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( I  X. Summary - Analyses of  t h e  mounting and mount support  
systems v e r i f y  that s a t i s f a c t o r y  shock atJd v ibxat ion  i a o l a t i a n  

t will be a t t a ined .  The mount r u p p r t  s t r u c t u r e  w i l l  conform 
ta flight c rash  s a f e t y  requirements with r e l a t i v e l y  high 
margins 0% safety. R e s t r a i n t  cables  w i l l  r e in fozce  t h e  mounts 
i n  t h e  c r i t ica l  loaded fasward d i r e c t i o n  l i m i t i n g  maximum 
folward system d e f 3 s c t i ~ n  t o  1 1/4 inches. 

TT. Mounting Description - The mounting design c o n s i s t 8  of 
Four Lord BTR-8330-39 elaatomerr shear  mounts which are 

i 
fi 
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o r i e n t e d  a t  50° i n  t h e  v e r t i c a l  p lane  and a t  70° Lmard 
toward the o v e r a l l  ryrtem c e n t e r  of graviky from t h e  
l o n g i t u d i n a l  d i r e c t b n  i n  t h e  hor izon ta l  plane. The mountr 
a r e  geometr ical ly  balanced about  t h e  c e n t e r  of g r a v i t y  and 
t h e  mounting rystem i 8  approximately foca l i zed  i n  t h e  v e r t i c a l ,  
t ransverge  and ro l l  and a l s o  i n  t h e  long i tud ina l  and p i t c h  
planes.  Thur, Che Cranaverre-roil  and lcngi tudina l -p i tch  
mods8 a r e  r e l a t i v e l y  uncoupled. 

R e r t r a i n t  cable8 are located near  each of t h e  four  mounts 
6 

i to prevent  excessive motion of and to f u l l y  c a p t i v a t e  t h e  C.A.T. 
Tranamitker system. The cables w i l l  l i m i t  d e f l e c t i o n  i n  t h e  1 

cri t ical  9g forward f l i g h t  c rash  s a f e t y  condi t ion  to  approxi- 1 

; 
I mately 1 1/4 incherr. The mounts w i l l  l i m i t  c r a sh  a a f e t y  load 

d e f l e c t i o n s  i n  a l l  o t h e r  d i rec t ion8  to  lerr than one inch. 
I 

1 
I L The p r i n c i p a l  n a t u r a l  frequencies of t h e  mounted t rans-  4 
1 ] $  mitter ~yrrtem a r e  ca lcu la ted  a e  follows: 

1 
I 

I 

h Mode - Frequencier 

Vertical 
I 

t 14 Transverse 8.4 Hz 
LongStudinal/Pitch 
P i t c h  

Yaw 6.5 Hz 
r 

i i The highly damped BTit elastomer w i l l  allow only small 
i- resonant  magnif icat ion a t  t h e  above f requencies  and v i b r a t i o n  , 

$ 

l so lablon  should be achieved ab'ove 15 Hz. I 
8'" 4 

I 1 

The maximum phys ica l  motions which w i l l  be allowed by t h e  
BTR-8350-39 mounts under normal environmental condi t ion8 are:  

t -  

Direc t ion  
I 
I? V e r t i c a l  up 

Load - ~ e f  l e c t i o n  

Og o 1n. 
r 1 

Vertical Down 3-09 - 3 1  In. 1 -. 1 
L .  Forward 0.59 -15 In. 1 

~ f t  0.2g .06 1n. i 
Transverse - +O.Zg - +.03 In. 

7) 
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111. Mounting Support S t r u c t u r e  - The f o u r  mount8 are i ruppor tad  
by a f rame- , r t ruc ture  which bridge8 acrorr two NASA r u ~ ~ l i e d  "Leu 
G y m  equipment rackr.  There rackr  and a180 the t r a n r d t t e r  
c a b i n e t  and t e l e rcope  arrernbly are a r rmd  to have been anatyz.6 
elrewhere for f l i q h t  rafetv condit ionr .  Detailed r t r u c t u r a l  
ana ly re r  of t h e  mounting rupport  fraarr, which v e r i f y  i t 8  con- 
forming to f l i g h t  c r a r h  r a f a t y  requirement8 are given i n  
Enclorure (3). 
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The mounting framework i a  c o n a t r u t i ~ i d  pr imar i ly  of aeandard 
channela and b e n t  p l a t e  structure welded or bolted together.  Thia 

L f l i g h t  a a f e t y  analya la  w i l l  cover t h e  r e l a t i v e a y  critical area8 
i t 

of t h e  mounting aupport a t ruckwe .  l h a l y a i a  of t h e  t r r n m a i t t e r  
I frame and t h e  *h Boy* equipment raeFa L 8  conaidered n o t  t o  be 
1 j t h e  responsibility of t h i a  department. , ;I 

I I (1 

I T h i s  ana lya ia  w i l l  aaaure t h a t  no part  of t h o  ayatem 
1 i connected d i r e c t l y  t o  t h e  mounting nupporta w i l l  become meparatad 

from it. a t t a c h  pointa  and create a f l y i n g  object hazard to 
personnel or a i r c r a f t  under c rash  condition#. 

DESIGN tO-AP FACTORS iJ '7- 
' 

The design f o r  t h i a  a n a l y s i s  i s  bamed on thome 
sec t ion  5 .1  of Referehce (c) . The 

load fhctor., when appl ied  
i n  any element o f  t h e  

p o i n t  for t h e  corir t ruct ion 
uaed i n  t h e  determination i 

Load Direc t ion  

Forward 
Down 
UP 
Side 

A f t  

Load Factor 
Yield' I - Ultimate 
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Ths following As a safety of f l ight  8na41ysis of the 

i C.A.T. krahamitter and telssaopa assarnbly. The trmnsmib&e 

structure oonsists of an aluminum base channel aind aluminum 

plates. The channel acts  a s  the main support member while 

the plates aot a8 intermcldiate 8upports and enclose the 

t~ansmitter .  The telescope asa41y is supportad a t  one 

end of the kbse channel. 

The main concern of t h i s  analysis is t o  insure tha t  no 

part. under crash conditions w l l l  b a r  loose and c r u t a  8 

hazard to the a i rc raf t  o r  personnel on board. 
i - i i r  i 

I f  
The design loads for t h i s  analysis are taken from Section t 

5.1 of the NbSA CV 990 Airborne Laboratory Experimenters 

Handbook and are summarized i n  the table below. A factor of ii 
r l  : 

1.5 is  used t o  determine the ultimate load factors. [ J  3 
E 

Forward 

Down 7.0 

vp 
Side 

Aft 



Th. anaLyair of the tranmlttrr rtructul'e #WWI it to  ba 

structurally aound with high marqinr of cafety. An invemtlgo- 
?l 

t i o n  of  the tela~oope houring, #upport ringac 8upport l plates, 

and aaaociated hardware ahow that the talercope and its 
i 

installation are a180 mtructurally round for f l ight  mafaty. 
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1 V 1 S 1 0 N EQUZPMENT 
O p s r a t ~ o n  EDI, - SUDBURY 
6 e pa w t m e n f Electxo-Optics 

TO: D i s t r i b u t i o n  

Cantfact No. 

Dlot~ibutlm A s  Listed ' 

Filo No, EM77-0348 

Meme No, DAK:77:08 

Sublect: Rtmospheric At tenuat ion of C02 Date 13  J u l y  1977 
1,aser Radiat ion i n  Clear 
sten t h e r  

* 

~ e t e r m i n a t i o n  of At tenuat ion ~ o e f f i c i e n t s  

Various r e s e a r c h e r s  have measured t h e  a t t e n u a t i o n  of  C02 

l a s e r  r a d i a t i o n  i n  c l e a r  weather. McCoy, Rensch and Long (1 
measured s p e c i f i c a l l y  t h e  a t t e n u a t i o n  due t o  water  vapor which 

I i s  t h e  a t t e n u a t o r  ~f most i n t e r e s t  f o r  this a n a l v s l s ,  hut the 
t 

t measurements of Shumate e t  a 1 ( 2 )  a r e  f o r  more r e c e n t  and appear  
t o  have been made under more c a r e f u l l y  c o n t r o l l e d  condi t ions .  
Therefore ,  t h e  d a t a  of  t h e  la t ter  were used f o r  t h e  a t t e n u a t i o n  
due t o  water  vapor. Far t h e  C02 a t t e n u a t i o n ,  t h e  va lues  pre- 
s p t e d  by S. ~ u r t ~ ' ~ )  based upon t h e  measurements of Pm Yin and 
R. L O ~ I C J ' ~ )  were included.  F i n a l l y ,  t h e  a e r o s o l  a t t e n u a t i o n  va lues  
were taken from McClatchey s d a t a  ") e x t r a p o l a t e d  t o  a v i s i b i l i t y  
of 1 2  km. 

The r e l a t i o n s h i p  of  water  vapor p r e s s u r e  t o  temperature  and 
humidity i s  shown i n  F igure  C-1. I t  is apparen t  t h a t  t h e  water  
vappr p re s su re  dur ing  t h e  summer i s  o f t e n  above t h e  h i g h e s t  p r e s s u r e  
of t h e  Shumate meaiurements which was 1 5  Torr .  For example, a 

F r  
t temperature  of  $35'~ and a r e l a t i v e  humidity o f  95 pe rcen t  produces 
2 b 

a  water vapor p re s su re  of 40  Torr .  Therefore ,  t h e  d a t a  had t o  be 
e x t r a p o l a t e d  t o  t h e  p r e s s u r e s  of i n t e r e s t ,  b u t  i n  o r d e r  t o  do it 
accu ra t e ly ,  t h e  r e l a t i o n s h i p  between a t t e n u a t i o n  and p r e s s u r e  must 

I be known. The r e l a t i o n s h i p  is assumed t o  be quadraPia .  
I 

dp-: 

r 

I 

where i s  t h e  a t t e n u a t i o n  c o e f f i c i e n t ,  p i s  t h e  water vapor p a r t i a l  
p r e s su re ,  and t h e  c o e f f i c i e n t s  A and B depend upon t h e  t o t a l  p ressure .  

C-2 0 4 ..--A -- -- -. - . c ---- -. ---he -a2 - . " 
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Figure  Ciii'. Water Vapor Pressure  a s   unction of Ternper~ture  
and Humidity. One crn of Er2o/krn a 10 Torr .  



 ah^ ahmaspheric a t te l rut ion c o e f l i c i ~ n t s  ware determined for  
sa lac ted  elnission lines oE tho CU2 lesor  i n  c l e o r  weathar as a 
funct ion  of $cn\perstura and r o l o t i v a  humidity .yk Boa l ave l .  Tho 
l i n e s  oE specif is  i n k o r e i t  Eor t h i s  a n a l y s i s  a r o  tho P(16) I? ( l 8 ) ,  
r (20) , P (22) , I? (24)  and P (26)" linas of tha 1 0 . 4  nlicxon brancht 
bu t  o the r  linas woro a l s o  b r i ~ f l y  oxdminod. 

Tha conclusions aE Cha a n a l y s i s  are: 

1, Attenuation ~ o e f f i c i r n t s  gor  t h e  P (I$), P (20)  , P 1 2 2 ) ,  ~ ( 2 4 )  

and P(26) l i n e s  era genera l ly  witla.hin 0.5 d B / h  (each way) 
af each o thor ,  wi th  hhc P (20) lil~e the worst and t h e  P(26) 
line Cha best: of th9s group. Tho P (3.6) l i n a ,  hawavar, 
ntteriuatos by n s~mQWh€It g r e a t o r  amount - 0.5 t o  2 dB/knr 
moro dcponding upon humidity - and sllould bo avoided. 

h-a akkg,h-'QELk&~n ~ O Y  d i f f e r e n t  Figures C-P ti3d \L-J CIWM~HCU -.a- 

2 .  Typical ntCenuntion values vary from I dB/k~tbbaclr way 
I 

in nn IZ Toxr wntcx- vnpar prossure  aCn\asph~re (e .g .@ 
T n 7o0pl R.11. = 60%) t o  G d~/knr each way i n  a 40 m r r  
atnrosphorc ( c . g . ,  T = 96'a, R.H.  95%). For a 5 km pet11 

t 

tho corrcsgonding atmospheu&c l o s s a s  range from 1 0  t o  60 
1 

I 
dB round t r i p .  Figure C-4 shows t h e  v a x i ~ t i o n  of atmosplleric 

I ottonua>kion w i t h  mnge. F igures  C-5 and C-6 show C h e  var ia -  "1 
t i o n  with ternpamtur.~ and humidity f o r  two s p e c i f i c  P-lines,  I 

i 
I ,  

I? (20) and P (26) , which hrackot  the nktel~uot ion for Che - f i v e  
l ir~as fro111 P (113) lzo P (26)  , i 

1 
1 

t 3 .  Under 11urn;id etondltLons, w a t ~ x  vapor i s  C ~ O  daminai'lt: 

'0 aktenuntar .  Xn n clear dry  atmosphcru, GO2 i s  tlro dominant , 

atkcnuator .  F ina l ly ,  under foggy condit ions thc ~ a r o s o Z  
scatter baeombs d~mknnnk, but soCe t h a t  Cha Eog must be 
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10.6 Microrl CO Laser L i n e s  a t  Sea L m r e l ,  
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WATER VAPOR PRESSURE = 40 TQRR 
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F i o u r r  C-4. Atrnosphrric Loss f o r  l l i q f ~ r p n t  
10.6 M i c r o n  CO, laser 1 , l n e s  as 

u s  
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F i q u r e  C-6. A t m o s p h e r i c  A t t e n ~ a t i o n  f o r  P(26) 
L i n e  o f  1 0 . 6  M i c r o n  CO L a s e r  a t  
Sea L e v e l  
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i Atmospheric A t t enua t i on  of C02 \+ 

L a s e r  Radia t ion  i n  Clear 
Weakher 

t- 

f a i r l y  t h i c k  b e f o r e  t h e  a e r o s o l  e x t i n c t i o n  exceeds 
t h e  wate r  vapor a t t e n u a t i o n  a t  war; temperature .  A 40 
Tor r  c l e a r  atmosphere (e.g., T = 95% and R.H.  = 95%) 
produces roughly  t h e  same a t t e n u a t i o n  as a 150 meter v i s i -  
b i l i t y  fog. 

The 9.4 micron branch and s e l e c t e d  R l i n e s  o f  t h e  1 0 . 4  

micron branch s u f f e r  s u b s t a n t i a l l y  less a t t e n u a t i o n  
under h o t  and h i d i d  c o n d i t i o n s  t han  t h e  P l i n e s  of 
t h e  10.4 micron branch. D i f f e r ences  may r e a c h  5 t o  10  
dB/km round t r i p .  Thus, l a s e r  o p e r a t i o n  on t h e s e  o t h e r  
l i n e s  should  be  cons idered  f o r  h o t ,  humid environments 
even though t h e  e f f i c i e n c y  i s  lower and t h e  laser i s  



I - 
\<' 

R e f  erenoes : 
b 
! 

1 

F 

1. J. McCoy, D.  Rensch and R .  Long, a. OR., V o l .  8. NO. 7 
7/63 pp. 1471-8. ii 

k # 
f 2 .  M. Shumate, Re Menzies, J. Margolis and L. Rosengren, 
.I APP- OP.. Vol. IS, No. 10, 10/76, pp. 2480-8. 
i ,  



APRENDEX D 

, CAT L I m R  WIND SHEAR STUDIES i 
d 

- 1  



fl 

CAT LIDAR WIND SlrEAR STUDIES 

Three major commercial a i r c r a f t  acc idents  occurr ing during t h e  
p a s t  s e v e r a l  years ,  and l inked by t h e  Nat ional  '?ransportation Safe ty  ( 

Board to wind shear ,  have demonstrated t h e  se r ious  t h r e a t  this pheno- l 

menon represen t s  t o  s a f e  a i r c r a f t  opera t ions  i n  t h e  te rminal  area.  
, 

't O 

*, i 
These acc idents  were: Jbe r i an  Ai r l ines  WlO-30, Logan Tntexnat ional  

i 

Airport ,  December 17, 1973 (acc$.dent occurred on landing) ('I ; Eastern i 

i 

Air l ines ,  8727-225, JFK Xnternational Ai rpor t ,  June 24, 1975 (acc ident  
occurred on landing) (2 )  ; and ~ o n t i h ' e n t a l  A i r l i n e s  8727-224, S taple ton  

(3 )  Airpor t ,  August 7, 1975 [accidenb occurred on takeoff )  . 
Remote ground-based sensing of wind f i e l d  c h a r a c t e r i s t i c s  repre- 

s e n t s  a poss ib le  s o l u t i o n  t o  t h e  wind shear  hazard. Ground-based 
equipment has t h e  advantage over a i rborne  equipment o f  (1) providing 
information t o  general  a v i a t i o n  a i r c r a f t  f o r  which a i r b a ~ n e  wind shear  

av ionics  may be economically unfeas ib le  and ( 2 )  a l ~ r t i n g  t h e  p i l o t  
p r i o r  t o  takeoff o r  p r i o r  t o  e n t r y  i n t o  hazardous shear  (on landing) 
thus avoiding t h e  hazard completely o r  allowing a t imely go-around t 

maneuver. t i ;  
% I 

C02 pulse Doppler LIDAR has been recognized as a v i a b l e  candidate  I 

1 I 1 " 
f o r  t h e  remote ground based de tec t ion  of wind f i e l d s .  A s  p a r t  oE t h e  5 " 

CAT system improvement s t u d i e s ,  t h e  app l i ca t ion  of t h e  MSFC CAT LIDAR 4 

- 1 1 
(and improved vers ions  of t h i s  sensor) have been examined a s  poss ib le  ~ i !  
wind shea r  sensors .  ' i 

r; The s t u d i e s  have considered t h e  major meteorological f a c t o r s  
' 9  f 

producing wind shea r ,  methods t o  def ine  and c l a s s i f y  wind shea r  i n  
terms s i g n i f i c a n t  from an a i r c r a f t  pe r tu rba t ion  standpoint, t h e  s i g n i -  C 

j 
Eicance of sensor  loca t ion  and scan geometry on t h e  dc t~cb . ion  and 
measurement of wind shear  and t h e  t r adeof f s  involvad__&~--=.~enssr pcr- 

I formance such a s  range/velocity r e so lu t ion ,  update frequency and d a t a  

averaging I n t e r v a l .   his memo summarizes t h e  s tudy r e s u l t s .  

D-2 

( I  



I 4r- Y 
r 1 , s  r { .  2 ,  SHEAR PRODUCING WEATHER CONDITIONS 

N 

The th ree  most s i g n i f i c a n t  weather phqnomena caueing hazardous 
wind s h e a r  are thunderstormsh f r o n t a l  syeCems and low l e v e l  temper- 

) a tu re  i r ~ v e r s i o n s .  9he flow f i e l d s  accompaning t h e s e  phenonena are 

i charac ter ized  i n  Figures  D-1, D-2 and D-3. 

The gus t  f r o n t  a thunderstorm i s  charac ter ized  by high 4 

% turbulence,  str:ng updrpPts and downdraits and l a r g e  shear  producing " [ '  i -- 
L windshi f t s ,  ~ o r e o v k ~ ~ t h e  gus t  f r o n t  can precede t h e  storm i k s e l f  by f 
1 i 10 o r '  more miles., 4 

i 
ii I \ 

I! Fron ta l  systems a r e  dangerous t o  a i r c r a E t  when they  a r e  moving a t  
i i speeds g r e a t e r  than 30 knots and have temperature d i f f e rences  across  

b 
L t he  f r o n t  of 10% o r  g r e a t e r .  Wind s h i f t s  occurr ing  ac ross  and along 

8 the f r o n t a l  sy$dce produce wind shear .  Normally the  most severe 
= I =  shear  from a 'Gold f r o n t  occurs  j u s t  a f t e r  Ersntal, passage, canversa2yr 
I 0 
I t h e  shea r  c rea ted  by a warm f r o n t  occurs  j u s t  p r i o r  t o  passage of  the  

/I 

I f r o n t ,  (i .e. ,  on the  cooler  s i d e  of t h e  f r o n t  i n  both c a s e s ) .  Warm 
I 

f r o n t s  a r e  normally much shallower i n  s lope  than cold  ' f ronts .  T h i s  

f f a c t  i s  discussed more completely i n  a l a t e r  s e c t i o n ,  b u t  e s s e n t i a l l y  

' L 

it r e s u l t s  i n  w a r m  f r o n t  shears  being encountered wi th  a v e r t i c a l  

I changf i n  p o s i t i o n  (approximate hor izon ta l  s t r i a t i o n  of  t h e  a i r  mass) 
L ,  

and cd1d f r o n t  shear  being encountered with a hor i zon ta l  change i n  
I 

t ' p s i t i o n  (approxj.ma$e v e r t i c a l  s t r i a t i o n  of t h e  a i r  mass). f--= - 

3 ,  WIND SHEAR DEFIWITXON 

I n  general ,  wind shear  i s  a change i n  wind v e l o c i t y  with pos i t ion  
o r  t i m e .  Since wind shear  i s  normally measured by instrumented towers, 
it is commonly given a s  t h e  change i n  hor i zon ta l  wind speed occurr ing 
over some he igh t  i n t e r v a l .  From an a i r c r a f t  performance s tandpoint  ' 

t h e  concern i s  with t h e  change i n  a i r c r a f t  a i r speed  induced by changes 
i n  t h e  wind f,ield occurr ing between p o i n t s  on t h e  f l i g h t  path.   his 
i s  t r u e  whether t h e  a i r c r a f t  F s  landing,  f l y i n g  l e v e l  o r  climbing 
out as showh i n  Figure D-4, 









Figure D-4. - Aircraft R e i w  ted  Shear 



t+ Compared t o  t h e  component o f  wind a long  t h e  f l i g h t  pa th ,  t h e  o t h e r  I 
< 

I 
components are lesser concern t o  t h e  p i l o t  s i n c e  they  do n o t  d i r e c t l y  J 

I 

a f f e c t  a i r speed .  These a r e  t h e  c r o s s  wind component (causes  l a t e r a l  i 
d r i E t )  and t h e  v e r t i c a l  component (updraft/downdraf t) , The l a t t e r  v *  $ 
ace  known t o  be seve re  i n  conjunct ion wikh major thunderstorm a c t i v i t y  1 

8 

I !  i 
* ,I and probably were s i g n i f i c a n t  i n  t h e  Eas t e rn  c r a s h  a t  Kennedy I n t e r -  

,: ", t (2 1 
n a t i o n a l  A i r p o r t  . i I A 8 

ff we assume t h a t  t h e  a i r c r a f t  i n  F igu re  D-4 i s  trimmed f o r  un- !ia  j 
ti i 

i a c c e l e r a t e d  f l i g h t  a t  p o i n t  one, and i s  a c c e l e r a t e d  by the wind 
v a r i a t i o n  between p o i n t s  one and two; t h e  a i r speed  change o r  wind 

I 

s h e a r  between p o i n t s  one and two i s  equa l  t o  t h e  d i f f e r e n c e  between 
t h e  vec to r  wind a t  one and two p r o j e c t e d  a long  t h e  f l i g h t  path, bVf. L, 

I 
' it 

F i c h t l  g i v e s  t h e  fol lowing express ion  f o r  hVf : 1 1 

I 

. 
, AVf = (A;-+ AU') sin ycesO+ Ad sin ysin A + b w t  cos y t 1) wc 

where 

and 



Equation (1) i s  t h e  t o t a l  wind change between p o i n t s  one and two 

along t h e  a i r c r a f t ' s  f l i g h t  pa th .  A s  p r ev ious ly  mentioned, wind shea r  
i s  normally expressed  as t h e  change i n  h o r i z o n t a l  wind between two 
d i f f e r e n t  he igh t s ;  i n  t h e  a i r c r a f t  c a se  (where t h e  a i r c r a f t  can be  
f l y i n g  l e v e l ,  c l imbing o r  descending) a more s u i t a b l e  measure i s  t h e  
wind change, AVf, d iv ided  by e i t h e r  t h e  time of  f l i g h t  between p o i n t s  
one and two o r  t h e  d i s t a n c e  a long t h e  f r i g h t  pa th  between p o i n t s  
one and two (Ad) as shown on F igure  D-4. I n  t he  former case ,  the wind 
shear  would be t h e  wind change ( o r  a i r s p e e d  change induced by t h e  
wind) expected p e r  u n i t  t i m e ,  whi le  i n  t h e  la t te r  case, t h e  s h e a r  
would be t h e  wind change p e r  u n i t  d i s t a n c e  a long t h e  f l i g h t  p a t h .  

* 

For convenience of r e p o r t i n g ,  s h e a r s  could be r e f e renced  t o  some 

convenient  va lue  of  t i m e  o r  d i s t a n c e ,  e .g . ,  1 min. o r  1000 meters, 
i 

A vf 
(Wt = (Yl) . 60 sec 

Equations (3) a r e  suggested a s  app rop r i a t e  i n d i c e s  f o r  express-  
i n g  wind shea r  magnitudes. They a r e  p a r t i c u l a r l y  w e l l  s u i t e d  t o  
be ing  measured by g l i d e  s lope  scanning sensors .  

The above wind shear  i n d i c e s  a r e  compared w i t h  the XCAO s t anda rd  
I 

I wind shea r  c a t e g o r i e s  i n  Table D-1, f o r  a n  a i r c r a f t  l and ing  a long  a 



I 

1 :  + 
1 + 

f 

J ,  
I 

Chree degree g l i d e  s lope a t  1 2 5  k t s  (64.4m/aec) , The I W  wind shear 

ca tegor ies  a re  r e l a t e d  t o  the v a r i a t i o n  o f  t h e  hor i zon ta l  wind (m/sec) 
i 

I!" 1 >; 
in a 30 meter he igh t  i n t e r v a l .  f I_ 

1 
P 

n 1 

TABLE D-l 

INDICES FOR WIND SHEAR SEVERXTY f I .'t i 
b 

Wind Shear Pnrarnctor 

I Height Relatod 7 Atiscraft Related I 
XCAO Category m / s e c /  30m alt, ( m t ,  rnlsecl60 sec (Wd, rn/sec/1000 m 

range 

Light 
Modaxate 
Strong 
Severs 

~ e s c r i b i n g  shear  i n  terms of t h e  wind change t h a t  occurs over 
some d i s t a n c e  along th;' f l i g h t  path o r  over some elapsed time appears 

r more s u i t a b l e  than using t h e  ICAO standard approach. The shear  s o  1 
1 

described r e l a t e s  d i r e c t l y  t o  a i r c r a f t  performance changes and is  
I r ead i ly  obtained from t h e  oukput of a  g l i d e  s lope  o r  quas i  g l i d e  " r, 

slope sensor .  The method i s  no t  a s  compatible with v e r t i c a l  probe . I 
(VAD) t y p e  sensors ,  t h a t  generate  information s i m i l a r  t o  tower d a t a ,  " I 
The g l i d e  path i n d i c e s  can be computed from v e r t i c a l  probe d a t a  pro- s! 1 
vided hor izon ta l  homogeneity of t h e  wind f i e l d  i s  assumed. 

I 

4 .  AIRCRAFT' PERTURBATIONS DUE TO SHEAR 
i 

i: I n  o rde r  t o  a s s e s s  a i r c r a f t  g l i d e  s lope excursions due t o  wind 

! shear without  r e s o r t i n g  t o  numerical i n t e g r a t i o n  of t h e  a i r c r a f t  
C 

I i, 
I !  equat ions of motion a s impl i f ied  model f o r  computing t h e s e  excursions 

j was derived.  
' >  

'I The algori thm, which gives reasonable p red ic t ions  Eor s h o r t  
I I! 

dura t ion  f l i g h t  (10-25 sec maximum) i n  uniform shear ,  assumes t h a t  

il 
D-LO 3 
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t h e  headwind/tailwind v a r i e s  l i n e a r l y  over some a l t i t u d e  o r  equiva lent  
g l i d e  s l o p e  dis tance.  

The pe r tu rba t ions  a r e  computed along (s) and normal t o  t h e  - 
g l i d e  s lope  a s  shown i n  Figure D-5. The a i r c r a f t  is f l y i n g  a t  a velo- 

c i t y  of Vac and i s  assumed to be trimmed f o r  unaccelerated f l i g h t  
along t h e  g l i d e  slope. The p e r t u r b a t i o n a l  a c c e l e r a t i o n  (;) i n  a 
d i r e c t i o n  normal t o  t h e  g l i d e  s lope experienced by an a i r c r a f t  i n  wind 
shear  r e l a t i v e  t o  an a i r c r a f t  experiencing zero  shear  t i s  given by: 

where g = the gravitational acceleration 

w = the aircraft weight 

C~ = the aircraft lift coefficient 

p = the atmospheric density 

S = the aircraft reference area 

V = the aircraft airspeed in a wind shear environment 
~ A . R  

= the aircraft airspeed in a zero wind shear 
',NO SHEAR environment 



* 
In a wind ehear that varies linearly with altitude or distance along a shallow 

, I  i 

glide slope (typically -3O), the aircraft airspeed variation can be written: I 8 
L i 

I 

4 

I 
where Vw is tho rate of change of tailwind speed with time (dvw/dt) 

Substituting EQuation 5 into 4 and simplifying 

integrating 

For an a i r c r a f t  trimmed for landing L/W w 1 and s i n c e  
term i n  brackets  i s  c< the  f i rs t  term, Equation (7 )  can be 

to 

the  second 
s impl i f i ed  



SubsCitut ing Equation (9 )  i n t o  (8)  

Equation (10) i s  an approximate exp res s ion  f o r  t h e  s h o r t  term de- 
pax turo  of an aircrafk above o r  below t h e  g l i d e  s lope ,  f o r  a l i n e a r  

change i n  t a i l w i n d ,  expressed a s  t h e  change i n  t a i l w i n d  (bVw) o v e r  
some d i s t a n c e  (As) a long  t h e  g l i d e  s l o p e .  For t h e  s i g n  convention 
assumed, AVw , i s  p o s i t i v e  f o r  an i n c r e a s e  i n  t a i l w i n d  (decrease  i n  
headwind) and v i c e  ve r sa .    qua ti on (10) has  been used f o r  a s s e s s i n g  
c r i t i c a l  g l i d e  s l o p e  depa r tu re s  due t o  shea r .  

5. LO2 DOPPLER L I D A R  DEPLOYMENT ALTERNATIVES 

CO, Doppler LIDAR systems f o r  use  a t  a i r p o r t s  for wind s h e a r  
i Y 

I e c t i o n  can be sub-divided i n t o  s h o r t  and  long  range a p p l i c a f i o n s .  
I S h o r t  range a p p l i c a t i o n s  i nc lude  t h e  o p e r a t i o n  o f  CW Doppler LIDAR 

i n  a VAD mode. For long range a p p l i c a t i o n s  pulse-Doppler systems 
a r e  a p p l i c a b l e .  Pulsed Doppler LIDARS (of primary concern i n  t h i s  
memo)  can be f u r t h e r  sub-divided i n t o  g l i d e  s l o p e  or q u a s i  g l i d e  
s l o p e  wind scanning systems and c e n t r a l  a i r p o r t  wind s h e a r  s u r v e i l l a n c e  

r 

systems. A s u r v e i l l a n c e  senso r  would p r e s e n t  d a t a  s i m i l a r  t o  a weather 
radar, bu t  p r e s e n t i n g  wind Doppler informat ion.  Shear s u r v e i l l a n c e  
d a t a  would be ob ta ined  by scanning cont inuous ly  i n  azimuth o r  o v e r  a 
s e l e c t e d  azimuth s e c t o r  a t  a  shal low e l e v a t i o n  angle .  

' 1 .  6 .  SYSTEM MEASUREMENT TRADEOFFS 

Xnvolved i n  t h e  des ign  of a wind s h e a r  system a r e  q u e s t i o n s  
concerned wi th  d a t a  averaging and ( f o r  pulsed systems) t h e  cho ice  o f  
a p u l s e  l e n g t h  which g i v e s  a reasonable  compromise between system 
v e l o c i t y  and range r e s o l u t i o n .  

