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6. A data reduction system was desi gned for the
AFGL spatial radiometers .

7. Scientific reports and open literature reports
were written and published.

NEAR INFRARED MEASUREMENTS IN THE AURORAL R E G I O N

Significant infrared emission enhancements in the 2.75
to 3.04 pm region were measured from the AFGL NKC l35A air-
craft while viewing an aurorally excited atmosp here with a
radiometer. The measured enhancements occurred while

viewing all types of auroral forms during the 1975 and 1976

ICECAP measurement program , and they became significant with
respect to the night sky back ground emissions whenever the
N~ emissions at 39l4A exceeded about 20 kiloRay lei ghs.

The 2.75 to 3.04 pm measurements were made with the

Type III interferometer-radiometer system . A layout of the

instrument system is shown in Figure 1. The system consists

of an uncooled radiometer which is operated behind a li quid

nitrogen cooled chopper. The cold chopper modulates the

incoming atmosp heric emissions and provides a cold reference

source for the radiometer. As the chopper sp ins an alter-

nating signal is seen by the radiometer which is due almost

entirel y to the emissions from the atmosp her e . The chop per
is mounted outside the aircraft with all the windows and

the radiome ter components mounted inside . Therefore , the

thermal emissions from the window and radiometer components

are not chopped and they do not contribute to the alternat-

ing signa l .  Thus , only  the atmosp her ic emis sion s are
de tect ed when the al te rna t ing si gnal of the radiome ter is
synchronous ly  demodula ted usin g a reference  si gnal f r om the
cho pper.
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In addition to the cold chopper-radiometer system ,
three other instrument systems were operated to provide

additional monitors of the atmosp heric condition s. They
included the NIR radiometer developed by Hupp i [1977] , a
3914A photometer and an all-sk y camera operated by Photo-
metrics , Inc. All of-the instruments were co-ali gned and
looked verticall y out of the aircraft with identical fields
of view . A summary of the specifications of all the instru-

ments is g iven in Table 1.

Scientific Report No. 3 , which was a contractual effort ,
presents and anal yzes the data measured by the instrumentation ,
Hupp i and Re ed [ 1 9 7 7 ]  . An example of typical data which was

measured on March 7, 1976 is shown in Fi gure 2. From top

to bottom the figure gives the latitude location of the

aircraft , the longitude location of the aircraft , the air

temperature at the aircraft altitude , the aircraft altitude ,

the 3914A (N) emissions , the 2.94 pm infrared emissions ,

and the 1.70 pm (OH, AV=2 ) emissions. Expanded plots of

three of the enhancement periods are shown in Fi gures 3 ,4,

and 5. Within the angular resolution capabilities of the

instrumentation , the measured 2.75 to 3.04 pm (2.94 pm)

enhancements appeared to co-vary spatiall y and temporally

with enhancements in the ionization prompt fluorescence of

the N at 39l4A. However , the enhancem en ts d id not corr e-
late with the (5,3) band of the hydroxy l  ~V=2 sequence at
1.7 pm , which was measured by the NIR radiometer. Therefore ,

it is unlikely that the enhancements were the result of

in c rea ses in hy dr oxy l fund amen ta l sequenc es du e to per turbed
airgiow processes , since one would expect the fundamei.tal

hydroxyl emissions in the 2.75 to 3.04 pm region to behave

similar to the overtone emissions as given by Baker [1976].

It is suggested by Hupp i and Reed [ 1 9 7 7 ]  and Stair et al.

[1975] that first overtone nitric oxide is the most probable

source crea t in g the enhanced inf r a r ed  emiss ions .
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N I R  R A D I O M E T E R  M O D I F I C A T I O N

A f o u r  c h a n n e l  r a d i o m e t e r , w h i c h  was c o n s t r u c t e d  u s i n g
the techni ques g iven in Scientific Report No . 2 by H upp i

[ 1 9 7 6 ] ,  was  m o d i f i e d  to operate as part of the NIR aircraft-

b o r n e  r a d i o m e t e r  s y s t e m . The b a s i c  r a d i o m e t e r  i n c l u d i n g
o p t i c s  and e l e c t r o n i c s  was  e x i s t a n t  in  U S I I ’ s i n v e n t o r y  of
i n s t r u m e n t s .  I n  o r d e r  to app l y t h e  r a d i o m e t e r  to  t h e  Teal
Rub y m c a s u r e m e n t  p r o g r a m  i t  was n e c e s s a r y  to  m a k e  m o d i f i c a -
t i o n s  to  t h e  i n s t r u m e n t .  P r o v i s i o n s  w e r e  m a d e  to a l l o w
s p e c t r a l  c o v e r a g e  f r o m  -~. O t o ~ . 5  pi n , to m a t c h  t h e  i n s t r u m e n t
f i e l d s  of view to t h e  m e a s u r e m e n t  r e q u i r e m e n t s , and to a l l o w
a i m i n g  t h e  i n s t r u m e n t  throu g h an infrared germanium window .

.\ p i c torial of t h e  h L ’ad a s s e m b l y  of t h e  m o d i f i e d  radio-
meter is shown in Fi gure 6. As shown in the fi gure , an
i n f rared  v i e w e r  made b y H u g h e s  A i r c r a f t  Company  was m o u n t e d
to  t h e  top  of  t h e  r a d i o m e t e r .  T h i s  v i e w e r was  c o - a l i gned
w i t h  t h e  f i e l d s  of v i e w  of t h e  r a d i o m e t e r  c h a n n e l s , and i t
was  m o d i f i e d  by tJSU to  include an aimin g reticle. The
op tical layout of the modified infrared viewer is shown in

F i g u r e  7 , and d e t a i l e d  s p e c i f i c a t i o n s  a r e  g i v e n  in  T a b l e  2 .
The image properties and sensitivity of the viewer allow the

radiometer and viewer to be tracked on almost any  o b j e c t  or

i n f r a r e d  e m i s s i o n  s o u r c e .  T h i s  is p o s s i b l e  even t h r o u g h a

g e r m a n i u m  w i n d o w , s i n c e  the  v i e w e r  c o n v e r t s  i n f r a r e d  i m a g e s
which transmit throug h germanium , to visible images that can

he seen w i t h  the eye. During many data missions we have

found that the infrared viewer is sufficient for viewing and

tracking almost all practical measurement sources of interest.

