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ABSTRACT 

The internal optical system for the Pantex Model 121 Streak Camera 
was optim~zed at 1:1 magnification using tools and methods curre~tly 
available at Pantex. The system performs ·well, with slight vignet~· 
ting at s~a+l magnifiqation (0.2) with small apertures (O.p cm or 
less with 107 cm focal length objective lens). 

~ISCUS~ION 

A new internal opti~al system was 
desired for the Model 121 (10 an x 
25 Qll) streak camera designed and 
fabricated at Pantex. Utilization 
of lenses already available at the 
plant was the goal.· The final 
system was comprised of two internal 
lenses, with an aperture midway 
between th,em; and an external field 
lens. A previous camera, Model 101, 
was built using the B and W Model 
168 a? ~ basis for determining lens 
fo~al lengths, placements, etc. 
How~ver, the magnification across 
the· film was known to vary consider
ably, so a di£ferent approach was 
used for Model l21. 

A pair of two-element achromatic 
.lenses purchased from A Jaegers (Part· 
No. 8E1093/3SC1479) was selected for 
the internal relay system. The leru;es 

(1) R. w. Ashcraft, G. T. West, 
"Improvement of PhotogPaphio 

·and OptiaaZ Systems," MHSMP.,. 
?5-5R (Qotober-Deoember 19?4). 
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were 8 an diameter with a 71 an focal 
length. Previous attempts(l) to. 
determine MTF properties of these 
lenses and the overall system were 
thwarted by equipment limitations. 

Thin-lens calculat.ions showed that, 
for unit magnification, t~e le~ses 
should be separated l;>y 20.6 cm. This 
arrangement yielded sharper results 
and a more constant magnification 
across the film than that of .the Model 
101. 

Considerable experimentation was done 
to determine optiml.Dll orientation of 
the lenses and the effect of an aper
ture between them.· The image was 
easiest to focus with the thicker 

·elements facing each otper ~d with. 
a· 4.4.i:m diameter aperture 5.2 an 
ah~ad of the rear lens (see Fig. 1 
diagram). 

A diagram of the overall system is 
shown in Fig. 2. · Using the measure
ments shown as a guide, reassembly of 
the optical system is .possible· with ~·. 
final magnification of u,nity .within one 
percent. Final focus of the slit plane· 
image is achieved by moving the rear 
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Fig. 2. Diagram of Overall.System 

lens toward or away from the slit. 
When the top and-bottom of the slit 
plane t~rget are in fo~us and the· 
center portion is out of focus, the 
rear lens should be moved toward the 
slit. 

- 2-

Film records of a slit pl~te contain
ing a transparent millimeter tape 
were made at the upstream and down
stream still picture positions. rpe 
films and the-slit plate were read 
four times in each direct~on on a 
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Grant Comparator. Average calcul
ations of magnification for both 
still pictures are plotted in Fig. 3. 
Note that the total variation in 
magnification across the film is 
approximately 0.7%. There are only 
slight differences in the upstream 
and downstream positions. 

A similar plot for the Model 101 
upstream position is shown in Fig. 4. 
Note that the total variation in 
magnification across the film is 
approximately 1%. 

Best possible results (approximately 
0.1% variation in magnification) were 
obtained without using the 87.6 cm field 
lens shown in Fig. 2. However, any· 
field stop used with an objective lens 

. became the system aperture, making 
the camera use~µl only wide open. · 
The field lens was replaced with the 
thick (refers to center of elements) 

·element toward the slit. 

Some vignetting of a field image is 
noticeable at magnifications smaller 
than 0.5 using moderate apertures 
(2.5 cm) with a 107 cm focal length 
objective lens. Since this represents 

·.£/stops of f/42 and up, and light 
available from most shots requires 
£/stops to be f/22 or less, it is be
lieved that this combination presents 
no severe limitation. However, 
calculations show that a field lens 
of shorter focal length would reduce 
vignetting at the smaller magnifi
cations, but probably at the cost of 
greater distortion. 
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CONCLUSIONS & RECOMMENDATIONS 

The Pantex Model 121 Streak Camera 
optical system has been optimized 
and· a significant improvement over 
that of the Model 101 has been rea
lized, using available lenses and 
techniques. 

Future improvements might be realized 
by: 

1. Investigating effect of 
internal magnification on 
flatness of magnification 
at the image plane, for a 
given set of lenses. 

2. Investigating effect of field 
lens focal _length on flatness 
of magnification at the image 
plane. 

3. Select~on of better quality 
lenses, both for use as in
ternal lenses and for use as 
external objective lenses. 

4. Investigating effects of in
ternal aperture size and 
placement. 

5. When available, use MfF 
measuring equipment to 
determine ability of total 
optical system (port glasses, 
objective lenses, turning 
mirrors, internal optics, 
'film, processing, analysis) 
t9 resolve required infor
mation for a given test fire. 
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