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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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INTRODUCT ION

‘The task was to fabricate a small, lightweight,

handheld, easily operated ultraviolet spectrograph. This

'1nstrument is to be utilized by the Mercury astronaut to

photograph preselected objects while in orbit. As weight,
size and othervphysical requirements were quite stringent,
the following components were used,

1. A 105mm £/3.3 quartz-lithium fluoride refracting

| have shown that this lens is capable of excellent coverage

in the lower wavelength region 2000 A - 3100 A The lens
was de31gned by H. McKinley of Barnes Engineering Company.
Upon reviewing the results obtained, we find this lens to
be the logical choice for the collecting opties of this ”
spectrogreph;
_ 2, A Bausch & Lomb reflection replica grating,

No. 33=53-10-01, is used as the dispersing medium, This
grating has the following specifications:

a. 600 grooves/mm

b. 3000 R - blaze wavelength

c. 5° 10' - blaze angle

d. BSC-2 - grating material

e. 100 K/mm - dispersion with lens system used

3. The camera body used was a Canonflex R-2000 reflex

35mm camera. This camera was selected after running the

gamut of several cameras, which all appeared to be well

-1-
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suited to the task, but upon final evaluation proved unsuitable

for the purpose. The Canonflex R-2000 was chosen for a

variety of reasons ranging from its all around ruggedness to

- its complete adaptabilit& in the short time scale involved;

Some of this camera's more peftinent features are: »

"a. A film transpert and shutter cockiﬁg mechanism,
conveniently placed at the base of the camera and designed
for fast, sequence;type photography.

e & A iy B

modified to accept the extremely large rear lens element

~with a minimm of modification to the camera.

c.. The instant return mirror, which made for easy
sighting and immediaté‘pickup of the subject material
d. Detent located shutter-speed mechanism, with

all shutter speed positions linearly spaced.

f
9

4, A Barnes Engineering Company off-axis collimator

was used as the source of parallel energy. A fine slit was

.placed at the focal plane of the primary reflector. As a

spectral source, an Oéram cadmium source was used;, which
proved to be especially useful in the region of interest,
This source was photographed throughout a complete range of
exposureé from 5 seconds to 1/2000 of a second.

5. Eastman Kodak emulsion-type 103-0 spectrographic
film was used both for the evaluation and for the final test
of this optical system. The emulsion had been presensitized

in a 2 per cent solution of sodium salicylate in methyl alcohol

-2 -
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so as to increase its sensitivity in the lower wavelength

region,
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CONCLUSION AND TEST REPORT

As there ﬁas at the time a limited amount of infg;;
mation concerning the_sighting.andﬂai@ing of the spectrogréﬁh,
we proceeded to design a;system that would encompass various
modes of sighting. Of particular interest was the condition
whereby we were required to use the longer portion of the

format, 36mm in length, due to the dispersion of this system.

‘The total wavelength coverage on this format size 1is approx-

imately 34mm from central image to 3600 A. There has been

an allowance made for tracking and aiming error.

_ As the spectrograph now stands, there are two
distinct positions that can be utilized for sighting, (1) eye

level and (2) waist level. The spectrograph can be used on

’either‘itsﬁnight or left side. The rotation of thé'grating

cell makes for a variety of spectfal displays, rendering this

system versatile,
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III. RESULTS OF TEST AND EVALUATION

_ Attached to this report is a reproduction of a
photograph of avcédmium‘sourgg as photographed through the
Barnes ultraﬁiblet sbectrogtaph ThlS print illustrates
the resolution attainable throughout 2100 A - 3100 A region.
This print also shows the effectiveness of presensitlzing
the 103-0 emulsion with sodium salicylate in methyl alcohol.
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urves are included showing the density‘differenﬁes
obtained between two 103-0 emulsions, normal and presenSi;
tized.,

A calibration curve showing wavelength vs position
in a 35mmuformat is included. This curyeldepénds, to a

certain extent, on the position of the data in the format,

‘since the instrumént has a flat field of view.
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3466.2A°, 3467.7A°

2144.4A°
2265.0A°
2288.0A°
2836.9A°
2880.8A°
2980.6A°
3080.8A°
3133.2A°
3250.2A°
3403.6A°

(o)
<q
e}
s
o)
M

SPECTROGRAM OF CADMIUM SOURCE TAKEN WITH BARNES ENGINEERING COMPANY
ULTRA-VIOLET OBJECTIVE, IO5MM, f /33
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ADDENDUM

- On December 19, l961, represgﬁfatives of Barnes
Engineering Company carried out a test to evaluate the |
ultraviolet transmission and optical quality of the window
in the Mgrcury capsule, An optical collimator with a 10Q;

pressure, quartz-jacketed Hg arc was the source of light,

and it was photbgraphed with the uv objective spectrograph

both through the window and with the window out of the

optical.beani° .
 Attached to;ths report are two selected prints
of the Hg spectrum as phétographed directly and through the
Mercury éa.psulg‘wiﬁdbw° The exposure time in both cases
was one secoﬁd° |

The upper spectrogram as viewed shows a very

“dense central image and spectrum running to the edge of the

‘format., This spectrogram was photographed witthhe camera

directly in front of the coilimatoru
The lower spectrogram, taken through the window,
shows\a very dense central image only. None of the Hgilines

below 3600 A appear, indicating that the window transmission

in the ultraviolet is extremely low. It is difficult to

state quantitatively from these results; but it cam be said

.that the transmission of the window is less than 0.005, or

1/2 of one percent, since an exposure of one second through
the window showed absolutely no recorded spectrum below

3600 R, while ,an exposure of 1/500 second with the window
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out of the beam produced an ob_Se_rvable;spectrum° _ L
The conclusion is thét one or more of the three
sectiQns that make up the window is composed oflglass rathéf
than fused quartz or Vycor. It was suggésted that the
polarbid filter was in place during_these tests, but tﬁis
is not the case. The polaroid filtér was held back out of
the way with'masking tape and the window was absolutely éiear
‘to the eye. o
) No ultraviolet results can be fbtained t
window. Before‘the‘uv spectrograph can be éffectively used
frdmvfhe Méréufy.capsple, those sectibns of the winddw.that
are opaque will have;tb be replaced with fused quartz., Vycor
may serve satisfactorily; but quartz is better, having a

higher transmission.,
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