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1.- ntroduction

:n the field of Maliatics Rescare-h vwvre ~L~tiple S~axek
~ho~o~yhy 3 ufned for recording many kinds of high speed phenozona,

thuro hiis ulinra been tho need for a reliable point zvourme of light
vrith vrery hiigh intensity and shorter duration than that obtainable
f romn thou zxAgnenium tippod electr'odes used at present.

Z. Cone'itiona Imposc-d by tho lmltipic ritr Lacraot

TIuo arm found to bo quito irnproaivu.

(1) Wury high light intunoity from a point source.

(2) Shortest po~ssible light duratior. frcm tho discharge.

(3) "Very good oluotrical ocreening of tOw gup~s to prcvunt
radiation from tho discharge of any ono gap affoctiwj, othor
adjacent onus.

- I, 'i -:n4*-i'9-' +-' 1,f !iirrl w;sr~nLr and give shortor
iht duiration-than miagniut.

(bY Dur'nzions to bc Kept c(IMM to ~ 'tn~a u~
purspoct.1vo in thte photco-raphs.

(6) Orprational safuty.

(7) Ease cf adjustti~nt in a confinud zi~

k8) ::k-y rezval anci replacumicnT.

i~)Z~aiua~idi[schar~ voltagt. not t- Gxccd 10 :7. n- that
surface lenA~kago, due to~ hmuddity, rivr_ b(, mumdt t - a
.%diLiz.

3. Soarkzs

Thu str aps, VIhich hravu boon in c-,nsteant tis ; f.-r .cry vr in
tho. S:ultip)1u Spark Ranges, ,javk; thruc. adjust!'blu let;d tippexd wit>'

.~n':u>fx' tihu. :m~in and triL-Zcr ra-:3, Unch ; -.ir I~f j,%)- bo ing
-hid.d frLz:.. thu- no.izhbouri nc tvjunty-f.ur )-.irs. (Apj-oni.ix 1 -?~ )
At this tiia., :.n~,siu:, 1.;%s c~nsidcrud ';.- l.-thu bes3t eluctr-c t.rl
f r .ci..bri ;htncas, but it ",-.a -,vir -z1:*nderst.-';d tht 1li:ht ;a

C~~fl ~~i~datthQ L:es f 1. n r i, ht dur:ation -%nd this bur-.'
cviclunt byv thu dr! .int; .ct f the i:Ta- *:hn'h.t rcro t,-'c-n .f
L r ';Ctiles with v,.tl-cities nt -30C0 ft/sec.'nd ,,.nd vur.

4.,Tu eia ~scuain

It is -. tll kn a that the. li.jht intensit;: f' n.~x y :e
r! nditi no in thc dischrxrce circuit ri...:.in unch2r.n-kd, incr os, asth
v lu; - ini -hich thQ dischrxge trkes ,l,-. is (U. inishud, i.eC. -'r tIO
2r,.;surou in thu dischrp ipath incru.sus. Increasin- thu ;rsuo.a be
,.chicvu~d by e;nd singr tl-L %1) in r. -russurisc,1 ca.--...bvr r -J,ss tul-,:
-ir Arg- n '..c. thcu Ar~itr.:n Fl: sh Tube,?! by c nI'inin,-; thu#- ciacht. Path

.'' n a-ir *:,in the fr.. rirginlly !A' -'t,:;( by G4,nr:-.1 PPaul Liti s,-rt, c
pra-nc... Using, 25 flash tubes r -.. s n't a Z'ractica.-. -pr-2)siti7 n bcca "'se;

B3est Avail1able CopY -I-
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of overall simse, length of light source and total energy required.

It was therefere decided to construct a spark gap which oculd be
viewed end on, and thu.. save valuable space.

5. Gap Construction

Fig. 2 shows the arrangement of the gap which .as first tried out
(light from the now trigger gap was net photographed in ary of the trials
although light from both main and trigger gaps is included in the old
typo gapsa).

Magnesium Ys used as electrode material so that 4 direct light
cmparison culd be made with o n mf the old typo gaps by recording
them both on the same photographio plate, with suitable separation, so
teat each picture received the sa development time.

Insulation rund the positive and negative electrodes is of Koramot
and at thc ;nd nearest to the electrode tip, dishing has bton cv.riud xit
tc longthen the surfacu leakage path to earth should the insulation
beccrc affected by humidity. Adjustmont of the gap is carried out by
cither areuv-inZ in .r out the front cap .;hinh carries the earthed
electrode.

