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ABSTRACT 

Details are given of the design and construction of a 

single-beam, three-prism, infra-red spectrograph, to be used 

i n the near in f r a - r e d region 0.7>* to 2.5^. for the purpose of 

examining f i n e structure i n molecular bands i n thi s region. 

The problems encountered and methods of solution are ex

plained. Details are presented of the o p t i c a l and mechanical 

design of the instrument. The radiant energy transmitted by 

the spectrograph f a l l s on a PbS photoconducting c e l l a f t e r be

ing chopped at 900 c.p.s. The r e s u l t i n g signal i s amplified 

i n a tuned amplifier and, after r e c t i f i c a t i o n , i s recorded on 

a Brown recording potentiometer. Details of detector and amp

l i f i e r are presented. 

57he method of c a l i b r a t i o n i s explained and the performance 

of the instrument i n practice i s assessed by consideration of 

t y p i c a l spectra taken with the f i n a l assembly. 



FRONTISPIECE 

TWO VIEWS OF THE SPECTROGRAPH 

The complete i n s t r u m e n t 

and 

The o p t i c a l p o r t i o n 
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INTRODUCTION 

The Perkin-Elmer i n f r a - r e d spectrometer has a resolving 

power of the order of 1 i n 500 over most of i t s range; t h i s i s 

i n s u f f i c i e n t to resolve the r o t a t i o n a l fine structure i n cer

t a i n molecules having bands i n the region 0 . 7 ^ to 2.5^/. 

It was proposed to b u i l d an infra-red spectrometer with 

at least double t h i s resolving power to cover the wave length 

range from 0.4^cto the upper l i m i t of the glass used i n the 

prisms. By using one 60° prism and one half-prism s i l v e r e d on 

i t s back face, e f f e c t i v e l y a three-prism instrument would re-

sui t with a consequent increase i n resolution by a factor of 3. 

Scanning of the spectrum was to be effected by r o t a t i o n 

of the prisms so that the exit s l i t received the r a d i a t i o n at 

minimum deviation at that instant. Since the response of the 

Lead Sulphide photo-cell i s greatest i n the above region, i t 

was decided to use t h i s device as a detector. The incident 

r a d i a t i o n was to be chopped at 900 cycles per second, and the 

r e s u l t i n g signal on the c e l l was to he amplified by a narrow

band tuned amp l i f i e r . 

Thus the following major problems were encountered: 

a) How to l i n k the prisms mechanically so that the r a d i a t i o n 

at the exit s l i t had passed through the prisms at or near min

imum deviation, h) how to control the rate of coverage of the 

spectrum so that the scanning was ca r r i e d out i n optimum times, 

and c) how to construct an amplifier which would most s a t i s 

f a c t o r i l y respond to changes i n the conductivity of the photo-



i i i 
c e l l and have t h e b e s t p o s s i b l e s i g n a l - t o - n o i s e r a t i o . 

I n the t e x t t o f o l l o w , t h e scope and s o l u t i o n s o f these 

and o t h e r problems are d e s c r i b e d i n d e t a i l . 
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.CHAPTER 1 . ^ . . . 

THE SPECTROGRAPH: PRISM THEORY 
4 

AND OPTICAL AND ELECTRONIC SEQUENCES 

A. THE THEORY OF THE PRISM SPECTROMETER 

From any- s t a n d a r d t e x t on o p t i c s , c e r t a i n r e l a t i o n s may 

be p r o v e d between p a r a m e t e r s c h a r a c t e r i s t i c o f the r a d i a t i o n 

and the p r i s m . 

I n t h e p o s i t i o n o f minimum d e v i a t i o n f o r a l i g h t r a y o f 

wave l e n g t h X̂  

where i n d e x o f r e f r a c t i o n a t wave l e n g t h X , DA= minimum 

d e v i a t i o n a n g l e , and A - p r i s m a n g l e . 

A l s o , i n the p o s i t i o n o f minimum d e v i a t i o n , 
A 

1.2 

where S- a n g l e o f minimum d e v i a t i o n . I t i s t h u s w r i t t e n be

cause the f o r m u l a , a l t h o u g h d e r i v e d a t minimum d e v i a t i o n , i s 

v e r y n e a r l y t r u e over l a r g e l i m i t s o f D.. 

I f one assume the c o r r e c t n e s s o f t h e Cauehy f o r m u l a r e 

l a t i n g n and X , 

n - A + £ _ 1.3 
x x 

t h e n 

dX A3 3 1+ 
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The d i s p e r s i o n i& = - ^ can he f o u n d f r o m 1.2 and 
I X J > X n 

1.4 b y m e r e l y t a l c i n g t h e p r o d u c t o f t h e two e x p r e s s i o n s . 

By u s i n g the R a y l e i g h c r i t e r i o n f o r r e s o l u t i o n , t h a t two 

wave l e n g t h s a re j u s t r e s o l v e d when the maximum o f one f a l l s 

on the f i r s t d i f f r a c t i o n minimum o f t h e o t h e r , i t i s p o s s i b l e 

t o show t h a t 
A _ O L ciQ I s 
cLA c l A 

where a = e f f e c t i v e a p e r t u r e , and d3 = a n g u l a r d i s p e r s i o n . 
cLA 

A l s o , i t can be shown t h a t the amount o f r e s o l u t i o n p o s s i b l e 

depends o n l y on the t h i c k n e s s o f t h e base of t h e p r i s m and t h e 

change i n i n d e x between the two wave l e n g t h s d e s i r e d r e s o l v e d . 

That i s , 
A h 

where A = me an wave l e n g t h and A r t = change i n i n d e x . 

I t can be shown t h a t the f o r e g o i n g r e s u l t s f o r a n g u l a r 

d i s p e r s i o n and r e s o l v i n g power are d i r e c t l y p r o p o r t i o n a l t o 

the number o f p r i s m s , e.g. F o r t h r e e p r i s m s a l l a l i k e , <L& and 
d-Tv 

w i l l be t h r e e t i m e s as g r e a t as f o r one p r i s m . 

I t might be w e l l t o p o i n t o u t , i n b r i e f , w h e r e i n l i e s t h e 

advantage o f t h e p r i s m over the g r a t i n g i n s p e c t r o s c o p y . Ad

m i t t e d l y the d i s p e r s i o n and r e s o l v i n g power on a wave l e n g t h 

s c a l e d e c r ease w i t h i n c r e a s i n g wave l e n g t h f o r the p r i s m i n 

s t rument, whereas t h i s i s not t r u e f o r t h e g r a t i n g . However, 

on an energy l e v e l s c a l e , the energy l e v e l d i f f e r e n c e s a r e p r o 

p o r t i o n a l t o ; so t h a t , t o r e s o l v e an energy l e v e l d i f f e r e n c e , 

i t i s n e c e s s a r y t h a t the r e s o l v i n g power i n c r e a s e d i r e c t l y 

w i t h 2? . 
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For the prism, 

R.P =?~ JL_ - >_ where C i s a constant. 

i . e . , as X increases, the magnitude of the smallest resolvable 

(increases. 

For the grating, 

. ' . e lLX- in »V£* , C*'X 
-1 

B. THE PROPOSED SPECTROGRAPH 

A block diagram of the proposed sequence i s shown i n 

F i g . 1.1, while a more detailed p i c t o r i a l drawing of the opti-

Re-
eorder 

Source Chopper S l i t C o l l i Source Chopper S l i t mator 

Ampli De S l i t Focus-
f i e r tector S l i t ser 

Ref
rac
tor 

Fig.1.1. Block diagram of sequences 
i n the spectrograph. 

c a l sequence i s shown i n F i g . 1.2. In the o r i g i n a l design, the 

l i g h t from the source was to be chopped at 900 c.p.s. by the 
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chopping wheel C before passing through the entrance s l i t S. 

The chopped r a d i a t i o n was to be collimated by the lens, I i , pass 

through the f i r s t prism, P^, at minimum deviation and be r e f l e c 

ted from the back of the second prism, Pg. After again passing 

through P-|_, i t was to be again focussed by the lens, and he 

passed through the exit s l i t , E, by means of r e f l e c t i o n from 

the small mirror, M. 

E i g . I . E . Optical sequence ('lens c o l l i m a t i o n ) . 

Scanning was to be accomplished by rota t i n g P^ and Pg i n 

such a manner that the wave length instantaneously being under 

conditions of minimum deviation was the one r e f l e c t e d from M 

and passed out at E. 

The incident r a d i a t i o n was to be chopped at 900 c.p.s., 

and the output of a PbS photo-conducting c e l l was to be coupled 

to a high gain, narrow-band amplifier-tuned to the above f r e -



queney. The r e s u l t i n g o utput was t o be r e c t i f i e d i n o r d e r t o 

a c t u a t e t h e pen o f a Brown R e c o r d i n g P o t e n t i o m e t e r , 

C a l c u l a t i o n s i n subsequent c h a p t e r s w i l l show t h a t the use 

of l e n s e s f o r c o l l i m a t i o n i s i n a d v i s a b l e where t h e scope o f 

wave l e n g t h c o v e r e d i s somewhat l a r g e , because o f c h r o m a t i c 

/ 

/ 
/ 

F i g , 1,3. O p t i c a l sequence ( m i r r o r c o l l i m a t i o n ) . 

a b e r r a t i o n and coma. At b e s t , i t n e c e s s i t a t e s a c o n t r o l l e d 

m o t i o n o f the s l i t s o r l e n s e s in o r d e r t o have t h e c o r r e c t 

f o c a l l e n g t h f o r the wave l e n g t h c o n c e r n e d . 

A f t e r the o r i g i n a l p l a n s had been put i n t o p r o d u c t i o n , and 

t h e magnitude o f A / had been c a l c u l a t e d , i t was d e c i d e d t o use 

a 1 4 ° o f f - a x i s p a r a b o l i c m i r r o r R i n s t e a d o f a l e n s . The modi-
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f i c a t i o n to the o p t i c a l path i s shown i n F i g . 1.3. 

Some attempts were made to use a plane grating i n place 

of the half-prism, as i t was hoped that a considerable increase 

i n dispersion and resolving power would r e s u l t . The author 

went so f a r as to devise a mounting for the grating and set up 

the o p t i c a l sequence using a mercury arc f o r t r i a l s . However, 

he found that an excessive amount of ordernoverlapping occurred, 

( i n optimum positions of prism and grating f o r the f i r s t order 

to be at minimum deviation, the green l i n e at 5461 1 i n order 

n + 1 f e l l on the yellow doublet ~ 5690 K i n order n ) and 

rather than undertake the task of setting up a complicated 

fore-prism or f i l t e r system, he decided to abandon the idea. 

Details of the electronic sections of the spectrograph 

are given i n Chapter 5. The photoelectric c e l l was mounted at 

the exit s l i t , together with the cathode-follower untuned pre

ampl i f i e r . The output from the pre-amplifier was fed through 

a coaxial cable to the main (tuned) amplifier, and the output 

from the l a t t e r r e c t i f i e d f o r input to the Brown Recording 

Potentiometer. 

The s l i t s , prisms, mirror, photo-cell, scanning drive, and 

pre-amplifier were mounted on a four inch wide-flange s t e e l I-

beam seotion and the whole was enclosed i n a l i g h t - t i g h t box. 

Details may be found i n the working drawings. 
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CHAPTER 2 

CALCULATIONS APPLYING TO THE 

GEOMETRIC OPTICS OF THE LIGHT PATH 

A. THE PRISMS 

In order to determine the absolute and r e l a t i v e amounts of 

rotation of the two prisms f o r the wave length range desired, 

i t was necessary to determine the index of r e f r a c t i o n of the 

glass as a function of wave length. The f i r s t (not necessarily 

true) assumption made was that the properties of the half-prism 

were the same as those of the f u l l prism. It i s a simple mat

ter to obtain the constants A and B i n the Cauchy formula f o r a 

f u l l prism. One measures the minimum deviation angle J) and 

uses formula 1.1 to f i n d values of n f o r any two values of A i n 

the v i s i b l e region. This may be done on a simple spectrometer 

consisting of source, collimator, prism table, and telescope 

f i t t e d to ve r n i e r s . 