A h y p o t h e t i c a l  - g l i d e  s l o p e  wind measuring system might c o n s i s t  
o f  an array of anemometers mounted on towcrs spacsd evenly along thc 
a i r c r a f t  f l i g h t  path .  Neglecting for t h e  moment t h e  i m p r a c t i c a l i t y  
of such a system, d a t a  c o l l e c t e d  from t h e  anemometers would r epxesen t  



an  average  based upon some time i n t e r v a l ,  The time i n t e r v a l  would be ? 
b 
* .  

chosen as long as p o s s i b l e  i n  t h e  i n t e r e s t  o f  smoothing no i se ,  buC 
n o t  s o  long  a s  t o  d i s g u i s e  t h e  minimum s i z e  wind v a r i a t i o n s  of i n t e r e s t .  
~ l s o ,  t h e  anemometer spac ing  would be chosen t o  i nc lude  wind v a r i a t i o n  L 

wavelengths t h a t  s igni :Eicant ly  affect t h e  a i r c r a f t  f l i g h t  pa th ,  

The t r a d e o f f s  f o r  a LXDAR system scanning t h e  g l i d e  s l o p e  are 5 

concerned with  s i m i l a r  q u e s t i o n s ,  cho ices  o f  d a t a  i n t e g r a t i o n  and 
averag ing  i n t e r v a l s  as w e l l  a s  veLocity and range r e s o l u t i o n .  A [ I  + * - . - 
LXDAR system looking  up the  g l i d e  s l o p e  would be r equ i r ed  t o  r e s o l v e  

1 

shea r  g u s t s  (changes i n  wind a long  t h e  a i r c r a f t  pa th )  t h a t  r e s u l t  i n  : f I 

i 

s i g n i f i c a n t  a i r c r a f t  depa r tu re s  from t h e  g l i d e  s lope .  4 

1 ' 
~ l t h o u g h  incomplete a t  t h i s  time, some d a t a  does  e x i s t  on t h e  :! 

h i s t o r y  of  maximum wind shea r s  observed a t  p a r t i c u l a r  s t a t i o n s .  
Page 319 of  Reference 5 c o n t a i n s  a p p l i c a b l e  d a t a  i nc lud ing  t h e  e f f e c t s  , 

of averaging i n t e r v a l  on t h e  maximum recorded shear .  m his d a t a  p resen t -  t. q 

ed i n  F i g u r e  D-6 was assumed t o  be t y p i c a l  of what might b e  observed a t  li 1 
P 8 

an a i ~ p ~ ~ t ,  Fi = 

For  each i n t e r v a l ,  t h e  average shea r  l i s t e d  can be i n t e r p r e t e d  a 1 I 
as  t h e  maximum average shear  ove r  t h e  i n t e r v a l .  The pr duc o f  t h i s  i t  i 

P ('2) . A t  can 
max' urn average s h e a r  and t h e  averaging i n t e r v a l  (At),  
b e  considered the maximum wind shea r  " g u ~ t  impulse" t h a t  an a i r c r a f t  1 

$l 
u i 

would exper ience  i n  t h a t  t ime i n t e r v a l .  L 
- *  ; 

This da t a  can  be e a s i l y  converted t o  t h e  expected a i r  speed 

change i f  a homogeneous atmosphere is  assumed and t h e  g l i d e  s lope  I 
and a i r c r a f t  speed a r e  known. Furthermore, through t h e  s i m p l i f i e d  :! 1 

r B  i 

equa t ion  f o r  p r e d i c t i n g  a i r c r a f t  p e r t u r b a t i o n s  i n  shea r  (Equation 10) - 1 

t h e  maximum a i r c r a f t  g l i d e  s l o p e  depa r tu re  a s  a func t ion  of averag ing  I 1 
i n t e r v a l  can b e  determined. A minimum s i g n i f i c a n t  averaging i n t e r v a l  
can t h e n  be def ined.  " - v li 1 i 

F i g u r e  D-7 p r e s e n t s  t h e  maximum g l i d e  s l o p e  depa r tu re  (from Equa- 
t i o n  101, ob ta ined  a s  a func t ion  of  averag ing  i n t e r v a l  f o r  t h e  worst 
shea r  d a t a  of F igu re  D-6. 

A n  a l l owab le  a i r c r a f t  g l i d e  s lope  depa r tu re  was assumed t o  b e  a 
1/2 s c a l e  d e f l e c t i o n  of t h e  g l i d e  s l o p e  need le  a t  a d i s t a n c e  from 

touchdown of  1/2 nmi. This  corresponds t o  a 19 f t .  g l i d e  s l o p e  d e p a r t w e  

D- 14 







it ' I 

r or on nvoroging time of 5.1 seconds basod on thct da ta  of Figure D-7. 
I This moans Chat, if nn a i rc ra f t :  Slying at: 125 knots  ancountars .t;h~ 

I\ 
";' i 

I maximum avorage shear maasux~d i n  the da ta  of Pigura D-6 f o r  a 5'3. I 
I 

second i n t e r v a l ,  a  g l i d e  s lope  departure  o f  19.1 f e e t  w i l l  occur, I f  I " 
I t h e  BaCa a r c  averaged over an i n t e r v a l  g r e a t e r  than 5.3 seeonda, wind 1 

I / 
I changes w i l l  be excluded t h a t  can produce depar tures  o f  g r e a t e r  than  i , 

I 19 Eest. Tf d a t a  a r e  averaged over an i n t e r v a l  l e s s  than  5,1 seconds, I 

i 

wind changes wi3.J be msasurad t o  a  r e so lu t ion  g r e a t e r  than  t h e  jp 

11 
I assumptions r equ i re ,  jl $ . 
I 

I 
I n  5.1 seconds a t  225 knots,  an a i r c r i l l t  w i l l  t r a v e l  328 meters, 1; 

I 

From Piguro D-6, the  sensor  must be capable of  resolvingi:a shear  of  I1 

I 17,4 Et/sec/l00 Et: ( a l t i t u d e ) .  Along a  g l i d e  (? s lope  inc l ined  a t  3 de- 1: 
i !I 

grees,  Chis amounts t o  a wind ahear of 31 m/sep i n  328 meters (9.1 m/sqc/ '1 
> 

I 1000 meters ) ,  I, 11 $1 <, 

8 .  

A &  &LA nh ._*r.--'l ----LL 

k -,. s.rr= w2 wavcrec ly -cra ,  zi 2 psee p u i ~ i e  iengfn coxresponds t0 a 
I >: 
1 

range r e s o l u t i o n  of 300 m and a  ve loc i ty  resalut$.a,n of 2)!65 m/sec, 
Therefore,  a pu l se  Doppler LXDAR ( including t h e  presenk CA?! system) 
opera t ing  a t  a  pulse  length  of 2 vsec i s  reasoaably compatible w i t h  

the  requi red  reso lu t ion  requirements. ~ r o c e s s i a ~  t o  improve v e l o c i t y  

i r e so lu t ion  over  the  unprose,ssod 2,69 m/sec "valhe would be d e s i r a b l e  

I t o  improve accuracy. Using a  system ,, with a  s h o r t e r  pulse  and 
matched f i l t e r s  would r e s u l t  i n  reduced s ignal- to-noise r a t i o s  a s  a  
r e s u l t  of the  smaller  sample volume. I t  i s  d e s i r a b l e  t o  u t i l i z e  t h e  

, loqgest  pulse c o n s i s t e n t  with t h e  l a s e r  technology and t h e  r e so lu t ion  
'i des i red .  I t  happens i n  t h i s  applicatiork that: -the technolsgy and t h e  

c system requirements r e s o l u t i o n  coincide a t  approximately 2 psec. 
!I 
2 To summarize, a  preliminary a n a l y s i s  has shown t h a t  a  CO2 pulse  

I t '  Doppler LIDAR opera t ing  i n  a  g l i d e  s lope  mode musk be cqpable of 
8 

i 
resolv ing  wind gus t  impulses of  approximately 3 m/sec over  a  range 

!i[ 
J 

cell of 300 meters i n  order  t o  de tec t  wind changes causing g l i d e  s lope  

2 I depar tures  equiva lent  t o  a 1 /2  s c a l e  de f l ec t ion  of t h e  g l i d e  s lope  

I , instrument a t  a  d i s t ance  1 / 2  nmi'from touchdown. Data may be averaged 
I '  4 : 7) 

f o r  up t o  5 seconds and s t i l l  i d e n t i f y  wind shear  g u s t s  t o  t h e  re- 

! quired reso lu t ion .  
e' 

1 i 
'r 

No attempt was made t o  examine t h e  processing requi red  t o  e x t r a c t  
I t h e  change i n  wind o r  Doppler ve loc i ty  within a  r e s o l u t i o n  c e l l .  One 



, I i 
method would be  t o  d i f f e r e n c e  t h e  mean Doppler from a d j a c e n t  reso- i 

l u t i o n  cells. Likewise, w i th in  a r e so iuk ion  cel l ,  it may be p o s s i b l e  
t o  e x t r a c t  t h e  change i n  Doppler based on knowledge o f  t h e  mean and ~i 1 
h igher  d a t a  moments. 

Useful  in format ion  concerning t h e  a p p l i c a t i o n s  and requirements  
f o r  a C02 p u l s e  Doppler LIDAR wind shea r  s enso r  can  be obta ined  i f  , 

t h e  Doppler r e t u r n s  Erom r e a l i s t i c  wind E i e l d s  are examined as a 
func t ion  of  system parameters  such a s  s e n s o r  l o c a t i o n ,  scan geometry, 
scan upda te  i n t e r v a l ,  etc,  

TO provide t h i s  i n s i g h t ,  t h e  r e t u r n s  measured by a ;ensor s i t u -  
a t ed  a t  t h e  touchdown l o c a t i o n  and looking  up t h e  g l i d e  s l o p e ,  as 
well as a s enso r  d i sp l aced  from t h i s  l o c a t i o n ,  b u t  s t i l l  looking  i n  
t h e  g e n e r a l  g l i d e  s l o p e  d i r e c t i o n  have been examined. f ': 

Two wind f i e l d s  were s e l e c t e d ,  The f irst ,  shown i n  F igu re  D-8, 1 
i s  r e p r e s e n t a t i v e  o;E t h e  thunderstorm g u s t  f r o n t  ou t f low model used 
by t h e  FAA i n  s t u d i e s  of  a i r c r a f t  p e r t u r b a t i o n s  due t o  shea r .  This 
wind f i e l d  i s  h o r i z o n t a l l y  homogeneous and s t a t i o n a r y  and, t he re foxe ,  ' $ 
t h e  wind c h a r a c t e r i s t i c s  are independent o f  h o r i z o n t a l  p o s i t i o n  (x ,y)  . #  i 

and t i m e  and va ry  on ly  with a l t i t u d e  (2). A s  po in ted  o u t  by P i c h t l  ( 4 )  : i J 
t he se  c o n d i t i o n s  a r e  r a r e l y  r e a l i z e d  i n  t h e  a tmospher ic  boundary l a y e r  + *  

because of s i g n i f i c a n t  v a r i a t i o n s  i n  s u r f a c e  roughness and hea t -  
r .  

t r a n s f e r  p r o p e r t i e s  i n  t h e  h o r i z o n t a l ,  

The second model wind f i e l d  was s e l e c t e d  from Reference ( 6 )  
and r e p r e s e n t s  t h e  a c t u a l  wind f i e l d  measured i n  a p lane  de f ined  by 
an ins t rumented tower and t h e  mean wind v e l o c i t y  du r ing  t h e  passage 

of a thunders torm f r o n t .  The temporal v a r i a t i o n  o f  t h e  t h r e e  com- 
ponents of wind measured a t  s e v e r a l  h e i g h t s  a long  t h e  tower were re- 
corded and smoothed t o  produce two-dimensional con tour  p l o t s  o f  t h e  
3-components o f  v e l o c i t y ,  temperature and t h e  s t r e a m l i n e  geometry. 
The temporal  d a t a  was convcrketl to  s p a t i a l  data un inrl l'ilyl+or'fi hypo- 

t h e s i s .   his wind I ield da ta  (case  G of t h e  r e f e r e n c e )  a r c  shown in 
Figure  D-9. 



E 0 g u m  
- 3 4  



I* i, j * 

i /I 

STREAMLINE ANRLYSIS I 

5 
I /  
/I 3% 

I 

11 4 

- ~ \ ~ ? F T Y C ~  I r~ , 
L ) l 
I ! 

1 
I 

I :,-I I 
iJ 

POTENTIAL TEMPERATURE 
I 

t 1 

WIND SPEED PRRALLEL TO FRONT 

f i i 

I 

I 
I 

RELATIVE WIND SPEED. COMPONENT NORMAL TO FRONT 

y*v(Jul 

EOA-1004 
0 

y7 

Figure D-9. Temperature aqd Wind stream Chzracteristics 
Measured During Fronta 1 Passage 

'i \ ,. 

D-20 c- 1 I 

-ve*- .-*- *- .J * _  L l r  " "  * .  

I' * -. * 
--L --. ---- -a uA4.Q A*&-* A - &.-A- -*-* A t & * -  - +---- .-*- "" - 

I 
( '  11 i VERTICRL VELOCITY 11 

I/ 
r ; ] ,  



Tha two modal wind f i e lds  raprosent=ed i n  Figures D-8 and D-9 were 
used t o  analyze the Doppler velocity measured along the sensor line- 
~ E - s i g h t  (LOS) as it was directed up the glide slope, and a lso  a s  tho 
LOS was directed in  the  general glide slope direction, but with the 
sensor displaced from the touchdown location i n  tho down runway 

direction. Doppler data were a l so  exa~nined for both sensor locations 

when the b ~ a m  was scanned l a t e ra l ly  (windfield of Figrrre D-8 only). 
For simplicity, tho sensor was kept aligned with the runway canter- 
l ine  i n  a l l  cases. The 11 ef fec ts  of l a t e r a l l y  of fse t t ing  the sensor 

from t h e  runway centerl ine by an mount meeting FAA ins ta l la t ion  
sgandards are  expected t o  be small. 

Figure D-10 wasUdeveloped from the data o f  Figure D-9 assuming a 
gl ide slope angle of 3 degrees and an a i r c r a f t  speed of 125 knots. 
%e figure comparqs the Doppler experienced by the a i r c r a f t  a s  it 
f l i e s  down the glide' slope (heavy curve) with t h a t  measured by a 
glideslope sensor located a t  the touchdown point and directed up the 
gl ide slope. The four l igh ter  curves represent the Doppler observed 

by t h e  sensor a t  zero time when t h e  a i r c r a f t  i s  a t  a distance of 7.5 

kilon\akors from toucl~down and a t  times of 1, 2 and 3 minutes. 

For tho gust Eront examined, the tailwind observed by the a i r -  1 ,, i c r a f t  begins dk'a distance of 7500 m with a value of approximately 

! - 18 m/sec, increases s l igh t ly  a t  f i r s t  t o  a value of 22  m/sec before 

dropping sharply t o  a tailwind of 4 m/sec a t  touchdown. This varia- 
f t ion i n  tailwind causes an i n i t i a l  drop b e l z  the glide slope, followed 

, ' 4  

by an increase i n  airspeed (decrease i n  tailwind) causing a performance i 9 
increase or a r i s e  above the gl ide slope. 

t ' I  
, 1 -  

n' 1 > .  
The magnitude of the shear experienced is  shown by the slope of the 

i 
shear magnitude scale  in  the lower r ight  hand portion of the  figure. As 

shown, the performance increasing change i n  tailwind would be c lass i f ied  
as  a severe shear by ZCAO standards and would obviously precipi ta te  a 

I r: 
I I' 8 go-around maneuver. 

U 1 
' 1' 4 ,  

i 1 " 

1 '1 
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m e  f r o n t  i n  t h i s  par t icu la r  case i s  moving a t  a speod of 31.8 m/ 
sec past  t h c  sensor. The a i r c r a f t  time of f l i g h t  from a rango of  
7500 m t o  touchdown i s  113 sccondo. Al; zoro time, the Dopplcr ol>scrvod 
'by t t h c  g l ide  slopc sensor ~netchcn hllo a i r c r a f t  Dopplcr for  Cba f i r s t  

few thousand meters beginning a t  zero f l i g h t  time. Similarly, a t  
1 minute the  sensor observed Doppler is  s imilar  t o  the a i r c r a f t  
experienced Doppler near touchdown. A t  2 minutes, tho front  i s  begin- 
ning to  move past  the  sehsor;and a t  3 minutes,the sharp wind change 
associated with the  front  has moved past  the sensor. 

4 Several points  can be made based on the data of Figure D40. 
fi . 

I 
ii : 
$ 1  

F i r s t ,  a g l ide  slope sensor with zero minimum range capabi l i ty  ade- 
I 

ii r 
9 
t 

i quately pred ic t s  the airspeed changes experienced by an a i r c r a f t  fly- 
i .I 

ing the same slope i n  s p i t e  of temporal differences. Secondly, a 8 

: ; I  surveil lance sensor scanning 360' in  azimuth and updating on the order t ! . 
i 8 

" .- 

L 

- - 
1 .  

of once each minute would adequately track t h i s  par t icu la r  f ront  
I 

i 3 ;  

1 %  ( f ron ta l  speed 11.8 m/sec) a s  it moved through the a i rpo r t  area. 
i 

I 1 

I Because of the f i n i t e  minimum range time of the CAT and other I 

1 1  
,J- i 

GO2 pulse. d p p l e r  LIDARS (approximately 15 ps for  CAT),  the  second i r j s i tua t ion  examined assumed the  sensor t o  be displaced down the runway I 

by a distance of ZOO0 meters. The data fo r  t h i s  case a re  shown i n  
/ 

Figure D-11. 1 
The sensor LOS was directed t o  pass through the a i r c r a f t  g l ide  

slope a t  a point immediately above the-middle marker as  shown i n  the 

f sketch i n  t h e  lower r i g h t  hand corner of the figure. Note t h a t  rm ge 
I 
I is referenced t o  the  touchdown location. Again, the sensor adegua t e ly  

8 

t 
predicts  t he  airspeed changes along the  g l ide  slope. It should be 

p i  I observed t h a t  one reason the wind f i e l d  is  adequately measured by 
L 

4 the displaced sensor i s  t h a t  the wind f i e l d  is  ve r t i ca l ly  s tnia ted i i 1 %- 

3 ( (see lower curve of Figure D-9). For a horizontal ly s t r i a t e b  w i n $  
i; f i e ld ,  as  represented by the wind f i e l d  of Figure D-8, t h i s  is not :: 

true. I 

I *  II 
I +: 
t S ~  t -  

i i  
i s  

1 .  
1 ,  D-23 
; i  I' 

- ;. " T . m 





The h o r i z o n t a l l y  homogeneous wind f i e l d  dep ic t ed  i n  F igu re  D-8 
was used t o  examine t h e  Doppler c h a r a c t e r i s t i c s  measured by a g l i d e  
s l o p e  sensor  l oca t ad  a t  touchdown and a l s o  d i sp l aced  from touchdown 
a s  t h e  beam was scanned i n  azimuth. A s i g n i f i c a n t  d i f f e r e n c e  between 
t h i s  wind f i e l d  and t h a t  d i scussed  earl ier  i s  t h a t  it is  h o r i z o n t a l l y  
homogeneous and t h e r e f o r e  is  s t r i a t e d  i n  h o r i z o n t a l  l a y e r s  n o t  d i s -  
similar t o  what might be  expected from a thermal  i nve r s ion  and t h e  
shal low s l o p e  o f  a  warm f r o n t .  (Note i n  F igu re  D-8 the bu lge  i n  
h o r i z o n t a l  wind a t  the 150 meter a l t i k u d e  region.)  This  c h a r a c t e r i s -  
t i c  of t h e  wind f i e l d  causes  s i g n i f i c a n t  changes i n  the n~easured 
Doppler a s  the sensor  l o c a t i o n  i s  d isp laced .  

i ! Figure  Dm12 d e p i c t s  t h e  Doppler wind f i e l d  ob ta ined  when t h e  
I 
4 

I LIDAR beam i s  scanned a t  an  e l e v a t i o n  of  3 degrees  between & 45 degrees  ! 

I in azimuth for a senso r  a t  touchdown, 4 
_J 

r ! i 
I 

Figure  D-13 p r e s e n t s  the same informat ion  f o r  a  sensor  d i sp l aced  
from t h e  touchdown loca t ion  by 1524 meters  i n  t h e  down runway 

t 

d i r e c t i o n ,  and a s  i nd i ca t ed  on t h e  f i g u r e ,  scanned through a p o i n t  
i on the g l i d e  s l o p e  d i r e c t l y  above t h e  middle marker. For compati- 

i 
b i l i t y  wi th  F igure  D-12, t h e  sensor  o f f s e t  from touchdown (approxi- 

6 makely 1524 m) was sub t r ac t ed  from t h e  range magnitude and t h e  range 
iI of  azimuth a n g l e s  was va r i ed  t o  encompass approximately  t h e  same 

I i p h y s i c a l  a r e a  a s  dep ic ted  i n  Figure  D-12. 

Comparing t h e  t w o  f i g u r e s ,  t h e  e f f e c t s  o f  t h e  h o r i z o n t a l l y  1 
s t r i a t e d  wind f i e l d  causes  t h e  peak wind Doppler contour  (12 m/sec) 1 

1 

t o  occur  a t  d i f f e r e n t  ranges and t o  be s t r e t c h e d  i n  range. If  t h e  i 
1 
II 

atmosphere were t r u l y  homogeneous, t h i s  d i s t o r t i o n  could  be processed 5 

r out.  A s  p r ev ious ly  mentioned, i n  the atmospher ic  boundary l a y e r ,  L 1 
? 1 t h i s  is not  o f t e n  a  c o r r e c t  assumption. 

The d i f f e r e n c e  between t h e  t w o  scans  i n  terms o f  t h e  wind Doppler 
, t hey  p r e d i c t  for an a i r c r a f t  f l y i n g  down the g l i d e  s l o p e  is  shown i n  , 3 '  

E Figure  -14. It is  seen t h a t  t h e  d i sp laced  senso r  e r roneous ly  p r e d i c t s  
the Doppler o n s e t  r a t e .  This p a r t i c u l a r  wind f i e l d ,  t r u l y  h o r i z o n t a l l y  

I 
b homogeneous, would be e a s i l y  sensed by a  c o n i c a l l y  scanned VAD type  
t LIDAR system, 
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The p o s s i b i l i t y  of u t i l i z i n g  an adapt ive  g l ides lope  sensor  
) i ' 

I i t  c o n s i s t i n g  of a system normally d i r e c t e d  up t h e  g l ides lope ,  b u t  f , 1 

8 
p e r i o d i c a l l y  scanned i n  azimuth was a l s o  examined. The primary 

r, 

mission of t h e  adapt ive  system would be t o  provide d e t a i l  wind- 

shear  information along t h e  approach p a t h  b u t  a secondary capabili& 

of warning of tpe approach of f r o n t a l  systems from t h e  s i d e  would 

a l s o  be pxovided. 

The adapt ive  g l ides lope  systgrn would he  loca ted  j u s t  o f f  t h e  ,. , 
runway a t  the  runway midpoint. A t  t h i s  l a c a t i o n  bo th  ends of the 

.', 
runway could be scanned depdnding an khe d i r e c t i o n  of use. The, 

<:+ -;" 
nominal scan e leva t ion  angle  would be d i r e c t e d  t o  i n t e r s e c k  t h e  

i/ I' 

g l ides lope  a t  'some n09S;dal range s i m i l a r  t o  t h e  ske tcb  shown on 
/' / 

1 
/' 

Figure D-13. /' 

//' , 4' 

," ,/' 

The f a a 6 i b i l i t y  of an  adapt ive  system drigends upon t h e  a b i l i - t y  
/' ,,, J 

t o  col$;ct l a t e r a l  informq-kion while performing t h e  main func t ion  of 
2' t 

t r&king t h e  expected a i r  speed changes along t h e  approach path. I , , 
, J 4 

-1' 4 
A typical scan h i s t o r y  might provide a duty cyc le  of 80 per- r ' i  

cent ,  i ,e.  8rJ percen t  of t h e  t i m e  would be spent  performing the 

primary mgssion of providing g l ides lope  data and 20 pe rcen t  would 

be  spent  i n  probiding l a t e r a l  (approaching wi<nddiield)C information. ' 
yP 

During the l a t e r a l  mqde a uniform azimuth scan rate a t  a f i x e d  ele- 
/, ' 

vat ion  angle  (per~&iik th(e *same angle a s  i n  the g l ides lope  mod.r) 
d 

$4 

would be u t i l j  zed, / 
I 

r l  Figure D-15 presents  the  / maximum,bngular , scan r a t @  poss ib le  a s  

a funct ion  of range f o r  12  i&h and 18 inch  ape r tu re  LIDARS based 
% 

I i 
k 

on Lag angle,,zonsiderations. The rnax2mum scan rate f o r  a 1 2  inch  
/, 

apertureAystem is  25 deg/sec f o r  .a 10 kilome'cer range and 12.5 
7 

deg/sec f o r  a 20 ki lometer  range. The t i m e  requi red  t o  sczn 360 de- 
,& 

i' 

1 g$&s i n  azimuth i s  14.4 seconds (10 & system). wi thUan  80 percent  l L ' '  

//duty c y c l e  t h i s  amounts t o  55.6 seconds f o r  t r a a i n g  along t h e  0 ,.,;".)< 

r ' :"-I .3 
n< 6 I' $73 

D-29 d* 
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g l ides lope  follawed by a 14.4 second azimuth scan or a total t h e  i 

of 72 seconds. For  a 20 km system, a t o t a l  o f  144 seconds is ee- 

quired with 28.8 being used f o r  the  aximuth scan. Table D-2 l i a t s  

t h e  separa t ion  of sample po in t s  f o r  var ioue PRF values.  
1 :  i 

1 

Q 

d SAMPLE SEPARATIONS FOR, AZIMUTHAL SCAN 
i 

I rr + 
PRF Ansular ~ e p a r a ~ % d n  (mrad) -- p i n e a r  ,&eparation (m) 

10 km 20 km 1 0 k m  - 2Okm 

200 2.3 4.6 23 92 

100 4.7 9 -4 47 188 

9.3 IE!+G . 93 - 372 : 46.6 '233 
G 

93.2 466 1864 
- -.-..,.-I I--- --a-CI-).;CICI 

7 

I n  order  t o  p r e d i c t  the  time o f  a r r 5 v a l  o f  windshi f t s ,  f x o n t a l  

systems must be  t racked a s  they approach. Tnis r equ i res  at: l e a s t  

t h r e e  and p re fe rab ly  four  looks a t  t h e  f r o n t a l  syatein during approach. 

Table D-3 summarizes t h e  number of  looks poss ib le  a s  a funct ion of t h e  

c r o s s  runway approach speed of t h e  storm. Note t h a t  t h e  number of 

looks is independent of t h e  sensor range due t o  ascorresponding 

c h a n p  i n  cyc le  time and maximum scan r a t e .  
i. 

-\ 

1, 
i. 

i 

, r D-31 ' 
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TABLE D-3 
BUMBEQ OF STOM OBSERVATXBNS 

I 

Storm Approach Speed Number of Zooks (Scan Cvclas) 

(MPH) I 

Table D-3 shows that,eveh for storms tha t  approach a t  high speed, 

the  number of looks i s  adequate to  track the storm during approach. 

The drawback t o  the adaptive scan system is  tha t  it causes periodic 
in te r rupts  to  the  wind shear data along the approach path. Based on the 

i 

data of Figures D-7 and 0-8 which show the Doppler windfield changes a s  - 1  
a function of time and thc previous analysis concerning l a t e r a l  storm 

' a 
I /; t ransport ,  the Doppler wihd speed versus range measured by the sensor I 

i s  not expected t o  vary considerably during the 14.4 seconds spent 

performing the azimuth scan (10 km range case). 

The adaptive scan system appears t o  be a reasonable approach t o  
providing coverage t o  both ends of a runway while simultaneously 

i 

1 I 

providing warning of f rontal  wind s h i f t s  approaching from across runway 1 

direction. A system with a maximum range capabil i ty of 10 kilometers 
provides an adequate number of 1001rs for f ronta l  systems approaching : 1 
even a t  high speeds. Other than providing improvement i n  velocity 

resolutioh, pulsqrrepetition frequency increases from 20 Hz t o  200 Hz 
a r e  not expected t o  a f fec t  the resu l t s  indicated. 



I 

I 

-k. 

I , TrJCXJJS IONS 
-- *.- 

p A s tudy  of t h e  a p p l i c a t i o n  o f  a CAT type C02 p u l s ~  Doppler LIDAR 1 
a s  a wind s h e a r  s enso r  has  been examined. The s tudy  has  shown t h a t  

t t h e  r e s o l u t i o n  c h a r a c t e r i s t i c s  cf such a s e n s o r  operating a t  e p u l s e  
1 
I 

: l eng th  of  2 ys are reasonably compatible wi th  t h e  minimum wind ahsag  
g u s t  measuring requirements  p red i c t ed  by ava i3ab le  data, Such a 

6 
i 

I. 

s e n s o r  could be  a p p l i e d  t o  g e n e r a l  wind f i e l d  Doppler s u r v e i l l a n c e  
J by l o c a t i n g  t h e  s enso r  a t  t h e  a i r p o r t  c e n t e r  and scanning i n  azimuth 
I i 

r o u t  t o  maximum range. Adequate update  c a p a b i l i t y  is a v a i l a b l e  wi th  
I a 1211 a p e r t u r e  system. Ak a maximum range o f  10 km t h e  system can 
\ ~1 update every  1 4  seconds, t hus  a l lowing t h e  t r a c k i n g  of wind ahear  

I 
skorms through t h e  a i r p o r t  area, 

Okher deglc:?n,ent isItetnatives illclude provid ing  g l ide  s l o p e  
I wind Poppler informat ion.  Xn t h i s  case, Che p r e s e n t  CAT senso r  m u s t  
t 

be d i sp l aced  from t h e  touchdown l o c a t i o n  by t h e  minimum range capa- 

I b i l i t y  of the system (approximately 2250 meters). Data from such a 
system would be i n  e x c e l l e n t  ag reemen twi th  a c t u a l  a i r c r a f t  exper ienced 
Doppler provided t h e  wind f i e ld  is  v e r t i c a l l y  s t r i a t e d .  XII a hoxi- 
z o n t a i ~ y  s t r i a t e d  wind f i e l d  t h e  g l i d e  s l o p e  senso r  could be used,  

, i') b u t  would have t o  be scanned i n  e levat ioi , lhnd range t o  o b t a i n  wind 
Doppler da t a  a long  t h e  a c t u a l  g l i d e  slope, lt should be noted t h a t  

k 
P i n  cases of h o r i z o n t a l l y  homogeneous wind f i e l d s  (low l e v e l  i n v e r s i o n  1! 

and most warm f r o n t s )  t h e  CW C 0 2  Doppler LIDAR i s  a l s o  a v i a b l e  sensor .  
' 4  

j 
Fu tu re  a p p l i c a t i o n  of t h e  pure g l i d e  slope senso r  could load t o  fully 

t i automated landing  c a p a b i l i t y  where t h e  feedback of t h e  L I D A R  ob ta ined  ' 1  
r wind Doppler cou ld  be used i n  r e a l  time f o r  i n s e r t i o n  i n t o  t h e  auto- i 

p i l o t / a u t o l a n d  system. Tho l a  t tcr cou1,rl provi  (lo ncu r i l l  l w(!il t t ~ o r  ,5i I h I 

i 
i c a p a b i l i t y  and t h e r e f o r e  only  one runway (both ends)  rnight be i n s t r u -  f 

mented t o  s e r v i c e  an e n t i r e  a i r p o r t  t he reby  reducing t h e  system c o s t .  
$ 1  
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Analysis  

The S/N equa t ion  for a ground t a r g e t  may be  expressed a s  
,. '> ' 

E 
1 ,  
L.- 

S/N = 7b qms VATM, T 
(Reference 1 )  

32hv X [R2 +[$]*I 
,\ 

where [I \;I 
1 

.' ! 
I 0 
I = d e t e c t o r  quantum e f f i c i e n c y  (0.08) 

L 
I 

'1ws = system cffi .cj ,ency 
I (0.2) 

= a t m o s p h e ~ i c  e f f i c i e n c y  
%TM 

I 

= energy p e r  p u l s e  (5mj) assumed . 

0 

( 1  f t )  n D = o p t i c s  d i ame te r  

(3.5 x 10- l )  
i I 1.. 

u = e f f e c t i v e  t a r g e t  c ross -  o s e c t i o n  . f 

I hv = Planck ' s  c o n s t a n t  x  t r a n s m i t t e r  F t 

-20 frequency (1.9 x 10 ) ~j i 
e t 

I d  

, K = f i l t e r  mismatch r a t i o  (1) i 4  i j  , . d  

R = ' t a r g e t  range ( f t )  8 
* *  1 

I 

A = ope ra t ing '  wavelength ( 3 . 3  f t )  

Taxse t  Cross-seet ion 

I 

I Targe t  c r o s s - s e c t i o n  measurements were p r e v i o u s l y  per-  

j formed i n  t h e  l a b o r a t o r y  ( ~ e f e r e n c e  2$ Lor a "  b e l t  sander .  

