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INTRODUCTION 

Nikoia Tesla was born at SmiEjan, Province of Lika, in Yugoslavia on 
July 10, 1856. From 1862 to 1874 he attended elementary and lower secondary 
school at Smitjan and Gapit, and high secondary 0% at Karlovac. From 1875 
to 1878 he attended the Advanced Technical School at Graz and finished his 
studies at the University of Prague in 1880. 

From the year 1876, when a student in Graz, Tesla was interested in the 
construction of a motor withau&rnmutator. In Februav 1882, in Budapest, he 
discwered the principle of the rotaring magnetic field. ln 1883, at Strashrg,  
he made the first rndels of induction motors. Thc foilowing year, TesIa left for 
the United Stater of America where hc worked ir;'**dison Labomtory for a 
shortprioa --... of time;l - l j d .  1885, he founded the enterprise "Tesla Arc light 

-C&m;ipany'3n New York. After founding the entreprise "Tesla EIectric Compny" 
in 1887, Tala was able to obtain the necessary financial and material resources 
that were necded for the realization of his invention of the polyphase system of 
the transmission of p e r  and for induction motors of highgrade efficiencyA 

After taking out the original patenk for the asynchronous motor and the 
polyphase system for the transmission of electric power an. Uctokr 12, 1887, 
Tesla took out a further series of 40 patents within the same field from I887 to 
1891. Tesla's polyphase system of p e r  transmission was applied in t 891 at the. 
hydroe1ectric power station st the Niagara Falls, the first three aggregate of 
which 'began to operate in 1896 with a total amount of 15,000 horsepet .  

In the second haIf of 1090, %la started to work in the field of high 
frcqucncp currents by building machine generators with a frequency of up to 
approxhmkly 30 kds. In IS91 be invent& a transformer for the pm 
ductioa of currefits of high fqueacy and of high tension, which later became 
known as "The TesIa transformer". Testa exphincd the results achieved in the 
field of high fmpmq currentsts' in his famous Imtms which were held in 
the period kbven 1891 and 1893. Work in this fieId was intern+ remporirily 
owing to a fire in T a g s  h r a t o t y  on March 13, 1875, 

- Mter the erection of a new laboratory in 1896, Tala resumed work 
mx again, and from I896 to 1914 he published a series of new inventions 
which are the fountainhead for mntemprarg radio technics. The d k b ~ e t y  of 
the four tun4 circuits system, which is the basis of radio transmission, of 
partinth importance here. The consttudon of a large radio station of 206 LW 
ie ,Colorado, during 1899, enabled %la to apply the principles and ideas set 
forth in his l m e s  in I892 and 1893. 



I n  the spring of 1898, ~esla.constructed a radio-guided ship model, and, on 
July 1, 1898, he took out a patent dealing with the remote control by radio d 
moving vessels. and vehicfe's. By this invention. he laid the bak for wireless 
telemechanics. Hc displayed the rcsults of his work in the article entitied "The 
Problem of Increasing Hurnan Enerm", published in June f 900. 

With these cxtrcmelg important discaverie and inventibos, Tesla occupies 
one of the outstanding places in thc histoy of modern sciences-and technics. 
Far bis*scicntific' accomplishments, Nikola Tcsla received worthy and esteemed 
recognition from many distinguished scientific institutions, from renewad fellow 
scientistS throughout the world. He was presented -with dmm's degrees from the 
following universities: 

Sorbonne (Paris), Columbia, Vienna, Prague, Beograd, Zagreb, Yalc, 
Nebraska, Grcnoble, Brno, Bucharest, Graz, Poitiers, Sofia, etc. 

He died in New' York on January 7, 1743,.wherc hc had s p n t  the longest 
period of his life. 

The purpose of this book is to acquaint the reader wlth Nikola Tes1a"s most 
important works in the numerous fklds of science to which, he dedicated himself. 
Following TesIa's ample ,  who published his inventions in lectures held at 
various scientific institutions, who took out numerous patents for his inventions . 
during the course of his life, and who wrote articles in various newspapers and 
magazines, the book cmitains three parts: lectures, patents and articles. 

The first part of the book cont~ins five of the most imybrtant lectures of 
Nikola Tesla in chronological order. Of primary importance is the cEassicaI lecture: 
"A New Syst~rn of Alternate Current Motors and ~ransfarmers", held at The 
American Institute of Electrical Engineers, on May 16, 1888, in which T&la 
explained the principle of his famous induction motor. Other important I&ures 
herein included arc: "~x~e i iments  with Alternate Currenlts of very High-Frequency 
and their Application to Methods of ArtificiaI Illumination", read before The 
American Institute of Electrical Engineers on May 20, 1$91; "Experiments with 
Alternate Currents of High ~otehtial and High Frequency" delivered before The 
Institute of Electrical Engineers and at The RoyaI Institute in London, as well as . 
at The International Association of Electricians in Paris, on February 3, 4 and 19, 
1892 kpectively; "On Light and other Hlgh-Frequency Phenomena'", held at The 
Franklin Institute in Philadelphia on Febniary 24, 1893, and repted before 
the American National Electdc Light Association at Saint Louis in March of' the 
same year. In these lectures, Tesla explained his achiewmcnk in the field of high 
frequencies and high voltages.   his part of the book ends with the lecture; 
'"High-Frequency Oscillators for Electro-therapeutic d other Pmpd"'  held 
before The American Elect m-Therapeutic Association at ' Buffalo, on Septem- 
ber 13, 1838. 

The secorid part of the'bmk d& with NilmlP Tala'i paten& w l d  
from the numerous patents registered at the 'Patcat Office of the United States 



of America. These patents are divided into select groups, each of the groups being 
arranged according to the order of registration. The first group numkrs 25-patents 
for electrical motors and generators, while the second group consists of 9 patents 
for electric power transmission. Then follows a gtoup of G patents for the solving 
of certain problems of Iighting; then 17 patents for controllers and high frquency 
apparatus and a group of 12 patents from the fieEd of radio-technics. After listing 
the important patent for radio-control and a group of 5 patents for turbines and 
similar apparatus, this part of the book ends with a group of 11 patents for the 
solution of various problems in which Tesla was interested. 

The third part of the bwk, which contains a cross section of Nikola T~sla's 
scientific and technical articles, is also divided into select groups. Tcsla's articles 
arc given in the order of their publication. The first group consists of 17 articles 
dealing with Tesla's work on X-ray, Tesla's oscilIator, high frequency currents, 
electric machines, elcctric discharge in tubes, and ends wit11 an article on 
telephotography. The second group of this part deals with 8 articles concerning 
Tesla's views about the world, his opinions about the future of electricitg, wherein 
he discussed technical as well as general probIems, which are of interest for 
humanity. This part ends with Tesla's own biographical sketch. 
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A NEW SYSTEM OF ALTERNATE CURRENT MOTORS 
AND TRANSFORMERS 

I desire to express my thanks to Professor Anthony for the help he has given 
rile in this matter. I wodd also like to express my thanks to Mr. Pope and Mr. Martin 
lor their aid. The notice was rather short, and I have not becnable to treat S e  subject 
so e&sively as I could have desired, my health not being in the best condition a t  ' 

present. I ask your kind indulgence, and I shall be very rnuclt gratified if the little I have 
dune meets your approval. 

In the presence of the existing diversity of opinion regarding the relative mcrits 
o i  the alternate and continuous current systems, grcat importance is attached to the 
question whether alternate currents can be succcss fully utilized in the operation of motors. 
The transformers, with thcir numerous advantages, have afforded us a relativeiy perfect 
qrtern of distribution, and although, as in all branches of the art, many improvements 
are desirable, comparatively little remains to be done in this direction. The transmission 
of power, on the contrary, has been dmmt  entirely confined to the use of continuous 
currents, and notwithstanding that many efforts have been made to utilize alternate 
currents for this purpose, they have, up to the present, at leart as far as known, failed to 
give the result desired. Of the various motors adapted to be used .on alternate current , 

circuits the following have lxen mentioned: 1. A series motor with subdivided field. 
2. An altemate current generator having its field excited by continuous currents. 3. Elihu 
Thornson's motor. 4. A combined alternate and continuous current motor. Two more 
motors of this kind have suggested themselves to me. 1. A motor with one of its circuits 

:in series with a transformer and the other in the secondary of the transformer. 2.. A motor 
having its armature circuit connected to the generator and the field co i t  closed upon 
themselves. These, however, I mention onIy incidentally. 

?he subject which I now have the pleasure of bringing tb your notice is a novel 
system of cleric distribution and transmission of power by means of alternate currents, 
affording peculiar advantages, particuIady iiil the way of motors, which I am confident 
will at once establish the superior adaptability of these currents to the transmission of 
pwer  and will show that many results heretofore unattairnbte can be reached by their 
p e ;  d a  which are very much desired in the practical operation of such systems and' 
which cannot be accomplished by m a s  of continuous currents. 

Before going into a.detailed description of this system, I think it necessa* to make 
a few d s  with reference to certain conditions existing in continuous current 
garentors and motors, which, although generally known, are frequently dissegvded. 

.In our dynamo machines, it is well kriown, we generate altemate currents which 
vc direct by means of a commutator, a complicated device and, it may be justly said, the 
-sounce of most of the troubles experienckd in the operation of the machines. Now, 
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the currents so directed cannot be utilized in .the motor, but they must - again by 
means of a similar unrelialjle device - be reconverted into their original state of 
akernate currents. The function of the commutator is entirely external, and in no way 
ducs it affect the internal working of the machines. In reality, therefore, all machins 
are alternate current machines, the currents appearing as continuous only in the external 
clrcuit during their transit from generator to motor. In view simply of this fact, alternate - 

currents would commend themselves as a more direct application of electrical, energy, 
and the employment of continuous currents would only be justified if we had dynamos 
which would primarily generate, and motors which would be d i m l y  actuated by such 
currents. 

N 

Fig. 1. Fig. la.  

But the operation of the commutator on a motor is twofold; firstly,,it revems thc 
currents through the motor, and secondly, it effects, automatically, a progressive shifting 
of the p o l s  of one of its magnetic constituents. Assuming, therefore, that b t h  of the  
useless operations in the system, that is to say, the directing of the alternate currents on 
the generator and reversing the direct currents on the motor, be eliminated, it would 
still be necessary, in order to cause a rotation of the motor, to produce a progressive 
shifting of the poles of one of its elements, and the question presented itself, - How 
to perform this operation by the direct action of alternate currents? I will now p d  
to show how this result war, accomplished. 

F i g .  2. Fig. 2n. . ~ 

I n  the first experiment a drum-armature was provided with two coils at tight mgle 
to each other, and the e ~ d s  of these coils were connected to two pain of insulated 
contact-rings iu usual. A ring war then made of thin insulated plates of sheet-iron and 
wound with four coib, each two opposite coib being connected together so u to produa 
free poles on diametrically opposite sides of the ring. The remaining free ends of the 
coils ,were then connected to the contact-rings of the generator armature so as to form 
two independent circuits, as indicated in figure 9. It may now be seen what rerults wert 
secured ia this combination, and with this view I would refer to the diagtams, figures 
1 to 84. The field of the generator being independently excited, the rotation of the 
armature .sets up currents in the coils C C, varying in strmgth nnd dirrction m the 
well-known' manner. dn the position shown in figure 1 the .current in ail C b d white 



coil C1 is traversed by its maximum current, and the connections my be such that the 
ring is magnetized by the coils r1 cl as indicated by the letters N S 'in figure la, the 
magnetizing effect of the miIs r r being nil, since these coils are included in the circuit 
of coil C. 

I n  figure 2 the m a t u r e  coils are shown in a more advanced position, one-eighth of 
one revolution being completed. Pipre 2a illustrates the corresponding magnetic 
condition of the ring. At this moment the coil cl'generates a current of the same 
direction as previously, but weaker, producing the pdes nl sl upon the ring; the coil 
c also generates a current of the same direction, and the connect!ons may be such that 
the coils c c produce the poles n s, as shown in figure 2r~ .  The resulting plaritg is 
indicated by the letters N S, and it will be observed that the poles of the ring have 
been shifted one-eighth of the periphery of the same: 

In  figure 3 the armature has completed one-quarter of one rw,olution. In this phase 
the current in coil C is maximum, and of such direction as to produce the poles N S ih 

Fig. 3. Fag. 3a. 

f~bwe k whereas the current in coiI C, is nil, this coil being at its neutral position. The 
poIes N S in figure 3a are thus shifted one-quarter af the circumference of the ring. 

Figure 4 shews the coiIs C C in a stiIl more advanced position, the armature having 
completed threeeighths of m e  revolution. At  that moment the coil C still generates 
a current of the same direction as before, but of less strength, producing the 
cumparativeIy weaker ples n s in figure $a. The current in the coil C, is of the same 
strength, but of opposite direction. I t s  effect is, therefore, to produce upon the ring the 
ples  trl and J, as indicated, and a polarity, N S, results, the poles now being shifted 
Ihrec-eighths d the periphery of the sing. 

In figure 5 one-haIf of one revolution of the armature is cornpIeted, and the resulting 
magnetic condition of the ring is indicated in figure 5a. Now, the current in coil C is 
n Q  while the coil C, yields its maximum current, which is of the same direction as 

Fig. 4. Fig. 4s. 

previously; the magnetizing effcd is, fierefore, due to the mils rl cl alone, and, 
eferring to figure 5a, it will be observed that the poles N S are shifted one-half of the 
~~rcumference of the ring. During the next half revolution the operations are repeated, 
m represented in the figures 6 to &1. 

A reference to the diagrams will make it dear that during .one revolution of the 
a m a t u ~  the poles of the ring are shifted once arwnd its periphery, and each revolution 



producing like effects, a rapid whirling of the poles in harmony with the mtation of 
the armature is the tesult. I f  the connections of either one of the circuitg in the ring 
arc reversed, the shifting of the poles is made to progress in the opposite direction, but 
the operation is identically the same. Instead of using four wires, with like rcsult, three 
wires may be used, one forming a common return for both circuits. 

This rotation or whirIing of the poles manifests itself in a series of curious 
phenomena. If a delicately pivoted disc of steeI ox other magnetic metal is approached to 
thgring it is set in rapid rotation, the direction of rotation varying with the position of 
the disc. F O ~  Instance, noting the direction outside of the ring it wiI1 be found that 
insde the ring it turns in an opposite direction, while it is unaffected if placed in a 

Fig. 5 .  Fig. 5a. 

position symmetrical to the ring. This is easily expIained. Each time that a poIc 
approaches it induces an  opposite pole in the nearest point on the dhc, and an attraction 
is prduced upon that-point; owing to this, as the pole is shifted further away from the 
disc a tangential pull is exerted upon the same, and the ahon being constantly repeated, 
a more or less rapid rotation of the disc is the result. As the pulI is exerted mainIy upon 
that part which is nearest to the ring, the rotation outside and inside, or right and left, 
respectively, is in opposite directions, figure 9. When placed symmetrically to the ring, 
the pull on opposite s ids  of the disc being equal, no rotation results. The action is based 
on the magnetic inertia of the iron; for this reason a disc of hard steel is much more 
affected than a disc of sofk imn, the latter king capabIe of very rapid variations of 
magnetism. Such a disc has proved to be a very useful instrument in all these investi- 

+ Fig. 6. Pig, 69. 

gtions, as it has enabled me to dctect any.irregu1atit-y in the action. A curious effect is 
also produced upon-iron filings, By placing some upon a paper and holding them 
externally quite close to the ring they are set in a vibrating motion, remaining in h e  
same pIace, although the paper may be moved back and forth; but in 1 ifting tfic paper 
to a certain height which seems to be dependent on the intensity of the poles and the 
speed .of rotation, they are thrown away in a direction always opposite to h e  supposed 
movement df the poles. If a paper with filings is put fiat upon the ring and the current 
w e d  on suddeqly, the existence of a magnetic whirl may h. easily observed. 



To dernonstratc the complctc analogy bttwcco thc. rlng and ,I rerolving magnet, 
a sttongty energized clectro-magnrt was rntatcd by m c c t ~ ~ ~ n ~ c a l  power, and phenomena 
identical in evcry partimlilr to those mentioned above acrc ohscrvcd. 

Obviously, the rotation of the p l e s  produces corrcsponrling in Juctive effects and 
may be utilized to gcnerste current3 in a clvscd conductor p Imd within the influence 
of the poles. Fns this purpose ~t is convcnicnb to wind :i ring u'ith two sets of 
suprimposed coils iorming respctircly the primary and secnndary circuits, as shown ifi 
figure 10. In rrrdcr tn scnzre tlir. 1l l r )h t  economical rcsu1:s thc n~agrictic circuit should 
be mmpletely cIrtscbl, and with this object in view thc col~struction may hc modified 
at will. 

The inductive c i f tc t  cxertcd uson tllc sr-ronrlary calil~ will hc mainly due to the 
shifting or mot emcnt ~ l f  tIic ~ n ~ g n r t ~ t  .trtlD~l; but t h r c  111.iy also bc currcnts sct up in thc 
ci:mit~ in consetlurncc ot  thc vnrr3tlo1ls 111 thc intun4it) tho poles However, by 
property designing the gcncr.~tor at14 alctcrn~in~ug thc ni.urnc:tziny et'icct of thc primary 
cuils the latter clcrnc~it may he n1.1rlv t,r dis~ppc.ir. The intensity o f  thc poles bcing 
maintained constant, thc .lct~on ~ l f  thc. .tpjl.~rdtu.c w~i l  be pcrlcrt, nrlJ the same rcsult will 
be secured as though thc shifting ac r e  cffcctcit hy me.lns of a rommut;ltor with an 
infinite nurnbcr of bars. In such rnw tile thcvrcticaI rctation hetwecn the cnergizin,q 
elfect of each set of primary coiIs and their result.~nt magnetizing effect may be 
expressed by the equation of a circle having its ccntrc coinciding with thlt of an 
orthogonal system of axcs, and in which the radius represents thc rcsult,~nt and the 

Fig. 8. Fig. 8a.  

co-ordinates both of its mrnponcnts. These are then respectively the sine and cosine of 
the angle a between the radius and m e  of the axes (0 X ) .  Referring to figure 1 I, we 
have rz = xx + y2; where x = r cos a, and y = r sin R. 

Assuming the magnetizing effect of each set of coits in the transformer to be 
p p r t i o n a 1  ta the current - which may be admitted for weak degrces of m.~gnetization 
- then x = K r  and y = Rcl, where K is a const~nt and c and r l  the current in both 
sets of coils r e s p v e l y .  Supposing, further, the field of the generator to be uniform, 
wc have for constant speed c l  = K1 sin a and c = Kl sin (900 + a) = K t  cos a. 
where K1 b a constant. See figure 12. 

Therefow, x x Kc -- K K1 cos a; 
7 = Kc1 = K K1 sin a,, and 
K K 1  = r. 



That i s ,  for a n i f n r m  field the disposition of thc two mils at right angles will 
srrure the theoretical result, and the intensity of thc shifting ples will IX constant. 
but from r? = sz +- jht follows that for y = 0, r -- x; it follows that the joint 
magnctizin~ cffcct of both sets of coils should be crlual to the effect of one set whel~ 
at its maxilnunl artion. In transformers and in a certain class of motors the fluctuation 

of  the poles is not of great 
importance, but in another class 
of thcse motors it is desirable to 
obtain the theoretical result. - 

In applyinpl this prihiipIe 
to. the cnnstruct~nn of motors, 
two typical forms of motor 
harc k e n  der,eloped. First, a 
fornm h a v i n ~  a comparatively 
sn~al l  rotary cffort at the start, 
but nlaintain~ng a perfectly 
uniform srccd at a11 loads, 

Fig. 9 .  ukich m t o r  ha5 been termcd 
synchronous Second, a Corm 

~w~~cssirig il great rot;ln. cifnrt dl thc star t .  11ic syccd bt~np dercndent on the load. 
Wjcse   no tors may l>c oycratcd in thrrc diiicrent ways: 1. Hy the dternate 

turrcnts ot thc source cmly. 2 .  Uy J romhrrlcd .~rtion of thcse and cli induced currents. 
5. 13y the joint action ot ~ltcrnatr and contin~~t>us currcnts, 

?hc simrlcit form ol a synchronous motor is obtained by wirlding a laminated ring 
prolidod with polc p n ) j ~ t i t ~ n s  with four r+o~ls, and c o n n ~ t i n g  the same in the manner 
beiotc indicate-d. An iron disc having a scg~ncnt cut away or1 r ~ ~ h  side may be tlsed 
as an armature. Such a motor is shown in flgure 9. The disc being arrangd to rotate 
freely within the r111g in iluse proximity to thc projections, ~t is evident that as the poles 

- arc shil'tcd it will. um i n 8  t(? i t s  tcrideniy to place itself in such a psition as to embrace 
the grt~tcst  nuink of the Irncs of force, 

. ~loscly follow the movelncnt of the polcs. and 
its motion wilI bc synchronous w ~ t h  t ha t  of the 
armature 1)f thc gcncrator; that is, in the 
pcc-u liar disl>ositluo shown ill i igurc 9,  in which 
the artnature produces by o i ~ c  rc\wlutic>n two 
currcnt i~npulscs in each ol thu circuits. It is 
evident that i f ,  by one revo!ution of the 
armature, a grcater number of impulses i s  

'l>roduced, the spccd of the motor will be 
rurrespondingly increased. Considering that thc 
attraction cxestet! upon thc disc i s  greatest whcn 
thc. same is in close proximity to the poIcs, it 
follows that such a motor will maintain exactly 
the same speed at all loads within the limits 
of its capacihr. 

TO-facicitatc the starting, the disc may bc Fig. 10. 
prnv~ded with a coil dosed upon itself. The 
advantage accused by such a coil is evident. On the start the currents set up in the coil 
stronply energrzc the d~sc  and increase thc attraction exerted upon the same by the ring, 
and currcnts being generated in the coil as long as the spced of the armature is inferior 
to that of the poles, considerable work may be performed by such a motor even if the 
speed be below normal. The intensity of the poles being constant, no cumnts will 
be generated in the coil when the motor is turning at its normal speed. 



Instcad of dosing d ~ c  coil upim itself, its ends may he connected ta two 
~nsulated sliding rings, and a continuous current supplied to these from a suitable 
generator, The proper way to start such a motor is to close the coil upon itself until 
the normal speed is reached, or nearly so, and then turn on the continuous current. 
Tf the disc be very strongIy energized by a continuouq current thc motor may not be 
ablc to start, but if it he weakly energized, or generally so that the magnetizing effect 
of the ring is preponderating it will start and reach the nonnal speed. Such a motor 
will maintain absolutely the'same speed at all loads. It has aIso been found that rf the 
motive power of the generatur is nut excessive, by checking the motor the speed of the 
gcncrator is diminished in synchronism with that of the nlotor. I t  is characteristic of this 
form of motor t h ~ t  it cannot be reversed by reversing the continuous current through 
the coil. 

' I I c  synchronism of these motors may be demonstrated experimentally in a varictv 
of ways. For this purpose it is best to employ a motor consist~ng of a stationary field 
magnet and an armature arranged to rotate within thc same, 3s indicated in figure 13 
In this rasc the sh~ft ing of the poles of the armature products a rotation of the latter 
in the oppos~tc d~rectlon. It  results therefrom that when the nonnal speed is reached, 
the poles of the armature assume fixed pos~tions relatively to the field magnet and thc 

Fig. 11. Fig. 1 2 .  

same is magnetized by induction, exhibiting a distinct pole on each of the pole-pieces. 
If a piece of soft iron is approached to thc field magnet it will at the start be attracted 
w ~ t h  a rapid vibrating motion produced by the reversals of polarity of the inagnet, but 
as the speed of the armature increases ,thc vibrations become less and 1-5 frequent and 
finally entirely cease. Then the Iron is weakly but permanently attracted, showing that 
the synchronisnl 1s reached and the field magnet energized by induction. 

The disc may abo be used for the experiment. If heid quite close to the arrnaturt 
&will  turn as long as the speed of rotation of thc poles exceeds that of the armature; 
but when the normal speed is reached, or very nearly so, it ceases to rotate and is 
permanently attracted. 

A crude but illustrative cxperirnent is made with an incandescent lamp. Pladng . 
the Iamp in circuit with the continuous current gcncrator, and in series with the magnet 
coif, rapid fluctuations are observed in the Iight in consequence of the induced currents 
set up in the coil at the start; the speed increasing, the f1uctuatii)ns occur at longer 
intesvds, until thqr entirety disappenr, showing that the motor has attained its normal 
speed. 

A telephone receiver affords a most sensitive instrument; when connected to any 
circuit in the motor the syndmnism may be easily detected on the disappearance of the 
induced currents. 

In motors of the synchronous type it is desirable to maintain the quantity of the 
shifting magnetism constant, especially if the magnets are not properly subdivided. 

To obtain a rotary effort in these motors was the subject of long thought, In order 
to secure this result it was nemsary to make such a dispositim that while the pol= 



of nnc clc~ncnt nf thc ~nntor arc shiftcd fiy thu nltcrn,~tc cutrcnts of the sourw, the poks 
ptodurcd upon thc othcr clcmcnt should always 1.c maintnincd in the propcr rclation t~ 
thc l o r ~ ~ ~ e r ,  irrcspcctivc of the spccd of t l x  motor. Such a condition exists in a continunu5 
n~rrent motor; but in a synchronous motor, such as dcscribcd, this condition is fulfilled 
only wlrun the sl3ccd is normal. 

Thc ohjcct has bccn attained by placing within the ring a propcrly subdivided 
ryl:ndrical iron cure wound w ~ t h  scvcral independent coils closcd upon thcmselvcs. Two 
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Fig. 13. 

0 1 1 5  ; l t  right anglcs .IS in f iprc  14, arc suflicicnt, but a xrcnter numbcr may hc 
adt~~~itajicuusly crn17Ii~yc~l. I t  r c ~ u l ~ s  frurn this disposition that whcn thr. polcs of the ring 
are sh~ftcd, currcnts are ~cncralcd in thc closed armoturc cuifs. Thme currents arc the mqst 
intense at or ocar the points of ihc grcxt-t dcns~t~  uf thc Iincs of forcc, and their cffcct is 
to produce poles upon thc armature at right angles to those of thc ring, at least thcorctically 
so; and sincc nitinn IS cnt~rcly intlcpcnrlznt of tlic spccd - tIwt is, a.s far as thc location 
of thc pnlcs is concerned - a contlnuour pull is exerted upon the periphery of the arma- 
ture. In many tcqpcctc t h iw  rnntors arc bi~ni lar  to the continuous ntrrcnt motors. If load is  
put on. thc sliced, i l l ~ r l  d l ~ o  thc I C S I S ~ X I I C C  of the motor, is dilninishcrl and more current 
is rnadc to pass thrtwsh the cncrgizing rolls, thus increasing the elfort. U p n  the load 
king tnl,cn off, the countrr-clcctromotipe force increaes and Icss current passc, 
through the pr im,~ry  or energizing coils. Without any load the spced is very nearly 
equal to that of the sl~ifting poles of the f~eld magnet. 

It will be found that the rotdry effort in these motors fully equals that of the 
cnntinuuus curtcnt motors. The cifort seems to be greatest when b t h  armature and 
ficld magnet arc without u ~ y  projcctianr; but as in such dispsitions the field cannot be 
rcry-conccntr~rcd, probably !he bcst results will bc obtained by leaving poIe projections 
on one of the clcmcnts only. Gcncrally, it may be stated that the projections diminish the 
torque nnc! producc ;I tendency to synchronism. 

A chiunctcristic fcatuxe of motors of this kind is their capacity of being very rapidly 
reversed. This f o l l o ~ ~ s  from the pcculiar action of the motor. Suppose the atmature to 
he rotating and the drrcction of rotation of the polcs to be reversed. T h e  apparatus then 
represents a dynamo machine, tlre power to drive this machine being the momentum 
stored up in the armature and its speed being the sum of the speeds of the armature 
and the poles. If we now consider that the power to drive such a dynamo would Jx 
\cry nearly propo5tional to the third power of the speed, for this reason alone the 
arrnatute should be quickly re\.crsed. But simultaneousIy with the reversal another element 
is brought into action, namely, as the movement of the pdes with resped to the 



armature is reversed, the motor acts Iikc a transformer in ~ l l i r h  thc rcsistancc of the 
swndnry circuit would be abnornlally d~tnrnihhcd by prodi~cin~y in *this circuit UI 
additional e!ectromotive force. Owing to these r~uscs thc rcvcrssl ts instantaneous. * 

If it is desirable to secure a constant spec-d, nn.1 
at  the same time a certain effort at thc r;t.~rt, *hit 
result may be easily attarned in a vsricty of wnyc 
For ~nstancc, two armatures, one fur torque antl' 
the othcr €or synchronism, [nay bc fdstcncd on th: 
same shaft, and any dcsircd prepondcrancc 1 1 1 ~ ~  bL 
given to c~ther one, or an armature rnq he wound 
for rotary effort, but a more or less pronounrcd 
tendency to synchronism m3y be riven to it by 
properly constructing the iron tort, ~ n t l  in min! 
other ways. 

As a means of obtaining the required ph.~st 
of +he currents in h t h  the r~rcuits, the dispor~tlon 
of the two coils at right angles 1s thc simples: 
securing the most uniiarrn act~on; hct thc p ' n ~ s ~  
may be obtained in ninny other ways, varying w ~ t h  Ftg. 14. . ' 
the machine cmployctl. Any of the dynamos a# 
present in use may bc cas~l !  ad.~ptcd for thlr purpose by maL~ng connections to proper 
points of thc generating ct)rls. In cIosc.J tirr~rlt arnl.lturcs, such a5 urcd in thc continuous 
current systems, it 1s hest to makc four dcrrv~t lons  from equi-distant points or bars of 
the commutator, and to cotlncct thc vrnc to fcur insul.ited slidrn; rlnp on the shaft. 
In this case edch of thc motor c~rcuith i5 connected to two tlinnletrically opposite bars 
of the commutator, In such a d~qws~trun the mutor may also hc opcrated at half the 
potentid and en the three-wire plan, by connecting the mutor circuits 'in thc proper 
order to three of the contact rlngs. 

In multipolar dynamo machines, such as urctl in the conlrrtex systcms, the phase is 
conveniently obtained by winding upon thc armaturc twt, scr1c.s of coils In such a manncr 
that while the coils of one set or serim arc at their maxinlum yroduction of current, 
the coils of the other 'wlll he at their ncutr~l  position. nr r~cnrly so, u)hercby h t h  sets 
of coils may bc subjected simultaneously or succr.ssrurly to thc ~nducing action of thc 
field magnets. 

Fig. 15. Fig.16. . Fig. 17. . 

Generally the circuits in the motor wjlI be similarIy disposed, and various 
arrangements may bc made to fuIfill thc scquircmcnts; but. the simple& -and most 
practicable is to atrange primary circuits on stationdry parts of the motor, thereby 
obviating, at Ieast in certain forms, thc empioymcnt of sliding cont.~cts. In-such a case 
the magnet mils arc connected alternately in both the circuits; that is 1, 3, 5 . . . . . . . - 
in  one, and 2, 4, 6 . .  , . . . in thc bther, and the coils of each set of series may be 
conwcted ail in the same manncr, or alternately in opposition; in the latter case a motor ' 
witb half the number of pales will result, and its action will be casrespondingIy modified. 
The figures 15, 16 and 17, show three different phases, the magnet coils in each circait 



being connected alternately ir? opposition. In this case here will bc always four poles, 
as in figures 15 and 17, four pde projections will bc neutral. and in figure 16 two 
adjacent pole projections will have the same polarity, If the coils are connected in the 
same manner there wiII be eight alternating poles, as indicated by the letters tr' J' in fig. 15. 

The employment of multipolar motors secures in this system an advantage much 
dcsired and unattainable in the continuous current system, and that is, that a motor may 
be made to run exactly at a predetermined speed irrespective of imperfections in 
construgion, of the load, and, within certain limits, of electromotive force and current 
strength. 

In a general distribution system of this kind the following pIan should be adopted. 
At the central station of supply a generator should be provided having a considerabIe 
number of poles. The motors operated from this generator should be of the synrhmnous 
type, but passessing sufficient rotaryvef[ort to insure their starting. With the observance 
of proper mles of construction it may bc admitted that the specd of each motor will be in 
some inverse proportion to its size, and thc nun~ber of poles should be chosen accordingly. 
Still exceptional demands may modify this-rule. In view of this, it wilI be advantageous 
to provide each motor with a sreater number of pole projections or coils, the numhr 

As. 18. Fig. 19. Fig. 20. Fig 21. 

king preferably a multiple of two and three. By this means, by simply changing the 
connections of the coils, the motor may be adapted to any probable demands. 

If the numkr of the poles in the motor is even, the action will be harmonious and 
the proper xesuk will-be dbtained; if this is not the case the best plan to be followed 
is to make a motor with a double number of poles and connect the same in the manner 
hlore indicated, sa that haIf the number of poles result. Suppose, for instance, that the 
gcncrator ha5 tweIvk poIcs, and it wculd 'he desired to obtain a specd equal to 2; of 
the speed of the generator. This would requirema motor with seven pole projxtions or 

- magnets, and such a motor could not be properly connected in the circuits unIess fourteen 
armature coils would be provided. which would necessitate the empIoyment nf sliding 
contacts.. To avoid this the motor should be provided with fourteen magnets and sevenm 
connected in each circuit, the magnets in each circuit alternating among themselves. 

" 

The armature sh6uld have fourteen closed cails, The action of the motor will not be 
quite as perfect as in the case of an even number of poles, but the drawback wiII not 
b of a serious nature. 
. However, the disadvantages resulting from this unsymmetrical fom will be reduced 
in the same propoition as the number of the poles is augmetlted. 

If the gencrator has, say, n, and the motor nf poles, the speed of .the motor will k 
-equal to t h t  of the generator multiplied by % . 

The speed of the motor will generally be dependent on the n m k r  of the poles, 
but there-may be exceptions to this mIe. The speed may be. modified by the phase of the 
currents in the circuits or by the character of ,the current impulses or by intervals b e e n  
each or between groups of impulses. Some of the possible cases are indicated in the 

-di~grams, figures 18, 19. 20 and 21, which are self-explanatory. Figue 18 represents 
thc condition ge~erally existing, and which secures the best result. In  such a case, if the 
typical form of motor illustrated in figure 9 is employed, m e  complete wave in each 
crrcuit will produce one revolution of the motor. Inhfigure 19 the same result will he 

- effected by one wave in each circuit, the impulses being  successive;^ in figure 20 by foru, 
and in figure 21 by eight waves. 



By such means any dmired speed may be attained; that is, at  least within the .limits 
of practical demands. This system possesses this advantage besides others, resulting from 
simpiicity. At  full loads the motors show an efficiency fully equal to that of thc: 
continuous current motors. The transformers present an additional advantage in their 
capabil~ty of operating motors. They are capable of similar modifications in constmction, 
and will facilitate the introduction of motors and their adaptation to practical demands. 
Their efficiency should be higher than that of the present transformers, and 1 base my 
assertion on the foIlowing: 

In  a transformer as constructed at present we produce the currents in the secondary 
circuit by varying the strength of the primary or exciting currents. If we admit 
proportionality with respect. to the iron core the inductive effect exerted upon the 
secondary coil will be proportional to the numerical sum of the ~~ariations in the strength 
of the exciting current per unit of time; whence it foIlows that for a given variation any 

- prolongation of the primary current will result in a proportional loss, h order to obtaiu . 
rapid variations in the strength of the current, essential to efficient induction, a great 
number of undulations are empioyed. From this praBice various disadvantages result. 
n e s c  are, increased cost and dirninishcd cfficicncy of the generator, more wste of energy 
in heating the cores, and also diminished output of the transformer, since the core i s  
not properly utilized, the reversals being too rapid. The inductive effect is also very 
small in  certain phases, as will be apparent.from a graphic representation, and there may 
be periods of inartion, if thcrc are intervals between the succeeding current imp@ses or 
waves. In producing a shifting of the poles in the transformer, and thereby inducing 
mrenb, the induction is of the ideal character, being always maintained at its maximum 
action. It is also reasonable to assume that by a shifting of the ~ l e s  .less energy will 
be wasted than by reversals. 

DISCUSSION 

Mr. Martin - Professor Anthony, 1 fxlieve. is here, and as he has given this subjed somr 
attention, J think he might very properIy supplement Mr. Tesla's paper by some remarks. 

Mr. 'lkta I want to express once more my best thanks to Professor Anthony for aiding 
me in many respects. and I hope he will be able to explain many of the features in this system 
that I was unable to explain at present. 

Professor Anthony - Mr. President and Gentlemen: I have been referred to as having had 
snmetbing to do with these forms of motors. I am very glad to be able to add my testimony to 
what Mr. Testa has already given you i n  regard to their action, and I confess that on first seeing 
the moton Ihe mion seemed to me an exceedimgly remarkable one. After my first visit to Mr. Tesla's 
wurks, some of the motors, I think these very two that you see hwe on the table, were brought 
to me to make some tests ot  their efficiency, and probably you will be more interested in those than 
in anything else that I might say. I am sorry 1 have not brought with me the exact figures that we 
obtained, but I ran give you from memory wmethity of the result. This litee motor that you see 

, hrre gave us about half a horse-power, and gave an efficiency of something above fifty per cent., 
wt.ich I considered a very fair efficiency for a motor of this size, as we cannot expect on such 
small motors to get as high efficiency as we can on larger ones. This, I believe, is the m a t u r e  
that Mr. Tesla calls the armature for high rotary effort. This little pulley, which, is only about thee  
inches i n  dideter, gave a pull of sov th ing  like fifty pounds, as 1 remember it on turning on 
the current, so that you see the rotary effort is very consjderable, and that i$ also shown in the 
quickness with which the armature will reverse its motion on reversing the relation of the two 
currmts which pas through the two ~pposite coils. That could be done by shifting two of the 
w~res. or simply shifting a rwersiw key in one of the circuits. and the armature would stop snli 
rcverse its,motion so quickly that it was almost impossible to tell when the charye took place. 
Tllat shows also the very considerable rotary effort that the a r ~ a t u r e  presents. This motor (referring 
to the second spxhen) gave us, I think, a b u t  1% h,p., and showed a somewhat -higher efficiency 
than tht alher - a little aver sixty per cent. This would run, with the armature as here mnstmcted, 
almost st the speed of the generator wen under a very hmvy load. When the load was brought 
uj* to themaximurn load, wheie the efficiency began to fall off somewhat, the- speed of rotation was 



reduced. As I ternemher now, i t  was rrulucerl to ahrlut tt+>r.cnty.right hundrd, and the s&, yc111 
see, kept up very nearly tr) t11.1t nt tllc grnrrntr)r un~ l r r  htavy ltwd. 

I can arltl w r y  I i t t lv ta) 1v11.1t Mr. 3 esla IIBS alr~acly gi\.cn you in refiard to t l ~ t t e  motors. 
I have no-qucstion hu:'that a l l  uf yrlrl would hc as lnuth i n te rc~ t~ t l  as I was in swing thcrn work. 
l ' t ~ a t  i s  reafly the best way i n  wl r~ rh  tr) rlcternlinu Wh3t the motors w i l l  do. 

Mr. Tesln - hlr.  l'rcci~lcnt an.1 Gcntlemrn- Proitssor Anthony just mnrlc. thr remark that 
thc speed nf this motor ic l l  l l f f  wbcn the load was incrra5ed, That was duc to t l i r  fact that this 
armature wn? designctl to secure : I  strung effort frnm t h ~  start. But i t we make an arm:iture whlrh 
i s  nrilv d~3 i~n r .d  fur ~ ~ n c h r o n i ~ n ) ,  thu rrri.d w i l l  always be the s.lme no matter what the I ( u r l ;  rrnly 
t l ~ r re  i s  a rlfsad\antaFc that at rhc 5tar! the rotart, ftjrrc- i s  s o  rnlall that i t  i 5  apt nnt tn +tart. I t  
wr~ul~l  generally st.Lrt if put in a proper pnsitinn. hut i f  not p11t i n  a proper pnsitinn i t  r t ~~p l i :  
not start.  If' wc. en~plrly an nrlnature rt,nrirrinfi ( ~ i  n tut.a\i*ay h10r.k nf steel with a mil, i t  w i l l  
nlaint.~in itr speed a t  .ill Iuarh. 'I'Ilc impurtnncv of trlntntaining the intrnsity of tltc pibe rawtant is 
th;~t jF l l i is ran he ptrnluced wv r,tn utilbe, in<teatI h f  thc 5uh,livided armature, an ordinnry steel 
hlock with the samc rmult. Jt is m l l ~  dr.srrcd to clnse thr m a ~ n ~ t i c  field. You can readily see, i f  
the pnles are fiscrl. t lr . tt  i t  is nnt nPccsrnrv to subdivide thc ~r~n r t v re .  i f  the interrsib of the forcc i: 
mnst~ntlr maintainc~l the slli>e. Brit, lf thc intensity is not nlaintained the same, then i t  ir necessary 
to subdivide, and gmcrdlly in  t h r  saurth thar I hate  rjbtalncd I have found that i t  i s  necessary to 
suhrl iv ide. 1 harse alsu ohsc.rveCl that i n  the trsts of Prof r~u l r  Anthony the rmultr obtaind were 
wpr-rinr. 1 attribute that rn thc {act that the d7-nnnro has Fnt a yuwerful field and a small armnture 
nnrl the f i r ld is verv rcjnrcntrattd, and [ r l t  that rrarcln prnb:hlr., tllc result is nearer a theoretics! r t ~ u l t .  

Yrnftsmr 'l'h<vr~~s~>n - 1 llnve hcrn vcrv mucl~ rnttrt-stutl In the dcscriptian given by M r .  7'r.;la 
of Itis new and nrlmirablc l i t t lc 111o~or I Iia\c. n h  prr~hnblv mu Ilray be awarc., workcd in somewhat 
s iy i lar ,  direttinns, ant1 t u \ ~ . a r k l >  thc :~rt.llr~nient ot s i l l i i t~ r  cnds. 'l'he trinls which 1 have rnarle hmr. 
becn hy thr UFC I I ~  B single al tc~r~:~ t inc  cunicnt rlrr.r!~r - ~ l r j t  :I tld~itblv bltcrnatinl: rircuit - a sinc.!e 
circuit supplyinl: a miltor crmqtrt~ctetl trtilizv t l ~ r  at~crnn:~a<n anr l  rrodute rotation. JIAVC ca r r i d  
c*n sin-: i l~c  l a ~ t  annu.il ~ n c c t i n ~  r>t '  thr lnstitutc the d ~ x r  I~~ l . :n i  nt 2nd prrfccting. as far  as RIY time 
allowed, of 3 t lu9~rl rircuitc,l arlnatirrr - if we may 51, I C  rro t! -- ret3td to the alternating field. 
l ' l ia t  ir. the pl;m wllich 1 u ~ m l  and \ \h i<h I brought In tttc nastire rrf the Institute last year, wa5 
to maku a I:ln~in:~ted ficl i l  ;lnJ i n  that f ~ t j d  10 plagc a11 ;Irrnatlltc aIq0 laminatmi, winding upon 
tllu ,irmature a roi l  nhi rh  rcrrnt4icallr is clt>.rc c~r t .~ntcJ  .Iur~n?: the rrvolution hy a suitable 
c~llnnlutatnr ur  r i n  uit-cli)sins ~ l c ~ i t c .  I haxc 1nrJc <t.\-r.r .[I 5:lcfl motors on diffcrcnt designs anJ 
thcy uniformly start from a \:.~tc rjf tcst  and tlr,tcltrp 13sldwr. .mLl ctbrnc wf them show, at sper3s 
<lose to thc rate of oltcrn,ifivn> r*f  t l ~ c  drnsinur. a ~<.nJcn&\ sm~hron i~e .  Their rotary effort 
in most casts is a litttc .crt..rtcr rlcarcr tha t  point tI>.an at ntl~cr points. 1 hope, sometime bcforc. 
a,preat s h i l c  to bring r1111st irf t l w c r  ICSUIIT hcfore the, 11t%t1< t a~f the Institute. and I would therrforc 
prefer dtla;.inr: furt11r.i rrll,.~rkx uln Inr>t,,rs of this ~ I t~ , r !p t~c>n.  1 crrtainly thrnk there is a f icld fur 
altc.rn.tt  in^ motnr.;. and t l l r~ c 15 undt~utr~cllly an nrl7rlrtunlty lor vbtaininfi motcjrs which possess 
c\cil  Sntnc rdvnn~:r,ces urvcr the rr)ntinlr lrr~ (.trrrcnt Inntors 

M r .  Tcsl:~ - ticntlcrncn. 1 n.ish to say that the tt.rtlnvlnv of such a man as Prnfessor Thornson. 
:IS 1,cin.q forv~rivst in his prnfcssion, flatters me uery niucl~. I mi.cht say that I have workcd in the 
sarlir line wit11 T'rofc.;wr 't'llon~qrjn at a prrind when the i~lvcntion of Profnsur l'hunison was not 
k l , iwn  to m e .  1 hat1 a Iriutor itlc-ntic~lly the same ns that nf Professnr ?-hornson but I was anticipated 
by him. 1 brlievc tlrut n l t l~c)u~I i  t11:tt pc<uliar furm of niotclr rtpresmts the disadvantage that a oair 
n( hru~hcr  must hc cnlploped to -short r irt u i t  tllc nrlnature toi l ,  that such a form uf motor may 
hr marlc pmctidble for thc cimplr r r uan  that n rnultnr rcprescnts a transformer, and such a trans- 
former we well knnw we ran b r i n ~  to P very higl1 cff~cicncy. On the other hand, the armature 
may hr provitlcd wit11 mndli~?ors 11wt itre of <~n~pa~a t i ve l v  low resistance, and i t  is a mere matter 
of mak in? a perfect arrangclllcnt fnr short cirr~iit ing. Ynu wi l l  see the advantage of this disposition 
OF thv closed circuit coil - that this action is always maintained at the maximum and it is indeed 

' 

nrore perfect than i t  the polarities were shiitd by means of a commutator. 

TESLA REPLIES TO DR. LOUIS DUNCAN, EXPLArNlNG HIS 
ALTERNATING CURRENT MOTOR 

'1.c the Editor of Elcrtr~ral  Review: 
I find in your issue of last week a note of Mr. Duncan referring to my system of alternate 

current motors. 
As I see that Dr. Duncan has nnt as yet been made acquainted with the real charactet of my 

inruntion, I cannot consider his article in the light of a serious criticism and would think it 
unnecmsary to respond; but desiring to express my consideration for him and the importance which 
I attach to his opinion, I wi l l  point out here bmeflv the chatactcristic features of my invention, 
masmuch as thcy have a direct bearing on the article above referred to. 



The principle of action of my motor will bc well u n d e r s t d  from the followiw: 
By passing alternate currents in proper manner through independent energiziw circuits in the 

malor, a progressive shifting or rotation of the poles of the same is effected. ?'his shifting is more 
ot less continuous according to the cnnshuction of the motor and the character and relative phase 
of the currents ehployed, and I have indicated the theoretical conditions which should. exigt in  
order to secure the most perfect action. 

If a laminated ring b wound with four mils, and the same be connected in proper order 
to two independent circu~ts of an alt~rnate.current generator adapted for this purpose, t h e  passage 
01 the currents through the coils producs theoretically a rotation of the poles of the ring, and In 
actual practice in  a series of experiments, I have demonstrated the complete analogy between surll 
a ring and a revolving magnet, From the application of this principle to the nperntion of motors, 
two forms of motor of a character widely differing have resulted, one designed for constant and 
the o t k  for variable load. The misunderstanding af Dr. Duncan is due to the fact that the prominent 
features of each of these two forms have not been specifically stated. Jn illustration of a repre- 
sentative of the second class, T refer to Fig. 1. on page 1 of ELECTRlCAL REVlEW o f  M a y  12th. 
In this instance, the armatuee of the motor is provided with two coils at right angles. As it tuzy 
he hlieved that a svmmetrical arranfiement of the coils with respect to the poles is required. I will 
aseurne that the armature is provided with a grcat number O F  diametrically wound coils ar conduct:~rs 
cla~ed upon themselves, and forming as many independent circuits. Let it now be supposed that 
thc ring is permanently magnetized so as to show two poles (N and S )  at two points diametrically 
oppos~te. and that i t  is rotated hy mechanical power. The armature being stationary, the rotation 
of the ring magnet will set up currents in the closed arrnnture coils. These rurrents will be most 
intense at or near the points of the greatest density of the force; and they will produce poles upcn 
the armature core a t  right angles to those of the ring. Of course there w ~ l l  be other el em en:^ 
miming into action which will tend to modify this, but for  the present they may be left uncon- 
sidered. As far a5 the Iocation of the poles upon the armature cote is concerned, the currents- 
generated in the armature roils will always act in the same manner, and will maintain continuously 
thp p!es  of the core in the same position, with tespwt to those of the ring in any position of 
the latter and independently of the speed. From the attraction between the core and the ring, .I 

continuous mtary effort, constant in a11 positions, will result. the same as in  a continuous current 
mitor with a great number of armature coils. If the armature be allowed to t l~tn,  it twill rmolve 
In t k  direction of rotation of the r ing magnet, the induced current diminishing as the speed 
increasa, untd upon the armature reaching wery nearIy the speed of the magnet, just en0u.y.h 
current will flow through the coils to keep up the rotation. If, instead of rotating the ring hy 
mechanical power the poles of the same ate shifted by thc action of the alternate currents in the 
two circuits, the same results are obtained. 

Now compare this system with a continuous current system. In the latter we have alternate 
currents in the generator and motor coils, and intervening devices; for cornmutating the currents, 
which on the motar besides effect automatically a progressive shifting or rotation of the poles ot 
the atmature; here we have the same elements and identiculIy the same operation, but without 
the cornmutating devices. In view of the fact that these devicer are entirely unessential to thc 
operation, such alternate current system will - at least in many respects - show a complete 
similarity with a continuous current system, and the motor will act prmisely like a mntinuot~s 
current motor. If the load is augmented the speed is diminished and the rotary effort correspondingly 
increased, as more current is made to pass through energizing circuits; load being taken off the 
speed increases and the current, and consequently the effort, is tasened. The effort, of caurse, is 
greatest when the armature is in the state of rest. 

But since the d o g p  i s  complete, how about the maximum efficiency and current passin-q 
through the c i ~ a i t s  when the motor is running without any load, one will natnrally inquire? It 
must be remembered that we have to deal with alternate currents. In this form the motor ~ i m p l ~  
represents a transformer in which currents we induced by a dynamic action instead of by reversals, 
and as it might be expected the efficiency will be maximum at full load. As regards the current, 
thtre will be - at least under pmpw conditions - as wide a variation in its strength as in a 
transformer, and by o b i n g  proper rules, I t  may be reduced to mny rlmired quantiiy. Moreov~r. 
the current passing through the motor when running free, is no measure for the energy absorkl  
since thfi instruments indicate only the numerical sum of the direct end induced elect~o-motive 
form and currents instead of showing their difference. 

Regzrding the other class of these motors, designed for constant sped, the objections of 
Dr. Duncan are, in a measure, applicable to certain constructions. but it should be consideted t h ~ t  
such motozs are not expected to run withour my, or with a very light load, and, if so, tbey.do not, 
when properly constructed, present in this respect any  more disadvantage than transformers under 
similnr conditions. Besides. both featurps, rotary effort and tendency to constant speed, may hr 
c o m b i d  in a motor, and my desired prepondermce may be given to either one, and in this manner 
a motor may be obtain4 possessing any desired character and capable of satisfying all possible 
drmnnd in practice. 



In conclusion, I will remark, with all respect to Dr. Duncan, that the advantages claimrJ 
for my system ate not mere assumptions, but results actually obtained, and that for this purpo*: 
cnperiments have been conducted through a long period, and with an assiduity such as unly n dccu 
interet i n  the invention could inspire; nevertheless, although my motor is the fruit of long l ib~rr 
anc! careful investigation, I do not wish to claim any other merit bevond that of having envented, 
and I leave it tn men more competent than myself to determine the true laws of the principle 
and the bwt mode of its application. What the result of these investigations will bt the future 
w!J1 tell; but whatwer they may be and to whatever this; principle may lead, I shall be sufficiently 
twom~ensed if later i t  will be admitted that I have contributed a share, howwcr small, to the 
advancement of science. 

New York, May 26, 18n8. 



EXPERIMENTS WITH ALTERNATE CURRENTS OF VERY HIGH 
FREQUENCY AND THEIR APPLICATION TO METHODS OF 

ARTIFICIAL ILLUMINATION* 

There is no subject more captivating, more worthy of study, than nature. To 
' 

understand this great mechanism, to discover the forcer which are active, and the laws 
which govern them, is the highest aim of the intellect of man. 

Nature has stored up in the universe infinite enerm. The eternal recipient and 
transmitter of this infinite energy is t h ~  ether. The recoOqnition of the existence of ether. 
and of, the functions it performs, is one of thc most important results of modern 
scientific research. The mere abandoning of thc idea of action at a distance, the 
assumption of a medium pervading a11 space and connming all prws matter, has freed 
the minds of thinkers of an ever p e n t  doubt, and, by opening a new horizon - new 
and unforeseen possibilities - has given fresh interest to phenomena with wh:ch we 
are familiar of old. It has k n  a great step towards -the underitanding of the forces 
of nature and their multifofd manifestations to our senses. It has been for the enIightcned 
student of physics what the understanding of the mechanism of the firearm or of the steam 
engine is for the barbarian. Phenomena upon which we used to look as wonders baffling - 
explanation, we now see in a different lightt WIG spark of an induction coil, the glow 
of an incandescent lamp, the manifestations of the mechanic;lI forces of currents and 
magnets are no longer beyond our grasp; instead of the incomprehensibIe, as before. 
their observation suggesb now in our minds a simple mechanism, and although as tu 
its precise nature all is still conjecture, yet we know .that the truth cannot be mud 
longer hidden, and instinctively we feel that the understanding is dawning upon us. 
We still admire these beautiful phenomena, these strange forces, but we are helpless 
no Ionget; we can in a certain measure explain them, account for them, and we arc 

. hopeful of finally succeeding in unraveling the mystery which surraunds them. 

, In how far we can understand the .world around us is the ultimate thought of 
every student of nahlie. The coarsenas of our sense prevents us from recognizing the 

. ulterior mstruction of matter, and astronomy, this grandest and most positive of 
natural sciences, can only teach us something that happens, as it were, in our immediate 
neighborhood; of the remoter portions of the boundless universe, with its numberless 
stars and suns, we know nothing. But far b o n d  the limit of perception of dur 5 ~ 5 ~  

the spirit still can guide us, and so. we may hope that even these unknown w6rIds - 
infinitely small and great - may in a measure become known to us. Still, even if this 
knowledge should reach us, the searching mind will find a barrier, perhaps,forever 
unsurpassable, to the true mognition of that which Jeems to be, the mere appwraix  
of which is the onIy and slender basis of a 1  our philosophy. 

* A IKC~I-C deliversd betore the h e r i c a n  Inscitutt of Elmtrical E~ ineers ,  at Columbia , 
Gollc& N. Y.. May 20, 1891. 



Of all the forms of naturc's immeasurabie, all-pervading energy, which ever and 
ever changing and moving, like a soul animates the inert universe, electricity and 
m.~gnetism arc perhaps the most fascinating. The effects of gravitation, of heat and 
light we observe daily, and soon we get accustomed to hem,  and scan they Imc for us 
the character of the mawelou~ and wonderful; but electricity and magnetism, with heir 
s t n ~ l a r  relationship, with their seemingly dual charaaer, unique among the forces in 
nature, with their phenomena of attractions, repuIsions and rotations, strange manifestat- 
tons of mysterious agents, stimulate and excite the mind to thought and research. W h a t  
is electricity, and what i s  magnetism? These qucst~ons have been asked again and again. 
The most able intellects h n e  ceaselessly wreslled with the probIern; still the question 
has not as yet bccn fully answered. But while we cannot. even to-day state what these 
singular forces are, we have made good headway towards the sdution of the problem. 
We are now confident that eIectric and magnetic phenomena are attributable to ether, 
and we are perhaps justified in saying that the effects o l  static electricity are effects oi 
ether under strain, and those of dynamic electricity and e l m - m a p e t i s m  effms of 
ethcr in motion. But this still leaves the question, ar to w h t  electricity and magnetism 
5 t q  unanswered. 

First, we naturalIy inquire, What is electririty. and is there such a thing as electricity? 
In interpreting electric phenornrna, we may speak of electricity or of an elcctric andition, 
state or effect. If we spcak of electric effects we must distinguish two such effects, 
orposite in character and neutralizing each other, as obseneation shows that two such 
sppwitc effects exist. This is unavo~dable, for In a medium of the properties of ether, 
we cannot possibIy exrrt a strain, or producc a di~placement or motion of any kind, 
without causing in the surrounding nicdium an equivalent and opposite effca. Bur if 
we spcak of electr~city, rncaning a t h i ) ? ~ ,  wc must, I think, abandon the idea of 
eiearicitics, as the ex~stcnce of two such things is highly improbabIe. For how can wc 
irnag~ne that there should be two things, equivaient in amount, alike in their properties, 
but of opposite character, boot cclinging to matter, b t h  attracting and completely neutralix- 
in& each other? Such an usurnption, though sugg~ted by many phenomena, thw@ 
most convenient for explaining them, has Iittle to commend it. If there is suclr a thing 
as clectricity, them can bc only ode such thing, and, excess and want of that one thing, 
possibly; but more probably its condition determines the positive and negative character. 
'The old theory of ErankIin, though falling short in some respects, is, from a certaiu 
point of view, after all, the most plavsibIe one. Still, in spite of this, the theory of the 
two electricities is generally accepted, as it appatently explains electric phenomena in 
a more satisfactory manner. But a theory which ktter explains the facts is not ne~essarily 
true. Ingenious minds will invent theories to suit observation, and almost evety inde- 
pendent thinker has his own views on the subject, 

.It is not with the object of advancing an opinion, but with the desire of acquainting 
you better with some of the results, which E will describ, to show you the reason in^ 
I have followed, the departurns I have made - that I venture to exprcss, in a few 
words, the views and convictions which have Ied me to these results. 

.I adhere to the idea that there is a thing which we have,been in the habit of + calling electricity. The question is, What is that thing? or, What, of all things, the 
existence of which we know, have we the best reason to call elemicity? We know that 
it acts like an incompressible fluid; that there must be a constant quantity of it in 
nature; that it-can be neithcr produced not destroyed; and, what is more impartant, the 
elem-magnetic theory of light and all facts observed teach us ,that electric and ether 
phenomena are identical.. The idea at once suggests itseIf, therefore, that electricity 
rn~ght be called ether. In fact, this view has in a certain sense been advanced by Dr. 
Lodge. His interesting work has been read by everyone and many have been convinced 
by his arguments. His great ability and the intmting nahlre of the subject, keep the 



d e r  spellbound; but when the impressions fade,.one realizes that he has to deal o ~ l y  
with ingenious explanations. I must confess, that I cannot believe in two elect'ricities, 
mudl less in a doubly-constituted ether. The puzzIing behavior of the ether as a soEd 
.to waves of Iight and heat, and as a fluid tothe motion of h d i e  through it, is certainly 
explained in the mast natural and satisfactory manner by assuming it to be in motion, 
as Sir William Thonlson has suggested; but regardless of this, there is nothing which 
would enable u s t ~  conclude with certainty that, while a fluid rs nat capable of transmit- 
tilg transverse vibrations of a few hundred or thousand per second, it might not be 
capable of transmitting such vibratioris when they tange into hundreds of.million, mil- 
lions p r  second. Nor can anyone prove that here are transverse ether waves emitted 
frgm an alternate current machine, giving a small n u d e r  of alternations pic second; 
to such slow disturbances, the ether, if at rest, may behave as a tnre fluid. 

Returning tp the subject, and bearing in mind that the existence of two electricities 
is, to say the least, highly improbable, we must remember, that we have no evidence 
d elericity, nor mn we hope to get it, unless gross matter is present. Electricity, 
therefore, cannot be called ether in the broad sense of the +term; but'nothing wciuld 
seem to stand in the way of calling electric~ty Pther assoc'iated with matter, or bound 
cther; or, in other words, that the secalled static charge of the molecule is ether as- 
sociated in some way with the malecule. Looking at it in h t  light, we woda  Se 
justified in saying, that electricity is concerned in all molecular actions. 

Now, precisely what the'ether surrounding the molecules is, wherein it differs 
from ether in general, can onIy be conjectured. It cannot differ in density, ether being 
incompressible; it must, therefore, be under some strain or in motion, and the latter 4 

is the most p h a b l e .  To understand its functions, it would be necessary to have au 
e x m  idea of the physical construction of matter, of which, of course, we can only form 
a mental picture. 

But of all the views on nature, the one which assumes one matter and .me fore,  
and a perfect uniformity throughout, is the most scientific and most likefy ,to to &&e. 
An infinitesimal world, with the molecules and their atoms spinning and moving in 
o~bits, in much the same manner as celestial bodies, carrying with them and probabIy 
spinning with them ether, or i l  other words, carrying with them static charges, seems 
lo my mind the most probab16'view, and one which, in a plausible manner, accoun& 
for most of the phenomena observed. The spinning of the rnolecuIes and their ether 
sets up the ether tensions or electrostatic strains; the e,qualization of ether tensions sets 
up ether motions or electric mrenb, and the orbital movements produce the effects of 
electro and permanent magnetism. 

About fifteen years ago, Prof. Row land demonstrated a' mast interesting and 
important fact, namely, that a static charge carried around produces the effects of an 
electric eurrent. LRaving.out d consideration the precise nature of the mechanism, which 
produrm the attraction and repulsion of currents, and conceiving the dectrostaticdly 
h g e d  molecules in motion, this experimental fact gives us a fair idea of magnetism. 
Wc can conceive linm or tubes of force which. physically exist, being formed of rows 

> of directed moving rnalecuhf; we can see &that these lines must be closed, that they must 
.tend to &orten and expand, etc. It likewise explains in a reasonable way, the most 
puzzling phenomenon of all, permanent magnetism, and, in generaI, has all the beauties 
of the Ampere theory without possessing the vital defect of the same, namely, h e  as- 
sumption of molecular currents. Without enlarging further upon the subject, I w d d  
say, that I 'look upon all electrostatic, current and magnetic phenomena as being due tb - 
cl~ctrostatic molecular forces. 

The preceding remarks I have deemed necessary to a full understanding of the 
rub)ect~itpresmtsitselftomymind. . 



Of all these phenomena the most important to study are the current phenmmna, 
b on account of the aIready extensive and evergrowing use of currents for industrial 

purposes. It is now a century since the first practical source of current wds pduced,  
and, ever -since, the phenomena which accompany the flow of currents have k e n  
diligently studied, and through the untiring efforts of scientific men the simple laws 
which govern them have been discovered. But these laws are found to hold good only 
when the currents are of a steady character. When the currents are rapidly vvarging' in 
strength, quite different phenomena, often unexpeaed, present themselves, and quite 
different laws hold gmd, which even now" have not k e n  determined as fully as is 
desirable, though through the work, principally, of English scientists, enough knowIedgc 
has been gained on the subject to enable us to treat simple cases which now plles~pt 

' tiiernselvesin daily.praajce: 
The phenomena which are peculiar to the changing character of the currents are 

grcatly exalted when the rate of change is increased, hence the study of these nurmts 
is considerably facilitated by the employment of pmpedy constructed appatus. It was 
with t h ~ s  and other objects in view that I constructed alternate current machines capable 
of giving more than two million reversals of current per minute, and to his  cimrmstance 
~t is principally due, that 3 am able to bring to your attentim some of thc results thus 
far reached, which I hope wiII prove to be a step in advance on account of their direct 
bearing upon one of the most important problems, namely, the production of a prpai-I 
and efficient source of 1 ighr. 

T b c  study of such rapidly aIternating currents is rery interesting. Nearly ewrp 
experiment discloss something new. Many results may, of course, be predictad, but 
many mere are unforeseen. The experimenter makes many interesting observations. For 
instance, we take a piece'of iron and hold it against a magnet, Starting from lm alter- 
nations and running up higher and higher we feel the impulses succeed & other faster 
and faster, get weaker and weaker, and finally d isappr.  We then obsem a continuous 
pull; the pull. of course, is not continuous; it only appears so to us; our sense of touch 
is imperfect. 

w e  may next establish an arc between the electrdes and observe, as the altematims 
me, that the note which accompanies alternating ara geb shriller and shriller, graddy 
weakens, and finally ceases. The air vibrations, of course, continue, but ,they are tvxi 
weak to be perceived; our sensc of hearing faiIs w. 

