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INTRODUCTION

Tn 1925, Pyno Willtamsl imvestigated the theory
of ths three-point gap, ®which phenomencn had been
known and utilized for some time bt until his inves-~
tigation was not understocd thecretically.

Thé phenomenon is as follows: Let A B (rig. 1)
bs the two electrodes of a spark gep connected to soms
impulsive high-potential apparatue. There will be a
gertaln meximom length of gep, depending en the given
sst of conditions, for which & spark will pasa reg-
ularly. Them by increasing the distsnce between the
sleotrodes by & very sasll amount, the dischergs will
csass. Bub if & third elesotrods, 0, i brought within
@ few oentimeters of the gap, the discharge will agaln
¢ake place, regulariy as befors, while & small spark
will pass from the third elecirods to the nsighboring
msin elsatrode, or sesmingly into the gap spacs.

Thie tiny sparik is oalled the "pilot,” "tLesser," or
sriggesr™ spark. The effect is mors pronounced Af C
{n cempnacted to one of the main eleotrodss as shown
in Fig. 2. Usually the distance beiwean K and C smet
be greeter than that betwsen £ and B or the discharge

T

%. WyrmeWilllems, Phil. Mag. 1, 535 (1986)



w111 take place betwssn A ard C.

Fig. 1.

e
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Two sxplanatioms of the phencmencn had been
suggested., First, icas sre producsd by the smeil
pliot spsrk, whioh, traveling into the main gap.
facilitate the pzssags of the main spark; seoond,
the pilot spark sets up oscillations in the main
slectrodes, which serve to ceuse the peak vollags
%o rise pericdioally above the, critical sparking
voltage, end mo cguse the main spark Lo pass.
Heither explanation was found corrsct.



Tyon-Hilliams found that it was nacessary for the
point of C to be in a direot line of the gap in order
to facilitate the pasasge of the ;pnri:, The distance
of the third slectrode had no effect if a straight
iine could not bs drawn from the point through the
gap. It was glsc observed that if the point of C
was covered with ni. the main spark would not pass.

In order to inveatigate more fully the pllot
disoharge, the apparatus of Fig. 2 was set up in a
dark roem and the point C carefully observed while
it was ‘hr:;usht- near the gap. It was found that the
main spark oommenced to pass while there was yei no
visible glow around the point C. When C was brought
nearer t0 the gap, a violst glow appeared. A small
plece of wax placed on the end of the point was found
to stop both the glow and the thres-point effect,
thus strengthening the view that the ellent discharge
from the point was necessary.

*The faot that the three-point effect could be

produced by a silent discharge as well as by a spark

showed that the phsnomencn was not caused by oscillaticms

set up in the main electrodes by the pilot discharge,
for such osoillations could have only been produced

by the pilot discharge when the latter was a spark.
The silent discharge would behave as a high resistands
leak, and would give rise to no such osoillations.”®



Thin sheets of various substances were nexi inter=
possd betwesn the third eleotrode and the gap. Among
the substances tried were glass, quarts, mica, wood,
sbonite, paper, parafin wax, scap films, matal folle,
and o0eiinloid filme. The celluloid film, whioch was
very thin, was the omly substance which did nol screen
off the three=point effect in the gap. ALl the other
subetances tried had the effect of socreening the gap
from the action of the point, and so caused the regular
sparking of the main gap to cesss, Howaever, if a
small hole was mede in any of these substances and
the point, hole, and the gap were in a striight Iine
the third electrods would funotion. It was alwmo
noticed that if the substances were graduslly inter-
posed betwean the gap and the point, the spark in the
" main gep ceased to pass as soon as the substance inter-
cepted the etraight line from the point to ihe gap.

A gauze soreen, which wae earthed, was pleced
around the electrodes which would stop the passage
of ioms of the third electrode to the maln gap and
yat let radiations pase through. It was found that
the gauzs had no effect on the funotioning of the
third electrods. Thersfore icms which were emitted
from the third elesotrode did not produce this phen-
OWenon..

Wynn=Hilliiams then cendliuded that the effect
must be due to some form of radiation and he then
experimented to prove his view.



Of ocourss, it was impossible to test the radlation
for refraction becpuse the only substance transparent
was the celluleid film, so thin that it gave inter-
ference fringes with monochromatic light.

