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It is possible to design a cylindricallcondensing system
whose geometry allows light to be collected along the length of
narrow tubular sources and to pass through a restricted port area.
The quantity of light collected is many times that possible to .
obtain with axially symmetric lenses, This system has been applied
to the illumination of the Brookhaven 80 inch bubble chamber. The
optical arrangement is described. Other unique features include
the use of plano reflectors to extend optica}ly the flash tube and
condenser lengths and the provision of a spot plate to eliminate

surface reflections from the chamber window. 
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Before discussing the problems associated w1th the illuminatlon
of the chamber, a short descrlption of the entire system is indicated.

The phenomena to be photographed are viewed through the chamber
w1ndow whose free aperture dimensions are 193 cm W1de by 63 5-cm high.
The thickness of the'w1ndow is 16.5 cm and the overall depth of the
chamber, including window is 91.5 cm. -The chamber tapers back, as.
shown, so_that'at the rear the dimensions are 233 x 84 cm. The
arranvement is shown in Fig. 1. . |

Particles from the Brookhaven 33 Bev Alternating Gradient

1.2, 3 are introduced into the chamber from the

Synchrotron (A.G.S.)"’
side as shown. A momenbary reduction in preSSure above ‘the hydrogen
is created producing bubbles along the particle trajectorles After

a short interval during Wthh the bubbles grow to a size approximately
equal to the diffractlon limit of the photographlc lenses recording
'the event, the chanber is flash illuminated'and the‘pictures recorded

‘on film.



The type of illumination Specified‘is.of the fetrbdirective-
dark field type.‘ The illﬁmination inerges from a port of limited
area some 182 cm from the chamber window and proceeds fhroﬁgh it to
the rear of the chamber. If a spherical mirror lined the rear of
the chamber of rédius éqﬁal to the apparent distance between it and
the port, thé rays would be sent back upon themselves and feenter the
port from which they emerged. Four cameras simultaneously photdgraph
the chamber at each flash. These.are situated in a square array 63.5 cm
on a side symmeﬁrically disposed about‘the port and facing the chamber.
IfAthe rays on their return pathé éré uﬁdeviated they cannot enter the
cameras. However, if peréhancé-they strike something such as a bubble
‘thef can be diverted intq,the caméras and be recorded. Thus -the tracks
show up as bright streéks on a black background. It is obvious,that_
the amount of light used in<recording.the tracks is extremely small as
compared‘with that emergingnfrom the port and great quantities of light
musf emerge from thelﬁort in order to obtain sufficieht film exposure.
' | The word picture drawn above isvsomewhét simplified. It is
clear that scattering from the bubbles could take place on the forward
path of the rays, strike the spherical mirror and be reflécéed back
~info the cameras. lThese-WOuld show up as'duplicate tracks in the
image of the chamber in the spherical mirror, ieading to confusion in
the interpretation of the event. It is fhus necessary to suppress the
photographic’recording'of scattering onlthé forward path of the rays.
Therefore .the mirror is replaced in some other form of retfqdirectiVelz
device, oné whiéh retains the property of returning 1ight‘in the same

direction from which it came, but does not have image forming properties.



Several)such have been proposed and'that chosen is known by the term-
"coat hangeriassembly“u. Nothing more will he said here concerning
'the nature of this device, except that it is quite effective in
suppressino the unwanted track images.

(A1l of the factors'aSSOQiated with the geométrical arrangement
above, together with data available from Xenon flash tube character-
istics and experience derived from the 20 inch chamber at Brookhaven
and the 72 inch chamber at Berkeley were analyzed5’6 in detail,
including‘estimates for optical transmission and film sensitivity.

The final estimate for the requirements for desired 1evels of illumi-
nation was given by F. Anderson6 and his calculations set the desired
o illumination port area at 145 square,centimeters of effective Xenon |
-source image. 'Furthermore, upon laying out the geometrical arrangement
with care it was determined:that the beam Spread required from the port
to the chamber amounted to a‘numerical aperture of .167 in the vertical
direction and to .42 in the horizontal (19° 15! x BQO). |

Thus, to recapitulate the requirements; it was necessary to
provide at the port an iliuminating area of 145 cm2 and brightness

essentially equal to the source and to provide the beam with angular

spreads of N.A. = .167 vertically and N.A. = .42 horizontally. All
this@operating from a source whose diameter'is.a mere umm!

