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HOW TO PHOTOGRAPH A ONE~WINDOW GUBELE CHAMBER

by Duane Ue Norgron
Mechanical Engineer
. Lawrence Rediation Laboratory
- Berkoley. California

ARSTRACT

A uniav> optical system consistinﬂ of a

sourcs, rofloector and eanmsra has been c”rstructod.

for thz IAL 72-inch hydrogen bubhle chambore

Thic pzror decerilos tho cquipment, the reasons
for its dovelormiont, and scuwe of the methods used
in solvinz tho dosicn prohlems

INTROPTTON

Tho volus of the hydrogen bubble chamﬁér as a.

pbyciea reosecarch tool is greatly cnhanced with
increase in sizo up to a linit determined by the
noxirzo enorgy of the assoclated particle accole
eratore The LRL 72-inch hydrepen bubhle chamber
-1s tho first oporating chambor of adequate size
for a major accclerator, and represeuts a velue
motric design extrapolation of more than tone
Such a largo incrcase justifics a conplets ro-
view of the prior art, coupled with vigorcus
operatlions and economic analycag.

A machino quite dif“erent from its ancestors
has rosultede Ono manifestation of this re-
cearch 1s the ugse of a single chamber window
which transmits 1light in both directionss that
isy; into and ocut of tho chamber.

Heratofbre these functiona heve unmivercally
been reserved for separato, oppoaitely disposed |

-windows.

WIY, A OWE-WINDOH DISIGN?

A numbor of roasons exist for the choice of a
large ocne=-window tubble chambere Such a desism
permits a configuration which maximizos ealety
and operating convenience at minirtm conctruction
and operating coste :

To understand the forepoing ascortions, a
genoral knowledge of hydrcgen bubble chambers
and théir associated systems will holp.

Briefly, a hydrogen bubble chambsr is a flashe
11luminated dynamic cryogenic pressure veacel
mounted in a strong and uniforn memetic field,
the volume of which must be photographed at a
perticular instant wlth respeoet to tho passage
through it, of charged nuclear particles.
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Fig. 1l

Cutavay Mbdel of 72-inch
LRL Hydrogen Bubble Chamber

Firure 1 illustrates the complexity of a modern
hydrogen hubble chembsre Any design concopt
wiich results in a more rigld and compact chamber
(tub-cher=d easting) will result in a correspond=
ing =naller vacuun tenk, magnot coll, and over-
all dirsnclonse A one=window chanbar not only
elirinatos half the gless and esals, tut alco re-
sults in a much more rizid cghape for the cuenber
tub whleh results in cconcniy of bolh material and
spacae tore inportant, heouover, is the faect that
tho rocust core can bo nmade much noro efficient
baeause the lewzr polo-pleco is retailnede The
lovzred wmr-noat roluctanico pornits a significant
decreaco 1n ampore=turns resulting in a srnaller,
liphter marnet and rmuch lowor pouor demande

Safcty-wice, the advantagoe of a sincle window
conficuration as shown 1s apparente Dvon if the
wvindow waro to fail in esrvice, no appreciable
apount of hydreron liguid would bo loste
quently, vacuun~tanit prossura rise would bo fom=
parativoly moderato.

Oporational convoniones is assured by placing
enorpizcd oquiraent (cuch as flashlonps) above

thoe vecium tanke Inspoction, sorvice, and/or re-
placzm>nt of lanps can be accoripliched in a very
fow minutrz - approxinatoly ono thousand times
fastor than AL they wore "buried® boncath the
chanbare

Cra odditional morit may ba assisned the sub-
Jeot chinbor desierne Ono edditionsl degree of
freedon in chanbar orlcentation with respect to
tho ruclear particle b2zn 1s availablo when the
namnatic field ig vertical with respect to grave-
1tye This fro~dcm of eziruthnl orieontatien may
bo uzoful in certaln project:d physics oxporie-
ronta, as vhon 4t 1s desired to have the boam
~ntor the sido, rather then the end, of the
chambore Cuch a bann would tond to damoge vore
tically oriented winlouse

Conso=
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Please note that to place a two-window chembor
in an equivalent orientation (i.e., with horizon=-
tal windows) would be extremely awkward bocouco
the optics would be likely to interfere with tho
floore.

