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flOW TO PHOTOGRAPH A ONE-vTINDOW BUBBLE CHAMBER 

by D'.ume u. r..rorgron 
Hechanical Engineer 
Lat{rence Radiation Laboratory 

- Berkoley, California 

A t.:.nlqt~'3 cpticnl system consisting of a 
Sourc:), rofloctor nnd CX:l;Jra has 'b9en constructed 
for t~1~ L1L 72-1.nch hydro{!cn bubble che.mbor. 
Thio p.r:::r ckccrlb:J tho cquit-'ment, the re:1sons 
for it:J dc:volor"'.:::nt, and nc:ne of the methods used 
in solvir.J tha do~ian problem. 

Tho v~luo of the hydroeen bubble chamber as a 
phycic3 research tool is greatly enhanced with 
incronso in nize up to n linit dotorminod by the 
omd.r.-:--:.-1 cn:::rrcr of the asr:ociated particle accol• 
orator. TI1o LRL 72-inch hydroccn rr~bhla cha~bor 

·is tho firct oporating cha."rlbcr of adequn.te size 
for a t:n.jor nccolcrator, and reprcncnts a volu­
motr1e docien Oh~rapolotion of nora than ton. 
Such a lore~ incrcnno juntifios a conplata re­
view of tha prior art, coupled with vieorous 
operations and ocono~ic a~alyGoo. 

A machine quite dif~~ront fro~ ito ~~cootors 
baa ronulted. Ono mnnifcotation of this re­
r.onrch is tho uno of n cinr.lo o~mbor window 
vhich transmits lir,ht in both directionsf that 
is, into and out of tho chllr.'loor. 

Heretofore these functiona have universally 
been reserved for separate, opponitoly diopo!;cd . 
·'l,findol~'il· 

. tffl A Oi15'.-W!t<TDOt1 DFSIGN? 

A number of reasons exist for the choico of a 
larger one-t.ri.ndow bubble chamoor. Such a dcciVl 
per:nits a. confi_guration \.Jhich rnw.ir.tizoa cafct:; 
and operating convenience at rnir.i~ conct1~ction 
and operating cost. 

To understand the foregoin~ ascortions, a 
general Jmovtlodgo of hydrcccn bubbla chru'!lbcro 
and their anoociatod syste~a will help. 

Briefly, a hydroeen bubble chamber is a flnah­
illuminate1 dynamic cryogenic presoure ve3col 
mounted in a stron~ and uniforo mncnetic field, 
the volume of which must ba photographed at a 
particular instant ~th roapoot to tho pasongo 
through it, of charged nuclear particles. 
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Fig. 1 

Cutn\JO.Y godel of 72-inch 
LHL Hydrogen Bubblo Chnmbar 

F!cure 1 illustrates the complexity of a modern 
h:rdro;:~n tubble chomoor• Any design concopt 
which rc!~ults in a more rigid and conpact chrunoor 
(tub-:::.hur::::l caotin3) \dll rcnult in a correnpond­
in(J r::::.'lller vacuu:n tunk, ma~not coil, nnd over­
all di7::;n:~iono. A ot~tJ-window ch::.ab:~r not only 
ali;::lnato~ half the gleos and aoals, but nlco re­
sul t'l in a n:.uch mora ri;;id shr~p-:l for the chcnoor 
tub ~::1ich rc::ulta in cconony of both r.1atorial and 
ap:1c:J. (ora inportant, hc\:,wer, is the fact that 
tho r.:!.::cJt coro cnn bo l~ado nuch noro efficient 
b::lcnuco tho lo~nr polo-pioco is retained. Tno 
lm.;~rcd nr::,:?.ot roluctx1co pornits a sicnificant 
decr«:!H.;o in a-nporo-tm•r.:J rc:mltin3 in a c:·;:nllor, 
lichtcr m:::r:ot nn:l nuch louor pot:or dc:;mnd• 

Safcty-·,rlce, tho advMta:~il of a sinale \dndov 
confiG~·~·ntion no :::ho:,rn is apparent. !:Non if the 
vindmr t.:::ro to ftdl in service, no a.pprocinble 
npount of hJ•Jrc.~::::n liquid uould b3 lout. Con~o­
qucatly, vnctlt::1-tnY'.!t pronnure rioe would bo ron­
pnrativ;:,ly nodcrato. 

• OpJrntlonnl convonione~ is eoourod by placine 
enorr;tz::-~l oquir:~cnt (ouch as nashln.":lpl'l} abovo 
tho vnc'.r:.~ tt'~'1!c. In':lp:lction, s•:,rvice, and/or re­
placc:-::-nt of laJip3 cn.'l ba acccnpli:::hed in a very 
fev minubo - npproxi:.:::~.toly or:,:l thousand tir.~s 
fnotor t!JOJ.n if tht",y \.'oco "buried" bonoath the 
chonc:Jr• 