Let us assume for the moment that we set as the upper limit of
practicability the provision of a condenser_system which is able to
collect. a numerical aperture of .75 from the source, corresponding
to a semi-angle of about -48.6°. To increase the numerical aperture

above this figure can obviously be done only at great effort and for



relatively small gain. If it works at M,5x magnification, it will
deliver a numerical aperture of .167, just sufficient to cover the
 sma11 dimeﬁsion of the chamber, but far from sufficient to cover
the large dimension. For the 'latter purpose three Suéh systems would
be'ﬁeeded, each covéring approxihétely one third df‘the chamber
horizontally. |

It is-indeed just this threefold system that is in use at
Berkeiey to illuminate the 72 inch .chamber., According to F,. Anderson6,
the effective 1lluminatiﬁg port area in the Berkeley system is';8.5 cm2.

It is a reasonable assumption that the threefold Berkeley
arrangement squeezes ﬁhe utmosf that can be expected ouf.of conventional
‘optical condehsing Syspems and that to obtain the many-fold larger:
desired_ﬁortlaréa and corresponding illumination 1ncrease'for the
Brookhaven chamber which at the same time has sufficient beam spread
requires an entirely new approach.

Conventional condensing systems use axially symmetric optical
components to form a magnified image qf the sdﬁrce somewhere else
in the optical train which.is‘cbherent.: This, however, is not a
necessarj requirement, Suppose for the mpment that we haﬁe succeéded
in our tasklbf proﬁiding 145 cm2 of port area acting as an effecfive
Xenon source to illuminate the chamber. Each and every point of this

area must send rays of illumination to all points.in the chamber.



Thelrequirement for the condensér system is that each and every ane
of these rays must have the original luﬁinoﬁs.source as origin, and
if this condition is fulfilled, it does not matter in the least
whether Qr‘not a coherent image‘of the source is produced..

- The arguments given above indicate implicitly'that when only a
limited length of.tubé can be used, the luminous flux is insufficient.
But Xenon flash tubes, while limited in diameter to 4mm are not so
limited as to length, and if the condensing system were designed so
as to take full advahtage of the length, much more luminous flux
could be made available. |

| The procedure'adopted is given schematically in Fig. 2; In |
(a) we see a cross éection through the vertical. The source S
delivers a beam of high numerical aperture to the cylindrical 1ené L.
The image of S is formed at the port P and is shown magnified into St,
from which the beam spreads out verticaily to illuminate the chamber
C. The magnification chosen is such as to deliver the finally - -

~required vertical beam spread. However, in (b) 1ehs L has no power,
and an image of S is not fofhed at P;‘ In this schematic representation,
the source 1ength required to illuminate the full chamber width is GK,
and rays delivered to point B of the chamber may arise anywhere Eetweeh
H and K. A similar length of tube will serve to illuminate ‘any other
.point of the chamber.

Let us examine. for fthe moment the effect of adding spherical
power to the system at the port P. Referring first to the vertical
(a), it is to be noted that no effect will occur in the vertical

meridian, However, in the horizontal (b), the effect of spherical



power étrP will be to alter the interval KH‘aboutitﬁe point M. If

the power'be gradually increased'frOm zero, the points K and H will
approach M, becoming coincident when the points M and B are conjugate..
For this'cénditionAthe required length of source will be a minimum.

For still greater power, point H will move to the outside of M, and

the required length wiil again increase,

It is to be noted that the system in no instance forms a
coherent image_éf-the source, Even in thelcase where M and B are
conjugate, any point cofresponding to B receives rays from all pointé
of.the source at M transverse to the source length, so that irregu-
larities in the sourée in thié direction are smoothed out. However,
-Aif the source shouid have irregularities_along its length, the con-
Jugate'pdsition will show bars -of illumination variation in the |
chamber. 1In the present application, as will be seen later, spherical
power has been added to the system ét P substantially greater than
that required for the conjugate condition, and is used for other
_purposes. For this reason, local irregularities in the source do
not show up in the chamber.

