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COMPACT SPECTRORADIOMETER . --.-- 

The p r imary  o b j e c t  i s  t o  p r o v i d e  a small. spectro- 
r a d i o m e t e r .  

The s p e c t r o r a d i o m e t e r  c o n s i s t s  o f  a  p a i r  o f  wedge 
f i l t e r s  1 2  and 1 3  ( F i g u r e  1) and a n  a r r a y  o f  s i l i c o n  photo- 
v o l t a i c  c e l l s  2 0 .  Each c e l l  p r o v i d e s  a n  o u t p u t  which i s  a 
f u n c t i o n  o f  ene rgy  i n  a d i f f e r e n t  wavelength  band o f  l i g h t  
1 4  which i s  d i r e c t e d  t o  t h e  c e l l  t h r o u g h  t h e  two f i l t e r s .  
The  o u t p u t  o f  each c e l l  i s  a m p l i f i e d  by an  o p e r a t i o n a l  a rnp i i -  
f i e r  40  whose feedback  r e s i s t o r  i s  s e l e c t e d  from a r e s i s t o r  
a r r a y  4 6 ,  s o  t h a t  t h e  o u t p u t s  o f  a l l  c e l l s  i s  a c o n s t a n t  when 
t h e  e n e r g y  acz70ss t h e  e n t i r e  band o f  i n t e r e s t  i s  c o n s t a n t ,  

i d e n t i  
m i r l a t  i 
t h e  f i  

The pr imary  n o v e l t y  r e s i d e s  i n  t h e  u s e  o f  two 
c a l  wedge f i l t e r s  i n  a  s p e c t r o r a d i o m e t e r  t h e r e b y  e3.i- 
ng t h e  a d v e r s e  e f f e c t  caused by t h e  t i n y  p i n h o l e s  i n  
l t e r s  when a s i n g l e  wedge f i l t e r  i s  employed. 
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TO ALL WHOM I T  HAY CONCERN: 

BE I T  KNOWN THAT HAROLD H. SEWARD, 

I A N  G.  NC WILLIAMS AND GEORGE A .  DAVIDSON, arc 

5 a l l  c i t i z e n s  of t h e  United S t a t e s  of  America, 

r e s p e c t i v e l y  r e s i d i n g  a t  A r l i n g t o n ,  Ar l ing ton  and 

Lexington,  a l l  i n  t h e  County o f  Middlesex,  S t a t e  

o f  Massachuse t t s ,  have inven ted  a new and u s e f u l  

COMPACT S P E C T R O M D I O M E T E R  - 

1 0  o f  which t h e  fo l lowing  i s  a s p e c i f i c a t i o n :  

ABSTRACT OF THE DISCLOSURE 

, A compact spec t ro rad iome te r  i s  d i s c l o s e d ,  

It  i n c l u d e s  a p a i r  o f  wedge f i l t e r s  and an a r r a y  of 

s i l i c o n  p h o t o v o l t a i c  c e l l s ,  each c e l l  p rov id ing  a n  

1 5  ou tpu t  a s  a f u n c t i o n  o f  energy i n  a d i f f e r e n t  band 

of wavelengths o f  l i g h t  d i r e c t e d  t o  t h e  c e l l s  through 

t h e  p a i r  o f  f i l t e r s .  The o u t p u t  o f  each c e l l  i s  

a m p l i f i e d  by an o p e r a t i o n a l  a m p l i f i e r  whose feedback 

r e s i s t o r  i s  chosen s o  t h a t  t h e  o u t p u t s  of  a l l  cells 

2 0  i s  a c o n s t a n t  when t h e  energy o r  power a c r o s s  t h e  

e n t i r e  band of i n t e r e s t  i s  c o n s t a n t .  