On9 o.jdttionnl rr.:Jrit rr::ty b3 assi~cd the sub­
joot ch~·:>1nr dcni::n• On0 ndditionol do~oa of 
froPdo:::J in chTL~l''J1' oricnt:::t tion vi th respect to 
tho r.uclc'1r rarticlo be.-: io available when the 
r.~3nJtic fiolcl io vertic~ t.."ith r<~spcct to grav-
1 ty. This froric:-~ of n~ir·:~thn.l oricnttition nay 
'to u:-:oful in cort'l1n p·.1 oj0ct::d phy~<i cs OX}::)ri­
r::mt3, as dlOn it is CC:~iroJ to h-:V0 tho h:::x:n 
-;ntor the sido, rather th•m the cnn, of tt•o 
chnr:1bor. ~uch a lx:~.! l-JOulrl to!Jd to CllJ'l:!"'e vor-
tienlly oriented IJ'in-!mr.J. u 
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Please note that to place a two-windov chc::1br 
in an equivalent orientation (i.e., •Jith horizon­
tal windot,rs) IJ'ould be extremely awkward boc::n::.so 
the optics vould be likely to interfere with tho 
floor. 

Of'.ITCS OT" P.o\TU Y fTYDRm"7;~1 f-,U~PT,r:: Or~'·lrr'_j, 

The first chambers of this type cmployo:i no 
magnetic field end wcro thcrcf'cro 11C!r-_rly t:·~rCJ­

strictcd in tho r1o::lo of l!r;hti!~:-:• In;.·~crhb1:;, a 
strdr:ht-throurrh lic;htin~ C:}rstr:'=l wo.~ uccJ. :.J.o­
monts of such syste:::J3 are sir:ple in ccnc..Jpt e:·:J 
design, and are highly offocti ve in upplic:-.tlc;!• 

A diff'n::;cd-lir;ht nyctc::1 c:m b:::l r.t~·1o l:y t~-::~ of' 
opal cb.::w placc:1 bot\!i~:t the nourc3 nr:i t~'0 r'-~lr 
windo\!p yioluin3 lie:rt-ficld trc.cl.: ~:Jo~.o~.r: · 'c:l of 
mini!':;t:.--:~ cc::·~ro.:Jt• 'l'hin t:~thod l:::3 uc:.;rl en t~:o 
UCRL 2 1/2-:i.nc:l ch<!.T:lb:n·. 

Tro.ck sc~nnQr3 preferred a dc.rk-ficld pich:~:~, 
ho,:::1.tcr, nnrl all cu'!::::c.ll!cmt ch~J~·~)rs lwv0 t..:.cd 
dorl: field l:t;:;htin;; in o~!C fol'.l or m~o·:.:.::::r. 

Tho slnplcst n.."ld r.:o::t efficient of tho d~;r~' 
field n~·ctc~!J it:volvc::J plc.cc~:::::t of n c::1:.l :: :::1• 
lens or C.2f'f'ici.c:1t1,, l·:J···o , ..... ~r•· ... ,.c L·,~·. '1 t'·" J . t . ,.... ·~ .. ~·.... \..1.#- • .., J•• w ...... ~~~ 

fur (frc:l tho c:;.:--.~rn.) uin-Jou t!.!1d t!n li~.:1t c:~~rco 
in cuch a l!'::.Y t!:·lt th<:J rc.;,'D c.ro foe.\: :::~~.J r:';: .r t·J.t 
nlc:::.:cido tl1c c::~·.::;ra. lc!lO. 'IlliD c~·i:, i. -~1 \ior!· J 

Very \Wll lut prohi bito the U:::O Ol U l'C~r f.':'"rl'}t 

pole ploc-3• It is thu3 thl'l profcrrcJ r::-:Jt h0d 'fer 
sr::lller chc.::J.b:::>rs lTh:::ro no.~~r:"Jt po:ior rc1uirc ::nta 
arc of little eco:1o::,ic sir;nific~J.'!co. 

The UCRL 10-inch hydro~cn tubhle cb::1t:-:r, d1ich 
IJ'D.S fi ttod into nn exiotin::; la.rr;c olcctrc .':' ··:·ot, 
wan prol:ably the fir:-:t ch.r:::1h:r to u~o a r:··" ·~t 
vi th ronr polo-pie co. Sinco 11 ttlo cr::tc:l ":-::, 
available for illc:,linntion, a vc~1:Jtir.n-'hlir.:l t,:,rp!l 
lir,ht b.'lffle uas uco(l to obto.in a 11d::trlc fiolrl 11 

effect, H~ht h-:!in~ provided by a cc:1bin~t.icn of 
a circular di ff~!~!C>!' diok currom·t·l~cl by rin~ flt.::Jh­
lo.:-1p3 • 'Ji1iS 0~1S t..::J~l prOV1:iod {30:X<! j)lCtl.!:·c~, t~Ut 
the fact that tho fl::whtub:)s ti:Jro opor.r1.tin; in n 
stron~j M9VJ()tic field nnd uore inacconci blo cJ:·rin"' 
an operating run connti tuted a S•3l'ious dicadvt::'l- ·' 
tnaa• 

