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A three—site television—aided tracking netwo rk was constructed and fielded
for the STRESS series of barium releases. The real—time tracks of the barium
ion clo uds were used to deduce the ground locations where the coverage of a
c ommuni cations satellite would be affected by the structured ionization in
the clouds , so that an instrumented test aircraft could be vectored to these
1 - a t  ions . Six releases were successfully tracked during the December 1976
through March 1977 test windows . The TV network acquired the barium—ion
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-~.clouds as early as times corresponding to a 30 solar depression angle and
maintained track until the sun set on the cloud 40 to 45 minutes later. The
differences between cloud tracks generated by this television network and by
an incoherent scatter radar that had also tracked the clouds could usually be
ascribed to the two systems intentionally focusing on different regions of the
amorphous ion cloud , and did not arise from inconsistencies in the tracking
algorithms . Operating experience of the TV—tracking system showed that the
most useful tracking procedure for experiments such as STRESS , though not
necessaril y the most accurate , was a single—site track that uses an empirical
model for the cloud altitude after release . Projection of the second DIANNE
rocket probe trajectory onto cloud photographs from various ground stations
showed that the rocket did not encounter the region of peak electron density
in its passage through the cloud . The radar—derived electron density profiles
could be related to specific ion—cloud features for event ESTHER , but not for
event FERN.
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I INTRODUCTION AND OVERVIEW

Project STRESS (Satellite TRansmission Effects SimulationS) was a

communication experiment sponsored by the Defense Nuclear Agency (DNA) in

cooperation with the Air Force Electronics System Division (ESD) and the

Air Force Avionics Laboratory (AFAL). The principal purpose of the ex-

periment was to evaluate the  performance of satellite communication links

under perturbed conditions tha t simulate mans’ aspects of a post-nuc lear-

burst environment. This perturbed environmei,t was produced by the use of

artificial barium ion cloud s released at an altitude of 185 km. An NC— 135

test aircraft , receiving signals from a synchronous communication satel-

lite , was directed to fl y a course during which the signal path passed

through the ionized barium cloud while measurements were made of data

transmission quality.

The experiment scenario depended on ground-based radar and optical

instrumentation for tracking the barium cloud . The position of the shadow

cast by the barium cloud on the ground coverage of the communications satel-

lite was determined , and then disp layed on the CRT screen of an air-traffic

controller , along with the radar—determined position of the test aircraft.

The air—traffic controller then vectored the a i r c r a f t  to intercept the

shadow region.

The overall program consisted of one~ release in earL y December L976 ,

and five releases during late February and March [~i77 , all at Eglin Air

F o r c e  Base , Florida. The re lease in I)ect’Inbl’r , code named ANNE , was used

to t e s t  the performance of the  i n d i v i d u a l  t e s t  element h a r d w a r e  and  the

ability of those elements working in concert to nanetlver the a i r c r a f t

into the cloud—shadow region. M o d i f i c a t i o n  of tim- hardware or the inter-

face procedures was performed in the interim period before the five 1977

releases.

This report deals with the Ic-Levi sion-aided tracking system (here-

after referred to as  the TV—track system) used to determine the cloud and

5
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c L ou d— -~Iiadow p 0 5  i tions during the  t w i l i g h t  per iod  when  t he  c l o u d s  were

optica lly visible. Design objectives , hardware construction , field

opera t i o n , and data reduction a r e  d i s c u s s e d  in the  f o l l o w i n g  s e c t i o n s .

6
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I I  S ’YSTE M DESIGN A ND C O N S T R U C T I O N

A.  Background

The overall design of the TV—track system was based on a SiTu  la r

svstem 1 used by the Universit y of Alaska during the SECEDE-IT series of

barium releases conducted at Eglin AF’B during earLy 1971. In the SECEDE-I I

series , the TV system ’ s primary purpose was to generate a cloud—track tha t

‘..‘a s used in rca i — t i / n e  to v e c t o r  a p h o t o g r a p h i c a l l y — i n s t r u m e n t e d  a i r c ra  f t

to L i t . - loo t  o f  L i l e  ma /nc-t ic field line p a s s i nc  t h r o u g h  t h e  c loud . The

s u c ce s s f u l  op - r a t i o n  of t h a t  IV sy s t e m  e s t a b l i s h e d  a h i g h  degree of con—

f i d e n c e  in o p t )  c a l  t r a c k i n g  s vs  Li ’~ns in g e n e r a l .  The problems encountered

d u r i n g  t h a t  s y st .  -i ’ s r e a l — t i m e  o per a t i o n  were  e>i t re ine l y u s e f u l  in  es tab -

l i s h i n g  t h e  successful n e t t i nc  p h i l o s o p h y f o r  t h e  STRESS releases.