1 
\ E-2 

\ f  
(?+<, <> ," .- '* . = -..-: $3' ": :. L &"".*> ,- ,.. -- - . 
6 ?, 7°F ---'---tCI- .- < * & ~ 2 ~ , & * S ' U 1  &%*&-..LL*A*+)r)r)r*r *~i(C--*-drm*-,"---*-* ." - a . A - fi ,-A - " , .. A 



F 
-1 

I  his r e s u l t e d  i n  a being equal  t o  = 3.5 x 10 A a t  a  depress ion  
0 B 

i angle of  45 . Assuming a  lambert ian s c a f t e r i n g  func t ion  and compu- 
l I 

t i n g  t h i s  va lue  f o r  a  s c a t t e r i n g  angle  o f  1 0 ~ - - t ~ ~ i c a l  o f  t h e  g l i d e  .. 1 

-2 
s l ~ p e  angle  dur ing  t h e  Edwards d ive  bombing t e s t s ,  u = 6.4 x 10  A 

P B' ! 
sand from t h e  ~ d w a r d s  Dry Lake a rea  has been c o l l e c t e d  and re- 

1 

1 

I 

(7 I f l e c t i v i t y  and s c a t t e r i n g  t e s t s  were performed t o  provide more 1 -St i 1 
1 ,  accurate  t a r g e t  information.  Resul t s  from t h i s  t e s t  i n d i c a t e d  i 

I 
t h a t  t h e  Edwards Dry Lake r e f l e c t i v i t y  was 0.022 per  s t e r a d i a n  

I ;  i 
0 

f o r  measurements around t h e  nominal 10 depression angle of t h e  
LI 

I 1. - d i v e  'bombing t e s t s .  

The t a r g e t  c ross-sec t ion  a may be expressed a s  (7 
o = 4n p (n), AB 

I 
-1 

where: o ( ~ )  = t a r g e t  r e f l e c t i v i t y  (ster ) 1 1 

R~ 
= a r e a  o f  t h e  t r a n s m i t t e r  beam 

I 1 ,  
/ f 
1 ,  r 
, Addi t ional ly  oo t h e  e f f e c t i v e  t a r g e t  c ross-sec t ion  may be 1 
'I expressed a s  

t 
/ l i  

I '  and may t h e r e f o r e  be c a l c u l a t e d  t o  be 0.27. For t h e  t h e o r e t i c a l  
: 1 comparisons u t i l i z e d  i n  t h e  da ta  t o  follow, t h i s  r e f l e c t i v i t y  da ta  

was not  a v a i l a b l e  and a  a was computed from t h e  f l i g h t  test da ta  0 

(see c a l c u l a t i o n    able 11) . 
I n - f l i g h t  da ta  taken  on 8/29/72 and 9/6/72 over Edwards 

i 
,Dry Lake, c a l i f o r n i a  and Carson Sink, Nevada r e s p e c t i v e l y ,  were _I .fyf 

,;/ 
analyzed f o r  t h e  purposes of determining system performance 

during t h e  f l i g h t  tests. (See Figs. E-1 and E-2.) A t y p i c a l  run " 4 consis ted of the  a i r c r a f t  cl imbling t o  15--20K f e e t  and then de- 

scending a t  an ximately lc" d ive  angle  t o  t h e  d e s e r t  f loor .  

E-3 
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CAT F l i g h t  W 1 3  
I . ,  6 SOpt. 1972  

- *  - Csrson Slnk,  Nev. 

I - . . - . . - - - -  - 
* . . Steep Descent Runs I 

. , Scale: 1~250,000 

d 

I .  . I 
EOA- 10 1 3 

Figure E-2.  CAT F l i g h t  No. 1 3 ,  S t e e p  Descent  Runs 



EDWARDS TEST DATA 

- 
8/29/72 RUN 1 5  FLIGICP 9 

P w  = 1 3 0 -  pps 

RANGE PICTURE DATA dB RANGE S/N INFLIGHT 
N.Mi. K.ET. MAX MIN TYP N.Mi. K . F t .  dB RAT I0 

t 

t 8/29/72 RUN 12 FLIGZFP 9 , 

c:) 
E~ = 3 . 4  m j  

'AVO 
= 440 rrlW 

9/6/72 RUN 7 FLIGHT 1 3  

$ = 5 m j  'AVO = 7 0 0  mW PRF 140 pps T = 8 ps 
r 

2 %  l2 1 1  3 5  3 1 4 0  - 
I i 3 18 3 0  1000 

5 . 8  3 4 , 8  15 3 1  
8 48 10 10 

10 60 8 6 . 3  
I 

t 14 84 3 2 

(,--..I 

E-6 

. d.. * *---- .-------.- -T- . - ----.- . 
ub.rk~r*d*. ~ - i ~ . ~ 1 ~ l u e 4 ~ ~ ~ ~ i r i r i r _ d . ~ 1 c . ~ * ~ . * r ; ~  rVl)d*nJ*n~-6-*A%r-L.r-L.- ^^ - . . . . . - . 



I During this descent, S/N ratio as a function of range was recorded 
I from real time observation of the A-scope display. 
i 

I\ 
utilizing data in calculation Tables I and I1 and the S/N ratios 

measured in flight, the data in Figures E-3, E-4 and E-5B are 
I 

plotted. Photographs of in-flight data for Flight 13, Run 7 on ji/ 
9/6/72 are presented in Figure E-5A, 

I ~armalizing the atmospheric attenuation data to the one- 
! 1 

1 milt! range point for arbitrary values of absorption of 0.5 ~B/RTKM 
1 

1 

/ 

I 
l 

ad 1.0 ~B/RTKM noted in Figure E-6, one may observe that the 1.0 
I 

I 

~B/RTK$~ attenuation coefficient closely approximates the actual 4 
i 

flight test data in Figures E-4 and E-5B. Calculation based upon the 
I 

temperature and hulrtidity noted for this flight and utilization 
I 
I of (the McCoy, Rensch, and Long data, Reference 3, also computed 

1 
I / 

t 
I to be approximately 1 ~B/RTKM at sea level, why and if this effect 

exists across the total path is surprising and should be evaluated. 
j 

Future evaluations will be directed at this area. 
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F i g u r e  E-3 .  Theory  and F l i g h t  T e s t  Data R e s u l t s  



nrawr T a w  RESULTS 
W r R  EtWARDS DRY XAm, 

CALIFORNIA 1 

8 CLOUDS RUN 0 9/6/7 
7000' RARO. I 

FLT 

RANGE IN PEET EOA- 10 15 

F i q u r e  E-4.  F l i q h t  T e s t s  R e s u l t s  O v e r  Edwards  Dry L a k e ,  C a l i f o r n i a  



SCALE 14 

- .-*- I  

KO- 58' 
r L I G H T  13 R U N  7 9/6/72 W E R  CARSON SINK 
JERT TCAL AX IS 1 0 d B / ~ M  
H O R I Z 6 . r m L  SCALE 7 or 14 MILES 



F L I M  TPW RESULTS WFR C A R S d l  SIm, W A M  

Figure E-5B. Flight Tests Results Over Carson Sink, Ilevada 



ATMOSPHERIC ABSORPTION V S  . WINCE 

RANGE I N  FEET 

EOA- 10 17 

F i g u r e  C - b .  Atmospheric Absorpt ion  vs Range 



S o f t  T a r q e t  A n a l y ~ i s  - 
The S/N r a t i o  f o r  a pu lsed  unfocused system may be ob- 

t a i n e d  from Reference t o  be  

"lo ~SIS %TM TAN - -  
TD 

2 
TD 

s/NI = 

1 ATM 

where 

= d e t e c t o r  quantum e f f i c i e n c y  (0.08) 

q s Y ~  
= system e f f i c i e n c y  (0.2) 

~ A T M  
= atmospheric e f f i c i e n c y  

fl (T) = atmasph~ric scattering func t ion  ( f t - l )  

E~ 
= t r ansmi t t ed  p u l s e  energy ( 5mj 1 

X = t ransmiss ion  wavelength (3.3 loo5 f t )  

L2 = range and range cell d i s t a n c e  

L1 
= range 

D = o p t i c s  d iameter  

hv = 1.9 x 10 -20 joules/photon 

K = bandwidth mismatch f a c t o r  

T h i s  equat ion may be reexpressed a s  



-9 For t h e  8 microsecond p u l s e  c a s e  p(a) m may b e  dg- 

t e n i n e d  from t h e  S/N measurement: when normalized t o  a 5 m j  p u l s e  

energy  by us ing  t h e  fo l lowing  range vs .  z c o n s t a n t s  where 8 (n)m-' = 
1 

S/N ;* 

Range z 2 z 

K E t .  1 0 - ~  lom8 

A has  1 ~B/RTKM Atmospheric Absorption.  
z 2 

Assuming t h a t  a S/N r a t i o  is  measured a t  one m i l e ,  

t h e  atmospheric s c a t t e r i n g  f u n c t i o n  p ( n )  may be ob ta ined  by mul t i -  
i p l y i n g  by t h e  ; c o n s t a n t .  I f  t h e  atmosphere i s  assumed t o  have 

a ~ ~ B / R T K M  atmospheric a b s o r p t i o n ,  t h i s  e f f e c t  may be removed by 
-9 -1 

mul t ip ly ing  by 6.7 x 1 0  m . 



 ha ARCTAN func t ion  may be computed f o r  pulse widths oE 
1 h i 

2 ,  4 ,  and 8 microsoconds. This i n  p l o t t e d  i n  Figure E-7. 

4kL1 4AL2 
Lotting A ~JE - 2 and B e--- 

TrD IrD 
2 



t - ~ .  - - -..-.-.- 
, - - - & * * - _ I  

L -  

t -  - - .-- ---.-  

RANGE (THOUSANDS OF FEET) 

EOA-10 18 

3 F i u u r r  C - 7 .  A r c t a n  P u q c t i o n  ( A r c t a n  4 \L,/nD6- 
A r c t , l n  4 I D  vs R . ~ n o c  (L1) 4- 



On f l i g h t  t e s t s  8/29 and 9/6, i f  the atmosphara had a 

1 ~ B / W  absorpt ion,  tha following d a t a  should be (1) normalized 

to  5 mj and (2) m u l t i p l i e d  by 6.7 x low9 t o  o b t a i n  @(a) . 

CONDITIONS 

DATE: 8/29/72 FLIGT1T9 RUN 0 $ = 3 m j  

HAZE LAYER, MOFFETT TO SAN FRANCISCO 
S/N 

@ 1 N.Mi. 

DATE: 

S/N 
1 m i .  
7 

5 
8 
8' 
4 
3.2 
3.2 
1 

NORM I TO 
5 m j  

8.3 
13.3 
13.3 
6.6 
5.3 
5.3 
1.7 

A I R  RETURNS ON CLIMB OUT FROM DIVE BOMBING 

Ht . S/N S/N NORM* 
K.Fta 1 m i ,  - 7 

TO 5 mj 

I 

2.4  10 1 6  
2 .5  32 51 

1 '  . 2.7 16 26 
1 "  2.9 10 16 

3.5 6.3 10  
I: 4.0 8 1 3  

? %* 

1 4.6 5 8 
+ 4.9 5 8 
t 5.3 3 4.8 

5.6 4 6.4 
6.7 4 6.4 u' e [ 8.2 4 6 4 
9.1 2.5 4 I 4:  

2 :> 10 2.5 4 
1 1 .  12.3 2.5 4 
L 

I f'\ E-19 

i ,  

1 4 4 2 * * . & *  a<***%,,?% *-:*<* k&-"L -- - = =. =- IT-- z.7 - - , - -  ,* - - - e 7  

'A* % .a 



X DATE: 9/6/72 FLIGHT13 R O N 0  

S/N 
1 M i *  

MOFFEZP - ShN FRANCISCO 

2 500 JCNVERSIm 
2 50 

7 .8  
7 .8  
7.8 
7 .8  
7.8 LTe HAZE 
5.0  
5.0 
La4 SLIEdT WAZE 
1 .4  
1 . 2  
L.2 

0 DATE: 8/31/72 FLIGHT 10 RUN 

S/N NORM. 
to 5 mj 

assume 5.8 mj 
K = 0.86 
SAN JACQUXN VALLEY 



p l o t t i n g  t h e  f l i g h t  t e s t  d a t a  obtained a t  9.4K barometr ic  

f o r  8/29/72 and normalizing t h e  atmospheric t h e o r e t i c a l  d a t a  

t o  S/N = 8 which was t h e  a c t u a l  measurement a t  1 m i l e ,  t h e  

atmospheric absorpt ion values o f  ~ ' ~ B / R T K M  and 0.5 ~B/RTKM y i e l d  - 
S/N r a t i o s  tabula ted  below and p l o t t e d  on Figure E-88. Some t y p i c a l  

f l i g h t  test runs a t  d i f f e r e n t  a l t i t u d e s  looking h o r i z o n t a l l y  i n t o  - 

t h e  c l e a r  a i r ,  may be noted i n  Figure E-8A. 

SOFT TARGET 

RANGE 
K 

9.4K Ft .  e -" a t  1 de,kTm 
S/N (ACTUAL) NORM. t o  8 

 he atmospheric d a t a  a t  a one-mile range i n  f r o n t  o f  

t h e  a i r c r a f t  noted on pages E-19 and E-20 is  p lo t t ed  i n  - - 7 -  

Figure E-9 and ind ica tes  t h e  a l t i t u d e  e f f e c t  upon S/N r a t i o  

f o r  a 5 mj t r ansmi t t e r .  Correspondingly, t h i s  is r e l a t e d  

t o  t h e  atmospheric s c a t t e r i n g  funct ion ~ ( s )  noted on t h e  

riaht-hand s c a l e .  
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EOA- 10 19 

F i g u r e  E-8b. Dependence o f  SNR o n  A t m o ~ p h e r i c  Absorpt ion  

E-23 
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Figure E-9. A l t i t u d e  Dependence of S M  
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SECTION I 

FNTRObUCTXON 

The d a t n  from t h e  J a n u a r y  3973 C l a a r  ~ i r  TurbuJ,once Lascr Radar 
1 f l i g t l k  t e s t  series iiij~\*~i.es "B") Atra r 7 n ~ L ~ ~ e d  i n  t h i s  r a p o r l ,  Tt~c d a t a  

n r s  i n  t h e  Eo l lowin  g tbr.*rns t 

1 
i 

A .  Sequencc  eamcrn pha togcaphs  o f  t h e  A-scope and  Rangc/Velo- 
I 
I ! 

c i t y  Xndicsator (RVX) . The p h o t o g r a p h s  a r e  s p a c e d  a t  1 . 2  
I s e c o n d  i n t e r v a l s .  Each e x p o s u r e  l a s t s  0 . 1  second and con- i 

t n i n s  t h e  c e t u r t l s  from a p p r o x i m a t e l y  1 4  p u l s o s ,  The A-seopc 
p lo t s i  i n t e n s i t y  vs. t h e  ( r a n g e )  a n  s i n g l e  p u l s a s  and  t h e  
RVI p l o t s  f r e q u e n c y  v s .  r a n g e  f o r  t h e  i n t e g r n t a d  o u t p u t  QE 
50 p u l s e s .  1 

b. X n t e n s i t y / V e l o c i t y  I n d i c a t o r .  The o u t p u t  f rom t h i s  d i s p l a y  
i s  r e c o r d e d  on t a p e .  Thc I V I  p l o t s  i n t c n s l . t y  vs. Frequency 
91: a s a l e c t e d  r a n g e  fer  t h e  integrated ou.tput; o f  5Q p u l s n s ,  

c .  P o l a r o i d  p l lo tos  o f  the A-scope t a k e n  d u r i x ~ g  f l i g h t :  and  i n -  
f l i g h t :  n o t c s  o f  s i g n a l - k o - n o i s e  r n  t i o .  

d , Voicc r e c o r d i n g s .  Phe c o n v e r s a t i o n s  d u r i n g  flight were 
r c c a r d e d  on t a p %  

c .  Flight: d n t a  p r i n t - o u t s .  The ground and  a i r  v e l o c i t i e s ,  wind 

s p e e d  and d i r e c t i o n ,  p i t c h  and r o l l  angle, a l t i t u d e ,  h e a d i n g ,  
I a k i t u d e  and  l o n g i t u d e ,  t e m p e r a t u r e ,  dew f r o s t  p o i n t  and 
a c c s l ~ r a t i o n  were r e c o r d e d  at: ken and  o n e  second   interval.^, 

I 

The d n t a  a n a l y s i s  hcxe i s  conce rned  w i t h  t h c  s e q u e n c e  camQra ottk- 

i p u t  o n l y ,  bccausc t h i s  was l a r g e l y  s u f f i c i e n t  t o  d e s c r i b e  t h e  s y s t e m  
pe r fo rmance .  There  were two e x c e p t i o n s :  (1) t h e  f l i l g h t  d a t a  p r i n t -  
o u t s  were used to v e r i f y  t h e  f i n d i n g s  o f  t h e  s e q u e n c e  camera d a t a  

F-5 
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a n a l y s i s  a n d  ( 2 )  t h e  I V I  d a t a  were i n c l u d e d  i n  t h e  a n a l y s i s  of t h e  :F 1 

c l o u d  t u r b u l c n c e  tests,  e l  ' 
The J a n u a r y  1973 f l . i g h t  t c s t s  f a l l  b a s i c a l l y  i n t o  four g r o u p s ;  

1. D i v c s  a t  Edwards AFB a g a i n s t  a  un i fo rm d r y  lake t o  c h c c k  L ,  
o u t  and c a l i b r a t e  t h e  l a s e r  s y s t e m ,  * !l 

2. Measurements  of b a c k s c a t t c r  r e t u r n s  from a i r  a t  v a r i o u s  
a l t i t u d e s .  

3 .  T u r b u l e n t  c l o u d  tests  t a  e v a l u a t e  t h e  l o v e r  r e t u r n s  fro. 
t u r b u l e n t  a i r  . 

, 

4. Measurements  from ~ l l i s c e l l a n e o u s  t a r g e t s  i n c l u d i n g  a  moun ta in ,  
1 

t h e  ground p r i o r  t o  ].onding, and  cumulus,  d u s t  and  c i r r u s  * 
? ? 

8 7 
e l a u d s .  a 

Each of t h e s e  g r o u p s  i s  a n a l y z e d  i n  a  s e p a s a t e  s e c t i o n ,  from S e c t i o n s  t 
i 

fi i 

2 t h r o u g h  5 .  The c o n c l u s i o n s  from e a c h  g r o u p  o f  t e s t s  a r e  d i s c u s s e d  
a t  t h e  b e g i n n i n g  o f  e a c h  s e c t i o n .  S e c t i o n  6 e s t i m a t e s  t h e  improve- ii 
ment r e q u i r e d  f o r  a n  o p e r a t i o n a l  C l e a r  A i r  Tu rbu lence  l a s e r  r a d a r .  

Pho tog raphs  o f  t a r g e t s  i n  t h e  f i r a t  t h r e e  g r o u p s  a r e  i n  

F i g u r e s  P-1 t h r o u g h  F-3.  F i g u r e  F-1  shows t h e  d r y  l a k e  a t  Edwards 
k 

APB which was t h e  t a r g e t  o f  t h o  c a l i b r a t i o n  t e s t  d i v e s  F i g u r e  F-2 
shotus t h e  a i r  from which b a c k s c a t t e r  r e t u r n s  were d e t e c t e d  a t  h i g h  5 

and ].ow a l t i t u d e s .  I n  F i g u r e  F-3,  t h e  t y p e  o f  c l o u d s  i n  t h e  t u r b u -  
l e n c e  t e s t s  th rough  t h e  Owens Val1,ey is  shown. i 

The d a t a  from t h e  f l i g h t  test  were a l s o  a n a l y z e d  b y  A ,  J e l a l i a n  
(Raytheon memo E ~ 7 3 - 1 1 1 5 )  . The a n a l y s i s  h e r e  examines  t h e  sequence  
camera d a t a  i n  mare d e t a i l  and  d o e s  n o t  i n c l u d e  any  o f  t h e  p a r t i c l e  

s a m p l i n g  d a t a  o f  B l i f f o r d  which a r e  i n  A. J e l a l i a n ' s  memo. The t w o  
a n d l y s e s  e s s e n t i a l l l ~  complement e a c h  o t h e r  and r e a c h  s i m i l a r  c o n c l u -  

s i o n s .  
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Tn rcview,  t h e  CAT l a s e r  radnl: c o n s i s t s  o f  a colicrent carbon 
d i o x i d e  l a s e r  a t  1016 microns  t r a n s m i t t i n g  p u l s e s  a t  a 146 to 160 
pps  r a t e  a d j u s t a b l e  i n  wid th  from 2 t o  1.0 micrsscconds ,  a 1 2  inch  
Casscgra in  t e l e s c o p e ,  a he t e r adyne  r e c e i v e r  w i t t l  a coolcd  i n f r a r e d  

1; 
C;ci 

d e t e c t o r ,  and s i g n a l  p r o c e s s i n g  e l e c t r o n i c s ,  P r av i aus  r e p o r t s  an zC I r 

thc program s l ~ o u l d  be c o n s u l t e d  f o r  f u r t h e r  d e t a i l s .  The l a s e r  r a d a r  L 1 
was t e s t e d  on a  ground range  and i n  an  e a r l i e r  f l i g l ~ t  tes t ,  s ~ r i c s  "I" 

"A' ) ,  i n  ~ugust /S;ptnmber  1972.  The r e s u l t s  from t h c s c  e a r l ' i e r  t e s t s  I 
arc examined i n  p r ev ious  memos.* 

?!3e JElnutlry 1973 f l i g h t  t e s t  s e r i e s  c o n s i s t e d  sE e i g h t  E l i f i h t s  A n  
I ~ n l i f o r n i a  spanning t h e  t ime pe r i od  from January  4 t l ~ r o u g h  19. Of I 

t h e s e ,  F l i g h t s  B2, 8 4 ,  BG and B 8  were p r o d u c t i v e .  Thc o t h c r  f l i g h t s  (I 

oncoun t e r e d  problems w i th  a m p l i f i e r  ma l func t i on ,  window fogging,  bad I 

weather ,  e t c .  The a l t i t u d e  p r o f i l e s  t a rge t :  a r e a s  and run  numbers of 'f; l e 
t h e  p roduc t i ve  f l i g h t s  a r e  shown i n  F igu re s  F-4 through F-7, 

*See, for example, Ray theon Memo 72-DAK-69 
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SECTXON 2 

RETURNS FROM GROUND A T  EDWARDS AFB 

The purpose of t h e  f l i g h t  t o o t s  a t  Edwards AFR wao t o  chcck out: 
and c a l i b r a t e  tho  CAT l a s e r  sys tos .  Tho a i r c r a f t  engaged i n  s toep  
descents  a g a i n s t  a uniform t a r g o t ,  Rogers Dry Lake, with t h e  l a s e r  

operat ing continuously.  The r e s u l t i n g  measurements of s igna l -  to- 

i 
noisc r a t i o  were compared with var ious  t h e o r e t i c a l  models o f  the  

$1 A 
l a s e r  system f o r  the  c a l i b r a t i o n .  To c a l i b r a t e  t h e  t a r g e t ,  a sample 
o f  the  dry  l ake  bed was taken back t o  t h e  l a b  and r e f l e c t i v i t y  

11 measurements were made a t  t h e  same ang le  o f  viewing. 
i. i 

The conclusions o f  t h e  Edwards tests are:  

1. The CAT l a s e r  system worked tvell,  providing c o n s i s t e n t  
results with signal-to-noisc r a t i o s  a s  high a s  42 dB. 
The da ta  b e s t  fit t he  t h e o r e t i c a l  curve with the r ece ivor  
focussed around 6000 feek,, and with only 2 dB of  unexplainecl 

l o s s  . 
2. The measured s ignal- to-noise r a t i o s  follow roughly t h e  

same s l o p e  a s  t h e  1972 t e s t  r e t u r n s  b u t  a r e  -17 dB 

higher .  The improvement i s  due t o  a  higher  l a s e r  output  
and the  r u b s t i t u t i o n  of t h e  HgCdTe d e t e c t o r .  

3 .  The wide v a r i a t i o n s  i n  s i g n a l  l e v e l  from pulse t o  pulse ,  

a t  times exceeding 3O dB, a r c  caused pr imari ly  by 
atmospheric s c i n t i l l a k i o n .  The o the r  sources - t a r g e t  
s c i n t i l l a t i o n ,  frequency tuning o f  t h e  r ece ive r  and l a s e r  
i n s t a b i l i t y  - have smaller  e f f e c t s  . 

4 .  There may be no inrprovemcnk i n  s ignal- to-noise ratio by 

pulse  i n t e g r a t i o n .  The v a r i a t i o n  i n  s i g n a l  l e v e l  from 



atmospheric s c i ~ l t i l l a t i o n  was so  great: t h a t  t h e  SNR f o r  

an in teg ra ted  s e r i e s  of pulses  was hardly b e t t e r  than t h e  

peak s ingle-pulse SNR. This  conclusion may not  extend t o  

the  th inner  a i r  a t  higher  a l t i t u d e s  where t h e  CAT l a s e r  

w i l l  be  opera t ing .  

DESCRIPTION O F  DATA 

The signal-ko-noise r a t i o s  during t h e  f l i g h t s  were recorded by  

photoyraphing t h e  A-scope d i sp lay  of i n t e n s i t y  vs .  range with a 

sequence camera. The exposures were spaced a t  1 . 2  second i n t e r v a l s  

and l a s t e d  0 .1  second t o  cover 14 t o  16 pulses  each. Since t h e  

reading of s ignal-to-noise r a t i o  from t h e  A-scope photographs is 

not a t  a l l  obvious, e spec ia l ly  when s i g n a l  l e v e l s  var ied  by a s  much 

as  30 dB on a s i n g l e  photograph, some cons idera t ion  was given t o  

the proper c r i t e r i a n  f o r  reading t h e  r a t i o .  The c r i t e r i o n  and 

reasons fo r  t h e  wide s i g n a l  v a r i a t i o n  a r e  explained i n  Sect ion 2.4.2. 

Sample sequence camera photographs during one of the  d ives  a r e  

shown i n  Figure F-8. The i n t e n s i t y  (power) is p lo t t ed  on t h e  

o rd ina te  a t  10 d ~ / b o x  ( log  s c a l e )  and t h e  range on t h e  absc issa  a t  

2 nau t i ca l  miles/box on the  A-scope. Each l i n e  represents  t h e  

r e tu rn  on an ind iv idua l  pulse .  The range-,; e l o c i t y  ind ica to r  (RvI) 

d isplay i s  shown a t  t h e  top  o f  each photograph and t h e  24-hour clock 

i n  t h e  upper l e f t  corner ,  shown upside-down t o  properly o r i e n t  the 

A-scope. The zero-range l i n e  i s  jus t  t o  the  r i g h t  of the clock.  

The r e t u r n  from t h e  ground is obvious i n  each photograph, even 

a t  t h e  maximum d i sp lay  range of 16 n a u t i c a l  miles .  The R V I  d i sp lay  

confirms the  presence of the  s i g n a l  indica ted  on t h e  A-scope. (The 
s l i g h t  o f f s e t  between A-scope and R V I  s i g n a l s  a t  t h e  maximum range 

i s  due t o  a c a l i b r a t i o n  inaccuracy.)  The approach of t h e  ground 

t a r g e t  with succeeding photographs is dramatical ly  shown. The 
t a r g e t  r e tu rn  progresses from 11 n a u t i c a l  miles  (SC photo 2753) t o  

2.4 nau t i ca l  miles  (SC photo 2838) i n  102 seconds f o r  an average 







range r a t e  OE 303 knots .  Qha velocLty s f  Cl~a a i r c r a f t :  a s  l i s t e d  i n  

t h e  data  print-auks i s  apprasimnkcly 36Q knots  during t h i s  d i v c .  
The c s c c l l c n t  t:mntching of velocities shows that. tho  lnssr baaln was 
h i t t i n g  t11e same general area  of  tho d r y  l ake  throughout thc? d ivc .  

Tho width of tho s i g n a l  is jus t  under a  n a u t i c a l  milo 
(measuxed a t  a Ecw d B  bolow tho  peaks) , o r  10 n~icrtaseesnds, i n  time. 
This is rcaughly tho pu l se  length ,  notninally sot: a t  8 nlicr~dsaconds 
during t h c  divo.  Silzcs the bandwidth a t  250 1c;ETz was f ~ i g h a r  than 

khe n~atchcd Ei lker  va lue ,  Chc pulse sllapc is roughly prcsorvtld i n  
t h e  t r a c e s .  They sllow a decay of  4 dB f r ~ n l  beginning t o  end s f  t h e  
pulses a s  i n  SC photo 2 8 2 4 ,  which i s  i n  agreement with p r e - f l i g h t  
msasuremants. T11e p h ~ t a g r a p l ~ s  a l s o  show that: the l a s e r  pawor is  
down by at: l e a s t  30. dB frsm Mlc peak ~ u t s i d e  thc3 lacarders of  t h e  
pulso. 

Thc RV3 display  shows an i n t e r e s t i n g  e f f e c t  toward t h e  and af 
tha d i v c .  A second s i g n a l  appears on the RVJ: oEEset i t 1  Eroquancy 
Eron\ the  ground r e t u r n ,  f o r  example i n  SC photo 2824.  This second 
r e t u r n  is f ram tlne atmssphere . It c s t e ~ l d s  fro111 the n~inimum mensurabls 

range auk t o  tho ground ro tu rn  w1lert.a i t  abrupt ly  ends, I-t; is much 
weakar i n  khs ea r ly  phetographs aE tho  divo whj,ch is  t o  be expected 
s i ~ l c e  tho a i r  i s  tllinnar at: t h e  highau a l t i t u d e s .  Thare is ns  
r a t u r n  on t h e  A-scope because t h e  l a t t e r  was s e t  a& t h e  frequelwy 

sf tllc ground ret;uri?. The frequency o f f s e t  of t l~a .  two s i g n a l s  is  
due t o  a ground wind. X t  i s  measured t o  be 1.8 MNs which corresponds 
t o  a ve loc i ty  component along t h e  bean1 of 32 ft/sec!. The ground 
wind speed a s  l i s t e d  on tho da ta  pr in t -outs  was ra t~gh ly  GO f t / s e c . ,  

atld i t  was 6Q degreos away from t h e  a i r c r a f t :  heading. TheraEsre, 
i t s  component along t h e  l a s e r  beam i s  60 cos 60' o r  roughly 30 f t / s e c . ,  

which i s  i n  esce1len-t: aqrecment wi t11  k l~a  value o f  32 Et/sec, ded\\ccd 

from t h e  RVI disp1.ay. This i s  a  v c x i f i c a t i o n  t h ~ t  t h c  RVI d i sp lay  pro- 
pe r ly  showed a d i f f e r e n c e  in  v e l o c i t y ,  i n  t h i s  casa, betwean t h e  wind 
and grourd. 



SPGNAL-TO-NOSSE RATSO MEASUREMENTS 

Run 7 of F l i g l ~ t :  D 2  ( l , /b2f i3)  
Run 3 of Fliglit, B2 (1/1%/73) 

Run 18 sf F l i g h t  B8 (1/19/73) 

i 
012 stlzcr d i vas  t l ~ c  A-scspc f o r  the scquoncc cnrllcrn d id  not, work 

% . ,  

propor ly  duo t o  a fnu l ty  amyl i l io r  . Tl~oro woro occasionel  i n - f l i g h t  
6 %  

rraad-outs nrrd P Q ~ X B ~ ~  p l ~ t a t ~ s  o f  UIQ okhar A-scope, but:  .kI~osa tmra 
i 

k10.t: nocgssnry since khc? Clrraa good d ives  yioldod sue£ i c i o t ~ t :  itrPar- i 

 ha signcll-ta-nsiss r a t i o  i s  givan by UIQ nulnhor of dB incrotncnts 
bok\clc?at~ tlra signzal and na i se  1 ~ ~ 6 1 s .  AS ~ x p l m i t ~ e d  i n  Soctiertl 2 . 4 . l  

k11a rms ~zal,sa lrzvoX i s  3 dB below i:I~c; basa9inc Esr nrsst; of tha 
ph~kogrnpl~s* ,  and t11c propcr s i g n a l  l c v c l  as d ~ f i t r o d  by t l z ~  standard & I  

I 
s i g n ~ i l - t o - n a i m  r a t i s  squakiorz is bask ropresetlted by  tllo pen& signal. 
Btr sarltc pl~stsgz.apl~s 1311 k11o s i g n a l s  ware degraded. Thesra wera 
ro.jockod as instances when tht3 xeceiv6r was not  turlod t~ t h e  s i g n a l  I 
Euaqu oncy due k0 the ~unnunl tuning p r o c ~ d u r a .  

Tho s i g n a l - t o - n a i s ~  r a t i o  was memaurcd for  tho three good d ives  
and y lo t tod  a g a i n s t  rango i n  Figure F-9, The highcst signal- to-noise 
r a t i o  oscood~d 48 dB. Note IIQIV wel l  t h e  n\ansuromonts from t h e  
8 i f  f e r o n t  f l i g h t s  fall.  i n t o  a s t n u ~ t h ,  r ~ c a r l y  s t ra ight -Line  ehatznel. 