PI:GTO CRI'l'J.!UA 

C::•:Jrn outj;ut - f'il::istrip photoo - r.-.~~t h11vo 
physic:cl cl:<:.:r;L::t-:-ri::>t~cs ar.d i,.,.e:~e flUn.lity uc­
ccrt::~·.l" to ~~:0 ~c·~nr.·.;rs an'l nut~::'l~~ic tr::~c!~ 
TaC:tr;urlr.~ dcvic'Js 1 n.ll of '\./hich cor,stitutl) nlo­
r.F~nt::; of' a lnr.~') nnd conploX infOl'T.'Ution-·ra,thcrir·• - u ' ". 
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The bas1o requirement is to provide informa­
, ·tion sufficient to permit mathematical recon-
, etruction or all bubhle tracks in (three-dtmen-

81onal) space w1 th enough accurac;y to ;yield es­
sentially precise calculat1on of.their momentum 
and energy, and also to provide surriclent reso­
lution to permit \lubble-counth..g at s:ny depth in 
the ch~bar. 1 · 

EXPANSION LINE 

t1fAT lEAK 

RADIATION SHIHO 
AT LIQUIO N1 

TEMPERATURE 

HEATERS' 

SHUlT£R 

liGHlS l-~·-j·\l>~=~(j):!J 

Fig. 2 

B(AM 

Cutaway Schcr.mti.c of' 10" Bubble Chamber 
(The largo 1Ya.cuun' tank is. louered into 
the magnet, :,:hich i.s not shoun.) 

Addi tiohal rc':':11l1rm:1erlts - related to readout 
equipent - invoi·:a ito,..:;· such as tra.ck-tt)-ba.ck.­
ground contra3t, uniformity of expoeuro, data in­
formation, mnrein marking, etc. 

Evaluation of film f'l:oo:ct the ·10-inch bubble 
<:hamoor cn.m;ras dm. .. bg t.eat maasure:aants on the 
enrly 11Franckonatelnr' film readers indicated tllat 
such machines cou1 d .s~tisfactoril;y follow, auto­
l!laticall,y, traclrs lvhich vere about ten times as 
dense as the backGJ"ound. · 

Since pictures made in good two-window cham­
bers havo track contrasts many times greater than 
ten, it vas app~rent that some of those systems 
might ba considered "too good." In other words, 
if gains could be made in B.l"eas not specifically 
related to photography - such as economics and 
safety - at the expanse of picture qualit;y, this 
need not necessarily be detrimental to the.!n­
form~tion gathering ability of the system so long 
aa picture quality (contrast?) did not fall below 
the neoessar.y standards. · 

Analyuie or the mathematical problem of tracks 
spatial reoonstruotion indicates that ability to 
measure to one-tenth the bubble-track width vould 
yield all necessary physical information. 
Franokenatein-type film measuring equi}:lllent is 
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able to measure to within a few m1orons.. Thus a 
oamero. ti1:tgnifit!ation or f'rom one-tenth to one­
t!rteenth is i~pl!~d. The lattor number is actu­
ally used as a matter of. el>!'on~y of film and 
~t. . 

Fig. .3 

A LRL Automatic Film Reader 
and Asnociated Electronio Racks 

Since bubbles 'in liquid hydro~en scatter inci­
dent light 'reakl:;, one must arrungo to illu.in!naw 
them in such a way that rays.nend be defleetod 

' only a few dograGs to enter tho c.:i!1era. lonn (or 
. lenses) . .' If stray or backr,round lieht is not 
r•rasent, ono will thus obtain what ·in referred to 
ns da.rk-.field illumination, a.s desc'i·U'3d earlier 
in ·this report• · 

. If an opnqus (mstal) wall roplacos the roar 
(second) cham~r window, one would naturriny sub­
stituta·a mirror (of. :somg sort) for tho second 
window, and place the source of illunination on 
tho window side of th~ chamb~r. Any temptation 
-to "place the lamp in tho ca.vi ty of tho cha:nbor 
itself is dispelle~1 when the vecy practical d1fr1-
culties sueh placement would c~uso, are approci~ 
.a ted. 

If a uniform track density ia to be achieved, 
tho lightine oust be arrancrod so that equal flux 
enters tho caroP-ra (from saoe-o1ze bubblon) any­
wbAre in the cha'!lbcr• An easy way of achieving 
this condition is to arrange thin~e so that tho 
light flux density is uniform throuGhout tho cham­
ber and so that the scatter anP-le or de~roe of 
bending of light is equal from a.ll bubbles and to 

, all lenses. 

A 'spherical' or polar arrangement wherein the 
lieht source ie central will perform as desired , 
if th~ mirror (placed in the bottom of the cham­
ber) is a portion of a sphere centered at the 
eource, and 1f tho camera lenses are all placed 
an equal distance from the source, in a plane 
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containing the source and normal to a '11ua rrcn 
ttie center of' the ld~or to the source• 

. UCRL-8911 

. Itaagine tor a moment a s}ilere from wbi (lh the 
· opt1callr 11poor" marginal edges are removed· If' 
ala~bed equally~~· eix·eides, ~ bexaeonal optic 