The main radiometer consists of four independent optical

and detector channels , which make use of a common chopper.

Figure 8 shows an optical and electrical layout which is

representative of each channel. The collecting lens , L1,

20
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I

T a b l e  2 . P r o h e y e  I n f r a r e d  V i e w e r  S p e c i f i c a t i o n s

Characteristics Specifications

Field of view 18 ° h o r i z o n t a l  x 7.5° vertical

Resolution .12 0
(horizontal ~ vertical)

Frame rate 15 pe r  se cond

Temperature resolution .5°C minimum

Detector InSh 16 element array)

Wei ght 7 .2 lb.

Viewing display - Light emitting diodes and
scanning mirror

23
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If the si gna l is synchronou sly r ect i f i e d  us ing a r e f e r e n c e
si gnal  f rom th e bl ade , only modula ted s ignal s w h i c h  are
synchronized with the chopper will be detected at the output.

Thus , unmodul ated uni form back g rounds and thermal em iss ions
from the instrument will not be detectable , but small sources
which are modulated are detectable even in bri gh t background s.

The radiometer operating in this mode has provided excellent

time history measurements of the emissions from various
small sources for the Teal Ruby measurement program .

RADI OMETER MEASUREMENTS OF AIRCRAFT EMISSIONS AND REFLECTIONS

Infrared emissions generated or reflected from various

aircrafts during fli ght were monitored with the four channel

radiometer from the AFGL NKC -l35 fly ing laboratory. Typ ical-

ly twelve selectable spectral bands in the 2.5 to 7.5 pm

range were monitored on each aircraft , as d e f i n ed by Landford

$ et al. [1976a]. ‘l ime histories of the irradiances of the

aircraft sources were measured for various power increases ,

power decreases , fixed power settings and aircraft maneuvers.

Absolute irradiance numbers were obtained for the various

power conditions. Specific radiometric measurements and

supporting comparisons with the data from the AFGL inter-

ferometer-spectrometer and the thermal spatial scanners has

been presented in co-authored reports by Sandf’ord et al.

[l976c , 1976d , 1977a , 1977b]. To accomplish comparison

between the radiometric data and the interferometer spectral

data , the spectra were integrated over the passbands of the

radiometer. As verified in the reports , the radiometer

mea surem en ts and i nt e r f e r ome ter measuremen ts are in good
agreement. Due to the classified nature of this data , no

sample information is given here .
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SPECTRAL MEASUREMENTS OF F I JNDAM ENTAL

H YDROXYL ATMOSPHERIC E M I S S I O N S

A Michelson interferometer , referred to as the Type

111-1 , was used in conjunction with the li quid nitrogen
4 cooled chopper system to measure the airg iow emissions

spectra resulting from chemiluminescent reactions of the

fundamental hydroxy l (OH) sequences. Scientific Report

No. 1 , Hupp i and Baker [19761, gives detailed information

about the temporal and spatial variations of hydroxy l

emissions. The measurements that will be reported here

add to this study by providing a spectrum of the emissions.

The measurements were mad e from the AF ( L NK (;-135A aircraft

looking overhead.

The basic measurement set up is shown in Fi gure 9.
As described by Hupp i [1974], the interferometer operates

at ambient temperatures inside the aircra 1t while the

chopper acts as a cold reference and provides a method for

distinguishing the atmosp heric emissions from the thermal

emissions of the instrument and aircraft structures . Using

this measurement techni que , sources with spectral radiances

in the range of l0~~ to 10 -8 watts/cm 2-ster- pni can be

measured in the 2 to 3.5 pm reg ion , thus providing a tech-

ni que for measuring the OH fundamental sequences.

A measured spectrum of a portion of the OH fundamental

reg ion is shown in Fi gure 10. The spectrum was measured
• March 26 , 1976 , - and was reduced by coadding about 30 minutes

of data. The emission levels are relatively small; and

th erefore the si gnal to noise ratio is not large. However ,

a comparison of the measured spectrum with a synthetic

hy d r o x y l model , a s shown in Fi gure  11 , makes it apparent

tha t the measured  em is s ions resul t f ro m funda me n ta l hy droxy l

processes. In fact a considerable improvement in si gnal to

28

— - --— - p - —S- 
~~~~~~~~~ 

— 
~
__ — — _-_ — •-_——--— --,—--—--- --- ---—.—— — — - - —-— — — p

____  ~~~~~~~~~ —

.• . 
~~~~~~~~~ - 

-
- - ~~~~~~~~~~~~~~~~~~~~~~~~~ -



• E
4)

F- 1-a
Li.. Li..0
~~ 

(11

o OW 5-.
4)

0 fl— 
__ _—4\0 F- ~~~~II~ 

5-’

0
Z I~~

I \  -
~~~

V I— 0- I
o w o z I \

2 I \
~
- 

I i i
I U S

- 0 I II 4)0 l ii i
_J

0
- I— kz U
-
~~ 

- 
- == w
= -Ti

7 =~~~~~~~~~~~
- 

.v 
D~~-~

- 

—

i~ -~~~~~~~ 0

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

H I
0 0 IL~~~>..

z — i- I- -~I— z
OW .~ 0.. —0

—x I Izo .
~~~ 5-

~~ bO
--I
U..

29

— — - - —.--- ---- -, - - - - - - - ——-—-— - — p

- - 
-



0
0

I~~~

a)

0
In
In
Cl C)

5-.
0

::

:

• 

!~~~~~~~~~~~~~iJ P

0 W  In N O  N
- ‘

I I

AL ISNBJ ..NI

30

— ____________________  p

- - - — - 

. 
- 

- ~~~~~~~~~~~ - - - 
-
-

p 
- - - - - - - —



00r —r——---r------y———-1--—-- —r —r——r—~~~~~~——r-— ,..