This o s c o l l s n t  c s r r a l a k i ~ n  adds j u s t i f i c a k i o n  t o  tho  s e l e c t i o n  of 

tlla peak s i g n a l s  fo r  t h e  s ignal- to-naisc  r a t i o s .  The s ignal- to-  

lzeriso rn t ; i ss  Ear 8972 P l i g h t  tests at Edwards arc a l s o  shown fo r  

'e, 
rg '2 

*SIT 63arli.81" re;tperrts the rms nsisr;  value was judged by wye t o  bo at; 
Cha b a s e l i n e ,  so the  e a r l i e r  p l o t t e d  values s f  s ignal- to-noise r a t i o  '-8 : 
were E L ~ Q U I ;  3 d B  too smal l .  eB : 

1 
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Figure F-9. Signal-to-Noise Rat io  Measurements Against  Ground 
a t  Edwards AFB During 1973 CAT P l i g h t  Tests 



comparison. The l i n e  i s  a rouglr average s i n c e  t h e  spread of those 
moasuremcnts was q u i t e  la rgo ,  bu t  it does slrow t h a t  t h a  improvsmer~t 
fo r  1973 was rouglrly 17  dB. This improvement can be  accounted 

for  by two changes i n  the  l a s c r  sys tc~n - a b e t t e r  way o f  cooling 
the  l a s e r  and k11e s u b s t i t u t i o n  of t h e  mercury cadmium t e l l u r i d e  
d e t c c t o r  for  t h o  copper-doped germanium d e t e c t o r .  

2.3 COMPARISON WITH THEORETICAL SIGNAL-PO-NOISE RATIO 

The s ignal- l to-noisc r a t i o  equation f o r  the  CAT l a s e r  sys  t e a ,  
n l ~ i c h  is  coherent and pulsed with a  common aper tu re  f o r  Cransmission 
and reccptj,on, is given by: 

a g a i n s t  a  t a r g e t  f i l l i n g  t h e  beam. The d e t e c t o r  is  photovol taic  

a n d  t h e  r ece ive r  is  assulned t o  be matched t o  the pulse length ,  The 
symbols a r c  defined and  values specified i n  Table F-1. 

The CAT l a s e r  system i s  supposed t o  be unfocussed ( i . e . ,  
focussed a t  i n f i n i t y ) ,  so t h a t  RE = ar. The physical  s i z e  of t h e  
a p e r t u r e  is  12  inches b u t  t h e  e f f e c t i v e  s i z e  a s  def ined by t h e  

2 l / e  i n t e n s i t y  value is  c l o s e r  t o  10 inches.  The l o s s e s  exclus ive  

of t h e  atmosphere and de tec to r  a r e  est imated t o  be: 

Optics  ( s c a t t e r i n g ,  absorpt ion ,  blockage) 3 dB 
Estended d i f f u s e  t a r g e t * ,  Gaussian LO, 

heterodyne inef f ic iency 
Target  depo la r i za t ion  
Receiver e l e c t r o n i c s  ( including bandwidth 

mismatch) 

TOTAL 13 dB 

*There is a l o s s  of 3 . 4  dB with an extended d i f f u s e  t a r g e t .  This l o s s  
f a c t o r  i s  explained and ca lcu la ted  i n  a  paper by D .  Fr:ied, "Antenna 
Gain s t a t i s t i c s "  f o r  a  Heterodyne Receiver Laser Radar Viewing a 
Iileso&vable Target" ,  Report NO. TR-116, Opt i ca l  Science Consul tants  , 
O c t .  1973. 
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TABLE F-1 

J 

Pn rn~tlo ter Svnbo 1 Va l u e  - 
Signal - t o -n~ i s c  p~ivcr  rci t i o  
Laser put SG sncrgy 
Mod i f i ed  t a rge t  crass s e c t i ~ n  
Target  rango 
Rengc of focus (beam st FOV) 

Apcr t u r c  diamokar 
Sys  tcm c f f i s i e n c y  
Dekector quankum c f f  is icncy 
Atmosyhsric transmission 
~ 4 n v c I ~ n g k h  
Energy per pha ton  



Thus, the  system eff ic iency fac to r  qs is  0.05. 
U. 

The c r i t i c a l  parameter f a r  the  ca l i b r a t i on  is t he  t a r g e t  c ross  

s ec t i on ,  0 I .  A sample of t h e  dry lake  was taken back t o  t he  l ab ,  i t  

soaked i n  water and d r ied  t o  simulate the  dry lake  condition. The 
r e f l e c t i v i t y  was then measured incoherently a t  10.6 microns ap, a 

funct ion of  angle.  A t  10 degrees from the  hor izon ta l  t h e  back- 
. B 

s c a t t e r  r e f l e c t i v i t y  is: 3 

To convert  t h i s  value t o  t h e  t a rge t  c ross  sec t ion ,  the  b a s i c  

d e f i n i t i o n s  of t he  parameter a r e  u t i l i z e d :  

Reflected In t ens i t v  (P?/stcr) - & - - 
Incident  Power (W) - 4 rr - p (n) 

I 
1 a '  = 4n p (n) = 0.05 s t e r  -1 

By s u b s t i t u t i o n  of the  values i n  Table F-1 i n t o  Equation (F-1). 
t 

t he  s ignal-  to-noise r a t i o  without atmospheric losses  ( 1 )  i s  

ca lcula ted .  It i s  p lo t ted  aga ins t  range i n  Figure F--10. The 
I 1 . B 

experimental r e s u l t s  a r e  included f o r  comparison, and t h e  d i f fe rence  i 

is indica ted  by a  dashed l i n e .  There a r e  severa l  poss ib le  causes 
of t h i s  d i f fe rence :  

1. Atmospheric a t tenuat ion;  

2 .  Atmospheric turbu1.ence; 

3 .  The receiver  o r  t ransmit ter  focussed a t  some f i n i t e  range; 

4 .  The e f f e c t i v e  aper tu re  smaller than 10 inches. 
1 

only f ac to r s  varying with range can explain t he  difference.  

F-24 

r u C  U - " p . _ _ _ _ ~ - - - f l l L = - r  -- 
m*&*s% = 

" ,." -- . . . . . ., -*-L --.-- -%,Ad-. --swc.i%.-~-1-.kL*--.1*-.1* -&. *- . - -... + 



/ 
I 

' i : t  
I :, , 1 $ ' I 

i ( . I + , ,  

I 1 , .  I / . , ,  I 
. . I . I . .  1 - ' '..*....' . 

- .  i .. * . - I - . .  .r-.c. 

' 

1 4 I . ,  I : ,  , L 

. .  . I I . .  . . .  . I , I  I '  I . k I 

10 20 3 0  4 0  53 10 0 
RANGE (THOU. OF FEET) EOA- 1026 

Figure F-10. Comparison of Theoretical and Experimental 
Results for Edwards Tests, Fliqhts B2 (15) 
and B 8  (21) 



2 , 3  .1 ATMOSPHERIC ATTENUATION AS POSS JBLE CAUSE OF DIFFERENCE 

The atmosphere accounts f o r  soma of  t h e  d i f f e r e n c e ,  but  docs 

i t  account f o r  a l l  of i t ?  The a t t e n u a t i o n  c o e f f i c i e n t  required t o  

explain t h e  d i f f e r e n c e  is  ca lcu la ted  with a  formula der ived a s  
follows : 

?a = exp ( S ~ U ( R )  d ~ >  

1 ($qa)/qa 1 5 ( loge  qa) - 2.30 ' loglo  va) = - so ,  u ( R )  = y 2  - - 2  
- 

5 R f.R C R 

Since S/N cc qa and p i n  dB/krn = (10/2.30) 11 i n  km-', 

where 5 (S/N) is  t h e  change i n  SNR i n  dB not  accounted f o r  by a  

change i n  range, (R) is  i n  d ~ / k m  and &R i n  km. Thus, t h e  

required a t t e n u a t i o n  c o e f f i c i e n t  i s  determined by measuring t h e  

s lope  of t h e  d i f f e r e n c e  curve p lo t t ed  on a  l i n e a r  graph of  S/N i n  
dB vs .  range and d iv id ing  by 2 .  This was done with t h e  r e s u l t  

p l o t t e d  i n  Figure F-11 a s  t h e  long dashed l ine .  The range was con- 

ver ted  i n t o  a l t i t u d e  by t h e  formula, 

H = Ho + R s i n  Q = 1.97 Kf t  + R s i n  7' 

where Ho is t h e  a l t i t u d e  of the  dry lake and t h e  depression angle  

of t h e  l a s e r  beam. 

To decide whether t h i s  v a r i a t i o n  of  a t t enua t ion  c o e f f i c i e n t  i s  





r e a l i s t i c ,  it is compared with t h s  a t tanuat ion coef f ic ien t  ca lcula ted 
from temperatura and humidity data  measured i n  f l i g h t .  Tha two 
major const i tuents  of tho atmosphere a t tenuat ing C02 l a se r  rad ia t ion  
a r e  carbon dioxide and water vapor. Aerosols a r e  a  t h i rd  constikuent 

but they a ra  believed t o  hnvs a l esse r  e f f e c t  i n  c lea r  weather. The 

at tenuation due t o  the  carbon dioxide was measured by P, Yin  and 

R .  Long* as  a  function of i ts concentration and an at tenuation 
curve varying with a l t i t u d e  was drawn baped upon the  r e s u l t s .  The 
contribution is plot ted  i n  Figure F-11 a s  t h e  shor t  dashed line. The 
eEf e c t  of water vapor depends upon the  temperature, r e l a t i v e  humidity 
and t o t a l  atmospheric pressure. These parameters were measured i n -  
f l i g h t  and recorded on t h e  data  print-outs .  Thc way i n  which these 
parameters influence the  a t t en t ion  of 10.6 micron rad ia t ion  was 
measured by J. McCoy ,. D ,  Rensch, and R .  Long**. A calcula t ion of 
the attenuakhen fxnn! ~FIker  tr3?or i s  S ~ O W ~ S  i i i  AtLLiicSims~$ I, and Yne 
r e s u l t  for  t he  two days oC good data is plot ted in  Figure F-11. The 
pluses and crosses show the  expected ove ra l l  a t tenuat ion coef f ic ien t .  

A comparison of the  required a t tenuat ion coef f ic ien t  t o  explain 

the di f ference  between theo re t i ca l  and experimental SNR (long dashed 
l i n e  i n  Figure F-11) and the  ca lcula ted coef f ic ien t  (pluses and 
crosses) shows that; the  atmospheric a t tenuat ion cannot account fo r  

a l l  of the  d i f ference ,  especia l ly  a s  evidenced by the  huge a t tenuat ion 
required a t  low a l t i t u d e s ,  Therefore some other  explanation is 
required. 

2 .3 .2  ATMOSPHERIC TURBULENCE AS POSSIBLE CAUSE OF DIFFERENCE 

The e f f e c t  of atmospheric turbulence is examined i n  Section 2.4.2.  

It is shown t h a t  turhi~ience  can andprobably did degrade the  s igna l  

*P. Y i n  and R .  Long, APD. OD. ,  Vo1.7, No.8, Aug. 1968, pp. 1551-3. 
**J. McCoy, D.  Rensch and R. Long, APP. OD. ,  Vo1.8, No.7, July 1969, 

pp. 1471-7. 



s u b s t a n t i a l l y  during t h e  d i v e  over Rogers Dry Lake. Nowever, tho  
e f f e c t  of turbulence is t o  degrade the  s i g n a l  by widely varying 
amounts, For some pulses  t h e  degradation can be more khan 30 dBI 
but: for  t i thers it may be  l e s s  than 1 dB. Tn f a c t ,  f o r  a samp3.o of 
14 pulses i n  each SC photograph t h e  h ighes t  s i g n a l  is l i k e l y  t o  be 
degraded by l e s s  than 1 dB. Since j u s t  t h e  h i g h e s t  s i g n a l s  ware 

measured i n  reading t h e  s ignal- to-noise r a t i o  , t h e s e  measuremcn ts 
the11 had l i k t l e  degradat ion from a tmospheric turbulence,  

2.3.3 FOCUSSING QR, APERTURJNG AS POSSIBLE CAUSE OF DIFFERENCE 

To examine t h e  e f f e c t s  of  f o c u s ~ i n g  t h e  r e c e i v e r  o r  having an 
e f f e c t i v e  a p e r t u r e  l e s s  than 10 inches ,  khe signal- to-noise r a t i o  

is calcuiated with Equation (F-1) for  se lec ted  condi t ions  of focus,  
The range of  focus and a p e r t u r e  s i z e  a r e  parameters i n  t h a t  equation. 
However, t h a t  equation a p p i i e s  t o  t h e  s i tua t ion  where $he beam and 
rece iver  a r e  focussed a t  t h e  same range. I f  t h e  beam and rece ive r  
a r e  focussed a t  d i f f e r e n t  ranges,  which is  a r e a l i s t i c  p o s s i b i l i t y  

i n  the CAT system, the  equation must be modified. The beam is 

bel ieved t o  have been properly col l imated (focussed a t  i n f i n i t y )  

because l i t t l e  change i n  beam s i z e  with range was observed a t  the  
t e s t  s i t e .  The rece ive r  is focussed independently by varying t h e  
focus  of t h e  LO beam. 

The s ignal- to-noise r a t i o  is usual ly  degraded when t h e  t r ans -  
mit ted beam and rece ive r  a r e  focussed a t  d i f f e r e n t  ranges a s  opposed 
t o  a common range of focus.  An approximate way t o  c a l c u l a t e  t h e  

degradat ion f a c t o r  is t o  assume t h e  beam and r e c e i v e r  field-of-view 
a r e  uniform cones. Then t h e  degradation is  given by t h e  p a r t  of the  
beam ou t s ide  t h e  r ece ive r  field-of-view a t  t h e  t a r g e t ,  s i n c e  t h i s  
p a r t  does not c o n t r i b u t e  t o  t h e  s i g n a l .  The degradat ion f a c t o r  is  

g iven  by: 



f 
1 )  

Area of FOV i i f  Area of FOV < Area of Beam ~ o l  
Area of Beam 

M 1 i f  Area of FOV 2 Area of Beam 

which is t o  be mul t ip l ied  by t he  term on t he  r i g h t  of t he  SNR "i' s 4 

 quat ti on (F-1).   he f ac to r  F is ac tua l l y  g r ea t e r  than one when 

the  beam is  smaller than t h e  field-of-view because t he  receiver  
' I 

i s  r ea l l y  more s e n s i t i v e  a t  i t s  center  where the  beam i s  concentrated. 

The improvement can be a s  much a s  3 dB a t  ranges much g rea t e r  than 

t h e  range of focus,  but  it w i l l  be neglected i n  t h e  analys is . )  The 
a rea  of the  beam ur  f i e l d a f i v i e w  is  given by: 

Area n $ d 

' 1  i 

Therefore, t h e  degradation f ac to r  is: 1 u U 

* j h i  

where R f r  and R f t  a r e  t h e  ranges of  focus of t h e  receiver  and trans-  

rnittsd beam. When the  bean is unfocussed, t he  degradation f ac to r  a! ,b 1 
is unity a t  ranges beyond twice t h e  rece iver  f oca l  range. 

1 
The signal-to-noise r a t i o  was ca lcula ted  and p lo t t ed  i n  

Figure F-12 f o r  the  following cases of rece iver  and transmi-t ter  

focus and various aper tu re  s i zes :  

i 
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F i c ~ t ~ r c  F-12.  T l ~ c - o r c t i c n l  SNR o f  CAT I.-tscr A q . ~ i n . s t  Ground 
( R o q t q - s  Dry Tatkc) , N o  A t m o s p h c * ~ - i c  1ms.r.s 
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l o  K f t  

Btlrox" cnsa8 wara caleulnkad but: izok yloktod t a  nvoid cstlfusian i i i  

tlla grny11. To d;iocsvas Ira\$ tvoll the unxrious t;huaraticnl modals fit: 
kIla csporim~uknl, dnkn , t lm missing ingrodior~t:  of a tmsephax"Fs 
atkanuakion has ho bo included. Tho atkcnuntian is  givan by a l ine  
of b 6 ~ k  fit k1l0 VRLUQB ~ 4 1 6 ~ 3 , n k ~ d  i l l  S06kioll 2.3.3, ~ X Q I U  t l l ~  &ti- 

fLig1.r.t; dntn ntld p l sk tcd  i l l  a;'igurt.a F-ll. Tkis  k ina  af best; E i i :  i s  
drawn i n  17iguxa Lp-3.3. 

By including tha ntrn\aspl~uric: Lose;, t11o C ' h a ~ r a t i c n l  msdals car1 

)30 C Q I U ~ R X Q ~  t o  Chla t;spaurima~~ t a l  dnkn 3Cbk is f sutld kllnt: aua nlradal 
P i t s  kho dakn cstromaly wcl.1, ns w i l l  ba axplninod i n  k 1 1 ~  IIQX~: 

sub-sockion, 

2.3.4 TklEBRETXCAL blODl3L OF BBST FXT TQ DATA 

By applying (1) t h ~  ntmospl~auic l s s e  i n  F igure  F-13 to  tlla SNR 

curvo D in Piguxa F-12, which is R r e c a i v ~ r  Eocusscd a t  C O O 0  feot and 
an ~ P i c c k i v e  Elportore dia~lrotar oi: 10 inchoe, and ( 2 )  a t o t a l  sys toa  

less c?f 15 dB, which is  2 dB l n rgur  t l rnn  kIia pradic tad  l o s s  (sss 
Soction 2.3)  , tllo signal-kc-noisa r a t i o  curvo i n  Figusa F-14 results. 
The f ~ c u s  ~f tha  banm bs unil.r~parknl~k bacauso CIIQ eurva r ~ m a i n s  
e s s a l ~ t i n l l y  tho saac bay~lra 12 lCft (twice t h e  racc ivor  Eccal xengc) 
f o r  nny fssus oE tha bioalu h a y ~ n d  6000 Eaat. z \ h ~  SNR maasurc~narzt:s 
on Wo t l r r o ~  goad data f l i g h t s  n ro  a l s o  i ~ l d i c a t ~ c l  i n  klra grapI~. The 
~ x c ~ J , l a n t :  fit: sE C h s  t l ~ o e r o t i c a l  ~llsdal t t a  t l ~ a  aspavimantnl daka 
poin ts  i s  obvioos. Thurofora, t 1 1 ~  Edwards data show k h t  
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at Edwards 



P I r e c e i v e r  was focussed a t  6000 f e e t ,  t h e  &cam a t  6000 f e e t  or beyond, I 

I ,the e f f e c t i v e  a p e r t u r e  was 10 i n c h e s  i n  s i z e ,  and t h e  svstem loss 
t was 15 dB, 
k I 

The l i k e l i h o o d  t h a t  t h e  CAT sys tem f i t s  t h i s  would depend upon \ 

I e t h e  e x i s t e n c e  o f  f a c t o r s  which would make it f i t  t h e  model. F i r s t ,  I 
I 

t h e  e f f e c t i v e  a p e r t u r e  s i z e  was e s t i m a t e d  to be 10 i n c h e s  i n  s i z e ,  1 
so t h i s  v a l u e  i s  q u i t e  a c c e p t a b l e .  Secondly,  t h e  beam s i z e  was 

measured a t  s e v e r a l  r a n g e s  o u t  t o  two m i l e s  and was found t o  remain I 

c o n s t a n t  w i t h  r a n g e ,  so it was focussed way beyond 6000 f e e t .  T h i r d ,  I 

a  system l o s s  o f  15 dB i s  o n l y  2 dB l a r g e r  t h a n  t h e  p r e d i c t e d  v a l u e .  

The added l o s s  may stem froin t h e  e l - e c t r o n i c s  which was a s s i g n e d  o n l y  1 
4 dB i n  s p i t e  02 a  mismatch of  t h e  bandwidth to t h e  f requency w i d t h  o f  

t h e  s i g n a l ,  o r  from t h e  i r r e g u l a r  d i s t r i b u t i o n  o f  t h e  LO beam. P i n a l l y  
P 
% 
ii a r e c e i v e r  f o c u s  a t  6800 f e e t  is e n t i r e l y  p o s s i b l e  based upon t h e  I 

focuss ing  t e c h n i q u e ,  
L 
1 i 
1 I 2 . 4  READSNG THE SIGNAL-IY3-NOISE RATT.0 

' I  
I S i n c e  t h e  measurements o f  s igna l -ko-no i se  r a t i o  form t h e  b a s  is 

I E 
o f  t h e  e n t i r e  CAT f l i g h t  t e s t  d a t a  a n a l y s i s ,  t h e  p roper  way t o  r e a d  

I t h i s  r a t i o  d e s e r v e s  sonie c l o s e  esamina t i o n .  The s i g n a  1 - to -no i se  
"e 

1 
r a t i o s  were r e a d  o f f  sequence  camera exposures  o f  t h e  A-scope which 

F; d i s p l a y e d  s i g n a l  and n o i s e  l e v e l s  on a  l o g  i n t e n s i t y  v s .  time ( o r  

i; r a n g e )  p l o t ,  Each exposure  o f  t h e  sequence  camera l a s t e d  0 . 1  second 
I 

s o  t h a t  t r a c e s  from approx imate ly  14 p u l s e s  were imaged on each  photo-  
i 

g r aph  , 

i S i n c e  t h e  i n t e n s i t y  is on a  l o g  s c a l e ,  i t  would appear  t o  b e  a  
t s i m p l e  m a t t e r  t o  r e a d  t h e  s i g n a l - t o - n o i s e  r a t i o  by measuring t h e  num- k 
+ h e r  of  dB inc rements  between t h e  s i g n a l  and n o i s e  l e v e l s .  However, 1 
b 

j t it i s  n o t  s o  s i m p l e  f o r  two r e a s o n s :  
1 /  

, i + 1. Tl~e proper  n o i s e  l e v e l  must b e  i d e n t i f i e d :  
L 



4 

I :,I 1 

2. The s igna l  l eve l s  i n  each photograph varied considorebly, 1, 
U LI 

sonretilnes by Inore than 30 dl3 during the c a l i b r o t i o i ~  dives I 

- ?  * 

at; Edwards. i' 
\ 

~ 3 /  

Tl1orofor.o, t h e  proper c r i t e r i a  fo r  reading the  s igna l  and noise I 
i ,  

t 
l c v e l s  had t o  be cs tabl ishcd.  Also, the  wide var ia t ion  i n  s igna l  d 1 

w I 
* j 

had t o  be osplaincd. 

2 . 4 . 1  NOISE LEVEL 

The pxopcr noise l eve l  i n  tho normal SNR equation i s  t h c  rms 
or 1 g l eve l .  The problcm is t o  iden t i fy  t h i s  leveL on the  A-scope 

p lo t s .  

Tho ona, two and th ree  sicj~na noiso leve l s  are exceeded for  J 
7 

certain pe rcen tag~s  of the sanlples assuming the  noise is Gaussian: r I 
1 

1 0: 31,,.7% 1.5 0: 13.4% t 

2 a: 4.6% 2.5 n: 1.24% 
I i 

6 ! 

Thus, the various Q l evc l s  can bo determined by ident i fy ing Mra ! 

l eve l s  on t h e  A-scope bthich a r e  a~ceeded  by t11a above percentages 
of the Cimo. Now, the  1, 2 ,  and 3 noise l eve l s  a r e  not  separated I 

t 
by these  r a t i o s  on the  A-scopo display , t h a t  i s ,  the 1 and 2 rr 

( r ,  

l eve l s  a r e  not  sePrat(!?d by 3 dD and k11e 1 and 3 rr l eve l s  by 5 dB 

a s  tho  ratios would sutjgest, because t h ~  square of the current  is i 

plot ted  on the A-scope ra ther  than the  current  i t s e l f .  The para- 

makes p l o t t e d  on tlre ordinate  is: ' pi 
*i +. 

2 .# il 

loglO Power , loglO (current)  1 
* d 

S i n c e  the  Q l eve l s  (and associated s t a t i s t i c s )  apply l inear ly  t o  0 

tho current  r a the r  than the power, the  r e a l  separat ions i n  dB 
F i u @ 



t 

I t  

Therefore,  t h e  procedure f o r  loca t ing  t h e  1 Q- l e v e l  on t h e  A-scope 

i d i sp lay  is  t~ f ind  t h e  level. which i s  exceeded 4.6% of t h e  t i m e  

I 
(if w e  use t h e  2 0 l a v e 1  a s  t h e  r e l e rence )  ahd subtract:  6.0 dB 

i from t h a t "  A s  a checkt tile use  o f  t h e  2 . 5 ,  3 and 3.5 0 l e v e l s  a s  tho  
reference  and sub t rac t ing  8 . O ,  9.5 and 10.9 d B  r e s p e c t i v e l y ,  should 

k y i e l d  the  same A-scope l e v e l  for 1 D. This comparison was, i n  f a c t ,  

i ma6z with cxceLLonk c o r r e l a t i o n  as wiL3.  be --p-lP ca ined.  
I 

3 
k 

. ! 

I 

Xn order  t o  c a r r e l a k e  percentages with absol.ute numbers, t h e  I 

t o t a l  nunber of sampling i n t e r v a l s  must be determined. The range 

i g a t e  o f  the r e c e i v e r  extended from 2 t o  16 n a u t i c a l  miles Pox a 
I 

t o t a l  tlimo span of 160 microseconds. The i n t e g r a t i o n  time of  t h e  + 
i J  

r ece ive r  was approximately 2 microseconds s i n c e  t h e  bandwidth was 
t 1 i 1 

250 kHz. (Tho i n t e g r a t i o n  t i n l e  is  roughly v e r i f i e d  by mmsuring i 
, tho width o f  noise pulses  on .tile A-scope.) Hence, t h e r e  a r e  ? f l 

I 
160/2 or  , 80 sampling i n t e r v a l s  per pulse.  S ince  each exposure of  1 ,I 

khe sequence camera covers 14 pulses ,  t h e  t o t a l  number of noise  b 
$ I 

sampling inkerva l s  per  photograph i s  : 1 / i, 

Therefore,  t h e  numbers of times t h e  var ious  0 l e v e l s  a r e  exceeded 

are:  
f 

I 

I .  
I 

j + !  
k e 
i 1 !- 
I 
I 

- - - - L C , - & G & % C I L S L - E % ~ . I  .*L  ̂ - 4 .  - "-A%- ..* - I 
< -", - - *..&.L & -"S-,=-.-..L&-- 



To (1) l o c a t e  t h e  1 G l e v e l  and ( 2 )  check o u t  t h e  above t h e o r y ,  

t h e  numbers o f  n o i s e  p u l s e s  exceeding v a r i o u s  i n t e n s i t y  l e v e l s  were 

measured on t h r e e  sequence camera photographs  and p l o t t e d  i n  F i g u r e  

2-1,5. Then a n  a t t e m p t  was made to  f i t  t h e  t h e o r e t i c a l  cuxve based 
* I ;  

upon t h e  numbers l i s t e d  above (wi th  t h e  s e p a r a t i o n s  o f  t h e  a l e v e l s  
; I  

i n  dB a s  de termined e a r l i e r ) .  An e x c e l l e n t  f i t  was o b t a i n e d  when t h e  

2 a l e v e l  i s  l o c a t e d  a t  2 . 6  dB above t h e  b a s e l i n e .  S i n c e  t h e  1 

n o i s e  l e v e l  i s  6.0 dB below t h e  2 o l e v e l ,  t h e  J. o n o i s e  l e v e l  i s  

( 6 . 0  - 2.6)  o r  3 .4  dB below t h e  b a s e l i n e  f o r  t h e  p o r t i o n  o f  f l i g h t  

c o v e r i n g  khose p a r t i c u l a r  sequence camera exposures. The ~ a i s e  w a s  
found t o  b e  q u i t e  c o n s i s t e n t  d u r i n g  each f l i g h t  and between f l i g h t s ,  

s o  t h e  3 . 4  dB f i g u r e  i s  r a k h e r  g e n e r a l .  A s  a  check,  t h e  number o f  

t imes  t h e  n o i s e  exceeds  v a r i o u s  l e v e l s  can  b e  compared w i t h  t h e  
I v a l u e s  p l o t t e d  i n  F i g u r e  F-15 f o r  any sequence camera photograph.  One 

e x c e p t i o n  is t h e  l a t t e r  p o r t i o n s  o f  t h e  d i v e s  a t  Edwards when t h e  re- 

c e i v e r  over loaded  due t o  t h e  ve ry  h igh  s i g n a l s  and a l a r g e r  n o i s e  
l e v e l  r e s u l t e d .  

2 .4 .2  SIGNAL LEVEL 

T y p i c a l  s i g n a l  r e t u r n s  f o r  t h e  d i v e s  a t  Edwards were shown i n  
F i g u r e  F-8. It i s  a p p a r e n t  t h a t  t h e  a m p l i t u d e  v a r i e d  wide ly  o v e r  t h e  
1 4  p u l s e s  of: each exposure  - by more t h a n  20 dB. The h i g h e s t  r c t u r n  

i. is  a t  35 dB above the ' I2aseline i n  SC Photograph 2824, and t h e  lowcst. 
r e t u r n  is  a t  1 2  dB. The ampl i tude  a l s o  v a r i e d  wide ly  from one SC pho- 

tograph  t o  t h e  n e x t ,  a s  shown by a  p l o t  of a l l  t h e  peak s i g n a l - t o - n o i s e  
r a t i o s  of  e a c h  photograph f o r  a s i n g l e  d i v e  a t  Edwards i n  F i g u r e  F-116. 

I The p h o t o s  were exposed a t  1 . 2  second i n t e r v a l s .  So, which a m p l i t u d e  
t 
i 
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F i g u r e  F - 1 5 .  Matching of Theoretical N o i s e  C u r v e  to E x p e r i m e n t a l  
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should be se locted  f o r  t h e  da ta  ana ly s i s ?  I n  order  t o  answer t h i s  
quest ion t h e  causes of t h e  wide s i gna l  va r i a t i ons  are i den t i f i ed .  

Poss ib le  causes are :  

1. Target s c i n t i l l a t i o n .  S ince  t he  t a r g e t  cons i s t s  of a  
co l l e c t i on  of small specular  r e f  l e c t o r s ,  va r i a t i ons  i n  
amplitude from pulse t o  pulse ou t  of t he  coherent rece iver  
can be expected. 

2 .  Atmospheric s c i n t i l l a t i o n .  The coherent rece iver  requ i res  
a  plane wave input  f o r  i t s  peak s igna l .  Dis to r t ion  of t he  
wavef ron t  by atmospheric turbulence (a  va r iab le  r e f r a c t i v e  
index) degrades t h e  s i gna l .  

3 .  Frequency tun ing*  T h e  fraquoncy s e t t i n g  of the A-scope 
receiver  was manually tuned during f l i g h t  because the  
exact  frequency was not  known i n  advance and var ied  duriilg 

each d ive .  The manual tuning procedure caused the  rece iver  
t o  per iodica l ly  m i s s  t h e  s i gna l .  

4 .  Laser output. va r i a t i ons .  The high a i r c r a f t  v ib ra t ion  during 
t h e  d ives  may have caused t h e  amplitude and frequency 
s t a b i l i t y  t o  vary o r  t he  l a s e r  output  t o  be spread over 
severa l  frequency modes. 

Other causes which have a  l e s se r  e f f e c t  a r e  t h e  LO shot  noise and 
f l uc tua t i ons  i n  t he  photon a r r i v a l  r a t e ,  and va r i a t i ons  i n  t h e  
ground r e f l e c t i v i t y  ( the  dry lake is not pcecisely uniform) . 

nU 
r ii 

The t h i r d  cause - frequency tuning of t he  receiver  - tended t o  
produce d r a s t i c  reduct ions of t h e  s i gna l s  i n  t he  a f fec ted  photo- 
graphs and was, the re fore ,  e a s i l y  recognizable by comparison with 

o t h e r  photographs. The tuning procedure consisted of varying t he  
L 

frequency s e t t i n g  manually i n  order t o  keep it on t h e  s i gna l .  Since 



t h e  etxposurc time of  t h e  sequence camera was only 0.1 second, it is I[ 4 $ 

un l ike ly  t h a t  t h e  tuning is t h e  sourcs  o f  any of  the v a r i a t i o n s  

wi th in  a  photograph, 

The four th  cause - l a s e r  output  v a r i a t i o n s  - is not  considered 
t o  b e  a s i g n i f i c a n t  source of  t h e  l a r g e  SNR v a r i a t i o n s  bocause t h e  

1 . U 
amplitude was Eound t o  remain steady a t  a t h e r  times and a  mult i -  1 
frequency output; probably would have shown up i n  the RVI o r  IVX 

d i s p l a y .  However, t h i s  source i s  no t  t o  be ru led  o u t ,  e spec ia l ly  
if t h e  o the r  sources cannot s a t i s f a c t o r i l y  oxplain t h e  v a r i a t i o n s .  if 

Y 
1s 

The most probable causes a r e  t h e  t a r g e t  and atmospheric 
1 

s c i n t i l l a t i o n  (causes 1 and 2 above) . Tn order  t o  v e r i f y  t h a t  they 
I 

\ 

a r e  i n  f a c t  respons ib le ,  t h e  v a r i a t i o n s  from these  causes a s  I 

predic ted  by theory a r e  compared with t h e  spread i n  t h e  measured 9 I 

f I 
s i g n a l ,  

;\ ; 

Measurements of t h e  s i g n a l  l e v e l  of a l l  pulses  i n  two sequence 1 1  
1 

camera photographs a r e  l i s t e d  i n  Table F-2.  The i n t e n s i t i e s  appear B 

t o  follow a log  normal d i s t r i b u t i o n  because t h e  s i g n a l  l e v e l s  i n  I 
dB, r a t h e r  than t h e  numerical r a t i o s ,  a r e  normally d i s t r i b u t e d .  For 

example, t h e  mean (average) of t h e  logarithms is  very c l o s e  t o  t h e  
median (middle) of t h e  logarithms i n  both photos which i s  a  
c h a r a c t e r i s t i c  of a  normal d i s t r i b u t i o n  - on SC photo 2824 t h e  mean 
is 22.0 dB and t h e  median i s  22 dB, on SC photo 3057 t h e  mean i s  

17 .3  dB while  t h e  median i s  17 d B .  The same is  obviously not  t r u e  
of t h e  numerical r a t i o s .  A more r igorous  a n a l y t i c a l  t reatment  i n -  
volving t h e  determinat ion of moments can be appl ied  t o  check o u t  
how w e l l  t h e  da ta  f i t  a normal d i s t r i b u t i o n ,  b u t  t h i s  would r e q u i r e  
an enormous amount of d a t a  poin ts .  