NOll it thit chrullber vindov ls canted in such· a vitb,spherical end~ will. result. It will have 
vay. tbat a renecti'.tn of' the sout"ce ~a . not 1aen· . superior optical performance compared to a whole 
b;y any of' ·t.he ·camera lc.nses, ·only ono. baaio ~t- sp}lere and ~furthermore, a closely fitting (honey-
.ticultl' oan.be round vitb the aye~tam just de• , comb-like) utr1x can be·achieved. · 
acrlbedl eacb traek vill be seen twice b;y the . · 
comer a• The renected images will tend to clut• If such. an arrar 11 o1 uminbcsd over the entire 
ter the views, making aoannine· ~if"~i<mlt unless h1ck surface, it vi11 be· a much more a·rriaient 
the nwnoor of ente.ring berun particles 1s reduced.. retlaotor, and· will have a sharper cnt-of"t than 
Buob a reduction would, in effect, double the . the parent ':beaded screen• . Several vea.kneeoas yet 
ccst or obte.inirt($ the~ r8Q'lired information• .. ' remain, each of' 'which can be olindna.ted ey design 

change ao that unleaq you're careful, you won't 
Clear11•· a "black mirror" ~s needed, one· which · ·· rscognize the bead in the reflector& 

will reneot lieht (as required) nirectly back to 
tho source ·but one l.Jhioh, when viewed from the _, Obviously, macroscop1cally-oizod high-index 
came~a position, will appear dark.' .·". glass baads ca!mot (yet) be economically eut -

or rnolded • into tbes~ special shnpaa, so in our 
It, in add.i tlon to the abOve proporttes·,- the ' program polymethylJuethacrylate was substituted. 

mirror 'tor reflector) device were such that it Because tha lower-index plastic doGS not bend 
coutd ~ mude .to fit cC'mpac:tly into the essen• . li~ht as much as tha original glwa beads, it was 
.tiaJ.ly flat, reotaneulfll" '10ttotil. or thtl chambs,r,· · nccos:,ary to lengthen the optic '(producing. a 
we would inde~d be. ~ort~te• ' longer hexagon) w~ .. th respect to tho radius or the 

· · spherical ends,· .eo that (moat) or tho rnys wore 
'One: of the severn.l. oPtical schemes which wre ~ought to a focus at the center of tho roar (re• 

suggested t-or this application vas thn propria- flector) surface.· (An elliptical refrnct1ne aur-
tarr baadod reflector' matodill; Scotchlite• Al- faco would result in perfect focus.) Tho retro-
though tMta· of this 'interesting reflective ma- · directive prope~tiea wore good tor incident rays 
terial shoued that it WaS not "good" ono~h for . . par'allel to the heX rode, but poor for othors. 
our appl1eat1on, a etudy. of its properties and. :. An inQr~a;se Qf radius of the rofleot,ing surface, 
vaalcnesses may wll have led wi, eyontW\1.1)"• to . ~o. that 1 t \ins oentered at the. rGi'raoting sur:f.'acat 
the system now being used,• , · ;. r .' . · .cUred this situation and resulted in an optic 

. which was, within limite, quite independent of' 
· The beaded 'mo.terlal:3 have, for th1a o.pPlioa- . • · the d1;r.ect1on ·or. incident light - nearly ill 
t1on, throe weaknem<~e~, two ot which can be, par-. woUld returr& ·~ their source. 
tially romodied by' mgJd.ng one change. · ·. . · · 

. : .: I: :ma.trtx' or those 'optic reflectors is in many 
. Before proceed~ into a cl1acusslon r.elattng woyn·· similar to a plane mirror blt with two blg 

to the improvement of beaded reflectors, it would · except1otuu You can. "seA" yourself' ln it even 
ee'om prudent to describo "briefly' their optical : ,, · tho~ the .~ror 18 not at right tmgles to your 
cl~araoteristics. · · : - · ' · · · · · . ~. · line of sight, and if J.OU tilt it myond a "cut-

. . . , . · . . , . ,off" engle it bacomee dark• An· interesting 
Light centrally incident upon the bead (which ge.dget•· 

should have a high index or retraction) ie rf):. :. ·~ 
tracted toward the ·center, travels ·to tbe re!U' · · Hov c~ this ~t be put to work? It such an 
surface of the sphere, .ie ref'leoted, and thence, usembl.y were placed in the bott0111 of' the bubble 
emerges at the front at .a point: d18Jiletrioal.ly op-· . chmnl>er ·am the central. light source turned on, 
posite f'rom 1te incident posltion, and is aga1,n a "thous·and". tinT· ref'lect1ons of tha source would 
retracted (oont) toward the 11sxie 11 .. of the bead ·eo· appear at all use.ble off-erle posit1ona where 
that the re¥ is nov moving in a direction which the camera ·lamtee might euteequently be placed. 
11!1 approximately ·opposite to ita· original direc- · To make mat,ters worse, images or blbblee could 
tion. also be .eeen· ~about as bad as a plain 111rror. 

Ra18 incident near the sphere's periphery are 
not refracted into the 'bead but are r'ef1ectad 
trom it and are thereby "wasted", creating an 1D­
etfic1ent retlector. Rays incident just "inside" 
the critical angle are retracted too strongly, 
am the rellUl. ting return patb deviates markedly 
troa the desired direction. · 

Something vas done~ IMtead ot aluminizing 
the ENTIRE bOttom (rear) surface of' each element, 
only a small central disk or spot vas ao treated, 
the reot being blackened vi th a light-a.baorbent 
optical lacquer. The spot vas or such abe that, 
trom the intended position of a camera lens, no 
scattered light could be 1een coming troll inside 
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the optics and they were superbly black& Th1s 
change tended to increa:le the .apparent '.brightness 
of the front-surface renections. · · · 

El.im'tnation or the f'ront--<3urfa.ee rer.l>Jet!on 
resulted .,..hen a radic!ll departure from the he'!:­
agonal optic configuration was conceived. 