For the half-prism, the task requires more spe c i a l i z e d 

equipment. A schematic diagram of the necessary o p t i c a l system 

i s shown i n F i g . 2.4. S i s the entrance s l i t f o r the system 

and Lj_ the collimating lens. M i s a h a l f - s i l v e r e d mirror 

which r e f l e c t s the l i g h t to P , and the dispersed r a d i a t i o n i s 

passed through M and observed by means of the telescope T. 

Since, at minimum deviation, the angles of incidence and emer

gence i n a i r are the same, i t follows that there i s only one 

p o s i t i o n of P£ for which a wave length 'A w i l l intersect the 
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c r o s s - h a i r s o f the t e l e s c o p e ; and t h i s w i l l o c c u r a t minimum 

d e v i a t i o n f o r t h a t wave l e n g t h . 

The a n g l e o f i n c i d e n c e may be f o u n d by n o t i n g t h e v e r n i e r 

r e a d i n g when t h e s l i t i s imaged i n the f r o n t f a c e o f the p r i s m 

and t h e n t a l c i n g t h e a n g l e o f r o t a t i o n r e q u i r e d t o b r i n g the 

p a r t i c u l a r wave l e n g t h l i n e t o t h e c r o s s - h a i r s . Then i t , . f o l l o w s 

F i g . . 2 . 4 . F i n d i n g H ^ f o r a h a l f - p r i s m . 

t h a t D = 2 ( i - A ) where A i s t h e p r i s m a n g l e . I n t h e p r e s e n t 

oase, the a s s u m p t i o n t h a t t h e h a l f - p r i s m had the same p r o p e r t i e s 

as the f u l l p r i s m d i d n o t i n t r o d u c e much e r r o r and re d u c e d the 

number o f n e c e s s a r y measurements. 

F o r the measurements on the p r i s m used i n t h i s s p e c t r o g r a p h , 

a M e r c u r y a r c was u s e d as a sou r c e and the ang l e of minimum 

d e v i a t i o n D was measured f o r v a r i o u s known l i n e s i n the spec

trum. The r e s u l t s a r e i n Table 2 . 1 . The p r i s m a n g l e was found 



t o be 60° 01' b y one o f s e v e r a l s i m p l e methods n o t d e s c r i b e d 

h e r e . 

T a b l e 2.1. R e s u l t s o f measurements f o r t h e f u l l p r i s m . 

D - - Z N 

0.70720 1.99948 
o 
47 08.5 0.80468 1.60897 

.69075 2.09578 47 15.0 .805£4 .61009 

.62343 2.57286 47 33.5 .80683 .61327 

.61234 2.66688 A% 37.0 .80713 .61387 

.60726 £.71172 47 38.5 .80744 .61449 

.57907 £.98222 47 39.0 .80730 .614S1 

.57690 3.00472 47 40.0 .80739 .61439 

.54607 3.35345 48 13.0 .81021 i6£003 

.49603 4.06421 48 49.0 .81327 .62615 

.49160 4.13787 48 53.5 .81365 .62691 

.43583 5. £6454 49 56.5 .81895 .63751 

.40465 6.10687 50 4£.0 .8227£ . .64504 

.39840 6.30040 50 46.5 .82310 .64580 

A graph o f U a g a i n s t ^ i s shown i n F i g . 2 F r o m two 

p o i n t s on t h e s t r a i g h t l i n e a p p r o x i m a t i o n , i t was found t h a t 

the c o n s t a n t s had t h e v a l u e s , 

A = 1.59100 B = 0.00882yK2 

The a n g l e s o f minimum d e v i a t i o n were t h e n c a l c u l a t e d f o r wave 

l e n g t h s 0*4^-, 0.7^., and 2.5>t w i t h t h e f o l l o w i n g r e s u l t s ^ 

shown i n Ta b l e 2.2. 

T h i s means t h a t the t o t a l change i n D i s 5° 15 1 i f the 

s c a n n i n g i s t o commence a t 0 . 4 ^ ( t o f a c i l i t a t e s e t t i n g up by 
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use of the v i s i b l e r e g i o n ) . Hence, i t was required, that the 
f u l l prism have approximately 2° 40* of r o t a t i o n , approximately 

Table 2.2. N and D at v i o l e t , r ed, and i n f r a - r e d 
wave l e n g t h s . 

N D AD 
0.4 1.646 50° 48' 

3 39 
0.7 1.609 47 09 

1 36 
2.5 1.592 45 33 

h a l f o f A Di The a c t u a l d e t a i l s of the prism r o t a t i o n are de
s c r i b e d i n the next chapter. 

B. THE LENS 
The l e n s proposed f o r the spectrograph was a doublet of 

BSC 510644 and EDF 653336, wi t h aperture approximately 3.7 
inches. The explanation of t h i s standard nomenclature i s as 
f o l l o w s : BSC stands f o r b o r o s i l i c a t e crown and EDF f o r e x t r a 
dense f l i n t * The f i r s t three f i g u r e s i n the number represent 
the f i g u r e s a f t e r the decimal p o i n t i n the r e f r a c t i v e index at 
X5890, (NaD l i n e ) , and the l a s t three (with a decimal p o i n t 
before the l a s t ) the Abbe number N~! . 

<±N 

The formation of a p e r f e c t achromatic doublet i s e s s e n t i a l 
l y a problem of o b t a i n i n g a r e s u l t a n t i n f i n i t e Abbe number 
(dN = 0) so that there i s no chromatic a b e r r a t i o n . This i s not 
r i g o u r o u s l y p o s s i b l e even over the v i s i b l e l i g h t wave lengths 
but can be v e r y c l o s e l y approximated. I t w i l l be shown, how
ever, t h a t f o r the lens under d i s c u s s i o n the a b e r r a t i o n was 
quite severe over the d e s i r e d wave length range and would have 
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necessitated continual changing of the s l i t - l e n s during scan

ning. 

In order to compute the f o c a l length of a doublet for a 

range of wave lengths, i t i s necessary to carry out a tracing 

schedule either by logarithmic or machine methods, and the 

f i r s t requirement i s that one know, for each component, the 

thickness, r a d i i of curvature of faces, and indices for c e r t a i n 

Fig* 2 . 5 . Explanation of symbols i n an 
achromatic doublet. 

wave lengths. These quantities for the lens i n question are 

l i s t e d i n Table 2.3. (See also Pig. 2.5). 

The cartesian sign convention i s used throughout a l l c a l 

culations. Radii of surfaces concave to object space are neg

ative and conversely. Distances of r e a l objects and r e a l 

images are p o s i t i v e , and distances of v i r t u a l images and v i r t u a l 

objects are negative. 

It w i l l be noted that the indices f o r "X 5890 were not 

those that would be expected from the code number of the glass. 



Table 2.3. Hx f o r the components of the 
achromatic doublet. 

CROWN BSC 510644 
FLINT EDF 653336 

R l 
13.89" 
•11.94" 

•11.94" 
•48.00" 

0.6" 
0.4"1 

AH CROWN FLINT 
2.4 - 1.6131 
2.2 1.4886 1.6150 X 

2.0 1.4908 1.6171 
1.8 1*49273 1.6193 
1.6 1.49461 1.6217 X 

1.4 1.49635 1.6249 

1.2 1.49832 1.6277 
1.0 1.50044 1.6315 X 

0.8 1.50341 1.6373 
0.7680 1.50594 1.6382 
0.6563 1.50629 1.6444 X 

0.5890 1.50960 1.64985 
0.5349 - 1.65601 
0.5086 - 1.65979 
0.4861 1.51520 1.66367 X 

0.4800 - 1.66482 
0.4678 - 1.66725 
0.4340 1.51976 1.67561 X 
0.3610 - 1.70536 
x - Used i n t r a c i n g sohedule 
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This i s because the i n d i c e s f o r a s e r i e s of wave lengths were 
not a v a i l a b l e , and those f o r a ve r y s i m i l a r glass"*" had t o be 

- u s e d . A W pwas not l a r g e ; i t only occurred i n the t h i r d decimal 
p l a c e , and the f a c t t h a t the author was only i n t e r e s t e d i n a 
change of f o c a l length f u r t h e r minimized the e r r o r due to the 
approximation. 

The author i s much indebted to Dr. A. M. Crooker f o r the 
d e t a i l s of the r a y - t r a c i n g procedure used here. The method i s 

F i g . 2.6. Showing the s i g n i f i c a n c e of b f l 
and e f l i n p a r a x i a l r a y t r a c i n g . 

admirably s u i t e d f o r s o l u t i o n by c a l c u l a t i n g machine, and was 
adopted i n i t s o r i g i n a l form. For the le n s i n question, a p a r 
a x i a l and an a x i a l t r a c e were c a r r i e d out, and the three quan
t i t i e s b f l (back f o c a l - l e n g t h ) , e f l ( e f f e c t i v e f o c a l - l e n g t h ) , 

.' • • • 

1. H. Thiene - "Glas" - p.286. 
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and L 1 were found f o r wave lengths ( i n / t ) .0.4340, 0.4861, 
1.0000, 1.6000, and 2.2000. The d e f i n i t i o n of these three 
q u a n t i t i e s i s as f o l l o w s : 

The back f o c a l - l e n g t h and e f f e c t i v e f o c a l - l e n g t h of an 
achromatic doublet are found from the p a r a x i a l r a y ( i . e . ''near 
the a x i s " ) t r a c e . The b f l i s de f i n e d b y i n F i g . 2.6 when 

u. 

the i n c i d e n t ray i s p a r a l l e l to the a x i s of the l e n s . I t i s 
a c t u a l l y the f o c a l - l e n g t h measured from the emergent face of 
the l e n s . The e f l i s d e f i n e d b y ^ i n F i g . 2.6, again when the 

u. 

N / • N' • 

i 

r |-B J2 — 

F i g . 2*7. Co n s t r u c t i o n f o r proving the Abbe 
i n v a r i a n t . 

i n c i d e n t r a y i s p a r a l l e l t o the o p t i c a l a x i s , and i s the f o c a l -
length measured from the second p r i n c i p l e plane of the l e n s . 
In the p a r a x i a l t r a c e , where one i s c o n s i d e r i n g v e r y small con
vergent angles u, i t i s p o s s i b l e to use the angle i n radians 
r a t h e r than i t s f u n c t i o n s . 

The p a r a x i a l ray t r a c e begins with the Abbe i n v a r i a n t . 
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In F i g . 8.7, provided the angles u are small, 

- 1 r I 1 = 

ii - f ) ft- f) (Abbe' inv ar i ant) 

or, i f g = u (the convergent angle) 

SPu 1 - Hu +• U ' - B|y (2.1) 
r 

2.1 gives U'u1 for a given Eu. i n terms of d e f i n i t e lens con

stants. The transfer formula f o r proceeding from one lens 

surface to the next i s simply, 

These two formulae can be arranged i n a "staggered paraxial 1* 

tracing schedule that i s very f a s t . 

The r e s u l t s of the application of this method to the lens 

i n question, together with the c a l c u l a t i o n of the two character

i s t i c focal-lengths, are compiled i n Table £.4. 

The values of are found from an a x i a l ray trace. In 

t h i s schedule the angles of incidence, r e f r a c t i o n , and conver

gence are calculated,as well as the perpendicular distance, Q, 

from the lens vertex onto the ray being traced. Quite a r b i 

t r a r i l y , a ray distant 0.8 of the radius of the lens from the 

axis i s considered. L 1 i s the f o c a l length f o r these a x i a l 

(£.£) 

where d = thickness of f i r s t medium. 
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Table 2.4. Paraxial Traces of BW 19/20. 

r d IT C T - l O / r -d/N 7 JSfa 

. 13.89 
Crown 0.6 

-11.94 
Fl int 0*4 

-48.00 

1.51976 

1.67561 

0*037420 

-0.013053 

0.014075 

-0.394799 

-0.238719 

1.300000 

1.280795 

1.273173 

0.048646 

0.031928 

0.049848 

A-4340A, b f l - 25.5412, e f l = 26.0794 

13.89 
Crown 0.6 

-11.94 
F l in t 0.4 

-48.00 

1.51520 

1.66367 

0.037091 

-0.012435 

0.013827 

-0.395987 

-0.240432 

1*300000 

1.280906 

1.273142 

0.048219 

0.032291 

0.049894 

A-4861A, b f l = 25.5168, e f l = 26.0551 

13.89 
Crown 0.6 

-11.94 
F l i n t 0.4 

-48.00 

1.50044 

1.63150 

0.036029 

-0.010977 

0*013156 

-0.399883 

-0.245173 

1.300000 

1.281271 

1.273236 

0.046837 

0.032774 

0.049524 

A= l ^ z , b f l - 25.7093, e f l = 26.2497 

13.89 
Crown 0.6 

-11.94 
Fl int 0.4 

-48.00 

1.49461 

1.62170 

0.035609 

-0.010644 

0.012952 

-0.401442 

-0.246655 

1.300000 

1*281417 

1.273363 

0.046292 

0.032652. 

