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Summar
The development of a spark gap to provide sparks of inoreased
brirfitness, short duration, small overall dimensions, ease of adjustment
+nd safoty in operation. has beon carried out by use of a modified
Libesscrt typo of gap.
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1. ~ Introduction

_ in the field of Ballistiocs Rescarrh where lultiple Spark
rhotogrnphy is used for recording many kinds of high speed phenouena
there has ulwayo been the noed for a relinble point souree of light ’
with very high intonsity and shorter duration than that obtainsgble
from the magnosium tippod olectrodeos used at prescent.,

Dy}
o

Conditions Imposcd by the lultiple Srark Lavout

These arce found to be quito impressiwe,
(1) Vory high light intonsity from a point sourcc.
(2) Shartest possible light duration from the discharge.

(3) Very good cluotrical gerecning of thu gups to prevent
radiation from the diacharge of any onc gap affocting other
adjaccnt onus.

iy Zloctrod mmAevial 40 b hard weoring and give shortor
light duration than magncaiwn,

(5) Dincnsions to be ket aowm to o MLNLL B AU Le LfuGuos
perspective in the photographs.

(8) Cporational safuty.
{(7) Eas of adjustrent in a confincd cpue..
(8) Dagy rcmoval and replacerent.

(¢) laxirmn discharge voltage not to excced 10 1V, 5. that
surfacc lunkage, duc to hwiidity, nes be reduced tu e
minizar

3. Sperk Gans

The spork gaps, which have boen in constant Use for teny sears in
the sultiple Spark Reonges, have threo cdjustnable cleetrodens tippod with
ingnesiw. for tie tnin end triggor gops, coach pedr of gape boing
chiclded fro the neighbouring twenty-four prirs.  (Appendix 1 - Pige 1),
At this tiie :ngnesiw was considercd ¢ be the beat clectrede tnterinl
for ~xiiac. brishiness, but it "os genernlly underst.o @ that lizht wes
tuin; - oicined ot the cijensce f l.n7er 1i-ht duration end this beenn
cvident by the dresdng cut of the Livn.cs vhen phetigropls were telen o f
o Juctiles with velueitics ot 3000 £t/scend ~nd “wver.

4.  Thu.rctival Considerations

It is wxll kn wn that the lisht intensit;: £ o gperk _op, wherc
~ nditi ns in the dischorgce circuit ro..in unchnnged, increcses, ns the
v 1w in ~hich the discherpe tekes looc ig ¢i. inished, i.c. as the
;ressure in the discharge poth inercescs. Inerensing thc pressure oy e
~chieved by c¢nel sing the (~p in o [russurisca chrubuer .r jlass tube
or Argeon .. thae Arditron Flash Tube, =~ by c.nfining the discha = path
2 onotdr o, in the £ riginnlly -4 oted oy Genernl Feul Lite ssart, o
Fronce,  Using 25 flash tubes wns n-t o practicnl prop-siti-n beenuse
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of overall size, length of light source and total energy required.

It vas therefcre decided to oonstruot a spark gap which oculd be
viewed cnd »n, and thu. save valuable spaoc,

5. Gap Conatmcéi.m

Fig. 2 shows the arrangoment of the gap which vas first tried out
(light from tho new trigger gap was nct photographed in any of tho trials
although light from both main and trigger gaps is includod in the ~ld
type gaps).

MNagrnesium vas uscd as olcctrode matorial so that g dircot light
ccmparison aculd be made with oano ~f the old type gaps by rccording
them both on the samo photographin plate, with suitable scparation, sn
that cach picture rvocived the same dovelopment time.

Insulaticn round the positive and ncgative clectrodes is of Keramot
and at the vnd ncarcst to the clectrode tip, dishing has bucn enrricd out
tc lengthen the surface lcakage path to carth should the insulation
beeems affected by humidity. Adjustment of the gep is earried out by
cither servwing in <r out the froat cap +'hich carrics the carthed
c¢lectrode.