Having failed to supress the source surface 
reflactior.3 GUffieiently b,y use of optimum eom­
binatic.ns o~ diehctrie qu~:r";.$r-·..ra.;-e coatings; 
glass, s.r.J. lif{ht filtering, :tt vias :ree.lized that 
the only '.-:cy to get rid of them would 'be to de­
termine n surfs.ce configuration !OUCh th!lt at no 
place on this (rcf'ra.etil'lcr) surface could. a nor­
m:ll oo eractcd \Ihich voul:J lie in n plane con­
tainine the source, le:r.::i, and t1le;nent of' rofl~aet­
ing ~:nrr-:rac~. At tho ~:w:r.1e tir!:a tha · cro;js"""ileetion 
of tho proviously-dovel0}-'3d ren~ctine opt,ic r.r..tst 
bB rota1no:l. · 

Til® rC::"''I..Ut is lrlhr.t we c.t L:'ii1!'<:mco Radiation. 
Lo.borator:r C<!ll a "con.t henger" becrmsl) it soma­
what r~.:z.:.r.\blcc an (up~id-1-::lo;.m) plain \·rooden 
coat hr:.n;;.'Jl'Q Tho cros::;-;:::(!>ction is~ of course, 
that cvol vcd frGm the tead o And tho ln:r'ge 'coat 
hang·:Jr t radius ia equal t.o the le.l·np-i,eflcctor 
distn'l1·:!Co 

A fE.\-1 a.ddi tioJL<l-1 'f'llOdifi c.:t tionn lJn.va been r:w.deo 
First, it ohould b;, roa.l~~z(!,d ir.:.!r.ediat.ely that the 
alumiuiu),J spot bt..s :<co ~eo,:::!! an •;lon~atad strip 
CGntO!'Od u..lon[It tho bot"to;n of tho ele;-~eut. 

Fin:llly, to por.J:'cct ·!;he r•3tro dtroction OJ~ 
light,, a:1.i thu!l "t'!'lO:>t,h out" illum:lnHl::.ion of' the 
bubblo tracii.n, ·t.he theorotie::tl.ly perfect ellip­
tical cror;s-nt~ction W<.S applied to tho rafract-
1~ sur-t·ecc. 

Fie· 4 

Schcmn.Uc of Con.t H~:n~cr Roflectorn showing 
Ueht P.ey Pnths an:l Assembly in 15-inch 
Bubble Cluunb~r. 
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· Refraction · const.ants for the d:i:electrio mate­
rials employe1 Were unknot.m at tht> tnmp~ro.ture 
and pressu.re3 ex:tant at instc.nt of' ex:f')suro. 
$cianti fie an1 one;:tnn~r~.n.r; personnel ccrnhtncd to 
define these it'ldie~s., In".?sr.ntnh n!:l tl-Je dl~tity 
·and eon9cquAntly tho ind~x. of refrae~ion or the 
liquid hydrogrm at time. of' ((>J!:pO!'lu:-o 1.s trcnsiont 
and somewho.t vurls !:1.0, npprcFriate runx1rou;a nnd 
rlinimu.ra ·vnJ.ucs \.''\.'lr<'! derived f:rO!!l parttcla r..:tn:;a 
r.1easuromonts made on earlier nhotoo i"ro~ th::t 10-
tneh ch l'Jnbcr• An mqx~t'im::l'lt.:ti mot.ho-l w~ir; uac~ 
to d0termine t!;e inde~ of tl:n co2.t-hnn;~o.,.. pli'.l~tic 
material~ Direct optical obH.J:t•vt~.tiol'!!J w~re l':·:ldo 

· dt.tdn? cool-do;.!n from roc:n to lir:!Uid nt trC>-cll 
i.) i • ~ 

·~.~rnpore.turep a.'1·1"· a sw~ill oxtrnpol~tlon' to li'1tdd 
'·ydrogcn tm:'lp~r~ture vm.s muda. Satiofc.ctory re­
:.~ul ts cxprionocd l.ri th · the largo chn.11t'Cr opticn 
hava jur;tified thMe m~t.hods o 

'111C 15 ... 1n:;h chtt~l~r, bUt tl) l'eplo.ue t;,o 10-
inch cbc;~·.ll-'( •. ·:· an':l t" f'H. :J.rrto'tlH c::.r.~o r;·-.:.'3:.~-,t, 
t-T·:".s to enrvo ns a r.l'otcrt:rr;:, ch~.'1hDr in 1:Jhldl tha 
r.oat hf'.ngr.:r 111l:.J.dlt<1tion systt:'::1 vot!lu. ('.') t:~:;tode 
Of intc::::-ont. is the f'act that o.lthou~,:1 roth Uni to 
vcrc i'i ttc"l into tho sn:11~ mf.J!l.Jt h':'lo~ the lr.t.(,t' 
mo.ch:Lno, utilizinz re:tlcetor ill't::::-rl.n:::-.ticn Clptic:J 0 
h~a ·a uccfi.tl voln,...!.:! o·J"er ·thrc~ thv;.s '"hn.t or tho 
eadior t:rpc! Thiri inc!'CO.:'J3 in duo l.:!rt:;:ely to...._ 
sp~co_· oeonc.:.liGa }:'Gr;!Jittcd b',:t tho cout h:~~:c~r 
sy::>t0!lo' The l'of'J octo~:-:~, \J:d.ch h::.ve n. c!'ccn­
s~otion o.~pro~d.•~ntoly on~ inch rk.:::.p l:{r ti::·;:::l­
oiehths inch ,,tide, nro