OPTICS OF FARLY HYDROGTN BURTT™ CUAMITTS

The first chambeora of this typa employecd no
magnetic field ernd were therefcre necorly vhras
stricted In the mode of Yiphtin~e Inveriallyr, a
streipht=through lighting systen wes wecel. lo-
ments of such systens are sirple in cencopt end
design, end are highly effoctive in applicatlcone

A diffuscd=licht sycten can bo made ty uso of
opal glaos placed bhotwixt the gourco ond the roar
window, yielding liphit=ficld treclk ghoto vrinos of
minimu eontraste This wothod was uced cn tlo
UCRL 2 1/2-inch chambore '

Track scanners proferred a derk~ficld plctuivae,
hovaver, ant all subzequent chotlbors have uvied

dark ficld lizhting in ono for.: or anoll.cre

The sinplest and rost efficient of the durk
flcld oyctero invelves placcmont of a conl oo
lcus of cufficlently lnrco ancriure Lotu. .n tho
fer (frem the cumora) window end tho li-ht covrco
in guch a woy that the roys ere focusnnd roir btut
alerreido the eznsra lense -Thin cywi~n vor!:
very well b prohibits the use of o reor moonot
pole pleceze It 1s thus the preferred mathed for
sraller chambors wvhore maznot poucr requirc:znta
arc of little econonic simmificoncos

The UCRL 10~inch hydrosen tubble chonb-r, vhich
was Titted into an exictinz large clectre rrot,
wags probkably the first chaabor to uno o woeot
with roar pole~plecce Since little cracs woo
evailale for illwaination, a veasticn~blind typs
lipght btaffle was ucod to oblain a "dark ficld"
effect, licht beiny provided by a cecnbination of
a circular diffuner disk curroundoed by ring flosh-
lempse Thls gyston provided gocd pleturces, but
the fact that tho flashtubos uoro cporatin~ in a
stront mapnatic field end wore inaccessiblo dvring
an operating run constituvted a sarious disadven-
tagse :

FLiCTC CRITIRIA

Coniora output ~ filustrip rhotos = must have
rhysical chaructoristics and irmaie quelity asc-
ceptatle to the scanners and autcnitle track
neacuring devicag, 211 of which constitute clo=-
ments of a lar~e and conmplex inforrmation-gatherir-
Eycitle
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The basic requirement is to provide informa=
"tion sufficient to permit mathematical recon-
struction of all bubble tracks in (three-dimen~
sional) space with enouzh accuracy to yleld es-
sentially precise calculatlon of thelr momentum
and energy, end also to provide sufficlent reso=
lution to permit tubble-counting at any depth in
the chambere | _ '
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Figo 2

Cutaway Schematic of 10" Bubble Chamber
(The large 'vacuun! tank ic lousred into
the magnst, which is not showne)

Additional requirenents -~ related to readout
squirment = involve items such as track-to-backe
ground contrast, uniformity of expoturo, data ine
formation, margin marking, etce .

Evaluation of film from the 10-inch btubhle
chanbor camzras during test measurensnts on the
early "Franckensteln” film readers indicated that
such machines could satisfactorily follow, auto=
matically, tracks which were ahout ten times as
dense as the backgrounds - ’

Sinco picturos made in good two-window chame
bers have track contrasts many times greater than
ten, 1t was apparent that some of these systems -
might bs considered "too goode™ In other words,
if gains could be made in areas not specifically
related to photography = such as economics and
safety = at the expanse of plcture quality, this
need not necessarily be detrimental to the in-
formation gathering abllity of the asystem so long
as picture quality (contrast?) did not fall btelow
the necessary standards. ‘

Analysis of the mathematical problem of tracks
spatial reconstruction indicates that abdlity to
maasure to one~tenth the btubble=track width would
yield all necessary physical information.
Franckenstein-type film measuring equipment is

‘UCRL-8911

able to measurs to within a few mlcronss Thus a
camera magnifitation of firom one-tenth to one=
fifteenth is implied. The latter number is aotu=
ally used as a matter of economy of £ilm and
light. ‘ .

Figc 3

A LRL Automatic Film Reader
and Associated Tlectronic Racks

THE LIGHTING STSTEM

‘Since bubbles in liquid hydrogen scatter inci-
dent light weakly, onse must arrange to illuminate
them in such a wsy that rays necd be deflectod

"only a few degress to enter the cunera lens (or
“lenses)e

If stray or bhackground lipht is not
[regent, one will thus obtuain what is referred to
as dark-field illumination, as described earlier
in this reporte -

If an opaqus (mstal) wall roplaces the rear
(sscond) chamber window, one would naturdly sube
stitute a mirror (of soms sort) for the socond

window, and place the sourco of illumination on

the window side of the chambzre Any temptation

-to place the lamp in tho cavity of tha chanbor

itself is dispelle! when the very practical diffie
culties such placement would cause, are approcie=
atede . » .