~~~~~~~

ICl

.
Ti0

In
Cl

C)

0
0
In U
Cl -~~~

0 -;
Cl F

0
Ti

In
Cl

0 - -
LA
‘4.
Cl

0
0

C l W
‘1

~
—

IJ~~~~~ J -
C lZ  ~

-~
>

0 <

~~~~Cl
-i

C)
0 —
LA Ti
C-)
Cl

0
() 0 -

-

~~~~ 
0

I..) ~‘_l
w .

~~~~~
. 0 0

0.. —.‘ ..—~~~~~ In 1
(I )  .02: — —4

C_I -

514
0.

>- 0
VS U) 

~~ T In —
0C_I

- 4 . ,  
§

O W W * N 0  O W I n* N 9 N . f l
_ 0 0 0 0 0  0 0 0 0 0 0 0

I U

A.LISN3.LNI ALISN3LN I
I;

31

—-- —-—-—• ---—-- —- ,-.. ——— —-— - - - - - -- _____________ — - - — — — -  — p

_ _ _ _ _ _ _ _ _  - 

p 
-

• 
-
- - ~~~~~~~~~~~~~~~~~~~~~~~~~ -- - -



noise can be gained throug h the use o 1 correlation proce-

dures which e f f e c t i v e l y  compare the measured data with a

synthetic model. Using a correlation techni que H u p p i [1978]
has further verified that the measured emissions did indeed

result from fundamental hydroxy l processes.

MA I NTENANCE ANI) CAL I BRA l I O N  OF I NSTRUMENTAT I ON

The NIR radiometer system and the Type III interfero-

meter-radiometer sys tem were m aintained and kept in a state

of readiness. The optical , electrical and mechanical parts

were thoroug hl y inspected in the l a b o r a t o r y  b e f o r e  and  a f t e r
each  s e r i e s  of  d a t a  m i s s i o n s .  In s p e c t i o n s  w e r e  a l s o  m a d e

during data fli ghts and during cact i set of data missions.

Parts were replaced as needed to insure proper opc rat ion of

t h e  i n s t r u m e n t s  and  to keep them in a constant state of

readiness.

In addition to regular maintenance , cacti instrument

was calibrated before and after each set of data m i s s i o n s .

Cal i b ra t ions were al so performed o n - b o a r d  the a ire raft d u r i n g

UI i ght as necessary. The cal ibrat ion method~ descri b ed by

~a n d f o r d  e I. al . [1 ~)76a 1 were used for the radiomet ers and

int erfcrome t (~r-s. Typ ic a l l y, labora tory ca l ibrat i o n s arc

done using both a point source and an extended source.

infi ig ht cal I brat ions are done with an extended source which

can be related to the laboratory calibrations.

In addition to the calibrations of the radiometers and

interferometers , the Type III system has an added calibra-

ti on p rob l em , since the instruments are operated b e h i n d  a
cold optical chopper and collimat or system (See Fi gures 1

and 9). The attenuation of this chopper system must be

determined if absolute values are to be placed on data

measured through the sy st em. The cal ibr at ion is complica ted
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by the fac t that the attenua tion of the coll ima tor por t ion
var ies as a function of angle , and ther ef o r e , the through-
put will vary when used with instruments having dif fer ent
fields of view.

The best way to calibrate the attenuation effect of the
collimator is to perform a measurement using an extended

source , the chopper s y s t e m , and the actual radiometer or

interferometer which is to be used. This process was per-

formed for a radiometer for three field of view settings.

The calibration set up is shown in Fi gure 12. As shown , a

point source is chopped and sent into an integrating sphere .

The sphere converts the point source to an extended source

which is then measurable with the radiometer throug h the

chopper system . During this process , the chopper blade is

left in the open position. Then the chopper system is

removed and the measurement is repeated. The ratio between

the first and second measurement gives the- integrated atte-

nuation of the collimator and aperture for the specific

field of view characteristics of the radiometer. Table 4

summari :es the attenuation of the chopper system for the

three fields of views which were measured with the type III

radiometer whose  entrance aperture is partiall y vi gnetted

b~’ the chopper aperture. These values g ive a roug h overview

of typical attenuations for a practical radiometer with

typical fields of view. To complete the calibratio n of the

• chopper system , the above resul ts must be mul tiplied by the

chopp ing efficiency of the rotating chopper. This efficiency

can be readily calculated from the geometry of the system .

The ac tual cho pper blade modula tes the incoming rad iat ion in
almo st a sinusoidal fashion and has an efficiency of about

40%. This is only sli ghtly less than an optimum square wave

chop per which has an eff iciency of 50%.
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CALIBRATI ON _ CHOPPER REFERENCE
CH OPPER ~~~ SIGNAL

7 _
PO INT SOURCE

IN TEGRATI N G - 
BLACK BODY

SPHERE

EXTENDE Q
SOURCE EXIT

.,.J..IQUID NITROGEN
NITROGEN COOLED FEED TUBE
CHOPPER BLADE CHOPPER SYSTEM

BEING C A L I B R A T E D

= =
HONEYCOMB COLLIMATOR ROTATION

OPTICAL WINDOW - 
-

(
~ ~~~~~ 

CHOPPER MOTOR
RAD IOMETER I:. I, - h u l l

SIGNAL 
~~~~~~~~MIRROR

RADIOMETER

LOCK-IN AMPLIFIER
SYNCHRONOUS DEMODULATOR

OUTPUT SIGNAL
PROPORTIONAL TO OPT ICAL

ENERGY
Figure 12. Calibration set up for the li quid nitrogen cooled

chopper-c ollimator.
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SPATIAL I)ATA RLDUC1ION

One of the important efforts performed under this con-

tract was the development of a system to quantitatively

anal yze spatial data that is being acquired by AF C L. Instru -

ment parameters and illustrative data are contained in the

reports b y .‘~
‘andford et al. [ 19 7 6 a , h , c , d , 1 9 7 7 a , b ] .  The

anal ysis of the spatial data is valuable since it measures

the spatial distribution of the infrared energy produced by

a scene being viewed. For many p r o b l e m s , this spatial

measurement may be of - great importance in determining where

the energy measured by spectral or radiometric instruments

is distributed in their fields of view. It is also impor-

tant for determinin g whether a localized target can be

discriminated against various types of back grounds.

