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ABSTRACT 

The following is a report of the procedures 

involved in the fabrication, testing and evaluation of - 

an ultraviolet objective spectrograph as fabricated by 

Barnes Engineering Company for the NASA Mercury program, 

\ 
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I. INTRODUCTION 

The task w a s  t o  fabr icate  a smaI.1, lightweight, 

handheld, - -  eas i ly  operated u l t r av io l e t  spectrograph. This 

instrument is t o  be u t i l i zed  by the Mercury astronaut t o  

photograph preselected objects while i n  orbi t .  

s i z e  and other physical requirements were qui te  s t r ingent ,  

As weight, 

the following components were used, 

1. A 105mm f/3.3 quartz-lithium f luoride re f rac t ing  

Tests 

have shown tha t  t h i s  lens is capable of excellent coverage 

i n  the lower wavelength region 2000 A - 3100 A, The lens 

w a s  designed by H, McKinley of Barnes Engineering Companyo 

Upon reviewing the r e su l t s  obtained, we f ind t h i s  lens t o  

0 

system, SehrGmatized fcr the reglen 2800 A - 5200 ii. 

0 0 

_ _  

- 

be the logical  choice f o r  the col lect ing opt ics  of t h i s  

spectrograbh. 

2. A Baussh & Lomb ref lec t ion  replica. grating, 

No. 33-53-PO-01, is  used as the dispersing medium. This 

grat ing has the following specifications:  

a. 600 grooves/m 

bo 3000 A blaze wavelength 

c. 5" IO8 - blaze angle 

d. BSC-2 - grating material  

e, 100 3- - dispersion with lens system used 

The camera body used w a s  a Cansnflex R-2000 re f lex  

0 

3. 

35- camera. 

gamut of several  cameras, which a l l  appeared t o  be w e l l  

This camera was selected a f t e r  running the 

- 1 -  



’ sui ted t o  the task,  but upon f i n a l  evaluation proved unsui table  

for  the purpose, 

var ie ty  of reasons ranging from i t s  a l l  around ruggedness t o  

i t s  complete adaptabi l i ty  in the short  t i m e  scale  involved, 

The Canonflex R-2000 w a s  chosen f o r  a 

Some of t h i s  camera’s more pertinent features  are: 

a. A f i lm t r a n s p o r t  and shut te r  cocking mechanism, 

conveniently placed at  the base of the camera and designed 

f o r  f a s t ,  sequence-type photography, 
L TL- F---t -*nvt..ra 
b l o  A A l C  A A U A L L  -pGLbu&b cf t h i s  cmera was e n s i l y  

modified t o  accept the extremely large rear lens element 

with a minimum of modification t o  the camera, 

c’,.‘- The instant  return mir ror ,  which made €or easy 

s ight ing and immediate pickup of the subject material 

do  Detent located shutter-speed mechanism, with 

a l l  shut te r  speed posit ions l inear ly  spaced, 
‘ I  
4 

4 ,  A Barnes Engineering Company off-axis coll imator 

w a s  used as the source of parallel energy, 

,placed at  the focal  plane of the primary re f lec tor .  

A f i ne  s l i t  w a s  

As a 

spec t ra l  source, an Osrag l  cadmium source was usedo which 

proved t o  be especial ly  useful i n  the region of i n t e r e s t ,  

I This source w a s  photographed throughout a complete range of 

exposures from 5 seconds t o  1/2000 of a second, 

. 5, Eastman Kodak emulsion-type 103-0 spectrographic 

f i lm w a s  used both for  the eva1uati.m and fo r  the f i n a l  test 

of t h i s  op t ica l  system, 

i n  a 2 per  cent solut ion of sodium sa l i cy la t e  i n  methyl alcohol 

The emulsion had been presensi t ized 

-._ 
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so as t o  increase its  sensitivity in the lower wavelength 

region., 

- 3 -  



- _  11, CONCLUSION AND TEST REPORT 

As there  w a s  at the t i m e  a l imited amount of infor- 

mation concerning the sighting and aiming of the spectrograph, 

w e  proceeded t o  design a sys t em t h a t  would encompass various 

modes of sight ingo O f  par t icular  i n t e r e s t  w a s  the condition 
c 

whereby we  were required t o  use the longer portion of the  - 

format, 36mm i n  length, due t o  the dispersion of t h i s  system. 