- If a uniform track density is to be achicved,
the lighting rmust be arranged so that equal flux
enters the canera (from same~size bubbles) any=
vhare in the chambere An easy way of achleving
this condition 1o to arrange things so that tho
light flux density 1s uniform throushout the chame
ber and so that the scatter angle or degres of
bending of 1ight is equal from all bubbles and to

.all lenses.

A 'spherical' or polar arrangement wherein the
1ight source is central will perform as desired |,
1f the mirror (placed in the bottom of the chame
ber) is a portion of a sphere centered at the
source, and 1f the camora lenses are all placed
an equal distance from the source, in a plene
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containinc. the source and normal to a liue from
the center of tho mirror to the source.

‘Now if tha chamber window ie oant.ed in such a

vay that a reflectisrn of the source is.not ssen .
by any of the camera lenses, only ono basioc dif-

ficulty ocan be found with the system just de= Y
soribad: each track will be seen twice by the .

cemeras The reflected images will tend to clute

ter the views, making aoannin,_, difcicult unless
ths number of entering beam partiocles 18 reducede.
Such e reduction would, in effect, doutle the =~
coat of obtaining the reguired informatione - '

Clearly,ia "black mirror” is needed.' one which -
will reflect light (as required) directly back to -

the source ‘but one which, when viewed from the o
canera position. will -appear dark. :

If, in addition to the abova properties. the-
mirror {or reflector) device wers such that it
could be mude to fit compactly into the essenw
tially flat, rectangular hotton of the chambery -

would indecd be, ’ortunate.

‘One. of the several optical echemes which wore
‘suggested for this application was the proprie= . .

tary beadod reflector matorinl, Scotchlite. Ale

thourh teatsa of this 1nteresting reflective mae

terial showed that it ims not "good™ enough for
our application, a study of its properties and -

wseknesges may well have led ua. evontually. to -

the syatem now beinp usod- S _ f.,_ o

The beaded materlals have, for this . opplican
tion, throe weaknessee, two of which can be, pa.r- L

tinlly romadied by making ons changoe -
Boforo procoeding into s discussion relatlng

to the improvement of beaded reflectors, it wouldi _

ceom prudent to describo hrief’ly their optical
charaoteriatics. v

Iight centrally incident upon the bead (which .

should have a high index of refraction) 1s re-- .
froeocted toward the center, travels-to the rear
surface of the sphere, is reflected, and thencs.

emerges at the front at a point dismetrically op=

posite from its incident position, and is again

refracted (bont) toward the "exia".of the bead ‘®o-

that the ray 1s now moving in a direction which
is approxlmately oppoaite to its original direo-"
tion, . o

Rays incident near the sphere's periphery are
not refracted into the bead tut are reflected
from i1t and are thereby "wasted", creating an in=-
officient reflectors Rays incident just "inside"
the eritical angle are refracted too strongly,
and the resulting return path deviates markedly
from the desired direction.

. UCRL-8911
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Imagina f‘or a moment a aphere from which the

. -optically "poor" marginsl edges are removede If
* glabbed equally

7 oix sldes, @ hexaponal optioc
with.spherical enda wil) resulte. It will have
superior optical performance compared to a whole
sphere and furthermore, a closely fitting (honey-
comb-llke) matrix can be’ achieved.

S ¢ such an. array u aluminized over the entire
back surface, it will be a much more efficient
raflector, and will have a sharpsr cut-off than

. the parent beaded screens  Soveral weaknesses yet

remain, each of which can bs oliminated ty design

- change so that unless you're careful, you won't

recogniza the bead in the rei‘lectorl
Obvioualy. macroscopically-eizod high=index

:".,_ glass baads cannot (yet) be economically cut =

or moldad = into these special shapss, so in ocur

. program polymethylmethacrylate was substituteds

Becauss the lower~index plastic does not bend
1ight as much as the original glass boads, it was
nccosgary to lengthen the optic (producing. a

- .. longer hexagon) wlth respect to the radius of the
- spharical ends, so that (most) of the rays were

brought to a focus at the center of the roar (re=
flactor) surface. (An elliptical refracting eure
face would result in perfect focuse) Tho retro=