A d e t a i l e d  d e s c r i p t i o n  of t h e  e n t i r e  i n s t r u m e n t  and

a n a l y s i s  s y s t e m  w i l l  he forthcoming as an AFGL technical

r e p o r t  w i t h  j o i n t  A F G L  and SRL a u t h o r s h i p .  In  t h i s  s e c t i o n

of t h i s  r e p o r t , a b r i e f  o v e r v i e w  w i l l  he g i v e n , c o v e r i n g  t h e

p r i m a r y  c o n t r i b u t i o n s  t h a t  SRL make to this development

program.

Several years ago , AFCL obtained an instrument system

j )Ot e fltially capable of making accurate , quantitative meas-

urements of the spatial distribution of infrared energy over

a fairl y wide field of view . Since this information was of

secondary importance to that produced by spectral and tem-

poral radiometers , the only ana l ysis performed on the data

was the making of qualitativ e pictures showing which portions

of the field of view were emitting more infrared energy than

the other portions. Accurate numeric measurements could not

be made s ince the procedure involv ed mak ing Polaroid snap-
sho ts of a CRT screen tha t was display ing the scene as
measur ed by the instrument. The p ic tures d id not contain
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I

any reference measurements so that effective brig htness

could he compared to that produced by known radiance levels.

Thus large changes in radiance levels from pictu re to p icture

were difficult to determine.

As the measurement program s at AFCI. evolved , the spa t Ia!

measurements greatly increased i n  i m p o r t a n c e .  I t  became
obvious that anal ysis procedures , and equipment to implement

t h e s e  p ro c e d u r e s , were  needed . I~q u i pn ien t  was P u r c h a s e d  b y
AFGI. containing the necessary computing power , storage

capacity, di g ital input and output , and graphic and p ictorial

d i sp l ay  de v i c e s . A l t h o u g h this equipment was purchased by
AFGL , a g r e a t  d e a l  of  co n s u l t a t i o n  w i t h  SRI . p e r s o n n e l  was
p e r f o r m e d  to in s u r e  t h a t  a l l  n e c e s s a r y  e q u i p m e n t  was  a v a i l a -
ble without raising the cost unnecessaril y.

Once  t he e q u i p m e n t  was obtained , the large task of

des i ~n i ng and imp l  em en t  i n g  t he  n e c e s s a r y  p r o c e d u r e s  f o r
accurate anal ysis of the spatial data had to he performed.

As i n  the procurement of t he data anal ysis equi pment , the

basic software was written by A FC L , hut the procedures to be
imp lemented , and the techni ques to implement them , were

det e rm ined largel y throug h interaction and consultation with

SIft.

The basic procedures for anal yzing the spatial data arc

described in the following paragrap hs. The first step is

to determine basicall y what scene was being viewed as a

function of time and which bandpass filters were used during

a data collective run. This is done by monitoring various

housekeep ing functions and voice channels. Once the inter-

vals of time to be anal yzed hav e been de term ined , the

compu ter can h e comm anded to di g itize several infrared p ic-
tures and store them on a di g ital d i sc memory. Once a lar ge
number of p ic tures have been dig itized , they are disp layed
on the p ic torial display device. By care ful examination of
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each di g i t ized p icture , individual pictures can be selected

for further processing , or in cases where the scene is

stationary for several pictures , the p ictures can he ave-
raged for better signal to noise levels and then further

processed.

The next step is to eliminate , as much as possible ,

any distortions introd uced by the measurement system . ‘Ihe

most important distortions introduced into the data are

c a u s e d  by the ac coupling of each detector in the instrument

before the detecto rs are mu ltip lexed together to form the

a n a l o g  v i d e o  s i g n a l .  T h i s  ac co u p l i n g  was  i n t r o d u c e d  to
red uce t h e  l a r g e  a m o u n t  of l o w  f r e q u e n c y  n o i s e  p roduced  b y
t h e  d e t e c t o r s , h u t  i t  a l s o  e l i m i n a t e s  t h e  low frequency

structure in the p ictures . I n  the most general situation ,
t h e  low frequencies cannot he re-inserted into the data ;

I i i  t under man y c i rcumstances , the appropriate low frequency

si gnals can he assumed known , and hi gher frequencies boosted

to compensate for the attenuation by the instrument. Other

types of distortions can also he reduced. Since each

detector is ac coup led independentl y the average level can

sh i f t  due t o  d f f e r en c e s  in the  scene f r o m  d e t e c t o r  to
detector. If however , all detectors see the same radiance

during some part of the picture , they can be forced to

agree in that reg ion and thereby reduce the offsets in

average level between detectors. If large noise sp ikes

occur in certain spots , the p icture can be filtered in small

reg ions to eliminate or reduce the noise.

The remaining major procedures to he implemented are

calibration and display. Once the response of each detec-

tor is known for each bandpass filter that was used , cali-
bration of the data frame is reasonabl y strai ght forward .

One d i f f icul ty ar ises when the filter pa ssband is not fla t

and the spect ral d i s t r ibut ion of ener gy acro ss the band is
not uniform . The prog rams wer e wri tt en to all ow the spec tral

4~
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c a l i b r a t i o n  to be used with an input spectral energy (Us-

tribution , hut in most cases neither is known accurately.

In these cases , appropriate assumptions have to be made.

One of the most difficult problems encountered was to

obtain calibrations of the detectors that were rep eatable

and stable with time. Many erroneous calibrations were

perfornieci due to hi gh back ground levels that were not sub-

t racted out , measurement procedures that were inade quate ,

or c a l i b r a t i o n  s i g n a l s  t h a t  we re  no t  t h e  n e c e s s a r y  s i z e  and
shape. These  p r o b l e m s  have  been s o r t e d  out  and a c c u r a t e
c a l  I b r a t  i o n s  can  now be mad e .