0.049145 

A=1.6>*f b f l = 25.9104, e f l - 26.4525 

13.89 
Crown 0.6 

-11.94 
F l in t 0.4 

-48.00 

1.48860 

1.61500 

0.035176 

-0.010586 

0.012813 

-0.403063 

-0.247678 

1.300000 

1.281568 

1.273602 

0.045729 

0.032162 

0.048480 

A = £ . 2 x t b f l « 26.2706, e f l = 26.8151 
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rays, and i s defined i n exactly the same way as b f l i n the par

a x i a l trace. The difference between b f l and L 1 at any wave 

length i s a measure of spherical aberration, that i s , the var

i a t i o n with y of the f o c a l length. 

From the geometry of F-ig. 2.8, 

Q * r ( s i n U +- s i n I) £.3 

which serves as an opening equation to calculate I given U = 0 

\ / 

F i g . £.8. A x i a l ray trace parameters. 

for an i n f i n i t e object and Q =• opening p a r a x i a l y. 

S n e l l 1 s law, 
iff 

s i n I' =• f i s i n I 

and from the geometry, 

U» = u + I - I 1 

From 

£.4 

2.5 



19 

then 2*3 transferred gives 

Q» = r ( s i n U' + s i n l1 . 2.6 

The transfer equation from one surface to the next i s 

From s i n I and I calculated from £.3, one calculates s i n i 1 and. 

I from £.4 and the transfer to the following surfaces i s made 

by the following, 

s i n 1^+.!* +1 * s i n u y £.3A 
r 3 + l ' 

Q V d ' s i n TJ' 
as « ' — j .J , - s i n o y 

. r J s l n U . 1 ' + r . i s l n . & J s i n U . i ' . ain Uj' 
r j - l r j + l " " r j + l r j + l 

r^ s i n Ij. 1 -h o y s i n i y  

r j i - l 

where c y = P j , 4 j ~ r j n - l 

£.8 

The closing equation i s 

sin-II 1 £.9 

The r e s u l t s of t h i s c a l c u l a t i o n for.the lens i n question 
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Table £.5. A x i a l ray trace of BW 19/SO. 

Opening a x i a l y = 1.3 " 

Crown F l i n t 

r " 13.89 -11.94 -48.00 

a / 0.6 0.4 

1.51976 1.67561 

"C" 25.23 35.66 

s i n IT 0*032102 0.019017 0.049861 

U 1.83961 1.08966 2.857990 

s i n I 0.093593 -0.139474 -0.045595 

s i n I 1 0.061584 -0.126502 -0.076400 
I 5.37032 -8.01743 -2.61333 
I 1 3.53071 -7.26748 -4.38166 

A = 4340A, Q1 - r ( s i n U1 +• s i n I) = 1.27389l" 

L 1 - Q'/sin U' ^ 25.5490' 

13.89 -11.94 -48.00 
a " 0.6 0.4 

1.50044 1.6315 
»C" 25.23 35.66 

s i n U 0.031308 0.020068 0.049560 
U 1.79408 1.14986 2.84076 

si n I 0.093593 -0.138719 -0.046643 
s i n I« 0.062377 -0.127575 -0.076098 

I 5.37032 -7.97371 -2.67340 
I* 3.57624 -7.32949 -4.36430 

r ( s i n U 1 + s i n I) = 1.273795' 
L 1 - Q'/sin U* - 25.701926" 
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Table 2.5, - Continued. 

Crown F l in t 

r 13.89 -11.94 -48.00 

d / 7 0.6 0.4 

N 1.49461 1.6E17 

"Cn 25.23 35.66 

sin U 0.031064 0.020116 0.049192 

U 1.78011 1.15E70 £ .81965 

sin I 0*093593 -0.138487 -0.046693 

sin I' 0.062620 - 0 . 1 £ 7 6 3 4 -0.075723 

I 5.37032 -7.960E9 - £ . 6 7 6 3 1 

I« 3.59021 -7.33288 -4.34326 

\ = li6>*., q« r( s in IP 4- S i n I) = 1.273459 

L» ~ Q'/s in U» = £5 ;88736 

r 13.89 -11.94 -48.00 

d 0.6 6.4 

1.4886 1.6150 

HQ 11 ~ £ 5 . 2 3 35.66 

sin U 0.030811 0.019898 0.04851? 

U 1.76560 1.1401E £ .78100 

s in I 0.093593 -0.138246 -0.046479 

sin I' 0.62873 -0.127426 -0.07506E 

I 5.3703E -7.94635 - £ . 6 6 4 0 3 

I 1 3.6047E -7.3E087 -4.30491 

A 2,2/t, Q1. - r ( s in U' + sin I) = 1.274189 

L* = Q'/sia U' = 26 .£619 
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4 > 07 I.O A3 t-6 f* 

F i g . 2.9. V a r i a t i o n of b f l , ef l , and L 1 w i t h "X . 

( A i n / ) 
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are shown i n Table 2.5., f o r the same s e r i e s of wave l e n g t h s as 

i n T a b l e 2.4. 

F i g . 2.9 shows g r a p h i c a l l y the v a r i a t i o n o f b f l , e f l , and 

L', w i t h wave l e n g t h . I t w i l l be n o t i c e d t h a t none o f t h e s e 

v a l u e s i s a l i n e a r f u n c t i o n o f wave l e n g t h , and i n the v i c i n i t y 

o f 0»dyU each c u r v e has a minimum. A l s o , s p h e r i c a l a b e r r a t i o n 

i s much i n c r e a s e d i n the i n f r a - r e d , and i n d i c a t i o n s a r e t h a t 

c o n d i t i o n s i n t h i s r e g a r d d e t e r i o r a t e as "X i s i n c r e a s e d . F o r 

th e s e r e a s o n s , i t was d e c i d e d t o d i s p e n s e w i t h the l e n s f o r t h e 

T a b l e 2.6. T h e o r e t i c a l r e s o l v i n g power o f the 
s p e c t r o g r a p h f o r c e r t a i n wave l e n g t h s . 

N dLN/d.X 

0.4 1.646 1.976 0.276 43,273 
1.0 1.600 1.667 0*018 2,382 
1.6 1.594 1.656 0.004 556 
2.0 1.593 1.653 0.002 238 
2.5 1.592 1.650 0.001 159 

p r o j e c t and use i n s t e a d a 14° o f f - a x i s p a r a b o l o i d o f f o c a l -

l e n g t h one m e t r e . 

The amount o f r o t a t i o n r e q u i r e d f o r the f u l l p r i s m has 

a l r e a d y been shown. The t h e o r e t i c a l r e s o l v i n g power f o r t h e 

f i n a l o p t i c a l sequence was t h e n c a l c u l a t e d from e q u a t i o n s 1.2, 

1.4, and 1.5 o f Chapter 1 and r e s u l t s f o r v a r i o u s X are shown 

i n T a b l e 2.6. 

The t h e o r e t i c a l r e s o l v i n g power as d e f i n e d by i s 

seen t o be i n c r e a s i n g l y p o o r as one goes i n t o t h e i n f r a - r e d . 
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As w i l l be shown i n a l a t e r c h a p t e r , the a c t u a l r e s o l v i n g power 

obtained, was b e t t e r t h a n t h e c a l c u l a t e d v a l u e . C e r t a i n l y t h e r e 

i s no guarantee t h a t t h e Cauchy formu&a i s v a l i d over a l a r g e 

range o f wave l e n g t h s ; and i n v i e w o f the f a c t t h a t t h e 4J£{ 
cLX 

term ( w h i c h i n f l u e n c e s the r e s o l v i n g power g r e a t l y ) depends on 

the M - \ r e l a t i o n s h i p , one might e x p e c t a d i f f e r e n c e between 

the t h e o r e t i c a l and o b s e r v e d v a l u e s o f __. 
ax 
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CHAPTER 3 

THE PRISM TABLE AIL SCANNING- DRIVE 

A. INTRODUCTION 

In t h i s chapter and the following, the scope and solution 

of the mechanical problems encountered w i l l be discussed. It 

was necessary to spend considerable time on sketching and draw

ing i n order that every component i n the f i n a l apparatus would 

be oorrectly positioned with respect to a l l others. Further, 

i t was imperative that a l l moving parts function very smoothly 

and at the same time cause no undue load on the dr i v i n g mech

anism; and also that the entire assembly be as vibration-proof 

as possible. For a detailed study of the working drawings, the 

reader i s referred to Appendix A. For the present, a schematic 

diagram i s included i n the text where i t i s f e l t that one w i l l 

c l a r i f y the description of the p a r t i c u l a r part i n question. 

B. ROTATION OF THE PRISM TABLE 

Consider the condition where the prisms are set to con

t a i n a given wave length at minimum deviation. I f how i t i s 

required to rotate a l l prisms so that another wave length i s at 

minimum deviation, and the change i n angle of deviation i s A D , 

t h i s means that the f u l l prism must rotate 4P and the h a l f 
Z 

prism 3AD j _ n the same sense. Reference to F i g . 3.10 w i l l show 

how t h i s condition was achieved. A s o l i d cylinder was f i t t e d 

to the main spectrometer beam, and had fix e d to i t , a x i a l l y , 

the outer races of two bearings and a 4" p i t c h diameter spur 
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gear. The shaft f i t t e d to the bearings c a r r i e d at i t s upper 

end an aluminum table, and over the axis of r o t a t i o n the f u l l 

prism was r i g i d l y fixed so as to turn with the t a b l e . The alu

minum table carried, i n a yoke, the outer races of two bearings 

which, i n turn, c a r r i e d a shaft f i t t e d with a smaller c i r c u l a r 

table and a £" diameter spur gear. The half-prism was r i g i d l y 

clamped to the small table, and hence turned with the smaller 

gear; and the spacing of shafts was such that the two spur 

gears were i n mesh.. 

Fi g , 3.10. Prism Table. 

Suppose, now, that the d i r e c t i o n of incident r a d i a t i o n i s 

f i x e d . In order to accept d i f f e r e n t wave lengths at minimum 

Geap f i s e d to Spectrograph base 

Aluminum Table Small gear & Table 

deviation, i t was necessary to rotate the large prism table and 

i t s prism about the large ge.ar, and > by v irtue of the diameter 



PLATE I 

THE PRISM TABLE AND MIRROR ASSEMBLIES 

1. M a i n "base 

2. L o o k i n g r i n g 

3. M i r r o r s u p p o r t 

4. M i r r o r c e l l 

5 . R e t a i n i n g r i n g 

6. M i r r o r 

7. Adjustment screws 

8. P r i s m t a b l e base 

9. F u l l p r i s m 

10. H a l f p r i s m 

11. S m a l l g e a r 

12. S m a l l t a b l e s h a f t 





27 

r a t i o of the two gears, the small t a b l e and - i t s a s s o c i a t e d 
h a l f - p r i s m were turned the proper r e l a t i v e amount. That i s , i f 
the la r g e prism t a b l e turned through © , (with respect to the 
l a r g e gear) then the small t a b l e would t u r n through 2 © w i t h 
respect to the l a r g e and hence through the d e s i r e d 3 e>with r e 
spect to the spectrometer base. 