The fact that we have chosen to use a cylindrical system éffofds
favorable éeometripal circumstances for ééurce increase through
duplication, In spherica1Acondensing systems, there often is provided
- behind the source a spherical mirror which either images the source
back upon itself or alongside itself so that the effective area jis:
'increasedi Theoretically this increase can be as high as 2x; but
in pragtfée is usually considerably below this. There 1s no prospect
of increasing source area through the provision of additionai sources
because of the mechanical interference of such sources with each other

or with the spherical mirror and condcneing system,



The cylindrical system affords freedom from this limitation.
" The modified FX-1 flash tube7 to‘be used has an internal diamefer

of 4mm and_the brightness is fairly uniform across this cross section8.
,The walls'are'lnmlin,fhickness.,ATwo such tubes areiused in conJunetien
with a‘cyiindrical refiector in aﬁ arrangeﬁentvillustrated in1Fig.3. |

| The two Xenon flash tubes are shown at A and B with their outer
walls separated,by bom., A cylindrieal reflector at M is so situated
thatAtube A has its center 2.5mm below the mirror axis and tube B

7.5mm above the axis. Under these circumstances the effective‘inner
Lmm ofAtube A is imaged by M at A' which is mutually tangent to both
tubes as shown, and the effective inner U4mm of fube B is imaged at B!
»tahgent,to tube A. The result is a source area which is physicaily
19mm high, of which 16mm is effective The radius of M is relatlvely
-unimportant, except that 1t be 1arge compared to 19mm to minlmize
aberrations. The central axis of M should of course_oe_ln the plane of:
| the tubes. The dimension of M in the ﬁlane of the figure should'be
‘somewhat 1arger‘than;thaﬁ heeded to cover the source numerical aperture
required (.75) and it should be roughly’ as long as the tubes. A,
phetograph,of‘the'actual apparatus 1sAshown in Fig.l4. .Means are
provided for quick insertion of a new source system including tubes

and mirror in case of tube failure. Fig, 5.15 an exposure of a 'flash
‘taken directly from the source system (attenuation needed required

the use of two sets of cr-ossed"polarizling plates). In‘this picture
lﬁhe four component sources (two real and two imaged as explained)‘are'

readily apparent.



AWe turn now to a consideration of the design of the cylindricai
condenser system itself. As stated before, we will collect a wedge
of rays Whose numerical aperture is .75 and transfer ﬁhis into
another at'the port of N.A, = .167, with therefore a magnification
of 4.5x. It is implicit,in on‘diSCussion that since we havé '
expressed our beam spfeads in terms of numerical aperture that we
intend, in addition to.correctiqn‘for spherical aberration, to effect
"a high degree Qf agreement with the sine condition in'our design.
It is well known that for infinite magnification, fulfillment of the
sine condition is needed to insure even illumination in the exit bundle.

9

In a recent paper”’, Wallin ascribes to some unpublished notes of

- R.K. Luneberg the criterion for uniform illumination of an axially
symmetficvsystem; the'equation‘

sin u = m tan u!
where u is the entrancetangle (at the source), u' the exit angle
(at the port) and m is the magnification. Since this presupposes a
_planar source (which ours is not), a plane surface to be illuminated.
(which ours is-not, since the retrodirectors are cur&ed) and a
spherical system (which ours is decidedly not), this expression Will
not strictiy hold. If is to be noted thaf in any case the Luneberg
criterion 1s equal to the sine condition for large m. The development
- of an exact criterion for e&en illumination of ourisystem poses a
difficult problém in analysis, particulariy in view of the curved
'image line resulting from a point object, to be discussed 1afer.‘
The aevelopment of such a theory would be interesting and perhaps

© should he done, but 1t is quite certain that whatever criterion
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resﬁlts,:it cannot be much différent_ffom that giveh‘by satisfaction
of the sine condition. Thus the optical design problems associated
with our system take on some of the same characteristics as those of
designing.é microscope ijective.