We observe the small physioJogica1 efferts, the rapid heating of the iron corn 
and conductors, curious inductive effects, interesting condenser phenomena, and still 
more interesting light phenomena with a high tension induction mil. All these cxped- 
menb and observations wwld  be d the gratest interest to the student, but their des- 
cription would lead me too far from ;the principal subject Partly for his msm,  *ad 
partly on account of their vastly greater importance, I wdI confine myself t6 the 
description of the light effects produced by these currents. 

In the experiments ko this end a high tension induction coil ot quivalent appafatus 
for converting currents of comparatively low into currents of high h i m  is used. 

If you will be sufficiently interested in thi: results I shall describe as to en& inh 
an experimental study of this subject; if you will be convinced of the truh ' of tht 
arguments I shall advance - your aim will be to produce high f v m a e s  and high 
ptentials; in other words, powerful electrostatic effects. Yw will then encounter many 
drffimIties, which, if completely overcome, would allow us to produce t d y  d & I  
results. 

First will be met the difficulty of obtaiaipg the q u i d  frquencits by means 
of mechanical apparatus, and, if they' tw obtained othc~wise, obstades of a dif- 
ferent nature will present thmelves. Next it will be found difficult to p v i &  Lbc 



requisite insulation without considerably increasing the size of the apparatus, for the 
potentials required are high, and, owing t6 the rapidity of the alternntions, the insulation 
presents peculiar difficulties. So, for instance, when a gas is present, the discharge m y  
work, by the molecular bombardment of the gas and consequent heating, &rough as 
much as an inch of the best solid insulating material, such as glass, hard rubber, porcelain, 
sealing wax, etc.; in fart, through any known insulating substance. The chief requisite 
in the insulation of the apparatus is, therefore, the exclusion of any gaseous matter. 

In general my experience tends to show that bodies which possess the highest 
specific inductive capacity, such as glass, afford a rather inferior insulation tu others, 
which, while they are gmd insulators, have a much smaller spccific inductive capacity, such 
as oils, for instance, the dieiectric Iosses being no dwbt greater in the former. The dif- 
f i d t y  of insulating, of course, only exists when the potentials are excessively high, for 
with potentials such as P few thousand volts there is no particuIar difficulty encountered in 
conveying currents from a machine giving, s q ,  20,000 alternations per second, to quitc 
a distance. This number of alternations, however, is by far too small for many purposes, 

Fig. 1. 

h g h  quite sufficient for some practical apptications. This:diffimlty df insulating is 
f~rtunatcf~ not a vital drawback; it affects mostly Ihe size of the apparatus, for, when 
excessively high potentiaIs would be used, the light-giving devices would be located not 
far from the apparatus, and often they would be quite close to it. As the air-bombardment 
of Lt insulated wire i s  dependent on condenser action, the loss may be reduced to a trifle 
bp. using excessively thin wires heavily insulated. 

Ander difficulty will be encountered in the capacity and self-induction nwessatily 
-4 $y the coil. If the coil be large, that is, if it contain a great length of wire, 
it will k generally unsuited for excessiveIy high frequencies; if it be small, it may k ' 
d l  hptrd for such frquencies, but the potential might then not be as high as desired. 
A good insulator, and preferably one possessing a small specific inductive capaci~,  would 
afford a tw*foId advantage. First, it would enable us to construct a .veiy small ccril 



capabIe of withstanding enormous differences of potential, and secondly, such a small 
' cotl, by reason of its smallcr capacity and self-induction, would be capable of a quicker 

and more vigorous vibration. The problem then of constructing a coil or induction 
apparatus of any kind possessing the rcqliisite qualities I regard as one of no small 

- jniprtance, and it has occupied me for a considerable time. 
,The investigator who desires to repeat the exper~ments which I wjH describe, with an 

a!tcmate current machine, rapabIc of suppIying currents nf the desired frequencg, and an 
induction coil, will do well to take the primary coil cut and mount the secondary in such 
a manner as to be able to look through the tube upon which the secondary is  wound. He 
will then I2 able to observe the streams which pas from the primary to the insulating 
tubc, and from their intensity he will know how far he can strain the mil. Without 
this precaution he is surc to injure the insulation. This arrangement permits, howcver, 
an  easy mchangc of thc primaries, which is desirabie in these experiments. 
. . 

Fig. 2. 

The se~ection of the typk of machine best suited for the purpose must be left to the 
judgment of thc experimenter. There are here illustrated three distinct: tppa of machina, 
which; b e s i b  others, I have used in my experiments. 

Fig. 1 represents the machine used in my experiments before this Institute. The field 
magnet consists of a ring of wrought iron with 384 pole projections. The armature 
comprises a steel disc to which is fastened a thin, carefully welded rim of wrought imn. 
Upon the rim are wound several layers of fine, we11 anneaIed iron wire, which, when 
wound, is passed through shellac. The armature wires are wound around brass pins 
wrapped with silk thread. The diameter of the armature wire in this type of. madune 

I -  should not be more than 7 of the thickness of the pIe projmtions, else the local action 
will be considerable. 

Fig. 2 represents a larger machine of a different type. The field magnct of 
machine consists of two like parts which either enclose an exciting mil, or dse are 
independently wound. Each pa& has 480 pole projections, the projections of one facing 



thbe of the ather. The armature consists of a wheel of hard bronze, carrying the 
conductors which revolve between the prdjections of the field magnet. To wind the 
armature conductm, I have found it most convenient to proceed in the following 
manner. I construct a ring of hard bronze of the required size. This ring and the rim 
of the wheel are provided with the proper number of pins, aqd both fastened upon a 
plate. The armature conductors being wound, the pins arc cut off and the ends of the 
conductors fastened by two rings which screw to the bronze ring and the rim of thc 
wheel, respectively. The whole may then be taken off and forms a solid structure. The 
mndudors in such a type of machine should consist of sheet copper, the thickness of 
which, #of course, depends on the thickness of the pole projections; or else twisted thin 
wires should be empIoyed. 

Fig. 3 is a smaller machine, in many respects similar to the former, only hcre the 
armature conductors and the exciting coil are kept stationary, whilc only a block of 
wrought iron is revolved. 

Fig. 3.  

It w'mld be uselessly Iengthening this description were I to dwell rnorc on the 
details of construction ,of these machines. Besides, they have been described somewhat 
mare elaborately in The Ekcrriral Engineer, of March 18, 1891, I deem it well, however, 
to d l  the attention of the investigator to two things, the importance of which, though 
self evidenk, he is; nevertheless apt to underestimate; namely, to the local action in the 
conductors which must be carefully avoided, and to the clearmc~, which must be small. 
I may add, that since it is desirable to use very high peripheral speeds, the armature 
should be of very Iarge diameter in order to avoid impracticable beit speeds. Of the 
several types of thae machines which have been constructed by me, I have. f q n d  that 
the type illusttated in Fig. 1 caused me the least trouble in construction, ag we11 as in 
maintenance, and on the whole, it has k n  a p d  experimental machine. 

In operating an induction coil with very rapidly alternating c u k t s ,  pmbng the 
first luminous phenomena noticed are. naturally those presented by the hl h-tensioa /f discharge. As the number of dternations per second is increased, or as - t e number 
being high - he current through the primary is varied, the discharge gradually changes 
ia appearancc, It would be difficult to describe the minor changes which mcur, and the 
conditions which bring them'ahut, but one may note five distinct forms of the discharge. 



First, one may observe a weak, sensitive discharge in the form of a thin, feeble- 
colored thread (Fig. 4a). It always w a r s  when, the numkr of ahernations pet second 
being high, the '&rent through the primary is vcky small. In spite of the excessively small 
current, the rate of. change a great, and the- difference of potential at the terminals of the 
secondary is therefore considerable, so that the arc is asablished at great distances; but 
the quantity of "electricity" set in motion is insignificant, barely sufficient maintain 
a thin, threadlik; arc. It is excessively sensitive and may be made so to such a degree 
that the mere act of breathing ncar the coil will affect it, and unless it is perfectly well 
protected from currents of air, it wriggles around constantly. Nevertheless, it is in h 

Fig. 4a. Fig. 4b. 

form excessively persistent, ,and when the temLinaIs are appr~arhed to, say, pne-third 
of the striking distance, it can be blown out only with difficulty. This exceptional 
persistency, whcn short, is largeIy due to the arc being exccssivcIy thin; presenting 
therefore, a very small surface to the b l s t .  Its great sensitiveness, when very long, is 
probabIy due to the motion of the partides of dust suspended in the air. 

When the current through the primaly is increased, the discharge gets broader and 
stronger, and the effect of the capacity of the coil becomes visible until, finally, u n d s  
proper conditions, a white flaming arc, Fig. 4b, often as thick as one's finger, and 
striking across the whole coil, is produced. I t  develops remarkable heat, and may be further 
'characterized by the absence of the high note which. accompanies the less powerful 
diq&rges. To take a shock from the cad under these conditions would not be advisable, 
although under different conditions, the potential being much higher, a shock from the 
coil may be taken 61th impunity. To p d u c e  this kind of discharge the number of 
aIternations per second must not be too great for the coil used; and, generally s p k n g ,  
certain reIations between capacity, self-induction and frequency must be obsemed. 

The importance of these dements in an alternate current circuit is nbw well-known, 
and under ordinary conditions, the general rules are applicable. But in an induction coil 
exceptional conditions prevail. Flrst, the self-induction Is  of EittIe importme before the' 
atc is established, when it: asserts itself, but perhaps never as prominently as. in ordinary 
alternate current circuits, because the capacity is distributed all along the coil, and by, 
reason of the fact that the coil usually discharges through very great mistanm: hence 
the currents a l e  exceptionally small. Secondly, the capacit)r goes on incr~asing continually 
as the potential rises, in consequence of absorption which takes pIace to a considerable 
extent. Owing to this there exisb no critical relationship between these quantities, and 
ordinary ruIes would not seem to be appIicable. As the potential is increased either in 
consequence of the increased frequency or of the increased current through the primary, 
the amount of the energy stored becomes greater and greater, and the capacity gains notr: 

and more in importance. Up to a certain point the capacity is h t f i c i a l ,  but after that it 
begins to be an enormous drawback. It follows from this that each mil gim the kt 



result with a given frequency and primary current. A very large coil, when 
1 with currents of very high frequenry, may not give as much as 7 inch spirlc. By 

adding capacity to the terminds, the condition may be improved, .but what the coil 
really wants is a lower freqwncy. 

-when the flaming dschaiRe ' m r s ,  ihe conditions are evidently such that-the 
greatest current is made to flow &rough the circuit. These conditions may be attained by 
varying the freqpenq within wide limits, but the highest frequency at which the flaming 
arc can still be pduced, determines, for a given primary current, t h i  maximum striking 
distance of the coil. In the flaming dis&xge the ecid effect of the capacity is not 
perceptible; the rate at which the enetgy is being stored then just equals the rate at ' 

which it can be disposed of through the circuit. This kind of discharge is the merest 
test for a coil; the break, when it occurs, is of the nature of that in an overchar@ 
w e n  jar. To give a rough approximation I would state that, with an ordinary coil of, - - 
say, 10,000 ohms mistance, the most powerful arc would be produced with about 
12.000 alternations mi second. 

When the frGuency is increased beyond that rate, the .potential, of m e ,  rises, 
but the striking distance may, nevertheless, diminish, paradoxical as it may seem. As the 
potential rises the mil attains more and more the properties o f  a static machine until, 
finally, one may observe the beautiful phenomenon of the streaming discharge, Fig. 5 ,  
which may be produced across the whole length of the coil. At that stage streams begin to 
issue freely from all points and proiections. These streams will also be seen to pass in 
abundance in the space between the p r i m q  and the insdating tube. When the potential 
is excessively high they will always appear, even if the frequency be low, and wen if the 
primary be surrounded by as much as an inch of wax, hard rubber, glass, or any other 
insulating substance. This limits greatly thc output of the coil, but 1 will, later show how 
I have been able to overcome to a considerable extent this diszdvantage in h e  ordinary coil 

Fig. I. Fig. 6.  

Besidm the patentiat, the intensity of the streams depends on the' frequency; b;ut . 
il' the coil be very large they show tfiernstlves, no matter how low the frequencies used. 
For instance, in a very farge coil of a resBtmce of 67,000 ~ h m s ,  constructed by me some 
time ago* they appear with as low as 100 alternations per second and l a ,  the inidation 
of &e s&aar)l-being inch of ebonite. When very intense they produce a noise ' 
similar to that produced by the charging of a Hdtz machine,, but muckmore powerful, 
wl they cmit a sttong smell of ozone. The lower the frequency, the m o ~  apt they are 
to suddenly injure the coil. With excessively high frGuencies they rnay pass freeIy 
witkwt producing any other effect than to heat the insulation slowly and uni fody .  

The existence of these streams shows the importance of constructing an expensive 
' mil so as to pirrrnit of one's seeing through the tube surrounding the primary, and 
thc latter should be easily exchangeable; or else the space ktweer the primary and 
m d a r y  shwld be completeIy filled up with insdating material so as to excIude all air. 



.The non-observance of this simple ruIe in the construction of comrnc~id coils is 
responsible for the destruction of many an expensive cotl. 

At the stage when ,the streaming discharge occurs, or with somewhat hi&er 
frequencies, one may, by apprmching the terminals quite nearly, and regulating properly 
he effect of capacity, produce a veritable spray of small silver-white sparks, or a bunch 
of exccssivdy thin silvcry threads (Fig. 6) amidst a powerful b m h  - each spark or 
t h r e d  possibly corresponding to one alternation. This, when produced under proper 
conditions, is proba5ly the most beautiful discharge, and when an air blast is drrected . 
against it, it presents a singdnr appearance. The spray of sparks, when received through 
thc b d y ,  ,causes some inconvenience, whereas, when he discharge simply streams, 
nothing at all is likeIy to be feIt if Iargc conducting objects are held in the hands 
to pmtcct thcm from receiving small~burns. 

If the frequency is still more increased, then the coil refuses tn give any spark 
utlless at comparatively small distances, and the fifth typical form of discharge may bt 
observed (Fig. 7) .  The tendency to stream out and dissipate is then so great that when 
the brush is produced at  one terminal no sparking occurs, even if, as I have repeatedly 
tried, the hand, or any conducting objcct, is  hcld within the stream; and, what is m r c  
singular, the luminous stream is not at aU easily deflected by the approach of a coddue- 
ting body. 

Fig. 7. Fig. 8. 

At this stage the streams seemingly pass with the greatest freedom through 
considerable thicknesses of insuIators, and it is particularly interesting to study their 
behavior. For this purpose it is convenient to connect to the terminals of the coil two 
metallic sphercs which may be placed at any desired distance, Fig. 8. Spheres 
prefenbIe to plates, as the discharge can be better observed. By inserting dielectric 
bodies betwecn thc sphercs, beaukiful discharge phenomena may lx observed. If the 
spheres be quite close and the spark be playing between them, by interposing a thin 
platc of cbonite between the sphem the spark instantly ceases and the discharge spreads 
into an intcnscly luminous circle several inches in diameter, provided the spheres are 
sufEicientIy Iqe. The passage of the streams heals, and, after a while, softens, the rubkr 
SO much that two plates may be made to stick together in this manner. If the sphem 
are JO far apart that no spark occurs, evcn if they are far beyond the striking distance, by 
inserting a thick pIate of glass the discharge is instantly induced to pass from the spheres 
to the glass in the form of luminous steams. It appears almost as though these streams 
pass through the dielectric. la reality this is not the we, as the streams are due to the 
mcleculs of the air which arc violently agitated in the spce between the oppositely 
charged surfaces of the spheres. When no dielectric other than air is present, the 
bcmbardment goes on, but is too weak to be visible; by inserting a dielec~ric the inductive 



effect is much increased, and besides, the projected air moiecu~es find an obstacle and 
the bombardment become5 so intense that the streams kmme luminous. If by any 
mechanical means we could effect such a violent agitation of the molecules we could 
produce .the same phenmenon. A jet of air escaping through a smaIl hok under 
enormous pressute and striking against an insdating substance, such its glass, m q  bP 
luminous in the dark, a:d it might lx possible to produce a phosphorescence of thc 
glus or dthrrr insulators In this manner. 

The grcater the specific inductive capacity of the inteapied dielectric, the more 
powerful the effect produced. Owing to this, the streams show themselves with 
excessiwIy high potentials even if the glass be as much as one and one-haIf to two 
!inches hick. Rut hides  the heating due to bombardment, some heating goes on 
ui~doubtedly in the dielmtric, being apparently greater in glass than in ebnite. I attributr 
this to the greater specific inductive rapacity of the ghs, in consequence of which, with 
the same potential difference, a greater amount of energy is  taken up in it than in 
~ L i b e r .  It'is Iike connecting to a battery a copper and a brass wire of the same dimensions. 
The copper wire, though a more perf& conductor, would h a t  more by reason of its 
taking more current. Thus what is otherwise considered a virtue of the glass is here 3 

deffect. Glass usually gives way much quicker than ebonite; when it is h e a d  tg a 
certain degrce, the discharge suddenly breaks thmgh at one p i n t ,  assuming then the 
ordinary form of an arc. 

The heating effect produced by rnalmlar bombardment of the dieIcctric wouId, of  
course, diminish as the pressure of the air is increared, and at enormous prcssure.it #auld 
be negligible, unless the frequency wmId increase correspndingIy. 

It will bc often observed in these experiments that when the spheres are beyond 
the strilcing distam, the approach of a gIus plate, for instance, may induce the spark 
to j u m p ' h e n  the spheres. This occurs when the capaciv of the spheres is somewhat 
below $6 critical value which gives the greatest difference of potential at the krrnina1s 
of the coil. By approaching a dielectric, the specific inductive capacity of the space 
btween: the spheres i s  increased, producing the same effect a5 if the capacity of rhc 
spheres kere increased. The potential at the termkna~s may then risc so high that the 
air space is  cracked. The experiment is best performed with dense glass or mica. . 

Another intemting observation is that a plate of insulating material, when khc 
dircharge is passing through i t  is strongly attracted by either of the spheres, that is by 
the nearer one, this being ol>viously due to the smaller mechanical effect of the 
hmbardment on that side, and perhaps also to the greatcr eIectrification. 

From the behavior of the dielearim in these experiments, we may conclude that 
the best insulator for these rapidIy alternating currents would be the one nossessinp the 
smallest specific inductive capacity and at the same time one capable of withstanding 
Ihr greatest differences of potential; and thus two diametrically oppaitc ways of securing 
the required insulation are indicated, namelv. to use either a perfect vanlum or a 3 s  
under great pressure; but the former would be preferable. Unfvrhinately neither of 
these two ways is easiIy,carried out in practice. 

It is especially inkrestinn to note the behavior of an mmsivciy high vvvuum in 
these experiments. If a test tuk, provided with external electrodes and exhausted to thc 
highest possible d e g r e  be connected to the terminals of the coil, Fig. 9, the clcctrodes 
of the tube are instantly brouiht to a high temperature and the glass at  each end of the 
tuk is rendered intensely phosphorescent, but the middle appears 'comparatively dark, 
and for a while remains cool. 

Whm h e  frequency is so high that the discharge shown in Fig. 7 is Bbser~ed, 
cohsidcrable dissipation no doubt o m r s  in the coil. NevertheIess tfie coil may be 
worked far a long time, as the. heating is gradual. 



I n  spite of the fact that the difference of potential may be enormous, Iiltle is felt 
when the discharge is passed through the body, provided the hands are armed. This is 
ta some cxtent due to the higher frequeng, but principalIy to the fact that Iess energy 
is  availabie externally, when the difference of potential reaches an enormous value, owing ' 
to the circumstance that, with the rise of potential, the energy absorbed in the coil 
increases as the square of the potential. Up to a certain point the energy available 
cxjernally increases with the rise of potential, then it begins to fall off rapidIy. Thus, . 
with the ordinary high tension induction coil, the curious paradox exists, that, while 
with a given currcnt through the primary the shock might be f a d ,  with many times 
that current it might be perfectly harmless, even if the frequency k the same. With 
high frequenci& and excessively high potentials when the terminals are not connected 
to bodies of some slze, practically al I  the energy supplied to the primary is taken up by 
the coil. There is no breaking through, no local injury, but all the material, insulating 
and conducting, is uniformly heated. - . 

To avoid misunderstanding in regard ta the physiological effect of alternating' 
currents of very high frequency, 1 think it necessary to slate that, whiIe it is 
an undeniable fact that they are incomparably less dangerous than nurents of low 

- .  
Fig. 9. Fig. 10. 

ircquenc~cs, it should not bc thought that they are attogcther harmless. Whal ha ju t  
h e n ,  said refers only to currents from an ordinary high tension induction coil, which 
rurrents are necessarily very small; if received directly from a machine or from a secondary 
of low resistance, they product more or less powerful effects, and may cause serious 
injury, especially when used in conjunction with condensers. 

The streaming discharge of a high tension induction mil differs in many mpm 
from that of a powerful static machine. In color it has neither the violet of he positive, 
nor the briphtiiess of the negative, static discharge, but lies somewhere between, being, of 
ccurse, altcrnati~ely positive and negative, Rut since the streaming is more powerful 
when the point ar terminal is elcxtrified positively, than when electrified ncgativdy, it 
follows that the polnt of the brush is more like the positive, and the root more like the 
negative, static dischatp. In  the dark, when the brush is very powerful, the root may 
appear almost white. Tne wind ptduced by the escaping streams, though it may be very 
strong - often indeed to such a degree that it may be felt quite a distance from tht 
coil - is, nevertheIess, considering the quantity of the discharge, smaller than that produc- 
cd by the positive brush of a static machine, and it affects the flame much less powerfully. 
From the nature of the phenomenon we can conclude that the higher the frcqutncy, the 
smaller must, of course, be the wind produced by the streams, and with sufficiently high 
frequencies no wind at  dl would be produced at the ordinary atmospheric pressurn. 



With frequencies obtainabIe by means d a machine, the mechanical effect is, sufficiently 
great to revolve, with considerable speed, large pin-wheels, which in the dark prment 
a beautiful appearance owing to the abundance of the streams (Fig. 10). 

I n  general, most of the experiments usually performed with a static machine can be 
performed with an induction coil when operated with very rapidly alternating currents. 
The effects produced, ho-&er, are much more striking, being of incomparably greater 

.power. When a small length of ordinary cotton covered wire, Fig 11, i s  attached to 

, one terminal of the coil, the streams issuing from al lhpints  of the wire may $e so 
intense as to produce a cons~derable light effect. When the potentials apd frequcnci~ art: 
very high, a wire insulated with gutta percha or rubber and attached to one of the 
terminals, appeyrs to be cbvered with a luminour film. A very thin. bate wire when 
attached to a terminal emits powerful streams and vibrates continually to and fro or 

.spins in a circle, pduc ing  a singular effect (Fig. 12). Some of these experimerAs have 
h e n  described by rnc in The Electriral World, of February 21, 1891. 

Another peculiarity of the rapidly alternating discharge of the induction coil is its 
radically different behavior with respect to points and rounded surfaces. 

Fig. 11. ~ i ~ .  12. . 

If a thick wire, provided with- q ball at one end and' with a point at -the other, 
be attached to the positive terminal of a static machine, praaicaliy all -the &argc will 
be lost lhmgh the point, on account of the enormously greater tension, dependent on the 
radius of curvature. But if such a wire is attached to one of the terminds of the induction 
coil, it will be observed that with very high frequencies sfreams issue from the ball almost 
as copiously as from the p i n t  (Fig. 13). . *. 

It is hardly conceivable that we could produce such a condition to an equal degree 
in a static machine, for the simple reason, that the tension increases as the square of 
thc density, which-in turn Is proportional to the radius of curvature; hence, with a steady 
pctential an enormous charge would be required to make streams issue'from a polished 
bdl  while it is connected with a point. But with an induction coil the discharge of 
which alternates with great rapidity it is different. He& we have to deal with two 
distinct tendencies. First, there is 'the tendency to escape which exists in a condition 
of mt, and which depends on the radius of curvature; s&d, there is the tendency. to 
dirsipate into fie surrounding air by condenser action, which depends'oii the surface. 
When one of these tendencies is at a maximum, the other israt a minimum. At the 
the Iumimusstream is principally due to the air molecules coming bodily i q m t a c t  with 
the p i n t ;  they are attracted and repelled, charged and discharged, a%d, their atomic 
charges being thus disturbed,' vibrate and emit light waves. At the ball, on the contrary,. 



there is no dnubt that the effect i s  to a great extent produced inductitcly, the'air 
moIecuEcs not t ~ e r ~ ~ s s ~ r i l ~ ~  corning in contact with the ball, though they undoubtedly 
do so. To conrrnce nurseli~cs of t h ~ s  wc only need to exalt the condenser action, fop 
imtance, by cnrclopiilg the ball, at same distance, by a bettcr conductor than thc 
surrounding medium, the conductor being, of coursc, insulated; or else by surrounding. 
~t with a bctter dielectric nnd approaching an ~nsulated conductor; in hth case3 the 
s t r c m  will break forth more copiously. Also, the larpcr the bali with a given frequency, 
or fhc higher thc frequency, the more will the hall have .the advantage over the p in t .  
But, sincc a certain intensity of action is scquircd to render the streams visible, it is' 
obvious that in the experiment described the ball should ndt be taken too large. 

Fig. 13. Fig. 14. 

In consequcncc of this two-fold tendency, it i s  possible to produce by means of 
pints,  e f f c t s  identical to those produced by capacity. Thus, for instance, by attaching 
to one tcrminal of thc coil a small lenfith of soiled wire, presenting many points and 
olfetihg great facility to csc~pc, the potential of the coil may k raised to the same 
value as by attaching to the terrnin:~l a polished ball of a surface many times greater 
than that of the wire. 

A n  inirrest~ng experiment, showing thc effect of thc points, may be performed in 
t ihe following. manncr: Attach tr? one of the terminals inf the coil a qtton covered wire 
a b u t  twu feet in lcngth, and adjust the conditions so that streams issue from the wirc. 
In this cxpertmcnt tllc prilnaty coil sho~ild be preferably, placed so that it extends only 
about half way into the secondary coil. Now touch the Ere tcrminal of the secondary 
with a conducting object held in the hand, or else conncct it to an insulated body of 
some size. In this manner the potentid on the wirc may be enormously raised. The 
cffcct of this will be either to increase, or to diminish, the stream, If t h q  increase, 
thc wire'is  to^ short: if they diminish, it is too long. By adjusting the length of the 
wire, a point,is found where the touching of the other terminal does not ati all affert 
the streams. In this case the rise of potential is exactly.counterarted by the drop through 
the coil. It will bc observed that small lengths of wire produce considerable difference 
in the magnitude and luminosity of the streams. The prirn+ry coiI i s  pIaced sidewirc 

* 
for two reasons: First, to increase the potential at the wire; and, second, to increase the 
drop through the coic The sensitiveness is thus augmented. 

There is still another and far more striking peculiarity of the 6rush discharp 
produced by very rapidly alternating currents. To observe thisl it  i s  k s t  to replaa Ihc 
usual terminals of, the coil by two mctaI columns i tda ted  with a good thickness of 
eboqih. I t  is also well to cIwe all fissure and cracks with wax 50 that the btushe$. 
cannot form anywhere except at the tops of the columns. If the conditions an d u f l y  



adjusted - which, *of course, must be left to the skill of the experimenter - so that 
the potential rises to an enormous value, one may produce two powerful brushes several 
inches long, nearly white at their soots, which in the dark bear a striking resemblance 
ta two flames of a gas escaping under pressure (Fig. 14). But they do not only resemble, 
~ t y  are yeritabIe flames, for they are hot. Certainly they are nH as hot as a gas burner, 
b n ~  they would be so if the frepetrry and the potentid would Ire s~~jficjcnlly high. 
Produced with, say, twenty thousand alternations per second, the heat is easily perccptiblc 
ercn if the pf:mtid is not excessively high. The heat developed is, of course, due t c l  
the impact of the air molm~lcs spinst the terminals and w i n s t  each other. As, at the 
ordinary pressurm, he mean frec path is excessively small, it is pssiblc that in spit- 
of the enormous initid s p e d  imparted to each moIecule upon coming in contact with 
he termind, its progress - by collision with othcr rno1ecult-s - is retarded to such 
an extent, that it d m  not get away far from the terminal, but may strike the same 
many times in succession. The higher the frequency, the less the molecuIe is abIe to get 
away, and this the more so, as for a givcn effect the potentia! required is srnaIler; and a 
frequency is conceivable - pcrhaps even abtainxble - at which practically the sarnc 
m o l d e s  wodd strike the terminal. Under such conditions the exchange of the molecules 
would be very stow, and the heat produced at, and very near, the terminal would bc 
nccessive. But if the frequency would go on increasing constantly, the heat produced 
would begin to diminish for obvi~us  reasons. In the positive brush of n static machine 
the exchange of the rnolccul~ is very rapid, the stream is constantly aE one d i ~ i o a ,  
and there are fewer collision.;; hence the heating effect must be very small. any thin^ 
that impairs the facility of exchange tends ra incrcase the torn1 heat produced. Thus, if . 
a bdb be held over the terminal of the coiI so as to enclose thc brush, the air contained 
in the bulb is very quickly brought to a high temperature. If a gldss tube be held over the 
brush so as to allow the draught to carry the brush upwards, scorching hot air escapes at 
the top of the tube. Anything held within the brush is? of Course, rapidly heated, and 
the pib i I i ty  of using such heating effects for some purpose or other suggests itself. 

Whea contemplating this singular phenomenon of the hot brush, we cannot help 
bcing convinced that a similar process must take place in the ordinary flame, and it 
stems stmge that after all these centuries past of farniliarity.,with the flame, now, in 
this era of electric lighting and heating, we are EinalIy led to recognize, that since timc 
immemorial we have, after all, always had "electric light and heat" at our d & p ~ 3 i  
It is also d no litb.Ie interest to contemplate, that we have a possible way of producing - 
by other than chemical means - a veritable flame, which would give Iight and heat 
without any material being consumed, without any chemical process taking place, and 
ta accompIish this, we only need to perfect methods of producing enormous frequencies 
and ptentials. 1 have no doubt that if the potential could be made to alternate with 
aufficitnt rapidity and power, the brush formed at the end of a wire would Iae it.s 
tltctrical characteristics and would become flameIike. The flame must be due tn 
electrostatic molecular action. 

This phenomenon now explains in a manner .which can hardy be dwbted thc 
frquent accidents occurring in storms. It is well known that objects are often set on firc ' 

without the lightning striking them. We shall presently see how this can happen. On 
n nail in a roof, for instance,.or on a projection of any kind, more or less conducting, 
or rendered so by dampness, a powerful brush may appear. If the lightning strikes 
m h e r e  in the neighborhmd the enormous potential may be made bo dtemate or 
fluchlak perhaps many million times a second. The air moIecules are vioImtly dtracted 
ind repelled, md by their impact. produce such a powerful heating effect that a fire i; 
rtarkd. Ib is tmnceivable that a ship at sea may, in this manner, catch fire at many 
pints  at once. When we msider, that wen with the comparatively low frquencim 
&hind fm a dynamo &chine, and with potentials of no more thin one or two 



hundred thousand volts, the heating e f f m  are considerable, we may imagjnt ~ Q W  
much more powerful they must be with frequencies and potentials many ti- greater; 
and the above explanation seems, to say the Ieast, very probable. Similar explanations 
may have been suggested, but I am not: aware that, up to the present, the heating 
effeas of a brush prduced by a rapidly alternating potential have been experimentally 
dernapstratcd, at leart not to such a remarkable degree. 

B y  preventing compIetely the exchange of the sir rnaIecules,, h e  I d  h d l r g  
effect may .be so exalted as to bring a M y  to incandescence. Thus, for instance, if 
a small button, or preferably ? very thin wire or filament be endwed in an unexhaustcd 
globe and connected with the terminal of the coil, it' may be rendered incandemt. 
The phenomenon is made much more intcrating by the sapid spinning rwhd in a circle 
of the top of the filament, thus presenting the appeararia of a luminous funnel, Fig. IS, 
which widens when the potential is incrtas~d. When the potential, is small the end of 
the fitarnent inay perform irregular motions, suddenly changing from one ta the dm, 
or it may describe an ellipse; but when the potential is very high it always spins in 
a 'circle; and so d m  generally a thin sfiaightl wire attached fmIy to the terminal of 
the coil. These motions are, of course, due to the impact of the molrmIes, and the 
irregularity in the distribution of h e  potential, owing to the roughness and dissymmetry 
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1 ok the wire or filament. With a perfectly syrnmctrical and polished wire such d o -  
would probably not occur. That the motidn is not likely to bc due to -other causes IS 
evident from the fact that i t  is  not of a definite direction, and that in a very highly 
exhausted globe it ceases altogether. The possibiiit-y of bringing o body to incandt~ance 
in an exhausted globe, w even when not at all enclosed, would seem to afford a possible 
wai.of obtaining light effects, which, in perfecting methods of producing-rapidly 
alternating potentials, might be rgdered available for useful purposes. 

la employing a commercial coil, the production qf very powerful brush e f f 4 a  1s 
attended with considerable difficulties, for when these high frequencies and enormous 
potentials are used, the best insuIation is apt to give wq. Usually the coil is insulated 
well enough to stand the strain from convolution to convolution, since two dciub1e silk 
covered paraffined wires wiIl withstand a pressure of several thousand volts; the 
difficulty lies principally ip preventing the breaking thmu@ from the secondary to the 
prim% which is greatly facilitated by the streams issuing from h e  latter. In the coil, 

. of course, the strain is greatest from section to section, but usually in a larger mi1 the= 
are so many sections that .the danger of a sudden giving way is not very great. No 
dtffimlty will generally be enantered in that direction, and bcsidts, the lilbiliq of 



injuring the coil internally is very much reduced by the fact that the effect most likely 
to be produced is simply a gradual heating, which, when far enough advanced, could 
not fail to be observed. The principal necessity is hen to piwent the streams between 
the primary and the tube, not only on account of the heating and possible injury, but. 
also because the streams may diminish very considerably the potential difference availabie 
&t the teminaIs. A few hints as to how this may be accomplished will probably be found , 

useful in most of these experiments with the ordinary indilction mil. 

Fig. 16a. 

One of the ways is  to wind a short primary, Fig. 16% so that the difference of 
potential is not at that length great enough to cause the breaking forth of the streams 
through the insulating t d ~ ,  The Iength of the primary should lx determined by 
experiment. Both the ends of the coil should be brought out on one end through a plug 
of insulating material fitting in the tube as illustrated. In such a disposition one terminal 
ol the secondary i s  attached to a body, the surface of which is determined with the 
gscatest m e  so as to produce the greatest rise in the potential. At the other terminal 
a powerful brush appears, which may be experimented upon. 

The a&ve plan necessitates the employment of a p r i m q  of comparatively s d l  
size, md it is apt to heat when powerful effects are desirable for a certain 1mgd.l of 
time. In such a case it is better to employ a larger coil, Fig, 16b, and introduce it from 
ode side of the tube, until the streams begin to appear. In this case the nearmt terminai 
of the secondary may be connected to the primary or to the ground, which is practically 
the same thing, if the primary is connected directly to the machine, In the case of ground 
connections it is we11 ta determine experimentally the frequency which is best stiited 
under the conditions of the test. Another way of obviating the streams, more or less, 
is to make the primary in sections and supply it from separate, well insulated sourm. 

In many of these experiments, when powerful effects ate wanted for a short time, 
it is Bdvantapus to use iron cores with the primaries. In such case a very large primary 
coil my bt wound and placed side by side with the secondary, and, the nearest terminal 
of the I a e r  being connect4 to the primary, a laminated i&n core is introduced through 
the pimay into bt secondary as far as the streams wiEL permit. Under these conditions 

' an excessively pvwerfuI brush, several inches long, which may be appropriately called 
"St. Elmo's hat fire", may-Ix cawed to appear at h e  other terminal of the secondary, 
producing striking effects. It is a most powerful ozmiter, so powerEd indeed, that 
only a few minutes are sufficient to fill the whole-raom with the smell of ozone, and 
it undoubtedly possesses the quality of exciting chemical affinities. 

For the pduction of ozone, alternating currents of viry high frequenty arc 
eminendy suited, nor only on account df the advantages they offer in the way of 
.conversion but also because of the fact, that the omnizing action of a discharge is 
. dependent on the frequency as we11 as on the potential, this being undoubtedly confirmed 

- by observation, - 



In thesc experiments if an iron core is used it should lx carefully watched, as it is 
apt to get excessively hot in an incredibly short tirnc. To give an idea of the rapidity 
of the heaking, 1 whrlll state, that by passing a powerful current &rough a mil with many 
turns, the inscrting within the sane of a thin Ison wire for no more than one second's 
time is sufficient to heat the wrre to something ltke lOOoC. 

But this rapid heating necd not discourage us in the use of iron cores in connection 
with rapidly alternating currents. I have for a Iong tlme been convinced that in the 
~nJusti~al d~stributlon by means of transformers, some such plan as the fo1Iowing might 
bc practicable. We may use a comparatively smaIl iron core, subdivided, or perhaps not 
etsn subdivided. Wc may surround this core with a considerabfe thickness of material 
whicli is firc-proof and conducts the heat poorly, and on top of that we may place the 

Fig. 16b. 

primary and secondary windings. 13y wing either higher frequencies or greater 
m~gnetizing forces, we may by hysteresis and eddy currents heat the iron core so far as 
to bring it nearly to its maximum permeability, which, as Hopkinson has shown, my 
bc as much xs sixteen times greater than that at ordinary temperatures. If h e  iron core 
were perfectly enclosed, it would not be deteriorated by the heat, and, if the encfosute 
of fire-prmf material wouId be sufficiently thick, only a limited amount of energy 
c ~ z l d  be radiated in spite of the high temperature. Transformers have been constructed 
by mc on that pIan, but for Iack of time, no thorough tests have as yet been made, 

Another ~ a y  of adapting the iron core to rapid alternations, or, generally speaking, 
rctlucing the frictional Iosses, is to produce by continuous magnetization a flow of 
something like sevcn thousand or eight thousand lines per square centimetre through 
the core, and then work with weak magnetizing forces and preferably high frequencies 
around the point of grcatest permeability. A higher efficiency of conversion and greater 
output are obtainable in this manner. I have also empIoyed this principle in mnection 
with machines in which there is no reversal of polarity. In these types of rndines, as Iong 
as there are only few pble projections, there is no great gain, as the maxima and minima 
of magnetization are far from the point of maximum permeabiIity; but when the nurnbcr 
of the pole projections IS very great, the requircd rate of change may be obtained, without 
the magnetization varying so far as to dcpart greatly from the point of maximum 
permeability, and the gain is considerable. 

The above described arrangements refer only to the use d mmmerciaI coils as 
ordinarily constmcted. If it is daired to construct n mil for the express purpose of 
performing with it such experiments as I have described, or, generally, rendering it 
capable of withstanding the greatest possible difference of potential, then a-umstructfon 
its indicated in F i g  17 will be found of advantage. The &I in this case is f d , d  



two independent parts which arc wound oppositely, the connection between both being. 
msde near the primary. The potential in the middle being zcro, there is not much, 
tendency to jump to the primary and not much insulation is rerluircd. In sotne cases 
the middle point may, however, be connected to the-primary or to the ground. In such 
a mil the places of greatest difference of potential arc far apart and the coiI is capablc 
ot withstanding an enormous strain. The two parts may bc movahlc so as to aIIow :t 

slight adjustment of thc capacity cffcct. 
As to thc manner of insulating the c0i1, it will be found convenient to proceed 

in the following way: First, the rvirc should be boiled in pnraffine untiI all the air is: 
out; then the coil is wound by running the wire through melted paraffine, merely for 
the purpose of fixing the wire. The coil is then tnkcn off from the spml, inmersed 
in  a cylindrica1 vessel fElIed with pure melted wax and boded for a long time until thc 
bubbles cease to appear. The wEiole is thm left to cool down thnror~~hly, and then thc 
m s s  is taken out of the vessel and turned up in a lathe. A mil made in this mmncr 
and with care is capabIe of withstanding enormous potential difftrcnrcs. 

It may be found convenient to immerse the coil in paraffint: oil or some other 
kind of oil; it is a most cffcctive way of insulating, principally on nccount of the ~ r f c c t  
exclusion of air, but it may bc found that, nftcr 
all, a vessel filled with oil is not a very co~~vcnicnt 
thing to handle in a tnhoratory. 

If an ordinary coil can bc dismounted, the 
primary may hc takcn out of t11c tube and thc 
latter plugged up fit one end, EiEIcd with 011, an4 
the primary reinserted. This affords an excellent 
insulation and prevents thc f~rrnation of thc 
streams. 

Of all the experiments which may be 
performed with rapidly alternating currents the 
most interesting are those which concern thc 
production of a practical illurninant. It cannot hr 
denied that the present methods, though they Fig. 17. 
were brilliant advances, are very wasteful. Some 
better methods must be inrentcd, some more perfect apparah~s deviscd. Modern march 
has opened new possibilities for the productian of an eflicicnt source of light, and the 
attention of all  has been turned in the direction indicated by able pioneers. Many hare 
been carried away by the enthusiasm and passion to discover, but in their z e d  to reach 
results, some have been misIed. Starting with the idea of producing electro-magncti: 
waves, they turned their attention, perhaps, too much to the study of dedro-magnetic 
elfms, and neglected the study of electrostatic phenomena. Naturally, nearly every 

' 

tnvestigator availed himself of an apparatus similar to thzt used in earlier experiments. 
Bat in those forms of apparatus, while the electro-magnetic inductive effects are enormous, 
the e1ectrosLatic effects are excessivelv smdill. 

In the Hertz experiments, for instance, a high tension induction coil is short 
circuited by an arc, the resistance of which.is very small, the smaller, the more capacity 
i s  attached to the terminals; and the difference of potential at thesc is enormously 
diminished. On the other hand, when the dischuge is not passing between the terminals, 
Lht. static effects may be considerable, but only qualitatively so, not quantitatively, since 
their rise and fa11 is very sudden, and sinre.their frequency is small., In neither case, 

. therefore, *re powcrful electrostatic effects perceivable. Similar conditions exist when, 
as in some interesting experiments of Dr. Lodge, Leyden jars are dischargd disruptivelv. 
It b s  been thought - and I believe asserted - that in such cases most of the energy 
is radiated into space. In the light of the experiments which I have deicribed above, 



rt will now not be thought SO. I feel saFe in asserting that in such cases most of the 
energy is partly taken up and convctted into heat in thc arc of the discharge and in 
thr conducting and insulating material-of the jar, some energy being, of course, given 
off by electrification of the air; but the amount of the directly radiated energy is wrf 

- small. 
When a high tension induction coil, operated by currents alternating only 20,090 

times a sccond, hw ~ t s  terminals cIosed through cven a very m a 1 1  jar, practically ~ l l  
>he energy passes through the dielectric of the jar, which is heated, and the electrostatic 
cffects yanifcst thcrnselv& outwardly only to a very weak degree. Now the external 
rlrcuit of a Leyden jar, that is, the arc, and the connections of the coatings, may br 
looked upan as a citcuit generating alternating currents of excessiveIy high frequency 
and fairly high potential, which is closed through the coating and the dieImtric between 
them, and from the above it is evident that the cxternal electrostatic effccts must IE 
very small, ewn if a recoil circuit k used. These conditions make it appar that with 
the apparatus usually at hand, the observation of powerful electrostatic effects was 
in~posstble, and what experience has been gained in that direction i s  only due ta the 
great ability of the inwstigators. 

But powerful electrostatic effects are a sine 4~ volt of light production on the 
l i n ~  indicated by theory. Electro-magnetic cffects are primarily unavailabIe, for the 
rcason that to producc the rcquircd effccts we wwld have to pass currcnt impulses 
thmugh a conductor, which, long before the rcquircd frequcncy of the impulses could k 
reached. wouId cease to transmit them. On the other hand, electra-magnetic waves many 
times longer than those of light, and producible by sudden discharge of a condenser, 
could not bc utilized; it would, sccrn, except wc avail ourselres of their effect upon 
conductors as in the prcscnt methods, which are wasteful. Wc codd not affect by means 
of such waves the st& molecular or atomic charges of a pas, cause them to vibrate and 
to emit Iight. Long transverse waves cannot, apparently, produce such effects, since 
excessively small electro-magnetic disturbances may pass readily through miles of air. 
Such dark wavcs, unIess they are of the length ,of true light waves, cannot, it would 
seem. excite Iu~n~nolrs radiation in a Gcissler tube. and the luminous effects. which are 
producible by induction in a tube devoid of cl&rdes, I am inclined to 'consider as 
b c i n ~  of an electrostatic nature. 

To produce such luminous effects, ~trai~ht'electrostatic thrusts are required; these, 
whatever bc their frequency, yay disturb the molecular charges and produce light. Since 
current impulses of the required frequcncy cannot pass through a conductor of measurable 
dimensions, wc must work with a gas, and then the production of powerful electrostatic 
effects bccomes an imperative necessity. 

It has occlltrcd to me, however, that efectroshtic effects are in many ways availabIe 
for the production of light. For instance, we may place a body of some refractory material 
in a closed, and preferably more or Icss exhausted, globe, connect it to a source of high, 
rapidly alternating potential, causing the molecules of the gas to strike it many times 
a semnd at cnotmaus spceds, and in this manner, with trillions of invisible hammers, 
pwnd  it until it gets incandesccnt; or we may place a body in a very highly exhausted 
gIobe, in a non-striking vacuum, and, by employing very high frequencies and potentials, 
transfer sufficicnt energy from it to other bodies in the vicinity, or in genera1 to the 
surroundings, to maintain it at any degree of incandescence; or we may, by means of 
such rapidly alternating high potentials, disturb the ether catried by the rnol~,ulcs of 
a gas or thcit static charfirs, causing them to vibrate and to emit light. 

But, electrostatic effects being dependent upon the potentiaf and frequency, to 
produce the most powerful action it is desirable to increase both as far as practicable. 
It may be possible to obtain quite fair results by keeping either of these factors sma4 
pmvided the other is sufficiently great; but we are limited in both d i ~ i o n s .  My 



experience demonstrates that we cannot go beIow a certain frequenq, for, first, the 
pctential then becomes so great that it is dangerous; and, secondly, the light production 
is less efficient. 

I have fwnd that, by using the ordinary Iow frequencies, the physiological d f c c t  
of the current required to maintain at a certain degree of brightnr-ss 3 tuk four feet 
Iang, provided at the ends w i h  outside and inside condcnser coatinp, is so powerful 
that, I think, it might produce serious injury to those not acmbtomed to such shocks: 
whereas, with twenty thousand alternations per second, thc @be m q  bc maintained ~t 
the same degree of brightness without any effect being felt. This  is duc principally P I  
the fact that: a much smaller potential is  required to produce the same light effect, and 
also to the higher efficieaq in the lifiht production. It is evident that the efficienry 

' 

in such cases i s  the greater, the higher the frequency,'for the quicker thc process of 

Fig. IS. Fig. 19. 

charging and discharging the rnolcculcs, the less cnergy will be lost in the form of dark 
mdiation. But, unfortunztteIy, we cannot go beyond a certain frecjucncy on account of 
the difficulty of producing and conveying the effects. 

I have stated above that a body inclosed in an unexhausted bulb may iy intensely 
heated by simply connecting it with a source of capidIy atternatins potential. The heating 
in such a case is, in all probabil~ty, due mostly to the bombardment of the molecuIes 
o l  the gas contained in the bulb. Whcn the bulb is exhausted, the heating of the body 
is much more rapid, and there is no difficulty whatever in bringing a wire or filament 
to any degree of incandescence by simpIy connecting it to one rcrrninal of a coil of the 
proper dimensions. R u s ,  if the well-known apparatus rrf Prof. Crookes, consisting of 
a bent platinum wire with vanes mounted over it (Fig. 181, be connected to one terminaI 
oi the mil - either one or both ends of the platinum wire being connected - the 
wite is rendered aImost instantly incandescent, and the mica vanes are rotated as though 
n arrent from a battery were used. A thin carbc~n filament, or, preferably, a button of 
some refractory materia1 (Fig, 191, even if it be a comparatively poor conductor, 
inclosed in an exhausted globe, may be rendered highly incandescent; and in this manner 
a simple lamp capable of giving any desired candle power is provided. 

Thc success of Imps of this kind would depend largely on the seIection of the 
light-giving bodies contained within the bulb. Since, under the conditions described. 
refractoq bodies - which are very poor conductors and capable of withstanding for 
a long time excessively high degrees of temperature - may be used, such iIlurfiinating 
devices may be rendered successful. 

It might k thought at first that if the bulb, containing the filament or button of 
rrfractory material, be perfecdy we11 exhausted - that is, as far as it can be done by the 
use of the best apparatus - the heating would be much less intense, and that in. a perfect 



vacuum it couEd nat occur at all. This is not confirmed by my experiencc: quite the 
contrary, the bcttcr thc vacuum the more easily the bodies arc brought to incandescence. 
This result i s  intcrcsting for many reasons. 

At the outset of this work the idea presented itself to me, whether two bcadics of 
reira~orymatttialenclosedinabuIbexhaustedtosuchadegreeth~tthedischnrgcof 
2 large induction coil, operated in the usual manner, cannot pass through, could ht: 
tendered incandescent by mere condenses action. Obviously, to reach this result enormous 
potential differences and very high frequencies are required, as is evident from a simple 
caIculation. 

But 'such a lamp would ~yossfis a vast advantage over an ordinary incandacent 
Imp in regard to efficiency, It is wcll-known that the efficiency of a lamp is to some 
extent 3 function of the degree of incandesc.enw, and that, could we but: work a filament 

Fig. 20. Fig. 21.  

at many time5 hi~hcr  dcgrccs of incandcsccncc, thc cffiricncy would be much grcater. 
TI: an ordinary iarnp this IS impracticablc on account of the destruction of the filament, 
and it has been dctcrmined by experiencc how far it is advisable to push the incandescence. 
It is impossible to tell how much higher efficiency could be obtained if the filament 
could withstand indef initc-ly, as the inl~estigation to this end obviously cannot be carried 
bcyond a certain stage; but thcre are reasons for believing that it would be very considerably 
hi~her .  An irnpruvcment might be made in the ordinary Iarnp by employing a short and 
thick carbon; but then the leading-in wires would have to be thick, and, besides, there' 
are many other considerations which render such a modification cntirely impracticable. 
Duf in a lamp as :~!mve described, the Icading-in wires may be v e y  small, the incandescent 
refractory material m q  bc in the shape of blocks offering a very small radiating surface, 
so that less e n e r g  wouId be required to keep t h m  at the dcsired incandescrence; and in 
addition to this, the refractory material need wt be carbon, but may be manufactured 
from mixtures of oxidcs, for instancc, with carbon or other material, or may k selected 
from bodies which are practically nan-conductors, and capable of withstanding enormous 
dcgrces of temperature. 

A11 this.would point to the possibility of obtaining a much higher e f f i c h q  with 
suoh a lamp than is  obtainable in ordinary Imps. In my experience it 'has betn 



' demonstrated that thc blocks are brought to high degrem of incandcsccncc with much 
iowcr potenliaIs than those determined. by calculation, and the bloc& mny be sct at 
greater distances from each other. We may freely assume, and I"t is probable, that the 
molecular bombardment is an imp$rtant element in the heating, even if the glob'e bc 
exhausted with the utmost care, as I have done; for although -the number of thc 
molecules is, comparatively speaking, insignificant, yet on'accounh of the mean free 

ath +king very great, there are fewer collisions, m d  the, molecules may reach much 
lieher speeds, so that the heating effect clue to this cruse may be mnriderrblc, rr in 
tIlc Crodkes experiments with radiant rnattcr. 

.But i t  is likewise possible that we have to deal here with an incrcased facility of ' 

losing the charge in veG high vacuum, when the potential is  rapidly alternating, in which 
crse most of the heating would be directly due to the surging of the charges in the 
heated bodies. OrpIse the observed Eact may bc largely attributable to the effect of the 
points which I have mentioned above, in consequence df which the bIocks or filaments 
contained in the vacuum are equivalent to condensers of many times greater surface than 
t!~at raIcu1ated from their geometrical dimensions. Scicntific men stilI differ in opinion 
DS to whether a charge shouId, or should not, be lost in a perfect vacuum, cr in other 
words, whether ether is, or is not, a conduclor. If the formcr were the casc, then a thin 
filament enclosed in a perfectly exhausted globe, and connected to a source of cnomc~.ls, 
steady potential, would be brought to incandescence. 

Various forms of lamps on the above de;cribed 
principle, with the refractory bodies in the form o f .  
filaments, Fig. 20, or bIacks,' Fig. 21, have h c n  
c o n s t r u d  and operated by me, and in.r~estiptions 
are being cartied on in this line. There is no difficulty 
in reaching such high degrees of incandescence thak 
mdinaty carbon is to all appearance melted ~ n d  
volatilized. If the vacuum could be made absoIute1y 
perfect, such a lamp, although inoperative with 
apparatus ordinarily used, would, if operated wiih 
curtents of&e required character, afford an iIluminant ' 
which would never lx destroyed, and which would 
be far more efficient than an ordinary incandescent 
Imp: This perfection can, of course, never be reached, 
and a very dow destructim and gradual diminution 
in size always ocrurs, as in incandescent filaments; 
but there is no possibility of .a sudden and premature 
disabling which occurs in the latter by the breaking 
of the filament, especially when the incandescent 
bodies are in the shape of bIocks. 

With these rapldly'alternating potentiaIs there Fig. 22. 
is, however, no necessity of enclosing two blocks in 
a globe, but a single block, as in Fig. 19, or filament, Fig. 22, may be used. The 
pcantial in this case must of course be higher, but is easily obtainable, and besides 
it is not necessarily 'dangerous. 

'Ihe facility with which button or filament in such a lamp is brou&t tc 
incandescence, other things king equal, depends on the size of the gl&. If a perfect 
Y ~ C U U ~  cduId be obtained, the size of the gbbe would not be of importance, for then 
the heating would be wholIy due to the surging of the charges, and all the energy wouId 
bt given off to the surroundings by radiation. But this can never occhr in pracfice. 
There is always some gas Ief t in the globe, and although the exhaus tim may be carried 
to the highest degree, still'tfie space inside of the bulb must be considered rts conductinc 



when such high potentids are used, and I assume that, in estimating the energy that 
may k given off from the filament to the surroundings, we may mnsidcr the inside 
surface of the buIb as one mating of a condenser, the air and other objeas surrounding 
thc bulb forming the other coating. When the alternations are very low there is no 
doubt that a considcrable polltion of the energy is given off by the electrification of the 
surrounding air. 

In order ta study this subject better, I carried on some experiments with excessively 
high potentials and low frequencies. I then observed that when the hand is approached to 
the bulb, - the filament being connected with one terminal of the coil, - a powerfd 
vibration is feIt, being due to the attraction and repulsion of the moIecules of the air 

Fig. 23. Pig. 24. 

which are electrified by induction through the glass. In some cases when the action 
is very intensc I have been able to hear a sound, which must be due to the same cause. 

When the alternations arc low, one is apt to get an excessively powerful shock from 
thc btilb. In general, when one attaches bulbs or objects of some site to the terminals 
of the mil, one should look out for the rise of potential, for it may happen that by 
mcre1y connecting a bulb or plate to the termina!, the p n t i a l  may rise to many ti- 
its original value. When lamps are attached to the terminals, as iIfustrated in Eig. 23, 
then the capacity d the bulbs should be such as to give thc maximum rise of potential 
under the existing conditions. In this mnner one may obtain the required potential 
with fewer turns of wire. 

The Jife d such lamps as described h i e  depends, of &rse, largely dn the degree 
of exhaustion, but to some extent also on the shape of the block of refractory material. 
Theoretically it would seem that a small sphere of carbon enclosed in a sphere of glass 
would not suffer deterioration from molecular bombardment, for, the matter in the glob 
king radiant, the mo1ecules would move in straight lines, and would seIdom strike the 
sphere obliquely. An interesting thought in connection with such a lamp is, that in it 
"electricity" and eIectrica1 energy apparently must move in the same lines. 

The use of alternating currents of very high frequency makes it possible to transfer, 
by electrostatic or ekctrmagnetic induction through the glass of a lamp, sufficieat 
energy to keep a IiIament at incandescence and so do away with the leading-in wim. 
Such lamps have been proposed, but for want of proper apparatus they have not baen 
successfully operated. Many forms of lamps on t h i s  principle with continuous and b d c n  
,filaments have been constructed by me and experimented upon. When using a w n d q  



er.cIosed within the Iarnp, a condenser is advantageousIy combined with thc secondav. 
When the transference is effected by electrostatic induction, the potentials used are, of 
mursc, very high with frequencies obtainable from a machine. For instance, with a 
csndcnscr surface of forty square centirnetres, which is not irnpracticabIy large, and with 
glass of good quality t mm. thick, using currents alternating twenty thousand times 
a spcond, thc potential required is apprmimatdy 9,000 volts. This may seem large, but 
since each lamp may be included in the secondary of a transformer of very small 
dimensions, it wouId not be inconvenient, and, moreover, it would not produce fatal 
injury. The transformers wauld all be preferably in series. Thc regulation would offcr 
no ddfimlties, as with currenb of such frequencies it IS vcry easy to maintain a roostant 
current. 

In the accompanying engravings some of the types of 1amps.of this kind are shown. 
Fig. 24 is such a lamp with a broken filament, and Figs. 25a and 25b onc with a sinzle 
outside and inside coating and a single f~lament. J have also made lamps with two 
outside and inside coatings and a continuous loop connecting the latter. Such !amps 
have been operated by me with current impulses of the enormous frequencies ohinable  
by the disruptive discharge of 'cmdensers. 

T h e  disruptive discharge of a condenser is especialy suited for operating such 
lamps - with no outward electrical connectioi~s - by means of electromagnetic 
induction, the electromagnetic inductive effects being excessively high; and 1- have been 
able to producc the dmircd incandescence with only a few short turns of wire. 
Incandescence may also be produced in this manner in a simple cIosed filament. 

Fig. 2Sa. Fig. 25b. 

h y i n g  now out of cwsideration the practicability of such lamps, I would only 
my that they possess a beautiful and dairable feature, nameiy, that they can be rendered, 
at will, more or less brilliant simply by aItering the relative position of the &side. 
and inside condenser coatings, or inducing and induced circuits, 

" When a lamp is lighted by connecting it to bne terminal only'of h e  s-,-this. 
rmp b faciIitakd by providing the globe with. an outside conderiser coating, which 

at the m e  time as a r e f l d r ,  and connecting this to an insulated body of some 
s i n .  Lamps of this kind are illustrated in Fig. 26 and Fig. 27. Fig. 28 shows the plan 
of mnection. The brilliaricy of the h p  may, in this case, be regulated within wide 
limits by varying the site of the indated metal plate to whrch the mating is connected. 



It is likmise. practicable to light with one Ieadin~  wire lamps such as illustrated in 
Fig. 2.0 and Fig. 21, by connecting one terminal of thc lamp to one terminal of'thc 
source, and thc cther.to.an insulated body of the required size. In all cascs the insulated 
body serves to give pff the 'energy into the surrounding space, and is equivaIent to a 
rcmrn wire. Obviously, in the two last-named cases, instead of mnnecting the wirm tu 
ail insulated My, connections may be madc to the ground. - 'Phe expetimcnb wliich will prove most suggestive and cf most interest to the 

, investisator are probably those performed with cxhausted tubes. As might be anticipated, 
a source of sucl~ rapidly alternating potentials 1s capable of exciting the tubes at a 
cunsiderable distance, and the light effects produced are remarkable. 

Fig. 26. Fig. 27. 

During my invcstijintions in this lint I cndcavorcd to excitc tubcs, devoid of any 
clcctrdcs, Iry elcctr~:na,qnctic induction, making thc tubc the secondary of the induction 
dcvicc, and pssing tlirough the primary thc discharges of a Leydcn jar. These tubcs w:rc 
1!1.:dc of many sltapcs, and I n7ns nblc to obtain Iunl~nous effccts which I then thought 
vcrc due \~~Iiolly to clcctroinngnctic ii~duction. But on' carcfullg investigating the 
phenomena I found t!i;lt t !~e cffccts produced were morc of an electrostatic nature. It 
may be atkrihted to thi.; citcru~ist~nce that this mode of cxciting tubes is very'waskful, 
namcly, rbc pri~nary circuit bring closed, the potential, and consg~ently the clcctrostatic 
inductive cffcct, is moch diminished. 

When an induoion mil, operated as a h v e  dcscribed, is uscd, there is no doubt that 
the tubcs arc cxcitcd by electrostatic induction, and that eIectromapetic'induction has 
fitdc, if anything, to do with thc phcnomcna. 

'This is cvident from many experiments. For instance, if a tube t c  taken in mle 
Itand, the observer being near the coil, it 'is brilliantly lighted nnd remains so no matter 
t : ~  what position it is held sclativelp to the observcr's body. Werc the adiol~ 
dcctiomagoetic, the tube could not be lightcd when the obscmet's body is interposed 
between it and the toil, or at least its luminosity sbould be considerably diminished. 
When the tubc is held exactly over the centre of the coil - the latter being wound 
in sections and the primary placed symmetricalIy to the secondasy - it may remain 
completely dark, whereas it is rendered intensely lurninwrs by moving it slightly to tht 



right or left from the centrc of the coil. It does not light because in thc middle both 
hslves d the coil neutralize tach othcr, and the electric potential is zero. If the action 
were electromagnetic, the tube shouId light best in the plane through the centre of the 
coil since the electromagnetic effect there should be a maximum. .When an arc is 
ebtablishd b e e n  the terminals, the tubes and lamps in the vicinity of the coil go our, 
Iwt light up again when the arc is broken, on acco,unt of the rise of potential. Yet 
the electromagnetic effect should be practically the same in both case. 

- 

By placing a tube at snme distance from the coil, and nearer to one terminal - 
preferably at a point on the axis of the coil - one may light it by touching the remote 
terminal with an insulated body of some size ox with the' band, thereby raiing the 
potential at that terminal nearer to the tube. If the tube is shifted lrearer to the coiI sa 
that it is lighted by the action of the nearer terminal, it may be made to go out by 
holding, on an insulated support, the end of a wire connected totthe remote termind, 
in the vicinity of the nearer terminal, by this means counteracting the action of the Iattcr 
upon the tube. These effects are evidently electrostatic. Likewise, when a tubc is placed 
at n mnsidenble distance from the coil, the observer may, standing upon an insulated 
support between coil and hlbe, light the latter by approaching the hand to it; or he may 
cvcn render it luminous by simply stcpping between it and the coil. This wouId bc 
rrnpossible with eIectro-magnetic induction, for the body of thc observer wouId act 3s 
a m e n .  

Whw the mil is energized by excessively weak currents, the experimenter msy, 
by touching one terminal of the coil with the tube, extinguish the latter, and may again 
Iight it by brinaing it out of contact with the terminal and allowing a small arc .to forn~. 
l h i s  i s  dearly duc to the respective lowering and raising of the potential at that terminal. 
In the abwe cx~riment,  when the tube is Iighted through a small arc, it may go out 

. when the arc is broken, because thc electrostatic inductive effect alone is tw, weak, 
though the potential may h much higher; but when the arc is established, the eIectrifica- 
tion of'the md of the tube is much greater, and it consequently lights. 

If a tube is  lighted by holding it near to the coil, and in the hand which is remote, 
piping the tube anywhere with the other hand, the part between the hands is 

rendmd dark, and the singular effect of wiping out the light of the tubc may he 
p d u d  by passing the hand quickly along the tube and at the same time withdrawing 
tt p t l y  f m  the coil, judging p r o p l y  the distance x; that the tube remains dark 
afterwards. 

If the primary coil is placed sidewise, as in Fig. 16b fot instance, and an exhausted 
hfx bc hlroduced from the other side in the hollow space, the tubc is lighted most 
i n t a d y  h u s e  of the h u e a d  .ron&nser odion, and in thls position the striae are 



Fi6. 29. is no diffiAlty in produci"og by their means 
, sufficient light to read by. The light effect is, 

however, considerabIy increased by the use of phosphorescent bodies such as yihia, 
uranium glass, etc. A difficulty will h found when the phosphatescent material is used, 
for with these powerful effects, it is carried gtadually away, and it is preferable to use 
material in the form of a solid. 