I t w i l l be n o t i c e d t h a t , i n t h i s arrangement, l i g h t of 
only one wave l e n g t h t r a v e l s p a r a l l e l to the l a r g e t a b l e , and 
f o r a l l other wave lengths, (at minimum de v i a t i o n ) there i s a 
s l i g h t divergent angle - © , to be exact. This was not im
por t a n t , since the dimensions of the prisms were adequate to 
ensure complete f i l l i n g of the prism o p t i c s f o r a l l wave le n g t h s ; 
therefore i t was decided to clamp the two prisms i n such a 
p o s i t i o n that A 5690 at minimum d e v i a t i o n would be p a r a l l e l to 
the l a r g e t a b l e and a l l other wave lengths would deviate 
s l i g h t l y . 

C. THE SCAM ING DRIVE 
P r o v i s i o n was made f o r two speeds of scanning that por

t i o n of the spectrum under c o n s i d e r a t i o n . The e n t i r e range was 
to be covered i n roughly twenty minutes at slow speed, and i n 
t e n seconds- at high speed. This immediately excluded from any 
c o n s i d e r a t i o n a d r i v i n g mechanism w h o l l y dependent on gears or 
worm gears, since the necessary r a t i o of speed would be 1:120 
and would be impossible to achieve from any constant speed 
d r i v i n g motor. Furthermore, the slow speed scan would o n l y be 
p o s s i b l e through a worm d r i v e and t h i s would n e c e s s i t a t e scan
ning f o r both i n c r e a s i n g and decreasing wave lengths (hence two 
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c a l i b r a t i o n s ) and r e q u i r e r e v e r s i b i l i t y of the motor*„ A l s o , 
any mechanism capable of being reset at w i l l would be extremely 
complicated. Most important, such a d i r e c t motor-to-prism 
t a b l e d r i v e would have considerable backlash and v i b r a t i o n d i r 
e c t l y p r o p o r t i o n a l to the number of r o t a t i n g p a r t s . 

The method f i n a l l y used permitted scanning only i n the 
d i r e c t i o n of i n c r e a s i n g wave l e n g t h and was as f o l l o w s : the 
motor was a 2 R.P.M* tel e o h r o n synchronous, and drove one of 
two s h a f t s by a simple gear s e l e c t i o n device. One s h a f t , 
d r i v e n by a 3:1 gear r a t i o at 6 R.P.M., was t o d r i v e another 
sh a f t c a r r y i n g a cam. The other, d r i v e n by a 4:1 gear r a t i o , 
was t o r o t a t e at R,P,M. and t u r n a micrometer screw. By 
means of a s p l i n e c l u t c h , the micrometer was able to move ahead 
i n i t s yoke ( f i x e d to the same base as the motor) while r o t a 
t i n g at t h i s slow speed. 

A long l e v e r arm, f i x e d t o the prism t a b l e , was c o n s t r a i n 
ed by a s p r i n g to bear agai n s t the end of the micrometer, so 
that the r o t a t i o n of the l a t t e r and i t s consequent slow move
ment a x i a l l y caused the prism t a b l e and i t s components t o r o 
t a t e . To c a r r y out a high speed scan, i t was only necessary to 
r e t r a c t the micrometer with a manual r e t u r n i n g d r i v e and then 
couple the motor to the cam, which bore against the l e v e r arm. 

Supposing that the r e q u i r e d angle of r o t a t i o n was 2° 30', 
and c o n s i d e r i n g the f a c t that the prism t a b l e l e v e r arm gave an 
e f f e c t i v e throw ra d i u s of approximately 15 inches, t h i s meant 
that the micrometer had to t r a v e l l i n e a r l y about 0.6 inches or 
15 mm. On t h i s micrometer, one r e v o l u t i o n was equivalent to 
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THE "DRIVING MECHANISM 

1. D r i v e base p l a t e 

2. Motor 

3. Motor mount 

4. P r i s m t a b l e l e v e r arm 

5. Manual r e t u r n c r a n k 

6. Manual r e t u r n g e a r s 

7 . Cam d r i v e s h a f t 

8. Cam s h a f t 

9. P r i s m t a b l e r e t u r n s p r i n g 

10. A u t o m a t i c s t o p s w i t c h 

11. M i c r o m e t e r 

12. S p l i n e c l u t c h 
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0.5 m i l l i m e t e r s , so that 30 r e v o l u t i o n s (and one hour) would be 
r e q u i r e d f o r the complete scan. This time i s co n s i d e r a b l y over
estimated, because scanning would never s t a r t i n the extreme 
v i o l e t and the range from 0.4^* to would take up n e a r l y 

one t h i r d of the time due to the d i s p e r s i o n p r o p e r t i e s of the 
o p t i c a l p a r t s . 

I t was planned, i n the high speed scan, to put the ampli
f i e r output onto the screen of a high-persistence cathode r a y 
o s c i l l o s c o p e so that a c o n t i n u a l s p e c t r a l p i c t u r e would appear. 
I n order t o avoid crowding at long'wave lengths,then, i t was 
d e s i r a b l e to design the cam so that the prism t a b l e r o t a t e d 
r a p i d l y i n the v i s i b l e and s l o w l y i n the i n f r a - r e d so th a t the 
p a t t e r n would be l i n e a r on a wave l e n g t h s c a l e . 

I f one assume th a t the Cauchy formula i s v a l i d over the 
range of wave lengths being considered, then i t i s p o s s i b l e to 
derive the f o l l o w i n g formula f o r r , the rad i u s of the cam, i n 
terms of r Q , (minimum radius) 1, (prism t a b l e l e v e r radius) and 
G, (angular r o t a t i o n of cam from O0) . 

r = r 0 + |57° 09' - a r c s i n i 0.8124 + 0.00443 "U 1 3 i l 
L I (6.4+ £.ie)JJ 

Since the form of the d i s p e r s i o n v a r i a t i o n was not d e f i n 
i t e l y known, i t was decided not to construct a cam based on 
these c a l c u l a t i o n s . With the advice of Dr. Crooker, the author 
decided to abandon the cam d r i v e and concentrate on o b t a i n i n g 
s a t i s f a c t o r y r e s u l t s w i t h the slow scan. As w i l l be seen l a t e r , 
the speed of response of the PbS p h o t o - c e l l i s such that no l i n e 
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s t r u c t u r e would have been o b s e r v a b l e w i t h h i g h speed s c a n n i n g ; 

and the o n l y u s e f u l purpose t h e r e o f would be:!.in g e t t i n g an 

o v e r a l l p i c t u r e o f the response o f the s p e e t o g r a p h t o a source 

o f c o n t i n u o u s r a d i a t i o n such as a H e r n s t g l o w e r or a b l a c k 

body* 
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CHAPTER 4 

THE MIRROR AND THE SLITS 

A. THE OFF-AXIS PARABOLOID 

T h i s r e q u i r e s v e r y l i t t l e d e s c r i p t i o n . The m i r r o r r e s t s 

a g a i n s t a f l a n g e a t the end o f a b r a s s tube and i s r e t a i n e d by 

a l u c i t e r i n g a t the f r o n t . The l a t t e r i s b l a c k e n e d w i t h a 

c h a r c o a l p a i n t i n o r d e r t o a v o i d any passage o f l i g h t t h r o u g h 

i t and onto t h e m i r r o r . 

The m i r r o r c e l l so formed i s f i t t e d a x i a l l y t o a s h a f t so 

t h a t i t may r o t a t e i h a p l a n e p e r p e n d i c u l a r t o the base o f t h e 

m i r r o r mount, and the a n g l e o f i n c l i n a t i o n o f t h i s p l a n e i s s e t 

b y adjustment screws b e a r i n g a g a i n s t the main base o f the i n 

s t r u m e n t . R o t a t i o n o f the m i r r o r about the above mentioned a x i s 

i s e f f e c t e d by l o o s e n i n g the l o c k i n g r i n g a t the back o f t h e 

s h a f t and t u r n i n g t o the d e s i r e d p o s i t i o n . 

B. THE EXIT SLIT MIRROR 

T h i s i s the s m a l l m i r r o r t h a t i s i n c l i n e d a t 4 5 ° t o the 

r e t u r n i n g beam o f l i g h t and r e f l e c t s i t out t h r o u g h the e x i t 

s l i t . I t i s so p o s i t i o n e d t h a t the d i s t a n c e f rom any p o i n t on 

the m i r r o r t o the e x i t s l i t i s e x a c t l y t h a t from t h e same p o i n t 

t o the p l a n e o f the e n t r a n c e s l i t . I t i s s u p p o r t e d i n a c u t 

away c y l i n d e r so t h a t the f r o n t ( r e f l e c t i n g ) s u r f a c e l i e s a l o n g 

the a x i s o f the c y l i n d e r , and i s s l i g h t l y a d j u s t a b l e as t o i n 

c l i n a t i o n . The c y l i n d e r i s p i v o t e d .at b o t h ends i n a d j u s t a b l e 

cone b e a r i n g s and r o t a t i o n of i t i s e f f e c t e d . b y a tan g e n t screw 
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and s p r i n g r e t u r n . The i n c l i n a t i o n adjustment enables the 
operator to set the image of the entrance s l i t e x a c t l y p a r a l l e l 
to the e x i t s l i t . The r o t a t i o n a l adjustment enables the oper
ator to ensure that the l i g h t s t r i k e s the optimum p o r t i o n of 
the p h o t o - c e l l , which i s spaced a l i t t l e back from the e x i t s l i t 
so that the s e n s i t i z e d surface w i l l be f i l l e d w i t h l i g h t . 

C, THE SLIT MECHANISM 
The entrance and e x i t s l i t s were so constructed that t h e i r 

mid-points were at the same height above the bed of the spectro
graph as the centres of the m i r r o r and prism t r a i n . Each s l i t 
was approximately one inch long, and the re c t a n g u l a r diaphragm 
f i t t e d to each stopped the t r a n s m i t t e d l i g h t beam down to f " . 
This was e n t i r e l y adequate to f i l l the s e n s i t i z e d p o r t i o n of 
the p h o t o - e l e c t r i c c e l l , the l a t t e r having l i t t l e more tha t a 
lengt h of one m i l l i m e t e r . 

Each s l i t c o n s i s t e d of s i x main p a r t s . Clamped between 
two cover p l a t e s ( a c t i n g a l s o as the diaphragm) were two "V" 
channels, (See F i g . 4.11) which acted as guides f o r a f l a t 
p l a t e c a r r y i n g the moveable s l i t jaw. The p l a t e c a r r y i n g the 
f i x e d jaw was b o l t e d t o one coyer p l a t e ; and each s l i t jaw was 
f i t t e d t o i t s p l a t e by ove r s i z e .bolt holes to a l l o w adjustment 
f o r p a r a l l e l i s m . 

The moving p l a t e s of each s l i t were extended forward and 
had downward p r o j e c t i n g lugs r i d i n g - i n e c c e n t r i c s l o t s on the 
adjustment cam. This cam r o t a t e d i n bearings f i t t e d to a s o l i d 
frame, which i n t u r n served the dual purpose of g i v i n g the 
s l i t s the necessary height and p r o v i d i n g p i v o t s f o r the adj u s t -
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1. M a i n base 

2. P r e - a m p l i f i e r 

3. P h o t o c e l l clamp 

4. P h o t o c e l l 

5. E x i t s l i t m i r r o r 

6. E x i t s l i t m i r r o r adjustment 

7. E x i t s l i t 

8. E n t r a n c e s l i t 

9. S l i t a d j u s t m e n t wheel 
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) - • : • • 
ment cam and a d j u s t a b l e thumb w h e e l . 

I n the f i n a l assembly, the two complete s l i t mechanisms 

were a t r i g h t a n g l e s t o one an o t h e r and so p o s i t i o n e d t h a t b o t h 

were c l o s e d f o r one p o s i t i o n o f the adjustment cam. R o t a t i o n 

o f t h e thumb wheel t h e n t u r n e d the adjustment cam th r o u g h a 

worm d r i v e , and the p r o j e c t i n g l u g s w i t h t h e i r s l i t jaws were 

p u l l e d toward the cam a x i s by the e c c e n t r i c s l o t s . By v i r t u e 

Upper Channel 
Rear Cover Plate 

Fixed Jaw Support 
Front Coyer Pla-te 
Fixed Saw 
Front Aperture 
Rear Aperture 
Moving Jaw 

Moving Jaw Support-

Lower Channel 

lug  

Adjvsfme/jr Cam 

£ccenfr/c S/of-

Adjuslmenf Cam Axis 

F i g . 4.11. T y p i c a l S l i t . 

of t h e s l o t s b e i n g of e q u a l e c c e n t r i c i t y , the jaws were eon-

s t r a i n e d t o open eq u a l amounts. 

