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1, INTRODUCTION

An estimate is made of the illumination required for the 80" chamber

based on the absolute sensitivity of the film. Estimates have been made
i 1 o
prewiously from comparisons with the 72" and 20" chambers. These com-

parasons are brought up to date and compared with the new results.

2+ BASIC FORMULA

We assume no light losses, and use as far as possible the same potation

as Ref. 1. Let I be the light intensity in the chamber. The the intensity
o
registered at the film will be given by
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We can calculate with this expression as it stands putting in estimates

for the bubble size in the chamber and the image size on film but it is

(1) BCCG Internal Report, H, L, Kraybill, BC~04-2-C
(2) Ge Eo DaViS, Jeo Ue SeAe 5_?_, 572, 1955
(3) Curve for hydrogen given by N, C. Barford, Low Temperature Bubble

Chambers, Pige. 19
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convvenient‘ to re-express the quantities involved. The diameter of the
"object” in the chamber to which S corresponds is S]'SMS where M = magni-
fication (film to chamber). We might loosely call this the diffraction
diameter in the chamber although S and therefore S1 takes accm;mt‘of other

effects leading to the actual image size. Let

2r = 6s) = éns

Then

£ tubble diameter ~
"diffraction"” diameter in.chamber
Also: let N =f/d
where £ is the focal length of lens
N 'is the f number of lens,

Then 62 = -~ 1

SR N2 (M + 1)2
This gives A N

srves Jg 1M 1 G €1 2)

4 (M %12 N2 ‘

The only uncertain quantity in this expfgséion is é. Since a bubble does

not behave like a uniformly luminous sphere but may have 1oca1 "hot=spots"
due tozthé scattering process, it is hard to set an upper limit to €; however,
" for th;i_s very reason, values of €<<A 1 seem unlikely and one might chose

€= .5 as a safe lower limit. Also to compare one buovble chamber with
another it seems rcasonable as in Ref. X to assume the same value of €, i.e,
that one lets the bubblg:s grow until the bubblg size begins to contribute
undesirably to the bubble image. This should occur at the same value of 6 ‘

for each chambers,
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3. ILLﬁMINATION ESTIMATE FOR 80" CHAMBER
(a) Intensity required at film:

Fron the spectral sensitivity curve for linograph ortho published by
Eastman Kodak Co., we find the value of 0,2 ergs per cm? as the average
exposure required to produce a density of 1,0 above stSa‘fog. Films
exposed with the 20" chamber show a background density of about .08 and
while it has not been possibie to measure the deﬁsity of the negative in
the bubble images, several observers agree in a visual comparison with
graded density scales tﬁat a density of 14,0 is a reasonable estimate for

good images on the 20" chamber film,

(b) Intensity required in chamber:

Setting M = 14, N = 28, G(@) = 7, we get
[ = 315 \g
with@&=1, I = 0,2 ergs ‘ cm? we get
1 = 103 ergs l cm? ’ (3)

(e) Correspondence between Luminous flux and Energy flux

It is usual to discuss chamber illumination in terms of luminous

flux in lumens. The correspondence between luminous flux and energy fldx

L= Km JﬁEA VK dk

where 1/K, is the so called mechanical equivalent ofllight l/Km =

is given by-

«00161 watt/lumen, i.ee. K, = 621 lumens per watt. Vl is the "visibility

factor" for the standarqd eye, and E, is the energy flux,.

(43 Tabulated for example in the Handbook of Chemistry and Physics,
Page 2779.
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Taking account of the spectral distribution of a typical long gap high
5

voltage Xenon flash-tube and the response of Linograph Ortho, we find for

the ratio

L = Luminous Flux
1 Energy flux in rarge useful to Linograph Ortho (3800A=58004*

305 lﬁmens per watte

This given for the luminous flux required in the 80" chamber with no losses
from (3) above

L = 2,92 lumen sec per sq.'foot. : ' 4)

de Non-Uniforﬁity correction:

There is one other consideration we should take into accouht in
arriving at a theoretical figure for the illumination, We have calculated
for a density of 1,0 on the film which appearé to give good bubble imagese.
However, we may anticipate intensity variations of thé order of a factor of
3 due to being out of fotus, différgnt scattering anéle'and inverse sduare
law effectss Since the vy bf thetfilm is about 2 where

v = A(Density)
A(Log Exposure)

we have for a factor of 3 in exposure

A density = 2 log 3

= .96

This would bring us down to the level of  the background so we should set

the peak density a little higher than 1.0)say to be conservative about 1.5.

(S)G. E. Flash Tube Data Manual, Page 7

* The lower linmit of 3800A° is estimated for the glass cut off.
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This implies a minimum density of 0.5 and a factor of 2 in exposure,

This gives for the illuminating intensity with no losses
L = 5.8 lumen sec per sq. foot at f =1 (s

We may also write down here our upper ligit at €'= 3.