Instead of depending on induction at a distance to Iight the tube, the same h y  
be provided with an external - and, if des id ,  also with an internid - condenser 

most sharply defined. In a11 these experiments described, and in many others, the action 
is clearly electrostatic. , 

The effects of screening also indicate the electrostatic nature of the phenomena and 
show something of the nature of electrification through the air. For instance, if a tuk 
1s placed in the direction of the axis of the coiI, and an insulated metal plate be 

+ inkrposed, the tube will generally increase i n  brilliancy, or if it be too far from the 
coil to light, it may even be tendered luminous by interposing an insulated metal fjlat~. 
The magnitude of the efiects depends to some extent on the size of the plate. But 
if the metal plate'be connected by a wire to the ground, its interposition wiIl always 
make the tube go out even if it be ;very near the coil. In general, the interposition of 4 

" '  body between the coil and tube, increases ot diminishes the brilliancy of the tube, or 
115 facility to Iight up, according to whether it increases or diminishes the electrification. 
When experimenting with an insulated plate, the plate should not be taken too large, 
else it will generally produce a weakening effect by reason of its great facility for 
giving off energy to the surroundings. 

> Jf a tube be lighted at some d i s b c e  'from 

\ 

the coil, and a plate of hard rubber or &her 
insulating substance bc interposed, the tube may 
be made to go out. The interposition of the 
dielectric in this case only slightly iacreares the 
inductive effect, but diminishes considerably the 
electrification through the air. 

In all cases, then, when we excite Iuminwity 
in exhausted tubes by means of such r coil, the 
effect is due to the sapidIy alternating / electrostatic potential; and, furthermore, it must 
be attributed l o  the harmonic alternation 
produced directly by the machine, and not tn . . any superimposed vibration which might be 
thought to exist. Such superimposed vibrations 
are impossible when we work with an alternate 
current machine. If a spring be gradually 
tightened and released, it does not perform 
independent vibrations; for this a sudden release 
is necessary. So with the alternate currenb from 
a dynamo machine; the medium is harmonically 
strained and released, this giving rise to only 
one kind of waves; a sudden contact or bttak, 
or a sudden giving way of the dielectric, as in 
the disruptive discharge of a Leyden jar, are 
essential for the production of s u p e r i m w  
waves. 

- In all the last. described experiments, tubes 
devoid of anv electrodes mav be used, and there 



coating, and it may then be suspended anywhere in the room from a conductor connccted 
to one terminal of the coil, and in this manner a soft illumination may be 'provided. 

The ideal way of lighting a hall or room would, however, be to produce such 2 

mndition In it that an illuminating device could be moved md put anywhere, and 
that it is lighted, no matter where it is put and withcut being electrically connected to 
anything. I have been able to produce such a condition by creating in the room a 
p~werful, rapidly alternating electrostatic field. For this purpose 1 suspend a sheet of 
metal a distance from the ceiling on insulating cords and connect it to one terminal of 
h e  induction coil, the other terminal being preferably ronnccted to the ground. Or 
else I suspend two sheets as illustrated in Fig. 27, each sheet be in^ connected with one 
of the terminals of the coil, and their size being carefully determined. An exhausted tubc 
my then be carried in the band anywhere between the sheets or placed anywhere, even 
3 certain distance beyond them; it remains always luminous. 

I n  such an electrostatic field interesting phenomena may be observed, especiaIly If 
tllc alternations are kept low and the potentials excessively high. In -addition to. the 
luminous phenomena mentioned, one may observe that any insulated conductor gives 
;parks when the hand or another object is approached to it, and the sparks may often 
be powerful. When a large rconducting object is fastened on an insulating support, and 
the hand approached to it, a vibration, due to the rythmical motion oE the air molecules 
is  felt, and luminous streams may be perceived when the hand is held near a pointcd 
projection. When a teIephone receiver is made to touch with one or both of its terminals 
an insdated conductor of some size, the telephone emits a loud sound; it also emits a 
sound when a length of wire is attached to one OK both terminals, and wlth very powerful 
fitlds a sound may be perceived even without any wire. 

.How far this principle is capable of practical application, the future will tell. It 
might be thought that electrostatic effects are unsuited for such adion at  a distance. 
Electromagnetic inductive effects, if available for the production of light, might h 
lhuught better suited. It is true the electrostatic effccts diminish nearly with the cube 
of the distance from the mil, wllereas the electromagnetic inductive effects diminish 
simply with the distance. But when we establish an electrostatic field of force, the 
condition is very different, for then, instead of the differentia1 effect of both the 
terminals, we get their- conjoint effect. Besides, 1 would call attention 'to the effect 
that in .an alternating electrostatic field, a conductor, such as an exhausted tube, for. 
instance, tends to tali; up most of the energy, whereas in an electrornagnet~c alternating 
field the conductor tends to take up the least energy, the waves being reflected with 
but little loss. This is one reason why it is difficult to excite an exhausted tube, at a 
distance, by electromagnetic induction. t have wound coils of very large diameter and 
01 many turns of wire, and connected a Geissier tube ta the ends of the coit' with the 
abject of exciting the hlbe at a distance; but even with the powerful inductive effects 
producible by Leyden jar discharges, the tube could not be excitcd unless at a very small 
distance, although some judgment was used as to the dimensions nf the coil. I ha& also 
found that men the most powerful Leyden jar discharges ate capable of exciting only 
feeble luminous effects in a closed exhausted tube, and even these effects upon thoroush 
examination I have been farced to consider of ,m electrostatic nature. 

How hen can we hope to produce the required effects at a distance by means of 
electromagnetic action, when wen in the closest proximit to the source of disturbance, 
under the most advantageous conditions, we can excite but faint luminosity?, It is true 
that when acting at a distance we have the resonance to help us out, We can conneh an 
cxhauskd tube, or whatever the illuminating device,may be, with an insulated system. 
of the proper capacity, and so it may be p s i b l e  ko iincrrase the effect qualitativejy, 
and only qualitatively, for we wwId not get more energy through the device. So we may, 
by monance effect, obtain the required electromotive force in an exhausted tube, and 



excite faint Iuminous effects, but we' cannot get enough energy to. render the light 
practically available, and a simple calculation, b a d  on exprirncntal results, shows that 
even if all the energy which a tube would receive at a certain distance from the source 
shcruld bc wholly converted into light, it wwld hardly satisfy the practical requirements. 
Hencc the nmcssity of directing, by means of a conducting timit, the energy to the placc 
sf transformation. But in so doing we cannot very sensibly depart from present methods, 
and all we could do wolrld be to improve the apparatus. 

From these considerations it would seem that if this ideal way of Iighting is to 
sei~dercd practicable it will be only by the use of electrostatic effects. In such a m e  the 
most powerful electrostatic inductive effects are needed; the apparatus employed must. 
tl~ercfore, bc capabIe of producing high electrostatic ptentiaIs changing in value with 
.extreme rapidity, High frequencies are cspcially wanted, for practical mn~ider&ions 
make it desirable to kccp down the potential. By the employment of machines, or, 
gcncrally speaking, of any mechanical apparatus, but low freqwncim can bc reached; 
recourse must, thcrcforc, be had' to some other means. The discharge of a 
condenser affords us a means of obtaining frequencies by far higher than are obtainable 
mechanically, and I haw accordingly employed condensers in the experiments to the 
&WC end. 

Fig. qo. 

When the terminals of a high tension induction mil, Fig. 30, are m n d  & II 
Leyden jar, and the latter is discharging disruptively into a circuit, we may lmk upon lfie 
arc playing bctween the knobs as being a source of alternating, or genetally speakink 
undulating currents, and then we havc to deal with the familiar system of a generator 
ot such currents, a circuit c o n n ~ c d  ta it, and s cotidenset bridging the cirmit. The 
condenser in such case is a veritable transformer, and since the frequencp is mcessive, 
almost any ratio in the strength of the currents in both the branch= may be obtained. 
Ir* reality the analogy is nut quite complete, for in the disruptive didarge we have most 
genemlIy n fundamental instantaneous variation of comparatively low frequency, and a 
superimposed harmonic vibration, and the laws governing the flow of currents are not 
the same for both. 

In convertin8 in this manner, the ratio of conversion should not be too great, for 
the loss in the arc between'the ltnobs increases with the square of the metent, and if the 
jar be discharged through very thick and short conductors, with the view of nbhining 
a very rapid oscillation, a very considerable portion of the energy stored is lost. Om Qe 
other hand, too small ratios are not practicable for many obvious reasons. 

' 
As the converted currents flow in a practically closed circuit, the eIe&ostatic effects 

are necessarily small, and I therefore convert them into currents or eff- of the required 
character. I have effected such conversions in sevcral ways. The prefcd  plan of 
connmions is illustrated in Fig. 31. The manncr of operating rmders it casp to &in by 
means of a small and inexpensive apparatus c n o m  dif fe fem of potentid whi& have 



hen psually obtained by means of large and expensive coils. For th is  it is only necessary 
to take an ordinary small coil, adjust to it a condenser and discharging circuit, forming 
the primary of an auxiliary smaIl coil, and convert upward. As the inductive effect of t5e 
primary currents is excessively great, the secmd. coil need have comparatively but very 
few turns. By properly adjusting the elements, remarkable results may be secur~d. 

In endeavoring to obtain the required electrostatic effects in this manner, I havc, 
as might be expeaed, encountered many difficuities which I have been graduaIly 
overcoming, but I am not as yet prepared to dwell upon my experiences -in this dhection. 

I believe that the disruptive discharge of a condenser will play an important part in 
the future, for it offers vast possibilities, not only in the way of producing light in a more 
efficient manner and in the line indicated by theory, but also in many other respects. 

For years the efforts of inventors have been 'directed towards.*obtaining electric31 
eccrgy from heat by means of the thermopile. It might scern invidious to remark thatm 
but few know what is the real troubre with the thermopile. It is not the inefficiency or 
small output - though these are great drawbacks - but the fan that the thcrmopilc 
has its phylIoxera, that is, that by constant use it is deteriorated, which has thus f a r  
prevented its introduction on an industrial scale. Now that all ~nudcrn resesrch stems 
to point with certainty to the use of electricity af txcessiveIy high tension, the questicm 
must present itself to many whether it is not possible to obtain in a practicaahle mannr: 
this form of cncrgy from hcat. We have been used to look upon an electrostatic machine 

Fig. 31. 

as r plaything, and somehow we couple with it the idea of the inkfficiqnt and impactin!. 
But now we must think differently, for now we know that everywhere we have to deal 
with the same forces, and that it is a mere question of inventing proper methods or 
apparatus for rendering them available. 

In the present systems of electrical distribution, the empIoyment of the iron with its 
wonderful magnetic properties allows us to reduce considerably the size of the apparatus; 
but; in spite of this, it is still very cumbersome. The more we progress in the study of 
electric and magnetic phenomena, the more we become convinced that the present methods 
will  be short-lived. For the production of light, at least, such heavy machinery would seem 
to bc unnecessq. The energy required is very small, and if light can be obtained sr: 
efficiently as, theoretically, it appears possible, the apparatus need have but a very small 
output. There being a strong probability that the illuminating methods of+ the futurc 
w ~ l l  involve the use of very high potentials, it seems very desirable to perfect a contrivanrc 
capable of converting the energy of hear into energy of the requisite form. yothing to 
sprak of has been done towards this end, for the thought that electricity of  some 50,000 
oz 100,000 volb pressure or more, even if obtained, would b e ~ n a v a i l a b : ~  for practicnl 
purposes, has deterred inventors from working in this direction. 

In Fig. 30 a plan of connections is shown for corlverting currents of high, into 
currenb of low, tension by means of the disruptive discharge of a condenser. This plan 



has becn uscd by rnc frequently for operating a few incandescent lamps required in the 
laboratory. Some difficulties have k n  encountered in the arc d the discharp which 
I have been able to overcome to a great extent; b i d e s  this, and the adjustmmr 
necessary for the proper working, no other difficulties hrve h e n  met with, and it was 
easy to operate ordinary lamps, and even motors, in this manner. The line being connected 

$to the ground, all the wires could be handled with perfect impunity, no matter how 
htgh 'the potential at the terminals of the condenser. Jn these experiments a high tension 
induction coil, operated from a battery or from an alternate current machine, was 
ernployed to charge the condenser; but the induction coil might be replaced by an 
apparatus of a different kind, capable of giving electricity of such high tension. In h i s  
manner, direct or alternatinp"currmts may be converted, and in both cases the current- 
impulses may be of any desired frequency. When the currents charging h e  mndenscr 
arr of the same direction, and it is desired that the converted currens shwld also be qf 
ot~r: direction, the resistance of the discharging circuit should, of course, bt so h e n  
that therc are no oscillations. 

In operating devices on the above plan I have observed curious phenmcna of 
impedance which are of interest. For instance if a thick copper bar be bent, as indicated 
in Fig. 32, and shunted by ordinary incandescent lamps, then, by passing the dixharzz 
brtween the knobs, the lamps may Ix brought to incandescence although they are short- 

circuited. When a large induction coil is employed it is 
easy to obtain n d e s  an the bar, which are rendered 
cvidcnt by the different degree of brillianq of the 
lamps, as shown roughly in Fig. 32. The ndes are 
ncvct clcarly ddined, but they a* simply maxima and 
minima of potentials along the bar. This is probably 
due to the irreguIasity of the arc between, the knobs. 
In genera1 when the above-descrihd plan of convetsion 
from high to low tension is used, the behavior of the 
disruptive discharge may be closeIy studied. Thc nodes 
may also be investigated by means of an ordinam 
Cardew voItmeter which should be well insulated. 
Geissler tubes may aIso be lighted across the points of 
thc bent bar; in this casc, of course, it is better to 
cmploy snuIlcr capacities. I havc found it .practicable 
to light up in this mannet a Iamp, and even a GcissIer 
tubc, shunted by a short, heavy block of metaI, and 
this result seems at first v q  curious. In fact, the thicker 
tile copper bar in Fig, 32, the bettef it is for the succrss 
of the experiments, as they appeat more striking. men 
Iamps with long slender filaments are used it will be 
often noted that the filaments are from time ta time 
violently vibrated, the vibration being smaIlest at the 
nodal points. This vibration secms to be due to an 

Fig. 32. electrostatic action between the filament and the glass 
of the bulb. . 1 

I n  some of the above experiments it is preferable to use specid !amp hming 
a straight filament-as shown in Fig. 33. wn such a Iamp is uscd a still more auiws 
phenomenon than those described may be observed. T h e  lamp may be placed a c m  
the copper bar and lighted, and by using somewhat larger capacities, or, in other wonk, 
snlallcr freq~tencies or smalIer impulsive impedances, the filammt may h k q h t  to 
any desired degree of incandescence. But when the impedance is increased, a point is 
reached when comparatively little current passes through the a h ,  and most of it 



Il~rou$ the rarefied gas; or perhaps it may be more correct to state that the cutrent- 
divides nearly cvenly through both, in spite of the enormous difference in the resistancc, 
and this would be true unless the gas and thc filament behave differently. J t  is then 
n o d  that the whole bulb is brilliantly illuminated, and the ends of the leading-in wires 
h m e  incandescent and often throw off sparks in consequence of the violcnt 
hmbardment, but the carbon filament 
terrwins dark. This is  itIusttated in Fig. 3 3 .  
Instead of the filament a single wire 
a n d i n g  through the whde bulb may be 
4, and in this case the phenomenon 
would seem to be still more interesting. 

From the a b v e  experiment it will hc 
evident, that when ordinaty lamps arc 
opcntcd by .the converted currents, thosc 
should be preferably taken in which the 
platinum wires are far apart., and the fre- 
quencies wed should not be too great, else 
the discharge will occur at  the ends of the 
Ialamept or in the base of the lamp betwecn 

Fig. 33. tbc leadingin wircs, and thc ln~np might 
then k damaged. 

In presenting to you these rcsulb of my in~cstigation on the subject under 
mnridmtion, I have paid only a parsing notice to facts upon which I couId have dwelt 
at Irngth, a d  among many observntions 1 have selected only those which I thought most 
l i b l y  to interest you. The field is wide and completely unexplored, and at every step 
a new truth is  glcaned, a novel fact observed. 

How far the mults here borne out are capable of practical applications will be 
dr~ided in thc future. As regards the production of light, some results already reached 
fire mmura~ing and make me confident in asserting that the practical solution of the 
ptoblem lies in the direction I have endeavored to indicate. StiII, whatever may be the 
inmediate o u t m e  of thmc experiments I am hopehl that they will only prove a step 
ir. further developments towards the ideal and final perfection. The possibilities which 
arc opened by modern research are so vast that even thc most reserved must feel sanguinc 
ot the future. Eminent scientists consider the problem of utilizing one kind of radiation 
without the others a rational one. In an apparatus designed for the production of Iight 
by conversion from any form of energy into that of light, such a result can never he 
mdd, for no matter what the process of producing the required vibrations, be it 
~ k t r i c a k  chemical or any other, it will not be ps ib l e  to obtain the higher Iight 
vibrations without going through the lower heat vibrations. It is the probIem of 
imparting to a body a certain velocity without passing through a11 lower velocities. But 
tkrc is a possibility d obtaining energy not only in the form of light, but motive power, 
d energy of any other form, in mme more dircct way from thc medium. The time 
w11l be whm this will be accomplished, and t1ae time has come when one may uttcr 
such words hfore an enlightened audimce without. being considered a visionary. We 
am whirling @rough endless space with an inconceivable speed, all around us wergthins 
b spinning, mrything is moving, everywhere is energy. There m u ~ t  be s h e  way of 
availing wfsclves of h i s  energy more di&Iy. Then, with the light obtained from the 
mcdium, rviL the power derived from it, with every form of energy obtained without 
effort, fm the store forever inexhaustible, hmanitylwiII advance with giant strides. 
'She mert cmkmpiation of these magnificent possibilities expands our minds, strmgthcni ' 
air hopes md fills wr hearts with oupceme'delight. 



EXPERIMENTS WITH ALTERNATE CURRENTS OF HIGH 
POTENTIAL AND HIGH FREQUENCY 

1 cannot find words to exprcss how dccply I feel the honor oE addressing some 
o l  the forkmust thrnkers of the prcscnt time, and 50 many ablc scientific men, engineers 
and elcckricians, of the country greatest in scientific achievements. 

The rcsults which I hale the honor to present: before such a gathering I cannot 
call my own. There arc among you not a few who can lay bctter claim than myself on 
any fcaturc of m-tit which this work may contain. L need not mention many names 
which are world-l;nown - names of those among yo11 who ate recognized as the leaders 
ir, this enchanting science; but onc, at least, I must mcntion - a name which couId not 
be omittcd in a dcnlonstration of this kind. It is a name associated with the most 
kautiful invention ever made: it is Crookes! 

Whcn I was at coTlegc, a good timc ago, I read, in a translation (for then I was 
not familiar with you magnificent language), the dmcription of his experiments on 
radiant matter. I rend it* oniy once in my life - that time - yet every d&l about that 
charming work I can remember this day. Few are the books, let me say, which can 
make such an imprcssjon upon the mind of a studcnt. 

Dut if, on thc present occasion, 1 mention this name as one of many your institution 
can bas t  of,. it is bccausc I have more than one reason to do so. Fm what I have to 
telI you and to show you this evening concerns, in a large mesure, that same vague 
world which Professor Ctookes has so ably explared; and, more than this, when I trace 
back the mental process which led me to these advances - which even by myself cannot 
be considered trifling, since they are so appreciated by you - I believe that their real 
origin, that which started me to werl; in &is direction, and brought me to hem, after 
a long period of constant thought, was that fascinating little book which I zead many 
y e ~ s  ago. 

And now that I hsvc made n fecble effort to cxpress my homage and acknowIedgr: 
my indebtedness t2 him and others among you, I will make a second effort, which 
X hope you wiII not find so fceblc as the f i s t ,  to cntcrtain you. 

Givc me leave to introduce the subject in a few words, . 

A short time ago I had the honor to bring before our American Institute of 
Electrical Engineers some results then arrived at by me in a novel line of work. I need 
not assure you that the many evidences which I have received ,that English scientific 
men and cnginecrs were interested in this work have been for me a great reward and 
ctlcouragement. I will not dwell upon the experiments_aIready described, except with 
the view olf compfcting, or more clearly expressing, some ideas advanced by me before, 
and also with the view of rendering the study here presented seIf-contained, and my 
remarks on the subject of this evening's lechlrc consistent. 

* Lecture delivered before the I.E.E., Lbndon, February, 1892. 



This investigation, then, it goes without ssying, deals wiih alternating cuxmts, A 

ad, to be more precise, with alternating rurrents of hugh potential and high frcquenq. 
Just in how much a very high frequency is essential for the production of the results 
pmrnted is a question which, even with my present experience, would embarrass me to 
rusarer. Some of the experiments may be performed with low frequencies; but very 
hgh fquencies are dsirable, not only on account of the many effects secured by their 
use, but a h  as a convenient means of obtaining, in the induction apparatus employed, 
the hi@ potentials, whch in their turn are necessary tc~ the demonstration of most. of 
thr mperiments here mntemplated - 

Of the Mtiolls branches of electrid investigatid, perhaps -the most in&usting 
d immediately the most promising is that dealing with alternating curren~. The 
pmgresr in this branch of applied science has been so great in recent years that it jwtif ies 
thr most sanguine h o p .  Hhdly have uTe become familiar with one fact, whm novel 
erperiences zre met with and new avenues of rcsearch are opened., Even at tlus ,hour 
pibi l l t ies  not h e d  of before are, by the use of these currents, partly realized. As 
UI name dl is ebb and tide, dl is wave in&i~n, so it seems that in all b&& of 
rndustry alternating CLurenb - electric wave motion - will have the Sway. 

One reason, perhaps, why this branch of science is being so rapidly deiel~ped is 
to be found in the interest which is attached to its experimental study. We wind a.simplc 
tulg af iron with coils; we establish the connections to the generator, and with wondef 
md delight we note the effects of strange f o m  which we bring into play, which allow 
ur to transform, to ttranmit and direct energy at will. We arrange the circuits properly, 
md we see the mass oE iron and wires behave as though it were endowed with life, 
spinning a heavy armature, through invisible connections, with great speed and power - 
wpth the energy possibly conveyed fmm n great distance. We observe how the energy 
ot an alternating current traversing the wire manifests itself - not so m d  in the , 

w m  as in the surrounding space - in the most surprising manner, taking the form 
of hmt, light, mechanical energy, and, most surprising of a11, even chemical affinity. 
All thest okmations fascinate us, and fill us with an intense desire to know nwre 
h t  tbt nature of these Each day we gor to our work in the hope ot 
drxovcring, - in the hope that some one, on matter who, may find a solution of one 
of tk pending p t  problems, - and each succeeding day we return to our task with 
renewed ardor; and wen if we are unsuccessful, our work has not been in vain, for in 
these striving, in these efforts, we have found hours of untold pleasure, and we have 
d ~ r d  our energies to the benefit of mankind. 

We may take - at random, if you choose - any sf the many mperimenh which 
may lx performed with alternating c u m $ ;  a few of which only, and by no means 
the mt striking, form the subject of this evening's demonstration; they are all equally 
k t i n g ,  .equally inciting to thought. - - 

Here is n simpIe gla*; tube from which the air has been partially exhausted. I take 
hold of it; I bring my M y  in contact with a wire conveying rtIternating wren& of high 
potential, and the t u k  in my hand is brilliantly lighted. La whatevec position I may 
put it, whaever I may move it in space, as far w I can d, its soft, ,pleasing light 
F s t s  with undiminished brightness. 

Here js an exhausted bulb suspended from a single wire. Standing on an insulated 
t~ppx-t, I grasp it, and a platinum button rnounted,in it is brought to vivid incandescence. 

Hm, attadd to s I&g wire, is mother bdb, which, as I touch its &lic 
oockct, is Fied with magnificent colors of phosphorescent light, 

Hcre stdl d e r ,  which by my Eingers' touch cast9 a shadow - the Ciookes 
d m b ,  of the stem h i &  of i t  



Here, again, insulated as I stand on this platform, I bring my body in contact 
with one of the terminals of the secondary of this induction coil - with tfie end of 3 
wire many miles long - and you see streams of light break forth from its distant ad, 
which is  set in violent vibration. 

Here, once more, I attach these two pbics of wire gauze to thc terminals of the 
coil, I set t h m  a distance apart, and I set the coil h work. You my w a smaIl spatk 
pass between the plates. 1 insert a thick plate of one of the best dieledria 'betwcm 
tbcm, and instead of rcndering altogether impossible, as we are used to 1 nid 
thc passage of the discharge, which, as 1,insert the plate, merely champ in appearance 
and assumes the form of luminous streams. 

Is there, 1 ask, ;an there be, a more interesting study than that of d k h g  
currents ? 

In a31 these investigations, in all these experiments, which axe so very,. verg 
interesting, for many years part - ever since the greatest experimenter who kchlred in 
this ha11 discovered its principle - we have hd a steady companion, an appliance 
fxiniliar to every one, a plaything once, a thing of momentous importance now - the 
induction coil. There is no dearer appliance to the electrician. From the ablest among 
you, I darc say, down to the inexperienced studcnt, to your lecturer, we all have passed 
many dcliphkful hours in cxprimenting with the induction coil. We have watched its 
play, and thought and pondercd over the beautiful phenomena which it disclosed to 
our ravished eyes. So well known is this apparatus, so familiar are these phenomena 
t c j  cvety onc, that my courage nearly fails me when I think that I have ventured to 
address so able an mdiencc, that I have ventured to entertain you with that same old 
subject. Hcre in rcality is the samc apparahls, and here are the same phenomena, only 
the apparatus is operated somewhat differently, the phenomena are p m n t d  in a 
different aspca. Some of the results w e  find as expected, others surprise us, but all 
captivate wr attention, for in scientific investigation each novel mult achieTned my 
be the centrc of a new departure, each novel fact learned may lead to impttant 
dcvclopments. 

UsuaIly in operating an induction coil we have set up a vibration of d e r a t e  
frtqucncy in the primary, either by means of an interrupter or break, or by the of 
an afternator. Earlier English investigators, to mention only Spottiswde and J. E. H. 
Gordon, have used a rapid break in connection with the coil. Our knowledge and 

. experience of to- y enables us to sec dearly why these mils under the conditions of the t , tests did not disc ose any remarkable phenamena, and why able experimenters faded 
to perceive many of the curious effects which have since been observed. 

In the experiments such as performed this evening, we operate the coil either fm 
3 specially construct4 alternator capable of giving many thousands of reversals of 
current per second, or, by disruptiveIy discharging a condenser through the primalg, 
we set up a vibration in the secondary circuit of a frequen~ of many hundrd thousand 
or millions per second, if we so desire; and in using eithel: of thrve means w enter 
a iicld as yet unexplored. 

It is impossible to pursue an investigation in any n m l  lint without finally making 
some interesting observation or learning some aseful fact. That this sltatement is applicable 
to the subject of this Iectnre the many mzious and tlilixpxted phenomena whi& we 
observe afford a convincing proof. By way of illustration, take for instance the must 
obvious phemmena, those of the discharge of thc induction mil. 

Here is a coil which is operated by currenb vibrating with extreme rapidity, 
obtained by disruptively discharging a Leyden jar. It would not surprise a student 
the lecturer to say that the secondary of this mil consists of a small length of comparatively 
stcnt wire; it would not surprie him were the lecturer to state that, in spite af this; thc 
coil is capable of giving any potential which the best insulation of tfie is able t~ 



withstand; but although he may be prepared, and evcn be indifferent as to the anticipated 
rcjult, yet the aspect of the discharge of the coil will surprise and interest him. Every 
one is familiar with the discharge of an ordinary coil; it need not be reproduced here. 
But, by way of contrast, here is a form of discharge of a coil, the primary cursent of 
whi& is vibrating several hundred thousand times per second. The discharge of an 
ordinary coil appears as a sirnpIc line or band of light. The discharge of this coil 
appears in the form of powerful brushes and Iuminous streams issuing from a11 points 
of the two straight wires attached to the terminals of the secondary (Fig. 1.)  

Now compare this phenomenon which you have just witnessed with the discharge 
of a Holtz or Wimshurst machine - that other interesting appliance so dear to the 
mpetimenkr. What a difference there is between these phenomena! And yet, had 
f made the nemsary arrangements - which could have been made easily, were it not . 
that they would interfere with other experiments - I muId have produced with this 
coil sparks which, had I the coil haden horn your view and only two knobs exposed, 
nen the keenest observer among you would find it d~fficult, if not impossible, to 
distinpsh from those of an influence or friction mach~ne. This may Ix done in many 
ways - for instance, by opra tmg  the induction roll which charges the condenser from 
an &ernatink-current machine of very low ftequcnc)*, nnd prcfcrably ncllustinfi thc 
discharge circuit so that there are no oscillations 
set up in it. We then obtain in the secondary 
cimit, if thk knobs are of the required size and 
properly se a more or less rapid succession of 
sparks of great intensity and small quantity, which 
possess the same brilliancy, and are accompanirc! 
by the same sharp crackling sound, as those 
obtained from a friction or infIuence machine. 

Another way is to pass through two primary 
tirmits, hsving a common secondary, two currents 
of a sliatly different period, which produce in 
the secondary circuit sparks occurring at compara t- 
ivcly Iong mtervals. But, even with the means 
at hand this evening. I may succeed in 
imitating the spark of a Holtz machine. For 
this purpose I establish hhvtween the krminds of 
the coil which charges the condenser a long, 
unsttady arc, which is periodicdly interrupted by 
the upward current of a i ~  produced by it. To 
intwase the current of air L place on each side ... ..- - - -< - 
of the arc, and close to it, a large pla& of &a. 
The coadenser charged from this coil discharges * - 

-- - into -the p h a r y  circuit of a second coil &rough ' ' - - - ---- - - " -  
a small air gap, which is necessary to prod1.1~~ a 

a sudden rush of curmt through the primary. Fig. 1. 
The 3chanc of connections in the present 
nrperiment is indicated in Fig. 2. 

G is an ordinarily construaed @ternator, supplying the primary P of an induction 
mil, the secondary S of which charges the condensers or jars C C. The terminals of the 
sccondq are connected to' the inside coatings of the jars, the outer coatings being 
mnntxted to the ends of the primary p p of a second induction coiI. This p r i q  P P 
hac a d1 air gap a b. 



T h e  secondary s of this coil is provided with knobs or sphem K K d the p h p r  
size and set at a distancc suitable for the experiment. 

A long arc i s  established between the terminals A E of the fiat induction coil. M M 
arc the mica plates. 

Each time the arc is broken between A and 3 the jars are quickly char& and 
discharged through the primary # p, producing a snapping spark between the knobs 

K K. U p n  the arc forming between A and B the potential falls, 
and the jars cannot be charged to such high potentid ss to break 

K u through the air gap a b until the arc is again broken the 
draught. 

In  this manner sudden impulses, at long intervals, rie 
produced in, the primacy p p, which in the secondary s give 1 
cosresporlding numbcr of impulses of great intensity. If the 
secondary knobs or spheres, K K, are of the proper size, h c  
sparks shew much resembIance to those of a Holb machine. 

But these two effects, which to the eye appear so wry 
different, are only two of the many discharge phenamena. We 
only need to change the conditions of the tmt, and again we 
make othcr observations of interest. 

W h e n ,  instead of operating the induction coil as in the Iilst 
' two experiments, we opcxate it from a high frequency alternator, 

as in the next experiment, a systematic study of the phenomena 
is rendered much more csy .  In mch case, in varying the strength 
and frequency of the currents through the primary, we may 
observe five distinct forms of discharge, which 1 have decribed 
in my former paper on the subject* before the American Instihltc 
of Electrical Engineers, May 20, 1891. 

It would take too much time, and it would Iead us tm fat 
from the subject presented this evening, to reproduce all these 

0 
forms, hut it seems to me desirable to show you one of them. It 
is a brush discharge, which is interesting in more than one respect. 
Viewed from a near position it resembIes much a jet of 
escaping under great pressure, We know that the phenomenon is 

Q due to the agitatian of the molecules near the terminal, and we 
anticipate that some heat must be developed by the impact of the 

f i~ .  2 .  molecules against the terminal or against each other. Indeed, we 
find that the brush is hot, and only a little thought leads us to 

the concImion that, could we but reach sufficientIy high frequencies, we could produce 
a brush which w d d  give intense Iight and heat, and which would resemble in every 
particular ari ordinary flame, save, perhaps, that both phenomena might not be due to 
the same agent - save, perhaps, that chemical affinity might not be ebct~icml in it3 
nature. 

As the production of heat and Iight h here due to the impact of the inoIecufes, 
or atoms of air, or something else besides, and, as we can augment the energy simply 
by raising the potential, we might, even with frequencies obtained from a dynamo' 
machine, intensify the action to such a degree as to bring the terminal to melting k t .  
Bud with such low frequencies we would have to deal always with something of the 
nature of an electric current.,If f approach a conducting objert to the brush, a thin little 
spark passes, yet, even with the frequencies used this evening, the tendency to spark is 
not very great. So, for instance, if 1 hold a metallic sphere at some distance h v e  the 

Sec Thc Electrical World, July 11, 1691. 



terminal you may scc the whole space between the m i n d  and sphere illuminated by . 
the streams without the spark passing; and with the much higher frequencies obtainable 
by the disruptive discharge of a condenser, were it not for the sudden impulse, which . 

me comparativeb few in number, sparking would not occur even at very small distances. 
However, with incomparably higher frequencies, which 'we may yet find means to 
produce efficiently, and provided that electric impnIses of such high frequencies could be 
transmitted through a conductor, the electrical characteristics of the brush discharge 
w d d  mpIete1y vanish - no spark wouId pass, no shock would be feIt - yet we 
would still have to deal with an electric phenomenon, but: in the broad, modern 
interpretation of the word. In my f i s t  paper before referred to I have pobted out the 
curious properties of the brush, and descrikd the best manner of producing it, but 
I have thought it worth whiEe to endeavor to express myseIf more clearly in regard 
to this phenomenon, because of its absorbing interest. 

When a coil is operated with currents of wery high frequenq, beautiful brush 
effcts may be prduced, even if the coil be of comparatively small dimensisns. The 
experimenter may vary them in many ways, and, if it were nothing else, they afford a 
pleasing sight. What adds to theic interest is that they may be produced with one 
slngle terminaI as well as with two - in fact, often bctter with one than with two. 

But of all the discharge 
phenomena observed, ihe most 
pleasing to the eye, and the most 
instructive, are those observed wit11 
a coil which is operated by means 
of the disruptive discharge of a 
condens.er. The power of the 
brushes, the abundance of the 
sparks, when the conditions arc 
patiently adjusted, is often anlazing. 
Wlth even a very small mil, if it he 
so well insulated as to stand a dif- 
ference of potential of several 
thousand volts per turn, the sparks 
may be so abundant that the whole 
coil may appear a complete mass 
of fire. 

Curiously enough the sparks, 
when the terminals of the coil arc 
set at 8 considerable distance, seem 
to dart in every possible direction 
as though the terminals were -- 

~ e r f e c t l y  independent of each -- --- 
other. As the sparks would soon - 
destroy tbe insulition it is necessary 
to prevent them. This is lxst done Fig. 3 .  
by immersing h e  coil in a good 
liquid insuIator, such as boiled-out oil. Immersion in a liquid may be considered a l m t  
an absolute necessity for the continued and successful working of such a coil. 

It is of come out of the qwtion, in an experimental lecture, -with only . 
a fcw mInuta at disposal for the performance of each experiment, to show these 
discharge phenomena to advantage, as to produce each phenomenon at its best a vey 
careful adjustment is required. But weo if imperfectly produced, as they are likely to be 
this evening, they are sufficientlv striking to interest: an intelligent audience. 



Before showing some of these curious effects I, must, for the s h e  of compImess, 
give a short description of the coiI and other apparatus used in the experiments with the 
disruptive discharge this evening. 

It is contained in a box B (Fig. 3) of thick boards of hard wwd, covered on the 
outside with zinc sheet Z, which is carefuIly soIdered all around. It might Ix advisable, i~ 
a strictly scientific investigation, when accuracy is of great importance, to do away with 
the metal cover, as it might introduce many errors, principally on a-t of its complex 
action upon the miI, as a condenser of very small capacity and as an eIecmstatk and 
electromagnetic screen. When the coil is used for such ex~rimenb as are here contemplat- 
ed, the employment of the metal cover offers some practica1 advantages, but Ih- are 
not of sufficient importance to be dwelt upon, 

Pig. 4. 

T h e  coiI should be placed symmetiicaIIy to the metaI cover, and the space between 
should, of course, not be too small, certainly not less than, say, five mtimetm,  but ' 

much more if pssib!e; especidtp the two sides of the zinc box, which are at right 
angles to the axis of the coil, should be sufficiently remote from the Iatkr, as othcfwise 
they mightnimpair its action and be a source of loss. 

The coil consists of two spooIs of hard rubber R'R,  held apart at a distanm of 
10 centimctres by bolts c and nuts t8, likewise of hard rubber. Each spool comprises a tube 
T of approximately 8 centimetres inside diameter, and 3 rnillimrkres thick, upon which 
arc screwed two flanges I; F, 24 centirnettes square, the space b e e n  the flanges 
being about 3 centimetres. The secondary, S S, of the best gutLa percha+covered wire, has 
26 layers, 10 turns in each, giving for each half a total of 260 turns. The two halves are 
wound oppositely and connected in series, the connection between both being made 
over the primary. T h i s  disposition, besides being convenient, has the advantage that 
when the mi1 is well balanced - that is, when both of its terminals TI TI are connected 
to M i e s  or devices of equal capacity - there is not much danger of W i n g  h g h  
to the primary, and the insulation between the primary and the secondarg need not be 
thick. In  using the coil it is advisable to attach to bath terminals devices of nearly 
equal capacity, as, when the capacity of the terminals is not equal, sparks will be apt 
to pass to the primary. To avoid his,  the middIe point of the secondary may be come& 
to the ,primary, but this is not always practicable. 

The primary P P is wound in two parks, and oppositely, upon a wooden s p i  W, 
and the four ends are led out of h e  oil through hard mbber tubes ; t.rThe ends of the 
secondary TI T I  are also Ied out of the oil through rubkr t u b  !, tl of great thickness. 
The primary and secondary layers are insulated by cotton cloth, the thickness of the 
insulation, of course, bearing some proportion to the difference of potential k w e n  the 
turns of the different layers. Each half of the primary has four layers, 24 hms in d, 
this giving a total of 96 turns, When both the pam are connected in series, this give5 a 
ratio of conversion of about 12.7, and with the primaties in multiple, 1:5,4; but io 



operating with very rapidly alternating currents this ratio does not mnvgr even nn . 
approximate idea of thc ratio of the E.M.Fs. in the primary and secondary circuits. The 
mil is held in position in the oil on wooden supports, there being about 5 ccntimetres 
thickness of oil all round. Where the oil is not specially needed, the space is filled with 
pieces of wood, and for this purpose principally the wooden box B surrounding the 
whole is used. 

The constkction here shown is, of course, not the best on general principles, but 
I klieve it is a good and convenient one for the production of effects in which ~r 
excessive potential and a very small current are needed. 

In connection with the coil Z use either the ordinary form of discharger or a modified 
form, In the former I have introduced two changes which secure some advantages, and 
which are.obvious. If they are mentioned, it is only in the hope that some experimenter 
may find them d use. 

One of the change is that the adjustable knobs A and B (Fig. 41, of the discharger 
are held in jaws of brass, J J, by spring pressure, this allowing of turning them 
wccessivety into different positions, and so doing away with the tedious process ot 
frquenr polishing up. 

The other c h a n p  consists in the empIoyment of a strong eIectromagnet N S, which 
is placed with its axis at right angles to the line joining the knobs A and B, and produces 
a strong magnetic field bctween them. The pole pieces of the magnet are movable and 
properly formed so as to protrude between he brass knobs, in order to m&e the field 

Fig. 5. 

PS intense as possible; but to prevent the discharge from jumping to the magnet the 
pole pieces are protected by a layer of mica, M M, of sufficient thickness. s, s, and sZ s2 
are screws for fastening the wires. On each side one of the screws is for large and the 
other for small wires. L L are screws for fixing in position the rods R R, which support 
the knobs. 

In another arrangement with the magnet I take the discharge between the rounded 
pole pieces themselves, which in such case are insulated and preferably provided with 
polished brass caps. 

The employment of an intense magnetic fieid is of advantage princiFdy when 
the induction coil or transformer which charges the condenser is operated by currents 
of very low frequency. In such n case the number of the fundamental discharges between 
the knobs may be so small as to render the currents produced in the secondav unsuitable 
for many experiments. The intense magnetic field than senles to blow out the arc ktween 
the knob as soon as it is formed, and the fundamental discharges occur in. quicker 
wcrjession. 

Instead of the magnet, a draught or blast of air may be employed with some 
dvantage. In this case the a~ is preferably established between the knobs*A B, in 
Fig. 2 (the knobs d b being generally joined, or entirely done away with), as in this 
disposition the arc is long and unsteady, a ~ d  is easily affected by the draught. 

When a magnet is employed to break the arc, it is ktter to choose the connection 
indicated diagrammatically in Fig 5, ss in this case the currents forming the arc are much 
more powerful, and the m*-p+ir field exercise a greater. influence. The use of the 



It is undelstd, of muise, that the employment of a magnet, air current, other. 
interrupter, produces an effect worth noticing, unless rhe self-induction, capacity and 
mistance are so related that there are oscillations set: up upon each interruption. 

I wiU now endeavor to show you some of the most potewo,rthy of these disdtargc 
phmomena. 

Fig. 7. 

. f have stretched across the roam two ordinary cotton covered wim, each abut 
7 metres in length. They are supported on insulating Eords at a distance of about 
30 mntimetres. I attach now to each d the terminals of the mil one of the wires and 
set the mil in action. Upon turning the lights off in the rwm you see the wires strongly 
ilIuminakd by the streams isruing abundantly from their whole surface in spite of the 
cotton mvering, which may wen he very thick. When the experiment is performed 
under g o d  conditions, the light from the wires is sufficiently intense to allow 
distinguishing the objects in, a room. To produce the best result it is, of cource, necessary 
to adjust carefully the eapacitp of the jars, the arc between the knob and the length of 
the wires. My experience is that calculation of the Iength of the wires leads, in suc~l 
m e ,  to no result whatever. The experimenter will do best to take the wires at the start 
very long and then adjust by cutting off first long pieces, and then smaller and smalIer 
ones as he approach= the right length. 

A convenient way is to use an oil condenser of very small capacity, consisting of 
two srrmll adjustable metal. plates, in connection with this and similar experiments. . 
In such case I take wires rather Shert and set at the beginning the condenser plates at 
marimurn distance. If the streams for the wires increase by approach of the plates, 
the length of the wires is about right; if they diminish the wires are too long for that 
frquency and potential. When a condenser is used in connection with experiments with 
such a coil, it should be an oil condenser by all means, as in using an air condenser 
considerable energy might be wasted. The wires leading to the plates in the oil should 
bc very thin, heavily coated with some insulating compound, and provided with a 
mnducting covering - thls preferably extending under the surface of the oil. The 
conducting cover should not lx too near the terminah, or ends, of the wire, as a spark 
wouId be apt to jump from the wire to it. The conducting coating is used to diminish 
the air losses, in virtue of its action as an electrostatic screen. As to the size of the vessel 
whining the ai1, and the size of the plates, the experimenter gains, at on5e an ideh 
from a rough tcial. The size of the plates in obl is, however, c~culable, as the dielectric 
losses are very small. 

In the preceding experiment it is of eonsiderble interest b know what relation 
the quantity of the light emitted bears to the fquency and potential of the electric 
i m p k  My opinion is that the heat as well as light effects produced should br 



proportionntc, under otherwise cqual conditions of test, to the product of f q m ~  and 
square of potential, but the experimcntal verification of the law, whatever it my be, 
would be excecdingly difficult. One thing is certain, at any rate, and that is, that in 
augmenting the potential and frquency we rapidly intensify the streams; and, t h ~ g h  
it may be very sanguine, i t  is surcly not altogether hopeless to a p e d  that we 
may succced in producing a practical illurninant on these lines. We would then be 
slmpIy using burners or fIames, in which there would be no chemical p m s ,  no 
consumption of material, but merely a transfer of energy, and which would, in all 
probability emit more Eight and less heat than ordinary flames. 

The Iuminous intensity of the streams is, ot 
course, considerably increased when they are focused 
upon a smalI surface. This may be shown by the 
foIIowing experiment: 

I attach to one of the terminals of the mil n ' 
wire w (Fig 8). bent in a drcfc of abwt  30 
centimetres in diameter, and to the othcr terminal 
I fasten a small brass sphere J, the surface of the 
wire being preferably equal to the surface of !he 
sphere, and the centre of the latter being in a line 
at riaht angles to the plane of the wire circle and 
passing through its centre. When the discharge i s  
estabf ished under propet conditions, a luminous 
hollow cone is formed, and in the dark one-half 
of the brass spherc is strongly illuminated, as'shown 
in the cut. 1 

By some artifice or other, it is easy m 
concentrate the stream upon small surfaces and tn .- - -- - -. - 

- .----.-. produce very strong light e f f e  Two thin wires 
may thus be rendered intensely luminous. 

Fig. 8. In order to intensify the streams the w i m  
should be very thin and short: but as in this case 

their capacity wouId be generally too smaIl for the coil - at least, for s u d ~  a one as 
the prcscnt - it is necessaty to augment the capacity to the required value, while, at the 
same time, the surface of thc wires remains very small. This may be done in many ways. 

Here, for instance, I have two plates R R, of hard rubber (Fig. 91, u p n  which 
1 have glucd two very thin wires ~u u?, so as to form a name. The wires may be h e  or 
covered with the best insulation - it is immaterial for the success of the experiment. 
Well insulated wires, if. anything, are pre€crablc. On the back of each plate, i n d i a t d  
by the shaded pottion, is a tinfoil coating / t. The plates are placed in line at a sufficient 
distance to prevent a spark passing from one to the other wire. The twa tinfoil coatinp 
I have joined by a conductor C, and the two wires I presently connect to the terminals 
of the coil. It is now easy, by varying the stmngth and frequency of the currenb througli 
.the prim.lty, to find a p i n t  a t  which the capacity of the system is best suited to the 
conditions, and the wires become so strongly luminous that, when the. light in the room 
is turned off the name formed by them appears in brilliant letters. 

It is perhaps preferable to perform this experiment with a coil operated from an 
alternator of high frequency, as then, owing to the harmonic rise and fall, the streams 
are very unifotm, though thcy are less abundant than when produced with such B coil 
as the prescnt. This experiment, however, may be performed with low frequencies, but 
much less satisfactorily. 

.When two wires, attached to the terminals of the mil, arc set ~t the proper distance, 
the streams ktween them may be so intense as to produce a continuous luminous she&. 



To show this phenomenon I have here two circles, C adc' t (Fig. lo), of rather stour 
wire, one being a b u t  80 centimetres and the other 30 centimetrs in diameter. To each 
of the terminals of the coil I attach one of the circles. The supporting wires ate so bent 
that the circles may be placed in the same plane, coinciding as nearly as possible. When 
the light in the room is turned off and the coil set to work, you see the whde space 
between the wires uniformly filIed with streams, forming a luminws disc, which 
d d  be seen from a msidcrable distance, such is the intensity of the streams. The 
outer cirde could have been much larger than the present one; in fact, with this coil I have 
used much larger circles, and I have ken  able to produce a strongly luminous sheet, 
covering an area of more than one square metre, which is a remarkable effect with 
this very small coil. To avoid uncertainty, the circle has been taken smaller, and the 
area is now about 0,43 square metre. 

Fig. 9. 

The frequency of the vibration, and the quickness of succession of the sparks 
k w e e n  the knobs, affect to a marked degree the appearance of, the streams. When 
the frequency is very low, the air gives way in more or less the same manner, as by a 
steady difference of potential, and the streams consist of distinct threads, generally 
mingled with thin sparks, which probably correspond to the successive discharges 
aocurring b e e n  the knobs. But when the frequency is extremely high, and the arc 
of the discharge p d u m  a very loud but smooth sound - showing both that oscillation 
takes pIace and that the sparks succeed each other with great rapidity - then the 
luminous streamr; formed are perfectly uniform. To reach this result very small coils 
and jars of small capacity should be used. I take two tubes of thick Bohemian glass, 
a b u t  5 centimetres in diameter and 20 centimetres long. In each of the t u k  I slip a 
primary of very thick copper wire, On the top of each tuk I wind a secondary of much 
hnner gutta-percha covered wire. T h e  two secondaries I connect in series, the primaries 
preferabIy in multiple arc. The t u b s  are then placed in a large glass vessel, at a distance 
of 10 to 15 centimetres from each other, on insulating supports, and the vessel 'is filled 
with h i l e d  out oil, the oil d i n g  a b u t  an inch a b v c  the tubes. The free encis of the' 
serondary are lifted out of the oil and placed parallel to each other at a distance of 
a h t  10 centimetm. The ends which are scraped should be dipped in the oil. Two 
four-pint jars joined in series may be used to discharge through the primary. When the 
necessq adjustments in the length and distance of the wires a b v e  the oil and in the arc 
of discharge are made, a luminous sheet is p r o d u d  between the wires which is perfectly 
smooth and textureless, Wre the ordinary discharge through a moderately exhausted tube. 



I have purposely dwelt upon this apparently insignificant expeLiment. 'In trials of 
this kind the experimenter arrives at the startling conclusion that, to pass ofdinaq 
luminous discharges through gases, no particular degree of exhaustion is needed, but 
that the gas may be at ordinary or even greater pressure. To accomplish this, a very high 
frequency is essential; a high potential is likewise required, but $is is a merely incidents! 
necessity. These experiments teach us that, in endeavoring to discover novel methods of 
producing light by the agitation of. atoms, or molecules, of a g ~ ,  we need not limit our 
research to the vacuum tube, but may Iqok forward'quite seriously to the psibility df 
obtaining the light effects without the use of any vessel whatdver, with air at ordiom 
prssure. 

Such discharges of very high freqnency, which render Juminous the air at ordi* 
prcssurcs, wc have probably often occasion to witness in Nature. X have no-doubt that 
if, as many believe, the aurora borealis is.produced by sudden cosmic disturbances, such 

. . as eruptions at the sun's surface, which set the e lmzat ic  
charp of the earth in an extremely rapid vibration. 
the red glow observed is not confined to the uppet 
rarefied strata of the air, ht the discharge traverses, 
by reason of its very high frequency, dm the dense 
atmospfiete in the form of a glmu, such as we ordinarily 
produce in a slightly exhausted tube. If the frequency 
were rcry Iow, or even more so, if the charge were not 
at all vibrating, the dense air would bmk down as in a 
lightning discharge. Indications of such breaking down 
of the lowcr dense strata of the air have been repeatedly 
obsemed at  the mmrrence of this marvelous phenomenon; 
but if it does accur, it can onIy be attributed to the 
fundamental disturbances, which are few in number, for 
the vibration produced by thcm would be far too rapid 
to allow a disruptive break. It is the original and irregular 
impulses which affect the instruments; the superimposed 
vibrations probably a s s  unnoticed. 

Whcn an ordinary low fsquenq discharge is 
- --- -- - passed through moderately rarefied air, the Br assumes 

a purplish hue. 3f by some means or other we increase 
Fig. 10. the intensity of the moIecuIar, or a tmiq  vibration, 

the gas changes to a white color. A similar change 
mt~ at ordinary pressures with electric impuIsa of very high frquenq. If the 
molecules of the air around a wire are moderately agitated, the brush formed is &dish 
or vio!et; if the vibration is rendered sufficiently intense, the streams become white. 
We may accomplish this in various ways. In the expriment before shown with the two 
k trcs :l.: ;::r.:. : have cndmvorcd to secure the muIt by pushing to a high value 
both the frequency and potential; in the experiment with the thin wires glued ~1 the 
rubber pIate 1 have concentrated the action upon a very small surface - in other d s ,  
I havc worked with a great electric density. 

A most curious form of discharge is observed with such a coil when the freqmnq 
and potential are pushed tb the extreme limit. To perform the experimenr every part 
of the coil should be heavily insulated, and only two small spheres - or, b r  still 
two sharp-edged metaI discs ( d  d, Fig. 11) of no more than a few amtimetres in 
diameter - should b exposed to the ait. The coil here used is imme~ed injoiI,-&d 
the ends of the secondary reaching out of the dl are cowred with an. dr-@~t owtt 



of hard rubber of great thickness. A11 c'racks, if there are any, should be ~ ~ ~ e f u l l y -  
stopped up, so that the brush discharge cannot form anywhere except on the small 
spheres or plates which are cxpsed to the alr. In this case, since there are no large 
plates or other bodies of capacity attached to the tcrminaIs, the coil is capable of at: 
exttemely rapid vibration. The potential may be raised by incfeasing, as far as th: 
rrperimenkr judges proper, the rate of change of the.primaty current. With a coil not 
widely differing from the prescnt, it is best to connect the GO primaries in multiple 
arc; but if the secondary should have a much greater number of turns the primaries 
should preferably, be used in series, as otherwise the vibration might be tm fast for the 
mndary.  It occurs under these conditions that misty white streams break forth from 
the edges of the discs and sprad 
out phantom-like into space. With 
this coil, when fairly welt produced, 
they are about 25 to 30 centimetrcs 
long. When the hand is held against 
hem no sensation is produced, and 
P spark,.causing a shock, jumps from 
the terminal only upon the hand bein;: 
brought much nearer. If the osciihtion 
of the primary current is rendered 
intermittent by some means or othcr, 
thefe is a corresponding throbbing of 
the streams. and now the hand or 
other conducting object may he 
bmught in still greater proximity to 
thc terminal without a spark being 
caused to i m p .  

hmo& tAe many beautiful phe- 
m e n a  which may be produced with Fig. 11. . 
m& a coil I have h e ~ e  selected only 
those which a p p r  to possess some features oE novelty, an? lead us to some conclusions 
of interest. One wiIl not find it at a11 difficult to produce in the laboratory, by means 
06 it, many other phenomena which appeal to the eye evcn more than these here shown, 
but present no p ~ i c u l a r  featurc of novelty. 

Early experimenters describe the display of sparks produced by an ordinary large 
induction coil upon an insuIating plate separating the terminals. Quite recently Siemens 
pcrfomed some experiments in which fine effects were obtained, which were seen by 
many with interest. No doubt Iarge coils, even if operated with nurents of low 
fqumcies, are capable of producing beautiful effects. But the largest coil ever made 
d d  not, by far, equal the nqgnificent display of streams and sparks obtained from 
such a disruptive discharge coil when properly adjusted. To give an idea, a coil such 
fl thc present one will cover easily a pIate of 1 metre in diameter completely with the 
sttam. The best way to perform such experiments is to take a very thin rubber or a 
glass plate and glue on one side of it a narrm ring of tinfoil of very large diameter, anrl 
on the other a circular washer, the centre of the latter coinciding with that of the ring, 
*nd the surfam of MY being preferably equal, so as to keep the coil well'balanced. . 
The washer and ring should be connected to the terminals by heavily insulated thin 
w k .  It is easy in observing the effect of the rapacity to produce a sheet of uniform 
amam, or s fine network of thin silvery thrkds, or a mass of Iwd brilliant sparks, 
whih completely cover the plate. 

Since - I have advanced the idea of the conversion by means of the disruptive 
d k h g e ,  in my paper before the American Institute of Electrial Engineers at the 



beginning of the past year, the interest excited in it has been considerable.' It afford#\ 
us a means for producing any potentials by the aid of inexpensive coils operated fmm 
ordinary systems of distributim, and - what is perhaps more appreciated - it enables 
us to convert currents of any frequency into currents of any other lower or higher 
frequency. Bnl its chief value will perhaps be found in the help which it will afford 
us in the investigations of the phenomena of phosphorescence, which a bruptive 
discharge coiI is  capable of exciting in innumerable case where ordinary mils, even the 
largest, would utterly fail. 

Considering its probable uses for many practical purposes, and its p i b l e  
introduction into laboratories for scientific research, a few additional mmatks as to the 
construction of such a mil will perhaps not be found superEIuous. 

It is, of course, absolutely necessary to employ in such a coil wires provided with 
the best insulation. 0 .  

Good miIs may be produced by employing wires covered with several layers bf 
cotton, boiling? the mil a long time in pure wax, and cooling under moderate pressure. 
The advantage of such a coil is that it can be easily handled, but it mnnot probably 
give as satisfactory results as a coil immersed in pure oil. Beside, it seems that the 
presence of a large b d y  of wax affects the coil disadvantageously, whereas this does 
net seem to be the case witti oil. Perhaps it is because the dielectric losses in the Iiquid 
are smaller. 

I have tried at first silk and cotton covered wires with oil immersion, but I have 
been gradually led to use gutta-percha covered wires, which proved most satisfactory. 
Gutta-pcrcha Insulation adds, of course, to the capacity of the coil, and this, especially 
if the coil be large, is a great disadvantage when extreme frequencies are desired; but, 
on the other hand, gutta-percha will withstand mu+ more than an equal thickness of 
oil, and this advantage should be secured at any price. Once the coil has been immersed, 
it should never bc taken out of the oil for more than a, few hours, else the gutta-percha 
will crack up and the coil will not be worth half as much as More. Gutta-percha is 
probably slowly attacked by the oil, but after an immersion of eight to nine months 
I have found no ill effects. 

' I have obtained in commerce two kinds of gutta-percha wire: in one the insulation 
sticks tightly to the metal, in the other it does not. Unless a special method is followed 
to expel a11 air, it i s  much safer to use the first kind. I wind the cdl within an oil tank 
so that all intestices are filled up with the oil. Between the layers I use cloth hiled out 
thoroughly in oil, calculating the thicknes amrding to the difference of potential 
between the turns. There seems not to be a very great difference whatever kind of oil 
is used; I use paraffine or linseed oil. 

To exclude more perfectly the air, an excillem way to proceed, and easily practicable 
with ma11 coiIs, is the following: Consttuct a box of hard wood of very thick h d s  
which have h e n  for a long time boiled in oil. The boards should be so joined as to 
safely withstand the external air pressure. The coi1 being placed and fastened in position 
within the box, the latter is closed with a strong lid, and mvered with closely fitting 
metal sheets, the joints of which are soldered very carefully. On the top two small holes 
are drilled, passing through thc metal sheet and the w d ,  and in these hdes two smsfl 
glass tubes are inserted and the joinb made air-tight. One of the tubes is mnnected 
to a vacuum pump, and the other with a vessel containing a sufficient quantity of 
boiled-out oil. The latter tube has a very small hole at the bottom, and is provided with 
a stopcock. When a fairly good vacuum has been obtained, the stopcock is opened and 
ithe oil slowly fed in. Proceeding in this manner, it is impossible thak any big bubbks, 
which are the principal danger, should remain between h e  turns. The air is most 
complekely excluded, probably better than by boiling mt, which, however, whm @a- 
percha mated wires are used, is not practicdble. 



For the primaries I use ordinaty line wire with a thick cotton mating. Strands of .  
very thin insulated wires properly interlaced would, of coursc, be the best to employ 
for the primaries, but they are not to be had. 

In an experimental mil the size of the wires i; not of great importanct. In the coil 
here used the primary is No. 12 and the secondary No. '24 Brown & S h q e  gauge wire; 
but the sections may h varied considerably, I would only imply different adjustments; 
the r d t s  aimed at would not be materially affected. 

I have dwelt at some length upon the various forms of brush discharge because, 
in studying them, we not only observe phenomena which please our q.e, but also afford 
us food for thought, and lead us to conclusions of practical importance. In the use of 
alternating currents of very high tension, too much precaution cannot be taken to prevent 
thz bmsh dischayge. I n  a main conveying such currents, in an induction coil or 
transformer, or in a condenser, the brush discharge is a source of great danger to the 
insulation. In a condenser especially the gaseous matter must be most carefully expcIIed, 
for in it the charged surfaces are near each other, and if the potentials are high, just as 
sure as a weight will fall if let go, SO the insuiation will give way if a single gar- 
bubble of some size be present, whereas, if all gaseous matter were carefuIiy excluded, the 
mnaenser would safely witbstmd a much higher difference of potential. A mlin 
conveying alternating currents of very high tension may be injured mereIy by a blow- 
hole or small crack in the insuhtion, the more so LS a blowhole is apt to conkin gas 
at low pressure; and as it appears almost imps ib le  to completely obviate such Iittle 
imperfections, I am led to belleve that in our future distribution of electrical enetm 
by currents of very high tension liquid insulation will be used. The cost is a great 
drawback, but if we ernploy an oil xi an insulator the distribution of electrical energy 
with something like 100,000 volts, and even more, bccome, at lmt with higher 
f r ~ u e n c i e ,  so easy that they codd be hardly called engineering feats. With oil insulation 
and aIternate current rnotDrs transmissions of power can be effected with safety and 
upon an industrial basis a t  distances of as much as a thousand miles. 

A peculiar property of oils, and liquid insuIation in general, when subjected to 
rapidly changing electric stresses, is to dsperse any gaseous bubbles which may be present, 
and diffuse them through its mass, generally long before any injurious break can occur. 
This feature may be easily observed with an ordinary induction coil by taking the 
primary out, plugging up the end of the rube upon which the secondary is wound, and 
filling it with some fairly transparent insulator, such as padf ine  oil. A primary of a 
&meter something Iike six millimetres smaller than the inside of the tube may be 
inserted in the oil. When the mil is set to work one may see, looking from he bp 
through the oil, many luminous points - air bubbles which arecaught by inserting the 
primary, and whih am rendered luminous in consequence of the violent bombardment. 
The occluded air, by its impact against the oil, beats it; the oil begins to circulate, 
carrying some,of the air along with it, until the bubbles are dispersed and the luminouh 
pin& disappear. In this manner, unless large bubbles are occIuded in such way hat  
ridation is rendered impossible, a damaging break is averted, the only effect being 
a moderate warming up of the oil. If, instead of the liquid, a soIid insulation, no matter 
how hi&, were us&, a breaking through and injury of the apparatus wouId be 
inevitable. 

The exclwion of gasmds rnattep from any apparatus in which the dielectric is 
Jubjeettd to more or less rapidly changing eIectric forces' is, however, not only desirable 
h order to avoid a possibIe injury of the apparatus, but also on account .of economv. 
In a mndenser, for instance, as long as only a solid or only a liquid dielectric is used, ' 

, the loss i s  small; but if a gas under ordinary or smal pressure be present the loss may 
bt verg gmt. Whatever the nature of the force acting in the dielectric may be, it seems 

. in a solid or liquid the molecular displacement produced by the force is small : 



to use the condenser in series with the primary and with the alternator, and to adjust . 

its apacity so as to annul the self-induction of both the latter. The condenser should 
k adjustable by very small steps, and for a finer adjustment n small oil condenser with 
movable plates may be used conveniently. 

I think it best at. this juncture to bring before you a phenomenon, observed by me 
some time ago, which to the pureIy scientific investigator may perhaps appear more 
interesting than any of the rcsults which I have the privilege to present to you this 
evening. 

It my be quite properly ranked among the brush phenomena - in fact, it is a 
brush, formed at, or near, a single terminal in high vacuum. 

In bulbs provided with 3 conducting terminal, though it be of aluminium, the 
brush has but an ephemeral existence, and cannot, unfortunately, be indefinitely preserved 
in its most sensitive state, even in a bulb devoid of any conducting electrode. In studying 
one phenomenon, by all means a bulb having no Icading-in wire should bc used. I have 
found it best to use bulbs canstructed as indicated in  Figs. 12 and 13. 

pig. 12. Fig. 13. 

Tn Fig. 12 the bulb comprises an incandescent lamp globe L, in the neck of which 
is scaled a barometer t u b  b, the end of which is blown out to form a small sphere s. This 
sphere should be sealed as closely as possible in the centre of the large globe. Befotc 
sealing, a thin tube t, 01 aluminium sheet, may be slipped in the barometer tuk, but it 
is not i m p r m t  to employ it. 

The small hollow sphere J is filled with some mnducting powder, and a wire w is 
artkented in the neck for the purpose of connecting the conducting powder with the 
generafur. 

?he mnstmction shown in Fig. 13 was chosen in order to remove from the bmh 
any conducting body which might: possibly affect it. The bulb consists in this cue oE 
a lamp glob L, which has a neck n, provided with a tube b and small sphere s, sealed 



to it, so that two entirely independent compartments are formed, as indicated in the 
drawing. When thc bulb is in use, the neck n is provided with a tinfoil coating, which 
is connected to the gcncrator and acts inductively upon the moderately rarefied and 
highly condua~ng gas incloscd in the neck. From there the current passes through the 
tube b into the small sphere J, to act by induction upon the gas containdl in the globe I,  - ' It is of advantage to make the tube t very thick, the hole through it very small, and 
to blow the sphere s very thin. It is of the greatest importan= that the spkere s bt 
placed in the centre of the globe L. 