D. THE SLIT JAWS 

I n any p r i s m s p e c t r o g r a p h , t h e r e i s a c u r v a t u r e o f the 

image of t h e s l i t a f t e r d i s p e r s i o n . T h i s i s because l i g h t r a y s 

from the e x t r e m i t i e s of t h e s l i t a r e i n c l i n e d . t i n a v e r t i c a l 
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plane) a f t e r c o l l i m a t i o n , and s t r i k e the p r i s m a t an i n c i d e n t 

angle g r e a t e r than does the l i g h t r a y from the middle of the 

s l i t . That i s , these extreme rays, are d e v i a t e d more, and hence 

d i s p l a c e d toward the more r e f r a c t e d wave l e n g t h s , i . e . toward 

the v i o l e t . Thus a l l monochromatic images of the s l i t are con

vex toward the red, and the r a d i u s of c u r v a t u r e i s g i v e n b y 2 

r = 2q (n* - 1) 4 * 1 

4 - n 2 

where f - f o c a l l e n g t h of c o l l i m a t o r , n = index of p r i s m g l a s s 

at the wave l e n g t h concerned, and q; = number of p r i s m s . Now 

r _. 0 a t n = £, and s i n c e the index of g l a s s l i e s between 1 and 

2, the r a d i u s of curvature i n t h i s spectrograph has always the 

same s i g n . For 0.4^c, n * 1.646, so with f = 100 cm*, r = 18.£ 

cm. For £.5^ x , n = 1.592 and r =• 20.8 onu 

As a compromise, i t was decided to make the r a d i u s of cur

v a t u r e of the e x i t s l i t 19.5 em., or approximately 8 i n c h e s . 

The entrance s l i t jaws were r e l a t i v e l y easy t o make. The mater

i a l ( d i s c a r d e d r a z o r blades) was clamped between two heavy 

p l a t e s with::plane edges and then ground to a t y p i c a l s l i t wedge-

shape. The.iexit s l i t p r e s e n t e d more of a problem, s i n c e one 

jaw was concave and the other convex and the curvature of each 

had to be e x a c t l y the same. The method f i n a l l y adopted served 

the d u a l purpose of e n s u r i n g equal curvature and a l s o p r o v i d e d 

the wedge-shaped k n i f e edge t o each |aw. 

The m a t e r i a l f o r the blades was clamped between two e q u i -

£. Ozapski & E p p e n s t e i n - "Grundzuge der Theorie der Optischen 

Instrumented - p. 33£. 
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angular hard s t e e l cones as shown i n F i g . 4.12 and. the whole 
ground o f f f l a t on the face A-A. I t can "be seen that the 
m a t e r i a l , on being released, w i l l present a wedged s p h e r i c a l 
edge; and tha t the curvature w i l l be the greater as the cone 
angle i s increased. The arc so ground i s not an arc of an 
e l l i p s e , (undesirable) but i s an are of a c i r c l e c h a r a c t e r i s t i c 
of the development of a truncated cone. 

The d e s i r e d cone angle can be found by the f o l l o w i n g con
s t r u c t i o n , a l s o shown i n F i g . 4.12. Suppose the jaw le n g t h i s 

Outer 
Cone 

Inner 
Cone 

-X 

/I 

F i g . 4.12. E x i t s l i t jaws: c o n s t r u c t i o n . 

1, the mean r a d i u s of the cone a, and the d e s i r e d s l i t r a d i u s 
of curvature r . When the m a t e r i a l i s clamped, 

q = a - 4.2 

A f t e r g r i n d i n g , when the m a t e r i a l i s r e l e a s e d , the. extremes of 
the jaw move from c-c to u-u, and of n e c e s s i t y : 

p = r 4.3 



t h a t i s , 

s i n 6 ^ t a n 9 — E. 4.4 
1 

Expanding the expressions f o r p and q b i n o m i a l l y , one obtains 

s i n Q t a n © ^ a 4.5 
r 

In t h i s case, a = 2", r «• 8", whence 14°. 
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CHAPTER 5 

ELECTRONIC COMPONENTS 

A. INTRODUCTION 
I n t h i s c h a p t e r , the e l e c t r o n i c sequence i s r e v i e w e d . A l 

though the ch o p p i n g wheel and motor are n o t , by n a t u r e , e l e c t r o 

n i c , t h e y a re c o n s i d e r e d i n t h i s s e c t i o n s i n c e t h i s u n i t , i n 

e f f e c t , s e r v e s t o p r e p a r e t h e l i g h t beam f o r d e t e c t i o n . 

The d i s c u s s i o n and d e s c r i p t i o n o f the f i n a l s p e c t r o g r a p h 

a s s embly i s postp o n e d u n t i l t he n e x t c h a p t e r so t h a t a l l o p t i c a l , 

m e c h a n i c a l , and e l e c t r o n i c components may be c o n s i d e r e d t o g e t h e r . 

B. THE PHOTOELECTRIC CELL 

T h i s i s d i s c u s s e d f i r s t s i n c e the d e s i g n o f _ a l l o t h e r com

ponents must be based on the c h a r a c t e r i s t i c s o f t h e p h o t o e l e c t r i c 

c e l l . S i n c e t h i s d e t e c t o r has a high, speed o f r e s p o n s e , i t i s 

p o s s i b l e t o use a f a s t c h opping r a t e ( u s u a l l y w e l l above 100 

c.p.s.) w i t h a consequent i n c r e a s e i n a m p l i f i e r s t a b i l i t y f o r a 

g i v e n o g a i n . I n g e n e r a l , the d i f f i c u l t y i n o b t a i n i n g s t a b i l i t y 

i n c r e a s e s as t h e f r e q u e n c y d e c r e a s e s . By u s i n g a narrow-band 

t u n e d a m p l i f i e r , . i t i s p o s s i b l e . - t o i n c r e a s e the s i g n a l - t o - n o i s e 

r a t i o and hence the t h r e s h o l d o f d e t e c t i o n by d e c r e a s i n g the 

band w i d t h , s i n c e o n l y the n o i s e components w i t h i n the p a s s -

band w i l l be a m p l i f i e d t o g e t h e r w i t h the s i g n a l . However, t h e 

sharpness o f t u n i n g i s l i m i t e d , i n p r a c t i c e , by the f a c t t h a t 

the time l a g i n c r e a s e s w i t h d e c r e a s i n g band w i d t h and t h u s some 

k i n d o f compromise must be r e a c h e d which w i l l depend on the 
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nature of the r a d i a t i o n and d e s i r e d speed of scanning. 
For frequencies much below 100 c.p.s., the a m p l i f i e r known 

as the "twin T" i s u s e f u l . By means of sh a r p l y tuned f i l t e r s , 
negative feedback i s a p p l i e d to the input except at a p a r t i c u l a r 
frequency, where the g a i n i s not n u l l i f i e d . At higher frequen
c i e s , b e t t e r r e s u l t s are obtained from p a r a l l e l resonant induc
tan c e - c a p a c i t y tuning, and the band width may be decreased by 
the use of more i d e n t i c a l l y tuned stages or el s e by p o s i t i v e 
feedback to a s i n g l e tuned stage. The l a t t e r i s p r e f e r a b l e 
since only one tuned c i r c u i t need be peaked. 

The p h o t o e l e c t r i c c e l l used i n t h i s spectrograph was man
ufa c t u r e d by the B r i t i s h Thomson - Houston Company and i t s per
t i n e n t s p e c i f i c a t i o n s are given i n Table 5.7. I t was f i n a l l y 
decided to use a chopping' frequency of 900 c.p.s., t h i s being 
the most convenient compromise i n c o n s i d e r a t i o n of a v a i l a b l e 
synchronous motor speeds and the s i z e of the chopping wheel. 
The p h o t o e l e c t r i c c e l l was f i x e d at the e x i t s l i t w i t h the sen
s i t i z e d surface p a r a l l e l to the s l i t , and was adequately spaced 
from the l a t t e r by the f r o n t cover p l a t e . I n t h i s p o s i t i o n , the 
width of the beam was s u f f i c i e n t to f i l l both s e n s i t i z e d sur
f a c e s . The c e l l was thus i n a h o r i z o n t a l p o s i t i o n , was support
ed at roughly i t s mid-point by a clamp f i x e d to the base member, 
and a l i g n e d by an annular r i n g f i x e d to the f r o n t cover p l a t e . 
D e t a i l s may be found i n the working drawings. 

C. THE CHOPPING WHEEL AND MOTOR. 
The only synchronous motor a v a i l a b l e was a Bodine type 

NSY 55 r a t e d at 1800 r.p.m., which n e c e s s i t a t e d 30 holes on the 
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p e r i p h e r y of the chopping wheel t o achieve the d e s i r e d 90Q c.p.s. 
chopping r a t e . For convenience, the chopper was placed i n 
f r o n t of the entrance s l i t . This choice of p o s i t i o n r a i s e d the 

Table .5.7. Excerpts from data sheet. 
Lead Sulphide C e l l Type C. 

The s e n s i t i v e deposit i s formed on the inner re-entrant 
p o r t i o n of a small Dewar f l a s k . The s e n s i t i v e area com
p r i s e s two s i m i l a r 10 x 1 mm. elements, 1 mm. apart, with 
a common c e n t r a l e l e c t r o d e . The s e n s i t i v i t y i s increased 
about 10 times upon c o o l i n g w i t h s o l i d COg. 

Operating Data 
Room Temp. -20°C , 

Resistance per element 50K - 200K 500K - 2M 
Optimum p o l a r i s i n g 100 - lSO^amps. 50 - 100^amps, 
current 
Optimum"interruption 1000 - 2000 c.p.s. 500 - 1000 c.p.s. 
frequency 
Wave le n g t h of maximum Z»ZyX- 2.8>^. 
s e n s i t i v i t y 
D e t e c t i o n l i m i t at. 5 x 1 0 " 1 0 watt 1 x 1 0 " 1 0 watt 
maximum s e n s i t i v i t y 
Wave le n g t h range f o r 0 . 5 - 3 . 0 ^ 0.5 - 3.5^ 
10$ of max. sens. ^ 

problem of the p h y s i c a l s i z e of the motor i n t e r f e r i n g w i t h the 
l o c a t i o n of l i g h t sources, so i t was decided to remove the motor 
from the v i c i n i t y , mount the chopping wheel on a separate s h a f t , 
and connect the two by a f l e x i b l e , c a b l e . O r i g i n a l l y , the chop
per base was mounted on rubber pads on the spectrometer boxv 
L a t e r , changes were n e c e s s i t a t e d which are described i n Chapter 
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6, together w i t h the reason's f o r such changes. D e t a i l s of the 
chopping wheel mounting may be found i n the working drawings. 
The holes i n the chopping' wheel were 5/8" i n diameter and the 
wheel was designed t o h;e of maximum p o s s i b l e s i z e without i t s 
rim reaching below the spectrometer base. 

D. CHOICE OF AMPLIFIER: THE PRE-AMPLIFIER 
Many references were consulted i n the choice of a s u i t a b l e 

a m p l i f i e r , the one f i n a l l y adopted being' due to E. B. W i l s o n 3 

and h i s colleagues at Mount Wilson Observatory, who used a 
chopping frequency of 1080 c.p.s. and an untuned p r e - a m p l i f i e r 
of voltage g a i n 300, f o l l o w e d by a tuned a m p l i f i e r of v o l t a g e 
g a i n 1 0 5 . 

F i g . 5.13 shows- the r e s i s t a n c e - c o u p l e d pre-amplif i e r . I t 
c o n s i s t s of a 1620 (low-microphonic 6J7) pentode a m p l i f i e r 
f o l l o w e d by a cathode-follower stage, the l a t t e r having an out
put impedance of 500 ohms. The values of c i r c u i t constants 
shown are those o r i g i n a l l y obtained from the p u b l i c a t i o n , and 
some values had to be changed to s u i t the p h o t o - c e l l being used. 