2
r:;c.ch1nod frc:, C:lCt P.llyl 

plastic flh$ct r.lc.teris.l lJhich 1~ ocvors.l Hr.~ca 
mcro scro.tch~rcci~tant than poplilar pol~TI3thyl­
methaorylnto (Lucite, Ploxiglao, etc.). 

'fne light Pour~e fo1· this cht1r.1bcr Gonn;sts of 
: a Xcnon•filled short (4 mm) arc .flaohtubo firinR 
!,nto a one.-1nc11 d1ameter light port through a 
double condenser projector~ A spherical mirror 
behind the lamp increases light collection by ap­
proximately 40 percent •. Power for this lamp is 
stored in a 7000 micro~Farad capacitor bank 
charged to about 300 volts. Two stereo cameras 
(yielding four stereo frames per chamber pulse) 
look into the cham~r through a periscope mirror 
arrangement to yield n 16° stereo m gle, giving 
excellent depth perception. 

This illumination system gava botter-th~n­
expocted re~ults and the decision waa made to 
adapt this design to tho lnrge c:b run bore 
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Fig. 5 

Track Photograph Made With One-Window 
Ulumination System Described Herein 

.Ql'T!CAJ ... ELEHF.HTS OF T-IE 7?-INCH HYDROGEN 
BUJlliT.R CHfl.i'll3RR · 

A 5-inch thick window measuring 75" x 24" in 
plan form serves as a closure at the top of the 
cha1uoor body. This window ia sealed to the cham• 
ber by means of a hel;ium...tilled inflatable 
stainless-steel and indium gasket. This gasket. 

UCRL-8911 

light ent17 port. Alignment is wntained ey a 
spring clip at one end of th~ ~enactor• lateral 
hydra1ll.ic forces applied when pulsing are bal­
anced by' geometdc symmetry. Vertical forces are 
adequately resisted b,y the coat hanger's ~eep 

: vertical section. 

.. Machining ·:the. optical surfaces required a 
··great deal ot" care, 1tbe operation having been 
-.~~ried out ·on a strut4ard toolroom vertical mtp. 
vi th aid of .a· proper fixture•. 

Drawings call for a mis-alignment of tho co­
operat~ng optical surfaces not to exceed two­
thousandths of an inch, and calculations indicate 
that surface curVature should be maintained to 
better than three ten-thousandths! Polishing vas 
done by hand using laps, muslin buffing wbcols, 
and chamois skins. Batveen one and tt.zo hours' 
total,.pol:tshing is required por reflector depend­
ing u~n the·quality of machine finish. Polish 
quality was compared to a stnnqard cy n:casuring 
light scattered from the polished surface. A 
photo multiplier tube circuit gave quantitative 
i ndi cati one • 

As in the 15-inch chamber, a projector is used 
to supply light to the reflectors. This porrnits 
trimming the illuminated field to the propGr 
size, avoiding the protaem ~f scattered light, 
spurious reflections and flnra which uould oth~r-
wiae exist. The long chamber proportions pose 
an unusual lighting protacm \mich is mot by join­
ing ~'Siamese fashion- three identical optical 
systems in a mann~r c~culated to not only ef­
ficiently illuminate the 20" x 72" windou, but 

is fully pressurized only after the,window has 
been sufficiently cooled and contraction bas taken·· 
placa. Cast of borosilicate crow glass by Jena 
(Schott) Glassuerke of Germany, t~e window is 
notable for its fraedo:.n from bubbles, inclusions 
and striae and is believed to be the largest high 
quality windotl billet over cast. It is tilted 
7 1/2° from the horizontal to remove source re• 
flectiona and to rc~ove bubbles which form 

· also to perr;11t "modelling" of intensity so that 
· ends of the photographs vould not be severely 

. under-exposed. (See Figure 6.) . 

against its underside. 

~ One htmdrod eleven coat hanger reflectors • 
twenty-two inches long - span the dlam"OOr. 'l'b.e 
cross-section has been increased from prototype 
size to 1.8n X 0e6" to increase beam strength, 
permitting end-mounting b,y means of shallow coned. 
holes and spring-loaded supporting pins. 

Fifteen-thousandths of an inch clearance is 
provided between reflectors to pennit hydraulic 
circulation and eliminate collection of dirt be­
tveen them• The chamber is filled by' condensing 
hydrogen therein, thus minimizing extrainment of 
foreign materials. A contaminant maximum ·Of one 
part per million is permissible which, were a 
complete precipitation to take place, would re­
sult in a deposit thickness -on the reflectors -
of less than one wavelength of light. 

