc�tes phosphorescence and projects shadows,
at comparat�vely low degrees of exhaust�on. In a l�ghtn�ng d�scharge,
matter moves �n stra�ght l�nes at ord�nary pressure when the mean
free path �s exceed�ngly small, and frequently �mages of w�res or
other metall�c objects have been produced by the part�cles thrown off
�n stra�ght l�nes.

I have prepared a bulb to �llustrate by an exper�ment the
correctness of these assert�ons. In a globe L, F�g. 160, I have
mounted upon a lamp f�lament f a p�ece of l�me l. The lamp f�lament
�s connected w�th a w�re wh�ch leads �nto the bulb, and the general
construct�on of the latter �s as �nd�cated �n F�g. 148, before descr�bed.
The bulb be�ng suspended from a w�re connected to the term�nal of
the co�l, and the latter be�ng set to work, the l�me p�ece l and the
project�ng parts of the f�lament f are bombarded. The degree of
exhaust�on �s just such that w�th the potent�al the co�l �s capable of
g�v�ng, phosphorescence of the glass �s produced, but d�sappears as
soon as the vacuum �s �mpa�red. The l�me conta�n�ng mo�sture, and
mo�sture be�ng g�ven off as soon as heat�ng occurs, the
phosphorescence lasts only for a few moments. When the l�me has
been suff�c�ently heated, enough mo�sture has been g�ven off to
�mpa�r mater�ally the vacuum of the bulb. As the bombardment goes
on, one po�nt of the l�me p�ece �s more heated than other po�nts, and
the result �s that f�nally pract�cally all the d�scharge passes through
that po�nt wh�ch �s �ntensely heated, and a wh�te stream of l�me
part�cles (F�g. 160) then breaks forth from that po�nt. Th�s stream �s
composed of "rad�ant" matter, yet the degree of exhaust�on �s low.
But the part�cles move �n stra�ght l�nes because the veloc�ty �mparted
to them �s great, and th�s �s due to three causes—to the great electr�c
dens�ty, the h�gh temperature of the small po�nt, and the fact that the
part�cles of the l�me are eas�ly torn and thrown off—far more eas�ly
than those of carbon. W�th frequenc�es such as we are able to
obta�n, the part�cles are bod�ly thrown off and projected to a
cons�derable d�stance; but w�th suff�c�ently h�gh frequenc�es no such
th�ng would occur; �n such case only a stress would spread or a
v�brat�on would be propagated through the bulb. It would be out of



the quest�on to reach any such frequency on the assumpt�on that the
atoms move w�th the speed of l�ght; but I bel�eve that such a th�ng �s
�mposs�ble; for th�s an enormous potent�al would be requ�red. W�th
potent�als wh�ch we are able to obta�n, even w�th a d�srupt�ve
d�scharge co�l, the speed must be qu�te �ns�gn�f�cant.



F�g. 160.
F��. 160.

As to the "non-str�k�ng vacuum," the po�nt to be noted �s, that �t
can occur only w�th low frequency �mpulses, and �t �s necess�tated by
the �mposs�b�l�ty of carry�ng off enough energy w�th such �mpulses �n
h�gh vacuum, s�nce the few atoms wh�ch are around the term�nal
upon com�ng �n contact w�th the same, are repelled and kept at a
d�stance for a comparat�vely long per�od of t�me, and not enough
work can be performed to render the effect percept�ble to the eye. If
the d�fference of potent�al between the term�nals �s ra�sed, the
d�electr�c breaks down. But w�th very h�gh frequency �mpulses there
�s no necess�ty for such break�ng down, s�nce any amount of work
can be performed by cont�nually ag�tat�ng the atoms �n the exhausted
vessel, prov�ded the frequency �s h�gh enough. It �s easy to reach—
even w�th frequenc�es obta�ned from an alternator as here used—a
stage at wh�ch the d�scharge does not pass between two electrodes
�n a narrow tube, each of these be�ng connected to one of the
term�nals of the co�l, but �t �s d�ff�cult to reach a po�nt at wh�ch a
lum�nous d�scharge would not occur around each electrode.

A thought wh�ch naturally presents �tself �n connect�on w�th h�gh
frequency currents, �s to make use of the�r powerful electrodynam�c
�nduct�ve act�on to produce l�ght effects �n a sealed glass globe. The
lead�ng-�n w�re �s one of the defects of the present �ncandescent
lamp, and �f no other �mprovement were made, that �mperfect�on at
least should be done away w�th. Follow�ng th�s thought, I have
carr�ed on exper�ments �n var�ous d�rect�ons, of wh�ch some were
�nd�cated �n my former paper. I may here ment�on one or two more
l�nes of exper�ment wh�ch have been followed up.

Many bulbs were constructed as shown �n F�g. 161 and F�g. 162.

F�g. 161, 162.
F��. 161. F��. 162.

In F�g. 161, a w�de tube, T, was sealed to a smaller W shaped
tube U, of phosphorescent glass. In the tube T, was placed a co�l C,



of alum�num w�re, the ends of wh�ch were prov�ded w�th small
spheres, t and t1, of alum�num, and reached �nto the U tube. The
tube T was sl�pped �nto a socket conta�n�ng a pr�mary co�l, through
wh�ch usually the d�scharges of Leyden jars were d�rected, and the
raref�ed gas �n the small U tube was exc�ted to strong lum�nos�ty by
the h�gh-tens�on current �nduced �n the co�l C. When Leyden jar
d�scharges were used to �nduce currents �n the co�l C, �t was found
necessary to pack the tube T t�ghtly w�th �nsulat�ng powder, as a
d�scharge would occur frequently between the turns of the co�l,
espec�ally when the pr�mary was th�ck and the a�r gap, through wh�ch
the jars d�scharged, large, and no l�ttle trouble was exper�enced �n
th�s way.

In F�g. 162 �s �llustrated another form of the bulb constructed. In
th�s case a tube T �s sealed to a globe L. The tube conta�ns a co�l C,
the ends of wh�ch pass through two small glass tubes t and t1, wh�ch
are sealed to the tube T. Two refractory buttons m and m1, are
mounted on lamp f�laments wh�ch are fastened to the ends of the
w�res pass�ng through the glass tubes t and t1. Generally �n bulbs
made on th�s plan the globe L commun�cated w�th the tube T. For th�s
purpose the ends of the small tubes t and t1 were heated just a tr�fle
�n the burner, merely to hold the w�res, but not to �nterfere w�th the
commun�cat�on. The tube T, w�th the small tubes, w�res through the
same, and the refractory buttons m and m1, were f�rst prepared, and
then sealed to globe L, whereupon the co�l C was sl�pped �n and the
connect�ons made to �ts ends. The tube was then packed w�th
�nsulat�ng powder, jamm�ng the latter as t�ght as poss�ble up to very
nearly the end; then �t was closed and only a small hole left through
wh�ch the rema�nder of the powder was �ntroduced, and f�nally the
end of the tube was closed. Usually �n bulbs constructed as shown �n
F�g. 162 an alum�num tube a was fastened to the upper end s of
each of the tubes t and t1 �n order to protect that end aga�nst the
heat. The buttons m and m1 could be brought to any degree of
�ncandescence by pass�ng the d�scharges of Leyden jars around the
co�l C. In such bulbs w�th two buttons a very cur�ous effect �s



produced by the format�on of the shadows of each of the two
buttons.

Another l�ne of exper�ment, wh�ch has been ass�duously followed,
was to �nduce by electro-dynam�c �nduct�on a current or lum�nous
d�scharge �n an exhausted tube or bulb. Th�s matter has rece�ved
such able treatment at the hands of Prof. J. J. Thomson, that I could
add but l�ttle to what he has made known, even had I made �t the
spec�al subject of th�s lecture. St�ll, s�nce exper�ments �n th�s l�ne
have gradually led me to the present v�ews and results, a few words
must be devoted here to th�s subject.

It has occurred, no doubt, to many that as a vacuum tube �s
made longer, the electromot�ve force per un�t length of the tube,
necessary to pass a lum�nous d�scharge through the latter, becomes
cont�nually smaller; therefore, �f the exhausted tube be made long
enough, even w�th low frequenc�es a lum�nous d�scharge could be
�nduced �n such a tube closed upon �tself. Such a tube m�ght be
placed around a hall or on a ce�l�ng, and at once a s�mple appl�ance
capable of g�v�ng cons�derable l�ght would be obta�ned. But th�s
would be an appl�ance hard to manufacture and extremely
unmanageable. It would not do to make the tube up of small lengths,
because there would be w�th ord�nary frequenc�es cons�derable loss
�n the coat�ngs, and bes�des, �f coat�ngs were used, �t would be better
to supply the current d�rectly to the tube by connect�ng the coat�ngs
to a transformer. But even �f all object�ons of such nature were
removed, w�th low frequenc�es the l�ght convers�on �tself would be
�neff�c�ent, as I have before stated. In us�ng extremely h�gh
frequenc�es the length of the secondary—�n other words, the s�ze of
the vessel—can be reduced as much as des�red, and the eff�c�ency
of the l�ght convers�on �s �ncreased, prov�ded that means are
�nvented for eff�c�ently obta�n�ng such h�gh frequenc�es. Thus one �s
led, from theoret�cal and pract�cal cons�derat�ons, to the use of h�gh
frequenc�es, and th�s means h�gh electromot�ve forces and small
currents �n the pr�mary. When one works w�th condenser charges—
and they are the only means up to the present known for reach�ng
these extreme frequenc�es—one gets to electromot�ve forces of
several thousands of volts per turn of the pr�mary. We cannot



mult�ply the electro-dynam�c �nduct�ve effect by tak�ng more turns �n
the pr�mary, for we arr�ve at the conclus�on that the best way �s to
work w�th one s�ngle turn—though we must somet�mes depart from
th�s rule—and we must get along w�th whatever �nduct�ve effect we
can obta�n w�th one turn. But before one has long exper�mented w�th
the extreme frequenc�es requ�red to set up �n a small bulb an
electromot�ve force of several thousands of volts, one real�zes the
great �mportance of electrostat�c effects, and these effects grow
relat�vely to the electro-dynam�c �n s�gn�f�cance as the frequency �s
�ncreased.

Now, �f anyth�ng �s des�rable �n th�s case, �t �s to �ncrease the
frequency, and th�s would make �t st�ll worse for the electrodynam�c
effects. On the other hand, �t �s easy to exalt the electrostat�c act�on
as far as one l�kes by tak�ng more turns on the secondary, or
comb�n�ng self-�nduct�on and capac�ty to ra�se the potent�al. It should
also be remembered that, �n reduc�ng the current to the smallest
value and �ncreas�ng the potent�al, the electr�c �mpulses of h�gh
frequency can be more eas�ly transm�tted through a conductor.

These and s�m�lar thoughts determ�ned me to devote more
attent�on to the electrostat�c phenomena, and to endeavor to
produce potent�als as h�gh as poss�ble, and alternat�ng as fast as
they could be made to alternate. I then found that I could exc�te
vacuum tubes at cons�derable d�stance from a conductor connected
to a properly constructed co�l, and that I could, by convert�ng the
osc�llatory current of a conductor to a h�gher potent�al, establ�sh
electrostat�c alternat�ng f�elds wh�ch acted through the whole extent
of the room, l�ght�ng up a tube no matter where �t was held �n space.
I thought I recogn�zed that I had made a step �n advance, and I have
persevered �n th�s l�ne; but I w�sh to say that I share w�th all lovers of
sc�ence and progress the one and only des�re—to reach a result of
ut�l�ty to men �n any d�rect�on to wh�ch thought or exper�ment may
lead me. I th�nk that th�s departure �s the r�ght one, for I cannot see,
from the observat�on of the phenomena wh�ch man�fest themselves
as the frequency �s �ncreased, what there would rema�n to act
between two c�rcu�ts convey�ng, for �nstance, �mpulses of several
hundred m�ll�ons per second, except electrostat�c forces. Even w�th



such tr�fl�ng frequenc�es the energy would be pract�cally all potent�al,
and my conv�ct�on has grown strong that, to whatever k�nd of mot�on
l�ght may be due, �t �s produced by tremendous electrostat�c stresses
v�brat�ng w�th extreme rap�d�ty.

F�g. 163, 164.
F��. 163. F��. 164.

Of all these phenomena observed w�th currents, or electr�c
�mpulses, of h�gh frequency, the most fasc�nat�ng for an aud�ence are
certa�nly those wh�ch are noted �n an electrostat�c f�eld act�ng
through cons�derable d�stance; and the best an unsk�lled lecturer can
do �s to beg�n and f�n�sh w�th the exh�b�t�on of these s�ngular effects. I
take a tube �n my hand and move �t about, and �t �s l�ghted wherever I
may hold �t; throughout space the �nv�s�ble forces act. But I may take
another tube and �t m�ght not l�ght, the vacuum be�ng very h�gh. I
exc�te �t by means of a d�srupt�ve d�scharge co�l, and now �t w�ll l�ght
�n the electrostat�c f�eld. I may put �t away for a few weeks or months,
st�ll �t reta�ns the faculty of be�ng exc�ted. What change have I
produced �n the tube �n the act of exc�t�ng �t? If a mot�on �mparted to
atoms, �t �s d�ff�cult to perce�ve how �t can pers�st so long w�thout
be�ng arrested by fr�ct�onal losses; and �f a stra�n exerted �n the
d�electr�c, such as a s�mple electr�f�cat�on would produce, �t �s easy to
see how �t may pers�st �ndef�n�tely, but very d�ff�cult to understand
why such a cond�t�on should a�d the exc�tat�on when we have to deal
w�th potent�als wh�ch are rap�dly alternat�ng.

S�nce I have exh�b�ted these phenomena for the f�rst t�me, I have
obta�ned some other �nterest�ng effects. For �nstance, I have
produced the �ncandescence of a button, f�lament, or w�re enclosed
�n a tube. To get to th�s result �t was necessary to econom�ze the
energy wh�ch �s obta�ned from the f�eld, and d�rect most of �t on the
small body to be rendered �ncandescent. At the beg�nn�ng the task
appeared d�ff�cult, but the exper�ences gathered perm�tted me to
reach the result eas�ly. In F�g. 163 and F�g. 164, two such tubes are
�llustrated, wh�ch are prepared for the occas�on. In F�g. 163 a short
tube T1, sealed to another long tube T, �s prov�ded w�th a stem s, w�th
a plat�num w�re sealed �n the latter. A very th�n lamp f�lament l, �s



fastened to th�s w�re and connect�on to the outs�de �s made through a
th�n copper w�re w. The tube �s prov�ded w�th outs�de and �ns�de
coat�ngs, C and C1, respect�vely, and �s f�lled as far as the coat�ngs
reach w�th conduct�ng, and the space above w�th �nsulat�ng, powder.
These coat�ngs are merely used to enable me to perform two
exper�ments w�th the tube—namely, to produce the effect des�red
e�ther by d�rect connect�on of the body of the exper�menter or of
another body to the w�re w, or by act�ng �nduct�vely through the
glass. The stem s �s prov�ded w�th an alum�num tube a, for purposes
before expla�ned, and only a small part of the f�lament reaches out of
th�s tube. By hold�ng the tube T1 anywhere �n the electrostat�c f�eld,
the f�lament �s rendered �ncandescent.

A more �nterest�ng p�ece of apparatus �s �llustrated �n F�g. 164.
The construct�on �s the same as before, only �nstead of the lamp
f�lament a small plat�num w�re p, sealed �n a stem s, and bent above
�t �n a c�rcle, �s connected to the copper w�re w, wh�ch �s jo�ned to an
�ns�de coat�ng C. A small stem s1 �s prov�ded w�th a needle, on the
po�nt of wh�ch �s arranged, to rotate very freely, a very l�ght fan of
m�ca v. To prevent the fan from fall�ng out, a th�n stem of glass g, �s
bent properly and fastened to the alum�num tube. When the glass
tube �s held anywhere �n the electrostat�c f�eld the plat�num w�re
becomes �ncandescent, and the m�ca vanes are rotated very fast.

Intense phosphorescence may be exc�ted �n a bulb by merely
connect�ng �t to a plate w�th�n the f�eld, and the plate need not be any
larger than an ord�nary lamp shade. The phosphorescence exc�ted
w�th these currents �s �ncomparably more powerful than w�th ord�nary
apparatus. A small phosphorescent bulb, when attached to a w�re
connected to a co�l, em�ts suff�c�ent l�ght to allow read�ng ord�nary
pr�nt at a d�stance of f�ve to s�x paces. It was of �nterest to see how
some of the phosphorescent bulbs of Professor Crookes would
behave w�th these currents, and he has had the k�ndness to lend me
a few for the occas�on. The effects produced are magn�f�cent,
espec�ally by the sulph�de of calc�um and sulph�de of z�nc. W�th the
d�srupt�ve d�scharge co�l they glow �ntensely merely by hold�ng them
�n the hand and connect�ng the body to the term�nal of the co�l.



To whatever results �nvest�gat�ons of th�s k�nd may lead, the ch�ef
�nterest l�es, for the present, �n the poss�b�l�t�es they offer for the
product�on of an eff�c�ent �llum�nat�ng dev�ce. In no branch of electr�c
�ndustry �s an advance more des�red than �n the manufacture of l�ght.
Every th�nker, when cons�der�ng the barbarous methods employed,
the deplorable losses �ncurred �n our best systems of l�ght
product�on, must have asked h�mself, What �s l�kely to be the l�ght of
the future? Is �t to be an �ncandescent sol�d, as �n the present lamp,
or an �ncandescent gas, or a phosphorescent body, or someth�ng l�ke
a burner, but �ncomparably more eff�c�ent?

There �s l�ttle chance to perfect a gas burner; not, perhaps,
because human �ngenu�ty has been bent upon that problem for
centur�es w�thout a rad�cal departure hav�ng been made—though the
argument �s not devo�d of force—but because �n a burner the h�ghest
v�brat�ons can never be reached, except by pass�ng through all the
low ones. For how �s a flame to proceed unless by a fall of l�fted
we�ghts? Such process cannot be ma�nta�ned w�thout renewal, and
renewal �s repeated pass�ng from low to h�gh v�brat�ons. One way
only seems to be open to �mprove a burner, and that �s by try�ng to
reach h�gher degrees of �ncandescence. H�gher �ncandescence �s
equ�valent to a qu�cker v�brat�on: that means more l�ght from the
same mater�al, and that aga�n, means more economy. In th�s
d�rect�on some �mprovements have been made, but the progress �s
hampered by many l�m�tat�ons. D�scard�ng, then, the burner, there
rema�ns the three ways f�rst ment�oned, wh�ch are essent�ally
electr�cal.

Suppose the l�ght of the �mmed�ate future to be a sol�d, rendered
�ncandescent by electr�c�ty. Would �t not seem that �t �s better to
employ a small button than a fra�l f�lament? From many
cons�derat�ons �t certa�nly must be concluded that a button �s capable
of a h�gher economy, assum�ng, of course, the d�ff�cult�es connected
w�th the operat�on of such a lamp to be effect�vely overcome. But to
l�ght such a lamp we requ�re a h�gh potent�al; and to get th�s
econom�cally, we must use h�gh frequenc�es.



Such cons�derat�ons apply even more to the product�on of l�ght by
the �ncandescence of a gas, or by phosphorescence. In all cases we
requ�re h�gh frequenc�es and h�gh potent�als. These thoughts
occurred to me a long t�me ago.

Inc�dentally we ga�n, by the use of h�gh frequenc�es, many
advantages, such as h�gher economy �n the l�ght product�on, the
poss�b�l�ty of work�ng w�th one lead, the poss�b�l�ty of do�ng away w�th
the lead�ng-�n w�re, etc.

The quest�on �s, how far can we go w�th frequenc�es? Ord�nary
conductors rap�dly lose the fac�l�ty of transm�tt�ng electr�c �mpulses
when the frequency �s greatly �ncreased. Assume the means for the
product�on of �mpulses of very great frequency brought to the utmost
perfect�on, every one w�ll naturally ask how to transm�t them when
the necess�ty ar�ses. In transm�tt�ng such �mpulses through
conductors we must remember that we have to deal w�th pressure
and flow, �n the ord�nary �nterpretat�on of these terms. Let the
pressure �ncrease to an enormous value, and let the flow
correspond�ngly d�m�n�sh, then such �mpulses—var�at�ons merely of
pressure, as �t were—can no doubt be transm�tted through a w�re
even �f the�r frequency be many hundreds of m�ll�ons per second. It
would, of course, be out of quest�on to transm�t such �mpulses
through a w�re �mmersed �n a gaseous med�um, even �f the w�re were
prov�ded w�th a th�ck and excellent �nsulat�on, for most of the energy
would be lost �n molecular bombardment and consequent heat�ng.
The end of the w�re connected to the source would be heated, and
the remote end would rece�ve but a tr�fl�ng part of the energy
suppl�ed. The pr�me necess�ty, then, �f such electr�c �mpulses are to
be used, �s to f�nd means to reduce as much as poss�ble the
d�ss�pat�on.

The f�rst thought �s, to employ the th�nnest poss�ble w�re
surrounded by the th�ckest pract�cable �nsulat�on. The next thought �s
to employ electrostat�c screens. The �nsulat�on of the w�re may be
covered w�th a th�n conduct�ng coat�ng and the latter connected to
the ground. But th�s would not do, as then all the energy would pass
through the conduct�ng coat�ng to the ground and noth�ng would get



to the end of the w�re. If a ground connect�on �s made �t can only be
made through a conductor offer�ng an enormous �mpedance, or
through a condenser of extremely small capac�ty. Th�s, however,
does not do away w�th other d�ff�cult�es.

If the wave length of the �mpulses �s much smaller than the length
of the w�re, then correspond�ng short waves w�ll be set up �n the
conduct�ng coat�ng, and �t w�ll be more or less the same as though
the coat�ng were d�rectly connected to earth. It �s therefore
necessary to cut up the coat�ng �n sect�ons much shorter than the
wave length. Such an arrangement does not st�ll afford a perfect
screen, but �t �s ten thousand t�mes better than none. I th�nk �t
preferable to cut up the conduct�ng coat�ng �n small sect�ons, even �f
the current waves be much longer than the coat�ng.

If a w�re were prov�ded w�th a perfect electrostat�c screen, �t
would be the same as though all objects were removed from �t at
�nf�n�te d�stance. The capac�ty would then be reduced to the capac�ty
of the w�re �tself, wh�ch would be very small. It would then be
poss�ble to send over the w�re current v�brat�ons of very h�gh
frequenc�es at enormous d�stances, w�thout affect�ng greatly the
character of the v�brat�ons. A perfect screen �s of course out of the
quest�on, but I bel�eve that w�th a screen such as I have just
descr�bed telephony could be rendered pract�cable across the
Atlant�c. Accord�ng to my �deas, the gutta-percha covered w�re
should be prov�ded w�th a th�rd conduct�ng coat�ng subd�v�ded �n
sect�ons. On the top of th�s should be aga�n placed a layer of gutta-
percha and other �nsulat�on, and on the top of the whole the armor.
But such cables w�ll not be constructed, for ere long �ntell�gence—
transm�tted w�thout w�res—w�ll throb through the earth l�ke a pulse
through a l�v�ng organ�sm. The wonder �s that, w�th the present state
of knowledge and the exper�ences ga�ned, no attempt �s be�ng made
to d�sturb the electrostat�c or magnet�c cond�t�on of the earth, and
transm�t, �f noth�ng else, �ntell�gence.

It has been my ch�ef a�m �n present�ng these results to po�nt out
phenomena or features of novelty, and to advance �deas wh�ch I am
hopeful w�ll serve as start�ng po�nts of new departures. It has been



my ch�ef des�re th�s even�ng to enterta�n you w�th some novel
exper�ments. Your applause, so frequently and generously accorded,
has told me that I have succeeded.

In conclus�on, let me thank you most heart�ly for your k�ndness
and attent�on, and assure you that the honor I have had �n
address�ng such a d�st�ngu�shed aud�ence, the pleasure I have had
�n present�ng these results to a gather�ng of so many able men—and
among them also some of those �n whose work for many years past I
have found enl�ghtenment and constant pleasure—I shall never
forget.



CHAPTER XXVIII.

O� L���� ��� O���� H���
F�������� P��������.[3]

INTRODUCTORY.—SOME THOUGHTS ON
THE EYE.

When we look at the world around us, on Nature, we are
�mpressed w�th �ts beauty and grandeur. Each th�ng we perce�ve,
though �t may be van�sh�ngly small, �s �n �tself a world, that �s, l�ke the
whole of the un�verse, matter and force governed by law,—a world,
the contemplat�on of wh�ch f�lls us w�th feel�ngs of wonder and
�rres�st�bly urges us to ceaseless thought and �nqu�ry. But �n all th�s
vast world, of all objects our senses reveal to us, the most
marvellous, the most appeal�ng to our �mag�nat�on, appears no doubt
a h�ghly developed organ�sm, a th�nk�ng be�ng. If there �s anyth�ng
f�tted to make us adm�re Nature's hand�work, �t �s certa�nly th�s
�nconce�vable structure, wh�ch performs �ts �nnumerable mot�ons of
obed�ence to external �nfluence. To understand �ts work�ngs, to get a
deeper �ns�ght �nto th�s Nature's masterp�ece, has ever been for
th�nkers a fasc�nat�ng a�m, and after many centur�es of arduous
research men have arr�ved at a fa�r understand�ng of the funct�ons of
�ts organs and senses. Aga�n, �n all the perfect harmony of �ts parts,
of the parts wh�ch const�tute the mater�al or tang�ble of our be�ng, of
all �ts organs and senses, the eye �s the most wonderful. It �s the
most prec�ous, the most �nd�spensable of our percept�ve or d�rect�ve
organs, �t �s the great gateway through wh�ch all knowledge enters
the m�nd. Of all our organs, �t �s the one, wh�ch �s �n the most �nt�mate
relat�on w�th that wh�ch we call �ntellect. So �nt�mate �s th�s relat�on,
that �t �s often sa�d, the very soul shows �tself �n the eye.



It can be taken as a fact, wh�ch the theory of the act�on of the eye
�mpl�es, that for each external �mpress�on, that �s, for each �mage
produced upon the ret�na, the ends of the v�sual nerves, concerned
�n the conveyance of the �mpress�on to the m�nd, must be under a
pecul�ar stress or �n a v�bratory state. It now does not seem
�mprobable that, when by the power of thought an �mage �s evoked,
a d�st�nct reflex act�on, no matter how weak, �s exerted upon certa�n
ends of the v�sual nerves, and therefore upon the ret�na. W�ll �t ever
be w�th�n human power to analyze the cond�t�on of the ret�na when
d�sturbed by thought or reflex act�on, by the help of some opt�cal or
other means of such sens�t�veness, that a clear �dea of �ts state
m�ght be ga�ned at any t�me? If th�s were poss�ble, then the problem
of read�ng one's thoughts w�th prec�s�on, l�ke the characters of an
open book, m�ght be much eas�er to solve than many problems
belong�ng to the doma�n of pos�t�ve phys�cal sc�ence, �n the solut�on
of wh�ch many, �f not the major�ty, of sc�ent�f�c men �mpl�c�tly bel�eve.
Helmholtz, has shown that the fund� of the eye are themselves,
lum�nous, and he was able to see, �n total darkness, the movement
of h�s arm by the l�ght of h�s own eyes. Th�s �s one of the most
remarkable exper�ments recorded �n the h�story of sc�ence, and
probably only a few men could sat�sfactor�ly repeat �t, for �t �s very
l�kely, that the lum�nos�ty of the eyes �s assoc�ated w�th uncommon
act�v�ty of the bra�n and great �mag�nat�ve power. It �s fluorescence of
bra�n act�on, as �t were.

Another fact hav�ng a bear�ng on th�s subject wh�ch has probably
been noted by many, s�nce �t �s stated �n popular express�ons, but
wh�ch I cannot recollect to have found chron�cled as a pos�t�ve result
of observat�on �s, that at t�mes, when a sudden �dea or �mage
presents �tself to the �ntellect, there �s a d�st�nct and somet�mes
pa�nful sensat�on of lum�nos�ty produced �n the eye, observable even
�n broad dayl�ght.

The say�ng then, that the soul shows �tself �n the eye, �s deeply
founded, and we feel that �t expresses a great truth. It has a
profound mean�ng even for one who, l�ke a poet or art�st, only
follow�ng h�s �nborn �nst�nct or love for Nature, f�nds del�ght �n a�mless
thoughts and �n the mere contemplat�on of natural phenomena, but a



st�ll more profound mean�ng for one who, �n the sp�r�t of pos�t�ve
sc�ent�f�c �nvest�gat�on, seeks to ascerta�n the causes of the effects. It
�s pr�nc�pally the natural ph�losopher, the phys�c�st, for whom the eye
�s the subject of the most �ntense adm�rat�on.

Two facts about the eye must forc�bly �mpress the m�nd of the
phys�c�st, notw�thstand�ng he may th�nk or say that �t �s an �mperfect
opt�cal �nstrument, forgett�ng, that the very concept�on of that wh�ch
�s perfect or seems so to h�m, has been ga�ned through th�s same
�nstrument. F�rst, the eye �s, as far as our pos�t�ve knowledge goes,
the only organ wh�ch �s d�rectly affected by that subt�le med�um,
wh�ch as sc�ence teaches us, must f�ll all space; secondly, �t �s the
most sens�t�ve of our organs, �ncomparably more sens�t�ve to
external �mpress�ons than any other.

The organ of hear�ng �mpl�es the �mpact of ponderable bod�es,
the organ of smell the transference of detached mater�al part�cles,
and the organs of taste, and of touch or force, the d�rect contact, or
at least some �nterference of ponderable matter, and th�s �s true even
�n those �nstances of an�mal organ�sms, �n wh�ch some of these
organs are developed to a degree of truly marvelous perfect�on. Th�s
be�ng so, �t seems wonderful that the organ of s�ght solely should be
capable of be�ng st�rred by that, wh�ch all our other organs are
powerless to detect, yet wh�ch plays an essent�al part �n all natural
phenomena, wh�ch transm�ts all energy and susta�ns all mot�on and,
that most �ntr�cate of all, l�fe, but wh�ch has propert�es such that even
a sc�ent�f�cally tra�ned m�nd cannot help draw�ng a d�st�nct�on
between �t and all that �s called matter. Cons�der�ng merely th�s, and
the fact that the eye, by �ts marvelous power, w�dens our otherw�se
very narrow range of percept�on far beyond the l�m�ts of the small
world wh�ch �s our own, to embrace myr�ads of other worlds, suns
and stars �n the �nf�n�te depths of the un�verse, would make �t
just�f�able to assert, that �t �s an organ of a h�gher order. Its
performances are beyond comprehens�on. Nature as far as we know
never produced anyth�ng more wonderful. We can get barely a fa�nt
�dea of �ts prod�g�ous power by analyz�ng what �t does and by
compar�ng. When ether waves �mp�nge upon the human body, they
produce the sensat�ons of warmth or cold, pleasure or pa�n, or



perhaps other sensat�ons of wh�ch we are not aware, and any
degree or �ntens�ty of these sensat�ons, wh�ch degrees are �nf�n�te �n
number, hence an �nf�n�te number of d�st�nct sensat�ons. But our
sense of touch, or our sense of force, cannot reveal to us these
d�fferences �n degree or �ntens�ty, unless they are very great. Now we
can read�ly conce�ve how an organ�sm, such as the human, �n the
eternal process of evolut�on, or more ph�losoph�cally speak�ng,
adaptat�on to Nature, be�ng constra�ned to the use of only the sense
of touch or force, for �nstance, m�ght develop th�s sense to such a
degree of sens�t�veness or perfect�on, that �t would be capable of
d�st�ngu�sh�ng the m�nutest d�fferences �n the temperature of a body
even at some d�stance, to a hundredth, or thousandth, or m�ll�onth
part of a degree. Yet, even th�s apparently �mposs�ble performance
would not beg�n to compare w�th that of the eye, wh�ch �s capable of
d�st�ngu�sh�ng and convey�ng to the m�nd �n a s�ngle �nstant
�nnumerable pecul�ar�t�es of the body, be �t �n form, or color, or other
respects. Th�s power of the eye rests upon two th�ngs, namely, the
rect�l�near propagat�on of the d�sturbance by wh�ch �t �s effected, and
upon �ts sens�t�veness. To say that the eye �s sens�t�ve �s not say�ng
anyth�ng. Compared w�th �t, all other organs are monstrously crude.
The organ of smell wh�ch gu�des a dog on the tra�l of a deer, the
organ of touch or force wh�ch gu�des an �nsect �n �ts wander�ngs, the
organ of hear�ng, wh�ch �s affected by the sl�ghtest d�sturbances of
the a�r, are sens�t�ve organs, to be sure, but what are they compared
w�th the human eye! No doubt �t responds to the fa�ntest echoes or
reverberat�ons of the med�um; no doubt, �t br�ngs us t�d�ngs from
other worlds, �nf�n�tely remote, but �n a language we cannot as yet
always understand. And why not? Because we l�ve �n a med�um f�lled
w�th a�r and other gases, vapors and a dense mass of sol�d part�cles
fly�ng about. These play an �mportant part �n many phenomena; they
fr�tter away the energy of the v�brat�ons before they can reach the
eye; they too, are the carr�ers of germs of destruct�on, they get �nto
our lungs and other organs, clog up the channels and �mpercept�bly,
yet �nev�tably, arrest the stream of l�fe. Could we but do away w�th all
ponderable matter �n the l�ne of s�ght of the telescope, �t would reveal
to us undreamt of marvels. Even the una�ded eye, I th�nk, would be
capable of d�st�ngu�sh�ng �n the pure med�um, small objects at



d�stances measured probably by hundreds or perhaps thousands of
m�les.

But there �s someth�ng else about the eye wh�ch �mpresses us
st�ll more than these wonderful features wh�ch we observed, v�ew�ng
�t from the standpo�nt of a phys�c�st, merely as an opt�cal �nstrument,
—someth�ng wh�ch appeals to us more than �ts marvelous faculty of
be�ng d�rectly affected by the v�brat�ons of the med�um, w�thout
�nterference of gross matter, and more than �ts �nconce�vable
sens�t�veness and d�scern�ng power. It �s �ts s�gn�f�cance �n the
processes of l�fe. No matter what one's v�ews on nature and l�fe may
be, he must stand amazed when, for the f�rst t�me �n h�s thoughts, he
real�zes the �mportance of the eye �n the phys�cal processes and
mental performances of the human organ�sm. And how could �t be
otherw�se, when he real�zes, that the eye �s the means through
wh�ch the human race has acqu�red the ent�re knowledge �t
possesses, that �t controls all our mot�ons, more st�ll, all our act�ons.

There �s no way of acqu�r�ng knowledge except through the eye.
What �s the foundat�on of all ph�losoph�cal systems of anc�ent and
modern t�mes, �n fact, of all the ph�losophy of man? I am, I th�nk; I
th�nk, therefore I am. But how could I th�nk and how would I know
that I ex�st, �f I had not the eye? For knowledge �nvolves
consc�ousness; consc�ousness �nvolves �deas, concept�ons;
concept�ons �nvolve p�ctures or �mages, and �mages the sense of
v�s�on, and therefore the organ of s�ght. But how about bl�nd men,
w�ll be asked? Yes, a bl�nd man may dep�ct �n magn�f�cent poems,
forms and scenes from real l�fe, from a world he phys�cally does not
see. A bl�nd man may touch the keys of an �nstrument w�th unerr�ng
prec�s�on, may model the fastest boat, may d�scover and �nvent,
calculate and construct, may do st�ll greater wonders—but all the
bl�nd men who have done such th�ngs have descended from those
who had see�ng eyes. Nature may reach the same result �n many
ways. L�ke a wave �n the phys�cal world, �n the �nf�n�te ocean of the
med�um wh�ch pervades all, so �n the world of organ�sms, �n l�fe, an
�mpulse started proceeds onward, at t�mes, may be, w�th the speed
of l�ght, at t�mes, aga�n, so slowly that for ages and ages �t seems to
stay, pass�ng through processes of a complex�ty �nconce�vable to



men, but �n all �ts forms, �n all �ts stages, �ts energy ever and ever
�ntegrally present. A s�ngle ray of l�ght from a d�stant star fall�ng upon
the eye of a tyrant �n bygone t�mes, may have altered the course of
h�s l�fe, may have changed the dest�ny of nat�ons, may have
transformed the surface of the globe, so �ntr�cate, so �nconce�vably
complex are the processes �n Nature. In no way can we get such an
overwhelm�ng �dea of the grandeur of Nature, as when we cons�der,
that �n accordance w�th the law of the conservat�on of energy,
throughout the �nf�n�te, the forces are �n a perfect balance, and hence
the energy of a s�ngle thought may determ�ne the mot�on of a
Un�verse. It �s not necessary that every �nd�v�dual, not even that
every generat�on or many generat�ons, should have the phys�cal
�nstrument of s�ght, �n order to be able to form �mages and to th�nk,
that �s, form �deas or concept�ons; but somet�me or other, dur�ng the
process of evolut�on, the eye certa�nly must have ex�sted, else
thought, as we understand �t, would be �mposs�ble; else concept�ons,
l�ke sp�r�t, �ntellect, m�nd, call �t as you may, could not ex�st. It �s
conce�vable, that �n some other world, �n some other be�ngs, the eye
�s replaced by a d�fferent organ, equally or more perfect, but these
be�ngs cannot be men.

Now what prompts us all to voluntary mot�ons and act�ons of any
k�nd? Aga�n the eye. If I am consc�ous of the mot�on, I must have an
�dea or concept�on, that �s, an �mage, therefore the eye. If I am not
prec�sely consc�ous of the mot�on, �t �s, because the �mages are
vague or �nd�st�nct, be�ng blurred by the super�mpos�t�on of many.
But when I perform the mot�on, does the �mpulse wh�ch prompts me
to the act�on come from w�th�n or from w�thout? The greatest
phys�c�sts have not d�sda�ned to endeavor to answer th�s and s�m�lar
quest�ons and have at t�mes abandoned themselves to the del�ghts
of pure and unrestra�ned thought. Such quest�ons are generally
cons�dered not to belong to the realm of pos�t�ve phys�cal sc�ence,
but w�ll before long be annexed to �ts doma�n. Helmholtz has
probably thought more on l�fe than any modern sc�ent�st. Lord Kelv�n
expressed h�s bel�ef that l�fe's process �s electr�cal and that there �s a
force �nherent to the organ�sm and determ�n�ng �ts mot�ons. Just as
much as I am conv�nced of any phys�cal truth I am conv�nced that



the mot�ve �mpulse must come from the outs�de. For, cons�der the
lowest organ�sm we know—and there are probably many lower ones
—an aggregat�on of a few cells only. If �t �s capable of voluntary
mot�on �t can perform an �nf�n�te number of mot�ons, all def�n�te and
prec�se. But now a mechan�sm cons�st�ng of a f�n�te number of parts
and few at that, cannot perform an �nf�n�te number of def�n�te
mot�ons, hence the �mpulses wh�ch govern �ts movements must
come from the env�ronment. So, the atom, the ulter�or element of the
Un�verse's structure, �s tossed about �n space, eternally, a play to
external �nfluences, l�ke a boat �n a troubled sea. Were �t to stop �ts
mot�on �t would d�e. Matter at rest, �f such a th�ng could ex�st, would
be matter dead. Death of matter! Never has a sentence of deeper
ph�losoph�cal mean�ng been uttered. Th�s �s the way �n wh�ch Prof.
Dewar forc�bly expresses �t �n the descr�pt�on of h�s adm�rable
exper�ments, �n wh�ch l�qu�d oxygen �s handled as one handles
water, and a�r at ord�nary pressure �s made to condense and even to
sol�d�fy by the �ntense cold. Exper�ments, wh�ch serve to �llustrate, �n
h�s language, the last feeble man�festat�ons of l�fe, the last qu�ver�ngs
of matter about to d�e. But human eyes shall not w�tness such death.
There �s no death of matter, for throughout the �nf�n�te un�verse, all
has to move, to v�brate, that �s, to l�ve.

I have made the preced�ng statements at the per�l of tread�ng
upon metaphys�cal ground, �n my des�re to �ntroduce the subject of
th�s lecture �n a manner not altogether un�nterest�ng, I may hope, to
an aud�ence such as I have the honor to address. But now, then,
return�ng to the subject, th�s d�v�ne organ of s�ght, th�s �nd�spensable
�nstrument for thought and all �ntellectual enjoyment, wh�ch lays open
to us the marvels of th�s un�verse, through wh�ch we have acqu�red
what knowledge we possess, and wh�ch prompts us to, and controls,
all our phys�cal and mental act�v�ty. By what �s �t affected? By l�ght!
What �s l�ght?

We have w�tnessed the great str�des wh�ch have been made �n all
departments of sc�ence �n recent years. So great have been the
advances that we cannot refra�n from ask�ng ourselves, Is th�s all
true, or �s �t but a dream? Centur�es ago men have l�ved, have
thought, d�scovered, �nvented, and have bel�eved that they were



soar�ng, wh�le they were merely proceed�ng at a sna�l's pace. So we
too may be m�staken. But tak�ng the truth of the observed events as
one of the �mpl�ed facts of sc�ence, we must rejo�ce �n the �mmense
progress already made and st�ll more �n the ant�c�pat�on of what must
come, judg�ng from the poss�b�l�t�es opened up by modern research.
There �s, however, an advance wh�ch we have been w�tness�ng,
wh�ch must be part�cularly grat�fy�ng to every lover of progress. It �s
not a d�scovery, or an �nvent�on, or an ach�evement �n any part�cular
d�rect�on. It �s an advance �n all d�rect�ons of sc�ent�f�c thought and
exper�ment. I mean the general�zat�on of the natural forces and
phenomena, the loom�ng up of a certa�n broad �dea on the sc�ent�f�c
hor�zon. It �s th�s �dea wh�ch has, however, long ago taken
possess�on of the most advanced m�nds, to wh�ch I des�re to call
your attent�on, and wh�ch I �ntend to �llustrate �n a general way, �n
these exper�ments, as the f�rst step �n answer�ng the quest�on "What
�s l�ght?" and to real�ze the modern mean�ng of th�s word.

It �s beyond the scope of my lecture to dwell upon the subject of
l�ght �n general, my object be�ng merely to br�ng presently to your
not�ce a certa�n class of l�ght effects and a number of phenomena
observed �n pursu�ng the study of these effects. But to be cons�stent
�n my remarks �t �s necessary to state that, accord�ng to that �dea,
now accepted by the major�ty of sc�ent�f�c men as a pos�t�ve result of
theoret�cal and exper�mental �nvest�gat�on, the var�ous forms or
man�festat�ons of energy wh�ch were generally des�gnated as
"electr�c" or more prec�sely "electromagnet�c" are energy
man�festat�ons of the same nature as those of rad�ant heat and l�ght.
Therefore the phenomena of l�ght and heat and others bes�des
these, may be called electr�cal phenomena. Thus electr�cal sc�ence
has become the mother sc�ence of all and �ts study has become all
�mportant. The day when we shall know exactly what "electr�c�ty" �s,
w�ll chron�cle an event probably greater, more �mportant than any
other recorded �n the h�story of the human race. The t�me w�ll come
when the comfort, the very ex�stence, perhaps, of man w�ll depend
upon that wonderful agent. For our ex�stence and comfort we requ�re
heat, l�ght and mechan�cal power. How do we now get all these? We
get them from fuel, we get them by consum�ng mater�al. What w�ll



man do when the forests d�sappear, when the coal f�elds are
exhausted? Only one th�ng, accord�ng to our present knowledge w�ll
rema�n; that �s, to transm�t power at great d�stances. Men w�ll go to
the waterfalls, to the t�des, wh�ch are the stores of an �nf�n�tes�mal
part of Nature's �mmeasurable energy. There w�ll they harness the
energy and transm�t the same to the�r settlements, to warm the�r
homes by, to g�ve them l�ght, and to keep the�r obed�ent slaves, the
mach�nes, to�l�ng. But how w�ll they transm�t th�s energy �f not by
electr�c�ty? Judge then, �f the comfort, nay, the very ex�stence, of
man w�ll not depend on electr�c�ty. I am aware that th�s v�ew �s not
that of a pract�cal eng�neer, but ne�ther �s �t that of an �llus�on�st, for �t
�s certa�n, that power transm�ss�on, wh�ch at present �s merely a
st�mulus to enterpr�se, w�ll some day be a d�re necess�ty.

It �s more �mportant for the student, who takes up the study of
l�ght phenomena, to make h�mself thoroughly acqua�nted w�th certa�n
modern v�ews, than to peruse ent�re books on the subject of l�ght
�tself, as d�sconnected from these v�ews. Were I therefore to make
these demonstrat�ons before students seek�ng �nformat�on—and for
the sake of the few of those who may be present, g�ve me leave to
so assume—�t would be my pr�nc�pal endeavor to �mpress these
v�ews upon the�r m�nds �n th�s ser�es of exper�ments.

It m�ght be suff�c�ent for th�s purpose to perform a s�mple and
well-known exper�ment. I m�ght take a fam�l�ar appl�ance, a Leyden
jar, charge �t from a fr�ct�onal mach�ne, and then d�scharge �t. In
expla�n�ng to you �ts permanent state when charged, and �ts
trans�tory cond�t�on when d�scharg�ng, call�ng your attent�on to the
forces wh�ch enter �nto play and to the var�ous phenomena they
produce, and po�nt�ng out the relat�on of the forces and phenomena,
I m�ght fully succeed �n �llustrat�ng that modern �dea. No doubt, to the
th�nker, th�s s�mple exper�ment would appeal as much as the most
magn�f�cent d�splay. But th�s �s to be an exper�mental demonstrat�on,
and one wh�ch should possess, bes�des �nstruct�ve, also enterta�n�ng
features and as such, a s�mple exper�ment, such as the one c�ted,
would not go very far towards the atta�nment of the lecturer's a�m. I
must therefore choose another way of �llustrat�ng, more spectacular
certa�nly, but perhaps also more �nstruct�ve. Instead of the fr�ct�onal



mach�ne and Leyden jar, I shall ava�l myself �n these exper�ments, of
an �nduct�on co�l of pecul�ar propert�es, wh�ch was descr�bed �n deta�l
by me �n a lecture before the London Inst�tut�on of Electr�cal
Eng�neers, �n Feb., 1892. Th�s �nduct�on co�l �s capable of y�eld�ng
currents of enormous potent�al d�fferences, alternat�ng w�th extreme
rap�d�ty. W�th th�s apparatus I shall endeavor to show you three
d�st�nct classes of effects, or phenomena, and �t �s my des�re that
each exper�ment, wh�le serv�ng for the purposes of �llustrat�on,
should at the same t�me teach us some novel truth, or show us some
novel aspect of th�s fasc�nat�ng sc�ence. But before do�ng th�s, �t
seems proper and useful to dwell upon the apparatus employed, and
method of obta�n�ng the h�gh potent�als and h�gh-frequency currents
wh�ch are made use of �n these exper�ments.

ON THE APPARATUS AND METHOD OF
CONVERSION.

These h�gh-frequency currents are obta�ned �n a pecul�ar manner.
The method employed was advanced by me about two years ago �n
an exper�mental lecture before the Amer�can Inst�tute of Electr�cal
Eng�neers. A number of ways, as pract�ced �n the laboratory, of
obta�n�ng these currents e�ther from cont�nuous or low frequency
alternat�ng currents, �s d�agramat�cally �nd�cated �n F�g. 165, wh�ch
w�ll be later descr�bed �n deta�l. The general plan �s to charge
condensers, from a d�rect or alternate-current source, preferably of
h�gh-tens�on, and to d�scharge them d�srupt�vely wh�le observ�ng
well-known cond�t�ons necessary to ma�nta�n the osc�llat�ons of the
current. In v�ew of the general �nterest taken �n h�gh-frequency
currents and effects produc�ble by them, �t seems to me adv�sable to
dwell at some length upon th�s method of convers�on. In order to g�ve
you a clear �dea of the act�on, I w�ll suppose that a cont�nuous-
current generator �s employed, wh�ch �s often very conven�ent. It �s
des�rable that the generator should possess such h�gh tens�on as to
be able to break through a small a�r space. If th�s �s not the case,
then aux�l�ary means have to be resorted to, some of wh�ch w�ll be
�nd�cated subsequently. When the condensers are charged to a
certa�n potent�al, the a�r, or �nsulat�ng space, g�ves way and a



d�srupt�ve d�scharge occurs. There �s then a sudden rush of current
and generally a large port�on of accumulated electr�cal energy
spends �tself. The condensers are thereupon qu�ckly charged and
the same process �s repeated �n more or less rap�d success�on. To
produce such sudden rushes of current �t �s necessary to observe
certa�n cond�t�ons. If the rate at wh�ch the condensers are d�scharged
�s the same as that at wh�ch they are charged, then, clearly, �n the
assumed case the condensers do not come �nto play. If the rate of
d�scharge be smaller than the rate of charg�ng, then, aga�n, the
condensers cannot play an �mportant part. But �f, on the contrary, the
rate of d�scharg�ng �s greater than that of charg�ng, then a
success�on of rushes of current �s obta�ned. It �s ev�dent that, �f the
rate at wh�ch the energy �s d�ss�pated by the d�scharge �s very much
greater than the rate of supply to the condensers, the sudden rushes
w�ll be comparat�vely few, w�th long-t�me �ntervals between. Th�s
always occurs when a condenser of cons�derable capac�ty �s
charged by means of a comparat�vely small mach�ne. If the rates of
supply and d�ss�pat�on are not w�dely d�fferent, then the rushes of
current w�ll be �n qu�cker success�on, and th�s the more, the more
nearly equal both the rates are, unt�l l�m�tat�ons �nc�dent to each case
and depend�ng upon a number of causes are reached. Thus we are
able to obta�n from a cont�nuous-current generator as rap�d a
success�on of d�scharges as we l�ke. Of course, the h�gher the
tens�on of the generator, the smaller need be the capac�ty of the
condensers, and for th�s reason, pr�nc�pally, �t �s of advantage to
employ a generator of very h�gh tens�on. Bes�des, such a generator
perm�ts the atta�n�ng of greater rates of v�brat�on.

F�g. 165.
F��. 165.

The rushes of current may be of the same d�rect�on under the
cond�t�ons before assumed, but most generally there �s an osc�llat�on
super�mposed upon the fundamental v�brat�on of the current. When
the cond�t�ons are so determ�ned that there are no osc�llat�ons, the
current �mpulses are un�d�rect�onal and thus a means �s prov�ded of
transform�ng a cont�nuous current of h�gh tens�on, �nto a d�rect



current of lower tens�on, wh�ch I th�nk may f�nd employment �n the
arts.

Th�s method of convers�on �s exceed�ngly �nterest�ng and I was
much �mpressed by �ts beauty when I f�rst conce�ved �t. It �s �deal �n
certa�n respects. It �nvolves the employment of no mechan�cal
dev�ces of any k�nd, and �t allows of obta�n�ng currents of any des�red
frequency from an ord�nary c�rcu�t, d�rect or alternat�ng. The
frequency of the fundamental d�scharges depend�ng on the relat�ve
rates of supply and d�ss�pat�on can be read�ly var�ed w�th�n w�de
l�m�ts, by s�mple adjustments of these quant�t�es, and the frequency
of the super�mposed v�brat�on by the determ�nat�on of the capac�ty,
self-�nduct�on and res�stance of the c�rcu�t. The potent�al of the
currents, aga�n, may be ra�sed as h�gh as any �nsulat�on �s capable
of w�thstand�ng safely by comb�n�ng capac�ty and self-�nduct�on or by
�nduct�on �n a secondary, wh�ch need have but comparat�vely few
turns.

As the cond�t�ons are often such that the �nterm�ttence or
osc�llat�on does not read�ly establ�sh �tself, espec�ally when a d�rect
current source �s employed, �t �s of advantage to assoc�ate an
�nterrupter w�th the arc, as I have, some t�me ago, �nd�cated the use
of an a�r-blast or magnet, or other such dev�ce read�ly at hand. The
magnet �s employed w�th spec�al advantage �n the convers�on of
d�rect currents, as �t �s then very effect�ve. If the pr�mary source �s an
alternate current generator, �t �s des�rable, as I have stated on
another occas�on, that the frequency should be low, and that the
current form�ng the arc be large, �n order to render the magnet more
effect�ve.

A form of such d�scharger w�th a magnet wh�ch has been found
conven�ent, and adopted after some tr�als, �n the convers�on of d�rect
currents part�cularly, �s �llustrated �n F�g. 166. N S are the pole p�eces
of a very strong magnet wh�ch �s exc�ted by a co�l C. The pole p�eces
are slotted for adjustment and can be fastened �n any pos�t�on by
screws s s1. The d�scharge rods d d1, th�nned down on the ends �n
order to allow a closer approach of the magnet�c pole p�eces, pass
through the columns of brass b b1 and are fastened �n pos�t�on by



screws s2 s2. Spr�ngs r r1 and collars c c1 are sl�pped on the rods,
the latter serv�ng to set the po�nts of the rods at a certa�n su�table
d�stance by means of screws s3 s3, and the former to draw the po�nts
apart. When �t �s des�red to start the arc, one of the large rubber
handles h h1 �s tapped qu�ckly w�th the hand, whereby the po�nts of
the rods are brought �n contact but are �nstantly separated by the
spr�ngs r r1. Such an arrangement has been found to be often
necessary, namely �n cases when the �. �. �. was not large enough
to cause the d�scharge to break through the gap, and also when �t
was des�rable to avo�d short c�rcu�t�ng of the generator by the
metall�c contact of the rods. The rap�d�ty of the �nterrupt�ons of the
current w�th a magnet depends on the �ntens�ty of the magnet�c f�eld
and on the potent�al d�fference at the end of the arc. The
�nterrupt�ons are generally �n such qu�ck success�on as to produce a
mus�cal sound. Years ago �t was observed that when a powerful
�nduct�on co�l �s d�scharged between the poles of a strong magnet,
the d�scharge produces a loud no�se, not unl�ke a small p�stol shot. It
was vaguely stated that the spark was �ntens�f�ed by the presence of
the magnet�c f�eld. It �s now clear that the d�scharge current, flow�ng
for some t�me, was �nterrupted a great number of t�mes by the
magnet, thus produc�ng the sound. The phenomenon �s espec�ally
marked when the f�eld c�rcu�t of a large magnet or dynamo �s broken
�n a powerful magnet�c f�eld.



F�g. 166.
F��. 166.