Figs. 14, 15 and 16 indicate di'fferent fo& or 
'stages, of the b d .  Fig. 14 shows the bmsh as it first 
appears in a bulb provided with a mnducliag terminal: 
but, as in such a bulb it v g r  soon disappeass - oftea 
after a few minutes - I will confine mysdf to the 

of the phenomenon scen in 3. bulb without 
electtode. It is observed under the following 

When the globe L (Figs. 12 and 13) is exhausted 
to a very high degree, generally the bulb is not excited 
upon connecting the wire rw (Pig. 12) or the tinfoil 
coating of the bulb (Pig. 13) to the terminal of the 
induct~on coil. To cxcitc it, it is usually sufficient to 
grasp the klobc L with the hand. An intense phosphor- 
escence then sprcads at first over the globe, but soon 
gives place to a ujhitc, misty light. Shortly afktward 
one may notice that the lu~njnosjty is unevenly distributed 

1 - i ~ .  14. in the globc, and altcr passing the current for some 
time t6c bulb appears as in Fig. 15 .  From this s v  the 

~'hcnna~cnon will gssdually lizw to thnt indicatttd in Frg. 16. after somc minutcs, hqurs, 
days or wcelcs, according as the bulb is workcd. Warming the bulb or inmasing the 
potential hastens the transit. 

When the bru~h assurncs thc form indicated in 1;1g. 16, it may be brought to a state 
of cxtrcnic scnsitt\.cncss to clcctrostatic and magnetic tnfluence. The bulb hanging sttaight 
dolvri from a wire, and all objects being remote from it, the approach of the o h e r  
at a Icw paces from the bulb will cause the brush to fly to the opposite side, and if hrr 
wa1l:s around the bulb it .will always kccp on the opposite side. It may kgin to spin 

' 
around the terminal long lxiure it rcaches that scnsitire stage. When it begins to turn 
around principally. but also before, it is affccted by a magnet, and at a certain stage 
it ij susceptible to rnagnctic influence to an astonishing degtee. A small permanent 
magnet, with its pol= at a distance of no more than two centimetres, will affect it iisibly 
at a distance of two mctrcs, slowing down or accelerating the mtation according to how 
it i s  held relatively to the brush. I think I have observcd that at the stage when it is mmt 
sensitivc to magnctjc, it is not most sensitivc to electrostatic, influence. My explirnation 
is, that thc electrostatic attraction between the brush and the glass of the Mb, which 
retards the rotation, grows much quicker than the magnetic influence when the intmsity 
of the stream is increased. 

Whcn the bulb hangs with the globe L down, the rotation is  always dodkwi;c. In 
the southern hemisphere it would occur in the opposite direction and on the equator 
the brush should not turn at aII. The rotation may be reversed by a magnet kept at some 
distance. Thc brush rotates best, scerningly, when it is at right angles to the lines of 

' 

force of the earth. It very likely rotates, when at its maximum speed, in synchronism 
with thc alternations, say 10,000 times a second. The rotation can k slowed down w 
accelerated by the approach or receding of the observer, or any conducting My, but i t  
cannot be beveaed by putting the bulb in any position. When it is in the statc of the 



highest sensitiveness and the potenttal or frequency bc vaned the sensitiveness is rapidly 
diminished. Changing either of these but little will generally stop the ratation. The 
sensitiveness is likewise affccted by thc variations of temperature. T o  attain great 
sensitiveness it is necessary to havc the small sphere s in the centre of the globc L, as 
otherwise the ekrmtatic action of the glass of the globc will tend to stop the totation. 
Thc sphere s should be small and of uniform thickness; any dissymmetry of mucourse has 
the effect to dimrnish the sensitiveness. 

The fact that thc brush rotates in a definite direction in a permanent magnetic 
field secms to show that in alternating currcnts of very high frcrjuency the psitivc 
and ngativc impulses are n ~ t  equal, but that one always prcpondcntes over the other. 

Fig. 15. Fig. 11. 

Of c-e, this rotation in one direction may be due to the action of two elemcnts 
of the same current upon each other, or to the action of the field produced by one of 
the elements upon the other, as in a series motor, without necessatily one impulse being 
stronger than the other. The fact that the brush turns, as far as I could observe, in any 
position, wwld speak for this view. In such case it would tufn at any p i n t  of thc 
earth's surface. But, on the other hand, it i s  then hard to explain why a perrnancl?t 
magnet should reverse the rotation, and one must assume the prepnderance of impulses 
of one kind. 

As to dre causes of the formation of the brush or stream, I think it is due .to tht 
electrostatic action of the globe and the dissymmetry of the parts. 1F the small bulb 
s and the gl& L were perfect concentric spheres, and the g l s s  throughout of the same 
thidmess and quality, I think the brush would not form, as the tendency to pass Would 
be qua1 on all sides. That the formation of the strmm is due to an irre~larity IS 

apparent from the fact that it has the tendency to rcmain in one poshion, and rotation 
m5 most generally only when it is brought out of this position by electrostatic or 
magnetic influence. When in an extremely sensitive state it rests in one posiltidn, most 



curi~us expcrirncnts may be performed wit11 it. For instance, the expimcnter may, $ 
selecting. a proper position; approach the hand at a certain considerabIe distante to the 
bulb, and he may cause the brush to pass off 'by merely stiffwing the mu4cfa of the 
artn. When it begins to rotate slowly, and the hands are held at n proper distance, it is 
impossiblc to make even the slightest motion without producing a visible effect upon 
the brush. 'A metal plate conncctcd to the other terminal of the coil affects it at a great 
distance, slowing down the rotation often to one turn a second, 

T am firmly convinced that such a bmh, when we learn how to p d u ~  it properly, 
will prove a valuable aid in the investigation of the nature of the f o r m  acting in in 
clcarustatic px magnetic field. If tl~ccre is any motion which is mcasurabIe going cxr in 
the space, such a brush ought to reveaI it. i t  is, so to speak, a beam of light, frictionless, 
devoid of inertia. 

I thinli that it may find practical applications in teIegraphy. With sujl a bnrsh it 
would be possiblc to send dispcttches across the Atlantic, for instance, with any speed, 
since its scisitivencss may bc so great that the slightest changes wiIl affect i t  If it were 
possible to makc the stream more intense and very narrow,'its deflections could be 
cariIy photographed. 

I have bccn interested to find whether there is a rotation of the stream itself, or 
whether thcre is simpIy a strcss traveling around in the bulb. For this purpose I mound 
a light mica fan so t h a ~  its vanes were jn t h ~ ' ~ a t h  of the brush. If the stream itself was 
rotating thc fan would be spun arwnd. I could product no distinct rotation of the fan, 
although E tried the cxperiment repeatedly; but as the fan exerted a noticeable influence 
on tile stream, and the apparent rotation of the latter was, in this "case, never quik 
satisfactory, the exper~ment did not appear to k conclusive. 

I have bcen unable to produce the phenomenon with the disruptive discharge coiI, 
although every othcr of thcse phenomena can be well produced by it - many, in fact, 
much bctter than with coils operated from an aIternator. 

It may bc possible to produce the brush by rmpulses of one direction, or ewn by 
a stcady potential, in which case it would be still more sensitive to magnetic influence. 

I n  oixmtiing sn induction coil with rapidly alternating currents, we realize with 
aslon~shmcnt, for the first time, the great importance of the relation of capacity, 
self-induction and frequency as regards the general resuIt. The effects of capacity are 
the most striking, for in these experiments, since the self-induction and frequency bow 
are high, the criticaI capacity is very small, and need be but sIightly varied to produce 
a very considerable changc. Thc experimenter may bring his body in contact with the 
tenl~inals of the secondary of the coil, or attach to one or both terminals insulated badies 
of very small bulk, such as bulbs, and he may produce a considerable rise or fall of 
potential, and greatly affect the flow of the current through the primary. In the c x p  
riment bcforc shown, in which a brush appears at a wire attached to one terminal, and 
the wire is vibrated when the experimenter brings his insulated body in contact with 
the other terminal of the coil, the sudden rise of potential was made mident. 

I may show you the behavior of the toi1 in another manner which possesses r 
feature of same interest. I have here a little light fan of aluminium sheet, fastened to 
a needle and arranged to rotate freely in a metal piece screwed to one of the terminat 
of the coiI. m e n  the coil is set to work, the molecules of the air are rhythmically 
attracted and repe1Ied. As the force with which theg are repeIIed is greater than dmt with 
which they are attracted, it resuIts that thcre is a repulsion exerted on the surfaces of the 
fan. If the fan were made simply of a metal sheet, the repulsion would be qua1 on the 
opposite sides, and wouId produce na effect. But if one of the o p p i t e  surfaces is screen- 
ed, or if, generally speaking, the bombardment on this side is weakened in m e  way or 
other, there remains the repulsion exerted upon the other, and the fan is set in rotaticm. 
The screening is best effected by fastening upon one of the opposing sides of the fan 



insuIatd conducting coatings, or, if the fan is made in the shape of an ordinary propeller 
screw. by fastening on .one side, and dose to it, an'insuIated metal plate. me shtic screen 
may however, be omitted and simply a thickriess of insulating material fastened to one 
of the sides of the fan, 

To show the behavior of the coil, the fan may bc placed upon the terminal and it 
will readily rotate when the coil is operated by currcnts of very high frequency.' with 
a steady potential, of mlrse,  and Fven .with alternating currcnts of very low frequency, 
it would not turn, becausc of thc very slow exchange of air and. consqucntly, smalIer 
hmbardment; but in the Batter case it might turn if the potential wcrc cxcesive. Wiih . 
a pin wbeel, quip the apposite rule holds p d ;  it rotatis bbcst with a steady potential, 
and the effort is the smaller the higher the frequency. Now, it -is wry easy to adjust 
the conditions so that the potential is normally not sufficient to turn .the fm, but that by 
connecting the other terminal of the coil with nn insulnted body it rises to a much 
greater value, so as to rotate the fan, and it is likewise possible to stop the rotation by 
connecting to the terminal a body of diffrrcnt size, thereby diminishing the potential. 
- Instead of using the fan in this experiment, me may usc the "clcctric" radiometer 
with similar effect. But in this case it wit1 be found that the vanes m i l l  rotate only a t  
high exhaustion or at ordinary pressures; they wiIl not rotate at moderate pressures, 
when the air is highly conducting. This clrrious observation was made conjointly bv 
Professor Cmkes  and myseIf. I attribute the resuIt to the high tnnductivity of the s ic ,  
the molecuIes of which then do not ict as independent cnrricrs of.clcctric charges, but 
.xt dl together as a single conducting body. In such case, of course, if there is any 
repulsion at all of the maIefules from the vanes, it must.be very small. It is possible, 
however, that the muIt is in part due tn the fact that the greater part of the discharze 
passes from the leadinpin wire through the highly conductins gas, instead of passing 
off from the conducting vanes. 

In trying the preceding experiment with the elcctrir radiometer the potential shouId 
not exceed a certain limit, as then the electrosfatic attraction between the vanes 2nd 
the g lw  of the bulb may 6e s~ great as to stop the rotaticn. 

A most curious feature of alternate currents of high frequencies and potentials is 
that they enable us to perform many experiments by the use of one wire only, In mxny 
respects, this fature is of great interest. 

In a type of alternate ctlrrent motor invented by me some ymrs ago I producer! 
-tion by inducing, by means of a s i n ~ l e  alternating ct~rrent passed through a motor 
drmit, in the mass or ather circuits of the motor, semnda~ turrents, which, jointly 
with the primary or inducing nlrrcnt, created n moving field of force. A simple but 
crude form of such a motor is obtained by winding upon an iron core a primary, grid 
close to it a secondary coil. joining the ends of the latter and placing a freely movable 
ma1 disc within the influence of the field produced by both. The iron core is employed 
for obvims reasons. but it is not essential to the operation. To i i p r ~ v e  the motor, the . 
iron core is made to encircle the armature. Again to improve, the secondary coil is made 
tn overlap partIy the primary, so that it cannot free itself from a strong inductive action 
of the latter, repel its lines as it may. Once m3re to improve, the proper difference of 
phase is obtained between the primary and secondary currents by a condenser, seIf- 
i~duaion, resistance or equivalent windings. 

I had discovered, however, that rotation is produced by means of n single coil and 
mre; my mpIanation of the phenomenon, and leading thought in trying the experiment, 
king that there must be a true time lag in the magnetization of the core. 1 *member 
the p1tasure I had when, in the writings d Professor Ayrton, which came later to my 
hand, I found the idca of the'timc lag advocated. Whether there is a true time lag, or 
whether the retardation is dtie to eddy currents cimtatins in minute paths, must remain. 
an open question, but the fact is that a coil wound upon an iron core and traversed by 
an alternating nurent creates a moving field of force, capable of setting an armatur: 



'in rotation. It is of somc intcrcst, in conjunction with the historical Atago experiment, 
to mention that in Ing or phase motors I have produccd rotation in the opposite dimtion 
to the moving field. which means that in that cxpcriment the magnet may not rohk, 
or may cven rotate in the oppsitc direction to the moving disc. Here, thcn, is a motor 
(diagrammatically illustrated in-Fig. 17), comprising a coil and iron core, and a freely 
mpvablc r o p p  disc in 1)roximity torhe lattcr. 

To dcnlonstrate a rlovcl and interesting feature, I have, for a reason which I will 
explain, selcctrd this type of motor. When the ends of the mil ate connected to the 
terminals of an alternator thc disc is set in rotztion. But it is not this e~~nerirnent, now 
well known, which I dcsirc to pcrfom. What 1 wish to show you is that this motor eotaks 
with one s i r ~ l l e  connection between it and thc generator; that is to say, one terminal of 
the motor is conncctcd to one terminal of the penciatcr - in this case the secondary of 3 

high-tension induction coil - the other terminals of motor and generator being insulated 
in space. To producc rotation it is gcneraIIy (but not absofutcly) necessav to Connect 
the free end of the motor coil to i n  insulated body of some size. T h e  experimenter's 
body is more than sufficient. If  he touches the free terminal with an object held in the 

Fig. 17. 

17. hand, a currcnt passes through the coil and the copper disc is set in rotation. If an 
exhausted tube is put in series with the mil, the tube lights brilliandy, showing the 
passage of a stronp current. Instead of the experimenter's body, a small metal sheet 
suspended on a cord may bc used with the ,same result. In this case the plate acts as 
a condenser in series with the coiI. I t  counteracts the self-induction of the latter and 
aIlows a strong current to pass. I n  such a combination, the greater the self-induction of 
:f$e cod the smaller need be the plate, and this means that a lower frequency,. or 
eventually a Iower ptcntial, is required to operate the motor. A single coil wound upbn 
a core has n high self-ioduction;,for this reason principally, this type of motor was 
chosen to perform the experiment. Were a secondary closed mil wound upon the core, 
it would tend to diminish the self-induction; and then it would be necessary to employ 
a much higher frequency and potentid. Neither would be advisable, for a higher 
potential would endanger the insulation of the small primary mil, and a higher frequency 
would result in a materially diminished torque. 



It should be remarked that when such a motor with a closed secondary is used, it 
is not a t  all easy to obtain rohtion with excmsi~~c frequcncies, as the secondary cuts off 
almost completely the lines of the primary - and this, of course, the more, the highei 
the frequency - and allows the passngc of but a minute current. In such a case, unless 
the secondary is closed through a aondcnscr, it is aIrncst csscnti.11, in order to produce 
rotat~on, to make the primary and secondary coils overlap each othcr morc or less. 

But there is an additional feature of interest about this motor, namely, it is m t  
necessary to have even a single connectinn between the motcr and generator, except. 
perhaps, through the ground; for not only is an insulated plate capable of giving off, 
mergy into spare, but it is likewise capable of deriving it from an alternating eIectrostatic 
field, though In the latter case the available energy is much smalltr. In this instance one 
of the motor terminals a connected to the insulated platc or body located within the 
alternating electrostatic field, and the othcr tcrmln11 preferably to thc ground. 

It is  quite possible, however, that such '"0-wire" mctors, as t h q  mi,@ be called 
could be operated by conduction through the rarefied air at comiderable distance3 
Alternate currents, especially of high frequencies, pass with astonishing freedom through 
even dightly rarefied gases. The upper strata af the cir arc r.ircfied. To reach nurnbe: 
of miles out into space requircs the overcoming of diftinilties of a merely mechanlcd 
nature. There is no doubt that with the enormous potentials obtainable by the use of 
high frequencies and oil ins~zlation luminous discharges might be passed through many' 
mites of rarefied air, and that, by thus direct~ng the encrgy of many hundreds or 
thousands, of horse-power, motors or lamp5 might be opcntcd at considerable distances 
from stationary sousccs. But such schemes arc mcntioned mcrcly as possibilities. Wc 
shall have no need to rrn?zs?frit pourer a t  alI. Ere many gencrnt ions p s s ,  our machinery 
will be driven by a power obtainable at any p l n t  uf the unit e m .  This idea is not novei. ' 
Men havc been led to it Ionp ago by instinct or rcason. It has k e n  expressed in many 
ways, and in many places, in the history of old and new. We find ~t in the delightfui 
myth of Antheus, who derives power from the earth; we find it among the subtile 
speculations of one of your splendid mathematicians, and in many hints and statements 
of thinkers of the present time. Thro~~ghout space thcre is cncrgy. Is this energy 
static or kinetic? If static our hopcs arc In rain; i f  kinetic - and this wc know it IS, for 
certain - then it is a mere question of time when men will succeect in attaching their 
machinery to the very wheeiwork of nature. Of all, living or dcad, Crook= came nearest 
to doing it. His radiometer will turn in the light of day and in the darkness of the 
night; it wili turn everywhere wherc there IS h e ~ t ,  ant1 heat is everywhere. But, 
unfortunately, this beautiful litte machine, whiie it goes down to posterity as the most 
interesting, must likewise he put on record as the must inefficient n~ach~ne  ever invented! 

The preceding experiment is only one of many equally interestin2 experiments which 
m y  be performed by the use of only one wire with alternate currents of high potential 
and frequency. We may connect an insulated line to a source of such currents, we may 
pass an inappreciable current over the line, and on any p i n t  of the same we are able 
to obtain a heavy current, capable of fusing a thick copper wire. Or we may, by the help 
of some artifice, decompose a solutim in any electroIytic cell by connecting only one pole 
of the celI to the line or source of energy. Or we may, by attaching to the line, or only 
bringing into its vicinity; light up- an incandescent lamp, an exhausted tube, or a 

phosphorescent bulb. 
However impracticabIe this plan of working may appear in many cases, .it cettainIy 

~ r m s  practimble, and even recommendable, in the production of light. A perfected 
lamp wwld require but little energy, and if wires were used at all we ought to be able 
to supply that energy without a return wire. 



It is pow a fact that a body may k rcndered incandmcent or phosphorescent by 
bringing it eithcr in singIe contact or merely in the' vicinity of a source of electric 
impulses of the proper character, and that in this manner a quantity of light sufficieni 
to afford a practical illurninant may be produced. It is, therefore, to say the least, worth 
while to attempt to determine the bcst conditions and to invent the best appliances for 
attaining th is'objw. 

Some experiences have aIready been gained in t h i s  direction, and I will dwell on 
them briefly, in the hope that they might prove useful. 

The heating of a conducting body incIbsed in a bulb, and connected to a source of 
rapidly zltcmatin~ electric impulses, is dependent on so many things of a different 
nature, that it would tc difficult t o  give a generalIy applicable rule under which the 
maximum heating occurs. As regards the size of the vessel, 1 have lately found that at 
ordinary or nnIy slightly differing atmospheric pr-surcs, when air is a good insulator, 
and hence practically the s m e  amount of energy by a certain potentid and frequency 
is given off from the body, wbether thc bulb be small or Inrge, the body is brought 
to a higher tcrnpcrature if inclosed in a small bu!b, because of the better confinement 
of heat iin this case. 

At lowcr pressures, when .air becomes more or lcss conducting, or if the air be 
sufficiently warmed as to Eccome conducting, the body is rendered more intensely 
incandesccr.t in a large bulb, obviously berausc, under otherwise qua1 conditions of 
tcst, more cnegy may be given o€f lrom the body when the bulb is large. 

At vcry high degrees of exhaustien, when the matter in the bulb becomes "radiant" 
a Iargc bulb hns still an advantage, but a comparatively slight one, over the small bulb. 

Finally, at mcessively high dqrees of cxh?ustion, which cannot k d e d  except 
by the cn~ployrncnt of specid mcsns, there seems to be, beyond a certain and rather small 
size of sessel, no perccptiblc diffcrcnce in the heating. 

These observatioi~i were the result of a number of experiments, of which me, 
showing the cffect of the size of thc bulb at a high de~rec of exhaustion, may lx 
described and shown here. as it vresenh a feature of interest. Three s~herical bulbs of 
2 inches, 3 inches and 4'inche; diameter were taken, and in the cktre of each was 
mounted an equal length of an ordinary incandescent lamp filament of uniform thicknas. 
In each bulb the piece of fiIamcnr was fastened to the leading-in wire of platinum, 
contained in a glass stem sealed in the bulb; care being taken, of course, to make 
everything as nearly alike as pcssible. On each glass stern in the inside of the bulb was 
slippcd a highly polishcd tube made of aluminium sheet, which fitkd the stem and was 
held on it by sptinz pressure. T h c  function of this aIuminium tube will be expIained 
subsequently. In each bulb an equal length of filament protruded above the metal tube. 
It is sufficient to snv now that under these conditions cauaI Ieneths of filament of the - 
same thickness - in othcr words, bodies of equal bulk - wcre brought to incandescence. 
The three bulbs wcre scaled to a glass tube, which was connected to a Sprengel pump. 
When a high vacuum hat! been reached, the glass tube carrying the buIbs was seaIed 
off. A current was then turncd on ~uccessiwly on each bulb, and it 'was found that 
the filaments came to about the same bri~hmcss, 'and, if anything? the smallest bulb, 
which was placed midway between the twolarger ones, may have been slightly brighter. 
This rcsnlt was expected, for when either of the bulbs was connected to the coil thc 
luminosity spread through the other two, hence the three bulbs constituted really one 
vesscl. When all tllc three bulbs wcre connected in multiple arc to the coil, in the I a r p t  
of them the filament glowed brightest, in the next smaIIec it was a IittIe less bright, and 
in the smalIcst it onlv came to redness. The bulbs were then sealed off and seaaratdv 
tried. The brightnesiof the filaments was now such as would have been rxp&I 
the supposition that the energy given off was proportionate to the surface of tht 
bulb, this surface in each m e  representing one of the coatings of a ccmdenserw 



AccordingIy, here was Iess difference between the I a r p t  and the middk sizcd thin 
behveen the latter and the smallest bulb. , .  

An interesting observation was made in this experiment. The three bulbs were 
suspended from a straight bare wire connected to a terminal of the coil, the Iargcst 
bulb being placed at the end of the wirc, at some distance from it the smallest bulb, 
and an equal distance from the Iatter the middle-sized one. The carbons ~Iowed then i~ 
both the l a r ~ r  bulbs a b u t  as expected, but the smallest did not get its share by far 
This observ~tion led me to exchange the position of the bulbs, and I then observed that 
whichever of the bulbs was iq the middle it vlas by far less bright than it was in any 
other p i t i o n .  This rnystifyng resuIt was, of course, found to hc due to the electrostatic 
action between tbe bulbs. When they were placed at a considerable distance, or when 
they were attachcd to the cotners of an equilateral triangle of coppcr wirc, they glowed 
about in the order determined by their surfaces. 

As to the shape of the vessel, it is also of snme importance, especially at high 
decrees of exhaustion. Of a11 the possible constructions. it seems that a spherical globe 
with the refractory body mounted in i ts centrc is thc best to employ. In experience i t  
has h e n  dkmonstrated that in such a elohe a refractow body of a given bulk is  more , 

easily brought to incandescence than when otfierwisr: shaped bulbs are used. Thcrc i+ 
dso an advantzge in giving to the incandescent body the shnpe of a sphere, for self- 
evident reasons. In any case the hodv should he mounted in the centre, where the atoms 
rhunding from the glass collidc. This nbicrt is hcst nttaincd in the spherica1 hulb: but 
it is also attained in a cyIindrim1 vessel with one or, two straight fiIarncnts coincidin: 
with its axis, and possiblv abo in ~arabnlical or snhcrical bulbs with the refractorv body 
or bodics oIaced in the foms or foci of the same; though the latter is not probable. as 
the electrified atoms should in all cases rebound norrnnllv from the surface they strike. 
r~dess the speed were excessive. in which case thcy zl,orrld probably follow the ~eneraI 
law of refIe&ion. No matter whxt shape the vcsscl may have. if the cxhairstion be lovl. 
a filament mounted in the .!lobe is brorieht to the same de~rce  of inrandesccnce in all  
narts: but if the exhaustion be high and the btifb be spherical or pear-shaped, as usnal, 
focal points form and h e  fiIamcnt is heated to a higher d e ~ r e e  2t or near such points. 

To illustrate the effect, I ha+? h ~ r e  two small bulhg which are alike. nnly one is 
rxfiaustcd to a Inr? and the other to a verv hidl deqree. IX'hen connected to the cnil. the 
filament in the former ~ l o m  ~rniforrnlv throul:ho~~k all its lenqth: whercaq in the lattcr. 
that portion of the filament which i s  in thr rcvtre of the bulb g l o n ~  f a t  mnre intcnscfv 
than the rest. A curious point i s  that the phcnnmcnon orclirs men if two filaments nrp 
mounted in a bulb, each kine connected tn nnc terminal of the mil, and. what i s  still 
more curious. if they be very near tnxther. provided the vacuum be verv hieh. I noted 
in exwriments with such btrlbq thnt the filaments mnuld ~ i v r  way nsuallv nt a certnin 
p i n t  and in the fitst trials I attributed it t~ a dcfect in  the carbon. Rut when the 
phenomenon m r r e d  mmy timcs in succession I recognized its real muse. 

In  order to brine a refractom h d v  inrlosed in s hilh tn inrarlrle~rcnrr. it i? 
desirable. on account of economv. thnt all thc rncrrrv si~~nlierl  to thc hi~lh from t l r ~  
mrcc should mch without Ins5 the body to he hrnted; frnm there. and f rnm nnwh-r- 
dse. it should he radiated. It is, nf rnirrse, nlit of the nriestjnn tn reach this thmwtit-71 
mult. but it is wsible by a proper constmction of the illuminating dcvice t c ~  
+?proximate it more or less. 

For many reasons, ,the refractory body is placed in the centre of the bulb and It 
if usually supported on a glass stem containing the leading-in wire. As the potential oi 
this wire is alternated, the rarefied gas surmnding the stem is acted upon inductively, 
and the glass stem is violently bombarded and heated. In this manner by far thc greater 
prtion of the energy supplied to the bulb - especiaily when exceedingly high 



frequencies are used - may be lost for the purpose contemplated. To obviate this loss, 
or at least to reduce it to a minimum, I usually screen the rarefied gas surrounding the 
stem from the inductive action of the leading-in wire by providing the stcm with n tubc 
or coating of conducting material. It seems beyond doubt that the best among metals 
to employ for this purpose is aluminium, on acmulzt of its many remarkable properties. 
Its only fault js that it is euily fusible, and, therefore, its distance from the incandescing 
body sh'ou1d be properly estirnatcd. Usually, a thin tube, of a diameter somewhat smaller 
than that of the glass stqm, is made of the finest aluminium sheet, and slip@ on the 
stem. The tube is conveniently prepared by wrapping around a rod fastened in a lathe. 
a piece of aluminium s lmt  of the proper size, grasping the sheet firmly with dean 
chamois lcxther or blotting paper, and spinning the rod very fast, The sheet is woufid 
t i~htly around the rod, and a l~ighly polished tubc of one or three layers of the sheet 
is obtained. When srippcd on the stein, thc pressure is gcneraliy sufficient to prwent 
it from slipping off, but, for safety, the lower edge of the sheet may be turned inside. 
The upper' inside corncr of the sheet - that is, the bnc which is hearest to the refractory 
incandescent body - shouId be cut out diagonally, as it often happens that, in 
consequence af th; intense heat, this corner turns toward the inside and'comes very 
near to, or in contact with, the wire, or filament, supporting the refractory body. The 
gmter part of the enerLgy supplied to the buIb is then used up in heating the metal tube, 
and the bulb is rendered uselcss for the purpose. The aluminium sheet should projecl 
above thc glass stem more or_Ics - one inch or so - or elsc, if the glass be tm dosc to 
the incandescing body, it may be strongly heated and become more or less conducting, 
whereupon it may be ruptured. or may, by its conductivity, establish a good electrical 
connection bcwctln the metal tube and the leading-in wire, in which case, again, most of 
thc energy will be lost in hcating the former. Perhaps the best way is to make the t o p  of 
thc glass tube for about an inch, of a much smaller diameter. To stilt further reduce the 
danger'a~isin~ from the heating of the glass stem, and also with the v i m  of preventing 
an electrical connection between the rnctal tube and the electrode, J preferably wrap 
the stem with scveraI Iagers of thin mica, which extends at least as far as h e  mttal tube. ' 

I n  some bt11bs I have also used an outside insulating cover. 

The preceding remarks are only made to aid thc. experimenter in the first trials, 
for the difficulties which he encounters he may soon find means to overcome in his 
ow0 way. 

To illustrate the effect of the screen, and the advantage of using it, I have here two 
bulbs of thc same size, with their stems, leading-in wires and incandescent I m p  
filaments tied to the latter, as nearly alike s possible. Thz stem of one bulb is provided 
with an aluminium tube, the stem of the other has none. Originally the two bulbs were 
joined by a tube which was connected to a Sprengel pump. When a high vacuum had 
been reached,' first the connecting tube, and then the bulbs, were sealed ofk they are 
therefore of the same degree of exhaustion. When thcy are separately connected to the 
coil giving a certain potential, the carbon filament in the bulb provided with the 
aluminium scrcen in rendcred highly incandescent, while the filamen? in the other bulb 
may, with the same potential, not wen come to redness, although in reality the latter 
bulb takes gneraIly more energy than the former. When they are both connected together 
to the terminal, thc difference is even more apparent, showing the importance of the 
screening. The metal tube placed on the stern containing the leading-in wire performs 
reaIIy two distinct functions: First; it acts more or less as an electrostatic s m ,  thus 
economizing the energy supplied to the bulb; and, second, to whatever extent it may ' 

fail to act eIectrostatically, it acts mechanically, preventing the bombardment, and 
mnsequentIy intense heating and possible deterioration of the slender support of thz 
refractory incandescent body, or of the glass stem containing the leading-in wire. I say 
rlender support, fox it is evident that in order to confine the heat more compk1y to 



the incandescing body its support ihould be very thin, so as to carry away the smallest 
possible amwnt  of heat by conduction. Of all the supports used I have found an 
ordinary incandescent lamp filament to be the best, principally because among conductors 
it can withstand the highest dcgrecs of heat. 

The effectiveness of thc metal tube as an electostatic screen dcpends Iargely an 
the degm of exhaustion. 

At excessively high degrees of exhaustion - which arc reached by using great 
care and special means in connection with thc Sprengel pump - when the matter in  
h e  g l o k  is in the ultra-rad~ant state, it acts most perfectly. The shadow of the uppcr 
edge of the tube is then sharply defined upon the bulb. 

At a somewhat lower degree of exhaustion, which is about the ordinary "non- 
striking" vacuum, and generally as long as the matter moves prcdominmtly in straight 
tines, the screen still does well. In elucidation of the   receding remark it is necessary 
to state that what is a "non-striking" vacuum for a coiI operated, as ordinarily, by 
impulses, or currents, of low frequency, is not, by far, so when the coil is operated hl* 
currents of very high frequency. In such ewe the discharge may pass with great frcedom . 
through the rarefied gas through which a low-frequency discharge may not pass, even . 
though the potential be much higher. At ordinary atmospheric pressures just the reverse 
rule holds pod:  the highcr the frequency, the less the spark discharge is ablc to jump 
between the terminals, especially if they are knobs or spheres of some size. 

Finally, at very low degrees of exhaustion, when the gas is well conducting the 
metal t u b  not only does not act as an electtostatic screen, but even is a dtawback, 
aiding to a considerable extent the dissipation of the energy IatcraIIy from the leading-in 
wire. This, of course, is to be expected. In this case, namely, the rnel.al tube is in p a d  
clearica1 connection with the leadingin wire, and most af the bomb~rdment is directed 
upon the tube. As long as the electrical connection is not p o d ,  the conducting tubP 
is always of some advantage, for although it may not greatly cconarnize energy, still: 
it protects h e  support of the refractory button, and is a means for concentrating mort 
energy upon the same. 

To whatever extent the aluminium tube performs the function of a screen. ib 
usefulness is therefore limited to very high degrees of exhaustion when it is insulated 
from the dectrde - that is, when the gas as; a whole is non-conducting, and the 
molecules, or atoms, act as independent carticrs of electric charges. 

In addition to acting as a more or less effective screen, in the true meaning of the 
word, the conducting tube or mating may also ad, by reason of its conductivity, i~ n 
'sort of equalizer or dampener of the brnbardment against the stem. To be explicit, 
I assume the action as foIlows: Suppose a rhythmical bombardment to occur against the 
conducting tube by reason of its imperfect action as a screen. it certainIy must happen 
that some moIecuIes, or. atoms, strike the tube sooner than others. Those which m e  
first in contact with it give un their superfluous chasqe, and the tube i's electrified, the 
electrification instantly soreading over its surface. But this must diminish the enerpy 
lost in the bombardment far two rcasons: first, the charge given up by the atoms spreds 
over a great arm, and hence the electric density at any point is small, and the atoms 
atc rrpelled with less energy than they would be if they would strike ~ g a i n s r  a good 
insulator; secondly, as the tube is electrified by the atoms which first come in contact 
with it, the progress of the foIIowing atoms against the tube 'is 'more pr less checked 
by the repulsion which the electrified tube must exert upon the similarly electrifid . 
atoms,. This repulsion may perhaps be sufficient to prevent a large portion of the 
atoms from striking the tube. but at any rate it must diminish the energy of their impact. 
It is dm that when the exhaustion is very low, and the rarefied gas well conducting, 
neither of the above effectc rln Wnlr and nn thp nth~r hand, the fewer the dams, with 



h e  greater freedom they movc; in other words, the higher the degree of exhaustion,. 
up to a limit, the more teEIing will be both the cffccts. 

. W h a t  I have just said may afford an explanation of the pfienmenon observed by 
Prof. Crooks, namely, that a discharge through a bulb is established with much greater 
facilitg when an insulator than when a conductor is present in the same. In my opinion, 
the conductor acts as a dampener of the motion of the atoms in the two ways pointed 
out; hence, to came a visibIe discharge to pass through the -bulb, a much higher potential 
is needcd if a conductor, espccially of much surface, be present. 

Fig. 18. Fig. 19. 

For the sake of clearness of some of the ;emarks before made, I must now refer ' 

to Figs. 18, 19 and 20, which illustrate various arra'ngetnents with a type of bulb most 
generally used. 

Fig. 18 is a sectio? through a spherical bulb L, with the glass stem r, containing 
the leading-in wire a), which has a lamp filament I fastened to iS serving to support 
the refractory button m in the centre. it1 is a sheet of  thin mica wound in several layers 
around the stem ;, and a is the aluminium tuk. 

Fig. 19 illustrates such a bulb in a somewhat more advanced stage of ,perfection. 
A metallic tube S is fastened by means of some cement. to the neck of the tuk. In 
the tube is screwed a pIug P, of insulating material, in the centre of which is fastened 
a rnetaIlic terminal t, for thc connection to the leading-in wire i l l .  This terminal must 
be well insulated from the metal tube S, therefore, If the cement used is conducting -- 
and most generally it is sufficientIy so - e space between the plug P and the neck 
of the bulb should be filled with some goo p insulating material, as mica powder. 

Fig. 20 shows a bulb made for experimental purposes. In this bulb the aluminium 
tube is provided with an external connection, which serves to investigate the effect of 
the tube undcr various conditions. I t  is referred to chiefIy tu sugpt a line of experiment 
followed. 

Since the bmbardment against the stern containing the leading-in wire is dw to 
the inductive action of the latter upon the rarefied gas, it is of advantap to reduce 
this action as far as practicable by employing s very thin wire, surrounded by a very 



hick insulation of glass or other material, and by making the wire passing through 
the r ~ f i e d  gas as short as practicable. To c~mbine these featurm I employ 'a large tuk 
T (Fig. 211, which protrudes into the buib to some distance, and carries on the top , 

a very short glass stem s, into which is sealed the leading-in wire w, and I protect the _ 
top of the glass stem against the heat by a small, 
aluminium tube and, a layer of mica underneath the 
sune, as usual. The wire w, passing through the large ' 

hlbe to the outside of the bulb, should & well insutatoJ 
- 'with a glass tube, for instance 2 and the space ' 
b e e n  ought to be filled out with some .exrellcnt 
insulator. Among many insulating powders I have tricd, 
I have found that 'mlca powder is the best to crnplny. 
If this precaution is  not taken, the tube T ,  protruciing a 

into the bulb, will surely be cracked in consequence oi  
the heating by the bmshcs which are apt to form in tllc 
upper part of the tube, near the exhausted globe, especially 
if the vacuum be excellent, and therefore thc potential 
necessary to operate the kmp very high. 

Fig. 2 2  iUustrates a similar arrangement, with n 
latge kube T protruding into the pxrt of the buFb con- 
taining the refractory button nl. In this case thc wirc 
Imding from the outside into the bulb is omitted, thc 
energy required being supplied through condenser 
coatings C C. The insulating packing P should in this 
construction be tightly fitting to thc glass, and rather 
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Fig. 211. 

wide, or otherwise the discharge might avoid passing 
through the wire w, which connccts the inside condenser coating to the ihcandcscent 
button m. 

The molecufar bombardment against the glass stem in the bulb is a source of great 
trouble. As illustration I will cite a phenomenon only too-frequently and unwiItingly 
observed. A bulb, preferably a large one, m a y  bc taken, and a good conducting bdy ,  
such as a piece of carbon, map be mounted in it upon a platinum wire sealed in thc 
glass stem. The bulb may be exhausted to a fairly high degree, nearIy to the point when 
phosphorescence begins to appear. When the bulb is connected with the coil, the piece 
of carbon, if small, may become highly incandescent at first, but its brightness 
immediately diminishes, and then the discharge may break through the glass sornewherr. 
in the middle of the stem, in the form of bright sparks, in splte of the fact that the 
platinum wire is in good electrical connection with the rarefied gas through the pi~ce 
OF carbon or metal at the top. The first sparks are singularly bright, recalling those 
drawn from a clear surface of mercury. But, as they heat the glass rapidly, they, of course, 
lose their brightness, and cease when the glass at the rbptured place becomes incandescen., 
M generally sufficientIy hot to conduct. When observed for the first time the phenomenon 
must appear very curious, and shows in a striking manner how radicaIly different 
dtenate currents, or impdses, of high frequency behave, as compared with stwdy 
numb, or curter& of Iow frequency. With such currents - namely, the latter - ihe 
phenomenon would of coune not ~ps. When frequencies such as are obtained by 
r n e c ) l a ~ d  means are used, I think that the rupture of the glass i s  more or Jess the 
ansequence of the bombardment, which warms it up and impairs its insulating p o ~ e r ,  
but with frequencia obtainable with condensers I have no doubt that the glass may 
give way without previous heating. Although this appears most singular at first, it is in 
d i t y  what we might expect to occur. The energy supplied to the wire leading into 
the bulb is given off pa-nlg by direa action through the carbon button, and partly by 



inductive action through the gIass surrounding the wire. The case is thus analopus 
to that in which a condenser shunted by a conductor of low resistance is c o n n d  to 
a source of alternating currents. As long as the frequencies ate low, the conductor gets 
the most, and the condenser is perfectly safe; but when the f v e n c y  becomes cx~&ve, 
the v6le of the conductor may become quite insignificant. In the lattkr case the difference 
of otential at the terminals of the condenser may become so great as to ruphrre the 9 die ectric, notwithstanding the fact that the terminals are joined by a conductor of low 
rslistance. 

Fig. 21. .Fig. 22. 

It is, of course, not necessary, when it is desired to produce the i n c m d m a  of 
a body inclosed in a bulb by means of these currents, that the body should be a conductor, 
for even a perffa non-conductor may be quite as readily heated. For this prposc it 
sufficient to surround a conducting electrode with a nonanducking material, as, for 
instance,' in the bulb described before in Fig. 21, in which a &in incandescent 
filament is coated with a non-conductor, and supports a button of the same material on 
the top. At the start the bombardment g m  on by inductive action through the non- 
conductor, until the same is sufficiently heated to become conducting, when the 
bombardment continues in the ordinary way. 

A different arrangement used in some of the bulbs con;tnrcted is illustratd in 
Fig. 23. In this instance a non-conductor m is mounted ir. a piece of common arc light 
carbon so as to project some small distance above the latter. Zhr m r h  piece is 
connected to the leading-in wire passing through a glass stem, which is wrapped with 
several layers of mica. An nlumjnium tube a is  enip1oyed as usual for screening. It is so 
arranged that it reaches very nearly as high as the c a h n  and only the non-conductor 
m projects a little above it. The bombardment goes at first against the upper d a c e  
of carbon. the lower parts being protected by the aluminium tube. As soon, howmet, 
as the non-conductor m is heated it is rendeted p d  oondudng, and then it bcmmcs 
the centre of the bombardment, being mwt exposed to the same. 



I have aIso constructed during these experiments many such single-wire bulbs with 
or without internal electrode, in which the radiant matter was projected against, or 
focused upon, the body to be rendered incandescent. Fig. 24 iIIustrates one of the bulbs 
used. It consists of a spherical globe L, provided with a long neck H, on the top, for 
increasing the action in some c a s s  by the appIication of an external conducting mting.  
The globe L is blown out on the bottom into a very small bulb b, which serves to hold 
it firmly in a sdcet S of insulating material into which it is cemented. R fine lam? 
filament f ,  supported on a wire w, passes through the centre of the globe L. The 
filament is rendered incandescect in the middle 
portion, where the hmbardment proceeding 
from the lower inside surface of the gIobe is 
most intense. 'Xhe lower portion of the globe, 
M far as the socket S reaches, is rendered 
conducting, either by a tinfoil coating or 
othemise, and the external electrode i s  < 
connected to a terminal of the coil. 

Tht arrangement diagrammatically indicut. 
ed in Fig. 24 was found to be a n  infcrior one 
whcn it was desired to renr'er incandescent a 
filament or button supprted in the ccntre ot 
the glob,  but it was convenient whcn bttc 
objcct was to cxcitc phosphorescence. 

In many experirnenb in which b d i c s  of 
a different kind were mounted in the bulb as, 
for instance, indicated in Fig. 23, some 
observations of interest were made. 

It was found, among other things, that 
in-& cases, no matter where the brnbardment 
kgan, just as soon as a high temperature was 
reached there was generally one of the bodies 
which seemed to take most of the bmbardment Fig. 23. 

upon ibeIf, the other, or others, being thereby 
rclilevcd. This quality appeared to depend principally on the point of fusion, and on 
the facility with which the body was "evaporated", or, generally speaking, disintegrated 
- meaning by the latter term not only the throwing off of atoms, but likewise of larger 
lumps. The observation made was in accardance with generally accepted notions. In 
a highIy exhausted bulb electricity is carried off from the electrode by independent 
carrictr, which are ~ a r t l p  the atoms, or molecules, of the residual atmosphere, anrl partly 
thc atoms, moIecules, or lumps thrown off from the electrode. If the eiectrode is 
compmed of bdics of different character, and if one of thme is more easily disintegrated 
than thc otherq most of the electricity supplied is carried off from that my, which 
is then brought to a higher temperature than the others, and this the more, as upon an 
increase of the temperature the body is still more easily disintegrated. 

It seems to me quite -probable that a similar process takes place in the bulb even 
with a homogenous elearode, and I think it to be the principal cause of the disintegmtio~?. 
There is h n d  to be some irregularity, even if the surface is highly polished, which, 
d course, is EmpossibIe with m a t  o£ the refractory bodies employed as eleatdes. 
Assume h a t  a point of the electrode gets hotter, instantly most of the discharge passes 
through that point, and a minute patch is probably fused and evaporated. It is now 
p i b l e  that in consequence of the violent disintegration the spot attacked sinks in 



temperature, or that a counter force is created, as in an arc; at any rate, the local tearing 
off mcets with the limitations incident to the experiment, whereupon the same pnxess 
occurs on another place. To the eye the clectrodc appears uniformly brilliant, but there 
are upon it points constantly shifting and wandering around, of a temperature far above 
the mean, and this hateridly hastens the process of deterioration, T h a t  some such hing  
occurs, at Jeast when the electrode is at a lower temperature, sufficient experimental 
cvjdcncc can be obtained in the foitowing manner: Exhaust a buIb to a verg high degree, 
so that with 3 fairly high potrntial the discharge cannot pass - that is, not a 1aminou.r 
one, for a weak invisible discharge wars always, in all probability. NOW raise sIowlv 
and carefully thc potentia!, Icaving the primnry current on na more than for an instant. 
At a certain point, two, three, or half a dozen phosphorescent spots will appeat on the 
globe. ~ f i c s ;  1~1accs of thc glass are evidently more violently bombarded thm others, 
this being duc to the unevenly distributed clcctric density, ncmsitated, of course, by 
sharp projeaions, or, gcnccally spcakiq, irreLmlaritics of the electrode. But the luminous 
patchcs arc constantly chanp in~  in position, which is especially we11 observable if one 
manages to produce very fcw, and this indicates that the configuration of the electrodr 
is rapid!y clrsnging.. . 

From experiences of this kind I am led to infer that, in order to be most durabic, 
the'r~fractor~ button in the bulb sl~ould be in the form of a sphere with a highly polished 
surface. Such a small kphcre could bc mannfacturcd from a diamond or some other 
crystal, but a bctter way would bc to fuse, by the emphyment of cxtreme degrees of 
temperature, some oxide -- as, for instance, ziiconia - ~ntb  a small drop, and then 
keep it in the bulb at a tem!leraturc somewhat below its point of fusion. 

Tnteresting ancl uscful rcquIt~ can no doubt be rcached in the direction of extremc 
degrccs nf heat. How can such h~gh tcmpcraturcs be arrived at? How are the highest 
degrees of hcat reached in tinturc? By the impact of stars, by high speeds and coIIisions. 
In a collision any rate of heat .gcncration may be attained. In a chemical p m s s  we 
are lim~tcd. When oxygen md hydrogen combine, they fall, metaphorically speaking, 
from a dcf~nite height. We cannot 20 very far with a blast, nor by confining heat in 
a furnace, but in an exhausted bulb we ran concentrate any amount of energy up02 
a minute button. Leaving practicability out of consideration, this, then, would be the 
lncans which, in tny opinion, would enabic us to reach the highest temperature. Rut 
a g c a t  difficulty when proceeding i n  this wzy is encountered, namely, in most cascs 
the -body is cartred off before it can fuse and form a drop. This difficulty exists 
principally with an oxrde such as zirconia, because it cannot be compressed in so hatd 
a cake that it would not be carried off quickly. I endeavored repeatedly to fuse zirconia, 
placing it it1 a cup or arc light carbon as indicated in Fig. 23. Et glowed with a most 
intense light, and the stream of the particles projected out of the carbon cup was of a 
vivid white; but whether it was compressed in a cake or m'ade into a paste with &n, 
it was carried off before it could bc fused. The carbon cup containing the zirconia had 
to be mounted very low in the neck of a lcrge bulb, as the heating of the glass by h e  
projected particIcs of the oxide was so rapid that in the first trial the bulb was cracked 
zlrnost in an instant whcn the current was turned on. The heating of the glass by the 
projected particles was found to be always greater when the carbon cup contained a body 
which was rapidly carried off - I presume because in such cases, with the same potential, 
higher speeds were reached, and also because, per unit of time, more matter was projected 
- that is, more particles would strike the glass. 

The before mentioned difficulty did not exist, however, when the body mounted 
in the carbon cup affcred great resistance to deterioration. For instance, when an oxide 
was first fuscd in an oxygen blast and then mounted in the bulb, it melted vesy readily 
into a drop. 

Generally during the process of fusion magnificent light effects were n d ,  of 
which i t  would be difficult to give an adequate idea, Fig. 23 is,intended to illustrate 



he effect observed with a ruby drop. At first one may see a narrow funnel of white . 
lighk projected against the top of the globe, where it produces an irregularlp outlined 
phosphoressent patch. W+ the point of the ruby fuses the phosphorescence becomes 
very powerful; but as the atoms are projected with much greater speed from the surface 
of the drop, soon the glass gets-hot and "tired", and now only thelouter edg  of the 
patch glows. I n  this manner an intenseIy phosphorescent, sharply defined line, I, 
corresponding to the outline of the drop, is produced, which spreads sIow1~ over the 
globe as the drop gets larger. When the mass begins to boil, small bubbles and cavities . 
are formed, which cause dark colored spots to sweep across .the globe. 'Ihe bulb may 
be turned downward without fear of the drop falling off, as the mass possesses 
considerable viscosity. 

I may mention here another feature of some interest, which I believe to have noted 
in the m&e of these experiments, though the observations do not amount to a certihde. 
It appeared that under the moIecu!ar impact caused by the rapidly alternating potential 
the M y  was fused and maintained in that state at a lower temperature in a highly 
exhausted bulb than was the case at norma1 pressure and application of heat in the 
ordinary way - that is, at least, judging from the quantity of thcb light emitted. One 
of the experiments perfarmed may be mentioned here by way of illustration. A smzll 
piere of pumice stone was stuck on a platinum wise, and first melted to it in a g 3 ~  

burner. The wire was next placed ktwccn two pieces of charcoal and a burner applied 
so as to produce an intense heat, sufficient to meit down the pumice stone into a small 
glass - like button. The platinum wire had to be taken of sufficient thickness to 
prevent its melting in the fire. While in the charcoal fire, or when held in a burner 
to get a better idea of the degree of heat, the button glowed with great brilliancy. The 
wire with the button was then mounted in a bulb, and upon exhausting the same to a 
high degree, the current w- turned on slowly so as to pret7cnt the ;racking of thc 
button. The button was heated to the point of fusion, and when it melted it did not, 
apparently* glow with the same brilliancy as before, and this would indicate a iawcr 
temperature. Leaving out of consideration the observer's possible, and even probable, 
error, the question is, mn a body under these conditions be brought from a solid to a 
Iiquid state with evolution of Iess light? 

When the potentid of a body is rapidly altetnated it is certain that the structure 
is jarred, When the potential is very high, althoush the vibrations may be 'few - say 
20,000 per second - the effect upon the structure m y  be considerable. Suppose, for 
mampie, that a ruby is melted into a drop by a steady application of energy. When it 
forms a drop it will emit visibIe and invisible waves, which will be in a definite ratio, 
and to the eye the drop will appear to be of a certain brilliancy. Next, suppose we 
dimiriish to any degree we choose the energy steadily supplied, and, instead, supply 
energy which rises and falls according to a certain law. Kow, when the drop is formed, 
there will be emitted from it three different kinds of vibrations - the ordinary visibIe, 
and two kinds of invisible waves: that is, the ordinary dark waves of all lengths, and, 
in addition, waves of a well defined character. The latter would not exist by a steady 
supply of the energy; still they help to jar and loosea &e struchue. If this really be the 
case, then the ruby drop niIl emit relatively less visible and more invisible wavm than 
before. Thus it would seem that when a platinum wire, for instance, is fused by currents 
alternating with extreme rapidity, it emits at the point of fusion less-light and more 
invisible radiation than it does when meItd by a steady current, though the total energy 
used up in the process of fusion is the same in both cases. Or, to cite another,example, 
a lamp filament is not capable of withstanding as long with currents of extreme frequency 
as it does with steady currents, assuming that it be worked at the same luminous 
intensity. This means that for rapidly alternating currents the filament should Ix shorter 
and thicker. Tbe higher the frequency - that is, the greater the departure from the 



steady flow -;the worse it wauld be for the filament. But if the truth af thic remark- 
were demonstrated, it would be erroneous to conclude that such a refractory button 
as used in thme bulbs would be deteriorated quicker by currents of extremely high 
frequency than by steady or low frequency currents. From experience I may say that 
just the o p p i t e  holds good: the button withstands the bombardment better with 
currents of very high frequency. But this is due to the fact that a high freguency 
discharge passes through a rarefied gas with much greater freedom than a steady or 
Im frequency discharge, and this will say 'that with the former we can work with 
a lower potential dr with a less viofent impact. As long, then, as the gas is of m 
consequence, a steady or low frequency current is better; but as soon as the action at 
the gas is desired and important, high frequencies are preferable. 

In the course of these experiments a great many triaIs were made with dl kin& 
of carbon buttons. EIectrodes made of ordinary carbon buttons were decidedly more 
durable when the- buttons were obtained by the application of enormous pressure. 
Electrodes prepared by depositing carbon in well known ways did not show up well; 
they blackened the globe verg quickly. From many experiencies I conclude that lamp 
fiIarnents obtained in this manner can b advantapusly used only with low potentials 
and low frequency currents. Some kinds of carbon withstand so well that, in order to 
bring them to the point of fusion, it is necessary to employ very small buttons- In this 
case the observation is rendered very difficult on account of the intense beat produced. 
Nevertheless there can be no doubt that all kinds of carbon are fused under the rnoIerular 
bombardment, but the liquid sbte must be one of great instability. Of all the Wits 
tried there were two which withstood best - diamond and carboiundum. Zhese twa 
showed up about equaIIy, but the latler was preferable, for many reasons. As it is more 
than likely that this My is not yet generally known, I will ventue to call p a r ,  
attention to it. 

It has k e n  recently produced by Mr. E. G. Acheson, of MonungahlrIr City, Pa., 
U. S. A. It is intended to repIace ordinary diamond powder for polishing precious s t o n e  
etc., and I have been informed that it accomplishes this o b j ~ t  quite successfully. .I do 
nut know why the n m e  "carborundum" has been given to it, unless there is something 
in the process of its manufacture which justifies this selection. Through the kindness 
of the inventor, I obtained a short while ago some samples which I d e s i d  to test in 
regard to their guafities of phosphomcence and capability of withstanding high d c v  
of heat. 

Carbrundum can be obtained in two forms - in the fomt of "crystals" and of 
powder. The former appear to the naked eye dark colored, but are ve y brilliant; the 
fatter is of nearly the same color as ordinary diamond powder, but very much finer. 
When viewed under a microscope the samples of crystals given to me did not appcer 
to have any definite form, but rather rwmblcd pieces of broken up egg coal of fine 
quality. The majority were opaque, but there were some which were transpmnt and 
colored. The crystals are a kind of carbon containing some impuritiies; they am extremelj 
hard, and withstand for a long time even an oxygen blast. When the blast is directed 
against them they at f iat  form a cake of some compactness, probably in consequence 
of the fusion of impurities they contain. The mass withstands for a verg Iong time the 
blast without further fusion; but a slow caving off, or burning, occurs, and, finally, 
a small quantity of a glass-like residue is left, which, I suppe ,  is melted alumina. 
When compressed strongly they conduct very weI1, but not as weI1 n ordinary carbon. 
The powder, which is obtained from the crystals in some way, is practically 

'non-conducting. It affords a magnificent polishing material for stones. 
T h e  time has been tm short to make a satisfactory study of the properties of .this 

product, but enough experience has k n  gained in a few weeh I have experimmtd 
u p  it to ray that it d~ possess some rendcable properties En many m ~ ,  It 



&tan& excessively high degreei of heat, it is little deteriorated by molecular 
bDmbudme?t, and it does not blacken the globe ns ordinary carbon does. The only 
hfrirulty which I have found in its use in connection with these experiments was to find 
wrnc binding material which wodd resist the heat and khe effect of the bombardment 
u svccessfully as carborundurn itself does. 

I have here a number of bdh which I have provided with buttons of chrundum. 
To make such a button of carborundum crystals 1 proceed in the following manner: 
I take an ordinarg.lamp filament and dip its point in tar, or some other thick substance 
rn paint which may be r d i l y  carbonized. I next pass the point of ,the filament &rough 
the crgstals, and then hold it vertically over a hot plate. The tar softens and forms a drop 
on the point of the filament, the crystals adhering to the surface of the drop. By 
regulating the distance from the plate the tar is slowly dried out and the button becomes 
solid. I then Once more dip the button in tar and hojd it again over a plate until the tar 
is evaporated, leaving only a hard mass which firmly binds the crystals. When e larger 
button. is required I repeat the process several times, and I ,generally also cover the 
filmmt a certain distance below the button with c~ystals. The button being mounted in 
a bulb, when a gwd vacuum has been reached, first a weak and then a strong discharge 
is passed through the bulb to carbonize the tar and expel all gases, and Iater it is brought 
to a very intense incandescence. 

When the powder is used I have foud  it k t  to proceed as foIIows: 1 make a 'thick 
pint of c;thrundum and tar, and pass a lamp filament through the paint. Taking 
then w t  of the paint off by rubbing the filament against a piece of chamois leather, 
I hold it over a hot plate until the tar evaporates and the coating becomes firm I repeat 
this process as many times as it is necessary to obtain a certain thickness of coating. 
On the p i n t  of the coated filament I form a button. in the same manner. 

There isbm doubt that such a 'button - properIy prepared under great pressure 
- of carboruridur~, especially of powder of the best quality, will withstand the effect 
of the bombardment fully as we11 as anything we know. The difficulty is that the binding 
mnttrid gives way, and the arbrundurn is slowly thrown off after some time. As it 
does not seem to bIacken the globe in the least, it might be found useful for mating 
the filaments of ordinary incandescent lamps, and I. think that it is even possibIe to 
produce thin threads or sticks of carborundum which wilI replace the ordinary filarnenb 
in an incandescent lamp. A carborundum coating sems to be more durable than other 
cwtings, not only because the carborundum can withstand high degrees of heat, but 
also h u e  it seems to unite with the arbn. better than any other material I have 
tried. A mating of zirconia or any other oxide, for instance, is far more quickly destroyed. 
I; prepared buttons of diamond dust in the same manner as of carbomndum, and thew 
came in durability neam t t~ those prepared of carbomndum, but the binding paste gave 

much more quickly in the diamond buttons: this, however, I attributed to ~e sizr 
and irregularity. of the grains of the diamond. 

It was of interst to find whether c h m d u m  possesses the quality of p h ~ -  
phoresdpnce. One is, of murse, prepared to encounter two difficulties: first, as regatdr 
the mgh pduct ,  fie "crystals", thqr are g d  conducting, and it is a fact that conductors 
do not phmphoresce; second, the powder, being exceedingly fine, would not be apt to 
erhibit very prominently this quality, since we know that when crystals, even such as 
diamond or ruby, are finely powdered, they lose the propeq of phosphorescence to 
a ansidesable degree. 

The question presents itsclf hem, can a c o n b t  phosphoresce? What iq thm 
in d s body as a metal, for instance,. that wwld deprive it of the qualitp of 
@ + m c ~ s e ,  unless it: is that property' which characterizes i t  as a conductor? ,for 
it is a fact that most of the phosphorescent Mies lose that quality when hep we 
dfieiently heated to b m e  wre or less conducting. Tfien, if r metal be in a largc 
m, or perhaps entirely, deprived of that property, it should be capable of phmpho- 



rescenct. Therefore it is quite possible that ak some extremely high f+ency, when 
behaying practically as a non-conductor, a metd or any other mnductot might exhibi: 
the qudity of phosphorescence, even though it be entireIy incapable of phmphokng 
under the impact of a low-frequency discharge. There is, however, another pxsible way 
how a sonduaor might at least appear to phkPhoresce. 

Considerable doubt still exists as to what redly is phosphorescence, and as to, 
_whether the various phenomena comprised under this head are due to the same canses. 
Suppose that in an exhausted bdb, under the molecular impact, the surface of a pierc 
of metal or other conductor is rendered strongly luminous, but at the same t h e  it i u  
found that it remains corn~arativelv ml. would not this lurninositv be called ~hosaho- 
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rescence? Now such a xesuIt, theoretically at least, is possible, for it is a mere question 
of potential or speed. Assume the potential of the electrode, and consequently the s p e d  
of thc projected atoms, to be sufficiendy high, thc surface of the metal piece against 
which the atoms are projected would be rendered highly incandescent, since the p m e s  
of heat generation wouId be incomparably faster than that of radiating or conductins 
away from the surface of the collision. In the eye of the observer a single impact of the 
abms would cause an instantaneous flash, but if the impacts were repeated with sufficient 
sapidity they wouId produce a continuous impression upon his retina. To him then the 
surface of the rneraI would appear continuously incandescent and of constant luminoul 
intenstty, while in reaIity the Eight would be either intermittent or at Ieast changing 
periodicaIly in intensity. The metal piece wouId rise in temperature until equiIibriw,i 
was attained - that is, until. the energy continuously radiated wonld eqrd that 
int'ermitter~tly supplied. But the supplied energy might under such conditions not be 
sufficient to bring t h e  body to any more than a very modetatc mem tempexahr~, 
especially if the frequency of the atomic impacts be very low - just enough that the 
fluctxarion of the intensitv of the licht emitted could not be detected bv the eve. 

'7 

The body would now, owing to the manner in whid~ the energy is supplied, emit 
a strong light, and yet be at a comparatively very low mean temperature. How muId 
h e  observer call the luminosity thus produced? Even if the analysis of the light would 
teach him something definite, stiII he wouId probably rank it under the phenomena 
~ f i  phosphorcsrcncc. It 1s conceivable that in such a way both conducting and non- 
conducting b d i c s  may be maintained at a certain luminous intensity, but-the energy 
required would very grcatIy vary with the nature and properti- af the h d i e s .  

These and some fortgoing remarks of a speculative nature were made merely to 
bring out cmrious features of ahernate currents or eIectric impulses. By their help we 
may cause a body to cmit nzore Iiglit; while at a certain mean temperature, than it would 
emit if brought to that temperature by a steady supply; and, again, we may bring a bodj 
to the point of fusion, and cause it to emit 1es.r Iight than when fused by the application 
of energy in ordinary ways. It aI1 depends on how h e  supply the energy, and what kind 
of vibrations we set up: in one case the vibrations are more, in the other less, adapted 
to affect our sense of vision. 

Some effects, which I had not observed before, obtained with mrborundum in the 
first trials, I attributed to phosphosescence, but in subsequent experiments it app"ed 
that it was devoid of that quality. The crystals possess a noteworthy feature. In a bulb 
provided with a singIe electrode in the shape of a smdl c i d a r  metal disc, for instance, 
at a certain degree of exhaustion the electrode is covered with a,milky film, which IS 
separated by a dark space from the glow filling the bulb. When the metal disc is 
covered with casborundum crystals, the film is far more intense, and snow-whik. This 
1 found Iater to be merely an effect of the bright surface of he crystaIs, for when an 
aluminium electrode was highly polished it exhibited more or less the same phenomenon. 
I made a number of mperiments with the, samples of cryst& obtained, princplty 
because it would have been of special interest to find that they ate cttpabk of 



phosphomncc, an xmuat of their being conducting.. I could nat p d u c c  flhostlhores- 
mcr distinctly. but I must remark that a decisive opinion cannot be formed until other 
experimenters have gone over the  same ground. 

The powder behaved in some expcrimc.~ts as though it contained alumina, but it 
did not exhibit with sufficient distinctness the red of the latter. Its dead color brightens 
msiderably under the molecular impact, but I am now convinced it does not phosphore- 
sce. Still, the tests with the powder are not conclusive, because powder4 carbrundum 
 roba ably dws not behave like a phosphorescent sulphide, for GampIe, which could lx 
finely powdered without impairing the phosphorescence, but rather like mwdered ruby 
or diamond, and therefore it would be'necessary, in order to make a decisive test, to 
.obtain it in a large lump and polish up the surface. 

If the carborundum proves useful in connection with these and similar experiments, 
its chief value will be found in the production of coatings, thin conductors, buttons, or 
other electrodes capable of withstanding extremely high degrees of heat. 

The production of a sma1I electrode capabIe of withstanding enormous temperaturrs 
I  IT^$ as of the greatest impttance in the manufacture of light. It would enable IS 
to obtain, by means of currents of very high frequencies, certainly 20 times, if not 
mm, the quantitp of light which is obtained in the pment incandescent lamp by Re 
same expenditure of energy. This estimate may appear to many exaggerated, but in reaIitv 
t think it is far from being so. As this statement might be misunderstood I think it 
necessary to expose dearly the problem with which in this line of work we are 
mfmnted, and the manner in which, in my opinion, a solution will be arrived at. 