The adopted p h o t o - c e l l current was 150 microamps. and the 
measured r e s i s t a n c e across the two s e n s i t i v e elements i n s e r i e s 
was 500K, i n d i c a t i n g a r e q u i r e d D.C. p o t e n t i a l across the photo
c e l l of 75 v o l t s . The D.C. v o l t a g e at the high end of R 3 i s 
given by 150Rg/(R-L-+-Rg) . (R^ and R g act as a v o l t a g e d i v i d e r 
while RgC acts as a decoupling f i l t e r ) . Since the p h o t o - c e l l 
may be considered as a tube w i t h p l a t e r e s i s t a n c e 0.5 M., i t 

3. E. B. Wilson & G. P. Kuiper - " I n f r a - r e d Spectra of P l a n e t s " 
Astrophys. J . , V o l . 106, p. 243,(1947). 
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was d e s i r a b l e to keep Rg at l e a s t equal to t h i s v a l u e ; which 

meant that the r e q u i r e d L.C. voltage at R 3 was 150 v o l t s and: 
hence. Re = 0.. Apart from these changes, a l l other c i r c u i t con-

• „ "1" • 

s t a n t s are as shown. The cathode f o l l o w e r stage g r e a t l y sim

p l i f i e d the problem of matching between p r e - a m p l i f i e r and amp

l i f i e r . 
E. THE MAIN , AMPLIFIER POWER SUPPLY 

The main a m p l i f i e r i s shown i n F i g . 5.14. The g a i n con
t r o l potentiometer feeds the s i g n a l onto the g r i d of a t r i o d e -
connected 6SJ7, which has a g a i n of about 10 and i s a b u f f e r 
stage designed to i s o l a t e the ga i n c o n t r o l from the s e l e c t i v e 
s e c t i o n . This ensures that the p a r a l l e l resonant impedance of 
the tuned c i r c u i t i s independent of the g a i n c o n t r o l s e t t i n g . 

The 2H inductance i s formed from two t o r o i d a l c o i l s i n 
s e r i e s , while the c a p a c i t y branch c o n s i s t s of 0.0115^<.f and a 
ESO^J'.'padder condenser f o r f i n e t u n i n g . This d i f f e r s markedly 
from the o r i g i n a l , which used a 22H inductance mounted i n a two 
l a y e r s h i e l d and a f i x e d c a p a c i t y of O . O O e^f. The advantage 
of the t o r o i d s i s that they have no e x t e r n a l f i e l d and hence 
pickup of extraneous s i g n a l s i s minimized. However, an added 
p r e c a u t i o n was taken by mounting the inductance branch on a 
separate c h a s s i s and connecting i t to the a m p l i f i e r through a 
c o a x i a l c a b l e . 

The amount of p o s i t i v e feedback, which e f f e c t i v e l y deter
mines the Q of the L-C c i r c u i t , i s c o n t r o l l e d by potentiometer 
R4. Advancing the tap to the ground end increases the feedback. 
Tests taken w i t h an audio a m p l i f i e r input to the 1620 showed 



F i g . 5.14. Main a m p l i f i e r 
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t h a t a b a n d w i d t h < 5 c . p . s . a t 9 0 0 c . p . s . w a s p o s s i b l e w i t h 

p e r f e c t s t a b i l i t y . 

T h e c o u p l i n g a n d r e c t i f i c a t i o n c i r c u i t s f r o m t h e 6SN7-GT 

t o t h e B r o w n R e c o r d e r a r e s h o w n i n F i g . 5 . 1 5 . T h e r e t u r n c i r -
the 

c u i t f r o m t h e s e c o n d p l a t e o f A 6 H 6 g o i n g t o g r o u n d t h r o u g h t h e 

3 K c a t h o d e r e s i s t o r o f t h e f i r s t t r i o d e s e c t i o n o f t h e 6SN7-GT 

i n t r o d u c e s £ 0 d b . o f n e g a t i v e f e e d b a c k a n d e f f e c t i v e l y s t a b i 

l i z e s t h e o u t p u t . T h e 6 H 6 a c t s a s a d i o d e v a c u u m - t u b e v o l t m e t e r 

C/fO 

GHG 

6SAf7-&r *22K 

\22K 

2ooo 

BfiOWM 

F i g . 5 . 1 5 . R e c t i f i e r c i r c u i t f o r 
i n p u t t o B r o w n R e c o r d e r . 

a n d g i v e s a n o u t p u t B . C . c u r r e n t u p t o 1 m a . ( 1 m a . f o r £ . 5 

V.A.C. i n p u t a t t h e 6SH7 -GT) . T h e o u t p u t s a t u r a t e s a t 1 . 5 m a . 

a n d e f f e c t i v e l y p r o t e c t s t h e m e t e r * 

T h e p o t e n t i a l a c r o s s t h e i n p u t t e r m i n a l s o f t h e B r o w n R e 

c o r d e r f o r a f u l l s c a l e d e f l e c t i o n v/as f o u n d t o b e 1 0 m i l l i 

v o l t s . F u r t h e r , t h e f u l l s c a l e d e f l e c t i o n o f t h e m i l l i a m m e t e r 

( £ ma) w a s f o u n d t o c o r r e s p o n d t o a p o t e n t i a l o f 8 0 m i l l i v o l t s , 

h e n c e a s i g n a l t h a t c a u s e d a f a l l s c a l e R e c o r d e r r e a d i n g w o u l d 

b e e q u i v a l e n t t o a c u r r e n t o f 0 . 2 5 m a . t h r o u g h t h e m e t e r . T h i s 



3ooV U/?req 

F i g . 5 . 16 . Power s u p p l y 
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provided a c o n t i n u a l check of one reading against the other, he-
sides which the meter functioned as a bleeder r e s i s t o r across 
the,Reeorder i n p u t . The 2 0 0 0 ^ f condenser served to f i l t e r out 
a l l random s i g n a l s of p e r i o d l e s s than 0.1 second, the time con
stant of the R-C network formed by the meter and the c a p a c i t y . 

The power supply i s shown i n F i g . 5.16. I t has an or d i n 
ary two stage r e s i s t a n c e - c a p a c i t y f i l t e r , and volt a g e r e g u l a 
t i o n i s achieved by two VR-150 gaseous r e g u l a t o r tubes i n s e r i e s . 
With the exception of the 6SN7-GT, the p l a t e supply vo l t a g e f o r 
a l l the tubes i s r e g u l a t e d . The supply v o l t a g e f o r the photo
c e l l i s taken from the second VR-150. A vo l t a g e d i v i d e r con
s i s t i n g of £50K and 10QK i s connected from 150 v o l t s r e g u l a t e d 
to ground, and the centre tap of the fil a m e n t supply i s con
nected to the top end of the 100K r e s i s t o r . This r a i s e s the 
centre tap to a p o t e n t i a l of 45 v o l t s and makes both the g r i d s 
and cathodes of the tubes v e r y negative w i t h respect to t h e i r 
f i l a m e n t s , and thus minimizes the leakage of 60 and 120 c y c l e 
s i g n a l s i n t o the a m p l i f y i n g c i r c u i t s . 

F. THE PERFORMANCE OF THE AMPLIFIER 
The g a i n of a m p l i f i e r and p r e - a m p l i f i e r were measured sep

a r a t e l y . A 900 c.p.s. input from an a u d i o - o s c i l l a t o r was put 
i n t o the a m p l i f i e r and a l s o onto the screen of a C.R.O. A 
f r a c t i o n of the a m p l i f i e r output was then put on the C.R.O. by 
a potentiometer so that the trace height was the same. The 
r a t i o of t o t a l r e s i s t a n c e t o the r e s i s t a n c e from centre tap to 
ground then gave the g a i n d i r e c t l y . I t was found that the t o -
t a l g a i n was 6 x 10 , about one f i f t h that claimed f o r the o r i -



g i n a l . The d i f f e r e n c e may he a c c o u n t e d f o r by the l o w e r p a r a 

l l e l r e s o n a n t impedance i n the m o d i f i e d c i r c u i t due t o the v a l 

ues o f i n d u c t a n c e and c a p a o i t y d i f f e r i n g f r o m those o r i g i n a l l y 

p u b l i s h e d . 
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CHAPTER 6 

FINAL ASSEMBLY 

A. INTRODUCTION 

I n t h i s c h a p t e r , a d e s c r i p t i o n i s g i v e n o f the v a r i o u s 

problems e n c o u n t e r e d i n a s s e m b l i n g the component p a r t s of the 

s p e c t r o g r a p h i n t o the complete a p p a r a t u s . I t must not be sup

posed t h a t a l l t h e s e problems o c c u r r e d a f t e r the p a r t s were 

c o n s t r u c t e d ; i n d e e d , t h e r e are f e a t u r e s d i s c u s s e d here which 

had t o be c o n s i d e r e d b e f o r e any c o n s t r u c t i o n was begun. There

f o r e , the t e x t o f t h i s c h a p t e r f o l l o w s as c l o s e l y as p o s s i b l e a 

c h r o n o l o g i c a l sequence. 

B. OPTICS 

I t was d e s i r a b l e t o keep the o v e r a l l l e n g t h o f t h e spectro

g raph t o a minimum, so the o f f - a x i s p a r a b o l o i d was p l a c e d a t 

one end of the base beam and the s l i t u n i t a t the o t h e r . S i n c e 

s l i t s , p r i s m s , and m i r r o r c o u l d not a l l be i n a s t r a i g h t l i n e , 

i t was d e c i d e d t o o f f s e t the l a t t e r s i n c e i t was v i r t u a l l y 

f i x e d i n p o s i t i o n once a d j u s t e d . I t was a l s o d e s i r a b l e t o keep 

the w i d t h t o a minimum, hence t h e m i r r o r had t o be as c l o s e t o 

the a x i s of the beam as p o s s i b l e , but not so c l o s e as t o a l l o w 

the p r i s m t a b l e t o b l o c k any p o r t i o n o f the cone of r a y s from 

the e n t r a n c e s l i t . T h i s was e s s e n t i a l l y a g r a p h i c a l problem, 

and f o r d e s i g n p u r p o s e s was drawn f u l l s c a l e . The s l i t base 

was mounted on e l o n g a t e d h o l e s t o f a c i l i t a t e e x a c t f o c u s s i n g . 

The p r i s m t r a i n was s e t up by p r o t r a c t o r measurements 
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s i n c e n o t h i n g was t o be g a i n e d by more e x a c t methods. Then, 

u s i n g a mercury a r c , the p r i s m t a b l e was r o t a t e d u n t i l the 

y e l l o w d o u b l e t was a t the e x i t s l i t and t h e n l o c k e d . The m i c r o 

meter was t h e n s e t to some i n t e r m e d i a t e f i g u r e ( t e m p o r a r i l y ) 

and the l e v e r arm adjustment screw t u r n e d u n t i l the m i c r o m e t e r 

bore a g a i n s t I t s concave end. T h i s adjustment can be seen i n 

P l a t e 4 . The p r i s m t r a i n was f i t t e d w i t h an opaque du s t c o v e r , 

t o b l o c k d i f f u s e l i g h t t h a t o c c u r r e d a t the s l i t s due t o f u l l 

r e f l e c t i o n f r om the f r o n t f a c e o f the h a l f - p r i s m . 

S i n c e no i n f o r m a t i o n c o u l d be o b t a i n e d d i r e c t l y on the 

d i r e c t i o n o f the p r i n c i p l e a x i s of the p a r a b o l o i d , i t had t o be 

d e t e r mined.by r o t a t i n g the m i r r o r i n i t s s u p p o r t u n t i l the l i n e 

image vms a t maximum c l a r i t y . 

C. ENCLOSING THE SPECTROGRAPH 

Upon the a d v i c e o f Dr. Grooker, no attempt was made t o put 

the o p t i c s i n a vacuum. The s p e c t r o g r a p h , p h o t o c e l l , and p r e 

a m p l i f i e r were mounted i n a wooden box b l a c k e n e d on t h e i n s i d e 

and p r o v i d e d w i t h s h u t t e r s a t the f r o n t end f o r l i g h t - t i g h t n e s s . 