The refiectors are aligned by means of a me­
chanical tuning-fork device to "point" to the 

. Throe nashlemps4 created especially for this . 
application are s.rranget;} in line formation to 
fire into a single light port (1" x 4"). Each 

· lamp is focussed Qy means of a set of fast 
(ffQ.4) plastic condenser lenses into this port. 

The lemps, of heavy-wall quartz tubing, are 
fill'ed with Xonon gas and are capable of absorb­
ing en~rgy at the rate of ?,500 KW for 1/2 milU­
seex>nd. 

The projector assembl7 is housed in a 
nitrogen-pressurized aluminum box. A cadmium 
sulfide photo conductive cell is mounted above 
each lamp in such a manner that a portion or the 
4 pcircent reflection from the first optical con­
denser surface is monitored• Lnmp output is 
thus re~otely indicated and electrical condenser 
bank voltages are adjusted accordingly at the 
control room. Nitrogen purgin~ is necessary 
since in the presence of air (oxygen} the UV 
emission of the flashlamp will produce ozone. 
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The danger of highly-oxidizing ozone reacting 
wi.th hydrogen (leakage} ls such that the.inert­
gas purge was deemed necessar.y. 

other safety features in the lamp house in­
clude a key-lock access door vhich interlocks 
with the condenser bank power supply, and a purge 
gas pressure interlock. ' · 

Fig. 6 

Scher:Iatio of Optics 1n the 72-Inch 
Bubble C'Aa.mber 

Electrical enereY for the flashlamps is stored 
in three of the four interchangeable capacitor 
banks. Each bank has a 512 micro-Farad capacity, 
and L'l<:lY bo charged to 2500 volts. Again, safety 
interlocks are provided. . 

The stereo camera consists of an I.-shaped body' 
of. welded one-fourth inch aluminum plate; a · mecha- · 
nism plate containing four lenses, vacuum Platens, 

Bottom Viev of Stereo Camera Showing 
Stereo Lenses 

UCRL-8911 

film drive capstan and ·motor, vacuum storage tank, 
vacuum solenoids, associated alarms and electrical 
wiring;' and two 1000-ft• film magazines-

The camera ~body, whicb measures approximately 
4011 x 30" x 12" deep is_ dowel.-pinned d>nto the 
three associated camera view ports to insure pre­
cise relocation and parallelism with the chamber 

·window. Thus,·'the camera is tilted 7 b/2° from 
. tl}e horizontal.. (See· figure 11 .. ) 

· The three stereo-tak ing lenses are spaced 20 
.inches apart in a 90° ell, and thus produce a 
.stereo angle . of approximately 16 degrees measured 
in the chamber. The third sterao view insures 
that all tracks ca.n be. accurately mea~ured regard­
less of direction, and also pennits seeing certain 
parts .of the chamber which would otherwise \:e un­
useable. The placement of the lenses is such 
that the scatter. angle of light at the bubbles is 
near 1y the s arne from all positions • The six ... 
element 120 mm wide-angle objecti ves5 yield ex­
cellent definition and off-axis transmission 
(see Fig. 8 ).. Barrel ...mounted, they are being 
used at f/22 .. 

. ~ 
1 
= so e 
' : 
:J 30 

!0 

Performoflce of l~t-mm Super Anoulon 
111221 

0 !0 .20 JO 

DeQrett 

•o 

Resolution and Trans~ssion of 
'Stereo Objective Lenses 

. 
The fourth lens, a 100 mm f/4·5 enlarging lens~ 

is equipped w1 th a rotary solenoid-operated single- · 
leaf shutter, and photographs a portion of the 
nearby refrigeration control panel throu!jh an R0° 
Roof prism. Instruments and counters in this 
region provide pertinent information necocsary for 
chamber record and operations analysis• 

• Lens focussing is in all cases fixed, adjust-
ment being made by shirn!nin~. Image platens are 
equipped with pulsed-vacuum backs which have 
built-in vacuum failure alarm circuits. 
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The placement of lenses has led to the use of 
45° mirrors to fold the. image rays in such a wa:y 
as to simplify, ·as much as possible, the path of 
film through the camera• 

'1·-t;;,-.. -T:-·::-:'1 
1'-..__;Stass lokeuP• 1 • : 

orm 

Supply 
oote 

~"'-i-U. ....... I '--::J 
Wmd DuHon f'";:;oded (supplyt 

Emply ( foke~o~p) mOt;lozint mogozine 

f•lm·quoht, rollet otm 

OpetO!ot pQSifiOn 

Figo 9. 

Diagram illustrating Path of Film 

Roll film width is 1 13/16 inches which pro• 
vidas adsqm::tc margins outside the chamber image 
for optical applic~tion of mnrgins marks. These 
are suh:wquc:ttly used by fil.m readers for auto­
matic atoppingo 

Tho film advanCing mach~- _rl.sm~ a one-turn 
crnnJ~, rac1~ und pinion device• produces. a. 
ha.rrK>nic-t:n>:~ motiono Advance is 16 1/2 inches·· · 
per ch~mL-er pulse.. Tao layout is such that ex­
posures from the four lenses interleave effici­
ently so that no filn wastag(:) occurs. Film ·is 
~dvanced in throo secorAs. Maximum repetition 
ra.to is tualve P'..il.ces per minute. 

