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Study of the Dual-Input Mode With the AFGL
Two - Meter Path Difference Interferometer

I. INTIt ODU CFIO~

The technique known as back ground optical suppression scheme (BOSS) 1 was
first conceived and suggested for mi l i tary  survei l lance applications in September
of 1975. After  a prel iminary c rude  experiment that  demonst ra ted  the va l id i ty  of
the concept, it was decided to support some outside effort  to see just  how much
back ground suppression could be obtained.  A small amount  of money was obtained
from the Laboratory I) i rec tor ’s l und for the purpose of s tart ing a program that
eventual ly  would lead to a field demonstrat ion of the capabi l i ty  of the BOSS tech-

nique.  The resul ts  obtained by Vis id yne Inc. , the contractor , have been described
in the i r  scientif ic  report , and consequently will not be described here. \Ve wish

only to r emark  that the small  breadboard  in te r fe rometer  built  by the contractor
was  buil t  for  the spec i f i c  purpose of background suppression.  It was also decided
to mount  a sma l l  effo rt i n-house  of the d u a l - i n p u t  scheme , while  not impact ing too
much  on the Lt a - t ak i n g  with the high resolving power i n s t rumen t .  \~ m } ~~~~ sse report
here  ar c  resul ts  and conclusions about the dua l - i npu t  dua l -ou tpu t  technique when
app lied to the Idealab Model 100 In te r fe rometer  at AFGL.  It is a step and stop
i n ter f er onm e t er  with ex te rna l  chopping; it wa s  not constructed for use in i d u a l - i n p u t

d u a l — o u t p u t  mode .
(R e c e i v e ’)  for  publ ica t ion  30 September 1977)

1. V i n i s s e , U . A . • and Stai r , A . T. A l U L )  and Shep herd . Orr , and Reid y. W.
( V i s i i l v n t )  ( 1 P 7 7 )  A l  G I . — I R — 7 7 — 0 1 3 5 .

In p ress .

5

(
~9~~~~DI:’~G PAGE BLANK-NOT FILMED

_ _  - - --- • - ~~~~-



~~. CF .NER AL PR I~~CIPLF ; OF’ I)L ~l. -IM’L ’I’ SCh EME

Figure 1 shows th~ basic p roper t ie s  of an in te r fe rometer ;  this  was  the type used
at the A i r  l” orce Geop hysics Labora to ry  ( A I GI .)  for  Four ie r  spectroscopy. In F ig-
ure 1(a) the beamsp li t ter  is shown and one path taken hv part  of the input  beam af ter
division at the beamsp l i t ter .  The ampl i tude  of the input  beam is A 0, whereas  a 1
and a3 are amp li tudes of the output  beams generated f rom the sing le beam reflected
by the upper lace of the h ea m s p li t te r . (In the following, we shall not consider the
reflections at the  fixed a n t  movable Michelson mi r ro r s , hut onl y the t ransmission
and reflection of the beamsplitter dielectric f i lm. ) For beans a 1 we obtain as
amp litude ,

a 1 = A 0~r~ t . ( 1)

where r and t are the amp li tude ref lectance and t r ansmiss ion , respectively.

Cot ’s eye

A0 8$
-�1
4Y

4 0 3 ~
0 I

(a) F igure  1. ( a t ’ s Eve  ln t er f e rom ete r  Showing
Path of the Input  h i r a m  St r ik ing t h e  U pper Face
of the I3eamsplitter

A0 Cot s lye

(

k()

(b)

F o r  beam a 3, we obtain

= r~ r =  A 0 R , ( 2 )

where R = r 2 is the intensity re f l ec t ion  coefficient .