O r i g i n a l l y , the bottom and s i d e s of t h e box extended f o r w a r d t o 

s u p p o r t the c hopping wheel, but the v i b r a t i o n p r o v e d t o be ex

c e s s i v e and f i n a l l y the box was c u t o f f p a r a l l e l t o the end o f 

the base beam and the chopper mounted on a s e p a r a t e t a b l e . The 

f i n a l appearance can be seen i n P l a t e 6. The t w i s t e d c a b l e 

g o i n g i n t o the box i s the power s u p p l y f o r the p r e - a m p l i f i e r , 

w h i l e t h e c o a x i a l c a b l e t o the main a m p l i f i e r i s d i r e c t l y be

h i n d . • , 

The e x t e n s i o n on the s i d e of the box near the f r o n t was 
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necessary to accomodate the p r e - a m p l i f i e r , and the l a t t e r , on 
i t s support, was i n s u l a t e d from the spectrometer i n order to 
avoi d c a p a c i t y e f f e c t s . One d i f f i c u l t y encountered at t h i s 
p o i n t was tha t of the p h o t o c e l l and pre-amplif i e r preventing -.; 
the s h u t t e r s from moving i n and out f r e e l y , since the sh u t t e r s 
were perpendicular to the beam a x i s while the s l i t assembly and 
p h o t o c e l l were i n c l i n e d to i t . This was overcome by making the 
e x i t s l i t p a r a l l e l to the main beam, and i t i s shown i n the r e 
v i s e d p o s i t i o n i n P l a t e 3 ( f o l l o w i n g page 32) and P l a t e 4. 

The chopping wheel can be seen i n P l a t e 6. The knu r l e d 
wheel below the sha f t moves the b a l l - b e a r i n g p i l l o w blocks 
backwards or forwards and so adju s t s the p o s i t i o n of the chop
ping wheel while a l l o w i n g the base to be f i x e d . 

D. ELECTRONIC COMPONENTS 
These are shown i n P l a t e 6. The small transformer (8 i n 

the f i g u r e ) serves to i s o l a t e the ground of the C.R.O. from the 
cathode of the 6SN7-GT i n the main a m p l i f i e r . I t was found that 
considerable "noise" was g e t t i n g i n t o the output because one 
side of the A.C. output of the a m p l i f i e r was not grounded. No 
attempt was made to ground the Brown Recorder because the B.C. 
output of the a m p l i f i e r was a l s o f l o a t i n g . 

The s e n s i t i z e d elements of the p h o t o e l e c t r i c c e l l were 
placed i n optimum p o s i t i o n i n the emergent beam by s l i g h t ad
justment of the annular r i n g supporting the f r o n t of the photo-

6 

c e l l . This was done with the mercury l i n e at 5461 A on the 
e x i t s l i t . The socket f o r the p h o t o c e l l was allowed a l i t t l e 
freedom of r o t a t i o n i n the p r e - a m p l i f i e r c h a s s i s so that the 
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s e n s i t i v e elements c o u l d be made p a r a l l e l t o the e x i t s l i t . 

T h e i r d i r e c t i o n w i t h r e s p e c t t o the base p i n s v a r i e d s l i g h t l y 

f rom tube t o t u b e . The o n - o f f s w i t c h f o r the s c a n n i n g d r i v e 

was mounted on the o u t s i d e o f the box and c a n be seen i n P l a t e 

6 j u s t above t h e power s u p p l y . 
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CHAPTER 7 

RESULTS OF SPECTRA TAKEN 
WITH THE SPECTROGRAPH: CONCLUSIONS 

A. INTRODUCTION 
I t was decided, t o use a mercury arc as a source of emis

s i o n l i n e s f o r the f i r s t t e s t s of the instrument. There are 
s e v e r a l strong l i n e s i n the r e g i o n 1 ^ to 2^. f o r which the 
wave numbers are known v e r y a c c u r a t e l y , and these were t o be 
used as primary c a l i b r a t i o n p o i n t s . Other f a i n t e r l i n e s and 
groups of l i n e s e x i s t which were to serve as secondary c a l i 
b r a t i o n p o i n t s and, i n some cases, as c r i t e r i a f o r r e s o l v i n g 
power and s e n s i t i v i t y . 

B. EXPERIMENTAL 
The f i n a l r e s u l t of much research i n t o the problem of 

ob t a i n i n g a good spectrum i s shown i n P l a t e 7, and was only 
obtainable a f t e r many runs had been made w i t h d i f f e r e n t com
b i n a t i o n s of s l i t width, p h o t o c e l l o r i e n t a t i o n , and a m p l i f i e r 
s e t t i n g s . The author b e l i e v e s that P l a t e 7 represents the best 
p o s s i b l e r e s u l t s obtainable on t h i s instrument w i t h the mercury 
arc • 

As can be seen, the c u t - o f f l i m i t appears to be about 2 ^ . 
However, l a t e r i n v e s t i g a t i o n of continuous sources (e.g. the 
carbon arc) i n d i c a t e d t h a t the o p t i c s of the spectrograph were 
trans m i s s i v e up to about 2.3y* , which i n d i c a t e s that the term
i n a t i o n of the spectrum was due to the double g l a s s envelope of 
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the arc i t s e l f . I n f a c t , the prism t a b l e l e v e r arm was adjusted 
so that the c u t - o f f switch would allow the spectrum to be cov
ered out to 2.3>«-.. Scanning was commenced j u s t before the 
green l i n e at 5461 A, t h i s being an e x c e l l e n t datum wave leng t h 
from which to work. 

P l a t e 7 represents one copy of three s i m i l a r s p e c t r a which 
were taken s u c c e s s i v e l y on the noted date. These runs were 
taken i n the evening, because i t was found that the switching 
on and o f f of e l e c t r i c a l c i r c u i t s i n the v i c i n i t y caused small 
pulses to appear on the c h a r t . As a f i r s t approximation to 
drawing some k i n d of d i s p e r s i o n curve, the wave lengths of the 
prominent l i n e s were taken from a handbook of p h y s i c s ^ , and the 
wave number i n t e r v a l between the l i n e i n question and the green 
l i n e was p l o t t e d on a v e r t i c a l scale d i r e c t l y on the c h a r t . I t 
can be seen that the d i s p e r s i v e p r o p e r t i e s of the o p t i c a l sys
tem d i f f e r e d markedly from those p r e d i c t e d , since the expected 
crowding at long wave lengths does not occur and the d i s p e r s i o n 
on a wave number scale i s n e a r l y l i n e a r . 

To i d e n t i f y some of the l e s s prominent l i n e s , i t was f i r s t 
necessary t o ob t a i n more exact wave numbers f o r the primary 
standards and the author- i s indebted t o Dr. A. M. Crooker f o r 
the term t a b l e which was used f o r t h i s . Several other r e f e r -
ences were c o n s u l t e d ' to f i n d the t h e o r e t i c a l and experimental 
r e l a t i v e i n t e n s i t i e s o f o l i n e s , and i n general the values In () 
i n Table 7.8 are averaged from s e v e r a l sets of data and from 
co n s i d e r a t i o n s of the t r a n s i t i o n s i n v o l v e d * The adopted p r i 
mary wave number values are marked with a ( f ) . 

4 ,5. See b i b l i o g r a p h y . 
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Table 7.8. Mercury I . . 

Wave numbers and. t r a n s i t i o n s of l i n e s . 
V~ 5,000 to 2 / » 10,000 cm-1. 

(*-) - appear on chart ( P l a t e 7) 
(+) - primary standards -

' (I) - assumed r e l a t i v e i n t e n s i t i e s ( s c a l e 1-100) 
I - measured or p r e d i c t e d i n t e n s i t i e s ( s c a l e 1-100) 
x - 5d 96s 26p 
y T r a n s i t i o n I T r a n s i t i o n I 

* 9998.1 6 s 7 p 2 P i - 6 s 8 d l D 2 * 8494.8 6s7p3p g-6s8d3]) 3 4 

* f 9859.7 6s6p 1P 1-6s7s^S 0 (100] * 8482.5 6s7p 3P -6s8d 3]) 2 2 2 
#• 9659.7 x 5 P 0 - 6 s 7 d 3 D 1 3 8470.8 6s7p 3P g-6s8d 3D 1 0 

93E9.8 1 8452.5 6 s 7 p 3 P 2 - 6 s 8 d : 4 ) 2 0 
9243.4 x 3 P 1 - 6 s 7 d 2 D 2 0 8414.3 e s e d 1 ! ) - 6 s 6 f 3 F 

.2 
0 

9220.1 x 3 P 1 - 6 s 7 d 3 D 1 0 * 8409.9 6 s 6 d 3 D 1 - 6 s 6 f 3 F 2 (3) 
9199.1 x 3 P 1 - 6 s 7 d 1 D 2 0 8410.6 esBdi-Dg - e s e f i-Fg 0 
9070.1 6s7p 1 P 1 - 6 s l 0 s : L S @ 2 8395.1 6s7p 1P 1-6s8d 3D g 0 
9060.7 1 8383.4 6s7p 1P 1-6s8d 3D ; L 0 

% 8973.3 6 s 7 p 1 P ] - 6 s 7 s 3 S i 2 8365.1 6s7p 1P -esSd 1!) * 1 2 (1) 

* 8944.7 6 s 7 s 3 S 1 - 6 s 7 p 1 P 1 (3) 8352.2 6 s 6 d 3 D g - 6 s 6 f 3 F 3 (2) 
* f 8857.3 

8741.7 

6 s 7 s 3 S 1 - 6 s 7 p 3 P 2 

6s7p 3P 1-6s9s 3"S G 

(46] 
0 

8347.3 
8315.2 6s6d D ^ - e s e ^ F , 3 4 

0 
(2) 

8699 .9 
* 8554.4 

6 s 7 p 3 P 0 - 6 s 9 s 3 S i 

6s7p 3P -6s9s 3S 1 1 

0 

(1) * 
8301.3 
8282.0 

6s6d 3D - 6 3 6 ^ 
i 3 3 3 

6s6p xP -6s7s S 1 1 

0 
(5) 
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Table 7.8. - Continued,. 
T r a n s i t i o n I )) T r a n s i t i o n . I 

8242.8 
8221.3 
8198.0 
8177.0 
7568.1 

x 3P 2-r6s7d 3D 3 

x 3P 2.-6s7d 33) 0 

3 
x 3P 2r6s.7d D 
x 3 P -ea7i. 1l> 

2  2 3 2 

6s7p P Q-6s7d D 

(2) 
1 
0 
0 
(2) 

5906.4 
5904.1 
5900.9 

* f 5856.0 
* f 5845.9 

6a6a lD 2-6a5f 3P 3 

6s7p 3P -6s7d 33) 
6s7p 3P 2-6s7d 1D 2 

6a60.3D - 6 8 6 ^ 2 3 

4 

(11) 
(10) 
( 1 6 i 
(13) 

7480.1 6s6d 1Pg-6s8p 1P 1 5 5843.1 6 s 6 d 3 D 2 - 6 s 5 f 3 F 3 (20) 
7476.9 6s8p 3P 0-6s6d 3D 1 0 5840.8 6s6d3D„-6s5f3F 

6 2 
5 

* 7445.9 6s7p 3P 1-6s7d 3D (2) 5812.9 6s7p 1P 1-6s7d 2D 2 0 
7422.6 6s7p P l-6s7d 3D 1 0 5811.8 6 s 6 d 3 D 3 - 6 s 5 f 3 F 4 (2) 
7416,8 6s6d 3D 1-6s8p 1P 1 (1) 5809.9 

6 3 0 

* 7401.6 
* f 7367.0 
*+ 7311.7 

6s7p 3P 1-6s6d 1D 
esT^S -6s7pT? 