Beth the positive and nogative cloetrodes src hemispherical in
shapc to siwve the most unifarn spark ond nnxiram stebility in opcration.
(Feinted cleetrodcs tund to sct up corona rnd incrcescd gep distanec is
ncocssary to prevent sparking over. Durdtion is nlse efficted).

€. First Trial

A ncw zep vas sct up in place of onc of the old oncs end an
ndjeccnt old [rp wns uscd for purposcs of conparison.

Eech of the two sources of light wes :nde to fell on its ovm craxere
lens, «nd thc cxposurcs .cre mnde on the stoe photo rephic plate, with
nernel scperation of the imnges, After prooissin,, brek round intcnsitics
were conprred, and it vns scen that the light intcnsity of the new ap
w.g very :uca less than thet of tho old onc,

An irmprovenent tms obteincd by increesing the pinhele to l/lﬁth
inch diagétor end & further gein in lijht wos obtnincd by incrensing the
hole to 7 h inch diamcter,

Light intcnsitics of the two grps were thon wery sppraxi: ctcly of
the sarc order.

7. Sccond Trial

th Closcr confinorent of the gep as noxt corxricd out, Fig, 3. and with
% inch diamcter pinhole a great sain in light intcnsity ves eppexcnt,
the background rccorded by the meiw gap being considerebly derkcr then the
othor onc.

The pinholc dirzpter ws rcduccd in three stecs to .M2 inches end
lizht intcnsity inareascd wvith cnch ruduction. Reduotion of the omproity
froa 0,2 pfd to 0,1 pnfd in the unit controllin; the now gop rcduocd the
licht intunsity but thore wes still o xuat uin owver tiv elder oro.

Morc cercful alijnment of the clectrodes, nnd tighter fitting of the

Jcrspex insulating slecwe on the positive clectrode increnscd tho
brightncss still norc, by cffcctively prewventing leckrge of pressurc past

-2-




+
»

the eleutrcde, the 0,012 inch diameter hole being the cnly veat for
the discharge pressure.

8, Lleetrodes »f different metals

The magresium cleectrodes in the now gap were replamsd in turn by
acpper, brass, stecl and combinations of thesc metals with no porouvptible
improvement cr falling o~ff of intonsity. Aftcr the discharge of 1000
sparks the hole in the stocl cloctrodc showsd ne inercusc in size whon
measurcd under the Cambridge leasuring rachinu. The cnlargument must
thorefere have beon less than 0,01 mm.

9. Third Trial

T~ asscss the cffcctive photographioc intensity and duration of
light rrua the tw> test gaps, firings scrc nade vith 2C rzn Hispano 2all
Azunition at o velocity of 3000 f£t/per sceend, and photographs tukcn of
the prejectile in flight to deternine hav imch draving out of the ilmge
vas present. The new gap was first fitted -ith brass cluetrodvs and
the rcenrd indicated that the spark duration ms cxecssive., The
discharge circuit wes then chocked ower, und it wes found that lenger
lcads thun wxre ncecssery had been connccted betwcen the spark unit and
the gap, thus cnrusing e change in veluc of irductance, copacity wnd
surge resistanec. By shertening these leads, ond using hcovier
cenducters the duratinn of the sperk discherge wns consgidersbly reducced,
end ritiecel daping, found tc be § ohus, s then zpolicd wdth further
beneficial results.

A reductinn in light intensity had te tc wcecepted due te losscs in
the desiping resistance but taere wes still nple light for photogrephic
purpcsus,

Siriilar tests sere then corricd out to sce if sy 1lijht i preve.cnt
cruld be geined by using dther metel clectrodes in plroe of the brass
ncs.

There sceued te be ne difference in light intunsity teteen ~my of
the etels tricd i.c. bress, copper, wognesiuw. end stocl, but ngnesiw:
geve lunger spark duretion, It wes thercforu decided tc adopt the stecel
cloectredes with their harder woring qurlitics, rs standord.