6
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I i g t m r l  I tb I  i l lu s l i t ca what  h ppl’ le-. to  the t I (’ I ( I (  Ui  t i~ f i ~~~t t r . ’i  ‘~m a 1 t t t ’~ h\  U ,
! I • ue.~~~I i t t I r , a ., and 14 are  the ou tpu t  h& ’ ; t i i  a l ( L p l i t ~~ lcs  w h i c h  . 1 5  g i v e n  by

a 9 A 0t. t ”~~~’ re  = —.A
0rte’~

and

= A 0
t . e~~t = .\ 0Te ’0 , (3)

~sh re 0 = 2 .- L ~~~~• the  t i ! t t r c u c e  in phase  c i i i i s l ’  I La t I ,  L e t  tha t  t h e  p aths  i n s i d e  the
in t m’! r an te t & ’t ’  I i i f t ’ i ’  1)\ in Ip t i c  1 d i f f e rence  if ô; ~ = I / , t , t i i  , ‘~~~~~‘. , ‘  n u m b er  ( I f  the
r I t i r i ;  t i s t h e  i ut i i s i t v  t r an s mi s s io n  c u e f f w i , r i t  of the t . t an i s p l i t t e r . The  f ct . ,r

I. e: a , is due to the t I  et that 2 s u f fe r s  a ph ase  c h an g e  upon r e f l e ct i on  1 the f i lm
561 l I c e  uis i l, ’ t h e  LII . m s j i l i t t e r  subst rat e .

1 , t us n w  a L l  ( ‘t a m s  a l I n t  i ) Ill ) ‘ i s t I r I f l I t i s’  t I l e  i i i t s f l S i t~ I I )  of the  combine d
lItm,11 f lS. \‘ 6’ )ni~ I’

a 1 
- 2 = \ 0r t - A 0rte ’0 = A 0 m’ t ( l - e ’~~

)

and

112 = 10 U l ’ ( l - ~~~~) ( I - e ’0 ) = 2 1~ UT ) -eos  0)

1 )9  = 2I~ u ’ r ( l — c ’ s  CIt . I i,)

:Ioa Ca Ic i i  n t  o t t  in

I , = 1 ( l - 1~~~~ H I ’  105 ~ ) 
~5)Ui 0

= I 0
( H 2 ~ 1 ) .  21~ UT ( O S  CI

= l 0
( U ÷ i ~~~— .fl 0 H1~ 21o UT cos o

134 = 1o~~~’~~ 
— 2l o 111) 1  -cos 0~ . ( 6 )

If W I ’  a s s u m e  H ~ T 1 and add Eqs . (4 I and ( 6 )  we obtain ,

= 10 I ( 7 )

w h i c h  m u s t  t ,~ , f rom the  c I I n s t ’r v a t i In of ene rgy  pr inc i ple. In other words , the two
beams 1 12 and 134 produce o u ip l e n o ’nt i r ’ o u t p u t s  Is the path d i f ference  in the



Ii
interferometer is changed. It should be noted that the only assumption made was
that the beamsplitter was nonabsorbing. Figure  2 i l lustrates the case where the
input beam A 0 enters the in te r fe rometer  at the bottom face of the beamsplit ter.
Calculation shows that the intensity due to beams a5 and a7 is given by

157 = I0(R 2+T 2+ 2 UT cos 0) , (8)

and for beams a 6 and a8 by

168 = 21o RT( l- cos  ci) . (9 )

The essence of the dual -beam technique is to allow two beams to enter the
interferometer simultaneously via opposite faces of the beamsplitter and to let the
combined beams 112 and 157 fal l  on one detector . The resul tant  intensity ‘c due to
the combined beams is given by

= 112 + 157 = I0(R+ T ) 2 
= 10 e ( 10)

a constant equal to the incoming intensity.

C.,’. eye

F ’igure 2 . Cat’ s Eye Interferometer  Showing
(0)  Path of the Input Beam Striking the Lower