Five mnGn~inas have boen provided with the 
camera so that at the average rate of one hour 
per roll an extra loaded magazine is e1 ways e,vatl­
able. The !T.:l[!azines ore designgd to facilitate . 
loadin3• FiL-n ncy oo trc.nsferred directly -
without revindin3 - from the factor.y container to 
the mngazino real. A real havin~ tut one flange 
permits such lo~ding. The loaded, self-centering 
reel may ba casually placed in the magazine, 
magazine lid latches cannot be closed unless the 
film quantity indicator arm is correctly posi­
tioned. Neither the roGl nor magazine are fitted 
with bearings; thus the reel rests loosely in­
side. Instead, tho hubs are designed to center 
on vertical supply and tru~eup spindles on the 
camera box. Takeup torque is provided by a 
filled-teflon cone clutch pL~ned to the con-

UCRL-8911 

stantly rotating 60 RPM takeup spindle• Braking 
torque is similarly provided by t.in identic~ cone 

' on the static supply spindle. This unorthodox 
arrangement, b.1 u~ilizing the'va.riable weight of 
the film reels as they wind or un\dnd, tends to 
ma.ip.t~ a nearly uniform tension in the fim• 

Photograph of Stereo Camera Showing 
·Mecha1usm Plate (Camera Doors and 
Magazine Covers Removed) 

Design ~mphash has been placed upon conveni­
ence of louding and maintenance. 'For ins'f,ance, 
ell film gates and platens are ono-aide op.::m ao 

· that by grasping the upper corti.er of the end of 
a fresh roll of film the operator can, without 
releasing bia grip, thread the entire cam~ra in 
what amounts to one continuous motlon. "Fnus, a 
reloading ~~ be c~~~ea in less than thirty 
~tuna-s .. 

g.il9t1cally ahieldc-da 
In view of the hazardous locatio!!, nll 5'\d tches 
and motors are non-sparkine or e}."'Plonic~·"· proof. 
The ·connector plu~2 at cxtcrnql end intcr~nl 
locations are r.iodified to 11kill11 (mOreY bol'oro 
contacts can b3 broken. In o.ddi tion to the UDU.rl.l 
vacuum and electrical services, this cnnora is 
provided 'With.both dry and moist air anpply. Tha 
forn:or is used to purgo that portion of the 
camera. (beneath the machanism plata) which con­
tains the lensca a.nd cold vacuum porta. Jets of 
dry air impinG3 on those windows to prevent 
foggir~· The zo~a above the mech~nism plat~ con• 
tains the film. Use of moist air (60-70 p3rC3nt 
relat.i,ve humidity) el7tlinutos static discharGes 
and flattens th~ film which prior to the moist 
air treatment had a severe tendenc.y to curl • 
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. . 
A bumidit)" .sensor located on the-mech~olll . 

. ·controls a commercial humidifier ~U;ni t at a s are 
(remote) station, '~ provides indication and 
limit warnings in the control room. · 

\ 
,·. 

.. 

. ~,. 

~.~· 11 

General View of' Ca.tJcra and Lighting 
Equi~cnt From.Operating Platform 

Auxiliary cquip:a~n:t· is provided· for direct 
moni torine the chrunoor. This equipnant utilizes 
a fourth (vicuing) port ~m1eh is sr.umatrically 
placed with rc:::pect to the «j,rrospi~nd.4ng_ ports 
occupied by the:>. 5teTeo camera• A sliding adaptor. 
p~vwi•\..S operators to vietl the chamber directly or 
to take Polaroid-Land photographs. 

Chn.":tbar illm.1ination d\lring visual inspection 
is provided b~ ~hroe 150~~att reflector-type pro­
jection lcnpsl r.ountod above the Edgerton fl{!Sh-

\ tubos. 'IIlis circuit is energized by a puOh. but­
ton convonicntly located near the viewing port• 
Polaroid picturo3 mny ba t~ke11 at this port by 
means of a. slide-mounted ·C!' ... ":lera l-rhich is ·equippsd 
\11th a lens identical tQ the ones used tn the 
stereo ca.~z.ra. Title of' day and corresponding 
storeo reel ar.d frame nu:11bors are automatically 
recordad on the Land photo, thus providing a usc~ 
ful pom:mont record which is entered in tho 
oparo.tor'o log book. 

CONCLUSION 

At the presont tin:o woll over t;ro hundr€d 
rolls of film, representing so!:'othin~ beyond 
100,000 chamber pulses, have b~on exposed in the 
steroo cnm~ro.. t::Jnlnrs of t~f'! Dr. Luis w. 
Alvarez Physics Research Group, for which the 
system and.equi~ont described herein was pro­
duced, are pleased with the re~ults obtainej. 

. ' . 
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r Responsible persons ·are :~onvinced that the 
bold departure from. past. j>ra.~tica in chamber il­
lumination has boen j~tified• In conjunction 
vi th 1 ts associated equiP'.nent, the large b.tbble 
chamber produced new basic informati?n on its 
very first scheduled physics run• 
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Production and decay of neutral lambda and anti -lambda hyperons 
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