- directive prope-ties were good for incident rays
‘parallel to the hex axis, but poor for othors.
. An incroass of radius of the roflecting surface,

so_ that 1t was centered at the. rofracting surface,

~cured this situatlon and resulted in an optie
- which ves, vithin 1limits, quite indepondcnt of
. - the direction of inoident light = nearly all

would return . to their sourcae

A ‘matrix of those opt.ic reflectors ie in many

”wayn similar to a plane mirror ut with two big
- excoptionst You can "sea" yourself in it even
- though the mirror 1s not at right angles to your

line of sight, and if you tilt it boyond a "cute

oft" engle 1t becomea da.rk. An interesting
-,gadget.

" How can thie unit be put to work? If such an

"assembly were placed in the bottom of the tubble
‘chamber and the central light sourcs turned on,

a "thousand" tiny reflections of the source would
appear at 211 useable off~-axis positions where
the camera lenses might subsequently be placeds
To make matters worse, images of ubbles could

" -also be .eeen'- about as bad as a plain mirror.

Something was done. Instead of aluminizing
the ENTIRE bottom (rear) surface of each element,
only a small central disk or spot was so treated,
the rest being blackened with a light-absorbent

. optiecal lacquere The spot was of such size that,

from the intended position of a camera lens, no
soattered 1light could be seen coming from inside



the optics and they were superbly black! This
change tended to increase the apparent trightnesa
of the fronte-surface reflectionse.

Elinination of the front-eurface_refleétion
resulted whon a radical departure from the hex=
agonal optic configuration was concelved.

Having falled to supress the source surface
reflectlons sufflciently by use of optimum com=
binaticns of dielzetric quartor-wave coatings,
glass, anl lirht filtering, 1t was reclized that
the only wey to get rid of them would be to de-
tormine a surface configuration such that at no
place on thiz (refracting) curface could e nor-
mzl ke erected which would 1lie in a plane conw
taining the sourece, lens, and elewment of refracte
inp surfacoe AL the gene time the: cross-geetion

of tho pro vlouslymnevelopvd reflecu*ng optic s,

bs rotaince

The result is wvhed we et Lawrencoe Radiation
Loboratery ¢ull a Yeoazl henger" hecnuss it somoe
what rezzibles an (upsidawdewn) plain wooden
coat heviare The croszepection is; of course,
that evolved from the bead. And the large Yeoat
hangsr? radius is cqual %o the lamp-reflector
distanzce ' '

A few cdditional modifiecstions have beon madee
First, it chould bo realizad immediately that the
aluminized spot hes new beecus an olongatad strip
centoraed along tho botton of Lhe elemente

Finally, to perfect ths ratro dircction of
light, and thus "suosth out® illuminatlion of ‘the
bubble tracks, the thecrotically perfect ellip-
tical crozs=soction wzs applied to the rofracte
ing surfacce

BEAM n RAY FROM
R R PROJECTOR
« 1o L[NS — f
g 3 ””
== Dm[C' Ray savn:mue
H50R|

N RE?\.EtV[O Bee

ALLYL PLASTIC

. WITH BLACK LACOQUER

L

—

AND LOWER SURFACES

’
,\\__ ALUMINIZED $TRIP

MECHANICS OF
OPTICAL REFLECTORS -

Fig. 4

Schematie of Cost Henmer Reflectors showing
Iight Day Paths ani Assembly in 15=-inch

Bubble Chambare.
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: DPTTRMINATIOW OF PIIYSTCAL CONSTANYS

- Refraction constants for the d*electric nate~

rials empleyed were unknown at the temparzture

and pressures extant at Instant of exposurcs
Scientifiec and enginecoring personnel cembined to
define these indices. Inzsmich as the domcity !

and consequantly the index of refraction™ of the
1iquid hydregen at time of exjposure is

trongsiont

and semevhat variatle, ppropriate naximua and

- minimum -values wore derived from warticle rante
negsuroments made on eerlier photos

romt ths 10

inch diambere An expovimzntal matho& was uesd

to determine the index of the cozt~hanror plastice
materiale Direct optical ohgservations were rado

‘Juriﬂg cocl=down from rocm to liquid nitrecom

,emphratu‘a, and-a small’ extrapolatlion to linuid
tvdregen temparature was madee Satisfactory re-

sults cxporlonced with the large chamber optien

have justified thece wethods,

LO=THNGT NVDROGTEN HIBVLE CHAMDER

he 15-§nnh chambar, tilt 4o reploce the 10-
inch chonb - and o £i6 Into the cumo
was to gorve as a nrolotyy

s rv moﬁv

......