The s ign i f i cance  of  t h e  d i s t i n c t i o n  between normal and log  normal 
d i s t r i b u t i o n s  is t h a t  atmospheric s c i n t i l l a t i o n s  a r e  probably log nor- 
ma1 while t a r g e t  s c i n t i l l a t i o n s  a r e  genera l ly  Rayleigh. The reasons 
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a r e  explained i n  memos by C. DiMarzio. * Since  (1) t h e  measurements 

appear  t o  be lcg-normally d i s t r i b u t e d ,  and ( 2 )  t h e  p red ic t ed  v a r i a t i o n s  

from t a r g e t  s c i n t i l l a  t i o n  a r e  much lower t han  t h e  observed v a r i a t i o n s ,  

t h e  conclusion i s  t h a t  t he  atmosphere i s  t h e  primary c m s e  o f  t he  v a r i -  

a t i o n s .  The armospheric t u rbu lence  around t h e  a i r c r a f t  may be the  main 

c o n t r i b u t i o n  t o  t h i s  e f f e c t .  

is  the  primary cause ,  then t h e  h i s h e s t  va lue  of t h e  
s iqna l - to -no ise  r a t i o  on each sequence camera photoqraph should b e  r-~il_d_ 

s i n c e  t h i s  i s  t h e  c l o s e s t  va lue  t o  t h e  s igna l - to -no ise  r a t i o  i n  an .*:- 

per turbed atmosphere. I n  f a c t ,  t h e  p r o b a b i l i t y  is  50 pe rcen t  t h a t  t h e  

peak s i g n a l  o f  14 pu l se s  i n  a sequence camera photograph w i l l  be  w i th in  

7  p e r  cen t  of  t he  s i g n a l  l e v e l  f o r  an unperturbed atmosphere.* A s  par -  
t i a  1 v e r i f i c a t i o n ,  t h e  peak s igna l - to -no ise  r a t i o s  o f  numerous photos 

dur ing  a d i v e  form a smooth, nea r ly  s t r a i g h t  l i n e  graph wi th  range a s  

shown i n  Figure  F-9. 

Although atmospher ic  t u rbu lence  is  t h e  primary cause  of t h e  

s i g n a l  v a r i a t i o n s  t h e r e  i s  s t i l l  a  c o n t r i b u t i o n  from t a r g e t  

s c i n t i l l a t i o n .  Assuming t h a t  t h e  t a r g e t  c o n s i s t s  of  a n  i n f i n i t e  

number of d i f f u s e  s c a t t e r e r s ,  t h e  peak s i g n a l  of  14 pu l se s  w i l l  

g ene ra l ly  b e  approximately 3 dB above t h e  average .  The f a c t  t h a t  

t h i s  spread was no t  observed is another  i n d i c a t i o n  t h a t  t a r g e t  s c i n -  

t i l l a t i o n  was no t  t h e  p r i n c i p a l  cause of t h e  s i g n a l  v a r i a t i o n .  

2 . 5  PULSE I N T E R A T I O N  

The pu l se  r e p e t i t i o n  r a t e  o f  t h e  CAT Laser is  around 160 pps.  

S ince  many pu l se s  w i l l  h i t  b a s i c a l l y  t h e  same a i r  t a r g e t  i n  looking 

f o r  C lea r  A i r  Turbulence,  t h e r e  is a  p o s s i b i l i t y  of  improving t h e  

s igna l - to -no ise  r a t i o  by i n t e g r a t i n g  consecu t ive  pu l se s .  For s i g n a l s  

of cons t an t  h e i g h t  and Gaussian n o i s e ,  t h e  improvement r a t i o  is 

i d e a l l y  t h e  number of  pu l se s .  For  example, i f  50 pu l se s  a r e  i n t e g r a t e d ,  

t h e  s igna l - to -no ise  r a t i o  should be improved by 17 dB.  

*Raytheon E/O Department Memo 73-CAD-08 and ano the r  t o  be  publ ished.  1: 



11 i 
T h i s  amount o f  improvement w i l l  n o t  e x i s t  f o h  t h e  CAT l a s e r  s y s t e m .  4 

'I The key a s s u m p t i o n  o f  a c o n s t a n t  s i g n a l  l e v e l  is  n o t  correct because 1 ,  
a t m o s p h e r i c  end  t a r g e t  s c i n t i l l a t i o n s  v a r y  t h e  s i g n a  1 w i d e l y ,  a s  shown I E  

by the r e t u r n s  a t  Edwards.  I n  o r d e r  t o  p rodbcc  any  improvement i n  
ii 

i 

t h e  s i g n a l - t o - n o i s e  r a t i o ,  t h e  sutn of t h e  s i g n a l  c u r r e n t s  from N i 1 ,  
p u l s e s  mus t  exceed  JN t i m e s  t h e  peak  s i g n a l  c u r r e n t  since t h e  n o i s c  !, ,5 
c u r r e n t  is a f a c t o r  o f  .fl l a r g e r .  For  t h e  d i v e s  a t  Edwards,  Ghe 
improvement was i n s i g n i f i c a n t .  This c o n c l u s i o n  was r e a c h e d  a f t e r  
p e r f o r m i n g  a  p u l s e  into: j ra t ion a n a l y t i c a l l y  on t h e  s i g n a l  l e v e l s  i n  

t h e  two s e q u e n c e  camera p h o t o g r a p h s  l i s t e d  i n  Table F-2. The p a r a -  
meter i n  t h e  tab1.e (Numer i ca l  R a t i o )  is  t h e  s i g n a l  power l e v e l  i n  
a r b i t r a r y  u n i t s ,  Thus,  

whe re  Ps and  is are t h e  s i g n a l  power and c u r r e n t ,  y t h e  " n u m e r i c a l  

I i 
1 1  

r a t i o "  l i s t ed  i n  the table,  ill the  n o i s e  c u r r e n t ,  and  K1, K2 a n d  K3 
a r e  c o n s t a n t s .  The s igna ' l - t o -no i se  r a t i o  for a s i n g l e  p u l s e  is: 

I 2 
t ! (i),= (p ) = K, 2 y 

n 

1 8 . For i n t e g r a t i n g  M p u l s e s ,  
I 

8" 2 2 

(3 = (  = ( U y )  

! 1 1 as suming  t h a t  the i n t e g r a t i o n  p r o c e s s  is 100 p e r c e n t  e f f i c i e n t .  

1 '  a 
F o r  SC p h o t o  2824, 1 1  P 

CJy = 225 

n- M = 13 

$I = 

I 
; I,, 

I 
1 C* F-45 
i i 

*-*= 

r i r c .  *., Lr*rr -, . a , r r d L I r r 9 . - & ~ ~ ~ ~ t i i ~ ~ & ~ ~ ~ ~ - E ~ * ~ * 1  '* 



Tho peak s ingle-pulse SNR is: 

= 3000K3 2 ('IN) 1, peak 

"TI 

So t h e  ilmprevernent=, i n  s ig t~a l - t s -no i se  rnkio  from in tegra t i t lg  13 pulses  : I 
,: r 

is only: 

I o r  30%. For S C  photo 3057, 
I 

and 

= 1100 Kq z ( S I N )  i n k  

= 13OO1C3 2 1, peak 

( S / N  i n k  
= 0.86 

(S/N) 1, peak 

So t h e r e  is a c t u a l l y  a  l o s s  of  14% i n  t h e  SNR from i n t e g r a t i n g  11 

pulses .  T l~erc fo re ,  pu l se  in teg ra t ion  does not  r e a l l y  h e l p  i n  these 
. I 

! two cases .  A t  t h e  h igher  a l t i t u d e s  where t h e  CAT l a s e r  radar  w i l l  be ' 8 
d li 

opera t ing ,  the  a i r  is th inner  and atmospheric s c i n t i l l a t i o n  is not  a s  
severe ,  so  t h e r e  should be a l a r g e r  improvement, How much improve- 
ment is an unknown. 



SECTION 3 

A I R  BACKSCATTER RETURNS 

1 

B 

i 

The e v e n t u a l  to rgck  o f  t ho  C l c a r  A i r  Turbulence  l a s e r  r a d a r  i s  ! 

c l e a r  a i r .  There fore  t h e  r c t u r n s  from t h i s  t a r g e t  a r c  o f  i n t o r e s b .  ii 

i ii 
B Returns  from a i r  wcrc obscrvod throughouk t h e  t o s t  s e r i e s ,  o t  

I! 

j 
i e l . t i t u d e s  a s  h igh  a s  22,000 Ecet  and aC r a n g e s  a s  f a r  a s  6 n ~ i l o s .  I 

i 

f 

H O W ~ V C T ,  the scquencc canlera was n o t  opora tcd  all t h e  time, i n  Eoct ,  
it was on on ly  d u r i n g  20 pe r  c e n t  o f  t h e  geed d a t a  f l i g h t s  on t h e  
ave r age ,  and nlucll o f  t h a t  was f o r  khe d i v o s  a t  Edwards o r  tho Olvcns 

Val ley  r rms.  There fore ,  t h c  sequence camoro s a l d o ~ n  recorded  da t o  
a t  ttw h i g h e r  altitudes dlere  sonic c l e a r  a i r  r c h u r n s  were ehsevved 
on tlrc Xntens i ty /Ve loc i ty  I n d i c a t o r  ( I V I )  . Ilcncc the d a t a  a n a l y s i s  

I 
1 

h e r e  i s  conf ined  t o  t h e  lower o l . t i t u d e  r e t u r n s ,  i . ~ .  , bel.ow 1.0,000 
+ t e e t ,  I I 

The conc lu s ions  o f  t h e  a n a l y s i s  a r e :  

1. The SNR curve  f o r  t h e  r e c c i v a r  focussed  around GOO0 I 
f e e t  appca r s  t o  g i v e  t ha  b a s t  f i t  t o  t h e  measurements. t 

f 
Dosed upon t h e  system loss  o f  15 dB determined from t h e  i; 

Edwards d a t a ,  t h e  b a c k s c a t t e r  c o e f f i c i e n t  R at. f i v e  a l t i -  i 
t ude s  between 2 and lo Kft v a r i e d  from 0,7 t o  7 x 1 ~ ~ ~  t 

1 
per  n~e t cu  pe r  s t e r .  These v a l u e s  a r e  roughly  an  o r d o r  o f  i 

magnitude l e s s  than  t h e  c o e f f i c i e n t s  observed i n  t h e  1972 
6 
i 

tes t  s e r i ~ s ,  probably  duc t o  t h e  d i f f e r e n c e  i n  a i r  between 
sutnlner and w i n t e r .  i 

I 

2. The s i g n a l  amplitude f l u c t u a t e d  w i l d l y  w i t h  range on i n d i -  
v idua  1 p u l s e s ,  altlrough tlre envelope xema ined reasonab ly  

c o n s t a n t  froin p u l s e  t o  p u l s c .  Numerous causes were 
p c s t u l a t c d .  The primary one  a p p e a r s  t o  be t a r g e t  s c in t i 1 . -  
l a  Cion . 



3 ,  Pulss i n k e g r a t i o n  may have s i g n i f i e n n k l y  improvcd t h c  'I 1 
- I c a r e f u l  compar i sen  o f  tlro IVI and A-scopc r o t u ~ ~ ~ r s  i s  naces -  4 i 

s n r y  bchara tha J : ~ ~ ~ p r o v c m c n t  fackol: C~I: be dckcx~\ \ i l led . .a 

%\qA.c~lJ. A-sctapcr p lo t s  of r ~ k i ~ r r ~ s  .fro111 ai1: 3s rccrardcd by thr? 

scqucr~ea camnra irro shown 5.11 F!7;1g\1r6 F-17. The i n t e n s i t y  j,s p l o t t a t ]  
on klre s r d i n a t c  a k  lQ C313/'hos and  khe r a n g e  0t.r k l ~ c  a ' laseissa at: 2 

n n u t i e a  1 mil.ss8'bos. (hlk\~csugh t'trc zexo  xangcr i s  tha f isst v e r k i c c l l  
Lint; at: t h e  l~b'ft:, J C I S ~  to  t:hc r i g h t  o f  t h c  c l o c k ,  t l r ~  law i n i t i a l .  re- 
t u n  i n  khc Eirst 110s s h o u l d  be  d i s u ~ g a r d c d  S ~ I I C ~  t l r c r e  is a  d e l a y  i n  
klrc r c c c i v c r  rcspcar s a  . )  Tho r a n g c / v 6 3 o c i t y  i n d i c a k o r  (RVX) output :  i s  
plrattred a s  ~ I I C  hk~c i tCbn~d  C I Z O ~ I  a h o v s  tho A - s c o p ~ ,  Tlro s i g n a l  r s t u r n  
i s  shown ikr t h e  lTVJ to be s l i g h t l y  o v e r  o n s  MIiz i n  w i d t h  a t  roughly 
thc  5 psrcc?nk b o r d e r s .  

Thc saquc l lcc  camera pIra tagraphs shsrir tha t the ba c k s c a  t t c r  re t u r n  
is con t a  inod w i  t h i n  o w~I.3.-defined cnvcl.opc on  the A-scopc d i s p l a y s  
even t l ' r~uglr  the  signn l rcteurl~s on  i n d i v i d u a  1 p u l s e s  El,uct:ua t o  wildly 
\v i th  r ange .  Tlrc s i g n a l - t o - n o i s e  r a t i o  was mcnsurod from thc e n v e l o p e .  
Reasons  fox' t h s  f l u c t u t l C i o n s  a r c  d i s c u s s o d  in S e c t i o n  3 . 3 ,  

There were e n l y  a  fcw times d u r i n g  t h e  flig\zt ser ies  whcn the 
backsca t t c l :  was calssilrvabl.a a12d k110 S C ~ L ~ ~ I I C C !  C ~ N Q L ^ B  was o p s r a k c d ,  
Tires@ t i m a s  a r c :  

A l t i t u d e  

4.7KEt 
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F l i g h t  & RUE 
I_ 

Approxima t e  Time (GMT) 

7* 18:50* 

8  18:58 

9 19:05 

A l t i t u d e  

5 *  
2 

4 

G 
9 

3 . 6  

*A-scope f o r  sequence camera was n o t  
f u n c t i o n i n g  p r o p e r l y .  

**Target  may n o t  have been a i r .  I 

I n  some o f  t h e  above c a s e s  t h e  a i r  may n o t  have been s o  c l e a n .  TI? 
i 
I 

f a c t ,  t h e r e  were d u s t  storms i n  t h e  v i c i n i t y  o f  one o r  two o f  t h e  1 
low a l t i t u d e  r e t u r n s ,  a l thougl ,  khe s i g n a l s  were n o t  from the d u s t  i 

I 

s to rms . - 
1 

I 
The s i g n a l - t o - n o i s e  r a t i o s  f o r  F l i g h t  B8 a s  measured off t h e  I B 

I 
1 

A-scope a r e  p l o t t e d  i n  F i g u r e  F-18. The s i g n a l  l e v e l  i s  measured i 

from t h e  envelope  o f  t h e  s i g n a l  r e t u r n  (see F i g u r e  F-17). The p r o p e r  k 1 

rms n o i s e  l e v e l  is  3 . 4  dB below t h e  b a s e l i n e  a s  e x p l a i n a d  i n  S e c t i o n  . il 

2 .4 .1 .  The a x e s  o f  t h e  g raph  were s c a l e d  t o  match t h e  SNR p l o t s  i n  

Seckian  2 ,  . "  ; 3 I 1 

I 

I The h i g h e s t  s i g n a l - t o - n o i s e  r a t i o  is  20 dB, observed a t  Low I 1 . ?  1 
a l t i t u d e  a t  a  r a n g e  o f  t w o  miles. The f u r t h e s t  r ange  o f  measurement 

i s  6 n a u t i c a l  m i l e s .  There i s  l i t t l e  cons i skency  i n  t h e  r e d u c t i o n  i 
I / 

o f  s i g n a l - t o - n o i s e  r a t i o  w i t h  a l t i t u d e  - f o r  example, t h e  r e t u r n  i s  1 
!- g r e a t e r  a t  8 . 8  K f t  ( d e s i g n a t e d  by d o t s )  than  a t  t h e  lower a l t i t u d e  of  

5 
i 

3 .6  K f t  { d e s i g n a t e d  b y  t r i a n g l e s ) .  These measurements were made a t  

w e l l - s e p a r a t e d  l o c a t i o n s .  Also ,  t h e  v a r i a t i o n  w i t h  range  i s  n o t  con- 
I 

s i s t e n t  - compare, f o r  example, t h e  c i r c l e s  and t r i a n g l e s .  T h i s  1 
9 

i n c o n s i s t e n c y  c o n t r a s t s  w i t h  t h e  e x c e l l e n t  c o r r e l a t i o n  o f  r e t u r n s  

1 from t h e  ground on  d i f f e r e n t  d i v e s  a t  Edwards ( see  F i g u r e  F-9). " I  . 
i 

The c a u s e  is  p robab ly  t h e  v a r i a t i o n  i n  p a r t i c l e  d e n s i t y  a l o n g  t h e  beam. 
I - 4 

1 
I 

F-50 
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Figure F-18. Signa 1-to-Noise Ratio Measurements Against Air 



Measurements a g a i n s t  a i r  were a l s o  made i n  t h e  1972 f l i g h t  test g$ ill 
*.+ 

ser ies  ( " A "  series)  .* The s i g n a l - t o - n o i s e  r a t i o s  a t  a r a n g e  of two . P 
miles were: ji 

A l t i t u d e  

7 K f t  4 dB 
7.4 6.5 

9  ,, 4 8.5 

13 15 6.5 I 

8 
i 

The r i s e  i n  s i g n a l - t o - n o i s e  r a t i o  w i t h  i n c r e a s i n g  a l t i t u d e  s u g g e s t s  \ .  
1 

a h a z e  l a y e r  a r o u n d  10 K f t .  A compar i son  o f  v a l u e s  a round  7 K E t  
1 

' 1  
for  t h e  1972 and  1973 t e s t  ser ies  shows t h a t  t h e  improvement f o r  

1973 was r o u g h l y  7 dB. T h i s  i s  10 dB less  t h a n  t h e  improvement 
1 

o b s e r v e d  i n  t h e  Edwards '  t e s t s  o f  17  dB (see S e c t i o n  2 . 2 ) .  The j/ 

d i s c r e p a n c y  is  d u e  t o  t h e  d i f f e r e n c e  i n  s c a t t e r i n g  c o e f f i c i e n t  be- 

tween summer and w i n t e r  - t h e  1972 tests were c o n d u c t e d  i n  Augus t  
and t h e  1973 tests  i n  J a n u a r y .  The a i r  t e n d s  t o  be c l e a r e r  i n  
w i n t e r  t han  i n  summer, c a u s i n g  t h e  b a c k s c a t t e r  c o e f f  i c i c n t  to bc 'I, 

4 

less  i n  t h e  w i n t e r  tests .  - . 

COMPARISON WITH THEORETICAL SIGNAL-TO-NOISE RATIO 

The theoretics 1 s i g n a  1 - t o - n o i s e  r a t i o  f o r  a  c o h e r e n t  p u l s e d  
I 

l a s e r  r a d a r  a g a i n s t  a i r  i s  g i v e n  by:** 
1 

1 8 i *Measurements a r e  p l o t t e d  i n  F i g u r e  7 o f  Raytheon E/O Depar tment  , Ii 

memo 72-DAK-69. A c o r r e c t i o n  fact:or o f  3 .4  dB s h o u l d  b e  added  
t o  t h e  v a l u e s  i n  t h e  g r a p h  due  t o  improper  r e a d i n g  o f  t h e  rms 7 1  

n o i s e  l e v e l  (see S e c t i o n  2 . 4 . 1 )  . 



ij 
for a  p h o t o v o l t a i c  d e t e c t o r ,  where !/ ! i 

F  1 f o r  beam r e c e i v e r  FOV i~ 1' 

I f  t h e  beam is  unfocussed,  i t  is s m a l l e r  t h a n  t h e  FOV a t  r a n g e s  
1 
it 

g r e a t e l :  t h a n  twice t h e  r a n g e  o f  r e c e i v e r  f o c u s .  The symbols a r e  

d e f i n e d  i n  Tab le  F-1 o f  S e c t i o n  2 w i t h  t h e  f o l l o w i n g  a d d i t i o n s :  

-1 I 
$ is t h e  b a c k s c a t t e r  c o e f f i c i e n t  i n  u n i t s  o f  meter  s ter  

8 
F 

c is t h e  v e l o c i t y  o f  l i g h t  = 3 x 10 m/sec i i . . 
T is t h e  r e c e i v e r  i n t e g r a t i o n  time w 4 bsec  i j  

i. r 
The v a l u e s  a r e  t h e  same a s  l i s t e d  i n  Tab le  F-1 e x c e p t  for t h e  sys tem 

loss  factor  whish i s :  

The l o s s  f a c t o r  i s  6 dB s m a l l e r  due s o l e l y  t o  d e f i n i t i o n s  - t h e  
d i f f u s e  t a r g e t  f a c t o r  (3 .4  d ~ )  and t h e  mis-match o f  bandwidth t o  

p u l s e  l e n g t h  (-2.5 dB) a r e  t aken  i n t o  a c c o u n t  i n  t h e  SNR e q u a t i o n  

r a t h e r  than  i n  t h e  l o s s  f a c t o r .  

The t w o  a t m o s p h e r i c  p a r a m e t e r s  - t h e  b a c k s c a t t e r  and a t t e n u a -  
t i o n  c o e f f i c i e n t s  - have n o t  been a s s i g n e d  v a l u e s ,  The a t t e n u a t i o n  
c o e f f i c i e n t  is  determined from t h e  i n - f l i g h t  t e m p e r a t u r e ,  humidi ty  

and a l t i t u d e  measurements by t h e  t e c h n i q u e s  o u t l i n e d  i n  Attachment  1. 

It d e t e r m i n e s  t h e  a t m o s p h e r i c  t r a n s m i s s i o n  by t h e  formula :  

where p i s  t h e  a t t e n u a t i o n  c o e f f i c i e n t .  The backsca  t t e r  c o e f f i c i e n t  
fl is  t h e  b i g g e s t  unknown. Very f e w  d a t a  e x i s t  a t  10 .6  microns ,  and 
t h e r e  may b e  none f o r  a l t i t u d e s  above ground l e v e l .  A rough v a l u e  of 
@ a t  ground l e v e l  i n  w i n t e r  is :  



1oU8m -' s t e r  -1 Bl0.6 " 

It may c a s i l y  be a n  o r d e r  of  magnitude h i g h e r  o r  lower depending upon 
p a r t i c l e  c o n t e n t .  P a r t i c l e  d e n s i t y  c o u n t s  wore made on some f l i g h t s  

but  t h e  c a l c u l a t i o n  of b a c k s c a t t e r  c o e f f  i c i e n t  from t h e  p a r t i c l e  
c o u n t s  is n o t  p o s s i b l e  w i t h o u t  i n f o r m a t i o n  on t h e  s i z e ,  shape  and 
r e f r a c t i v e  index  of t h e  p a r t i c l e s .  Also ,  t h e r e  is  no a s s u r a n c e  
t h a t  t h e  p a r t i c l e  samples ,  which a r c  drawn i n  th rough  a  curved p i p e  
p r o t r u d i n g  from t h e  s i d e  of t h e  a i r c r a f t ,  a r e  t r u l y  r e p r e s e n t a t i v e  
of  t h e  a i r  i n  t h e  l a s e r  beam. A comparison o f  t h e  p a r t i c l e  c o u n t s  
and t h e  b a c k s c a t t e r  r e t u r n s  a s  a  f u n c t i o n  o f  a l t i t u d e  was made t o  
s e e  i f  t h e r e  i s  a  c o r r e l a t i o n ,  * 

 he theoretics 1 s i g n a  1- to-noise  r a t i o  was c a l c u l a t e d  w i t h  t h e  
a i d  o f  a  computer and p l o t t e d  i n  F i g u r e  F-19 f o r  a b a c k s c a t t e r  coef- 
f i c i e n t  of  lo-' p e r  meter  p e r  s t e r a d i a n  and no a t m o s p h e r i c  l o s s .  
F ive  c o n d i t i o n s  o f  f o c u s  and e f f e c t i v e  a p e r t u r e  s i z e  a r e  shown which 
a r e  t h e  same f i v e  c o n d i t i o n s  a s  examined f o r  t h e  Edwards d a t a  i n  

S e c t i o n  2 .  Note t h a t  t h e  c u r v e s  a r e  v i t t u a l l y  i d e n t i c a l  t o  t h e  
Edwards' s i g n a l - t o - n o i s e  r a t i o  c u r v e s  e x c e p t  f o r  a  downward d i s p l a c e -  
ment o f  2 3  dB, which i n d i c a t e s  t h a t  t h e  SNR e q u a t i o n  a g a i n s t  a i r  
can be approximated by t h e  SNR e q u a t i o n  a g a i n s t  t h e  ground w i t h  t h e  
a p p r o p r i a t e  r e f l e c t i v i t y .  The e q u i v a l e n t  r e f l e c t i v i t y  o f  a i r  i n  
terms of t h e  b a c k s c a t t e r  c o e f f i c i e n t  i s :  

3 
p(71) w 2 x 10 8 

-1 f o r  t h e  CAT l a s e r  r a d a r ,  where B i s  i n  u n i t s  o f  ( m e t e r - s t e r )  . 

; 1 "3 :I , 
I 

t 4  4eh 1 
j *See Raytheon m e m o  EM 73-1115 by A .  J e l a l i a n  F 

L 
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Figure F-19. Theoret ica l  SNR o f  CAT Laser System Against A i r  
( N o  Atmospheric Attenuation) 



The curve of b e s t  f i t :  f o r  t h e  Edwards d a t a  i s  t h e  SNR p l o t  f o r  I[ 
B 

r e c e i v e r  focussed a t  6000 f e e t ,  a r e c e i v e r  a p e r t u r e  o f  10 inches ,  and 

a t o t a l  system l o s s  of 15 dB (curve D i n  F igu re  F-19). The same curve* r2 I 1  

f i t s  w e l l  t o  s e l e c t e d  r e t u r n s  from the  a i r  a s  shown i n  Figure  F-20. 
The da ta  a t  2.2 K i t  a l t i t u d e  a t  18:59:37 on f l i g h t  B8  a r e  p l o t t e d ,  
and t h e  b a c k s c a t t e r  c o e f f i c i e n t  f o r  t h e  t h e o r e t i c a l  curve is  

-9 -1 -8 -1 7x10 m srW1 r a t h e r  than  10 rn s Therefore ,  t h e  b a c k s c a t t e r  
r e t u r n s  from a i r  tend t o  confirm t h e  conclusion o f  t h e  Edwards' t e s t s ,  
t h a t  t h e  r e c e i v e r  was focussed a t  6000 f e e t ,  

The b a c k s c a t t e r  c o e f f i c i e n t s  f o r  t h e  da ta  p l o t s  i n  F igure  F-18, 
assuming t h e  system l o s s  determined i n  t h e  Edwauds"ests, a r e :  

Time - A&t i t u d e  
18:59:37 2 . 2  Kft  
22:55:04 3;s  

19:05:53 4 . 4  

21:42 :03 6.2 
21:56:40 8.8 

These c o e f f i c i e n t s  apply t o  wel l - separa ted  l o c a t i o n s  a c r o s s  ~ a l i f o r n i a  11 
i n  w i n t e r .  

r 

3 . 3  CAUSES OF SIGNAL FLUCTUATIONS 

The sequence camera photographs of t h e  A - S ~ O P ~  show t h a t  t h e  
b a c k s c a t t e r  r e t u r n  f l u c t u a t e d  r a p i d l y  wi th  rang% on i n d i v i d u a l  pu l se s .  

,$ 
These f l u c t u a t i o n s ,  which reach 20 dB over  t he  '14 pu l se s  of each 
photograph, a r e  due t o  v a r i o u s  causes :  

%P 
a .  Target  s c i n t i l l a t i o n .  The ampl i tudd  v a r i a t i o n s  from t a r -  

g e t  s c i n t i l l a t i o n  fo l low a Rayleigh d i s t r i b u t i o n  and could 
prodl~ce a complete n u l l i n g  of t h e  s i g n a l ,  depending upon 
t h e  r e l a t i v e  p o s i t i o n s  of t h e  s c a t t e r e r s  i n  a volume element .  

I 

I *The equ iva l en t  system l o s s  a g a i n s t  a i r  is  9 dl3 s i n c e  t h e r e  is  a d i f -  
f e r ence  oQ6 .d& - i ~ ~ , ~ , $ h e  SNR equa t ions  due t o  d i f f e r e n c e s  i n  d e f i n i t i o n s  
a s  explained ea r l ' i e r  . 
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I I .  Y 

. . I i - :-:[: RCVR, FOCUS 3 6 KFT 1 
I .  I 

: /-t. SYS. LOSS = 9 dB (from E d w a r d s  T e s t s )  

BACKSC. COEFF. (p )  = 7 x 

ATMOS. ATTEN 1 0 . 3 5  d B h m  I 

MNGE (THOU. OF FEET) EOA- LO 3 5 

F i g u r e  F-20 .  F i t  of Theoretical A i r  B a c k s c a t t e r  SNR 
C u r v e  to M e a s u r e m e n t s  



b. A t m o s ~ , l e r e  s c i n t i l l a t i o n .  D i s t o r t i o n  o f  t h e  wavef ron t  by 

v a r i a b l e  r e f r a c t i v e  i n d i c e s  a l o n g  t h e  beam degrade  t h e  s i g -  

n a l  f o r  a  c o h e r e n t  r e c e i v e r .  However, a tmosphere s c i n t i l -  -0 1' :i " 
l a t i o n  is n o t  a  major  c a u s e  o f  t h e  f l u c t u a t i o n s  because  L. !I i/ 

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

7X " 
than  a t  s e l e c t e d  r a n g e s  which t h e  d a t a  show. I f  t u r b u l e n c e  ' ' 1  r ~1 +p 

near  t h e  l a s e r  were t h e  nia j o r  c a u s e ,  t h e  r e t u r n s  on i n d i -  / 

v i d u a l  p u l s e s  would S e  smaothly v a r y i n g  Eunct ions  w i t h  : i Y jl 

range  a t  v a r i o u s  a m p l i t u d e s .  
l i  

7 1  1 
c.  Lase r  i n s t a b i l i t i e s .  T h i s  i s  a l s o  r u l e d  o u t  a s  a  major * .  

s o u r c e  o f  t h e  s i g n a l  v a r i a t i o n s  f o r  t h e  same r e a s o n .  The "i : 
e f f e ~ t  o f  a f requency o r  ampl i tude  wander o r  m u l t i p l e  £re-  r 

L 1 ( 

q u e n c i e s  is t o  degrade  t h e  s i g n a l  e q u a l l y  a t  a l l  r a n g e s  .: 

r a t h e r  t h a n  a t  t h e  s e l e c t e d  r a n g e s  a c t u a l l y  obse rved .  
" 1  1 
. b  

d .  V a r i a t i o n s  i n  t h e  p a r t i c l e  c o n t e n t .  , I f  t h e  s i g n a l  r e t u r n  =It  , 

is p r i m a r i l y  from a few l a r g e  p a r t i c l e s ,  t h e n  wide ampl i -  . I  1 
tude  f l u c t u a t i o n s  would r e s u l t  from v a r i a t i o n s  i n  t h e  num- - I 

J B  
1 ber  of  p a r t i c l e s  p e r  sampl ing  volume. However, such v a r i a -  > a' 

t i o n s  a r e  n b t  expec ted  t o  r e s u l t  i n  a  smooth, we l l -de f ined  

envelope  a s  obse rved  i n  SC photo  999. Also ,  t h e  h i g h  

s i g n a l  l e v e l s  i n d i c a t e  l a r g e  numbers of  p a r t i c l e s  a r e  - 
p r e s e n t .  

e .  Doppler v a r i a t i o n s .  V a r i a b l e  winds a l o n g  t h e  p a t h  produce 

dopp le r  v a r i a t i o n s  which cou ld  s h i f t  t h e  f requency o u t s i d e  

t h e  bandwidth o f  t h e  r e c e i v e r .  S i n c e  t h e  bandwidth i s  

250 kHz, a  change o f  o n l y  4 f t / s e c  s h i f t s  t h e  s i g n a l  o u t -  

s i d e  t h e  r e c e i v e r  passband.  However, s i n c e  t h e  wind p a t -  

t e r n s  a r e  n o t  l i k e l y  t o  change o v e r  t h e  one second exposure  

t ime of  e a c h  S C  pho to ,  t h e  peaks  and v a l l e y s  skou ld  o c c u r  

a t  approx imate ly  t h e  same r a n g e s  on a l l  t h e  p u l s e s ,  which 

was n o t  obse rved .  