' Fig. 6 and Table 1 give the resultant design. The first three
lenses nearest the source are aplanatic, that 1s, the entering
surfaces are normai to the axial bundle while the exit surface is
aplanatio; The~1ens nearest the source is.made of fused quartz
because of the heat. Thus each of these lenses feduces the numericai
aperture by a factor equal to its index of refraction, until it is
small enough to be turned inté a convergent bundle with the required
'.167 N.A. The radius_of-the innermost surface is 39mm, while the
next surface actuallj‘extends more than 180°. While no‘attempt
is made to correct for chfqmatic.aberration,.the‘scale_is small enough
so that it is unimportant for our purposes,

' At this point it seems appropriate to consider a serious-
~aberration of this system whiéh has no countérpart inVSpherical.or
axially symmetric systems. In a vertical‘meridiah a point object at
the source 1s imaged at tﬁe port. Ordinary Gaussian calculationé
are sufficient to determine the positioﬁ and the magnification of a
smalldbbject at the source, However, ip actuality, a point source
- 1s not imaged as a point but as a line. If this line were straight
and normal to the axis at the port with cbnstant N,A.,'no difficutly
would result. But this is very far from the case. ThisAliné is very
strongly curved concavely to the lenses as illustrated in Fig.7, and.

this curvature is accompanied by
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a severe reduction in magnification and corresponding increase in 4.
) numefical’apefture at its outer portions which would lead to an
intolerable reduction in illumination at the horizontél ends of the
chamber if left uncorrected. However, it will be shown that
pfovision'of spherical power at the port serves ﬁd correct this defect
so that the-finél overail illumination at the chamber is remarkably
uniform. The writer has not explicitly met up with thislaberration in
his éxperience, nor does he recall it from the literature. It is
hoped that some reader ﬁill be able to point out such a reference, or,
failing this,Ato suggest'an appropfiate rame for it.

In order to assess the magnitude of this effect, consider a
" ray originating at7the source and lying in the plané containing the
cylindfical axés'of all of the lenses. This ray, assumed incident at
an angle different from zero, can be traced through the cylinders as
if they were a series.of parallel plates. Consider the Coddington

equations, namely --

N' cos® It/t' = N cos? I/t + (N' cos I' - N-cos.I){rt
and |
Nt'/st = N/ + (N* cosI' - N cos I)/rS
. In these equations P o= o and ry is the stated radius of curvature of

the surface in Table 1. We are not concerned with the first of these
‘equations in our system Eut only with the second, since we afe
interested only in the magnification of a sma11 element of the source
normal to the plane containing all of the cylindrical axes. In this
calculation s, is the oblidue distance of the first surface from the

1
source along the ray. The magnification at each surface is given by
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vy /Yy = Ne'/N's. The position of the point along the curved image
line is de%ermined by the final s', and the magnification by the
"product of the magnifications at each surface. Experimental verifi-
cation of these calculations was afforded by setting up a high ‘
intensity point source in the proper postion. The. curved image line
was readily discerned on a screen placed not quite parallel to the
. cylindrical axes and the locations of each point on the curved line
corresponded with the calculations as closely as could be measured.
A screen placed normal to the exit beam well beyend the line
demonstrated a strong pincushion effect as illustrated in Fig. 8 The
smallest vertical section at the center corresponds to the vertical
N.A. = .167 as desired, but the much larger sections at the ends
‘reflect the effeet‘of‘theAgreater N.A. associated with the outer parts
of the curved line, resulting in corresponding reduced illumination;
Thisllatter would have amouhted to a factor of approximately 2 at the-
ends of the chamber if left uncorrected.

The natufe of the‘effect'and the means for its ‘correction ‘are
'shewn in Fig. O which is schematic in nature, showing the Xenon Seurce,
the cylindrical system and the port. The chief ray te the center of
the chamber originates at S, and passes through S;' at the port. The
chief ray:to the end of the chamber originates at 82. Other rays
'from 82 normal to the plane cross the plane of the paper at 82' because
of the curved line aberration described above. A small element of

the source at S normal to the paper is imaged at designed magnifica-

1

tion at Sl' while a small element at 82 is imaged at a much lower magn1~

fication at S,'. Now if spherical power is added at the port, no

effect 1s produced on the position of Sl', and SlF’ its image in the
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lens, is shown coincident with it. ‘However; the off axis imaée 32'
occurs before the port, and the effect of the sphériéal power at
the port is to displace it still further away to Spp. - However, at
-the same time it will be magnified, reducing the numerical aperture
and restéfing the illumination at the chamber ends. The results are
shown in two graphs, Fig.10 and Fig. 11. Fig. 10 shows the positions
of the images above referred to, the upper curve referring to the
image position SE' after the cylindrical system, and the lower to
that after passing through the spherical power ihtroduced at the port,
the latter designated by the term VaSpheric lens" for reasons to be
apparent 1ater; Fig. 11 gives the same data for the magnification.
The results show ari actual increase in source magnification with
field angle, but sihce'the source image is physically further away’
from the chamber as given in the preceding graph, the illumination is
no greater. But néither is'itiless, except for a normal cos3 p fall
off;