L = 23.4 lumen sec per sq. foot : (5)a

‘These figures are for comparison with other chambers.

4, NDESIGN FIGURES FOR THE 80" CHAMBER

(a) Reflecting and Absorption Losses _
Contributing to light losses from the flash-tube to the:film we have?

Condenser optics and flare lens 6 surfaces 6" glass or equive.
Light path into chamber 8 " 2" "
Light path to camera ‘ g " S A "
"Coat hanger" ' 2 " s "

If the glass or plastic surfaces are uncoated as they are in the 12" chamber,

the transmission allowing for 4% loss for each surface, is given by
(0,96)24 = 0.38

With coated optics we might expect a loss of 1 % to 0.,5% at each
reflection giving at 1% loss

Thus we can obtain a gain of a factor of two thrfough the use of anti=-

reflection coatings. -

~3



Spectréphotometric measurements of transmission through two 1" pieces of
20" chamber coated glass indicated a loss of 7%. Since the chamber results
. indicate that the anti-reflection coatings work this presumably means a
large absorpﬁioh of light either in the glass or in the coatings. ‘The
glass in question is soda-=lime glasé. An absorption of 5% to 6% per inch
does not seem unreasonable, and while further work ;emains to be done to

#*

check this point we assume that we can neglect absorption in the coatings.

Then with the use of a low absorption glass throughout (eg Borpsilicate

crown A 1,3% per inch) the transmission factor allowing for absorption
should be

eo013.x 35 _ (s

Finally, allowing for a 10% loss at the coat hanger reflector strip the

overall transmission factor is

(.78)(.63)(.§0) = 0,44

b, Filters:

The 26" chamber uses a filter peaked af about 4500A and transmitting
at half-height abouf 1000A°, Spectrophotometric transmission curves give
an energy transmission of about 25% in the'range useful to Linograph Or tho.
The use Qf a filter is indicated v (a) to increase the effectiveness of
the coatings, and (b) to achieve sbme.simblification of the optics of the
condenser and flare lens. With the above filter the effect on (b) is
probably not very great. Another filter under qonsidefation, Kodak Wratten
478 is peaked at 4300A with a width at half-height of 500A°. This filter
gives a reduction of a'factOt of}8 in transmitted intensity. Because of
(b) above it would be attractive to iqcorporate this degree of filfeting;

however, we will allow only for a filter factor of 4 as in the 20",

The Varge _ALsquon m Ke giaz_‘qppem k be (onf;rmed by Some
Carves Supphed by Nl’s\!w& Yhie Jes Co. ( note added P7 ool s)



(c) Flash Tube Brightness:

The design figures for the Berkeley chamber corresponded to flash
tube brightness of about 200 lumen sec cmz‘steradian, although at an
unacceptable flash duratiénss. ’There is some uncertainty as to the bright-
ness under operating conditions, because of'uncertainty as to how much
energy is dissipated outside the flash-tube under test and operating con-
ditions. From information supplied by Norgren and their published test
' Lsem™
results, we conclude that the figure lies somewhere between 75 and 100 @
250y sec duration. We have méasured under our test conditions a brightness
of 85 lumen sec cn? steradian for this tube at the Berkeley capacitor
and voltage valuesSe. THe Siemeny's tubes under test here are quoted by the
manufacturer at 250 to 300 lumen sec per cm2 steradians and indeed in pre-
liminary testing ﬁave given'ZSO with about 200u sec flash deviation.

Without life-testing, however, it niay be dangerous to use this figure so

we will assume 100 lumens sz steradian.

Calculation of Hole Size Requifed in 80" Chamber

We want the equivalent of 23 lumen sec| sq. foot or 830 ergs | cmz
(our chosen upper limit at €= 0.5). ,Allowing 44% transmission and a
A 2 '
filter factor of 4 gives 209 lumen sec |ft .
[}
and a sourceVo dem\uv dasVonee Q}“o

Assuming a source'brightneSS'of 100 lumen sec l cm? steradians give

A

a source ategof
o2
209 x 100
AW Eu7 —) 2
100 (12 ) cm

= 145 cm®
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This would be supplied very closely, for example, by a hole 7" x 3 1/2" with

semi-circular ends.

Safety Factors

If one believes the absolute calculation there would appear to be a '
safety féctor of about 4 in thé choice of f =0Q.5. One might hope also
for an additional factor of 1,5 to 2 in the flash tube brightness. If all
else fails there is the filter! Simply removing the filter will give a
factor of 4 while removing the filter and substituting Shell-Burst fo;
Linograph Ortho woul& appear to give a factor of 6. The qﬁestion of filters
and coatings will have to be discussed elsewhere but from a preliminary
examination it would. appear that the most objectionable reflection effect
would occur from a douﬁle reflection between the coat hanger surface and
the main window. It will require better than 1% reflectivity per surf#ce
to kill this reflection. (~10"3 down) so that the filter will probably be e
desirable for this reason. We simply poinf out that a factor of 4 is- N

available with reflections!