To test for reflection he shislded the direst
rays of the radiations from the gap but reficcted them
by & glass plate inte the gep. As wes expected, the
third electrode functionsd. It was also found that
the angle of the reflection could be varied over
& considersble region on either side of the valus
necessary had the engle of incldence been squal to
the angle of reflection. This proved that the ref-
lection was diffuse and not regular. Various substan-
ces wera tried as mirrors and the seme diffuse reflec-
tion effects were obtained.

In order to investigate the hypothesis that thess
rediations ionized the air through which they passed,
a metal chamber was built. £ charged electroscope
was insulated on the inside of this chamber and the
chamber was earthed, The third electrode was held
near & geuze window of this chamber. I was found
that the rate of fall of the leaf of the electroscops
was from four to sixtesn times greater than when theae
rediations were not permitted to enter the chamber.

The main csuss of the three-point phencménon
had then baen traced to the lonifation produced in
the gas in the main gap.  The general properties

obasrved werer



¢1) The radistion, while capabis of diffuse
refiection effects, could not be regularly reflected.

(2) It ionized the alr through which it passed.

{(3) It was transmitted by a thin celiuledd film,
bﬁt. not by any other subatance tried.

{4) It could penetrate alr at ordinary pressurs
to a distances of some centimeters.

Then by various experiments the speotrum Was
traced to the reglon of wave length from 13% to 10008.
This region has not besn fully investigated and the
properties fully determined, btut it is kmowm ithat theses
rays ionize gases, reflect diffusely, penetrate air,
and sre transparent to oniy a few substances. It is
alsc lmown that Enladungstrahlen lie: somewhere in
this region, howsver, the exact wave length has never
been determined.

Summarizing the experiments we have:

(1) Befors the three-point phenomeénon oan be
obtained, some rm of disoharge, silent or apark,
miet be vieible from the main gap, and within a
gertain distance of 1t.

{2} The phenomencn ie obtained in the absense of

(a) disturbences of the electric field in
the main gap, and,

(b the passage of icms from the pilot
discharge into the main gap.

(3) A radiation is emitted by the pilot discharge,
which cen ionize the gas in the maln gap.



(4) Vhen this radisticm is prevented from rasching
the main gap. the nsual thresepoint effect is not ob=-
tained.

(5] The thres-point effect is still prodused
when the siectrodss ars so shisldsd as to prevent
sny photo-sleotriec effeats being shielded by the
radiations.

{6) The cbeerved prroperties of this radiatiom
sasm to astablish the limits of its weve=lengih as
being approximately mmh to 1%%., and they coincide
te s large sxtsnt with the corresponding propertiss
of Enladungstirehien..

®1% 1s therefors inferrsd that the thres-point
sffect is cansed by the ienization of the gae in the
main gap by a radiation, believed to bs a form of
Eniadungetrahlen, emitted by the pilot dischargs,.
disturbences of the £ield, passage of iums into ithe
gap, or photo-sisotric effects produced by the radiation
or by ultra-violet 1ight, while possibly assisting in,
are not essentisl for the producticn of the thres-
point effect.”

Since the purposs of this inveatlgatlom was to
discover the feasibiliiy of the nppl?utim of the
thres-point effect as a mode of conirol in instantanecus
phetography, it might be prefitable to refer o an
analageus method used by Foley® in cbiaining the seme

2. Poley and Scuder. A Hew Method of Photo-

grephing Soutd Waves. (Phys. Rev, Vol. 35, p. 373-378
Tate  VEOEY '



arrangement for photographing pound waves, he inserted
two glass plates beiween the terminals of his indvotion
machins whensver he cared to set off a diecharge through
the camera. By so doing, the glass plate, upon entering
the intense eledtric fiald incressed the Tield strengih
of the air spaces batwesn it and the neighboring alec~
trodes to the extent that = disruptive discharge took
place. Thus, "the presence of a layer of dieleoirie

of iarge inductivity throws en excess on a laysr of a
dieleotrio of small induotivity.”