Any one who begins a study of the problem will be apt to think that what is 
wanted in a Imp with an electrode is a very hiqh degree of incandescence of the 
t l~ tmde .  ?here he will be mistaken. The high incandescence of the button is a necessary 
mil, but what is really wanted is the high incandescence of the gas surrounding the 
button. In other words, the problem in such a lamp is to bring a mass of pas to the 
hiqhest possible incandescence. The higher the incandescence, the quicker the rnem 
vibration. the Ereater is the economy of the fight production. But to maintain a mass of 

at a hiqh degree of incandescence in a glass vessel, it will alwavs be necessary to k e e ~  
the inandescent mass away from the glass; that is, to confine it as much as possible 
to the central portion of the globe. 

In one of the experiments this evening a brush was produced at the end of s ivirc. 
This brush was a flame, a source of heat and light. It did not emit much perceptible 
hPat nor did it ~ I o w  with an intem.1ight; but is it the less a flame because it d w s  not 
mKh mp hand? Is it the less a flame because it does not hurt my eye bv its brilliancy? 
The problem is precisely to ptoduce in the bulb such a fame, much smaller in site, 5:1t 
incomparably more powecfuI. Were here means at hand for prnducin~ electric impulses 
of a sufficiently high frequency, and for transmitting them. the bulb could be done 
awav with. unless it were used to protea the electrode, or tn economize the enerm by 
con fin in^ the heat. Bnt as such means are not at disposal. it becomes necessary to plac~ 
the krminaf in a bulb and mcfy the air in the same. This is done merely to ~nnble 
the apparatus to perform the work which it is not capabIe of performing at ordinary 
air pressure. In the bulb we are able to intensify the action to any degree.- so far that 
the brush emits a powerful light. 

The intensity of the light erdtttd depends printipdly on the frequency and 
potmtid of the impulses, and on h e  eIectric density on the surface of th; electrode. !t 
b of the greatest importance to employ the smalIest possible button, in order to push 
the density very far. Under the vioImt impact of the moIecules of the gas surrwnding it, 
the amall electrode is of come brought to an extremely high temperature, but a m d  
it is a mas of highly incandtxtnt gas, a flame photosphere, many hundred times the 



volume of the elcctrode. With a diamond, carbomndum or zirmnia button the 
photosphere can be as much as one thousand times the volume of the button. Withut ' 

much rcflccting onc would.think that in pushing so far  the incandescence of the electrode 
it would be instantIy volatilized. But after a careful consideration he would find that, 
theoretically, it should not occur, and in this fact - which, hobever, is experiment;rlly 
demonstrated - lies principally the future vaIue of such a lamp. - - 

At first, when the bombardment begins, most of the work is petformd on the 
surface o l  the button, but whcn a highly conducting photosphere is formed the button is 
.cornparatirely reliw6d. The hi~her the incandescence -of the photosphere the more it. 

approaches in conductivity to that of the electrode, and the more;therefore, the solid 
and the g;rs form one conducting body.-The consequence ism that the further is force4 
the incandrscence the more work, comparatively, is performed on. the gas, and the lss 
on the clcctrode. T h c  forriation of a powerful photosphere is consequently the vcry 
means for nmtcctinfi the cIectrode. This yrotcction, of coysse, is a relative one, and i i  
~hould  not be thnucht that by pmhinq the incandescence higher the elerode is actuativ 
less deteriorated. Still, thcorctically, with ext'rcrne frequencies, this result must be readred. 
but probably at a temrcratvre too hiph for most of the rcfractorv bodies knowq, Given. 
then, an elcctrode which can withstand to a vcry hiih liimit the effcct of the bombardment 
and outward strain, it kould be safc,no matter how much it i s  forced b o n d  that limit. 
Tn an incandcsccnt Iamp quite different considcratians a p ~ l v .  There the gas i s  nnt at 
all conccrncd: the whole of she work is performed on the filament: and the life of the 
lamp d;minishrs so rapidly with the increasc of thc d e ~ r e e  of incandescence that 
economical reasons cempcl us to work it at a low incandescvncc. But if an incandescent 
lamp'is opcratcd with iuircnts of very high frequency, the action of the fias cannot 
be neqlrrted, and the- rules for the most economical working mist be considerahlv 
modified.- - 

In ordcr to bjing such a lamp with one b r  two electrodes to a great perfection, it i s  
ncccssary to eni~~loy impulscs of \,cry high frequency. Thc high frequency secures. amonE 
othcrs, two chicf ndrantaccs, n;hiih hhave-a most-important hearing upon the economr 
of thc li,cht production. First, thc dctcriorntion of the'clcrtrode is-reduced by reason of . 
the fxct that wc c~n[lloy :I great many small impacts, instcnd of a few violent cnes. which 
shatter quickIy thc structure; sccondly, thc formation of a Inrgc photosphere is  facilitatd.. 

In  ordcr to rcriucc the dctcrioration of the clertrode to the minimum, it is desirable 
that thc rihmtion bc harmonic. for any suddcnncss hastcns the proccss of destruction. Ac 
cIcctmdc laqts nluch l o n ~ c r  rvllcn kcpt at incandcsccncc by currents, or impulses, obtained 
from a high-frequency alterhaLor, which rise 2nd fa11 more nr less harmonically, than by 
impulscs nbt~incd from a disruptive dischn tge coil: In thc lattcr case there is no doubt 
that most of the damage is done by thc fundamental sudden discharges, 

Onc of thc elcmcnts of Ioss in such a lamp is the bombardment of the globe. 
As the pntcnt i~l  is very high, the molecules are projected with great speed; they strike 
the )!lass, an<! usually excitc.2 strong phosphorcscencc. me effect produced is  very prettv, 
but for economical reasons it would be perhaps prcfetablc to prevent, or at least d u r n  
to the minimum, the bombardment against the globe, as in such case it is, as a mlr, 
not the vbjcct to cxcite phosphorencence, and as some loss of enerq results 'from thc 
bombardrncnt. Thi s  loss in thc lx~lb is principally dependent on the potential of the 
irnn~lIses 2nd on thierectric density on the surface nf the electrode. In emploving vey 
hich frequencies the loss of energy by the bnmbnrdmcnt is  greatly reduced, for, fir.!, 
the potentinl needed to perform a ~ i u e n  amount of work is much smaller; and, secondlv, 
bv pmducinaq a hiqhly conduttinc photosphere around the. cle~rode, the-same result is  
obtained as  thourh the dfectrode wece. mu& lar~er, which' is equivalent to a smaltrr 

-electric densih.. But be it by the diminution of the maximum notential or of the dens'itr, 
the p i n  is effected in the same manner, namely, by avoiding violent shocks, which 



strain the glass much bcyand its limit of elasticig. the frequency could .6e brought 
high enwgh, the Ioss due to the imperfect elasticity of the glass would be entirely 
negligible. The loss due to bombardment of the globe may, however, he reduced by 
using two electrodcsjnstead of one. In such case each of the electrodes may be conn~ted 
to one of the krrninais; or clse, if it is preferable to use only one wire, one electrode mzy 
be connected to w c  terminal and the other to the ground or to an insulated body of 
some surface, as, for instance, a shade on the lamp. In the latter -case, unless some 
judgment is used, one of thc electrodes might glow mote intensely than the other. 

But on the whole I find it preferable when using such high frequencies to employ 
only one electrode and one connecting wirea I am convinced that thc illuminating device. 
of the near future will not require for its opoperation'nlore than one lead, and, at any rate, it 
will have no leading-in wire, since the energy required c m  he as welt tr~nsmitted 
through the ghs. In experimental bulb5 the Icnding-in whc is  most generally used QII 

account of convenience, as in ernpEoying cc>ndenscr coating5 in thc manner indicated 
in Fig. 22, for example, there is some difficulty in fitting the pnrts, but these difficuiti-; 
would not exist i f  a grmt many bulbs were manufactured; otherwise the energy can be 
conveyed through the glass as well as through a wire, and with thesc high frequencics 
the losses are very small. Such illuminating devices will ner~sari ly  invoEve the use of 
very high potentials, and this, in the cyrs of practical men, night be an objcaionat,lc 
f e a ~ r e .  Yet, in rcalih, high potentials arc not objection~blc - certainly not in the 'leas: 
as far as the safety of the devices is ioncernetl. 

There are two ways of. renderinq an electric appliance safe. One is to use Iow 
pokntiab, the other is to determine the climcnsions of the apparatus so that it' is safe 
no matter how high a potential is used Of the two Ihc latter seems to me the k t ~ t  
way, for then the saEety is absolute, un~ffecltcd by any possihlc combination of 

' circumstances .which might render even a low-potential appliance dangerous to life and 
property, But the practical conditions require not only the judicious determination of thp 
dimensions of the apparatus; thcy likewise necessitate the empIoyment of enerm of the 
proper kind. It is  easy, for instance, to construct a transformer capable OF giving, when 
operated from an ordinary alternate current machine c;f low tension, say 50,000 volts. 
which mi&t be required to light a highly exhausted phosphorescent tube, so that, in 
spite of the hi& potential, it i s  perfectly safe, the shock from it producing no 
inconvenience. Still, such a transformer would be expensive, and In itself inefficient;and, 
besides, what energy wns obtained from it nrould not be economicalfy used for the 
production of light. The economy demands the ernplqmcnt of energy in the form cR 
extremely rapid vibrations, The problem of producing Iight has been likened to that of 
maintaining a certain high-pitch note by means of a bell. It should be said a barely audible 
note; md evcn these words would not express it, so wonderful is the sensitiveness of the 
eye. We may deliver powerful blows at iong jntemals, waste a good deal of cnergy, 
and still not get what we want; or we may keep up the note by delivering frequent gentle 
taps, and get nearer to the object sought by the expnditure of much less energy. In the 
production of light, as fas as the illuminating device is canceroed, there can be only onc 
rule - that is, to use as high frequenties as can k obtained; but the means for 
the production and conveyance of impulses of such character impose, at .'present 
at least, p a t  limitations, Once it is decided to use very high frequencies, the return 
wire becomes unnecessary, and all the appliances are simplified. By the use of _obvious 
means the same resdt is obtained as though ttg return wire were used. It is sufficient 
for this purpose to bring in contad with the bulb, 'or merely in the vicinity of the 
same, an i n s d a d  M y  of some surface. The surface need, of course, be the srnalIer, the 
higher the frequency and potentid used,'and necessarily, also, the higher the economy of 
the lamp or other device. 



?his plan of working has bcen resorted to on several occasions this evening. 50, 
for instance, when the incandescence of a button was produced by grasping the bulb 
with the hand, the lmdg of the experhenter merely served to intensify the action. The 
bulb used was similar to that illustrated in Fig. 13, and the coil was excited ta a small 
potential, not sufficient to bring the button to incandescence when the bulb was hanging 
from the wire; and incidentally, in order to perform the experiment in a more suitable 
manner, the button was taken so large that a perceptible time had to elapse beforr, 

Fig. 2 4 .  Fig. 21. 

upon grasping the bulb, it could be rendered incandescent. The contact with the bulb 
was, of course, quite unnecessnry. It is easy, by using a rather large bulb with an 
exceedingly small electrode, to adjust the conditions so that the latter is brought to 
bright incandescence by the mere approach of the experimenter within a few feet of 
the bulb, and that the incandescence subsides upon his receding. 

In another experiment, when phosphorescence was excited, a similar bulb was used. 
Here again, originalry, the potential was not sufficient to excite phosphorescence until the 
action was intensified - in this case, however, to present a different feature, by touching 
the socket with a metallic object held in the hand. 'She electrode in the bulb was 3 

carbon button so large that it could not be brought to incandescence, and thereby spi l  
the effect produced by phosphorescence. . -  - 

Again, in another of the early experiments, a bulb was used as illustrated in Fig. 12, 
In this instance, by touching the bulb with one or two fingers, one or two shadows of 
the stern inside were pmjoztdl against the gIass, the touch of the finger pducing the 
same r e t  as the applimtion of an external negative electrode under ordinary 
circumstanrrs. 



In all these experiments the action was intensified by augmenting' the capacity at 
the end of the lead connected to the terminai. As a rule, it is not necessary to resort to 
w& means, and would be quite unnecessary with still higher-frequencies; but when it 
i~ desired, the bulb, or tube, can be easily adapted to the purpose. 

In  Fig. 24, for cxample, an 
experimental bulb L is shown, Ahich is 
pm~ided~with a neck n on the top for 
the application of an external tinfoil 
coating, which m y  be connected to ;i 
body of farget surface. Such a lamp s~ 
illustrated in Fig. 25 may also be Iiphted 
by connecting the tinfoiI coating on the 
neck n to the terminal, and the leading-iu 
wire w to an insulated plate. If  the bulb 

- 
stands in a socket upright, as shown in 
the cut, a shade of conducting material 
may be slipped in the neck rr, and the 
action thus magni fled. 

A more perfected arrangement used Fig. 26, 
in some of these bulbs is ~llustratcd irr 
Fig. 26. In this case the constructlr>~i of the bulb is  as shown and described before, whcri 
reterence was made to Fig. 19. A zinc shect Z, with a tubular extension T, is slipped over 

the metallic socket S. The bulb hangs 
downward from the terminal t, the 
zlnc sheet 2, performing the double 
orfice of intens~fier and reflector. 
The reflector is separated from the 
tcrrnina! t hy an extension of the 
insulating plug P. ' 

A similar disposition with a 
phosphorescent tuk is illustrate~l 
in Fig. 27. The tube T is prepared 
from two short tubes of a different 
diameter, which are seafed on the 
ends. On the lower end is placed 
an outside conducting coating C, 
which connects to the wire w. The 
wire has a hook on the upper end for 
suspension, and passes through the 
centre of thc inside tube, which 
is filled with some good and tightly 
packed insulator. On the outside of 
the upper end of the tube T is 
another conducting coating C1, upon 
which is slipped a metallic reflector 
Z, which should be separated by a 

Fig. 27. thick insulation from th_e end of 
wire w. 

The economical use of S U ~ Y  a reflector or intensifier would require that all energy 
supplied to an air condenser should be recoverable, or, in other words, that there should 
MN t)e any losses, neither in the gaseous medium nor through its action elsewhere. This 
is far from king so, but, fortunately, the losses may be reduced to anything desired. 



A few remarks are necessary on this subject, in order to make the experiences gatherd 
in thecourseof these investigations perfectly clear. . 

Suppose a small helix with many we11 insulated turns, as in experiment Fig. 17;  ha^ 
one of its ends connected to one of the terminals of the indudion coil, and the other to a 
metal plate, or, for thc ~ a l i ~  of simplicity, a sphere, insulated in space. When the coil is 
set  €0 work, the potential of the sphere is alternated, ~ n d  the small helix now behaves 

* as though its free end were connected to the other terminal of the induction coil., If 
an iron'rod k held within the small helix it is quickly brought to a high temperature, 
indicating the passage of a strong current through the helix. How does the insdateil 
sphere act in this case? It can be a condenser, storing and returning the energy supplied 
to it, or it can be a mere sink of energy, and the mnditions of the experiment determine 
whether it is more one or the other. The sphere being charged to a high potential, it 
acts inductively upon the surrounding air, or whatwcr p m u s  medium there might be. 
The molccules, or atoms, which are near the sphere are of course more attracted, and 
movc throu.ph a greater distance than the farther ones. When the nearest: molecules 
strikc the sihcrc'they ate repelled, and m1lisions occur at all distanm within the 
inductive action of the sphere. It is now clear that, if the potential be steady, but little 
Ioss of cncrfiv can be caused in this way, for the molecules which are  nearest to the 
spherc, ha\:ir& had an additional charge imparted to them by contact, are not 
attracted until they have parted, if not with all, at least with most of the 
additional which tin lx accomplished only after a great many collisions;. 
From the fact that with a steady potential there is but Iittlc loss in dry air, one must 
come to such a conclusim. Whcn the potential of the sphere, instead of being steady, 
i s  alternating, the conditions ate entircIy different. In this case a rhythmical bombardment 
occurs, no matter whcther the molecules after corning in contact with the sphcre lose 
the impartcd char~c br not; what is more, if the charge is not lost, the impacts are only 
the more violent. StilI if the frequeecy of the i~npulscs be veiy small, the loss caused by 
the irnpxts and mlliSions would not bc serious unlcss the potential were excessive. But 
when extremely high frequencies and more or less high potentials are wed. the loss, may 
be very p a t .  The total energy lost pcr unit of time is proportionate to the product of 
the number of impacts per sccond. or the frequency and the energy lost in each impact. 
But the mcrgy of'an impact must be proportionate to the square of the electric density 
of the sphere, since the charge irnparkd to the molecule is propottionate to that density. 
. I  conclude from this that the total encrgy lost must be rropartionate to the product of he 
frequen& and the squue of the electric density; but this law needs expetimenra1 
confirmation. Assuming the preceding considerations tu be true, then, by rapidly 
alternating the potential of a body immersed in an insulating gaseous medium, any amount 
of energy may be dissipated into space. Most of that energy then, I believe, is not 
dissipated in the form of tong ether waves, propagated to considerabIe distance, E- is 
thought most generally, but i s  consumed - in the casc of an insulated sphere, for example 
- in impact and co1lis;ional Iasscs - that is, heat vibrations - on the surface and in 
thc vicinity of the sphere. To reduce the dissipation it is necessary to work with a srnaIi 
elea'ric density - the smallcr the higher the frequency. 

But since, on the assumption before made, the Ioss is diminished with the squaw 
of the density, and since. currents of very high frequc'ncia involve considerable wmtt 
when transrn~tted through conductors, it foIIows that, on the whde, it is  better to employ 
one wirc than two. Therefore, if motors, lamps, or devices of any kind are perfected, 
capable of being ad\~antapously operated by ,currents of extremely high frequency. 
economical reasons will make it advisable to use only w e  wire, especially if the distance 
are great. 

When energy is absorbed in a condenser the same behaves as bough its mpaciv 
were increased. Absorption always exists more or less, but generaIIy it is small and d 



no innsequence as long as the frequencies are not wry great. In using extremeIy high 
frrquencies, and, necessarily in such case, also high potentials, the absorption - or, wliat 
is here meanf more particularly by this term, the loss of energy due to the presence of z 
gaseous medium - is an important factor to be considered, ar the energy absorlxd. i r ~  
tllc alr condenser may bc any fraction of the supplied energy. T h i s  would seem to make 
it very diff~cult to tell from the measured or computed capacity of an air condenser 
its actual capacity or vibration period, especia1Iy if the condenser is of very small surface 
md is charged to a very high potential. As many important results are dependent upon 
the correctness of the estimation of the vibration pertad, this subject demands the most 
cueful scrutiny of ather investigators. To reduce the probable error as much as possible 
in experiments of the kind alluded to, it is advisable to use spheres or plates of large 
surface, so a to make the density exceedingly small. Otherwise, whcn it is practicable, 
m oil condenser~should be med in preference. In oil or other liquid dielectrics there alc 
~ceming1p no such losses as in gaseous media. It bcing impossible to exclude entirelv 
the gas in condensers with solid dielectrics, such condensers should be immersed in ail, 
for economical rmons if nothing else; thcy can then be strained to the utmost and will 
mnain cool. In Leyden jars the Ioss due to air is con~paratively srnaII, as the tinfoil 
coatings are large, close together, and the charged surfaces not dircctly exposed; but when 
the potentials are very high, the loss may be more or less considerable st, or near, th: 
upper edge of the foil, where the air is principally acted upon. If the jar be immerserl 
in boiled-out oil, it will be capable of performing four times the amount of work which 
it can for any length of time whcn used in the ordinary way, and the loss will 5r 
inappreciable. 

It should not be thouglit that the loss in heat in an air condenser is necessarily 
m i a k d  with the formation of vi~ible streams or brushes. If a small electrode, inclosed 
in an unexhausted bulb, is connected to one of the terminals of the coil, streams can he 
m n  to issue from the electrode and the air in thc bulb is heated; i f ,  instead of a small 
clectmde, a large sphere is inclosed in the bulb, no streams nre observed, still the air is 
hcilted. ' 

Nor should it be thought that the temperature of an air condenser would give we:1 
M approximate idea of the loss in heat incurred, as in such m e  heat must be given off 
much more quickly, since there is, in addition to the ordinary radiation, a very active 
carrying away of heat by independent carriers going on, and since not only the apparatus, 
but the air at some distance from it is heated-in consequence of the collisions whict: 
mmt Mmr. 

Owing to this, in experiments with such a coil, a rise of temperature can be distinctly 
obaewkd only when the M y  conneEted to the coil is very small. But with apparaws 
on a larger scale, even a body of considetable bulk would be heated, as, for instance, the 
Wy of a person: and I think that skilled physicians might make observations of utility 
in such experiments, which, if the apparatus were judiciously designed, would not present 
the slightest danger. 

A question of s m  interest, principally to meteoroIogists, presents itself here. How 
dws the earth behave? The earth is an air condenser, but is it a perfect or a very 
imprfea one - a mere sink of energy? There can be little doubt that to such small 
disturbance as might be caused in an experiment the earth behaves as an aImost perfect 
condenser. But it might be different when its charge is set in vibration by same sudden 
disturbance occurring in the heavens. I n  such case, as before stated, probably only little 
of the energy d the vibrations set up would be Imt into space in the form of long ether 
diatio* but rnost.of the energy, I think, .would spend itself in rnoIecular impacts and 
mllrsions, and pass off into space in the form of short heat, and possibly light, waves. 
As hth the frequency of the vibrations of the charge and the potential are in all 
probability excessive, the mergy converted into heat may be considerable. Since the 



density must be unevenIy distributed, eithcr in consequence of the irregularity of the 
earth's surface, or on' account of the condition of the atmosphere in various places, the 
effect produced would aciordin~ly vary from pIace to place. Considerable variations in 
the temperature and pressure of the atmosphere may in this manner bz caused at any 
p i n t  of the surface of the earth. The variations may ke gradual or very sudden, accord in^ 
to the nature of the general disturbance, and m y  produce rain and skom, or IocaIIy 
mbdify the weather in any way. 

From thc remarks before made one may scc what an important factor of loss the air 
in the neighborhood of a chargcd surface becomes when the electric density is great and 
the frequency of the impulses excessive. But the action as exl~laincd implies that the air is 
insulating - that is, that it is composed of independent carriers immersed in an 
insulating medium. This is the case only when the air is at something like ordinary-or 
grater, or at extremely smafI. ptcssuw. When the air is slightly rarefied and c~nductir~g, 
then tmc conduction losses occur also. In such c,ase, of rourse, considerable energy may be 
dissipated into space cven with a steady potential, or with impulses of law frequenq, 
if the density i s  very great. 

When thc gzs is  at vcly low pressure, an electrode is hcated more because higher 
spccds can bc reached. If the gas around the electrode is strongly compressed, the 

dfsplacemenb, and consequently the s p d s ,  are vey 
small, and the heating is insignificant. Rut if in such 
cas,e the frcqucncy could he sufficicntly increased. the 
e lcc t rde  would be brought to a high temperature as 
well as i f  the gas were a t  very fow pressure; in fact, 
exhausting the bulb is only necessary h a u s e  we 
cannot produce (and possibly not convey) currents 
of the required frequcnry. 

Rcbrning to the subject of electrde lamps, it 
is obviousIy of advanta* in such a lamp to confine 
as much as possible the heat to the electrode by 
preventing the circulation of the gas in the bulb. 
If n very small bulb be taken, it wouId confine the 
heat bertct than a Iarge one, but: it might not be of 

- sufficient capacity to be operated from the coil, or, 
if so, the glass might get toa hot. A simple way to 
improve in this drrcction is to employ a globe of the 

, rcquired size, but to place a small bulb, the diameter 
of which is properly cstimated, over the refractory 
button contained in the globe. This arrangement is 
illustrated in Fig. 28. 

The glok L has in this case a large neck n, 

0 allowing the small buIb b to slip. through. Otherwise 
the constructiotk is the same as shown in Pig, 18, for 

Fig. 28. example. The small bulb is convenimtly supported 
upon the stem I, carrying the refractory button m. It 

is separated from the al'uminiurn tube a by several layers of mica M, in order to prevent 
the cracking of the neck by the rapid heating of the aIuminium tube upon a sudden 
turning on of the current. The inside bulb should be as small as possible when it is 
desired to obtain light only by incandescence of the eIertsode. If it is desired to pduuce 
phosphorescence, the buIb should be larger, else it wouId be apt to get tea hot, and 
the phosphorescence would cease. In this arrangement usually only the small bulb 
shows phosphorescence, ar there is practically no bombardment against the oubx gldx. 
In some of these bulbs c o n s t d  as illustrated in Fig. "28 the small tubc was mated 



with phosphorescent paint, and beautiful effects were obtained. Instead of making the 
inside bulb large, in order to avoid undue heating, it answers the purpose to make the 
elmrode m iarget. In this case the bombardment is weakened by reason of the smaller 
dectric density. 

Many bulbs were constructed on theplan illustrated in Fig. 29. Here a small bulb 
b;mntaining the refractory button m, upon being exhausted to a ver)P high degree was 
scaled in a latge globe L, which was then moderately 
exhauskd and sealed off. The principal advantage 
of h i s  mn3truction was that it allowed of reaching 
extremely high vacua, and, at the same time use a 
large bulb. It was found, in the course of experiences 
with b& such as iIEustrated in Fig. 29, that it was; 
well to make the stem s near the seal at e very thick; 
and the leading-in wire w thin, as it mxrred some- 
timm 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 discharge to pass through, L 

and thc space between the bulbs appeared crimson, 
producing a nuim effect. In some cases, when the 
exhaustion in gIobe L was very low, and the air good 
conducting, it was found necessary, in order to bring 
the button m to high incandescence, to place, preferably 
on the upper part of the neck of the globe, a tinfoil 
mating which was connected to an insulated body, 
to the ground, or to the other terminal of the coil, 
as the highly conducting air weakened the effect 
somewha4 probably try being acted upon inductively - 
from the wire w, where it entered the bulb at e. 
Another diffidty - which, however, is always 
present when the refractory button is mounted in a Fig. 29 
very small bulb - existed in the construction 
illustratd in. Fig. 29, namely, the vacuum in the bulb b would be impaired in a 
comparatively short time. 

The chief idea in the two last described constructions was to confine the heat to 
the central portion of the globe by preventing the exchange of air. An advantage is 
seaued, but owing to the heating of the inside bulb and slow evaporation of the glass 
the vacuum is hard to maintain, even if the construction ilIustrated in Fig. 2& be chosen, 
in which both buIbs communicate. 

But by far the better way - the ideal way - would be to reach sufficiently high 
frequenaes. The higher the frequency the slower would be the exchange of the air, 
and I think that a frequency may h reached at which there would be no exchange 
whatever of the air molecules around the termind. We would then produce a flame 
iawhich there wodd be no carrying away of material, and a queer flame it would be, 
for it w d d  be rigid ! With such high frequencies the inertia of the partides would 
come into play, As the brush, or flame, would gain rigidity in virtue of the inertia of 
the particles, the exchange of the latter would be prevented. This wmld necessarily 
cnxur, for, the number of the impulses being augmented, the potential energy of each 
would diminish, so that finally onIy atomic vibrations could be set up, and the motion 
of translation through measurable space would cease. Thus an ordinary gas burner 
~oanected to a source of rapidy nlkrnating potential might have its efficiency augmenrcd 
to . g. Wain  limit, and this for two reasons - because of the additional vibration 
mptd, and because of a slowing dawn of the process of carrying off. But the renewal 



being rendered difficult, and renewal being necessary to maintain the. burner, a continued 
increase of the frequency of the irnpulsv, assuming they d d  be transmitted to 'and'. 

. impress4 upon the f m e ,  would result in the "extinction" of the latter, meaning by 
this term only the cessation of the chemical process. 

I think, however, that in the case of an electrode immersed in a fluid insdarting 
medium, and surrounded by independent carriers of electric charges, which can be acted 
upon inductively, a sufficiently high frequency of the impulses would probably ' d t  
in a gravitation of the gas a11 around toward the electrode. For this it would be only 
necessary to assume that the independent bodies are irregularly shaped; thq would 
then turn toward the electrode t h i s  side of the greatest electric density, and this would 
be a position in which the fluid resistance to approach would be smallm than h t  
dfcred to the receding. 

The general opinion, I do not doubt, is that it is out of the question bo reach my 
such frequencies as might - assuming some of the views before expressed to be lltue - 
produce any of the results which I have pointed out as mere possibilities, This may Se 
so, but in the couse of thcse investigations, from the observation of many phenomha 
I have gaincd the conviction that these frequencies wouId be much Ewer thav one is  
apt to estimate at first. In a flame we set up light vibrations by causing molecules, or 
atoms, to collide. But what is the ratio of the frequency of the collisions and that of, ' 
the vibrations set up? Certainly it must be incomparably smaller than that of the kn- 
of the bell and the sound vibrations, or that of the discharges and the oscillatiens 
of the condenser. We may cause the molecules of the gas to collide by the 
use of alternate clcrtric impulses of high frequency, and so we may imitate the process 
in n fIatnc; and from experiments with frequencies which we are now able to obtain, 
1 think that the,result is prducibIe with impulses which are transmissible through 
a conductor. 

111 connection with thoughts of a similar nature, it appeased to me OF great interest 
to demonstrate thc rigidity of a vibrating gaseous column. Although with such low 
frequencies as; say 10,00Q per second, which I was Ble to obtain without difficulty 
from a specially constructed alternator, the task looked discouraging at first, I made a 
series of experiments. T h e  trials with air at ordinary prssure led to no result, but with 
air moderateIy rarefied I obtain what I think to be an unmistakable experimental evidence 
of the property sought for. As a mult of this kind might lead able investigaton to 
conclusions of importance I will describe one of the experiments performed. 
- It is well known that whcn a tube is slightly exhausted the discharge may be passtd 
through it in the form of zt thin luminous thread. When produced with currente of low 
frequency, obtained from a coil operated as usual, this thread is inert. If r magnet b 
apprwched to it, the part near the same is attracted or repelled, according to the directiori 
of the lines of force of the magnet. It occurred to me that if such a thread would bt 
produced with mrtentr of very high frequency, it should be more or lew rigid, and as 
it was visible it could be easily studied. Accordingly I prepared a tdx about 1 inch in 
diameter and I metre long, with outside coating at each end. The tube was exhausted 
to a point at which by a little working the thread discharge muId be obtained. It must 
be remarked here that the gnc ra l  aspect of the tube, and the degrce of exhamiion, are 
quite different than whcn ordinary low frequency currents are used. As it was found 
preferable to wprk with one terminal, the tube prepared was suspended from t)le end 
of a wire connected to the terminal, the tinfuii coating being connected to the wire, 
and to the lower coating sometimes a small insulated plate was attached. When the 
thread was formcd it extended through the upper part of the tube and lost itself in 
the Iowcr end. If it possessed rigidity it resembled, not exactly an elastic cord str&ed 
tight between two supports, but a cord suspended from s height wi!h a s m d  weight 
attadred at the end. When the finger or a magnet was approached to tSrt apper end of' 



the luminous thread, it could be brought locally out of position by eIectrostatic or 
magnetic mion; and when the disturbing chject was very quickly removed, an andogous 
result was,prduced, as though a suspended cord would be displaced and quickly released 
near the p i n t  of suspension. In doing this the luminous thread was set in vibration, 
md two, very sharply marked nodes, and a third indistinct one, were fomed. The 
vibration, once set up, continued for fully eight minutes, dying gradually out, The sped 
of h e  vibration often varied perceptibly, and it could be observed that the electtostatic 
attraction of the glass affected the vibrating thread; but it was clear that the electrostatic 
action was not the cause of the vibration, for the thread was mast generally stationary, and 
could always be set in vibration by passing the finger quickly near the upper pwt of the 
tube. With a magnet the thread could bc split in  two and both parts vibrated. By 
approaching the hand to the lower coating of the tube, or insulated plate if attached, 
the vibration was quickened; also, as far as 1 could see, by raising the potential or 
frequenly. Thus, either increasing the frequency or passing a stronger discharge of the 
same fcquency corresponded to a tightening of the cord. I did not obtain any 
experimental evidence with condenser discharges. A luminous band excited in a bulb ' 

by cepted  discharges of a Leyden jar must pssess rigidity, and if deformed and 
suddenly released should vibrate. But probably the amount of vibrating matter is sc 
small that in spite of the extreme s p e d  the inertia cannot prominently assert itself. 
Besides, the observation in such a case is rendered extremely difficult on account of the 
fundamental vibration. 

The demonstration of  the fact - which still needs better experimental confirmation 
- that a vibrating gaseous column possesses rigidity, might greatly modify the views 
of thinkers. When with law frequencies and'insignificant potentials indications of that 
prope* may be noted, how must a gaseous medium behave under the influence of 
enormous electrostatic stresses which may be active in the interstellar space, and which 
may alternate with inconceivable rapidity? The existence of such an electrostatic, 
rhythmically throbbing force - of a vibrating electrostatic fieId - would show a 
possible way how solids might ha1.e formed from the ultra-gaseous uterus, and haw 
transverse and all kinds of vibr~tions may be transmitted through a gasmus mediurr. 
fiIling all space. Then, ether might be a true fluid, devoid of rigidity, and at rest, it 
being mmIy necessary as a connecting link to enable interaction. What determines the 
rigidity of a M y ?  It must be the speed and the amount of moving matter. In a eas 
the speed may be considerable, but the density is exceedingly srnaEI; in a liquid the speed 
would be likely to be s d 1 ,  though the density may be considerable; and in both casm 
the inertia resistance offered to displacement is practically nil, But place a gueom (or 
liquid) column in an intense, rapidly alternating electrostatic field, set the particl~s 
vibrating with enormous speeds, then the inertia mistance asserts itself. A b d y  might 
move with more or less freedom thrmgh the vibrating mass, but as a whoIe it would 
k rigid. 

There is a subject which I must mention in connection with these experiments: it 
b that of high vacua. This is a subject the study of which is not only interesting, but 
useful, for it wy lead to results of great practical importance. In commercial apparatus. 

as incandescent lamps, aperated from ordinary systems of distribution, a muc11 
higher vacuum than obtaind at present would not secure a very great advantage. In 
s u d ~  a case the work is performed on the filament and the gas is little concerned; t5e 
improvement, therefore, would be but trilling. But when we begin to use very high 
fquencies and potenti&, the action of the gas kornes a11 important, and the degree 
of exhaustion materially modifies the results. As Iong as ordinary mils, even wig larze 
ones, were used, the study of the subject was Iimited, because just at a point when ilV 

h e  most interesting it had to br interrupted on account of the "non-striking" vacuum 
being mEhed. But presently we are able to obtain from a small disruptive discharge 



coil potentials much higher than even he largest coil was cap&Ie of giving, and, whak 
is more, we can make the potential alternate with great rapidity. Both of these resulb 
enable us now to pass a luminous discharge through almost any vacua obtaina$Ie, and 
the field of our investigations is greatly extended. Think we as we may, of a11 the possible 
directions to develop a practical ilIuminant, the line of high vacua seems to be thr: most 
promising at present. But to reach extreme vacua the appliances must be much more 
improved, and ultimate perfection will not be attained'until we shall haw discarded 
the mechanical and perfected an electrical vacuum pump. Molecules and d m ~ ~  a n  k 
-thrqwn out of a bulb under the action of an enornous potential: thir will be the prindpIc 
of the vacuum pump of the future. For the present, we must secure the best results we 
can with mechanical appliances. In this respect, it might not be out of the way to say 
a few words about the method of, and apparatus for, producing excessively high degmm 
of exhaustion of which I have availed myself in the course of these investigations. It 
is very probable that other experimenters have used similar arrangements; but as it is 
possible that &ere may be an item of interest in their dmcription, a few mmatks, which 
will render this investigation more complete, might be permitted. 

The apparatus is illustrated in a drawing shown in Fig. 30. S represents a Sprengei 
pump, which has been specially 
constructed to better suit the work 
required. The s t o p ~ k  which is 
usually employed has been omitted, 
and instead of it a holfow slopper s 
has h e n  fitted in the neck of the 
reservoir R. This stopper ha a small 
hole h, through which the mercury 
descends; the size of the wtlet o king 
properIy determined with resw tci 
the section of the fall tube t, which 
is sealed to the reservoir instead of 

a being connected to it in the usual 
manner. This arrangement ovemmes 
the imperfections and troubles which 
often arise from the use of the 
stopcock on the resemir and the 
connection of the latter with the fall 
tube. 

The p m p  is c o n n d  thmgh 
a U-shaped tube I to a vesy large 
reservoir R1. Especial: care wm taken 
in fitting the grinding surfaces of the 
stoppes p and p,, and both of these 

~ i g .  30. and the mercurv cam above them were 
made exceptikdl; long. After the 

U-shaped tube was fitted and put in place, it was heated, so as to soften and take ofi 
the strain resulting from imperfect fitting. The U-shaped tube was provided with a 
stopcock C, and two ground connections g and gl - one for a small bulb b, u d l y  
containing caustic potash, and the other for the receiver Y, to lx exhausted. 

The reservoir Rl was connected by means of a d b e r  tube to a sIightly larger 
reservoir Rz, each of the two reservoirs being provided with a stopcock Cd and C,, 
respectively. The reservoir Ra could be raised and Iowered by a wheel and rack, md the 
range af i& motion was so determined that when it was filled with mermry and the 
stopcock C x  closed, so as to form a Torriellian vacuum in it when raised, it could be 



lifted so high that the mercury in resetvoir Rl would stand a little above s h o p &  C,: 
and when this stopcock was cIosed and the reservoir R2 dscended, so a s  to form a 
Torricellian vacuum in reservoir R1, it could k lowered so fat as to completely empty 
the latter, the mercury filling the reservoir R2 up to a little above stopcock C2. 

The capacity of the pump and of the connections was taken as small as possible 
relatively to the volume of reservoir, RI, since, of course, khc degree of exhaustion 
depended upon the ratio of these quantities. 

With this apparatus I combined the usual means indicated by former experiments 
for the production of very high vacua. In most of the experiments it was convenient 
to use caustic potash. E may venture to say, in regard to its use, that much time is saved 
and a more perfect action of the pump insured by fusing and boiling the potash as soon 
as, or even before, thc pump settles down. If t h ~ s  course is not followed the sticks, 
as ordinarily employed, may g ~ v c  moisture aff at  a cert~in very sIow rate, and the pump 
may work for many hours without reaching a very high vacuum. T h e  potash was heated 
either by a spirit lamp or by pusing a discharge through it, or by passing a current 
through a wire contained in it. The advantxge in the latter case was that the heating 
could be more rapidly repeated. 

Generally the prrxress of cxhaustiun was the following: - At the start, the stop- 
cocks C and C, being open, and all other connections closed, the reservoir R2 was raised 
ro far that the mercury filled the reservoir R1 and a part of the narrow connecting 
U-shaped tube. When the pump was set to work, the mercury would, of course, quickly 
rise in the tube, and reservoir R,  was lowered, the experimenter keeping the mercury 
at about the same level. The rc~ervoir R,  was balanced by a long sp;ing which facilitated 
the operation, and the friction of the parts was genenlIy sufficient to keep it almost 
in any position. When the Sprengel pump had done its work, the reservoir R2 was 
further lowered and the mercury descended in R1 and filled R,, whereupon stopcocl: 
C1 wxi closed. The air adhering to the walls of R ,  and that absorbed by thc mercury 
was carried off, and to free the mercury of all air the reservoir R, was for a long time 
worked up and down. During this process some air, which would gather below stopcocl: 
CP, was expelled from R b luwerlng .it far enough and opening thc stopcock, closing ? . y  
the latter again before ratslng the reservoir. When all the air  had been cxpelled from 
the mercury, and no air would gather in R2 when it was lowered, the caustic potash 
was resorted to. The reservoir R2 was now again raiser1 until the mercury in R ,  st& 
above stopcock C,. The caustic potash was fused and boiled, and the moisture par!Ir 
carried off by the pump and partly re-absorbed; and this process of heating and coolip); 
was repeated many times, and each time, upon the moisture being absorbed or carricri 
off, the reservoir Rp was for P long time raised and Iou~ered. In this manner all the 
moisture was carried off from the mercury, and both the reservoirs were in proper 
condition to bc used. The reservoir R2 was then again raised to the top, and the pump 
war kept working for a long time. When the highest lracuurn obtainable with the pump 
had k e n  re~ched the potash bulb was uslwlly wrapped with cotton which was sprinkled 
with ether so as to keep the pot~sh at a very law temperature* then the reservoir R2 wzs 
lowered, and upon reservoir R1 being emptied the receiver r was quickly sealed up. 

When a new bulb was put on, the mercury was always raised above stopcock C,, 
which was closed, so as to always keep. the mercury and b t h  the reservoirs in fine 
condition, and the mercury was never withdrawn krom RI except when the pump had 
reached the hkhcst degree of exhaustion. It is necessary to observe this rule if it is 
desired to use the apparatus to advantage. 

By means of this arrangement 1 was able to proceed very quickIy, and when the a p  
p a t u s  was in perfect order it was possible to reach the phosphorescent stage in a small 
bulb in less than 15 minutes, which is certainly very quick work for a small laboratory 
arrangement requiring a11 in all about 100 pounds of mercury. With ordinary small 



bulbs the ratio of the capacity of the pump, receiver, and mnneckions, and that of 
reservoir R was about 1-20, and the degrees of exhaustion reached were niuessarily 
very high, though I am unable to make a precise and reliable statanent hm.fnr the 
exhaustion was carried. 

What i~nprcsscs the investigator most in the cousc of these experiences is the 
behavior of gases when subjected to great rapidly alternating electrostatic stresses. But 
he must reo~ain in doubt as to whcther the cffects observed are due wholly to the 
molmlcs, or atoms, of the gas which chemicd anaIysis discloses to us, or whether there 
cnters into play anolhcr medium of a gaseous nature, comprising atoms, or rnolmles, 
immcrsed In a fluid pervading the spacc. Such a medium surely must exist, and I am 
convinced thnt, for instance, cvcn if air wetc.abscnt, the surface and neighhrhoad of 
a body in space would bc heated by rapidly alternatin~ the potential of the body; but 
no such hcat~ng of the surlacc or neighborhood could occur if all free atoms were 
re~noved and onty a h~mogcncous, incompressible, and elastic fluid - such as ether 
is supposcd to bc - would remain, for thcn there would be no impacts;no co1lisiom. 
In surh a czc, as far as the body itself is concerned, only frictional losses in the inside 
could occur. 

It is a striking fact that the dischilr3c through a gas is established with ever 
increasing frccdo~n as the frequency of the ilnpulses is augmented. Jt behaves in this 
respcct quite cor~trarily to a rnctaIlEc conductor. In the latter the impedance enters 
promit~cntly inta play as the frequency is increased, but the gas acts much as a sesie~ 
of condensers ngnuld: thc facility with which the discl~argc passes through seems to 
depcnd on thc rate of chnngc of potential. If  it act so, then in a vacuum hlbe even of 
great Icngrh, and nu matter how strong the current, self-induction could not assert i&e!t' 
to any appreciable dc;rcc. We h a ~ c ,  then, ns tar as we can now see, in the gas a conductor 
which is capable of transn~itting clccttic impulses of any frequency which we may be 
ahlc to product. Could the frcqucncy be brought high mcugh, then a queer system of 
clectric distr~bution, which wnuld be Iikcly to interest gas cornpaniff, might be 
rcatized: rllctal pillcs fillcd with gas - thc rnetaI bcing the insulator, the p the 
conductor -- supplying ~~hospl~oresccnt bulbs, or ilcrhaps dcvicm as yet uninvented. 
J t  is ~ c r t ~ ~ i n l y  pssiblc t~ tnkc a hollow corc of cnppcr, rarefy the gas in the same, and 
by ~m<ing ini~~ulscs of sufficiently high frcqucnry thmush a circuit around it, brin.~ 

, thc g.1~ ~ r ~ s ~ d e  to a hi6<h Jcgrcc of incandcsccnce; but as to thc nature of the forces therc 
woulrl hc considcrahlc uncrrtninty, Eat it would be doubtful whether with such impulses 
the copper corc would act 3s a static screen. Such paradoxes and apparent impossibilities 
we encounter at crcry stcp in this line of work, and therein lies, to a great ektemt, &thz 

chsrni of thc study. 
I 11hre hcrc n short and wide tube which is cxhaustcd to a high degree and covered 

with a substantial coating of bronzc, the coating allowing barcly the light to shinc 
through. A metallic cI.up, with a hook for suspending tht. tube, is fastened around the 
middle portion of the latter, thc CJNP being in conhct with the bronze coating. I now 
want to light the gas insidc by suspending the tube on a wire connected to tha coil. 
Any one who would try the cxpcrimcnt for the first time, not having any previous 
expcricncc, nould probably take care to be quite alone when making the trial, for fear 
that hc rnisht hccomc thc jvkc of his assistnnts. Still, the bulb lights in spite of the 
mctal coating. ~ n d  the light can hc distinctly peruci\fed through the latter. A long tuk 
covcrcrl nit11 aluminium bronze lights when hcld in one hand - the other touching 
the terminal of the coil - qtiltc powerfully. It might be objected rththat the coatings are 
not sufficiently conducting; still, even i f  they wcrc h i ~ h l g  resistant, they ought to screetl 
the pas. Thcy certainly scrccn it perfectly in a condition of rest, but not by fat perfectlv 
whcn tllc charge is surging in the coating. But the loss of enerm, which occurs within 
the tube, notwfthstand'ing the screen, is mcasioned principally by the presence of the 



gas. Were we to take a large hollow. metallic sphere and fill it with a perfect 
incx~npressible fluid dielectric, there would be no loss inside of the sphert, and 
consquently the inside might be considered as perfectly screened, though the potential 
be very rapidly alternating. Even were the sphere filled with oil, the loss would be 
incomparably smaIler than when the fluid is repIaced by a gas, for in the lader case 
the force produces dispIacements; that means impact and collisions in the inside: . 

No matter what the pressure of the gas may bc, it  becomes an i~npnrtant failor in 
the heating of a conductor when the electric density is great and the frequcny very hi&. 
That in the heating of conductors by lightning dischsrgcs air IS an  element of great 
importance, is almost as certain as an experimental fact. 1 may illustrate thc action of the 
air by the following experiment: E take a short tube which is exhausted to a moderate 
degree and has a platinum wire running through the middle from one end to the other. 
I pass a steady or low f requenq  current through the wire, and it is heated unifornily 
in all parts. The heating hcrc is due to conduction, or fr ict~omi losses, and the zas 
around the wire has - as far as we can sec - no function to pcrform. But now let me 
pass sudden discharges, or a high frequency current, throuph thc nirc. Again the wiie 
is heatcd, this time principally on the ends and least: in the middle portion; and if thc 
frequency of the impulses, or the rate of change, is hip11 cnough, the wire rn~ght a< 
well be cut in thc middle as not, for practically all the heating is  duc to the rarcficcl 
gas. Hcie the gas might only act as a conductor of no impedance diverting the currcnt 
from the wire as the impedance of the latter is  enormously increased, and nlerely heating 
the ends of the wire by reason of their resistance to the passage of thc discharge. But it is  
not at all necessary that the gas in thc tubc should be conducting; it might be at an 
cxtremeIy low pressure, still the ends of the wire would bc heatcd - as, howcver, is 
ascertained by experience - only the two ends wouId in such case not be electrically con- 
nected through Ihc gaseous medium. Now what with these freguencies and potcntiaIs oc- 
curs in an exhausted tube occurs in'the lightning discharges at ordinmy pressure. We only 
nced remember me of the facts arrived at in the mursc of thcsc investigations, namely, 
that to impulses of ver)r high frequency the gas at ordinary prmsurc behaves much In 
the same manner as though it were at moderately low pressure. I think that in Iightning 
discharges frequently wires or conducting objects are volntil~zcd merely because air i5 

present, and that, were the conductor immersed in an i n s u l ~ t ~ n g  liquid, it wouId kc  
safe, for then the energy would have to spend itself samewhcrc clsc. From the behavior 
of gases to sudden impulses of high patential I am led to conclude that there a n  be nu 
surer way of diverting a lightning discharge than by affording it a passage throu~11 
a volume of gas, if such a thing can be done in a practical manner. 

There are two more features upon which I think it necesgry to dwell in connection 
with these expcsiments - the "radiant state" and the "nan-striking vacuum". 

Any one who has studied Crwkes' work must have received the impras i~n that 
the "radiant state" is a property of the gas inseparably connected with an extremely 
high degree of exhaustion. But it should be remember& that the phenomena observed 
in an exhausted vessel are limited to the character and capacity of the apparatus whicll 
is made use of. I think that in a buIb a molecule, or atom, does not precisely move in 
a straight line because it meets no obstacle, but because the velocity imparted to it is 
sufficient to propel it in a sensibly straight line. The mean free path is oni thing, 
but the velocity - the energy associated with the moving bady - is another, and under 
ordinary c i rmtances  I believe that it is a mere question of potential orre specd. 
A disruptive discharge coil, when the pdtential is pushed very far, excites phosphorescence 
and projects shadows, at comparativeIy low degrecs of exhaustion. In a lightning 
discharge, matter moves in straight lines at ordinary pressure when the mean free path 
is exceedingly small, and frequently images of wires or other metallic objects have beer 
produced by the particles thrown off in straight lines. 
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3 have prepared a bulb to illustrate by an txpcriment the corrrctness of. these 
assertions. In a globe L (Fig. 311, I have mounted upon a lamp filament f a piace of 
lime I .  The lamp filament is connected with a wire which leads into the bulb, and the 

general construction of the latter is as indicatrd in 
Fig. 19, before described. The bulb being suspend. 
ed from a wire connected to the terminal of thz 
coil, and the latter being set to work, the lime 
piece I and the projecting parts of the filament 

: f are bombarded. Thc degree of exhaustion is jusr 
such tlrat with the potential the coil is apablc 

- of giving phosphoresceuce of the glass is produced, 
but disappears as soon as the vacuum is impaired. 
Thc lime containing moisture, and moisture bein9 
given off as soon as heating occurs, the phos- 
phorcscence lasts only for a few moments, When 
the lime has been sufficiently heated, enough 
moisture has heen given off to impair materiall? 
the vacuum of the bulb. As the bombardment 
goes on, one point of the lime piece is  more hcakd 
than other p i n t s ,  and the result is that finalIy 
practically all the discharge passes through chat 
point which is intcnsdy heated, and a white 
streatn of lime particles (Fig. 31) then bntaks. 
forth from that point. This stream is composed 
of '"radiant" matter, yct the degree of exhaustion 

Fig. 31.  is low. But the particles move in  strai& l i n ~  
bccausc the veloc~ty imparted to them is greab, 

and t h ~ s  is duc to thrcc causes - to the great electric density, the high temperature of 
thc small p i n t ,  aid thc fact that thc particles of the lime are w i l y  torn and thrown 
off - fa; more easily tElan those of carbon. With frequcncies such as we are able to 
obtain, thc particles arc Rodiiy thrown off and projccted to a considerable distmm, 
but with sufficiently Eligl? frequcncics no such thir~g would occur: in such case onIy 
a strcss would spread or a vibration would be propagated through the bulb. It would 
bc out of the qucstiun to reach any such frcqucncy on the assumption that the atoms 
move wtth the speed of light; but 1 hclie\~c that such a thing is impassible; for this 
nn cnorrnous potential would be required. With ptentials which we are abIe to obtain, 
cven with a disruptive discharge coil, the specd must be quite insignificant. 

As to the "non-striking vacuun~", the point to be noted i s  that it can cccur only 
with [ow frcqucncy impulses, and it is  neccssitatcd by the impossibility of carrying o f i  
enough energy with such impulses in high vacuum since the few atoms which are around 

, the tcrrninal upon coming in contact with the same are repelled and kept at a distance 
for a compatati\~eIy long period of time, and not enough work can be performed to 
render the effect perceptibl,~ to the eye. If the difference of potential beheen the 
terminals is raised, the dielectric breaks down. But with very high frequency impulses 
there is no necessity for such breaking down, since any amount of work can be performed 
by continually agitating the atoms in the exhausted vessel, provided the frequency is  
high cndugh. It is easy to reach - cven with frequencies obtained from an alternator 
as hcrc used - a stage at which the discharge does not pass between two electrodes 
in a narrow tube, each of these being connected to one of the terminals of the mi!, but 
it is difficult to reach a point at which a luminous discharge would not occur a m d  
each elcctrodc. 



A thought which naturally presents itself in connwtion with high frequency 
currents, is to make use of their powerful electro-dynamic inductive action to produce 
light effects in a sealed glass globe. The leadingin wire i s  one of the defects of the 
present incandescent lamp, and if no other improvement were made, that imperfection 
at least should be done away with. Following this thought, I have carried on experiments 
in various directions, of which some were indicated in my farmer paper. I may here 
mention one or two more lines of experiment which have been followed up. 

Many bulbs were constructed as shown in Fig. 32 and Fig. 33. 
In Fig. 32 a wide tube T was sealed to o smaller W-shapcd tube U, of phos. 

phorescent glass. I n  the tube T was placed a coil C of aluminium wire, the ends oi 
which were provided with small spheres r and t,  of aluminium, and reached into the 
U tube. The tube T was stipped into a socket containing a'primary coil through which 
usualIy the discharges of Leyden jars were directed, and the rarefied g a  in the smal1 Li 
tube was excited to strong luminosity by the high-tension currents induced in the 

coil C. When Leyden jar discharges were used to induce currents in the mil C, it was 
f m d  necessary to pack the tube T tightly with insulating powder, as a discharge would 
o#ur frquently between the turns of the mil, especially when the primary was thick and 
the air gap, through which the jars discharged, large, and no little trouble was 
~ p c ' i m m d  in this way. 

In Fig. 33 is ilIustrated another form of the bulb constructed. In this case a tube 
T b sealed to a globe L. The tube contains a coil C, the ends of which pais through 
two smaIl glass tubes t and t,, which are sealed to the tube T. Two refractory buttons m and 
tai are mounted on lamp filaments which are fastened to the ends of the wires passing 



through the glass tubes I drrd rl. Generally in bulbs made on t h i s  plan tht gfok 1. 
communicated with the tube T .  For this purpose the ends of the small tuks t and t1 
were just a trifle heated in thc burner, nlcrely to hold the wires, but not to interfere 
with the comrnunicat.ion. T h c  tube T, with the small tubes, wires through the same, 
and thc refractory buttons m and rjrl, was first prepared, and 'then sealed to g10k L 
u+trrcupan the coil C was slipped in and thc connections made to i t s  ends. Tht,tube 
was t I~cn  parked with insulating powder, jamming the latter as tight as possible up 
to very nearly the end, then it was closcd and only a smail hole left through which 
the rcmaindcr of thc powder was introduced, and finglly the end of the tube was 
closed. Usually in bulbs constructed as shown in Fig. 33 an aluminium tube a was 
fastcncd to the uppcr end s of each of the tubes 1 and I,, in order to protect that end 

, - agkinst the hcnt The buttons In and tn, could be brought to any degree of incandescence 
by passing the discharges of Lcydcn jars around the coil C. In,such bulbs with two 
buttons n very curious effect is produced by the formation of the shadows of each el 
the htu  buttons. 

Another line of ~xpcriment, which has hren assiduously followed, was to induce 
by clcctro-dynamic ~nduction a current or luminous discharge in an exhausted tube or 
bulb. This m~ttcr has rcccivcd such able treatment at the hands of Prof. 1. J. Thornson 
that I muld add but little to what he has made Icnorvn. even had I made ~t the special 
subject of this Iccture. Still, since experiences in this l ~ n e  have gcadualiy led me to the 
present views and results, a few words must be de\.oted here to this subject. 

It hzs occurred, no doubt-, to many that as a ncuurn tube is made longer the 
electrumuti~c force pcr untt length of the tube, necessary to pass a luminous discharpe 
through the latter, gcts cont~uually smaller; thcrcfore, if the exhausted tube h made 
 lot^^ enough, even with !ow frequencies a luminous discharge could be induced in 
such a tubc closed upon itsclf. Such :h abe  might bc placed around a hall or on a ceiling, 
nnd at oncc a simple appliance cxprtble of giving considerable light would be obtained. 
But this would hc an appiiance hard to manufacture sod extremely unmanageable. It 
would not do to make the tube up of small Icngths, bccausc there would be with ordinary 
frcqucnr-ics cnnsidcrahlc loss in the coatings, and ksides, if coating wcre used, it 
would bc bcttcr to supply the cnrrcnt directly to the tube by connecting the coating 
to a trnnsformcr. But even i f  all objections of such nnturr: were removed, still, with 
low frccluencies the light cotiversion itself rvoutd be inefficient, as I have before stated. 
In usilig cxtr~rncly high frequcncjts the Iength of the secondary - in other words, 
t l~c sizc of tlic vcssc! - can reduced as f ~ r  ns desircd, and the efficiency of the light 
convcnion i s  increased, provided thxt means are invented for efficientiy obtaining such 
high frcquencics. Thus one is Fed, from thcorctical and prac.tica1 considerations, to the 
use of hi;! frqucncies, and this mcans high clcctromotivt: forccs and smaIl currents 

. jn thr prllnary. Whcn he works with condcnscr chargcs - and they are the only 
means up to the prcscnt known lor reaching these extrernc frequencies - he gets tz 
elcctrclmotivc forccs of scveraI thousands of volts per turn of the primary. He cannot 
multiply the clcctro-dynamic inductive effect by taking more turns in the pnmary, for 
he arriics at the cunclusion that the bcst way is to work with one single turn - though 
he muct sornctimcs depart from this rule - and he must get along with whatever 
inductivc effcct hc can obtain with one turn. But before he has long experimented with 
the extreme' fscqucncies rcquircd to set up in a small bulb an electromotive force of 
scveral thous.~r~bs of volts he t.es!izcs the great impdrtmcc of dectrostatic effects, and 
thesc cffccts grow relatively to the electro-dynamic in significance as the frequency is  
incrcasrd. 

Now, if  anything is desirable in this case, it is to increase the frequency, and this 
would mikc it still worse for the electro-dynamic effects: On the other hand, it is easy 
tq exalt the electrostatic action as far as one likes by taking more turns on the sec~ ldq ,  



or d i n i n g  self-induction and capacity to raise the potential. I t  should also be 
d r e d  that, in reducing the current to the sinallest value and increasing the 
potential, the electric impulses of high frequency can be more casily transmitked through 
a conductor. 

These and similar thoughts determined me to devote more attention tu the 
electrostatic phenomena, and to endeavor to produce potentiaIs as high as possible, and . 
alternating as fast as they could bc made to alternate. I then found that I could excite 
vacuum tubes at considcr~ble distmcc from a conductor mnnectcd to a properly 
constructed coil, and that I could, by converting the oscillatory current of a condenser 
to a higher potential, establish elcctrostatic alternating fields which aaed through the 
whole extent of a mom, lighting up a tube no rnnttcr where it was h d d  in space. 
I thought I recognized that I had made a step in advancc, and I havc pcrscvered in this 
line; but I wish ta say that I shatc with all lovers of sciencc and progress the one and 
only desire - to rmch a rcsult of utility to men in any direction to which thought or 
experiment may lead me. I think that this departure is the right one, for I cannot see, 
from the observation of thc phenomena which manifest themselves as the frequency is 
increased, what there woutd remain to act between twn circuits conveying, for instance, 
impulses of sever31 hundred millions per second, except electrostatic iorces. Even with 
such trifling frequencies the energy would be prnctically all potential, and my convictinn 
has grown strong that, to whatever kind of motion light may be due, it is produced by 
tremendous elcctrostatic stresses vibrating with extrcmc rapidity. 

Of dl these phenomena obsenred with currents, or ~lcctric impuIses, of high 
frequency, the most fascinating for an audience are certainly those which are noted i n  an 
electrostatic field acting through considerable distance, and the best an unskilled lecturer 
can do is to begin and finish with the exhibition of thesc s i n p b r  cffects. I take a 
tube in the hand and move it  about, and it is lighted wherever I may hold it; throughout 
space the invisible forces act. But I may t&e another tube and it might not light, the 
vacuum being very high. I excite it by means of a disruptive discharge coil,. and now it 
will light in the electrostatic field. I may put it away for a few weeks or months, still it 
retains the faculty of being excittd. What change have I produced in the tube in the act of 
exciting it? If a motion imparted to the abrns, it is difficult to pcrceive how it can 
pmist so long without being arrcsted by frictional losses; and if a strain exerted in the 
dielectric, such z a simple electrification would produce, it is e p y  to see how it may 
persist indefinitely but very difficult to understand why such a condition should aid the 
excitation when we have to deaI with potentials which are rapidly alternating. 

Since I have exhibited 'these phenomena for the first time, I have obtained some 
other interesting effects. For instance, I have produced the incandescence of a button, 
filament, or wire enclosed in a tube. To get to this result it w a  necessary to economize 
the energy which is obtained from the field and direct most of it on the s m l l  body 
to be rendered incandescent. At the beginning the task appeared diffialr, but the 
mperiences gathered permitted me to reach the result easily. la Fig. 34 and Fig. 33 
two such tubes are illustrated which are prepared for the occasion. In Pig. 34 a short 
tube TI, sealed to another long tube T, is provided with 3 stem I, with a platinum wire 
sealed in the latter. A very thin lamp filament J is fastened to this wire, and connection 
to the outside is made thrwgh a thin copper wirc w. The tube is providcd with-outside 
and inside coatings, C and C, respectively, and is filled s far as the coatings reach with 
mnducting, and the space above with insulating powder. These coltings are merely used 
b enable me to perform two experiments with the tube - nameIy, to produce he effect 
desired either by direct connection of the body of the experimenter or of another body 
to the wire w, or by acting inductively through the glass. The stem s is provided with 
ra aluminium tube a, for purposes before explained, and only a small part of the filament 



reaches out of this tube. By holding the rube TI anywhere in the: electmstatic field the 
filament is rendered incandescent. ' 

A more interesting piece of apparatus is illustrated in Fig. 35:Tfie construction 
is the same as before; only instead of the lamp fitamcnt a small platinum wire P, sealed 
in a stem s, and bent above it in a circle, is connected to the copper wire w, which is 
joined to an  inside coating C. A.smalE stem s, is porided with a needle, on the point 
of which is arranged to rotate very freely a very light fan of mica v. To prwent the fan 
from falling out, a thin stem of glass g is bent properly and fastened to the aluminium 
tube. Whch the glass tube i s  held anywhere in the electrostatic field the platinum wire 
bccomcs incandescent, and the mica vanes are rotated very fast. 

Intense phosphorescence may bc excited ' 

in a bulb by mereIy connecting it to a plate 
within the ficld, and the plate need not Se 
any largcr than an otdinaq lamp shade. The 
phosphorescence excited with these rurrents 
is incornpatably more powerfuI than with 
ordinary apparatus. A small phosphorescent 
buIb, when attached to a wire connerted to 
a coil, emits sufficient light to albw reading 
ordinary print at a distance of five to six 
paces. It was of interest to see how some 
of the phosphorescent bulbs of Professor 
Crmkes would behave with thcsc currentr, 

. %  and he has had the kindness to lend me a 
few for the occasion. The effecis produced 
are magnificent, especially by the sulphidc 

, . of calcium and sulphide of zinc. From the 
disruptive discharge coil they glow intensely 

. merely by holding them in the hand md 
connecting the body to the terminal of the 
coil. 

To whatever results investigations of 
this kind may lead, their chief interest lies 
for the present in the possibilities they offer 
for the production of an efficient illurninat- 
Ing device. In no branch of electric industry - .  

F I ~ .  34. Fig. 31. 1s an advance more desired than in the 
manufacture of light. Eveiy thinker, when 
considering the barbarous methods employed, 

- the deplorable losses incurred in our best systems of +light production, must have 
asked himself, What is likely to be the light of the future? Is it to be an incandescent 
solid, as in the present lamp, or an incandescent gas, or a phosphorescent M y ,  or 
something f ike a burner, but incomparably more efficient ? 

There is little chance to pe;kct a gas burner; not, perhaps, because human ingenuit;~ 
.- has been bent upon that problem for centurim without a radical departure having been 

made - though this argument is  not devoid of force - but because in a burner the 
higher vibrations can never be rea&ed except by passing through all the low ones. 
For how is a fIme produced unless by a fall of lifted weights? Such process cannot 

. be maintained without renewal, and renewal is repeated passing from Iow to high 
vibrations. One way only seems to be open to improve a burner, and that is by tryins - 
to reach higher degrees of incandescence. Higher incandescence is equivalent to a 
quicker vibration; that means more light from, the same material, and that, again, means 



more economy. In this direction some improvements have been made, but the pragrcss 
is hampered by many limitations. Discarding, then, the burner, there remain the thrce' 
ways first mentioned, which are essentially electrica1. 