F .  S i t i n g ,  N e t t i n g ,  a n d  H a r d w a r e

I t w a s  d e c i d e d  to at ~ain  e s t a b l i s h  T V — t r a c k  o b ser v i n g  s i t e s  at  t : c  c - - c

l c c u a  t i o n s , to provide r e d l l n d : l n c d  in  t h e  c l o u d — t r i a n g u l a t i o n  p r o ce d ur .  , a s

- - I l  i s  to p r o v i  c i .  a b a c k up  capab i i i  tv  i n  t he  ev e n t  of c l o u d  cov er  o h —

S C I I I i I 1 / 0111 s i t e .  No reason \.‘as found !o chan~~.- rh1 locations I ri - c-- i t i m se

u s e d  d o t - i ng S E C E D E — I l  . Those  Si tes  are  ~ - - i ~~ r a t  - I  by b a se  L i n ~~s of l1e~ I r Lv

100 km , ip p r o p r i a  to to h i g h —  ri s o l u t .  ion t r  0 u i - - t i  La t i o n  lr,c :n a (1)1—km r an ~~.

i i .  r e L e a s e s .  The T V — t r a c k  s i t e s , Loca t e - I a t i’vn - I ,i 11 ,-~ i r Fo rce  B a s e

s i t . - I~~1)2, E g l i n  AFB s i t e  C — h , and  t b  F a r m  N~ I I  ‘ l i - ; a L  A i r  S t a t i o n , i r s

Sh I ,. I1 i n  F i . I I r t -  I a l o n g  w i t h  other el i -mo nt s ‘ I  t h ~- S r E I - ~SS (. n p l r j m e I t L

ma L r i : - ~. A l s o  S I I c I W f l  in F i g u r e  1 , i r e  I i t E  n c r - I l l / c  I Iioy ~ d~- l /0 a

I - I t  1 1 1 1  ( I I I I I d  ( a s s t t r n . ’d to  be sen t -i d c t  1~~) t i t ~~d t 0  and t h u  p ’ s i —

t i - i t s  ‘ ‘ I  t O o -  - r i nd shadow c t  t h a t  c i - - ci appr - pui.IIF - to L u . - p i - — S i F E SS

and S I R E S S  tests.

References are listed i n  t h e  R e f c r - i c -e S i c - I ion

7
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Note tha t the C-6 TV site was collocated with the FPS-85 Space Track

Radar , which was used to perform the radar track3 of the ion clouds by

incoherent-scatter techni ques. Site C-6 was established as the principal

site of the TV net , containing the triangulation computer and the contact

point for the balance of the STRESS matrix. Under norma l operating con-

ditions , the TV-derived ion-cloud position was relayed to the FPS-85

radar installation by means of acoustic-ccup led phone lines. The FPS-85

computer then projected the cloud position from the satellite line-of-

sight with the same algorithms used to generate a cloud shadow from the

radar-derived cloud position. The TV-derived cloud and cloud-shadow

positions were then relayed to the various STRESS users by personnel in-

side the FPS—85 building. The primary cloud-data user was the aircraft-

controller , Located at CERTS on the Eg lin main base. Secondary users

were personnel associated with the probe-rockets at the launch site , and

the optical interferometer at Tyndall site 9702.

Figure 2 is a schematic diagram of the tracking hardware at each site.

A low-light-level TV camera [Cohu Model 4410, Silicon-Intensified-Target

(SIT) cameral was mounted on a motor-driven p Latform with remote controls

for setting azimuth and elevation. Azimuth and elevation readouts were

di gitized to 14-bit accuracy f or d isp lay and for input to the central

triangulation computer at site C-6. The digital look-angle data were

transmitted from the “wing” sites (Tyndall and Barin) to the TV-net central

computer at C-6 on commercial phone li nes by means of acoustic coup Lers.

The central computer (HP-2l00) performe d the triangulation of the cloud

position using data from one , two , or all three of the sites according to

selection procedures and algorithms discussed in Section lI-C , below . It

then computed the look angles of this theoretical cloud location as seen

from each site aid transmitted these angles back to each site along the

same phone lines c~~cd for the data input. The look-ang le data , along

with an elc-ctronic aLl y-generated boresig ht reticle , were stored in a

matrix memory device at each site. The contents of the matrix memory

w~ 
-S : continuousl y mixed with the video from the camera and displayed on

the monitor screen. The operator was thus provided with video imagery

of the cloud , overlaid with a boresite and the computed cloud position

9
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F I G U R E  2 BLOCK D I A G R A M  OF SITE E Q U I P M E N T  F O R TV-TRACK SYSTEM

as  seen  f rom his site. In addition to i t s  own horesight , tlu~ c -S TV

m o n i t o r  d i s p layed  the  c e n t r a l  p o r t i o n s  of the  h a r m  and Ty n d a l l  bo res i gh t

l ee r  Lays.