I E. N o i s e ,  A t  t h o  lower s i g n a l  l e v e l s  the  n o i s e  d u r i n g  t h e  
I s i g n a l  is  s u f f i c i e n t  t o  p roduce  n o t i c e a b l e  v a r i a t i o n s  i n  
I 

I s i g n a l  l e v e l .  Ilowever, n o i s e  c a n n o t  account :  f o r  t h e  sub-  
P s t a n t i a l  f l u c t u a t i o n s  a t  t h e  h i g h e r  s i g n a  1 l e v e l s .  
L. 1t is  d i f f i c u l t  t o  p i n p o i n t  which o f  t h e  above  p o s s i b l e  c a u s e s  i s  
1 nc 

b i" p r i m a r i l y  r e s p o n s i b l e  f o r  t h e  s i g n a l  f l u c t u a t i o n s ,  b u t  i E  o n e  had d D 

t o  be p i c k e d ,  it would be t a r g e t  s c i n t i l l a t i o n .  T h i s  c o n t r a s t s  w i t h  

I - a t m o s p l j e r i c  s c i n t i l l a t i o n  a s  t h e  p r imary  c a u s e  o f  t h e  s i g n a l  f l u c t u -  
i 

1 

x ~ a t i o n s  a g a i n s t  a  h a r d  t a r g e t  a t  a  g i v e n  r a n g e  (Rogers  Dry L a k e ) ,  d i s -  

c u s s e d  i n  s e c t i o n  2 . 4 . 2 ,  
I 

I 

The s i g n a l  i n t e n s i t i e s  were r e c o r d e d  n o t  o n l y  on t h e  A-scope 1 
but: a l s o  on t h e  IVJ: which  p l o k s  i n t e n s i t y  a g a i n s t  f r e q u e n c y  ( v e l o -  
city) a t  a  g i v e n  r a n g e .  One i m p o r t a n t  d i f f e r e n c e  i s  t h a t  t h e  I V I  

i n t e g r a t e d  50 p u l s e s  w h i l e  t h e  A-scope was l i m i t e d  t o  s i n g l e  p u l s e s .  
1 Hence, the effects of integration can bs observed.* P r e l i m i n a r y  

I 
1 

i n d i c a t i o n s  a r e  t h a t  p u l s e  i n t e g r a  t i o n  d o e s  improve t h e  s i g n a  l - to-  

n o i s e  r a t i o  a t  h i g h  a l t i t u d e s  s i n c e  some r e t u r n s  were o b s e r v e d  on 
1 

t h e  I V I  above  20,000 f e e t  and  t h e r e  were no  o b s e r v a b l e  r e t u r n s  on 
Y t h e  A-scope. However a  more c a r e f u l  exa tn ina t ion  of t h e  I V I  o u t p u t  

is  n e c e s s a r y  t o  deteu'mine t h e  improve~nen t  f a c t o r .  I 

1; 
i i  4 . .  *The c a l i b r a t e d  I V I  o u t p u t  was n o t  a v a i l a b l e  t o  me so I was n o t  i. . 
j; L. a b l e  t o  c o r r e l a t e  3 V I  and A-scope r e t u r n s  - D.K. 
il 
1, 



SECTION 4 

TURBULENT CLOUD TESTS 

Dur ing  the 1973 f l i g h t  test program the a i r c r a f t  f l e w  i n t o  
3 1  

r e g i o n s  o f  s e v e r e  adz* t u r b u l e n c e  i n  o r d e r  t o  e v a l u a t e  t h e  CAT l a s e r  t v i , 
- n  L 

pe r fo rmance  a g a i n s t  t u r b u l e n c e .  Thc f l i g h t s  were conduc ted  o v e r  t h e  ' 1  
2 - 

Owens V a l l e y  i n  C a l i f o r n i a  t l ~ r o u g h  cutllulus c l o u d s  which were f e d  by I 
1 

h i g h  winds  f rom a d j a c e n t  mounta in  r a n g e s ,  The l a s e r  o p e r a t e d  con- I' 1 d ,, 

t i n u o u s l y  dux Fng t h e s e  f l i g h t s  even  though  khe a i r c r a f t :  o n c o u ~ t o r e d  
f o r c e s  a s  g r ~ a t  a s  1.24G above  normal .  

i 

The h i g h  t u r b u l e n c e s  were c l e a r l y  shown o n  t h e  l a a e r  r a d a r  d i s -  ' I 
I p l a y s  we11 b e f o r e  t h e y  were r e a c h e d .  They a p p e a r  a s  wide r e t u r n s  on 
I I i j 
i 

t h e  ~ a n g e / ~ e l a c i t y  I n d i c a t o r  (RvI) . Tha time of e n c o u n t e r  is  pre- 
I 

B 
d i c t e d  from t h e  r a n g e  and  a i r c r a f t  v e l o c i t y ,  and  t h e  s e v e r i t y  of t h e  

I t u r b u l e n c e  is shown by t h e  w i d t h  o f  t h e  R V I  s i g n a l .  The a i r c r a f t  
g e n e r a l l y  a v o i d e d  t h e  t u r b u l e n t  c l o u d s  f o r  s a f e k y  r e a s o n s .  Thus,  3 

1 F 
o n l y  o n e  c o r r e l a t i o n  c o u l d  be made be tween  t h e  Dopp le r  s p r e a d  o f  t l ~ c  . 1 
l a s e r  r e t u r n  a n d  t h e  t 'u rbulence  a c t u a l l y  e n c o h t e r e d .  The f l i g h t  

t t u r b u l e n c e  was measured by a c c e L e r o m e t e r s  l o c a t e d  i n  t h e  a i r c r a f t ,  

4 . 1  RETURNS FROM TURBULENT CLOUDS 

T y p i c a l  s e q u e n c e  camera A-scope and  RVT r e t u r n s  f rom c l o u d s  a r e  
sllown i n  F i g u r e  P-21. The f i v e  p h o t o g r a p h s  show t h e  more i n t e r e s t i n g  
r e t u r n s  from t h e  f l i g h t s .  The  A-scope i s  on t h e  bo t tom and t h e  Range/ 
Ve1,ocit:y f n d i c a t o r  (RVI) on t h e  t o p .  The s c a l e  is  2 .64  MHz/div. v e r -  
t i c a l l y  and 2 n a u .  m i l e s / d i v .  h o r i z o n t a l l y  on  t h e  R V I  and  10 d ~ / d i v .  

v e r t i c a l l y  on t h e  A-scope. (For  10.6 ~ n i c r o n  r a d i a t i o n  o n e  MHz of 
d o p p l e r  s h i f t  i s  e q u i v a l e n t  t o  17 .4  f t / sec . )  The A-scope r e t u r n  d o e s  
n o t  a l w a y s  c o r r e l a t e  w i t h  the R V I  s i g n a l  b e c a u s e  t h e  A-scope shows 

khe r e t u r n  o n l y  a t  a s i n g l e  f r e q u e n c y .  



( a )  

H O R I Z M A L  - 2 n m i / ~ N  

dB 
VERTICAL - 10 - A-SCOPE D r v  

MHz 2 .64  -- 
D IV 

RV I 

h2R35 t o  QR38-- 
WIDE SPECTRAL RETURNS 

CAT FLIGHT 88 - January 15, 1973 - Run 12 

Fiqurc P - 2 1 .  Cumulus Clouds i n  Bishop Area - Altitude 17,000 Ft. 
(Sheet 1 of 2) 



HOP IZONI'AL 

VERTICAL - 

'.2729--TIfREE CLOUDS 

,,2835 to -.>283e-- 
WIDE SPECTW\L RETURNS 

CAT FLIGHT 88 - January 1 5 ,  1973  - Run B8 - ( c o n t i n u e d )  

F i q u r c  F-21.  Cumulus C l o u d s  in B i s h o p  Arcn - A l t i t u d e  1 7 , 0 0 0  F t .  
( S h e e t  2 of 2 )  



A s t u d y  o f  t h e  c l o u d  r e t u r n s  i n d i c a t e s  t h a t :  

As many a s  t h r e e  w e l l - s e p a r a t e d  c l o u d s  were d e t e c t e d  

s i m u l t a n e o u s l y  by t h e  l a s e r  r a d a r  ( s e e  F i g u r e  E-2La.) 

Doppler  w i d t h s  were a s  l a r g e  a s  5.5 MHz, showing a  wind 

v e l o c i t y  s p r e a d  o f  60 mph i n  t h e  s p a c e  o f  a mile ( s e e  

F i g u r e .  F-2lb.)  

. Clouds  were d e t e c t e d  a t  r a n g e s  o u t  t o  9 n a u t j c a l  miles.  

. S i g n a l - . t o - n o i s e  r a t i o s  exceeded  20 dB. 

The e x t e n t  o f  l a s e r  beam p e n e t r a t i o n  i n t o  a  c l o u d  was a s  I 
much a s  t h r e e  n a u t i c a l  miles 

One c o n c l u s i o n  from t h e s e  o b s e r v a t i o n s  is t h a t  10 .6  micron  r a d i a t i o n  

p e n e t r a t e s  c e r t a i n  t y p e s  o f  cumulus c l o u d s  well. R v i s u a l  c h e c k  

showed t h e  c l o u d s  t o  be opaque  t o  v i s i b l e  r a d i a t i o n  (see Figure F-3) 

I n  s p i t e  o f  t h e  good p e n e t r a t i o n ,  t h o  b a c k s c a t t e r  r e t u r n  was s t i l l  

h i g h  - i n  ore i n s t a n c e  when t w o  c l o u d s  were d e t e c t e d  s i m u l t a n e o u s l y  

t h e  s i g n a l - t o - n o i s e  r a t i o  hias 1 3  dB from e a c h  one .  

Clouds  were  d e t e o t e d  on 37 o c c a s i o n s  d u r i n g  t h e  two f l i g h t s  

a l o n g  t h e  Owens V a l l e y ,  B4 and  B8. The c l r a r a c t e r i s t i c s  o f  t h e  c l o u d s  

a s  d e t e r m i n e d  from t h e  sequence  camera p h o t o g r a p h s  a r e  summarized i n  

T a b l e s  F-3 a n d  F-4. The c l o u d s  were more t u r b u l e n t  on  F l i g h t  B4 

t h a n  on F l i g h t  B8 a s  t h e  Doppler  w i d t h s  i n d i c a t e .  

4 . 2  CORRELATION OF LASER RETURN WITH FLlGHT TURBULENCE 

The c o r r e l a t i o n  be tween  t h e  CAT l a s e r  r a d a r  r e t u r n s  f rom a  t u r -  

b u l e n t  c l o u d  and a c t u a l  f l i g h t  t u r b u l e n c e  was s u c c e s s f u l l y  d e m o n s t r a t e d  

i a n d  is  shown i n  F i g u r e  F-22, which  was t a k e n  from P r o g r e s s  R e p o r t  11. 

The ~ n t e n s i t y / V e l o c i t y  I n d i c a t o r  (IVI),  which d i s p l a y s  i n t e n s i t y  

a g a i n s t  f r e q u e n c y  ( v e l o c i t y )  a t  a  g i v c n  r a n g e ,  i s  shown on  t h e  t o p  

a n d  t h e  a i r c r a f t  a c c e l e r a t i o n  on  t h e  b o t t o m .  The r a n g e  o f  t h e  I V I  

was s e t  a t  2 .25  n a u t i c a l  miles. F l y i n g  a t  a  r e c o r d e d  s p e e d  o f  350 6 

I ; I i 
, C 

1 F-63 
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kno t s ,  t h e  a i r c r a f t  shou ld  encounte r  t h e  t u rbu l ence  23  seconds 
l o  ter  . me a i r e r a s t  v e r t i c a l  a cce l e rome te r  r ecorded  a s t r o n g  i m -  
p u l s e  24 seconds  a f t e r w a r d ,  showing e x c e l l e n t  c o r r e l a t i o n  be  tween 
tu rbu lence  a s  p r e d i c t e d  by t h e  CAT l a s e r  r a d a r ,  and t h e  t u rbu l ence  . - -  

a s  exper ienced  l a t e r  by t h e  a i r c r a f t .  

The acce l e rome te r  s c a l e  can be c a l i b r a t e d  by comparison w i th  t h e  
d i g i t a l  a cce l e rome te r  d a t a  i n  t h e  i n - f l i g h t  d a t a  p r i n t - o u t s .  The 

h i g h e s t  va lue  o f  a c c e l e r a t i o n  o c c u r r i n g  i n  t h e  time i n t e r v a l  o f  tho 
measurement is r eco rded .  There a r e  p r i n t - o u t s  f o r  tert-second, Eive- 
second and one-second i n t e r v a l s .  The v a l u e s  f o r  one-second i n t e r v a l s  
i n  t h e  pe r iod  d e p i c t e d  i n  F i g u r e  F-22 are l i s t e d  in Table F-4. There  
is a n  e x c e l l e n t  match i f  t h e  p r i n t e d  v a l u e s  a r e  p l o t t e d  on a v e r C i c a l  
s c a l e  of 0.32G per box w i th  t h e  zero-0 l e v e l  ( r e s t  s t a t e )  s e t  a t  
1.43 boxes above t h e  c e n t e r l i n e .  There fore ,  a t  Che 24-second mark 
a downward f o r c e  o f  0.3G r e l a t i v e  t o  rest changed t o  an  upward f o r c e  
of 0.45G i n  less than  a second.  The l a r g e s t  upward f o r c e  was 1 .24G 

above normal, encounte red  a t  23:43:12 on F l i g h t  8 4 .  



TABLE F-5 

IN-FLIGHT RECORDED ACCELERATIONS 

Fl ight:  B4 

Time Period: 23:53:09 to  23:53:59 GMT 

Ver t ica 1 Vcr t i c a  1 
Time ~ c c e l e r a  tion - Time Acceleration -.- 



SECTION 5 

MISCELLANEOUS TARGETS 
* 

1 
I $  The r e t u r n s  f rom a l l  t a r g e t s  o t h e r  t h a n  Roge r s  Dry Lake a t  

Edwards AFB, c l e a r  a i r  and  t u r b u l e n t  c l o u d s  a r e  d i s c u s s e d  i n  t h i s  
i s e c t i o n .  These  t a r y e t s  a re :  

Mountain ( p a r t i a l l y  snow-covered)  

Ground ( p r i o r  t o  l a n d i n g )  

Dus t  c l o u d s  

Cumulus c l o u d s  
I 

\ C i r r u s  c l o u d s  
L 
I 

ii I n  g e n e r a l ,  t h e  r e t u r n s  f o l l o w e d  a p p r o x i m a t e l y  t h e  same s l o p e  w i t h  

r a n g e  a s  t h e  t h e  Edwards d a t a .  The r e f l e c t i v i t i e s  o f  t h e  t a r g e t s  
I b a s e d  upon t h e  c a l i b r a t i o n  from t h e  Edwards b e s t s  a r e  l i s t e d  i n  T a b l e  

C o n t i n u o u s  r e t u r n s  f rom c i r r u s  c l o u d s  were d e t e c t e d  o u t  t o  8 and 

t p o s s i b l y  14 n a u t i c a l  miles a t  a l t i t u d e s  be tween  30 and 40 thousand  f e e t .  I 

i 
5 .1 ,SIGNAL-TO-NOISE RATSC MEASUREMENTS 

I t 
A l l  t h e  t a r g e t s  e x c e p t  f o r  c i r r u s  c l o u d s  were d e t e c t e d  on t h e  l a s t  

f l i g h t ,  B 8 ,  The a l t i t u d e s  and times o f  d e t e c t i o n  a r e :  
r 

T a r q e t  A l t i t u d e  - Run Time (GMT) - 
Mountain rn 10 K f t  20 2 1  h r : 3 8  min 

Ground ( b e f o r e  l a n d i n g )  ,-d 6 2 1  21:52 
Dus t  c l o u d  6 20 21:43 
Cumulus c l o u d s  ,A6 1 9  21:30 



TABLE F-6 

TARGET REFLECTIVITIES AT 10 .6  MICRONS 

T a r q e t  B a c k s c a t t e r  R e f l e c t i v i t y ,  0 (IT) 

Ground ( ~ d w a r d s )  a 

Ground ( S . F .  a r e a )  

Mountain (snow?) 

Cumulus c l o u d s  

D u s t  c loud  

A i r  
C 

5 x 1 0 ~ ~  ster -1 a 

I 

Notes : 

a .  R e f e r e n c e  t a r g e t .  Measured by  R. Seavey on f l a t ,  

d r i e d  sample ( s e e  Raytheon memo 73-RES-2) 

b.  These v a l u e s  may b e  low b e c a u s e  any o v e r f l o w  o f  

t h e  r e t u r n  o u t s i d e  t h e  250 kHz bandwidth  due  t o  

d o p p l e r  s p r e a d  was n o t  t a k e n  i n t o  a c c o u n t .  

c .  E q u i v a l e n t  r e f l e c t i v i t y  b a s e d  upon p a r a m e t e r s  o f  

t h e  CAT l a s e r  r a d a r  and a n  a i r  b a c k s c a t t e r  c o e f f i -  

c i e n t  o f  lo-* meter-' s t e r - l .  (See S e c t i o n  3 . 2 )  



The mountain and c louds  were i n  t h e  Owens Vs l l ey  a r e a  and t h e  ground 
3s i n  t h e  g e n e r a l  a r e a  o f  San F ranc i s co .  The d u s t  and cumulus c louds  
were a l s o  d e t e c t e d  on o t h e r  occa s ions  d u r i n g  t h o  f l i g h t  t e s t  ser ies,  

The measurements o f  s i g n a l - t o - n o i s e  r a t i o  a g a i n s t  t h e s e  t a r g e t s  
a r e  p l o t t e d  i n  F igu re  F-23, The Edwards d a t a  axe  also p l o t t e d  Eor corn- 

p a r i s o n .  The s i g n a l s  from the hard  t a r g e t s ,  t h e  mountain and ground, 
were of s i m i l a r  ampl i tude  t o  t h e  signa1,s from t h e  d ry  l a k e  a t  Edwards, 
i n d i c a t i n g  t h a t  t h e  d ry  l ake  was n o t  an  unusua l  t a r g e t  from t h e  view- 
po in t  o f  r e f l e c t i v i t y .  Note a l s o  t h a t  t h e  s l o p e s  o f  the misce l l aneous  

t a r g e t  d a t a  t end  t o  f o l l ow  t h e  s l o p e  o f  t h e  Edwards d a t a ,  which was 
most c l o s e l y  f i t  by t h e  6000 f o o t  focused r e c e i v e r  c u r v e ,  

The cumulus and d u s t  c l o u d s  a r e  t u r b u l e n t  and tended t o  spread  
t h e  r e t u r n  sl,gna 1 over  a  f requency band l a r g e r  than  t h e  bandwidth,  
There fore  t h e  measured s i gna l - t o -no i s e  r a t i o s  a r e  t o o  low by a few dB. 

5 . 2  REFLECTIVITY 

The r e f l e c t i v i t i e s  a r e  determined by comparison t o  t h e  c a l i b r a t e d  
Edward's d a t a .  Assum,ing t h e  system l o s s e s  remain t h e  same, t h e  r e f l e c -  

t i v i t i e s  a r e  i n  t h e  same r a t i o  a s  t h e  s i gna l - t o -no i s e  r a t i o s ,  A 

c o r r e c t i o n  factor is a p p l i e d  f o r  t h e  d i f f e r e n c e  i n  a tmospher ic  a t t e n -  
u a t i o n .  F igu re  F-13 of  S e c t i o n  2 shows a t y p i c a l  v a r i a t i o n  of a t t e n -  
u a t i o n  c o e f f i c i e n t  w i th  a l t i t u d e .  Based upon t h e s e  d a t a  t h e  a t t e n u a -  
t i o n  c o e f f i c i e n t s  a r e  e s t i m a t e d  t o  compare w i t h  t h e  Edwards c o e f f i c i e n t s  
a s  f o l l ows :  f o r  mountain, roughly  0 . 1  dB/km lower;  f o r  ground i n  San 
F r a n c i s c o  a r e a ,  roughly 0 . 1  dB/km h i g h e r ;  f o r  cumulus c louds  a t  16 ,  OQO 

f e e t  a l t i t u d e ,  approximate ly  0 .15 d ~ / k m  lower; and f o r  t h e  a i r  around 
d u s t  c l ouds ,  roughly  0 .1  d~/krn h i g h e r ,  

The r e f l e c t i v i t i e s  a s  de termined from t h e  measurements a r e  l i s t e d  

i n  Tab le  F-6. It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  r e f l e c t i v i t i e s  o f  

t h e  ground - Rogers Dry Lake a t  Edwards, a  mountain, t h e  a r e a  around 
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I 

San F r a n c i s c o  - a r e  a l l  t h e  same i n  s p i t e  o f  the differences i n  s u r -  

f a c e s .  The r e a s o n  f o r  t h i s  s i m i l a r i t y  is  n o t  known. I 
I 

5.3 CIRRUS CLOUDS 

C i r r u s  c l o u d s  were d e t e c t e d  on  numerous o c c a s i o n s  d u r i n g  t h e  

f l i g h t  ser ies ,  p a r t i c u l a r l y  on F l i g h t  86 on J a n u a r y  1 6  toward Gary ,  

I n d i a n a .  When t h e  a i r c r a f t  f l e w  i n  t h e  c l o u d s  c o n t i n u o u s  r e t u r n s  were 

r e c e i v e d  out: t o  8 and p o s s i b l y  14 n a u t i c a l  miles. From t h e  s e q u e n c e  

camera r e c o r d ,  

A-scope showed r e t u r n s  o u t  t o  6  m i 1 . e ~  
R V I  showed d i s t i n c t  r e t u r n  o u t  t o  8 miles 

RVI showed f a i n t  r e t u r n  o u t  t o  14 miles, 

The RVI  h a s  g r e a t e r  r a n g e  b e c a u s e  it i n t e g r a t e s  p u i s e s .  The a l t i -  
t u d e  of t h e  a i r c r a f t  was 30 t o  40 thousand  f e e t .  

I 
B i 

f 

? t i The s i g n a l - t o - n o i s e  r a t i o s  a r e  p l o t t e d  i n  F igure  F-24. They reach 
i 

a s  h i g h  a s  20 dB which is w i t h i n  5 dB of t h e  p e a k  r e t u r n  from cumulus  
I 1 c l o u d s .  Note t h a t  t h e  r e t u r n  a t  19:lQ marked by d o t s  is low i m i t k a l l y  f 

but e x t e n d s  o u t  t o  a  ' f u r t h e r  r a n g e  t h a n  t h e  o t h e r  two r e t u r n s ,  i n d i -  

I 
eating a lower d e n s i t y  c l o u d  and  g r e a t e r  p e n e t r a t i o n  of t h e  l a s e r  

I 4 

I 
I 
\ 

r a d i a t i o n s .  A s i g n a l  t h r o u g h  8 miles o f  c i r r u s  c l o u d  shows e x c e l l e n t  i 

I p e n e t r a t i o n  by 10 "6 micron  r a d i a t i o n .  
I i , 

? 
i 

t i 
t 



RANGE (TIIOU. OF FEET) EOA- 10 3 7 

Figure F-24.  S i g n a l - t o - N o i s e  Fhtios from C i r r u s  C l o u d s  



SECTION 6 

EVALUATION 

The J a n u a r y  1973 f l i g h t  test; se r ies  d e m o n s t r a t e d  t h a t  t h e  CAT 

l a s e r  o p e r a t e d  c o n s i s t e n t l y  dur ing .  a l l  kypes o f  f l i g h t  c o n d i t i o n s  

w i t h i n  2  dB o f  i t s  t h e o r e t i c a l  pe r fo rmance  and t h a t  i t  c o u l d  d e t e c t  

and measure  t u r b u l e n c e  i n  f r o n t  o f  t h e  a i r c r a f t .  The q u e s t i o n  t o  
he answered  h e r e  i s  how much improvement i s  s t i l l  r e q u i r e d  t o  d e t e c t  

C l e a r  A i r  T u r b u l e n c e  a t  h i g h  a l t i t u d e .  

A .  J e l a l i a n  d e r i v e d  t h e  r e q u i r e d  improvement t o  be r o u g h l y  20 

dB i n  Raytheon memo EM-73-  1115.  Al though a somewhat d i f f e r e n t  a p p r o a c h  

was used ,  t h e  same s o r i c l u s i o n  was r e a c h e d  that r ~ u g h l y  20 dB of system 

improvement i s  n e c e s s a r y .  

The d e t e r m i n a t i o n  o f  t h e  r e q u i r e d  irnprclvement i s  o u t l i n e d  i n  

Table F-7. The a c t u a l  f l i g h t  t e s t  r e s u l t s  were used a s  t h e  s t a r t i n g  

p o i n t ,  v i z . ,  t h a t  t h e  s i g n a l - t o - n o i s e  r a t i o  a g a i n s t  a i r  was r o u g h l y  

1 5  dB a t  l o w  a l t i t u d e  a t  2 n a u t i c a l  miles r a n g e  a s  shown i n  F i g u r e  

F-18. From t h e r e  the r e q u i r e d  improvements  are d e t e r m i n e d  t o  be :  

,-., 11 dB f o r  a d e t e c t i o n  r a n g e  of 5 n a u t i c a l  miles 
18 dB f o r  a d e t e c t i o n  r a n g e  o f  10 n a u t i c a l  miles 

2 6  dB f o r  a  d e t e c t i o n  r a n g e  o f  20 n a u t i c a l  i i l e s  

a t  a n  a l t i t u d e  of 4 0 , 0 0 0  f e e t .  S i n c e  t h e  d e s i r e d  d e t e c t i o n  r a n g c  i s  

10 t o  20 n a u t i c a l  miles, t h e  r e q u i r e d  improvement i n  SNR i s  r o u g h l y  

20 dB. 
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REOUIRED IMPROVEMENT (d~) 



The assumpt ions  i n  t h e  above a n a l y s i s  a r e :  

a .  The r e c e i v e r  was focussed  a t  6000 f e e t  d u r i n g  t h e  

January  t e s t s :  a l s o  t h a t  it can be p r o p e r l y  c o l l i -  

mated i n  f u t u r e  sys tems .  

b .  The b a c k s c a t t c r  c o e f f i c i e n t  is  a f a c t o r  o f  16 lower 

a t  40,000 f e e t  (p-lo-1o p e r  m e t e r - s t e t )  and a f a c t o r  - 10 o f  5 lower a t  20,000 fee t  (P"4x10 p e r  m e t e r - s t e r )  , 
compared w i t h  ground l e v e l ,  

c .  The a t m o s p h e r i c  a  t t e n u a k i o n  c o e f f i c i e n t  is  0 . 1  d ~ / k m  

e a c h  way a t  40,000 f e e t  and 0 .15  dB/km a t  20,000 f e e t .  

d .  A SNR o f  8 dB is  s u f f i c i e n t  f o r  d e t e c t i o n ,  and any 

r e d u c t i o n  from frecluency - broaden ing  o f  t h e  s i g n a l  

beyond t h e  bandwidth due t o  t u r b u l e n c e  i s  n o t  d e t r i -  

m e n t a l .  

The SNR improvement can come from a v a r i e t y  o f  s o u r c e s .  The 

l o g i c a l  ones a r e :  

1. Reduce t h e  l o s s e s .  The observed loss e x c l u s i v e  o f  t h e  

d e t e c t o r  i s  15 dB which i s  d e t a i l e d  a s  f o l l o w s :  
I 

O p t i c s  ( b e a m s p l i t t e r ,  GE window, l e n s e s )  3 dB 
Extended d i f f u s e  t a r g e t ,  Gauss ian  beam 5 dB 

Targe t  d e p o l a r i z a t i o n  1 dB 
- 
Rece ive r  e l e c t r o n i c s  ' 

Unexpla ined  
old 

It may be  p o s s i b l e  t o  e l i m i n a t e  up t o  5 dB o f  t h e s e  l o s s e s  

I 
b u t  a  c o u p l e  dB i s  more l i k e l y .  f 

I 

2 .  Pulse  i n t e g r a t i o n .  The SNR can b e  improved by t h e  number 

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

a m p l i t u d e  remains  c o n s t a n t .  However, t h e  s i g n a l  ampli-  

I tude  v a r i e s  wide ly ,  and a n a l y t i c a l  i n t e g r a t i o n  o f  t h e  I 
t 
I 



Edwards r e t u r n s  showed t h a t  t h e r e  was v i r t u a l l y  no improve- 

ment i n  i n t e g r a t i n g  50 p u l s e s .  A t  h i g h e r  a l t i t u d e s  t h e  

a i r  tu rbu lence ,  which is  t h e  pr imary  c a u s e  o f  t h e  s i g n a l  

v a r i a t i o n ,  is  l e s s  s e v e r e .  Hence, t h e r e  may b e  s u b s t a n t i a l  

improvement from i n t e g r a t i o n ,  though by l e s s  t h a n  t h e  number 

of  p u l s e s .  

3 .  I n c r e a s e  t h e  l a s e r  o u t p u t .  I f  a l l  e l s e  f a i l s ,  t h e  improve- 

ment must come from t h i s  s o u r c e .  

4 .  Other  sys tem improvements. Two p o s s i b i l i t i e s  a r e  t h e  

d e t e c t o r  and t h e  a p e r t u r e .  The quantum e f f i c i e n c y  o f  

t h e  HgCdTe d e t e c t o r  i n  t h e  t e s t  was approx imate ly  0.25,  

s o  t h e r e  is  l i t t l e  room f o r  improvement h e r e ,  E n l a r g i n g  

t h e  e f f e c t i v e  a p e r t u r e  from 10 t o  15 i n c h e s  o n l y  i n c r e a s e s  

t h e  s i g n a l - t t - n o i s e  r a t i o  a t  10 m i l e s  by 3 dl3 i n  theory ,  

and pe rhaps  l e s s  i n  p r a c t i c e .  due t o  tue rbu lence  l i m i t a t i o n s  . 
T h e r e f o r e ,  p u l s e  i n t e g r a t i o n  and i n c r e a s i n g  t h e  l a s e r  o u t p u t  a r e  

t h e  most promis ing  a r e a s  f o r  r e a l i z i n g  t h e  20 dB improvement i n  

s i g n a l - t o - n o i s e  r a t i o  ., 



ATTACHMENT 1 

CALCULATION OF ATMOSPHERIC TRANSMTS&iION 

The method of d e t e r m i n i n g  t h e  t r a n s m i s s i o n  o f  CO l a s e r  r a d i a -  2 
t i o n  from t h e  t e m p e r a t u r e ,  humid i ty  and  a l t i t u d e  is  e x p l a i n e d  h e r e .  

The a t m o s p h e r i c  a t t e n u a t i o n  d u r i n g  t h e  d i v e s  a t  Edwards AFB d i s c u s s e d  

i n  S e c t i o n  2  and  t h e  a i r  b a c k s c a t t e r  measurements  i n  S e c t i o n  3 i s  o f  

i n t e r e s t .  

The two m a j o r  a t t e n u a t o r s  o f  C02 l a s e r  r a d i a t i o n  a r e  water 
vapor  and  c a r b o n  d i o x i d e .  A t h i r d  a t t e n u a t o r  is  a e r o s o l s ,  p r i m a r i l y  
w a t e r  d r o p l e t s ,  b u t  t h e i r  e f f e c t  is  g e n e r a l l y  less s i g n i f i c a n t  a t  

10 .6  m i c r o n s  u n l e s s  a  d e n s e  h a z e  o r  f o g  i s  present. 