When the current through the gap �s comparat�vely large, �t �s of
advantage to sl�p on the po�nts of the d�scharge rods p�eces of very
hard carbon and let the arc play between the carbon p�eces. Th�s
preserves the rods, and bes�des has the advantage of keep�ng the
a�r space hotter, as the heat �s not conducted away as qu�ckly
through the carbons, and the result �s that a smaller �. �. �. �n the arc
gap �s requ�red to ma�nta�n a success�on of d�scharges.

F�g. 167.
F��. 167.

Another form of d�scharger, wh�ch may be employed w�th
advantage �n some cases, �s �llustrated �n F�g. 167. In th�s form the
d�scharge rods d d1 pass through perforat�ons �n a wooden box B,
wh�ch �s th�ckly coated w�th m�ca on the �ns�de, as �nd�cated by the
heavy l�nes. The perforat�ons are prov�ded w�th m�ca tubes m m1 of
some th�ckness, wh�ch are preferably not �n contact w�th the rods d
d1. The box has a cover C wh�ch �s a l�ttle larger and descends on
the outs�de of the box. The spark gap �s warmed by a small lamp l
conta�ned �n the box. A plate p above the lamp allows the draught to
pass only through the ch�mney e of the lamp, the a�r enter�ng through
holes o o �n or near the bottom of the box and follow�ng the path
�nd�cated by the arrows. When the d�scharger �s �n operat�on, the
door of the box �s closed so that the l�ght of the arc �s not v�s�ble
outs�de. It �s des�rable to exclude the l�ght as perfectly as poss�ble,
as �t �nterferes w�th some exper�ments. Th�s form of d�scharger �s
s�mple and very effect�ve when properly man�pulated. The a�r be�ng
warmed to a certa�n temperature, has �ts �nsulat�ng power �mpa�red;
�t becomes d�electr�cally weak, as �t were, and the consequence �s
that the arc can be establ�shed at much greater d�stance. The arc
should, of course, be suff�c�ently �nsulat�ng to allow the d�scharge to
pass through the gap d�srupt�vely. The arc formed under such
cond�t�ons, when long, may be made extremely sens�t�ve, and the
weak draught through the lamp ch�mney c �s qu�te suff�c�ent to
produce rap�d �nterrupt�ons. The adjustment �s made by regulat�ng



the temperature and veloc�ty of the draught. Instead of us�ng the
lamp, �t answers the purpose to prov�de for a draught of warm a�r �n
other ways. A very s�mple way wh�ch has been pract�ced �s to
enclose the arc �n a long vert�cal tube, w�th plates on the top and
bottom for regulat�ng the temperature and veloc�ty of the a�r current.
Some prov�s�on had to be made for deaden�ng the sound.

The a�r may be rendered d�electr�cally weak also by rarefact�on.
D�schargers of th�s k�nd have l�kew�se been used by me �n
connect�on w�th a magnet. A large tube �s for th�s purpose prov�ded
w�th heavy electrodes of carbon or metal, between wh�ch the
d�scharge �s made to pass, the tube be�ng placed �n a powerful
magnet�c f�eld. The exhaust�on of the tube �s carr�ed to a po�nt at
wh�ch the d�scharge breaks through eas�ly, but the pressure should
be more than 75 m�ll�metres, at wh�ch the ord�nary thread d�scharge
occurs. In another form of d�scharger, comb�n�ng the features before
ment�oned, the d�scharge was made to pass between two adjustable
magnet�c pole p�eces, the space between them be�ng kept at an
elevated temperature.

It should be remarked here that when such, or �nterrupt�ng
dev�ces of any k�nd, are used and the currents are passed through
the pr�mary of a d�srupt�ve d�scharge co�l, �t �s not, as a rule, of
advantage to produce a number of �nterrupt�ons of the current per
second greater than the natural frequency of v�brat�on of the dynamo
supply c�rcu�t, wh�ch �s ord�nar�ly small. It should also be po�nted out
here, that wh�le the dev�ces ment�oned �n connect�on w�th the
d�srupt�ve d�scharge are advantageous under certa�n cond�t�ons, they
may be somet�mes a source of trouble, as they produce
�nterm�ttences and other �rregular�t�es �n the v�brat�on wh�ch �t would
be very des�rable to overcome.

There �s, I regret to say, �n th�s beaut�ful method of convers�on a
defect, wh�ch fortunately �s not v�tal, and wh�ch I have been gradually
overcom�ng. I w�ll best call attent�on to th�s defect and �nd�cate a
fru�tful l�ne of work, by compar�ng the electr�cal process w�th �ts
mechan�cal analogue. The process may be �llustrated �n th�s manner.
Imag�ne a tank w�th a w�de open�ng at the bottom, wh�ch �s kept



closed by spr�ng pressure, but so that �t snaps off suddenly when the
l�qu�d �n the tank has reached a certa�n he�ght. Let the flu�d be
suppl�ed to the tank by means of a p�pe feed�ng at a certa�n rate.
When the cr�t�cal he�ght of the l�qu�d �s reached, the spr�ng g�ves way
and the bottom of the tank drops out. Instantly the l�qu�d falls through
the w�de open�ng, and the spr�ng, reassert�ng �tself, closes the
bottom aga�n. The tank �s now f�lled, and after a certa�n t�me �nterval
the same process �s repeated. It �s clear, that �f the p�pe feeds the
flu�d qu�cker than the bottom outlet �s capable of lett�ng �t pass
through, the bottom w�ll rema�n off and the tank w�ll st�ll overflow. If
the rates of supply are exactly equal, then the bottom l�d w�ll rema�n
part�ally open and no v�brat�on of the same and of the l�qu�d column
w�ll generally occur, though �t m�ght, �f started by some means. But �f
the �nlet p�pe does not feed the flu�d fast enough for the outlet, then
there w�ll be always v�brat�on. Aga�n, �n such case, each t�me the
bottom flaps up or down, the spr�ng and the l�qu�d column, �f the
pl�ab�l�ty of the spr�ng and the �nert�a of the mov�ng parts are properly
chosen, w�ll perform �ndependent v�brat�ons. In th�s analogue the
flu�d may be l�kened to electr�c�ty or electr�cal energy, the tank to the
condenser, the spr�ng to the d�electr�c, and the p�pe to the conductor
through wh�ch electr�c�ty �s suppl�ed to the condenser. To make th�s
analogy qu�te complete �t �s necessary to make the assumpt�on, that
the bottom, each t�me �t g�ves way, �s knocked v�olently aga�nst a
non-elast�c stop, th�s �mpact �nvolv�ng some loss of energy; and that,
bes�des, some d�ss�pat�on of energy results due to fr�ct�onal losses.
In the preced�ng analogue the l�qu�d �s supposed to be under a
steady pressure. If the presence of the flu�d be assumed to vary
rhythm�cally, th�s may be taken as correspond�ng to the case of an
alternat�ng current. The process �s then not qu�te as s�mple to
cons�der, but the act�on �s the same �n pr�nc�ple.

It �s des�rable, �n order to ma�nta�n the v�brat�on econom�cally, to
reduce the �mpact and fr�ct�onal losses as much as poss�ble. As
regards the latter, wh�ch �n the electr�cal analogue correspond to the
losses due to the res�stance of the c�rcu�ts, �t �s �mposs�ble to obv�ate
them ent�rely, but they can be reduced to a m�n�mum by a proper
select�on of the d�mens�ons of the c�rcu�ts and by the employment of



th�n conductors �n the form of strands. But the loss of energy caused
by the f�rst break�ng through of the d�electr�c—wh�ch �n the above
example corresponds to the v�olent knock of the bottom aga�nst the
�nelast�c stop—would be more �mportant to overcome. At the
moment of the break�ng through, the a�r space has a very h�gh
res�stance, wh�ch �s probably reduced to a very small value when the
current has reached some strength, and the space �s brought to a
h�gh temperature. It would mater�ally d�m�n�sh the loss of energy �f
the space were always kept at an extremely h�gh temperature, but
then there would be no d�srupt�ve break. By warm�ng the space
moderately by means of a lamp or otherw�se, the economy as far as
the arc �s concerned �s sens�bly �ncreased. But the magnet or other
�nterrupt�ng dev�ce does not d�m�n�sh the loss �n the arc. L�kew�se, a
jet of a�r only fac�l�tates the carry�ng off of the energy. A�r, or a gas �n
general, behaves cur�ously �n th�s respect. When two bod�es charged
to a very h�gh potent�al, d�scharge d�srupt�vely through an a�r space,
any amount of energy may be carr�ed off by the a�r. Th�s energy �s
ev�dently d�ss�pated by bod�ly carr�ers, �n �mpact and coll�s�onal
losses of the molecules. The exchange of the molecules �n the space
occurs w�th �nconce�vable rap�d�ty. A powerful d�scharge tak�ng place
between two electrodes, they may rema�n ent�rely cool, and yet the
loss �n the a�r may represent any amount of energy. It �s perfectly
pract�cable, w�th very great potent�al d�fferences �n the gap, to
d�ss�pate several horse-power �n the arc of the d�scharge w�thout
even not�c�ng a small �ncrease �n the temperature of the electrodes.
All the fr�ct�onal losses occur then pract�cally �n the a�r. If the
exchange of the a�r molecules �s prevented, as by enclos�ng the a�r
hermet�cally, the gas �ns�de of the vessel �s brought qu�ckly to a h�gh
temperature, even w�th a very small d�scharge. It �s d�ff�cult to
est�mate how much of the energy �s lost �n sound waves, aud�ble or
not, �n a powerful d�scharge. When the currents through the gap are
large, the electrodes may become rap�dly heated, but th�s �s not a
rel�able measure of the energy wasted �n the arc, as the loss through
the gap �tself may be comparat�vely small. The a�r or a gas �n general
�s, at ord�nary pressure at least, clearly not the best med�um through
wh�ch a d�srupt�ve d�scharge should occur. A�r or other gas under
great pressure �s of course a much more su�table med�um for the



d�scharge gap. I have carr�ed on long-cont�nued exper�ments �n th�s
d�rect�on, unfortunately less pract�cable on account of the d�ff�cult�es
and expense �n gett�ng a�r under great pressure. But even �f the
med�um �n the d�scharge space �s sol�d or l�qu�d, st�ll the same losses
take place, though they are generally smaller, for just as soon as the
arc �s establ�shed, the sol�d or l�qu�d �s volat�l�zed. Indeed, there �s no
body known wh�ch would not be d�s�ntegrated by the arc, and �t �s an
open quest�on among sc�ent�f�c men, whether an arc d�scharge could
occur at all �n the a�r �tself w�thout the part�cles of the electrodes
be�ng torn off. When the current through the gap �s very small and
the arc very long, I bel�eve that a relat�vely cons�derable amount of
heat �s taken up �n the d�s�ntegrat�on of the electrodes, wh�ch part�ally
on th�s account may rema�n qu�te cold.

The �deal med�um for a d�scharge gap should only crack, and the
�deal electrode should be of some mater�al wh�ch cannot be
d�s�ntegrated. W�th small currents through the gap �t �s best to
employ alum�num, but not when the currents are large. The
d�srupt�ve break �n the a�r, or more or less �n any ord�nary med�um, �s
not of the nature of a crack, but �t �s rather comparable to the
p�erc�ng of �nnumerable bullets through a mass offer�ng great
fr�ct�onal res�stances to the mot�on of the bullets, th�s �nvolv�ng
cons�derable loss of energy. A med�um wh�ch would merely crack
when stra�ned electrostat�cally—and th�s poss�bly m�ght be the case
w�th a perfect vacuum, that �s, pure ether—would �nvolve a very
small loss �n the gap, so small as to be ent�rely negl�g�ble, at least
theoret�cally, because a crack may be produced by an �nf�n�tely small
d�splacement. In exhaust�ng an oblong bulb prov�ded w�th two
alum�num term�nals, w�th the greatest care, I have succeeded �n
produc�ng such a vacuum that the secondary d�scharge of a
d�srupt�ve d�scharge co�l would break d�srupt�vely through the bulb �n
the form of f�ne spark streams. The cur�ous po�nt was that the
d�scharge would completely �gnore the term�nals and start far beh�nd
the two alum�num plates wh�ch served as electrodes. Th�s
extraord�nary h�gh vacuum could only be ma�nta�ned for a very short
wh�le. To return to the �deal med�um, th�nk, for the sake of �llustrat�on,
of a p�ece of glass or s�m�lar body clamped �n a v�ce, and the latter



t�ghtened more and more. At a certa�n po�nt a m�nute �ncrease of the
pressure w�ll cause the glass to crack. The loss of energy �nvolved �n
spl�tt�ng the glass may be pract�cally noth�ng, for though the force �s
great, the d�splacement need be but extremely small. Now �mag�ne
that the glass would possess the property of clos�ng aga�n perfectly
the crack upon a m�nute d�m�nut�on of the pressure. Th�s �s the way
the d�electr�c �n the d�scharge space should behave. But �nasmuch
as there would be always some loss �n the gap, the med�um, wh�ch
should be cont�nuous, should exchange through the gap at a rap�d
rate. In the preced�ng example, the glass be�ng perfectly closed, �t
would mean that the d�electr�c �n the d�scharge space possesses a
great �nsulat�ng power; the glass be�ng cracked, �t would s�gn�fy that
the med�um �n the space �s a good conductor. The d�electr�c should
vary enormously �n res�stance by m�nute var�at�ons of the �. �. �.
across the d�scharge space. Th�s cond�t�on �s atta�ned, but �n an
extremely �mperfect manner, by warm�ng the a�r space to a certa�n
cr�t�cal temperature, dependent on the �. �. �. across the gap, or by
otherw�se �mpa�r�ng the �nsulat�ng power of the a�r. But as a matter of
fact the a�r does never break down d�srupt�vely, �f th�s term be
r�gorously �nterpreted, for before the sudden rush of the current
occurs, there �s always a weak current preced�ng �t, wh�ch r�ses f�rst
gradually and then w�th comparat�ve suddenness. That �s the reason
why the rate of change �s very much greater when glass, for
�nstance, �s broken through, than when the break takes place
through an a�r space of equ�valent d�electr�c strength. As a med�um
for the d�scharge space, a sol�d, or even a l�qu�d, would be preferable
therefor. It �s somewhat d�ff�cult to conce�ve of a sol�d body wh�ch
would possess the property of clos�ng �nstantly after �t has been
cracked. But a l�qu�d, espec�ally under great pressure, behaves
pract�cally l�ke a sol�d, wh�le �t possesses the property of clos�ng the
crack. Hence �t was thought that a l�qu�d �nsulator m�ght be more
su�table as a d�electr�c than a�r. Follow�ng out th�s �dea, a number of
d�fferent forms of d�schargers �n wh�ch a var�ety of such �nsulators,
somet�mes under great pressure, were employed, have been
exper�mented upon. It �s thought suff�c�ent to dwell �n a few words
upon one of the forms exper�mented upon. One of these d�schargers
�s �llustrated �n F�gs. 168a and 168b.



F�g. 168a, 168b.
F��. 168a. F��. 168b.

A hollow metal pulley P (F�g. 168a), was fastened upon an arbor
a, wh�ch by su�table means was rotated at a cons�derable speed. On
the �ns�de of the pulley, but d�sconnected from the same, was
supported a th�n d�sc h (wh�ch �s shown th�ck for the sake of
clearness), of hard rubber �n wh�ch there were embedded two metal
segments s s w�th metall�c extens�ons e e �nto wh�ch were screwed
conduct�ng term�nals t t covered w�th th�ck tubes of hard rubber t t.
The rubber d�sc h w�th �ts metall�c segments s s, was f�n�shed �n a
lathe, and �ts ent�re surface h�ghly pol�shed so as to offer the
smallest poss�ble fr�ct�onal res�stance to the mot�on through a flu�d. In
the hollow of the pulley an �nsulat�ng l�qu�d such as a th�n o�l was
poured so as to reach very nearly to the open�ng left �n the flange f,
wh�ch was screwed t�ghtly on the front s�de of the pulley. The
term�nals t t, were connected to the oppos�te coat�ngs of a battery of
condensers so that the d�scharge occurred through the l�qu�d. When
the pulley was rotated, the l�qu�d was forced aga�nst the r�m of the
pulley and cons�derable flu�d pressure resulted. In th�s s�mple way
the d�scharge gap was f�lled w�th a med�um wh�ch behaved
pract�cally l�ke a sol�d, wh�ch possessed the qual�ty of clos�ng
�nstantly upon the occurrence of the break, and wh�ch moreover was
c�rculat�ng through the gap at a rap�d rate. Very powerful effects were
produced by d�scharges of th�s k�nd w�th l�qu�d �nterrupters, of wh�ch
a number of d�fferent forms were made. It was found that, as
expected, a longer spark for a g�ven length of w�re was obta�nable �n
th�s way than by us�ng a�r as an �nterrupt�ng dev�ce. Generally the
speed, and therefore also the flu�d pressure, was l�m�ted by reason
of the flu�d fr�ct�on, �n the form of d�scharger descr�bed, but the
pract�cally obta�nable speed was more than suff�c�ent to produce a
number of breaks su�table for the c�rcu�ts ord�nar�ly used. In such
�nstances the metal pulley P was prov�ded w�th a few project�ons
�nwardly, and a def�n�te number of breaks was then produced wh�ch
could be computed from the speed of rotat�on of the pulley.
Exper�ments were also carr�ed on w�th l�qu�ds of d�fferent �nsulat�ng
power w�th the v�ew of reduc�ng the loss �n the arc. When an



�nsulat�ng l�qu�d �s moderately warmed, the loss �n the arc �s
d�m�n�shed.

A po�nt of some �mportance was noted �n exper�ments w�th
var�ous d�scharges of th�s k�nd. It was found, for �nstance, that
whereas the cond�t�ons ma�nta�ned �n these forms were favorable for
the product�on of a great spark length, the current so obta�ned was
not best su�ted to the product�on of l�ght effects. Exper�ence
undoubtedly has shown, that for such purposes a harmon�c r�se and
fall of the potent�al �s preferable. Be �t that a sol�d �s rendered
�ncandescent, or phosphorescent, or be �t that energy �s transm�tted
by condenser coat�ng through the glass, �t �s qu�te certa�n that a
harmon�cally r�s�ng and fall�ng potent�al produces less destruct�ve
act�on, and that the vacuum �s more permanently ma�nta�ned. Th�s
would be eas�ly expla�ned �f �t were ascerta�ned that the process
go�ng on �n an exhausted vessel �s of an electrolyt�c nature.

In the d�agrammat�cal sketch, F�g. 165, wh�ch has been already
referred to, the cases wh�ch are most l�kely to be met w�th �n pract�ce
are �llustrated. One has at h�s d�sposal e�ther d�rect or alternat�ng
currents from a supply stat�on. It �s conven�ent for an exper�menter �n
an �solated laboratory to employ a mach�ne G, such as �llustrated,
capable of g�v�ng both k�nds of currents. In such case �t �s also
preferable to use a mach�ne w�th mult�ple c�rcu�ts, as �n many
exper�ments �t �s useful and conven�ent to have at one's d�sposal
currents of d�fferent phases. In the sketch, D represents the d�rect
and A the alternat�ng c�rcu�t. In each of these, three branch c�rcu�ts
are shown, all of wh�ch are prov�ded w�th double l�ne sw�tches s s s s
s s. Cons�der f�rst the d�rect current convers�on; Ia represents the
s�mplest case. If the �. �. �. of the generator �s suff�c�ent to break
through a small a�r space, at least when the latter �s warmed or
otherw�se rendered poorly �nsulat�ng, there �s no d�ff�culty �n
ma�nta�n�ng a v�brat�on w�th fa�r economy by jud�c�ous adjustment of
the capac�ty, self-�nduct�on and res�stance of the c�rcu�t L conta�n�ng
the dev�ces l l m. The magnet N, S, can be �n th�s case
advantageously comb�ned w�th the a�r space. The d�scharger d d
w�th the magnet may be placed e�ther way, as �nd�cated by the full or
by the dotted l�nes. The c�rcu�t Ia w�th the connect�ons and dev�ces �s



supposed to possess d�mens�ons such as are su�table for the
ma�ntenance of a v�brat�on. But usually the �. �. �. on the c�rcu�t or
branch Ia w�ll be someth�ng l�ke a 100 volts or so, and �n th�s case �t
�s not suff�c�ent to break through the gap. Many d�fferent means may
be used to remedy th�s by ra�s�ng the �. �. �. across the gap. The
s�mplest �s probably to �nsert a large self-�nduct�on co�l �n ser�es w�th
the c�rcu�t L. When the arc �s establ�shed, as by the d�scharger
�llustrated �n F�g. 166, the magnet blows the arc out the �nstant �t �s
formed. Now the extra current of the break, be�ng of h�gh �. �. �.,
breaks through the gap, and a path of low res�stance for the dynamo
current be�ng aga�n prov�ded, there �s a sudden rush of current from
the dynamo upon the weaken�ng or subs�dence of the extra current.
Th�s process �s repeated �n rap�d success�on, and �n th�s manner I
have ma�nta�ned osc�llat�on w�th as low as 50 volts, or even less,
across the gap. But convers�on on th�s plan �s not to be
recommended on account of the too heavy currents through the gap
and consequent heat�ng of the electrodes; bes�des, the frequenc�es
obta�ned �n th�s way are low, ow�ng to the h�gh self-�nduct�on
necessar�ly assoc�ated w�th the c�rcu�t. It �s very des�rable to have the
�. �. �. as h�gh as poss�ble, f�rst, �n order to �ncrease the economy of
the convers�on, and, secondly, to obta�n h�gh frequenc�es. The
d�fference of potent�al �n th�s electr�c osc�llat�on �s, of course, the
equ�valent of the stretch�ng force �n the mechan�cal v�brat�on of the
spr�ng. To obta�n very rap�d v�brat�on �n a c�rcu�t of some �nert�a, a
great stretch�ng force or d�fference of potent�al �s necessary.
Inc�dentally, when the �. �. �. �s very great, the condenser wh�ch �s
usually employed �n connect�on w�th the c�rcu�t need but have a
small capac�ty, and many other advantages are ga�ned. W�th a v�ew
of ra�s�ng the �. �. �. to a many t�mes greater value than obta�nable
from ord�nary d�str�but�on c�rcu�ts, a rotat�ng transformer g �s used, as
�nd�cated at IIa, F�g. 165, or else a separate h�gh potent�al mach�ne �s
dr�ven by means of a motor operated from the generator G. The
latter plan �s �n fact preferable, as changes are eas�er made. The
connect�ons from the h�gh tens�on w�nd�ng are qu�te s�m�lar to those
�n branch Ia w�th the except�on that a condenser C, wh�ch should be
adjustable, �s connected to the h�gh tens�on c�rcu�t. Usually, also, an
adjustable self-�nduct�on co�l �n ser�es w�th the c�rcu�t has been



employed �n these exper�ments. When the tens�on of the currents �s
very h�gh, the magnet ord�nar�ly used �n connect�on w�th the
d�scharger �s of comparat�vely small value, as �t �s qu�te easy to
adjust the d�mens�ons of the c�rcu�t so that osc�llat�on �s ma�nta�ned.
The employment of a steady �. �. �. �n the h�gh frequency
convers�on affords some advantages over the employment of
alternat�ng �. �. �., as the adjustments are much s�mpler and the
act�on can be eas�er controlled. But unfortunately one �s l�m�ted by
the obta�nable potent�al d�fference. The w�nd�ng also breaks down
eas�ly �n consequence of the sparks wh�ch form between the
sect�ons of the armature or commutator when a v�gorous osc�llat�on
takes place. Bes�des, these transformers are expens�ve to bu�ld. It
has been found by exper�ence that �t �s best to follow the plan
�llustrated at IIIa. In th�s arrangement a rotat�ng transformer g, �s
employed to convert the low tens�on d�rect currents �nto low
frequency alternat�ng currents, preferably also of small tens�on. The
tens�on of the currents �s then ra�sed �n a stat�onary transformer T.
The secondary S of th�s transformer �s connected to an adjustable
condenser C wh�ch d�scharges through the gap or d�scharger d d,
placed �n e�ther of the ways �nd�cated, through the pr�mary P of a
d�srupt�ve d�scharge co�l, the h�gh frequency current be�ng obta�ned
from the secondary S of th�s co�l, as descr�bed on prev�ous
occas�ons. Th�s w�ll undoubtedly be found the cheapest and most
conven�ent way of convert�ng d�rect currents.

The three branches of the c�rcu�t A represent the usual cases met
�n pract�ce when alternat�ng currents are converted. In F�g. 1b a
condenser C, generally of large capac�ty, �s connected to the c�rcu�t L
conta�n�ng the dev�ces l l, m m. The dev�ces m m are supposed to be
of h�gh self-�nduct�on so as to br�ng the frequency of the c�rcu�t more
or less to that of the dynamo. In th�s �nstance the d�scharger d d
should best have a number of makes and breaks per second equal
to tw�ce the frequency of the dynamo. If not so, then �t should have at
least a number equal to a mult�ple or even fract�on of the dynamo
frequency. It should be observed, referr�ng to Ib, that the convers�on
to a h�gh potent�al �s also effected when the d�scharger d d, wh�ch �s
shown �n the sketch, �s om�tted. But the effects wh�ch are produced



by currents wh�ch r�se �nstantly to h�gh values, as �n a d�srupt�ve
d�scharge, are ent�rely d�fferent from those produced by dynamo
currents wh�ch r�se and fall harmon�cally. So, for �nstance, there
m�ght be �n a g�ven case a number of makes and breaks at d d equal
to just tw�ce the frequency of the dynamo, or �n other words, there
may be the same number of fundamental osc�llat�ons as would be
produced w�thout the d�scharge gap, and there m�ght even not be
any qu�cker super�mposed v�brat�on; yet the d�fferences of potent�al
at the var�ous po�nts of the c�rcu�t, the �mpedance and other
phenomena, dependent upon the rate of change, w�ll bear no
s�m�lar�ty �n the two cases. Thus, when work�ng w�th currents
d�scharg�ng d�srupt�vely, the element ch�efly to be cons�dered �s not
the frequency, as a student m�ght be apt to bel�eve, but the rate of
change per un�t of t�me. W�th low frequenc�es �n a certa�n measure
the same effects may be obta�ned as w�th h�gh frequenc�es, prov�ded
the rate of change �s suff�c�ently great. So �f a low frequency current
�s ra�sed to a potent�al of, say, 75,000 volts, and the h�gh tens�on
current passed through a ser�es of h�gh res�stance lamp f�laments,
the �mportance of the raref�ed gas surround�ng the f�lament �s clearly
noted, as w�ll be seen later; or, �f a low frequency current of several
thousand amperes �s passed through a metal bar, str�k�ng
phenomena of �mpedance are observed, just as w�th currents of h�gh
frequenc�es. But �t �s, of course, ev�dent that w�th low frequency
currents �t �s �mposs�ble to obta�n such rates of change per un�t of
t�me as w�th h�gh frequenc�es, hence the effects produced by the
latter are much more prom�nent. It �s deemed adv�sable to make the
preced�ng remarks, �nasmuch as many more recently descr�bed
effects have been unw�tt�ngly �dent�f�ed w�th h�gh frequenc�es.
Frequency alone �n real�ty does not mean anyth�ng, except when an
und�sturbed harmon�c osc�llat�on �s cons�dered.

In the branch IIIb a s�m�lar d�spos�t�on to that �n Ib �s �llustrated,
w�th the d�fference that the currents d�scharg�ng through the gap d d
are used to �nduce currents �n the secondary S of a transformer T. In
such case the secondary should be prov�ded w�th an adjustable
condenser for the purpose of tun�ng �t to the pr�mary.



IIb �llustrates a plan of alternate current h�gh frequency
convers�on wh�ch �s most frequently used and wh�ch �s found to be
most conven�ent. Th�s plan has been dwelt upon �n deta�l on
prev�ous occas�ons and need not be descr�bed here.

Some of these results were obta�ned by the use of a h�gh
frequency alternator. A descr�pt�on of such mach�nes w�ll be found �n
my or�g�nal paper before the Amer�can Inst�tute of Electr�cal
Eng�neers, and �n per�od�cals of that per�od, notably �n T��
E��������� E������� of March 18, 1891.

I w�ll now proceed w�th the exper�ments.

ON PHENOMENA PRODUCED BY
ELECTROSTATIC FORCE.

The f�rst class of effects I �ntend to show you are effects produced
by electrostat�c force. It �s the force wh�ch governs the the mot�on of
the atoms, wh�ch causes them to coll�de and develop the l�fe-
susta�n�ng energy of heat and l�ght, and wh�ch causes them to
aggregate �n an �nf�n�te var�ety of ways, accord�ng to Nature's fanc�ful
des�gns, and to form all these wondrous structures we perce�ve
around us; �t �s, �n fact, �f our present v�ews be true, the most
�mportant force for us to cons�der �n Nature. As the term electrostat�c
m�ght �mply a steady electr�c cond�t�on, �t should be remarked, that �n
these exper�ments the force �s not constant, but var�es at a rate
wh�ch may be cons�dered moderate, about one m�ll�on t�mes a
second, or thereabouts. Th�s enables me to produce many effects
wh�ch are not produc�ble w�th an unvary�ng force.

When two conduct�ng bod�es are �nsulated and electr�f�ed, we say
that an electrostat�c force �s act�ng between them. Th�s force
man�fests �tself �n attract�ons, repuls�ons and stresses �n the bod�es
and space or med�um w�thout. So great may be the stra�n exerted �n
the a�r, or whatever separates the two conduct�ng bod�es, that �t may
break down, and we observe sparks or bundles of l�ght or streamers,
as they are called. These streamers form abundantly when the force
through the a�r �s rap�dly vary�ng. I w�ll �llustrate th�s act�on of



electrostat�c force �n a novel exper�ment �n wh�ch I w�ll employ the
�nduct�on co�l before referred to. The co�l �s conta�ned �n a trough
f�lled w�th o�l, and placed under the table. The two ends of the
secondary w�re pass through the two th�ck columns of hard rubber
wh�ch protrude to some he�ght above the table. It �s necessary to
�nsulate the ends or term�nals of the secondary heav�ly w�th hard
rubber, because even dry wood �s by far too poor an �nsulator for
these currents of enormous potent�al d�fferences. On one of the
term�nals of the co�l, I have placed a large sphere of sheet brass,
wh�ch �s connected to a larger �nsulated brass plate, �n order to
enable me to perform the exper�ments under cond�t�ons, wh�ch, as
you w�ll see, are more su�table for th�s exper�ment. I now set the co�l
to work and approach the free term�nal w�th a metall�c object held �n
my hand, th�s s�mply to avo�d burns. As I approach the metall�c
object to a d�stance of e�ght or ten �nches, a torrent of fur�ous sparks
breaks forth from the end of the secondary w�re, wh�ch passes
through the rubber column. The sparks cease when the metal �n my
hand touches the w�re. My arm �s now traversed by a powerful
electr�c current, v�brat�ng at about the rate of one m�ll�on t�mes a
second. All around me the electrostat�c force makes �tself felt, and
the a�r molecules and part�cles of dust fly�ng about are acted upon
and are hammer�ng v�olently aga�nst my body. So great �s th�s
ag�tat�on of the part�cles, that when the l�ghts are turned out you may
see streams of feeble l�ght appear on some parts of my body. When
such a streamer breaks out on any part of the body, �t produces a
sensat�on l�ke the pr�ck�ng of a needle. Were the potent�als
suff�c�ently h�gh and the frequency of the v�brat�on rather low, the
sk�n would probably be ruptured under the tremendous stra�n, and
the blood would rush out w�th great force �n the form of f�ne spray or
jet so th�n as to be �nv�s�ble, just as o�l w�ll when placed on the
pos�t�ve term�nal of a Holtz mach�ne. The break�ng through of the
sk�n though �t may seem �mposs�ble at f�rst, would perhaps occur, by
reason of the t�ssues under the sk�n be�ng �ncomparably better
conduct�ng. Th�s, at least, appears plaus�ble, judg�ng from some
observat�ons.

F�g. 169.



F��. 169.

I can make these streams of l�ght v�s�ble to all, by touch�ng w�th
the metall�c object one of the term�nals as before, and approach�ng
my free hand to the brass sphere, wh�ch �s connected to the second
term�nal of the co�l. As the hand �s approached, the a�r between �t
and the sphere, or �n the �mmed�ate ne�ghborhood, �s more v�olently
ag�tated, and you see streams of l�ght now break forth from my f�nger
t�ps and from the whole hand (F�g. 169). Were I to approach the
hand closer, powerful sparks would jump from the brass sphere to
my hand, wh�ch m�ght be �njur�ous. The streamers offer no part�cular
�nconven�ence, except that �n the ends of the f�nger t�ps a burn�ng
sensat�on �s felt. They should not be confounded w�th those
produced by an �nfluence mach�ne, because �n many respects they
behave d�fferently. I have attached the brass sphere and plate to one
of the term�nals �n order to prevent the format�on of v�s�ble streamers
on that term�nal, also �n order to prevent sparks from jump�ng at a
cons�derable d�stance. Bes�des, the attachment �s favorable for the
work�ng of the co�l.

The streams of l�ght wh�ch you have observed �ssu�ng from my
hand are due to a potent�al of about 200,000 volts, alternat�ng �n
rather �rregular �ntervals, somet�mes l�ke a m�ll�on t�mes a second. A
v�brat�on of the same ampl�tude, but four t�mes as fast, to ma�nta�n
wh�ch over 3,000,000 volts would be requ�red, would be more than
suff�c�ent to envelop my body �n a complete sheet of flame. But th�s
flame would not burn me up; qu�te contrar�ly, the probab�l�ty �s that I
would not be �njured �n the least. Yet a hundredth part of that energy,
otherw�se d�rected, would be amply suff�c�ent to k�ll a person.

The amount of energy wh�ch may thus be passed �nto the body of
a person depends on the frequency and potent�al of the currents,
and by mak�ng both of these very great, a vast amount of energy
may be passed �nto the body w�thout caus�ng any d�scomfort, except
perhaps, �n the arm, wh�ch �s traversed by a true conduct�on current.
The reason why no pa�n �n the body �s felt, and no �njur�ous effect
noted, �s that everywhere, �f a current be �mag�ned to flow through
the body, the d�rect�on of �ts flow would be at r�ght angles to the



surface; hence the body of the exper�menter offers an enormous
sect�on to the current, and the dens�ty �s very small, w�th the
except�on of the arm, perhaps, where the dens�ty may be
cons�derable. But �f only a small fract�on of that energy would be
appl�ed �n such a way that a current would traverse the body �n the
same manner as a low frequency current, a shock would be rece�ved
wh�ch m�ght be fatal. A d�rect or low frequency alternat�ng current �s
fatal, I th�nk, pr�nc�pally because �ts d�str�but�on through the body �s
not un�form, as �t must d�v�de �tself �n m�nute streamlets of great
dens�ty, whereby some organs are v�tally �njured. That such a
process occurs I have not the least doubt, though no ev�dence m�ght
apparently ex�st, or be found upon exam�nat�on. The surest to �njure
and destroy l�fe, �s a cont�nuous current, but the most pa�nful �s an
alternat�ng current of very low frequency. The express�on of these
v�ews, wh�ch are the result of long cont�nued exper�ment and
observat�on, both w�th steady and vary�ng currents, �s el�c�ted by the
�nterest wh�ch �s at present taken �n th�s subject, and by the
man�festly erroneous �deas wh�ch are da�ly propounded �n journals
on th�s subject.

I may �llustrate an effect of the electrostat�c force by another
str�k�ng exper�ment, but before, I must call your attent�on to one or
two facts. I have sa�d before, that when the med�um between two
oppos�tely electr�f�ed bod�es �s stra�ned beyond a certa�n l�m�t �t g�ves
way and, stated �n popular language, the oppos�te electr�c charges
un�te and neutral�ze each other. Th�s break�ng down of the med�um
occurs pr�nc�pally when the force act�ng between the bod�es �s
steady, or var�es at a moderate rate. Were the var�at�on suff�c�ently
rap�d, such a destruct�ve break would not occur, no matter how great
the force, for all the energy would be spent �n rad�at�on, convect�on
and mechan�cal and chem�cal act�on. Thus the spark length, or
greatest d�stance wh�ch a spark w�ll jump between the electr�f�ed
bod�es �s the smaller, the greater the var�at�on or t�me rate of change.
But th�s rule may be taken to be true only �n a general way, when
compar�ng rates wh�ch are w�dely d�fferent.

F�g. 170a, 170b.
F��. 170a. F��. 170b.



I w�ll show you by an exper�ment the d�fference �n the effect
produced by a rap�dly vary�ng and a steady or moderately vary�ng
force. I have here two large c�rcular brass plates p p (F�g. 170a and
F�g. 170b), supported on movable �nsulat�ng stands on the table,
connected to the ends of the secondary of a co�l s�m�lar to the one
used before. I place the plates ten or twelve �nches apart and set the
co�l to work. You see the whole space between the plates, nearly two
cub�c feet, f�lled w�th un�form l�ght, F�g. 170a. Th�s l�ght �s due to the
streamers you have seen �n the f�rst exper�ment, wh�ch are now
much more �ntense. I have already po�nted out the �mportance of
these streamers �n commerc�al apparatus and the�r st�ll greater
�mportance �n some purely sc�ent�f�c �nvest�gat�ons. Often they are
too weak to be v�s�ble, but they always ex�st, consum�ng energy and
mod�fy�ng the act�on of the apparatus. When �ntense, as they are at
present, they produce ozone �n great quant�ty, and also, as Professor
Crookes has po�nted out, n�trous ac�d. So qu�ck �s the chem�cal
act�on that �f a co�l, such as th�s one, �s worked for a very long t�me �t
w�ll make the atmosphere of a small room unbearable, for the eyes
and throat are attacked. But when moderately produced, the
streamers refresh the atmosphere wonderfully, l�ke a thunder-storm,
and exerc�ses unquest�onably a benef�c�al effect.

In th�s exper�ment the force act�ng between the plates changes �n
�ntens�ty and d�rect�on at a very rap�d rate. I w�ll now make the rate of
change per un�t t�me much smaller. Th�s I effect by render�ng the
d�scharges through the pr�mary of the �nduct�on co�l less frequent,
and also by d�m�n�sh�ng the rap�d�ty of the v�brat�on �n the secondary.
The former result �s conven�ently secured by lower�ng the �. �. �.
over the a�r gap �n the pr�mary c�rcu�t, the latter by approach�ng the
two brass plates to a d�stance of about three or four �nches. When
the co�l �s set to work, you see no streamers or l�ght between the
plates, yet the med�um between them �s under a tremendous stra�n. I
st�ll further augment the stra�n by ra�s�ng the �. �. �. �n the pr�mary
c�rcu�t, and soon you see the a�r g�ve way and the hall �s �llum�nated
by a shower of br�ll�ant and no�sy sparks, F�g. 170b. These sparks
could be produced also w�th unvary�ng force; they have been for
many years a fam�l�ar phenomenon, though they were usually



obta�ned from an ent�rely d�fferent apparatus. In descr�b�ng these two
phenomena so rad�cally d�fferent �n appearance, I have adv�sedly
spoken of a "force" act�ng between the plates. It would be �n
accordance w�th accepted v�ews to say, that there was an
"alternat�ng �. �. �," act�ng between the plates. Th�s term �s qu�te
proper and appl�cable �n all cases where there �s ev�dence of at least
a poss�b�l�ty of an essent�al �nter-dependence of the electr�c state of
the plates, or electr�c act�on �n the�r ne�ghborhood. But �f the plates
were removed to an �nf�n�te d�stance, or �f at a f�n�te d�stance, there �s
no probab�l�ty or necess�ty whatever for such dependence. I prefer to
use the term "electrostat�c force," and to say that such a force �s
act�ng around each plate or electr�f�ed �nsulated body �n general.
There �s an �nconven�ence �n us�ng th�s express�on as the term
�nc�dentally means a steady electr�c cond�t�on; but a proper
nomenclature w�ll eventually settle th�s d�ff�culty.

I now return to the exper�ment to wh�ch I have already alluded,
and w�th wh�ch I des�re to �llustrate a str�k�ng effect produced by a
rap�dly vary�ng electrostat�c force. I attach to the end of the w�re, l
(F�g. 171), wh�ch �s �n connect�on w�th one of the term�nals of the
secondary of the �nduct�on co�l, an exhausted bulb b. Th�s bulb
conta�ns a th�n carbon f�lament f, wh�ch �s fastened to a plat�num w�re
w, sealed �n the glass and lead�ng outs�de of the bulb, where �t
connects to the w�re l. The bulb may be exhausted to any degree
atta�nable w�th ord�nary apparatus. Just a moment before, you have
w�tnessed the break�ng down of the a�r between the charged brass
plates. You know that a plate of glass, or any other �nsulat�ng
mater�al, would break down �n l�ke manner. Had I therefore a metall�c
coat�ng attached to the outs�de of the bulb, or placed near the same,
and were th�s coat�ng connected to the other term�nal of the co�l, you
would be prepared to see the glass g�ve way �f the stra�n were
suff�c�ently �ncreased. Even were the coat�ng not connected to the
other term�nal, but to an �nsulated plate, st�ll, �f you have followed
recent developments, you would naturally expect a rupture of the
glass.

F�g. 171, 172a, 172b.
F��. 171. F��. 172a. F��. 172b.



But �t w�ll certa�nly surpr�se you to note that under the act�on of
the vary�ng electrostat�c force, the glass g�ves way when all other
bod�es are removed from the bulb. In fact, all the surround�ng bod�es
we perce�ve m�ght be removed to an �nf�n�te d�stance w�thout
affect�ng the result �n the sl�ghtest. When the co�l �s set to work, the
glass �s �nvar�ably broken through at the seal, or other narrow
channel, and the vacuum �s qu�ckly �mpa�red. Such a damag�ng
break would not occur w�th a steady force, even �f the same were
many t�mes greater. The break �s due to the ag�tat�on of the
molecules of the gas w�th�n the bulb, and outs�de of the same. Th�s
ag�tat�on, wh�ch �s generally most v�olent �n the narrow po�nted
channel near the seal, causes a heat�ng and rupture of the glass.
Th�s rupture, would, however, not occur, not even w�th a vary�ng
force, �f the med�um f�ll�ng the �ns�de of the bulb, and that
surround�ng �t, were perfectly homogeneous. The break occurs much
qu�cker �f the top of the bulb �s drawn out �nto a f�ne f�bre. In bulbs
used w�th these co�ls such narrow, po�nted channels must therefore
be avo�ded.

When a conduct�ng body �s �mmersed �n a�r, or s�m�lar �nsulat�ng
med�um, cons�st�ng of, or conta�n�ng, small freely movable part�cles
capable of be�ng electr�f�ed, and when the electr�f�cat�on of the body
�s made to undergo a very rap�d change—wh�ch �s equ�valent to
say�ng that the electrostat�c force act�ng around the body �s vary�ng
�n �ntens�ty,—the small part�cles are attracted and repelled, and the�r
v�olent �mpacts aga�nst the body may cause a mechan�cal mot�on of
the latter. Phenomena of th�s k�nd are noteworthy, �nasmuch as they
have not been observed before w�th apparatus such as has been
commonly �n use. If a very l�ght conduct�ng sphere be suspended on
an exceed�ngly f�ne w�re, and charged to a steady potent�al, however
h�gh, the sphere w�ll rema�n at rest. Even �f the potent�al would be
rap�dly vary�ng, prov�ded that the small part�cles of matter, molecules
or atoms, are evenly d�str�buted, no mot�on of the sphere should
result. But �f one s�de of the conduct�ng sphere �s covered w�th a
th�ck �nsulat�ng layer, the �mpacts of the part�cles w�ll cause the
sphere to move about, generally �n �rregular curves, F�g. 172a. In l�ke
manner, as I have shown on a prev�ous occas�on, a fan of sheet



metal, F�g. 172b, covered part�ally w�th �nsulat�ng mater�al as
�nd�cated, and placed upon the term�nal of the co�l so as to turn freely
on �t, �s spun around.

All these phenomena you have w�tnessed and others wh�ch w�ll
be shown later, are due to the presence of a med�um l�ke a�r, and
would not occur �n a cont�nuous med�um. The act�on of the a�r may
be �llustrated st�ll better by the follow�ng exper�ment. I take a glass
tube t, F�g. 173, of about an �nch �n d�ameter, wh�ch has a plat�num
w�re w sealed �n the lower end, and to wh�ch �s attached a th�n lamp
f�lament f. I connect the w�re w�th the term�nal of the co�l and set the
co�l to work. The plat�num w�re �s now electr�f�ed pos�t�vely and
negat�vely �n rap�d success�on and the w�re and a�r �ns�de of the tube
�s rap�dly heated by the �mpacts of the part�cles, wh�ch may be so
v�olent as to render the f�lament �ncandescent. But �f I pour o�l �n the
tube, just as soon as the w�re �s covered w�th the o�l, all act�on
apparently ceases and there �s no marked ev�dence of heat�ng. The
reason of th�s �s that the o�l �s a pract�cally cont�nuous med�um. The
d�splacements �n such a cont�nuous med�um are, w�th these
frequenc�es, to all appearance �ncomparably smaller than �n a�r,
hence the work performed �n such a med�um �s �ns�gn�f�cant. But o�l
would behave very d�fferently w�th frequenc�es many t�mes as great,
for even though the d�splacements be small, �f the frequency were
much greater, cons�derable work m�ght be performed �n the o�l.

F�g. 173, 174.
F��. 173. F��. 174.

The electrostat�c attract�ons and repuls�ons between bod�es of
measurable d�mens�ons are, of all the man�festat�ons of th�s force,
the f�rst so-called electr�cal phenomena noted. But though they have
been known to us for many centur�es, the prec�se nature of the
mechan�sm concerned �n these act�ons �s st�ll unknown to us, and
has not been even qu�te sat�sfactor�ly expla�ned. What k�nd of
mechan�sm must that be? We cannot help wonder�ng when we
observe two magnets attract�ng and repell�ng each other w�th a force
of hundreds of pounds w�th apparently noth�ng between them. We
have �n our commerc�al dynamos magnets capable of susta�n�ng �n



m�d-a�r tons of we�ght. But what are even these forces act�ng
between magnets when compared w�th the tremendous attract�ons
and repuls�ons produced by electrostat�c force, to wh�ch there �s
apparently no l�m�t as to �ntens�ty. In l�ghtn�ng d�scharges bod�es are
often charged to so h�gh a potent�al that they are thrown away w�th
�nconce�vable force and torn asunder or shattered �nto fragments.
St�ll even such effects cannot compare w�th the attract�ons and
repuls�ons wh�ch ex�st between charged molecules or atoms, and
wh�ch are suff�c�ent to project them w�th speeds of many k�lometres a
second, so that under the�r v�olent �mpact bod�es are rendered h�ghly
�ncandescent and are volat�l�zed. It �s of spec�al �nterest for the
th�nker who �nqu�res �nto the nature of these forces to note that
whereas the act�ons between �nd�v�dual molecules or atoms occur
seem�ngly under any cond�t�ons, the attract�ons and repuls�ons of
bod�es of measurable d�mens�ons �mply a med�um possess�ng
�nsulat�ng propert�es. So, �f a�r, e�ther by be�ng raref�ed or heated, �s
rendered more or less conduct�ng, these act�ons between two
electr�f�ed bod�es pract�cally cease, wh�le the act�ons between the
�nd�v�dual atoms cont�nue to man�fest themselves.

An exper�ment may serve as an �llustrat�on and as a means of
br�ng�ng out other features of �nterest. Some t�me ago I showed that
a lamp f�lament or w�re mounted �n a bulb and connected to one of
the term�nals of a h�gh tens�on secondary co�l �s set sp�nn�ng, the top
of the f�lament generally descr�b�ng a c�rcle. Th�s v�brat�on was very
energet�c when the a�r �n the bulb was at ord�nary pressure and
became less energet�c when the a�r �n the bulb was strongly
compressed. It ceased altogether when the a�r was exhausted so as
to become comparat�vely good conduct�ng. I found at that t�me that
no v�brat�on took place when the bulb was very h�ghly exhausted.
But I conjectured that the v�brat�on wh�ch I ascr�bed to the
electrostat�c act�on between the walls of the bulb and the f�lament
should take place also �n a h�ghly exhausted bulb. To test th�s under
cond�t�ons wh�ch were more favorable, a bulb l�ke the one �n F�g.
174, was constructed. It compr�sed a globe b, �n the neck of wh�ch
was sealed a plat�num w�re w carry�ng a th�n lamp f�lament f. In the
lower part of the globe a tube t was sealed so as to surround the



f�lament. The exhaust�on was carr�ed as far as �t was pract�cable w�th
the apparatus employed.

Th�s bulb ver�f�ed my expectat�on, for the f�lament was set
sp�nn�ng when the current was turned on, and became �ncandescent.
It also showed another �nterest�ng feature, bear�ng upon the
preced�ng remarks, namely, when the f�lament had been kept
�ncandescent some t�me, the narrow tube and the space �ns�de were
brought to an elevated temperature, and as the gas �n the tube then
became conduct�ng, the electrostat�c attract�on between the glass
and the f�lament became very weak or ceased, and the f�lament
came to rest. When �t came to rest �t would glow far more �ntensely.
Th�s was probably due to �ts assum�ng the pos�t�on �n the centre of
the tube where the molecular bombardment was most �ntense, and
also partly to the fact that the �nd�v�dual �mpacts were more v�olent
and that no part of the suppl�ed energy was converted �nto
mechan�cal movement. S�nce, �n accordance w�th accepted v�ews, �n
th�s exper�ment the �ncandescence must be attr�buted to the �mpacts
of the part�cles, molecules or atoms �n the heated space, these
part�cles must therefore, �n order to expla�n such act�on, be assumed
to behave as �ndependent carr�ers of electr�c charges �mmersed �n
an �nsulat�ng med�um; yet there �s no attract�ve force between the
glass tube and the f�lament because the space �n the tube �s, as a
whole, conduct�ng.

It �s of some �nterest to observe �n th�s connect�on that whereas
the attract�on between two electr�f�ed bod�es may cease ow�ng to the
�mpa�r�ng of the �nsulat�ng power of the med�um �n wh�ch they are
�mmersed, the repuls�on between the bod�es may st�ll be observed.
Th�s may be expla�ned �n a plaus�ble way. When the bod�es are
placed at some d�stance �n a poorly conduct�ng med�um, such as
sl�ghtly warmed or raref�ed a�r, and are suddenly electr�f�ed, oppos�te
electr�c charges be�ng �mparted to them, these charges equal�ze
more or less by leakage through the a�r. But �f the bod�es are
s�m�larly electr�f�ed, there �s less opportun�ty afforded for such
d�ss�pat�on, hence the repuls�on observed �n such case �s greater
than the attract�on. Repuls�ve act�ons �n a gaseous med�um are



however, as Prof. Crookes has shown, enhanced by molecular
bombardment.

ON CURRENT OR DYNAMIC ELECTRICITY
PHENOMENA.

So far, I have cons�dered pr�nc�pally effects produced by a
vary�ng electrostat�c force �n an �nsulat�ng med�um, such as a�r.
When such a force �s act�ng upon a conduct�ng body of measurable
d�mens�ons, �t causes w�th�n the same, or on �ts surface,
d�splacements of the electr�c�ty and g�ves r�se to electr�c currents,
and these produce another k�nd of phenomena, some of wh�ch I
shall presently endeavor to �llustrate. In present�ng th�s second class
of electr�cal effects, I w�ll ava�l myself pr�nc�pally of such as are
produc�ble w�thout any return c�rcu�t, hop�ng to �nterest you the more
by present�ng these phenomena �n a more or less novel aspect.

It has been a long t�me customary, ow�ng to the l�m�ted
exper�ence w�th v�bratory currents, to cons�der an electr�c current as
someth�ng c�rculat�ng �n a closed conduct�ng path. It was aston�sh�ng
at f�rst to real�ze that a current may flow through the conduct�ng path
even �f the latter be �nterrupted, and �t was st�ll more surpr�s�ng to
learn, that somet�mes �t may be even eas�er to make a current flow
under such cond�t�ons than through a closed path. But that old �dea
�s gradually d�sappear�ng, even among pract�cal men, and w�ll soon
be ent�rely forgotten.



F�g. 175.
F��. 175.

If I connect an �nsulated metal plate P, F�g. 175, to one of the
term�nals T of the �nduct�on co�l by means of a w�re, though th�s plate
be very well �nsulated, a current passes through the w�re when the
co�l �s set to work. F�rst I w�sh to g�ve you ev�dence that there �s a
current pass�ng through the connect�ng w�re. An obv�ous way of
demonstrat�ng th�s �s to �nsert between the term�nal of the co�l and
the �nsulated plate a very th�n plat�num or german s�lver w�re w and
br�ng the latter to �ncandescence or fus�on by the current. Th�s
requ�res a rather large plate or else current �mpulses of very h�gh
potent�al and frequency. Another way �s to take a co�l C, F�g. 175,
conta�n�ng many turns of th�n �nsulated w�re and to �nsert the same �n
the path of the current to the plate. When I connect one of the ends
of the co�l to the w�re lead�ng to another �nsulated plate P1, and �ts
other end to the term�nal T1 of the �nduct�on co�l, and set the latter to
work, a current passes through the �nserted co�l C and the ex�stence
of the current may be made man�fest �n var�ous ways. For �nstance, I
�nsert an �ron core � w�th�n the co�l. The current be�ng one of very
h�gh frequency, w�ll, �f �t be of some strength, soon br�ng the �ron core
to a not�ceably h�gher temperature, as the hysteres�s and current
losses are great w�th such h�gh frequenc�es. One m�ght take a core
of some s�ze, lam�nated or not, �t would matter l�ttle; but ord�nary �ron
w�re 1/16th or 1/8th of an �nch th�ck �s su�table for the purpose. Wh�le
the �nduct�on co�l �s work�ng, a current traverses the �nserted co�l and
only a few moments are suff�c�ent to br�ng the �ron w�re � to an
elevated temperature suff�c�ent to soften the seal�ng-wax s, and
cause a paper washer p fastened by �t to the �ron w�re to fall off. But
w�th the apparatus such as I have here, other, much more
�nterest�ng, demonstrat�ons of th�s k�nd can be made. I have a
secondary S, F�g 176, of coarse w�re, wound upon a co�l s�m�lar to
the f�rst. In the preced�ng exper�ment the current through the co�l C,
F�g. 175, was very small, but there be�ng many turns a strong
heat�ng effect was, nevertheless, produced �n the �ron w�re. Had I
passed that current through a conductor �n order to show the heat�ng
of the latter, the current m�ght have been too small to produce the



effect des�red. But w�th th�s co�l prov�ded w�th a secondary w�nd�ng, I
can now transform the feeble current of h�gh tens�on wh�ch passes
through the pr�mary P �nto a strong secondary current of low tens�on,
and th�s current w�ll qu�te certa�nly do what I expect. In a small glass
tube (t, F�g. 176), I have enclosed a co�led plat�num w�re, w, th�s
merely �n order to protect the w�re. On each end of the glass tube �s
sealed a term�nal of stout w�re to wh�ch one of the ends of the
plat�num w�re w, �s connected. I jo�n the term�nals of the secondary
co�l to these term�nals and �nsert the pr�mary p, between the
�nsulated plate P1, and the term�nal T1, of the �nduct�on co�l as before.
The latter be�ng set to work, �nstantly the plat�num w�re w �s rendered
�ncandescent and can be fused, even �f �t be very th�ck.