There is one‘minorvdiffiéulty with this arraﬁgément, and a
‘means fbr ameliorating it. The vertical port dimension is only |
moderately larger than the images SlF or SQF' 3ince ﬁhereAis a
substantial-displécement between the pqrt‘and SEF’ vignetting of 82F
by thelpoft will result in reduced illuminatioh in the corners of
.the chamber. If we were to reduce the distance between SQF and the
port, this vignetting will be lowered., This can4pe done at the expense
of separafing SlF‘froﬁ the port by moving tﬁe Xenog;source closer. to
the cylindrical system. This situation is illustrated in'Fig. 12.
This proceduré will iﬁtroduqe more magnification of the source for

both Sl' and 32" which are both shown larger than before. However,
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sphefical,lens L will tend to operate upon Sl' to pull it back and
reduce the magnification, while the magnifying effect on S,' is
smaller than‘before because it is cioser to L. The effect of L. in
this regard is to act as an optical balance wheel or governor of the
system.  6£ course 1if this procedure is carried too far, while it
would be possible to eliminate vignetting at the chaﬁber ends, one
could introduce it at the center. Practically 1t is advisable to
make the position of the source édjustable S0 as to bring it
empirically to'the most favorable distance, |

We turn_now to a discussion of a major disability of all dark-
field retrodirective systems and means'for its elimination. Referring
now to Fig. 13 we sQe a schematic of the system as we have bullt it |
up so far, A.tremendous amount of light leaves the port toward the
chamber and is returned by the retrodirectors. However; a portion of
this light is reflected from.each of the two suffaces of‘the window
and these reflectioné‘may be seen directly by thé cameras. The
camera apertures apﬁroximate a point (they are only ébout Smm in
Adiameter). The net result of this is that each photograph is com-
pletely_foggéd over an 'area whose linear dimensions ih relétion to
the chamber'pictufe are approximately half those of the port. While
‘this area is small related to the entire picture, it is large enough
fo be Quite opjectionable. One solution of this problem is to set
the large window at an angle so that the reflectéd rays are thrown
out of the field of view of the cameras,. Tﬂis has obvious geometrical
disadvantages. It had been decided at Brookhaven to keep the window |

perpendicular to the axis, although the angled window arrangement is

employed at Berkeley.
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Conéider‘the system in reverse. Rays from the camera apertures
strike the window and are reflected from either surface back through
the port. As we have seen, spherical power exists at this position.
Consequently there must exist a plane conjugate to the camera apertures
on the illumination sidé of the port, as shown in Fig.'13: Ideally
the foﬁr camera apertures would image as four tiny dots in this
conjugate plane., If now we set up a plate of glass at ﬁhis position
and opaque the area corresponding to the do?s, no light will proceed
from the illumination system and be reflected by'the window into the
cameras.

The system described above is cdmﬁlicated somewhat, so that
the dots are more than infinitesimally smali. Firstly, two systems
are involved, corréSpondihg to each of the two window surfaces so
that the opaque areas must be large enough to cover dots in two
- slightly separated conjugate planes. Secondly the imagés are far
from Gaussian and subject, because of their off axis position, to
aberration, particularly astigmatism, Since the port lens turns out
‘to have a high relative aperture, aberration spread is large.
Spherical aberration for this reflected system.is taken care of by
making the port lens strongly aspheric, but astigmatism cannot be
controlled because of the pupil of this system is at the lens and
the astigmatism is determinéd, as is well known, by the power of the
'lens alone. The most favorable position for thelspot plate 1s to
place it in the sagitﬁal focus, and the spots themselves are roughly
lines pointing generally towards the axis. |

It was decided to make the port lens from a single aspheric
surface in front, to make its rear surface plano, to join, by cementing,

the rear face of this lens to a large glass block, on the rear face of



which - the spots‘are loéated. In this way the.number of air glass
surfaces ié reduced and the contrast in the images of the spots
méintained.high. Another advantagé of this arrangement arises"
from the fact that the sides of the block can be optically polished,
and use made of the internal réflection at these sides for the high
angular.rays (see Fig. 14)‘thus reducing substantially the required
length of the cylindrical lenses and the Xenon tubes.