The t o t a l  wavelength coverage on t h i s  format s i z e  is  approx- 

innately 3 4 m  from cen t r a l  image t o  3600 A, 

an aliowance made f o r  tracking a?d aiming e r ro r ,  

0 

There has been 

As the  spectrograph now stands, there  are two 

d i s t i n c t  posit ions tha t  can be u t i l i z e d  f o r  sighting, (1) eye 

level and (2) w a i s t  level. 

e i t h e r  i t s  r i g h t  o r  lef t  side. 

ce l l  m a k e s  f o r  a var ie ty  of spec t r a l  displays, rendering t h i s  

system versatile. 

I ,  

The spectrograph'can be used on 

The ro t a t ion  of the grat ing 
- -  

- 4 . -  



111, ~USULTS OF TEST . _  AND EVALUATION 

Attached t o  t h i s  report  

photograph of a cadmium source as 
_ _  

Barnes u l t r av io l e t  _ _  - -  spectrograph, 

- 
~ 

is  a reproduction of a 

photographed through the 

This p r i n t  i l l u s t r a t e s  - .  
_ .  

the  resolut ion at ta inable  throughout 2100 %, - 3100 w region, 

This pr in t  a l so  shows the effectiveness of presensi t iz ing - 

the  103-0 emulsion with sodium sa l i cy la t e  i n  methyl alcohol, 

A set of CUL-V~S x e  hc'litded showing the density 'd i f ferences 

obtained between t w o  103-0 emulsions, normal and presensi- 

t ized,  

A cal ibrat ion curve showing wavelength vs posi t ion 

i n  a 35mm format is included, This curve depends, t o  a 

ce r t a in  extentp on the posit ion of the data  i n  the format, 

s ince the instrument has a f l a t  f i e l d  of view, 

- 5 -  
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ADDENDUM 

On December 19, 1961, representatives of Barnes 
t 

Engineering Company carried out a test t o  evaluate the  

u l t r av io l e t  transmission and , opt ica l  qual i ty  of the window 

i n  the Mercury capsule, 

pressure, quartz-jacketed Hg arc  w a s  the  source of l igh t ,  

and it w a s  photographed with the uv objective spectrograph 

both through the window and with the window out of the  

An opt ica l  collimator with a low- 

op t ica l  .beam, 
\ 

Attached to ,  bhis report  are two selected p r in t s  

of the Hg spectrum as photographed d i r ec t ly  and through the 

Mercury capsule window. The exposure time i n  both cases 

w a s  one second, 

The upper spectrogram as viewed shows a very 

dense cent ra l  image and spectrum running t o  the edge of the 

'format 

d i r ec t ly  i n  f ront  of the collimator, 

This spectrogram w a s  photographed with the camera 

The lower spectrogram, taken through the window, 

shows a very dense central. image only, 

below 3600 1 appear, indicating tha t  the window transmission 

i n  the u l t r av io l e t  is extremely low. 

s tate quant i ta t ively from these r e su l t s ;  but it can be said 

t h a t  the transmission of the  window is  less than 0.005, o r  

1/2 of one percent, s ince an exposure of one second through 

the  window showed absolutely no recorded spectnqn below 

3600 A, while ,an expopure of 1/500 second with the window 

None of the Hg l i nes  

It i s  d i f f i c u l t  t b  

4 ,  

0 

- 6 -  
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out of the beam produced an obs'ervable'spectrum, 

The conclusion is ghat one o r  more of the three 

sect ions tha t  make up the window is composed of g lass  ra ther  

than fused quartz or  Vycor, 

polaroid f i l t e r  w a s  i n  place during these tests, but t h i s  

1 

It w a s  suggested th'at the 

is  not the case. 

the way with'masking t a p e  and the  window w a s  abso1ute;ly c l ea r  

t o  the eye, 

The Polaroid f i l t e r  w a s  held back out of 

XT- - . l & - - - - Z - l - a .  -----l& 
A ' I U  U A C A Q V A U A C L  L e = 3 U A L S  be cbtaized thrcugh th i s  

window, 

from the Mercury capsule, those sect ions of the  wind& tha t  

Before the uv spectrograph can be ef fec t ive ly  used 

are opaque w i l l  have t o  be replaced with fused quartz,  

&ay seme sa t i s f ac to r i ly ;  but quartz is  be t te r ,  having a 

higher transmission, 

Vycor 

I 

d' -1 
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