This theory mey be explained by letters:

1:3 = inductivity of glasa
k, = inductivity of alr
eg = elootric atress in volts per centimeter in glass
g = = " ORI “ -.m " pir
x =thickness of glass
¥y = - " ogir
and making two simaltansous nquntl.u_m which may be sclved
for ag and 6,

How kg °8g 18 the flux density of the Glass, and, -
Kg°®qa 18 the flux density of the air, and, since the
fiux density is the same in both, one equation may be
written:

kg8 = Kaota (1)

If eg is the glaotric field intensity in wolts per
centimeter in the glass, o & is the total voltage soro®s
the glass, Similarly, ogy is the tolal voliage aocross
the air., But the total voltege belwsen the slectrodes

is IBI-P‘IES" thens:
E = egx - epY : (2}



From thess iwo equations eg and e, may be caloulated.
& simple exemple to illustrate this iu; A layer of
glass 2 centimeters thick snd s layer of alr 2 centi-
maters thick are subjected to a total electromotive
force of 70,000 voltm. Now by considering kg =6
end ks — 1, end substituting in the two aquations and
solving for ag and e,; 8 is found to be equel to 5000
volts per centimeter, snd e, equal to 30,000 velts
per centimeter. The voltage in the air wes increased
from 1750 volts per centimeter to 30,000 volte per
centimeter, cansed by the insertion of the glass plate
in the gep.

There is atill another phenomencn which should be
mentioned in repard to Foley's control. As & glass
plate is 1nnrt-ug.'1 into en elesctric fleld, 1_111:1 will
tend to be & concentrstion of lines of foroe through
this glass plate as showm in Fig. 3.

GLASS PLATE

il

Flg. &



10

APPARATUS
Fart Ons

This investigation has besa divided into two
distinot parts: PFirst, when the energy was generated
by & large Toepler-Holtz static machine; and second
when the energy was generated by a one-kilowatt,
£5.000 volt tranaformer.

The static machine was composed of elsvem rotary
glass plates 75 oms in dismeter snd six similer stat-
ionary plates. The soures of power to turn the
rotary piates was a three-phasa, quarter hores-—
powsr alestric motor. Four tvo-gallon Leyden Jars
with a capecity of epproximately O0.00045 mf sach
and conmected in series parallel wers used as the
condenser of ths static generator. A seotion of
this machine can bs seen in Fig. 5.

The camers was the same as used by Cruise®
and was patterned after !'l'.-‘.l-ln:sl*"'liz apparatus for photo-
graphing sound waves. The dark box of this camera
was made from § inch pine lumber end wes painted
black both inside and out. The three ssctions
which comprised this box were made so that the two
end sections could be telesccped into the middle
ssotion. The inside measursments of the end sectioms
were 52,5 om by 32.5 ocm by 95 om and of the middie

&, Cruise, Lawrence L. A Btudy of the Striated Spark
by the method of Instataneocus Photography. (Haster
Thesis, 1930)
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seoticn 55 m by 35 om by 120 cm. The 1lluminating
gap was placed at cne end of the camera, the plate
at the other end, and the object gap spproximataly
midway betwesn. The plate end and side view of the
ocamera can be sesn in Fig. 5 and a diagram of the
oirouit in Fig. 4.

Fig. 4

The induotancs, L, was a solenocid 20 cms long
and 8.5 cms in diameter conesisting of 20 turns of
single layer copper strip. The value of this induge
tancé was of the order of 0,55 mh. The condenser,
@, oonsisted of seven two gallon Leyden Jars of
approximately 0.00045 mi sach. The gaps, I and O,
are respectively the illuminating and object gapm.

The elsotrodes at O wers made of brass balls
19 mm in dlameter, snd were soreved on threaded
bolts. The distance beiwesn them was adjustebls.
Ths slectrodes of the illuminating gap consisted
of Ho. 2& magnesium wire so mounted that the dise
tancs batwsen them could be controlled from the
plate end of the camsra by & lever.

11
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A miocrometer or :1;11 gap, M, mads from metal
btalle, the distance between them beinmg adjustabls,
served as an auxilisry gap. THe third electrode
consisted of a :t.ul'dammg needle about £0 om
leng mounted on a glass Jar; an arrow in the figures
represents this slectrode.

In addition to the above apparatus, two different
resistances wers construcied and trisd in positicn R,
of Fig. 1ir First, a resisiance made by drawing
a line of India ink om a glass plate; secomd, a
resistance consisting of a V-shaped glasa tubs
52 oms long fiiled with distilled water. Small
german silver wires which wers adjustable comprised
the electrodes for this tubs. This latter contrivance
cen be seen mounted on the cemsra in Fig. 5.