1.3. ATTENUATION BY WATER VAPOR 

To d e t e r m i n e  t h e  a t t e n u a t i o n  from w a t e r  v a p o r ,  t h e  r e l a t i v e  - 

h u m i d i t y ,  t e m p e r a t u r e  and p r e s s u r e  a r e  r e q u i r e d .  The p a r a m e t e r s  moni- 
t o r e d  i n  f l i g h t  a r e  t h e  s t a t i c  t e m p e r a t u r e ,  dew f r o s t  t e m p e r a t u r e  and  

a l t i t u d e .  The r e l a t i v e  h u m i d i t y  is c a l c u l a t e d  from t h e  s t a t i c  and  
dew f r o s t  t e m p e r a t u r e s  b y  t h e  fo rmula :  

where 

and 

where Ts and Td a r e  t h e  s t a t i c  and  dew f r o s t  t e m p e r a t u r e s .  The w a t e r  
vapor  c o n t e n t ,  measured  i n  terms o f  i t s  p a r t i a l  p r e s s u r e ,  i s  g i v e n  by:  



p = RH x P a r t i a l  p r e s s u r e  o f  H20 f o r  100% h u m i d i t y  

I, 

P. 

f o r  t h e  t e m p e r a t u r e  r e g i o n  o f  i n t e r e s t .  The attenuation o f  1 0 . 6  ni icran b 

b r a d i a t i o n  due  t o  w a t e r  vapor  was measured by J. McCoy, D.  Rensch and  

R .  ~ o n ~ '  t o  f o l l o w  t h e  f o r m u l a ,  

D 

l ' ~ ~ 0  i s  t h e  a t t e n u a t i o n  c o e f f i c i e n t  due  t o  w a t e r  v a p o r ,  i n  km-l 
p  i s  t h e  p a r t i a l  p r e s s u r e  of  H 2 0 ,  i n  T o r r  

I 
I 

P i s  t h e  t o t a l  p r e s s u r e ,  i n  Torr 
I 
I As a n  a p p r o x i m a t i o n  o v e r  t h e  a l t i t u d e s  o f  i n t e r e s t ,  1 

where H i s  t h e  a l t i t u d e  i n  t h o u s a n d s  o f  f e e t  a b ~ v e  s e a  l e v e l ,  

1,2 ATTENUATION BY CARBON DIOXXDE 

I 
i The second  s i g n i f i c a n t  a t t e n u a t o r  o f  C 0 2  l a s e r  r a d i a t i o n  i s  

c a r b o n  d i o x i d e .  P .  Y in  and R.   on^^ h a v e  c a l c u l a t e d  t h e  a b s o r p t i o n  

b i a t  t h e  c e n t e r  of t h e  P (20)  l i n e  a s  a  f u n c t i o n  o f  a l t i t u d e .  From 
E t h e i r  d a t a  , 

I 
a %a2 w 0 , 0 7 2  - 0,002H (F-7 

f o r  J a n u a r y ,  where  t h e  a l t i t u d e  H i s  i n  t h o u s a n d s  of  f ~ e t .  The a p p r o x i -  
i 

I m a t i o n  i s  v a l i d  up t o  a n  a l t i t u d e  o f  1 2  km ( 4 0 , 0 0 0  f e e t ) .  

r 1,3 TOTAL ATTENUATION 

P 

The r o u n d - t r i p  a t m o s p h e r i c  t r a n s m i s s i o n  a l o n g  a  s l a n t  p a t h  i s  
t 

' f  g i v e n  by  : , 

qa = ex&) ( 2 f E p ( I I t ) d ~ ' )  (F**@] 



a t t e n u a t i o n  c o e f f i c i e n t  M ( R ' )  is: 

(F-9) 

is  g i v e n  by e q u a t i o n  (8-7) and  pH i s  g i v e n  by e q u a t i o n s  
2 

(P-6). (F-4) and ( ~ 3 ) .  The a t m o s p h e r i c  ( . ~ a n s m i s s i o n s  were d e t e r m i n e d  
by t h i s  t e c h n i q u e  i n  S e c k i o n s  2 and 3 .  

REFERENCES - 
1. J. McCoy, D- Rensch, R .  Long, ADD. op 

7/69@ pp.  '1471-8 
9 ,  VoL.  8 NO.,, 



AI'TACWNT 2 

SEQUENCE CAMERA DATA 

A rev iew o f  t h e  t a r g e t s ,  s i g n a l - t o - n o i s e  r a t i o s  and c t l~cr  para-  

metric d a t a  i n  t h e  sequence  camera f i l m s  o f  t h e  A-scope and R V I  is I 

g i v e n  i n  t h i s  Attachment.  'Phe f l i g h t s  covered  a r e  B8(21) on J a n u a r y  1 9  
which c o n t a i n e d  t h e  most i n f o r m a t i o n  and B2(15) on January  12 which 1 

included t h e  d i v o s  a t  Edwards. Tho time h i s t o r y  of F l i g h t  88 is 
7 

g i v e n  on pages  F-85 through F-90 and the s i g n a l - t o - n o i s e  rat ios  on 1 

pages P-91 th rough  F-95. F l i g h t  82 i s  covered  on pages F-96 th rough  
I 

F-100. 
I 
I 

~ l l  s iqna i - to -no i se  r a t i o s  i n  t h i s  Attachment  must be r a i s e d  by i 
I 

3 . 4  d B .  The rms l e v e l  o f  t h e  n o i s e  was improper ly  1.ocated i n  t h c  
esrly Bsys ~f the  d a t a  a n a l y s i s  and was subsequen t ly  found t o  be  1 

I 
3.4 dB below t h e  A-scope b a s e l i n e  (see S e c t i o n  2.4.1) . 



SUMMARY SHEET O F  TARGETS ON S E Q W N C E  CAMERA FILM, 

FXIIGHT B8 (21) , 1/19/73 

RUN - S C  PHOTOS PARGET ( S l  

CLEAR AZR 

C I R R U S  CLOUD** 

CLEAR AIR** 

DUST CLOUD, GROUND, CLEAR A I R  (OVER SAND HLLLS 

NEAR I M P E R I A L  VALLEY) 

CLEAR A I R ,  DUST CLOUD 

DUST CLOUD, GROUND** 

GROUND, DUST OVER GROUND** 

GROUND: CLEAR AlR** (EDWARDS) 

GROUND, DUST CLOUD** (EDWARDS) 

TWO CUMULUS CLOUDS (OWENS VALLEY) 

CUMULUS CLOUD (OWENS VALLEY) 

MOUNTAIN (OWENS VALLEY) 

CLEAR AIR,  DUST CLOUD**, GROUND**(OWENS VALLEY) 

TWO CUMULUS CLOUDS (OWENS VALLEY) 

CLEAR A I R ,  MOUNTAIN, CUMULUS CLOUD** (OWENS VALLEY ) 

CUMULUS CLOUD** (OWENS VALLEY) 

CUMULIJS CLOUD* * (OWENS VALLEY) 

3929-3946 TWO CLOUDS** 

4 0 0 4 - 4 0 9 9  CUMULUS CLOUD 

21 4 3 2 3 - 4 3 4 2  C I R R U S  C%OUD** 

4 3 5 2 - 4 4 1 6  C I R R U S  CLOUD** 

455:2-4988 GROUND (NEAR MOFFETT) , CLEAR A I R ,  CUMULUS CLOUD** 

8th-SCOPE NOT FUNCTIONING PROPERLY 
I 

I **PROBABLE TARGET 

j I 1 )  , 



CAT FLIGHT TEST DATA REDUCTION 
REVIEW OF SEQUENCE CAMERA FXLM 

ir 17:11 Clear  a i r  r e t u r n s  were observed during f l i g h t  up 
(Run 1) t o  a l t i t u d e s  of 24 Kft. However, no s i g n a l s  ap- 

6 pear  an A-scope, only s l i g h t  s i g n a l s  on RVX, 0 .S 
k MHz wide (see  f o r  example SC 0094). 
I 1 7  : 12 :08 12 7 Last (?) t r a c e  of R V I  s i g n a l  appears,  H = 24 Kft. Poss ib le  r e t u r n s  on 133, 137-8. 

17:26:11 147 S l i g h t  backsca t te r  r e t u r n  on R V I ,  probably from 
(2t3)  c i r r u s  cloud. No A-scope c o r r e l a t i o n .  0.2-1 MHz 

width, N = 27 K E t .  
3.63 Last  t r a c e  of  s i g n a l  

1 18: 16:19 185 S l i g h t  s i g n a l  on R V I ,  P l igh t  over sand dunes, no 
5 (4 clouds noted. No A-scope c o r r e l a t i o n .  0.2 MHz, 

I 
H = 15.3, l e v e l  f l i g h t  

1 267 Last t r a c e  of s i g n a l  
I 

r 

18:30:27 2 74 Signal  appears on R V I  a t  range of  12-16 m i . ,  
(5) 13 = 3 ,44 ,  level  f l i g h t  

18:3I3:07 280a s i g n a l  appears a t  5-6 m i .  
(6)  

281 Second s i g n a l  appears a t  11 m i .  on R V I ,  , 3 MHz 
away from f i r s t  s igna l .  Closer t a r g e t  may be a d u s t  

I cloud, f u r t h e r  t a r g e t  t h e  ground. S t i l l  no A-scope 
,correlat ion.  Depression angle  n 5'. A 3 MHz sep- 
a r a t i o n  indica&es 30 knots ,  da ta  shee t s  show a 
40 knot wind 7 away from the  a i r c r a f t  ve loc i ty  

b 

vector .  hence t h e r e  is an approximate c o r r e l a t i o n .  
6 301 Far s i g n a l  (ground) disappears  

325 Near s i g n a l  ends 
I 341 Near s i g n a l  r e t u r n s  i n  s t r eng th .  Ind ica tes  a i r c r a f t  * 

I i s  pass ing  back and f o r t h  through a d u s t  cloud, con- 
firmed by i n - f l i g h t  notes.  SignaL on R V I  extends ,. 
out  t o  - 6 m i ,  s t i l l  no A-scope s i g n a l .  A-scope 

E 
J 

apparent ly is  not  working. 
18:49:07 635 A second s i g n a l  appears a t  8 m i . ,  o f f s e t ,  2 MHz 

(7)  from t h e  f i r s t .  The backsca t te r  r e t u r n  ( f i r s t )  
r 1 

% snakes through , 0.5 MHz, i n d i c a t i a g  a shear .  Data 
5 i n d i c a t e s  beginning of descent  (sand h i l l s  near Im- p e r i a l  Valley) . 

637 A t h i r d  weaker s i g n a l  appears a t  very c lose  range 
(5 2 m i ) ,  , 2 MHz away from t h e  s t rong backsca t t e r  
r e t u r n ,  i t s  separa t ion  v a r i e s  t o  4 MHz away i n  SC 
700 's. f i n a l l y  disappears  u SC 800. 

I 

t 
64 7 The two s t rong s i g n a l s  merge i n t o  one i n  range, ex- 

? tending out  t o  6 miles.  Ground sigslal  comes a s  
c l o s e  a s  5 m i ,  

680 Ground s ignal ,  disappears  (but reappears  momentarily 

I 1 on SC 699 and 700). Data shee t s  i n d i c a t e  end of  
d ive .  Backscat ter  r e t u r n  cont inues on R V I ,  s t rong  

1 

i 4 - and wide (, 3 MHz) . 
li 



GMT - SC Photo S i q n a l  
i 

58) 15 
/I 

968 ,;' A-scope f i n a l l y  works. Shows h igh  SNR fox 11 back- (L). +-3%, \ s c a t t e r  
See Table  1 f o r  SNR, H = 2 . 2  Kft .  

\ 
96 9 li 

I i 971 See Table  2 f o r  SNR i/ 

972 A i r  r e t u r n  f i n a l l y  disappear$ 
,+ c> 

58: 29 
I% 

Backsca t t e r  s i g n a l  o u t  t o  N 4 m i ,  
H = 2.2, V = 217 k n o t s .  
See Table  3 f o r  SNR 
See Table  4 f o r  SNR 
See Table 5 f o r  SNR. Low SNR's a t  ranges  less t h a n  
2 m i .  may be due t o  r e c e i v e r  malfunct ion.  

i ~ 3 l i g h t  break-up o f  a i r  r e t u r n  i n t o  two s e p a r a t e  
dogple r  segments 
F i r s t  appearance o f  wel l -separated doppler  s i g n a l ,  

3 MHz a p a r t .  One s i g n a l  extends  o u t  t o  7 m i .  on 
RVI (sC 1246) ,  t h e  o t h e ~ l  t o  2 m i .  
Long doppler  s i g n a l  snakes a c r o s s  RVI .  C o r r e l a t i o n  
o f  snaking e f f e c t  by A-scope 
See Table  6 f o r  SNR. H m 4 . 4 .  
One s i g n a l  (ou t  *to 6 m i )  f i n a l l y  ends 
(End of  r e e l .  Next one s t a r t e d  a h a l f  hour l a t e r . )  

(Reel 2) 
16 70 S i g n a l  appears  oh A-scope o u t  t o  6 m i ,  probably a 

d u s t  c loud.  S i g n a l  snakes  i n  - frequency through 
N 0 .3  MHz. H 10 K f t , , i n  middle of  50 d i v e .  

1671 , A second s i g n a l  appears  a t  12 m i ,  o f f s e t  2.5 MHz 
from t h e  f i r s t ,  probably t h e  ground. No A-scope 
c o r r e l a t i o n  (it does  no t  appear  t o  be  func t ion ing )  . 

1785 Ground s i g n a l  d i s appea r s  ( r e c e i v e r  is  over load ing)  . 
1945 Occasional  second s i g n a l  appears  a t  5-8 m i .  around 

t h i s  t ime.  
2073 A i r  r e t u r n  f i & l l y ,  d i s appea r s  

I 
1 
I 

I 20 : 29:05 2106 S i g n a l  (probably t h e  ground du r ing  t h e  d i v e )  a t  9.4 
I (14) m i .  Width 0.7 MHz, 1 m i  long. 
I. 2122 S i g n a l  beg ins  t o  appear  on A-scope, however, i t s  
r ampli tude is much lower t han  expected.  Suspect  A- 

scope s t i l l  no t  func t ion ing  proper ly .  
2239 Two s e p a r a t e  s i g n a l s  appear - d u s t  moving over 

i i ,  ground 
34 :37 2387 L a s t  t r a c e  o f  a l l  s i g n a l s .  

20 : 50 : 26 2438 'L Ground f i r s t  appears  a t  end of s c a l e  forb Run 1 7  a t  
(17) Edwards. Values appear ing  on A-scope a r e  approxi-  

mately an o r d e r  of  magqitude lower than  v a l a e s  
c a l l e d  o u t  dur ing  f l ig l i - t .  The SC A-scope i s  s t i l l  
n o t  func t ion ing  r i g h t .  i 

2589 Ends d ive .  On&. a i r  r e t u r n  o u t  t o  + m i .  remains.  
' "- J' 

Ground f i r s t  appears  a t  end of  scaLe f o r  Run 18 a t  
Edwards. 
A-Scope now working. 

( 
~ 6 e    able 7 f o r  SNR. 
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GMT SC Photo Siqnal' 
I 

s l i g h t  dus t  cloud a t t e n u a t d  beam, D u s t  return 
is  espec ia l ly  apparent  when ground i s  4 m i  away. 
It is o f f s e t  , 1.5 MHz from ground r e t u r n ,  dgta 
s h e s t s  i n d i c a t e  a 30 knoC ground wind u 70 
away from a i r c r a f t  heading, hence i t s  dopplcr sep- 
a r a t i o n  shou ld 'ba  1 MHz. 
Prin ted  data:  V he ld  a t  , 300 knoks ($ 10 knats  
for .~~mst of diva), rpin . = 4.4' - 6.8 L) with 
t y p i c a l  valuo oL ~ O D ,  eh8uefore l a s e r  i s  pointed 

Go -t 1.5O = 7.50 down. 

S ignal  appears at; 5 m i ,  probably from cloud. Notes 
i n d i c a t e  Owons Valley,  Just p a s t  M t .  Whitney . Cloud 
length 1 .7  m i ,  doppler width +., I MHz, H = 14.4 KEt: 
V = 300, Y i n d  = 2.7O~, heading remains' constant  a t - -  
t h i s  t ~ m e  (& zO) 
See Table 8 f o r  SNR. I 

Second cPoud appears  a t  5.5 m i ,  same doppler s h i f t .  
SNR o f  second cloud FSJ LO dB at; 5.5 m i .  
SNR of cloud #1 w 10 dB a t  2 m i ,  SNR of cloud #2 
fi? €3 dB a t  5 m i .  
Both clouds merge. 
Cloud r e t u r n  d isappears  a s  a i r c r a f t  c l o s e s  i n  on it. 
Slighb turbulence was encountered s h o r t l y  t h e r e a f t e r  
(N 0.16 G) 

2973 Cloud r e t u r n  ap2ears a t  3 m i  on 1 2  out  of 1 3  grarncs, 1 j 1.7 m i  i n  lcngth ,  1 MIiz wide. H = 16.3, V = 302, 
= 1.9QU, heading cons tant  f o r  80 s e e  afterward. i 

i 

3 0 2 5 ~  Strong s i g n a l  a t  8 m i ,  Probably a mountain because 
cp = 2.5oD. Return i s  very s t r o n g  and narrow 

I 
(* 1.3 m i )  . 
See Table 9 f o r  SNR. -, 

3040-5 ' Return s t a r t s  t o  recede and approach again.  Data I 

shee t s  i n d i c a t e  a 30° roll i s  s t a r t i n g .  
30 73-4 Signal  suddenly disappears .  Ind ica tes  t a r g e t  was 1 

a mountain t h e  p lane  was heading f o r  and had j u s t  
looked over a r idge .  Distance o f  c l o s e s t  approach 
w 5 m i .  

21:41:17 3093 Signal  appears a t  c l o s e  range, extends o u t  t o  4 
m i .  Apparently an a i r  backsca t t e r  return.  B = 6 . 2 ,  
V = 330. 1 
See ~ a b i e  10 f o r  SNR. 
See Table 31 fo_r SNR. 
See Table 1 2  ECQ SNR. 
S/N , 8 dB a t  p;&nimum range. 

I 
1 

- 1 
S ignal  i s  disappearing.  H fir G Kft.  
Strong s i g n a l  appears a t  3 m i .  Data shows s l ig l r t  
d ive ,  p r i o r  t o  an ascent .  Plane s t a r t s  a t  5.7 Kft,  
dives  t o  4.35, t hen  r i s e s  again.  Length L 2.5 m i  3 

(sd3209). 1 ! 
See ~ a b i e  13 for SNR. 

(:5=? ;i 
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GMT sc P ~ O ~ C I  Siqnwl I1 
I 

+, I n - f l i g h t  no t e s  i n d i c a t e  dusk c loud i n  owens Val ley  

3187 Second s i g n a l  a t  t&ih range b u t  d i f f e r e n t  doppler  
I s h i f t  (N 3 MHz away) appears .  Probably t h e  ground. 

It may have been o f f  scale in - f requency  on e a r l i e r  
c photos*  ,A 

3219 Ground r e t u r n  d i sappea r s .  
44  :09 3225 A i r  r e t u r n  d i sappea r s ,  Data i n d i c a t e  p l ane  i n  t u r n .  

1 2P:45:45 3236a S i g n a l  appears  a t  4-5.5 m i ,  0.6 MHz wide, prob- 
a b l y  a c loud.  
See Table 14 f o r  SNR. 

i f3265-74 S i g n a l  s p o r a d i c a l l y  d i sappea r s  and reappears .  Re- 
I c e i v e r  over loading.  = 

21:49:39 3299 Signs;! appears  a t  4 m i ,  probably t h e  dust: c loud.  s 1 
i 1  , \, J u s t  q!Qmpleting t u r n .  Doppler wid th  ,, 1.5 Mliz. i i  , d , 

I ,  

3314#' second s i g n a l  appears ,  1 .5  m i  f u r t h e r  away, I 
I sane  doppler  s h i f t .  
i 3315 SNR of  #2 ?is 5 dB a t  4 m i  when SNR o f  #1 is  15 ' d ~  

a t  1 .5  m i .  
I 33 16 SNR o f  #2 is  9 dB a t  3.5 m i  when SNR o f  #l is LO dl3 
I a t  1.5 m$i , 
t 3319 ShgnaL far firs& ~ l n u d  dfsappears as  p l ane  gets 
t 

a c l o s e  t o  it. SNR o f  #2 is 10 dB a t  3 m i .  
3325 SNR = 13 dB a t  2 t o  3 m i .  
3326 SNR = 18 dB a t  2 m i .  
3329 SNR = 19 dB a t  1.7 m i .  

I 50:27 3341 
0 

S i g n a l  d i sappears .  
I 

Backsca t t e r  s i g n a l  o u t  t o  3.5 m i ,  0.6 MHz wide, 
H = 9 Kft ,  V = 284, cpindic I O U ,  c o n s t a n t  heading.  
See Table 15 f o r  SNR 
See Table 16 f o r  SNR. 
See Table 17 f o r  SNR. 
S i g n a l  ex tends  o u t  t o  6 m i  on R V I .  
S/N = 11 dB a t  2.7 mi.. 
See Table 18  f o r  SNR. H =  8.8. 
A second s i g n a l  suddenly appears  a t  4.5 m i ,  2 
MHz away b u t  l a s t s  f o r  only  two photos .  
S/N = 14 dB a t  2 m i .  
second s i g n a l  appears  a t  9 m i ,  2 MHZ away. Plane 
is  i n  t u r n  ( lo0  i n  20 s e c )  . 
Third s i g n a l  appears  j u s t  beyond f i r s t  s i g n a l  
( range , 4-5 m i )  o f f s e t  1 MHz i n  frequency. 
P o s i t i o n s  of t h r e e  s i g n a l s :  

S i q n a l  Ranqe Frequency O f f s e t  from #l 
i j 1 2-4 m i  - 

3 4-5 - 1 MHz 
1.: 2 -8,~~ N - 2  

-(" 

c, *t 
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: I ,  r 
GMT SC PHotoA 

58:27  3636 
r 

' \I 
( \  4,.? 

5 
~riolnal K 4 
Frequency spread of th6ee signals has doublad. 
Aircraf t  heading = 335 a t  58:16, 35z0 a t  5 8 : 5 5 .  
Last t race  of s ignal  $3, 

I 
A-scope f ina l ly  on Signal #2. S/N 16-21 dB a t  
7.4 m i .  High sharp s ignal  indicates hard ta rga t .  

f 
P 

Signal #3 has disappeared but Signal #1 a t  minimum 1 range i s  s k i l l  present t o  at tenuate signaL # 2 ,  
S/N = 16 dB a t  7 m i .  
S/N * 19 dB at: 7 m i .  

1 
li 

Signal #2 abruptly dieappears. Target appears E I 
t o  have been a mountain tha t  the plane had jus t  1 
turned from. 
A ~econd signal  appears a t  5 m i ,  2 MHz away. 
Second signal  disappears. 
A second signal  appears a t  5.5 m i ,  , 0.2 MHz away, 
S/N w 4 dB, signal  on only one photo. 
A second signal  appears a t  7 m i  a t  same frequency. ; 
S/N of close s ignal  N 8 - 14 dB, S/N of far signal  
rn 4 dB a t  7 m i .  
Second signal disappears, 
F i r s t  s ignal  f ina l ly ,  but gradually, disappears. 
Data sheets indicate plane i s  ascending. H = 14 KE 1 
(plane was a t  7.5 K E t  two minutes e a r l i e r ) ,  So 
near return (signal, #l) was clear a i r  backscatter. ' 1 

1 
Signal a t  7 m i ,  looks l i k e  cloud, , 1 2  vsec long, 

1 MHz wide. H = 14 K f t ,  V = 320, ep = oO. 
S/N = 5 - 1'7 dB a t  7 m i .  

* Signal disappears. 1 i 
Slight backscatter s ignal  a t  minimum range. Its 

I 

t 
ra ther  sudden appearance plus i ts  high amplitude 
l a t e r  indicates probable cloud. S / N = 6  dB ah 2 m i .  1 H = 14.2 Kft. 1 

S/N = 1 2  dB a t  2.6 m i .  
Signal disappears. 

C 
Signals appear a t  3 and 7.5 m i .  Closer signal  i n -  
creases on subsequent photos, fur ther  s ignal  d i s -  
appears. 
S/N = 16 dB a t  1 . 7  m i ,  extends out t o  5 m i .  
Close signal  disappears, segment remains a t  6 mi, 
, 8 ysec long. , 
Signal disappears. 

Signal appears a t  5 m i ,  probably a cloud. See 
  able 19 fox SNR. 
Signal disappears. 

Signal appears out t o  4 m i .  Looks like a i r  back- 
sca t t e r  but is qui te  strong, may be cirqus cloud. 
H = 22.4 ,  Pind = 4.90D. 
See Table 20 for SM. 
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See Table 21  2or SNR. 
Signal  disappears .  

Backscat ter  r e t u r n  appears  on A-scope, no RVS corm 
relation. H a  20,  V = 5-~OD, 
S l i g h t  s i g n a l  on ~ ~ 1 ; " ~ ~ n a k e s  i n  frequency through - 0 .4  MHz. Doppler width 0.2 MHz, 
S/N m 5 dB a t  2.4 m i  (A-scope) , PVX s i g n a l  a t  3.2 m i .  
S/N w 6 dB a t  2 m i .  
Signal  disappears ,  

I. 

li 
22 :52:01 4552a Signal  appears a t  9 m i ,  probably t h e  ground because 

plane i s  beginning i t s  descent  f o r  landing. 
i H = 6.7, q +  = 4-9O~. Doppler width - 1 MHz. 
I See Table tqdfor  SNR. 

i A i r  backsca t te r  a l s o  presenk, bu t  2 MHz away,F 
MMz wide. Data i n d i c a t e s  wind speed o f ,  20 k 

, , 20° from f l i g h t  d i r e c t i o n ,  which c o r r e l a t e s  w i  I 
observed doppler s h i f t  , 

1 52 :47 4590 Ground r e t u r n  d isappears ,  Data i n d i c a t e s  plane 
pull-up. Backscat ter  r e t u r n  cont inues.  

I 

I 4618 See Table 23 f o r  SNR. B = 2.5. 
4627 Second s i g n a l  appears a t  7 m i ,  appears t o  be a 

L -1,,,a 3 * 9 c 
L- JU UU . J . J t  - - 3.g0ui Find 

! 4630 S/N = 12 dB a t  6.3 m ~ .  Strong backsca t t e r  r e t u r n .  
4637 Second s i g n a l  disappears .  I 

\\, Long backsca t te r  r e t u r n ,  t o  , 6 m i .  H = 3.5. 
See Table 24 f o r  SNR. 1 

4 
I 
I 4666 ti 82  S/N = 12 d~ a t  2 m i ,  frum a i r .  H = 3.5 tPind - SOU. 

!i4:58 4703 Second s i g n a l  appears a t  5 m i .  Data ~ n d ~ c a t e s  
s t a r t  of t u r n .  I( 

4705 S/N = 9 dB a t  6 m i .  
1 4706 Second s i g n a l  disappears .  

4708 See Table 25 f o r  SNR. H = 3.6. 
4710 SIN = 10 dB a t  1.3 m i  from a i r .  

I 55:29 4729 Second s i g n a l  appears a t  5 m i .  Data i n d i c a t e s  
I s t a r t  of climb ( ~ p  = 8 . 7 0 ~ ) ~  t h e r e f o r e  probably a 
1 

cloud. 
4733 Second s i g n a l  disappears.  , 
4736 r /  S/N = 11 dB a t  2 m i  from a i r .  
4738 Second s i g n a l  appears a t  7 m i .  
4744 Second s i g n a l  disappears  

1 59:3,5 4927 Second s i g n a l  appears a t * %  m i ,  o f f s e t  i n  frequency 
by 1.5 MHz, y = oO, H = 1.6. Probably t h e  round. 8 4934 S/N = 2 2  dB a t  4.5 m i .  H = 1.4 ,  Tind = 0-2 D. 

4936 , Ground r e t u r n  disappears .  
1 4451 Ground r e t u r n  reappears a t  5 mi, o f f s e t  from back- 
! s c a t t e r  r e t u r n  by 1.5 MHz. 

4966 Ground r e t u r n  disappears.  H = 0.6 Kft. 
, 23:00:23 4988 END 

I 

NOTES 
a .  Sequence Camera s t a r t e d  . 
b. SC c lock  time may d i f f e r  from time GMT. SC photos a r e  1 . 2  seconds 

u: a p a r t .  
2 ' 
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Table B8-1 
( ~ ' l e a r  a i r  ) 

a fa% 
1n.rni.l ((dB) 

Table 88-2 
(Clear a i r )  

Table B8-3 
(Clear a i r )  

$!able 88-4 
(Clear a ir )  

Table B8-5 
(Clear a i r )  

Table B8-6 
(Clear a ik)  



P 

T a b l e  Be-7 (Ground, Edwards) 
SC Photo R 

ii 
S/N 

b l n u  m 
2736 15 5* 

42 14  7* , 
50 12  8* 
53 11 9 
56 10 L l *  
$6 7 9 1 2  
71 9 ls+k.=. 8 

88 7.5 y:/ *k " ' 
95 7 39* 1 

99 6 21* 
2805 5 .2  22 

0 7  5 24* T a b l e  B8-9 19 4 25 (Mountain) 21, 3.7 28* 
23  3.3 29 SC Pho to  
24 3.2 30" 
'2n 
J V  

9 1 J. .L a n  uu , 3 1  8 . 3  i n& 
J.3- E 7  - -  

3 3  3 30 35 - 8 18* 
34  2.5 33* 37 7.6 20* 

I 
38 2.4 32 50 (( 6.5 22* ,I 

43 2.2 37" 52 6 22* 
*. 

44  2.2 38* 57 5 .4  'f2 7 * 
1 

46 2 4 1  62 5 26* 
f 0' 

I )  

I /  

6 ' 
*Plotted on g r a p h  . rj 

a 

r > 

- 2 

, 
i /  
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Table Be-PL 
\$  (Clear a ir)  

Table B0-1.0 
(Clear a ir)  

Table Be-13 
(Dust clouq?) 

Table Be-12 
(Clear a i r  ) 



[ 
-- 

. o  

i i '  
1. C f  

'1, 
F 

\\ 
Table B6-15 Fable D)3-19 

L) (C1~391r a ir ) '  -' (C'louql )'a 
, 

R - 
h 1.6 I0 , I 

2 8 
2.5 5 2.7 17 
3 3 k 

i 

4 0 C 

Table 86-20 
(Cirrus cloud?) k 

I 

2 able B8-16 R _S/N 
1 

?clear a i r )  - 
R S/'N 1 .8  i: - &O 

3 3 I 

F 1.8 10 4 
k 

0 
2 3.0 

i 2,s  5 11 4/' j 
, l L  

0 

3 3 I i Tahle 88-21 
(Cirrus cloud?) 

L ?%kyle $8527 R S / N  
I 

(Clear a i r )  
t 1.7 11 

R S/N 
111 

2 . 2  = 9 
4 

<: 

2 i i 
1.8 

I 
11 

'i 2 10 
2.5 G a 

3 4 * 
4 0 

r 

Table B8-18 o .5 

(Cleal: air) I 

t 
I 

R S/N I - 
1.7 11 
2 10 
2 . 5  8 
3 6 
3 . 4  3 
4 2 

i! 

I 
I \\, 

< 

r\- 
). + 

4 

iz F-9 4 
L 

fl 
iL 

1' * ilrrr -- ---- 
*&k.t-*.& &&A* %L--*&. A. --% A- .s-- *A=%.& -- - t *- -- - 1 



Table B8-22 
(Ground) -- 

Table 08-23 
l (clear a i r )  

8 i 
1.8 8-10 11 
2.5 5 St 
3 4-16 jl i 
4 1 $1 i: 4 

!t 1 
it 
i 

Table B8-24 t 1 
(Clear a i r )  
R - S/N 

! 1 
i 

10 
1 i 

2 < 

\ 2.5 8 
\\\ 3 6 

2 
i 

)4  ' 1 1 
, 

C' 
Table B8-25 1 
(Clear a i r )  1 

R - s(N 1 
1 7 9 I 

2 7 
2 . 5  5 
3 3 
4 1 
5 0 

I 

*Plotted on graph 



I 

CAT FLZGWT TEST DAPA REDUCT5QN 
REVLEW OF SEQUENCE CAMERA FTLM 

19:28:58 
(Run 3) 

:Ji 

SC Photo 
\ 

Ground r e t u r n  f i ~ s t :  sigflfi.az'8 a t  980 p s e c  
Corre la t i ion  on A-scope 
S/N = 9 dBC at: 140 psecd 

,- 

S/N = 14 dB a t  134 pa c --$ 

Targe t  s t a r t s  recedinJ  and f h a l l y  d i s a p p e a r s  
CI P; -- , , 

Ground r eku rn  first: sig"ne&!at; 170 p sec  
See Table 15-1 f o r  SNR 
S i g n a l  wid th  M 1 MHz, * 6Qb, V 340 kno t s ,  
P =I 1 , 8  W 
Signa 1 f i n a l l y  d i sappear$  ( r e c e i v e r  o u t  o f  s a t u r a t i o n )  

> 7' 

Air backsqja t ter  r e t u r n ,  H = 4 ? 7  Kft, = 2.20D, 
V 278, (tpparent ~ o p p l e x  widt l :  - 1 MHz 
S/N = 4 da  a t  R = 20 psec  
S/N = 8 @b a t  20 Psec  
See T a b h  15-2 f o r  SNR 
f . a r C  C r a n s  A @  c?4-n=x?k -... - - 

--wU -'Y ' = y . ~ * a U  

Psec  on R V I  
occasions t A-scope 

I! 

r e t u r n  

jJ 
s a t u r a t i o n ,  SC 

o f f  
I 

\ 

I 
Ground e t u r n  F i r s t  a p p e a r s  a t  end of s c a l e  21:3,9:28 1233 

I (194 k s e c )  on RVX 
(9) See ~ a b p e  1-5-4 f o r  SNR 

Apparent Doppler wid th  n 1 MHz, H = 1E.5, V -; 316, 
9 * 60D 

s 22:35 L395 SC t u rned  o f f  with t r a c e  o f  s a t u r a t i o n  

i":\ 21:43:56 1489 Ground r e t u r n  F i r s t  a p p e a r s  a t  70 p sec ,  
(10) See Table 15-5 f o r  SNR 

1520 L a s t  s i g n a l  appeaus 
1 

21:58:57 1644 Ground r d t u r n  a t  - 70 psec  a 
t 
t (11.) See Table 15-6 f o r  SNR 1 

b 59:Sl  1696 L a s t  s i g n a l  ( a t  R = 54 Psec)  

I \\ 
22:29:13 1772 S i g n a l  a p p e a r s  a t  c l o s e  r ange ,  Looks l i k e  r e t u r n  

Erom c i r r u s  c loud.  A-scope c o r r e l a t k o n  , 
H = 38 K f t  (up t o  38.555, V = 366, - 20U 

i 
b. 