F�g. 176.
F��. 176.

Instead of the plat�num w�re I now take an ord�nary 50-volt 16 �.
�. lamp. When I set the �nduct�on co�l �n operat�on the lamp f�lament
�s brought to h�gh �ncandescence. It �s, however, not necessary to
use the �nsulated plate, for the lamp (l, F�g. 177) �s rendered
�ncandescent even �f the plate P1 be d�sconnected. The secondary
may also be connected to the pr�mary as �nd�cated by the dotted l�ne
�n F�g. 177, to do away more or less w�th the electrostat�c �nduct�on
or to mod�fy the act�on otherw�se.

F�g. 177.
F��. 177.

I may here call attent�on to a number of �nterest�ng observat�ons
w�th the lamp. F�rst, I d�sconnect one of the term�nals of the lamp
from the secondary S. When the �nduct�on co�l plays, a glow �s noted
wh�ch f�lls the whole bulb. Th�s glow �s due to electrostat�c �nduct�on.
It �ncreases when the bulb �s grasped w�th the hand, and the
capac�ty of the exper�menter's body thus added to the secondary
c�rcu�t. The secondary, �n effect, �s equ�valent to a metall�c coat�ng,
wh�ch would be placed near the pr�mary. If the secondary, or �ts
equ�valent, the coat�ng, were placed symmetr�cally to the pr�mary,
the electrostat�c �nduct�on would be n�l under ord�nary cond�t�ons,



that �s, when a pr�mary return c�rcu�t �s used, as both halves would
neutral�ze each other. The secondary �s �n fact placed symmetr�cally
to the pr�mary, but the act�on of both halves of the latter, when only
one of �ts ends �s connected to the �nduct�on co�l, �s not exactly
equal; hence electrostat�c �nduct�on takes place, and hence the glow
�n the bulb. I can nearly equal�ze the act�on of both halves of the
pr�mary by connect�ng the other, free end of the same to the
�nsulated plate, as �n the preced�ng exper�ment. When the plate �s
connected, the glow d�sappears. W�th a smaller plate �t would not
ent�rely d�sappear and then �t would contr�bute to the br�ghtness of
the f�lament when the secondary �s closed, by warm�ng the a�r �n the
bulb.

F�g. 178a, 178b. F��. 178a.     F��. 178b.
F�g. 179a, 179b. F��. 179a.     F��. 179b.

To demonstrate another �nterest�ng feature, I have adjusted the
co�ls used �n a certa�n way. I f�rst connect both the term�nals of the
lamp to the secondary, one end of the pr�mary be�ng connected to
the term�nal T1 of the �nduct�on co�l and the other to the �nsulated
plate P1 as before. When the current �s turned on, the lamp glows
br�ghtly, as shown �n F�g. 178b, �n wh�ch C �s a f�ne w�re co�l and S a
coarse w�re secondary wound upon �t. If the �nsulated plate P1 �s
d�sconnected, leav�ng one of the ends a of the pr�mary �nsulated, the
f�lament becomes dark or generally �t d�m�n�shes �n br�ghtness (F�g.
178a). Connect�ng aga�n the plate P1 and ra�s�ng the frequency of
the current, I make the f�lament qu�te dark or barely red (F�g. 179b).
Once more I w�ll d�sconnect the plate. One w�ll of course �nfer that
when the plate �s d�sconnected, the current through the pr�mary w�ll
be weakened, that therefore the �. �. �. w�ll fall �n the secondary S,
and that the br�ghtness of the lamp w�ll d�m�n�sh. Th�s m�ght be the
case and the result can be secured by an easy adjustment of the
co�ls; also by vary�ng the frequency and potent�al of the currents. But
�t �s perhaps of greater �nterest to note, that the lamp �ncreases �n
br�ghtness when the plate �s d�sconnected (F�g. 179a). In th�s case
all the energy the pr�mary rece�ves �s now sunk �nto �t, l�ke the charge
of a battery �n an ocean cable, but most of that energy �s recovered



through the secondary and used to l�ght the lamp. The current
travers�ng the pr�mary �s strongest at the end b wh�ch �s connected to
the term�nal T1 of the �nduct�on co�l, and d�m�n�shes �n strength
towards the remote end a. But the dynam�c �nduct�ve effect exerted
upon the secondary S �s now greater than before, when the
suspended plate was connected to the pr�mary. These results m�ght
have been produced by a number of causes. For �nstance, the plate
P1 be�ng connected, the react�on from the co�l C may be such as to
d�m�n�sh the potent�al at the term�nal T1 of the �nduct�on co�l, and
therefore weaken the current through the pr�mary of the co�l C. Or the
d�sconnect�ng of the plate may d�m�n�sh the capac�ty effect w�th
relat�on to the pr�mary of the latter co�l to such an extent that the
current through �t �s d�m�n�shed, though the potent�al at the term�nal
T1 of the �nduct�on co�l may be the same or even h�gher. Or the result
m�ght have been produced by the change of phase of the pr�mary
and secondary currents and consequent react�on. But the ch�ef
determ�n�ng factor �s the relat�on of the self-�nduct�on and capac�ty of
co�l C and plate P1 and the frequency of the currents. The greater
br�ghtness of the f�lament �n F�g. 179a, �s, however, �n part due to the
heat�ng of the raref�ed gas �n the lamp by electrostat�c �nduct�on,
wh�ch, as before remarked, �s greater when the suspended plate �s
d�sconnected.

St�ll another feature of some �nterest I may here br�ng to your
attent�on. When the �nsulated plate �s d�sconnected and the
secondary of the co�l opened, by approach�ng a small object to the
secondary, but very small sparks can be drawn from �t, show�ng that
the electrostat�c �nduct�on �s small �n th�s case. But upon the
secondary be�ng closed upon �tself or through the lamp, the f�lament
glow�ng br�ghtly, strong sparks are obta�ned from the secondary. The
electrostat�c �nduct�on �s now much greater, because the closed
secondary determ�nes a greater flow of current through the pr�mary
and pr�nc�pally through that half of �t wh�ch �s connected to the
�nduct�on co�l. If now the bulb be grasped w�th the hand, the capac�ty
of the secondary w�th reference to the pr�mary �s augmented by the
exper�menter's body and the lum�nos�ty of the f�lament �s �ncreased,
the �ncandescence now be�ng due partly to the flow of current



through the f�lament and partly to the molecular bombardment of the
raref�ed gas �n the bulb.

The preced�ng exper�ments w�ll have prepared one for the next
follow�ng results of �nterest, obta�ned �n the course of these
�nvest�gat�ons. S�nce I can pass a current through an �nsulated w�re
merely by connect�ng one of �ts ends to the source of electr�cal
energy, s�nce I can �nduce by �t another current, magnet�ze an �ron
core, and, �n short, perform all operat�ons as though a return c�rcu�t
were used, clearly I can also dr�ve a motor by the a�d of only one
w�re. On a former occas�on I have descr�bed a s�mple form of motor
compr�s�ng a s�ngle exc�t�ng co�l, an �ron core and d�sc. F�g. 180
�llustrates a mod�f�ed way of operat�ng such an alternate current
motor by currents �nduced �n a transformer connected to one lead,
and several other arrangements of c�rcu�ts for operat�ng a certa�n
class of alternat�ng motors founded on the act�on of currents of
d�ffer�ng phase. In v�ew of the present state of the art �t �s thought
suff�c�ent to descr�be these arrangements �n a few words only. The
d�agram, F�g. 180 II., shows a pr�mary co�l P, connected w�th one of
�ts ends to the l�ne L lead�ng from a h�gh tens�on transformer term�nal
T1. In �nduct�ve relat�on to th�s pr�mary P �s a secondary S of coarse
w�re �n the c�rcu�t of wh�ch �s a co�l c. The currents �nduced �n the
secondary energ�ze the �ron core �, wh�ch �s preferably, but not
necessar�ly, subd�v�ded, and set the metal d�sc d �n rotat�on. Such a
motor M2 as d�agramat�cally shown �n F�g. 180 II., has been called a
"magnet�c lag motor," but th�s express�on may be objected to by
those who attr�bute the rotat�on of the d�sc to eddy currents
c�rculat�ng �n m�nute paths when the core � �s f�nally subd�v�ded. In
order to operate such a motor effect�vely on the plan �nd�cated, the
frequenc�es should not be too h�gh, not more than four or f�ve
thousand, though the rotat�on �s produced even w�th ten thousand
per second, or more.

In F�g. 180 I., a motor M1 hav�ng two energ�z�ng c�rcu�ts, A and B,
�s d�agrammat�cally �nd�cated. The c�rcu�t A �s connected to the l�ne L
and �n ser�es w�th �t �s a pr�mary P, wh�ch may have �ts free end
connected to an �nsulated plate P1, such connect�on be�ng �nd�cated



by the dotted l�nes. The other motor c�rcu�t B �s connected to the
secondary S wh�ch �s �n �nduct�ve relat�on to the pr�mary P. When the
transformer term�nal T1 �s alternately electr�f�ed, currents traverse the
open l�ne L and also c�rcu�t A and pr�mary P. The currents through the
latter �nduce secondary currents �n the c�rcu�t S, wh�ch pass through
the energ�z�ng co�l B of the motor. The currents through the
secondary S and those through the pr�mary P d�ffer �n phase 90
degrees, or nearly so, and are capable of rotat�ng an armature
placed �n �nduct�ve relat�on to the c�rcu�ts A and B.

In F�g. 180 III., a s�m�lar motor M3 w�th two energ�z�ng c�rcu�ts A1
and B1 �s �llustrated. A pr�mary P, connected w�th one of �ts ends to
the l�ne L has a secondary S, wh�ch �s preferably wound for a
tolerably h�gh �. �. �., and to wh�ch the two energ�z�ng c�rcu�ts of the
motor are connected, one d�rectly to the ends of the secondary and
the other through a condenser C, by the act�on of wh�ch the currents
travers�ng the c�rcu�t A1 and B1 are made to d�ffer �n phase.

F�g. 180.
F��. 180.

F�g. 181, 182.
F��. 181. F��. 182.

In F�g. 180 IV., st�ll another arrangement �s shown. In th�s case
two pr�mar�es P1 and P2 are connected to the l�ne L, one through a
condenser C of small capac�ty, and the other d�rectly. The pr�mar�es
are prov�ded w�th secondar�es S1 and S2 wh�ch are �n ser�es w�th the
energ�z�ng c�rcu�ts, A2 and B2 and a motor M3, the condenser C aga�n
serv�ng to produce the requ�s�te d�fference �n the phase of the
currents travers�ng the motor c�rcu�ts. As such phase motors w�th two
or more c�rcu�ts are now well known �n the art, they have been here
�llustrated d�agrammat�cally. No d�ff�culty whatever �s found �n
operat�ng a motor �n the manner �nd�cated, or �n s�m�lar ways; and
although such exper�ments up to th�s day present only sc�ent�f�c
�nterest, they may at a per�od not far d�stant, be carr�ed out w�th
pract�cal objects �n v�ew.



It �s thought useful to devote here a few remarks to the subject of
operat�ng dev�ces of all k�nds by means of only one lead�ng w�re. It �s
qu�te obv�ous, that when h�gh-frequency currents are made use of,
ground connect�ons are—at least when the �. �. �. of the currents �s
great—better than a return w�re. Such ground connect�ons are
object�onable w�th steady or low frequency currents on account of
destruct�ve chem�cal act�ons of the former and d�sturb�ng �nfluences
exerted by both on the ne�ghbor�ng c�rcu�ts; but w�th h�gh frequenc�es
these act�ons pract�cally do not ex�st. St�ll, even ground connect�ons
become superfluous when the �. �. �. �s very h�gh, for soon a
cond�t�on �s reached, when the current may be passed more
econom�cally through open, than through closed, conductors.
Remote as m�ght seem an �ndustr�al appl�cat�on of such s�ngle w�re
transm�ss�on of energy to one not exper�enced �n such l�nes of
exper�ment, �t w�ll not seem so to anyone who for some t�me has
carr�ed on �nvest�gat�ons of such nature. Indeed I cannot see why
such a plan should not be pract�cable. Nor should �t be thought that
for carry�ng out such a plan currents of very h�gh frequency are
expressly requ�red, for just as soon as potent�als of say 30,000 volts
are used, the s�ngle w�re transm�ss�on may be effected w�th low
frequenc�es, and exper�ments have been made by me from wh�ch
these �nferences are made.

When the frequenc�es are very h�gh �t has been found �n
laboratory pract�ce qu�te easy to regulate the effects �n the manner
shown �n d�agram F�g. 181. Here two pr�mar�es P and P1 are shown,
each connected w�th one of �ts ends to the l�ne L and w�th the other
end to the condenser plates C and C, respect�vely. Near these are
placed other condenser plates C1 and C1, the former be�ng
connected to the l�ne L and the latter to an �nsulated larger plate P2.
On the pr�mar�es are wound secondar�es S and S1, of coarse w�re,
connected to the dev�ces d and l respect�vely. By vary�ng the
d�stances of the condenser plates C and C1, and C and C1 the
currents through the secondar�es S and S1 are var�ed �n �ntens�ty.
The cur�ous feature �s the great sens�t�veness, the sl�ghtest change
�n the d�stance of the plates produc�ng cons�derable var�at�ons �n the
�ntens�ty or strength of the currents. The sens�t�veness may be



rendered extreme by mak�ng the frequency such, that the pr�mary
�tself, w�thout any plate attached to �ts free end, sat�sf�es, �n
conjunct�on w�th the closed secondary, the cond�t�on of resonance. In
such cond�t�on an extremely small change �n the capac�ty of the free
term�nal produces great var�at�ons. For �nstance, I have been able to
adjust the cond�t�ons so that the mere approach of a person to the
co�l produces a cons�derable change �n the br�ghtness of the lamps
attached to the secondary. Such observat�ons and exper�ments
possess, of course, at present, ch�efly sc�ent�f�c �nterest, but they
may soon become of pract�cal �mportance.

Very h�gh frequenc�es are of course not pract�cable w�th motors
on account of the necess�ty of employ�ng �ron cores. But one may
use sudden d�scharges of low frequency and thus obta�n certa�n
advantages of h�gh-frequency currents w�thout render�ng the �ron
core ent�rely �ncapable of follow�ng the changes and w�thout enta�l�ng
a very great expend�ture of energy �n the core. I have found �t qu�te
pract�cable to operate w�th such low frequency d�srupt�ve d�scharges
of condensers, alternat�ng-current motors. A certa�n class of such
motors wh�ch I advanced a few years ago, wh�ch conta�n closed
secondary c�rcu�ts, w�ll rotate qu�te v�gorously when the d�scharges
are d�rected through the exc�t�ng co�ls. One reason that such a motor
operates so well w�th these d�scharges �s that the d�fference of phase
between the pr�mary and secondary currents �s 90 degrees, wh�ch �s
generally not the case w�th harmon�cally r�s�ng and fall�ng currents of
low frequency. It m�ght not be w�thout �nterest to show an exper�ment
w�th a s�mple motor of th�s k�nd, �nasmuch as �t �s commonly thought
that d�srupt�ve d�scharges are unsu�table for such purposes. The
motor �s �llustrated �n F�g. 182. It compr�ses a rather large �ron core �
w�th slots on the top �nto wh�ch are embedded th�ck copper washers
c c. In prox�m�ty to the core �s a freely-movable metal d�sc D. The
core �s prov�ded w�th a pr�mary exc�t�ng co�l C1 the ends a and b of
wh�ch are connected to the term�nals of the secondary S of an
ord�nary transformer, the pr�mary P of the latter be�ng connected to
an alternat�ng d�str�but�on c�rcu�t or generator G of low or moderate
frequency. The term�nals of the secondary S are attached to a
condenser C wh�ch d�scharges through an a�r gap d d wh�ch may be



placed �n ser�es or shunt to the co�l C1. When the cond�t�ons are
properly chosen the d�sc D rotates w�th cons�derable effort and the
�ron core � does not get very percept�bly hot. W�th currents from a
h�gh-frequency alternator, on the contrary, the core gets rap�dly hot
and the d�sc rotates w�th a much smaller effort. To perform the
exper�ment properly �t should be f�rst ascerta�ned that the d�sc D �s
not set �n rotat�on when the d�scharge �s not occurr�ng at d d. It �s
preferable to use a large �ron core and a condenser of large capac�ty
so as to br�ng the super�mposed qu�cker osc�llat�on to a very low
p�tch or to do away w�th �t ent�rely. By observ�ng certa�n elementary
rules I have also found �t pract�cable to operate ord�nary ser�es or
shunt d�rect-current motors w�th such d�srupt�ve d�scharges, and th�s
can be done w�th or w�thout a return w�re.

IMPEDANCE PHENOMENA.

Among the var�ous current phenomena observed, perhaps the
most �nterest�ng are those of �mpedance presented by conductors to
currents vary�ng at a rap�d rate. In my f�rst paper before the
Amer�can Inst�tute of Electr�cal Eng�neers, I have descr�bed a few
str�k�ng observat�ons of th�s k�nd. Thus I showed that when such
currents or sudden d�scharges are passed through a th�ck metal bar
there may be po�nts on the bar only a few �nches apart, wh�ch have a
suff�c�ent potent�al d�fference between them to ma�nta�n at br�ght
�ncandescence an ord�nary f�lament lamp. I have also descr�bed the
cur�ous behav�or of raref�ed gas surround�ng a conductor, due to
such sudden rushes of current. These phenomena have s�nce been
more carefully stud�ed and one or two novel exper�ments of th�s k�nd
are deemed of suff�c�ent �nterest to be descr�bed here.

Referr�ng to F�g. 183a, B and B1 are very stout copper bars
connected at the�r lower ends to plates C and C1, respect�vely, of a
condenser, the oppos�te plates of the latter be�ng connected to the
term�nals of the secondary S of a h�gh-tens�on transformer, the
pr�mary P of wh�ch �s suppl�ed w�th alternat�ng currents from an
ord�nary low-frequency dynamo G or d�str�but�on c�rcu�t. The
condenser d�scharges through an adjustable gap d d as usual. By



establ�sh�ng a rap�d v�brat�on �t was found qu�te easy to perform the
follow�ng cur�ous exper�ment. The bars B and B1 were jo�ned at the
top by a low-voltage lamp l3; a l�ttle lower was placed by means of
clamps c c, a 50-volt lamp l2; and st�ll lower another 100-volt lamp l1;
and f�nally, at a certa�n d�stance below the latter lamp, an exhausted
tube T. By carefully determ�n�ng the pos�t�ons of these dev�ces �t was
found pract�cable to ma�nta�n them all at the�r proper �llum�nat�ng
power. Yet they were all connected �n mult�ple arc to the two stout
copper bars and requ�red w�dely d�fferent pressures. Th�s exper�ment
requ�res of course some t�me for adjustment but �s qu�te eas�ly
performed.

F�g. 183a, 183b and 183c. F���. 183a, 183b and 183c.

In F�gs. 183b and 183c, two other exper�ments are �llustrated
wh�ch, unl�ke the prev�ous exper�ment, do not requ�re very careful
adjustments. In F�g. 183b, two lamps, l1 and l2, the former a 100-volt
and the latter a 50-volt are placed �n certa�n pos�t�ons as �nd�cated,
the 100-volt lamp be�ng below the 50-volt lamp. When the arc �s
play�ng at d d and the sudden d�scharges are passed through the
bars B B1, the 50-volt lamp w�ll, as a rule, burn br�ghtly, or at least th�s
result �s eas�ly secured, wh�le the 100-volt lamp w�ll burn very low or
rema�n qu�te dark, F�g. 183b. Now the bars B B1 may be jo�ned at the
top by a th�ck cross bar B2 and �t �s qu�te easy to ma�nta�n the 100-
volt lamp at full candle-power wh�le the 50-volt lamp rema�ns dark,
F�g. 183c. These results, as I have po�nted out prev�ously, should not
be cons�dered to be due exactly to frequency but rather to the t�me
rate of change wh�ch may be great, even w�th low frequenc�es. A
great many other results of the same k�nd, equally �nterest�ng,
espec�ally to those who are only used to man�pulate steady currents,
may be obta�ned and they afford prec�ous clues �n �nvest�gat�ng the
nature of electr�c currents.

In the preced�ng exper�ments I have already had occas�on to
show some l�ght phenomena and �t would now be proper to study
these �n part�cular; but to make th�s �nvest�gat�on more complete I
th�nk �t necessary to make f�rst a few remarks on the subject of



electr�cal resonance wh�ch has to be always observed �n carry�ng out
these exper�ments.

ON ELECTRICAL RESONANCE.

The effects of resonance are be�ng more and more noted by
eng�neers and are becom�ng of great �mportance �n the pract�cal
operat�on of apparatus of all k�nds w�th alternat�ng currents. A few
general remarks may therefore be made concern�ng these effects. It
�s clear, that �f we succeed �n employ�ng the effects of resonance
pract�cally �n the operat�on of electr�c dev�ces the return w�re w�ll, as
a matter of course, become unnecessary, for the electr�c v�brat�on
may be conveyed w�th one w�re just as well as, and somet�mes even
better than, w�th two. The quest�on f�rst to answer �s, then, whether
pure resonance effects are produc�ble. Theory and exper�ment both
show that such �s �mposs�ble �n Nature, for as the osc�llat�on
becomes more and more v�gorous, the losses �n the v�brat�ng bod�es
and env�ron�ng med�a rap�dly �ncrease and necessar�ly check the
v�brat�on wh�ch otherw�se would go on �ncreas�ng forever. It �s a
fortunate c�rcumstance that pure resonance �s not produc�ble, for �f �t
were there �s no tell�ng what dangers m�ght not l�e �n wa�t for the
�nnocent exper�menter. But to a certa�n degree resonance �s
produc�ble, the magn�tude of the effects be�ng l�m�ted by the
�mperfect conduct�v�ty and �mperfect elast�c�ty of the med�a or,
generally stated, by fr�ct�onal losses. The smaller these losses, the
more str�k�ng are the effects. The same �s the case �n mechan�cal
v�brat�on. A stout steel bar may be set �n v�brat�on by drops of water
fall�ng upon �t at proper �ntervals; and w�th glass, wh�ch �s more
perfectly elast�c, the resonance effect �s st�ll more remarkable, for a
goblet may be burst by s�ng�ng �nto �t a note of the proper p�tch. The
electr�cal resonance �s the more perfectly atta�ned, the smaller the
res�stance or the �mpedance of the conduct�ng path and the more
perfect the d�electr�c. In a Leyden jar d�scharg�ng through a short
stranded cable of th�n w�res these requ�rements are probably best
fulf�lled, and the resonance effects are therefore very prom�nent.
Such �s not the case w�th dynamo mach�nes, transformers and the�r
c�rcu�ts, or w�th commerc�al apparatus �n general �n wh�ch the



presence of �ron cores compl�cates the act�on or renders �t
�mposs�ble. In regard to Leyden jars w�th wh�ch resonance effects
are frequently demonstrated, I would say that the effects observed
are often attr�buted but are seldom due to true resonance, for an
error �s qu�te eas�ly made �n th�s respect. Th�s may be undoubtedly
demonstrated by the follow�ng exper�ment. Take, for �nstance, two
large �nsulated metall�c plates or spheres wh�ch I shall des�gnate A
and B; place them at a certa�n small d�stance apart and charge them
from a fr�ct�onal or �nfluence mach�ne to a potent�al so h�gh that just a
sl�ght �ncrease of the d�fference of potent�al between them w�ll cause
the small a�r or �nsulat�ng space to break down. Th�s �s eas�ly
reached by mak�ng a few prel�m�nary tr�als. If now another plate—
fastened on an �nsulat�ng handle and connected by a w�re to one of
the term�nals of a h�gh tens�on secondary of an �nduct�on co�l, wh�ch
�s ma�nta�ned �n act�on by an alternator (preferably h�gh frequency)—
�s approached to one of the charged bod�es A or B, so as to be
nearer to e�ther one of them, the d�scharge w�ll �nvar�ably occur
between them; at least �t w�ll, �f the potent�al of the co�l �n connect�on
w�th the plate �s suff�c�ently h�gh. But the explanat�on of th�s w�ll soon
be found �n the fact that the approached plate acts �nduct�vely upon
the bod�es A and B and causes a spark to pass between them. When
th�s spark occurs, the charges wh�ch were prev�ously �mparted to
these bod�es from the �nfluence mach�ne, must needs be lost, s�nce
the bod�es are brought �n electr�cal connect�on through the arc
formed. Now th�s arc �s formed whether there be resonance or not.
But even �f the spark would not be produced, st�ll there �s an
alternat�ng �. �. �. set up between the bod�es when the plate �s
brought near one of them; therefore the approach of the plate, �f �t
does not always actually, w�ll, at any rate, tend to break down the a�r
space by �nduct�ve act�on. Instead of the spheres or plates A and B
we may take the coat�ngs of a Leyden jar w�th the same result, and
�n place of the mach�ne,—wh�ch �s a h�gh frequency alternator
preferably, because �t �s more su�table for the exper�ment and also
for the argument,—we may take another Leyden jar or battery of
jars. When such jars are d�scharg�ng through a c�rcu�t of low
res�stance the same �s traversed by currents of very h�gh frequency.
The plate may now be connected to one of the coat�ngs of the



second jar, and when �t �s brought near to the f�rst jar just prev�ously
charged to a h�gh potent�al from an �nfluence mach�ne, the result �s
the same as before, and the f�rst jar w�ll d�scharge through a small a�r
space upon the second be�ng caused to d�scharge. But both jars and
the�r c�rcu�ts need not be tuned any closer than a basso profundo �s
to the note produced by a mosqu�to, as small sparks w�ll be
produced through the a�r space, or at least the latter w�ll be
cons�derably more stra�ned ow�ng to the sett�ng up of an alternat�ng
�. �. �. by �nduct�on, wh�ch takes place when one of the jars beg�ns
to d�scharge. Aga�n another error of a s�m�lar nature �s qu�te eas�ly
made. If the c�rcu�ts of the two jars are run parallel and close
together, and the exper�ment has been performed of d�scharg�ng one
by the other, and now a co�l of w�re be added to one of the c�rcu�ts
whereupon the exper�ment does not succeed, the conclus�on that
th�s �s due to the fact that the c�rcu�ts are now not tuned, would be far
from be�ng safe. For the two c�rcu�ts act as condenser coat�ngs and
the add�t�on of the co�l to one of them �s equ�valent to br�dg�ng them,
at the po�nt where the co�l �s placed, by a small condenser, and the
effect of the latter m�ght be to prevent the spark from jump�ng
through the d�scharge space by d�m�n�sh�ng the alternat�ng �. �. �.
act�ng across the same. All these remarks, and many more wh�ch
m�ght be added but for fear of wander�ng too far from the subject, are
made w�th the pardonable �ntent�on of caut�on�ng the unsuspect�ng
student, who m�ght ga�n an ent�rely unwarranted op�n�on of h�s sk�ll at
see�ng every exper�ment succeed; but they are �n no way thrust upon
the exper�enced as novel observat�ons.

In order to make rel�able observat�ons of electr�c resonance
effects �t �s very des�rable, �f not necessary, to employ an alternator
g�v�ng currents wh�ch r�se and fall harmon�cally, as �n work�ng w�th
make and break currents the observat�ons are not always
trustworthy, s�nce many phenomena, wh�ch depend on the rate of
change, may be produced w�th w�dely d�fferent frequenc�es. Even
when mak�ng such observat�ons w�th an alternator one �s apt to be
m�staken. When a c�rcu�t �s connected to an alternator there are an
�ndef�n�te number of values for capac�ty and self-�nduct�on wh�ch, �n
conjunct�on, w�ll sat�sfy the cond�t�on of resonance. So there are �n



mechan�cs an �nf�n�te number of tun�ng forks wh�ch w�ll respond to a
note of a certa�n p�tch, or loaded spr�ngs wh�ch have a def�n�te per�od
of v�brat�on. But the resonance w�ll be most perfectly atta�ned �n that
case �n wh�ch the mot�on �s effected w�th the greatest freedom. Now
�n mechan�cs, cons�der�ng the v�brat�on �n the common med�um—
that �s, a�r—�t �s of comparat�vely l�ttle �mportance whether one tun�ng
fork be somewhat larger than another, because the losses �n the a�r
are not very cons�derable. One may, of course, enclose a tun�ng fork
�n an exhausted vessel and by thus reduc�ng the a�r res�stance to a
m�n�mum obta�n better resonant act�on. St�ll the d�fference would not
be very great. But �t would make a great d�fference �f the tun�ng fork
were �mmersed �n mercury. In the electr�cal v�brat�on �t �s of
enormous �mportance to arrange the cond�t�ons so that the v�brat�on
�s effected w�th the greatest freedom. The magn�tude of the
resonance effect depends, under otherw�se equal cond�t�ons, on the
quant�ty of electr�c�ty set �n mot�on or on the strength of the current
dr�ven through the c�rcu�t. But the c�rcu�t opposes the passage of the
currents by reason of �ts �mpedance and therefore, to secure the
best act�on �t �s necessary to reduce the �mpedance to a m�n�mum. It
�s �mposs�ble to overcome �t ent�rely, but merely �n part, for the ohm�c
res�stance cannot be overcome. But when the frequency of the
�mpulses �s very great, the flow of the current �s pract�cally
determ�ned by self-�nduct�on. Now self-�nduct�on can be overcome by
comb�n�ng �t w�th capac�ty. If the relat�on between these �s such, that
at the frequency used they annul each other, that �s, have such
values as to sat�sfy the cond�t�on of resonance, and the greatest
quant�ty of electr�c�ty �s made to flow through the external c�rcu�t,
then the best result �s obta�ned. It �s s�mpler and safer to jo�n the
condenser �n ser�es w�th the self-�nduct�on. It �s clear that �n such
comb�nat�ons there w�ll be, for a g�ven frequency, and cons�der�ng
only the fundamental v�brat�on, values wh�ch w�ll g�ve the best result,
w�th the condenser �n shunt to the self-�nduct�on co�l; of course more
such values than w�th the condenser �n ser�es. But pract�cal
cond�t�ons determ�ne the select�on. In the latter case �n perform�ng
the exper�ments one may take a small self-�nduct�on and a large
capac�ty or a small capac�ty and a large self-�nduct�on, but the latter
�s preferable, because �t �s �nconven�ent to adjust a large capac�ty by



small steps. By tak�ng a co�l w�th a very large self-�nduct�on the
cr�t�cal capac�ty �s reduced to a very small value, and the capac�ty of
the co�l �tself may be suff�c�ent. It �s easy, espec�ally by observ�ng
certa�n art�f�ces, to w�nd a co�l through wh�ch the �mpedance w�ll be
reduced to the value of the ohm�c res�stance only; and for any co�l
there �s, of course, a frequency at wh�ch the max�mum current w�ll be
made to pass through the co�l. The observat�on of the relat�on
between self-�nduct�on, capac�ty and frequency �s becom�ng
�mportant �n the operat�on of alternate current apparatus, such as
transformers or motors, because by a jud�c�ous determ�nat�on of the
elements the employment of an expens�ve condenser becomes
unnecessary. Thus �t �s poss�ble to pass through the co�ls of an
alternat�ng current motor under the normal work�ng cond�t�ons the
requ�red current w�th a low �. �. �. and do away ent�rely w�th the
false current, and the larger the motor, the eas�er such a plan
becomes pract�cable; but �t �s necessary for th�s to employ currents
of very h�gh potent�al or h�gh frequency.

F�g. 184.
F��. 184.

In F�g. 184 I. �s shown a plan wh�ch has been followed �n the
study of the resonance effects by means of a h�gh frequency
alternator. C1 �s a co�l of many turns, wh�ch �s d�v�ded �nto small
separate sect�ons for the purpose of adjustment. The f�nal
adjustment was made somet�mes w�th a few th�n �ron w�res (though
th�s �s not always adv�sable) or w�th a closed secondary. The co�l C1
�s connected w�th one of �ts ends to the l�ne L from the alternator G
and w�th the other end to one of the plates c of a condenser c c1, the
plate (c1) of the latter be�ng connected to a much larger plate P1. In
th�s manner both capac�ty and self-�nduct�on were adjusted to su�t
the dynamo frequency.

As regards the r�se of potent�al through resonant act�on, of
course, theoret�cally, �t may amount to anyth�ng s�nce �t depends on
self-�nduct�on and res�stance and s�nce these may have any value.
But �n pract�ce one �s l�m�ted �n the select�on of these values and
bes�des these, there are other l�m�t�ng causes. One may start w�th,



say, 1,000 volts and ra�se the �. �. �. to 50 t�mes that value, but one
cannot start w�th 100,000 and ra�se �t to ten t�mes that value because
of the losses �n the med�a wh�ch are great, espec�ally �f the frequency
�s h�gh. It should be poss�ble to start w�th, for �nstance, two volts from
a h�gh or low frequency c�rcu�t of a dynamo and ra�se the �. �. �. to
many hundred t�mes that value. Thus co�ls of the proper d�mens�ons
m�ght be connected each w�th only one of �ts ends to the ma�ns from
a mach�ne of low �. �. �., and though the c�rcu�t of the mach�ne
would not be closed �n the ord�nary acceptance of the term, yet the
mach�ne m�ght be burned out �f a proper resonance effect would be
obta�ned. I have not been able to produce, nor have I observed w�th
currents from a dynamo mach�ne, such great r�ses of potent�al. It �s
poss�ble, �f not probable, that w�th currents obta�ned from apparatus
conta�n�ng �ron the d�sturb�ng �nfluence of the latter �s the cause that
these theoret�cal poss�b�l�t�es cannot be real�zed. But �f such �s the
case I attr�bute �t solely to the hysteres�s and Foucault current losses
�n the core. Generally �t was necessary to transform upward, when
the �. �. �. was very low, and usually an ord�nary form of �nduct�on
co�l was employed, but somet�mes the arrangement �llustrated �n F�g.
184 II., has been found to be conven�ent. In th�s case a co�l C �s
made �n a great many sect�ons, a few of these be�ng used as a
pr�mary. In th�s manner both pr�mary and secondary are adjustable.
One end of the co�l �s connected to the l�ne L1 from the alternator,
and the other l�ne L �s connected to the �ntermed�ate po�nt of the co�l.
Such a co�l w�th adjustable pr�mary and secondary w�ll be found also
conven�ent �n exper�ments w�th the d�srupt�ve d�scharge. When true
resonance �s obta�ned the top of the wave must of course be on the
free end of the co�l as, for �nstance, at the term�nal of the
phosphorescence bulb B. Th�s �s eas�ly recogn�zed by observ�ng the
potent�al of a po�nt on the w�re w near to the co�l.

In connect�on w�th resonance effects and the problem of
transm�ss�on of energy over a s�ngle conductor wh�ch was prev�ously
cons�dered, I would say a few words on a subject wh�ch constantly
f�lls my thoughts and wh�ch concerns the welfare of all. I mean the
transm�ss�on of �ntell�g�ble s�gnals or perhaps even power to any
d�stance w�thout the use of w�res. I am becom�ng da�ly more



conv�nced of the pract�cab�l�ty of the scheme; and though I know full
well that the great major�ty of sc�ent�f�c men w�ll not bel�eve that such
results can be pract�cally and �mmed�ately real�zed, yet I th�nk that all
cons�der the developments �n recent years by a number of workers
to have been such as to encourage thought and exper�ment �n th�s
d�rect�on. My conv�ct�on has grown so strong, that I no longer look
upon th�s plan of energy or �ntell�gence transm�ss�on as a mere
theoret�cal poss�b�l�ty, but as a ser�ous problem �n electr�cal
eng�neer�ng, wh�ch must be carr�ed out some day. The �dea of
transm�tt�ng �ntell�gence w�thout w�res �s the natural outcome of the
most recent results of electr�cal �nvest�gat�ons. Some enthus�asts
have expressed the�r bel�ef that telephony to any d�stance by
�nduct�on through the a�r �s poss�ble. I cannot stretch my �mag�nat�on
so far, but I do f�rmly bel�eve that �t �s pract�cable to d�sturb by means
of powerful mach�nes the electrostat�c cond�t�on of the earth and thus
transm�t �ntell�g�ble s�gnals and perhaps power. In fact, what �s there
aga�nst the carry�ng out of such a scheme? We now know that
electr�c v�brat�on may be transm�tted through a s�ngle conductor.
Why then not try to ava�l ourselves of the earth for th�s purpose? We
need not be fr�ghtened by the �dea of d�stance. To the weary
wanderer count�ng the m�le-posts the earth may appear very large,
but to that happ�est of all men, the astronomer, who gazes at the
heavens and by the�r standard judges the magn�tude of our globe, �t
appears very small. And so I th�nk �t must seem to the electr�c�an, for
when he cons�ders the speed w�th wh�ch an electr�c d�sturbance �s
propagated through the earth all h�s �deas of d�stance must
completely van�sh.

A po�nt of great �mportance would be f�rst to know what �s the
capac�ty of the earth? and what charge does �t conta�n �f electr�f�ed?
Though we have no pos�t�ve ev�dence of a charged body ex�st�ng �n
space w�thout other oppos�tely electr�f�ed bod�es be�ng near, there �s
a fa�r probab�l�ty that the earth �s such a body, for by whatever
process �t was separated from other bod�es—and th�s �s the
accepted v�ew of �ts or�g�n—�t must have reta�ned a charge, as
occurs �n all processes of mechan�cal separat�on. If �t be a charged
body �nsulated �n space �ts capac�ty should be extremely small, less



than one-thousandth of a farad. But the upper strata of the a�r are
conduct�ng, and so, perhaps, �s the med�um �n free space beyond
the atmosphere, and these may conta�n an oppos�te charge. Then
the capac�ty m�ght be �ncomparably greater. In any case �t �s of the
greatest �mportance to get an �dea of what quant�ty of electr�c�ty the
earth conta�ns. It �s d�ff�cult to say whether we shall ever acqu�re th�s
necessary knowledge, but there �s hope that we may, and that �s, by
means of electr�cal resonance. If ever we can ascerta�n at what
per�od the earth's charge, when d�sturbed, osc�llates w�th respect to
an oppos�tely electr�f�ed system or known c�rcu�t, we shall know a
fact poss�bly of the greatest �mportance to the welfare of the human
race. I propose to seek for the per�od by means of an electr�cal
osc�llator, or a source of alternat�ng electr�c currents. One of the
term�nals of the source would be connected to earth as, for �nstance,
to the c�ty water ma�ns, the other to an �nsulated body of large
surface. It �s poss�ble that the outer conduct�ng a�r strata, or free
space, conta�n an oppos�te charge and that, together w�th the earth,
they form a condenser of very large capac�ty. In such case the per�od
of v�brat�on may be very low and an alternat�ng dynamo mach�ne
m�ght serve for the purpose of the exper�ment. I would then
transform the current to a potent�al as h�gh as �t would be found
poss�ble and connect the ends of the h�gh tens�on secondary to the
ground and to the �nsulated body. By vary�ng the frequency of the
currents and carefully observ�ng the potent�al of the �nsulated body
and watch�ng for the d�sturbance at var�ous ne�ghbor�ng po�nts of the
earth's surface resonance m�ght be detected. Should, as the major�ty
of sc�ent�f�c men �n all probab�l�ty bel�eve, the per�od be extremely
small, then a dynamo mach�ne would not do and a proper electr�cal
osc�llator would have to be produced and perhaps �t m�ght not be
poss�ble to obta�n such rap�d v�brat�ons. But whether th�s be poss�ble
or not, and whether the earth conta�ns a charge or not, and whatever
may be �ts per�od of v�brat�on, �t certa�nly �s poss�ble—for of th�s we
have da�ly ev�dence—to produce some electr�cal d�sturbance
suff�c�ently powerful to be percept�ble by su�table �nstruments at any
po�nt of the earth's surface.

F�g. 185.



F��. 185.

Assume that a source of alternat�ng current S be connected, as �n
F�g. 185, w�th one of �ts term�nals to earth (conven�ently to the water
ma�ns) and w�th the other to a body of large surface P. When the
electr�c osc�llat�on �s set up there w�ll be a movement of electr�c�ty �n
and out of P, and alternat�ng currents w�ll pass through the earth,
converg�ng to, or d�verg�ng from, the po�nt C where the ground
connect�on �s made. In th�s manner ne�ghbor�ng po�nts on the earth's
surface w�th�n a certa�n rad�us w�ll be d�sturbed. But the d�sturbance
w�ll d�m�n�sh w�th the d�stance, and the d�stance at wh�ch the effect
w�ll st�ll be percept�ble w�ll depend on the quant�ty of electr�c�ty set �n
mot�on. S�nce the body P �s �nsulated, �n order to d�splace a
cons�derable quant�ty, the potent�al of the source must be excess�ve,
s�nce there would be l�m�tat�ons as to the surface of P. The
cond�t�ons m�ght be adjusted so that the generator or source S w�ll
set up the same electr�cal movement as though �ts c�rcu�t were
closed. Thus �t �s certa�nly pract�cable to �mpress an electr�c v�brat�on
at least of a certa�n low per�od upon the earth by means of proper
mach�nery. At what d�stance such a v�brat�on m�ght be made
percept�ble can only be conjectured. I have on another occas�on
cons�dered the quest�on how the earth m�ght behave to electr�c
d�sturbances. There �s no doubt that, s�nce �n such an exper�ment
the electr�cal dens�ty at the surface could be but extremely small
cons�der�ng the s�ze of the earth, the a�r would not act as a very
d�sturb�ng factor, and there would be not much energy lost through
the act�on of the a�r, wh�ch would be the case �f the dens�ty were
great. Theoret�cally, then, �t could not requ�re a great amount of
energy to produce a d�sturbance percept�ble at great d�stance, or
even all over the surface of the globe. Now, �t �s qu�te certa�n that at
any po�nt w�th�n a certa�n rad�us of the source S a properly adjusted
self-�nduct�on and capac�ty dev�ce can be set �n act�on by resonance.
But not only can th�s be done, but another source S1, F�g. 185,
s�m�lar to S, or any number of such sources, can be set to work �n
synchron�sm w�th the latter, and the v�brat�on thus �ntens�f�ed and
spread over a large area, or a flow of electr�c�ty produced to or from
the source S1 �f the same be of oppos�te phase to the source S. I



th�nk that beyond doubt �t �s poss�ble to operate electr�cal dev�ces �n
a c�ty through the ground or p�pe system by resonance from an
electr�cal osc�llator located at a central po�nt. But the pract�cal
solut�on of th�s problem would be of �ncomparably smaller benef�t to
man than the real�zat�on of the scheme of transm�tt�ng �ntell�gence, or
perhaps power, to any d�stance through the earth or env�ron�ng
med�um. If th�s �s at all poss�ble, d�stance does not mean anyth�ng.
Proper apparatus must f�rst be produced by means of wh�ch the
problem can be attacked and I have devoted much thought to th�s
subject. I am f�rmly conv�nced that �t can be done and hope that we
shall l�ve to see �t done.

ON THE LIGHT PHENOMENA PRODUCED BY
HIGH-FREQUENCY CURRENTS OF HIGH

POTENTIAL AND GENERAL REMARKS
RELATING TO THE SUBJECT.

Return�ng now to the l�ght effects wh�ch �t has been the ch�ef
object to �nvest�gate, �t �s thought proper to d�v�de these effects �nto
four classes: 1. Incandescence of a sol�d. 2. Phosphorescence. 3.
Incandescence or phosphorescence of a raref�ed gas; and 4.
Lum�nos�ty produced �n a gas at ord�nary pressure. The f�rst quest�on
�s: How are these lum�nous effects produced? In order to answer th�s
quest�on as sat�sfactor�ly as I am able to do �n the l�ght of accepted
v�ews and w�th the exper�ence acqu�red, and to add some �nterest to
th�s demonstrat�on, I shall dwell here upon a feature wh�ch I cons�der
of great �mportance, �nasmuch as �t prom�ses, bes�des, to throw a
better l�ght upon the nature of most of the phenomena produced by
h�gh-frequency electr�c currents. I have on other occas�ons po�nted
out the great �mportance of the presence of the raref�ed gas, or
atom�c med�um �n general, around the conductor through wh�ch
alternate currents of h�gh frequency are passed, as regards the
heat�ng of the conductor by the currents. My exper�ments, descr�bed
some t�me ago, have shown that, the h�gher the frequency and
potent�al d�fference of the currents, the more �mportant becomes the
raref�ed gas �n wh�ch the conductor �s �mmersed, as a factor of the
heat�ng. The potent�al d�fference, however, �s, as I then po�nted out,



a more �mportant element than the frequency. When both of these
are suff�c�ently h�gh, the heat�ng may be almost ent�rely due to the
presence of the raref�ed gas. The exper�ments to follow w�ll show the
�mportance of the raref�ed gas, or, generally, of gas at ord�nary or
other pressure as regards the �ncandescence or other lum�nous
effects produced by currents of th�s k�nd.

I take two ord�nary 50-volt 16 �. �. lamps wh�ch are �n every
respect al�ke, w�th the except�on, that one has been opened at the
top and the a�r has f�lled the bulb, wh�le the other �s at the ord�nary
degree of exhaust�on of commerc�al lamps. When I attach the lamp
wh�ch �s exhausted to the term�nal of the secondary of the co�l, wh�ch
I have already used, as �n exper�ments �llustrated �n F�g. 179a for
�nstance, and turn on the current, the f�lament, as you have before
seen, comes to h�gh �ncandescence. When I attach the second lamp,
wh�ch �s f�lled w�th a�r, �nstead of the former, the f�lament st�ll glows,
but much less br�ghtly. Th�s exper�ment �llustrates only �n part the
truth of the statements before made. The �mportance of the
f�lament's be�ng �mmersed �n raref�ed gas �s pla�nly not�ceable but not
to such a degree as m�ght be des�rable. The reason �s that the
secondary of th�s co�l �s wound for low tens�on, hav�ng only 150
turns, and the potent�al d�fference at the term�nals of the lamp �s
therefore small. Were I to take another co�l w�th many more turns �n
the secondary, the effect would be �ncreased, s�nce �t depends
part�ally on the potent�al d�fference, as before remarked. But s�nce
the effect l�kew�se depends on the frequency, �t maybe properly
stated that �t depends on the t�me rate of the var�at�on of the potent�al
d�fference. The greater th�s var�at�on, the more �mportant becomes
the gas as an element of heat�ng. I can produce a much greater rate
of var�at�on �n another way, wh�ch, bes�des, has the advantage of
do�ng away w�th the object�ons, wh�ch m�ght be made �n the
exper�ment just shown, even �f both the lamps were connected �n
ser�es or mult�ple arc to the co�l, namely, that �n consequence of the
react�ons ex�st�ng between the pr�mary and secondary co�l the
conclus�ons are rendered uncerta�n. Th�s result I secure by charg�ng,
from an ord�nary transformer wh�ch �s fed from the alternat�ng current
supply stat�on, a battery of condensers, and d�scharg�ng the latter



d�rectly through a c�rcu�t of small self-�nduct�on, as before �llustrated
�n F�gs. 183a, 183b, and 183c.



F�g. 186a, 186b, 186c.
F��. 186a. F��. 186b. F��. 186c.

In F�gs. 186a, 186b and 186c, the heavy copper bars B B1, are
connected to the oppos�te coat�ngs of a battery of condensers, or
generally �n such way, that the h�gh frequency or sudden d�scharges
are made to traverse them. I connect f�rst an ord�nary 50-volt
�ncandescent lamp to the bars by means of the clamps c c. The
d�scharges be�ng passed through the lamp, the f�lament �s rendered
�ncandescent, though the current through �t �s very small, and would
not be nearly suff�c�ent to produce a v�s�ble effect under the
cond�t�ons of ord�nary use of the lamp. Instead of th�s I now attach to
the bars another lamp exactly l�ke the f�rst, but w�th the seal broken
off, the bulb be�ng therefore f�lled w�th a�r at ord�nary pressure. When
the d�scharges are d�rected through the f�lament, as before, �t does
not become �ncandescent. But the result m�ght st�ll be attr�buted to
one of the many poss�ble react�ons. I therefore connect both the
lamps �n mult�ple arc as �llustrated �n F�g. 186a. Pass�ng the
d�scharges through both the lamps, aga�n the f�lament �n the
exhausted lamp l glows very br�ghtly wh�le that �n the non-exhausted
lamp l1 rema�ns dark, as prev�ously. But �t should not be thought that
the latter lamp �s tak�ng only a small fract�on of the energy suppl�ed
to both the lamps; on the contrary, �t may consume a cons�derable
port�on of the energy and �t may become even hotter than the one
wh�ch burns br�ghtly. In th�s exper�ment the potent�al d�fference at the
term�nals of the lamps var�es �n s�gn theoret�cally three to four m�ll�on
t�mes a second. The ends of the f�laments are correspond�ngly
electr�f�ed, and the gas �n the bulbs �s v�olently ag�tated and a large
port�on of the suppl�ed energy �s thus converted �nto heat. In the non-
exhausted bulb, there be�ng a few m�ll�on t�mes more gas molecules
than �n the exhausted one, the bombardment, wh�ch �s most v�olent
at the ends of the f�lament, �n the neck of the bulb, consumes a large
port�on of the energy w�thout produc�ng any v�s�ble effect. The
reason �s that, there be�ng many molecules, the bombardment �s
quant�tat�vely cons�derable, but the �nd�v�dual �mpacts are not very
v�olent, as the speeds of the molecules are comparat�vely small
ow�ng to the small free path. In the exhausted bulb, on the contrary,



the speeds are very great, and the �nd�v�dual �mpacts are v�olent and
therefore better adapted to produce a v�s�ble effect. Bes�des, the
convect�on of heat �s greater �n the former bulb. In both the bulbs the
current travers�ng the f�laments �s very small, �ncomparably smaller
than that wh�ch they requ�re on an ord�nary low-frequency c�rcu�t.
The potent�al d�fference, however, at the ends of the f�laments �s very
great and m�ght be poss�bly 20,000 volts or more, �f the f�laments
were stra�ght and the�r ends far apart. In the ord�nary lamp a spark
generally occurs between the ends of the f�lament or between the
plat�num w�res outs�de, before such a d�fference of potent�al can be
reached.

It m�ght be objected that �n the exper�ment before shown the
lamps, be�ng �n mult�ple arc, the exhausted lamp m�ght take a much
larger current and that the effect observed m�ght not be exactly
attr�butable to the act�on of the gas �n the bulbs. Such object�ons w�ll
lose much we�ght �f I connect the lamps �n ser�es, w�th the same
result. When th�s �s done and the d�scharges are d�rected through
the f�laments, �t �s aga�n noted that the f�lament �n the non-exhausted
bulb l1, rema�ns dark, wh�le that �n the exhausted one (l) glows even
more �ntensely than under �ts normal cond�t�ons of work�ng, F�g.
186b. Accord�ng to general �deas the current through the f�laments
should now be the same, were �t not mod�f�ed by the presence of the
gas around the f�laments.

At th�s juncture I may po�nt out another �nterest�ng feature, wh�ch
�llustrates the effect of the rate of change of potent�al of the currents.
I w�ll leave the two lamps connected �n ser�es to the bars B B1, as �n
the prev�ous exper�ment, F�g. 186b, but w�ll presently reduce
cons�derably the frequency of the currents, wh�ch was excess�ve �n
the exper�ment just before shown. Th�s I may do by �nsert�ng a self-
�nduct�on co�l �n the path of the d�scharges, or by augment�ng the
capac�ty of the condensers. When I now pass these low-frequency
d�scharges through the lamps, the exhausted lamp l aga�n �s as
br�ght as before, but �t �s noted also that the non-exhausted lamp l1
glows, though not qu�te as �ntensely as the other. Reduc�ng the
current through the lamps, I may br�ng the f�lament �n the latter lamp



to redness, and, though the f�lament �n the exhausted lamp l �s
br�ght, F�g. 186c, the degree of �ts �ncandescence �s much smaller
than �n F�g. 186b, when the currents were of a much h�gher
frequency.

In these exper�ments the gas acts �n two oppos�te ways �n
determ�n�ng the degree of the �ncandescence of the f�laments, that
�s, by convect�on and bombardment. The h�gher the frequency and
potent�al of the currents, the more �mportant becomes the
bombardment. The convect�on on the contrary should be the smaller,
the h�gher the frequency. When the currents are steady there �s
pract�cally no bombardment, and convect�on may therefore w�th such
currents also cons�derably mod�fy the degree of �ncandescence and
produce results s�m�lar to those just before shown. Thus, �f two
lamps exactly al�ke, one exhausted and one not exhausted, are
connected �n mult�ple arc or ser�es to a d�rect-current mach�ne, the
f�lament �n the non-exhausted lamp w�ll requ�re a cons�derably
greater current to be rendered �ncandescent. Th�s result �s ent�rely
due to convect�on, and the effect �s the more prom�nent the th�nner
the f�lament. Professor Ayrton and Mr. K�lgour some t�me ago
publ�shed quant�tat�ve results concern�ng the thermal em�ss�v�ty by
rad�at�on and convect�on �n wh�ch the effect w�th th�n w�res was
clearly shown. Th�s effect may be str�k�ngly �llustrated by prepar�ng a
number of small, short, glass tubes, each conta�n�ng through �ts ax�s
the th�nnest obta�nable plat�num w�re. If these tubes be h�ghly
exhausted, a number of them may be connected �n mult�ple arc to a
d�rect-current mach�ne and all of the w�res may be kept at
�ncandescence w�th a smaller current than that requ�red to render
�ncandescent a s�ngle one of the w�res �f the tube be not exhausted.
Could the tubes be so h�ghly exhausted that convect�on would be n�l,
then the relat�ve amounts of heat g�ven off by convect�on and
rad�at�on could be determ�ned w�thout the d�ff�cult�es attend�ng
thermal quant�tat�ve measurements. If a source of electr�c �mpulses
of h�gh frequency and very h�gh potent�al �s employed, a st�ll greater
number of the tubes may be taken and the w�res rendered
�ncandescent by a current not capable of warm�ng percept�bly a w�re



of the same s�ze �mmersed �n a�r at ord�nary pressure, and
convey�ng the energy to all of them.

