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4 STUDY OF THE STRIATED SPARK BY THE METHOD

OF INSTANTANZOUS PHOTOGRAFHY

Introduotion

In 1867 Tupl.nrl found the sxistencs of a pulse
spreading frem the region ercund the sperk immediately after
1-1; hed passed. Since the density of the air in the pulss
differs r:mm that of the surrounding ges, the pulse is opti-

oally different from the rest of the field and so can be made
B
visibles by the "Ehadowgraph Method™ . Toepler's work wes the

first of its kind where an instentansous view, say of the oxder
of aeveral millionths of a second, of the eleotric spark wes
obtained. In 1988 Dr. mnlzurf while atudying the lifs hiatory
of the eleotric spark by the shadowgraph method, found that in
goms of the dischargss under considerstion, the gap between the
sleotrodes was fillad with alternate light and dark leminas ox
striations of about a millimeter in width. Thess ccourred in
8n open air gap and so ocould hardly be the seme type of stri-
ations as those found in the positive column of a disoharge

1 Toepler, Poggendorf Annallen, CIXXT, 33. 1864; CXXIV, 194.188

2 ¥ & Soudsr, ¥A Hew Hnthnﬁ of Photogrephing Sound Waves®™,
in tYhe Fhysioal Review, IOV, 373-3868. Nov., 1912,

4 Zinsgzer, “Ths Shadowgraph Lethod as applied to a Study of

tha Electric Spark™, in the W Eagazine and Journal
of 8ciense, V, 1098-1104.
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tube. In a paper by Dr. Zinszer, on the "Mechanisn of &

Condensed Spark Discharge™, there is & brisf disoussicn on
the striations produced in scme types of dischargea. Hs oon-
siders that they might be leminal aggregations of supesrcharged
partiolss whioh are urged away from or attracted to oppositely
gharged terminals without am apprecisble interohange of charge.
There is another theory which might be considered, and that is
that the striations may be analogous to standing waves in a
Kuntz tube==-the gap between the eleotrodss producing the neces-
gary resonancs column and the spark gonoussion produoing the
NECABSATY SOSTEY.

The objeot of this investigation was %o discovar
whather striationa oould be profucsd at will, and if =0, %o
determine what faotors controlled them.

e - - - e e ] =

4 Zsleny, ™On ths Potential Releticns in the Striated Positive
Column of Electrical Discharges through Hydrogen®, in the Ehysi-
gal M, m. B99=T04. quﬂ]- 1. 1230,

5 Zinszer, "Msohanism of & Condsnsed Spark Diuunhrﬁvﬂ in the
Tndlens Achdemy of Soiemse, XXAVII, 197-204. Dec., 192f.



_dpparatus

The apperatus used can be considersd en electricelly
oparated camera. There is & sensitive dry plats, &bjﬂﬂt gap,
and illuminating gap 8ll on the seme straight line such that
wvhen the refracting mesdium around the objest gap is distorted
by an elsotricel discharge a shadow of this diatortion will be
cast on the dry plntﬁ due %o the diffreotion of the rays coming
from the illuminating gep which have to pass through the objeot
gap on their way to the plate. Fig. 1 showa a diagram of the

eirouit.

Fig. 1

..-l..r-l-.

The statio machine (8) generates a cherge of sufficient potentiel
that the geps 0 and I ares broken down. The choke coil (H) appears
to aot as an impedanca to the disoharge to such an extent that

0 elways breais down before L. The effeot of the reterding capacl
ty (C) is suoh that it muat be filled to the sparking potentiel
of I before I oan break down, thus further reterding I with re-
apaot to 0. Other faotors whioh &lso contribute to ths retard-
ation of I with reapect to 0 are the voltage put out by the static
maohine, the distence between the object electirodes, and the
distancs between the illuminating eleoctrodes--the distance betwaen



the illuminating elsotrodes having the greateat lffﬂ"hﬁ The
rangs of this retardation can be from the time it takes a sound
pulse to travel a fraction of a centimeter up to 33.80 m.r

Sines the light from both I amd O reach the dry plats there will
always be a certain cmount of fogging due %o 0, but this effect

is eounter balanced to a great extent by heving the light emitted
by I of & greater intensity than that given off by 0. The du-
rations of the discharges aoross O end I are of very short inter-
wals. This is dua to the resistance in the oireult being so grsat
that the oseillatory discharge from the oondensers on the statio
maghine is wvery oriticelly dsmped. And since the greater shars
of the energy from the discharge occurs in the first muillntlﬂna
ona ocan oonsidsr that the p&ntugraphlu plate is exposed for not
more than .04 mioro-seconds, which is of a sufficisntly short
interval to catoh distinetly a bullat im flight or the propagetion

of & gound pulse.