O R I G I N  OF INVENTION ----------- 

The i n v e n t i o n  d e s c r i b e d  h e r e i n  was made i n  

t h e  perforrna.nc-e of work under  a NASA c o n t r a c t  and i s  

s u b j e c t  t o  t l ie  p r o v i s i o n s  o f  S e c t i o n  305  o f  t h e  

5 N a t i o n a l  A e r o n a u t i c s  and Space Act  o f  1958,  Public 

Law 85-568 (72 S t a t .  435; 42 U.S.C. 2457) .  

BACKGROUND OF THE INVENTION - -- - -- 

1. Fiel-d o f  t h e  I n v e n t i o n :  

The p r e s e n t  i n v e n t i o n  i s  d i r e c t e d  t o  a n  

e n e r g y  d e t e c t o r  a n d ,  more p a r t i c u l a r l y ,  t o  a probe 

f o r  m o n i t o r i n g  t h e  s p e c t r a l  ene rgy  d i s t r i b u t i o n  of 

a s o u r c e  o f  l i g h t ,  such  a s  s o l a r  s i m u l a t o r s  and 

o t h e r  h i g h  i n t e n s i t y  s o u r c e s .  

2 .  D e s c r i p t i o n  o f  t h e  P r i o r  A r t :  

Var ious  d e v i c e s  have  been d e s i g n e d  t o  

measure t h e  s p e c t r a l  ene rgy  d i s t r i b u t i o n  o f  a s o u r c e  

of l i g h t .  S p e c t r o m e t e r s  are among t h e  most w e l l  

known of such  d e v i c e s .  The p r i o r  a r t  d e v i c e s  are 

g e n e r a l l y  q u i t e  l a r g e ,  complex and e x p e n s i v e .  A l s o ,  

2 0  i n  most p r i o r  a r t  d e v i c e s ,  t h e  f i n a l  s p e c t r a l  ene rgy  

. d i s t r i b u t i o n  can  b e  p l o t t e d  o r  measured o n l y  a f t e r  

a c c o u n t i n g  f o r  t h e  s p e c t r a l  r e s p o n s e  c u r v e s  o f  energy 

d e t e c t o r s  i n  t h e  d e v i c e s .  A need e x i s t s  t h e r e f o r e  



f o r  a s m a l l  d e v i c e  o r  p robe  which i s  c a p a b l e  of 

m o n i t o r i n g  t h e  s p e c t r a l  ene rgy  d i s t r i b u t i o n  o f  

l i g h t  from a s o u r c e ,  su.ch a s  s o l a r  s i m u l a t o r s  a n d  . 

o t h e r  h i g h  i n t e n s i t y  s o u r c e s .  The d e s i r e d  p r o -  

5 p e r t i e s  o f  such  a d e v i c e  which i s  g e n e r a l l y  r e f e r r e d  

t o  a s  a' s p e c t r o r a d i o m e t e r ,  i n  a d d i t i o n  t o  compac-tness,  

a r e  r e l i a b i l i t y ,  s i m p l i c i t y  and one which i s  r e l a t i - v e l y  

i n e x p e n s i v e .  Another  d e s i r e d  p r o p e r t y  o f  such  a 

d e v i c e  i s  t h a t  i t s  o u t p u t  o r  o u t p u t s  e n a b l e  t h e  direct 

1 0  p l o t t i n g  o f  s p e c t r a l  ene rgy  d i s t r i b u t i o n  w i t h o u t  

e x t e r n a l  a c c o u n t i n g  f o r  d e t e c t o r s '  s p e c t r a l  r e s p o n s e  

c u r v e s .  

OBJECTS AND SUMMARY OF THE INVENTION --- - 

It  i s  a pr imary  o b j e c t  o f  the  p r e s e n t  

1 5  i n v e n t i o n  t o  p r o v i d e  a new improved s p e c t r o r a d i o m e t e r .  

Another  o b j e c t  of t h e  p r e s e n t  i n v e n t i o n  i s  

t o  p r o v i d e  a compact s p e c t r o r a d i o m e t e ~  which i s  h i g h l y  

r e l i a b l e  and r e l a t i v e l y  i n e x p e n s i v e .  