3 
6s7s S 1 - 6 s 7 p 3 P 1 

(2) 
(23) 
(33) 

5807.1 
5804.8 
5789.6 

6s6d 3D - 6 s 5 f 3 F 3 3 
6s6d 3D - 6 s 5 f 3 F 0 

- 3 6 

6s7p'T 1-6s7d 3D 1 

(3) 
. 0 

0 
+ f 7166.2 

7108.7 
6s7s S 1 - 6 s 7 p 3 P 0 

6 s 7 p 1 P 1 - 6 s 9 s 1 S o 

(12) 
5 
* 5768.6 

5734.0 

-i 1 6s6plp -6s7d 3D * 1 2 
6s7s 1S -6s7p 3P 

0 1 

(3) 
1 

7008.8 
* t 6539.7 

609 6.7 
* t 5921.8 
4-t 5909.2 

6s7p 3P -6s9s§S 2 1 
x P_-bs8s S 
3 1 3 -° x P -6s8s S 1 n 3 3 x 

6s7p P -6s7d D 
c o 

6s7d 1Dg- 6 8 5 ^ 2 

1 
(19) 

1 
(5) 

(15) 

5490.4 
5487.3 
5427.2 
5391.2 
5074.6 

esed 1!) -6s8p 3P 
1 2 3 2 

6s6d D 0-6s8p P 
3 c 2 

6s6d D 2-6s8p 3P 2 

3 % 6s6d D 3-6s8p P £ 

6s7s 3S_- x 3P 1 0 

0 
0 
2 
10 

(10) 

No s i g n a l on the chart was i d e n t i f i e d as a l i n e unless i t 
appeared on four runs. The approximate wave numbers of secon
dary l i n e s were c a l c u l a t e d by measuring the d i s p e r s i o n (on a 



scale) between two primary l i n e s on e i t h e r side of the l i n e i n 
question and i n t e r p o l a t i n g l i n e a r l y f o r the d e s i r e d wave num
ber. This was f i r s t done f o r i< 10,000 cm"1, and a f t e r a l l 
l i n e s had been measured, a s u c c e s s f u l attempt was made to cor
r e l a t e these values w i t h the expected wave numbers from c e r t a i n 
t r a n s i t i o n s . The measured value was u s u a l l y w i t h i n 5 wave num
bers of that p r e d i c t e d . 

A paper by M c A l i s t e r 6 was found u s e f u l . He. used a vacuum 
thermocouple and thus was able to o b t a i n a v e r y good r e l a t i v e 
i n t e n s i t y s c a l e . Since t h a t paper was w r i t t e n , s e v e r a l l i n e s 
then unaccounted f o r have been v e r i f i e d ( n o t a b l y t r a n s i t i o n s 
from 5d 96a 26p 3PQ g ) and a l s o i t appears t h a t he i n c o r r e c t l y 
i d e n t i f i e d others. The wave numbers i n Table 7.8 are taken 
from the term t a b l e and those l i n e s which have been i d e n t i f i e d 
on the chart are marked with a (*)• Of s p e c i a l i n t e r e s t i s a 
p o r t i o n of a spectrum, taken with a v e r y narrow s l i t , appended 
to P l a t e 7 showing the complex l i n e s t r u c t u r e between V= 5912.8 
and 5843.1 cm" 1. The l i n e height on the chart i s not propor
t i o n a l to the r e l a t i v e i n t e n s i t y except f o r a small i n t e r v a l , 
since the s e n s i t i v i t y of the p h o t o c e l l i s not constant with 
wave l e n g t h . 

The i d e n t i f i c a t i o n of i n d i v i d u a l l i n e s between 0.7^. and 
1 ^ was d i f f i c u l t , and i t was only p o s s i b l e to i d e n t i f y groups 
as shown on the c h a r t . The wave numbers and i n t e n s i t i e s of a l l 
but the f a i n t e s t l i n e s were obtained from Weidmann and Schmidt 7 

and then c o r r e c t e d by i d e n t i f y i n g ' the l i n e s i n the term t a b l e . 

6 t 7. See b i b l i o g r a p h y . 



These are l i s t e d i n Table 7.9. 
As a matter of i n t e r e s t , i t was.decided t o i d e n t i f y the 

1 3 
components of the groups 6smfF-6s6d * 2 3 m o T e e x a c t l y than 
had been done i n the above paper, and f o r t h i s purpose the au
thor extended Dr.. Crooker's term t a b l e to odd terms, as f a r out 

Table 7.9. Mercury I , 
Wave numbers and t r a n s i t i o n s of l i n e s 0 . 7 ^ t o 1^. • 

A l l c o n f i g u r a t i o n s exce 
F l e v e l s f o r a given m 

pt (x) include a 6s e l e c t r o n . 
are not d i s t i n g u i s h e d f o r 

T r a n s i t i o n V T r a n s i t i o n 

3< 

9998.1 
10016.£ 
10088.1 
10052.5 
10161.9 

10208.5 
10527.9 
10527.9 
10588.0 
10591.2 

U0594.01 

10597. 7 i 

10606.3K 
10704.0 * 
10705.5_ 

7p 3P 1- B6.h)z 

7 p 3 P l - e<L\ 

7p3p 1- 8dpD 2 

7p 3P - 8d3D. 
0 

3 
l i s S. 

8f F - 66^1) 
8f F - 6d 1D 

6d 3D x 8f F 
8f F - 6o^-D 

8f F -
4 . -

7 p 3
P i -

7p 3Pg. 
7p 3P . 

6d 1D r 

10d XD r 

c 
•10s 3S 

3 
•lOd D 3 

0 

3 
4 
6 
4 
6 

2 
2 
6 
6 
5 

5 
4 
3 
5 
5 

10751.8 
10773.5 
10791.8 
10803.5. 
10815.8 

11059.1 
11119.0 
111122 .4 
11140.6 
11241.6 

11381.71 

11395.0 
11408.9 
11414.6 
11482.3 

1*1 

10s 3S-
x 3P 
x 3 P 
x 3P 
X 3? 

- 8d' 
86?-^ 

8d 3D £ 

- 8d3D„ 

9f F • 
9f F • 
9f F • 
7 p 1 P r 

3 

• 6d 3D 1 

• e d ^ g 

• l l d ^ 

x ^ g - l O s ^ 
9d D, 

% 3 7p'3Pi- 9 d % l 

7 p 3
P l - 9d 3D g 

l O f F - 6d 3D. 

4 
2 
2 
4 
8 

3 
3 
3 
3 
4 

5 
4 
4 
6 
3 
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Table 7.9. - Continued., 
FT 

v t . Transitio,n I Trans i t i o n I 

11485.5 :'10f F - 6d!r> 2 4 ? ; 12935.6 10 

11509.7 }" 7p 1P 1-12d 1I> 2 3 ' 13021*4 x^g-lOd^-Dg 2. 

11608.5 3 13025.0 x 3P g-10d 3D 8 

11649.3 
11683.9 

* l l f F - 6d 2D 
3 3 

l l f F - 6d D g 

3 
3 

13149.1 
13253.5 

7p 3P 1-12d 3D 1 

7 P 3 P -14S 3S 
1 1 

5 
3 

11754.1-
11899.6 

3 3 7p P - l i s S 
3 

7 p 3 P G - l l s S 1 

5 
3 

13294.6 
13411.8 

7P 3? -12d 3D. 
3 

7p 3P 1-13d D 
3 
3 

12170.4 x 3P - 9di1D 
-2. 2 

1 13560.0 x 3 P g - l l d 3 D 3 5 
12184.3 
12190.6 

x 3 ? - 9d 3D 

A - . A 
0 
4 

13704.2 
13751.8 

x 3 P 2 - 1 3 s 3 S 1 

7p 3P G-14d 3D 1 

4 
3 

12198.2'' X V 9 A

3 
9 13928 .1 x 3P P-12d 3D„ 4 

12230.7 
12239.7 

7p 3P 1-10d 1D 2 

3 3 7p P ^ l O d D 

5 
7 

14028.2 x 3P 1-10d 1D g 3 

12246.0_ 7p 3P-,-10d 3D o 8 
12385.2. 3 

7p 3P 0-10d L 
5 

12461.6 3 3 7p P - l i s S 
3 1 . 1 

3 
12529.5 x P g - l l s ^ S 1 4 
12607.1 x 3 P 2 - 1 2 s 3 S 1 3 
12779.7 7 p 3 P 2 - l l d 3 D 1 3 
12783.0^ 10 

as 6 s l 2 f F . The energy l e v e l s out to 6 s 6 f x » 0 F Q ~ „ were obtain-
Q 2 » 3 ' 4 

ed from Baoher and Goudsmit , but subsequent values had to be 

8. See b i b l i o g r a p h y . 
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obtained by getting approximate solutions of the Rydberg for

mula.and determining the approximate wave numbers of the expec

ted transit ions. By a consideration of probable relat ive in

tensities of l ines , i t was possible to identify certain l ines 

in the table and thence obtain the correct (average) values of 

the energy levels . Those lines expected to be f a i r l y strong 

(singlet-singlet, J and L changing in the same sense, and high-

J transitions) were readily identif ied, and agreed with Weid-

mann and Schmidt's intensit ies , thus indicating the v a l i d i t y of 

the ident i f icat ion. 

The identif icat ion of groups on the spectrum was carried 

out by looking for portions of the table containing stronger-

than-average l ines and seeing i f they would, approximately f i t 

the dispersion curve. The f ina l grouping is noted on the spec* 

trum, and the author found that other papers with a photo

graphic spectrum of the region were useful in the assignment of 

values. The agreement is quite good except that group I should 

be about"twice as wide i f the adopted intensit ies are correct. 

C. CONCLUSIONS 

From the wave numbers of lines resolved in the sectional 

spectrum appended to the main chart, the resolving power is 

seen to be at least 1,000 at 1 .7^, which compares favourably 

with the calculated value of 500. This i s to be expected since 

the dispersion curve approximates a variation instead of 4-t. 
The l ine at V~ 5455cm"1 is obtained from the handbook4 but 

cannot be found among the allowed transitions in the term table; 

4, 5. Op. c i t . 



which i n d i c a t e s that e i t h e r the d i s p e r s i o n curve i s completely 
erroneous (which i s doubtful) or th a t the l i n e i s due to a f o r 
bidden t r a n s i t i o n . The l i n e at ?^ 7602.5 cm" 1^ 2.5cm""1 d e f i n 
i t e l y e x i s t s and a l s o cannot be found* 

Several strong l i n e s between 0.7 and l y t c cannot be iden
t i f i e d on the term t a b l e . According to the M.I.T. wavelength 
t a b l e s , there are l i n e s duetto Hg I I at V= 10054 cm"1, ( i n v e s 
t i g a t e d "by Rasmussen) Hg I at 10055, 11243, 11609, 11785, 
and 12939 cm"1, ( i n v e s t i g a t e d by Suga, Kamyana, and Suguira at 
Tokyo) and Hg I at 1)~ 12786 cm"1. ( S c i e n t i f i c papers of the 
Tokyo I n s t i t u t e of P h y s i c s and Chemistry). Hone of these pub
l i c a t i o n s were a v a i l a b l e to the author. Exact d e t a i l s of the 
references may be found i n the M.I.T. wave length t a b l e s (1939). 

Attempts were made to o b t a i n more p r e c i s e data on the 
r e g i o n 0.7 to 1 ̂ u. by the use of continuous sources and absorp
t i o n s p e c t r a . However, i t was found that a l l sources u s i n g 
a l t e r n a t i n g current had 120 cyc l e i n t e n s i t y f l u c t u a t i o n s t h a t 
heterodyned w i t h the chopping wheel. This was true of the car
bon arc and the Hernst glower.,"On the other hand, the D.C. 
power supply was too unsteady f o r e f f i c i e n t operation of the 
Hernst, and the proper B.C. carbons f o r the arc were not ob
t a i n a b l e . 

The performance of the spectrograph thus f a r i n d i c a t e s , 
t h a t , while not as convenient to use as the Perkin-Elmer i n 
strument, i t ha'<s a much b e t t e r r e s o l v i n g power i n the r e g i o n 
thus f a r worked. The author hopes to f u r t h e r i n v e s t i g a t e i t s 
performance, and r e g r e t s that r e s u l t s obtained w i l l not be com
p l e t e s i n time f o r i n c l u s i o n i n t h i s paper. 
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I t can be concluded, t h a t the PbS p h o t o e l e c t r i c c e l l i s , i n 

s p i t e of i t s n o n - l i n e a r i t y , a t l e a s t the e q u a l i n performance 

o f any o t h e r d e t e c t o r i n t h e near ( <^3^«_ ) i n f r a - r e d . 
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