S - LR 1] ] B 1 . -

& Foley & Souder, "i lew iethod of Fhotographing Sound Waves™,
in the Physical Review, XXV, 375. Wov., 1912,

Foley, A Photographio kethod of i'indiug the Instentansous
Yalu-uitﬁr of Spark lfeves™, in the Fhyeloal Heview, XVI, 450.

Hﬂ'ﬂ"-. 192'011
€ Anderscn, "The Speotrum of Elutt:l.uull'g Exploded Wires™, in
the Astrophysiocal Journal, LI, 40. 1920.

§ Besms, "Speotral Fhenomena in Spark Discharges™, in the
fhysical Review, XUV, 24. Jan. 1, 1930.



Fig. 2 shows & sids view of the ceamera..

¥ig. &

It is oomposed of & long light tight box painted black on ths
inside. The dark box was made in three sections such that the
two end seotions could be teleacoped into the middls seotion,
making 1% poesible to vary the &lltanna between the illuminat-
ing end objeot gapa and also between these gaps and the plate.
It was oonstruoted from £ inoh lumber with the middle section

25.56 om by 35.5 om by 120 em, and sach end sesction 32.5 on by
J2.0 em by 96 om--all ingide meesursments.

¥
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Fig. 3 is a ploture of the objeot gap.

Fig. 3

Ths elsotrodss were made of FE6 platioum wire 3 mm long, soldered
on to the ends of threaded brass bolta on whoae outer extremities
were hard rubbsr handles. FPlatinum electrodes were ussd, as t-h-um
1ight given off from a discherge between them is relatively small.
On each eleotrode was mounted & hard rubber button 1.3 om in
dlemster and .5 em in thiockness. 4 groove was placed in one
button in order to desigpnate the negative from the positive side.
Although several types of objeot gaps were used, atill, the one
piotured sbove proved the most satisfeotory. &Some of the othar
£aps used ars drawn in Fig. 4. 4 is one on whose ﬁiﬁﬂtmdu

were mounted lead buttons I om in dismster. B repressnts an
objeot gep inolosed in a gless chamber. This chamber was ooD-
struoted from a lantern chimney over whose ends was cemsnted Dlane

glass with DeEhotinsky cemsnt such that the chambsr could be svao-
uvated.

s - - e —— -y i .

10 Foley & Souder, “A New Method of Photographing Sound Weves®,
in the FPhysical Review, XXXV, 577, Nov,, 1912,

Ll
—————peereppeg = W . wy sgu
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Fig. 4

C is the same as B exoept that ths lantern echimney hes been re=-
placed by & small gless oylinder., D was construoted from a blook
of sof't wood boiled in paraffin. The glass faces wers osmented

in placs by vuloanizing cement. E was constructed from a 1000

watt daylight bulb. The eleotrodes and exhausting tubs were sealad
in with red sealing wex-~the entire open end was placed in & glass
beaker. F was construoted from o 500 watt projeotion lantern bulbd,
The electrodes were seeled in with DeKhotinsky cemsnt. Hone of

the chembers wers free¢ from refractive distortions. The daylight

bulb was the most suocoassful.



Fig. B 1s a ploturs of the and of the dark box con-

taining the illuminating gap.

Fig. B

Fig. 6 1s a diagram of this gap.

Fig. &




The elsctrodss were of §24 magnesium wire so mounted that the
distance between them ocould be varied at will by the operator
from the other end of the oamera by means of & lever contrivanoce
merked L on Fig. 6. Kegnesium ﬁlautﬁhu wore used, as the dis-
charge betwsen them is very intense. Since a point source
was neafed for illumination the slsotrodes were mounted so that
the axis of the spark was parallel with the axie of the ocemera,
@1 is a hard glass tube 1.6 em in diemeter by 16 om long, inside
measuremsnt. O2 is & smaller herd gless fube .80 om in dliemeter
end 9.8 om long, fitted into Gl eand held in place by red sealing
wax, El is & hard rubber plunger 1.5 om in diamster by 1l om
long, oepabls of sliding in snd out of Gl. HE is a brass plunger
into whioh is fastensd the megnesium slactrods Tl whioch is about
8 mm long. This plunger is fastened to Rl and slides in the tube
G2. T2 is the other magnesium sleotrods whioh protrudes ¢hrough
e hole in Gl end G2 situated about 5 om baock from the ocutside
cpaning of GE. The 5 om projection of GE beyond TE helped to
stabilize the discharge and alao to direot the rays of light.
TS has & right angls bend in it with the free end 6 mm long and
parallsl to the axes of the cemera. If this right angle bend
were not there the illuminating epark would slide up and down on
T2, thus giving a blurred shadow. Most of the piletures shown
hers have a blurr due to the fact that the defeot was not diag-
nosed t1ll near the end of ths experiment. The entire gap was

b - = - L | = - = -

1. Los. 0it.



10

mounted on the outside of the ocemera with only the tip of G2
protruding on the ineide. The location and construction of this
1lmminl-ﬁn! gap ﬂmd 0 be an improvement over that used by
Foley and Zinszer .