A f u r t h e r  o b j e c t  o f  t h e  p r e s e n t  i n v e n t i o n  

20  i s  t o  p r o v i d e  a  small p robe  f o r  measur ing  s p e c t r a l  

ene rgy  d i s t r i b u t i o n  from a s o u r c e  of l i g h t ,  w i t h  t h e  

p r o b e ' s  o u t p u t s  r e p r e s e n t i n g  d i r e c t l y  t h e  s p e c t r a l  

e n e r g y  d i s t r i b u t i o n  w i t h o u t  h a v i n g  t o  a c c o u n t  for t h e  

d e t e c t o r s '  i n d i v i d u a l  s p e c t r a l  r e s p o n s e  c u r v e s .  



These and o t h e r  o b j e c t s  o f  t h e  i n v e n t i o n  

a r e  a c h i e v e d  by p r o v i d i n g  a  s p e c t r o r a d i o r n e t e r  con- 

s i s t i n g  o f  a p a i r  o f  wedge f i l t e r s  and a r e d  fil . teri 

t h r o u g h  which l i g h t  i s  d i r e c t e d  t o  a n  a r r a y  o f  Xigh-r 

5 d e t e c t o r s .  The o u t p u t s  o f  t h e  d e t e c t o r s  each of 

which responds  t o  l i g h t  ene rgy  i n  a  d i f f e r e n t  hand-  

w i d t h  are s e l e c t i v e l y  coup led  t o  t h e  i n p u t  o f  a n  

a m p l i f i e r  whose feedback  res is tor  i s  s e l e c t i v e l y  

c o n t r o l l e d  s o  t h a t  f o r  a n  i r r a d i a n c e  e q u a l  t o  a 

s e l e c t e d  l e v e l ,  e . g . ,  one  s o l a r  c o n s t a n t ,  t h e  amplifier's 

o u t p u t  i s  t h e  same, i r r e s p e c t i v e  o f  which d e t e c t o ~ %  

o u t p u t  i s  coup led  t h e r e t o .  

The n o v e l  f e a t u r e s  o f  t h e  i n v e n t i o n  a re  

se t  f o r t h  w i t h  p a r t i c u l - a r i t y  i n  t h e  appended c l a i m s ,  

The i n v e n t i o n  w i l l  b e s t  b e  u n d e r s t o o d  f rom t h e  

f o l l o w i n g  d e s c r i p t i o n  when r e a d  i n  c o n j u n c t i o n  with 

t h e  accompanying drawings .  

BRIEF DESCRIPTION OF THE DRAWINGS -- 

F i g u r e  1 i s  a d iagram u s e f u l  i n  e x p l a i n i n g  

t h e  p r e s e n t  i n v e n t i o n  ; 

F i g u r e s  2-4 a r e  c u r v e s  and d iagrams u s e f u l  

i n  e x p l a i n i n g  t h e  p r o p e r t i e s  and c h a r a c t e r i s t i c s  of 

a wedge f i l t e r .  



F i g u r e  5 i s  a c r o s s - s e c t i o n a l  v i ew  o f  one 

embodiment o f  t h e  i n v e f i t i o n ;  and 

F i g u r e s  6 and 7 are t o p  and c r o s s - s e c t i o n a l  

views of a n o t h e r  embodiment o f  t h e  i n v e n t i o n  which w a s  

5 a c t u a l l y  r educed  t o  p r a c t i c e .  

DESCRIPTION OF THE PREFERRED EMBODIMENTS - 

A t t e n t i o n  i s  f i r s t  d i r e c t e d  t o  F i g u r e  1 

where in  numeral  1 0  d e s i g n a t e s  t h e  n o v e l  s p e c t r o -  

r a d i o m e t e r .  It  i s  shown compr i s ing  a pa i r  o f  wedge 

10 f i l t e r s  1 2  and 1 3  t o  which l i g h t ,  r e p r e s e n t e d  by 

a r row 1 4 ,  i s  d i r e c t e d .  A s  i s  a p p r e c i a t e d  a wedge 

f i l t e r  i-s a m u l t i l a y e r  t h i n - f i l m  o p t i c a l  f i l t e r  whose 

wavelength  o f  peak t r a n s m i s s i o n  v a r i e s  l i n e a r l y  w i t h  

d i s t a n c e  a l o n g  t h e  f i l t e r .  A t y p i c a l  c u r v e  o f  wave- 

1 5  l e n g t h  ( A )  v e r s u s  ( X I  i s  shown i n  F i g u r e  2 .  