Returning now to the spots-thémselves,Acertain other properties
are required. Since tﬁe system is such that a large amount of 1light |
flux is redirected back into the port, there is a danger that this
light can illuminate the spot area from'behind and again be reflected
forward whénce it will reemerge from the port and bé reflected back
~by the window precisély into‘the camera apertures which are conjugate
to the spots. To eliminate this, the spots are made of wafers of _
highly absorbing dark glass of index/gg}raction equal to that of the
block, and cemented thereto by cement of the same index so as to
eliminate the possibility of Fresnel reflection at the joint. Thé
outside of the wafer is coated with an~opagﬁe layer of protected aluminum,
prevehting direct light from passing thfough the wafer. The dimensions
of the wafer are determined finally by a mockup of the camera-window-
port-block system and observing the image of the camera aperture,
illuminated'from behind, as seen by a micrdscope at the end of the
glass block. Eyery vestige of light should be eliminated by the wafer.
Whether or not the spot system will be completely successful is not

known at the time of this writing, but a system mobkup is encouraging.'
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The system haslnot yet been installed, but careful mockups
have been made. Fig. 15 is a photograph of the port area (front of
the aspheric lens) when the source was actuated, showing the image of
the source as produced by the optical system. Two pairs of crossed
polaroids again attenuated the light. It may be compared with Fig. 5.
The'corfesponding four components are easily discernible and the
vertical magnification quite apparent .

The system was turned towards-a screen upon which was traced
the chamber outlines. Fig. 16 shows a flash of the screen. Flash
photometric measurements were taken at various positions on the
screen and the relative intensities at different points are shown in
Fig, i?. The uniformity 1s quite good for a system of this angular
size and seems to reflect little more than the natural cos> p fall-.
off*

Thevapparent area of the_sourCe presehted to the chamber at
the port is approximately 8 cm vertically x 18 cm horizontally.
Preliminary estimates of the acﬁuél intensityrat the chamber disténce
indicate it to be as expected. from this_area, allowing for reasonable
tranemiesion and other losses.

Fig. 18 shows a photograph of the cylindfical lens system and
Fig, 19.that of the aspheric lens and giass'block.

Tablé 2 1s a set of vélues giving pértinent dimensions and dptical
data.

Fig. 20 is an overall sketch of the entire system.

It is obvious that a project of this magnitude and importance

required the contributions of several individuals and contractors.

*The photometer was turned toward the poEt in making the measurement,
eliminating one cosine of the usual cos §@. This was thought more
realistic for the measurement of spherical bubbles. .



For the sake of space many of the detailed points have either not
been discussed or only lightly touched upon in this article.

“Dr R. Ronald Rau (BNL)is responsible for the‘overall‘performahce
and thus guided the project, making all of the hard decisions required.
Dr-S.S.AYémamoto'(BNL)-ﬁade important measurements on the lateral and
transverse source brillianbe, and on tube lifetime. Mr. Irving Winters
(BNL) solved many important problems'relating to the mechanical
assembly. Dr Robert B. Palmer (BNL) worked closely with the writer
throughout ﬁhe project in consideration of basic factors of design and
execution. In particular, Dr Palmer is responsible for the concept of
the glass block}with its attached .aspheric, while the writer!s chief
contribution is the ‘concept and design of the cylindrical system.

As to contractors, Edgertbn, Germeshausen & Grier,. Inc. subplied
the tubes of their FX-1 type but modified into a length over three
times the normal 6 inches. Schott and Gen., Mainz supplied the raw
glasé for the large gléss block to a tight bubble specification,
‘required for importaht reasons not discussed.  J.W. Fecker Division df.
American Optical Co., Pittsbufgh, supplied the cylindrical lenses, which,
because of their size and general requirements are uniqueAiﬁ the optical
art. The 1argé glass block and the aspheric lens were fashioned to
tight specifications by Photronics Corp., Flushing, N.Y.