Face of the Beamsplit ter

Cot ’s eye 

~~~~~~~~~~0

(b)

8



:1. DUAL-INPUT DUAL-OUTPUT

Figure 3 is an imp lementa t ion  of the technique  when a roof mi r ror  inter-
ferometer  is used to obta in  the  optical back ground suppression . Fi gure 4 is a
photograph of part of our two-mete r  path di f ference in te r fe ronie te r . The movable
cat’ s eye , the perforated cyl inder , can be seen at left center in the photograph; the
s ta t ionary  cat’ s eye is the cy l indr ica l  s t ructure  in the lower ri ght of the photo . The
heamsp li t ter , the  c i rcular  looking CaF 2 plate , is mounted at an angle to , and be-
tween . the  two cat’ s eye assemblies. Al l  the components seen in F ’igure ~t re
mounted on one large solid base which  has its unders ide  covered wi th  a soft lead-
viny l mater ia l  for vibration damping. Fi gure 5, another view of the in te r fe romete r,
includes the foreoptics mounted on the separate structure seen in the upper part of
the photo. It was,  in par t ,  owing to this  separate canti levered s t ructure for the
foreoptics that we were prevented from gett ing the suppression ratio desired , as
will  be exp lained .

Figure 6 is a ful l  view of the  in s t rumen t  where  the “ ways ” on which  the movable
cat ’s eye travels , as wel l  as the  foreoptics , can be seen. Fi gure 7 is a schemat ic
of the optical setup of the sy stem when the  in te r fe rom ete r  is used for making
spectral  measurements .  The solid lines represent the  usual  a r rangement  for the
foreoptics when  operatinc in the  s i ng l e - i npu t  double-output mode. In this mode , wi th
exception of the foreoptics , all  opt ical  components are mounted on the large inter-
ferometer  base , and t he re fo re  form a very stable setup.

M2 Ds (0)

BACKGROUNP ~~~~~~~BS
— ,V’r—Ti> 

CON STANT

BACKGROU ND 
- -

NO MODULATION

Fi gure 3. Dual- input  Beam Conf igura t ion  for a Roo f Mir ror
Toter ferometer

L A
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Figure  6. End V i e t ~ of Tnte r f e ro rn e ter  Showing  the  W ivs ” on Which
Movable Ca r r i age  is lhsp lacecl

The two  small  m i r r o r s  m shown (lashed in i” igure  7 were  placed the re  in order
to t ry  the  . TaIl  - input  scheme . The source “ s ’ is focused onto aper tu re  “ a ” wh ich
has a v ib ra t i ng  reed chopper ‘ c ” p laced in f ron t  of it;  that is . t h e  sour ce radiat ion is
e x t e r n a l l y modula ted .  \ T’n a h l v , two detectors  are  used and the  two outputs of the
in ter feron:e ter  are  e l ec t ron ical l y d i f f o r e n c e d .  This is done in an a ttempt  Ic’ remove
source f l u c t u a t i o n s . The source rad ia t ion  is chopped in  order  to produce a modula ted
i n t e n s i t y  which  then  enters  as co l l ima te d  light  into the  i n t e r f e r om e t e r . The outputs
f rom the in t e r fer ome te r  fa l l  on separate detectors whose s ignals  are am p l i f i e d  and
fed in to  the  two inputs  of an opera t ional  am p l i f i e r :  one to the inver ted input ; the
other to the  non inve r t e t input . The amp l i f i e r  output , cons idered  output  1, is essen-
t i a l l y  the  d i f f e r ence  of the  two detected s ignals . The i nver ted input  may  be con-
s i ’h e r e h as a separate  s igna l  wh i c h  can he used to genera te  a s y n c h ro n i z a t i o n  pulse ,
whereupon both s igna l s  are t h e n  sy n c h r o n o u s ly  demodula ted.

lii the  dua l - inpu t  dua l -ou tpu t  mode we should expect tha t  the two  inputs  would
produce comp lementary  in t ens i t y f luc tua t ions  at each detector and the re fo re  we
should obtain a cons tan t  v a l u e  plus noise f rom each detector;  th is  is the ideal  situa-
t ion . By d i f f e r e n c i ng  t h e  t w o  detector  outputs , one f inds  tha t  the  noise due to the