When a  s l i t  1 6  o f  a w i d t h  d  (shown i n  

F i g u r e  3) i s  p l a c e d  on a wedge f i l t e r  F ,  assumed t o  

have  t h e  c u r v e  shown i n  F i g u r e  2 ,  c e n t e r e d  a t  a 

d i s t a n c e  Xc, t h e ' b a n d w i d t h  o f  t h e  l i g h t  t h r o u g h  t he  

2 0  s l i t  i s  n o t  as s m a l l  as t h e  s l i t  w i d t h  would i n d i c a t e ,  

T h a t  i s  t h e  bandwidth i s  n o t  e q u a l  t o  X 2 - h l ,  but rather 

depends on t h e  s l i t - w i d t h  and t h e  s p e c t r a l  t r a n s m i s s i o n  

c h a r a c t e r i s t i c s  o f  t h e  f i l t e r  a s  r e p r e s e n t e d  i n  the 

graph  o f  F i g u r e  4 .  T h e r e f o r e ,  when a n  a r r a y  o f  S i g h t  



d e t e c t o r s  i s  p l a c e d  u n d e r  t h e  wedge f i l t e r  s o  thzt 

l i g h t  p a s s e s  t o  t h e  d e t e c t o r s  t h r o u g h  t h e  f i l t e r ,  

t h e  bandwidth o f  each  d e t e c t o r  i s  a .  f u n c t i o n  of i t s  

w i d t h  a l o n g  -the f i l t e r  l e n g t h  and t h e  f i l t e r ' s  

5 s p e c t r a l  t r a n s m i s s i o n  (T) c h a r a c t e r i s t i c s .  

T y p i c a l l y ,  wedge f i l t e r s  have  t i n y  p i n  

h o l e s  which a l l o w  broadband e n e r g y  t o  l e a k  i n t o  t h e  

v a r i o u s  d e t e c t o r s  t h e r e b y  d i s t u r b i n g  t h e  bandwidth 

of each  d e t e c t o r .  Thus ,  a  s i n g l e  wedge f i l t e r  

10 c a n n o t  be  used w i t h  a n  a r r a y  o f  d e t e c t o r s  t o  p r o v i d e  

a.n i n d i c a t i o n  o f  t h e  s p e c t r a l  ene rgy  d i s t r i b u t i o n  of 

t h e  l i g h t  s i n c e  t h e  p r e s e n c e  o f  t h e  t i n y  p i n  h o l e s  

d i s t u r b  t h e  bandwidths o f  t h e  d e t e c t o r s .  I t  h a s  

been d i s c o v e r e d  t h a t  t h e  problem c r e a t e d  by t h e  presence 

1 5  o f  t h e  p i n  h o l e s  i n  wedge f i l t e r s  can  be  e l i m i n a . t e d  by 

d i r e c t i n g  t h e  l i g h t  t o  t h e  d e t e c t o r s  th rough  a p a i r  of  

wedge f i l t e r s  . 