o chonbar in uh;ca tha

‘enat hanger 11’trglntlon sv s3om voudld b tostode

Of interost iz the Cact that plthoura both units
vere fitted into tho sam2 masnot hole, the lator
wach+ne, ubllizing reflecter L1lamdnoticon optica,

 has a ugeful velvme over throe times %hat of tho

earlior {type! This inercase is duc larpgely to
space econcnles poarmitted by tho coat hztgcr
systens  The reflectors, whlch have a crocse
seotion ancrordictely one inch deeh Wr Lorone
oighths inch wide, ere machined fron cast allyl
plastic shset moaterial” vhich 1s several tives
rere scratcherecistant than popular rolymsthyle
methacrylate (Lucite, Ploxiglao, eotce)e

The light courcd for this chamber coneists of

- a Xenon=filled ghort (4 rm) are flashtube’ firing

into a one~inch diameter 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 chamber through a periscope mirror
arrangement to yield a 16° stereo agle, giving
excallent depth perception.

" This $llumination system gave botter-thane
expacted results snd the decision was made %o
adapt this design to the large chambore
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Fig. 5

Track Photograph Made With Oneewindoﬁ
Ilumination System Described Herein

OPTICAL FLEMFNTS OF TYE 7g INCH HYDROGEN
BUBKLE CHAMBER:-

A 5-inch thick winddw measuring 75% x 24" in
plan form serves as a closure at the top of the -
chamber bodye This window 1s sealed to the cham=
ber by means of a helium~filled inflatable .
stainless-steel and indium gasket. This gasket,
is fully pressurized only after the,window has

been sufficiently cooled and contraction has taken™

placse Cast of borosilicate crown glass by Jena -
(Schott) Glasswerke of Germany, the window is
notable for its freedom from bubbles, inclusions

and striase and is balieved to be the largest high .

quallty window billet ever: caste. It is tilted
7 1/2° from the horizontal to remove source re=
flections and to rcmove tubbles which form
againat its undersidee

; One hnndred eleven coat hanger reflectors =
twenty~-two inches long - span the chamber. The
cross-section has been increased from prototype
8ize to 1.8" x 0.6" to increase boeam strangth,
permitting end-mounting by means of shallow coned.
holes and spring-loaded supporting pinse.

Fifteen~thousandths of an inch clearance is
provided between reflectors to permit hydraulic
circulation and eliminate collection of dirt be-
tween theme The chamber 1s filled by condensing
hydrogen therein, thus minimizing extrainment of
foreign materisls. 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 reflectors are aligned by means of a me-
chanical tuning-fork device to "point" to the

" 1ight entry porte

.and chamols skins.

. under=exposeds
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Alignment {8 maintained by a
spring clip at one end of the reflectors lateral
hydraulic forces applied when pulsing are bal=-
anced by geometric symmetrye Vertical forces are
adequately resisted by the coat hanger's deep

. vertical section.

) Machiningfphe.optical'surfaces fequired a

" ‘great deal of’care, ‘the operation having boen
-carried out on a standard toolroom vertical mill

uith aid of a proper fixture.

Drawings call for a mis-alignmﬁnt of the co=~
operating optical surfaces not to exceed two-
thousandths of an inch, and calcilations indicate
that surface curvature should be maintained to
botter than thres ten~thousandths! Polishing was
done by hand using laps, muslin buffing whecols,

, : Between one and two hours!
total polishing is required per reflector depcnd=
ing upon the quality of machine finishe FPolish
quality was compared to a standard ty mcasuring
light scattered from the polished surface. A
photo multiplier tubs circuit gave quantitative
indicationse

As ih‘the 15=inch chamber, a projector is used
to supply light to the reflectorse This pornits

trimming the illuminated field to the proper

size, avolding the prollem of scattercd light,
spurious reflections and flare which would othor=
wise existe The long chamber proportions pose

an unusual lighting problem which is mot by join-
ing = Siemese fashion ~ three identical optical
systems in a manner calculated to not only of-
ficiently 1lluminate the 20" x 72" window, but

"also to pernit '"modelling” of intensity so that

ends of the photographs would not be scverely
(See Figure 6.)