The l as t s t e p  to  he d i s c u s s e d  c o n c e r n s  s t o r a g e  and
d i s p l a y  of  t h e  co r r e c t e d  and ca l  i h r a t e d  p i c t u r e s .  S t o r a g e
i s  i m p o r t a n t  s i n c e  m a n y  p i c t u r e s  are  a n a l y z ed and  c o m p a r i -
So ns b e t w e e n  many  p i c t u r e s  a r e  d e s i r e d .  The s t o r a g e
pr o b l e m  was solved by giving each file a n a m e  t h a t described

i t s  t y p e , i . e . ,  d a t a  or c a l i b r a t i o n , t h e  bandpass fil t e r

u sed , a nd t h e  t ime of m e a s u r e m e n t , a nd t h e n  s t o r i n g  i t  on
t h e  d i s c  L i  J o  s t o r a g e  a r e a .  l~ach p i c t u r e  c a n  t h e n  be

r e c o v e r e d , f u r t h e r  p r o c e s s e d  o r  d i s p l a y e d  a t  a n y  t ime . An

a d e q u a t e  d i s p l a y  of  t h e  f i n a l  r e s u l t s  is  a c r i t i c a l  p a r t  of
the anal ysis as w e l l , s i n c e  a p r o p e r  t y p e  of d i s p l a y  is

neces s a ry  to  pass  t i l e  in f o r m a t  ion on to t h e  user. Cal i b r a t e d
p i c t o r i a l  d i s p l a y ,  contour plotting and perspective p lotting

a r e  some of t h e  d i s p l a y  m e a n s  c u r r e n t l y  a v a i l a b l e .
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P.O. Box 92957 Chestnut lu ll Campus
Los Angeles , CA 90009 Chestnut H ill , MA 02167
Attn: V . ~Josep hson Attn: Chairman I)ept. of Chem.

Aerospace Corporation Brown Engineering Co. , Inc.
P.O. Box 92957 Cummings Research !‘ark
Los Angeles , CA 90009 Huntsville , AL 35807
A ttn : .Julian Reinheimer Attn: Ronald Patrick
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Columbia llniv ersity, Trustees Gçneral Electric Company
City of New York Tempo-Center for Advanced St.
116th Street ~ Broadway 816 State St. (P0 I)rawer QO)
New York , NY 10027 Santa Barbara , CA 93102
Attn: Richard N . Zare Attn: Don Chandler

Columbia University, Trustees General Electric Company
City of New York Tempo-Center for Advanced St.
116th ~ Broadway 816 State St. (PU 1)rawer QO)
N e w  Yo rk , NY 11)027 Santa Barbara , CA 93102
Attn: Sec Officer hI .M . Foley Attn: B. Cambil l

Concord S c i e n c e s  G e n e r a l  l i le c .  Co .  Space  D i v .
P.O. Box 113 Valley Forge Space Center
C o n c o r d , MA 0 1 7 4 2  Goddard  B lvd .
A t t n :  E m m e t t  A .  S u t t o n  K i n g  of P r u s s i a

I’.O. Box 8555
Denver , University of Philadel phia , PA 1910 1
Colorado Seminary Attn: M. II . Bortner
I)enver Research Institute Space Science Lab
I’ .O. Box 11 )127
D e n v e r , CO 80210 General Elec. Co. Space 1)iv .
Attn: Sc-c. Officer for Van Zy l Valley Forge Space Center

Goddard I3lvd.King of Prussia
Denver , t Jniv ’r s ity of P .O . Box 8555
Colorado Semin ary Philadelp hia , PA 19101
I ) e n v e r  R e s e a r c h  I n s t i t u t e  A t t n :  3 .  B u r n s
P . O . Box 1 (1127
D e n v e r , CO 8 0 2 1 0  G e n e r a l  E l e c .  Co.  Sp ace  D i v .
- \ t t n :  Sec O f f i c e r  f o r  I) .  M u r c r a y  V a l l e y  Forge  Space  C e n t e r

Goddard B l v d . K i n g  of Prussia
General E lectric Company P.O. Box 8555
f t m p u - L e n t c r  for Advanced Studies P h i l a d e l p h i a , PA 19101
816 State Street (P .O. Drawer QO) Attn: F . A l yea
Santa Barbar a , CA 9311)2
A tt n :  h )ASA IC General Elec . Co. Space Div .

Valley Forge Space Center
(;c- ri e- r~i 1 1-l e c tric Company Goddard Blvd.Kin g of Prussia
Tempo-Center for Advanced Studies P.O. Box 8555
816 State Street (PU Drawer QO) Philadelp hia , PA 19101
Santa Barbara , CA 93102 Attn: P. Z. Sands
A ttn: Warren S. Knapp

General Elec. Co. Spa ce D iv.
General E lectric Company Valley Forge Space Center
Tempo-Center for Advanced Studies Goddard Blvd.King of Prussia
811) State Street (P0 Drawer QO) P.O. Box 8555
Santa Barbara , CA 93102 Philadelp hia , PA 19101
Attn: Tim Stephen s Attn : R . H. E d s a l l
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General Elec. Co. Space Div. Lockheed Missiles ~ Space Co.
Va l ley Forge Space Center 3251 Hanover Street
Goddard Blvd.King of Prussia Palo Alto , CA 94 304
P.O. Box 8555 Attn : John Kumer Dept 52-54
Philade lphia , PA 19101
Attn:  T . Baurer Lockheed Mi ss i les  G Space Co .

325 1 Hanover Stree t
General Research Corpora tion Palo Alto , CA 943 04
P .O . Box 3587 Attn : John Cladis Dept 52-12
San ta Barbara , CA 9 3105
A ttn : John Ise , Jr .  Lockhe ed M iss i le s G Space Co.

32 51 Hanover Stree t
Geop hy sical Ins ti tu te Pa lo Al to , CA 94304
Univ ers ity of A la ska  Attn :  B. McCormac Dept 52 - 54
Fairbanks , AK 99701
A tt n:  D . Henderson Lockheed M i s s i l e s ~ Sp ace Co .

3251 Hanover Stree t
Geo physical Institute Palo Alto , CA 94 304
Un iversity of Alaska Attn : T. James Dept 52-54
Fa i rbanks , AK 99701
Attn: J. S. Wa gner Ph ys ics Dep t . Lockheed Miss i les  ~ Space Co .