A s  s e e n  from F i g u r e  1, t h e  s p e c t r o r a d i o m e t e r  

1 0  of t h e  p r e s e n t  i n v e n t i o n  i n c l u d e s  such  a p a i r  of  

2 0  wedge f i l t e r s  1 2  and 13 .  L i g h t  1 4  which i s  t r a n s m i t t e d  

t h e r e t o  i s  d i r e c t e d  t o  a n  a r r a y  o f  d e t e c t o r s  2 0 ,  I f  

t h e  s e n s i t i v i t y  o f  t h e  d e t e c t o r s  i n c l u d e s  i n  i t s  band 

harmonics  o f  t h e  s h o r t  wavelength  s e c t i o n s  o f  t h e  

f i l t e r s  1 2  and 1 3 ,  a f i x e d  f i l t e r  h a s  t o  be  p l a c e d  

25 between t h e  bot tom f i l t e r  1 3  and t h e  d e t e c t o r s .  For 



example,  assuming a f i l t e r  w i t h  a  band fron a 

wavelength  o f  393nm t o  900nm and d e t e c t o r s  each  w i t h  

a peak s e n s i t i v i t y  i n  t h e  800 t o  900nm r a n g e ,  a F i l t e r 3  

22 i s  p l a c e d  between t h e  s h o r t - w a v e l e n g t h  s e c t i o n  

5 (assumed t o  be  on t h e  r i g h t h a n d  s i d e )  o f  f i l t e r  1 3  

and d e t e c t o r s  20 t o  i n s u r e  t h a t  harmonics  7 8 6  t o  900nrn 

o f  t h e  s h o r t - w a v e l e n g t h s  between 393 and 450nm d.o n o t  

p a s s  t o  t h o s e  d e t e c t o r s  d e s i g n e d  t o  d e t e c t  ene rgy  in 

t h e  393 t o  450nm band.  To i n s u r e  p r o p e r  a l i g n m e n t  of 

10 f i l t e r  1 3  and t h e  d e t e c t o r s  2 0 ,  a s p a c e r  2 4  o c c u p i e s  

t h e  s p a c e  between t h e  f i l t e r  1 3  and t h e  d e t e c t o r s  which 

i s  n o t  occup ied  by f i l t e r  2 2 .  

I n  p r a c t i c e  t h e  wedge f i l t e r s  1 2  and 1 3 ,  

f i l t e r  22,  s p a c e r  2 4  and d e t e c t o r s  2 0  are assembled 

1 5  i n  a h o u s i n g  30 ( F i g u r e  5 )  w i t h  a window 32 and w i t h  

a p l u g  34 t o  which l e a d s  20x o f  t h e  d e t e c t o r s  a r e  

connec ted .  A p p r o p r i a t e  bonding m a t e r i a l s  a r e  used  

t o  bond o r  cement t h e  f i l t e r s  1 2  and 1 3  t o  each  other 

and t o  window 3 2 ,  as w e l l  as t o  cement f i l t e r  2 2  and 

20  s p a c e r  24 t o  t h e  d e t e c t o r s  2 0  and t o  t h e  bot tom side 

of f i l t e r  13 .  I n  o r d e r  n o t  t o  damage t h e  wedge f i l t e r s  

which are h e a t  s e n s i t i v e ,  a bonding m a t e r i a l  which 

c u r e s  a t  room t e m p e r a t u r e  i s  chosen.  One example of 

such  a m a t e r i a l  i s  Canada balsam.  Heat  c u r i n g  l e n s  

25  cement s u c h  as Lens Bond can b e  used t o  bond t h e  

f i l t e r  2 2  and s p a c e r  2 4  t o  t h e  d e t e c t o r s  20. After 

cement ing  a l l  t h e  p a r t s ,  t h e  h o u s i n g  i s  p r e f e r a b l y  

f i l l e d  w i t h  an  a p p r o p r i a t e  p o t t i n g  compound. 