" . Throe flashlemps® created especially for this '

application are arranged in line formation to

fire into a single light port (1" x 4")e. Each

" lamp 18 focussed by means of a set of fast
(f Q.4) plastic condenser lenses into this port.

The lamps, of heavy-wdll quartz tubing, are
filled with Xenon gas and are capable of absorbe
ing energy at the rate of 2,500 KW for 1/2 milli~-
seconde

The projector assembly is housed in a
nitrogen-pressurized aluminum boxe A cadmium
sulfide photo conductive ¢cell is mounted above

- each lamp in such a manner that a portion of the

4 porcent reflection from the first optical con-
denser surface is monitoreds Lamp output is
thus remotely indicated and electrical condenser
bank voltages are adjusted accordingly at the
control room. Nitrogen purging is necessary
since in the presence of air (oxygen) the UV
emission of the flashlamp will produce ozonse.

1
‘
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The danger of highly-oxidizing ozone reacting
with hydrogen (leakage) 1s such that the inert=-
gas purge was deemed necessarye .

Other safety features in the lamp house in-
clude a key-lock access door which interlocks
with the condenser bank power supply, and a purge’
ges pressure interlocke.

Figo 6

Schenatic of Optics in the 72-Inch
Bubhle Chamber

Electrical energy for the flashlamps is stored »

in three of the four interchangeable capacitor

bankse Each bank has a 512 micro-Farad capacity,
and nay be charged to 2500 voltse Again, safety
interlocks are providede. a

The stereo camera consists of an L—shaped.body

of, welded one~fourth inch aluminum plate; a mecha=

nism plate containing four lenses, vacuum platens,

Fig- 7

Bottom View of Stereo Camera Showing
Stereo Lenses

UCRL-8911

-f11m drive capstan and motor, vacuum storage tank,

vacuum solenoids, associated alarms and electrical

- wirings and two 1000~fte. film magazines,

The~damera ﬁody, which measufés approximately
40" x 30" x 12" deep is dowel-pinned dnto the
three associated camera view ports to insure pre-

" ‘cise relocation and parallelism with the chamber
" windows
.“the horizontal.

Thus, the camera is tilted 7 b/2° from
(See figure 11.)

The three stereo—téking lenses are spaced 20

Anches apart in a 90° ¢ll, and thus produce a
- 8tereo angle.of approximately 16 degrees measured

in the chambere The third sterso view insures
that all tracks can be accurately measured regard-
less of direction, and also permits seeing certain
parts of the chamber which would otherwise bte un-
useablee The placement of the lenses 1s such

that the scatter angle of light at the bubhbles is
nearly the same from all positionse ,The six~-
element 120 mm wide-angle objectives” yleld ex-
cellent definition and off-axis transmission

(see Fige 8)e Barrel-mounted, they are being

‘used at f/22.

Pcrvormouu of |21-mm Super Angulon
{t/22)

10, .
Relotive tronsmission

08*%-

.
7oL

| Bureou of
|- Srandards

Theorstical:

Lines / mitlimeter

30}
Radialy

™ Resolution (oeriol image )

{ i ] 4 1 1 1 J
o 0 20 0 40

Degress

Resaiuticn and Transnission of
‘Stereo Objective Lenses

The fourth lens, a 100 mm /45 enlarging lensé
i8 equipped with a rotary solenoid-operated single~
leaf shutter, and photographs a portion of the
nearby refrigeration control panel through an 80°
Roof prisme Instruments and counters in this
region provide portinent information necccsary for
chamber record and operations analysise

Lens focussing is in all cases fixed, adjust-
ment being made by shimmings Image platens are
equipped with pulsed-vacuum backs which have

. built=-in vacuum failure alarm cireuits.

4
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The placement of lenses has led to the use of

45° mirrors to fold the image rays in guch a way
as to simplify, as much as possible, the path of
film through the camera. '

Film threoding diogrom

- e o
f— _] Oi?lqr

Tokeup aform

Capston-puliey

\locumg pin \
. /

P 17
\’ Pigten / N I
\/amss tokeups ! o )

.
odapter /
gxi.J.
Wind burton Loaded (suppiy)
Empty (tokeup} mogozine -magazine

Fum-quohty roiter orm

Operotor position

Fige 9

Diggram Ilustrating Path of Film -

Roll film width is 1 13/16 inches which pro=-
vides adsquutc marging outside the chamber image
for optical application of margins markse These

are subsaquently used by film readers for auto=

matic stoppinge

The film advencing mech-:ism, a one=turn
crank, rack and pinion devics, produces a
harmonic~tyro motione Advance ig 16 1/2 inches™ -
per chomber pulsce The layout is such that ex=-
posures from the four lenses interleave efficie
ently so that no filn wastage occurse Film is
advanced in throe secords. Maximum repetition
rate is twelve pulses por minutse