I may here descr�be a result wh�ch �s st�ll more �nterest�ng, and to
wh�ch I have been led by the observat�on of these phenomena. I
noted that small d�fferences �n the dens�ty of the a�r produced a
cons�derable d�fference �n the degree of �ncandescence of the w�res,
and I thought that, s�nce �n a tube, through wh�ch a lum�nous
d�scharge �s passed, the gas �s generally not of un�form dens�ty, a
very th�n w�re conta�ned �n the tube m�ght be rendered �ncandescent
at certa�n places of smaller dens�ty of the gas, wh�le �t would rema�n
dark at the places of greater dens�ty, where the convect�on would be
greater and the bombardment less �ntense. Accord�ngly a tube t was
prepared, as �llustrated �n F�g. 187, wh�ch conta�ned through the
m�ddle a very f�ne plat�num w�re w. The tube was exhausted to a
moderate degree and �t was found that when �t was attached to the
term�nal of a h�gh-frequency co�l the plat�num w�re w would �ndeed,
become �ncandescent �n patches, as �llustrated �n F�g. 187. Later a
number of these tubes w�th one or more w�res were prepared, each
show�ng th�s result. The effect was best noted when the str�ated
d�scharge occurred �n the tube, but was also produced when the
str�æ were not v�s�ble, show�ng that, even then, the gas �n the tube
was not of un�form dens�ty. The pos�t�on of the str�æ was generally
such, that the rarefact�ons corresponded to the places of
�ncandescence or greater br�ghtness on the w�re w. But �n a few
�nstances �t was noted, that the br�ght spots on the w�re were
covered by the dense parts of the str�ated d�scharge as �nd�cated by l
�n F�g. 187, though the effect was barely percept�ble. Th�s was
expla�ned �n a plaus�ble way by assum�ng that the convect�on was
not w�dely d�fferent �n the dense and raref�ed places, and that the
bombardment was greater on the dense places of the str�ated
d�scharge. It �s, �n fact, often observed �n bulbs, that under certa�n
cond�t�ons a th�n w�re �s brought to h�gher �ncandescence when the
a�r �s not too h�ghly raref�ed. Th�s �s the case when the potent�al of
the co�l �s not h�gh enough for the vacuum, but the result may be
attr�buted to many d�fferent causes. In all cases th�s cur�ous



phenomenon of �ncandescence d�sappears when the tube, or rather
the w�re, acqu�res throughout a un�form temperature.

F�g. 187, 188.
F��. 187. F��. 188.

D�sregard�ng now the mod�fy�ng effect of convect�on there are
then two d�st�nct causes wh�ch determ�ne the �ncandescence of a
w�re or f�lament w�th vary�ng currents, that �s, conduct�on current and
bombardment. W�th steady currents we have to deal only w�th the
former of these two causes, and the heat�ng effect �s a m�n�mum,
s�nce the res�stance �s least to steady flow. When the current �s a
vary�ng one the res�stance �s greater, and hence the heat�ng effect �s
�ncreased. Thus �f the rate of change of the current �s very great, the
res�stance may �ncrease to such an extent that the f�lament �s
brought to �ncandescence w�th �napprec�able currents, and we are
able to take a short and th�ck block of carbon or other mater�al and
br�ng �t to br�ght �ncandescence w�th a current �ncomparably smaller
than that requ�red to br�ng to the same degree of �ncandescence an
ord�nary th�n lamp f�lament w�th a steady or low frequency current.
Th�s result �s �mportant, and �llustrates how rap�dly our v�ews on
these subjects are chang�ng, and how qu�ckly our f�eld of knowledge
�s extend�ng. In the art of �ncandescent l�ght�ng, to v�ew th�s result �n
one aspect only, �t has been commonly cons�dered as an essent�al
requ�rement for pract�cal success, that the lamp f�lament should be
th�n and of h�gh res�stance. But now we know that the res�stance of
the f�lament to the steady flow does not mean anyth�ng; the f�lament
m�ght as well be short and th�ck; for �f �t be �mmersed �n raref�ed gas
�t w�ll become �ncandescent by the passage of a small current. It all
depends on the frequency and potent�al of the currents. We may
conclude from th�s, that �t would be of advantage, so far as the lamp
�s cons�dered, to employ h�gh frequenc�es for l�ght�ng, as they allow
the use of short and th�ck f�laments and smaller currents.

If a w�re or f�lament be �mmersed �n a homogeneous med�um, all
the heat�ng �s due to true conduct�on current, but �f �t be enclosed �n
an exhausted vessel the cond�t�ons are ent�rely d�fferent. Here the
gas beg�ns to act and the heat�ng effect of the conduct�on current, as



�s shown �n many exper�ments, may be very small compared w�th
that of the bombardment. Th�s �s espec�ally the case �f the c�rcu�t �s
not closed and the potent�als are of course very h�gh. Suppose that a
f�ne f�lament enclosed �n an exhausted vessel be connected w�th one
of �ts ends to the term�nal of a h�gh tens�on co�l and w�th �ts other end
to a large �nsulated plate. Though the c�rcu�t �s not closed, the
f�lament, as I have before shown, �s brought to �ncandescence. If the
frequency and potent�al be comparat�vely low, the f�lament �s heated
by the current pass�ng through �t. If the frequency and potent�al, and
pr�nc�pally the latter, be �ncreased, the �nsulated plate need be but
very small, or may be done away w�th ent�rely; st�ll the f�lament w�ll
become �ncandescent, pract�cally all the heat�ng be�ng then due to
the bombardment. A pract�cal way of comb�n�ng both the effects of
conduct�on currents and bombardment �s �llustrated �n F�g. 188, �n
wh�ch an ord�nary lamp �s shown prov�ded w�th a very th�n f�lament
wh�ch has one of the ends of the latter connected to a shade serv�ng
the purpose of the �nsulated plate, and the other end to the term�nal
of a h�gh tens�on source. It should not be thought that only raref�ed
gas �s an �mportant factor �n the heat�ng of a conductor by vary�ng
currents, but gas at ord�nary pressure may become �mportant, �f the
potent�al d�fference and frequency of the currents �s excess�ve. On
th�s subject I have already stated, that when a conductor �s fused by
a stroke of l�ghtn�ng, the current through �t may be exceed�ngly small,
not even suff�c�ent to heat the conductor percept�bly, were the latter
�mmersed �n a homogeneous med�um.

From the preced�ng �t �s clear that when a conductor of h�gh
res�stance �s connected to the term�nals of a source of h�gh
frequency currents of h�gh potent�al, there may occur cons�derable
d�ss�pat�on of energy, pr�nc�pally at the ends of the conductor, �n
consequence of the act�on of the gas surround�ng the conductor.
Ow�ng to th�s, the current through a sect�on of the conductor at a
po�nt m�dway between �ts ends may be much smaller than through a
sect�on near the ends. Furthermore, the current passes pr�nc�pally
through the outer port�ons of the conductor, but th�s effect �s to be
d�st�ngu�shed from the sk�n effect as ord�nar�ly �nterpreted, for the
latter would, or should, occur also �n a cont�nuous �ncompress�ble



med�um. If a great many �ncandescent lamps are connected �n ser�es
to a source of such currents, the lamps at the ends may burn
br�ghtly, whereas those �n the m�ddle may rema�n ent�rely dark. Th�s
�s due pr�nc�pally to bombardment, as before stated. But even �f the
currents be steady, prov�ded the d�fference of potent�al �s very great,
the lamps at the end w�ll burn more br�ghtly than those �n the m�ddle.
In such case there �s no rhythm�cal bombardment, and the result �s
produced ent�rely by leakage. Th�s leakage or d�ss�pat�on �nto space
when the tens�on �s h�gh, �s cons�derable when �ncandescent lamps
are used, and st�ll more cons�derable w�th arcs, for the latter act l�ke
flames. Generally, of course, the d�ss�pat�on �s much smaller w�th
steady, than w�th vary�ng, currents.

I have contr�ved an exper�ment wh�ch �llustrates �n an �nterest�ng
manner the effect of lateral d�ffus�on. If a very long tube �s attached
to the term�nal of a h�gh frequency co�l, the lum�nos�ty �s greatest
near the term�nal and falls off gradually towards the remote end. Th�s
�s more marked �f the tube �s narrow.

A small tube about one-half �nch �n d�ameter and twelve �nches
long (F�g. 189), has one of �ts ends drawn out �nto a f�ne f�bre f nearly
three feet long. The tube �s placed �n a brass socket T wh�ch can be
screwed on the term�nal T1 of the �nduct�on co�l. The d�scharge
pass�ng through the tube f�rst �llum�nates the bottom of the same,
wh�ch �s of comparat�vely large sect�on; but through the long glass
f�bre the d�scharge cannot pass. But gradually the raref�ed gas �ns�de
becomes warmed and more conduct�ng and the d�scharge spreads
�nto the glass f�bre. Th�s spread�ng �s so slow, that �t may take half a
m�nute or more unt�l the d�scharge has worked through up to the top
of the glass f�bre, then present�ng the appearance of a strongly
lum�nous th�n thread. By adjust�ng the potent�al at the term�nal the
l�ght may be made to travel upwards at any speed. Once, however,
the glass f�bre �s heated, the d�scharge breaks through �ts ent�re
length �nstantly. The �nterest�ng po�nt to be noted �s that, the h�gher
the frequency of the currents, or �n other words, the greater relat�vely
the lateral d�ss�pat�on, at a slower rate may the l�ght be made to
propagate through the f�bre. Th�s exper�ment �s best performed w�th
a h�ghly exhausted and freshly made tube. When the tube has been



used for some t�me the exper�ment often fa�ls. It �s poss�ble that the
gradual and slow �mpa�rment of the vacuum �s the cause. Th�s slow
propagat�on of the d�scharge through a very narrow glass tube
corresponds exactly to the propagat�on of heat through a bar
warmed at one end. The qu�cker the heat �s carr�ed away laterally
the longer t�me �t w�ll take for the heat to warm the remote end.
When the current of a low frequency co�l �s passed through the f�bre
from end to end, then the lateral d�ss�pat�on �s small and the
d�scharge �nstantly breaks through almost w�thout except�on.

F�g. 189, 190.
F��. 189. F��. 190.

After these exper�ments and observat�ons wh�ch have shown the
�mportance of the d�scont�nu�ty or atom�c structure of the med�um
and wh�ch w�ll serve to expla�n, �n a measure at least, the nature of
the four k�nds of l�ght effects produc�ble w�th these currents, I may
now g�ve you an �llustrat�on of these effects. For the sake of �nterest I
may do th�s �n a manner wh�ch to many of you m�ght be novel. You
have seen before that we may now convey the electr�c v�brat�on to a
body by means of a s�ngle w�re or conductor of any k�nd. S�nce the
human frame �s conduct�ng I may convey the v�brat�on through my
body.

F�rst, as �n some prev�ous exper�ments, I connect my body w�th
one of the term�nals of a h�gh-tens�on transformer and take �n my
hand an exhausted bulb wh�ch conta�ns a small carbon button
mounted upon a plat�num w�re lead�ng to the outs�de of the bulb, and
the button �s rendered �ncandescent as soon as the transformer �s
set to work (F�g. 190). I may place a conduct�ng shade on the bulb
wh�ch serves to �ntens�fy the act�on, but �s not necessary. Nor �s �t
requ�red that the button should be �n conduct�ng connect�on w�th the
hand through a w�re lead�ng through the glass, for suff�c�ent energy
may be transm�tted through the glass �tself by �nduct�ve act�on to
render the button �ncandescent.

F�g. 191, 192.
F��. 191. F��. 192.



Next I take a h�ghly exhausted bulb conta�n�ng a strongly
phosphorescent body, above wh�ch �s mounted a small plate of
alum�num on a plat�num w�re lead�ng to the outs�de, and the currents
flow�ng through my body exc�te �ntense phosphorescence �n the bulb
(F�g. 191). Next aga�n I take �n my hand a s�mple exhausted tube,
and �n the same manner the gas �ns�de the tube �s rendered h�ghly
�ncandescent or phosphorescent (F�g. 192). F�nally, I may take �n my
hand a w�re, bare or covered w�th th�ck �nsulat�on, �t �s qu�te
�mmater�al; the electr�cal v�brat�on �s so �ntense as to cover the w�re
w�th a lum�nous f�lm (F�g. 193).

F�g. 193, 194, 195.
F��. 193. F��. 194. F��. 195.

A few words must now be devoted to each of these phenomena.
In the f�rst place, I w�ll cons�der the �ncandescence of a button or of a
sol�d �n general, and dwell upon some facts wh�ch apply equally to all
these phenomena. It was po�nted out before that when a th�n
conductor, such as a lamp f�lament, for �nstance, �s connected w�th
one of �ts ends to the term�nal of a transformer of h�gh tens�on the
f�lament �s brought to �ncandescence partly by a conduct�on current
and partly by bombardment. The shorter and th�cker the f�lament the
more �mportant becomes the latter, and f�nally, reduc�ng the f�lament
to a mere button, all the heat�ng must pract�cally be attr�buted to the
bombardment. So �n the exper�ment before shown, the button �s
rendered �ncandescent by the rhythm�cal �mpact of freely movable
small bod�es �n the bulb. These bod�es may be the molecules of the
res�dual gas, part�cles of dust or lumps torn from the electrode;
whatever they are, �t �s certa�n that the heat�ng of the button �s
essent�ally connected w�th the pressure of such freely movable
part�cles, or of atom�c matter �n general �n the bulb. The heat�ng �s
the more �ntense the greater the number of �mpacts per second and
the greater the energy of each �mpact. Yet the button would be
heated also �f �t were connected to a source of a steady potent�al. In
such a case electr�c�ty would be carr�ed away from the button by the
freely movable carr�ers or part�cles fly�ng about, and the quant�ty of
electr�c�ty thus carr�ed away m�ght be suff�c�ent to br�ng the button to
�ncandescence by �ts passage through the latter. But the



bombardment could not be of great �mportance �n such case. For th�s
reason �t would requ�re a comparat�vely very great supply of energy
to the button to ma�nta�n �t at �ncandescence w�th a steady potent�al.
The h�gher the frequency of the electr�c �mpulses the more
econom�cally can the button be ma�nta�ned at �ncandescence. One
of the ch�ef reasons why th�s �s so, �s, I bel�eve, that w�th �mpulses of
very h�gh frequency there �s less exchange of the freely movable
carr�ers around the electrode and th�s means, that �n the bulb the
heated matter �s better conf�ned to the ne�ghborhood of the button. If
a double bulb, as �llustrated �n F�g. 194 be made, compr�s�ng a large
globe B and a small one b, each conta�n�ng as usual a f�lament f
mounted on a plat�num w�re w and w1, �t �s found, that �f the f�laments
f f be exactly al�ke, �t requ�res less energy to keep the f�lament �n the
globe b at a certa�n degree of �ncandescence, than that �n the globe
B. Th�s �s due to the conf�nement of the movable part�cles around the
button. In th�s case �t �s also ascerta�ned, that the f�lament �n the
small globe b �s less deter�orated when ma�nta�ned a certa�n length
of t�me at �ncandescence. Th�s �s a necessary consequence of the
fact that the gas �n the small bulb becomes strongly heated and
therefore a very good conductor, and less work �s then performed on
the button, s�nce the bombardment becomes less �ntense as the
conduct�v�ty of the gas �ncreases. In th�s construct�on, of course, the
small bulb becomes very hot and when �t reaches an elevated
temperature the convect�on and rad�at�on on the outs�de �ncrease.
On another occas�on I have shown bulbs �n wh�ch th�s drawback was
largely avo�ded. In these �nstances a very small bulb, conta�n�ng a
refractory button, was mounted �n a large globe and the space
between the walls of both was h�ghly exhausted. The outer large
globe rema�ned comparat�vely cool �n such construct�ons. When the
large globe was on the pump and the vacuum between the walls
ma�nta�ned permanent by the cont�nuous act�on of the pump, the
outer globe would rema�n qu�te cold, wh�le the button �n the small
bulb was kept at �ncandescence. But when the seal was made, and
the button �n the small bulb ma�nta�ned �ncandescent some length of
t�me, the large globe too would become warmed. From th�s I
conjecture that �f vacuous space (as Prof. Dewar f�nds) cannot
convey heat, �t �s so merely �n v�rtue of our rap�d mot�on through



space or, generally speak�ng, by the mot�on of the med�um relat�vely
to us, for a permanent cond�t�on could not be ma�nta�ned w�thout the
med�um be�ng constantly renewed. A vacuum cannot, accord�ng to
all ev�dence, be permanently ma�nta�ned around a hot body.

In these construct�ons, before ment�oned, the small bulb �ns�de
would, at least �n the f�rst stages, prevent all bombardment aga�nst
the outer large globe. It occurred to me then to ascerta�n how a
metal s�eve would behave �n th�s respect, and several bulbs, as
�llustrated �n F�g. 195, were prepared for th�s purpose. In a globe b,
was mounted a th�n f�lament f (or button) upon a plat�num w�re w
pass�ng through a glass stem and lead�ng to the outs�de of the globe.
The f�lament f was surrounded by a metal s�eve s. It was found �n
exper�ments w�th such bulbs that a s�eve w�th w�de meshes
apparently d�d not �n the sl�ghtest affect the bombardment aga�nst
the globe b. When the vacuum was h�gh, the shadow of the s�eve
was clearly projected aga�nst the globe and the latter would get hot
�n a short wh�le. In some bulbs the s�eve s was connected to a
plat�num w�re sealed �n the glass. When th�s w�re was connected to
the other term�nal of the �nduct�on co�l (the �. �. �. be�ng kept low �n
th�s case), or to an �nsulated plate, the bombardment aga�nst the
outer globe b was d�m�n�shed. By tak�ng a s�eve w�th f�ne meshes the
bombardment aga�nst the globe b was always d�m�n�shed, but even
then �f the exhaust�on was carr�ed very far, and when the potent�al of
the transformer was very h�gh, the globe b would be bombarded and
heated qu�ckly, though no shadow of the s�eve was v�s�ble, ow�ng to
the smallness of the meshes. But a glass tube or other cont�nuous
body mounted so as to surround the f�lament, d�d ent�rely cut off the
bombardment and for a wh�le the outer globe b would rema�n
perfectly cold. Of course when the glass tube was suff�c�ently heated
the bombardment aga�nst the outer globe could be noted at once.
The exper�ments w�th these bulbs seemed to show that the speeds
of the projected molecules or part�cles must be cons�derable (though
qu�te �ns�gn�f�cant when compared w�th that of l�ght), otherw�se �t
would be d�ff�cult to understand how they could traverse a f�ne metal
s�eve w�thout be�ng affected, unless �t were found that such small
part�cles or atoms cannot be acted upon d�rectly at measurable



d�stances. In regard to the speed of the projected atoms, Lord Kelv�n
has recently est�mated �t at about one k�lometre a second or
thereabouts �n an ord�nary Crookes bulb. As the potent�als
obta�nable w�th a d�srupt�ve d�scharge co�l are much h�gher than w�th
ord�nary co�ls, the speeds must, of course, be much greater when
the bulbs are l�ghted from such a co�l. Assum�ng the speed to be as
h�gh as f�ve k�lometres and un�form through the whole trajectory, as �t
should be �n a very h�ghly exhausted vessel, then �f the alternate
electr�f�cat�ons of the electrode would be of a frequency of f�ve
m�ll�on, the greatest d�stance a part�cle could get away from the
electrode would be one m�ll�metre, and �f �t could be acted upon
d�rectly at that d�stance, the exchange of electrode matter or of the
atoms would be very slow and there would be pract�cally no
bombardment aga�nst the bulb. Th�s at least should be so, �f the
act�on of an electrode upon the atoms of the res�dual gas would be
such as upon electr�f�ed bod�es wh�ch we can perce�ve. A hot body
enclosed �n an exhausted bulb produces always atom�c
bombardment, but a hot body has no def�n�te rhythm, for �ts
molecules perform v�brat�ons of all k�nds.

If a bulb conta�n�ng a button or f�lament be exhausted as h�gh as
�s poss�ble w�th the greatest care and by the use of the best art�f�ces,
�t �s often observed that the d�scharge cannot, at f�rst, break through,
but after some t�me, probably �n consequence of some changes
w�th�n the bulb, the d�scharge f�nally passes through and the button
�s rendered �ncandescent. In fact, �t appears that the h�gher the
degree of exhaust�on the eas�er �s the �ncandescence produced.
There seem to be no other causes to wh�ch the �ncandescence m�ght
be attr�buted �n such case except to the bombardment or s�m�lar
act�on of the res�dual gas, or of part�cles of matter �n general. But �f
the bulb be exhausted w�th the greatest care can these play an
�mportant part? Assume the vacuum �n the bulb to be tolerably
perfect, the great �nterest then centres �n the quest�on: Is the med�um
wh�ch pervades all space cont�nuous or atom�c? If atom�c, then the
heat�ng of a conduct�ng button or f�lament �n an exhausted vessel
m�ght be due largely to ether bombardment, and then the heat�ng of
a conductor �n general through wh�ch currents of h�gh frequency or



h�gh potent�al are passed must be mod�f�ed by the behav�or of such
med�um; then also the sk�n effect, the apparent �ncrease of the
ohm�c res�stance, etc., adm�t, part�ally at least, of a d�fferent
explanat�on.

It �s certa�nly more �n accordance w�th many phenomena
observed w�th h�gh-frequency currents to hold that all space �s
pervaded w�th free atoms, rather than to assume that �t �s devo�d of
these, and dark and cold, for so �t must be, �f f�lled w�th a cont�nuous
med�um, s�nce �n such there can be ne�ther heat nor l�ght. Is then
energy transm�tted by �ndependent carr�ers or by the v�brat�on of a
cont�nuous med�um? Th�s �mportant quest�on �s by no means as yet
pos�t�vely answered. But most of the effects wh�ch are here
cons�dered, espec�ally the l�ght effects, �ncandescence, or
phosphorescence, �nvolve the presence of free atoms and would be
�mposs�ble w�thout these.

In regard to the �ncandescence of a refractory button (or f�lament)
�n an exhausted rece�ver, wh�ch has been one of the subjects of th�s
�nvest�gat�on, the ch�ef exper�ences, wh�ch may serve as a gu�de �n
construct�ng such bulbs, may be summed up as follows: 1. The
button should be as small as poss�ble, spher�cal, of a smooth or
pol�shed surface, and of refractory mater�al wh�ch w�thstands
evaporat�on best. 2. The support of the button should be very th�n
and screened by an alum�num and m�ca sheet, as I have descr�bed
on another occas�on. 3. The exhaust�on of the bulb should be as
h�gh as poss�ble. 4. The frequency of the currents should be as h�gh
as pract�cable. 5. The currents should be of a harmon�c r�se and fall,
w�thout sudden �nterrupt�ons. 6. The heat should be conf�ned to the
button by �nclos�ng the same �n a small bulb or otherw�se. 7. The
space between the walls of the small bulb and the outer globe
should be h�ghly exhausted.

Most of the cons�derat�ons wh�ch apply to the �ncandescence of a
sol�d just cons�dered may l�kew�se be appl�ed to phosphorescence.
Indeed, �n an exhausted vessel the phosphorescence �s, as a rule,
pr�mar�ly exc�ted by the powerful beat�ng of the electrode stream of
atoms aga�nst the phosphorescent body. Even �n many cases, where



there �s no ev�dence of such a bombardment, I th�nk that
phosphorescence �s exc�ted by v�olent �mpacts of atoms, wh�ch are
not necessar�ly thrown off from the electrode but are acted upon
from the same �nduct�vely through the med�um or through cha�ns of
other atoms. That mechan�cal shocks play an �mportant part �n
exc�t�ng phosphorescence �n a bulb may be seen from the follow�ng
exper�ment. If a bulb, constructed as that �llustrated �n F�g. 174, be
taken and exhausted w�th the greatest care so that the d�scharge
cannot pass, the f�lament f acts by electrostat�c �nduct�on upon the
tube t and the latter �s set �n v�brat�on. If the tube o be rather w�de,
about an �nch or so, the f�lament may be so powerfully v�brated that
whenever �t h�ts the glass tube �t exc�tes phosphorescence. But the
phosphorescence ceases when the f�lament comes to rest. The
v�brat�on can be arrested and aga�n started by vary�ng the frequency
of the currents. Now the f�lament has �ts own per�od of v�brat�on, and
�f the frequency of the currents �s such that there �s resonance, �t �s
eas�ly set v�brat�ng, though the potent�al of the currents be small. I
have often observed that the f�lament �n the bulb �s destroyed by
such mechan�cal resonance. The f�lament v�brates as a rule so
rap�dly that �t cannot be seen and the exper�menter may at f�rst be
myst�f�ed. When such an exper�ment as the one descr�bed �s
carefully performed, the potent�al of the currents need be extremely
small, and for th�s reason I �nfer that the phosphorescence �s then
due to the mechan�cal shock of the f�lament aga�nst the glass, just as
�t �s produced by str�k�ng a loaf of sugar w�th a kn�fe. The mechan�cal
shock produced by the projected atoms �s eas�ly noted when a bulb
conta�n�ng a button �s grasped �n the hand and the current turned on
suddenly. I bel�eve that a bulb could be shattered by observ�ng the
cond�t�ons of resonance.

In the exper�ment before c�ted �t �s, of course, open to say, that
the glass tube, upon com�ng �n contact w�th the f�lament, reta�ns a
charge of a certa�n s�gn upon the po�nt of contact. If now the f�lament
aga�n touches the glass at the same po�nt wh�le �t �s oppos�tely
charged, the charges equal�ze under evolut�on of l�ght. But noth�ng of
�mportance would be ga�ned by such an explanat�on. It �s
unquest�onable that the �n�t�al charges g�ven to the atoms or to the



glass play some part �n exc�t�ng phosphorescence. So, for �nstance,
�f a phosphorescent bulb be f�rst exc�ted by a h�gh frequency co�l by
connect�ng �t to one of the term�nals of the latter and the degree of
lum�nos�ty be noted, and then the bulb be h�ghly charged from a
Holtz mach�ne by attach�ng �t preferably to the pos�t�ve term�nal of
the mach�ne, �t �s found that when the bulb �s aga�n connected to the
term�nal of the h�gh frequency co�l, the phosphorescence �s far more
�ntense. On another occas�on I have cons�dered the poss�b�l�ty of
some phosphorescent phenomena �n bulbs be�ng produced by the
�ncandescence of an �nf�n�tes�mal layer on the surface of the
phosphorescent body. Certa�nly the �mpact of the atoms �s powerful
enough to produce �ntense �ncandescence by the coll�s�ons, s�nce
they br�ng qu�ckly to a h�gh temperature a body of cons�derable bulk.
If any such effect ex�sts, then the best appl�ance for produc�ng
phosphorescence �n a bulb, wh�ch we know so far, �s a d�srupt�ve
d�scharge co�l g�v�ng an enormous potent�al w�th but few fundamental
d�scharges, say 25-30 per second, just enough to produce a
cont�nuous �mpress�on upon the eye. It �s a fact that such a co�l
exc�tes phosphorescence under almost any cond�t�on and at all
degrees of exhaust�on, and I have observed effects wh�ch appear to
be due to phosphorescence even at ord�nary pressures of the
atmosphere, when the potent�als are extremely h�gh. But �f
phosphorescent l�ght �s produced by the equal�zat�on of charges of
electr�f�ed atoms (whatever th�s may mean ult�mately), then the
h�gher the frequency of the �mpulses or alternate electr�f�cat�ons, the
more econom�cal w�ll be the l�ght product�on. It �s a long known and
noteworthy fact that all the phosphorescent bod�es are poor
conductors of electr�c�ty and heat, and that all bod�es cease to em�t
phosphorescent l�ght when they are brought to a certa�n
temperature. Conductors on the contrary do not possess th�s qual�ty.
There are but few except�ons to the rule. Carbon �s one of them.
Becquerel noted that carbon phosphoresces at a certa�n elevated
temperature preced�ng the dark red. Th�s phenomenon may be
eas�ly observed �n bulbs prov�ded w�th a rather large carbon
electrode (say, a sphere of s�x m�ll�metres d�ameter). If the current �s
turned on after a few seconds, a snow wh�te f�lm covers the
electrode, just before �t gets dark red. S�m�lar effects are noted w�th



other conduct�ng bod�es, but many sc�ent�f�c men w�ll probably not
attr�bute them to true phosphorescence. Whether true
�ncandescence has anyth�ng to do w�th phosphorescence exc�ted by
atom�c �mpact or mechan�cal shocks st�ll rema�ns to be dec�ded, but
�t �s a fact that all cond�t�ons, wh�ch tend to local�ze and �ncrease the
heat�ng effect at the po�nt of �mpact, are almost �nvar�ably the most
favorable for the product�on of phosphorescence. So, �f the electrode
be very small, wh�ch �s equ�valent to say�ng �n general, that the
electr�c dens�ty �s great; �f the potent�al be h�gh, and �f the gas be
h�ghly raref�ed, all of wh�ch th�ngs �mply h�gh speed of the projected
atoms, or matter, and consequently v�olent �mpacts—the
phosphorescence �s very �ntense. If a bulb prov�ded w�th a large and
small electrode be attached to the term�nal of an �nduct�on co�l, the
small electrode exc�tes phosphorescence wh�le the large one may
not do so, because of the smaller electr�c dens�ty and hence smaller
speed of the atoms. A bulb prov�ded w�th a large electrode may be
grasped w�th the hand wh�le the electrode �s connected to the
term�nal of the co�l and �t may not phosphoresce; but �f �nstead of
grasp�ng the bulb w�th the hand, the same be touched w�th a po�nted
w�re, the phosphorescence at once spreads through the bulb,
because of the great dens�ty at the po�nt of contact. W�th low
frequenc�es �t seems that gases of great atom�c we�ght exc�te more
�ntense phosphorescence than those of smaller we�ght, as for
�nstance, hydrogen. W�th h�gh frequenc�es the observat�ons are not
suff�c�ently rel�able to draw a conclus�on. Oxygen, as �s well-known,
produces except�onally strong effects, wh�ch may be �n part due to
chem�cal act�on. A bulb w�th hydrogen res�due seems to be most
eas�ly exc�ted. Electrodes wh�ch are most eas�ly deter�orated
produce more �ntense phosphorescence �n bulbs, but the cond�t�on �s
not permanent because of the �mpa�rment of the vacuum and the
depos�t�on of the electrode matter upon the phosphorescent
surfaces. Some l�qu�ds, as o�ls, for �nstance, produce magn�f�cent
effects of phosphorescence (or fluorescence?), but they last only a
few seconds. So �f a bulb has a trace of o�l on the walls and the
current �s turned on, the phosphorescence only pers�sts for a few
moments unt�l the o�l �s carr�ed away. Of all bod�es so far tr�ed,
sulph�de of z�nc seems to be the most suscept�ble to



phosphorescence. Some samples, obta�ned through the k�ndness of
Prof. Henry �n Par�s, were employed �n many of these bulbs. One of
the defects of th�s sulph�de �s, that �t loses �ts qual�ty of em�tt�ng l�ght
when brought to a temperature wh�ch �s by no means h�gh. It can
therefore, be used only for feeble �ntens�t�es. An observat�on wh�ch
m�ght deserve not�ce �s, that when v�olently bombarded from an
alum�num electrode �t assumes a black color, but s�ngularly enough,
�t returns to the or�g�nal cond�t�on when �t cools down.

The most �mportant fact arr�ved at �n pursu�ng �nvest�gat�ons �n
th�s d�rect�on �s, that �n all cases �t �s necessary, �n order to exc�te
phosphorescence w�th a m�n�mum amount of energy, to observe
certa�n cond�t�ons. Namely, there �s always, no matter what the
frequency of the currents, degree of exhaust�on and character of the
bod�es �n the bulb, a certa�n potent�al (assum�ng the bulb exc�ted
from one term�nal) or potent�al d�fference (assum�ng the bulb to be
exc�ted w�th both term�nals) wh�ch produces the most econom�cal
result. If the potent�al be �ncreased, cons�derable energy may be
wasted w�thout produc�ng any more l�ght, and �f �t be d�m�n�shed,
then aga�n the l�ght product�on �s not as econom�cal. The exact
cond�t�on under wh�ch the best result �s obta�ned seems to depend
on many th�ngs of a d�fferent nature, and �t �s to be yet �nvest�gated
by other exper�menters, but �t w�ll certa�nly have to be observed
when such phosphorescent bulbs are operated, �f the best results
are to be obta�ned.

Com�ng now to the most �nterest�ng of these phenomena, the
�ncandescence or phosphorescence of gases, at low pressures or at
the ord�nary pressure of the atmosphere, we must seek the
explanat�on of these phenomena �n the same pr�mary causes, that �s,
�n shocks or �mpacts of the atoms. Just as molecules or atoms
beat�ng upon a sol�d body exc�te phosphorescence �n the same or
render �t �ncandescent, so when coll�d�ng among themselves they
produce s�m�lar phenomena. But th�s �s a very �nsuff�c�ent
explanat�on and concerns only the crude mechan�sm. L�ght �s
produced by v�brat�ons wh�ch go on at a rate almost �nconce�vable. If
we compute, from the energy conta�ned �n the form of known
rad�at�ons �n a def�n�te space the force wh�ch �s necessary to set up



such rap�d v�brat�ons, we f�nd, that though the dens�ty of the ether be
�ncomparably smaller than that of any body we know, even
hydrogen, the force �s someth�ng surpass�ng comprehens�on. What
�s th�s force, wh�ch �n mechan�cal measure may amount to thousands
of tons per square �nch? It �s electrostat�c force �n the l�ght of modern
v�ews. It �s �mposs�ble to conce�ve how a body of measurable
d�mens�ons could be charged to so h�gh a potent�al that the force
would be suff�c�ent to produce these v�brat�ons. Long before any
such charge could be �mparted to the body �t would be shattered �nto
atoms. The sun em�ts l�ght and heat, and so does an ord�nary flame
or �ncandescent f�lament, but �n ne�ther of these can the force be
accounted for �f �t be assumed that �t �s assoc�ated w�th the body as a
whole. Only �n one way may we account for �t, namely, by �dent�fy�ng
�t w�th the atom. An atom �s so small, that �f �t be charged by com�ng
�n contact w�th an electr�f�ed body and the charge be assumed to
follow the same law as �n the case of bod�es of measurable
d�mens�ons, �t must reta�n a quant�ty of electr�c�ty wh�ch �s fully
capable of account�ng for these forces and tremendous rates of
v�brat�on. But the atom behaves s�ngularly �n th�s respect—�t always
takes the same "charge."

It �s very l�kely that resonant v�brat�on plays a most �mportant part
�n all man�festat�ons of energy �n nature. Throughout space all matter
�s v�brat�ng, and all rates of v�brat�on are represented, from the
lowest mus�cal note to the h�ghest p�tch of the chem�cal rays, hence
an atom, or complex of atoms, no matter what �ts per�od, must f�nd a
v�brat�on w�th wh�ch �t �s �n resonance. When we cons�der the
enormous rap�d�ty of the l�ght v�brat�ons, we real�ze the �mposs�b�l�ty
of produc�ng such v�brat�ons d�rectly w�th any apparatus of
measurable d�mens�ons, and we are dr�ven to the only poss�ble
means of atta�n�ng the object of sett�ng up waves of l�ght by electr�cal
means and econom�cally, that �s, to affect the molecules or atoms of
a gas, to cause them to coll�de and v�brate. We then must ask
ourselves—How can free molecules or atoms be affected?

F�g. 196, 197.
F��. 196. F��. 197.



It �s a fact that they can be affected by electrostat�c force, as �s
apparent �n many of these exper�ments. By vary�ng the electrostat�c
force we can ag�tate the atoms, and cause them to coll�de
accompan�ed by evolut�on of heat and l�ght. It �s not demonstrated
beyond doubt that we can affect them otherw�se. If a lum�nous
d�scharge �s produced �n a closed exhausted tube, do the atoms
arrange themselves �n obed�ence to any other but to electrostat�c
force act�ng �n stra�ght l�nes from atom to atom? Only recently I
�nvest�gated the mutual act�on between two c�rcu�ts w�th extreme
rates of v�brat�on. When a battery of a few jars (c c c c, F�g. 196) �s
d�scharged through a pr�mary P of low res�stance (the connect�ons
be�ng as �llustrated �n F�gs. 183a, 183b and 183c), and the frequency
of v�brat�on �s many m�ll�ons there are great d�fferences of potent�al
between po�nts on the pr�mary not more than a few �nches apart.
These d�fferences may be 10,000 volts per �nch, �f not more, tak�ng
the max�mum value of the �. �. �. The secondary s �s therefore acted
upon by electrostat�c �nduct�on, wh�ch �s �n such extreme cases of
much greater �mportance than the electro-dynam�c. To such sudden
�mpulses the pr�mary as well as the secondary are poor conductors,
and therefore great d�fferences of potent�al may be produced by
electrostat�c �nduct�on between adjacent po�nts on the secondary.
Then sparks may jump between the w�res and streamers become
v�s�ble �n the dark �f the l�ght of the d�scharge through the spark gap d
d be carefully excluded. If now we subst�tute a closed vacuum tube
for the metall�c secondary s, the d�fferences of potent�al produced �n
the tube by electrostat�c �nduct�on from the pr�mary are fully suff�c�ent
to exc�te port�ons of �t; but as the po�nts of certa�n d�fferences of
potent�al on the pr�mary are not f�xed, but are generally constantly
chang�ng �n pos�t�on, a lum�nous band �s produced �n the tube,
apparently not touch�ng the glass, as �t should, �f the po�nts of
max�mum and m�n�mum d�fferences of potent�al were f�xed on the
pr�mary. I do not exclude the poss�b�l�ty of such a tube be�ng exc�ted
only by electro-dynam�c �nduct�on, for very able phys�c�sts hold th�s
v�ew; but �n my op�n�on, there �s as yet no pos�t�ve proof g�ven that
atoms of a gas �n a closed tube may arrange themselves �n cha�ns
under the act�on of an electromot�ve �mpulse produced by electro-
dynam�c �nduct�on �n the tube. I have been unable so far to produce



str�æ �n a tube, however long, and at whatever degree of exhaust�on,
that �s, str�æ at r�ght angles to the supposed d�rect�on of the
d�scharge or the ax�s of the tube; but I have d�st�nctly observed �n a
large bulb, �n wh�ch a w�de lum�nous band was produced by pass�ng
a d�scharge of a battery through a w�re surround�ng the bulb, a c�rcle
of feeble lum�nos�ty between two lum�nous bands, one of wh�ch was
more �ntense than the other. Furthermore, w�th my present
exper�ence I do not th�nk that such a gas d�scharge �n a closed tube
can v�brate, that �s, v�brate as a whole. I am conv�nced that no
d�scharge through a gas can v�brate. The atoms of a gas behave
very cur�ously �n respect to sudden electr�c �mpulses. The gas does
not seem to possess any apprec�able �nert�a to such �mpulses, for �t
�s a fact, that the h�gher the frequency of the �mpulses, w�th the
greater freedom does the d�scharge pass through the gas. If the gas
possesses no �nert�a then �t cannot v�brate, for some �nert�a �s
necessary for the free v�brat�on. I conclude from th�s that �f a l�ghtn�ng
d�scharge occurs between two clouds, there can be no osc�llat�on,
such as would be expected, cons�der�ng the capac�ty of the clouds.
But �f the l�ghtn�ng d�scharge str�ke the earth, there �s always
v�brat�on—�n the earth, but not �n the cloud. In a gas d�scharge each
atom v�brates at �ts own rate, but there �s no v�brat�on of the
conduct�ng gaseous mass as a whole. Th�s �s an �mportant
cons�derat�on �n the great problem of produc�ng l�ght econom�cally,
for �t teaches us that to reach th�s result we must use �mpulses of
very h�gh frequency and necessar�ly also of h�gh potent�al. It �s a fact
that oxygen produces a more �ntense l�ght �n a tube. Is �t because
oxygen atoms possess some �nert�a and the v�brat�on does not d�e
out �nstantly? But then n�trogen should be as good, and chlor�ne and
vapors of many other bod�es much better than oxygen, unless the
magnet�c propert�es of the latter enter prom�nently �nto play. Or, �s
the process �n the tube of an electrolyt�c nature? Many observat�ons
certa�nly speak for �t, the most �mportant be�ng that matter �s always
carr�ed away from the electrodes and the vacuum �n a bulb cannot
be permanently ma�nta�ned. If such process takes place �n real�ty,
then aga�n must we take refuge �n h�gh frequenc�es, for, w�th such,
electrolyt�c act�on should be reduced to a m�n�mum, �f not rendered
ent�rely �mposs�ble. It �s an unden�able fact that w�th very h�gh



frequenc�es, prov�ded the �mpulses be of harmon�c nature, l�ke those
obta�ned from an alternator, there �s less deter�orat�on and the vacua
are more permanent. W�th d�srupt�ve d�scharge co�ls there are
sudden r�ses of potent�al and the vacua are more qu�ckly �mpa�red,
for the electrodes are deter�orated �n a very short t�me. It was
observed �n some large tubes, wh�ch were prov�ded w�th heavy
carbon blocks B B1, connected to plat�num w�res w w1 (as �llustrated
�n F�g. 197), and wh�ch were employed �n exper�ments w�th the
d�srupt�ve d�scharge �nstead of the ord�nary a�r gap, that the carbon
part�cles under the act�on of the powerful magnet�c f�eld �n wh�ch the
tube was placed, were depos�ted �n regular f�ne l�nes �n the m�ddle of
the tube, as �llustrated. These l�nes were attr�buted to the deflect�on
or d�stort�on of the d�scharge by the magnet�c f�eld, but why the
depos�t occurred pr�nc�pally where the f�eld was most �ntense d�d not
appear qu�te clear. A fact of �nterest, l�kew�se noted, was that the
presence of a strong magnet�c f�eld �ncreases the deter�orat�on of the
electrodes, probably by reason of the rap�d �nterrupt�ons �t produces,
whereby there �s actually a h�gher �. �. �. ma�nta�ned between the
electrodes.

Much would rema�n to be sa�d about the lum�nous effects
produced �n gases at low or ord�nary pressures. W�th the present
exper�ences before us we cannot say that the essent�al nature of
these charm�ng phenomena �s suff�c�ently known. But �nvest�gat�ons
�n th�s d�rect�on are be�ng pushed w�th except�onal ardor. Every l�ne
of sc�ent�f�c pursu�t has �ts fasc�nat�ons, but electr�cal �nvest�gat�on
appears to possess a pecul�ar attract�on, for there �s no exper�ment
or observat�on of any k�nd �n the doma�n of th�s wonderful sc�ence
wh�ch would not forc�bly appeal to us. Yet to me �t seems, that of all
the many marvelous th�ngs we observe, a vacuum tube, exc�ted by
an electr�c �mpulse from a d�stant source, burst�ng forth out of the
darkness and �llum�nat�ng the room w�th �ts beaut�ful l�ght, �s as lovely
a phenomenon as can greet our eyes. More �nterest�ng st�ll �t
appears when, reduc�ng the fundamental d�scharges across the gap
to a very small number and wav�ng the tube about we produce all
k�nds of des�gns �n lum�nous l�nes. So by way of amusement I take a
stra�ght long tube, or a square one, or a square attached to a stra�ght



tube, and by wh�rl�ng them about �n the hand, I �m�tate the spokes of
a wheel, a Gramme w�nd�ng, a drum w�nd�ng, an alternate current
motor w�nd�ng, etc. (F�g. 198). V�ewed from a d�stance the effect �s
weak and much of �ts beauty �s lost, but be�ng near or hold�ng the
tube �n the hand, one cannot res�st �ts charm.



F�g. 198.
F��. 198.

In present�ng these �ns�gn�f�cant results I have not attempted to
arrange and co-ord�nate them, as would be proper �n a str�ctly
sc�ent�f�c �nvest�gat�on, �n wh�ch every succeed�ng result should be a
log�cal sequence of the preced�ng, so that �t m�ght be guessed �n
advance by the careful reader or attent�ve l�stener. I have preferred
to concentrate my energ�es ch�efly upon advanc�ng novel facts or
�deas wh�ch m�ght serve as suggest�ons to others, and th�s may
serve as an excuse for the lack of harmony. The explanat�ons of the
phenomena have been g�ven �n good fa�th and �n the sp�r�t of a
student prepared to f�nd that they adm�t of a better �nterpretat�on.
There can be no great harm �n a student tak�ng an erroneous v�ew,
but when great m�nds err, the world must dearly pay for the�r
m�stakes.



CHAPTER XXIX.

T���� A���������� C������
G��������� ��� H���
F��������, �� D�����.

It has become a common pract�ce to operate arc lamps by
alternat�ng or pulsat�ng, as d�st�ngu�shed from cont�nuous, currents;
but an object�on wh�ch has been ra�sed to such systems ex�sts �n the
fact that the arcs em�t a pronounced sound, vary�ng w�th the rate of
the alternat�ons or pulsat�ons of current. Th�s no�se �s due to the
rap�dly alternat�ng heat�ng and cool�ng, and consequent expans�on
and contract�on, of the gaseous matter form�ng the arc, wh�ch
corresponds w�th the per�ods or �mpulses of the current. Another
d�sadvantageous feature �s found �n the d�ff�culty of ma�nta�n�ng an
alternat�ng current arc �n consequence of the per�od�cal �ncrease �n
res�stance correspond�ng to the per�od�cal work�ng of the current.
Th�s feature enta�ls a further d�sadvantage, namely, that small arcs
are �mpract�cable.

Theoret�cal cons�derat�ons have led Mr. Tesla to the bel�ef that
these d�sadvantageous features could be obv�ated by employ�ng
currents of a suff�c�ently h�gh number of alternat�ons, and h�s
ant�c�pat�ons have been conf�rmed �n pract�ce. These rap�dly
alternat�ng currents render �t poss�ble to ma�nta�n small arcs wh�ch,
bes�des, possess the advantages of s�lence and pers�stency. The
latter qual�ty �s due to the necessar�ly rap�d alternat�ons, �n
consequence of wh�ch the arc has no t�me to cool, and �s always
ma�nta�ned at a h�gh temperature and low res�stance.

At the outset of h�s exper�ments Mr. Tesla encountered great
d�ff�cult�es �n the construct�on of h�gh frequency mach�nes. A
generator of th�s k�nd �s descr�bed here, wh�ch, though constructed



qu�te some t�me ago, �s well worthy of a deta�led descr�pt�on. It may
be ment�oned, �n pass�ng, that dynamos of th�s type have been used
by Mr. Tesla �n h�s l�ght�ng researches and exper�ments w�th currents
of h�gh potent�al and h�gh frequency, and reference to them w�ll be
found �n h�s lectures elsewhere pr�nted �n th�s volume.[4]

In the accompany�ng engrav�ngs, F�gs. 199 and 200 show the
mach�ne, respect�vely, �n s�de elevat�on and vert�cal cross-sect�on;
F�gs. 201, 202 and 203 show�ng enlarged deta�ls of construct�on. As
w�ll be seen, A �s an annular magnet�c frame, the �nter�or of wh�ch �s
prov�ded w�th a large number of pole-p�eces D.

Ow�ng to the very large number and small s�ze of the poles and
the spaces between them, the f�eld co�ls are appl�ed by w�nd�ng an
�nsulated conductor F z�gzag through the grooves, as shown �n F�g.
203, carry�ng the w�re around the annulus to form as many layers as
�s des�red. In th�s way the pole-p�eces D w�ll be energ�zed w�th
alternately oppos�te polar�ty around the ent�re r�ng.

For the armature, Mr. Tesla employs a sp�der carry�ng a r�ng J,
turned down, except at �ts edges, to form a trough-l�ke receptacle for
a mass of f�ne annealed �ron w�res K, wh�ch are wound �n the groove
to form the core proper for the armature-co�ls. P�ns L are set �n the
s�des of the r�ng J and the co�ls M are wound over the per�phery of
the armature-structure and around the p�ns. The co�ls M are
connected together �n ser�es, and these term�nals N carr�ed through
the hollow shaft H to contact-r�ngs P P, from wh�ch the currents are
taken off by brushes O.

F�g. 199.
F��. 199.

In th�s way a mach�ne w�th a very large number of poles may be
constructed. It �s easy, for �nstance, to obta�n �n th�s manner three
hundred and seventy-f�ve to four hundred poles �n a mach�ne that
may be safely dr�ven at a speed of f�fteen hundred or s�xteen
hundred revolut�ons per m�nute, wh�ch w�ll produce ten thousand or
eleven thousand alternat�ons of current per second. Arc lamps R R
are shown �n the d�agram as connected up �n ser�es w�th the



mach�ne �n F�g. 200. If such a current be appl�ed to runn�ng arc
lamps, the sound produced by or �n the arc becomes pract�cally
�naud�ble, for, by �ncreas�ng the rate of change �n the current, and
consequently the number of v�brat�ons per un�t of t�me of the
gaseous mater�al of the arc up to, or beyond, ten thousand or eleven
thousand per second, or to what �s regarded as the l�m�t of aud�t�on,
the sound due to such v�brat�ons w�ll not be aud�ble. The exact
number of changes or undulat�ons necessary to produce th�s result
w�ll vary somewhat accord�ng to the s�ze of the arc—that �s to say,
the smaller the arc, the greater the number of changes that w�ll be
requ�red to render �t �naud�ble w�th�n certa�n l�m�ts. It should also be
stated that the arc should not exceed a certa�n length.

F�g. 200, 201, 202 and 203. F���. 200, 201, 202 and 203.

The d�ff�cult�es encountered �n the construct�on of these mach�nes
are of a mechan�cal as well as an electr�cal nature. The mach�nes
may be des�gned on two plans: the f�eld may be formed e�ther of
alternat�ng poles, or of polar project�ons of the same polar�ty. Up to
about 15,000 alternat�ons per second �n an exper�mental mach�ne,
the former plan may be followed, but a more eff�c�ent mach�ne �s
obta�ned on the second plan.

In the mach�ne above descr�bed, wh�ch was capable of runn�ng
two arcs of normal candle power, the f�eld was composed of a r�ng of
wrought �ron 32 �nches outs�de d�ameter, and about 1 �nch th�ck. The
�ns�de d�ameter was 30 �nches. There were 384 polar project�ons.
The w�re was wound �n z�gzag form, but two w�res were wound so as
to completely envelop the project�ons. The d�stance between the
project�ons �s about 3/16 �nch, and they are a l�ttle over 1/16 �nch
th�ck. The f�eld magnet was made relat�vely small so as to adapt the
mach�ne for a constant current. There are 384 co�ls connected �n two
ser�es. It was found �mpract�cable to use any w�re much th�cker than
No. 26 B. and S. gauge on account of the local effects. In such a
mach�ne the clearance should be as small as poss�ble; for th�s
reason the mach�ne was made only 1¼ �nch w�de, so that the
b�nd�ng w�res m�ght be obv�ated. The armature w�res must be wound
w�th great care, as they are apt to fly off �n consequence of the great



per�pheral speed. In var�ous exper�ments th�s mach�ne has been run
as h�gh as 3,000 revolut�ons per m�nute. Ow�ng to the great speed �t
was poss�ble to obta�n as h�gh as 10 amperes out of the mach�ne.
The electromot�ve force was regulated by means of an adjustable
condenser w�th�n very w�de l�m�ts, the l�m�ts be�ng the greater, the
greater the speed. Th�s mach�ne was frequently used to run Mr.
Tesla's laboratory l�ghts.

F�g. 204.
F��. 204.

The mach�ne above descr�bed was only one of many such types
constructed. It serves well for an exper�mental mach�ne, but �f st�ll
h�gher alternat�ons are requ�red and h�gher eff�c�ency �s necessary,
then a mach�ne on a plan shown �n F�gs. 204 to 207, �s preferable.
The pr�nc�pal advantage of th�s type of mach�ne �s that there �s not
much magnet�c leakage, and that a f�eld may be produced, vary�ng
greatly �n �ntens�ty �n places not much d�stant from each other.

In these engrav�ngs, F�gs. 204 and 205 �llustrate a mach�ne �n
wh�ch the armature conductor and f�eld co�ls are stat�onary, wh�le the
f�eld magnet core revolves. F�g. 206 shows a mach�ne embody�ng
the same plan of construct�on, but hav�ng a stat�onary f�eld magnet
and rotary armature.

The conductor �n wh�ch the currents are �nduced may be
arranged �n var�ous ways; but Mr. Tesla prefers the follow�ng method:
He employs an annular plate of copper D, and by means of a saw
cuts �n �t rad�al slots from one edge nearly through to the other,
beg�nn�ng alternately from oppos�te edges. In th�s way a cont�nuous
z�gzag conductor �s formed. When the polar project�ons are 1/8 �nch
w�de, the w�dth of the conductor should not, under any
c�rcumstances, be more than 1/32 �nch w�de; even then the eddy
effect �s cons�derable.

F�g. 205.
F��. 205.



To the �nner edge of th�s plate are secured two r�ngs of non-
magnet�c metal E, wh�ch are �nsulated from the copper conductor,
but held f�rmly thereto by means of the bolts F. W�th�n the r�ngs E �s
then placed an annular co�l G, wh�ch �s the energ�z�ng co�l for the
f�eld magnet. The conductor D and the parts attached thereto are
supported by means of the cyl�ndr�cal shell or cast�ng A A, the two
parts of wh�ch are brought together and clamped to the outer edge of
the conductor D.

F�g. 206.
F��. 206.