Beth the positive and negative electrodes r-e heisphrical in
shape to givu the most uniform spark and naxiir.zn stability in opcration.
(Pointed uluctrodos tund to set up corona and incerescd gn.p distn'ce is
necessary to prevent sparking over. Durf.tion is also aff.cted).

r-. First Trial

A now ,ap vts set up in place of one of the uid ones and an
,.djaecnt old ,.p .;r.s used for purposes of ccezparison.

Etch of the tv o sources of light uns :x:dc to fell on its m.n c'zn r :
lens, -nd the exposures *, re nadc on the ae photo.raphic plate, with
ncrtr.1 scptration of the iraGLes. After proo.ssing, background intensities
-xrc cc.-prcd, and it vv.s seen that the light intensity of the nur. :ap

a.s very :uch less than that of the old one.

An improvomnt :as obtrined by increasing the pinhole to I/16th
inch diameter and a further goin in li:ht T.T.s obta-inod by incrvasing th
hole to t inch dixotor.

Light intensities of the two grps v .re then very apprcxcix.tly of
the sore order.

7. Second Trial

th Closer confinrmnt of the gQ '.is next orricd out, Fig. 3. and ;-ith
- inch diameter pinhole a great gain in light intensity vpas apparnt,
the background recorded by the no,.: gap beir considerably d ker thn the
other one.

The pinhole dircmtcr ir.s reduced in three staes to . nl2 inches rnd
light intensity incruased with each reduction. Reduction of the oapacity
from 0.2 pfd to 0.1 .afd in the unit controlling the now -ap rduod the
light intensity but there we.s still a ,ruat jain ovi.r the older one.

More careful alijgnint of the electrodes, and tighter fitting of the
perspcx insulating alcove on the .ositivo electrode increased the
brightness still more, by effectivoly preventing lcakge of pressure past
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the eleutrcde, the 0. 012 inch diame~ter hole being the cnly ve.-t for
the discoharge pressure.

8. MAettro&es )f different metals

The mgrvsiuzm ole-trodcs in the now gap were replanod in turn by
noppor, brass, steel and eomibinations of thoe metals vrith no porcoiptiblc
improvement or falling nff of intensity. After the dischargu of 1000
sparks the hole in the stool olectrode showd no incroaso in size when
nwasured under the Cambridge li~asuring i.achirm. The unlargumnt must
thereftme have been less than 0.01 in

9. Third Trial

Tn assess the, effective photographic intonsity and duration of
light xfreti the t,,-. test gaps, firings -.xro zadu Yvith 20 L-.. Hispano 3all
Amunition at a velocity of 3000 ft/per seco'nd, and photographs taken -)f
the proje utile in flight to dutenziro hi.' much draw..ing out of the, iLuago
N-s present. The now gap -.,s first fitted *.Ath brass electrodes and
the record indicated that the- spark duration -.-s excessive. The
discharge circit .Axs then ch-cked over, u-id it iRs fouind that longer
loads than -. tre nucessary had boon connectod bct,.xecn the spark unit and
the Cap, thus causing a change in vvluu if in~ductance, capacity z-nd
surge resistance. By shcrtening these leads, nud using heovier
conductors the duration of the spriVc disch,-rge -vrs conaiderrbly reduced,
vand criticevj da;.,ping, fcaund tc be 5 oh~z, -,r~ then -ap)liud ;-ith further
beneficial re~sults.

AL reductiin in light intensity had to be v.cccptcd due to losses in
the dn;i ping resistance but thexre u~ still npelight for photograPhic

purpc Sus.

Si:,ilzr tests -.uro then car-riked out to see if -.nv li-ht i:prcv,~...nt
cruld be gained by usirq; ather Lutr-l electrodes in placeoL of the- br -.ss

There -3ee..-'ed to be n(, difference in liight intensity ')f.ee 4.1y,
the :-,otvls tried i.e. brass, copper, tnsi. nd st..utl, but 2.5fl7nsiu:-Z
gave l..nger spnrk dure.tion. It uns therefore decided tc adopt tLe stee2
electrodes -,-th their harder %iwrring qalities, a~s stzand?.rd.

10. Photc rphy

The circuit civ'.r.ctristics frcLu the phctogrcaphiUc point of vicv: a
of fund-acnt-. i:.pertanou -.a the,, control tne r-.tQ of risk. iff i~r. ll-lit
intensity tc its p,..ak va-lue and the initi-.1 doay,, rate. Decmrasin&
circuit inductanc incxraosthL rae of rise, t--il,; broa-.Cening of the
pc1r is incr,-usc;d by inductace. -.nd oa ,)acity.