I n  one p z r - t i c u 1 . a ~  embodiment actually 

reduced  t o  p r z c t i c r ,  a c o r m e r c i a l l y  a v a i l a b l e  

wedge f i l t e r >  such  as nodeb V E R I L  B 6 0  which i s  EOm,n 

l o n g  and o v e r  25mm h i g h  was c u t  i n t o  t h r e e  s e c t i o n s  

5 e a c h  20mm l o n g  and s p l i t  l e n g t h w i s e  i n t o  f o u r  p a r t s  

e a c h  5mm h i g h .  Two p a r t s  of each  c o r r e s p o n d i n g  

s e c t i o n  were cemented t o g e t h e r  t o  form f i l t e r s  1 2  

and 1 3  which t o g e t h e r  r e p r e s e n t  a  d o u b l e  wedge 

f i l t e r .  Thus ,  a  s i n g l e  wedge f i l t e r  was c u t  t o  

1 0  produce  two s e t s  o f  d o u b l e  f i l t e r s  each  o f  t h r e e  

s e c t i o n s .  They were t h e n  cemented t o  t h e  window 

i n  p a r a l l e l  a l ignment  as shown i n  F i g u r e s  6 and 7 .  

I n  F i g u r e  7 ,  t h e  t h r e e  s e c t i o n s  o f  e a c h  o f  f i l t e r s  

12  and 1 3  a r e  d e s i g n a t e d  by t h e  s u f f i x e s  a ,  b and  

1 5  c .  The f i l t e r  22 was S c h o t t  model BG-38 .  I n  t h e  

p a r t i c u l a r  embodiment Hoffman-Centerlab model HPC 

s i l i c o n  p h o t o v o l t a i c  r e a d o u t  a s s e m b l i e s  were used 

f o r  d e t e c t o r s  2 0 .  I n  Figurbe 7 ,  t h e  t h r e e  a s s e m b l i e s  

are d e s i g n a t e d  by 20a ,  20b and 2 0 c .  To s t a g g e r  t h e  

20 r e a r  s u r f a c e s  o f  t h e s e  a s s e m b l i e s  s o  t h a t  t h e  

d e t e c t o r  l e a d s  c o u l d  be  b rough t  o u t ,  s p a c e r s  2 4  were 

employed between s e c t i o n s  1 3 a  and 13b and a s s e m b l i e s  

20a and 20b. A l s o ,  a  s p a c e r  24 was p l a c e d  between 

s e c t i o n  12b and window 32. The e n t i r e  assembly was 

25  housed i n  h o u s i n g  30 o f  d imensions  o f  1 . 5 " x 1 . 5 " ~ 8 , 7 5 " ,  



Each d e t e c t o r  assembly such  a s  20a whi.ch 

c o n t a i n s  S c e l l s  i s  19.9mm l o n g  by 4. l l m m  h i g h ,  Thc 

f i l t e r s  1 2  and 1 3  have  a  bandwidth of 7nm/mm. ?'has, 

t h e  bandwidth due t o  t h e  a c t i v e  w i d t h  o f  each  c e l l  

5 i s  14.2nm. However, due t o  t h e  s p e c t r a l  t r a n s m i s s i o n  

c h a r a c t e r i s t i c s  o f  f i l t e r s  12 and 1 3 ,  t h e  c e l l  band-  

wid th  i s  c l o s e r  t o  20nm. The a c t i v e  a r e a  o f  each 

c e l l  was found t o  be  a b o u t  8 . 3 5  s q u a r e  mm. 

A s  shown i n  F i g u r e  1, t h e  o u t p u t  l e a d s  

10  20x o f  t h e  v a r i o u s  c e l l s  a r e  s e l e c t i v e l y  c o n n e c t a b l e  

t o  a n  o p e r a t i o n a l  a m p l i f i e r  40 t h r o u g h  a  s t e p p i n g  

s w i t c h  4 2  which i s  c o n t r o l l e d  by a  c o n t r o l  u n i t  4 4 .  