Five magazines have boen provided with the
camora so that at the average rate of one hour

per roll an oxtra loaded magazine is always avail-

ablee The magazines are designed to facilitate
loadinge Filn may be trensferred directly -
without rewinding = from the factory container to
the magazino recele A reel having tut one flange
permits such loadinge The loaded, self-centering
reel may boe casually placed in the magazines
magazine 1id latches cannot be closed unless the
film quantity indicetor arm is correctly posi-
tionede Neither the roeel nor magazine are fitted
with bearings; thus the reel rests loosely in-
sides Instead, tho hubs are designed to center
on vertical supply and takeup spindles on the
camera boxe Takeup torque is provided by a
filled-=teflon cons clutch pinned to the con-

UCRL-8911

stantly rotating 60 RPM takeup spindles Braking
torque is similarly provided by an identical cone

" on the static supply spindle. This unorthodox

arrangement, by utilizing the variable weight of
the film reels as they wind or unwind, tends to

-maintain a nearly uniform tension in the film.

Fige 10

Photograph of Stereo Camera Showing
‘Mechanism Plete (Comera Doors and
Magszine Covers Removed)

Design c¢mphasis has beon placed upon conveni~-
ence of loading and maintenance. For instance,
2ll film getecs and platens are oncw-side opsn 80

- that by grasping the upper corner of the ond of

a fresh roll of film the operator cen, without
releasing his grip, thread the entire camera in
what amounts to one continuous moilon. *hus, a

_.reloading may be c&mﬁme%ad in less than thirty
. B‘B‘C‘Uﬂa‘s-

1~tically shieldcde
In view of the hazardOLs 1ocatioq, ell switches
and motors are non-sparking or explozic.: proofe

~ The 'connector plugs at external end internal

locations are modified to "1i1l" enorgy beloro
contacts can b2 broken. In gddition to the usual
vacuun and electrical services, this canora is
provided with both dry and moist air supply. Tho
formar is used to purge that portion of the
camera (beneath the mochonism plate) which cone
tains the lenses and cold vacuum portse Jots of
dry air impingo on these windows to prevent
fogringe The zon3 above the mochsnism plats con-
tains the filme Use of moist air (60-70 parcant
relative humidity) el%minates static dischargos
and flattens the film' which prior to the moist
air treatment had a severe tendency to curle
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A humidity ‘sensor. located on the- meohaniom
.‘controls a cormercial humidifier unit at a.safe
(remote) station, ‘and provides indication and

1imit warnings in. the control ‘rooms B

¢

General View of Camcra and Lighting
Equipnent From Operating Flatfornm

Awriliary cquipasnt 1s provided- for direct
monltoring the chambsre This equipment utilizes
a fourth (vicwing) port which is symmetrically -
placaed with rcecpect to the eorresponding ports
occupied by the stereo camerae A 8liding adaptor.
pevwits oporators to view the chamber directly or
to take Polaroid-Land photographs. ’

" Chambar 1illunination during visual inspection
is provided bg three 150=uatt reflector=type pro=
Jectlion lhrps rounted above the Edgertcn flashe

*tubese This circuit is energized by a pudth bute
ton convonicntly located near the viewing porte
Polaroid picturcs may be taken at this port by
rmeans of a slide-mountod eamera which is-equipped
with a lens 1dentical. to the ones used in the
stereo camsrae. Tinoe of day and corrosponding
storeo rcel and freme numbers are automatically
recorded on the Land photo, thus providing a use-
ful pormancnt record which is entered in the
operator's log tooke

\

CONCLUSION

At the presont tima wsll over two hundred
rolls of film, representing something beyond
100,000 chambar pulses, have baon exposed in the
stereo camerae lionbars of the Dr. Tuis We
Alvarez Physics Research Group, for which the
system and equipment described herein was pro-
duced, are pleased with the results obtailned.
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"1 Responsible peréons are convinced that the

.- bold departure from past.practice in chamber il-

lumination has boen justifiede In conjunction
vith 1ts associated equipments the large bubble

- chamber produced new basic information on its

very first scheduled physics rune
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Film threading diagram
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