Also of Very &rea t L:port.%nce, is the choice of suitable photo"Ta hic
pla~te.s, buct'use; apdprent photo ,r.phic durr.tion of the spark discharige
depends on the speed and colour sensitivity of thu plrtcs used.

As the light fro.-- these sprarks is vry rich in the blue violet
part of the sE,-)ctrum, Ilford Slow Process, :oec~k B.4. Half Tone, or nxrr
slo.; 1)lat,: 'hich is only sensitive to the blue violet should be used
so that the apparont photoLjrphic duration llbe ruduoce, to r. dn.i=r. .

Fas3ter blue sensitive plates -will incru.sos the- %p'rent duration.

Sirk disohaxlLes have; been rejcordedc oy using; a lare aperture
.lvuns, hiLgh s,)ved revolving :.Urror a~nd very fa-st sensitive fikias, and
%he.se rucoras show a total light duration of about 40 i.icro seconds.



- The reason for this careful choice of photographic plate cam now
be seen. By using the slaw blue violet sensitive typO of plate, no
blue or violet filter need be used as th plate is self filtering,
the l~ngor Yvw, lcngths of light which wre also recorded in the above
tust -ll be filterud a.t, and apparint duratin roduod to tho point
ihere it cannot be rusolvod.

11. Rsults

1. Tho conditions imposed havw all boon mot, although from tho
point of viow of tho discharge duration a copramiso has had
tc b,. mad once mcre.

A gr at gain has bur.n obtained in light output Ywhich has
enabled the valuu of the discharge condonsur to be rvducod
frcm 0.2 ufd to 0.1 ufd, and tho scurco has buon reduced
to a pcint.

2. Light durction has been reducod by (a) adopting steel

.lctrcdos in plaoc of mugnosium.
b) Cutting dcn., the value of the discharge condenser by
50 per ccnt.

3. .lt..ctric:.1 scrucning of the gap has ben vury greatly
improved as the 'live' uluctrod& is practically surrounded
by th other Qlectrode at earth potential.

4. Stccl clectrodes ar harder '.aring than magnesium and they
dc not l.avo a coating of conducting cxidu on the insulated
parts .fter sparkinr. Shcrter light duration is also obtained
-.t:n stel ul.ctrorks .m use.d in pl.c of magnesium.

5. In the old typu spark rack the gap centrs %oro 2- inches
apart, lvading to quite approciablc perspective diffYronces
in the photographs. Tha n; gaps can be sot up at 1 /16 inch
apart and a a-.llor g.p -xhich hrs just bhcn coiVplotud w.ll
cnable th distncc to be reduced to I inch.

F. Oparational szfcty has bcen achicvd by enclosirg the high
voltsrg. clcctrodes inside the. earthed body containing the
second ulctrodo.

7. A fine scr-: r.djustimnt is incorporAted in the front cap
carrying the pinhole eloctrode, and is easily accessible.

8. R.:uovrl of the ccnplutc spare gap frou tho rack is easily
c.rrioe out by unscro-ang or rhore only th pinhole electrode
r;quirvs rye il thi cap is s:amply scre omd off.

9. 'With the extra light now availablo it is possible to reduce
tho dischrgu voltage to 8 K.V. Six Thrapox shoots have to be
included in the iRaltiplo Spark sot up as a protootion against
drc..iGyo to the largc condensing lons by flying fre onts of
shot or nxmour plate, and the 12 reflocting surfaces cause loss
of li,'ht, otrz-ise a still s:allur discharge condenser could
be used v'th a further shortininZ of sark duration.

4-
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APPENDIX I

AL MAGNESUM TIPPED ELECTRODCS

LL

CAMS FOM ADJUSTING GAP DISTANCES

KERAMOT ADJUSTMENT H4ANDLES

MAGNESIUM40 TPA.SCRLV THED

IWA SUMSEQUENTLY

KIRA T H OWRtASSCLOSER COFIEMENT DIMINISHED
FIG 2OF TIE ELECTROD FROM -23'

- FIG. 4
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OLD TYPE SPARK RACK

SPARK GAP METAL SCREENING
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APPENDI-X M aNIETA

DAESIGN OF SPARK RACK SHOWING CLOSER
Sf-&CING OF THE GAPS.

FRONT ELEVATION

FACING TO THE FRONT
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