The l a t t e r  a l s o  c o n t r o l s  t h e  feedback  r e s i s t o r  f r o m  

a r e s i s t o r  a r r a y  4 6  which i s  connec ted  a c r o s s  anpli- 

15  f i e r  4 0 .  B r i e f l y ,  t h e  o p e r a t i o n a l  a m p l i f i e r  operates 

as a n  i n v e r t e r  such  t h a t  a  c u r r e n t  t e n d i n g  t o  d r i v e  

t h e  a m p l i f i e r  i n p u t  p o s i t i v e  produces  a n e g a t i v e  

o u t p u t  v o l t a g e ,  w i t h  t h i s  v o l t a g e  d r a i n i n g  a l m o s t  a11 

of t h e  i n p u t  c u r r e n t  th rough  t h e  feedback  r e s i s t o r ,  

20  Such a s m a l l  p a r t  o f  t h e  c u r r e n t  goes  i n t o  t h e  arnpil-  

f i e r  t h a t  it can b e  n e g l e c t e d .  Thus it can b e  stated 

t h a t  the  o u t p u t  v o l t a g e  i s  t h e  p r o d u c t  of t h e  c e l l  

c u r r e n t  and t h e  feedback  r e s i s t o r .  



A s  i s  Itnovin, each  c e l l  h a s  a s p e c t r a l  

r e s p o n s e  curve  which is' t y p i c a l l y  b e l l - s h a p e d  r>a t h e r  

t h a n  l i n e a r .  A l s o ,  t h e  wedge f i l t e r s  have  o t h e r  t h z n  

l i n e a r  t r a n s m i s s i o n  r e s p o n s e  c h a r a c t e r i s t i c s  o v e r  

5 t h e i r  e n t i r e  transmission bands .  Thus ,  i n  o r d e r  -to 

o b t a i n  a c o n s t a n t  o u t p u t  v o l t a g e  f o r  each c e l l  o u t p u t ,  

when t h e  s p e c t r a l  ene rgy  d i s t r i b u t i o n  i s  c o n s t a n t  

a c r o s s  Phe e n t i r e  band o f  i n t e r e s t ,  t h e  feedback  

r e s i s t o r  need b e  changed depending on t h e  p a r t i c u l a r  

1 0  r e s p o n s e  band o f  t h e  c e l l  whose o u t p u t  i s  f e d  t c  the 

a m p l i f i e r ,  t h e  c e l l ' s  s p e c t r a l  r e s p o n s e  c u r v e  and the 

p r o p e r t i e s  o f  t h e  p a r t i c u l a r  wedge f i l t e r s .  This i s  

accompl ished i n  t h e  p r e s e n t  i n v e n t i o n  by s e l e c t i n g ,  

by means of u n i t  4 4 ,  a  r e s i s t o r  from t h e  r e s i s t o r  

1 5  m a t r i x  o r  a r r a y  4 6  which depends on t h e  p a r t i c u l a r  

c e l l  whose o u t p u t  i s  b e i n g  measured.  I n  such  a n  

a r rangement  t h e  a c t u a l  o u t p u t s  o f  a m p l i f i e r  4 0  i n  

r e s p o n s e  t o  t h e  o u t p u t s  o f  a l l  t h e  c e l l s  can  b e  

p l o t t e d  t o  p r o v i d e  a d i r e c t  p l o t  o f  t h e  s p e c t r a l  energy 

2 0  d i s t r i b u t i o n  which i s  n o t  d i s t u r b e d  by t h e  d e t e c T o r s V  

s p e c t r a l  r e s p o n s e  c u r v e s  o r  by n o n - l i n e a r i t i e s  i n  the 

t r a n s m i s s i o n  c h a r a c t e r i s t i c s  o f  t h e  wedge f i l t e r s ,  

Although p a r t i c u l a r  embodiments o f  t h e  

i n v e n t i o n  have  been d e s c r i b e d  and i l l u s t r a t e d  h e r e i n ,  

it i s  r e c o g n i z e d  t h a t  m o d i f i c a t i o n s  and v a r i a t i o n s  

may r e a d i l y  o c c u r  t o  t h o s e  s k i l l e d  i n  t h e  a r t  and 

c o n s e q u e n t l y  it i s  i n t e n d e d  t h a t  t h e  c l a i m s  be 

i n t e r p r e t e d  t o  c o v e r  such  m o d i f i c a t i o n s  and equivalen- ts .  