The condenser (C) was construoted from plane window
glass double strength 36 om square. There were Z£ suoh plates
held in & reotangular rack so constructed that the plates were
5 om hpart., Bash surface of the plates was covered with tin foil
0.6 m'uqunrm Along eash side of the rack at the top was a
copper bar, and from this bar wires ran to brass :prim;n' which
could be wedged in between the plates, thus making it possible to
use as many of the units as desired., The capacity of each unit
was oeloulated to be 0018 mf.

The induotence (H), which wes used as a ohoke, was a
transmitting trensformer wound with & single layer copper strip.
There wers 25 turns 8.5 om in radius, and they were so spaced that
the length of the solonoid was 20 cm. In ¥ig. 5 the top of the
gell can be seen sitting just bensath ths end of the camara.

The souros of ohsrge was from a large static machine of
the Toepler-Holtz varlety., It was oomposed of eleven rotery glass
plates 75 om in diameter and six stationary plates. The capacity
used on ths maghine was approximately .0056 mf'. The rotary plates
were turned by & three phase quarter horse eleotriec motor whioh
was geared dm to the point that the plates made E7 revoluvions
per minute. The break down of the gaps cccured every four saconds .

12 2Zinszer, “The Shadowgraph listhod as applied to & Study of the

Eleotrio Spark®, in m%@gﬁi—w&ﬁ&ﬁﬂ_ﬂﬂ &nd Journal of
Seience, ¥, 1100, Lay, . .
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Erocedure

L]

]

The first procedurs waa to produce striations in an
ordinary apark in open air. At each setting of the olrocuit 1t

was Tound negessary to take several plotures, as there were
fluotuations in the Adischarges which could not be ocontrolled.

Ths second procadurs was to determins the relatlon
botween quantity of discharge and striations. This was ap-
-amplilnhaﬂ, first, by varying the voltage output from the statio
maghine, and second, by placing an euxiliary gop in perallel
with the objeoct gap.

The third proosdure was to determins the relation be-

tween age of sperk and strietions. By varying the retarding
capacity from & few mioro mioro-farads up to eight thousand it
was pnt only possible to procure picturss very esrly in ths de-
velopment of the spark, but &lso so late that ths hot geses ocould
be: olearly seen as a oloud=like form filling the gop and sxtending
. several centimeters into the space beyond.

The fourth procedure was to ocbserve the offect upon
the etrietions of varving the distance of the cobjeot eleotrodes,
the rest of the eirouit remaining constant. Thie wes acocomplished
by the use of & miorometer sorew arrangement, the distance beling '
extended from 1.5 om to 2.2 om and piotures being teken at sach
millimeter of variation. Also, many piotures were taken with a
gap distanos of Gum.

Tha last proocedure was to dotermine the effeot of pressurs
and vaouum on striations. This was by fer the most Aifficult tesk,



iz

as 1% rm[.uirad the construotion of a chamber arcund the objeot
gap capeble of standing pressure and vaouum; it also had to be
transperent and free from irregularitiss of refraction. Nine
different types of chembers were tried, but none of them was
exaotly ntinfuntu;r in all respacte., Five of these chambers

are sketohed in Fig. 4.

Results

The following tabulation is of 13 piotures chosen firom
a group of 217. These 13 pilotures sssmed to repressnt fairly well
the cherasteristics of the entire group and will serve, at least

qualitatively, as evidance in behalf of the conelusions drawn.
51 sand S2 are the gaps at the statio machine measured in csnti-

moters., I and 0 ares the illuminating and object gaps respeotive-
1y measured in centimeters. Ll is the distance from the illumi-
nating gap to the object gap while L2 is the dlstancs from the
object gap to the plate--both meeasured in centimeters. F 1s the
emount of pressure meesured in centimeters of mercury. Ths

word normel means at atmospheric pressure while the negative
sign meens below normel. All of these pioturses wers taken in
opan n.’_ﬂ' axoapt thoame &t reduced pressure. ¢ is the amount of
retarding capacity messured in mioro-farads. H is the amount

of induotence messured in mioro=hsnries.

:
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Discussion

Dr. Fnlcrmrmrkad about the instability of the
sparking, and a verifioation of this can be easily seen cn
examining soms of the piotures. For exampls, Figs. 11 and 15
are of piotures taken on the same evening and with the same
oireuit setting: still, Fig. 15 is of an old spark and Fig. 11
ia of & striated one. Figs. 8 and 16 illustrate the point still
better. Here there is an extremely old discherge shown by Fig. 18
and & feirly young one shown by Fig. 8. Becsuse of these fluotu-
ations it made it very diffiecult to procure the pioture of a
csrtedn type of discharge &t & particular instent. Howsver, when
going over a large number of plotures, one can trace certain dafi-~
nite tendencies vertaining to striations.