325 1 Han over Stree t
Geo phys i ca l Ins tit u te Palo Al to , CA 94304
Un i vers it y of Alaska  Attn :  B. Rea gan Dep t 52- 12
F a i r b ank s , AK 99701
Attn:  B . J . Wa tk in s Lockheed Miss ile s ~ Space Co.

32 51 Hanover Stree t
Geophys ical Ins ti tu te Palo Al to , CA 943 04
Univers ity of Alaska Attn : M. Walt Dept 52-10
Fairbanks , AK 99701
A ttn: 1. N. Davis Lockheed Missiles E* Space Co.

3251 Hanover Stree t
Geop hysical Institute Palo Alto , CA 943 04
Un iversity of Alaska Attn : R. Johnson Dept 52-12
Fairbanks , AK 99701
A ttn: R. Parthasarathy Lockheed Missiles F~ Space Co.

325 1 Hanover Stree t
Geop hysical Institute Palo Alto , CA 943 04
Un iversity of Alaska Attn : R. Sears Dept 52-14
Fairbanks , AK 99701
A ttn : Neal Brown Lockheed Missiles ~ Space Co.

3251 Hanover Street
Lowell , Un i ver sit y of Palo Al to , CA 94304
Center for Atmospheric Research Attn : J. R. Winkler
45 0 A i k e n  St ree t
Lowel l , MA 01854 Institute for Defense Analyse
A ttn: G. T. Best 400 Army-Navy Drive

Arl ington , VA 2 2 2 0 2
A ttn : Ernest Bauer

‘
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I n s t i t u t e  f o r  D e f e r i ~~e A n a l y s e  Ph y s i c a l  S c i e n ce s , I n c .
4 00 Army -N avy I)r i ye 30 C o m m e r c e -  W a y
Arlington , VA 22202 Wob tirn , MA 0 1 8 0 1
A t t n :  H a n s  Wo l f h a r d  A t t n :  R .  L .  t a y l o r

M ission Research Corporat ion Physical Sciences. In c.
73 5  State street 30 C o m m e r c e  W a y
San ta Barbara , CA 93101 Woburn , MA 1)1801
Attn : P. A r c h e r  Attn C . Ca 1 edon  i a

~ii ss ion Research Corporation Ph y s i c s  International Co.
735 S t a t e  S t r e e t  2 7 0 0  M e r c e d  S t r e e t  

-

Santa Barbara , CA 93101 San I~e a n d r o , CA 94577
Attn: D. Fischer A t - tn : 1)oc Con f o r  Tech  L i b

Mission Research Corporation Pittsbur g h , Il n i v e r s i t y  of
735 State Street Commonwealth Sys of Hi gher I d .
Santa Barbara , CA 93101 Cathedral of Learning
A t t n :  M .  S c h e i b e  P i t t s b u r g h , PA 1 5 2 1 3

Attn: Wade L . Fite
~Iissio n Research C o r p o r a t ion
735 State Street P i t t s b u r g h , u niversit y of
Santa Barbara , CA 93101 Commonwealth Sys of h l i g h - r  Ed .
A ttn: I). Sappenfield Cathedral of learning

. 
Pittsburgh , PA 15213

M i s s i o n  R e s e a r c h  Corporation Attn Manfred A. H i  ond i
735 State Street
S a n t a  B a r b a r a , CA 9310 1  P i t t s b u r g h , u n i v e r s i t y  of
A ttn: D. Sowle (:onirnonwealth Sys of Higher Ed.

Cathedral of Learning
Pho tornetrics , Inc . Pi ttsburgh , PA 15213
442 Marrett Road Attn : Frederick Kaufman
Lexington , MA 02173
Attn: Irv ing L . Kofsky Pittsburgh , University of

Commonwea lth Sys of Higher lid .
Physical I)ynami cs , Inc . Cathedral of Learning
P .O. B o x 106 9 P i t t s b u r g h , PA 15213
Berkeley, CA 94701 Attn: Edward Gerjuoy
Attn : .J. B. W o r k m a n

Princeton Univ. Trustees of
Physical Dynamics , Inc . Forr estal Campus Library
P .O. Box 1069 Box 710
B e r k e l e y, CA 94701 Princeton University
Attn: A. Thompson Princeton , NJ 08540

Ph ysical Sciences , Inc . R ~ D Associates30 Commerc e Way p .o. Box 9695
W ob ti rn , MA (11801 Marina Del Rey , CA 90291
Attn : K u r t W r a y  Attn : Richard Latter
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I

R F D Associa tes Science App l i ca t ions , Inc.
P.O. Box 9695 P.O . Box 2351
Marina Del Rey , CA 90291 La Jolla , CA 920 38
At tn: R. G. Lindgren Attn : Daniel A. Hamlin

R ~ 1) Associates Science App lications , Inc .
P .O. Box 9695 P.O. Box 2351
Marina Del Rey, CA 90291 La Jolla , CA 92038
A tt n :  Bryan Gab ba rd A ttn: David Sachs

R ~ I) Associates Space Data Corporation
P.O. Box 9695 1333 W. 21st St.
Marina Del Rey, CA 90291 Tempe , AZ 85282
A ttn: H .  A. Oru A t -tn: Edward F. Allen

R ~ I) Associates SRI International
P.O. Box 9695 333 Ravenswood Avenue
Marina Del Rey , CA 90291 Menlo Park , CA 94025
Attn: Robert B. Lelevier Attn: M. Baron

R I~ U Associates SRI International
P.O . Box 9695 333 Ravenswood Avenue
Marina Del Rey, CA 90291 Menl o Park , CA 94025
A ttn: R. P. Turco Attn : L. Leadabrand

R l~ I) Associates SRI International
P.O . Box 9695 333 Ravenswo od Avenu e
Marina Del Rey, CA 90291 Menl o Park , CA 94 025
A ttn: Forrest Gilmore Attn: Walter G. Chestnut