Part Two

The davice for generating the condensed dis-
gharges in the second part of this problem consisted
¢f a one-kilewatt, 25,000 volt Thordardson trans-
former used in conjunotion with the Leyden jJarsa
of the previous part of the experiment.

The only change made in the ocamera was in the
{1iuminating gap. Hers it was necessary to exchange
ene of the magnesium wire electirodes for ocme of
aopper beacauss the forner oomsistently bturned out
due to its low meiting peint. The rectifier, 8,

Ig
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(Figs. 12 snd 13) was made by plscing = nsedle
point near an aluminum shest. Using a very short
gap between the two, this comtrivance produced an
umnidirestional current, namely, from the needle to
ths shest. The loading condenser, 0, (Fig. 15)
aonsisted of the same four Lsyden Jjare used on the
static machins in the first part of this work.
They wera commected in parsllel. Two sumiliery
gaps. A=B apd C«D, (Fige. 12 and 13) were also used.
Fig. 5 shows a picture of the apparatus ready .

for work. The third elsctrode and cna of the auxiliary

gaps oan be seen on the box in the picture. The
Leyden Jars which can be seem on the table make up
the condenser.cormected acroes the illumimating gap.
The switch to the third electrode is near the plate
end of the camers.

Teo 1ight btuibe connected in series were in-
sorted in persliel with the transformer and grounded
s shown in Pigs. 12 and 15 to prevent any high
voltages from "legking back" into the service lines.

PROCEDURE
Fart One
A great many dispositioms of apparatus wers
tried. Following are some of the most important
cnes vhich wers investigated.

14
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Fig. & shows a disgram of the micrometer side
gap, M, connegted in parallel with the object gap.
The third slectrode was iried at both object and
side gaps as indicated. ¥uoh cers and pracision
was needsd in adjusting gaps U and O. 4&s the impulse
of the discharge of the static machins reached these
geps, 1t was very difficnlt to edjust the gaps 80
that the discharge would not take place simultean-
sously across both gaps. However, the spark gould
be ocontrolled by adjusting the gap where the third
slsctrodes was to be used so the apark would no% pass.
Then by using the third electrcde, the spark would
pase; although a small apark would pass at the same
time I.n the other (either If or Q) gap. This proe=-

sdure was not successful bedauss it was necessary

is



for the i1lluminating gap to illuminate at overy
discharge of the static machine.
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Fig. 7

In Fig. T the miorometer gap Was copnected
across the terminale of the statle machine. It
sesmed to make no difference which aide of the
induotance coll the micromester gap was cormected
te., The third electrods wae trisd at ¥ and O,
naither glving satisfactory results. This dispos-
ition cauneed much troudle in the timely aparking
of ths illuminating gap-

|
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Fig. &



In Fig. 8 the side gsp was connected in parallel
with the electrodes of the statlc machine. It was
thought that by commecting in this panner (Fig. &),
the discharge through the camera could be controlled
by adjusting the gap betwsen T and J and the side
gap, M, so that the spark would pass in the lattar
with the third eleoctrode in place, but would pass
between T and J in the abeence of the third electrode.
The great Aiffionlity here was that the charge which
the mmchine tuilt up would lesk inte space through
the third electrode. While the third electrode was
connected with the main electrods of the side gap,
thers was no way to control this Ioss. Then the
third electrode was disconnected from the main
slectrods and wes used by varying its distance
from the mic¢rometer gap. Iuch time was used in
menipulating the various gaps but seldom did the
third elsotrode effect ths apparatus in eny Wway

. with this arrangement.
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Theas resuits gave the impression of controlling
the discharge between T and J. So by connecting tha
third electrode %o J (Fig. 9) and plasing it in one
of the gaps betwsen T and J the discharge through
the camera could be controlled by opening and closing
the key, K. This key was kept open until it was
desired to produce a discharge through the cemers.
The eleotrodes, J, wers so adjusted that the discharge
would take place between tham exocept when K was
olosed, the closing of which produged the three-
point effect in T-=J causing & relative decrement
of resistance betweem these points as compared with
that across J. The discharge weould them go through
the camers, This was tried with the third electrods
being connected to eme of the terminals at T, which
did not function as well as when connsoted to J.

This method was very suocessful, evary axposura
producing a good photograph. The ppotograph in
Fig. 10 is one which was taken by this method.