Fig. 7 is of a apark in open air at nu:mal vressure with
part of its energy passed around through an suxiliery gap in paral-
1el with it. 4is a result this is not the ploture of a heavy dis-
ochargs, and in no oase under ﬂ:uuu conditicns oould strietions be

produced. _
Figs. 8, 9, 10, 11, 128, 13, 14, 16, and 16 show the

avolution of & strong disoharge in open air at normal préeasure
from the time the sound wave is just begioning to be glven of'f,
as in Fig. 8, to o late that the hot gases have ccmpletely dif-

—_—— - =] (=] —— = - ==

13 Folsy, "A Fhotographic Hethod of Finding the Instantanscus
w1§g£%t Sperk Waves®, in the Physical Review, XVI, 454-455.
= § L)



‘fusaed from the path of the spark, as in Fig. 15.. Fig. 9 is
just & trifle older than Fig. 8, &8s the sound wave has travelsd
a little farthsr out from tha main disocharge. In Fig. 10 the
aound wave has oocmpletely passed out of sight. The texturs of
the spark path has beocoms changsd. It has taken on a oloudy
appearance whioh is oharscteristio of all pletures in the later
atages of the discharge. Fig. 11l shows a full spark path with
parallel borders end heving the oloudy mass oomposing the path
broken by bars of lighter material equally spaced coe from ancthar,
thus giving the entire diecherge a striated appearance. Flg. 12
is of a stristed sperk alightly older than the one in 11. The
regular form of 11 has broken slightly and gives to 12 a more
wavy form., The ploture shown in Fig. 13 is hard to interpret.
The spark path has a regular shape, but its oontents seem to be
broksn up into light and dark blocka. The writer balieves that
it represents a stoge just older than the striation stage and
that its bloek-like appearance is due to & breeking down of the
striations. Fig. 14 is of the path at o time just yreceding the
diffusion of the gases from the more regular path of the spark
asen in the atriation stege. Fig. 15 shows the breaidng up of
the gases in the spark path at a later stege than 14, while Flg.
18 piotures the gases completely diffused from the straight path.
In the procedure where the distance between the objeot
aelsotrodes was varied, it was found that at only two plages wers
strimtions produced, nemely in 11 and 12--the former having a
distance of 2,1 om and the latsr a distence of 1.86 om, However,



this does not mean a great deal, as thers were so many ﬂ'ﬂ.ﬁtﬂl‘tigm;

Figs. 17, 18, and 19 are plotures of discherges produced.
in & olosed cheamber under evacuation. WNone of the plotures taken
at redused pressure show signe of striations. In conneoticn with
this it will be well to mantion that the success of the shadow-
graph method of photographing sparks depends on & refracting medium,
and rarefied air does not provide such & medium. Thie is il1-
lustrated in Figs. 17, 18, and 19. ¥Fig. 17, which is under alight
svacuation, shows & distinot spark path. Fig. 18, which is in an
atmosphere of about half the pressurs used in Fig. 17, shows only
a very faint spark path. Fig. 19, vhioch 1s at a DPreasurs of 6 om
or a 1ittls less, shows no spark path. The writer did not have
tims to glve an extensive exemination to the reglon from 1 om %0
20 om below atmospheric pressure. There is a poseibility that
this region would be worth while exemining, as it is within the
rangs of the shadowgraph method.

On looking at the date from Flg. 18 1t will be seea
thet 844 mioro-henries were used in the choke ocoll==1t belng
immersed in oil o prevent sparking between turns. This ploture
is the result of a different hookup. H in Fig. 1 has been re-
moved from its normal position and placed in series with the
capaoity that shunts the illuminating gep. The sffect of this
is thet H sots as en almost perfect choke and prevents ¢ from
producing ite normal retarding effeot. When using this hookup

it was found possible to vary C through & largs TIengs of values
with 1ittle or no effect upon the retardation.
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Sumary

1. Striations wers not produced in wsak sparks but
raquired a heavy oondansed dischargs.

£. Striations ocoured late in the Jdevelopment of the
goark, or rather after the spark had pessed, but before the
hot gases had time to diffuse between the eleotrodes into an
irregular shape. I

: 5. The variation of the gap distance from 1.5 am %o

2.2 on did not seem to effeot the production of striations;
however, the results on this were not conolusive.

4. The use of greatly reduced pressurs did not seen
oonduoive to the produetion of striatlons.

54_ 411 striations eppesrsd to bas of an squal length
and of an equal width.
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Fig. 11

Fig. 18

Fig. 15




Fig. 16




Fig. 17

‘Fig. 18

Mg. 19
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