source f luc tua t ions  should cance l ;  h ow ev er , the  “ detector ” noise should  inc rease .
The ‘l i f f e rence c l  s ignal  \‘.‘i th I a  o le tec tors  w i l l  t h e n  y i e ld  a ga in  of ~~~ in  s i g n a l - t o — n o i s e .

11
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r” igu r e  7 . O nt i ’ a l  C o n f igu r a t i o n  of ln t e r f e r o r n e t e r  Set ( ‘p for  Dual- Input
l )ua l  -Output Op er at i o n , ( l” or t h e  i n t e r f e r o m e t e r, w e h a v e  t a k e n  t h e
l ibe r ty  of p l a c i n a  t h e  ‘a t ’ s eve assembl ies  at r igh t  a n g l e s  to each other
for  t h e  purpose of i l l u s t r a t i o n )

Our phi loso p hy t l n v a r . l  I rv~ n i t  t h e  lua l  — i n p u t  sc }ien ~c’ wa s  to  preserve the  pres  -

ent I ’  pt I cal conf igu  rat  ion an I to in~ p~ CIII ‘nt t h e  scheme Lv the  a l  ii l i o n  of components
t h a t  c ’ i i l  I be e a s i ly  r I ,’ : n l l y e l .  In essence , sve . i l  not w a n t  t he  dual  —inpu t  e x p e r i m e n t
to cause severe  h I  s in c c l i i  r u i ng  the  sys tem to its s ing le  input  ‘ p r . t i ll , s i n c e ,
is has l i en ~ I .I  ‘ I I , — .  ‘ the  i ns t  i ’ument  can y i e l d  h igh  —qua l i t y  spectra , and onl y

in e x C C f l t i I ) i 1  I I  ‘ases  w o u l d  t h e  h u n T  —inpu t  mode  he e n e s s n I ’v .

It is  for  t h i s  reason t h a t  we went  to the  c o n f i g u r a t i o n  s h ow n  in F igure  7 whe re
the  I W O  e xt r a  I ’ i r r ” r S  ( LisLe I l i ne s)  a l low us to  ob ta in  two  inpu t s .  The opt ical  or

e l e c t r o n i c  se tup  was T i lt  I I I  l i t  I I I . , 0 1161 6 i l l0 us to  go to the  n o r m a l  mode v e ry  easil y.
The h in t  - i npu t  mode e x p e r i m e n t  was pe r fo rmed  to gain an insi g ht into problems
a s s o - i n t e l w i t h  such  a sy s t em and a r r ive  at conc lus ions  tha t  would aid in choosing
t h e  t y p e  of i n s t r u m en t  ~ost l i k e ly  to work in a f i e ld  e n v i r o n m e n t .

2 , Sakai , II .  I l f 7 4 )  \ F C R L — T R  —7 4 —057 1,
3 . S ’ ikni , II. I 1 7 6 )  \F GI —T B —7 6 —02 8 0 .
4 ,  S a k aj , I I .  , and V anasse , (4. .1. ( 1 9 7 7 )  Al”C’.L-Tfl  -77 — 0039 .
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In o u r  ex p e r i m e n t a l  ~ch n i 1 ’ , 1: ‘ r e v e r e  th ree  major  p rob lems  in achi ev ing

a good supp cession ef t h e  11111 ’ r i , ’ i ’  e’ t o n i  mod ula t ion .  ‘I ’hiese we r e  found to he

in te rdependent  on one .~I I o t I i c ’r i n f f , ’c t i t t g  the outcome.  Because of th i s  i n t r i c a t e

in t e  r , c t i , , n , the ~~1 l I i s t n i I ’i l t s  must  be 1 0  t ’rec tc h s imul taneous ly  in o rder  to ach ieve  a

S . i t i s t , i c t o i’\ s u p p r e s s i o n .  The app licat ion of the dua l- inpu t  techni que to our in te r —

ferometer  was much  more  d i f f i cu l t  than  ant icipated at the outset. For a while in

the course of our exper iment , we were thoroug hl y confused w i t h  the resul ts .  S l o w l y

we  cam e to r eal ize  the exis tence of t h e  three problems and of t he i r  i n t r i c a t e  inter-

action toward  the end of our expe r imen t .  What is described in the  fol lowing account ,

records what  we did and what we obtained.  The f i r s t  problem encountered  was in

t r y i n g  to get the two beam s of equal  strengths . This we did , as best we could , by
obscuring the s t ronger  beam unt i l  the two separate in terferograms looked the same

near  the centra l  maximum . Beam 12 
of Fi gure 7 was blocked off (b y mask ing  one

of t h e  smal l  m i r ro r s  shown dashed.) and an i n t e r f e rog ram was obtained. The mirrors

were adjus ted  unti l  modula t ion  a round t h e  zero path d i f f e r ence  was as large as we
could obta in  by these  ad jus tmen t s .  Beam I

~ 