S u p p  the light of the immediate future to be a solid rendered inandescent hy 
electricity. Would it not seem that it is better to employ a small button than a frail 
filament? From m n y  considerations it certainly must be concluded that a button is 
capable of a higher economy, assuming, of course, the difficulties connected with the 
operation of such a lamp to be effectively orercume. But to light such a Iamp we 
require a high potential; and to get this ect>nomically wc must use high ffrquencies. 

Such considerations apply even more to the production of light by the incandescence 
of a p, or by phosphorescence. In all cases we require high frguenci~s  and high 
potentials. These thouglits occurxed to me a long time ago. . 

Incidentally we gain, by the use of very high frequencies, many advantags, such 
as a higher economy in the light production, thc possibility of working with one lead, 
*e possibility of doing away with the leading-in wire, etc. 

The question Is, how far can we go with frequencies? Ordinary conducto~s 
rapidly lose the facility of transmitting electric impulses when the frequency is greatIy 
increased. Assume the means for the production of impulses of very great frequency 
brought to the utmost perfection, every one will naturally ask how to transmit them 
when the necessity arises. In transmitting such impulscs through conductors we must 
remember that we have to deal with pressure and floru, in the ordinary interpretation 
of these terms. Let: the pressure increase to an enormous value, and let the flow 
correspondingly diminish, then such impulses - Irariations merely of pressure, as it 
wete - can no doubt be transmitted through a wire even if their frequency be many 
hundreds of millions per second. It would, of course, be out of question to transmit 
such impulses through a wire immersed in a pseous medium, even if the wire were 
provided with a thick and excellent insulation for most of the energy would be lost in 
molecular bombardment and consequent heating. The end of the wire c o n n ~ e d  to the 
source would bc heated, and the remote end would receive but a trifling part of thr 
energy supplied. The prime necessity, then, if such electric impulsw are ta be used, 
is to find means to reduce as much as possible the dissipation. 

Rte first thought is, employ the thinnest possible wire surrounded by the thicket 
ptacticabie insulation. The next thought is to employ electroshtic scrcens. The insulation 
of the wire may be covered with a thin conducting coating and the latter connected 
to the ground. But this wouId not do, as then all thc energy would pass through the 
conducting coating to the ground and n ~ h i n g  would get to the end of the wire. If 
a ground connection is made it can only be made through a condudor offering an 
enormous impedance, or through a condenser of extremely small capacity. This, however, 
does not do away with other difficulties. 

If the wave length of the impulses is much smaller than the length of the wire, 
then corresponding short waves will be sent up in the conducting coating, and it will 
be more or less the same as though the coating were directly connected to earth. It is 
therefore necessary to cut up the coating in sections much shorter than the wave length. 
Such an arrangement does not still afford a perfect screen, but it is ten thousand tinits 
better than none. I think it prcfcrablc to cut up the conducting mating in small sections, 
even if the current waves be much longer than the coating. 

If a wire were provided with a perfect electrostatic scrcen, it wwld be the same 
as though all objects were removed from it at infinite distance. The mpccity would 
then be reducd to the capacity of the wire itself, which would be very small. It. would 
then be possible to send over the wirc current vibrations of very high frequencies at 
enormous distance without affecting greatIy the chacacter of the vibrations. ,A perfect 
screen is of course wt of the question, but I belime that with a screen such as I h a v  



just descrikd kkphony could be renderad practicable a m .  the Atlantic. According 
to my ideas, the gutta-percha covered wire should be provided with a third mducting 
coating subdivided in sections. On the t q  of this should be again placed a Iayet of 
gutta-percha and other insulation, and on thc tap of the whole the armor. But such 
cables will not be constructed, for ere long intelligence - transmitted without wises - 
will throb through the earth like a puke through a living organism 'Ihe wonder is 
that, with the present state of knowledge and the experiences gained, no attempt is 
being made to disturb the electrostatic or magnetic condition of the earth, and tmmrnit, 
if nothing else, intelligence. 

It has been my chief aim in presenting these resuIts to p i n t  out phenomena or 
features of novelty, and to advance idem which I am hopeful wilt serve as starling 
points of new departures. It has been my chief desire this evening to entertain you 
with some novel experiments. Your applause, so frequently and generously m r d a ! .  
has told me t ha t  I have succeeded. 

In conclusion, let me thank you most heartiiy for your kindness and attention, and 
- assure you that the henor I have had in addressing such a distinguished audience, the 

pleasure I have had in presenting these results to a gathering d so many able men - 
and among them also sope of those in whose work for many years past I have found 
enlightenment and constant plmm - 1 shall never forget. 



ON LIGHT AND OTHER HIGH FREQUENCY PHENOMENA * 

INTRODUCTORY - SOME THOUGHTS ON THE EYE 

When we look at the world around us, on Nature, we arc impressed with its kauty 
~ t d  Each thing we perceive, though it may be vanishingly smalI, is in itself 
a world, that is, like.the whole of the universe, matter and force governed by law, -. 
a world, the contemplation of which fills us with feelings of wonder and irresistibly 
urges us to ceaseless thought and inquiry. But in all this vast world, of all objects our 
senses reveal to us, the most marvelous, the most appeaIing to our imagination, appears 
no doubt a highly developed organism, a thinking being. If there is anything fitted to 
make us admire Mature's handiwork, it is certainly this inconceivable structure, which 
PEffoms ik innumerable motions of obedience to external influence. To understand i ts 
workings, to get a deeper insight into this Nature's masterpiece, has ever been for 
thinkers a fascinating aim, and after many centuries of arduous resea~h  men hwc 
arrivd at a f a t  understanding of the functions of its organs and senses. Again, in ,all 
the perfect harmony of its parts, of the parts which constitute the material or tangible 
of our being, of all its organs and senses, the eye is the most wonderful. It is the most 
pmiws, the most indispensable of our perceptive or directive organs, it is the great 
@way through which all knowledge enters the mind. Of all our organs, it is the one, 
which is in the most intimate relation with that which we call intellect* So intimate 
is this relation, that it is often said, the very soul shows itself in the eye. 

ft can be taken as a fact, which the theory of the action of the eye implies, that 
for mch exkrrial impression, that is, for each image produced upon the retina, the ends 
of the visual nerves, concerned in the conveyance of the impression to the mind, must 
be under a peculiar stress or in a vibratory state. It now dws not seem improbable 
thatz when by the power of thought an image is evoked, a distinct reflex action, no 
matter how we&, is exerted upon certain ends of the visual nerves, and therefore upon 
the retina. WilI it ever 'be within human power to analyze the condition of the retina 
when dirturbed by thought or reflex action, by the heIp of some optical or other peans 
d such sensitiveness,that a cleat idea of its state might be gained at any time? If this were 
p i b l e ,  then the probkm of reading one's thoughts with precision, like the characters 
of M open book, might be much easier to solve than many problems belonging to the 
don& of p i t i v e  physical science, in the solution d which many, if not the majode, 
of xicntiflc men implicitly believe. Helmholtz has shown that the fundi of the eye are 
thamelves, luminous, md he was able to Jee, in total darkness, the movement of his 11 
m by du light of his own eyes. This is one of the most remarkable ~perimeats 
d e d  in the history of science, and probably only a few men could aatisfactorilu 

A h r e  ddivud hdwe the Franklin Institute, Philadelphia, February, 1893, ~d betom 
Zbe kthd Electric Light Association, St. huis, March, 1893. 



repeat it, for it is  very likely, that the luminosity of the eyes is associated with uncommon 
activity of the brain and great imaginative power. It is lluorescence bf brain action, 
as it were. 

Another fact having a bearing on this subject which has probably been noted by 
many, since it is  stated in popular expressions, but which I cannot recollect ta have 

J found chronicled as a uvsitive result oE .observation is, that at times, when a sudden 
idea or image presents -itself to the intellect, there is a distinct and sometimes painlu; 
sensadon of luminosity produced in the eye, observable even in b r o a  daylight. 

The saying then, that the soul shows itself in the eye, is deeply fdunded, and w t  
feel that it expresses a Ereat,truth. It has a profound meaning even for one who, like 
a poet or artist, onIy following his inborn instinct or love for Nature, finds delight in 
aimless thoughts and in the mere contemplation of natural phenomena, but a still more 
profound meaning for one who, in the spirit of positive scientific investigation, seeks 
to ascertain the causes of the effects, It is principally the natural philosopher, the 
physicist, for whom the cye is thc subject of the most intense admiration. 

Two facts about the eye must forcibly impress the mind of the physicist, 
notwithstanding he may think or say that it is an imperfect optical instrument, forgetting, 
that the very conception of that nrhich is perfect or seems so to him, has k e n  gained 
through this same instrument. First, the eye is, as far as our positive knowIedge goes, 
the onIy organ which is H i e c ~ I y  affccted by that subtile medium, which as science 
teaches us, must fill a11 space; secondly, it is the most sensitive of our ogans, 
inmmparabiy more sensitive to external impressions than any other. 

T h e  organ of hearing itnplics the impact of ponderable bodies, thc organ of smell 
the transference of detachcd material particles, and the organs of taste, and of touch or 
force, the direct contact, or at least some interference of ponderabIe matter, and this is 
true even in those instances of animal organisms, in which some of these organs art 

. developed to a degree of tmly nlnrveIous perfection. This being so, it seem wonderfuI 
that the organ of sight solely should bc capable of being stirred by that, which all  out 
other organs ark powerless to detcct, yet which plays an essential part in all natural 

, phenomena, which transmits all energy and sustains all motion and, that most intrimt; 
of ail, life, but which has properties such that even a scientificatly trained mind cannrrt 
help drawing a distinction between it and all that is  called matter. Considering rnereIy 
this, and the fact that the eye, by its marvelous power, widens our otherwise very 
narrow range of perception far beyond the limits of the small world which is our own, 
to embrace myriads of other worlds, suns and stars in the infinite depths of the universe, 
would make it justifiable to assert, that it is an organ of a higher order. Its performances 
are beyond csmprehcnsion. Nature as far as we know never produced anything mote 
wonderful. We can get barely a faint idea of its prodigious pwer  by analyzing what 
it: does and by comparing. When ether waves impinge upon the human body, hey . produce the sensations of warmth or cold, pleasure or pain, or perhaps other sensations 
of which .we are not aware, and any degree or intensity of these sensations, which 
degrees are infinite in ntlrnber, hence an infinite number of distinct sensations. But our 
sense of touch, or our sense of force, cannot reveal to us these differences in degree or 

' intensity, unless they are very great. Now we can qadily conceive how an organism, 
such as the human, in the eternal process of evoIution, or more philosophically speaking, 
adaptation to Nature, being ronstraincd to the use of only the sense of touch or force, 
for instance? rnig5t develop this sense to such a degree of sensitiveness or perfection, 
that it would bc capable of distinguishing the minutest differences in the t e r n p e w  
of a. body even at some ,dist;mcq to a hundredth, or thousandth, or millionth park of 
a degree. Yet; cven this  apparent!^ impossibIe performance would not begin to cornpart: 
with that of the eye, which is capable of distinguishing and mnvqring to the mind in 
a singIe instant innumerable peculiarities of the body, be it in form, or color, or otfier 



r c s p .  This power of the eye rests upon two things, namely, the rd l inear  propaptioh 
of the disturbance by which i t  is effected, and upon its sensitiveness. To say that the I ' 
eye is sensitive is not saying anything. Compared with it, all .other organs are 
monstrousIy crude. The organ of smell which guides a dog on the trail of a deer, thc 
organ of touch or force which guides an insect in its wanderings, the organ of hearing, 
which is affected by the slightest disturbances of the air, are sensitive organs, to kc 
sure, but: what are they compared with the human eye! No  doubt it responds to the 
faintest echoes or reverberatioi~s' of the medium; no doubt, it brings us tidings from , 
other worlds, infinitely remote, but in a language we cannot as yet always undentaad. 
And why not? Because we live ia a medium f~l lcd  wit11 air and other gases, v a F n  
and a dcnsc mass of soIid particles flying about. These play an important part in many 
phenomena; the{ fritter away the energy of the vibrations before they can reach the 
eye; they too, arc thc carricrs of germs of destruction, they get into our lungs and oth~r  
organs, clog up the channels and imperceptibly, yet: inevitably, arrest the stream of life, 
Could we but do away with alI l~ondcrable matter in thc line of sight of the telescope. 
it would reveal to us undreamt-of marvels. Even the unaided eye, 1 think, would he 
upabIe of distinjiuishing in the pure medium, small objects at distanrcs mcasure.l 
probably by hundreds or perhaps thousands af miles. 

But there is something else about the cye which impresses us still more than t h p ~  
wonderful features which we observed, viewing it from the standpiht of a physicist, 
merely as an optical instrument, - something which appeals to us more than its 
marvelous faculty of being directly affected' by the vibrations of the medium, without 
interference of gross mattcr, and more than its inconceivable scnsitivcncss and discernin!; 
power. It is its significance in the processes of life. No matter what one's views on 
nature and life may be, he must stand amazed whcn, for the first tipe in his thoughti, 
he realizes the importance of the eye in the physical processes and mental performance, 
of the human organism. And how could it be othcrwisc, when he rmlizes, that the eye 
is the means through which the human race bas acquired the cntise knowledge it 
possesses, that it controls aIl our motions, more still, and our actions. 

, There is n:, way of acquiring knowledge except througk the eye. What  is the 
foundation of all philosophical systems of ancient and modern times, in fact, of all h r  
philosophy of man? I am, I thi~rk; I ~ l l i ~ t k ,  !herefore J om. But how could I think and 
how would I know that I exist, if I had not thc eye? For knowledge involve; 
consciwsness; consciousncss involves ideas, conceptions; conceptions involve pictures or 
images, and images the sense of vision, and therefore the organ of sifllt. But how abu~lt 
blind men, will be asked? Ycs, a blind man rnay,depict in magnificent poems, forms 
and scenes from real life, from a world he physica?ly does not see. A blind man may 
touch the kegs of an instrument with unerring preciston, may model the fastest boat, may 
discover and invent, calculate and constmct, may do stiIl greater wondcrs - but all th: 
Mind men who have done such tllings have descended from those who had seeing eyes. 
Nature may reach the samc result in many ways. Like a wave in the physical world, in 
thc infinite .ocean of the medium which pervades all, so in the world of organismr, 
in life, an impulse started proreeds onward, nt tirncs, may be, with the speed of light, at 
times, again, so slowly that for ages and ages.it seems to stay, passing through processes 
of a complexity inconceivable to men, but in all its forms, in all its stages, its energy 
mcr and Ter intcgdly present. A single ray of light frcrrn a distant star falling upon 
the eye of a tyrant in by-gone timcs, may have altered the couac'of'  his life, may havc 
changed the dcstiny of nations, may have transformed the surfacc of the gIobe, so 
intricate, so inconceivabIy complex are the proccsscs in Nature. In no way can we get 
such an overwhclrning idca of the grandcur of Nsture, ns when we consider, that in 
nccorda~e with the law of thc cogservatiot~ of energy, throughout the infinite, the 
forces are in I perfect balance, and hcnce thc encrfiy af a single thought may determine 



the motion of a Universe. It is not necessary that every individual, not even that every 
generation or many generations, should have the physical instrument of sight, in ordr: 
to be.able to foml images and to think, that is, form ideas or conceptions; but sometime 
or other, during the process of evolution, the eye certainly must have existed, elsk 
thought, as we understand it, would lx impossibIe; else conceptions; like spirit, intellert, 
mind, caII it as you m q ,  muId not exist. It is conceivable, that in some other world, 
in some other beings, the eye is replaced by a different organ, cqually or more perf&, 
hut these beings cannot be men. 

N o w  what prompts us all to voluntary motions and actions of any kind? A p i n  
the eye. If I am conscious of the motion, I must havc an idea or conception, that is, 
an image, therefore the eye. If 1 am-not precisely conscious of the motion, it is,'because 
the images are vague or indistinct, being blurred by the superimposition of many. Rut 
when I perform the motion, docs the impulse which prompts me to ithe action come 
from within or from without ? The grnatcst physicists have not disdained to cndeavor 
to answer this and similar questions and have at times abandoned themselves to the 
del~ghts of pure and unrestraincd thougl~t. Such questions are jienesally considered not 
to bdong to thc realm of positivc physical science, but will bcfoie long be annexed 
to its domain. Helmholtz has probably thought more on life than any modern scientist, 

, lord Kelvin expressed his belief that life's proms is electrical and that there is a force 
' 

inhercnt to the orpnism and determining its motions. Just as much as I am convinm? 
of any physical truth I am convinced that the motivc impulse must come from thc 
outside. For, consider the lowest organism we know - and there arc probably mariy 
lower oncs - an aggregation of a few cclls o~ily. If it is capabIe of voluntary motion 
it can perform an infinite number of motions, all definite and precise. But now a 
mechanism consisting of a finite number of parts and few at  that, cannot perform all 
infinitc number of definite motions, hence the ~mpulscs which govern its movements 
must come from the cnviron~ncnt. So, the atoni, the ulterior,clcment of the Universe's 
structure, is tossed about in space ctcrnatly, a p l q  to external influences, like a boat in 
a troublcd sca. \Verc it to stop its motion it usorlld die. Matter at rest, if such a thing 
could exist, would be mnttcs dead. Death of matter! Never has a sentence of deeper 
philosophical mcaning bcen uttered. This is the way in which Prof. Dewar forcibly 
expresses it in the description of his admirable expcrilnents, in which liquid oxygen ic  
hndted as onc handles water, and air a t  ordinary prcssurc is made to condense and 
cvcn to solidify by thc intcnsc cold. Expcrimcnts, which. serve to iIIustrate, In h i s  
language, thc last feeble manifestations of life, the Iast quivcrings of matter about to 
die. But human eycs shdl not witncss such dcath. There is no death of matter, f a  
'throughout thc infinite universe, all has to mole, to vibrate, that is, to live. 

I havc made the preceding statements at the peril of treading upon metaphysica1 
ground, in my desire to introduce thc subjcct of this lecture in a manner not altogether 
uninteresting, I may hope, to. an audience such as I have the hotlor to address. But now, 
then, reh3rning to the iubjcct, this divine organ of sight, this indispensable instrument 
for thought md all inteIIectua1 enjoyment, which lays o p n  to us ttie marvels of this 
universe, through which we havc acquircd what knowtedge we possess, and which 
prompts us to, and cmtroIs, all our physical and mental 2.ctivity. By what is it affected? 
By light ! What is light? 

Wc Rave witnessed the great strides which have bccn made in all departments o! 
science in ~ K C I I t  years. SO p a t  have bcen the advances that we cannot refrain from 
asking ourselves, Is this all true, or is it but a dream? Centuries ago men have live$, 
have thought, discovered, inrcntcd, and have believcd that they werc soaring, while 
they were rnereIy proceeding at a snail's pace. So we too may be mistaken. But taktng 
the truth of the observed events as one of the implicd facts of science, we must rejoicr 
in the immense progress already made and still more in the anticipation of what must 



m e ,  judging from the possibilities opened up by modern research. There is, however, 
an advanct which wr have been witnessing, which must t>e particularly gratifying to 
Every lover of progress. It is not a discovery, or an invention, or an achievement in any 
particular dimtion. It is an advance in all directions of scientific thought and experiment. 
I mean the generalization of the natumE forces and phenomena, the looming up of a 
certain broad idea on the scientific horizon. It is this idea which has, however, long ago 
den possession of the most advanccd minds, to which I desire to call your attcntioi!, 
and which I intend to illustrate in a general way, in thcse experiments, as the first step 
in answering the question ''What is light?" and to rcalizt! the modern 111caning of 
this word. 

I t  is beyond the scope of my lecture to dwell upon the subject of light in gener~l. 
my object being merely to bring presently to your notice a certain class of light effects 
md a number of phenomena observed in pursuing tile study of these effccts. But to hr 
consistent in my remarks it is necessary to sstte that, according to that idea, ,now 
accepted by the majority of scientific me11 xs a positive result of thcoreticaI and 
experimental investigation, the various forins or mnnifcskations of energy which wa.c 
generally designated as "electric" or more precisely "electromagnetic" are energy 
manifestations of the same nature as those of radiant heat and light. Therefore the 
phenomena of light and heat and others besides thme, may be called electrical phenomena. 
Thus electrical science has become the mother science of all and i ts  study has become al: 
important. The day when we shall know exartIy what "electricity'?~, will chronicle a; 
w&t pr~babl~igreater, more isnportant than any othcr rccordcd in the history of the .+ 
human race. Thc timc will con~c when the comfort, the very existence, perhaps, nr 
manw;lldepend upon that wonderful agent. For our existence and comfort we require 
hat ,  light and pechanical power. How do we now get all these? We get them from 
fuel, we get them by consuming rnatcriai. What will man do when the forests 
disappear, when thc coaI fields are exhausted? Only one thing, according to our present 
knowledge will icmain; that is, to t r~nsmit*pwcc at grca distances. Men will go to 
the waterfalls, to the tides, which arc the storcs of an infinitesimal part of Nature's 
immeasurable energy, Thcse wiII they harness thc encrgy and trans~nit the  same to their 
settlements, to wmn their homes by, to give them light, and to keep their obedi'eat 
sla~ves, the machines, toiling. But haw will they tr~nslnit this energy if not by eIectricity ? 
Judge then, if the comfort, nay, the very existencc, of man will, not depend nn eIectriclty. 
I am aware that this view is  not t h ~ t  of a practical engineer, but neither is it that 
of an illusionist, for it is certain, that poprcr transmission, which at prescnt is merely 
n stimulus to enterprise, will some dzy bbc a dire necessity. 

It is more important for the student, who takes up the study of light phenomena, 
to make himself thoroughly acquainted with certain modern views, than to peruse entire 
'books on the subjtct 06 light itself, as disconnected from these views. Were I therefore 
to make t h e  demonstrations beforc students steking information - and for the sd:e 
of the few of those who may be present, give me leave to so assume - it woutd be 
my principal endeavor to impress these views upon thcir minds in this series of 
ewpcriments. 

It might be. sufficient for this purpose to perform a simple ,and well-known 
qrirnent .  I might take a familiar appliance, a Leyden jar, charge it from a frictional 
d i n e ,  and then discharge it. In explaining to y w  its permanent statedwhen charged, 
and its transitory condition when discharging, calling your attention to thc f o ~ m . w h i c h  
enter in to  play and to the various phenomena they produce, and pointing out the reIitior~ 
of the forces and phenomena, I might fully succccd in illustrating that modern idc,t. 
No doubt, to the thinker, this simple experiment would appeal as much as the most 
q i f i c e n t  display. But this is to bc an experimental dcmonstration, and one which 



should possess, besides -instructive, also entertaining features and as such, a simple 
experiment, such as the one cited, wwld not go very far towards the.attainment of tfie 
lecturer's aim. I must therefor; choose another way of illustrating, more spectmlar 
certainly, but: perhaps also more instructive. Instead oi the frictional machine and 
Leyden jar, I shall avail myself in these experiments, of an induction coil of peculint 
properties, which was described in detail by me in a lecture before the London Instihtiotl 
oE Electrical Engineers, in Feb., 1892. This induction coil is  capabIe OF yielding currents 
of enormous potentinl difhcrcnccs, alternating with extreme rapidity. With this apparatus 
I shall endeavor to show you three distinct classes of cffwts, or phenomena, and it is 
my desire that each expcrirncnt, while serving for the putpscs of illustrntion, shoultl 
at the same time teadl us some novel truth, or show us some novel aspect of this 
fascinating science. But bcforc doing this, it seems proper and useful to dwell upon 
the apparatus employed, and method of obtaining the high potentids and high-frequenrj 
currentq which are made usc of in these experiments. 

ON THE APPARATUS AND METHOD OF CONVERSION. 

These high-frequency currents are obtained in a peculiar mannet. The mcthoc! 
employed was advanced by me a b u t  two years ago in an experimental lecture before the 
American Inst~tttte of Electrical Engineers. A number of ways, as practiced in the 

Fig. 1. 

laboratory, of obtaining these currents either from continuous or low frequency alternating 
currents, is diagrammatically indicated in Eig. 1, which will bc Iater described in detail. 
The general plan is to charge condensers, from a dircct or alternate-current source, 
preferably of high-tension, and to discharge them disruptively while obsetving well- 
known conditions necessary to maintain the nscillatiens of the current. In view of the' 



general interest taken in high-frequency currenb and effects producible by them, it seems 
to me advisable to dwell at some lc~lgth upon this method of  onv version, In order to givc 
you a clear idea of the action, I will suppok that a coniinuous-current generator is 
employed, which is often very convenient. It i s  desirable that the generator should possess 
such high tension as to be able' te break throbgh a small air space. If this is not the case, 
then aux~liary means have to be resorted to, some of wh~ch will be indicated subsequently.' 
When the candcnsers are charged to a certain potential, the air, or insulating space, gives 
way and a disruptive discharge occurs. There is then a sudden rush of current and 
gcncrally a large portion of accumulated electrical energy spends itself. The condensers 
are thereupon quickly charged and the same process is repeated in  morc or less rapid 
succcssion. To produce such sudden rushes of current it is necessary to ohscrve certain 
conditions. If the rate at which thc condensers arc discharged is the same as that at 
which they are charged, then, clearly, in the assunled case the condensers do ilot come 
into play. If the rate of discharge bc smaller than the rate of charging, then, again, the- 
condensers cannot play an important part. But if, on the contrary, the rate of discharging 
is greater than that of charging, then a sr~cccssion of rushes of current is obtained. It 
is evident that, if the rate at which the energy is dissipated by the discharge is very 
n~uch grcater than the rate of supply to the condenscts, the suddcn ~ s b e s  will be 
comparatively few, with long-time intervals between. This always occurs when a condenser 
of considerabie capacity is charged by means of a cornparativcly small machine. If the 
ntcs of supply and dissipation are not widely differmt, then the rushes of current 
will be in quicker succcssion, and this the morc, the more nearly equal both the rates 
are, until limitations incident to each case and depending upon a number of causes are 
reached. Thus we are able to obtain from a continuous-current generator as rapid a 

.succession of discharges as we like. Of course, the higher the tension of the generator, 
the smaller need be the capacity of the condensers, and for this. reason, principally, it 
is of advantage to employ a generator of very high tension. Besides, such a generator 
permits the attaining of greater rates of vibration. 

The rushes of current may he of the same direction under the conditions b e f o ~  I 
assumed, but most generally there is an oscillation superimposed upon thc fundamental 
vibration of the current. When the conditions arc so determined that there are no 
oxillations, the mirent impulses are unidirectional and thus a means is  providcd of 
transforming a continuous current of high tension, into a direct cutrent of lower tension, 

I 
which I think may find employment in the arts. 

This method of conversion is exceedingly interesting and J was much impressed 
by its beauty when I first conceived it. It is ideal in certain respects. It invoIves the 
mployrnent of no mechanical devices of any kind, and it allows of obtaining currents 
of any desired frequency from an ordinary circuit, direct or alternating. The frequency 
of the fundamental discharges depending on the relative rates of supply and dissipation 
CM be readily varied within wide limits, by sirnplc adjustments of these quantities, and 
the frequency of the superimposed vibration by the determination of the capacity, 
self-induction and resistance of the circuit. The potcnt~al of the currents, again, may 
be raised as high is my insuIatim is capable of withstanding safely by combining 
rapacity and self-induction or by inductio~l in a secondary, which need have but 
comparatively few turns. 

As thc conditions are often such that the intermittence or oscillation does not 
ttadiiy establish itself, cspeciaI1y when a direct current source is  employed, it i s  of 
advantage to associate an interrupter with the arc, as I have, some time ago, indicated 

. the use d an air-blast or magnet, or other such device readily at hand. The mgnet 
is employed with special advantage in the conversion of direct currents, as it is then 
very effective. If the primary source is an alternate current generator, it is desirable, 
~s I have stated an another occasion, that the frequency should be low, and that the 
current forming the arc be large, in order to render the magnet more effective. 



A firm of such discharger with a magnet which has been found ~~nvmitnt ,  and 
adopted aftcr some trials, in the conversion of d i m  currents particuIarly, b ilIustratcd 
in Fig., 2. N S are the pole pieces of a very strong magnet which is e x c i d  by a mi2 c 
The p l c  picces are slotted for adjustment and can be fastened in any position by scnws 
s sl. The discharge rods d la,, thinned down on the ends in order to allow a d m  
approach of the magnetic pole pieces, pass through the columns of brass b bx and ut 
fastened in position by screws J, s,. Springs r rl and coIIars c cl we slipped on the 
rods, the latter serving to set the pints of the rods at a certain suitable distanct by 

- Fig. 2. , 

means of screws s3 s3, and the former to draw the points apart. When it is desired to 
start the arc, one of the Iarge rubber handle h hl is  tapped quickly with the )land, 
whercby thc points of the rods are brought in contm but are instantly sepataled by the 
springs r r , .  Such an arrangement has been found to be oftcn nccessarg, namely in ass 
when tlie E. M. F. was not large enough to cause the discharge to break thmgh the 
gap, and also when it was desirable to avoid short circuiting of the generator by the 
metallic contact of the rods. Thc rapidity of thc interruptions of thc current with n magnet 
depcnds 03 the intensity of the magnetic field and on the pmt ia l  diffemtx at the 
end of the arc. The interruptions are generally in such quick succession as to @we 
a m~aical  sound. Years ago it was obscnred that w l ~ m  a powerful induction cod is 
discharged bcttvecn thc polcs of a strong magnet, the discharge produces a loud noise 
not ~mlikc a smaII pistol shot. It was vagueIy stated that the spark was intensified by 
the presence of the magnetic lield. I t  is now clcar t h a t  the discharge current, flowing 
for somc time, was interrupted a great nwnbcr of times by the,magnet,:thus producing 
thc sound. The phenomcilon is especially marked when the field dmit of a large 
magnet or dynamo is broken in a powerfuI magnetic fieId. 

When the current through the gap is comparatively large, it is of advmtage to slip 
on the points of the discharge d s  pieces of very h a d  c a h n  and let the arc play 
between the carbon pieccs. Fhis preserves the rods, and besides has the advankge of 
keeping the air space holter, as the heat is not conducted away as quickly through the 
carbons, and the result is that a smaller E. M. F. in the arq gap is required to maintain 
a succession of discharges. 

Anothcr form of discharger, which may be employed with advantage in some cases, 
is illustrated In Fig. 3. In this form the discharge rods d d l  pass through pwforatiw 
in 3. wooden.box D, which is thickly coated with mica on the inside, as indicated by 
tlre heavy Iincs. The perforations are provided with mica tubes m ml of some thickness, 
~'llidl are preferably not in contact with the rods d d , .  The box has a cover c which is 
: little larger and descends on the outside of the box. The spark gap is warmed by 
a small I m p  J contained in the box. A plate # above the lamp the draught to 



pass only duough the chimney c of the lamp, the air entering through holes n c in or 
a m  fhc h o r n  of the box and following the path indicated by the arrows. When the 
d i k g e r  is in aeration, thc door of .the box is closed so that the light of the arc is 
not visible outside. It is desirable to exdude the light as perfectly as possible, as it 
interferes with some expcriments. This form of discharger is simple and very effective 
when properly manipulated. T h e  air being warmcd to a certain temperature* has its 
insulating power impaired; it: becomes diclectrimlly weak, as it were, and the consequence 
is that the arc can be established at much greater distance. The arc should, of course, 
be sufficiently insulating to allow the discharge to pass through the gap dir~rrpiivel~. 
The ax formed under such~conditions, when long, may be made extrenlely sensitive, 
md the weak draught through the lamp chimney c is quite sufficient to produce rapid 
interruptions. The adjustment is made by regulating the temperature and velocity of the 
draught. Instead of using the lamp, it answers the purpose to provide for a draught of 
w m  air in other ways. A vey simple way which has been practised is to enclose the 
arc in a long vertical tube, with plates on the top and bottom for regulating the 
temperature and veloc~ty of the air mrrcnt. Some provision had to be made for deadening 
the sound. 

The air may be rendercd dielectrically we& abo by rarefaction. Dischargers of this 
kind have likewise becn used by mc in connection with a magnet. A large t u k  is for 
this purpose provided with heavy electrodes of carbon or metal, between which the 
d i h g e  is made to pass, the tube being placed in a powerful magnetic field. The 
exhaustion of the tube is carried to a p i n t  at which the discharge breaks through easily, 

Fig 3. 

but the ptessute should be more than 75 millirnetres, at which the ordinary thread 
diiarge ormrs. In another form d discharger, combining the features before mentioned, 
the discfiargc was made to pass htween two adjustable magnetlc pole piecesI the space 
ktween them king kept at an elevated temperature. 

It s M d  be remarked here that when such, or interrupting devices of any kind, 
m used and the cum& arc passed through the primary of a disruptive dis*charge 
coil it h not, as a ak, of advantage to produce a number of interruptions of the 
current per m d  greakr than the natural frequency of vibration of the dynamo supply 
c idt ,  whik is odinatily small, It should also be pointed out here, that while the 
&vices mentioned in connection with the disruptive discharge ate advantageous under 



' certain conditions, they may be sometimes a source of trouble, as they produce 
intermittences and other irregularitis in the vibration which it would be very desirable 
to overcolne. 

There is, I regret to say, in this kautifut method of conversion a defect, which 
fortunately is not vital, and which I have been gradually overcoming. I will best d l  
attention to this defcct and indicate a fruitfuI line of work. bv com~arinn the electricd , I . L, 

~proccss with its mechanical analogue. The process may be illustrated in this manner. 
Imagine a tank with a wide opening at the bottom, which is kept closed by spring 
pressure, but so that it snaps off srrdde~dy when the Iiquid in the tank has reached a certain 
'hcight. Let the fluid be supplicd to the tank by means of a pipe leeding at a certain 
ratc. \Vhcn thc critical hcight of the liquid is reached, the spring gives way and the 
bottom of the tank drops out. Instantly the liquid falls through the wide opening, and 
the spr in~ ,  reasserting ~tsclf, ctoses the bottom again. The tank is now filled, and after 
a ceriain time intervd the sanlc process is rcpeatd. It is clear, that if the pipe feeds the 
fluid quicker than the bottom outkt is capable of letting it pass through, the bottom 
will remain off and the tank will still overflow. If the rates of s u n ~ l v  are exactlv equal. 
then the bottom lid will remain partially opcn and no vibration ;{tie same ani of'th; 
Iiquid column will generally occur, thrrugh it might, if started by some means. But if 
the inlet pipe dces not feed the fluid fast enou~h for the outlet, then there will be always 
vibration. Again, in such case, each time the bottom flaps up or down, thc spring and 
the liquid column, if the pliability of thc spring and the inertia of the moving pa* 
ace properly chosen, will perform indcpndent vibrations. In this analogue the fluid may 
be likened to dcctricity or electrical enctbT, the tank to the condenser, the spring to the 
dieIectric, and thc pipc to the conductor through which electricity is supplied to the 
condenser. To make this analoby quitc complete it is necessary to make the assumption, 
that the bottom, cach time it gn7cs way, is knocked violently against a non-eIutic stop, 
this impact involving sonie Ioss of enctgy; and that, bcsidcs, some dissipation of energy 
results due to frictional losscs. In the ;lreceding analogue the Iiquid is 6uppased to be 
under a steady pressure. If the prescnce of the fluid be assumed to vary rhythimlIy, 
this may be takcn'as corresponding to the case of an alternating current. The process is 
then not quite as simple to consider, but the action is the same in principle. 

It is desirable, in order to maintain the vibration cconomically, to reduce the impact 
and frictional losscs as 111unh as possiblc. As regards thc latter, which in the electrical 
anaioguc correspond to the losscs due to the resistance of the circuits, it is impossible 
to obviate then1 mtireIy, but they can be rcduced to a minimum by a proper selection 
of the dimensions of the circuits and by the employment of thin conductors in the form 
of strands. But the Iuss of energy caused by the first breaking through of the dielectric - 
which in thc above example corresponds to the violent knock of the bottom against the 
inelastic stop - would be mote important to overcome. At the momenk of the breaking 
through, the air space has a very high resistance, which is probably reduced to a very 
small value when the current has reached some strength, and he space is brought to 
a high temperature. It would matcrially diminish the loss of energy if the spam were 
alwnys Ixpt at an extremely high tcmpcrature, but then there would be nQ disruptive 
break. By warming the space moderately by means of a lamp or otherwise, the economy 
as farmas the arc is concerned is sensibly increed. But the magnet or other interrupting 
device docs not diminish the Ioss in the arc. Likewise, a jet of air only facilitates the 
carrying off of the energy. Air, or a gas in general, bebavcs mriously in  this respect. 
Whcn two bodies charged to a very high potential, discharge disruptiuely through an 
air space, any amount of energy may bc carried off by the air. This energy is evidently 
dissipated by W i l y  carriers, in impact and collisional losses of the molecules. The 
exchange of the molecules in the space occurs with inconceivable rapidity. A powerful 
discharge taking place bctwecn two electrodes, they may remain entirely cool, and yet 
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the loss in the air may represent any amount of energy, It is perfectly practicable, with 
vcry great potential differences in the gap, to dissipate several horse-power in the arc 
of the discharge without even noticing a small increase in the temperature of the 
electrodes. All the frictional losses occur then practically in the air. If the exchange of 
the air molecules is prevented, as by enclosing the air hermetically, the ga inside of - 
the vessel is .brought quickly to a high temperature, evcn with a very small discharge. 
It is difficult to estimate how much of the energy is Iost in sound waves, audible or not, 
in a powerful discharge. When the currents through the gap are large, the ~Iectrodes 
may become rapidly heatcd, but this is not a reliable measure of the energy wasted in 
the arc, as the Ioss through the gap itself may bc comparatively small. The air or a gas 
in enera! is, at ordinary pressure at least, clearly not the best medium t!~rough which 
a disruptive discharge should occur. Air or other gas under grcat pressure is of ,course 
a much mare suitable mcdiurn for the discharge gap. E have cnrried on Iong-continued 
experiments in this direction, unfortunately less practicable on Mcount of the diffirulties 
and expense in getting air under great pressutc. But even if the medium in the discharge 
space i s  solid or liquid, still the same losses take place, though they are gcneralfy 
smaller, for just as soon as the arc is established, the sd id  or liquid is volatilized. Indeed, 
there is no body known which would not be disintegrated by the arc, and it is an opcn 
question among scientific men, whether an arc discharge could occur at all in the air 
itself without the particles of the electrodes being .totn off. When the current through 
the gap is very small and the arc very long, 1 believe that a relatively considerable 
amount of heat is taken up in the disintegration of the electrods, which partialIy on 
this account may remain quite cold. 

B e  ideal medium for a dischir* =+- a should on1 m k ,  and the ideal electrode 
should-be-of _s~e-mate r i a I  ,which-cannot be d'_~!ntkprate With small currents through - -- 
the gap it is best to employ aluminum, but not when the currents are latgc. The disruptive 
break in the air, or more or less in any ordinary medium, is not of the nature of a crack, 
but it is rather comparabie to the piercin,? of innumerable bullets through a m s s  offering 
great frictional resistances to the motion of the bullets, this involving considerable l o s s  
of energy. A medium which would merely crack when strained.el~ctroskatically - and 
this possibly might be the case with a perfect vacuum, that is, pure ether - would 
involve a very small loss in the gap, so small as to be entirely negligible, at kart  
theoretically, because a crack may be produced by an infinitely small displacement. In 
exhausting an oblong bulb provided with two aluminum terminaIs, with the greatest 
care, I have succeeded in producing such a vacllum that the secondary discharge of a 
disruptive discharge coil would break' disruptively through the bulb in the form of fine 
spark streams. The curious point was that the discharge would completely ignore the 
terminals and start far  behind the two aiurninum plates which served ns electrodes. 
This extraordinary high vacuum could only be maintained for a 17ery short: while. To 
return to the ideal medium, think, for the sake of iltustration, of a piece of glass or 
similar body clamped in a vice, and the latter tightened more and more. At a certain 
point a minute increase of the pressure will cause the glass to crack. The loss of etlergy 
involved in splitting the glass may be practically nothing, for though the force is great, 
the displacement need be but extrerneIy small. Now.imagine that the glass would possess 
the pmprty of cIosing again perfectly the crack upon a minute diminution of the 
pressure. This is the way the dielectric in the discharge space should behave. 'But 
inasmuch as there wouId be aIways some Ioss in the gap, the medium, which should be 
continuous, should exchange through the gap at a rapid rate. I n  the preceding example, 
the glass being perfectly dosed, it would mean that the d i e k s i c  in the discharge 
space possesses a great insulating power; the glass being cracked, it would signify that 
the medium in the space is a p o d  co~~ductor. The dielectric should vary enormouslp 
in resistance by minute variations of the E. M. F. across the discharge space. This 



condition is attained, but in an extremely imperfect manner, by warming the air space 
to a certain critical temperature, dependent on the E. M. F, across the gap, or by otherwise 
impairing the insulating power bf the air. But as a matter of fact the air does n w a  
break down disrslptivety, if this tcrrn be rigorously interpreted, for before the sudden 
rush of the currcnt occurs, there is always a weak current preceding it, which rises first 
gdudly  and then with comparative suddenness. That is the reason why the rak of 
change is very much greater when gInss, for instance, is broken through, than when the 
break takes place through an air space of equivalent dielectric strength. As a mcdium 
for the discharge spce, a solid, or even a liquid, would be prelerable therefore. It is 
somewhat diff lhlt  to conceive of a solid body which would possess the pmprty of 
dosing instantly after it hzs k e n  cracked. But a liquid, espccialIy under great pressure, 
behaves prxtically like a solid, while it possesses the property-of closing the crack. Hence 
it was thougl~t that a liquid insulator might be more suitable as a dielectric than air. 
FolEowing out this idea, a numkr of diiferent forms of dischargers in which a variety 
of such insulators, sometimes under great pmsure, were empfoped, have k e n  
experimented upon. It is thought snfficicnt to dwell in a ftw words upon one of the 
forms experimented upon. One of these dischargers is illustrated in Figs. 4a and 4b. 

A hollow metal pulley P (Fig. 4a), was fastened upon an arbor 4 which bj 
suitabIe means was rotated 5t a considerable speed. On the inside d the pulley, but 
disconncctcd from the same, was supported a thin disc k (which is shown thick for the 
sake of clearness), of hard rubber in which there were cmbedded two metal segments 
s s with metallic extensions e e into which were screwed conducting terminaId t t 
covered with thick tubes of hard rubber r 1. The rubber disc k with its metallic segmcnb 
s s, was finished in a lathe, and its entire surface highly polished so as to offer the 
smallest possible frictional resistance to the motion through a fluid. In the h01lcrw of 

Fig. 4a. Fig. 4b. 

the puIlcy an insulating Iiquid such as a thin oil was poured so as to reach very neatlp 
to the opening left in the flange f ,  which was screwed tightly on the ftmt side of the 
pulley. ,The tcrrninals t t, wcre connected to the opposite coatings of a battery of 
condensers so that the discharge occurred through the liquid. When the pulley was 
rotated, the Iiquid WE. forced against the rim of the pulley and considerable fluid 
pressure resultcd. In this simple way the discharge gap was filled with n medium which 
behaved prictically like a solid, which possessed the quality of closing instantly upon the 
occurrence of the break, and which moreover was circulating through the gap at r rapid 
rate, V c y  powerful effects weie produced by discharges of this kind with liquid 
interrupters, of which a number of different forms were made. It was found that, as 
expected, a longer spark for a given length af wire was obtainable in this way than 
by using air as an interrupting device. Generafly the speed, and therefore also the fluid 
pressure, was limited by reason of the fluid friction, in the form of dischatgm described, 
but the practically obtainable speed was more than sufficient to produce a number of 
breaks suitable for the circuits ordinarily used. In such instances the metal pulley P was 
provided with a few projections inwardly, and a definite number of brtaks was then 



produced which could be computed from the speed of rotation of the pulley. Expiments 
were also carried on with liquids of different ~nsulating power with the view of reducing 
the loss in the arc. When an insulating liquid is moderakly warmed, the loss in the arc is 
diminished. 

A point of some importance was noted in experiments with varims discharp of 
this kind. It was found, for instance, that whereas the conditions maintained in these 
forms were favorable for the production of a great spark length, the current so obtained 
was not best suited to the ptduction of light effects. Experience undoubtedly has shown, 
that for such purposes a harmonic rise and fall of the potential is preferable. Be it that 
a solid is rcndered incandescent, or phosphorescent, or be it that encrgy is transmitted 
by wndenser coating through the glass, it is quite certaim that a harmonically rising and 
falling potential pduces less destructive action, and that the vacuum is more 
permanently maintained. This would be easily explained if it were ascertained that the 
proms going on in an exhawtcd vessel is of an electrolytic nature. 

In the diagrammatical sketch, Fig. f ,  which has been already referred to, the cases 
which are most likely to be met with in practice are illustrated. One has at his disposal 
cither direct or alternating currents from a supply station. It is convenient for an 
experimenter in an isolated jaboratory to employ a machine G, such as illustrated, 
capable of giving both kinds of currents, In such case it is also preferable to use a 
d i n e  with multiple circuits, as in many experiments it is useful and convenient to 
have at one's dispasal currents of different phases. I n  the sketch, D represents the direct 
and A the alternating cirmit. In each of these, three branch circuits are shown, all of 
which are provided with double line switches 5 s s s s s. Consider first the direct current 
eonversion; la represents the simplest case. I f  the E. M. F. of the generator is sufficient 
to break through a small air space, at least when the latter is warmed or othemise 
tended poorly insulating, here is no difficulty in maintaining a vibration with fair 
mnomy by judicious adjustment of the capacity, self-induction and resistance of the 
c h i t  L containing the devices 1 1 m. The magnet N, S, can be in this case advantageously 
d i n e d  with the air space. The discharger d d with the magnet my be placed either 
way, as indicated by .the full or by the dotted l ine.  The circuit l a  with the connections 
and devices is supposed to possess dimensions such as are suitable for the maintenance 
of a vibration. But usually the E. M. F. on the circuit or branch la will be something 
ldce a 100 volts or so, and in this &e it is not sufficient to break through the gap. 
Many different means may be wsed to remedy this by raising the E. M. F. moss the 
gap. The simplst is probably to insert a large self-induction .coil in series with the 
circuit L. When the arc is established, as by the discharges illustrated in Fig. 2, the 
magnet blows the ari out the instant it is formed. Now the extra current of the break, 
being of high E. M. F., breaks through the gap, and a path of low resistance for the 
dynamo current being again provided, there is a suddn rush of current from the dynamo 
upon the weakening or subsidence of the extra current. This process is repeated in tapid 
smsim, and in this manner l have maintained oscillation with as Iow as 50 volts, 
or even less, across the gap. But mvkrsior on this plan is -not to be r e c o v n d e d  on 
~ccwnt of the too heavy mrrents through the' gap and conscqu&t: heating of the 
electrodes; h ides ,  the frequencies obtained in this way are low, owing to the high 
self-jnduaion necessarily asociatd with thc circuit. It is very desirable to, have the 
E. M. F. as high as psible ,  first, .in order to increase the economy of the mnvcaion, 
md sccmdly, to obtain high frequencies. The difference of potential in this electric 
&lation is, of course, the equivdent of the stretching fprce in the mechanical 
vibration of the spring. To obtain very rapid vibration in a circuit of some inertia, 
a gceat stretching force or hfference of potential is necessary. Xncidmtdly, &hen the 
E. M. F. is vtry great, the condenser which is usually employed in connection with tk 
circuit need but have a small capacity, and many other advantages are gained. With 



a view of raising the E. M. F, to a many times greater value ,than obtainable ftbm 
ordinary distribution circuits, a rotating transformer g is used, as indicated st I la, Fig. I ,  
or else a separate high potential machine is driven by means of a motor operated from 
the generator G. The latter plan is in fact preferable, e, changes are easier made. The 
connections fmm the high tension winding are quite similar to those in branch l a  with 
the exception that a condenser C, which. should be adjustable, is connected to the high 
tcnsion circuit. Usually, also, an adjust~blc self-induction coil in series with the circuit 
has been employed in these experiments. When the tetision of the currents is vcry high, 
the magnet ordinarily uscd in connection with the discharger is of comparatively small 
value, as it is  quite easy to adjust the dimensions of the circuit so that oscillation is 
maintained. Thc employment of a steady E. M. I;. in the high frequency cmversion 
affords somc advantages ovcr the cmploymeat of alternating E. M. F., as the adjllsiments 
are much simplcr and the action can be casier controlled. But unfortunateIy one is limited 
by the obtainable potential difference. The winding also breaks down easily in 
consequence of the sparks which form between the sections of the armature or 
commutator when a rigorous oscillation takes place. Besides, these translormers are 
expensive to build. It has been fwnd  by experience that it is best to follow the plan+ 
iIIustrated at IIIa. In this arrangement a rotating transformer g, is employed to convert 
the low tension direct currents into low lrequcncy alternating currents, preferably also 
of smalt tension. The tmsioa of the currents is then raised in a stationary transformer 
T. The secondary s of this transformer is coonected to an adjustable condenser C which 
discharges through the gap or discharger J d, placed in either of the ways indicated, 
through the primary P of a disruptive discharge coil, the high frequency current being 
obtdned fmm the secondary s of this coil, as descrikd on previous occasions. This 
will undoubtedly be found the cheapest and most convenient way of converting direct 
currents. , 

The three branches of the circuit A represent the usual cases met in practice when 
alternating currents are converted. In Fig, Ib a condenser C, generally of large capacity, 
is mnn~ed to the circuit L mta in ing  the devices I I, m nz. The devices m m arc 

.supposed to be of high self-induction so as to bring the frequency of the circuit more 
or  less to that of the dynamo. In this instance the discharger d d should best have a 
number of makes and breaks per second equal to twice the frequency of the dynamo. 
If hot so, then it should have at least c number equal to. a multiple or wen fraction 

, of the dynamo frequency. It should be obsemed, referring to I b, that the conversim 
to a high potential is also effected when the discharger d d, which is shown in the sketch, 
is omitted. But the effects which are produced by currents which rise instantly to high 
values, as in a disruptive discharge, are entirely different from those prwluced by 
dynamo currents which rise and fall harmonically. SO, for instance, thete might be in 
a gircn case a number of makes and breaks at d d equal to just twice the frequeny of. 
the dynamo, or in ~ the t  words, them may be the same number of fundamental 
oscillations as would be produced without the discharge gap, and there might wen not 
be any quicker superimposed vibration; yet the differences of potential at the various 
points of the circuit, the impedance and other phenomena, dependent upon the rate 
of chanpe, will bear no simiIarity in the two cases. Thus, when working with currents 
discharging digmptively, the element chiefly to be considered is not the frequeng, as 
a student might be apt to belieye, but the rate of change.per unit of time. With !ow 
frequencies in a certain measure the same effects may be obtained as with high 
frequencies, provided the rate of change is sufficiently great. So if a low frequency current 
i s  raised to a potential 'of, say, 75,000 volts, and the high tension current passed thmugh 
a series of high resistance lamp filaments, the importance of the rarefied gas surrounding 
the filament is clearly noted, will be seen later; or, if a low frequency current of 
scvcr31 thousand amperes is passed &rough a metal bar, striking phenomena of impedance 



are observed, just as with currents of hi& frequencies. But it is, of course, evident that 
with low frequency currents it is impossible to obtain such rates of change per unit of 
time u with high frequencies, hence the effects produced by the latter are much more 
prominent. It is deemed advisable to make the preceding remarks, inasmuch as many 
more recently described effects have bcen unwitt~ngly identified with high frequencies. 
Frequency alone in reality does not mean anything, except when an undisturbed hairnonic 
~scillation is considered. ' 

In  the branch IIIb a similar disuosition to that in I& is'illustiated. kith the difference 
that the currents dischlging throigh :he gap d rd are used to iniucc currents in the 
secondary s of a transformer T. In such case the secondary should be provided with 
an adjustable condenser for the purpose of tuning it to the primary. 

ZIb illustrates a pIan of alternate currellt high frequency conversion which is most ' 

frequently used and which is found to bc moTt convenient. This plan has been dwelt 
upon in detail on prerious occasions and need not be described here. * 

Some d the& results were obtnincd L y  the use of a high frequency dternatar. 
A description of sucl~ machines will be found in m y  original paper bcforc the American 
Institute of Electrical Engineers, and in periodicals of that period, notably in Thc 
Electricd Engineer of March 18, 1891. 

I will now proceed with the experiments. 

ON PHENOMENA PRODUCED BY ELECTROSTATIC FORCE 

The fiat dass of effects I intend to show you are effects produced by eleectmstakic 
fore. It is the f 0 ~ e  which governs the motion of the atoms, which causes- them to 
collide arid develop the life-sustaining energy of heat and light, and which causes them 
b zggcegate in an infinite variety of ways, according to Nature's fanciful designs, and 
to form a11 these wondrous structures we perccive around us; it is, in fact, if our present 
views $e true, the most important force for us to consider in Nature. As the term 
clertros!dic might imply a steady electric condition, it should be remarked, that in these 
experimenb the force 1s not constant, but varies at a rate which may be considered 
moderate, about one million tirnes a second, or thereabouts. This enables me to produce 
many effects which are not produ'cibIe with an unvarying force. 

When two conducting bodies are insulated and electrified, we say that an 
electrostatic force is acting between thcm. This force manifests ,itself in attractions, 
repulsions and stresses in thc bodies and space or medium without. So great may t e  the 
strain exerted in the air, or whatever separates the two conducting bodies, that it may 
break down, and we observe sparks or bundles of light or streamers, as they are called. 
These streamers form abundantly when the force through the air is rapidly varying. 
I will illustrate this action of electrostatic force in a novel experiment in which I wiIl 
mpIq the induction coil before referred to. The coil is contained in a troush filled 
with oil, and placed under the table. The two ends of the secondary wire pass through 
the two thick mIurnns of hard rubber which protrude to some height above the table. 
It is* necessary to insulate the ends or terminals of the secondary heavily with hard 
rubber, because even dry wood is by far too poor an insulator for these cmrents of 
enormous potential differences. On one of the terminaIs 'of the coil, I have placed 
a large sphere of sheet brass, which is connected to a larger insdated brass plate, in 
order to enable me to perform the experiments under conditions, which, as you will 
see, are more suitable for this experiment. 1 now set the coil to work and approach the 
free terminal with a metallic object heId in my hand, this simply to avoid burns. 
As I apprmctt the metallic object to a distance of eight or ten inches, a torrent of 
furious sparks breaks -forth from the end of the secondary wire, which passes throu,~!~ 



the rubber coIurnn. The sparks cease when the metal in my hand touches the wire. My . 
arm is now traversed by a powerful electric current, vibrating at k t  the rate of one 
mill~on times a second. All around m c  the electrostatic force makes itseIf felt, and the 
air molecules 'atid particles of dust flying about are acted upon and arc hammeting 
violently against my body. So great is this agitation of the particles, that when the lights 
are turned out yw may scc streams oi fwblc Iight appear on some parts of my body. 
W h ~ n  such a streamer breaks out on any part of the body, it produces a sensation like 
the pricking of a necdIc. Were the potentials sufficiently high and the frequency of the 
vibration rather low, the skin would probably be ruptured under the tremendous strain, 
asld the blood would rush out with great force in the form of fine spray or jet so thin 

- as tb be invisible, just as oil will when placed on the positive terminal of a Holrz 
machine. The breaking throu~h of the skin 
though it may scemwimpos~ble at first, 
wpuld perhaps occur, by reason of the tissum 
tinder thc skin king incomparably better 
conducting. This, at  Icast, appears plausibIe, 
judging from some observations, 

I can make these streams of light risible 
to all, by touching with the metaIlic object 
onc of the terminals as before, and aproach- 
 in^ my free hand to the brms sphere, which 

Fig. 5 .  isUco&ected to the second k k i n d  of the 
coil. As the hand is approached, the air 

between it and, the sphcrc, or in the immediate neighborhd, is more violently agitakd, 
and yon see streams of light now break forth from my finger tips and from the whole 
hand CFig. 5 ) . Werc I to approach the hand closer, powerful sparks would jump from 
the brass sphere to my hand, which might be injurious. The streamers offer no 

- particular inconvcnicncc, exccpt that in the ends of the finger tips a burning sensation 
is fclt. They should not be confounded with those pduced by an influence m d i n c ,  
because in many rcspccts they behave differently. 1 have attached the brass sphere and 
platc to one of the terminals in ordcr to prevent the formation of visible stieamers 
on that kkikinal, also in order to prevent sparks from jumping at a considerable distmce. 
Besidm, the attachment is favorable for the working of the coil. , 

Thc streams of Iigl~lt whidi you have observed issuing from my hand are due to a 
ptential of about zoa,ooo volts, alternatini in rather irregular intervals, sometimes like 
a million times a second. A vibration of the same amplitude, but four times as fast, ta 
maintain which over 3,000,000 volts would bc rcquircd, would k more than sufficient 
to envelop my b d y  in a con-lylete sheet of  flame. But this flame would not bum me 
up; quite contrarily, the probabiIity is khat 'I would not be injured in' the l a s t  Yet 
a hundredth part of that energy, otherwise directed, would Ix amply dficient to kill 
a p s o n .  

The amount of energ whi& may thus be passed into the body of a person d e p d s  
on the frequency and potential of the currents, and by making b h  of these v e y  grear, 
a vast amount of encrgy may be passed into the body without causing any d i d o $  
except perhaps, in the arm, which is traversed by a true conduction current. The m n  
why no pain in thc body is fclt, and no injurious effect noted, is that everywhere, if 
a current be imagined to flaw through the body, the direction of its flow wwld be at 
right angles to the surface; hence the body of the experimenter offers an &iormou3 
section to the current, and the density k very small, with the exception of the a m ,  
perhaps, where the density may be considerable. But if only a small fraction of that 
energy would be applicd in such a way that a rnrrent would traverse the bdy in the 
same manner a~ s low frequency current, a shock would be received which might be 



fatal. A direct or low frequency alternating current is fatal, I think, prindpIly because. 
its distribution through the body is not uniform, .as it must divide itself in minute 
stredeb of great dcnsity, whereby some organs are vitally injured. Th& such a proms 
OCCU~$, 1 have not the lcast doubt, though no evidence might apparently exist, or bc 
found upon examination. The surat to injure and destroy life, is a continuous current, 
hut the most painful is an alternating current of very low frcqliency. The expression of 
these views, which are the result of long continued experiment and observation, bt11 
with steady and varying currents, is elicited by thc interest which is at present taken in 
this subject, and by the rnanifestIy erroneous idens which arc daiIy propounded in journals 
on this subject. 

I may illustrate an effect of the eledmrhtic force by artother &ing qerimcnt ,  
but kfore, I must 0x11 your attention to'onc or twn facts. I have said before, that whei: 
the medium between two oppositely electrified bodrcs is strained beyond a certain Iimit 
it gives way and, stated in popular language, thc oppsite. electric charges unite and 
neutraIize each other. This braking down of the medium occurs principally when thc 
force acting between the bodies is steady, or varies at a moderate rate. Werc thc 
variation sufficiently rapid, such a destructive break would not omr,  no matter how 
great the force, for all the encrLSy would be spent in radiation, convection and mcchanicaI 
and chemical action. Thus the spnrk length, or grcatcst distance which a s p r k  wilI jump 
h e e n  the electrified M i e s  is the srnallcr, the greater the variation or time rate of 
chw. But this rule may be taken to be true onIy in a general way, when cornaaring 
rates which are widely different. 

I will show you by an experiment thc . 

. difference in the effect produced by a rapid t ; ~  
varying and a steady or moderately varyin,; 
force. I have here two large circular brass 
pl- p p (Fig. 6a and Fig. 6b), supprtcd 
on movable insulating stands on the tabtc, 
connected to the ends of the secondary of a 
mil similar to the one used before. I pIace Fig. Ca. F i g .  6ti. 
the .plates ten or be lve  inchs apart and 
set the mi1 to work. You see the whde space between the plat-, nearly two cubic feet, 
filled with uniform Iight, Fig. 6a. This light is due to the streamers you have seen in 
the fiat experiment, which are now much more intense. I have already pointed out the 
importance of these streamers in commercial apparatus and their still greater importaficc 
in some purely scientific investigations. Often thcy are to wcak to be visible, but they 
always exist, consuming energy and modifying the action of ,the apparatus. When intense, 
as thq  are at present, they produce ozone in great. quantity, and also, as Profeswr 
Croukes has pointed wt, nitrous acid. So quick is the chemical action that i f  a coil, 

- such as this one, is worked for a very long time it mill make the atmosphere of a small 
room unbearable, for the eyes and throat arc attacked, But whcn moderately produced, 
the streamexs refresh the atmosphere wonderfully, like a thunder-storm, and exercis~s 
unqmtionabiy a kneficial effect. 

In thd experiment the force acting between the plates changes in intensity and 
direction at a very rapid rate. I will now make the rate of change per unit Jime much 
smaller. This I effect by rendering the discharges through the prirnary of the induaia~l 
mil less frequent, and also by diminishing the rapidity of the vibration in the secondary. 
The former result is conveniently secured by lowering the E. M. F. over theair gap in 
the primary circuit, the latter by approaching the h o  brass plates to a distance of h t  
thice or four inches. When the coil is set to work, you see no streamers or light between 
the plate, yet the medium between them is under a tremendous strain. I stilt further 
augrncnt the strain by raising the E. M. F. in the primary circuit, and m you see t ! ~  



air give away and the hall is illuminated by a shower of brilliant and noisy sparks, 
Fig. 6b. These sparks could be produced also with unvarying force; hey have been for 
many years a familiar phenomtinon, though they were usually obtained from an entirely 
different apparatus. In describing thesc two phenomena so radicdly different ir: 
appearance, 3 have advisedly spoken of a "force'bcting between the plate. 1t would 
be rn amrdancc'with the accepted views to say, that there was an "alternating E. M. F.", 
acting between the plates. This term is quite proper and appIicable in all c a s e  where 
there is evidence of at least a possibility of an essential interdependence of the electric 
state of the platm, or electric action in their neighborhood, But if the plates were 
removed to an infinite distance, or if at a finite distance, there is no probability or 
necessity whatever for such dependence. I prefer to usc the term "electrostatic force," 
and to say that such a force is acting around each plate or eIectrifkd insulated M y  
in general. Therc is an inconvenience in using this expression as the term incidentally 
means a steady electric condition; but a proper m~nenclature will wentually settle thrs 
difficulty. 

Fig. 7. Fig. 8a. Fig. 8b. 

1 now rcturn to the experiment to which I have already aIludd, and with which 
1 desire to illustrate a striking effect produced by a rapidly varying electrostatic force. 
I attach to the end of the wire, I (Fig. 71, which i s  in connection with one of the 
terminals of the secondary of the induction coil, an exhausted hulb b. This bulb contains 
a thin carbon filament f ,  which i s  fastened to a platinum wire w, sealed in the g l m  
and leading outside of the bulb, where it connects to the W ~ R  I .  The bulb may bz 
exhausted to any degree attainabIe with ordinary apparatus. Just a moment before, you 
have witnessed the breaking down of the air between the charged bras plates. You 
know that a plate of glass, or any other insulating material, would break down in like 
manner. Had I therefore a mebflic coating attached to the outside of the bulb, or placed 
near the same, and were this coating connected to the other terminal of the coil, goo 
would be prepared to see the glass give way if the strain were sufficiently increased. Even 
were the coating not connected to the other terminaI, but to an insulated plate, still, i f  
you have followed recent developments, you would naturally expect a nwhre of the 
glass. 

But it will certainly surprise you to note that under the action of the varying 
electrostatic force, the glass gives way when all other Mies are removed from the bulb. 
In fact, all the surrounding bodies we perceive might be removed to an infinite distance 
without affecting the result in the slightest, When the mil is set to work, the glass is 
invariably broken through at the seal, or other narrow channel, and the vacuum b 



quickly impaired. Such a damaging break would not occur with a steady force, even i l  
the same were many times greater. The break is due to the agitation of the nlolecules 
of the gas within the bulb, and outside of the same. This agitation, which is generally 
most violent in the narrow pointed channeI near the seal, causes a heating and rupture 
of the glass. This rupture would, however, not occur, not even with a varying force, 
if the medium filling the inside of the bulb, and that surrounding it, were perfealy 

' 

homogenmus. The break occurs much quicker if the top of the bulb is drawn out into 
a fine fibre. In buIbs used with these coils such narrow, pointed channels must therefore 
bc avoided. 