56 CGHPARISON WITH THE 20" and 72" CHAMBERS
This comparison differs from.that ih Ref. 1 in the inclusion of

new data, glass losses,_and3film sensitivity, gnd in the use of equation
(2) which gives results signifi?antly different from the expression used

in (1), Equation (2) contains only the magnificatibn and fe-number actual}y
used and does not contain an }ﬁplicit dependence of léns 6pening on chamber
depth, To put it another way, it seems.that the:72" and particularly the
20" are operated at smaller 1ens apertures than one Qould predict as

optimum,



Chambeyg

20'.

72"

80"

Mag o

15

14

E6T

Total Est. Transmission

Fo Number Rel. Film Speed S. . in absence of filters

26 1 42%
22 1.5% 29%
8 B ' 44%

* The film speed factor is estimated from (1)No filter in 72", (2) Use

of Pan film which is sensitive from 3800A - 7000A vs 3800A - S5800A for

Linograph

OtthOQ

Other differences are negligibles

The transmission data for the 80" have already been discussed.

20" Losses

Total 42

72" Data from Norgren

Reflectiop at

Absorption ‘at

Absorption at

%

Reflection 14

Absorption 17 .

"

a4

2

2

1% at 20 surfaces = (.99)20 = .82
1.3% pe:*inch in 6" BSC gléSs (condensers) = +925

5% per inch in 10.5" soda lime glass = .56

glass or plastic to air =.(.96)14 = .56
woe W hydrogen = (.975)% = 490
aluminized reflectors = (,90)2 a2 .81

3/4" BSC or plastic at 1.3% = .79

1/4" Soda Lime at 5% = 89
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Comparison Formula

As in Ref. 1 we regard éand G(8) as cbnstant for the three

chambers. Then we have:’

roo (A2

M

w |-

where S is a measure of relative film speed.

This gives for Igp
120

= 1,08

-t

and for o , '
A 80 = 1,645 = 1,64 x 1,5 = 2,46

I

Con.xparison with. 20" Chamber

The fundamental piece of informatic;n is a measurement of intens;ity
in. a mock-up of the. flash-tube, condensing lenses, and diffusing screen.
The measuremenAt gave 36 lumen sec |ft2._ Making the appropriate corrections
for losses and the effect of the filter not present iﬁ the measurements

gives for the intensity in the lossless 20" chamber

‘Lzo = 4 lumen sec ' foot'2

This predicts for the 80" chamber ( x 1,08)

_ L2
LSO = 443 lumen sec l foot
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Comparisonlwith 72" Chamber
Tﬁe information is less ditect. The fiash tube brightness has
been discussed above. We estimated 100 lumen sec| cmz stera&ian. .
The perture size baséd on flash tube area 4mm x Q" and a magnification
of (5.5)2 is 18.5 cn®. On the other hand, the physical size of the
aperture is 1 1/6" x 3 I)é“ = 27 cmz. Accqrding to Norgren, allqwanceA
was made in the aperture for ;begrations in the copdénsets. We wiiiluse
the figure of 18,5 cmza The source to‘chambet:digtance is about 81". There~

fore, the illumination in the 72" chamber we estimate

144 e
18,5 x 100 x 325 = 41 lumen sec' foot2
' ' 81 .

Correcting for the estimated 29% transmission, the illumination for a
lossless 72" chamber is 11,9 lumen sec footz.- This predicts for:the
80" chamber

11,9.x 1464 x 1,5

1,64 is the optical factor and 1.5 takes care of the smaller film speed
of linagraph ortho, - We get

LBQ = 29 lumen gec |foot :

SUMMARY AND DISCUSSION |

We have calculated an apertufe size of 145 cm?® based on a éonservatiye
flash=tube b;igﬁtness, a realistic estimate of;the losses in the 80" chamber
and the :equirgment that we have an inteﬁsity in the 80" chamber of 23.4

lumen sec pet,ffz.



The estimates of this intensity are as follows:

(1) Absolute Estimates

L80 = 5,8 Lumen sec foot2 €=1

=23.4 " " €= .5

(2) 20" Comparison

2

L80 = 4,3 Lumen sec I foot
(3)72" Comparison

2
L80 = 29 lumen sec Ifoot

If all tﬁe factors have been properly taken into account, one would
tend to weigh the 20" data more than the 72" since the measurements are
rglatively straight-forward and it is hard to see how the estimate can
be wrong by moré than about 25%. On the other hand, however, the optical
systems of the 72" and 80" are ﬁdre nearly the same. 'Alﬁost certainly
part of the discfepancy between the 72f énd 20" estimates can be traced
to a preference for denser bubble images in the Berkeley chamber. In
addition the»Berkeley flash=tube output has, if anything, been overestimated.
Taking everything into account, we feel that the design figure based on
the value 23+4 lumen sec. foot2 which involves sometﬁing’less than direct

scaling from the 72" chamber, is adequate,