B ~ I) Associates SRI International
P. O . Box 9695 1611 North Kent Street
Marina Del Rey , CA 90291 Arlington , VA 22 209
A ttn: D. Dee Attn: Warren W. Berning

B I~ I) As sociates SRI International
1815 N . Ft. Myer Drive 11th fl.1611 North Kent Street
Arlington , VA 22209 Arlington , VA 22209
Attn: Herbert J. Mitchell A ttn: Charles Hulbert

0 R ~ D Associ at es - Stewar t Rad iance  Labor a tory
1815 N . Ft. Myer L)ri-ve 11th fl .1 DeAn gelo Drive
Arlington , VA 22209 Bedford , MA 01730
A ttn: J. W. Rosengren At -tn: R. J. Huppi

(25  copies)
Rand Co rp ora t ion
1700 Main Street Technology In ternational Corp .
San ta Mon i ca , CA 90406 7 5 Wi gg ins Avenue
Attn: Cullen Cram Bedford , MA 01730

Attn :  W. P.  Roquis t
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Uni ted Technologies Corp . Visid yne , Inc .
755 Main Street 19 Third Avenue
Har t ford , CT 06 103 N or thwes t Indus tr i a l  Park
Attn:  H.  Miche ls  Bur l i ng ton , MA 01803

A ttn : Charles Hump hrey
Uni ted Technologi es Corp .
755 Main Street Visid yne , I n c .
Har t ford , CT 06103 19 Th i rd  Avenu e
A ttn:  Rober t Bull is Nor thwes t Indus tr i a l  Park

Burling ton , MA 01803
Utah State University Attn : J. Reed
Logan , UT 84322
At -tn: Doran Baker Wayne State University

1064 MacKenzie I-tall
Utah State University Detroit , Ml 48202
Logan , UT 84322 At -tn: Pieter K. Rol
Attn : Kay Baker Chem Engrg f1 Mat Sci

Utah State University 
- 

Wayne State University
Logan , UT 84322 1064 MacKenzie Hall
Attn: C. Wyatt Detroit , MI 48202

Attn : R. H. Kummier
U tah Sta te U n i v e r s i ty
Lo gan , UT 84 322 Wayne Sta te U n i v e r s i ty
Attn: D. Burt Dept. of Physics

Detroit , MI 48 202
Vi s id yne , Inc. A ttn : Walter E. Kaupp ila
19 Third Avenue 

-

Nor thwest Industrial Park Yale University
B u r l i n g ton , MA 01803 New Haven , CT 0652 0
Attn: Henry J. Smith Attn: Engineering Dept.

Vi sid yne , Inc. AF Geophysics Laboratory , AFSC
19 Th i rd Avenue Hanscom AFB , MA 01731
Nor thwest Industrial Park Attn: OPR B-. ~andford
B u r l i n g ton , MA 01803 (10 cop ies)
Attn: J. W . Carpen ter

- D i r ec tor -
Visid yne ,~ Inc . Defense Advanced Rsch Proj Agcy
19 Third Avenue Archi tect Building
Northwest Industrial Park 1400 Wil son Blvd .
Burling ton , MA 01803 A r l i n g ton , VA 22209
Attn: William Reid y Attn:  S . Zakanycz /STO

Vis id yne , Inc .  Director
19 Third Avenue Defense Advanced Rsch Proj Agcy
Northwest  Industr ia l  Park Architect  Building
Burl ington , MA 0180 3 1400 Wi lson Blvd .
Attn : 1. C. Degge s Arlington , VA 22209

Attn: P. Clark /STO
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Direc tor
Defense Advanced Rsch Proj  Agcy
Archi tect Building
1400 Wilson Blvd .
A r l i n g ton , VA 22 209
Attn : E. Kop f /STO

Direc tor
Defense Advanced Rsch Proj Agcy-
Arch it ec t Bui ld i n g
1400 Wilson Blvd .
Arlington , VA 222 09
A tt n :  Pro g ram Mana gemen t
(MI S Divi s ion )

(2 cop ies)

D i rec tor
De fense Advanc ed Rsch Pro j A gcy
Arch it ec t B u i l d i n g
1400 Wilson Blvd .
Arlington , VA 22209
A ttn: J. Jenney /STO

Commander
Naval Electronics Systems Command
Naval Electronics Systems Command Il q.
Washington , DC 20360
A t -tn: PME 117
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OSD-ASDI the Pentagon Air Force Systems Command
Washington , 1)C 20301 Andrews Air Force Base
At tn: Mr. IV . h enderson Washington , 1)C 20334

Attn: Maj W . Kurowski , X R I D
OSD-ASDI - the Pentagon
Washin gton , DC 20301 SAMSO , P.O. Box 92960
At -tn: ~~~ A. A lbrecht Worldwide Postal Center

- 

Los A n g e l e s , CA 90009
US Arms Control ~ Disarmament Attn: Col .J. McCormick , SZ
Agency
Department of State SAMSO , P.O . - Box 92960
Washington , DC 20451 Worldwide Postal Center
Attn: Dr. F . Elmer Los Angeles , CA 90009

At -tn: Col B. W . Johnson , DY
Commander , US Army Missile
Command SAMSO , P.O . Box 92960
Redstone Arsenal , AL 35809 Worldwide Postal Center
At -tn : DRDMI-NS Mr. Drake Los Angeles , CA 90009

A t t n :  Lt Col R .  S h i e l d s , SZI)
Commander , US Army Missi le
Command SAMSO , P.O. Box 92960
Redstone Arsenal , AL 35809 Worldwide Postal Center
Attn: I)RI)MI/REI Mr. Jackson Los Angeles , CA 90009

Attn: Lt Col I i .  Gee , DYA
Missile Intelli gence Agency
Redstone Arsenal Rome Air Develop. Center , AF SO
h untsville , AL 35809 Griffiss Air Force Base
Attn: DRSMI-YDL Rome , NY 13440

Attn: Mr. 1). 1). Dylis , I RAD
h Iq US AF
W a s h i n g t o n , DC 20330  A i r  Force  P r o p u l s i o n  Lab
At -tn: (:01 L. Deliso , RDSD Edwards  A i r Force Base , CA 93523