was then blocke d off and an inter-

fe rogram due to beam 
~2 onl y was obtained and optimi7ed b y ad ju s t i ng  the two small

mi r ro r s  shown by the dashed l ines . Once the beams were  of equal s trengt h , we
atT o ’ce  1 both beams to enter the  i nt er fe rom e te r  s i m u l t a n e o u s ly , obta ining a corn-

bined i n t e r f er og ram.  The resu l t s  ii cr c v e r y  disappoint ing as the combined inter-
f e rog racn  somet imes  Ic -OS even l a rg er  than the single beam in t er f e ro 1 r a m .  Repeat-
ing the whole procedure , we cver ’e Lii ’ to obtain sonic suppress ion , though still very
poor resu lts  lOl l  also a lack ol r ep r o d l l c i b i lj ty .  Then we came to the conclusion that
the a l ignment  of the two input beams (which  could he co-al igned i n s i d e  the inter-
f e rome te r)  wa s  v e ry  c r i t i ca l  and tha t  t h t e  small  m i r r o r s  (dashed in l” igure  7 )  should
be mounted more s tu rd i l y .  This W3S eas i l y  (hone for  m i r r o r  m 1, but not possible
for mi r ro r  m ,, (close to the h ean i sp l i t t e r) . s ince  the re is p r a c t i c a l ly  no w ay  of
get t ing  a st , i ble mount ing  a r ran g e m e n t  w i t h o u t  the  m o u n t  obscu ir ig  the  n i an v  beams

tha t  t r i o-se t h I ’  1 t e a .  ~ l~lj O r  m o d i f i cat ion  of t he  opt ica l  se tup wo u ld have  been

Il ecessa  i v  in o rde r  to open liP t he  sp a ce ’ to P t a i l  m i r r o r  rn ,1 on a rugged base

supply ing  i’, h a t  w. i  s t’ c ’q a l  i v ’  I.

We f i n a l l y  can-li ’ up with ii c.. in t i l e v e r  l r r . n g e n ent  w h i c h  wa~ l l i o I er : it c l v  st a b l e .
l’he ‘Xpe t ’iment  w a s  pe r fo rmed  ga in . , I I i I l  I it , .’r many  a t tempt s  and much adjus t ing

of n i l  rr o i ’s  : , r n l  Ill ’ t ’tu i ’ . -s , We Il l) in , ’  I the  ‘ ‘i— i It i l l u s t r a t e d  in Fi gure  P . The com —
hinech output  is h e w n  by a P c  te ’ r I’ a b o u t  10 f rom the pea s  of input  I. It wa S  felt
that  we had al igned the two inpu t  Lea r ’u s as v. 11 as cc n ( ‘unI t , c o n s i d e r i n g  the fact
t ll I t  i l l  t i l l ’  i l l ’ , ’ , p t l I .-s , except m i r r o r  m 1. ‘~ e i’c P i l l  i l i t i Oil  a s I t p a t ’ I t c  cant i levered
base  p l a t e  ‘. ‘ ; I l i d ~t i , un f o r t u n a t e ly , is s t i l  9’ct t I  ‘, ib r , t i l l n .  \ ec ’ e l ’the le s s , we fel t  tha t
the  suppr ession should he b e t t e r .  \\ e eventu ~i 1lv T , ’ c i L’ h to m ak e  a thoroug h i n , i l sis
of the  l x t l ’r n l l  n i o r lu l a t i un  I i s l ’ l in ou r  a r r a n g e m e n t.
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Figure 8. Results Obtained with Setup
of Figure 7 . The suppression is observed

INPUT II 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

as the curve labeled “ combined ”

COMBINED

Since the two input beams do not fo l l ow  exact l y the  same path to the  interferom-
eter beamsp li t ter , it was expected that  t h e i r  te~t poral iuu o d u la t ion  pat terns  gener-
ated by the chopper would be , on t h e  whole , d i f f e r e n t .  The synchronous  demodula-
t ion scheme , unde~ such a condi t ion , e x h i b i t s  a response non l inear  to the  in tens i ty
level of the input  s ignals . In Figure 0, t he  two b e i n t s  a l  and (h l  are combined to
produce the beam (ci , which is seen by the de tec tor , The synchronous  demodula t ion
scheme amp lif ies  tb e signal (c) wi th  an a -c  coup led i n in l i f i e r , and it p roduces  the
output signal measured with respect to the  average leve l  of t h e  s ignal  (c) .  The re-
sponse would become linear to bot h s icn a l  (a)  and (b) only if t h e i r  waveform takes
the same pattern on the temporal  scale.

In our exper iment , we measured  the in terferogram si gnals  produced by the