. The illumination arrangement as described in this article will
no. doubt be installed and used to illuminate the 80 inch chamber for
the invesfigation of nﬁclear rhenomena betweén the time of writing
(January 1963) and that of publication (October 1963). It is hoped

that a further account of its performance will be made available later.
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Figure Captions

Fig. 1. Cross Sectional View of Chamber. A _

Fig. 2; 'Schematic RepreSentation‘of Theory of Cylindricél Sy stem.

Fig. 3. Cyiindrical Source Assembly Schematic.

Fié. 4, Photograph of Source AséémblyL

Fig. 5. Expdsufé of Acfuated Source ,Assembly.

Fig. 6. Cylindrical Lens System Cfoss’Section ( Source and Image
Reversed). |

Fig. 7. Image of Point by Cylindrical System.

Fig. 8. Tllumination Pattern of a Point Source by Cylindrical Lenses
Only. | |

"Fig. 9. COrrectionVEffect of Lené Power at Port.

Fig.10. Position of Image Measured Along Ray.

Fig.1l. Magnification of Image.

Fig.l2. Efféct of Displacing Source Forward. .

Fig.13. Schematic of Optical System Illustrating Spot System.:

Fig.14., Arrangement of Aspheric, Gia§s Block'and.Spots.

Fig.15. Photograph of Port from Chamber upon Actuation of Flash.

Fig.16. Illumination of Screen Placed at Chamber Position.

Fig.17. Relative Intensities at Various Points of Chamber.
‘Fig.18. Photograph of CylindricalALens System,
Fig.1l9. Photograph of Aspheric Lens and Glass Block.

Fig.eo. Overall Sketch of Entire System.
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List of Tables

Table 1 -'OpticaliData Cylindrical Lens System.
Table 2 - List of Important Optical and Mechanical Data.



E.F.L. : 70,00
Image Distance 39.00

N.A. - 750
Stop Height  1L0 -
Magnification. .2193
Image Size‘ 19
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| TABLE 1

Lens Purpose Condensing

Lens Type Cylindrical -
Object Disténce (-379.5)
85.6 .
80.inch bubble chamber

Object'Size

Instrument

’

Dimensions in mm

Radius of Curvature Separation

734.7

' 20.0

-258.4

205.3

llS.ih
. 175;03“
67;467
93.180
37 423

39.000

140

300 .

20.0 -

140

1.0 .

17.0°

1.0

k.0

‘Length of Cylinders %06 . 4

130

116

Height

: N

1.57952

1.57952

1.57952 -

T4.846 1;h6318_

Material

LBC2

LBC2

LBC2

LBC2

QUARTZ
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| TABLE 2
Optical Distance - From Field Lens to Inside of Window
Window Free Aperture, Inside - '
Angles from~Fie1d Lehs‘ |
Numerical Aperture
Numeficél Aperture at Source

Magnification Condenser System

. Source Height

Image of Source Height
Image of Source Length
Effective Image of Source Area

Field Lens Free Aperture

Field Lens to Retrodireétor

Camera Lens to Field Lens
(reflected by surface 1/2 way between 2 window surfaces)

Field Lens to Spot Plate

Sagittal Field Curvature D1Splacement
~ (at height 3.12 cm)

Clearance Last Condenser to Spot Plate
Equafion of Aspheric Surface (apﬁroximaté)

x = 2.804 % 1072 y2 + 1.043 x 1072 y* (cm)
Sagitté‘at Corner of Aspheric (y = 11.2 em)
Length of Glass Block (BKT) |
Megnification of Camera Apertures at Spot Plate
63.5 cm Square - 6.23 cm Square on Spot Plate

Size Retrodirector

190.5 om
193 em x 63.5 cm
25° x 9738!

A2 x .167

15

4.56x

1.9 cm

8.6 cm

18 em (arbitrary)
146 cm®

19.7 ecm x 10.8 cm
(corners rounded)

257 cm (air)

380 cm
37.5 (air)

175 em
.62 cm

'3.10 cm
‘56.8 cm

.0982 x

é34 cm x 83.8 cm
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