The core for the f�eld magnet �s bu�lt up of two c�rcular parts H H,
formed w�th annular grooves I, wh�ch, when the two parts are
brought together, form a space for the recept�on of the energ�z�ng
co�l G. The hubs of the cores are trued off, so as to f�t closely aga�nst
one another, wh�le the outer port�ons or flanges wh�ch form the polar
faces J J, are reduced somewhat �n th�ckness to make room for the
conductor D, and are serrated on the�r faces. The number of
serrat�ons �n the polar faces �s arb�trary; but there must ex�st
between them and the rad�al port�ons of the conductor D certa�n
relat�on, wh�ch w�ll be understood by reference to F�g. 207 �n wh�ch N
N represent the project�ons or po�nts on one face of the core of the
f�eld, and S S the po�nts of the other face. The conductor D �s shown
�n th�s f�gure �n sect�on a a' des�gnat�ng the rad�al port�ons of the
conductor, and b the �nsulat�ng d�v�s�ons between them. The relat�ve
w�dth of the parts a a' and the space between any two adjacent
po�nts N N or S S �s such that when the rad�al port�ons a of the
conductor are pass�ng between the oppos�te po�nts N S where the
f�eld �s strongest, the �ntermed�ate rad�al port�ons a' are pass�ng
through the w�dest spaces m�dway between such po�nts and where
the f�eld �s weakest. S�nce the core on one s�de �s of oppos�te polar�ty
to the part fac�ng �t, all the project�ons of one polar face w�ll be of
oppos�te polar�ty to those of the other face. Hence, although the
space between any two adjacent po�nts on the same face may be
extremely small, there w�ll be no leakage of the magnet�c l�nes
between any two po�nts of the same name, but the l�nes of force w�ll
pass across from one set of po�nts to the other. The construct�on



followed obv�ates to a great degree the d�stort�on of the magnet�c
l�nes by the act�on of the current �n the conductor D, �n wh�ch �t w�ll be
observed the current �s flow�ng at any g�ven t�me from the centre
toward the per�phery �n one set of rad�al parts a and �n the oppos�te
d�rect�on �n the adjacent parts a'.

In order to connect the energ�z�ng co�l G, F�g. 204, w�th a source
of cont�nuous current, Mr. Tesla ut�l�zes two adjacent rad�al port�ons
of the conductor D for connect�ng the term�nals of the co�l G w�th two
b�nd�ng posts M. For th�s purpose the plate D �s cut ent�rely through,
as shown, and the break thus made �s br�dged over by a short
conductor C. The plate D �s cut through to form two term�nals d,
wh�ch are connected to b�nd�ng posts N. The core H H, when rotated
by the dr�v�ng pulley, generates �n the conductors D an alternat�ng
current, wh�ch �s taken off from the b�nd�ng posts N.

F�g. 207.
F��. 207.

When �t �s des�red to rotate the conductor between the faces of a
stat�onary f�eld magnet, the construct�on shown �n F�g. 206, �s
adopted. The conductor D �n th�s case �s or may be made �n
substant�ally the same manner as above descr�bed by slott�ng an
annular conduct�ng-plate and support�ng �t between two heads O,
held together by bolts o and f�xed to the dr�v�ng-shaft K. The �nner
edge of the plate or conductor D �s preferably flanged to secure a
f�rmer un�on between �t and the heads O. It �s �nsulated from the
head. The f�eld-magnet �n th�s case cons�sts of two annular parts H H,
prov�ded w�th annular grooves I for the recept�on of the co�ls. The
flanges or faces surround�ng the annular groove are brought
together, wh�le the �nner flanges are serrated, as �n the prev�ous
case, and form the polar faces. The two parts H H are formed w�th a
base R, upon wh�ch the mach�ne rests. S S are non-magnet�c
bush�ngs secured or set �n the central open�ng of the cores. The
conductor D �s cut ent�rely through at one po�nt to form term�nals,
from wh�ch �nsulated conductors T are led through the shaft to
collect�ng-r�ngs V.



In one type of mach�ne of th�s k�nd constructed by Mr. Tesla, the
f�eld had 480 polar project�ons on each s�de, and from th�s mach�ne �t
was poss�ble to obta�n 30,000 alternat�ons per second. As the polar
project�ons must necessar�ly be very narrow, very th�n w�res or
sheets must be used to avo�d the eddy current effects. Mr. Tesla has
thus constructed mach�nes w�th a stat�onary armature and rotat�ng
f�eld, �n wh�ch case also the f�eld-co�l was supported so that the
revolv�ng part cons�sted only of a wrought �ron body devo�d of any
w�re and also mach�nes w�th a rotat�ng armature and stat�onary f�eld.
The mach�nes may be e�ther drum or d�sc, but Mr. Tesla's exper�ence
shows the latter to be preferable.

In the course of a very �nterest�ng art�cle contr�buted to the
Electr�cal World �n February, 1891, Mr. Tesla makes some
suggest�ve remarks on these h�gh frequency mach�nes and h�s
exper�ences w�th them, as well as w�th other parts of the h�gh
frequency apparatus. Part of �t �s quoted here and �s as follows:—

The wr�ter w�ll �nc�dentally ment�on that any one who attempts for
the f�rst t�me to construct such a mach�ne w�ll have a tale of woe to
tell. He w�ll f�rst start out, as a matter of course, by mak�ng an
armature w�th the requ�red number of polar project�ons. He w�ll then
get the sat�sfact�on of hav�ng produced an apparatus wh�ch �s f�t to
accompany a thoroughly Wagner�an opera. It may bes�des possess
the v�rtue of convert�ng mechan�cal energy �nto heat �n a nearly
perfect manner. If there �s a reversal �n the polar�ty of the project�ons,
he w�ll get heat out of the mach�ne; �f there �s no reversal, the heat�ng
w�ll be less, but the output w�ll be next to noth�ng. He w�ll then
abandon the �ron �n the armature, and he w�ll get from the Scylla to
the Charybd�s. He w�ll look for one d�ff�culty and w�ll f�nd another, but,
after a few tr�als, he may get nearly what he wanted.

Among the many exper�ments wh�ch may be performed w�th such
a mach�ne, of not the least �nterest are those performed w�th a h�gh-
tens�on �nduct�on co�l. The character of the d�scharge �s completely



changed. The arc �s establ�shed at much greater d�stances, and �t �s
so eas�ly affected by the sl�ghtest current of a�r that �t often wr�ggles
around �n the most s�ngular manner. It usually em�ts the rhythm�cal
sound pecul�ar to the alternate current arcs, but the cur�ous po�nt �s
that the sound may be heard w�th a number of alternat�ons far above
ten thousand per second, wh�ch by many �s cons�dered to be about
the l�m�t of aud�t�on. In many respects the co�l behaves l�ke a stat�c
mach�ne. Po�nts �mpa�r cons�derably the spark�ng �nterval, electr�c�ty
escap�ng from them freely, and from a w�re attached to one of the
term�nals streams of l�ght �ssue, as though �t were connected to a
pole of a powerful Toepler mach�ne. All these phenomena are, of
course, mostly due to the enormous d�fferences of potent�al
obta�ned. As a consequence of the self-�nduct�on of the co�l and the
h�gh frequency, the current �s m�nute wh�le there �s a correspond�ng
r�se of pressure. A current �mpulse of some strength started �n such
a co�l should pers�st to flow no less than four ten-thousandths of a
second. As th�s t�me �s greater than half the per�od, �t occurs that an
oppos�ng electromot�ve force beg�ns to act wh�le the current �s st�ll
flow�ng. As a consequence, the pressure r�ses as �n a tube f�lled w�th
l�qu�d and v�brated rap�dly around �ts ax�s. The current �s so small
that, �n the op�n�on and �nvoluntary exper�ence of the wr�ter, the
d�scharge of even a very large co�l cannot produce ser�ously
�njur�ous effects, whereas, �f the same co�l were operated w�th a
current of lower frequency, though the electromot�ve force would be
much smaller, the d�scharge would be most certa�nly �njur�ous. Th�s
result, however, �s due �n part to the h�gh frequency. The wr�ter's
exper�ences tend to show that the h�gher the frequency the greater
the amount of electr�cal energy wh�ch may be passed through the
body w�thout ser�ous d�scomfort; whence �t seems certa�n that
human t�ssues act as condensers.

One �s not qu�te prepared for the behav�or of the co�l when
connected to a Leyden jar. One, of course, ant�c�pates that s�nce the
frequency �s h�gh the capac�ty of the jar should be small. He
therefore takes a very small jar, about the s�ze of a small w�ne glass,
but he f�nds that even w�th th�s jar the co�l �s pract�cally short-
c�rcu�ted. He then reduces the capac�ty unt�l he comes to about the



capac�ty of two spheres, say, ten cent�metres �n d�ameter and two to
four cent�metres apart. The d�scharge then assumes the form of a
serrated band exactly l�ke a success�on of sparks v�ewed �n a rap�dly
revolv�ng m�rror; the serrat�ons, of course, correspond�ng to the
condenser d�scharges. In th�s case one may observe a queer
phenomenon. The d�scharge starts at the nearest po�nts, works
gradually up, breaks somewhere near the top of the spheres, beg�ns
aga�n at the bottom, and so on. Th�s goes on so fast that several
serrated bands are seen at once. One may be puzzled for a few
m�nutes, but the explanat�on �s s�mple enough. The d�scharge beg�ns
at the nearest po�nts, the a�r �s heated and carr�es the arc upward
unt�l �t breaks, when �t �s re-establ�shed at the nearest po�nts, etc.
S�nce the current passes eas�ly through a condenser of even small
capac�ty, �t w�ll be found qu�te natural that connect�ng only one
term�nal to a body of the same s�ze, no matter how well �nsulated,
�mpa�rs cons�derably the str�k�ng d�stance of the arc.

Exper�ments w�th Ge�ssler tubes are of spec�al �nterest. An
exhausted tube, devo�d of electrodes of any k�nd, w�ll l�ght up at
some d�stance from the co�l. If a tube from a vacuum pump �s near
the co�l the whole of the pump �s br�ll�antly l�ghted. An �ncandescent
lamp approached to the co�l l�ghts up and gets percept�bly hot. If a
lamp have the term�nals connected to one of the b�nd�ng posts of the
co�l and the hand �s approached to the bulb, a very cur�ous and
rather unpleasant d�scharge from the glass to the hand takes place,
and the f�lament may become �ncandescent. The d�scharge
resembles to some extent the stream �ssu�ng from the plates of a
powerful Toepler mach�ne, but �s of �ncomparably greater quant�ty.
The lamp �n th�s case acts as a condenser, the raref�ed gas be�ng
one coat�ng, the operator's hand the other. By tak�ng the globe of a
lamp �n the hand, and by br�ng�ng the metall�c term�nals near to or �n
contact w�th a conductor connected to the co�l, the carbon �s brought
to br�ght �ncandescence and the glass �s rap�dly heated. W�th a 100-
volt 10 �. �. lamp one may w�thout great d�scomfort stand as much
current as w�ll br�ng the lamp to a cons�derable br�ll�ancy; but �t can
be held �n the hand only for a few m�nutes, as the glass �s heated �n
an �ncred�bly short t�me. When a tube �s l�ghted by br�ng�ng �t near to



the co�l �t may be made to go out by �nterpos�ng a metal plate on the
hand between the co�l and tube; but �f the metal plate be fastened to
a glass rod or otherw�se �nsulated, the tube may rema�n l�ghted �f the
plate be �nterposed, or may even �ncrease �n lum�nos�ty. The effect
depends on the pos�t�on of the plate and tube relat�vely to the co�l,
and may be always eas�ly foretold by assum�ng that conduct�on
takes place from one term�nal of the co�l to the other. Accord�ng to
the pos�t�on of the plate, �t may e�ther d�vert from or d�rect the current
to the tube.

In another l�ne of work the wr�ter has �n frequent exper�ments
ma�nta�ned �ncandescent lamps of 50 or 100 volts burn�ng at any
des�red candle power w�th both the term�nals of each lamp
connected to a stout copper w�re of no more than a few feet �n
length. These exper�ments seem �nterest�ng enough, but they are not
more so than the queer exper�ment of Faraday, wh�ch has been
rev�ved and made much of by recent �nvest�gators, and �n wh�ch a
d�scharge �s made to jump between two po�nts of a bent copper w�re.
An exper�ment may be c�ted here wh�ch may seem equally
�nterest�ng. If a Ge�ssler tube, the term�nals of wh�ch are jo�ned by a
copper w�re, be approached to the co�l, certa�nly no one would be
prepared to see the tube l�ght up. Cur�ously enough, �t does l�ght up,
and, what �s more, the w�re does not seem to make much d�fference.
Now one �s apt to th�nk �n the f�rst moment that the �mpedance of the
w�re m�ght have someth�ng to do w�th the phenomenon. But th�s �s of
course �mmed�ately rejected, as for th�s an enormous frequency
would be requ�red. Th�s result, however, seems puzzl�ng only at f�rst;
for upon reflect�on �t �s qu�te clear that the w�re can make but l�ttle
d�fference. It may be expla�ned �n more than one way, but �t agrees
perhaps best w�th observat�on to assume that conduct�on takes
place from the term�nals of the co�l through the space. On th�s
assumpt�on, �f the tube w�th the w�re be held �n any pos�t�on, the w�re
can d�vert l�ttle more than the current wh�ch passes through the
space occup�ed by the w�re and the metall�c term�nals of the tube;
through the adjacent space the current passes pract�cally
und�sturbed. For th�s reason, �f the tube be held �n any pos�t�on at
r�ght angles to the l�ne jo�n�ng the b�nd�ng posts of the co�l, the w�re



makes hardly any d�fference, but �n a pos�t�on more or less parallel
w�th that l�ne �t �mpa�rs to a certa�n extent the br�ll�ancy of the tube
and �ts fac�l�ty to l�ght up. Numerous other phenomena may be
expla�ned on the same assumpt�on. For �nstance, �f the ends of the
tube be prov�ded w�th washers of suff�c�ent s�ze and held �n the l�ne
jo�n�ng the term�nals of the co�l, �t w�ll not l�ght up, and then nearly the
whole of the current, wh�ch would otherw�se pass un�formly through
the space between the washers, �s d�verted through the w�re. But �f
the tube be �ncl�ned suff�c�ently to that l�ne, �t w�ll l�ght up �n sp�te of
the washers. Also, �f a metal plate be fastened upon a glass rod and
held at r�ght angles to the l�ne jo�n�ng the b�nd�ng posts, and nearer
to one of them, a tube held more or less parallel w�th the l�ne w�ll l�ght
up �nstantly when one of the term�nals touches the plate, and w�ll go
out when separated from the plate. The greater the surface of the
plate, up to a certa�n l�m�t, the eas�er the tube w�ll l�ght up. When a
tube �s placed at r�ght angles to the stra�ght l�ne jo�n�ng the b�nd�ng
posts, and then rotated, �ts lum�nos�ty stead�ly �ncreases unt�l �t �s
parallel w�th that l�ne. The wr�ter must state, however, that he does
not favor the �dea of a leakage or current through the space any
more than as a su�table explanat�on, for he �s conv�nced that all
these exper�ments could not be performed w�th a stat�c mach�ne
y�eld�ng a constant d�fference of potent�al, and that condenser act�on
�s largely concerned �n these phenomena.

It �s well to take certa�n precaut�ons when operat�ng a Ruhmkorff
co�l w�th very rap�dly alternat�ng currents. The pr�mary current should
not be turned on too long, else the core may get so hot as to melt the
gutta-percha or paraff�n, or otherw�se �njure the �nsulat�on, and th�s
may occur �n a surpr�s�ngly short t�me, cons�der�ng the current's
strength. The pr�mary current be�ng turned on, the f�ne w�re term�nals
may be jo�ned w�thout great r�sk, the �mpedance be�ng so great that �t
�s d�ff�cult to force enough current through the f�ne w�re so as to
�njure �t, and �n fact the co�l may be on the whole much safer when
the term�nals of the f�ne w�re are connected than when they are
�nsulated; but spec�al care should be taken when the term�nals are
connected to the coat�ngs of a Leyden jar, for w�th anywhere near
the cr�t�cal capac�ty, wh�ch just counteracts the self-�nduct�on at the



ex�st�ng frequency, the co�l m�ght meet the fate of St. Polycarpus. If
an expens�ve vacuum pump �s l�ghted up by be�ng near to the co�l or
touched w�th a w�re connected to one of the term�nals, the current
should be left on no more than a few moments, else the glass w�ll be
cracked by the heat�ng of the raref�ed gas �n one of the narrow
passages—�n the wr�ter's own exper�ence quod erat
demonstrandum.[5]

There are a good many other po�nts of �nterest wh�ch may be
observed �n connect�on w�th such a mach�ne. Exper�ments w�th the
telephone, a conductor �n a strong f�eld or w�th a condenser or arc,
seem to afford certa�n proof that sounds far above the usual
accepted l�m�t of hear�ng would be perce�ved. A telephone w�ll em�t
notes of twelve to th�rteen thousand v�brat�ons per second; then the
�nab�l�ty of the core to follow such rap�d alternat�ons beg�ns to tell. If,
however, the magnet and core be replaced by a condenser and the
term�nals connected to the h�gh-tens�on secondary of a transformer,
h�gher notes may st�ll be heard. If the current be sent around a f�nely
lam�nated core and a small p�ece of th�n sheet �ron be held gently
aga�nst the core, a sound may be st�ll heard w�th th�rteen to fourteen
thousand alternat�ons per second, prov�ded the current �s suff�c�ently
strong. A small co�l, however, t�ghtly packed between the poles of a
powerful magnet, w�ll em�t a sound w�th the above number of
alternat�ons, and arcs may be aud�ble w�th a st�ll h�gher frequency.
The l�m�t of aud�t�on �s var�ously est�mated. In S�r W�ll�am Thomson's
wr�t�ngs �t �s stated somewhere that ten thousand per second, or
nearly so, �s the l�m�t. Other, but less rel�able, sources g�ve �t as h�gh
as twenty-four thousand per second. The above exper�ments have
conv�nced the wr�ter that notes of an �ncomparably h�gher number of
v�brat�ons per second would be perce�ved prov�ded they could be
produced w�th suff�c�ent power. There �s no reason why �t should not
be so. The condensat�ons and rarefact�ons of the a�r would
necessar�ly set the d�aphragm �n a correspond�ng v�brat�on and some
sensat�on would be produced, whatever—w�th�n certa�n l�m�ts—the
veloc�ty of transm�ss�on to the�r nerve centres, though �t �s probable
that for want of exerc�se the ear would not be able to d�st�ngu�sh any
such h�gh note. W�th the eye �t �s d�fferent; �f the sense of v�s�on �s



based upon some resonance effect, as many bel�eve, no amount of
�ncrease �n the �ntens�ty of the ethereal v�brat�on could extend our
range of v�s�on on e�ther s�de of the v�s�ble spectrum.

The l�m�t of aud�t�on of an arc depends on �ts s�ze. The greater
the surface by a g�ven heat�ng effect �n the arc, the h�gher the l�m�t of
aud�t�on. The h�ghest notes are em�tted by the h�gh-tens�on
d�scharges of an �nduct�on co�l �n wh�ch the arc �s, so to speak, all
surface. If R be the res�stance of an arc, and C the current, and the
l�near d�mens�ons be n t�mes �ncreased, then the res�stance �s R/n,
and w�th the same current dens�ty the current would be n2C; hence
the heat�ng effect �s n3 t�mes greater, wh�le the surface �s only n2

t�mes as great. For th�s reason very large arcs would not em�t any
rhythm�cal sound even w�th a very low frequency. It must be
observed, however, that the sound em�tted depends to some extent
also on the compos�t�on of the carbon. If the carbon conta�n h�ghly
refractory mater�al, th�s, when heated, tends to ma�nta�n the
temperature of the arc un�form and the sound �s lessened; for th�s
reason �t would seem that an alternat�ng arc requ�res such carbons.

W�th currents of such h�gh frequenc�es �t �s poss�ble to obta�n
no�seless arcs, but the regulat�on of the lamp �s rendered extremely
d�ff�cult on account of the excess�vely small attract�ons or repuls�ons
between conductors convey�ng these currents.

An �nterest�ng feature of the arc produced by these rap�dly
alternat�ng currents �s �ts pers�stency. There are two causes for �t,
one of wh�ch �s always present, the other somet�mes only. One �s
due to the character of the current and the other to a property of the
mach�ne. The f�rst cause �s the more �mportant one, and �s due
d�rectly to the rap�d�ty of the alternat�ons. When an arc �s formed by a
per�od�cally undulat�ng current, there �s a correspond�ng undulat�on �n
the temperature of the gaseous column, and, therefore, a
correspond�ng undulat�on �n the res�stance of the arc. But the
res�stance of the arc var�es enormously w�th the temperature of the
gaseous column, be�ng pract�cally �nf�n�te when the gas between the
electrodes �s cold. The pers�stence of the arc, therefore, depends on
the �nab�l�ty of the column to cool. It �s for th�s reason �mposs�ble to



ma�nta�n an arc w�th the current alternat�ng only a few t�mes a
second. On the other hand, w�th a pract�cally cont�nuous current, the
arc �s eas�ly ma�nta�ned, the column be�ng constantly kept at a h�gh
temperature and low res�stance. The h�gher the frequency the
smaller the t�me �nterval dur�ng wh�ch the arc may cool and �ncrease
cons�derably �n res�stance. W�th a frequency of 10,000 per second or
more �n an arc of equal s�ze excess�vely small var�at�ons of
temperature are super�mposed upon a steady temperature, l�ke
r�pples on the surface of a deep sea. The heat�ng effect �s pract�cally
cont�nuous and the arc behaves l�ke one produced by a cont�nuous
current, w�th the except�on, however, that �t may not be qu�te as
eas�ly started, and that the electrodes are equally consumed; though
the wr�ter has observed some �rregular�t�es �n th�s respect.

The second cause alluded to, wh�ch poss�bly may not be present,
�s due to the tendency of a mach�ne of such h�gh frequency to
ma�nta�n a pract�cally constant current. When the arc �s lengthened,
the electromot�ve force r�ses �n proport�on and the arc appears to be
more pers�stent.

Such a mach�ne �s em�nently adapted to ma�nta�n a constant
current, but �t �s very unf�t for a constant potent�al. As a matter of fact,
�n certa�n types of such mach�nes a nearly constant current �s an
almost unavo�dable result. As the number of poles or polar
project�ons �s greatly �ncreased, the clearance becomes of great
�mportance. One has really to do w�th a great number of very small
mach�nes. Then there �s the �mpedance �n the armature, enormously
augmented by the h�gh frequency. Then, aga�n, the magnet�c
leakage �s fac�l�tated. If there are three or four hundred alternate
poles, the leakage �s so great that �t �s v�rtually the same as
connect�ng, �n a two-pole mach�ne, the poles by a p�ece of �ron. Th�s
d�sadvantage, �t �s true, may be obv�ated more or less by us�ng a
f�eld throughout of the same polar�ty, but then one encounters
d�ff�cult�es of a d�fferent nature. All these th�ngs tend to ma�nta�n a
constant current �n the armature c�rcu�t.

In th�s connect�on �t �s �nterest�ng to not�ce that even to-day
eng�neers are aston�shed at the performance of a constant current



mach�ne, just as, some years ago, they used to cons�der �t an
extraord�nary performance �f a mach�ne was capable of ma�nta�n�ng
a constant potent�al d�fference between the term�nals. Yet one result
�s just as eas�ly secured as the other. It must only be remembered
that �n an �nduct�ve apparatus of any k�nd, �f constant potent�al �s
requ�red, the �nduct�ve relat�on between the pr�mary or exc�t�ng and
secondary or armature c�rcu�t must be the closest poss�ble; whereas,
�n an apparatus for constant current just the oppos�te �s requ�red.
Furthermore, the oppos�t�on to the current's flow �n the �nduced
c�rcu�t must be as small as poss�ble �n the former and as great as
poss�ble �n the latter case. But oppos�t�on to a current's flow may be
caused �n more than one way. It may be caused by ohm�c res�stance
or self-�nduct�on. One may make the �nduced c�rcu�t of a dynamo
mach�ne or transformer of such h�gh res�stance that when operat�ng
dev�ces of cons�derably smaller res�stance w�th�n very w�de l�m�ts a
nearly constant current �s ma�nta�ned. But such h�gh res�stance
�nvolves a great loss �n power, hence �t �s not pract�cable. Not so self-
�nduct�on. Self-�nduct�on does not necessar�ly mean loss of power.
The moral �s, use self-�nduct�on �nstead of res�stance. There �s,
however, a c�rcumstance wh�ch favors the adopt�on of th�s plan, and
th�s �s, that a very h�gh self-�nduct�on may be obta�ned cheaply by
surround�ng a comparat�vely small length of w�re more or less
completely w�th �ron, and, furthermore, the effect may be exalted at
w�ll by caus�ng a rap�d undulat�on of the current. To sum up, the
requ�rements for constant current are: Weak magnet�c connect�on
between the �nduced and �nduc�ng c�rcu�ts, greatest poss�ble self-
�nduct�on w�th the least res�stance, greatest pract�cable rate of
change of the current. Constant potent�al, on the other hand,
requ�res: Closest magnet�c connect�on between the c�rcu�ts, steady
�nduced current, and, �f poss�ble, no react�on. If the latter cond�t�ons
could be fully sat�sf�ed �n a constant potent�al mach�ne, �ts output
would surpass many t�mes that of a mach�ne pr�mar�ly des�gned to
g�ve constant current. Unfortunately, the type of mach�ne �n wh�ch
these cond�t�ons may be sat�sf�ed �s of l�ttle pract�cal value, ow�ng to
the small electromot�ve force obta�nable and the d�ff�cult�es �n tak�ng
off the current.



W�th the�r keen �nventor's �nst�nct, the now successful arc-l�ght
men have early recogn�zed the des�derata of a constant current
mach�ne. The�r arc l�ght mach�nes have weak f�elds, large armatures,
w�th a great length of copper w�re and few commutator segments to
produce great var�at�ons �n the current's strength and to br�ng self-
�nduct�on �nto play. Such mach�nes may ma�nta�n w�th�n cons�derable
l�m�ts of var�at�on �n the res�stance of the c�rcu�t a pract�cally constant
current. The�r output �s of course correspond�ngly d�m�n�shed, and,
perhaps w�th the object �n v�ew not to cut down the output too much,
a s�mple dev�ce compensat�ng except�onal var�at�ons �s employed.
The undulat�on of the current �s almost essent�al to the commerc�al
success of an arc-l�ght system. It �ntroduces �n the c�rcu�t a steady�ng
element tak�ng the place of a large ohm�c res�stance, w�thout
�nvolv�ng a great loss �n power, and, what �s more �mportant, �t allows
the use of s�mple clutch lamps, wh�ch w�th a current of a certa�n
number of �mpulses per second, best su�table for each part�cular
lamp, w�ll, �f properly attended to, regulate even better than the f�nest
clock-work lamps. Th�s d�scovery has been made by the wr�ter—
several years too late.

It has been asserted by competent Engl�sh electr�c�ans that �n a
constant-current mach�ne or transformer the regulat�on �s effected by
vary�ng the phase of the secondary current. That th�s v�ew �s
erroneous may be eas�ly proved by us�ng, �nstead of lamps, dev�ces
each possess�ng self-�nduct�on and capac�ty or self-�nduct�on and
res�stance—that �s, retard�ng and accelerat�ng components—�n such
proport�ons as to not affect mater�ally the phase of the secondary
current. Any number of such dev�ces may be �nserted or cut out, st�ll
�t w�ll be found that the regulat�on occurs, a constant current be�ng
ma�nta�ned, wh�le the electromot�ve force �s var�ed w�th the number
of the dev�ces. The change of phase of the secondary current �s
s�mply a result follow�ng from the changes �n res�stance, and, though
secondary react�on �s always of more or less �mportance, yet the real
cause of the regulat�on l�es �n the ex�stence of the cond�t�ons above
enumerated. It should be stated, however, that �n the case of a
mach�ne the above remarks are to be restr�cted to the cases �n wh�ch
the mach�ne �s �ndependently exc�ted. If the exc�tat�on be effected by



commutat�ng the armature current, then the f�xed pos�t�on of the
brushes makes any sh�ft�ng of the neutral l�ne of the utmost
�mportance, and �t may not be thought �mmodest of the wr�ter to
ment�on that, as far as records go, he seems to have been the f�rst
who has successfully regulated mach�nes by prov�d�ng a br�dge
connect�on between a po�nt of the external c�rcu�t and the
commutator by means of a th�rd brush. The armature and f�eld be�ng
properly proport�oned and the brushes placed �n the�r determ�ned
pos�t�ons, a constant current or constant potent�al resulted from the
sh�ft�ng of the d�ameter of commutat�on by the vary�ng loads.

In connect�on w�th mach�nes of such h�gh frequenc�es, the
condenser affords an espec�ally �nterest�ng study. It �s easy to ra�se
the electromot�ve force of such a mach�ne to four or f�ve t�mes the
value by s�mply connect�ng the condenser to the c�rcu�t, and the
wr�ter has cont�nually used the condenser for the the purposes of
regulat�on, as suggested by Blakesley �n h�s book on alternate
currents, �n wh�ch he has treated the most frequently occurr�ng
condenser problems w�th exqu�s�te s�mpl�c�ty and clearness. The
h�gh frequency allows the use of small capac�t�es and renders
�nvest�gat�on easy. But, although �n most of the exper�ments the
result may be foretold, some phenomena observed seem at f�rst
cur�ous. One exper�ment performed three or four months ago w�th
such a mach�ne and a condenser may serve as an �llustrat�on. A
mach�ne was used g�v�ng about 20,000 alternat�ons per second. Two
bare w�res about twenty feet long and two m�ll�metres �n d�ameter, �n
close prox�m�ty to each other, were connected to the term�nals of the
mach�ne at the one end, and to a condenser at the other. A small
transformer w�thout an �ron core, of course, was used to br�ng the
read�ng w�th�n range of a Cardew voltmeter by connect�ng the
voltmeter to the secondary. On the term�nals of the condenser the
electromot�ve force was about 120 volts, and from there �nch by �nch
�t gradually fell unt�l at the term�nals of the mach�ne �t was about 65
volts. It was v�rtually as though the condenser were a generator, and
the l�ne and armature c�rcu�t s�mply a res�stance connected to �t. The
wr�ter looked for a case of resonance, but he was unable to augment
the effect by vary�ng the capac�ty very carefully and gradually or by



chang�ng the speed of the mach�ne. A case of pure resonance he
was unable to obta�n. When a condenser was connected to the
term�nals of the mach�ne—the self-�nduct�on of the armature be�ng
f�rst determ�ned �n the max�mum and m�n�mum pos�t�on and the
mean value taken—the capac�ty wh�ch gave the h�ghest
electromot�ve force corresponded most nearly to that wh�ch just
counteracted the self-�nduct�on w�th the ex�st�ng frequency. If the
capac�ty was �ncreased or d�m�n�shed, the electromot�ve force fell as
expected.

W�th frequenc�es as h�gh as the above ment�oned, the condenser
effects are of enormous �mportance. The condenser becomes a
h�ghly eff�c�ent apparatus capable of transferr�ng cons�derable
energy.

In an append�x to th�s book w�ll be found a descr�pt�on of the
Tesla osc�llator, wh�ch �ts �nventor bel�eves w�ll among other great
advantages g�ve h�m the necessary h�gh frequency cond�t�ons, wh�le
rel�ev�ng h�m of the �nconven�ences that attach to generators of the
type descr�bed at the beg�nn�ng of th�s chapter.



CHAPTER XXX.

A�������� C������
E������������ I��������

A��������.[6]

About a year and a half ago wh�le engaged �n the study of
alternate currents of short per�od, �t occurred to me that such
currents could be obta�ned by rotat�ng charged surfaces �n close
prox�m�ty to conductors. Accord�ngly I dev�sed var�ous forms of
exper�mental apparatus of wh�ch two are �llustrated �n the
accompany�ng engrav�ngs.

F�g. 208.
F��. 208.

In the apparatus shown �n F�g. 208, A �s a r�ng of dry shellacked
hard wood prov�ded on �ts �ns�de w�th two sets of t�n-fo�l coat�ngs, a
and b, all the a coat�ngs and all the b coat�ngs be�ng connected
together, respect�vely, but �ndependent from each other. These two
sets of coat�ngs are connected to two term�nals, T. For the sake of
clearness only a few coat�ngs are shown. Ins�de of the r�ng A, and �n
close prox�m�ty to �t there �s arranged to rotate a cyl�nder B, l�kew�se
of dry, shellacked hard wood, and prov�ded w�th two s�m�lar sets of
coat�ngs, a1 and b1, all the coat�ngs a1 be�ng connected to one r�ng
and all the others, b1, to another marked + and −. These two sets, a1

and b1 are charged to a h�gh potent�al by a Holtz or W�mshurst
mach�ne, and may be connected to a jar of some capac�ty. The
�ns�de of r�ng A �s coated w�th m�ca �n order to �ncrease the �nduct�on
and also to allow h�gher potent�als to be used.

F�g. 209.
F��. 209.



When the cyl�nder B w�th the charged coat�ngs �s rotated, a c�rcu�t
connected to the term�nals T �s traversed by alternat�ng currents.
Another form of apparatus �s �llustrated �n F�g. 209. In th�s apparatus
the two sets of t�n-fo�l coat�ngs are glued on a plate of ebon�te, and a
s�m�lar plate wh�ch �s rotated, and the coat�ngs of wh�ch are charged
as �n F�g. 208, �s prov�ded.

The output of such an apparatus �s very small, but some of the
effects pecul�ar to alternat�ng currents of short per�ods may be
observed. The effects, however, cannot be compared w�th those
obta�nable w�th an �nduct�on co�l wh�ch �s operated by an alternate
current mach�ne of h�gh frequency, some of wh�ch were descr�bed by
me a short wh�le ago.



CHAPTER XXXI.

"M������" W��� C������� ��
H��� F��������.[7]

I trust that the present br�ef commun�cat�on w�ll not be �nterpreted
as an effort on my part to put myself on record as a "patent
med�c�ne" man, for a ser�ous worker cannot desp�se anyth�ng more
than the m�suse and abuse of electr�c�ty wh�ch we have frequent
occas�on to w�tness. My remarks are el�c�ted by the l�vely �nterest
wh�ch prom�nent med�cal pract�t�oners ev�nce at every real advance
�n electr�cal �nvest�gat�on. The progress �n recent years has been so
great that every electr�c�an and electr�cal eng�neer �s conf�dent that
electr�c�ty w�ll become the means of accompl�sh�ng many th�ngs that
have been heretofore, w�th our ex�st�ng knowledge, deemed
�mposs�ble. No wonder then that progress�ve phys�c�ans also should
expect to f�nd �n �t a powerful tool and help �n new curat�ve
processes. S�nce I had the honor to br�ng before the Amer�can
Inst�tute of Electr�cal Eng�neers some results �n ut�l�z�ng alternat�ng
currents of h�gh tens�on, I have rece�ved many letters from noted
phys�c�ans �nqu�r�ng as to the phys�cal effects of such currents of
h�gh frequency. It may be remembered that I then demonstrated that
a body perfectly well �nsulated �n a�r can be heated by s�mply
connect�ng �t w�th a source of rap�dly alternat�ng h�gh potent�al. The
heat�ng �n th�s case �s due �n all probab�l�ty to the bombardment of
the body by a�r, or poss�bly by some other med�um, wh�ch �s
molecular or atom�c �n construct�on, and the presence of wh�ch has
so far escaped our analys�s—for accord�ng to my �deas, the true
ether rad�at�on w�th such frequenc�es as even a few m�ll�ons per
second must be very small. Th�s body may be a good conductor or �t
may be a very poor conductor of electr�c�ty w�th l�ttle change �n the
result. The human body �s, �n such a case, a f�ne conductor, and �f a
person �nsulated �n a room, or no matter where, �s brought �nto



contact w�th such a source of rap�dly alternat�ng h�gh potent�al, the
sk�n �s heated by bombardment. It �s a mere quest�on of the
d�mens�ons and character of the apparatus to produce any degree of
heat�ng des�red.

It has occurred to me whether, w�th such apparatus properly
prepared, �t would not be poss�ble for a sk�lled phys�c�an to f�nd �n �t a
means for the effect�ve treatment of var�ous types of d�sease. The
heat�ng w�ll, of course, be superf�c�al, that �s, on the sk�n, and would
result, whether the person operated on were �n bed or walk�ng
around a room, whether dressed �n th�ck clothes or whether reduced
to nakedness. In fact, to put �t broadly, �t �s conce�vable that a person
ent�rely nude at the North Pole m�ght keep h�mself comfortably warm
�n th�s manner.

W�thout vouch�ng for all the results, wh�ch must, of course, be
determ�ned by exper�ence and observat�on, I can at least warrant the
fact that heat�ng would occur by the use of th�s method of subject�ng
the human body to bombardment by alternat�ng currents of h�gh
potent�al and frequency such I have long worked w�th. It �s only
reasonable to expect that some of the novel effects w�ll be wholly
d�fferent from those obta�nable w�th the old fam�l�ar therapeut�c
methods generally used. Whether they would all be benef�c�al or not
rema�ns to be proved.



CHAPTER XXXII.

E������� D�������� ��
V����� T����.[8]

In The Electr�cal Eng�neer of June 10 I have noted the descr�pt�on
of some exper�ments of Prof. J. J. Thomson, on the "Electr�c
D�scharge �n Vacuum Tubes," and �n your �ssue of June 24 Prof.
El�hu Thomson descr�bes an exper�ment of the same k�nd. The
fundamental �dea �n these exper�ments �s to set up an electromot�ve
force �n a vacuum tube—-preferably devo�d of any electrodes—by
means of electro-magnet�c �nduct�on, and to exc�te the tube �n th�s
manner.

As I v�ew the subject I should, th�nk that to any exper�menter who
had carefully stud�ed the problem confront�ng us and who attempted
to f�nd a solut�on of �t, th�s �dea must present �tself as naturally as, for
�nstance, the �dea of replac�ng the t�nfo�l coat�ngs of a Leyden jar by
raref�ed gas and exc�t�ng lum�nos�ty �n the condenser thus obta�ned
by repeatedly charg�ng and d�scharg�ng �t. The �dea be�ng obv�ous,
whatever mer�t there �s �n th�s l�ne of �nvest�gat�on must depend upon
the completeness of the study of the subject and the correctness of
the observat�ons. The follow�ng l�nes are not penned w�th any des�re
on my part to put myself on record as one who has performed s�m�lar
exper�ments, but w�th a des�re to ass�st other exper�menters by
po�nt�ng out certa�n pecul�ar�t�es of the phenomena observed, wh�ch,
to all appearances, have not been noted by Prof. J. J. Thomson,
who, however, seems to have gone about systemat�cally �n h�s
�nvest�gat�ons, and who has been the f�rst to make h�s results known.
These pecul�ar�t�es noted by me would seem to be at var�ance w�th
the v�ews of Prof. J. J. Thomson, and present the phenomena �n a
d�fferent l�ght.



My �nvest�gat�ons �n th�s l�ne occup�ed me pr�nc�pally dur�ng the
w�nter and spr�ng of the past year. Dur�ng th�s t�me many d�fferent
exper�ments were performed, and �n my exchanges of �deas on th�s
subject w�th Mr. Alfred S. Brown, of the Western Un�on Telegraph
Company, var�ous d�fferent d�spos�t�ons were suggested wh�ch were
carr�ed out by me �n pract�ce. F�g. 210 may serve as an example of
one of the many forms of apparatus used. Th�s cons�sted of a large
glass tube sealed at one end and project�ng �nto an ord�nary
�ncandescent lamp bulb. The pr�mary, usually cons�st�ng of a few
turns of th�ck, well-�nsulated copper sheet was �nserted w�th�n the
tube, the �ns�de space of the bulb furn�sh�ng the secondary. Th�s form
of apparatus was arr�ved at after some exper�ment�ng, and was used
pr�nc�pally w�th the v�ew of enabl�ng me to place a pol�shed reflect�ng
surface on the �ns�de of the tube, and for th�s purpose the last turn of
the pr�mary was covered w�th a th�n s�lver sheet. In all forms of
apparatus used there was no spec�al d�ff�culty �n exc�t�ng a lum�nous
c�rcle or cyl�nder �n prox�m�ty to the pr�mary.



F�g. 210.
F��. 210.

As to the number of turns, I cannot qu�te understand why Prof. J.
J. Thomson should th�nk that a few turns were "qu�te suff�c�ent," but
lest I should �mpute to h�m an op�n�on he may not have, I w�ll add
that I have ga�ned th�s �mpress�on from the read�ng of the publ�shed
abstracts of h�s lecture. Clearly, the number of turns wh�ch g�ves the
best result �n any case, �s dependent on the d�mens�ons of the
apparatus, and, were �t not for var�ous cons�derat�ons, one turn
would always g�ve the best result.

I have found that �t �s preferable to use �n these exper�ments an
alternate current mach�ne g�v�ng a moderate number of alternat�ons
per second to exc�te the �nduct�on co�l for charg�ng the Leyden jar
wh�ch d�scharges through the pr�mary—shown d�agrammat�cally �n
F�g. 211,—as �n such case, before the d�srupt�ve d�scharge takes
place, the tube or bulb �s sl�ghtly exc�ted and the format�on of the
lum�nous c�rcle �s dec�dedly fac�l�tated. But I have also used a
W�mshurst mach�ne �n some exper�ments.

F�g. 211.
F��. 211.

Prof. J. J. Thomson's v�ew of the phenomena under
cons�derat�on seems to be that they are wholly due to electro-
magnet�c act�on. I was, at one t�me, of the same op�n�on, but upon
carefully �nvest�gat�ng the subject I was led to the conv�ct�on that they
are more of an electrostat�c nature. It must be remembered that �n
these exper�ments we have to deal w�th pr�mary currents of an
enormous frequency or rate of change and of h�gh potent�al, and that
the secondary conductor cons�sts of a raref�ed gas, and that under
such cond�t�ons electrostat�c effects must play an �mportant part.

F�g. 212.
F��. 212.

In support of my v�ew I w�ll descr�be a few exper�ments made by
me. To exc�te lum�nos�ty �n the tube �t �s not absolutely necessary



that the conductor should be closed. For �nstance, �f an ord�nary
exhausted tube (preferably of large d�ameter) be surrounded by a
sp�ral of th�ck copper w�re serv�ng as the pr�mary, a feebly lum�nous
sp�ral may be �nduced �n the tube, roughly shown �n F�g. 212. In one
of these exper�ments a cur�ous phenomenon was observed; namely,
two �ntensely lum�nous c�rcles, each of them close to a turn of the
pr�mary sp�ral, were formed �ns�de of the tube, and I attr�buted th�s
phenomenon to the ex�stence of nodes on the pr�mary. The c�rcles
were connected by a fa�nt lum�nous sp�ral parallel to the pr�mary and
�n close prox�m�ty to �t. To produce th�s effect I have found �t
necessary to stra�n the jar to the utmost. The turns of the sp�ral tend
to close and form c�rcles, but th�s, of course, would be expected, and
does not necessar�ly �nd�cate an electro-magnet�c effect; Whereas
the fact that a glow can be produced along the pr�mary �n the form of
an open sp�ral argues for an electrostat�c effect.

F�g. 213.
F��. 213.

In us�ng Dr. Lodge's reco�l c�rcu�t, the electrostat�c act�on �s
l�kew�se apparent. The arrangement �s �llustrated �n F�g. 213. In h�s
exper�ment two hollow exhausted tubes H H were sl�pped over the
w�res of the reco�l c�rcu�t and upon d�scharg�ng the jar �n the usual
manner lum�nos�ty was exc�ted �n the tubes.

Another exper�ment performed �s �llustrated �n F�g. 214. In th�s
case an ord�nary lamp-bulb was surrounded by one or two turns of
th�ck copper w�re P and the lum�nous c�rcle L exc�ted �n the bulb by
d�scharg�ng the jar through the pr�mary. The lamp-bulb was prov�ded
w�th a t�nfo�l coat�ng on the s�de oppos�te to the pr�mary and each
t�me the t�nfo�l coat�ng was connected to the ground or to a large
object the lum�nos�ty of the c�rcle was cons�derably �ncreased. Th�s
was ev�dently due to electrostat�c act�on.

In other exper�ments I have noted that when the pr�mary touches
the glass the lum�nous c�rcle �s eas�er produced and �s more sharply
def�ned; but I have not noted that, generally speak�ng, the c�rcles
�nduced were very sharply def�ned, as Prof. J. J. Thomson has



observed; on the contrary, �n my exper�ments they were broad and
often the whole of the bulb or tube was �llum�nated; and �n one case I
have observed an �ntensely purpl�sh glow, to wh�ch Prof. J. J.
Thomson refers. But the c�rcles were always �n close prox�m�ty to the
pr�mary and were cons�derably eas�er produced when the latter was
very close to the glass, much more so than would be expected
assum�ng the act�on to be electromagnet�c and cons�der�ng the
d�stance; and these facts speak for an electrostat�c effect.

F�g. 214.
F��. 214.
F�g. 215.
F��. 215.

Furthermore I have observed that there �s a molecular
bombardment �n the plane of the lum�nous c�rcle at r�ght angles to
the glass—suppos�ng the c�rcle to be �n the plane of the pr�mary—
th�s bombardment be�ng ev�dent from the rap�d heat�ng of the glass
near the pr�mary. Were the bombardment not at r�ght angles to the
glass the heat�ng could not be so rap�d. If there �s a c�rcumferent�al
movement of the molecules const�tut�ng the lum�nous c�rcle, I have
thought that �t m�ght be rendered man�fest by plac�ng w�th�n the tube
or bulb, rad�ally to the c�rcle, a th�n plate of m�ca coated w�th some
phosphorescent mater�al and another such plate tangent�ally to the
c�rcle. If the molecules would move c�rcumferent�ally, the former plate
would be rendered more �ntensely phosphorescent. For want of t�me
I have, however, not been able to perform the exper�ment.

Another observat�on made by me was that when the spec�f�c
�nduct�ve capac�ty of the med�um between the pr�mary and
secondary �s �ncreased, the �nduct�ve effect �s augmented. Th�s �s
roughly �llustrated �n F�g. 215. In th�s case lum�nos�ty was exc�ted �n
an exhausted tube or bulb B and a glass tube T sl�pped between the
pr�mary and the bulb, when the effect po�nted out was noted. Were
the act�on wholly electromagnet�c no change could poss�bly have
been observed.



I have l�kew�se noted that when a bulb �s surrounded by a w�re
closed upon �tself and �n the plane of the pr�mary, the format�on of
the lum�nous c�rcle w�th�n the bulb �s not prevented. But �f �nstead of
the w�re a broad str�p of t�nfo�l �s glued upon the bulb, the format�on
of the lum�nous band was prevented, because then the act�on was
d�str�buted over a greater surface. The effect of the closed t�nfo�l was
no doubt of an electrostat�c nature, for �t presented a much greater
res�stance than the closed w�re and produced therefore a much
smaller electromagnet�c effect.

Some of the exper�ments of Prof. J. J. Thomson also would seem
to show some electrostat�c act�on. For �nstance, �n the exper�ment
w�th the bulb enclosed �n a bell jar, I should th�nk that when the latter
�s exhausted so far that the gas enclosed reaches the max�mum
conduct�v�ty, the format�on of the c�rcle �n the bulb and jar �s
prevented because of the space surround�ng the pr�mary be�ng
h�ghly conduct�ng; when the jar �s further exhausted, the conduct�v�ty
of the space around the pr�mary d�m�n�shes and the c�rcles appear
necessar�ly f�rst �n the bell jar, as the raref�ed gas �s nearer to the
pr�mary. But were the �nduct�ve effect very powerful, they would
probably appear �n the bulb also. If, however, the bell jar were
exhausted to the h�ghest degree they would very l�kely show
themselves �n the bulb only, that �s, suppos�ng the vacuous space to
be non-conduct�ng. On the assumpt�on that �n these phenomena
electrostat�c act�ons are concerned we f�nd �t eas�ly expl�cable why
the �ntroduct�on of mercury or the heat�ng of the bulb prevents the
format�on of the lum�nous band or shortens the after-glow; and also
why �n some cases a plat�num w�re may prevent the exc�tat�on of the
tube. Nevertheless some of the exper�ments of Prof. J. J. Thomson
would seem to �nd�cate an electromagnet�c effect. I may add that �n
one of my exper�ments �n wh�ch a vacuum was produced by the
Torr�cell�an method, I was unable to produce the lum�nous band, but
th�s may have been due to the weak exc�t�ng current employed.

My pr�nc�pal argument �s the follow�ng: I have exper�mentally
proved that �f the same d�scharge wh�ch �s barely suff�c�ent to exc�te
a lum�nous band �n the bulb when passed through the pr�mary c�rcu�t
be so d�rected as to exalt the electrostat�c �nduct�ve effect—namely,



by convert�ng upwards—an exhausted tube, devo�d of electrodes,
may be exc�ted at a d�stance of several feet.

SOME EXPERIMENTS ON THE ELECTRIC
DISCHARGE IN VACUUM TUBES.[9]

BY PROF. J. J. THOMSON, M.A., F.R.S.

The phenomena of vacuum d�scharges were, Prof. Thomson sa�d,
greatly s�mpl�f�ed when the�r path was wholly gaseous, the
compl�cat�on of the dark space surround�ng the negat�ve electrode,
and the strat�f�cat�ons so commonly observed �n ord�nary vacuum
tubes, be�ng absent. To produce d�scharges �n tubes devo�d of
electrodes was, however, not easy to accompl�sh, for the only
ava�lable means of produc�ng an electromot�ve force �n the d�scharge
c�rcu�t was by electro-magnet�c �nduct�on. Ord�nary methods of
produc�ng var�able �nduct�on were valueless, and recourse was had to
the osc�llatory d�scharge of a Leyden jar, wh�ch comb�nes the two
essent�als of a current whose max�mum value �s enormous, and
whose rap�d�ty of alternat�on �s �mmensely great. The d�scharge
c�rcu�ts, wh�ch may take the shape of bulbs, or of tubes bent �n the
form of co�ls, were placed �n close prox�m�ty to glass tubes f�lled w�th
mercury, wh�ch formed the path of the osc�llatory d�scharge. The parts
thus corresponded to the w�nd�ngs of an �nduct�on co�l, the vacuum
tubes be�ng the secondary, and the tubes f�lled w�th mercury the
pr�mary. In such an apparatus the Leyden jar need not be large, and
ne�ther pr�mary nor secondary need have many turns, for th�s would
�ncrease the self-�nduct�on of the former, and lengthen the d�scharge
path �n the latter. Increas�ng the self-�nduct�on of the pr�mary reduces
the �. �. �. �nduced �n the secondary, wh�lst lengthen�ng the secondary
does not �ncrease the �. �. �. per un�t length. The two or three turns,
as shown �n F�g. 216, �n each, were found to be qu�te suff�c�ent, and,
on d�scharg�ng the Leyden jar between two h�ghly pol�shed knobs �n
the pr�mary c�rcu�t, a pla�n un�form band of l�ght was seen to pass
round the secondary. An exhausted bulb, F�g. 217, conta�n�ng traces
of oxygen was placed w�th�n a pr�mary sp�ral of three turns, and, on
pass�ng the jar d�scharge, a c�rcle of l�ght was seen w�th�n the bulb �n
close prox�m�ty to the pr�mary c�rcu�t, accompan�ed by a purpl�sh glow,



wh�ch lasted for a second or more. On heat�ng the bulb, the durat�on
of the glow was greatly d�m�n�shed, and �t could be �nstantly
ext�ngu�shed by the presence of an electro-magnet. Another
exhausted bulb, F�g. 218, surrounded by a pr�mary sp�ral, was
conta�ned �n a bell-jar, and when the pressure of a�r �n the jar was
about that of the atmosphere, the secondary d�scharge occurred �n the
bulb, as �s ord�nar�ly the case. On exhaust�ng the jar, however, the
lum�nous d�scharge grew fa�nter, and a po�nt was reached at wh�ch no
secondary d�scharge was v�s�ble. Further exhaust�on of the jar caused
the secondary d�scharge to appear outs�de of the bulb. The fact of
obta�n�ng no lum�nous d�scharge, e�ther �n the bulb or jar, the author
could only expla�n on two suppos�t�ons, v�z.: that under the cond�t�ons
then ex�st�ng the spec�f�c �nduct�ve capac�ty of the gas was very great,
or that a d�scharge could pass w�thout be�ng lum�nous. The author had
also observed that the conduct�v�ty of a vacuum tube w�thout
electrodes �ncreased as the pressure d�m�n�shed, unt�l a certa�n po�nt
was reached, and afterwards d�m�n�shed aga�n, thus show�ng that the
h�gh res�stance of a nearly perfect vacuum �s �n no way due to the
presence of the electrodes. One pecul�ar�ty of the d�scharges was
the�r local nature, the r�ngs of l�ght be�ng much more sharply def�ned
than was to be expected. They were also found to be most eas�ly
produced when the cha�n of molecules �n the d�scharge were all of the
same k�nd. For example, a d�scharge could be eas�ly sent through a
tube many feet long, but the �ntroduct�on of a small pellet of mercury �n
the tube stopped the d�scharge, although the conduct�v�ty of the
mercury was much greater than that of the vacuum. In some cases he
had not�ced that a very f�ne w�re placed w�th�n a tube, on the s�de
remote from the pr�mary c�rcu�t, would prevent a lum�nous d�scharge �n
that tube.

F�g. 219 shows an exhausted secondary co�l of one loop
conta�n�ng bulbs; the d�scharge passed along the �nner s�de of the
bulbs, the pr�mary co�ls be�ng placed w�th�n the secondary.

F�g. 216, 217.
F��. 216. F��. 217.

F�g. 218, 219.
F��. 218. F��. 219.



[9]In The Electr�cal Eng�neer of August 12, I f�nd some remarks of
Prof. J. J. Thomson, wh�ch appeared or�g�nally �n the London
Electr�c�an and wh�ch have a bear�ng upon some exper�ments
descr�bed by me �n your �ssue of July 1.

I d�d not, as Prof. J. J. Thomson seems to bel�eve, m�sunderstand
h�s pos�t�on �n regard to the cause of the phenomena cons�dered, but
I thought that �n h�s exper�ments, as well as �n my own, electrostat�c
effects were of great �mportance. It d�d not appear, from the meagre
descr�pt�on of h�s exper�ments, that all poss�ble precaut�ons had
been taken to exclude these effects. I d�d not doubt that lum�nos�ty
could be exc�ted �n a closed tube when electrostat�c act�on �s
completely excluded. In fact, at the outset, I myself looked for a
purely electrodynam�c effect and bel�eved that I had obta�ned �t. But
many exper�ments performed at that t�me proved to me that the
electrostat�c effects were generally of far greater �mportance, and
adm�tted of a more sat�sfactory explanat�on of most of the
phenomena observed.