10. Thotc rrphy

The cireuit chercceteristics fraa the phetogrephic point of view cre
of funda.entrl iportanos ns ther contrel toc r~to of risc of tie 1i_nt
intensity to its punk veluc and the initi-l deony rete. Decrensing
circuit inductrnec incrurscsthe rote of risc, “hilc broadening of the
perk is inerun.sed by inductance ond crpecity.

Also of wvery grect iiportonoe is the choiec of suitoble photogrejhic
plotus, beetuse apparent photosrcphic durc.tion of the sperk discharge
depends on the spoeed and colour scnsitivity of the plotes uscd.

As thc light froo. thosc sparks is very rich in the dluc violet
part of tie spectrun, Ilford Slow Process, Hodek B.4. Helf Tone, or any
slov plate vhich is only scnsitive to the bluc vioclet should be used
80 that the epparent photojrephic duration will be rvducud t0 o idnirmci.

Faster bluc sonsitive platus will increese the cpprrent Curcticn.

Sperk dischmigcs have beun rucordsd oy using & large eperturc
oltns, hith spcud revolving idrror end very fost scnsitive films, and
these rucords show o total light duration of sbout 40 iicro scoonds.
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'T"* The reason for this careful choloe of photographioc plate can now
be ssen. By using the slow blue violet sensitive type of plate, no

blue or violet filter need be used as the plato is self filtering,

. the lenger wave longtha of light which wore also rocordod in tho above

_~4 tust dll be filtervd wut, and apparvnt duratisn rodu~d to tho point

t whore 1t cannot bo rousolwed.

11. Rcsults

l, Thoc conditions imposcd havu all been met, although from tho
point of vicw of tho discharge duration a compromisc has had
tc bu mad oncc moro,

A gr.oat gain has buun cbtaincd in light cutput which has
cnabled tho value of the discharge condenscr to be ruduccd
from 0.2 ufd to 0.1 ufd, and the scurcc has bucn reduccd
to a pcint.

2. Light duration has bcen reduccd by (u) edopting stecl
vlcetredes in plauce of magncsium,
(b) Cutting dowmn the valuc of the discharge condonser by
S0 pcr cunt.

3.,  w~luctricel sercening of the gap has buun very greatly
improved as the 'liwve' clectrode is practically surrounded
ty ths other ¢lectrode at carth potcntial. .

4. Steccl cluctredes are harder wcaring than magncsium and thoy
dc not leave o ceating of condusting cxidu on tho insulated
parts ofter sparking. Sherter light duration is also obtaincd
hen stocl clectrodes nre used in pl-.cv of magnesiun.

5. In thc old type spark rack the gep contres tore 27 inchos
aport, leading to quitc eppreciable perspoctive diff?rcnoca
in the photogrephs. The mow geps con be sct up at 1°/16 inch
epart and o swller gep which hos just been completed will
cnable the distencc to be rcduccd to # inch.

6. Opurationrl safcty hes been ~chicved by cnclosing the high
voltege clecetrodks insidc the carthed body conteining the
sccond clictrode.

7. & finc screw edjustoent is incorporcted in the front cop
coxrying the pinhole clectrode, and is casily neccsaible.

8. Ruhovel of the camplute sperk gep froa the reck is casily
cr.rrict out by unsercwing or where only the pinhole clcetrode
requircs roncvel the oap is sinply scrowed off.

9. With the cxtra light now aveileblo it is possible to roduco
the discherge voltage to 8 K.V, 8ix Forspex shocts have to bo
included in tho iultiplo Spark sot up as & protoction against
drurge to the lerge condonsing lons by flying fregmonts of
shot or ernour plate, and the 12 roflcoting surfaoccs ceusc luas
of 1li_ut, otuormrisc n still &.aller Gischargo condcnscr could
bo uscd with » furthor shortening of spark duration.
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OLD TYPE SPARK RACK
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