Attn: Dr. J. U. Stewart
hI q US A F
Washington , DC 20330 Air Force Armament Lab
At tn : Et Col C. Heimach , RDSD liglin Air Force Base , FL 32542

At -tn: Capt W. Rothschild , DL MQ
It q USA F
Washington DC 20330 Forei gn Technology Division
At - tn: Lt Col G. Watts , RDSD Wri gh t -Pa tte rson AFB 011 454 33

Attn :  Mr.  T. Larson
A i r Force Sys tem s Command 

-Andre ws A i r Force Ba se Foreigh Technolo gy Div i sion
Wa sh i n gt on , DC 2 0334 Wri ght-Patterson AFB 011 45433
A tt n:  Cap t D. Beadner , DLCEA Attn : M r .  R. C. Frick
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Air Force Avionic s Lab Aerospace Corporation
Air Force Systems Command El Segundo Operations
Wri ght—Patterson AFB , OH 45433 p.O. Rox 95085
Attn :  I4r . 11, Edwards Los Angeles , CA 90045

Attn : Dr. H. Graff
Arnold Engineering Development
Cen ter , TN 37389 Aerospace Corpora t ion
At-tn ; Dr. 1-I. E. Scott El Segundo Operations

P .O .  Box 95085
Arnold Engineering Development Los Angeles , CA 90045
Cen tex , TN 37389 Attn: Dr. J. At-or
Attn; Dr. W. K. McGregor

Ins titute for Defense Analysis
Arnold Engineering Developmen t 400 Army-Navy Drive
Center , TN 37389 Arlington , VA 222 02
A tt-n: Dr. C. Peters At -tn: Dr. H. G. Wolfhard

Naval Weapons Center Institute for Defense Analysis
China Lake , CA 93555 400 Army—Navy Drive
Att-n : Mr. W. L. Capps Ar lington , VA 22202

At-tn: Dr. L. Biberman
Naval Weapons Cent-er
Ch in a Lakç , CA 93555 Aerodyne Research , Inc .
At-tn : Dr. M. Benton Bedford Research Park

Crosby Drive
Naval Weapons Center Bedford , MA 01730
China Lake , CA 93555 Attn:  Dr.  J. Draper
Attn: Dr. L. Wilkins

Aerodyne Research Inc .
Cen tral In tell igence Agency Bedford Research Park
W a s h i n gton , DC 20505 Crosby Drive
A t-tn: Mr. Berguist Bedford , MA 01730

At-tn : Dr. H.- Camac
Aer ospace Cor pora t ion

— El Segundo Opera t ions Block Eng ineer ing
P .O .  Box 95085 19 Blacks tone Stree t
Los Angeles , CA 90045 Cambrid ge , MA 02139
Attn:  Dr.  F. Simmons At tn:  Dr.  M. Weinberg

0 Aerospace Corporation Carson System , Inc .
El Segundo Oper at ions 4630 Campus Dr ive
P.O. Box 95085 Newport Beach , CA 92660
Los Angeles , CA 90045 Attn : Dr. John Carson
At -tn: Dr. R. Lee

— CALSPAN
Aerospace Corporation 4455 Genesee St .
El Segundo Operations Buffalo , NY 14221
P.O. Box 95085 Attn : Dr. C. Treanor
Los Angeles , CA 90045
Attn : Dr. C. Ra ndall
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CALSPAN Rockwell International Corp .
4455 Genesee St. Space Division/SP12
Buffalo , NY 14221 12214 S. Lakewood Blvd ,
A t-tn: Dr. W. Wurster Downey, CA 90241

Attn: Richard T. Pohiman
Environmen tal Research Inst of
Michi gan Science Applications , Inc .
P.O. Box 618 P.O. Box 2531
Ann Arbor , MI 48107 La Jolla , CA 92037
A ttn : Mr. G. Lindquist At-tn: Dr. Jim Myer

Environmental Research Inst of Defense Intelligence Agency
Michi gan Wash in gt on , DC 20301
P.O. Box 618 At-tn: Mr. S. Berler DT-1A
Ann Arbor , MI 48107
At-tn: Mr. R. Legault - R~D Associates

4640 Admiralty Way
GASL P.O. Box 9695
Mer r i ck ~ Stewart Avenues Marina I)el Ray , CA 90291
West-bury , NY 11590 At -tn: Mr. Bryan Gabbard
At-tn: R. R. Vaglio-Laurin

General Electric Company
Grumman Aerospac e Corp . Aircraft Eng ine Group
Research Dept - Plant 35 Evandale Plant-

— Be thpage , Lon g Island , NY 11714 C in c i n n at i , OH 45215
At -tn : Dr. M. Slack At -tn : B. Wi lt-on , Mail Code El98

Grumm an Aeros pace Corp.  Boe ing Aerospace Co .
Research Dept - Plant 35 P.O. Box 3707
Be thpage , Long Is land , NY 11714 Seattle , WA 98124
At-tn: Dr. U. Moyer Att -n: D.M. Owens M/S 81127

Hughes Aircraf t Company Northrup Aircraft - Division
Culver Ci ty ,  CA 90230 3901 W. Broadway
Attn:  Mr.  I .Sandback Haw thorne , CA 90250

At-tn: Dr. J. -Cashen
Lockheed Miss i l es  ~ Space Co. -

3251 Hanover Street Air Force Avionics Lab
Palo Al to , CA 94 304 Wrig ht-Patterson AFB , OH 45433
Attn: Dr. D. Pecka Attn: Dr. R. B. Sanderson/WRP

Lockheed Mis i les  ~ Space Co. Air Force Avionics Lab
3251 Hanover Street Wright-Patterson AFB , OH 45433
Palo Alto , CA 94304 Attn : B. J. Sabo/WRA-1/Library
Attn:  Dr. B .  Smith

Aeronautical Systems Division
Riverside Research Ins t i tu te -  Wr ig ht-Patterson AFB , OH 45433
1701 Fort Myer Drive Attn: D . J .  Wa ll ic k / ENFTV
Arlington , VA 22209
At tn: R. C. Passut
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