When a conducting body ii immersed in air, or similar insulating medium, 
consisting of, or containtng, small freely movable particles capable of bcing electrified, 
and when the electrification of the body is made to undergo a very rapid change - 
which is equivalent to saying that the electtostatic force acting around the body 1s 

varying in intensity, - the small particles arc attracted and repelled, and their violent 
impacts against the body may cause a mechanical nlot~on of the latter. Phenomena ot 
this kind are noteworthy, inasmuch as they have not bbccn observed bcfore with apparatus 
such as has bcen commonly in use. If a very l~fiht  cor~ducting sphcrc be suspended on 
an exceedingly fine wire, and charged to a stcady pote~itial, however high, the sphere 
will remain a t  rest. Even if the potential would be r~p id ly  l~arying, provided that thc 
small paaicIes of matter, molecules or atoms, are evcnIy distributed, no motion of thc 
sphere should result. But if one s ~ d e  of the conducting spherc is cu\.ercd with a thic:i 
insulating layer, the impacts af  he partides wil: cause the syIicre to mwe about, 
generally in irregular curves, Flg. 8a. In like manner, as I have s!~own on a previous 
occasion, a fan of sheet metal, Fig. 86, covered partially with insulating materia1 1s 
indicated, and placed upon the terminal of the coil so as to turn frwly on it, is spun 
around. 

All these phenomena you have witnessed and others which wiIl be shown later, 
due to the prcsence of a rncaium like air, and nrould not occur in a continuous 

medium. The action of the air m y  be ilIustrateJ still bctter by the following experiment. 
f take a glass tube t, Fig. 3, of about an inch in dimeter, which has a platinum wire zll 

sealed in the Iowcr end, and to which is attached a thin lamp filament f. I connect the 
wire with the terminal of the coil and set the coil to work. The platinum wire is now 
electrified positively and negativeIy in rapid 
succession and the wire and air inside oi 
the tube is rapidly heated by the impacts 
of the particles, which may be SO violent 
as to render the filament incandescent. But 
if I pour oil in the tube, just ns soon LS the 
wire is covered with the oil, all action ap- 
p m t l y  ceases and there is no marked 
evidence of heating. The reawn of this is 
that the oil is a practically continuous 
medium. The displacements in such a 
continuous medium are, with these fre- 
quencies, to all appearance incomparably 
smaller than in air, hence the work perform- Fig. 9 .  Fig. 10. 
ed in such a medium is inliignificant. But 
oil wwld behave very differently with frequencies many times as great, for wen though 
the displacements be small, if the frequency were much greater, considerable work might 
lx performed in the oil. 

The electr&btic attractions and repulsions between bodies of measurable dimensions 
are, of the manifestations of this force, the first so-called electrical phenamena noted. 



But thomgh thcy have bccn known to w for many centuries, the precise nature of the 
mchanism concerned in these actions i s  still unkn~wn to us, and has not been even 
quit? satisfactorily explained. What kind of mechanism m t  that be? We cannot help 
wondering when we observe two magnets attracting and re2eiling each other with a force 
of hundreds of pounds with apparently nothing between them. W e  have in our 
commercial dynamos magnets capable of sustaining in mid-air tons-of weight. But what 
are cvcn thesc forccs acting' betwecn magnets when comparcd with he tremendous 
attractions and repuIsions pmduccd by clectmtatic force, to which there is apparently 
no limit as to intensity. lu lightning discharges bodies are oftcn charged to SO high 
a potential that "they are thrown away with inconceivable force and torn asunder or 
shattered into fragments. Still evcn such effccts cannot compare with the akmctions md 
repulsions which exist between charged molrmles or atoms, and which are sufficient 
to project them with speeds of many kilometres a second, so that under their violent 

. impact M i e s  are iendered highly incandesccpt and are volatilized: It is of special 
interest for the thinker who inquircs into the nature of these forccs to note that whereas 
the actions between individual molecuIcs or etonls ocmr seemingly undcr any conditions, 
the attractions and rrpuls~ons of bodics of mcfiurable dimensions imply a mediutn 
pwsessing insulating properties. So, i f  air, either by being rarefied or hcatcd, is rendered 
more or less conducting, thcsc actions between two electrified bodies practically cese, 
while the actions between the individual atom co!~tinuc to manifest thcmselvtrs. 

An experiment m y  serve ,p an illustration and as a means of bringing out orher 
features of interest. Some time ago I showd thit a lamp filnment or wire moulted in 
r bulb and connected to one of the terminals of a high tension secondary mil is set 
spinning, the top of the filmcnt generally describing a circle. This vibration was very 
cncrgetic when the air in the bulb was at ordinary pressure and became less energetic 
when thc air in the bulb was strongly compressed. It ceased albgethcr when the air 
was exhausted so as to become .comparatively god  conducting. I found at that time 
that no vibration took place when the bulb was very highly exhausted. But I conjectured 
that the vibration which I ascribed to t l ~e  cdectrostatic action between the walls ot the 
buIb and the fiIamcnt should take place also in a highly exhausted bulb, To test this 
undcr conditions which wcre more favorable, a bulb like the onc in Fig. 10, waj 
constructed. I t  comprised a globe b, in the neclc of which was sealed a platinum wire t l j  

carrying a thin lamp filament f. In the lower part of the globe a tube t was sealed so s 
to surround the filament. The exhaustion was carried as far as it was practicabEe with 
the apparatus crnployed. 

This bulb verified my expectation, for the filament was set spinning when tire 
current was turned on, and became incandescent. I t  also showed another interesting 
feature, bearing upon the preceding remarks, namely, when the filament had k e n  kept 
incandescent some time, the narrow tube and the space inside were brought to an clevated 
temperature, and as the gas in the tube then became conducting, the electrostatic 
attraction betwccn the glass and the filamcnt became very weak or ceased, and thc 
filament came to rest. When it came to rest it would glow far mare intensely. This was 
probably duc to its assuming the position in the centre of the tube where the molecular 
bombardment w s  most intense, and also partly to Ihc fact that  the individual imp& 
werc more violent znd that no part of the supplied cncrgy was mnvctlrd into mechanical. 
movement. Since, in accordance with accepted views, in this experiment the incandescence 
must be attributed to h e  impacts of the particles, molecules or atoms in the heated 
space, these particles must therefore, in order to explain sufh d o n ,  be assumed to 
bchave as independent carriers of electric charges immersed in an insulating medium; 
yet there is no attractive force between the glass tube and the filament kame the 
space in the tube is, as a whole, conducting. 



, It is of some interest to observe in this connection that whereas the attraction 
U two electrified bodies may cease owing to thc impairing of the insulating power 
of h e  themedium in which they are d e f i e d ,  the repulsion h e e n  the Mies nlay still 
be observed. This may be explained in a plausible way. When the b d e s  are placed at 
some distance in a poorly conducting medium, such as slightly warn& or rarefied air, 
and are suddenly electrified, opposlte electric charges k ~ n g  imparted to them, these 
charges equalize more or less by leakage through the air. But if the bodies are sinlilarly 
electrified, there i s  less opportunity afforded tor such ,dissipation, hence the repulsion 
&served in such case is grcatcr thm the attraction. Repulsive actions in a gaseous 
medium are however, as Prof. Crookes has shown, enhanccci by molecular bornbardmnnt. 

ON CURRENT OR DYNAMIC ELECTRICITY PHENOMENA 

So far, I have considered principally effects produced by n varying electrostatic 
fore in an insdating medium, such i s  air. When such a force is acting upon a conductin,: 
body of measurable dimensions, it causcs within the same, or on its surface, displacements 
of the electricity, and gives rise to electric curtears, and thcsc produce another liind 04 
$wmnena, some of which 1 shall p~esently endcsi-or to illustrate. In presenting this 
second dass of electrical effects, 1 will avail mysclC princrpaily of such as are producible 
witbout any return circuit, hoping to intercst you the lnorc by prescntlng t h a c  phenomena 
in a more or less novel aspect. 

It has h a long time customary, owing to the limited experience with vibratory 
cutmtF, ta consider an electric current as something circulating ~n 3. closed conducting $I. It was artonishit~g at first to realize t h ~ t  a currcnt may flow Ihmugh the conducting 
path wen iE the latter be interrupted, and it was still rnorc surprising to learn, that 
sometimes ~t may be even easier to make a current flow undcr such conditions ihan 
through a closed path. But that old idea is gradually disappearing, even m G n g  practical 
men, and will soon be entirely forgottcn. 

If I connect an insulated metal plate P, Pig. 11, to one of the terminals T of the 
induction mil by means of a wire, though thls plate be very well insulated, a current 
passes through the wirc when the mil 
is set to work. First I wish to gi\rt 
you evidence that there is a current 
p i n g  through the connecting wirc. 
An obvious way of demonstrating this 
is to insat between the terminal oi 
the coil and the insulated plate a very 
thin platinum or german sllver mirc Fig. 1 1 .  
wand bring the latter to incandesccnre 
or fusion by the currcnt. This tcquircs a rather l n t ~  plate of else current impulses of 
very high potential and fmquency. Another way is to take a 7011 C, Fig. 11, containing 
many turns of thin insulated wire and to insert the salnc in the path of the current to 
the p k .  When I connect ane of the ends of the coil to the wirc leading to another 
insulated plate PI, and its othcr end ID the terminal TI of the hduction coil, and set 
the latter t~ work, a current passes through the inserted coil C and the existence of the 
anent may bc made rnmifest in various ways. For instance, I insert an iron core i 
within the coil. The current being one of very high frequency, mill, if it: be of somc 
st~ngtS,  soon bring the iron core to a noticeably higher temperature, as the hysteresis 
md current losscs are great with such high frequencies. Otle might take a core of somc' 

s k ,  laminat& or not, it wmld matter little; but ordinary iron wire --'- th or - '- th of 
16 8 

an inch thick is suitable for the purpose. While the inductioh coil is working, a +rent 



traverser the iflrerted mil and anly a few moments are sufficient to bring the iA wire 
i to an eIwated tempemture sufficient to soften the 'sealing wax 1, and cause r paper 
washer p fastened by it to the iron wire to fall off. But with tf?e apparatus such as I have 
here, other, much inore interesting, demonstrations of this kind can be made. I haw 
a secondary s, Fig. 12, of coarse wire, wound upon a roil ~irniIas to the firs#. In the 
preceding experiment the current through the coil C, Fig. 11, was very smaI1, but here 
being many turns a strong hesting effect was, ne*erthcless, produced in the iron wire. 

Had I passed that current through a 
conductor in order to show the heating 
of the latter, the current might have 
been too snlall to produce the effect 
desired. But with this coil provided 
with a secondary-winding, I can now 

- transform the fcetlc currcnt of high 
tension which passes through the 

Fig. 12. primary P into a strong semndarv 
current of low tension, and this mrrent 

will quite certainly do what I expect. In a small glass tube ( I ,  Fig. 12), I have endosed 
a miled platinum wire, w, this merely in order to protcct. the wire. On each end of thc 
glass tube i s  sealed a tcrlninal of stout wirc tn which one of the cnds of tIie.pEatinum 
wirc ru, i s  connected. I join the tern~inaIs of the secondary coil to these terminals md 
insert the primary p, between the insulated plate PI, and the terminal TI, of the induction 
coil as bcfore. T h e  latter being set to work, instantly the platinum wire w is rendered 
inandescent and can be fused, even i f  it be very thick. . . 

Instead of the platinurn wire 1 now take an ordinary 50-volt 16 c. I p .  lamp. When 
I sct the induction coil in operation the lamp filament is brought to high incandescence. 
It is, however, not necessary to use the insulated plate, for the lamp (I, Fig. 13) is 
rendered inmndksmt even if the plntc PI be disconneecd. The secondary map sIm bc 
connected to the primary as indicated by the dotted line in Fig. 13, to do away more 
or less with the elcctrostatIc induction or to n~odify the action otherwise. 

I may herc call attention to a nurnkr of interesting observations with the lamp. 
First, I disconnect one of the terminals of thc lamp from the scmndary s. When the 
induction coil plays, n glow is noted which fills the whoic bt~lb. This glow is due'to 
electrostatic induction. It increues when the bulb is grsped with the hand, and the 
capacity of the experimenter's body thus added to the sccondilry circuit. The smndary, 
in effect, is equivalent to a. ~netnllic coating, which would be placed near the p r m .  
If the secondary, or its cquivalcnt, 
the coating, we& placed sym~etrically 
to the primary, the electrostatic induct- 
ion nould k nil under ord~nary 
conditions, that is, whcn a primary 
return circuit is used, as both halves 
would neutralize each other. The 
secondary is in fact placed syrnmct- 
ricafly to the primary, but the actiun 
of both halves of the latter, when 
only one of its ends is  connected to 
the induction coil, is not cxactly equal; 
hence eIectrostatic induction takes Fig. 13. 
pIace,+nd hence the glow in the b~i!b. 
I can nearIy equalizc Lhc action of both halves of the primary by connecting the other, 
free end a€ the same to thc insulated plate, as in the preceding experiment. When the 



plate is connected, the glaw disappears. With a smaller plate it would not entirely 
disappear and th&n it would cantribute to the brightness of the filament when the 
s~nndary is dosed, by warming the air in the bulb. 

To demonstrate another intemting feature, I have adjusted the mils used in a 
d n  way. I first conned both the terminals of the lamp to the secondary, one end 
of the being connected to the terminal TI of she induction coil and the other @ 
the insulated plate PI as kfore. When the current is turned on, the tamp glows brightly, 
as s h n  in Fig. 14b, in which C is a fine wire coil and J a coarse wire secondary wound 
upon it. If he insulated plate PI is disconneaed, Ieaving one of the ends n of the primary 
insulated. the filament becomes dark 
ar generally it diminishes in brightness 
(FIE. I4a). Connecting again the 
plate PI and raising the frequency of 
the current, I make the filament quite 
dark or barely red (Fig. 15b). Once 
m m  I will disconnect the pIate. One 
will of course infer that when the 
plate is disconnected, the current 
through the primary will be weakened, 
that therefore the E. M. F. will fal l  
in the secondary J, and that the 
brightness of the lamp will diminish. 
This might be the case and the result 
mn be secured by an easy adjustment or 
the coils; aIso by varying the frequency 
and potential of the currents, But it 
is perhaps of greater inktest to note, 
that he lamp increases in brightnas 
when the plate is disconnected (Eig. 
I5a). In this w e  all the energy the 
primary receives is now sunk into it, 
llke the charge of a battery in an 
crcean cable, but most of that energy 
is  recovered through the secondary and 
used to light the lamp. The current 

Fig. 14a. traversing the primary is strongest at Fig. 14b. 
the end b which is conneaed to the 
terminal TI of the induction coil, aqd diminishes in strength towards the remote end 
a. But the dynamic inductive effect exerted upon the secondary s is now greater than 
before, when the suspended pIate was connected to the primary. Thcse rcsdts might 
have been p d u c e d  by a n m k r  of causes. For instance, the plate PI king connected, 
the reaction from the cod C may be such as to diminish the potential at the terminaI 
TI of the induction cod, and therefore weaken the current through the primary of the 
mi1 C. Or the disconnecting of the plate may diminish the capacity effect with relation to 
the primary of the latter mil to such an extent that the current through it i s  diminished, 
though the potentiaI at the terminat TI of the induction coil may be the same or even 
higher. Or the result might have been produd by the change of phase of the primary 
and secondary -rents and consequent reaction. But the chief determining factor is the 
relation of the self-induction and capacity of coil C and plate PI and thc frequenq of 
the m t p .  The greater brightness of the filament in Fig. 15% is, however, in p& 
due to the heating of the rarefied gas in the lamp by electrostatic induction, which, as 
before remarked, is greater when the suspended plate is disconnected. 



Still anothcr feature of some interest 1 may here bring to yw attention. When 
the insulated plate is disconnected and &e secondary of the coil o p e d ,  by appmhing. 
a ma11 object to the secondary, but very small sparks can be dmwn f m  it, showing 
that the electrostatic induction is small in this case. But u p n  the semdary being doses 
upon itself or through the lamp, the filament glowing brightly, smng sparks are &tined 

from the  smndrtiy. The elearostatic 
induction is now much greater, bemuse 
the closed secondary determines a 
greater flow of current through the 
primary and principally through that 
half of it which is connected to the 
induction coil. If now the bulb be 
e p e d  with the hand, the capacity 
of the secondary with reference to the 
primary is augmented by the exper- 
imenter's body and the luminosity of 
the filamcnt is increased, the incandes- 
cence now being due partly to the 
flow of mrrcnt through the filarnmt 
and p r t l y  to the m o l d a r  bombard- 
ment of the rarefied gas i thc bulb. 

Thc preceding experimenB will 
have prepared one for the next follow- 
ing results of interest, obtain4 in the 
course of these investigations. Sin* 

. I can p a  a current through an insulat- 
ed wire mereIy by connecting one of 
its ends t~ the sourn of electrical 
energy, since I can induce by it another 
current, magnetize an iron core, and, 
in short, perfom all o p t i o n s  as 

Fig. 1 5 a ,  though a return circuit wcrc US&& 

f ig .  I5b. dcarly I can also drive a motor by the 
aid of only one wire. On a f o m r  

occasion I have described a;implc form of motor comprising a single exciting mil, an 
iron corc and disc. Fig. 16 illustrata a modified way of operating such an alternate 
current motor by currents induced in a transformer connected one lead, and sewra1 
other arxanEements of circuits for operating a certain class of alternating motors f a d e d  
on the action of curtcnts of differing phase. In view of the present state of the art it 
is thought sufficient t o  describe these -arrangements in a few words only, The diagram, 
Fig. 16 II., shows a prirnaj coil P, connected with one of its ends to the line t lading 
from a high tension transformer terminal TI. In inductive relation to this primary 
P is a secondary s of coarse wire in the circuit of which is a coil C. T h e  nurents induced 
in the sccondary energize the iron core i, which is preferably, but not necessarily, 
subdivided, and set the met31 disc d in mtation. Such a motor Mz as diagrammatically 
shown in Fig., 16 Il., has been calIed a "magnetic Jag motor", but this expression may 
be objected to by those who attribute the mtation of the d1sc.b eddy currents circulating 
in minute paths when thc core i is finally subdivided. In order to operate such a mto: 
cffcctircly on the plan indicated, thc frequencies should not be tm high, not more than 
four or five thousmd, though the rotation is  p d d  even with ten thouad pt 
s c ~ n d ,  or more. 



In Fig. 16 I., a motor MI having two energizing circuits, A and B, is diagrammat- 
i d l y  indicated, The circuit A is connected t~ the line L and in series with it is a primary 
P, which may have its free end connected to an insulated plate P,, such connection being 
indicated by the dotted lines. The other motor circuit B is connected to the m d a r y  
I which is in inductive relation to the primary P. When the transformer terminal TI is 
dkrnately electrified, currents traverse the open line L and also circuit A and primary 
P. The currents through the latter induce secondary currents in the circuit S, which pass 
thrwgh the energizing mi2 B of the motor, The currents thrwgh the secondary S and 
those through the primary P differ in phase 90 degrees, or n m l y  so, and are capable 
of rotating an armature placed in inductive relation to the circuits A and B. 

In Fig. 16 III., a similar motor M, with two energizing circuits Al and B1 is 
ilIustrated. A primary P, connected with m e  of its ends to the Iine L has a secondary 
S, which is prefcsably wound lor a tolerabIy high E. M. P., and to which the two 
energizing circuits of the motor are connected, one directly to the ends of the secondary 
and the other through a condenser C, by the action of which the currents traversing the 
circuit ELl and B, are mde to differ in phase. 

Fig. 17. 
Fig: 16. 

Fig. 18. 

In Fig. I6 IV,, still another arrangement is shown. In this case iwo prharie5 
PI md P, are conn+xted to the line L, one through a condenser C of small capacity, 
md thc other &rectIy. The primaries ate provided with semndarim Sl and S2 which 
uc in serics with the energizing circuits, Az and B2 and a motor h13, the condenser 
C spin serving to produce the requisite difference in the phase of the currents traversing 
the motor ciicuits. As such phase motm with two or nlore cirmits are now well known 
L the art, they have bxm here illustratd diagrammatically. No difficulty whatever is 
f w d  in operating a motor in the manner indicated, or in similar ways; and dthwgh 
st& cxpimmts up to this day present only scientific intemt, they may at a per id  not 
fit  distant, k carried out with ~ & c a I  objects in view. 

It is though nseful to devote here a few remarks to the subject of operating &ices 
ab dl kinds by m s  of d y  one leading wire. It is quite dbviws, that when high- 
fnqumcp mmmts are made use of, p n d  connections are - at least when the E. M. F. 
of tk wren& is great - better than a return wise. Such ground connections are object- 
ioMMc with steady or low frequency currents on account of destructive chemical actions 



of the formet and disturbing infInences exerted by both on the neighboring circuits; 
but with high frequencies these actions practically do not exist. Still, even gmmd 
connections b r n e  superfluous when the E. M. F. is very high, for smn a road i th  
is reached, when the current may be passed more economically thmgh open, thm 
th-h clmd, conductors, Re-note as might seem an industrial application of such 
single wite transmission of energy to one not experienced in such fines of exparirncnc 
it will not seem so to anyone who for some time has carried on, investigations of such 
nature. Xndecd I cannot see why such a plan shwld not be practidde. Nor should 
it bc thought that for carrying out such a plan currents crf very high frequency arc 
cxprcssIy required, for just as soon as potentials of say 30,000 volts are used, the single 
wire transmission may k effected with low frequencies, and experiments have been made. 
by me from which these inferences arc made. 

When the frequencies are very high it has been found in labratory practice quite 
easy to regdate the effects in the manner shown in diagram Ei.g. 17. Here two primaries 
P and P1 are shown, each mnected with one of its ends to the line L and with the 
other end to the condenser plates C and C, respectively. Ncar these are pI@ other 
condenser pl&a C1 and C,, the fornrcr k i n g  connected to the line I. and the latter 
to an i n s d a d  larger plate Pz. On the primaries are wound secondaries S and SIP of 
coarse wire, connected to'the devices $ and I respectively. By varying 'the distances of 
the condenser plate C and C1, and C and C, thc currents through the secandaries 
S and S1 arc varicd in intensity. The cu~urious feahue is the great sensitiveness, the slightest 
change in the distance of  the plates producing considerable variations in the intensity 
or strength of the currents. T h e  sensitiveness may be rendered extreme by making the 
frequency such, that the p r q  itself, without any plate attached to its free end, 
satisfies, in conjunction with the doscd secondary, the condition of resonance. In such 
condition an extremely m a 1 1  change in the capacity of the free terminal prduces great 
.var~ations. For instance, I h a m  been able to adjust the conditions so that the mere 
approach of a person to the coil produces a mnsidcrable change in the brighhess of the 
lamps attached to the secondary. Sudl observations and expriments p s a s ,  of m e ,  
at present, chiefIy scientific interest, but they may smn become of practicaI importance. 

Ver)r high frequencies are of coursc not practicable with motors on account of the 
necessity of employing iron cores. But one may use sudden discharges of low lFwquency 
and thus obtain certain advantages of high-frcqucncy currents without rendering the iron 
rorc entirely incapable of foltowin,g tile changes and without entailing a very great 
expenditure of energy in the core. I have found it quite practicabIe to operate with such 
Iow frequcncy disruptive discharges of condensers, alternating-current motors. A certain 
class ol such motors which E advanced a few years ago, which contain closed 
secondary circuits, will rotate quite vigorously when the discharges are directed 
through the exciting coils. One rason that such a motor operates so we11 with these 
discharges is that the difference of phase between the primary and secondary currents 
is 90 degrees, which is generally not the case with harmonically rising and falling 
currents of Iow frequency. It might not be without interest to show an experiment with 
a simple motor of this kind, inasmuch as it is comonIy thought that disruptive discharges 
are unsuitable for such pufpses. ?he motor is i1Iustrated in Fig. 18. It comprises a rather 
large iron core i with slots on the top into which are emkdded thick cnpper wa&ers 
C C, In ~roximity to the core is a freely-movable metal disc D. ahe core is provided 
with a primary exciting coil C1 the ends a and 6 of which are connected to the termmats 
of the secondary S of an ordinary transformer, the primary P of the latter being connected 
to an alternating distribution circuit or generator G of low or moderate frequency. The 
terminals of the secondary S are attached to a condenser C which discharges through an 
air gap B d which may be placed in series or shunt to the coil C,. When the conditions 
are propcrIy chosen the disc D rotates with considerable effort and the iron corc i d m  



not get very pemptibly hot. Wih currents frwn a high-frquenq alternator, on the 
mtrq, the COE gets rapidy hot and the disc rotates with a much smaller effort. To 
plm the experiment properly it should lx f i s t  ascertained that the disc D is nor 
set in rotation when the discharge is not oaming at d d. It is preferable to use a large 
iron core and a condenser of large capacity so as to bring the suprimposed qukkcr 
d a t i o n  to a very low pitch or to da away with it entireIy. By observing certain 
c h e n t q  rules I have abo f w d  it practicable to operate ordinasy series or shunt 
Crect-current motors with such disruptive discharges, and this can be done with or 
without a return wire. 

IMPEDANCE PHENOMENA 

Among the various current phenomena obsemd, perhaps the most interesting ate 
the of impedance presented by conductors ts currents varying a t  a rapicl rate. In tny 
first paper before the American Institute of Electrical Engineers, 1 have dmrrberi 
a few striking observations of this kind. Thus I showed that when such currents or 
~ d d e n  discharges are passed through a th,ick metal bar there may be p i n t s  on the bar 
onIg a ftw inches apart, which have a sufficient potential difference between them to 
maintain at bright incandescence an ordinary fiIament Imp. .I have also described the 
r u r h  behavior of rarefied gas sutrmding a conductor, due to such sadden rushes 
of mrent. 'Ilese phenomena have since been more carefully studied and one or two 
nwel experiments of this kind are deemed OE sufficient interest to be described here. 

Refming to Fig. 13% B and B1 are v q  stout copper baa connected at &eir lower 
eads b plates C and C,, respectively, of a mndenser, the opposite plates of h e  lamr 
being connected to the terminals of the secondzry S of a high-knsion transformer, the 
primary P of which is supplied with alternating currmts from an ordinarj low-frequency 
dynamo G or distribution circuit. The condenser discharges through an adjustde gap 
B d as usual. By establishing a rapid vibration it tvas found quite easy to perform the 
foElbwing mi& experiment. The bars B and B1 were joined at the top by a Iow- 
voltage lamp 13: a little lower was placed by means of clamps C C, a 50-volt Imp I , ;  
and still lower another 200-volt lamp l I ;  and finally, at a certain distance blow the 
lntter lamp, an exhausted tube T. By ca~fuIIy  determining the positions of these devices 
it was found practicable to maintain them all at their proper illuminating power. Yet 

were all connected in multiple arc to the two stout copFr bars and required wideIy 
different pressures. This experiment q u i r e s  of course some time for adjustment but is 
quite easily performed. 

In Figs. 19b and 19c, two aher experiments are illustrated which, unlike the 
prtviwus experiment, do not rrquire very careful adjustments. In Fig. 19b, two lamps. 
lI and I,, the former a 100-volt and the latter a 50-volt ace placed in certain positions 
as idcated, the IOO-volt lamp being belm the 50-voIt lamp. When the arc: is playing 
at d d and b e  sudden discharges are passed through the bars 0 Bl, the 50-volt Iarnp 
will, as a rule, burn brightly, or at least this result is easily secured, while the 100-volt 
lamp will burn very low or remain quite dark, Fig. 19b. NOW the bars B B1 may be 
joined st the top by a thick cross bar Bz and it is quite easy to maintain the : 100-volt 
Imp at full candle-power while the SO-voIt lamp remains dark, Fig. 19c. These mults, 
as I have pointed wt previously, s h d d  not be considered to be due exactly to frequency 
ht rather to the t h e  rate of change which my be great, even with low frequenris. 
A great many other results of the same kin4 equally interesting, especially to those 
w b  are d y  used to manipulate shady mrents,  may be obtained and they afford 
prerim dues in investigating the nature of electric currents. 



In the preceding experiments I have heady had masion to show ~ ~ n e  lib# 
phenomena and it would now k proper to study these in particular; but to make this 
investigation more cumpIete I think it necessary to make first a fm remarks on 
subject of electrical resonance which has to be always observed in carrying out these 
experiments. 

figs. 193, 19b and 1%. 

ON ELECTRICAL RESONANCE 

The effects of resonance are being more and more noted by engineers and are 
becoming of gtcat imprtanm in the practical operation of apparatus of all kinds with + 
alternating currents. A few genem! rcmarks'may therefore k made concerning these 
effects. It is clear, that if we succeed in employing the effects of resonance practically 
in the operation of electric devices the return wire wiI1, as a matter of course, become 
unnecessary, for the electric vibration may be conveyed with one wire just as we11 as, 
and sometimes even better than, with two. The question first to answer is, then, whether 
pure resonnn5e effects are producible. Theory and.experiment both show that such is 
impossible in Nature, for as the oscillation becomes more and more vigorous, the losses 
in the vibrating bodies and environing media rapidly increase and necessarily chedc t)rc 
vibration which atherwise wouId go on increasing forever. It is a fortunate cirmmrtme 
that pure resonance is not producible, for if it were there is no telling what dangers 
might not Lie in wait for the innocent experimenter. But to a certain degree tesonante 
i; producible, the magnitude of the effects being limited by the imperfect wnductivity 



and imperfm elasticity of the media or, generaIly stated, by frictional losses. The smaller 
thee losses, the more striking are the effects. The same is the case in mechanical 
vibration. A stout steel bar may be set in vibration by drops of water failing upon it at 
p p r  intervals; and with glass, which is more perfectly elastic, the resonance effect 
is still more remarkable, for a goblet may be burst by singing into it a note of the proper 
pitch. The electrial resonance is the more perfectly attained, the smdles the resistance 
or the impedance of the conducting path and the more perfect the dielectric. In a *den 
jsr discharging through a short stranded cable of thin wires these requirements sre 
p d a b l y  k t  fulfilled, and the resonance effects are ,therefore very prominent. Such is 
not the case with dynamo machines, transformers and their .circuits, or with commercial 
appamtus in general in which the presence of iron cores complicates the action or 
mders  it impossible. I n  regard to Leyden jars with which resonance effects are frequently 
demonstrated, I would say that the effects observed are often affribtrted but are seldom 
$we to true resmaace, for an error is quite easily made in this respect. This may be 
undoubtedly demonstrated by the following experiment. Take, for instance, two large 
insulated metallic plates or sphera which 1 shalt d a i p a t e  A and B; place thm at 
a certain sndl  distance apart and chatge them from a frictional or influence machine 
to a potential so high that just a slight increase of the difference of potential between 
them will ause the small air or insulating space to break down. This is easily reached 
by making a few preliminary trials. If now another plate - fastened on an insulating 
handle and connected by a wire to one of the terminaIs of a high tension secondary 

-of m induction coil, which is maintained in  action by an alternator (preferabIy high 
frcquency) - is approached to one of the charged Mi& A or B, so as to be nearer 
to either one of them; the discharge will invariably occur between them; at least it will, 
if the potntial of the coil in connection with the plate is sufficiendy high. But the 
explanation of this will soon be found in the fact that the approached plate acts . 

inductively u p  the Mia A and B and causes a spark to pass between them. m e n  
this spark occurs, the charges which were previously imparted to these bodies from the 
influence machine, must needs IX lwt, since the bodies are brought in eledrical sonnea- 
ion Ihrou@ the arc formed, Now this arc is formed whether there be resonance or not. 
But cyen if the spark m l d  not be produced, still there is an aIternating E. M. F, set 
up between the M i e s  when the plate is brought neat one of them; therefore the 
approach of the plate, if it docs not duvays actually, will, at any rate, tctld to break down 
the air space by inductive action. Instead of the spheres ot plates A and B we may take 
the coatings of a Leyden jar with the same resuIt, and in piace of the m nc h' me, - 
which is a high frequency alternator prefembIy, because it is more suitable for the 
experiment and dso for the argument, - we may take another Leyden jar or battery 
of jars. When such jars are discharging through a circuit of low resistance the same 
is traversed by currents of very high frequency. The plate may now Ix connected to one 
of the coatings of the s m d  jar, and when it is Mwghr near to the first jar just 
p m i m l y  marged to a high potential from an influence machine, the result is the same 
as before, and the f i s t  jar will discharge through a small air space upon the second 
king mused to discharge. But both jars and fheir circurts need not k tuned any closer 
than a basso profundo is to the note produced by a mokquito, as small sparks nil1 be 
produced through the air space, or at least the latter will be cmsiderabIy more strained 
owing to the setting up of an alternating E. M. F. by indpction, which takes place when 
one of the jars begins to discharge. Again another error of a simiIar nature is quite 
easily made. If the ci&b of the two jars are run parallel and close together, and the 
qnximent bas been performed of dischasgin$ one by the other, and now a coil of 
wirc be added to one of the &n i t s  whereupon the experiment does not succeed, the 
mdusion that this is due to the fact that the circuits arc now not tuned, would be far 
from bkng safe. For the two circuits act ar condenser coatings and the addition of thc 



coil to one of them is equivalent to bridging them, at the point where the coil is placed, 
by a small condenser, and the effect of the latter might be ta prevent he spark from 
jumping thmgh the discharge space by diminishing the alternating E. M. F. a&g 
across the same. AIl these remarks, and many more which might be added but for f a  
of wandering too far from the subject, are made with the pardonable intention of 
cautioning the unsuspecting student, who might gain an entirely unwauranted opinion 
of his skill at seeing every experiment succeed; but they are in no way thrust upon the 
experienced as novel observat icms. 

In ordet to make re1iabIe observations of electric resonance effects it is verp 
desirable, if not necessary, to employ an alternator giving currents which rise and fdl 
harmonically, as in working with make m d  break currents the ohervatians are not 
always trustworthy, since many phenomena, which depend on the rat6 of change, my 
be p d u c e d  with wideIy different frequencies. Even when making such observations 
with an alternator one is apt to IE mistaken. When a circuit is connected to an alternator 
there are an indefinite n m k  of vaIues for capacity and setf-induction which, in 
conjunction, will satisfy the condition of resonance. So there are in rnechania an infinitt 
number of tuning forks which will rmpond to a note of a certain pitch, or loaded 
springs which have a defi?ite period of vibration. But the resonance will be most petfealy 
attained in that case in which the motion is effected with the greatest freedom Now 
in mechanics, considering the vibration in the common medium - that is, air - it is 
of comparativeIy little imprtance whether one tuning fork be somewhat larger than 
another, because the losses in the air are not very considerable. One may, of course, 
endose a tuning fork in  an exhausted vessel and by thus reducing the air resistance to 
a minimum obtain better resonant action. Still the difference would not be very great. 
But it would make a great difference if the tuning fork were immersed in m e r q m  
In the electrical vibration it is of enormous imp~tance to arrange the conditions so that 
the vibration is effected with the greatest freedom. The magnitude of the resonance 
effect depends, under otherwise equd conditions, on the quantity of electricity set in 
motion or on the strength of the current driven through the cirmit. But the cirmit opposes 
the passage of the currents by reason of its impedance and therefmq to secure the k t  
action it is necessary to reduce the impedance to a minimum. It is impossible to overcomc 
it entirely, but merely in part, for the ohmic resistance cannot be overcome. But when 
the frequency of the impulses is very great, the flow of the current is practidly 
determined by seIf-inductiun. Now seIf-induction can be overcome by combining it with 
capacity. If the relation between these is such, that at the frequency they annul 
each other, that is, have such values as to satisfy the condition of resonance, and the 
greatest quantity of electricity i s  made to flow through the external circuit, then the 
best result is obtained. It is simpler and safer to join the condenser in series with the 
self-induction. It is dm that in such combinations there will be, for a given frequency, 
and considering only the fundamental vibration, d u e s  which will give the best result, 
with the condenser in shunt to the self-induction mil; of c~use more such values than 
with the condenser in series. But practical conditions determine the selection. In hhe 
latter case in performing the experiments one may take a small self-induction and a huge 
capacity or a small capacity and a large self-induction, but the latter is preferable, 
because it is inconvenient to adjust a large capacity by small steps. By taking a mi1 with 
a very Iarge self-induction the critical capacity is reduced to a very small, value, and the 
apacity of the coil itself map be sufficient. It is easy, especially by observing mtaio 
artifices, to wind a coil through which the impedance will be reduced to the value of 
the ohmic resistance only; and for any coil there is, of course, a frequenq at which 
the maximum current will be made to pass through the coil. The observation of the 
relation between self-induction, capacity and frequenq is becoming important in the 
operation of alternate current apparatus, such as transformers or motors, WW bg 
a judicious determination of the eIernents the employment of an expnsive condenser 



bccom~s unnecessary. Thus it is possible tn pass through the coils: of an alternating 
current motor under the normal working conditions the required current with a low 
E. M. F. and do away entireIy with the false current, and the larger the motor, the 
easier such a plan becomes practicable; but it is necessary for this ta employ currents of 
very high potential or high frequency. 

in Fig. 20 I; is shown a plan which has been followed in the study of he resoname 
effects by means of a high freq~~ency aIternator. C1 is a coil of many turns, which is 
divided into small separate sections for the purpose of adjustment. T h e  final adjustment 
was made sometimes with a few thin iron wires (though this is not always adyisaMe) 
or with a closed seconJasy. Thc coil C1 is connected with one of its ends to the line 
I, from the alternator G and with the other end to one of the plates C of a condenser 
C C,, the plate (C1) of the Iatter being condected to a much larger plate PI. In this 
manner both capacity and self-induction were adjusted to suit the dynamo frequency. 

As regards the rise of potential through resonant artion, of course, theoretically, 
it may amount to anything sincc it depends on self-induction and resistance and since 
these may have any value. But in pmctice one is limited in the selection of these values 
and besides; these, there are other limiting causes. One may start with, sag, 1,000 voIts 
and raise the E. M. F. to 50 times that value, but one cannot start with 100,000 and 
raise it to ten t i m ~  that vaIue because of the lases in the media which are great, 
especially if the frequency is high. It should be p s s ~ b l e  to start with, for instance, two 

Fig. 20. 

volts from a high or low frequency circuit of a dynamo 'and raise the E, M. F. to many 
hundred times that value. Thus coils of the proper dimensions might be connected each 
with only one of its ends to the mains from a machine of low E. M. F., and thwgh 
the circuit of the machine would nat  k closed in the ordinary acceptance of the term, 
yet the machine might be burned out if a proper resonance effect would be obtained. 
I have not been able to produce, nor have I observed with currents from a dynamo 
machine, sucb great rises of potential. It is possible, if not probable, that with currents 
&hind  from apparatus containing iron the disturbing influence of the latter is the 
muse that these theoretical possibilities cannot be realized. But if such is the case 
I attribute it solely to the hysteresis and FoucauIt current losses in the core. Generally 
it was necessary to transform upward, when the E. M. F. was very low, and usually an 
ordinary form of Induction coil was employed, but sometimes the arrangement illustrated 
in Fig. 20 [I., has been found to be ccnvenient. In this case a roil C is made in a great 
many sections, a few of these being used as .a primary. In this manner both primaiy and 
seeonday. are adjustable. One end of the coil is connected to the line L, f ~ m  the 
alternator, and the other line L is connected to the intermediate poifit of the coif. Such 
a coil with adjustable primary and secondary will fx l o u d  also convenient in experiments 
with the disruptive discharge. When true resonance is obtained the top of the wave 
must of muse be on the free end of the mil as, for instance, at the terminal of the 
phosphorescence buIb B. This is easily recognized by observing the potentid of a point 
on the wire w neai to the coil. 



In connection with resonance effects and the problem of transmission of energy 
over a sIngIe conductor which was previously considered, I would say a few words On 
a subject which constantIy Iills my thoughts and which concern the weIfare of dl. 
I mean the transmission af intelligible signals or perhaps even p e r  to any distance 
without the use of wires. I am becoming daily more convinced of the practicability of 
the scheme; and though I know full well that the great majority of scientific men 
will not bclicve that such results can be practically and immediately realized, yet I &ink 
'that all consider the devcIopments in recent years by a number of workers to have &xn 
such as to cnrourage thought and experiment in this direction. My conviction has grown 
$O strong, that I no longer Imk upon this plan of energy or inteIligence transmission 
as a mere theoretical possibility, but as a scrious problem in electrical engineering, which 
must be carried out some day. The idea of transmitting intelligence without wires is the 
natural outmmc of the most tecent results of electrical investigations. Some enthusiasts 
have exprcsscd their belief that telephony to any distance by induction through the air 
is possible. I cannot stretch my imagination so 'far, but I do firmly believe tha t  it is 
practicable to disturb by mans of pwerful  rnachincs the electrostatic condition of the 
earth 2nd thus transmit intelligible sipnnls and perhaps power. I n  fact, what is there 
against the carrying out of such a scheme? We now know that electric vibration may be 
ttansmittcd through a jingle conductor. Why thcn not try to avail ourselves of the 
earth for this purlmse? We nccd not t c  frightened by thc idea of distance. To the 

- weary wmdcrcr counting the milc-psts the carth may appcat very Jarge, but to that 
happiest of all men, the astronomcr, who gates at thc hravcns and by their standard 
judjies the magnitude of our fibbe, It appears very sm~lI.  And so I think it must setm 
to thc clcctrician, for whcn he considers the s lmd with which an electric disturbance is 

' propagated through the mrth all his ideas of dtstancc must cornpletefy vanish. 
A point of great importance would be first to know what is the capacity of the 

earth? and what charge does it contain ~f electrified? Though we have no positive 
evidence of a charged body existing in qncc without other oppositely electrified bodies 
king ncsr, there is a fair probjlhility that the earth is such a body, for by whatever 
proccss it WAS sqxiratcd front other bodics - and this is the accepted v im of its origin 
- it must have retaincd a charge, 3s m r s  in all p r m s e s  of mechanical separstim. 
If it be a char,zcd b o d y  insulatcd in spscc its capacity should be extremely small, less 
than one-thousandth of a f m d .  But the uprer strata of the air are conducting, and so, 
perhaps, is the rncdium in frce space bcyond the atmosphere, and these may contain an 
opposite charge. T h h  the capzcity mi# be incomparfibly greatcr. In any case it is of 
the greatcst imprhnce to get an idea of what quantity of elcctricity the earth contains. 
It is difficult to say whcthcr wc shall ever acquire this ncccssary knowledge, but there 
is  hope that we may, a ~ ~ d  thnt is, by rneans of clcctric~l resonance. If ever we can 

' 
ascertain at what p r i d  the earth's charge, whcn disturbed, oscillates with respect to 
an oppmiteIy eIcctrificd systcin or known circuit, wc shall know a fact possibly of the 
greatest importance to the welfare of the human race. I propose to seek for the perid 
by means of an c!ectricaI oscillator, or a sourcc of alternating e l ~ t r i c  currents. Onc of 
the terminals oi  the source would bc conncctcd to carth as, for instance, to the city water 
mains, the other to an insulatcd body of large surfacc. It is possible that the outer 
mnducting air strata, or free space, contain an opposite charge and that, tosether with 
the earth, they form a condenser of very large capaci9. In  such case the period of 
vibration may he vcry low and an altcrnqting dyilamo machine might serve for Le 
purpose of the expcrimcnt. I would then transform the current to a potential as high 
as it would be found possible and connect the cnds of the high tension secondary to the 
ground and to the insulated body. By varying the frequency of the currents and mefully 
observing the potential of the insulated body and watching for the disturbance rt 



various neighboring points of the earth's surface resonance might be dcteaed. Shwld, 
u the majority of scientific men in all probability betieve, the p r iod  be extremely small, 
then a dynamo machine would not do and a proper electrical oscillator would have to be 
produced and perhaps it might not Ix possible to obtain such rapid 
vibrations. But whether this be possible or not, and whether the earth contains 
a chargc or not, and whatever may be its period of vibration, it certainly 
is possible - for of this we have daily evidence - to produce sornc 
electrical disturbance sufficiently powerful to Ix perceptible by suitable 
instruments a t  any point of the earth's surface. 

Assume h a t  a source of aIternating currents be connected, as in Pig. 21, 
with one of its terminaIs to earth (conveniently to the water mains) and 
wlth the other to a M y  ol large surface P. When the clecttic oscillation is 
set up there will be a movement of electricity in and out of P, and alternating 
currents wiIl pass through h e  earth, converging to, or diverging from, the 
point C where the ground connection is made. In this manner neifihborin,~ 
p ints  on the earth's surface within a certain radius will be disturbed. But 
the disturbance will diminish with the distance, and thc distance a t  which 
the effect will still be perceptible will depend on the quantity of clearic~ty 
set in motion. Since the body P is ~nsulated, in order to displace a 
considerable quantity, the potential of the source must be excessive, since 
here would be limitations as to the surface of P. The conditions might be 

to impress an electric vibration at least of a certain low period upan thc 
mth by means of proper machincry. At what distance such a vibration 
might be made perceptible can only be conjectured. I have on another 
m i o n  considered the question how the earth might khave to electric 
disturbances. There is no doubt that, since in such an experiment the 
electrical density at the surface could be but extremely small considerrng 
the size of the earth, the air would not act as a very disturbing factor, and 
he r e  would be not much energy lost through the action of the air, which 
would be the case if the density were great. Theoretically, then, it could 

cc 
adjusted 50 that the generator or source S will set up the same electrical , 

movement as though its circuit were closed. Thus it is certainly practicable 

not requite a great mount  of energy to produce a disturbance perccptiblc 
at great distance, or even all over the surface of the globe. Now, it is quite 
a r ta in  that at any p i n t  within a ccrtain radius of the source S a properly 
adjusted self-induction and capacity device can be set in action by resonance. 
But not only can this be done, but another source S,, Fig. 21, similar to 5, 
or any number of such sources, can be sct to work in synchronism with the 
latter, and the vibration thus intensified and spread over a Iarge area, or 
a flow of electricity produced to or from the source S1 if the same be of 
opposite phase to the source S. I think that kyond doubt it is possible to 
operate electrical devices in a city through the ground or pipe system by 
rmnancc from an electrical oscillator Iocpted at a central pint .  But the %G. ' 
practical solution of this problem would be of incomparably slnaller benefit* 
b man than the realizition of the scheme of transmitting intelligence, 

b k i  

or perhaps power, to any distance through the earth or  environing medium. Fig. 21. 
If this is at all possible, distance does not mean anything. Proper apparatus 
must first be produced by means of which the problem can be attacked and 
I have devoted much thought to this subject. I am firmly convinced "that itr 
can be done and hope that we shall Iive to see it done. 



ON THE LIGHT PHENOMENA PRODUCED BY HIGH-FR.EQUENCY 
CURRENTS OF HIGH POTENTIAL AND GENERAL REMARKS 

RELATING TO THE SUBJECT 

Returning now to the Iight effects which it has k e n  the chief object to investi*, 
it is thought proper to divide these effects into fout classes: 1. I n c a n d ~ c e  of a solid. 
2. Phosphor~cence. 3, lncandmcence or phosphorescence of a rarefied gas; and 4. 
Lbminosity produced in a gas at ordinary pressure. The f i s t  question is: How are these 
luminous effects productld? In order to answer this  question as satisfactorily as I am 
able to do in the light of accepted vie& and with he exprience acquired, and to add 
some interest to this demonstration, I shall dwell here u p n  a feature which J consider 
of great importance, ipzmuch as it promises, lxsidcs, to throw a better light u p  the 
nature of most of the phenomena produced by high-frequency electric currenb. I have 
on other occasions pointed out the great importance c f  the pmence of the rarefied gas, 
or atomic medium in general, around the conductor through which alternate currents of 
high frequenry are passed, as rcgards the heating of the cooductor by the currents. My 
experiments, descrikl some time ago, have shown that, the higher the fyumcp and 
potential difference of the currents, the more important becomes the d i e d  
gas in which the m d u m r  is immersed, as a factor of the heating. The pent iaI  
difference, however, is, as I then pointed out, a more important element than 
the frequency. When both of these are sufficienfIy high, the heating may be atnost 
entirely due to the presence of the rarefied gas. The experiments ta follow will show 
the importance of the rarefied gas, or, generally, of gas at ordinary or other pmm 
as regards the incandescence or other Iuminous effects produced by currents of this 
kind. 

I take two ordinary 50-volt 16 C. P. lamps which are in every resped dike, with 
the exception, that one has been opened at the top and the air has fiIIed the bulb, while 
the other is at the ordinary dcgrce of exhaustion of commercial lamps. When I attadr 
the lamp which is  exhausted to the terminal of the secondary of the aiI, which 
I have already used, as in experiments iIIustrated in Fig. S5a for instan* md 
turn on the cursent, the filament, as you have before seen, m e s  to high 
incandescence. When 1 attach the second lamp, which is filled with air, instead 
of the former, the filament stiIf glows, but much lcss brightly. This experiment 
illustrates only in part the truth of the statements before made. The importance of the 
filament's being immersed in rarefied gas is  pIainly noticeable but not to such a degm 
as might be desirable. The rewon is that the secondary of this coil is wound for low 
tension, having onIy 150'turns, and thc potential difference at he terminals of the Iamp 
is therefore small. Wetc I to take another coil with many more turns in the secondaq, 
the effect would be increased, since it depnds partially on thc potential difference, as 
before remarked. But since the effcct likewise depcnds on the frequency, it may be 
properly stated that it depends on the time rate of the variation of the pokntial 
difference. The greater this variation, the mare important becomes the gas as an element 
of heating. I can produce a much greater rate of variation in another way, which, besides, 
has the advantage of doing away with the objections, which might be made in the 
experiment just shown, even if both the Imps were connected in series or multiple arc 
to the coil, namcly, that in consequence of the reactions existing between the prima7 
and secondary coil the conclusions are rendered uncertain. This  result I secure by 
charging, from an ordinary transformer which is fed from the alternating rutrent 
supply station, a battery of condensers, and discharging the latter direaiy through a 
circuit of small seIf-induction, as before iIlustrated in Figs, 19% 14b and 1%. 

In Figs. 22a, 22b and 22c, the heavy copper bars BB1, are connected to the opposite 
coating of a battery of condensers, or generally in such way, that the high fquencg or 
sudden discharges are made to traverse them. I connea first an ordinary 50-volt 



incandescent lamp to the bars by means of the clamps C C. The discharges being 
p t d  through the lamp, the filament is rendered incandescent, though the current 
through it is very small, and would not be nearly sufficient: to p d u c e  a visible effect 
under h e  conditions of ordinary use of the lamp. Instead of this I now attach to the bars 
another lamp exactly like the first, but with the seal broken off, the bulb being therefore 
filled with air at ordinary pressure. When the discharges are directed through the 
filament, as kfore, it d m  not become incandescent. But the result might still be 
attributed to one of the many possible reactions. 1 therefore connect both the lamps in 
rnultipIe arc as illustrated in Fig. 22a. Passing the discharges through both the lamps, 
agnin the filament in the exhausted lamp 1 glows very brightly while that in the nan- 
exhausted lamp I I  remains dark, as previeus'ly. But i t  should not be thought that the 
latter lamp is tak~ng odly a small fraction of the energy supplied to both the lamps; on 
the contrary, it may consume a considerable portion of the energy and it may become 
cvcn hotter than the one which burns brightly. In this experiment the potential differenm 
at the terminals of the lamps varies in sign thmrctically thrce to four million times a 
second. The ends of the f ilarnents are correspnd~ngly etectrilicd, and the gas in the 
bulbs is violently agitated and' a 1.1rge portion of thc supplicLl energy is thus converted 
into heat. In  the non-exhaustcti bulb, there,hcing a few m11 l ion timcs more gas molecules 
than in the exhausted one, the bumbxrdrncnt, which i s  most wolent at the ends of thc 

Fig. 22a. Fig. 22b. fig. 22r 

filament, in the neck of the bulb, consumes a large portion of the energy without 
producing any visiblc effect. The reason is t h ~ t ,  thcre king many molecules, the 
bombardment is quantitatively considerable, but thc individual impacts are not very 
violent, as the speeds of the molecules are comparatively small owing to the small free 
path. In  the exhausted bulb, on the contary, the speeds arc very great, and the individual 
mpacb are violent and therefore better adaptcd to produce a visiblc effect. Besides, 
the convection of heat is greater in the former bulb. In both the bulbs the current 
traversing the filaments is very small, incomparably smaller than that which they 
quire  on an ordinary low-frequency circuit. The potential difference, however, at the 
tnds of the filaments is very great and might be possibIy 20,000 volts or mote, if the 
filaments were straight and their ends far apart. In the ordinary lamp a spark generally 
mm between the ends of the filament or between the platinum wircs outside, before 
such a difference of potential can be reached. 

It might be objected thit in the experiment before shown the Iamps, being in 
multiple art, the exhausted lamp might take a much larger current and that the effect 
observed might not be exactly attributable to the action of the gas in the bulbs.- Such 
objections will lose much weight if I connect the lamps in series, with the same resuit. 
When this is done and the discharges are direacd through the filarncnts, it is again 
noted that the filament in tlie non-exhausted bulb I1 rcrnains dark, while that in the 
exhawad one (1) glows even more intensely than under its normal conditions ol 



working, Pig. 22b. According to gcneral ideas the current through the filaments should 
now bc the same, were it not modified by the presencedot the gas around the filaments. 

At this juncture I may point out anothcr interesting feature, which illustrates the 
cffect of thc rate of changc of potential of the currents. I will leaw the two imps 
connected in scrics to thc bars BE1, as in the prcvious ex~riment ,  Fig. 22b, but will 
presently rcduc~ considcr~l~ly he frcque~lcy of  the currcnts, which was excessive in the 
mpcriincnt just brforc shown. This I rnay do hy inserting a self-induction coil in the, 
path of the durhargcs, or by augmmting thc capacity uf the condensers. Whcn I now 
pass thcsc low-frcqucncy discharges through the Isnlps, the exhausted lamp J again is as 
bright as before, but it is notcd also that thc non-cxhaustcd lamp Il glows, though not 
quite as intcnsdy as thc other. RrJur~ng the currcllt through the lamps, I may bring 
the Eilarncnt in the l~ t t c r  lamp to rcdncss, and, though the filament in the cxhausted 
tamp 1 i s  bright, Fig. 22c, the dcgrm of 1 t 5  incandcsccnce i b '  much smalIer than in 
Pig. 22b, nhc11 the currcnts ncrc o f  a r11udi hisher frrqucncy. 

I n  thcsc cxpcrimcnts thc g.13 acts in t ~ v o  opposite ways 1t1 dctcr~nln~ng the degree 
O I  thc inc,~ndrsccnre of ~l ic  frlui~cnts. that  is. by ronr-citldn and bozi~!>ardmcnt. The 
hlgllcr tllc frcqucnc)' and pqtcnt ial 14 thc c t ~ r r ~ ~ i t ~ ,   he more irn[-ortsr~t heCorne5 the 
bomdnrdrncnt. 'Thc cunrcct~~m o n  thc olntr-trl; < I i t ~ i i l r l  hc tllc smallr-r, the h~gher the 

, frequency. Whrn thc cu'rr:r~ts are \IC.T\I~* 1111.1~ I S  ~ ~ ? I c ( I c . I I I J :  no bmbnrdment, and 
~3nicction m a y  tlicroforc wl t l~  b u ~ h  iurrc~l !s  , ~ l s l l  n ) ~ i \ i ~ l ~ r ~ h l y  mcd~fy  the degree of 
incar~rlcs~cncc and p r r ~ d u ~ c  rrcwlrs s ~ r ~ ~ i l a r  r~ ~ l l u \ c  rust bcli~rc shoan.  Thus, I F  M e  
lainps cssctly aIrkc, ullc cxh~u\ tc t i  . I : I ~  otl: rlnt r ~ h . ~ t ~ + t c d ,  arc connected in  lnultipic 
arc ur scrics to 3 dircit.iurrcnt 171.1~11111~, tlil' ~ ~ l a m r n ;  In [he 11r1n-exh~ustcd larup will 
rcquirc a runsidcr~bly grcalcr current to hc r~r!dcrcd ~nr.~ntltstcnt. This result is entirely 
duc tLl cur11,ccti3n, 2nd thc cfrct-t is tllc Inore prorn~i~ce~t the thinncr the filament. 
Prorcssrjr Ayrton anrl bfr li i l < ~ d u r  SOIIIC time a,qn 17ubIished quantitnti~e results 
co~icurni~~g the t h r r m ~ l  c m ~ s s i \ , ~ t y  hy S ~ I L I ~ J ! I ~ M I  d n ~ l  rul~\cctlun i t 1  which the e l f ~ t  with 
thin rvircs TVLT cIc,~rly 5110~11. 'l'hr~ c f l c ~ t  [IM) hc strikingly ~llusttated by preparing 
a nurnbcr OF smlll, short, glass tuba ,  cach containing through its axis the thinnest 
obta~nablc platinum wire. If these tubes bc h~ghly exhausted, s number of them may 
be conncctcd in ~nultiple arc to a direct-rurrcnt machine and all of the wircs may be kept 
a t  incandcsccncc wrth a sn~allcr currcnt thdn that ccguircd to rcndcr incalldescent a single 
onc of the wircs if the t u k  k nnt cxhaustcd Cnuld thc t ~ h s  be so highly cxhausted 
that mnvcction \vould bc nil, thm the selatiiu anious~ts of heat given off by convection 
and radiation could be dctcrnlined without the d~ffirulties attending ttiern~al quantitative 
measurements. If  a sourcc of elcr tric impulscs o l  high frequency and vrry high potential 
is employed, a still gtutcr nul~lhur of the tuhcc m a y  be takcn and the wires rcd.dered 
~ncandcsccnt by n mrrcnt not cap~blc o f  warming perceptibly a wire of the same size 
immersed in air at ordinary prcssurc, and conveying the energy to nll of them. 

I may llcrc cicscribe B result which is still more intcreting, alld to which 1 have 
been led by the obscrvatiun of these pheoonlena. T notcd that: small differences in the 
dcnsity of the air produced a considcrnblc difference i n  the degree of incandescence 
of the wires, and E thought that, since in a tube, through which a Iuminous discharge 
is passed, the gas is generally riot of uniform density, a v c v  thin wire contained in 
the tubc might bc rcndcred inrandesccnt at certain placcs of smaller density 
oi the gas, whrle it would remain dark a t  thc placcs of greater dcnsity, where the 
convection would be greater and thc bornbardmr.nt lcss intense. AccordingIy n tube 
1 was prcpxcd, as iIIustrated in Fig. 23, which contained through the middle a very 
fine platinum wirc w.  The tube was exhausted to a  nodc crate degree and it was fwnd 
that when it was attached to the terlllinal of a high-frequency coil the platinum wirc . 
lo would indeed, become incandescent in patchcs, as illustrated in Fig. 23. h ter  a n h i  

of these tubes with onc or mare wircs were prepared, each showing this r ~ u l t .  The effw 



was kt noted when the striated d i schar ,~  occurrcd in the tuhr, but was also produced 
when the striae were not visible, showing that, even thcn, the Eas in the tube w& not 
or uniform density, The psit ion of the striae was generally such, that the rarefactions 
rarresponded to the places of incandcsccnce or greatet brightness on the wire w. But 
in a few instances it wa noted, that the bright spots on the wire were covercd by the 
dense parts of the striated discharge as indicated hy I in Pip. 23, though the effect w~ 
barely perceptible. This was expl~incd in a pl.iusible way by assunlillg that the 
convection was nat widely different in thc titnqe and rarcl icd pl.iccs, and that the 
bombardment was grcatcr on the dcnsc 171.1cc~ I I~'  the striated tl15ch.lrge. It is, in fact, 

Fig. 23 Fit. 2.1. 

often observed in bulbs, that undcr certain cnn~litiuns a (Iirn n~irc i~ brought to higher 
imdescence when the air is nut  to^) hig11ly rarefied. T h i s  is the c ~ s c  when the potcn~ial 
of the coil is not high cnouph fur the cd t -uu~n ,  but the rcsult may bc attr~buteJ to many 
d~fferent causes. In all cases this curious phct~ommon clf inc.~ndcsccnrc d w.ippc~rs when 
the tub, or rather thc wlre, accluircs throughaut a unifornl tcmpor~turc. 

Disregarding now thc modifying ellcct oi cnfivcction tl~cre are thcn two distinct 
c u m  whrch deterrninc the incaodesccnce of a wire or iilnlncnt with \aryil~g rurrcnts, 
that is, conduction rutrent and burnhardmerlt. With sttady currcnts wc have to dcal 
only with the former of these two causts, and the heating effect is a minimum, since 
the resistance is least to steady flow. When the current is n int-ying onc the resistance 
h grater, and hence the heating effect. is increased. Thus if thc rate of ch.~ngc of h e  
mrr~nt is very great, the resistance may incrcasc to such an cxtcnt that the fllzrncnt is 
bmught to incandescence with inappreciable currents, and nrc are able to takc a short 
d thick block of carbon or othermaterial and bring it ta bright incandescence with 
a current incomparably smaller than that required to bung to thc sJmc ~Igree  of 
imdcsmnce an ordinary thin lamp filament with n steady or low freiuvncy current. 
This result .is important, nnd illustrates how rapidIy our \iews on these subjects arc 



changing, and how quickly our field of knowledge is cxtcnding. In the a d  of incandescent 
lighting, to view this rcsult in one aspcct only, it has been commonly considered as 
an cssentiaI requirement for practical success, that the lamp filament should be thin and 
of high resistance. But now b e  know that the rcsistanceof the filament to the steady 
flow does not mean anything; the filament might as well be short and thick; for if it 
be immersed in rarefied 113s it wiI1 become incandescent bv the wassaee of a small 

<7 1 " 
currcnt. It all depends on the frequency and potential of the currents. We may concludc 
from this, that it would be ol advantage, so far as the lamp is considered, to empIoy 
high frquencics for Irghting, as they aitow the use of short and thick filaments and 

If a wire or fllarncnt be immerscd in a Iiornogencous medium, all the heating is 
due to true conduction current, but if it be cncloscd in an exhausted vessd the conditions 
are entirety d~ffercnr. FIcrc thc gas bcglns to act and the heating effect of the condudion 
current, as is shown in many experirncnts, may be very small compared with that of 
thc bombardrncnt. T h i s  is c~pucially the case if the circuit is not closed and the potentials 
are of course very high. Suppose that a fine filament enclosed in an exhausted vessel 
be c~nnectcd with one of its ends to the terminal of a high tension call and with its 
other cnd In a large insulated plate. Thuugl~ the circuit is not closed, the filament, as 
I have bcfurc shown, is brought to incandescence. If the frequency and potential be 
comparatively low, the filament is hcatcd by the current passing through it. If the 
frequcng and potential, and princiyally the lattcr, be increased, the insulated plate need 
be but very small, or may be done away with ent~rely; still the filament w1l1 become 
incandesccnt, practically alI thc heating being then duc to the bombardment. A practical 
way of combining btli the effects of conduction currcnts and bombardment is illustrated 
in Fig. 24, in which an ordinary lamp is shown provided with awry thin filament which 
has one of the cnds of the lattcr connected to a shade serving the purpose of the 
insulahd platc, and the other cnd to the terminal of a h i ~ h  tension source. It should 
not be thought that only rarcflcd gas is an import,int factor in the heating of a conductor 
by varying currents, but gss at ordinary pressure may become inrportant, if the potential 
difference and frequency of the currcnts is cxrcssive. On this subject I have dready 
stated, that whcn a conducttlr is fuscd by a strokc of Lightning, tile current through it 
may be cxccerlingty small, not ctrn suft icicnt to heat the conductor ~rceptibIy, were 
the latter immcrscd in a hon~ogc:cnrr>us medmm. 

Frum thc prcccdin~ ~t i s  clear thnt whcn a canJuctor of high resistance is connected 
to the tcrminnls of a sourcc of high frequency currents of high potential, there may 
occur considerable dissipation of encrgy, principally at thc ends of the conductor, in 

' consequence of the action of the gas surrounding the conductor. Owing to this, the 
current through a scction of t l~e cmductor at a point midway between its ends may be 
much snlallcr than through a section near the ends. Furthermore, the current passes 
principally through thc outct prtrons of the conductor, but this effect is to be 
distinguished from the skin t f f ~ t  as ordinarily interpreted, for thc latter would, or 
shouId, o m r  also in n continuous incompressible mcdiurn. If a great many incandescent 
lamps arc connected in series to a sovrcc of sucl~ currents, the Iamps at the ends may 
burn brightly, whcrcas those in the rniddre mny remain cntirely dark. Thrs is due 
principally to bomlardtncnt, as before st~ted. Dut even if the currents be steady, provided 
the differcncc of potential is very great, the Iamps at the end will burn more brightly 
than those in the middle. In such c a ~ c  there is  no rhythmical banhrdment, and the 
result is produccd cntircty by leakage. This leakage br dissipdon into space when 
the tension is high, is cansidetable whcn incandescent Ianlps are used, and still more 
considerable with arcs, for the latter act like flames. Generally, of course, the dissipation 
is  much smaller with steady. than with varying, currents. 