In us�ng the term electrostat�c I had reference rather to the nature
of the act�on than to a stat�onary cond�t�on, wh�ch �s the usual
acceptance of the term. To express myself more clearly, I w�ll
suppose that near a closed exhausted tube be placed a small sphere
charged to a very h�gh potent�al. The sphere would act �nduct�vely
upon the tube, and by d�str�but�ng electr�c�ty over the same would
undoubtedly produce lum�nos�ty (�f the potent�al be suff�c�ently h�gh),
unt�l a permanent cond�t�on would be reached. Assum�ng the tube to
be perfectly well �nsulated, there would be only one �nstantaneous
flash dur�ng the act of d�str�but�on. Th�s would be due to the
electrostat�c act�on s�mply.

But now, suppose the charged sphere to be moved at short
�ntervals w�th great speed along the exhausted tube. The tube would
now be permanently exc�ted, as the mov�ng sphere would cause a
constant red�str�but�on of electr�c�ty and coll�s�ons of the molecules of
the raref�ed gas. We would st�ll have to deal w�th an electrostat�c
effect, and �n add�t�on an electrodynam�c effect would be observed.
But �f �t were found that, for �nstance, the effect produced depended



more on the spec�f�c �nduct�ve capac�ty than on the magnet�c
permeab�l�ty of the med�um—wh�ch would certa�nly be the case for
speeds �ncomparably lower than that of l�ght—then I bel�eve I would
be just�f�ed �n say�ng that the effect produced was more of an
electrostat�c nature. I do not mean to say, however, that any s�m�lar
cond�t�on preva�ls �n the case of the d�scharge of a Leyden jar
through the pr�mary, but I th�nk that such an act�on would be
des�rable.

It �s �n the sp�r�t of the above example that I used the terms "more
of an electrostat�c nature," and have �nvest�gated the �nfluence of
bod�es of h�gh spec�f�c �nduct�ve capac�ty, and observed, for
�nstance, the �mportance of the qual�ty of glass of wh�ch the tube �s
made. I also endeavored to ascerta�n the �nfluence of a med�um of
h�gh permeab�l�ty by us�ng oxygen. It appeared from rough
est�mat�on that an oxygen tube when exc�ted under s�m�lar cond�t�ons
—that �s, as far as could be determ�ned—g�ves more l�ght; but th�s,
of course, may be due to many causes.

W�thout doubt�ng �n the least that, w�th the care and precaut�ons
taken by Prof. J. J. Thomson, the lum�nos�ty exc�ted was due solely
to electrodynam�c act�on, I would say that �n many exper�ments I
have observed cur�ous �nstances of the �neffect�veness of the
screen�ng, and I have also found that the electr�f�cat�on through the
a�r �s often of very great �mportance, and may, �n some cases,
determ�ne the exc�tat�on of the tube.

In h�s or�g�nal commun�cat�on to the Electr�c�an, Prof. J. J.
Thomson refers to the fact that the lum�nos�ty �n a tube near a w�re
through wh�ch a Leyden jar was d�scharged was noted by H�ttorf. I
th�nk that the feeble lum�nous effect referred to has been noted by
many exper�menters, but �n my exper�ments the effects were much
more powerful than those usually noted.

The follow�ng �s the commun�cat�on[10] referred to:—



"Mr. Tesla seems to ascr�be the effects he observed to electrostat�c
act�on, and I have no doubt, from the descr�pt�on he g�ves of h�s
method of conduct�ng h�s exper�ments, that �n them electrostat�c
act�on plays a very �mportant part. He seems, however, to have
m�sunderstood my pos�t�on w�th respect to the cause of these
d�scharges, wh�ch �s not, as he �mpl�es, that lum�nos�ty �n tubes
w�thout electrodes cannot be produced by electrostat�c act�on, but that
�t can also be produced when th�s act�on �s excluded. As a matter of
fact, �t �s very much eas�er to get the lum�nos�ty when these
electrostat�c effects are operat�ve than when they are not. As an
�llustrat�on of th�s I may ment�on that the f�rst exper�ment I tr�ed w�th
the d�scharge of a Leyden jar produced lum�nos�ty �n the tube, but �t
was not unt�l after s�x weeks' cont�nuous exper�ment�ng that I was able
to get a d�scharge �n the exhausted tube wh�ch I was sat�sf�ed was
due to what �s ord�nar�ly called electrodynam�c act�on. It �s adv�sable to
have a clear �dea of what we mean by electrostat�c act�on. If, prev�ous
to the d�scharge of the jar, the pr�mary co�l �s ra�sed to a h�gh potent�al,
�t w�ll �nduce over the glass of the tube a d�str�but�on of electr�c�ty.
When the potent�al of the pr�mary suddenly falls, th�s electr�f�cat�on w�ll
red�str�bute �tself, and may pass through the raref�ed gas and produce
lum�nos�ty �n do�ng so. Wh�lst the d�scharge of the jar �s go�ng on, �t �s
d�ff�cult, and, from a theoret�cal po�nt of v�ew, undes�rable, to separate
the effect �nto parts, one of wh�ch �s called electrostat�c, the other
electromagnet�c; what we can prove �s that �n th�s case the d�scharge
�s not such as would be produced by electromot�ve forces der�ved
from a potent�al funct�on. In my exper�ments the pr�mary co�l was
connected to earth, and, as a further precaut�on, the pr�mary was
separated from the d�scharge tube by a screen of blott�ng paper,
mo�stened w�th d�lute sulphur�c ac�d, and connected to earth. Wet
blott�ng paper �s a suff�c�ently good conductor to screen off a
stat�onary electrostat�c effect, though �t �s not a good enough one to
stop waves of alternat�ng electromot�ve �ntens�ty. When show�ng the
exper�ments to the Phys�cal Soc�ety I could not, of course, keep the
tubes covered up, but, unless my memory dece�ves me, I stated the
precaut�ons wh�ch had been taken aga�nst the electrostat�c effect. To
correct m�sapprehens�on I may state that I d�d not read a formal paper
to the Soc�ety, my object be�ng to exh�b�t a few of the most typ�cal
exper�ments. The account of the exper�ments �n the Electr�c�an was
from a reporter's note, and was not wr�tten, or even read, by me. I
have now almost f�n�shed wr�t�ng out, and hope very shortly to publ�sh,
an account of these and a large number of all�ed exper�ments,
�nclud�ng some analogous to those ment�oned by Mr. Tesla on the
effect of conductors placed near the d�scharge tube, wh�ch I f�nd, �n



some cases, to produce a d�m�nut�on, �n others an �ncrease, �n the
br�ghtness of the d�scharge, as well as some on the effect of the
presence of substances of large spec�f�c �nduct�ve capac�ty. These
seem to me to adm�t of a sat�sfactory explanat�on, for wh�ch, however,
I must refer to my paper."
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CHAPTER XXXIII.

M����� �� O�������� D�����
F��� A���������� C�������.

Th�s method cons�sts �n obta�n�ng d�rect from alternat�ng currents,
or �n d�rect�ng the waves of an alternat�ng current so as to produce
d�rect or substant�ally d�rect currents by develop�ng or produc�ng �n
the branches of a c�rcu�t �nclud�ng a source of alternat�ng currents,
e�ther permanently or per�od�cally, and by electr�c, electro-magnet�c,
or magnet�c agenc�es, man�festat�ons of energy, or what may be
termed act�ve res�stances of oppos�te electr�cal character, whereby
the currents or current waves of oppos�te s�gn w�ll be d�verted
through d�fferent c�rcu�ts, those of one s�gn pass�ng over one branch
and those of oppos�te s�gn over the other.

We may cons�der here�n only the case of a c�rcu�t d�v�ded �nto two
paths, �nasmuch as any further subd�v�s�on �nvolves merely an
extens�on of the general pr�nc�ple. Select�ng, then, any c�rcu�t
through wh�ch �s flow�ng an alternat�ng current, Mr. Tesla d�v�des
such c�rcu�t at any des�red po�nt �nto two branches or paths. In one of
these paths he �nserts some dev�ce to create an electromot�ve force
counter to the waves or �mpulses of current of one s�gn and a s�m�lar
dev�ce �n the other branch wh�ch opposes the waves of oppos�te
s�gn. Assume, for example, that these dev�ces are batter�es, pr�mary
or secondary, or cont�nuous current dynamo mach�nes. The waves
or �mpulses of oppos�te d�rect�on compos�ng the ma�n current have a
natural tendency to d�v�de between the two branches; but by reason
of the oppos�te electr�cal character or effect of the two branches, one
w�ll offer an easy passage to a current of a certa�n d�rect�on, wh�le
the other w�ll offer a relat�vely h�gh res�stance to the passage of the
same current. The result of th�s d�spos�t�on �s, that the waves of
current of one s�gn w�ll, partly or wholly, pass over one of the paths



or branches, wh�le those of the oppos�te s�gn pass over the other.
There may thus be obta�ned from an alternat�ng current two or more
d�rect currents w�thout the employment of any commutator such as �t
has been heretofore regarded as necessary to use. The current �n
e�ther branch may be used �n the same way and for the same
purposes as any other d�rect current—that �s, �t may be made to
charge secondary batter�es, energ�ze electro-magnets, or for any
other analogous purpose.

F�g. 220 represents a plan of d�rect�ng the alternat�ng currents by
means of dev�ces purely electr�cal �n character. F�gs. 221, 222, 223,
224, 225, and 226 are d�agrams �llustrat�ve of other ways of carry�ng
out the �nvent�on.

F�g. 220.
F��. 220.

In F�g. 220, A des�gnates a generator of alternat�ng currents, and
B B the ma�n or l�ne c�rcu�t therefrom. At any g�ven po�nt �n th�s c�rcu�t
at or near wh�ch �t �s des�red to obta�n d�rect currents, the c�rcu�t B �s
d�v�ded �nto two paths or branches C D. In each of these branches �s
placed an electr�cal generator, wh�ch for the present we w�ll assume
produces d�rect or cont�nuous currents. The d�rect�on of the current
thus produced �s oppos�te �n one branch to that of the current �n the
other branch, or, cons�der�ng the two branches as form�ng a closed
c�rcu�t, the generators E F are connected up �n ser�es there�n, one
generator �n each part or half of the c�rcu�t. The electromot�ve force
of the current sources E and F may be equal to or h�gher or lower
than the electromot�ve forces �n the branches C D, or between the
po�nts X and Y of the c�rcu�t B B. If equal, �t �s ev�dent that current
waves of one s�gn w�ll be opposed �n one branch and ass�sted �n the
other to such an extent that all the waves of one s�gn w�ll pass over
one branch and those of oppos�te s�gn over the other. If, on the other
hand, the electromot�ve force of the sources E F be lower than that
between X and Y, the currents �n both branches w�ll be alternat�ng,
but the waves of one s�gn w�ll preponderate. One of the generators
or sources of current E or F may be d�spensed w�th; but �t �s
preferable to employ both, �f they offer an apprec�able res�stance, as



the two branches w�ll be thereby better balanced. The translat�ng or
other dev�ces to be acted upon by the current are des�gnated by the
letters G, and they are �nserted �n the branches C D �n any des�red
manner; but �n order to better preserve an even balance between the
branches due regard should, of course, be had to the number and
character of the dev�ces.

F�g. 221.
F��. 221.

F�gs. 221, 222, 223, and 224 �llustrate what may termed "electro-
magnet�c" dev�ces for accompl�sh�ng a s�m�lar result—that �s to say,
�nstead of produc�ng d�rectly by a generator an electromot�ve force �n
each branch of the c�rcu�t, Mr. Tesla establ�shes a f�eld or f�elds of
force and leads the branches through the same �n such manner that
an act�ve oppos�t�on of oppos�te effect or d�rect�on w�ll be developed
there�n by the passage, or tendency to pass, of the alternat�ons of
current. In F�g. 221, for example, A �s the generator of alternat�ng
currents, B B the l�ne c�rcu�t, and C D the branches over wh�ch the
alternat�ng currents are d�rected. In each branch �s �ncluded the
secondary of a transformer or �nduct�on co�l, wh�ch, s�nce they
correspond �n the�r funct�ons to the batter�es of the prev�ous f�gure,
are des�gnated by the letters E F. The pr�mar�es H H' of the �nduct�on
co�ls or transformers are connected e�ther �n parallel or ser�es w�th a
source of d�rect or cont�nuous currents I, and the number of
convolut�ons �s so calculated for the strength of the current from I
that the cores J J' w�ll be saturated. The connect�ons are such that
the cond�t�ons �n the two transformers are of oppos�te character—
that �s to say, the arrangement �s such that a current wave or �mpulse
correspond�ng �n d�rect�on w�th that of the d�rect current �n one
pr�mary, as H, �s of oppos�te d�rect�on to that �n the other pr�mary H'. It
thus results that wh�le one secondary offers a res�stance or
oppos�t�on to the passage through �t of a wave of one s�gn, the other
secondary s�m�larly opposes a wave of oppos�te s�gn. In
consequence, the waves of one s�gn w�ll, to a greater or less extent,
pass by way of one branch, wh�le those of oppos�te s�gn �n l�ke
manner pass over the other branch.



In l�eu of saturat�ng the pr�mar�es by a source of cont�nuous
current, we may �nclude the pr�mar�es �n the branches C D,
respect�vely, and per�od�cally short-c�rcu�t by any su�table mechan�cal
dev�ces—such as an ord�nary revolv�ng commutator—the�r
secondar�es. It w�ll be understood, of course, that the rotat�on and
act�on of the commutator must be �n synchron�sm or �n proper accord
w�th the per�ods of the alternat�ons �n order to secure the des�red
results. Such a d�spos�t�on �s represented d�agrammat�cally �n F�g.
222. Correspond�ng to the prev�ous f�gures, A �s the generator of
alternat�ng currents, B B the l�ne, and C D the two branches for the
d�rect currents. In branch C are �ncluded two pr�mary co�ls E E', and �n
branch D are two s�m�lar pr�mar�es F F' The correspond�ng
secondar�es for these co�ls and wh�ch are on the same subd�v�ded
cores J or J', are �n c�rcu�ts the term�nals of wh�ch connect to oppos�te
segments K K', and L L', respect�vely, of a commutator. Brushes b b
bear upon the commutator and alternately short-c�rcu�t the plates K
and K', and L and L', through a connect�on c. It �s obv�ous that e�ther
the magnets and commutator, or the brushes, may revolve.

F�g. 222.
F��. 222.

The operat�on w�ll be understood from a cons�derat�on of the
effects of clos�ng or short-c�rcu�t�ng the secondar�es. For example, �f
at the �nstant when a g�ven wave of current passes, one set of
secondar�es be short-c�rcu�ted, nearly all the current flows through
the correspond�ng pr�mar�es; but the secondar�es of the other branch
be�ng open-c�rcu�ted, the self-�nduct�on �n the pr�mar�es �s h�ghest,
and hence l�ttle or no current w�ll pass through that branch. If, as the
current alternates, the secondar�es of the two branches are
alternately short-c�rcu�ted, the result w�ll be that the currents of one
s�gn pass over one branch and those of the oppos�te s�gn over the
other. The d�sadvantages of th�s arrangement, wh�ch would seem to
result from the employment of sl�d�ng contacts, are �n real�ty very
sl�ght, �nasmuch as the electromot�ve force of the secondar�es may
be made exceed�ngly low, so that spark�ng at the brushes �s avo�ded.

F�g. 223.



F��. 223.

F�g. 223 �s a d�agram, partly �n sect�on, of another plan of carry�ng
out the �nvent�on. The c�rcu�t B �n th�s case �s d�v�ded, as before, and
each branch �ncludes the co�ls of both the f�elds and revolv�ng
armatures of two �nduct�on dev�ces. The armatures O P are
preferably mounted on the same shaft, and are adjusted relat�vely to
one another �n such manner that when the self-�nduct�on �n one
branch, as C, �s max�mum, �n the other branch D �t �s m�n�mum. The
armatures are rotated �n synchron�sm w�th the alternat�ons from the
source A. The w�nd�ng or pos�t�on of the armature co�ls �s such that a
current �n a g�ven d�rect�on passed through both armatures would
establ�sh �n one, poles s�m�lar to those �n the adjacent poles of the
f�eld, and �n the other, poles unl�ke the adjacent f�eld poles, as
�nd�cated by n n s s �n the d�agram. If the l�ke poles are presented, as
shown �n c�rcu�t D, the cond�t�on �s that of a closed secondary upon a
pr�mary, or the pos�t�on of least �nduct�ve res�stance; hence a g�ven
alternat�on of current w�ll pass ma�nly through D. A half revolut�on of
the armatures produces an oppos�te effect and the succeed�ng
current �mpulse passes through C. Us�ng th�s f�gure as an �llustrat�on,
�t �s ev�dent that the f�elds N M may be permanent magnets or
�ndependently exc�ted and the armatures O P dr�ven, as �n the
present case, so as to produce alternate currents, wh�ch w�ll set up
alternately �mpulses of oppos�te d�rect�on �n the two branches D C,
wh�ch �n such case would �nclude the armature c�rcu�ts and
translat�ng dev�ces only.

In F�g. 224 a plan alternat�ve w�th that shown �n F�g. 222 �s
�llustrated. In the prev�ous case �llustrated, each branch C and D
conta�ned one or more pr�mary co�ls, the secondar�es of wh�ch were
per�od�cally short c�rcu�ted �n synchron�sm w�th the alternat�ons of
current from the ma�n source A, and for th�s purpose a commutator
was employed. The latter may, however, be d�spensed w�th and an
armature w�th a closed co�l subst�tuted.

F�g. 224.
F��. 224.



Referr�ng to F�g. 224 �n one of the branches, as C, are two co�ls
M', wound on lam�nated cores, and �n the other branches D are
s�m�lar co�ls N'. A subd�v�ded or lam�nated armature O', carry�ng a
closed co�l R', �s rotatably supported between the co�ls M' N', as
shown. In the pos�t�on shown—that �s, w�th the co�l R' parallel w�th
the convolut�ons of the pr�mar�es N' M'—pract�cally the whole current
w�ll pass through branch D, because the self-�nduct�on �n co�ls M' M' �s
max�mum. If, therefore, the armature and co�l be rotated at a proper
speed relat�vely to the per�ods or alternat�ons of the source A, the
same results are obta�ned as �n the case of F�g. 222.

F�g. 225 �s an �nstance of what may be called, �n d�st�nct�on to the
others, a "magnet�c" means of secur�ng the result. V and W are two
strong permanent magnets prov�ded w�th armatures V' W',
respect�vely. The armatures are made of th�n lam�næ of soft �ron or
steel, and the amount of magnet�c metal wh�ch they conta�n �s so
calculated that they w�ll be fully or nearly saturated by the magnets.
Around the armatures are co�ls E F, conta�ned, respect�vely, �n the
c�rcu�ts C and D. The connect�ons and electr�cal cond�t�ons �n th�s
case are s�m�lar to those �n F�g. 221, except that the current source
of I, F�g. 221, �s d�spensed w�th and the saturat�on of the core of co�ls
E F obta�ned from the permanent magnets.

F�g. 225.
F��. 225.

The prev�ous �llustrat�ons have all shown the two branches or
paths conta�n�ng the translat�ng or �nduct�on dev�ces as �n der�vat�on
one to the other; but th�s �s not always necessary. For example, �n
F�g. 226, A �s an alternat�ng-current generator; B B, the l�ne w�res or
c�rcu�t. At any g�ven po�nt �n the c�rcu�t let us form two paths, as D D',
and at another po�nt two paths, as C C'. E�ther pa�r or group of paths
�s s�m�lar to the prev�ous d�spos�t�ons w�th the electr�cal source or
�nduct�on dev�ce �n one branch only, wh�le the two groups taken
together form the obv�ous equ�valent of the cases �n wh�ch an
�nduct�on dev�ce or generator �s �ncluded �n both branches. In one of
the paths, as D, are �ncluded the dev�ces to be operated by the
current. In the other branch, as D', �s an �nduct�on dev�ce that



opposes the current �mpulses of one d�rect�on and d�rects them
through the branch D. So, also, �n branch C are translat�ng dev�ces G,
and �n branch C' an �nduct�on dev�ce or �ts equ�valent that d�verts
through C �mpulses of oppos�te d�rect�on to those d�verted by the
dev�ce �n branch D'. The d�agram shows a spec�al form of �nduct�on
dev�ce for th�s purpose. J J' are the cores, formed w�th pole-p�eces,
upon wh�ch are wound the co�ls M N. Between these pole-p�eces are
mounted at r�ght angles to one another the magnet�c armatures O P,
preferably mounted on the same shaft and des�gned to be rotated �n
synchron�sm w�th the alternat�ons of current. When one of the
armatures �s �n l�ne w�th the poles or �n the pos�t�on occup�ed by
armature P, the magnet�c c�rcu�t of the �nduct�on dev�ce �s pract�cally
closed; hence there w�ll be the greatest oppos�t�on to the passage of
a current through co�ls N N. The alternat�on w�ll therefore pass by
way of branch D. At the same t�me, the magnet�c c�rcu�t of the other
�nduct�on dev�ce be�ng broken by the pos�t�on of the armature O,
there w�ll be less oppos�t�on to the current �n co�ls M, wh�ch w�ll shunt
the current from branch C. A reversal of the current be�ng attended
by a sh�ft�ng of the armatures, the oppos�te effect �s produced.

F�g. 226.
F��. 226.

Other mod�f�cat�ons of these methods are poss�ble, but need not
be po�nted out. In all these plans, �t w�ll be observed, there �s
developed �n one or all of these branches of a c�rcu�t from a source
of alternat�ng currents, an act�ve (as d�st�ngu�shed from a dead)
res�stance or oppos�t�on to the currents of one s�gn, for the purpose
of d�vert�ng the currents of that s�gn through the other or another
path, but perm�tt�ng the currents of oppos�te s�gn to pass w�thout
substant�al oppos�t�on.

Whether the d�v�s�on of the currents or waves of current of
oppos�te s�gn be effected w�th absolute prec�s�on or not �s �mmater�al,
s�nce �t w�ll be suff�c�ent �f the waves are only part�ally d�verted or
d�rected, for �n such case the preponderat�ng �nfluence �n each
branch of the c�rcu�t of the waves of one s�gn secures the same



pract�cal results �n many �f not all respects as though the current
were d�rect and cont�nuous.

An alternat�ng and a d�rect current have been comb�ned so that
the waves of one d�rect�on or s�gn were part�ally or wholly overcome
by the d�rect current; but by th�s plan only one set of alternat�ons are
ut�l�zed, whereas by the system just descr�bed the ent�re current �s
rendered ava�lable. By obv�ous appl�cat�ons of th�s d�scovery Mr.
Tesla �s enabled to produce a self-exc�t�ng alternat�ng dynamo, or to
operate d�rect current meters on alternat�ng-current c�rcu�ts or to run
var�ous dev�ces—such as arc lamps—by d�rect currents �n the same
c�rcu�t w�th �ncandescent lamps or other dev�ces operated by
alternat�ng currents.

It w�ll be observed that �f an �nterm�ttent counter or oppos�ng force
be developed �n the branches of the c�rcu�t and of h�gher
electromot�ve force than that of the generator, an alternat�ng current
w�ll result �n each branch, w�th the waves of one s�gn preponderat�ng,
wh�le a constantly or un�formly act�ng oppos�t�on �n the branches of
h�gher electromot�ve force than the generator would produce a
pulsat�ng current, wh�ch cond�t�ons would be, under some
c�rcumstances, the equ�valent of those descr�bed.



CHAPTER XXXIV.

C��������� ���� P����� ��
O��.

In exper�ment�ng w�th currents of h�gh frequency and h�gh
potent�al, Mr. Tesla has found that �nsulat�ng mater�als such as glass,
m�ca, and �n general those bod�es wh�ch possess the h�ghest spec�f�c
�nduct�ve capac�ty, are �nfer�or as �nsulators �n such dev�ces when
currents of the k�nd descr�bed are employed compared w�th those
possess�ng h�gh �nsulat�ng power, together w�th a smaller spec�f�c
�nduct�ve capac�ty; and he has also found that �t �s very des�rable to
exclude all gaseous matter from the apparatus, or any access of the
same to the electr�f�ed surfaces, �n order to prevent heat�ng by
molecular bombardment and the loss or �njury consequent thereon.
He has therefore dev�sed a method to accompl�sh these results and
produce h�ghly eff�c�ent and rel�able condensers, by us�ng o�l as the
d�electr�c[11]. The plan adm�ts of a part�cular construct�on of
condenser, �n wh�ch the d�stance between the plates �s adjustable,
and of wh�ch he takes advantage.

F�g. 227.
F��. 227.

F�g. 228.
F��. 228.

In the accompany�ng �llustrat�ons, F�g. 227 �s a sect�on of a
condenser constructed �n accordance w�th th�s pr�nc�ple and hav�ng
stat�onary plates; and F�g. 228 �s a s�m�lar v�ew of a condenser w�th
adjustable plates.



Any su�table box or receptacle A may be used to conta�n the
plates or armatures. These latter are des�gnated by B and C and are
connected, respect�vely, to term�nals D and E, wh�ch pass out
through the s�des of the case. The plates ord�nar�ly are separated by
str�ps of porous �nsulat�ng mater�al F, wh�ch are used merely for the
purpose of ma�nta�n�ng them �n pos�t�on. The space w�th�n the can �s
f�lled w�th o�l G. Such a condenser w�ll prove h�ghly eff�c�ent and w�ll
not become heated or permanently �njured.

In many cases �t �s des�rable to vary or adjust the capac�ty of a
condenser, and th�s �s prov�ded for by secur�ng the plates to
adjustable supports—as, for example, to rods H—pass�ng through
stuff�ng boxes K �n the s�des of case A and furn�shed w�th nuts L, the
ends of the rods be�ng threaded for engagement w�th the nuts.

It �s well known that o�ls possess �nsulat�ng propert�es, and �t has
been a common pract�ce to �nterpose a body of o�l between two
conductors for purposes of �nsulat�on; but Mr. Tesla bel�eves he has
d�scovered pecul�ar propert�es �n o�ls wh�ch render them very
valuable �n th�s part�cular form of dev�ce.



CHAPTER XXXV.

E����������� R����������
M����.

An �ngen�ous form of electrolyt�c meter attr�butable to Mr. Tesla �s
one �n wh�ch a conductor �s �mmersed �n a solut�on, so arranged that
metal may be depos�ted from the solut�on or taken away �n such a
manner that the electr�cal res�stance of the conductor �s var�ed �n a
def�n�te proport�on to the strength of the current the energy of wh�ch
�s to be computed, whereby th�s var�at�on �n res�stance serves as a
measure of the energy and also may actuate reg�ster�ng mechan�sm,
whenever the res�stance r�ses above or falls below certa�n l�m�ts.

In carry�ng out th�s �dea Mr. Tesla employs an electrolyt�c cell,
through wh�ch extend two conductors parallel and �n close prox�m�ty
to each other. These conductors he connects �n ser�es through a
res�stance, but �n such manner that there �s an equal d�fference of
potent�al between them throughout the�r ent�re extent. The free ends
or term�nals of the conductors are connected e�ther �n ser�es �n the
c�rcu�t supply�ng the current to the lamps or other dev�ces, or �n
parallel to a res�stance �n the c�rcu�t and �n ser�es w�th the current
consum�ng dev�ces. Under such c�rcumstances a current pass�ng
through the conductors establ�shes a d�fference of potent�al between
them wh�ch �s proport�onal to the strength of the current, �n
consequence of wh�ch there �s a leakage of current from one
conductor to the other across the solut�on. The strength of th�s
leakage current �s proport�onal to the d�fference of potent�al, and,
therefore, �n proport�on to the strength of the current pass�ng through
the conductors. Moreover, as there �s a constant d�fference of
potent�al between the two conductors throughout the ent�re extent
that �s exposed to the solut�on, the current dens�ty through such
solut�on �s the same at all correspond�ng po�nts, and hence the



depos�t �s un�form along the whole of one of the conductors, wh�le
the metal �s taken away un�formly from the other. The res�stance of
one conductor �s by th�s means d�m�n�shed, wh�le that of the other �s
�ncreased, both �n proport�on to the strength of the current pass�ng
through the conductors. From such var�at�on �n the res�stance of
e�ther or both of the conductors form�ng the pos�t�ve and negat�ve
electrodes of the cell, the current energy expended may be read�ly
computed. F�gs. 229 and 230 �llustrate two forms of such a meter.

F�g. 229.
F��. 229.

In F�g. 229 G des�gnates a d�rect-current generator. L L are the
conductors of the c�rcu�t extend�ng therefrom. A �s a tube of glass,
the ends of wh�ch are sealed, as by means of �nsulat�ng plugs or
caps B B. C C' are two conductors extend�ng through the tube A, the�r
ends pass�ng out through the plugs B to term�nals thereon. These
conductors may be corrugated or formed �n other proper ways to
offer the des�red electr�cal res�stance. R �s a res�stance connected �n
ser�es w�th the two conductors C C', wh�ch by the�r free term�nals are
connected up �n c�rcu�t w�th one of the conductors L.

The method of us�ng th�s dev�ce and comput�ng by means thereof
the energy of the current w�ll be read�ly understood. F�rst, the
res�stances of the two conductors C C', respect�vely, are accurately
measured and noted. Then a known current �s passed through the
�nstrument for a g�ven t�me, and by a second measurement the
�ncrease and d�m�nut�on of the res�stances of the two conductors are
respect�vely taken. From these data the constant �s obta�ned—that �s
to say, for example, the �ncrease of res�stance of one conductor or
the d�m�nut�on of the res�stance of the other per lamp hour. These
two measurements ev�dently serve as a check, s�nce the ga�n of one
conductor should equal the loss of the other. A further check �s
afforded by measur�ng both w�res �n ser�es w�th the res�stance, �n
wh�ch case the res�stance of the whole should rema�n constant.



F�g. 230.
F��. 230.

In F�g. 230 the conductors C C' are connected �n parallel, the
current dev�ce at X pass�ng �n one branch f�rst through a res�stance
R' and then through conductor C, wh�le on the other branch �t passes
f�rst through conductor C', and then through res�stance R''. The
res�stances R' R'' are equal, as also are the res�stances of the
conductors C C'. It �s, moreover, preferable that the respect�ve
res�stances of the conductors C C' should be a known and
conven�ent fract�on of the co�ls or res�stances R' R''. It w�ll be
observed that �n the arrangement shown �n F�g. 230 there �s a
constant potent�al d�fference between the two conductors C C'
throughout the�r ent�re length.

It w�ll be seen that �n both cases �llustrated, the proport�onal�ty of
the �ncrease or decrease of res�stance to the current strength w�ll
always be preserved, for what one conductor ga�ns the other loses,
and the res�stances of the conductors C C' be�ng small as compared
w�th the res�stances �n ser�es w�th them. It w�ll be understood that
after each measurement or reg�strat�on of a g�ven var�at�on of
res�stance �n one or both conductors, the d�rect�on of the current
should be changed or the �nstrument reversed, so that the depos�t
w�ll be taken from the conductor wh�ch has ga�ned and added to that
wh�ch has lost. Th�s pr�nc�ple �s capable of many mod�f�cat�ons. For
�nstance, s�nce there �s a sect�on of the c�rcu�t—to w�t, the conductor
C or C'—that var�es �n res�stance �n proport�on to the current strength,
such var�at�on may be ut�l�zed, as �s done �n many analogous cases,
to effect the operat�on of var�ous automat�c dev�ces, such as
reg�sters. It �s better, however, for the sake of s�mpl�c�ty to compute
the energy by measurements of res�stance.

The ch�ef advantages of th�s arrangement are, f�rst, that �t �s
poss�ble to read off d�rectly the amount of the energy expended by
means of a properly constructed ohm-meter and w�thout resort�ng to
we�gh�ng the depos�t; secondly �t �s not necessary to employ shunts,
for the whole of the current to be measured may be passed through
the �nstrument; th�rd, the accuracy of the �nstrument and correctness



of the �nd�cat�ons are but sl�ghtly affected by changes �n temperature.
It �s also sa�d that such meters have the mer�t of super�or economy
and compactness, as well as of cheapness �n construct�on.
Electrolyt�c meters seem to need every aux�l�ary advantage to make
them permanently popular and successful, no matter how much
�ngenu�ty may be shown �n the�r des�gn.



CHAPTER XXXVI.

T�����-M������� M�����
��� P���-M�������

G���������.

No electr�cal �nventor of the present day deal�ng w�th the
problems of l�ght and power cons�ders that he has done h�mself or
h�s opportun�t�es just�ce unt�l he has attacked the subject of thermo-
magnet�sm. As far back as the beg�nn�ng of the seventeenth century
�t was shown by Dr. W�ll�am G�lbert, the father of modern electr�c�ty,
that a loadstone or �ron bar when heated to redness loses �ts
magnet�sm; and s�nce that t�me the �nfluence of heat on the magnet�c
metals has been �nvest�gated frequently, though not w�th any
mater�al or pract�cal result.

For a man of Mr. Tesla's �nvent�ve ab�l�ty, the problems �n th�s f�eld
have naturally had no small fasc�nat�on, and though he has but
glanced at them, �t �s to be hoped he may f�nd t�me to pursue the
study deeper and further. For such as he, the �nvest�gat�on must
undoubtedly bear fru�t. Meanwh�le he has worked out one or two
operat�ve dev�ces worthy of note.[12] He obta�ns mechan�cal power
by a rec�procat�ng act�on result�ng from the jo�nt operat�ons of heat,
magnet�sm, and a spr�ng or we�ght or other force—that �s to say he
subjects a body magnet�zed by �nduct�on or otherw�se to the act�on
of heat unt�l the magnet�sm �s suff�c�ently neutral�zed to allow a
we�ght or spr�ng to g�ve mot�on to the body and lessen the act�on of
the heat, so that the magnet�sm may be suff�c�ently restored to move
the body �n the oppos�te d�rect�on, and aga�n subject the same to the
demagnet�z�ng power of the heat.

Use �s made of e�ther an electro-magnet or a permanent magnet,
and the heat �s d�rected aga�nst a body that �s magnet�zed by



�nduct�on, rather than d�rectly aga�nst a permanent magnet, thereby
avo�d�ng the loss of magnet�sm that m�ght result �n the permanent
magnet by the act�on of heat. Mr. Tesla also prov�des for lessen�ng
the volume of the heat or for �ntercept�ng the same dur�ng that
port�on of the rec�procat�on �n wh�ch the cool�ng act�on takes place.

In the d�agrams are shown some of the numerous arrangements
that may be made use of �n carry�ng out th�s �dea. In all of these
f�gures the magnet-poles are marked N S, the armature A, the
Bunsen burner or other source of heat H, the ax�s of mot�on M, and
the spr�ng or the equ�valent thereof—namely, a we�ght—�s marked
W.

F�g. 232, 231, 233.
F��. 232. F��. 231. F��. 233.

In F�g. 231 the permanent magnet N �s connected w�th a frame, F,
support�ng the ax�s M, from wh�ch the arm P hangs, and at the lower
end of wh�ch the armature A �s supported. The stops 2 and 3 l�m�t the
extent of mot�on, and the spr�ng W tends to draw the armature A
away from the magnet N. It w�ll now be understood that the
magnet�sm of N �s suff�c�ent to overcome the spr�ng W and draw the
armature A toward the magnet N. The heat act�ng upon the armature
A neutral�zes �ts �nduced magnet�sm suff�c�ently for the spr�ng W to
draw the armature A away from the magnet N and also from the heat
at H. The armature now cools, and the attract�on of the magnet N
overcomes the spr�ng W and draws the armature A back aga�n above
the burner H, so that the same �s aga�n heated and the operat�ons
are repeated. The rec�procat�ng movements thus obta�ned are
employed as a source of mechan�cal power �n any des�red manner.
Usually a connect�ng-rod to a crank upon a fly-wheel shaft would be
made use of, as �nd�cated �n F�g. 240.

F�g. 234, 236, 235.
F��. 234. F��. 236. F��. 235.

F�g. 232 represents the same parts as before descr�bed; but an
electro-magnet �s �llustrated �n place of a permanent magnet. The



operat�ons, however, are the same.

In F�g. 233 are shown the same parts as �n F�gs. 231 and 232,
but they are d�fferently arranged. The armature A, �nstead of
sw�ng�ng, �s stat�onary and held by arm P', and the core N S of the
electro-magnet �s made to sw�ng w�th�n the hel�x Q, the core be�ng
suspended by the arm P from the p�vot M. A sh�eld, R, �s connected
w�th the magnet-core and sw�ngs w�th �t, so that after the heat has
demagnet�zed the armature A to such an extent that the spr�ng W
draws the core N S away from the armature A, the sh�eld R comes
between the flame H and armature A, thereby �ntercept�ng the act�on
of the heat and allow�ng the armature to cool, so that the magnet�sm,
aga�n preponderat�ng, causes the movement of the core N S toward
the armature A and the removal of the sh�eld R from above the flame,
so that the heat aga�n acts to lessen or neutral�ze the magnet�sm. A
rotary or other movement may be obta�ned from th�s rec�procat�on.

F�g. 234 corresponds �n every respect w�th F�g. 233, except that a
permanent horseshoe-magnet, N S �s represented as tak�ng the
place of the electro-magnet �n F�g. 233.

In F�g. 235 �s shown a hel�x, Q, w�th an armature adapted to
sw�ng toward or from the hel�x. In th�s case there may be a soft-�ron
core �n the hel�x, or the armature may assume the form of a soleno�d
core, there be�ng no permanent core w�th�n the hel�x.

F�g. 237, 238, 239.
F��. 237. F��. 238. F��. 239.

F�g. 236 �s an end v�ew, and F�g. 237 a plan v�ew, �llustrat�ng the
method as appl�ed to a sw�ng�ng armature, A, and a stat�onary
permanent magnet, N S. In th�s �nstance Mr. Tesla appl�es the heat to
an aux�l�ary armature or keeper, T, wh�ch �s adjacent to and
preferably �n d�rect contact w�th the magnet. Th�s armature T, �n the
form of a plate of sheet-�ron, extends across from one pole to the
other and �s of suff�c�ent sect�on to pract�cally form a keeper for the
magnet, so that when the armature T �s cool nearly all the l�nes of
force pass over the same and very l�ttle free magnet�sm �s exh�b�ted.
Then the armature A, wh�ch sw�ngs freely on the p�vots M �n front of



the poles N S, �s very l�ttle attracted and the spr�ng W pulls the same
way from the poles �nto the pos�t�on �nd�cated �n the d�agram. The
heat �s d�rected upon the �ron plate T at some d�stance from the
magnet, so as to allow the magnet to keep comparat�vely cool. Th�s
heat �s appl�ed beneath the plate by means of the burners H, and
there �s a connect�on from the armature A or �ts p�vot to the gas-cock
6, or other dev�ce for regulat�ng the heat. The heat act�ng upon the
m�ddle port�on of the plate T, the magnet�c conduct�v�ty of the heated
port�on �s d�m�n�shed or destroyed, and a great number of the l�nes of
force are deflected over the armature A, wh�ch �s now powerfully
attracted and drawn �nto l�ne, or nearly so, w�th the poles N S. In so
do�ng the cock 6 �s nearly closed and the plate T cools, the l�nes of
force are aga�n deflected over the same, the attract�on exerted upon
the armature A �s d�m�n�shed, and the spr�ng W pulls the same away
from the magnet �nto the pos�t�on shown by full l�nes, and the
operat�ons are repeated. The arrangement shown �n F�g. 236 has the
advantages that the magnet and armature are kept cool and the
strength of the permanent magnet �s better preserved, as the
magnet�c c�rcu�t �s constantly closed.

In the plan v�ew, F�g. 238, �s shown a permanent magnet and
keeper plate, T, s�m�lar to those �n F�gs. 236 and 237, w�th the
burners H for the gas beneath the same; but the armature �s p�voted
at one end to one pole of the magnet and the other end sw�ngs
toward and from the other pole of the magnet. The spr�ng W acts
aga�nst a lever arm that projects from the armature, and the supply
of heat has to be partly cut off by a connect�on to the sw�ng�ng
armature, so as to lessen the heat act�ng upon the keeper plate
when the armature A has been attracted.

F�g. 240, 241.
F��. 240. F��. 241.

F�g. 239 �s s�m�lar to F�g. 238, except that the keeper T �s not
made use of and the armature �tself sw�ngs �nto and out of the range
of the �ntense act�on of the heat from the burner H. F�g. 240 �s a
d�agram s�m�lar to F�g. 231, except that �n place of us�ng a spr�ng and
stops, the armature �s shown as connected by a l�nk, to the crank of



a fly-wheel, so that the fly-wheel w�ll be revolved as rap�dly as the
armature can be heated and cooled to the necessary extent. A
spr�ng may be used �n add�t�on, as �n F�g. 231. In F�g. 241 the
armatures A A are connected by a l�nk, so that one w�ll be heat�ng
wh�le the other �s cool�ng, and the attract�on exerted to move the
cooled armature �s ava�led of to draw away the heated armature
�nstead of us�ng a spr�ng.

Mr. Tesla has also devoted h�s attent�on to the development of a
pyromagnet�c generator of electr�c�ty[13] based upon the follow�ng
laws: F�rst, that electr�c�ty or electr�cal energy �s developed �n any
conduct�ng body by subject�ng such body to a vary�ng magnet�c
�nfluence; and second, that the magnet�c propert�es of �ron or other
magnet�c substance may be part�ally or ent�rely destroyed or caused
to d�sappear by ra�s�ng �t to a certa�n temperature, but restored and
caused to reappear by aga�n lower�ng �ts temperature to a certa�n
degree. These laws may be appl�ed �n the product�on of electr�cal
currents �n many ways, the pr�nc�ple of wh�ch �s �n all cases the
same, v�z., to subject a conductor to a vary�ng magnet�c �nfluence,
produc�ng such var�at�ons by the appl�cat�on of heat, or, more str�ctly
speak�ng, by the appl�cat�on or act�on of a vary�ng temperature upon
the source of the magnet�sm. Th�s pr�nc�ple of operat�on may be
�llustrated by a s�mple exper�ment: Place end to end, and preferably
�n actual contact, a permanently magnet�zed steel bar and a str�p or
bar of soft �ron. Around the end of the �ron bar or plate w�nd a co�l of
�nsulated w�re. Then apply to the �ron between the co�l and the steel
bar a flame or other source of heat wh�ch w�ll be capable of ra�s�ng
that port�on of the �ron to an orange red, or a temperature of about
600° cent�grade. When th�s cond�t�on �s reached, the �ron somewhat
suddenly loses �ts magnet�c propert�es, �f �t be very th�n, and the
same effect �s produced as though the �ron had been moved away
from the magnet or the heated sect�on had been removed. Th�s
change of pos�t�on, however, �s accompan�ed by a sh�ft�ng of the
magnet�c l�nes, or, �n other words, by a var�at�on �n the magnet�c
�nfluence to wh�ch the co�l �s exposed, and a current �n the co�l �s the
result. Then remove the flame or �n any other way reduce the
temperature of the �ron. The lower�ng of �ts temperature �s



accompan�ed by a return of �ts magnet�c propert�es, and another
change of magnet�c cond�t�ons occurs, accompan�ed by a current �n
an oppos�te d�rect�on �n the co�l. The same operat�on may be
repeated �ndef�n�tely, the effect upon the co�l be�ng s�m�lar to that
wh�ch would follow from mov�ng the magnet�zed bar to and from the
end of the �ron bar or plate.

The dev�ce �llustrated below �s a means of obta�n�ng th�s result,
the features of novelty �n the �nvent�on be�ng, f�rst, the employment of
an art�f�c�al cool�ng dev�ce, and, second, �nclos�ng the source of heat
and that port�on of the magnet�c c�rcu�t exposed to the heat and
art�f�c�ally cool�ng the heated part.

These �mprovements are appl�cable generally to the generators
constructed on the plan above descr�bed—that �s to say, we may use
an art�f�c�al cool�ng dev�ce �n conjunct�on w�th a var�able or var�ed or
un�form source of heat.

F�g. 242, 243.
F��. 242. F��. 243.

F�g. 242 �s a central vert�cal long�tud�nal sect�on of the complete
apparatus and F�g. 243 �s a cross-sect�on of the magnet�c armature-
core of the generator.

Let A represent a magnet�zed core or permanent magnet the
poles of wh�ch are br�dged by an armature-core composed of a
cas�ng or shell B �nclos�ng a number of hollow �ron tubes C. Around
th�s core are wound the conductors E E', to form the co�ls �n wh�ch the
currents are developed. In the c�rcu�ts of these co�ls are current-
consum�ng dev�ces, as F F'.

D �s a furnace or closed f�re-box, through wh�ch the central
port�on of the core B extends. Above the f�re �s a bo�ler K, conta�n�ng
water. The flue L from the f�re-box may extend up through the bo�ler.

G �s a water-supply p�pe, and H �s the steam-exhaust p�pe, wh�ch
commun�cates w�th all the tubes C �n the armature B, so that steam
escap�ng from the bo�ler w�ll pass through the tubes.



In the steam-exhaust p�pe H �s a valve V, to wh�ch �s connected
the lever I, by the movement of wh�ch the valve �s opened or closed.
In such a case as th�s the heat of the f�re may be ut�l�zed for other
purposes after as much of �t as may be needed has been appl�ed to
heat�ng the core B. There are spec�al advantages �n the employment
of a cool�ng dev�ce, �n that the metal of the core B �s not so qu�ckly
ox�d�zed. Moreover, the d�fference between the temperature of the
appl�ed heat and of the steam, a�r, or whatever gas or flu�d be
appl�ed as the cool�ng med�um, may be �ncreased or decreased at
w�ll, whereby the rap�d�ty of the magnet�c changes or fluctuat�ons
may be regulated.



CHAPTER XXXVII.

A���-S������� D����� B����
��� C���������.

In d�rect current dynamos of great electromot�ve force—such, for
�nstance, as those used for arc l�ght�ng—when one commutator bar
or plate comes out of contact w�th the collect�ng-brush a spark �s apt
to appear on the commutator. Th�s spark may be due to the break of
the complete c�rcu�t, or to a shunt of low res�stance formed by the
brush between two or more commutator-bars. In the f�rst case the
spark �s more apparent, as there �s at the moment when the c�rcu�t �s
broken a d�scharge of the magnets through the f�eld hel�ces,
produc�ng a great spark or flash wh�ch causes an unsteady current,
rap�d wear of the commutator bars and brushes, and waste of power.
The spark�ng may be reduced by var�ous dev�ces, such as prov�d�ng
a path for the current at the moment when the commutator segment
or bar leaves the brush, by short-c�rcu�t�ng the f�eld-hel�ces, by
�ncreas�ng the number of the commutator-bars, or by other s�m�lar
means; but all these dev�ces are expens�ve or not fully ava�lable, and
seldom atta�n the object des�red.

To prevent th�s spark�ng �n a s�mple manner, Mr. Tesla some
years ago employed w�th the commutator-bars and �nterven�ng
�nsulat�ng mater�al, m�ca, asbestos paper or other �nsulat�ng and
�ncombust�ble mater�al, arranged to bear on the surface of the
commutator, near to and beh�nd the brush.

In the draw�ngs, F�g. 244 �s a sect�on of a commutator w�th an
asbestos �nsulat�ng dev�ce; and F�g. 245 �s a s�m�lar v�ew,
represent�ng two plates of m�ca upon the back of the brush.

In 244, C represents the commutator and �nterven�ng �nsulat�ng
mater�al; B B, the brushes. d d are sheets of asbestos paper or other



su�table non-conduct�ng mater�al. f f are spr�ngs, the pressure of
wh�ch may be adjusted by means of the screws g g.

In F�g. 245 a s�mple arrangement �s shown w�th two plates of
m�ca or other mater�al. It w�ll be seen that whenever one commutator
segment passes out of contact w�th the brush, the format�on of the
arc w�ll be prevented by the �nterven�ng �nsulat�ng mater�al com�ng �n
contact w�th the �nsulat�ng mater�al on the brush.

F�g. 244, 245.
F��. 244. F��. 245.

Asbestos paper or cloth �mpregnated w�th z�nc-ox�de, magnes�a,
z�rcon�a, or other su�table mater�al, may be used, as the paper and
cloth are soft, and serve at the same t�me to w�pe and pol�sh the
commutator; but m�ca or any other su�table mater�al can be
employed, prov�ded the mater�al be an �nsulator or a bad conductor
of electr�c�ty.

A few years later Mr. Tesla turned h�s attent�on aga�n to the same
subject, as, perhaps, was very natural �n v�ew of the fact that the
commutator had always been prom�nent �n h�s thoughts, and that so
much of h�s work was even a�med at d�spens�ng w�th �t ent�rely as an
object�onable and unnecessary part of dynamos and motors. In
these later efforts to remedy commutator troubles, Mr. Tesla
constructs a commutator and the collectors therefor �n two parts
mutually adapted to one another, and, so far as the essent�al
features are concerned, al�ke �n mechan�cal structure. Select�ng as
an �llustrat�on a commutator of two segments adapted for use w�th an
armature the co�ls or co�l of wh�ch have but two free ends, connected
respect�vely to the segments, the bear�ng-surface �s the face of a
d�sc, and �s formed of two metall�c quadrant segments and two
�nsulat�ng segments of the same d�mens�ons, and the face of the
d�sc �s smoothed off, so that the metal and �nsulat�ng segments are
flush. The part wh�ch takes the place of the usual brushes, or the
"collector," �s a d�sc of the same character as the commutator and
has a surface s�m�larly formed w�th two �nsulat�ng and two metall�c
segments. These two parts are mounted w�th the�r faces �n contact



and �n such manner that the rotat�on of the armature causes the
commutator to turn upon the collector, whereby the currents �nduced
�n the co�ls are taken off by the collector segments and thence
conveyed off by su�table conductors lead�ng from the collector
segments. Th�s �s the general plan of the construct�on adopted.
As�de from certa�n adjuncts, the nature and funct�ons of wh�ch are
set forth later, th�s means of commutat�on w�ll be seen to possess
many �mportant advantages. In the f�rst place the short-c�rcu�t�ng and
the break�ng of the armature co�l connected to the commutator-
segments occur at the same �nstant, and from the nature of the
construct�on th�s w�ll be done w�th the greatest prec�s�on; secondly,
the durat�on of both the break and of the short c�rcu�t w�ll be reduced
to a m�n�mum. The f�rst results �n a reduct�on wh�ch amounts
pract�cally to a suppress�on of the spark, s�nce the break and the
short c�rcu�t produce oppos�te effects �n the armature-co�l. The
second has the effect of d�m�n�sh�ng the destruct�ve effect of a spark,
s�nce th�s would be �n a measure proport�onal to the durat�on of the
spark; wh�le lessen�ng the durat�on of the short c�rcu�t obv�ously
�ncreases the eff�c�ency of the mach�ne.

F�g. 246, 247.
F��. 246. F��. 247.

The mechan�cal advantages w�ll be better understood by referr�ng
to the accompany�ng d�agrams, �n wh�ch F�g. 246 �s a central
long�tud�nal sect�on of the end of a shaft w�th the �mproved
commutator carr�ed thereon. F�g. 247 �s a v�ew of the �nner or
bear�ng face of the collector. F�g. 248 �s an end v�ew from the
armature s�de of a mod�f�ed form of commutator. F�gs. 249 and 250
are v�ews of deta�ls of F�g. 248. F�g. 251 �s a long�tud�nal central
sect�on of another mod�f�cat�on, and F�g. 252 �s a sect�onal v�ew of
the same. A �s the end of the armature-shaft of a dynamo-electr�c
mach�ne or motor. A' �s a sleeve of �nsulat�ng mater�al around the
shaft, secured �n place by a screw, a'.

F�g. 248, 249, 250.
F��. 248. F��. 249.     F��. 250.



The commutator proper �s �n the form of a d�sc wh�ch �s made up
of four segments D D' G G', s�m�lar to those shown �n F�g. 248. Two of
these segments, as D D', are of metal and are �n electr�cal connect�on
w�th the ends of the co�ls on the armature. The other two segments
are of �nsulat�ng mater�al. The segments are held �n place by a band,
B, of �nsulat�ng mater�al. The d�sc �s held �n place by fr�ct�on or by
screws, g' g', F�g. 248, wh�ch secure the d�sc f�rmly to the sleeve A'.

The collector �s made �n the same form as the commutator. It �s
composed of the two metall�c segments E E' and the two �nsulat�ng
segments F F', bound together by a band, C. The metall�c segments E
E' are of the same or pract�cally the same w�dth or extent as the
�nsulat�ng segments or spaces of the commutator. The collector �s
secured to a sleeve, B', by screws g g, and the sleeve �s arranged to
turn freely on the shaft A. The end of the sleeve B' �s closed by a
plate, f, upon wh�ch presses a p�vot-po�nted screw, h, adjustable �n a
spr�ng, H, wh�ch acts to ma�nta�n the collector �n close contact w�th
the commutator and to compensate for the play of the shaft. The
collector �s so f�xed that �t cannot turn w�th the shaft. For example,
the d�agram shows a slotted plate, K, wh�ch �s des�gned to be
attached to a stat�onary support, and an arm extend�ng from the
collector and carry�ng a clamp�ng screw, L, by wh�ch the collector
may be adjusted and set to the des�red pos�t�on.

Mr. Tesla prefers the form shown �n F�gs. 246 and 247 to f�t the
�nsulat�ng segments of both commutator and collector loosely and to
prov�de some means—as, for example, l�ght spr�ngs, e e, secured to
the bands A' B', respect�vely, and bear�ng aga�nst the segments—to
exert a l�ght pressure upon them and keep them �n close contact and
to compensate for wear. The metal segments of the commutator may
be moved forward by loosen�ng the screw a'.

The l�ne w�res are fed from the metal segments of the collector,
be�ng secured thereto �n any conven�ent manner, the plan of
connect�ons be�ng shown as appl�ed to a mod�f�ed form of the
commutator �n F�g. 251. The commutator and the collector �n thus
present�ng two flat and smooth bear�ng surfaces prevent most
effectually by mechan�cal act�on the occurrence of sparks.



The �nsulat�ng segments are made of some hard mater�al
capable of be�ng pol�shed and formed w�th sharp edges. Such
mater�als as glass, marble, or soapstone may be advantageously
used. The metal segments are preferably of copper or brass; but
they may have a fac�ng or edge of durable mater�al—such as
plat�num or the l�ke—where the sparks are l�able to occur.