individual  inputs , and compared them w i t h  the dua l - input  signal . These interfero-
gram si gnals were measured at each short t ime  e lement  within the chopping cycle ,

in order to check the l ineari ty of response. The integrated outputs were also
checked to test for any  additional nonl inear  behavior . To our shock we found that
these t ime-e lement  i n t e r f e rog ram s  exhibited an ext remel y hi gh degree of nonl inear i ty .
tt’e concluded that  the nonlinear  response in the synchronous  der -nodulation scheme
was  def in i te l y the fac tor  leading to poor suppression. The second problem was
fu r the r  complicated by a relatively slow response of the detector with respect to
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Figure 9 . Temporal Display of the Various Detector
Signals . Part (c )  shows the sum of (a) and (b l  which  is
seen by the detector . In (d) the e lect r ical  output is
measured  wi th  respect to the  average value
< I  I >1 2 av

the chopping speed , as an addi t iona l  phase shif t  was int roduced to the output wave-
form . As we made a carefu l anal ysis of our detector electronics , we f ina l l y reached
a clear unders tand ing  of why  such poor results  were obtained in our exper iment .  In
us ing the  synchronous demodula t ion  scheme , we found that  the lua l - inpu t  signals
roust have a w e l l - m a t c h e d  tempora l  modula t ion  pattern in addit ion to the two factors
that  are easil y recognizable:  i good c o - a l ig nm e n t  and a we l l -ma tched  intensi ty level .
These three factors  must  he adjusted to a satisfactory degree in order to achieve
good suppression.  The a t tempt  to equal ize  the  intensi ty levels of both beams by
adjusting the beam size a f fec ted  the  chopping phase. Also , this  w a s  found in the
attempt t I  I co-al ign both beams.  The conf igura t ion  used for th is  equi pment  was found
inadequate for s at i s f ac t i on  of these  three conditions simultaneousl y.

i ’i ther  t h e  i n t e r n a l  m o d u l a t i o n  scheme , or the rapid scan scheme modulates the
Signal  i n t e r n a l l y by means  of t he  i n t e r f e rom e te r  motion and produces an identical
ten poral re sponse to the  inpu t  beams . The problem leading to the nonlinear  re-
sponse is t h u s  great l y reduced , even if not complete l y e l imina ted , because these two
bean s ‘Ir e s r h t o -i tO a wel l  -matched t entpo ra i  m o d u l a t i o n .
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1. CONCLUSIO1”~

It was found in this  study that the alignment of the two input beams is very
critical if one wishes to obtain an order of magni tude suppression or better . What
has also been shown is that some form of in ternal  chopping should be used rather
than an external chopping scheme, as our system is presently set up. That is ,
the niovable assembly is rapidly scanned such that the interferometer itself does
the chopping and thereby assures that the two beams are simultaneously chopped.
Also , of course , the internal modulat ion scheme would also work just as well , that is,
assuming the beams are  properl y co-al igned.  Also , without  external  chopping, a
gain of a factor  of 2 is rea l ized.

It is not our  intention to modif y the AFGL two-meter  path d i f fe rence  interfer-
ometer , in par t icu lar , to make it into the d ua l - i np u t  mode , since this would entail
major  modifications of o u r  ins t rument , such as going to continuous rap id-scan , or
some form of internal modul ation. Both of these modif icat ions would require
changes in the data handling system as well. It is our  judgment  that if a dual- input
system is needed (which is doubtful  for  h igh- reso lu t ion  laboratory w o r k ) ,  it would
be bet ter  to design it for  such operation at the outset .
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