I haw contrived an experiment which illustrites in an interating manner the effect 
d lateral diffusion: If a very long tube is attached to the terminal of a high frequency 
mil, the luminosity is g ~ a t e s t  near the terminal and falls off gradually towards the 
m t e  &d. This is more marked if the hsbe is narrow. 

. A  small tube about one-half inch in diameter and twelve inches long (Fig. 25); 
bas one of its ends drawn out into a fine fibrc f nearly three feet long. The tube is 
pIaced in a brass socket T which can be screwed on the terminal TI of the induction 
mil. The discharge passing through ti~c tube first illuminates thc bottom of the same, 

Fig. 25 Fig. 26 

which is of comparatively large section; but through the long glass fibre the discharge 
cannot.pass. But gradually the rarefied gas ins~de bccomes warmed and mom conducting 
and the d h a r g e  spreads into the glss fibre. This spreading is so slow, that it may 
take half a minute or more untii the discharge hu worked through up to the top of the 
glass' fibre, then presenting the appearance of a strongly luminous thin thread. 
By adjusting the potential at the terminaI the light may be made to travel 
upwards at any speed. Once, however, the glass fibre rs heated, the discharge breaks 
through its entire length inshntly. The intctesting point to be noted is that, the higher 
the frequency of the currents, or in other words, the grcater relatively the lateral 
dissipation, at a slower rate may the light be made to propagate through the fibre. This 
e r p e r i m t  is k s t  performed with a highly exhausted and freshly made tube. When 
thq,tube has IW&I used for some time the experiment often fails. It is possible that the 
gradpi and slow impairment of the vacuum is the ausc. T h i s  slow propgation of the 
d~scbarge through a very narrow ~ l a r s  tube corresponds exactly to the propagation of 

. heat through a bar warmed at one end. The quicker the heat is carried away laterally fhc 
hqge;r,time it will take for the heat to warm the remote end. When the current of a low 
f r 4 q u ~ a q  coil is passed through the fibre from end to end, then the lateral dissipation 
is small and the discharge instantly breaks through almost without exception. 



After these experiments and observations which have shown the iinporlancc of the 
discontinuity or atomic structure of the medium and which wi1I sem to explain, in 
a measure at least; the nature of the four kinds of light effects producible with tfine 
currents, f may now give you an illustration of these effects. For the sake of interest 
I may do this in a manner which to many of you might be novel. You have seen kforc 
that we may now convey the electric vibration to a body bg means of a single wire or 
conductor of any kind. Since the human frame is conducting I may convey the vibration 
throuib my body. 

First, as in some previous experiments, 1 connect my My with one of the terminals 
of a high-tension transformer and take in my hand an exhausted bulb which sont;u*ns 
a small carbon button mounted upon a platinum wire leading to the outside of the bulb, 
and the button is rendcrcd incandescent as smn as the transformer is set to work (Fig. 
26). I may place a conducting shade on thc bulb which serves to intensify the &ion, 
but it is not nrxessary. Nor is it requird that the button should k in conducting connection 

Fig. 27. Fig. 28. 

with the hand through a wire leading through the glass, for sufficient energy my be 
transmitted through the glass itself by inductive action to render the button Hlcandmcent. 

Next I take a highly exhausted bulb containing a strongly phosphamcent body, 
above which is mounted a small plate of aluminum on a platinum wire leading to rhc 
outside, and the currents flowing through my body excite intense phosphorescence in 
the buIb (Fig. 27). Next again I take in my hand a simple exhausted tube, and in the 
same manner the gas inside the tube is rendered highly incandescent or phosphormcent 
(Fig. 28). Finally, I may take in my hand a wire, bate or covered with thick insulation, 
it is quite immaterial; the electrical vibration is so intense as to mvex h e  wire with 
a luminous EiIm (Fig. 29). 

A few words must now be devoted to ea& of these phenomena. I n  the first place, 
1 will consider the incandescence of a button or of a solid.in general, and dwell upon 
some facts which appIy equaIIy to all these phenomena. It was pointed out before that 
when a thin conductor, such as a Iamp filament, for instance, is connected with one of 
its ends to the terminai of a transformer of high tension the filament is brought to 
iacrhdesccnce pt t ly  by a conduction current and partly by bombardmrff. The shorter 
a i d  thicker the filament the mare important becomes the latter, and finally, radrrcing 
the filament to a mere button, all the heating must practically be attributed b the 



hhdmmt. So in the experiment befbie shown, the button is rendercd inandescent 
by the rhyW&$l impact of freely movmbie small bodies in the bulb. These bodies 
my be the ~ I C C L & S  of the midual gas, particles of dust or lump torn from the 
d d e ;  whatavkr hey are, it is certain that the heating of the button is essentially 
mmeaed with the pressure of such freely movable particles, or of atomic matter in 
gneral in the bulb. The heating is the more intense the greater the- number of impacts 
ptr second and the greater the energy of each impact. Yet the button would be heated 
llso if it were connected to a source of a steady potential. In such a case electricity 
a d d  be carried away from the button by the freely movable carriers or particles 
flying hf and the quantity of electricity thus carried away might br sufficient. to 
bing the button to incandescence by its passage through the latter. But the bombardment 
muld not be of great importance in such m e .  For this reason it would require a 
cmparatively very great supply of energy to the button to maintain it at incandescence 
with a steady potentia1. Thr higher the frequency of the electric impulses the more 

Fig. 29. Pig. 30. Fig. 31. 

mmnmidly a n  the buHon be maintained at incandescence. One of the chief reasons 
why this is so, is, I believe, that with impulses of very high frequency there is less 
h g t  of the freely movable carriers around the electrode and this means, that in 
the bulb the heated matter is better confined to the neighborhood of the button. If 
n double bulb, as illustrated in Fig. 30 k made, vmprising a Iarge globe B and a small 
one b, each containing as usuaI a filament f mouhted on a platinum wire w and wl,  , it 
is found, that if- the filaments f f be exactly alike, $?requires l~s,Pnergy to keep the 
filment in the globe b at a certain degm of w d m e n c e ,  thah that in the globe 3. 
This is due to the confinement of the movable paicles around the button. In this case it is 
olso a~certaincd, that the filament in the small globe b is less deteriorated when 
mrinhined a certain length of time at incandescence. This is a necessary 
d the fact that the gas in the small bulb becomes stmn@y heated and therefore a very 
good conductor, and less work is then performed on the button, since the hmbardrnent 
b t s  less h n s e  as the conductivity of the gas increases. In this construction, of 
mrse, the small bulb becorns very hat and when it reaches an elevated tm- 
tbt. mvection did radiation on the outside i n c t e .  On another occasion I have 
rhmn bulbs iq which this drawback was largely avoided. In these instances a v e q  
d butb, cxmtiining r refractory button, was mounkd in a Iarge glok and the space 

the walls of hth was highIy exhausted. The outer iargc gl& remained 
rompprptiotly cml in such constructions. When the large globe was on he pump and 



the vacuum b e e n  the walls maintained permanent by the mtinuous action of the 
pump, the outer globe wouId remain quite cold, while the button in the d l  bulb 
war kcpt at incandescence. But when .the seal was madc, and the lmttoq-im'lhc mall 
bulb maintained incandescent somc. length of time, the large globe too wodd bxm~ 
warmcd. Prom this I ~oojectuie that if vacuons space (as Ptof. Devak finds) c m o t  
convey heat, it is  so merely in virtue of our rapid motion through space or, g n d I y  
s e i n g ,  by the motion ol the medium rclativeIy to: us, for a permanent condition 
could not be maintaincd without the medium being constantly renewed. A v&mm 
cannot, according to a11 evidence, be permanently maintained around a hot My, . 

In these constructions, before mentioned, the srnaIl bulb inside would, at Ieast in 
the first stages, prcvent all brnbardment against the outer I a r g  globe. Ik~occurrd to 
me thcn to ascertain how a metal sicve would behavc in this rtrspect, and several bulbs, 
as illustrated in Fig. 31, wcrc prepared for this p u r p .  In a globe b, was rnmted 
a thin filament f .  (or button) upon a platinum wire w passing t h q h  a &lass stem 
and leading to thc outside of thc globe. The filament f was surrounded by a metal 
sicve s.' It was found in experiments with such bulbs that 'a sieve with wide meshes 
apparcntIy did not in the slightest affect the bombardmcnt against the gl& b. When 
the vacuum. was high, the shadow nf the slcve w.1~ clearly projeaed against the gIobe 
atid the latter N O U ~ ~  get hot in a short while. In some bulbs the s h e  s was connected 
to a platinurn wirc sealcd in the glass. M e n  this wire was m n e d e d  .to the other 
terminal of the induckion coil (the E. M, F. being kept low 'in this -1; or to an 
insulntcd pIatc, thc banbardn~ent against the outer globe b was, diminished. By Qing 
a sieve with fine meshcs the bombardment asainst the globe S was always diminished, 
but eycn then if the exhaustion was cartied very far, and when the poteptial of the 
transformer was very high, the plok h would be bombarded and heated quickly, though 
no shadow of the sicvc w a  risible, owing to the smaliness of the ,meshes. But a glm 
tube or othcr continuous body mounted so as to surround the filament, did entirtfy cut 
off the hrnbardmcnt and Tor a whJc the outer glob  4 would remain perfectly cold. 
Of course whcn thc glass tubc n~'sufficicnt1y heated the 'bombardment a p n s t  the 
nutcr globe could he noted at once. The experiments with thae bulb seemed to show 
that thc spccds of thc prujcctcd molecules or particles must be -cmsiderab1e (thwgh 
quite ins~gt~ificnnt whcn cornllared with that of light), otherwise it would be difficuIt 
to understand how thcy could travcrse a fine metal sieve without being affected, unless 
it wcrc found that  such small particles or atoms cannot bc acted. upon. ilirectfy at 
rneisurabte distances. Tn regard to tht spccd of the projected atoms, Lord Kelvin has 
rccently cstirnahd ~t at. abmt one kilometre a second or thekeaboub in an ordinary 
Crmkcs bulb. As tllc potcntials obta~nable with a disruptive discharge coil art mu& 
higher tllarl with ordin~ry coils, 'the speeds must, of course, be much grcater whcn the 
bulbs are 1 i Jited from ~ u c h  a roll. ass urn in^ the kpeed to be as high as five kilometres 
and uniform througlr thc whole trajectory, as it should k in a very highly exhamted 
vessel, thcn if  the alternate clc~trifications of the electrode wouId be of a f q m q  
of five million, the gtcatest distance a partide could get away from the elects& would 
be one rnrtlimetsc, and if it could be acted vpdn directly at h a t  distance, the exchahge 
nf eIectrodc matter or of the atoms would be very slow and there would be ptactically no 
bombardment against the bulb. This at: Icast should be so, if the action of an electrode 
upon the atoms of the residual gas nrould be such as upon electrified N i e s  &i& we 
can perceive. A hot body enclosed in an exhausted bulb produces always ' a w e  
'bombardmcnt, but a hut body has no definite rhythm, for its molecules pcrFom . . 
vibrations of all kinds. . .  . .. 

If n bulb containing n button. or fi1.unent bc exhau5ted.a~ hiid & is pwsibIe 4th 
the greatest care and by the use of the best artifices, it is often observed that the 
discharge cannot, at first, break through, but after some time, probably in msepuence 



af some changes within the bulb, the discharge finally passes through and the button 
is rendered incandecent. In fact, it appears that the higher the degree of exhaustion 
the easier is  the incandescence produced. There seem to be no ather causes to which 
the incandescence might lx attributed in such case except to the bombardment or similar 
action of the residual gas, or of particIes of matter in gcneral. But if the bulb k 
exhausted w ~ t h  the greatest care can these play an important part? Assume the vacuuni 
in the bulb to be tolcrabiy perfcrt, the great interest hen centres in the question: 1s the 
medium which penrades al l  space continuous or atorn~c? If atomic, then the heating 
d a conducting button or filament in an exhawted vessel might be due largely to ether 
bombardment,. and then the heating of a mntlurtor in gencrd through which c u r r m ~  
of high frquency or high potential are puscd must be niodified by the behavior of 
such medium; then also the skin cffcct, the iipparent increase of the ohmic resistance, 
etc., admit, partidly at Icnst, of a different explanation. 

It is  certainly more in accordance with many pllenomena observed with high- 
fqwncy currents to hold that all spare is pervailed with free atoms, rather than to 
mume h a t  it is devoid of thcse, and dark n r ~ t l  told. for so it must lx, if fiIIed with 
a continuous medium, since in such there ran be neither h c ~ t  nor light. Is.then energy 
transmitted by independent-carriers or by the vibration of a contil~uous medium? This 
important question is hy no rnc.~ns a5 yCt positively answcrcd. But m3st of the effects 
which are here consirlcred, csprci~l Iy the light rlfe~ts,  incandijcente, or phosphorescence, 
tnvolve the presence of free atoms and wuulc! be impssrblc without these. 

+ '  In regard to the i n c a n ~ t ~ ~ e n c e  of a refr.~ctory bt~ttnn (or lil,ment) in an exhausted 
re~ei'wr, which has been onla of thr subjfits of this in\ cstigation, the chief expetienm, 
which may serve as a puidc in constructing such bulb>, rnzy be. st~mmed up as follows: 
1. The button shuuld Be as srn~ll ar possible, sphcr~cal, nf a s1noi)th or polished surface, 
and of reEractory material which withstands evalx~mtilm hest. 2 .  The support of h e  
button should be wry thin and screened by an alumrnuti~ and mica sheet, as I have 
litmibed on anothcr occasion. 3 The exhausttan r , i  thc hulb should be as high as 
possible. 4. The frequency of the currents shoulrl he :i high as practicable. 5.  The 
mtrenb should k of a harmonic siqe and fall, withnut sudden interruptions. 6.  The 
h a t  should be confined to the button by inclosing thc same in a small bulb or otherwise. 
7. T h e  space htween the walls of the small bulb anJ the outer globe should be highly 
exhausted. 

Most of the mns~derat~ons which apply tu thc incandescence of a solid just 
mnsideredAmay likewise be applied to phosphorescence. Indeed, in an exhausted vessel 
the phosphorescence is, as a rule, primarily cxcited by the powerful hating of the 
!&rode stream of atoms against the phosphorescent body. Evcn in many cases, where 

k e n  is no evidence of rvch a bombardment, I think tlut phosphoracence is excited by 
violent impacts d atomj, whi2h are not necessarily thrown off from the electde but 
are acted upon from the same inductively throligh the rncdium or through chains of 
other atoms. That mechanical shocks play an important part in exciting phosphotacence 
in a 'bulb 'may Jx seen from the following experiment. If a bulb, constructed as chat 
illustrated in Fig. 10, be take'n and exhausted with the greatest care so that the discharge 
cannot p s ,  the filament f acts by electtostatic induction upon the tube t and the 
latter is set in vibration. If the tube o be father wide, about an inch or so, the filament 

ke so pdwerEulIy vibrated that whenever it hits the glass tube it excites phos- 
phorescence. But the phosphorescence ceases when the filament coma to resk The 
vibration oan be arrested and again started by varying Ihe frequency of the currents. 
Now the filament has its own period of vibration, and if the frequency of the currents 

' i s  such that there is resonance, it is easily set vibrating, though the potential of the 
cusmts k small. 1 have often observed that the filament in the bulb is destroyed by 
such mechanid resonance. The filament vibrates as a rule so rapidly that it cannot be seen 



and the 'experimenter may at first be mystified. When such an experimmt as h e  oae 
desctibed is carefully performed, the potential of the currents need be mremeIp~jmall, 
and for this reason I infer that the phosphorescence is then due to the mechanical d d c  
of the filament against the glass, just as it is prduced by striking a loaf of sugar with r 
knife. The mechanical shock produced by the projected atoms is easily noted whcn s 
bulb containing a button is grasped in the hand and the current turned on suddenk. 
Idklieve that a bulb could be shattered by observing the conditions of reoflance. 

' In  the experiment before cited it is, of course, open to say>hat the glass tub, 
upon coming in contact with the lilament, retains a charge of a certain sign upon the 
point of contact. If ROW the filament again tourhcs the g1as5 a t  the same point while 
it is oppositely charged, the charges equalize under evolution of light. But dothing 

,of impstance would be gained by such an explanation. It is uiquestionable that the 
initial charges given to the atoms or to the glass play some part in exciting phm- 
phorescence. So, for instance, if a phasphorcscenl bulb be Eirst excited by a high 
frequency coil by connecting it to one of the terminals of the latter and the degm of 
luminosity be noted, and then the bulb bc highly charged horn a Hoftz machine by 
attaching it preferably to tbe psitiye terminal of the machine, it is found that when 
the bulb is asain cnnaected to the terminal of the high frequenv coil, the phosphores- 
cence is  far'more intcnse. On anothcr occasion I have considered the possibility of sonx 

. phosphorescent phenomena in bulbs being produccd by the incmdescence of M 
infinitesimal Iaycr on the surface of the phosphorescent body. Certainly the impact of 

- the atoms is powerful enough to produce intense incandescence by the collisions, since 
they bring quickly to a high temperature a body of considerable bulk. If any such effect 
exists, then the best appliance for producing phosphorescence in a bulb, which we know 
so far, is a disruptive discharge coil giving an enormous potential with but few 
fundamental discharges, say 25-30 per second, just enough to produce a continuous 
impression upon the eye. It is a.fact that such a coil excites phosphozescence under 
almost any condition and at all degrees of exhaustion, and I have obsesved cffectr 
which appear to be due to phosphoresccncc even a t  ordinary pressures of the ahnosphere, 
when the ptentials are extremely high. But if phosphwescent light is p d u d  bj 

^ the equalization of chargm of electrified atoms (whatever this may mean ultimately), 
then the higher the frequency of the impulses ox alternate electrifications, the mote 
economical will be the Ifght production. It is a Iong' known and noteworthy fact that 
at1 the phosphorescent hdies  are p r  conductors of elcdricity and heat, and that all 
Mies ccase tp emit phwphorescent light whcn they are brought to a certain temperature, 
Condudtors on the contrary do not possess this quaIity. There are but few exceptions 
b the rule. Carbon is one of them, Becquerel noted that carbon phosphoresces at a cerbin 
elevated temperature preceding the dark red. This phenomenon'rnay be easily observed 
in bulbs probided with a rather large carbon electrode (say, a sphere of six miflimetrcs 
diameter). If the current is turned on after a few seconds, a snow white film covers the 
eIcarode, just lxfore it gets dark red. Similar efEem are noted with other conducting 
bodies, but many scientific men will probably not attribute them to true phosphorescence. 
Whether true incandescence has anything ta do with phosphorescence excited by alomic 
i m p ~ t  or mechanical shocks still remains to be decided, but it is a fact that aIi.conditions, 
which tend to localize and increase the heating effea at the point of impact, are almost 
invariably the most favorable for the production of phosphorescence. So, if the electdt 
be very small, which i s  ~quivaIent to saying in general, that the electric density is grcat; 
if the potential be high, and'if the gas be highly rarefied, a11 of which thine impIy 
high speed of the projected atoms, or matter, ,and consequently violent impacts - the 
phosphorescence is very intense. If a bulb provided with a large and s d l  e l d t  
be attached to the terminal of an induction coil, the small electrode excites phmpm- 
ccnce while the large one may not do so, because of the smaller electric density and h e  





neither of these can the force be accounted for if it be assumcd that it :is associated with 
the body as a whole. Only in one way may we account fdr it, namely, by identifying 
it with the atom. An atom is so smalI, that if it be charged by coming in contact with an 
electrified body and the charge be assumed to follow the same law as in the case ofbodies 
of measurable dimensions, it must retain a quantity of electricity which is fully apbk 
of accounting for thcsc forces and tremendws rates of v ibhon .  But the atom behaves 
~ i n p l a r l y  in this respect - it always ~nI:es the sme "charge". 

It is very likely that resonant vibration plays a most important part in' ,all 
manifestations of energy in nature. Throughout spacc all matter is vibrating, and all rates 
of vibration are teprcscnted, from the lowcst musical note to the high& pitch of the 
chemical nys,  hence an atom, or complex of atoms, no matter what its perid, must find 
a vibration with which it is in resonance. When we consider the enormous rapidity of 
the fight VI brations, we rcalize the impsibrlity of producing such vibrations d i m l y  
with any a p p a r a b  of mcasurxble dimensions, and we are driven to the only ps ib l e  
means nf aHnining the object of setting up waves of light by eIectrical means and 
economicalIy, that is, to aff& the molecules or atoms of a gas, to cause them to collide 
and vxbrate. Wc then must ask ourselves - How can free molecules or atoms be 
ai fcctcd ? 

It is a fact that thcy can bc affected by electtostatic fotce, as is apparent in many 
of thusc cxpcr~silcnts. By v,~rying the clcctrnstntic force we can agitate the atoms, and 
muse them to collide accornpanicd by evolution of heat and light. It is not dcmmstrattd 
bqond doubt that we cat1 affect them otherwise. If a luminous discharge is pdriced 
in a closcd cxhnusted tube, do the atoms arrange themselvm in obcdiencr to any other but 
to elmnntatic force acting in straight lincs from a t o m  to atom ? Only recently I inve- 
stigated the mutual action $etwecn two circuits with cxtreme rates of vibration. When a 
battery of a fm~ jars (c  r r r,  Fig. 3 2 ) ,  i j  discharged through a primary P of low resistance 
(thc connections king as ~Ilustrated in F i g .  19% 13hand 19c), and the frequency of 
vibration is mnny ~niltions thcrc are great differencrs of ptential between points on the 
primary not mote than n few inchcs apart. These differences may be 1 0,000 volts per inch. 
~f not more, taking the maximum ~ a l u e  of the E. Ma P .  The secondary S is therefore acted 
upon by elcrtroztatic ~ndurtion, which is in such cxtrcrne cascs of much greater imprtahcc 
than the elcrtro-dynamic. To such sudden impulses the primary as well as the secondary 
are pmr conductors, and therefore great dif fcrenccs of potential may be produced by 
eIectrostatic indurtion lwtwcen adjacent points on the secondary. Then sparks may juinp 
Letwecr~ the wires and streamers become visible in the dark i f  the light of the dischuge 
through the spittk gap d d be carefully excluded. If now we substitute a doscd vacuum 
tube for the metaIIic secondary S, the differences of potential produced in the tube by 
electrostatic ir~duction from the primary arc fully sufficient to excite portions of it; but 
as the p in t5  of certain diffcrmces of potential on the primary are not fixed, but are 
generally constantly changing in position, a luminous band is produced in the b b ,  
apparently not touching the giass, as it should, i f  thc points of maximum and minimum 
differences of potential were fixed on the primary. I do not exclude the WbiIity 
of such a tube being excited only by electro-dynamic induction, for very able physicisb 
hold this view; hut in m y  opinions, therc is as yet no psitive proof given that at- 
of a gas in a closed tube may arrange themscEvcs in chains under the action of at? 
electromotive impulse produced by eIectro-dynamic induction in the tube. I have 
been un.zblc so f.lr to produce striae in a tube, howevet long, and at whatever degree 
of exhaustmn,#that is, striae at right angles to the s u p p e d  dimtion of the 
discharge or the axis of the tube; but I have distinctly observed in a larm bulb, 
in which a wide luminous band was p d u c e d  by passini a discharge of a- battery 
through a wire surrounding the bulb, a circle of feebIe luminosity between two 
luminous bands, one of which was more intense than the other. Furthermore, nieh my 



present experience 1 do not think that suds a gas discharge in a closed 'tube can vibrate, 
that is,,vibrate.as a whole. I am convinced that no discharge through a gas can vibrate. 
Tbe a w s  of a gas behave very~curio~lsly in respect to sudden electric impulses. The gas 
dw.not  .&rn to ppmsess anjrbappreciable inertia to such impdses, for it is r fact, that 
the,> higher the frequency of the impnlses, with the greater freedom does the 
dischsrge pass through the gas. If the gas possesses m inertia then it cannot vibrate, for 
sync ,*inei-kia . is necessary for the ' free vibration. I conclude from thin t h b  
1f a lightning discharge occurs between two clouds, there can be nw ascillation, 
such as would be expected, considering the capacity of the clouds. But if the lightning 
discharge strike:thc earth, there is always vibration - in the earth, but notoin the cloud. 
In a a p  discharge each atom vibratm at its own rake, but there is no vibratihn of the 
conducting gaseous mass as a whole. This is nn important consideration in the great 
problem of pducing light econwnicslly, for it teaches m that to reach this result we 
must use i~pu l sr s  of. very high frequency and necessarily also of high potential. It is 
a fact that oqgm produces a more intense iight in a tube. Is it because oxygen atoms 
possess some inertia and the vibration d m  not die out instantly? But then nitrogrn 

Fig. 32. Fir. 7 3  

should be a$ g d ,  and chlorine and ;spars of many other b d i m  much better than 
oxygen, unless the magnetic properties of the latter enter prominently iata play. Or, is 
the process in the tub of an electrolytic nature? Many observations certainIy speak for 
it, the most important being that matter is always carried away from the electrodes 
and the vacuum in a bulb cannot be permanently msintalncd. If such process takes place 
in realitg, then again must we take refuge in high frequencies, for, with such, electrotytic 
action should be reduced to a minimum. if not rendered entirelv imoossible. It is an 

J I 

undeniable fact that with very high frequcncics, provided the impulses be of harmonic 
nature, like those obtained from an alternator, there is Less deterioration and the vacua 
arc more perment .  With disruptive discharge coils there are sudden rises of potential 
and she vacua are more quickly impaired, for the electrodes are deteriorated in a very 
shoh time, It was observed in sonie large tubes, which were provided with heavy a r k  
blocks B BI, connected to platinum wires w w,  (as illustrated in Fig. 331, and which 
wePe employed in exfseriments with the disruptive discharge instad of the ordinary ;Lit 
gap, hat  the carbon particles under the action of the powerful magnetic field in whi& 
he tdx was placed, were deposited in regular fine Iines in the middle of 'the tube, 
as ilfustrated. These lines wer; attributed to-the deflection or distortion of the didarge 
bg the magnetic field, but why the deposit ocrulred principally where the field-was most 
.intense did not appear .quite dear. -A  fact of inierest;- likewise noted, was that the 
presence of a strongmagnetic field increases the deterioration of the eIecthdes, probablv 
bp msm of the rapid interruptions it produces, whereby there is actually a higher 
E. M F. baintained between the electrodes. 



Much would m a i n  to be said about the luminous e f f m  produced in gas6  at low 
or ordinary pressures. With the present experiences before us we cannot say that the 
essentia1 nature of thcse charming phenomena is sufficiently known. But investigatim 
in th is  direction are king pushed with exceptional ardor. E ~ g r  line of scientific pursuit 
has its fascinations, but electrical investigation appean to pssess a @iar attraction, 
for there is no experiment or observation of any kind in the domain of this wonderful 
scienpe which wodd not forcibly a p p I  to us. Yet to rne it seems, that of all the many 
mameIous things we observe, a vacuumtube, excited by an electric impulse from a distant 
source, bursting forth out of the darkness and illuminating the room with its beautiful 
light,'is as lovcly a phenomenon as can greet our eyes. More interesting still it appears 
when, reducing the fundamental discharge across the gap to a very small n&r and 

Fig. 34 

waving the tube about we produce all kinds of ddesigns in luminous lines. Se by way of 
amusement I take a straight long tube, or a square one, or a square attached to 8 

straight tube, and by whirling them about in the hand, I imitate the spokn d a whteI, a 
Gramme winding, a d m  winding, an alternate current motdr winding, etc (Fig. 343. 
Viewed.frbm a distance the effect is weak and much of its beauty is lost, kt being near 
or hoIding the tube in ,the hand, one cannot resist its charm. 

In presenting these insignificant resuIts I have not attempted to m g  and m 
ordinate them, as would be proper in a strictl) scientific investigation, in which ewry 
succeding result shouId be a logical sequence of the preceding, so that it might be 
guessed in advance by the careful reader or attentive listener. I have pderrd to 
mncentcate my energies chiefly upon advancing nwe1 facts or ideas which migtrt sene 
as suggestions to others, and this may serve as m excuse for the lack of bhmony. T ~ C  



explanations of the phenomena have been given in good faith and in the spitit of a 
student prepared to find that they admit of a Were interpretation. There can be no grcat 
hum in a student taking an erroneous view, but when great minds err, the world must 
deuly pay for their mistaker. 



HIGH FREOUENCY OSCILLATORS FOR ELECIRQ-THERAPEUTIC 
AND OTHER PURPOSES" 

Some thmreticaI possibilities offered by currents of very high fmquency and 
observations which I casually made while pursuing experiments with alternating mmnts, 
as well as the stimulating influence of the work of Hertz and of views boldIy put forth 
by OIiver Ldge, determined me some time during 1889 M enter a systematic investigation 
of high frequency phcnumcna, and the resuIts soon reached were such as to justify further 
efforts towards pioviding the laboratory with efficient mFans for cariying on the research 
in h i s  particular. field, which has proved itself so fruitful since. As a consequem 
a1krnatoo of special design were construckl and variws arrangements for conwrting 
ordinary into high frequency currents perfected, bolh of which were duly dmritd nnd 
are now - I assme - familiar. 

One of the early obscn~d and remarkable features of  the high frquenry aurentr, 
and one which was chicfly of interest to the physician, was their apparent harmlessnex 
which made it pssible to pass relatively great amounts of electrical energy thmgh the 
body of a person without causing pain or serious discomfort. This peculiarity whid~, 
together w ~ t h  other mostly unfwked-for properties of these currents I had the honor 
to bring to the attention of scientific men f~rs t  in an article in a technical journal in 
February. 1891, and in subsequent contributions to scientific societies, made it at on* 
evident, that these currents would lcnd thcrnselva partimldy to electro-therapeutic uses. 

With rcprd  to the eIcctricaI actions in gcncrai, and by analog)r it was reasonable to 
infer that the physiological cffcrts, howevcr complex, might be resolved in three dasses. 
First the sbtical, that is, such as are chicffy dependent on the magnitude of electrical 
potential; second, the dynamical, that is, those principally dependent on the quality of 
electrical movcmcnt or current's sttcngth through the My, and third, eff- of a distirct 
nature due to dcrtrical wavcs or oscilIations, that is, impulses in which the electrical. 
energy is  alternately passing in more or less rapid succ~ssion through the shtic and 
dynamic forms. 

Mort generally in practice thee different actions are menishi but by a suihb* 
selection of apparatus and observance of conditions the experimenter may make one or 
other of these cffwb predominate. Thus he mly pass through the body, or any part 
of the same, currents of comparativeIy large volume under a small eIectrica1 pmsure, or 
he may subject the body to a high electrical pressure while the current is negligibly small, 
or he may put the patient under the inEluence of electrical waves transmitted, if desired, 
at considerable distance through space. 

While it remained for the physician to investigate the spxific actions on the 
organism and indicate proper metGds of treatment, the various ways of applying these 
currents to the body of a patimt sugrpted ,themselves readily to the electrician. 
- . . 

Read a t  the eighth annual meeting oE f he American Elecho-Therapeutic Asmiation, Buffdo, 
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As one cannot lx too clear in ddcribing a subject, a diagrammatic iliustration of 
the several d e s  of connmting the circuits which I will enumerate, though'obvious for 
the majority, is deemed of advantage. 

The first and 'sirnplat method of applying the currents was to connect the body of 
the patierit to two points of the generdtor, be it a dynamo or induction coil. Fig. 1 I s  
intended to illustrate this case. The alternator G may be one giving from five to ten 
thousand complete vibrations per second, this number being still wifhin the limit tif 
practicabiliv. The electromotive force - as measured by a hot wlre instrument - niay be 
f h m  fifty to one hundred volts. To enab!e strong currents to be passed through the tissues, 
the terminals T T, which serve to establish contact with the patient's body should, af 
murse, k ofelarge area, and covered with cloth saturated with a solution of electrolyte 
harmless to the skin, or else the contacts ate m d e  by immersion. The regulation of the 
currents is best effected by means of an insulating trough A provided with two metal 

Pigs. 1, 2, 3, 4 

&rminals T T of mnsiderabIe surface, one of which, at Emst, should be 'movable.' 
The .trough is filled with water, and an efectrolytic solution is added to the same, until 
a degree of conduaiviq is obtained suitable .for the experiment$. 

Whcn it 13 desired to &,small currenb of high tension, a secondaty coil is resorted 
to, asdustrated in Fig. 2.1 h b e  f w n d  it from the outset convenient to make.a.departwe 
from the ordinary ways of winding the coils with a considerable number of small turns.; 
PM r m y  reasons the physician will find it. better to provide a large hoop H of not less 
hpn, say, t h e  f q t  in diameter and preferably more, and to wind upon it few ,turns 
d.wt d e  P, The s e m d u y  coil S is easily prepared by taking two woodqhaops h h ' 
d joining them w i h  stiff cardboard. One shgt  layer of ordinary magnet wire, and* 
tm thin at  that, will lx generally sufficient, the number of turns necessarg fm the 
prtw, uy far which the coil is intended beiqq easily ascertained by a s T  few ,*ale. 
Two p l m .  of large surface, forming an. adjustable condenser, .may be used -.dm the 



purpose of synchronizing the secondary with the primary circuit, bat this is g m c d y  
not necessary. la this rnanncr a cheap coiI is obtained, and one which.tannot hx, easily 
injured. Additional advantages, however, will be found in the perfect regulation .which 
is effected merely by altering the distance between the primary and sccondaj,,forwhich 
adjustment provision should be made, and, furthermore, in the ocrurrmce of hamonia 
which arc more pronounced in such large coils of thick wire, situated at some distanm 
from the primary. 

* The preceding arrangements may also be used with alternating or intempted 
currents of low frequency, hut certain peculiar properties of high frequency currents make 
it .possible-to apply the latter in ways entirely impracticable with the former. ' 

One'of the prominent characteristics of high frequency or, to be more general, of 
rapidly varying currents, is that they pass with d~fficuIty through stout conductors of hi& 
sctf-induction. So gresk IS the obstruction which self-induction offers to their passage thal 
it was found practicable, 3s shcwn'in thc early experiments to which reference has been 
made, to malnta~n d~fferenccs of potentidl of thousands of v d t s  between two points 

' 

- not more than a few inches Apart - of a thick copper bar of inappreciable mistanm. 
T h i s  observat~on naturally suggested the disposition rllustrated in Fig. 3. The source of 
h ~ g h  frequency impulses is in this instance a famiIiar type of transformer whi& may 
be supplred from a generator G of ordinary direct or alternating curmts.  The transformer 
comprises a prim2ry P, a secondary S, two condenses C C which are joined in serie~, a 
loop or coil of very thick wire L and a circuit interrupting device or break b. The;currc+ts 
are d e r i ~ c d  from the loop L by two co:~l~acts c c', one or both of which are capable trf 
displacement along the wire L. By varying the distance between these contacts, any 
difference of potential, from a few voIts to many thousands, is  readily obtained on thc 
terminals or handles T T. This mode of using the currents is entireIy safe and particularly 
convenient, but it requires a very unifonn working of the break b employed for charging 
and dischargrng the condenser. 

Anothcr equally remarkable feature of high frequency impulses was found in the 
facility with whlth they are tr3nsrnitted through condensers, mderate electromotive form 
and very small capacities being required'to enable currents of considerable v6Jumt to 
pass. T h i s  observation made it practicable to m o s t  to a plan such as indicated in Fig. 4. 
Here the connections are similar to those shoan in the preceding case, except- that& 
condensers C C are joined in parallel. This lowers the frequency of the currents, but hm 
the advantage of allowing the working with a much smaller difference of potmtid on the 
tcrminats of the secondary S. Since the latter is the chief item of expense of such 
apparatus and sincc its price rapidly increases with the numbit of turns requid, the 
experimenter wilI f ind it generally cheaper to make a sacrifice in the frequency, whih, 

. however, will be high enough for most purposes. However, he only needs to reduce 
proportionately the number of turns or the length of primary p to obtain the s a m ~  
frequency as before, but the economy of tpnsformation will be somewhat reduced in w 
doing and the break b will require more attentian. The secondary S' of the high f q u e n q  
coil has two metal plate t t of considerable s u r f ~ e  connected to its terminals, and the 
current for use is derived from two similar plates t,' t' in proximity .to the former. -Both 
the tension and volume-of the currents taken from terminals T T may be easily re@& 
and in a continuous manner by simply varying the distance between he two pairs of 
plates t t and t' t' respectively. . . 

A facility is also afforded in this disposition for raising or lowering the potential 
ot one of the terminals T, irrespective of the changes prduced oh the other termid; 
this making it possible to cause a stronger action on one or other paft of the patknt'3 

h d p .  
The physician may find it fur some or other ri:ason convenient to d i f y  the 

arrangements i n  Figs. 2, 3 arid 4 by connecting one terminal of the high frequmcy swrce 
to the ground. The effects will be in most iespcts the same, k t  certain pxfisritia 



will be noted in each case. When a ground connection is made it may be of some 
consequence which of ehe terminals of the secondary is connected to the ground, as in 
high frequency discharges the irnpulsm of one direction are generally preponderating. 

Among the various noteworthy features of these cutrcnts there is one which lends 
itself especially to many valuable USES. It is the facility which they afford for conveying 
large amounts of electrical energy to a body entirely inwtated in space. Thc prabic3biIity 
of this method od energy transmission, wh~ch is already receiving useful applications and 
promises to k o m e  of great importance in thc near future, has helped to dispel the 
old notion assuming the necess~ty of a return circuit for the mnveyanic of elcctricd 

Figs 5 .  6, 7, 8. 

a ~ f g g  in any considerable amount. With novel: appliances u7e are cnahIed to pass through 
a wie, entireIy insuiated on one end, currents strong enough to fuse it, or to convey 
t)uough the wire any mount af energy to an insulated budy. This mode of applying high 
frrqucacy nurents in medical treatment appears to me to offer the gcatest possibilities 
rt the hands of the physician. The effects prduced in this manner possess failhsres 
entirely distinct from those observed whcn the currents are applied in any of the before 
mcationd or sirniIar ways. 

The arcuit connections as usually made are illustrated schematicaIIy in Fig. 5, which, 
with rcfe'rence to the diagrams before shown, is se1.f-explanatory. The condensers C C, 

in setica, axe preferably charged by a step-up transformer, but a high frequency 
dkrnnbr, static machine, or a direct current generator, i f  it be of suff~c~cntly hi& 
knsion to enable the use of small mndenscrs, may be used with more or less success. The 
primnrg p, through which the high frequency discharges of the condensers are pas&, 
& of VCFJ fm turns of cable of as low resistance as possible, and the secondary 
I. p~fcrably at some distance from she primav to facilitate free oscillation, has one of 
ib ~ d s  - that is the one which is nearer to the primary - connected to the ground, whilc 
tk ~ t k  end Ieads to on insulated terminal T, with which the body of the patient is 



connected. It . is  of importance in this case to. establish synchmpiqn & w e g ~ t h ~  
oscillations in the primary and secondary circuits p and s respectively. This ,wi!l p 
a ruIe best effected by varying the self-induction of the circuit indudicg the piitpap 
l q  or c d  p, for which purpuse ari adjustabic self-indueion q is prwjdg ;  but,in,ca3es 
when the electromotive force of the generator is exceptionally high, as .wl;en SF% 
machine is ~ s e d  and a condenser consisting of mereIy two platcs offers sufficient capad4 
it wil! be simpler to attain the same object by varying the distance of the p 4 q .  -,  : .. 

T h e  primary and secondary osciUatiqs being in cIose synchronism, .&c pip t s  of 
highest potential will be an a part of terminal T, and the consumption of energy wilt 
occur chiefly there. The attachment of the patient's M y  to the terminal will in most 
cases very materially affect. the period of osc~llation in the secondary, making it longer, 
and a readjustment of the prhary circ~~it will have to be made in ea$. case to suit the 
capacity of the M y  connectcd,~ith terminal T. Synchronisin should always be, p m r v d ,  
and the intensity o f  the action vari,ed by moving the secdrtdary, mil to oi:;fm, the 
p ' ary, as may be desired. I know of no method which would makeit poss%leto,suIjj~ 
ith r" , human body to such excessive eleirtriml pressures as a$e practicable bith this; .OP 
of ,one which would enable tho conveying to and giving off from !thr M y  without 
serious injury amounts of electrical energy approximating even in )emote degree +me 
ahid, are entirely practicable when this manner of applying the' energy is reopted m. 
This is evidently due to the fact that action is chiefly superficial,.the Iargest possible 
sdion being bffeted to the transfer of the currcnt, or, to say more correctiy, of the 
energ. With a very,iapidly and smoothly working break 1 would not thi~k- i t jmpsible  
to co~ky ' to  the body of a person and to give off into the space energy at the rate of 
several: horse power with impunity, while a small part of this ammt applied inother 
wayscouldnotfailtopduceinjury. 

When a person is subjected to the anion of such n mil, the proper adjustmi& being 
carefully obscrvcd, luminous stmams arc seen in the dark issuing from all'parts of'_& 
b d y . ,  These strem arc short and of delicate tcxture when the n~rnber of br&d,is wry 
greeat'md the adion of the device h (Fig. 5 )  free of any irregularities, but whk'the 
number of brezks, is small or the action of the dcvice impedm, long 2nd fioisy $&aps 
appear which cause some discomfort. The physiological effects produced with apparatus 
of this kind may be gradnatcd from a hardly pcrcept~bIe action when the secondatg' is 
at a great distance from the primary, ,to a most violent one when b t h  mils are p l ~ e d  
at a srnalI distance. In the Iatter case onIy a fcw scconds are sufficient to cause a feeling 
of warmth all over the body, and soon after the person perspires freely. J have repeatedly, 
in demonstrations to friends, e x p o d  mysclf Ionget to the action of the oscillations, 
and each time, after the lapse of an hour or s q  an immense fatigue, of which .it is 
d d f i d t  to give an idea, would take hold of me. It w s  greater.fhan 1 experiend on 
sdme masions aftec the most straining and prolonged bodily exertion. I~could scarcely 
make a s t p  and could k&p the eyes opcn mIy w i h  the greakst difficulty. 1 slept 
soundly' afterward, and the after-cffect was certainly beneficial, but she medicine was 
m'nnifestly too strong to be used frequently. 

One should be captious in performing sudi experiments for more than one reasonlb 
At or near the surface of the skin, where the most intmsc action takes place, vdtious 
chemical products are formed, the chief being ozone and nitrogen cbmpwnds. mi formc~ 
is iWIf.vq destructive, this feature being illustrated by t)le fact that the rubber insulation. 
of a wirehis destroyed* so quickly as to make the use of such insulation: e n t i d y ,  
impracticable. The compounds of-nitrogen, when moisture is present, consist largely~of 
nitric arid which might, by excessive application, prove humtl to the skin. So fax, Is b e ,  
nbt noted injuries which could be tra& directly to this cause, thaugh on s e v d .  
otcasion5 ,burns were produced in a11 respacts similar to those which were l a ~ r  bbseMd 
and attributed to the Rtingen rays..'Ihis view is seemingly being abandoned, dhavinganot 
k n  substantiated by experimenbl.facts, and. so also is  the notion that these rays aren 



W v e i s e  vibrations. But while investigation is being turned in what appears to be the 
right direction, scientific men are still at sea. This state of things impedes the progress 
of hi: physicist in these new regions and makes the already hard task of the phystcian ' 
still more difficult and uncertain. , 

One or two observations made while pursuing experiments with the apparatus 
described might be found as deserving mention here. As before stated, when the 
oscillations in the primary and secondary circuits are rn synchronism, the pints  of bighest 

f- tial are on some portion of the terminal T. The synchronisnl being perfect and the 
engih of the secondary coil just equal to one-quarter of the wave length. these points 

w~l l  be exactly on the free end of terminal T, that is. the one s i h t c d  farthest from 
the end of the wire attached to the terminal. If this be so and if now the period of the 
oscillations in the primary Iw shortehed, the points of highest potenr~at will recede 
towards the seccndary coil, since the wave-length is reduced and since the attachment 
of one end of the secondary coil to the ground determines the position of the nodal 
points, that is, the points of least potential. Thus, by varying the period of vibration 
ot the primary c h i t  in any manner, the points of highest potential may be shifted 
a~ordingly along the terminal X, which has been shown, designediy, long to illustrate 
this fqturh The same phenomenon is, of course, produced i f  the body of a patient 
constitutes the terminal, and an assistant m y  by the motion of a handle cause the points 
of highest potential to shift along the body with any sped he may desire. When the 
action of the mil is vigorous, thc region of highest potential is easily and unpleasantly 
located by the discomfort or pain experienced, and it 1s most curious to feel how the pain 
wanders up and down, or eventually acrtlss the body, from hand to hand, if th? connectio~l 
to the coil is accordingly made - in obedience to the movement of the handle'controlling 
the oscillations. Though I have not observed any specific action in experiments of this 
kmd, I have always felt that this effect might k capable of valuable use in electro- 
therapy. 

Another obsemtion which promises to lead to much more useful reults is thc 
following: As before remarked, by adopting the method described, the body of a 
m y  be subjected without danger to electrical p u r e r  vastly in e m s  of any p&:h 
by ordinary apparatus, for they may amount to several milIion volts, as has been shown 
in actual practice. Now, when a conducting M y  is electrified to so high a degree, small 
particles, which may k adhering firmly to its surface, are torn off with violence and 
thrown to distances which can be only conjectured. I find that not only firmly adhering 
matterI as paint, for instance, is thrown off, but even the partides of the toughest metals 
are tpm off. Such-aoions have been thought to be restricted to a vacuous inclosure, but 
with a powerful mil they occur also in the ordinary atmosphere. The facts mentiaid 
wwld,make it reasonable to expect that this extraordinary effect which, in other ways, 
1 have already usefully applied, will likewise prove to be of value in electro-therapy, The 
continuous improvement of the instruments 'md the study of thc phenomenon may shortly 
!cad to the establishment of a novel mode of .hygienic treatment which would permit an 
instanlanmus deaning of the skin of a person, simply by connecting the same to, or 
possibly, by merely placing the person in the vicinity of a source of intense eIatricai 
oscillations, this having the effect of throwing off, in a twinkle of the eye, dust or 
pnrliclcs of any extraneous mattes adhering to the body. Such a result brought. h u t  in 
P practicable manner would, without doubt, be of incaIculable value in hygiene and 
wwld be an )efficient and time-saving substitute for a water bath, and particularly 
a p p e a t d  by those whose contentment consists in undertaking more than -they can 
acrompiish. -. 

High frequency impulses produce powerful inductive actions and in virtue a£ thrs 
feature they lend themselves in other ways to the uses of the eIcctro-therapeutist. Thqe 
inductive effects are either eEectrostatic or electrcdynamic. The former diminish much 



more rapidly with the distance - with the square of h e  same - the latter are reduced 
simply in prqportion to the distance. On the other hand, the former grow with the square 
of intensity of the source, whiIe the latter inccease in a simple proportion with thc 
intensity. Both of these effects may be utilized for establishing a field of strong action 
extending through considerable space, as tsrwgb a large ball, and such an atranpent  
might MuitabIe for use in hospitals or institutions of this kind, where it is desirable to 
treat a number of patients at the same time. 
- Fig. 6 illustrates the manner, as I have shown it briginally, in which such a fieId of 
el-tatic action is established. In his  diagram G is a generator of currents of verg 
high frequ'cncy, C a condenser for counteracting the self-induction of the c i d t  whih 
includes the primary P of an induction coil, the secondary S of which has two plates t t of 
Iarge surface connected to its terrninaIs. Well known adjustments being observed, a wry 
strong action occurs chiefIy in the space between the plates, and the M y  of a person 

Fig. 9. 

is subjected to rapid variations of potential and sucgings of cutrent, which product, men 
at a great distance, marked physiological effects. In my first experiments I used. -two 
metal plaks as shown, but Iater I found it preferable to replace them by twO hg~: 
hpllow spheres of brass covered with wax of a thickness of about two inches. The 
cables leading to the terminals of the secondary coil were similarly covered, so thst any 
ot them could be approached without danger of the insulation breaking down. In this 
manner thc unpleasant shocks, to which the experimenkr was exposed when using dre 
platm, were prevented. 

I n  Fig. 7 a plan for similarly utilizing the dynamic inductive effefb of high 
frequency currents is illustrated. As the frequencies Aainable from an alternator are . 



not as high as'is desircd, conversion by means of condensers is resorted to. The diagram 
wilI bc understood at a glance from the foregoing description. It only nced be stated 
that the primary p, through which the condensers are made to discharge, is formed by 
a thick stranded cable of low self-induction and resistance, and passes ali around ht 
hall, Any number of secondary coils s s s, each consisting generally of a sin& 
layer of rather thick wire, may be provided. I have found it practicable to use 
as many as onc .hundred, each being adjusted for a definite p e r d  and responding 
ta a particular vibration passed througl the primary. Such a plant I have had in usc in 
my laboratory since 1892, and many times it has contributed to. the pleasure of my 
v~s~tors and also proved itself of practical: utility. On a lattcr occasion I had the pieao~re 
of entertaining some of he members with experiments of this kind, and this opportunity 
I cannot let pass without expressing my thanks for the interest which was awakened in 
me by their visit, as well as for the generous acknowledgmcnt of the courtesy by the 
Association. Since that time my apparatus has been very materially improved, and now 
I am able to create a field of such intense induction in the Iaboratory that a coil three 
fcct in dimeter, by careful adjustment, will deliver energy at the rate of one-quarter 
of a horse powpr, no matter where it is p I d  within the area indosed by the primary 
loops. h g  sparks, streamers and a11 other phenomena obtainable with induction coils 
are easily pducibie anywhere within the space, and such coils, though not connected 
to anything, may be utilized exaaly as ordinary coils, and what is still-more remarkable, 
they art more effective. For the past few years I have often been urged to show 
"perirnents in public, but, though I wwas dairous to comply with such requests, pressing 
work has so far made it impossible. These advanm have been the result a£ slow but 
steady improvement in the details of the apparatus which 1 hope to Ix able to describe 
mnnmedly in the near future. 

However remarkable the electrodynamic inductive effects, which I have mentioned, 
may appear, they may be still considerably iotensificd by concentrating the action upon 
a very smdl space. It is evident that since, as before stated, electromotive form of many 
thousand volts are maintained between two points of a aonducting bar or Ioop only a few 
inches long, electromotive forces of approximateIy the same magnitude will be set up 
in conductors situatd near by. Indeed, I found that it was practicable in this m n e r  
to pm a discharge through a highIy exhausted bulb, although the ~Iectromotive force 
tquired amounted to as much as ten or twenty thousand volts, and for a'long time 
I f o l l m d  up experiments in this direction with the object of producing tight in ,a noire1 
and more emnomica1 way. But the tests Ieft no doubt that there was great energy 
consumption attendant to this mode of illumination, at least with the apprarus I had 
tlxn at command, and, finding ariother method which promised a higher economy of 
transformation, my efforts turned in this new direction. Shortly afterward (some b e  
in June, 1891), Prof. J. J. Thomson described experiments which werc evidently ihe 
outcome of long investigation, and in which he supplied much novel and interating 
information, and this m d e  me return with renewed zed to my own experiments. Soon 
my efforts were centered upon producing in a small space the most intense inilktive 
artion, and by gradual improvement in the apparatus I obtained results of a surprising 
character. For instance, when the end of a heavy bar of iron was thrust within a loop 
powerfully energized, a few moments were dfic ient  to raise the bar to. a hip& 
kmpcrature. Even heavy lump of other metaIs were heated as qpididly as though thq 
were placcd in a furnace, men a continuous band formed of a sheet of tin war thrust 
into the bop, the metal war fused instantly, the action being comparable to an explosion, 
and no wonder, for the frictional losses accumulated in it at the rate of possibly ten 
horse p e r .  Masses of p r l y  conducting material behaved similarly, and when a highly 
exhausted bulb was pushed into the loop, the glass was heated in a few seconds nearly 
to tht point of melting. 



When I first observed these astonishing actions,. I was interested to study, their 
effectg upon living tissues. As may be assumed, E proceeded with dl the necessarg caution, 
and well I might, for I had the evidence that in a turn of only a few inches in diamctee 
an eiectromotii~c force of more than sen thousand volts was produced, and such high 
pressure would be more than sufficient to generate destructive cuxrenki in the tissue. 
This appeared a11 the more certain a bcdies of comparatively pDor condurtivity were 
rapidly heated and even partially destroyed. One may imagine my astonishment when 
I found that 1 could thrust my hand or any other part of the M y  within the lwp m d  
hold it there with impunity. More than on one occasion, impeIIed by a desire to make 
some novel ancl useful observation; I havc willingly or unconsc i~ ly  performed an 
experiment connrctcd with some risk, this being scarcely avoidable in lahralorg 
experience, but havc always .believed, and do so now, that I have never undertaken 
anything in which, according to my own estimation, the chances of being injured were 
so great as when I plactd my head within the space in which such terribly destructive 
forces were at work. Yet I have done so, and repeatedly, and have felt nothing. But 
I am firmly convinced that there is great danger attending such experiment, and m c  
orre going just a step farther than 1 have gone inay be instantly destroyed. For, mnditim 
may exist similar to those observable with a vacuum buIb. It may be placed in the fieId 

- of the lmi, howmtr intensely mergizcd, and so long as no path for the cutnnt is 
formed, it will remain cool and consume practically no energy. But the rnomcnt th? 
first feeble current passes, most of the energy of the osci11ations rushes to the plan of. 
consumption. If by any action whatcvcs, a conducting path were f m e d  within the 
living tissue or bones of the head, it would result in the instant destruction of these w d  
death of the foolhardy experimenter. Such it method of killing, if it were rendencd 
practicable, would be absolutely painless. Now, why is it that in a space in which a& 
violent turmoil is  ping on living tissue remains uninjured? One might say the currents 
cannot pass bcrause of the great seIf-induction offered by the large conducting mws. 
But this it cannot be, because a mass of metal offers a still higher sdf-inductian and 
is  heated just the same. One might argue the tissues offer too great a resistanm. Bur 

' th~s  again annot be the reason, for all evidence shows that the tissue conduct wet1 
mough, and besides, bodies of approximately the samc resistance are raised to a hi@ 
temperature. One might attribute the apparent harmlessness of the k l l a t i o n s  to the 
hi& specific heat of the tissue, but m n  a rough quantitative estimate from experiments 
with other bodies shows that this ~ f i ~ w  is  untenable. The only plausible explanation 
I have so far found is that the tissues are condenses. This only can account for the 
absence of injuriolts action. But it is remarliable that, as soon as a heterogeneous cimtit 
is constituted, as by taking in the hands a'bar of metal and forming a closed loop in' 
this manner, the passzp of the currents through the arms is felt, and other physidogiml 
effects are distinctly noted. The strongest action is, of course, secured when the exciting 
lwp makes only one turn, unless the connections take up a considerable portion of the 
total length of the circuit, in which case t l ~ c  experimenter should settle upon the least 
number of turns by carefulIy estimating what hc loses by increasing the nurnkr of turns, 
and what he gains by utilizing thus a greatcr proportion of the total length of the 
circuit. It should be h m e  in mind that, when the exciting coil has a considerable number 

- ef turns and is of some Iength, the effects of electrostatic induction may preponderate, 
as there may exist a very grcat difference of potcntiaf - a hundred thousand v d b  
or more, - between the first and last turn. However, these latter effects are always 
present even when a singIe turn is empIayed. 

When a person is placed within such a loop, any pieces of metal, though of s d I  
bulk, are perceptibly warmed. Without doubt they would be aIso heated - particularly if 
t h q  werc of iron - when embedded in living tissue, and this suggests the psibility d 



~ g i d  triatment by this method. It might be possible to sterilize wounds, or to locate, 
or even to extract metallic objects, or to perform other op&~tions of this kind within 
the spherc of the surgeon's duties in this novel manner. 

Most of 'the mults enumerated, and many others still more rcmarkabtc; arc made 
p i b l e  only by utilizing the discharges of a mdenser. It is probable that but a very 
Iew - even among those who are working in these identical fields >fully appreciate 
what a wopderful instrument such a condenser is in reality. Let me convey an idea to this 
effect. One may take a condenser, small enough to go in one's vest N e t ,  and bj 
skiUdly using it he may grmte an electrical pressure vastly in excess - a hundred times 
~ m e r . 3  necessary - than any producible by the largest static machim'&h constructed 
Or, he may take the same condenser and, using it in a different way, he may d t a i n  from 
it currents, against which those of the most powerful welding machine are utterly 
insignificant. Those who are imbued with popular notions as to the pressure of static 
machina and currents obtainable with a comercial transformer, will be astonished at 
this sbtement - yet the truth of it is easy to see. Such results are obtainable, and 
wily,  because the condenser can dischsge the stored energy in an inconceivably short 
t~me, Nothing like this property is known in physical science, A compressed spring, 
or a storage battery, or any other form of device capable of storing energy, cannot do 
Ihls; if they could, things udreamt of at present might be accomplished by their means. 
The ,nearest approad! to a charged ~o~clenser  is a high expIosive, as dynamite. But evcn 
the most violent explosion d such a c o r n p n d  bears no comparison with the discharge 
or q l w i o n  of a mdenser. For, white the pressures which are produced in the detonat- 
&n of a chemicd m p u n d  are measured in tens of tons per square inch, those which 
may be caused by condenser discharges may amount to thousands of tons per square hch, 
and if a chemical could be made which would expIode as quickly as a condenser can 
k discharged under conditions which are xeaIizable - an ounce of it wodd quite 
certainly k sufficient to render useless the Iargest battleship. 

That important realizations would folIow from the use of an instrument posses- 
singsuch ideal properties I have been convinced since long ago, but I aIso recognized 
early that great diffimIties woulrl have to be overcome before it cuuld replace less perfect 
implements now used in the arts for the manifold transformations of electrical energy. 
These difficulties were many. T h e  condensers themsdves, as usually manufactured, were 
inefficient, the conductors wasteful, the best insulation inadequate, and the conditions 
for the most efficient conversion were hard to adjust: and to maintain. One difficulty, 
howcvcr, which was more seriws than the others, and to whuh I called attention when 
I first described this system of energy transformation, was found in the devices neces- 
wily used for controlling the charges and discharges of the condenser. They were wanting 
in efficiency and reliability and threakencd to prove a decided drawback, greatly ratricting 
thc we of the system and depriving it of many valuable features. For a numbcr of  years 
I haw tried to master this difficulty. During this time a great number of such devices 
~ r c  erperimented upon. Many of them promised we11 at first, only to prove inadequate 
in the md. Reluctantly, I came back upon an idea on which I had worked long kfok. 
It WP tO @ace the ordinary Brushes and  omm mu tat^ segments by fluid contacts. I had 
e a ~ k m l  difficulties then, but the intervening years in .the labrato'y were not spcnt 
in vain, and I made headway. Fist it was necessary to ~rov ide  for a circulation d the 
fluid, but fming it 'thmgh by a pump proved itself impractical. Then the happy idea 
pmentcd itself to, make the pumping device an integral part of he cirmit ioterrupter, 
indosing bDth in a receptacle to prevent oxydation. Next some simple ways of mainlain- 
ing the cirmlatiw, as by rotating a body of me-, present4 themselves. Then I learned 
how pluce ihe wear and 1- which still existed. I fear that thm statements, 
indating how much effort was spent in these seemingly insignificant details will ~t 



convey a high idea of my ability, but I confess that my patiencc wps taxed to tht u-t. 
Finally, though, I had the satisfaction of producing devices which are simple and 
reliable in their operation, which require practically no attention and which arc~capble 
of effecting a transformation of considerable amounts of cnergy with fair economy. It 
is not thc bcst that can k doac, by my means, but it is satisfactory, and I f d  thpt thc 
11ardcst task is done. . - 

The physician wilI now be able to obtain an instrument suitable to fylfd m y  
requircm:nts. He will be able to usc it in clectro-therapeutic treatment in most of the 
ways enumcratcd. He* wiII have the facility of providing himself with coils such as he 
mq desire t o  have for any particular purposc, which will givc him any current or my 
pressure he may wish to obtain. Such coils will consist of but a few turns of wire, and 
thc cxpcnsc of prcparinp them will be quitc insignificant. The instrument will rlso 
enablc hi111 to generate Rdntgen rays of much grcater power than obtainable with ordinary - apparatus. A tube must still be furnished byuthc manufatttmrs which will not deteriomtt ' 

and which will aIlow to concentrate Iargcr mounts of energy upon the electrode. Whcn 
this is dopc, nothing will stand in the way of an extensive and efficient application d 
this beautifd discovery which must ultimately prove itself of the highest value, not only 
at the hands of the surgeon, but also of the clectro-therapist and, what is tnost i m p n t ,  
' of thc bactctiol~gist. 

'To ~ i v c  a general idm of an instrument in whichmany of the Iatter irnpmvcmcnh 
are cmbdied, I would refer to Fig. 9, which iIIwtrates thc chief p h  of the same in 
side elevation and partially in vertical cross+sectian. The arrangehent of thc parts is 
thc samc as in the form of instrument exhibited on Former accasimi, only 'the mit ing 

- coil wjth the vibrating intesruptcr is rcplaced by onc of the improved c i a i t  brrakcts 
to which rcfercnce has becn madc. 

This device' mnlprises a &ting A with a protruding slee~e B, which in a bushing . 
s~tpports a frecly mtatabIc shaft a. Thc latter carries an armature within a stationary 

' field magnet M and on thc top, a hollow iron pulley O, which contains the break pmper. 
Within thc shaft a, and concentrically with the same, is placed a smaller shaft b, likcwisl! 
freely movable on baII-bearings and supporting a wcight E. This weight G i g  on one 
side and thc shafts a and b inclined to the sertical, thc weight remains station,q is the 
pulley is rotrtcd. Fastencd to the weight E is  a device R ih thc form of a scoop with 
very thin walls, narrow on the end nearer to the pullcy and wider on the other end. 
A small jlrantity of mercury beinfi placed in the pulley and the latter rotated against 
the narrow end of the scoop, z portion of the fluid is taken up and thrown in a thin 
and widc strcarn towards the centre of the pulley, The top of the latter is hermetidy 
dosed by an iron washer, as shown, this washcr supporting on a s h l  rod L s disk F of 
the same metal provided with a nurnlxr of thin contact blades K. The d L is insidateti 
by washers N from the pulley, and for the convenience of filling in the memq a small 
s crw o is  providd. The h l t  L forming one terminal of the circuit breaker is connected 
by a copper strip to the primary p. The other end of the primary ai l . leads  to m e  of 
thc termir:.ls of thc condcnser C, contained in a compartment of a b x  A, motber 
compartment of the same bcing reservcd for switch S and terrninds of the instrument. 
The othcr terminal of the condcnser is connected to the casting A and through it to pullq 

' 

D. Whcn the pulley is rotakcd, the contact bIadm K are bratght rapidly in and out of 
contact with the stream of mercury, thus closiqg and o p i n g  the circuit in quid 
succession. With such a dcvice it is easy to obtain ten  thousand makes and brcak-s pr 
smnd and cven morc. The secondary a is madc of two separate coils and so arranged 
that it can bc slipped out, and a metal strip in its middle connects it to the primav mil. 
This is done to prmenf the secondary from breaking down when one of the tcnninrls 
is overlmded, as it. often happens in working Rontgen bulbs. This form of coil will 
withstand a very much greater difference of potential than mils as ordinarily wmmctd. 



The motor has both field and =mature built of plates. so that it can be used on 
alternating as well as direct current supply circuits, and the shafts are as nearly as possible 
v w t i d ,  so as to require the Ieast care in oiIing. Thus, the only thing which really 
requires some attention is  the commutator of the motor, but where alkrnating currents 
are always available, this source of possible trouble is easily done away with. 

T h e  cirmit connections of the instrument have been already shown and the mode 
of operation expIained in periodicals. The usual manner of connecting is illustrated in 
Fig. 8, in which A2 A2 ate the terminals of the supply circuit, L, a self-induction coil 
for raising the prssure, which is connected in series with condenser C and primary 
P P. The remaining letters designate the parts correspondingly marked in Fig. 9 and 
will be unders td  with reference to tlic latter. 