F�g. 251, 252.
F��. 251. F��. 252.

In F�g. 248 a somewhat mod�f�ed form of the �nvent�on �s shown,
a form des�gned to fac�l�tate the construct�on and replac�ng of the
parts. In th�s mod�f�cat�on the commutator and collector are made �n
substant�ally the same manner as prev�ously descr�bed, except that
the bands B C are om�tted. The four segments of each part, however,
are secured to the�r respect�ve sleeves by screws g' g', and one
edge of each segment �s cut away, so that small plates a b may be
sl�pped �nto the spaces thus formed. Of these plates a a are of metal,
and are �n contact w�th the metal segments D D', respect�vely. The
other two, b b, are of glass or marble, and they are all better square,
as shown �n F�gs. 249 and 250, so that they may be turned to
present new edges should any edge become worn by use. L�ght
spr�ngs d bear upon these plates and press those �n the commutator
toward those �n the collector, and �nsulat�ng str�ps c c are secured to
the per�phery of the d�scs to prevent the blocks from be�ng thrown
out by centr�fugal act�on. These plates are, of course, useful at those
edges of the segments only where sparks are l�able to occur, and, as
they are eas�ly replaced, they are of great advantage. It �s
cons�dered best to coat them w�th plat�num or s�lver.

In F�gs. 251 and 252 �s shown a construct�on where, �nstead of
sol�d segments, a flu�d �s employed. In th�s case the commutator and
collector are made of two �nsulat�ng d�scs, S T, and �n l�eu of the
metal segments a space �s cut out of each part, as at R R',
correspond�ng �n shape and s�ze to a metal segment. The two parts
are f�tted smoothly and the collector T held by the screw h and spr�ng
H aga�nst the commutator S. As �n the other cases, the commutator
revolves wh�le the collector rema�ns stat�onary. The ends of the co�ls



are connected to b�nd�ng-posts s s, wh�ch are �n electr�cal connect�on
w�th metal plates t t w�th�n the recesses �n the two parts S T. These
chambers or recesses are f�lled w�th mercury, and �n the collector
part are tubes W W, w�th screws w w, carry�ng spr�ngs X and p�stons
X', wh�ch compensate for the expans�on and contract�on of the
mercury under vary�ng temperatures, but wh�ch are suff�c�ently
strong not to y�eld to the pressure of the flu�d due to centr�fugal
act�on, and wh�ch serve as b�nd�ng-posts.

In all the above cases the commutators are adapted for a s�ngle
co�l, and the dev�ce �s part�cularly su�ted to such purposes. The
number of segments may be �ncreased, however, or more than one
commutator used w�th a s�ngle armature. Although the bear�ng-
surfaces are shown as planes at r�ght angles to the shaft or ax�s, �t �s
ev�dent that �n th�s part�cular the construct�on may be very greatly
mod�f�ed.



CHAPTER XXXVIII.

A�������� B���� R���������
�� D����� C������ D������.

An �nterest�ng method dev�sed by Mr. Tesla for the regulat�on of
d�rect current dynamos, �s that wh�ch has come to be known as the
"th�rd brush" method. In mach�nes of th�s type, dev�sed by h�m as far
back as 1885, he makes use of two ma�n brushes to wh�ch the ends
of the f�eld magnet co�ls are connected, an aux�l�ary brush, and a
branch or shunt connect�on from an �ntermed�ate po�nt of the f�eld
w�re to the aux�l�ary brush.[14]

The relat�ve pos�t�ons of the respect�ve brushes are var�ed, e�ther
automat�cally or by hand, so that the shunt becomes �noperat�ve
when the aux�l�ary brush has a certa�n pos�t�on upon the commutator;
but when the aux�l�ary brush �s moved �n �ts relat�on to the ma�n
brushes, or the latter are moved �n the�r relat�on to the aux�l�ary
brush, the electr�c cond�t�on �s d�sturbed and more or less of the
current through the f�eld-hel�ces �s d�verted through the shunt or a
current �s passed over the shunt to the f�eld-hel�ces. By vary�ng the
relat�ve pos�t�on upon the commutator of the respect�ve brushes
automat�cally �n proport�on to the vary�ng electr�cal cond�t�ons of the
work�ng-c�rcu�t, the current developed can be regulated �n proport�on
to the demands �n the work�ng-c�rcu�t.

F�g. 253 �s a d�agram �llustrat�ng the �nvent�on, show�ng one core
of the f�eld-magnets w�th one hel�x wound �n the same d�rect�on
throughout. F�gs. 254 and 255 are d�agrams show�ng one core of the
f�eld-magnets w�th a port�on of the hel�ces wound �n oppos�te
d�rect�ons. F�gs. 256 and 257 are d�agrams �llustrat�ng the electr�c
dev�ces that may be employed for automat�cally adjust�ng the



brushes, and F�g. 258 �s a d�agram �llustrat�ng the pos�t�ons of the
brushes when the mach�ne �s be�ng energ�zed at the start.

a and b are the pos�t�ve and negat�ve brushes of the ma�n or
work�ng-c�rcu�t, and c the aux�l�ary brush. The work�ng-c�rcu�t D
extends from the brushes a and b, as usual, and conta�ns electr�c
lamps or other dev�ces, D', e�ther �n ser�es or �n mult�ple arc.

M M' represent the f�eld-hel�ces, the ends of wh�ch are connected
to the ma�n brushes a and b. The branch or shunt w�re c' extends
from the aux�l�ary brush c to the c�rcu�t of the f�eld-hel�ces, and �s
connected to the same at an �ntermed�ate po�nt, x.

F�g. 253.
F��. 253.

H represents the commutator, w�th the plates of ord�nary
construct�on. When the aux�l�ary brush c occup�es such a pos�t�on
upon the commutator that the electro-mot�ve force between the
brushes a and c �s to the electro-mot�ve force between the brushes c
and b as the res�stance of the c�rcu�t a M c' c A �s to the res�stance of
the c�rcu�t b M' c' c B, the potent�als of the po�nts x and Y w�ll be
equal, and no current w�ll flow over the aux�l�ary brush; but when the
brush c occup�es a d�fferent pos�t�on the potent�als of the po�nts x
and Y w�ll be d�fferent, and a current w�ll flow over the aux�l�ary brush
to and from the commutator, accord�ng to the relat�ve pos�t�on of the
brushes. If, for �nstance, the commutator-space between the brushes
a and c, when the latter �s at the neutral po�nt, �s d�m�n�shed, a
current w�ll flow from the po�nt Y over the shunt c to the brush b, thus
strengthen�ng the current �n the part M', and partly neutral�z�ng the
current �n part M; but �f the space between the brushes a and c �s
�ncreased, the current w�ll flow over the aux�l�ary brush �n an oppos�te
d�rect�on, and the current �n M w�ll be strengthened, and �n M', partly
neutral�zed.

By comb�n�ng w�th the brushes a, b, and c any usual automat�c
regulat�ng mechan�sm, the current developed can be regulated �n
proport�on to the demands �n the work�ng c�rcu�t. The parts M and M'
of the f�eld w�re may be wound �n the same d�rect�on. In th�s case



they are arranged as shown �n F�g. 253; or the part M may be wound
�n the oppos�te d�rect�on, as shown �n F�gs. 254 and 255.

F�g. 254.
F��. 254.

It w�ll be apparent that the respect�ve cores of the f�eld-magnets
are subjected to neutral�z�ng or �ntens�fy�ng effects of the current �n
the shunt through c', and the magnet�sm of the cores w�ll be part�ally
neutral�zed, or the po�nts of greatest magnet�sm sh�fted, so that �t w�ll
be more or less remote from or approach�ng to the armature, and
hence the aggregate energ�z�ng act�ons of the f�eld magnets on the
armature w�ll be correspond�ngly var�ed.

In the form �nd�cated �n F�g. 253 the regulat�on �s effected by
sh�ft�ng the po�nt of greatest magnet�sm, and �n F�gs. 254 and 255
the same effect �s produced by the act�on of the current �n the shunt
pass�ng through the neutral�z�ng hel�x.

The relat�ve pos�t�ons of the respect�ve brushes may be var�ed by
mov�ng the aux�l�ary brush, or the brush c may rema�n stat�onary and
the core P be connected to the ma�n-brush holder A, so as to adjust
the brushes a b �n the�r relat�on to the brush c. If, however, an
adjustment �s appl�ed to all the brushes, as seen �n F�g. 257, the
soleno�d should be connected to both a and c, so as to move them
toward or away from each other.

There are several known dev�ces for g�v�ng mot�on �n proport�on
to an electr�c current. In F�gs. 256 and 257 the mov�ng cores are
shown as conven�ent dev�ces for obta�n�ng the requ�red extent of
mot�on w�th very sl�ght changes �n the current pass�ng through the
hel�ces. It �s understood that the adjustment of the ma�n brushes
causes var�at�ons �n the strength of the current �ndependently of the
relat�ve pos�t�on of those brushes to the aux�l�ary brush. In all cases
the adjustment should be such that no current flows over the
aux�l�ary brush when the dynamo �s runn�ng w�th �ts normal load.

In F�gs. 256 and 257 A A �nd�cate the ma�n-brush holder, carry�ng
the ma�n brushes, and C the aux�l�ary-brush holder, carry�ng the



aux�l�ary brush. These brush-holders are movable �n arcs concentr�c
w�th the centre of the commutator-shaft. An �ron p�ston, P, of the
soleno�d S, F�g. 256, �s attached to the aux�l�ary-brush holder C. The
adjustment �s effected by means of a spr�ng and screw or t�ghtener.

In F�g. 257 �nstead of a soleno�d, an �ron tube �nclos�ng a co�l �s
shown. The p�ston of the co�l �s attached to both brush-holders A A
and C. When the brushes are moved d�rectly by electr�cal dev�ces, as
shown �n F�gs. 256 and 257, these are so constructed that the force
exerted for adjust�ng �s pract�cally un�form through the whole length
of mot�on.

F�g. 255.
F��. 255.

It �s true that aux�l�ary brushes have been used �n connect�on w�th
the hel�ces of the f�eld-w�re; but �n these �nstances the hel�ces
rece�ve the ent�re current through the aux�l�ary brush or brushes, and
these brushes could not be taken off w�thout break�ng the c�rcu�t
through the f�eld. These brushes cause, moreover, heavy spark�ng at
the commutator. In the present case the aux�l�ary brush causes very
l�ttle or no spark�ng, and can be taken off w�thout break�ng the c�rcu�t
through the f�eld-hel�ces. The arrangement has, bes�des, the
advantage of fac�l�tat�ng the self-exc�tat�on of the mach�ne �n all
cases where the res�stance of the f�eld-w�re �s very great
comparat�vely to the res�stance of the ma�n c�rcu�t at the start—for
�nstance, on arc-l�ght mach�nes. In th�s case the aux�l�ary brush c �s
placed near to, or better st�ll �n contact w�th, the brush b, as shown �n
F�g. 258. In th�s manner the part M' �s completely cut out, and as the
part M has a cons�derably smaller res�stance than the whole length
of the f�eld-w�re the mach�ne exc�tes �tself, whereupon the aux�l�ary
brush �s sh�fted automat�cally to �ts normal pos�t�on.

F�g. 256, 257.
F��. 256. F��. 257.

In a further method dev�sed by Mr. Tesla, one or more aux�l�ary
brushes are employed, by means of wh�ch a port�on or the whole of
the f�eld co�ls �s shunted. Accord�ng to the relat�ve pos�t�on upon the



commutator of the respect�ve brushes more or less current �s caused
to pass through the hel�ces of the f�eld, and the current developed by
the mach�ne can be var�ed at w�ll by vary�ng the relat�ve pos�t�ons of
the brushes.

F�g. 258.
F��. 258.

In F�g. 259, a and b are the pos�t�ve and negat�ve brushes of the
ma�n c�rcu�t, and c an aux�l�ary brush. The ma�n c�rcu�t D extends
from the brushes a and b, as usual, and conta�ns the hel�ces M of the
f�eld w�re and the electr�c lamps or other work�ng dev�ces. The
aux�l�ary brush c �s connected to the po�nt x of the ma�n c�rcu�t by
means of the w�re c'. H �s a commutator of ord�nary construct�on. It
w�ll have been seen from what was sa�d already that when the
electro-mot�ve force between the brushes a and c �s to the
electromot�ve force between the brushes c and b as the res�stance of
the c�rcu�t a M c' c A �s to the res�stance of the c�rcu�t b C B c c' D, the
potent�als of the po�nts x and y w�ll be equal, and no current w�ll pass
over the aux�l�ary brush c; but �f that brush occup�es a d�fferent
pos�t�on relat�vely to the ma�n brushes the electr�c cond�t�on �s
d�sturbed, and current w�ll flow e�ther from y to x or from x to y,
accord�ng to the relat�ve pos�t�on of the brushes. In the f�rst case the
current through the f�eld-hel�ces w�ll be partly neutral�zed and the
magnet�sm of the f�eld magnets w�ll be d�m�n�shed. In the second
case the current w�ll be �ncreased and the magnets ga�n strength. By
comb�n�ng w�th the brushes at a b c any automat�c regulat�ng
mechan�sm, the current developed can be regulated automat�cally �n
proport�on to the demands of the work�ng c�rcu�t.

In F�gs. 264 and 265 some of the automat�c means are
represented that maybe used for mov�ng the brushes. The core P,
F�g. 264, of the soleno�d-hel�x S �s connected w�th the brush a to
move the same, and �n F�g. 265 the core P �s shown as w�th�n the
hel�x S, and connected w�th brushes a and c, so as to move the
same toward or from each other, accord�ng to the strength of the
current �n the hel�x, the hel�x be�ng w�th�n an �ron tube, S', that
becomes magnet�zed and �ncreases the act�on of the soleno�d.



In pract�ce �t �s suff�c�ent to move only the aux�l�ary brush, as
shown �n F�g. 264, as the regulat�on �s very sens�t�ve to the sl�ghtest
changes; but the relat�ve pos�t�on of the aux�l�ary brush to the ma�n
brushes may be var�ed by mov�ng the ma�n brushes, or both ma�n
and aux�l�ary brushes may be moved, as �llustrated �n F�g. 265. In the
latter two cases, �t w�ll be understood, the mot�on of the ma�n
brushes relat�vely to the neutral l�ne of the mach�ne causes
var�at�ons �n the strength of the current �ndependently of the�r relat�ve
pos�t�on to the aux�l�ary brush. In all cases the adjustment may be
such that when the mach�ne �s runn�ng w�th the ord�nary load, no
current flows over the aux�l�ary brush.

The f�eld hel�ces may be connected, as shown �n F�g. 259, or a
part of the f�eld hel�ces may be �n the outgo�ng and the other part �n
the return c�rcu�t, and two aux�l�ary brushes may be employed as
shown �n F�gs. 261 and 262. Instead of shunt�ng the whole of the
f�eld hel�ces, a port�on only of such hel�ces may be shunted, as
shown �n F�gs. 260 and 262.

The arrangement shown �n F�g. 262 �s advantageous, as �t
d�m�n�shes the spark�ng upon the commutator, the ma�n c�rcu�t be�ng
closed through the aux�l�ary brushes at the moment of the break of
the c�rcu�t at the ma�n brushes.

F�g. 259.
F��. 259.
F�g. 260.
F��. 260.
F�g. 261.
F��. 261.

F�g. 262, 263.
F��. 262. F��. 263.

The f�eld hel�ces may be wound �n the same d�rect�on, or a part
may be wound �n oppos�te d�rect�ons.

The connect�on between the hel�ces and the aux�l�ary brush or
brushes may be made by a w�re of small res�stance, or a res�stance
may be �nterposed (R, F�g. 263,) between the po�nt x and the



aux�l�ary brush or brushes to d�v�de the sens�t�veness when the
brushes are adjusted.

F�g. 264, 265.
F��. 264. F��. 265.

The accompany�ng sketches also �llustrate �mprovements made
by Mr. Tesla �n the mechan�cal dev�ces used to effect the sh�ft�ng of
the brushes, �n the use of an aux�l�ary brush. F�g. 266 �s an elevat�on
of the regulator w�th the frame partly �n sect�on; and F�g. 267 �s a
sect�on at the l�ne x x, F�g. 266. C �s the commutator; B and B', the
brush-holders, B carry�ng the ma�n brushes a a', and B' the aux�l�ary
or shunt brushes b b. The ax�s of the brush-holder B �s supported by
two p�vot-screws, p p. The other brush-holder, B', has a sleeve, d,
and �s movable around the ax�s of the brush-holder B. In th�s way
both brush-holders can turn very freely, the fr�ct�on of the parts be�ng
reduced to a m�n�mum. Over the brush-holders �s mounted the
soleno�d S, wh�ch rests upon a forked column, c. Th�s column also
affords a support for the p�vots p p, and �s fastened upon a sol�d
bracket or project�on, P, wh�ch extends from the base of the
mach�ne, and �s cast �n one p�ece w�th the same. The brush-holders
B B' are connected by means of the l�nks e e and the cross-p�ece F to
the �ron core I, wh�ch sl�des freely �n the tube T of the soleno�d. The
�ron core I has a screw, s, by means of wh�ch �t can be ra�sed and
adjusted �n �ts pos�t�on relat�vely to the soleno�d, so that the pull
exerted upon �t by the soleno�d �s pract�cally un�form through the
whole length of mot�on wh�ch �s requ�red to effect the regulat�on. In
order to effect the adjustment w�th greater prec�s�on, the core I �s
prov�ded w�th a small �ron screw, s'. The core be�ng f�rst brought very
nearly �n the requ�red pos�t�on relat�vely to the soleno�d by means of
the screw s, the small screw s' �s then adjusted unt�l the magnet�c
attract�on upon the core �s the same when the core �s �n any pos�t�on.
A conven�ent stop, t, serves to l�m�t the upward movement of the �ron
core.

To check somewhat the movement of the core I, a dash-pot, K, �s
used. The p�ston L of the dash-pot �s prov�ded w�th a valve, V, wh�ch
opens by a downward pressure and allows an easy downward



movement of the �ron core I, but closes and checks the movement of
the core when �t �s pulled up by the act�on of the soleno�d.

To balance the oppos�ng forces, the we�ght of the mov�ng parts,
and the pull exerted by the soleno�d upon the �ron core, the we�ghts
W W may be used. The adjustment �s such that when the soleno�d �s
traversed by the normal current �t �s just strong enough to balance
the downward pull of the parts.



F�g. 266, 267.
F��. 266. F��. 267.

The electr�cal c�rcu�t-connect�ons are substant�ally the same as
�nd�cated �n the prev�ous d�agrams, the soleno�d be�ng �n ser�es w�th
the c�rcu�t when the translat�ng dev�ces are �n ser�es, and �n shunt
when the dev�ces are �n mult�ple arc. The operat�on of the dev�ce �s
as follows: When upon a decrease of the res�stance of the c�rcu�t or
for some other reason, the current �s �ncreased, the soleno�d S ga�ns
�n strength and pulls up the �ron core I, thus sh�ft�ng the ma�n brushes
�n the d�rect�on of rotat�on and the aux�l�ary brushes �n the oppos�te
way. Th�s d�m�n�shes the strength of the current unt�l the oppos�ng
forces are balanced and the soleno�d �s traversed by the normal
current; but �f from any cause the current �n the c�rcu�t �s d�m�n�shed,
then the we�ght of the mov�ng parts overcomes the pull of the
soleno�d, the �ron core I descends, thus sh�ft�ng the brushes the
oppos�te way and �ncreas�ng the current to the normal strength. The
dash-pot connected to the �ron core I may be of ord�nary
construct�on; but �t �s better, espec�ally �n mach�nes for arc l�ghts, to
prov�de the p�ston of the dash-pot w�th a valve, as �nd�cated �n the
d�agrams. Th�s valve perm�ts a comparat�vely easy downward
movement of the �ron core, but checks �ts movement when �t �s
drawn up by the soleno�d. Such an arrangement has the advantage
that a great number of l�ghts may be put on w�thout d�m�n�sh�ng the
l�ght-power of the lamps �n the c�rcu�t, as the brushes assume at
once the proper pos�t�on. When l�ghts are cut out, the dash-pot acts
to retard the movement; but �f the current �s cons�derably �ncreased
the soleno�d gets abnormally strong and the brushes are sh�fted
�nstantly. The regulator be�ng properly adjusted, l�ghts or other
dev�ces may be put on or out w�th scarcely any percept�ble
d�fference. It �s obv�ous that �nstead of the dash-pot any other
retard�ng dev�ce may be used.



CHAPTER XXXIX.

I���������� �� ���
C����������� �� D������

��� M�����.

Th�s �nvent�on of Mr. Tesla �s an �mprovement �n the construct�on
of dynamo or magneto electr�c mach�nes or motors, cons�st�ng �n a
novel form of frame and f�eld magnet wh�ch renders the mach�ne
more sol�d and compact as a structure, wh�ch requ�res fewer parts,
and wh�ch �nvolves less trouble and expense �n �ts manufacture. It �s
appl�cable to generators and motors generally, not only to those
wh�ch have �ndependent c�rcu�ts adapted for use �n the Tesla
alternat�ng current system, but to other cont�nuous or alternat�ng
current mach�nes of the ord�nary type generally used.

F�g. 268 shows the mach�ne �n s�de elevat�on. F�g. 269 �s a
vert�cal sect�onal v�ew of the f�eld magnets and frame and an end
v�ew of the armature; and F�g. 270 �s a plan v�ew of one of the parts
of the frame and the armature, a port�on of the latter be�ng cut away.

The f�eld magnets and frame are cast �n two parts. These parts
are �dent�cal �n s�ze and shape, and each cons�sts of the sol�d plates
or ends A B, from wh�ch project �nwardly the cores C D and the s�de
bars or br�dge p�eces, E F. The prec�se shape of these parts �s largely
a matter of cho�ce—that �s to say, each cast�ng, as shown, forms an
approx�mately rectangular frame; but �t m�ght obv�ously be more or
less oval, round, or square, w�thout departure from the �nvent�on. It �s
also des�rable to reduce the w�dth of the s�de bars, E F, at the center
and to so proport�on the parts that when the frame �s put together the
spaces between the pole p�eces w�ll be pract�cally equal to the arcs
wh�ch the surfaces of the poles occupy.



The bear�ngs G for the armature shaft are cast �n the s�de bars E
F. The f�eld co�ls are e�ther wound on the pole p�eces or on a form
and then sl�pped on over the ends of the pole p�eces. The lower part
or cast�ng �s secured to the base after be�ng f�n�shed off. The
armature K on �ts shaft �s then mounted �n the bear�ngs of the lower
cast�ng and the other part of the frame placed �n pos�t�on, dowel p�ns
L or any other means be�ng used to secure the two parts �n proper
pos�t�on.

F�g. 268.
F��. 268.
F�g. 269.
F��. 269.
F�g. 270.
F��. 270.

In order to secure an eas�er f�t, the s�de bars E F, and end p�eces,
A B, are so cast that slots M are formed when the two parts are put
together.

Th�s mach�ne possesses several advantages. For example, �f we
magnet�ze the cores alternately, as �nd�cated by the characters N S, �t
w�ll be seen that the magnet�c c�rcu�t between the poles of each part
of a cast�ng �s completed through the sol�d �ron s�de bars. The
bear�ngs for the shaft are located at the neutral po�nts of the f�eld, so
that the armature core �s not affected by the magnet�c cond�t�on of
the f�eld.

The �mprovement �s not restr�cted to the use of four pole p�eces,
as �t �s ev�dent that each pole p�ece could be d�v�ded or more than
four formed by the shape of the cast�ng.



CHAPTER XL.

T���� D����� C������ A��
L������� S�����.

At one t�me, soon after h�s arr�val �n Amer�ca, Mr. Tesla was
greatly �nterested �n the subject of arc l�ght�ng, wh�ch then occup�ed
publ�c attent�on and read�ly enl�sted the support of cap�tal. He
therefore worked out a system wh�ch was conf�ded to a company
formed for �ts explo�tat�on, and then proceeded to devote h�s
energ�es to the perfect�on of the deta�ls of h�s more celebrated
"rotary f�eld" motor system. The Tesla arc l�ght�ng apparatus
appeared at a t�me when a great many other lamps and mach�nes
were �n the market, but �t commanded not�ce by �ts �ngenu�ty. Its ch�ef
purpose was to lessen the manufactur�ng cost and s�mpl�fy the
processes of operat�on.

We w�ll take up the dynamo f�rst. F�g. 271 �s a long�tud�nal
sect�on, and F�g. 272 a cross sect�on of the mach�ne. F�g. 273 �s a
top v�ew, and F�g. 274 a s�de v�ew of the magnet�c frame. F�g. 275 �s
an end v�ew of the commutator bars, and F�g. 276 �s a sect�on of the
shaft and commutator bars. F�g. 277 �s a d�agram �llustrat�ng the co�ls
of the armature and the connect�ons to the commutator plates.

The cores c c c c of the f�eld-magnets are taper�ng �n both
d�rect�ons, as shown, for the purposes of concentrat�ng the
magnet�sm upon the m�ddle of the pole-p�eces.

The connect�ng-frame F F of the f�eld-magnets �s �n the form
�nd�cated �n the s�de v�ew, F�g. 274, the lower part be�ng prov�ded
w�th the spread�ng curved cast legs e e, so that the mach�ne w�ll rest
f�rmly upon two base-bars, r r.



To the lower pole, S, of the f�eld-magnet M �s fastened, by means
of babb�tt or other fus�ble d�amagnet�c mater�al, the base B, wh�ch �s
prov�ded w�th bear�ngs b for the armature-shaft H. The base B has a
project�on, P, wh�ch supports the brush-holders and the regulat�ng
dev�ces, wh�ch are of a spec�al character dev�sed by Mr. Tesla.

The armature �s constructed w�th the v�ew to reduce to a
m�n�mum the loss of power due to Foucault currents and to the
change of polar�ty, and also to shorten as much as poss�ble the
length of the �nact�ve w�re wound upon the armature core.

F�g. 271.
F��. 271.

It �s well known that when the armature �s revolved between the
poles of the f�eld-magnets, currents are generated �n the �ron body of
the armature wh�ch develop heat, and consequently cause a waste
of power. Ow�ng to the mutual act�on of the l�nes of force, the
magnet�c propert�es of �ron, and the speed of the d�fferent port�ons of
the armature core, these currents are generated pr�nc�pally on and
near the surface of the armature core, d�m�n�sh�ng �n strength
gradually toward the centre of the core. The�r quant�ty �s under some
cond�t�ons proport�onal to the length of the �ron body �n the d�rect�on
�n wh�ch these currents are generated. By subd�v�d�ng the �ron core
electr�cally �n th�s d�rect�on, the generat�on of these currents can be
reduced to a great extent. For �nstance, �f the length of the armature-
core �s twelve �nches, and by a su�table construct�on �t �s subd�v�ded
electr�cally, so that there are �n the generat�ng d�rect�on s�x �nches of
�ron and s�x �nches of �nterven�ng a�r-spaces or �nsulat�ng mater�al,
the waste currents w�ll be reduced to f�fty per cent.

As shown �n the d�agrams, the armature �s constructed of th�n
�ron d�scs D D D, of var�ous d�ameters, fastened upon the armature-
shaft �n a su�table manner and arranged accord�ng to the�r s�zes, so
that a ser�es of �ron bod�es, � � �, �s formed, each of wh�ch d�m�n�shes
�n th�ckness from the centre toward the per�phery. At both ends of the
armature the �nwardly curved d�scs d d, of cast �ron, are fastened to
the armature shaft.



The armature core be�ng constructed as shown, �t w�ll be eas�ly
seen that on those port�ons of the armature that are the most remote
from the ax�s, and where the currents are pr�nc�pally developed, the
length of �ron �n the generat�ng d�rect�on �s only a small fract�on of the
total length of the armature core, and bes�des th�s the �ron body �s
subd�v�ded �n the generat�ng d�rect�on, and therefore the Foucault
currents are greatly reduced. Another cause of heat�ng �s the sh�ft�ng
of the poles of the armature core. In consequence of the subd�v�s�on
of the �ron �n the armature and the �ncreased surface for rad�at�on,
the r�sk of heat�ng �s lessened.

The �ron d�scs D D D are �nsulated or coated w�th some �nsulat�ng-
pa�nt, a very careful �nsulat�on be�ng unnecessary, as an electr�cal
contact between several d�scs can only occur at places where the
generated currents are comparat�vely weak. An armature core
constructed �n the manner descr�bed may be revolved between the
poles of the f�eld magnets w�thout show�ng the sl�ghtest �ncrease of
temperature.

F�g. 272, 273.
F��. 272. F��. 273.

The end d�scs, d d, wh�ch are of suff�c�ent th�ckness and, for the
sake of cheapness, of cast-�ron, are curved �nwardly, as �nd�cated �n
the draw�ngs. The extent of the curve �s dependent on the amount of
w�re to be wound upon the armatures. In th�s mach�ne the w�re �s
wound upon the armature �n two super�mposed parts, and the curve
of the end d�scs, d d, �s so calculated that the f�rst part—that �s,
pract�cally half of the w�re—just f�lls up the hollow space to the l�ne x
x; or, �f the w�re �s wound �n any other manner, the curve �s such that
when the whole of the w�re �s wound, the outs�de mass of w�res, w,
and the �ns�de mass of w�res, w', are equal at each s�de of the plane
x x. In th�s case the pass�ve or electr�cally-�nact�ve w�res are of the
smallest length pract�cable. The arrangement has further the
advantage that the total lengths of the cross�ng w�res at the two
s�des of the plane x x are pract�cally equal.

F�g. 274.



F��. 274.

To equal�ze further the armature co�ls at both s�des of the plates
that are �n contact w�th the brushes, the w�nd�ng and connect�ng up
�s effected �n the follow�ng manner: The whole w�re �s wound upon
the armature-core �n two super�mposed parts, wh�ch are thoroughly
�nsulated from each other. Each of these two parts �s composed of
three separated groups of co�ls. The f�rst group of co�ls of the f�rst
part of w�re be�ng wound and connected to the commutator-bars �n
the usual manner, th�s group �s �nsulated and the second group
wound; but the co�ls of th�s second group, �nstead of be�ng
connected to the next follow�ng commutator bars, are connected to
the d�rectly oppos�te bars of the commutator. The second group �s
then �nsulated and the th�rd group wound, the co�ls of th�s group
be�ng connected to those bars to wh�ch they would be connected �n
the usual way. The w�res are then thoroughly �nsulated and the
second part of w�re �s wound and connected �n the same manner.

Suppose, for �nstance, that there are twenty-four co�ls—that �s,
twelve �n each part—and consequently twenty-four commutator
plates. There w�ll be �n each part three groups, each conta�n�ng four
co�ls, and the co�ls w�ll be connected as follows:

Groups.    Commutator Bars.
 

F�rst 1—5
F�rst part of w�re Second 17—21

Th�rd 9—13
 

F�rst 13—17
Second part of w�re    Second  5—9

Th�rd 21—1

In construct�ng the armature core and w�nd�ng and connect�ng the
co�ls �n the manner �nd�cated, the pass�ve or electr�cally �nact�ve w�re
�s reduced to a m�n�mum, and the co�ls at each s�de of the plates that



are �n contact w�th the brushes are pract�cally equal. In th�s way the
electr�cal eff�c�ency of the mach�ne �s �ncreased.

F�g. 275, 276.
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The commutator plates t are shown as outs�de the bear�ng b of
the armature shaft. The shaft H �s tubular and spl�t at the end port�on,
and the w�res are carr�ed through the same �n the usual manner and
connected to the respect�ve commutator plates. The commutator
plates are upon a cyl�nder, u, and �nsulated, and th�s cyl�nder �s
properly placed and then secured by expand�ng the spl�t end of the
shaft by a taper�ng screw plug, v.

F�g. 277.
F��. 277.

The arc lamps �nvented by Mr. Tesla for use on the c�rcu�ts from
the above descr�bed dynamo are those �n wh�ch the separat�on and
feed of the carbon electrodes or the�r equ�valents �s accompl�shed by
means of electro-magnets or soleno�ds �n connect�on w�th su�table
clutch mechan�sm, and were des�gned for the purpose of remedy�ng
certa�n faults common to arc lamps.

He proposed to prevent the frequent v�brat�ons of the movable
carbon "po�nt" and fl�cker�ng of the l�ght ar�s�ng therefrom; to prevent
the fall�ng �nto contact of the carbons; to d�spense w�th the dash pot,
clock work, or gear�ng and s�m�lar dev�ces; to render the lamp
extremely sens�t�ve, and to feed the carbon almost �mpercept�bly,
and thereby obta�n a very steady and un�form l�ght.

In that class of lamps where the regulat�on of the arc �s effected
by forces act�ng �n oppos�t�on on a free, movable rod or lever d�rectly
connected w�th the electrode, all or some of the forces be�ng
dependent on the strength of the current, any change �n the electr�cal
cond�t�on of the c�rcu�t causes a v�brat�on and a correspond�ng fl�cker
�n the l�ght. Th�s d�ff�culty �s most apparent when there are only a few
lamps �n c�rcu�t. To lessen th�s d�ff�culty lamps have been constructed
�n wh�ch the lever or armature, after the establ�sh�ng of the arc, �s



kept �n a f�xed pos�t�on and cannot v�brate dur�ng the feed operat�on,
the feed mechan�sm act�ng �ndependently; but �n these lamps, when
a clamp �s employed, �t frequently occurs that the carbons come �nto
contact and the l�ght �s momentar�ly ext�ngu�shed, and frequently
parts of the c�rcu�t are �njured. In both these classes of lamps �t has
been customary to use dash pot, clock work, or equ�valent retard�ng
dev�ces; but these are often unrel�able and object�onable, and
�ncrease the cost of construct�on.

Mr. Tesla comb�nes two electro-magnets—one of low res�stance
�n the ma�n or lamp c�rcu�t, and the other of comparat�vely h�gh
res�stance �n a shunt around the arc—a movable armature lever, and
a spec�al feed mechan�sm, the parts be�ng arranged so that �n the
normal work�ng pos�t�on of the armature lever the same �s kept
almost r�g�dly �n one pos�t�on, and �s not affected even by
cons�derable changes �n the electr�c c�rcu�t; but �f the carbons fall �nto
contact the armature w�ll be actuated by the magnets so as to move
the lever and start the arc, and hold the carbons unt�l the arc
lengthens and the armature lever returns to the normal pos�t�on.
After th�s the carbon rod holder �s released by the act�on of the feed
mechan�sm, so as to feed the carbon and restore the arc to �ts
normal length.

F�g. 278 �s an elevat�on of the mechan�sm made use of �n th�s arc
lamp. F�g. 279 �s a plan v�ew. F�g. 280 �s an elevat�on of the
balanc�ng lever and spr�ng; F�g. 281 �s a detached plan v�ew of the
pole p�eces and armatures upon the fr�ct�on clamp, and F�g. 282 �s a
sect�on of the clamp�ng tube.

M �s a hel�x of coarse w�re �n a c�rcu�t from the lower carbon
holder to the negat�ve b�nd�ng screw −. N �s a hel�x of f�ne w�re �n a
shunt between the pos�t�ve b�nd�ng screw + and the negat�ve b�nd�ng
screw −. The upper carbon holder S �s a parallel rod sl�d�ng through
the plates S' S2 of the frame of the lamp, and hence the electr�c
current passes from the pos�t�ve b�nd�ng post + through the plate S2,
carbon holder S, and upper carbon to the lower carbon, and thence
by the holder and a metall�c connect�on to the hel�x M.



F�g. 278, 282.
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F�g. 279.
F��. 279.

F�g. 280.
F��. 280.

F�g. 281.
F��. 281.

The carbon holders are of the usual character, and to �nsure
electr�c connect�ons the spr�ngs l are made use of to grasp the upper
carbon hold�ng rod S, but to allow the rod to sl�de freely through the
same. These spr�ngs l may be adjusted �n the�r pressure by the
screw m, and the spr�ng l maybe susta�ned upon any su�table
support. They are shown as connected w�th the upper end of the
core of the magnet N.

Around the carbon-hold�ng rod S, between the plates S' S2, there
�s a tube, R, wh�ch forms a clamp. Th�s tube �s counter-bored, as
seen �n the sect�on F�g. 282, so that �t bears upon the rod S at �ts
upper end and near the m�ddle, and at the lower end of th�s tubular
clamp R there are armature segments r of soft �ron. A frame or arm,
n, extend�ng, preferably, from the core N2, supports the lever A by a
fulcrum-p�n, o. Th�s lever A has a hole, through wh�ch the upper end
of the tubular clamp R passes freely, and from the lever A �s a l�nk, q,
to the lever t, wh�ch lever �s p�voted at y to a r�ng upon one of the
columns S3. Th�s lever t has an open�ng or bow surround�ng the
tubular clamp R, and there are p�ns or p�votal connect�ons w between
the lever t and th�s clamp R, and a spr�ng, r2, serves to support or
suspend the we�ght of the parts and balance them, or nearly so. Th�s
spr�ng �s adjustable.

At one end of the lever A �s a soft-�ron armature block, a, over the
core M' of the hel�x M, and there �s a l�m�t�ng screw, c, pass�ng
through th�s armature block a, and at the other end of the lever A �s a



soft �ron armature block, b, w�th the end taper�ng or wedge shaped,
and the same comes close to and �n l�ne w�th the lateral project�on e
on the core N2. The lower ends of the cores M' N2 are made w�th
laterally project�ng pole-p�eces M3 N3, respect�vely, and these pole-
p�eces are concave at the�r outer ends, and are at oppos�te s�des of
the armature segments r at the lower end of the tubular clamp R.

The operat�on of these dev�ces �s as follows: In the cond�t�on of
�nact�on, the upper carbon rests upon the lower one, and when the
electr�c current �s turned on �t passes freely, by the frame and spr�ng
l, through the rods and carbons to the coarse w�re and hel�x M, and
to the negat�ve b�nd�ng post V and the core M' thereby �s energ�zed.
The pole p�ece M3 attracts the armature r, and by the lateral pressure
causes the clamp R to grasp the rod S', and the lever A �s
s�multaneously moved from the pos�t�on shown by dotted l�nes, F�g.
278, to the normal pos�t�on shown �n full l�nes, and �n so do�ng the
l�nk q and lever t are ra�sed, l�ft�ng the clamp R and S, separat�ng the
carbons and form�ng the arc. The magnet�sm of the pole p�ece e
tends to hold the lever A level, or nearly so, the core N2 be�ng
energ�zed by the current �n the shunt wh�ch conta�ns the hel�x N. In
th�s pos�t�on the lever A �s not moved by any ord�nary var�at�on �n the
current, because the armature b �s strongly attracted by the
magnet�sm of e, and these parts are close to each other, and the
magnet�sm of e acts at r�ght angles to the magnet�sm of the core M'.
If, now, the arc becomes too long, the current through the hel�x M �s
lessened, and the magnet�sm of the core N3 �s �ncreased by the
greater current pass�ng through the shunt, and th�s core N3,
attract�ng the segmental armature r, lessens the hold of the clamp R
upon the rod S, allow�ng the latter to sl�de and lessen the length of
the arc, wh�ch �nstantly restores the magnet�c equ�l�br�um and causes
the clamp R to hold the rod S. If �t happens that the carbons fall �nto
contact, then the magnet�sm of N2 �s lessened so much that the
attract�on of the magnet M w�ll be suff�c�ent to move the armature a
and lever A so that the armature b passes above the normal pos�t�on,
so as to separate the carbons �nstantly; but when the carbons burn
away, a greater amount of current w�ll pass through the shunt unt�l
the attract�on of the core N2 w�ll overcome the attract�on of the core



M' and br�ng the armature lever A aga�n �nto the normal hor�zontal
pos�t�on, and th�s occurs before the feed can take place. The
segmental armature p�eces r are shown as nearly sem�c�rcular. They
are square or of any other des�red shape, the ends of the pole
p�eces M3, N3 be�ng made to correspond �n shape.

In a mod�f�cat�on of th�s lamp, Mr. Tesla prov�ded means for
automat�cally w�thdraw�ng a lamp from the c�rcu�t, or cutt�ng �t out
when, from a fa�lure of the feed, the arc reached an abnormal length;
and also means for automat�cally re�nsert�ng such lamp �n the c�rcu�t
when the rod drops and the carbons come �nto contact.

F�g. 283 �s an elevat�on of the lamp w�th the case �n sect�on. F�g.
284 �s a sect�onal plan at the l�ne x x. F�g. 285 �s an elevat�on, partly
�n sect�on, of the lamp at r�ght angles to F�g. 283. F�g. 286 �s a
sect�onal plan at the l�ne y y of F�g. 283. F�g. 287 �s a sect�on of the
clamp �n about full s�ze. F�g. 288 �s a detached sect�on �llustrat�ng the
connect�on of the spr�ng to the lever that carr�es the p�vots of the
clamp, and F�g. 289 �s a d�agram show�ng the c�rcu�t-connect�ons of
the lamp.

In F�g. 283, M represents the ma�n and N the shunt magnet, both
securely fastened to the base A, wh�ch w�th �ts s�de columns, S S, are
cast �n one p�ece of brass or other d�amagnet�c mater�al. To the
magnets are soldered or otherw�se fastened the brass washers or
d�scs a a a a. S�m�lar washers, b b, of f�bre or other �nsulat�ng
mater�al, serve to �nsulate the w�res from the brass washers.

The magnets M and N are made very flat, so that the�r w�dth
exceeds three t�mes the�r th�ckness, or even more. In th�s way a
comparat�vely small number of convolut�ons �s suff�c�ent to produce
the requ�red magnet�sm, wh�le a greater surface �s offered for cool�ng
off the w�res.

F�g. 286, 283.
F��. 286. F��. 283.

F�g. 285.
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The upper pole p�eces, m n, of the magnets are curved, as
�nd�cated �n the draw�ngs, F�g. 283. The lower pole p�eces m' n', are
brought near together, taper�ng toward the armature g, as shown �n
F�gs. 284 and 286. The object of th�s taper �s to concentrate the
greatest amount of the developed magnet�sm upon the armature,
and also to allow the pull to be exerted always upon the m�ddle of
the armature g. Th�s armature g �s a p�ece of �ron �n the shape of a
hollow cyl�nder, hav�ng on each s�de a segment cut away, the w�dth
of wh�ch �s equal to the w�dth of the pole p�eces m' n'.

The armature �s soldered or otherw�se fastened to the clamp r,
wh�ch �s formed of a brass tube, prov�ded w�th gr�pp�ng-jaws e e, F�g.
287. These jaws are arcs of a c�rcle of the d�ameter of the rod R, and
are made of hardened German s�lver. The gu�des f f, through wh�ch
the carbon-hold�ng rod R sl�des, are made of the same mater�al. Th�s
has the advantage of reduc�ng greatly the wear and corros�on of the
parts com�ng �n fr�ct�onal contact w�th the rod, wh�ch frequently
causes trouble. The jaws e e are fastened to the �ns�de of the tube r,
so that one �s a l�ttle lower than the other. The object of th�s �s to
prov�de a greater open�ng for the passage of the rod when the same
�s released by the clamp. The clamp r �s supported on bear�ngs w w,
F�gs. 283, 285 and 287, wh�ch are just �n the m�ddle between the
jaws e e. The bear�ngs w w are carr�ed by a lever, t, one end of
wh�ch rests upon an adjustable support, q, of the s�de columns, S,
the other end be�ng connected by means of the l�nk e' to the
armature-lever L. The armature-lever L �s a flat p�ece of �ron �n N
shape, hav�ng �ts ends curved so as to correspond to the form of the
upper pole-p�eces of the magnets M and N. It �s hung upon the p�vots
v v, F�g. 284, wh�ch are �n the jaw x of the top plate B. Th�s plate B,



w�th the jaw, �s cast �n one p�ece and screwed to the s�de columns, S
S, that extend up from the base A. To partly balance the overwe�ght
of the mov�ng parts, a spr�ng, s', F�gs. 284 and 288, �s fastened to
the top plate, B, and hooked to the lever t. The hook o �s toward one
s�de of the lever or bent a l�ttle s�dew�se, as seen �n F�g. 288. By th�s
means a sl�ght tendency �s g�ven to sw�ng the armature toward the
pole-p�ece m' of the ma�n magnet.

The b�nd�ng-posts K K' are screwed to the base A. A manual
sw�tch, for short-c�rcu�t�ng the lamp when the carbons are renewed,
�s also fastened to the base. Th�s sw�tch �s of ord�nary character, and
�s not shown �n the draw�ngs.

The rod R �s electr�cally connected to the lamp-frame by means of
a flex�ble conductor or otherw�se. The lamp-case rece�ves a
removable cover, s2, to �nclose the parts.

The electr�cal connect�ons are as �nd�cated d�agrammat�cally �n
F�g. 289. The w�re �n the ma�n magnet cons�sts of two parts, x' and
p'. These two parts may be �n two separated co�ls or �n one s�ngle
hel�x, as shown �n the draw�ngs. The part x' be�ng normally �n c�rcu�t,
�s, w�th the f�ne w�re upon the shunt-magnet, wound and traversed by
the current �n the same d�rect�on, so as to tend to produce s�m�lar
poles, N N or S S, on the correspond�ng pole-p�eces of the magnets M
and N. The part p' �s only �n c�rcu�t when the lamp �s cut out, and then
the current be�ng �n the oppos�te d�rect�on produces �n the ma�n
magnet, magnet�sm of the oppos�te polar�ty.

The operat�on �s as follows: At the start the carbons are to be �n
contact, and the current passes from the pos�t�ve b�nd�ng-post K to
the lamp-frame, carbon-holder, upper and lower carbon, �nsulated
return-w�re �n one of the s�de rods, and from there through the part x'
of the w�re on the ma�n magnet to the negat�ve b�nd�ng-post. Upon
the passage of the current the ma�n magnet �s energ�zed and attracts
the clamp�ng-armature g, sw�ng�ng the clamp and gr�pp�ng the rod by
means of the gr�pp�ng jaws e e. At the same t�me the armature lever
L �s pulled down and the carbons are separated. In pull�ng down the
armature lever L the ma�n magnet �s ass�sted by the shunt-magnet N,



the latter be�ng magnet�zed by magnet�c �nduct�on from the magnet
M.

F�g. 289.
F��. 289.

It w�ll be seen that the armatures L and g are pract�cally the
keepers for the magnets M and N, and ow�ng to th�s fact both
magnets w�th e�ther one of the armatures L and g may be cons�dered
as one horseshoe magnet, wh�ch we m�ght term a "compound
magnet." The whole of the soft-�ron parts M, m', g, n', N and L form a
compound magnet.

The carbons be�ng separated, the f�ne w�re rece�ves a port�on of
the current. Now, the magnet�c �nduct�on from the magnet M �s such
as to produce oppos�te poles on the correspond�ng ends of the
magnet N; but the current travers�ng the hel�ces tends to produce
s�m�lar poles on the correspond�ng ends of both magnets, and
therefore as soon as the f�ne w�re �s traversed by suff�c�ent current
the magnet�sm of the whole compound magnet �s d�m�n�shed.

W�th regard to the armature g and the operat�on of the lamp, the
pole m' may be cons�dered as the "clamp�ng" and the pole n' as the
"releas�ng" pole.

As the carbons burn away, the f�ne w�re rece�ves more current
and the magnet�sm d�m�n�shes �n proport�on. Th�s causes the
armature lever L to sw�ng and the armature g to descend gradually
under the we�ght of the mov�ng parts unt�l the end p, F�g. 283, str�kes
a stop on the top plate, B. The adjustment �s such that when th�s
takes place the rod R �s yet gr�pped securely by the jaws e e. The
further downward movement of the armature lever be�ng prevented,
the arc becomes longer as the carbons are consumed, and the
compound magnet �s weakened more and more unt�l the clamp�ng
armature g releases the hold of the gr�pp�ng-jaws e e upon the rod R,
and the rod �s allowed to drop a l�ttle, thus shorten�ng the arc. The
f�ne w�re now rece�v�ng less current, the magnet�sm �ncreases, and
the rod �s clamped aga�n and sl�ghtly ra�sed, �f necessary. Th�s
clamp�ng and releas�ng of the rod cont�nues unt�l the carbons are



consumed. In pract�ce the feed �s so sens�t�ve that for the greatest
part of the t�me the movement of the rod cannot be detected w�thout
some actual measurement. Dur�ng the normal operat�on of the lamp
the armature lever L rema�ns pract�cally stat�onary, �n the pos�t�on
shown �n F�g. 283.

Should �t happen that, ow�ng to an �mperfect�on �n �t, the rod and
the carbons drop too far, so as to make the arc too short, or even
br�ng the carbons �n contact, a very small amount of current passes
through the f�ne w�re, and the compound magnet becomes
suff�c�ently strong to act as at the start �n pull�ng the armature lever L
down and separat�ng the carbons to a greater d�stance.

It occurs often �n pract�cal work that the rod st�cks �n the gu�des.
In th�s case the are reaches a great length, unt�l �t f�nally breaks.
Then the l�ght goes out, and frequently the f�ne w�re �s �njured. To
prevent such an acc�dent Mr. Tesla prov�des th�s lamp w�th an
automat�c cut-out wh�ch operates as follows: When, upon a fa�lure of
the feed, the arc reaches a certa�n predeterm�ned length, such an
amount of current �s d�verted through the f�ne w�re that the polar�ty of
the compound magnet �s reversed. The clamp�ng armature g �s now
moved aga�nst the shunt magnet N unt�l �t str�kes the releas�ng pole
n'. As soon as the contact �s establ�shed, the current passes from the
pos�t�ve b�nd�ng post over the clamp r, armature g, �nsulated shunt
magnet, and the hel�x p' upon the ma�n magnet M to the negat�ve
b�nd�ng post. In th�s case the current passes �n the oppos�te d�rect�on
and changes the polar�ty of the magnet M, at the same t�me
ma�nta�n�ng by magnet�c �nduct�on �n the core of the shunt magnet
the requ�red magnet�sm w�thout reversal of polar�ty, and the armature
g rema�ns aga�nst the shunt magnet pole n'. The lamp �s thus cut out
as long as the carbons are separated. The cut out may be used �n
th�s form w�thout any further �mprovement; but Mr. Tesla arranges �t
so that �f the rod drops and the carbons come �n contact the arc �s
started aga�n. For th�s purpose he proport�ons the res�stance of part
p' and the number of the convolut�ons of the w�re upon the ma�n
magnet so that when the carbons come �n contact a suff�c�ent
amount of current �s d�verted through the carbons and the part x' to
destroy or neutral�ze the magnet�sm of the compound magnet. Then



the armature g, hav�ng a sl�ght tendency to approach to the clamp�ng
pole m', comes out of contact w�th the releas�ng pole n'. As soon as
th�s happens, the current through the part p' �s �nterrupted, and the
whole current passes through the part x. The magnet M �s now
strongly magnet�zed, the armature g �s attracted, and the rod
clamped. At the same t�me the armature lever L �s pulled down out of
�ts normal pos�t�on and the arc started. In th�s way the lamp cuts �tself
out automat�cally when the arc gets too long, and re�nserts �tself
automat�cally �n the c�rcu�t �f the carbons drop together.



CHAPTER XLI.

I���������� �� "U�������"
G���������.

Another �nterest�ng class of apparatus to wh�ch Mr. Tesla has
d�rected h�s attent�on, �s that of "un�polar" generators, �n wh�ch a d�sc
or a cyl�ndr�cal conductor �s mounted between magnet�c poles
adapted to produce an approx�mately un�form f�eld. In the d�sc
armature mach�nes the currents �nduced �n the rotat�ng conductor
flow from the centre to the per�phery, or conversely, accord�ng to the
d�rect�on of rotat�on or the l�nes of force as determ�ned by the s�gns
of the magnet�c poles, and these currents are taken off usually by
connect�ons or brushes appl�ed to the d�sc at po�nts on �ts per�phery
and near �ts centre. In the case of the cyl�ndr�cal armature mach�ne,
the currents developed �n the cyl�nder are taken off by brushes
appl�ed to the s�des of the cyl�nder at �ts ends.

In order to develop econom�cally an electromot�ve force ava�lable
for pract�cable purposes, �t �s necessary e�ther to rotate the
conductor at a very h�gh rate of speed or to use a d�sc of large
d�ameter or a cyl�nder of great length; but �n e�ther case �t becomes
d�ff�cult to secure and ma�nta�n a good electr�cal connect�on between
the collect�ng brushes and the conductor, ow�ng to the h�gh
per�pheral speed.

It has been proposed to couple two or more d�scs together �n
ser�es, w�th the object of obta�n�ng a h�gher electro-mot�ve force; but
w�th the connect�ons heretofore used and us�ng other cond�t�ons of
speed and d�mens�on of d�sc necessary to secur�ng good pract�cable
results, th�s d�ff�culty �s st�ll felt to be a ser�ous obstacle to the use of
th�s k�nd of generator. These object�ons Mr. Tesla has sought to
avo�d by construct�ng a mach�ne w�th two f�elds, each hav�ng a rotary



conductor mounted between �ts poles. The same pr�nc�ple �s �nvolved
�n the case of both forms of mach�ne above descr�bed, but the
descr�pt�on now g�ven �s conf�ned to the d�sc type, wh�ch Mr. Tesla �s
�ncl�ned to favor for that mach�ne. The d�scs are formed w�th flanges,
after the manner of pulleys, and are connected together by flex�ble
conduct�ng bands or belts.

The mach�ne �s bu�lt �n such manner that the d�rect�on of
magnet�sm or order of the poles �n one f�eld of force �s oppos�te to
that �n the other, so that rotat�on of the d�scs �n the same d�rect�on
develops a current �n one from centre to c�rcumference and �n the
other from c�rcumference to centre. Contacts appl�ed therefore to the
shafts upon wh�ch the d�scs are mounted form the term�nals of a
c�rcu�t the electro-mot�ve force �n wh�ch �s the sum of the electro-
mot�ve forces of the two d�scs.

It w�ll be obv�ous that �f the d�rect�on of magnet�sm �n both f�elds
be the same, the same result as above w�ll be obta�ned by dr�v�ng
the d�scs �n oppos�te d�rect�ons and cross�ng the connect�ng belts. In
th�s way the d�ff�culty of secur�ng and ma�nta�n�ng good contact w�th
the per�pher�es of the d�scs �s avo�ded and a cheap and durable
mach�ne made wh�ch �s useful for many purposes—such as for an
exc�ter for alternat�ng current generators, for a motor, and for any
other purpose for wh�ch dynamo mach�nes are used.