Fig. 10

I8
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Fig. 11 shows another disposition which yielded
resalis, although not as successful as the ons just
desoribed. The connecotions of this spparatus ware
similer to those of Fig. 10, the exception being in
the inclusion of resistance, R. Ths distance between
the terminals, J, was 8o great that a spsrk never
passad between them. The resistance, R, cormescted
agroas the terminals, J, was made as large as
feasible and yet not so great as to cause a asperk
to pass between T and J. Then by closing K, the
resistance of the gap, Te=J, would be diminished
to & value less than R causing a apark to pasa in
the gap, T==J. Opening K prevented aa furthsr
diascharge acrogs Te=J.

O
--——-t-ll F
] |
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Fig. 11
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This method ssemsd to be improved when a
micrometer gap was connected in parallel with the
object gap, (Fig. 11). The adjustment of the gaps
eould be made largely between A and B. However,
much precision was needed in adjusting this gap
and the resistance, R.

The V=-tubs resistance (R) was far more satis-
factory than the India ink resistance (R). The
ijatder 4did not provide sufficient resistance for
the necessary high veoliagse.

Part Tve

PBsfore taking up the msin featurss of the procadurs
of the seoond part of this experiment, it might be well
4o refer to certain preliminary tests mads in order o
examine and becoms orisnted im this parifcular Tield,
the conditiens prevailing with the high voliege trang=
former being vastly differont theh those of the stailc
machine.
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The spparstus was arvenged s shown In Fig. 1%.
Thie mode of ccnneoction did not include the Cemsra.
Two geps, A==B and C==D, Wore conneoted in parallel,
the third electrode being used in the gap, (I o
These gaps wera so adjusted that vhanaver a dischargs
took placs, 1t would take place at A—B but feil to
taks place at Ceo=D Descauss of the greater distence of
¢he Istbers However, the sdjustment of Ce==D was 80
delioats that whanever K Was olosed, tha discharge
would take pisce in the gsp CosD instead of A-——B,
&us o the degrement of resistancs in G=eD causad
by the third slsstrods. The effect sssmed Lo be the
gama if the third elsctrods was comnectsd te D instead
of C. It Wwas also observed that if the third electrods
was disoormedtsd from the main sleatrodes it would
funoticn by verying its distance from the gap, G=—D,
as explained in the introductiom.

Ths V-tube resistance, R, used in the firat
part of the work wes inserted Detwesm the rey. K,
gnd the junction with the msin slaotrede, Co IT
this resistancs wers not too gread. it would make
no difference in the thres-point offect. However,
when the resistance was inoreassd beyond the equi~
valent of 20 oms of distilled water, the third
slsotrods failed to funotion. This gonoludes the
report on the preliminary tests of this part of ths
axperiment.

el
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After this work the camsrs was connscted in
series with the gap, Ge=-D, 80 that when the discharge
took place at C=-D it would also take place in ths
{1iuminating and cbject gaps of the camera. (PFig. 13}
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It required a great deal of ingermmity to adjust
the vericus gaps so that the third elestrode would
fﬂﬂ.trlﬂﬂ- and at the same time make it possible to
procure successiul shadowgraphs.



The greatest difficulty was due to the lack of
capeoity at the loading condenssr (GyYs & large
gisss plats condenser was made tui faiied to funotiom.
The four Leyden jars used on the static machine were
the only condenssrs aveilable for thias purposs.

This neceasitated making all the gaps quite short
in order to allow the passage of the spark.

In operating the key, K, it was necessary Lo
produce a aontaot of sxtremely short duratien or
more than ome dischargs would take place through
the camera, thus, destroying the photograph. It
was thomght that with a larger condenser at C, the
{nterval betwesn the discharges would be increased
80 &8 to avoid the difficulty of the rapid recurrencs
of sparks.

It was noticed aftsr working for a short time, that
4t bepame necessary Lo increase the length of the gap.
C==D, 80 that the discharge through this gep would
not take place simitansously with that through Ke-B.
This was probebly due to the ionisaticn of the air
in the gaps, Ce=D, I and O.

STUHHARY

1. The thres point gep functicome well when this
gap ie used between one of the alectrodss end ane of
the leads of the static machine

£, Control results ware guite satisfactory
in the functioning of ths thres-point gap wiih =



£d

resistance connected in parallel with the machine
terninais.

5. The potential generatesd by a £5.000 voit
transformsr can be uged in instantanecus photography
and can be ocomtrolled by the thres-point gap.
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