Signa l  

RVT s i g n a l  auk to end o f  s c a l a  (208 ~ s o c )  b u t  
may be r d c e i v s r  overload. 

Signal definitely o u t  to  67 Ysec 
See Table 15-7 f o r  SNR 
Signa l  ouk to 80 Psar on RVI ,  perhaps to  and of /,, 

s c a l e ,  Doppler widt;kb , 0.7 MHz 
S/N w 56 dB at: 20 Vscse: 
Sss T'akls 15-8 for SMi3, 
Sea Table 15-9 for  SNR 
Lalrt: S i g n a l  / +  

Signwk on A-scope a t  c fosd  rangs, looks l i k e  back- 
s c a t t e r  (RVX o b s c u r ~ d )  , Appears on s f s w  
scakborod photos  - 31872-74, 92, 190I ,  2, 7, 8, 
10, 1 4 ,  15, 20, 30-33,, 40. C?ccasianaJ. c o r r e l a -  
t i o n  by RVX. (Gap i n  d a t a  Gkeet .  ) 

NOTES - 
1 

a ,  SC c lock  t ime app'ears t o  d i f f e r  from true GMT ( a s  i n d i c a t e d  on pv in tcd  
data  s h e e t s )  by roughly a h a l f  minute.  Time is r ead  a s  Hr:Min:Sec 

I !! i b ,  P i t c h  a n g l e s  a r e  p r i n t e d  ang le s  minus depress ion  a n g l e  o f  l a s e r  beam. 
I 

(1.50) 
j 

E ,  

F c .  s ignal-&-noise  r a t i o s  a r e  r a t i o s  of peak s i g n a l  t o  peak n o i s e .  They 
I 
I 1 a r e  approximately 5 dB lower khan peak s i g n a l  t o  rms n o i s e  r a k i o s  
!< which were o r i g i n a l l y  r e a d ,  4 

Camera s t a r t e d ,  Sequence 



SNR MEASUREMENTS P3OM SC FPrM 

I 

' ,  

TABLE 15-2 
, 

TABLE 15-3 (Run 7) 

*Plot ted in Figure F-9. 9 



TABLE 15-4 (Run 9) TABGE 15-5 

R ,  S/M SC PHOTO (p sec) (a) 
I 

14 91 
1 I 65 0 

0 

96 60 1 

97 57 5 

1502 
t! 

54 6 

08 51 6 

+ 

SC PHOTO 
R s /N 

(11 sec)  (dB) 

1239 170 6 

42 17 5 5* 

47 168 6 

53 154 7 

54 155 8* 

56 144 ( 9  

6 1  138 10 

68 14 2 10 * \ - ,  

78 129 13" J(:2f 

- - 110 ' 13 YU i 

97 10 2 I S *  

1302 92 18* 
1 

T A F J ; ~ ~ ; ~  ; 6 

72 2 I* 6" 
26 

27 

39 
ii 

46 

51  

68 

71 

60 

50 

40 

36 

' I 
I 

22 

23* 

25* 

30 * 
28 

*Plo t ted  i n  Figure F-9. 

8 61  

s /N 
(dB) 

3 

5 

7 

44 

SC PHOTO 

1651 

52 

57 

.t 

R 
(p sec)  

70 

66 

51 

10 

11 

13 

66 

67 

68 

43 

42 

44 







A *  OPETZA11'3NG INSTRUCTIONS 

% a r t  Turning t h e  System On -4r 

F Van temperature should b e  between 6S0nnd 7S°F, Higher temperatures 
, w i l l  cause misalignment: of  the.,*ncu*p,s and ampl i f ie re  rrs w e l l  a? 

cauee processer  EaSlure. L 
1 I ' 

Block t h e  d e t e c t o r  with t h e  s i b h ~ l n g  mirror .  The procedure f o r  
bringing t h e  system up i e  a s  follows: 

1 A. Turn on t h e  400 Hz genera tor  and t r a n s f e r  switch. This a p p l i e s  
I power t o  t h e  racks  holding the  Horreywell l a s e r  suppl ies  and 

syncronizer,  a s  w a l l  os  t h e  power ampl i f ie r  d r i v e  c i r c u i t s ,  
I 
! - 

1- I - - 
B Reset t y i i  ayncronizer.  The syncronizer i s  genera l ly  l e f t  on and 

s t a r t s  up a s  soon a s  400 Hz power i s  applied.  Sometimes the  r e s e t  
may need pushing o l i t t l e ,  l a t e r  i f  t h e  processer  i s  misbehaving 

L or if: proper: sereex current CE the  a n p l i f i e r  d r i v e  circui?; cannot 
I 

t be a t t a ined .  

C. Turn on t h e  Honeywell l a s e r  power suppl ies  t o  standby and block 
the  beam path  at: t;he l a s e r ,  

I 

D. Turn on t h e  pump and coo le r  f o r  the  system. 

E. Turn on t h e  o p t i c a l  spectrum analyzer ,  
r 

, '""'racks power switches, 
1 

I it " "" power supply f o r  the  telescope pyro de tec to r .  
I 1 

" power s q ~ p l y  f o r  the  rece iver  (28V), 

tt 11 II power meter. 

i * tt t t  18 locking loop and set t o  ground, Using t: I 

knob, reduce the  vol tage  t o  about 30OV. 

j a 
1 

b I' 1 )  

" " E/O power switch. 3 / 
" " RX power switch 

M) NOT t u r n  on t h e  d e t e c t o r  b ias ,  +J 1 -- 
,,) I 

/, 

ii 
= 0-2 

T L 
' \  

Ir t 
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Turn ou t h e  -40V and F i l .  -450V (Power Amplifiar Modulator Rack), 1 
Making Bure the vol tage  c o n t r o l  knob on t h e  ~ n i v e r s a l  VolEronicw l 

Rack i r  ret t o  "0:' purh the  1N on but ton ,  

F. Turn on the  pxocceeor rack. 

41 " " monitor rack. 

$ t G I  Turn on pba computer (See manual) , 
I 

P, Open ex l~ous t  door f o r  system vacuum pump and turn  on t h e  pump, 

1, Pi11  t h e  d e t e c t o r  with LN2. 

J ,  Afte r  about 5 - 10 minutas of coo le r  oparotion,  tu rn  an t h e  
HoneywePE laser, Wervol t ing  may ba required,  

t 

I i; K. Turn on t h e  Sylvnnia Oasar, making s u r e  f i r s t  t h a t  Ctre d e t e c t o r  
I i is blocked w i t h  the  s igh t ing  m#.rror, 
I : 2__. 

i 

t I L. Wakt about 15 o r  20 minutes f o r  l a s e r s  t o  s t a b i l i z e ,  Use t h i s  time 
h t o  p o s i t i o n  system on t a r g e t  and prepzrc f o r  d a t a  taking,  

I I 

ii i 

1 
Adjust t h e  tuning of the  BIsneywoll l a s e r  (alignment) using an 
aebeetos b lock and adjus t ing  f o r  maximum br ightness  at  P2O (or 
des i red  t r a n s i t i o n ) .  Use t h e  lowest adjustment! screw on back of 
Honeywell l a s e r  f i r s t  and the11 t h e  screw t o  the  r i g h t  i f  t h e  spo t  
can ' t  be  made br ight .  Do n o t  a d j u s t  upper l e f t  hand screw (pivot 
ecrew), The lansing u n i t  used t o  c o n t r o l  the cen te r ing  of tire 
Honeywell laser i s  t o , b e  l e f t  o f f  a s  t h i s  u n i t  w i l l  no t  opera te  
properly when the  l a s h r  pulser  c i r c u i t  i s  on* Honeywell power 
output  should be over 7 wat ts  and tha cur ren t  drawn from t h e  
Northeast supp l i e s  should be between 19 and 2 1  mA, 

Tune the  Sylvania l a s e r  (alignment) with about 300 v o l t s  set on 
t h e  locking loop (grounded) u s i t ~ g  4 Number 3 Opt ica l  Engineering 
image p l a t e  and W l i g h t .  Tune f o r  darkeet  spot  P20 o r  da rkes t  
epot  which 9 s  desired t r a n e i t i e n ,  

0, Remove beam blocks from both l a s e r s ,  t u r n  up vo l t age  on the  locking i 
loop t o  t h e  maximum ( l i m i t  knob) and switch from grounded to  closed2,, 
Voltage w i l l  eweep down and then up t o  around 400V o r  s o  whete the  

I 1 

i 
1 
1 

"I I 1 
< 

G-3 1 
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laaers w i l l  became locked togathes  and beckad l i g h t  w i l l  eama on, 
Viewing t h e  RF output an the epeccrum a n a l y z ~ r  below set t o  
18 mz 300 Wtr- BW, t h e  vidino f i l t x u  o f f ,  and i n  the t a r o  pos i t ion ,  
P l i n e  w i l l  be via4.bl.a thaG qhoufd be made 8s smooth and strhjlght 

i ns  poseible by adjns2ment of t h a  loop gain ,  The i n j e c t i o n  con t ro l s  
on t h e  Xacking loop w i l l  have no e f f e c t  when the  l ens ing  loop i a  
of f  , Other conerofls on tho f ocking loop should not be ueed , Po 
not adjusq cha gain knot, besiddl t h e  vol tage  l i m i t  knob. Check t o  
eea t h a t  knly P20 or  the de6ir.d t m n s i t i o n  i s  lit i n  t h e  o p t i c a l  
spectrum analyzer. 

P. Pawar ampl i f ier  ape ra t ion  is a s  follows: Turn on g w  v a l v e  on tank, 
chock t o  me there  i s  p ressure  readin8 an t h e  high p ressure  gauge 
(tank) and t h e  tube p ressure  should be. between 12  and 1 4  Torr.  

Push on tho  1600V on the power ampl i f i e r  modulator rack. A l l  
voPtages should. read on t h e  vo l t age  monitor metar. Slowly incrcnse 
the  UnivarsaL Val t ronics  output  con t ro l  while watching t h e  tuba 
current  and t h e  screen c u r r a n t  meters. Slowly inc rease  t h e  screen 
current  d r i v e  knob a s  t h e  v o l t a g e  i s  increased.  Do nn t  red l i n e  
t h e  screen current .  Operat ing voltqge is  12 KV, a l i t t l e  over 
QO a4 ckbe c ~ ~ r e n t ,  S L ? ~  9 little 911,Ll,er 2Q PA clcreen current, The 
ampl i f ier  tubes w i l l ,  b e  lit. . 
While watching the  scope bes ide  t h e  synchronizer t h a t  dSsplaya the  
output pulse  waveform and p u l s e r  ' w a v ~ f o r m ~  tu rn  on t h e  Spellman 
High Voltage Supply under t h i s  s c ~ p e ,  A s  vol tage  come8 UPr a 
pulrie shape should be  seen on t h e  scope, Decay s lopa  should be  
emooth and regular .  V i e w  t h e  v e ~ t i c a l  output  of t h e  spectrum 
analyzer with the  locking loop plugged i n t o  i t  on t h e  upper scope 
i n  t h e  monitbr rack,  Th i s  l i n e  should be  s t r a i g h t  and smooth. If 
;St i s  not ,  t h e  b a l l  s p i d e r  and/or the  output power beam w i l l  need 
adjust ing.  Check t o  see t h a t  t h e  beam leaving t h e  d iagonal  mirror  
has a h o l e  i n  the  c e n t e r  of t h e  beam. Uae wax c h a r t  graph paper, 

Refer t o  waveform sec t fon  f o r  Step R and S. 

Lf t h e  spectrum analyzer  v e r t i c a l  output d isplay  (A-Scope) i s  not  
a s  i n  waveform sec t ion ,  a d j u s t  t h e  b a l l  sp ider  by turning opposing 
tuning keys i n  the same d i r e c t i o n .  This w i l l  cause t h e  b a l l  t o  
move up, down o r  sideways changing t h e  A-scope d isplay .  Nul l  the  
A-mope d i sp lay  s o  t h a t  t h e  b a l l  i s  center'ed on the,,secondary. 
(Look i n t o  t h e  te lescope primary.) The f i n a l  tweek may be s l i g h t .  





WAVEFORM SECTION XI 

( <  

i 

The following waveforms al?k normal during systsm operat ion:  

J ,- 

Output pu l se  shape: Normal 

Output pulse  shape: Wrong 

Troubleshooting Case: 

1. Check o p t i c a l  spectrum analyzer  t o  see t h a t  only P20 
or des i red  t r a n s i t i o n  is  lit, Retune t h e  l a s e r s  f o r  
b r i g h t e s t  s p o t  and re lock t h e  l a s e r s .  Check ampli- 
f i e r  alignment. 

2, Check ampl i f ie r  alignment and alignment of b a l l  ueing 
A-scope d i s p l a y ,  i f  okay, re tune  l a s e r s ,  

3, Check A-scope d i sp lay  and adjust b a l l .  Check ampli- 
f i e r  alignment, May need t o  retune ) l a s e r s .  



kScopc Display 

Normar :! (Sync pulre) 

$ 
Vcrticrl output of spactrum analyzer it 

(10 dB log) ( ? 
I i 

Also normal: 

very s l i gh t  bump - 
Alro normal: 

I 
I Wrong : 
I 

E 
8 , . 

Adjust, spider b a l l  
+--- 1 

May also  require 
adjustment of lasers  8 
and output beam I 

i 4 



RVX D i s p l ~  

Tha followin& condition i n  the RVI display w i l l  require retunibg of 
the  Honeyvall laaer and w i l l  probably show up i n  the output pulse ehapa 
am Care 3, 

1 

Wrong: Realign Honeywell 
32 - -  

Patches ~ i l l  P i l l  i n  with time I 
7 1 

a $ 1 
1 . 1  

I 

i 
d '  

.I ; 

The following dieplay w i l l  be seen with 40 dB or  less attenuation i f  the i 1 
puleer Is off. * I  !/ 

// ii 

f--10 MHz feed through 
I I I 



RVI Displax  Continued 

Tbe following diaplay w i l l  be aeon i f  t h e  puluar  v o l t a g e  i s  too  low8 

Bad case of low pu l se r  vol tage ,  
Cheek pulser  d isplay  below 
output  pulse d isplay .  

Ciieck pulser  timing o r  pu l se r  
timing j#.tter I f  t h e  fol lowing 

Hard t a r g e t  s i g n a l  Hard t a r g e t  signal moves o r  
moves from zero  jitters from zero most commonly 

down. Also b'een on I V I ,  Try 
turning o f f ,  then on, pulser  
and r e s e t t i n g  timing. 



If RVX dlmplay p e r  t o  a s tra ight  bright l i n e ,  turn off the 5 volt  mupply 
(gray panel with w i t c h )  and turn on again. 

If RVZ display and I V X  dlaplny dirtex: 

Purh eha myncronizer teeet .  

Warning: Never push the r e s e t  or change pulse length of the 
output pulse or the PRF when the Spellman HV supply O 

and/or the power ampllfler supplies  and modulator 
are on. j 



r 8 1 

I 
) before telercope: 

Correct: Wronjs 
(9,) ( 

i j  

i 5  ' 

M ter Diagonal : 

Correct 

("f t, 

Wrong 

e 
Danger: Never adjust the amplifier alignment when you 1 

are not watching an image on a plats .  i 
- 

-I 

Power density of the beam at  the telescope output & 
eye safe. 

'2  - 

I - >' 
. - 

i G - 1 1  ,I 

; \ 
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- 
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SYSTEM AMUSTMDNT AND PROCESSOR USE 
O I E  

i 

%'he following rehtsu .ornet d e t a i l  on system ndjua tment. and use  o f  tho 
pnocaoraar for making e igna l  and noiee acatluremente, 

tat$$ A. &atam A d J u e t m t m t ~ ~  Rafcrn t o  S teps  R and S of Operating h e t r u c t i o n e  

Alignment ofE Output Bciam through the Telescope 
' 1 

IP t h e  t a l e s c o p c  sltould become misaligned s o  t h a t  the  beam dose no t  
rtrilce t h e  d iagonal  properly o r  f a l l s  on t h e  cen& of the  eewndary,  
proceed as fol lows r 

(a) Check t h e  alignment OF, the  a m p l i f i a r  using a No. 7 optScal  
ongdnaering p l a t e ,  Move t h a  beem around t o  f i n d  the  extremes 
of the aper tu re  and cen te r  t h e  beam, Using a No. 7 p l a t e ,  
see t h a t  tho shadow o f  t h e  h o l e  i n  the  diagonah, a f t e r  t h a  
beam leaves  tho  diagonal,  i s  centered  on t h e  beam. rE I t  is 
way too  high o r  low, beyond s l i g h t  adjustsoants of the  a o a p l i f i ~ r  
alignments, then the  te lescopa he igh t  adjustment must be made, 
Thie i s  done with t h c  two v e r t i c a l  l e v e l i n g  screws a t  e i t h e r  
edge of the  mountingtrncl ter  on the Leleeco;ze. Lock the S C Z ~ E  
up a f t e r  the  adjustment is  made, I f  t h e  shadow oE t h e  ho le  i s  
t o  t h e  r i g h t  o r  l e f t ,  s l i d e  the  d iagonal  i n  and out  t o  ad jus t .  
The diagonal  w i l l  a l s o  \ ;otate whish w i l l  a l low up, down adjust-  

r {  1 
ti r 

ment of t h e  team on t h e  secondary. To cen te r  tha  beam on the  
secondary, hold the  No, 7 o r  No, 8 p l a t e  i n  f r o n t  of t h e  :I! I recondary and view i t s  r e f l e c t i o n  i n  the  primary mirror ,  Rotate 
tho diagonal  u n t i l  the  beam is centered up, down. L e f t ,  r i g h t  t 

adjustment i s  mode using the  h o r i z o n t a l  sp ide r  holding the  
diagonal ,  Grasp t h e  b o l t  on t h e  o u t s i d e  of t h e  te lescope and 
e l i d e  i t  forwards o r  backwards. The sp ide r  b a l l  should f a l l  i n  
t h e  shadow of the  diagonal  ho le ,  

Never attempt t o  ad jus t  the  secondary mirror  s p i d e r  o r  f o c a l  
7 

p o s i t i o n ,  This w i l l  des t roy  t h e  te lescope c o l l i r n a t i o n ~  

Laser A l i g r m n t  cr 

(b) P r i o r  t o  locking the  two l a s e r s  togebher, c a r e f u l  adjustment 
of the l a s e r h  alignment is  required t o  achieve f u l l  output  
power as wel l  a s  ovoid misalignmant of t h e  Honeywell beam i n t o  
t h e  ampl i f i e r  tubes. The system a l i g m e n t  i s  going t o  be bee t  
a t  P20. Using a block of asbes toa  blocking the  Honeywell beam, 
view the i n t e n s i t y  of the  glowing spot .  Experience w i l l  t e l l  

I .how b r i g h t  it should be. A s  the  lower $ e f t  hand adjustment, on 
i) \. 

-, > 



I t he  Honeywell is  moved, tho i n t e n s t r y  of  the  spo t  w i l l  c h a n ~ e  
! 
B 

end may go f a i n t  t o  b r igh t  again. ,There a r e  two major b r igh t  
p o i n t s  as t he  l a a e r  i a  cweeked. 0nk i s  P20 end the  o the r  is P22. 
Am t h e  spo t  i s  brigh'tened up by laselt  tweeking, check t o  s e e  tha t  

Ir. P20 shows on the  o p t i c a l  spectrum analyzer ,  I f  i t 's no t ,  r o t a t e  
the  adjustment very- slowly, causing t h e  spot  t o  go f a i n t ,  then 
b r i g h t  again.  Check f o r  P20, If t he  spot  does not  ge t  b r i g h t  
again, r eve r se  d i r e c t i o n  and check a t  each bx igh t  point  f o r  the  

1 , P l i n e ,  Peak (-, up t h e  spot  i n t e n s i t y  on P20. 

h Sylvanin 13ber alignment should be done with 300 v o l t s  set 
b. 7 t h e  locking-~loop i n  t h e  grounded s t a t e .  Use a  No. 3 p l a t e  and 

1 W l i g h t  t o  view t h e  spot .  Careful ly tweek che l a s e r ' s  uppermost 
1 screw u n t i l  the  spot  is darkes t  on the  p l a t e ,  Check fox P20. I f  
I 

I i t ' s  n o t ,  t r y  again. Use the  o the r  adjustment screws i f  required. 0 
Removing a l l  t h e  beam blocks and W l i g h t ,  t u rn  up t h e  locking 

I loop vo l t age  l i m i t  knob and c l o s e  the  loop. The lobp should lock 
I 
i 

a  l i t t l e  above the  voltage set o r i g i n a l l y  during l a s e r  tweeking. I I 

I 

Receiver Alignment Check Par t  (d) f i r  st 
1 

k ;  i (c] Xi maximum s i g n a l  t o  nolse 5s srA_tAr_sl srrd!cr if ca l ibr~ted  
I - t a r g e t s  a r e  not producing expected s i g n a l s ,  a  s l i g h t  change i n  

! r ece ive r  alignment might be  required.  I n  general ,  tweeking of 

i t h e  r ece ive r  gains only 1 o r  2  dB increase  i n  s i g n a l  i f  i t  was 
o f f  a  b i t .  Tweeking may be done on the  wind o r  t a r g e t  s igna l .  

I I n  genera l ,  i t 's  e a s i e r  on the  wind s i g n a l  u n t i l  beam absorption 
1 
li 

causes s i g n a l s  so small i t ' s  hard t o  s e e  wind on the  RVI d i sp lay% 
%7 When wind is  v i s i b l e ,  while watching t h e  R V I  d i sp lay ,  r o t a t e  the  +! 

uppermost adjustment on the  recombining beam s p l i t t e r  u n t i l  the  
I 9 s i g n a l  is  the  b r i g h t e s t  and extends t h e  fartherit, on the  RVI. 

k Repeat t h e  adjustment on the  uppermost adjustment knob of t h e  gold 
, ,mirrbr between t h e  brewster p l a t e  and beam s p l i t t e r .  Tweek t h e  

knobs no more than one-half tu rn  e i t h e r  way from t h e i r  o r i g i n a l  
I 
I pos i t ion  and use f a i r l y  rapid motions a t  f i r s t  t o  see  v i s i b l e  
1 I ,  changes on the  RVI. Caution: Don't l e t  your f i n g e r s  s l i p  off  

I! t h e  knob of the  beam s p l i t t e r  i n t o  t h e  l o c a l  o s c i l l a t o r  beam. r Loss of LO while b i a s  is  applied t o  t h e  detectol.: is  not good, 
t Do not attempt t o  a l i g n  the  rece iver  on a  f a i n t  s i g n a l ,  I t ' s  

easy t o  g e t  l o s t  and end up with a  t o t a l l y  misaligned receiver .  
, On t a r g e t  s i g n a l s ,  apply a t t enua t ion  u n t i l  the s i g n a l  on the  

< RVI begins t o  fade. While watching t h e  s igna l ,  tweek the  
r ece ive r  f o r  maximumt-brightness and l e a s t  f lashing.  

.\\ 



(d) ' T l r i t ;  procadbi'rt 'is used a f t e r  ,amplif i c r  slignmcznt most o f t a n  
because eke brnwstcr p l a t e  has been removed, After  rcplncing 
@he browater p l a t a  t o  i t s  o r i g i n a l  rcforence marks, and while 
t h e  i s o l a t o r  wafcr i s  a t i l l  ou t  of tho nlagnraft asrsrs.~!\bI.y, ndju~t:  
ttre plug-in Ira%£ w4vo p l a t a  f o r  the  modulntor\\linti1' maximum 
powcr lonvas  the  ~nodulnt;or, (This would already have been 
done dur ing clmplifiar ali&nlaant,) Twank the  umplif ior  u n t i l  
t ho  CW beam (nmpJ-iEior o f f )  i s  conkcrod, lanving t h a  browstar 
plrrta. httnclr .the s h o r t  r n i J  t o  tha f r o n t  of tho  system where 
t h o  tc1,cscopo b o l t a  otr and put: tho 20"Pl t ~ n s  on t h a  r a i l .  
P o s i t i o n  t h e  ~ p i n n i n p ,  sandpaper tnrget  a t  45' t o  tho focused 
beam und 20" nwuy, Adjust; tlm poaitAon of tho lcms t o  centor  
i t  on tire beam, Focue tlla beam on t h e  t a r g e t  while tho  t a r g a t  
i s  spinning,  *View t he  output: of ttlc rece ive r  s i g n a l  on t l \e  
epcctxum analyzer. L t  sllould bet above o r  belaw 1 0  MHz dopending 
on t h e  d i r n c t i o n  of r o t a t i o n ,  Twaek t h o  rcca ivar  f o r  maximum 

't,, s i g n a l  t o  noise ,  Ttlc CW power leaving the  ampX$Eior tubas w i l l  
ka about l w o t t .  Thc s t g n a l  t h i s  should produce on t h c  epectrum 
Analyzer w i l l  he about -3 dnm. Noise should be -7B dBm, To f ind 
soceiver  e f f i c i ancy ,  use  t h e  following cquatAont 

0 

-11 
8.52 x 18 .,,*!I 

ficiensy 's-"-"""-"""m 

Power CW 

Where S r the  sum of t h e  noise and s i g n a l  divided by 10, 
% 

To f ind  dB of r eca ivc r  l o s s e s ,  take  the  Xog o f  tha above equation 
end mul t ip ly  by 10. 

Never -& t o  r e t u r n  t h e  modulntor ha l f  wave p l a t a  t o  i t s  
LI1 

or$ginnl  pos i t ion  where about 50 t o  70 mil1iwnt:ts l eave  tho  
modulator CW, Tlle wafer w i l l  be damaged i f  CW power exceeds 
10@ mW. Makc t h i s  adjus  tnicnt: wlrilc t h e  magnet ossambly is  ou t  
of t h e  system, Xhe above mensurement i s  made with t h e  magnet 
less t h e  wafer $,A t h e  system. After  the waEer had been returned 
t o  i t s  assembly and t\le h a l f  wave p l a t e  has bean rcadjustnd and 
,removed from the  modulator, replace  the  i s o l a t o r  t o  i t s  pos i t ion  
i n  the  system aga ins t  its hard stops.  With t h e  ampl i f ie r  tubes 
on and t h e  modulator on, tweek the  output: beam u n t i l  the beam 
i s  centered ,  

Amplif be r  Aligntncnt - 
(e) Remove the  i s o l a t o r  and take  out  the  wafer. Reassemble t h e  

i s o l a e , ~ ~ , r  without t h e  wnfet &-dd ~ p p l n c c  t h e  mngnat assenibly i n t o  
t h e  system. Mako s u r o  that: (kc beam i s  slignod through t h e  



#?-' 
modulator, For thils t h e  modulator Ira1,f wnva placa w i l l  naod 
rrdjusnting f o r  mnximura tranramifseion. Hake aurwt tho batrrn antcre  
and llaavaa t l r ~  canteru  of ttad icolutctr tubas and i a  al;l&nad 
through k1.1~ e i d a  s tepping arixrorir, Ueing gha mixrox adjus t -  
Ircntu, rleatlr tlla boem i n t o  tlla bnam expander and ga t  rhr: b e a ~  
t o  paea throug11 011 a x f e r  Th& ban& sqpnndsr should not: rroad 
ta be movad around unaeasi i t  lrnri Becn bumpad 80 hard ft: waz3 
rczLocatcrd. During @Irks; alignmunt, go elowly and th ink  ouk 
each rrkap t o  achieve n beam on U X & ~  andr MIQII ~ I I Q  beurn i t s  
a l ignad up t o  and through tlra axpandcr, capo n z l m n X l  pieca of 
WAX papar t o  t h e  output  polny?.er o f  ~11s modulator and allow 
t h a  CW beam t o  pass  f o r  a f r k c t i o n  of a second t o  mask kha 
paper, Avoid burning tlna pnpar and causing smoke, Go t o  the  
receitvcr end o f  tlka ayacam ~mnd remova tllo r ~ c a i v a r  c l a c t r e n i c s ,  
tba quar te r  wave p l a t e  and braweter p l a t e ,  Align t h o  cathatomctar 
ao t h a t  Cha crosa  llaixs t r a c k  tllc o p t i c a l  axiu down tl\c a m p l i f i ~ r  
tube& a# & e t a  focused Close t o  and fnr away looking i n t o  tho 
output  tube,  ( 

This alignmant may t aka  some time 2nd lraquira placing p o i n t ~ t ' s  
at: t h o  nmplkfior input: t o  soo whora the a x i s  is. Wlkila shining 
a l i g h t  on t l ~ a  wax parpar t a r g e t  a t  t f~e modulator, Eo~ot; the 
cathatometor on t l ~ i d  t a r g a t ;  w i k h  luck, i t  w i f f  b& vfsibia, and 
t h e  spo t  probably o f f  t o  tlre tkfda, Wlrila watching tlra spot ,  
lrave eomoona addust tho four X and 'I: axis adju&tments on the  
inpu t  mir rors  t o  tlla ampl i f i e r .  Those nd justmonks sllould ba 
mado d i f  fcrant )g .  Go beyond wi t11  one X a x i s  adjustment and 
b r ing  i t  bacfiith t h o  o thc r  X nxio hdjustment: rind GO on. 
khan dm sptit: looks c e n t ~ x o d ,  rcmovc t l ~ a  t a r g e t  and l o t  the  
baam praas tllrougll t h e  amp3iEihrt.t. Seo 2E i t :  looks good csming 
o u t  of  tlla ampl i f i e r s  and maka smal l  adjustments t o  khe i n p u t  > + 

mirror@ t o  e c h i a ~ c  t h i s .  3Cf i t :  c a n ' t  br, mode t o  come through, 
t r y  again,  Cross h a i r s  over t h o  input  amplif ier  tube ape r tu re  1 

1 

m y  help. Wren tha  GW beam looks  ~ o o d  loaving t h e  a~mpliEicr,  3 
go t o  Por t  (d) Rr?ceAver Alignment a f t e r  Ta\lcscope Rcmovnl. I 

1 
1 I 

I 
l?zoaessor u,sa 1 

1 

( f)  This sec t ion  provides guidal ines  t o  nc l~iave  cons i s t an t  r a $ u l t s  
when mbictng signal-to-noisa monsuromctiits on the IVX d i sp lay ,  

IVJC ecapc should b e  set t o  0,s V/divl Iarcmsscat slroultl be s o t  
1 

t o  0.25 Scc. AnCcgration per iod ,  25 pulse fntcgrntAonn* 
Sat; tho  rnnga pointcsr t o  t h e  tn rga t  range das i rad ,  The da f loc t ion  

1 
of  the IVI di6play is t o  ba moasurcdc Check cltrt; tlre zero l i o s  
ona div .  up from tho bottom, uaing the scopa input ground swi tc t~ .  



TIla dcrsirorl d a f l o c t i o n  (patrk) i s  t o  tha  cuntar  linu, 
A C t E n u ~ t ' i ~ n  w k l l  ba ~ ( i ~ d  t o  achieve rhia. Whon tha  
e i a n a l  peaks f a l l  cons ie tcn t ly  on the  t h i r d  d i v i s i o n  
up from zero  (watch f o r  a law minutes),  record tlls 
a t t cnua to r  ~ a t t i n g s ;  

Move khe ranga po in te r  out  t o  wliarc t h e r c  i b  no s i g n a l  on 
t h e  RVI (around,100p S) and remove a t tenuat ion  u n t i l  t h e  , . 
n o i s e  floor i s  ccntored on t h e  IVI display.  Record LIlia 
a t t enua t ion  value. I f  the  RVI display  goo8 t o  a  l i n e ,  tu rn  
o f f ,  then on, t h c  5 v o l t  eupply. If any display  does not 
look normal, push the r a s a t  on t h e  syncronizar.  Nevar do i ' 
t h i s  when t h e  modulator and/or power ampl i f ie r  a r e  on. Soe 
the d e t a i l e d  opera t ing  i n s t r u c t i o n ,  RVI display ,  on the  
wava form sac t ion ,  
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