F�g. 290, 291.
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F�g. 290 �s a s�de v�ew, partly �n sect�on, of th�s mach�ne. F�g. 291
�s a vert�cal sect�on of the same at r�ght angles to the shafts.

In order to form a frame w�th two f�elds of force, a support, A, �s
cast w�th two pole p�eces B B' �ntegral w�th �t. To th�s are jo�ned by
bolts E a cast�ng D, w�th two s�m�lar and correspond�ng pole p�eces C
C'. The pole p�eces B B' are wound and connected to produce a f�eld
of force of g�ven polar�ty, and the pole p�eces C C' are wound so as to
produce a f�eld of oppos�te polar�ty. The dr�v�ng shafts F G pass
through the poles and are journaled �n �nsulat�ng bear�ngs �n the
cast�ng A D, as shown.



H K are the d�scs or generat�ng conductors. They are composed
of copper, brass, or �ron and are keyed or secured to the�r respect�ve
shafts. They are prov�ded w�th broad per�pheral flanges J. It �s of
course obv�ous that the d�scs may be �nsulated from the�r shafts, �f
so des�red. A flex�ble metall�c belt L �s passed over the flanges of the
two d�scs, and, �f des�red, may be used to dr�ve one of the d�scs. It �s
better, however, to use th�s belt merely as a conductor, and for th�s
purpose sheet steel, copper, or other su�table metal �s used. Each
shaft �s prov�ded w�th a dr�v�ng pulley M, by wh�ch power �s �mparted
from a dr�v�ng shaft.

N N are the term�nals. For the sake of clearness they are shown
as prov�ded w�th spr�ngs P, that bear upon the ends of the shafts.
Th�s mach�ne, �f self-exc�t�ng, would have copper bands around �ts
poles; or conductors of any k�nd—such as w�res shown �n the
draw�ngs—may be used.

It �s thought appropr�ate by the comp�ler to append here some
notes on un�polar dynamos, wr�tten by Mr. Tesla, on a recent
occas�on.

NOTES ON A UNIPOLAR DYNAMO.[15]

It �s character�st�c of fundamental d�scover�es, of great
ach�evements of �ntellect, that they reta�n an und�m�n�shed power
upon the �mag�nat�on of the th�nker. The memorable exper�ment of
Faraday w�th a d�sc rotat�ng between the two poles of a magnet,
wh�ch has borne such magn�f�cent fru�t, has long passed �nto every-
day exper�ence; yet there are certa�n features about th�s embryo of
the present dynamos and motors wh�ch even to-day appear to us
str�k�ng, and are worthy of the most careful study.

Cons�der, for �nstance, the case of a d�sc of �ron or other metal
revolv�ng between the two oppos�te poles of a magnet, and the polar
surfaces completely cover�ng both s�des of the d�sc, and assume the



current to be taken off or conveyed to the same by contacts
un�formly from all po�nts of the per�phery of the d�sc. Take f�rst the
case of a motor. In all ord�nary motors the operat�on �s dependent
upon some sh�ft�ng or change of the resultant of the magnet�c
attract�on exerted upon the armature, th�s process be�ng effected
e�ther by some mechan�cal contr�vance on the motor or by the act�on
of currents of the proper character. We may expla�n the operat�on of
such a motor just as we can that of a water-wheel. But �n the above
example of the d�sc surrounded completely by the polar surfaces,
there �s no sh�ft�ng of the magnet�c act�on, no change whatever, as
far as we know, and yet rotat�on ensues. Here, then, ord�nary
cons�derat�ons do not apply; we cannot even g�ve a superf�c�al
explanat�on, as �n ord�nary motors, and the operat�on w�ll be clear to
us only when we shall have recogn�zed the very nature of the forces
concerned, and fathomed the mystery of the �nv�s�ble connect�ng
mechan�sm.

Cons�dered as a dynamo mach�ne, the d�sc �s an equally
�nterest�ng object of study. In add�t�on to �ts pecul�ar�ty of g�v�ng
currents of one d�rect�on w�thout the employment of commutat�ng
dev�ces, such a mach�ne d�ffers from ord�nary dynamos �n that there
�s no react�on between armature and f�eld. The armature current
tends to set up a magnet�zat�on at r�ght angles to that of the f�eld
current, but s�nce the current �s taken off un�formly from all po�nts of
the per�phery, and s�nce, to be exact, the external c�rcu�t may also be
arranged perfectly symmetr�cal to the f�eld magnet, no react�on can
occur. Th�s, however, �s true only as long as the magnets are weakly
energ�zed, for when the magnets are more or less saturated, both
magnet�zat�ons at r�ght angles seem�ngly �nterfere w�th each other.

For the above reason alone �t would appear that the output of
such a mach�ne should, for the same we�ght, be much greater than
that of any other mach�ne �n wh�ch the armature current tends to
demagnet�ze the f�eld. The extraord�nary output of the Forbes
un�polar dynamo and the exper�ence of the wr�ter conf�rm th�s v�ew.

Aga�n, the fac�l�ty w�th wh�ch such a mach�ne may be made to
exc�te �tself �s str�k�ng, but th�s may be due—bes�des to the absence



of armature react�on—to the perfect smoothness of the current and
non-ex�stence of self-�nduct�on.

If the poles do not cover the d�sc completely on both s�des, then,
of course, unless the d�sc be properly subd�v�ded, the mach�ne w�ll
be very �neff�c�ent. Aga�n, �n th�s case there are po�nts worthy of
not�ce. If the d�sc be rotated and the f�eld current �nterrupted, the
current through the armature w�ll cont�nue to flow and the f�eld
magnets w�ll lose the�r strength comparat�vely slowly. The reason for
th�s w�ll at once appear when we cons�der the d�rect�on of the
currents set up �n the d�sc.



F�g. 292.
F��. 292.

Referr�ng to the d�agram F�g. 292, d represents the d�sc w�th the
sl�d�ng contacts B B' on the shaft and per�phery. N and S represent
the two poles of a magnet. If the pole N be above, as �nd�cated �n the
d�agram, the d�sc be�ng supposed to be �n the plane of the paper,
and rotat�ng �n the d�rect�on of the arrow D, the current set up �n the
d�sc w�ll flow from the centre to the per�phery, as �nd�cated by the
arrow A. S�nce the magnet�c act�on �s more or less conf�ned to the
space between the poles N S, the other port�ons of the d�sc may be
cons�dered �nact�ve. The current set up w�ll therefore not wholly pass
through the external c�rcu�t F, but w�ll close through the d�sc �tself,
and generally, �f the d�spos�t�on be �n any way s�m�lar to the one
�llustrated, by far the greater port�on of the current generated w�ll not
appear externally, as the c�rcu�t F �s pract�cally short-c�rcu�ted by the
�nact�ve port�ons of the d�sc. The d�rect�on of the result�ng currents �n
the latter may be assumed to be as �nd�cated by the dotted l�nes and
arrows m and n; and the d�rect�on of the energ�z�ng f�eld current
be�ng �nd�cated by the arrows a b c d, an �nspect�on of the f�gure
shows that one of the two branches of the eddy current, that �s, A B'
m B, w�ll tend to demagnet�ze the f�eld, wh�le the other branch, that
�s, A B' n B, w�ll have the oppos�te effect. Therefore, the branch A B' m
B, that �s, the one wh�ch �s approach�ng the f�eld, w�ll repel the l�nes
of the same, wh�le branch A B' n B, that �s, the one leav�ng the f�eld,
w�ll gather the l�nes of force upon �tself.

In consequence of th�s there w�ll be a constant tendency to
reduce the current flow �n the path A B' m B, wh�le on the other hand
no such oppos�t�on w�ll ex�st �n path A B' n B, and the effect of the
latter branch or path w�ll be more or less preponderat�ng over that of
the former. The jo�nt effect of both the assumed branch currents
m�ght be represented by that of one s�ngle current of the same
d�rect�on as that energ�z�ng the f�eld. In other words, the eddy
currents c�rculat�ng �n the d�sc w�ll energ�ze the f�eld magnet. Th�s �s
a result qu�te contrary to what we m�ght be led to suppose at f�rst, for
we would naturally expect that the result�ng effect of the armature
currents would be such as to oppose the f�eld current, as generally



occurs when a pr�mary and secondary conductor are placed �n
�nduct�ve relat�ons to each other. But �t must be remembered that th�s
results from the pecul�ar d�spos�t�on �n th�s case, namely, two paths
be�ng afforded to the current, and the latter select�ng that path wh�ch
offers the least oppos�t�on to �ts flow. From th�s we see that the eddy
currents flow�ng �n the d�sc partly energ�ze the f�eld, and for th�s
reason when the f�eld current �s �nterrupted the currents �n the d�sc
w�ll cont�nue to flow, and the f�eld magnet w�ll lose �ts strength w�th
comparat�ve slowness and may even reta�n a certa�n strength as
long as the rotat�on of the d�sc �s cont�nued.

The result w�ll, of course, largely depend on the res�stance and
geometr�cal d�mens�ons of the path of the result�ng eddy current and
on the speed of rotat�on; these elements, namely, determ�ne the
retardat�on of th�s current and �ts pos�t�on relat�ve to the f�eld. For a
certa�n speed there would be a max�mum energ�z�ng act�on; then at
h�gher speeds, �t would gradually fall off to zero and f�nally reverse,
that �s, the resultant eddy current effect would be to weaken the f�eld.
The react�on would be best demonstrated exper�mentally by
arrang�ng the f�elds N S, N' S', freely movable on an ax�s concentr�c
w�th the shaft of the d�sc. If the latter were rotated as before �n the
d�rect�on of the arrow D, the f�eld would be dragged �n the same
d�rect�on w�th a torque, wh�ch, up to a certa�n po�nt, would go on
�ncreas�ng w�th the speed of rotat�on, then fall off, and, pass�ng
through zero, f�nally become negat�ve; that �s, the f�eld would beg�n
to rotate �n oppos�te d�rect�on to the d�sc. In exper�ments w�th
alternate current motors �n wh�ch the f�eld was sh�fted by currents of
d�ffer�ng phase, th�s �nterest�ng result was observed. For very low
speeds of rotat�on of the f�eld the motor would show a torque of 900
lbs. or more, measured on a pulley 12 �nches �n d�ameter. When the
speed of rotat�on of the poles was �ncreased, the torque would
d�m�n�sh, would f�nally go down to zero, become negat�ve, and then
the armature would beg�n to rotate �n oppos�te d�rect�on to the f�eld.

To return to the pr�nc�pal subject; assume the cond�t�ons to be
such that the eddy currents generated by the rotat�on of the d�sc
strengthen the f�eld, and suppose the latter gradually removed wh�le
the d�sc �s kept rotat�ng at an �ncreased rate. The current, once



started, may then be suff�c�ent to ma�nta�n �tself and even �ncrease �n
strength, and then we have the case of S�r W�ll�am Thomson's
"current accumulator." But from the above cons�derat�ons �t would
seem that for the success of the exper�ment the employment of a
d�sc not subd�v�ded[16] would be essent�al, for �f there should be a
rad�al subd�v�s�on, the eddy currents could not form and the self-
exc�t�ng act�on would cease. If such a rad�ally subd�v�ded d�sc were
used �t would be necessary to connect the spokes by a conduct�ng
r�m or �n any proper manner so as to form a symmetr�cal system of
closed c�rcu�ts.

The act�on of the eddy currents may be ut�l�zed to exc�te a
mach�ne of any construct�on. For �nstance, �n F�gs. 293 and 294 an
arrangement �s shown by wh�ch a mach�ne w�th a d�sc armature
m�ght be exc�ted. Here a number of magnets, N S, N S, are placed
rad�ally on each s�de of a metal d�sc D carry�ng on �ts r�m a set of
�nsulated co�ls, C C. The magnets form two separate f�elds, an
�nternal and an external one, the sol�d d�sc rotat�ng �n the f�eld
nearest the ax�s, and the co�ls �n the f�eld further from �t. Assume the
magnets sl�ghtly energ�zed at the start; they could be strengthened
by the act�on of the eddy currents �n the sol�d d�sc so as to afford a
stronger f�eld for the per�pheral co�ls. Although there �s no doubt that
under proper cond�t�ons a mach�ne m�ght be exc�ted �n th�s or a
s�m�lar manner, there be�ng suff�c�ent exper�mental ev�dence to
warrant such an assert�on, such a mode of exc�tat�on would be
wasteful.

But a un�polar dynamo or motor, such as shown �n F�g. 292, may
be exc�ted �n an eff�c�ent manner by s�mply properly subd�v�d�ng the
d�sc or cyl�nder �n wh�ch the currents are set up, and �t �s pract�cable
to do away w�th the f�eld co�ls wh�ch are usually employed. Such a
plan �s �llustrated �n F�g. 295. The d�sc or cyl�nder D �s supposed to
be arranged to rotate between the two poles N and S of a magnet,
wh�ch completely cover �t on both s�des, the contours of the d�sc and
poles be�ng represented by the c�rcles d and d1 respect�vely, the
upper pole be�ng om�tted for the sake of clearness. The cores of the
magnet are supposed to be hollow, the shaft C of the d�sc pass�ng



through them. If the unmarked pole be below, and the d�sc be rotated
screw fash�on, the current w�ll be, as before, from the centre to the
per�phery, and may be taken off by su�table sl�d�ng contacts, B B', on
the shaft and per�phery respect�vely. In th�s arrangement the current
flow�ng through the d�sc and external c�rcu�t w�ll have no apprec�able
effect on the f�eld magnet.

F�g. 293, 294.
F��. 293. F��. 294.

But let us now suppose the d�sc to be subd�v�ded sp�rally, as
�nd�cated by the full or dotted l�nes, F�g. 295. The d�fference of
potent�al between a po�nt on the shaft and a po�nt on the per�phery
w�ll rema�n unchanged, �n s�gn as well as �n amount. The only
d�fference w�ll be that the res�stance of the d�sc w�ll be augmented
and that there w�ll be a greater fall of potent�al from a po�nt on the
shaft to a po�nt on the per�phery when the same current �s travers�ng
the external c�rcu�t. But s�nce the current �s forced to follow the l�nes
of subd�v�s�on, we see that �t w�ll tend e�ther to energ�ze or de-
energ�ze the f�eld, and th�s w�ll depend, other th�ngs be�ng equal,
upon the d�rect�on of the l�nes of subd�v�s�on. If the subd�v�s�on be as
�nd�cated by the full l�nes �n F�g. 295, �t �s ev�dent that �f the current �s
of the same d�rect�on as before, that �s, from centre to per�phery, �ts
effect w�ll be to strengthen the f�eld magnet; Whereas, �f the
subd�v�s�on be as �nd�cated by the dotted l�nes, the current generated
w�ll tend to weaken the magnet. In the former case the mach�ne w�ll
be capable of exc�t�ng �tself when the d�sc �s rotated �n the d�rect�on
of arrow D; �n the latter case the d�rect�on of rotat�on must be
reversed. Two such d�scs may be comb�ned, however, as �nd�cated,
the two d�scs rotat�ng �n oppos�te f�elds, and �n the same or oppos�te
d�rect�on.

F�g. 295, 296.
F��. 295. F��. 296.

S�m�lar d�spos�t�on may, of course, be made �n a type of mach�ne
�n wh�ch, �nstead of a d�sc, a cyl�nder �s rotated. In such un�polar
mach�nes, �n the manner �nd�cated, the usual f�eld co�ls and poles



may be om�tted and the mach�ne may be made to cons�st only of a
cyl�nder or of two d�scs enveloped by a metal cast�ng.

Instead of subd�v�d�ng the d�sc or cyl�nder sp�rally, as �nd�cated �n
F�g. 295, �t �s more conven�ent to �nterpose one or more turns
between the d�sc and the contact r�ng on the per�phery, as �llustrated
�n F�g. 296.

A Forbes dynamo may, for �nstance, be exc�ted �n such a manner.
In the exper�ence of the wr�ter �t has been found that �nstead of
tak�ng the current from two such d�scs by sl�d�ng contacts, as usual,
a flex�ble conduct�ng belt may be employed to advantage. The d�scs
are �n such case prov�ded w�th large flanges, afford�ng a very great
contact surface. The belt should be made to bear on the flanges w�th
spr�ng pressure to take up the expans�on. Several mach�nes w�th belt
contact were constructed by the wr�ter two years ago, and worked
sat�sfactor�ly; but for want of t�me the work �n that d�rect�on has been
temporar�ly suspended. A number of features po�nted out above
have also been used by the wr�ter �n connect�on w�th some types of
alternat�ng current motors.
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CHAPTER XLII.

M�. T����'� P������� E������
�� ��� W����'� F���.

Wh�le the exh�b�ts of f�rms engaged �n the manufacture of
electr�cal apparatus of every descr�pt�on at the Ch�cago World's Fa�r,
afforded the v�s�tor ample opportun�ty for ga�n�ng an excellent
knowledge of the state of the art, there were also numbers of
exh�b�ts wh�ch brought out �n strong rel�ef the work of the �nd�v�dual
�nventor, wh�ch l�es at the foundat�on of much, �f not all, �ndustr�al or
mechan�cal ach�evement. Prom�nent among such personal exh�b�ts
was that of Mr. Tesla, whose apparatus occup�ed part of the space of
the West�nghouse Company, �n Electr�c�ty Bu�ld�ng.

Th�s apparatus represented the results of work and thought
cover�ng a per�od of ten years. It embraced a large number of
d�fferent alternat�ng motors and Mr. Tesla's earl�er h�gh frequency
apparatus. The motor exh�b�t cons�sted of a var�ety of f�elds and
armatures for two, three and mult�phase c�rcu�ts, and gave a fa�r �dea
of the gradual evolut�on of the fundamental �dea of the rotat�ng
magnet�c f�eld. The h�gh frequency exh�b�t �ncluded Mr. Tesla's earl�er
mach�nes and d�srupt�ve d�scharge co�ls and h�gh frequency
transformers, wh�ch he used �n h�s �nvest�gat�ons and some of wh�ch
are referred to �n h�s papers pr�nted �n th�s volume.

F�g. 297 shows a v�ew of part of the exh�b�ts conta�n�ng the motor
apparatus. Among these �s shown at A a large r�ng �ntended to
exh�b�t the phenomena of the rotat�ng magnet�c f�eld. The f�eld
produced was very powerful and exh�b�ted str�k�ng effects, revolv�ng
copper balls and eggs and bod�es of var�ous shapes at cons�derable
d�stances and at great speeds. Th�s r�ng was wound for two-phase
c�rcu�ts, and the w�nd�ng was so d�str�buted that a pract�cally un�form



f�eld was obta�ned. Th�s r�ng was prepared for Mr. Tesla's exh�b�t by
Mr. C. F. Scott, electr�c�an of the West�nghouse Electr�c and
Manufactur�ng Company.

F�g. 297.
F��. 297.

A smaller r�ng, shown at B, was arranged l�ke the one exh�b�ted at
A but des�gned espec�ally to exh�b�t the rotat�on of an armature �n a
rotat�ng f�eld. In connect�on w�th these two r�ngs there was an
�nterest�ng exh�b�t shown by Mr. Tesla wh�ch cons�sted of a magnet
w�th a co�l, the magnet be�ng arranged to rotate �n bear�ngs. W�th th�s
magnet he f�rst demonstrated the �dent�ty between a rotat�ng f�eld
and a rotat�ng magnet; the latter, when rotat�ng, exh�b�ted the same
phenomena as the r�ngs when they were energ�zed by currents of
d�ffer�ng phase. Another prom�nent exh�b�t was a model �llustrated at
C wh�ch �s a two-phase motor, as well as an �nduct�on motor and
transformer. It cons�sts of a large outer r�ng of lam�nated �ron wound
w�th two super�mposed, separated w�nd�ngs wh�ch can be connected
�n a var�ety of ways. Th�s �s one of the f�rst models used by Mr. Tesla
as an �nduct�on motor and rotat�ng transformer. The armature was
e�ther a steel or wrought �ron d�sc w�th a closed co�l. When the motor
was operated from a two phase generator the w�nd�ngs were
connected �n two groups, as usual. When used as an �nduct�on
motor, the current �nduced �n one of the w�nd�ngs of the r�ng was
passed through the other w�nd�ng on the r�ng and so the motor
operated w�th only two w�res. When used as a transformer the outer
w�nd�ng served, for �nstance, as a secondary and the �nner as a
pr�mary. The model shown at D �s one of the earl�est rotat�ng f�eld
motors, cons�st�ng of a th�n �ron r�ng wound w�th two sets of co�ls and
an armature cons�st�ng of a ser�es of steel d�scs partly cut away and
arranged on a small arbor.

At E �s shown one of the f�rst rotat�ng f�eld or �nduct�on motors
used for the regulat�on of an arc lamp and for other purposes. It
compr�ses a r�ng of d�scs w�th two sets of co�ls hav�ng d�fferent self-
�nduct�ons, one set be�ng of German s�lver and the other of copper
w�re. The armature �s wound w�th two closed-c�rcu�ted co�ls at r�ght



angles to each other. To the armature shaft are fastened levers and
other dev�ces to effect the regulat�on. At F �s shown a model of a
magnet�c lag motor; th�s embod�es a cast�ng w�th pole project�ons
protrud�ng from two co�ls between wh�ch �s arranged to rotate a
smooth �ron body. When an alternat�ng current �s sent through the
two co�ls the pole project�ons of the f�eld and armature w�th�n �t are
s�m�larly magnet�zed, and upon the cessat�on or reversal of the
current the armature and f�eld repel each other and rotat�on �s
produced �n th�s way. Another �nterest�ng exh�b�t, shown at G, �s an
early model of a two f�eld motor energ�zed by currents of d�fferent
phase. There are two �ndependent f�elds of lam�nated �ron jo�ned by
brass bolts; �n each f�eld �s mounted an armature, both armatures
be�ng on the same shaft. The armatures were or�g�nally so arranged
as to be placed �n any pos�t�on relat�vely to each other, and the f�elds
also were arranged to be connected �n a number of ways. The motor
has served for the exh�b�t�on of a number of features; among other
th�ngs, �t has been used as a dynamo for the product�on of currents
of any frequency between w�de l�m�ts. In th�s case the f�eld, �nstead
of be�ng energ�zed by d�rect current, was energ�zed by currents
d�ffer�ng �n phase, wh�ch produced a rotat�on of the f�eld; the
armature was then rotated �n the same or �n oppos�te d�rect�on to the
movement of the f�eld; and so any number of alternat�ons of the
currents �nduced �n the armature, from a small to a h�gh number,
determ�ned by the frequency of the energ�z�ng f�eld co�ls and the
speed of the armature, was obta�ned.

F�g. 298.
F��. 298.

The models H, I, J, represent a var�ety of rotat�ng f�eld,
synchronous motors wh�ch are of spec�al value �n long d�stance
transm�ss�on work. The pr�nc�ple embod�ed �n these motors was
enunc�ated by Mr. Tesla �n h�s lecture before the Amer�can Inst�tute
of Electr�cal Eng�neers, �n May, 1888[17]. It �nvolves the product�on of
the rotat�ng f�eld �n one of the elements of the motor by currents
d�ffer�ng �n phase and energ�z�ng the other element by d�rect
currents. The armatures are of the two and three phase type. K �s a
model of a motor shown �n an enlarged v�ew �n F�g. 298. Th�s



mach�ne, together w�th that shown �n F�g. 299, was exh�b�ted at the
same lecture, �n May, 1888. They were the f�rst rotat�ng f�eld motors
wh�ch were �ndependently tested, hav�ng for that purpose been
placed �n the hands of Prof. Anthony �n the w�nter of 1887-88. From
these tests �t was shown that the eff�c�ency and output of these
motors was qu�te sat�sfactory �n every respect.

F�g. 299.
F��. 299.

It was �ntended to exh�b�t the model shown �n F�g. 299, but �t was
unava�lable for that purpose ow�ng to the fact that �t was some t�me
ago handed over to the care of Prof. Ayrton �n England. Th�s model
was or�g�nally prov�ded w�th twelve �ndependent co�ls; th�s number,
as Mr. Tesla po�nted out �n h�s f�rst lecture, be�ng d�v�s�ble by two and
three, was selected �n order to make var�ous connect�ons for two and
three-phase operat�ons, and dur�ng Mr. Tesla's exper�ments was
used �n many ways w�th from two to s�x phases. The model, F�g. 298,
cons�sts of a magnet�c frame of lam�nated �ron w�th four polar
project�ons between wh�ch an armature �s supported on brass bolts
pass�ng through the frame. A great var�ety of armatures was used �n
connect�on w�th these two and other f�elds. Some of the armatures
are shown �n front on the table, F�g. 297, and several are also shown
enlarged �n F�gs. 300 to 310. An �nterest�ng exh�b�t �s that shown at L,
F�g. 297. Th�s �s an armature of hardened steel wh�ch was used �n a
demonstrat�on before the Soc�ety of Arts �n Boston, by Prof. Anthony.
Another cur�ous exh�b�t �s shown enlarged �n F�g. 301. Th�s cons�sts
of th�ck d�scs of wrought �ron placed lengthw�se, w�th a mass of
copper cast around them. The d�scs were arranged long�tud�nally to
afford an eas�er start�ng by reason of the �nduced current formed �n
the �ron d�scs, wh�ch d�ffered �n phase from those �n the copper. Th�s
armature would start w�th a s�ngle c�rcu�t and run �n synchron�sm,
and represents one of the earl�est types of such an armature. F�g.
305 �s another str�k�ng exh�b�t. Th�s �s one of the earl�est types of an
armature w�th holes beneath the per�phery, �n wh�ch copper
conductors are �mbedded. The armature has e�ght closed c�rcu�ts
and was used �n many d�fferent ways. F�g. 304 �s a type of
synchronous armature cons�st�ng of a block of soft steel wound w�th



a co�l closed upon �tself. Th�s armature was used �n connect�on w�th
the f�eld shown �n F�g. 298 and gave excellent results.

F�g. 300, 301, 302.
F��. 300. F��. 301. F��. 302.

F�g. 303, 304, 305.
F��. 303. F��. 304. F��. 305.

F�g. 306, 307, 308.
F��. 306. F��. 307. F��. 308.

F�g. 309, 310.
F��. 309. F��. 310.

F�g. 302 represents a synchronous armature w�th a large co�l
around a body of �ron. There �s another very small co�l at r�ght angles
to the f�rst. Th�s small co�l was used for the purpose of �ncreas�ng the
start�ng torque and was found very effect�ve �n th�s connect�on. F�gs.
306 and 308 show a favor�te construct�on of armature; the �ron body
�s made up of two sets of d�scs cut away and placed at r�ght angles
to each other, the �nterst�ces be�ng wound w�th co�ls. The one shown
�n F�g. 308 �s prov�ded w�th an add�t�onal groove on each of the
project�ons formed by the d�scs, for the purpose of �ncreas�ng the
start�ng torque by a w�re wound �n these project�ons. F�g. 307 �s a
form of armature s�m�larly constructed, but w�th four �ndependent
co�ls wound upon the four project�ons. Th�s armature was used to
reduce the speed of the motor w�th reference to that of the generator.
F�g. 300 �s st�ll another armature w�th a great number of �ndependent
c�rcu�ts closed upon themselves, so that all the dead po�nts on the
armature are done away w�th, and the armature has a large start�ng
torque. F�g. 303 �s another type of armature for a four-pole motor but
w�th co�ls wound upon a smooth surface. A number of these
armatures have hollow shafts, as they have been used �n many
ways. F�gs. 309 and 310 represent armatures to wh�ch e�ther
alternat�ng or d�rect current was conveyed by means of sl�d�ng r�ngs.
F�g. 309 cons�sts of a soft �ron body w�th a s�ngle co�l wound around
�t, the ends of the co�l be�ng connected to two sl�d�ng r�ngs to wh�ch,
usually, d�rect current was conveyed. The armature shown �n F�g.



310 has three �nsulated r�ngs on a shaft and was used �n connect�on
w�th two or three phase c�rcu�ts.

All these models shown represent early work, and the enlarged
engrav�ngs are made from photographs taken early �n 1888. There �s
a great number of other models wh�ch were exh�b�ted, but wh�ch are
not brought out sharply �n the engrav�ng, F�g. 297. For example at M
�s a model of a motor compr�s�ng an armature w�th a hollow shaft
wound w�th two or three co�ls for two or three-phase c�rcu�ts; the
armature was arranged to be stat�onary and the generat�ng c�rcu�ts
were connected d�rectly to the generator. Around the armature �s
arranged to rotate on �ts shaft a cast�ng form�ng s�x closed c�rcu�ts.
On the outs�de th�s cast�ng was turned smooth and the belt was
placed on �t for dr�v�ng w�th any des�red appl�ance. Th�s also �s a very
early model.

On the left s�de of the table there are seen a large var�ety of
models, N, O, P, etc., w�th f�elds of var�ous shapes. Each of these
models �nvolves some d�st�nct �dea and they all represent gradual
development ch�efly �nterest�ng as show�ng Mr. Tesla's efforts to
adapt h�s system to the ex�st�ng h�gh frequenc�es.

On the r�ght s�de of the table, at S, T, are shown, on separate
supports, larger and more perfected armatures of commerc�al
motors, and �n the space around the table a var�ety of motors and
generators supply�ng currents to them was exh�b�ted.

The h�gh frequency exh�b�t embraced Mr. Tesla's f�rst or�g�nal
apparatus used �n h�s �nvest�gat�ons. There was exh�b�ted a glass
tube w�th one layer of s�lk-covered w�re wound at the top and a
copper r�bbon on the �ns�de. Th�s was the f�rst d�srupt�ve d�scharge
co�l constructed by h�m. At U �s shown the d�srupt�ve d�scharge co�l
exh�b�ted by h�m �n h�s lecture before the Amer�can Inst�tute of
Electr�cal Eng�neers, �n May, 1891.[18] At V and W are shown some of
the f�rst h�gh frequency transformers. A number of var�ous f�elds and
armatures of small models of h�gh frequency apparatus as shown at
X and Y, and others not v�s�ble �n the p�cture, were exh�b�ted. In the
annexed space the dynamo then used by Mr. Tesla at Columb�a



College was exh�b�ted; also another form of h�gh frequency dynamo
used.

F�g. 311.
F��. 311.

In th�s space also was arranged a battery of Leyden jars and h�s
large d�srupt�ve d�scharge co�l wh�ch was used for exh�b�t�ng the l�ght
phenomena �n the adjo�n�ng dark room. The co�l was operated at
only a small fract�on of �ts capac�ty, as the necessary condensers
and transformers could not be had and as Mr. Tesla's stay was
l�m�ted to one week; notw�thstand�ng, the phenomena were of a
str�k�ng character. In the room were arranged two large plates placed
at a d�stance of about e�ghteen feet from each other. Between them
were placed two long tables w�th all sorts of phosphorescent bulbs
and tubes; many of these were prepared w�th great care and marked
leg�bly w�th the names wh�ch would sh�ne w�th phosphorescent glow.
Among them were some w�th the names of Helmholtz, Faraday,
Maxwell, Henry, Frankl�n, etc. Mr. Tesla had also not forgotten the
greatest l�v�ng poet of h�s own country, Zmaj Jovan; two or three
were prepared w�th �nscr�pt�ons, l�ke "Welcome, Electr�c�ans," and
produced a beaut�ful effect. Each represented some phase of th�s
work and stood for some �nd�v�dual exper�ment of �mportance.
Outs�de the room was the small battery seen �n F�g. 311, for the
exh�b�t�on of some of the �mpedance and other phenomena of
�nterest. Thus, for �nstance, a th�ck copper bar bent �n arched form
was prov�ded w�th clamps for the attachment of lamps, and a number
of lamps were kept at �ncandescence on the bar; there was also a
l�ttle motor shown on the table operated by the d�srupt�ve d�scharge.

As w�ll be remembered by those who v�s�ted the Expos�t�on, the
West�nghouse Company made a l�ne exh�b�t of the var�ous
commerc�al motors of the Tesla system, wh�le the twelve generators
�n Mach�nery Hall were of the two-phase type constructed for
d�str�but�ng l�ght and power. Mr. Tesla, also exh�b�ted some models of
h�s osc�llators.



CHAPTER XLIII.

T�� T���� M��������� ���
E��������� O����������.

On the even�ng of Fr�day, August 25, 1893, Mr. Tesla del�vered a
lecture on h�s mechan�cal and electr�cal osc�llators, before the
members of the Electr�cal Congress, �n the hall adjo�n�ng the
Agr�cultural Bu�ld�ng, at the World's Fa�r, Ch�cago. Bes�des the
apparatus �n the room, he employed an a�r compressor, wh�ch was
dr�ven by an electr�c motor.

Mr. Tesla was �ntroduced by Dr. El�sha Gray, and began by
stat�ng that the problem he had set out to solve was to construct,
f�rst, a mechan�sm wh�ch would produce osc�llat�ons of a perfectly
constant per�od �ndependent of the pressure of steam or a�r appl�ed,
w�th�n the w�dest l�m�ts, and also �ndependent of fr�ct�onal losses and
load. Secondly, to produce electr�c currents of a perfectly constant
per�od �ndependently of the work�ng cond�t�ons, and to produce these
currents w�th mechan�sm wh�ch should be rel�able and pos�t�ve �n �ts
act�on w�thout resort�ng to spark gaps and breaks. Th�s he
successfully accompl�shed �n h�s apparatus, and w�th th�s apparatus,
now, sc�ent�f�c men w�ll be prov�ded w�th the necessar�es for carry�ng
on �nvest�gat�ons w�th alternat�ng currents w�th great prec�s�on.
These two �nvent�ons Mr. Tesla called, qu�te appropr�ately, a
mechan�cal and an electr�cal osc�llator, respect�vely.

The former �s substant�ally constructed �n the follow�ng way.
There �s a p�ston �n a cyl�nder made to rec�procate automat�cally by
proper d�spos�t�ons of parts, s�m�lar to a rec�procat�ng tool. Mr. Tesla
po�nted out that he had done a great deal of work �n perfect�ng h�s
apparatus so that �t would work eff�c�ently at such h�gh frequency of
rec�procat�on as he contemplated, but he d�d not dwell on the many



d�ff�cult�es encountered. He exh�b�ted, however, the p�eces of a steel
arbor wh�ch had been actually torn apart wh�le v�brat�ng aga�nst a
m�nute a�r cush�on.

W�th the p�ston above referred to there �s assoc�ated �n one of h�s
models �n an �ndependent chamber an a�r spr�ng, or dash pot, or else
he obta�ns the spr�ng w�th�n the chambers of the osc�llator �tself. To
apprec�ate the beauty of th�s �t �s only necessary to say that �n that
d�spos�t�on, as he showed �t, no matter what the r�g�d�ty of the spr�ng
and no matter what the we�ght of the mov�ng parts, �n other words,
no matter what the per�od of v�brat�ons, the v�brat�ons of the spr�ng
are always �sochronous w�th the appl�ed pressure. Ow�ng to th�s, the
results obta�ned w�th these v�brat�ons are truly wonderful. Mr. Tesla
prov�des for an a�r spr�ng of tremendous r�g�d�ty, and he �s enabled to
v�brate b�g we�ghts at an enormous rate, cons�der�ng the �nert�a,
ow�ng to the reco�l of the spr�ng. Thus, for �nstance, �n one of these
exper�ments, he v�brates a we�ght of approx�mately 20 pounds at the
rate of about 80 per second and w�th a stroke of about 7/8 �nch, but
by shorten�ng the stroke the we�ght could be v�brated many hundred
t�mes, and has been, �n other exper�ments.

To start the v�brat�ons, a powerful blow �s struck, but the
adjustment can be so made that only a m�nute effort �s requ�red to
start, and, even w�thout any spec�al prov�s�on �t w�ll start by merely
turn�ng on the pressure suddenly. The v�brat�on be�ng, of course,
�sochronous, any change of pressure merely produces a shorten�ng
or lengthen�ng of the stroke. Mr. Tesla showed a number of very
clear draw�ngs, �llustrat�ng the construct�on of the apparatus from
wh�ch �ts work�ng was pla�nly d�scern�ble. Spec�al prov�s�ons are
made so as to equal�ze the pressure w�th�n the dash pot and the
outer atmosphere. For th�s purpose the �ns�de chambers of the dash
pot are arranged to commun�cate w�th the outer atmosphere so that
no matter how the temperature of the enclosed a�r m�ght vary, �t st�ll
reta�ns the same mean dens�ty as the outer atmosphere, and by th�s
means a spr�ng of constant r�g�d�ty �s obta�ned. Now, of course, the
pressure of the atmosphere may vary, and th�s would vary the r�g�d�ty
of the spr�ng, and consequently the per�od of v�brat�on, and th�s
feature const�tutes one of the great beaut�es of the apparatus; for, as



Mr. Tesla po�nted out, th�s mechan�cal system acts exactly l�ke a
str�ng t�ghtly stretched between two po�nts, and w�th f�xed nodes, so
that sl�ght changes of the tens�on do not �n the least alter the per�od
of osc�llat�on.

The appl�cat�ons of such an apparatus are, of course, numerous
and obv�ous. The f�rst �s, of course, to produce electr�c currents, and
by a number of models and apparatus on the lecture platform, Mr.
Tesla showed how th�s could be carr�ed out �n pract�ce by comb�n�ng
an electr�c generator w�th h�s osc�llator. He po�nted out what
cond�t�ons must be observed �n order that the per�od of v�brat�on of
the electr�cal system m�ght not d�sturb the mechan�cal osc�llat�on �n
such a way as to alter the per�od�c�ty, but merely to shorten the
stroke. He comb�nes a condenser w�th a self-�nduct�on, and g�ves to
the electr�cal system the same per�od as that at wh�ch the mach�ne
�tself osc�llates, so that both together then fall �n step and electr�cal
and mechan�cal resonance �s obta�ned, and ma�nta�ned absolutely
unvar�ed.

Next he showed a model of a motor w�th del�cate wheelwork,
wh�ch was dr�ven by these currents at a constant speed, no matter
what the a�r pressure appl�ed was, so that th�s motor could be
employed as a clock. He also showed a clock so constructed that �t
could be attached to one of the osc�llators, and would keep
absolutely correct t�me. Another cur�ous and �nterest�ng feature
wh�ch Mr. Tesla po�nted out was that, �nstead of controll�ng the
mot�on of the rec�procat�ng p�ston by means of a spr�ng, so as to
obta�n �sochronous v�brat�on, he was actually able to control the
mechan�cal mot�on by the natural v�brat�on of the electro-magnet�c
system, and he sa�d that the case was a very s�mple one, and was
qu�te analogous to that of a pendulum. Thus, suppos�ng we had a
pendulum of great we�ght, preferably, wh�ch would be ma�nta�ned �n
v�brat�on by force, per�od�cally appl�ed; now that force, no matter how
�t m�ght vary, although �t would osc�llate the pendulum, would have
no control over �ts per�od.

Mr. Tesla also descr�bed a very �nterest�ng phenomenon wh�ch he
�llustrated by an exper�ment. By means of th�s new apparatus, he �s



able to produce an alternat�ng current �n wh�ch the �. �. �. of the
�mpulses �n one d�rect�on preponderates over that of those �n the
other, so that there �s produced the effect of a d�rect current. In fact
he expressed the hope that these currents would be capable of
appl�cat�on �n many �nstances, serv�ng as d�rect currents. The
pr�nc�ple �nvolved �n th�s preponderat�ng �. �. �. he expla�ns �n th�s
way: Suppose a conductor �s moved �nto the magnet�c f�eld and then
suddenly w�thdrawn. If the current �s not retarded, then the work
performed w�ll be a mere fract�onal one; but �f the current �s retarded,
then the magnet�c f�eld acts as a spr�ng. Imag�ne that the mot�on of
the conductor �s arrested by the current generated, and that at the
�nstant when �t stops to move �nto the f�eld, there �s st�ll the max�mum
current flow�ng �n the conductor; then th�s current w�ll, accord�ng to
Lenz's law, dr�ve the conductor out of the f�eld aga�n, and �f the
conductor has no res�stance, then �t would leave the f�eld w�th the
veloc�ty �t entered �t. Now �t �s clear that �f, �nstead of s�mply
depend�ng on the current to dr�ve the conductor out of the f�eld, the
mechan�cally appl�ed force �s so t�med that �t helps the conductor to
get out of the f�eld, then �t m�ght leave the f�eld w�th h�gher veloc�ty
than �t entered �t, and thus one �mpulse �s made to preponderate �n �.
�. �. over the other.

W�th a current of th�s nature, Mr. Tesla energ�zed magnets
strongly, and performed many �nterest�ng exper�ments bear�ng out
the fact that one of the current �mpulses preponderates. Among them
was one �n wh�ch he attached to h�s osc�llator a r�ng magnet w�th a
small a�r gap between the poles. Th�s magnet was osc�llated up and
down 80 t�mes a second. A copper d�sc, when �nserted w�th�n the a�r
gap of the r�ng magnet, was brought �nto rap�d rotat�on. Mr. Tesla
remarked that th�s exper�ment also seemed to demonstrate that the
l�nes of flow of current through a metall�c mass are d�sturbed by the
presence of a magnet �n a manner qu�te �ndependently of the so-
called Hall effect. He showed also a very �nterest�ng method of
mak�ng a connect�on w�th the osc�llat�ng magnet. Th�s was
accompl�shed by attach�ng to the magnet small �nsulated steel rods,
and connect�ng to these rods the ends of the energ�z�ng co�l. As the
magnet was v�brated, stat�onary nodes were produced �n the steel



rods, and at these po�nts the term�nals of a d�rect current source
were attached. Mr. Tesla also po�nted out that one of the uses of
currents, such as those produced �n h�s apparatus, would be to
select any g�ven one of a number of dev�ces connected to the same
c�rcu�t by p�ck�ng out the v�brat�on by resonance. There �s �ndeed l�ttle
doubt that w�th Mr. Tesla's dev�ces, harmon�c and synchronous
telegraphy w�ll rece�ve a fresh �mpetus, and vast poss�b�l�t�es are
aga�n opened up.

Mr. Tesla was very much elated over h�s latest ach�evements,
and sa�d that he hoped that �n the hands of pract�cal, as well as
sc�ent�f�c men, the dev�ces descr�bed by h�m would y�eld �mportant
results. He la�d spec�al stress on the fac�l�ty now afforded for
�nvest�gat�ng the effect of mechan�cal v�brat�on �n all d�rect�ons, and
also showed that he had observed a number of facts �n connect�on
w�th �ron cores.

F�g. 312.
F��. 312.

The engrav�ng, F�g. 312, shows, �n perspect�ve, one of the forms
of apparatus used by Mr. Tesla �n h�s earl�er �nvest�gat�ons �n th�s
f�eld of work, and �ts �nter�or construct�on �s made pla�n by the
sect�onal v�ew shown �n F�g. 313. It w�ll be noted that the p�ston P �s
f�tted �nto the hollow of a cyl�nder C wh�ch �s prov�ded w�th channel
ports O O, and I, extend�ng all around the �ns�de surface. In th�s
part�cular apparatus there are two channels O O for the outlet of the
work�ng flu�d and one, I, for the �nlet. The p�ston P �s prov�ded w�th
two slots S S' at a carefully determ�ned d�stance, one from the other.
The tubes T T wh�ch are screwed �nto the holes dr�lled �nto the p�ston,
establ�sh commun�cat�on between the slots S S' and chambers on
each s�de of the p�ston, each of these chambers connect�ng w�th the
slot wh�ch �s remote from �t. The p�ston P �s screwed t�ghtly on a shaft
A wh�ch passes through f�tt�ng boxes at the end of the cyl�nder C. The
boxes project to a carefully determ�ned d�stance �nto the hollow of
the cyl�nder C, thus determ�n�ng the length of the stroke.



Surround�ng the whole �s a jacket J. Th�s jacket acts ch�efly to
d�m�n�sh the sound produced by the osc�llator and as a jacket when
the osc�llator �s dr�ven by steam, �n wh�ch case a somewhat d�fferent
arrangement of the magnets �s employed. The apparatus here
�llustrated was �ntended for demonstrat�on purposes, a�r be�ng used
as most conven�ent for th�s purpose.

A magnet�c frame M M �s fastened so as to closely surround the
osc�llator and �s prov�ded w�th energ�z�ng co�ls wh�ch establ�sh two
strong magnet�c f�elds on oppos�te s�des. The magnet�c frame �s
made up of th�n sheet �ron. In the �ntensely concentrated f�eld thus
produced, there are arranged two pa�rs of co�ls H H supported �n
metall�c frames wh�ch are screwed on the shaft A of the p�ston and
have add�t�onal bear�ngs �n the boxes B B on each s�de. The whole �s
mounted on a metall�c base rest�ng on two wooden blocks.

F�g. 313.
F��. 313.

The operat�on of the dev�ce �s as follows: The work�ng flu�d be�ng
adm�tted through an �nlet p�pe to the slot I and the p�ston be�ng
supposed to be �n the pos�t�on �nd�cated, �t �s suff�c�ent, though not
necessary, to g�ve a gentle tap on one of the shaft ends protrud�ng
from the boxes B. Assume that the mot�on �mparted be such as to
move the p�ston to the left (when look�ng at the d�agram) then the a�r
rushes through the slot S' and tube T �nto the chamber to the left. The
pressure now dr�ves the p�ston towards the r�ght and, ow�ng to �ts
�nert�a, �t overshoots the pos�t�on of equ�l�br�um and allows the a�r to
rush through the slot S and tube T �nto the chamber to the r�ght, wh�le
the commun�cat�on to the left hand chamber �s cut off, the a�r of the
latter chamber escap�ng through the outlet O on the left. On the
return stroke a s�m�lar operat�on takes place on the r�ght hand s�de.
Th�s osc�llat�on �s ma�nta�ned cont�nuously and the apparatus
performs v�brat�ons from a scarcely percept�ble qu�ver amount�ng to
no more than 1 of an �nch, up to v�brat�ons of a l�ttle over 3/8 of an
�nch, accord�ng to the a�r pressure and load. It �s �ndeed �nterest�ng
to see how an �ncandescent lamp �s kept burn�ng w�th the apparatus
show�ng a scarcely percept�ble qu�ver.



To perfect the mechan�cal part of the apparatus so that
osc�llat�ons are ma�nta�ned econom�cally was one th�ng, and Mr.
Tesla h�nted �n h�s lecture at the great d�ff�cult�es he had f�rst
encountered to accompl�sh th�s. But to produce osc�llat�ons wh�ch
would be of constant per�od was another task of no mean
proport�ons. As already po�nted out, Mr. Tesla obta�ns the constancy
of per�od �n three d�st�nct ways. Thus, he prov�des properly
calculated chambers, as �n the case �llustrated, �n the osc�llator �tself;
or he assoc�ates w�th the osc�llator an a�r spr�ng of constant
res�l�ence. But the most �nterest�ng of all, perhaps, �s the
ma�ntenance of the constancy of osc�llat�on by the react�on of the
electromagnet�c part of the comb�nat�on. Mr. Tesla w�nds h�s co�ls, by
preference, for h�gh tens�on and assoc�ates w�th them a condenser,
mak�ng the natural per�od of the comb�nat�on fa�rly approx�mat�ng to
the average per�od at wh�ch the p�ston would osc�llate w�thout any
part�cular prov�s�on be�ng made for the constancy of per�od under
vary�ng pressure and load. As the p�ston w�th the co�ls �s perfectly
free to move, �t �s extremely suscept�ble to the �nfluence of the
natural v�brat�on set up �n the c�rcu�ts of the co�ls H H. The
mechan�cal eff�c�ency of the apparatus �s very h�gh ow�ng to the fact
that fr�ct�on �s reduced to a m�n�mum and the we�ghts wh�ch are
moved are small; the output of the osc�llator �s therefore a very large
one.

Theoret�cally cons�dered, when the var�ous advantages wh�ch Mr.
Tesla holds out are exam�ned, �t �s surpr�s�ng, cons�der�ng the
s�mpl�c�ty of the arrangement, that noth�ng was done �n th�s d�rect�on
before. No doubt many �nventors, at one t�me or other, have
enterta�ned the �dea of generat�ng currents by attach�ng a co�l or a
magnet�c core to the p�ston of a steam eng�ne, or generat�ng
currents by the v�brat�ons of a tun�ng fork, or s�m�lar dev�ces, but the
d�sadvantages of such arrangements from an eng�neer�ng standpo�nt
must be obv�ous. Mr. Tesla, however, �n the �ntroductory remarks of
h�s lecture, po�nted out how by a ser�es of conclus�ons he was dr�ven
to take up th�s new l�ne of work by the necess�ty of produc�ng
currents of constant per�od and as a result of h�s endeavors to



ma�nta�n electr�cal osc�llat�on �n the most s�mple and econom�cal
manner.

FOOTNOTES

[1] A lecture del�vered before the Amer�can Inst�tute of
Electr�cal Eng�neers, at Columb�a College, N. Y., May 20, 1891.

[2] Lecture del�vered before the Inst�tut�on of Electr�cal
Eng�neers, London, February, 1892.

[3] A lecture del�vered before the Frankl�n Inst�tute,
Ph�ladelph�a, February, 1893, and before the Nat�onal Electr�c
L�ght Assoc�at�on, St. Lou�s, March, 1893.

[4] See pages 153-4 5.

[5] It �s thought necessary to remark that, although the
�nduct�on co�l may g�ve qu�te a good result when operated w�th
such rap�dly alternat�ng currents, yet �ts construct�on, qu�te
�rrespect�ve of the �ron core, makes �t very unf�t for such h�gh
frequenc�es, and to obta�n the best results the construct�on should
be greatly mod�f�ed.

[6] Art�cle by Mr. Tesla �n The Electr�cal Eng�neer, N. Y., May 6,
1891.

[7] Art�cle by Mr. Tesla �n The Electr�cal Eng�neer of Dec. 23d,
1891.



[8] Art�cle by Mr. Tesla �n The Electr�cal Eng�neer. N. Y., July 1,
1891.

[9] Abstract of a paper read before Phys�cal Soc�ety of London.

[9] Art�cle by Mr. Tesla �n The Electr�cal Eng�neer, N. Y., August
26, 1891.

[10] Note by Prof. J. J. Thomson �n the London Electr�c�an,
July 24, 1891.

[11] Mr. Tesla's exper�ments, as the careful reader of h�s three
lectures w�ll perce�ve, have revealed a very �mportant fact wh�ch �s
taken advantage of �n th�s �nvent�on. Namely, he has shown that �n
a condenser a cons�derable amount of energy may be wasted,
and the condenser may break down merely because gaseous
matter �s present between the surfaces. A number of exper�ments
are descr�bed �n the lectures, wh�ch br�ng out th�s fact forc�bly and
serve as a gu�de �n the operat�on of h�gh tens�on apparatus. But
bes�des bear�ng upon th�s po�nt, these exper�ments also throw a
l�ght upon �nvest�gat�ons of a purely sc�ent�f�c nature and expla�n
now the lack of harmony among the observat�ons of var�ous
�nvest�gators. Mr. Tesla shows that �n a flu�d such as o�l the losses
are very small as compared w�th those �ncurred �n a gas.

[12] It w�ll, of course, be �nferred from the nature of these
dev�ces that the v�brat�on obta�ned �n th�s manner �s very slow
ow�ng to the �nab�l�ty of the �ron to follow rap�d changes �n
temperature. In an �nterv�ew w�th Mr. Tesla on th�s subject, the
comp�ler learned of an exper�ment wh�ch w�ll �nterest students. A
s�mple horseshoe magnet �s taken and a p�ece of sheet �ron bent
�n the form of an L �s brought �n contact w�th one of the poles and
placed �n such a pos�t�on that �t �s kept �n the attract�on of the
oppos�te pole del�cately suspended. A sp�r�t lamp �s placed under
the sheet �ron p�ece and when the �ron �s heated to a certa�n
temperature �t �s eas�ly set �n v�brat�on osc�llat�ng as rap�dly as 400
to 500 t�mes a m�nute. The exper�ment �s very eas�ly performed
and �s �nterest�ng pr�nc�pally on account of the very rap�d rate of
v�brat�on.

[13] The ch�ef po�nt to be noted �s that Mr. Tesla attacked th�s
problem �n a way wh�ch was, from the standpo�nt of theory, and
that of an eng�neer, far better than that from wh�ch some earl�er
tr�als �n th�s d�rect�on started. The enlargement of these �deas w�ll



be found �n Mr. Tesla's work on the pyromagnet�c generator,
treated �n th�s chapter. The ch�ef effort of the �nventor was to
econom�ze the heat, wh�ch was accompl�shed by �nclos�ng the
�ron �n a source of heat well �nsulated, and by cool�ng the �ron by
means of steam, ut�l�z�ng the steam over aga�n. The construct�on
also perm�ts of more rap�d magnet�c changes per un�t of t�me,
mean�ng larger output.

[14] The comp�ler has learned part�ally from statements made
on several occas�ons �n journals and part�ally by personal �nqu�ry
of Mr. Tesla, that a great deal of work �n th�s �nterest�ng l�ne �s
unpubl�shed. In these �nvent�ons as w�ll be seen, the brushes are
automat�cally sh�fted, but �n the broad method barely suggested
here the regulat�on �s effected w�thout any change �n the pos�t�on
of the brushes. Th�s aux�l�ary brush �nvent�on, �t w�ll be
remembered, was very much d�scussed a few years ago, and �t
may be of �nterest that th�s work of Mr. Tesla, then unknown �n th�s
f�eld, �s now brought to l�ght.

[15] Art�cle by Mr. Tesla, contr�buted to The Electr�cal
Eng�neer, N. Y., Sept. 2, 1891.

[16] Mr. Tesla here refers to an �nterest�ng art�cle wh�ch
appeared �n July, 1865, �n the Ph�l. Magaz�ne, by S�r W. Thomson,
�n wh�ch S�r W�ll�am, speak�ng of h�s "un�form electr�c current
accumulator," assumes that for self-exc�tat�on �t �s des�rable to
subd�v�de the d�sc �nto an �nf�n�te number of �nf�n�tely th�n spokes,
�n order to prevent d�ffus�on of the current. Mr. Tesla shows that
d�ffus�on �s absolutely necessary for the exc�tat�on and that when
the d�sc �s subd�v�ded no exc�tat�on can occur.

[17] See Part I, Chap. III, page 9.

[18] See Part II, Chap. XXVI., page 145.
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