The CV t u b e  in the Cohu cameras  was  an RCA SIT vid ion with a 16-aim

f o r m a t .  T Ot e cameras  w e r e  equ ipped w i t h  f /O. 95 , 50-mm focal-length lenses

( S c h n e i d c - r ~‘A-n on” Model CM 120) , g i v i n g  a TV f i e l d  of v iew r o u gh l y 10.50

( v c- r t i c a l )  b y 14° (horizontal). A narrowband i n t e r f e r e n c e  f i l t e r  ( I h . 5  -~

f u l l - - : i d t l i  a t  h a l f  m a x i m u m , 4563 ~1 peak w a v e l e n g t h , 58°/ p c -ak  t r an s m i s s i o n)

was u s e d  Lu i s o l a t e  t u e  4554 A 1 inc  and  c n h i a n c - t he  v i s i bi l i  ty  of the ion

c l o u d  w h e n  v iewed a g a i n s t  the  b r i gh t  t w i l i g ht  s ky .  These  f i L t e r s  cou ld

he ma n u a l l y p l a c e d  ove r  the  T V — c a m e r a  l enses , and  p c r m i t t e d  a c q u i s i t i o n

of t h e  c loud 5 to 10 m i n u t e s  e a r l  1 ~-r t i t an  would  o t h i c - r w j s e  h a v e  D e c -n  P°~~
—

s i D l e .  B y b L o c k i n g  ou t  t h e  l i gh t  f r o m  the n eu t r a l  c l o u d , th e  ion  f i  l L 1 -r s

a l s o  h u e l p i - c i  iii i d e n t i f y i n g  the  e a r l y d e v e l o p m e n t  of s t r u c t u r e  i u i  I i i  IOu

ci  (O l d

l i g u r e  3 i s  an  examp le of th i -  v ideo  i m a g e r y  a v a i l a h l c -  a t  each  s i t

r h e -~~- p i c t u r e s  w i - r e  t a k e n  f rom e v e n t  DIANN E a t  0034 CM7 ( r e l e a s e  + ( 2

n i  f l u t e s , 50 s e c o n d s)  . Thu s ec - p l c - f l u e  of  b a r s  and  do t s  a cr o s s  the  t op c c l

each sc r een  is a t i m e  code , w h i c h  was  a l s o  s to r e d  and up d a t  c - c l  i n  t I c

10
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m a t r i x - m e m o r y  d e v i c e .  TO t e  l e n g t h  of the lower bar  in t hu  time code in-

c r e ase d  one s t ep  a t  the  change of the minute and an u p p e r  bar  ( a b s e n t  in

th is case) showed the tour. In the Tyndall screen , the computed cloud

position is the short bar iust to the lower left of the ion-cloud Luminos-

ity. The boresight retic le is the group of two short and two long bars

near the center of t hu  screen. In tile harm screen , th~ boresig ht reticle

and computed cloud positi on (short bar touching the left-hand bar of the

r u - t i d e) are visible , along with a burn spot on the TV—camera tube (central

dark blotch) , and spurious bits injected into the matri iK memory by inter-

ference on the C-6/Barin data-line phone connection (Long bar just to the

left of the burn spot). In the C-S screen , the boresig itt reticles and

computed cloud positions from Tyndall and harm are overlaid onto the

lower Left and righ t (respectively) corners to show the scientific di-

rector ~t C-6 the magnitude and sense of the tracking discrepancies at

the two wing sites.

Fi gure 4 shows how the hardware and operators of the thre5- sites

wi- ri- nc-tted to provide the needed real-time feedback in t h e  tracking

p r o c e d u r e . Each site operator was  r e s p o n s i b l e  fo r  m a i n t a i n i n g  a st s - a d v

track on the ri-levant portion of the ion cloud as it evolved in t ime .

The scientific director viewed the C—6 disp lay , and received information

orall y from the wing—site operators concerning the gross structure of  t h u s -

cloud as seen  f r o m  t h e i r  s i t e .  The s c i e n t i f i c  d i r e c t o r  then  d e t e r m i n e d ,

on the basis of this information from the wing sites , visual i m a g e ry  of

the cloud as seen from C—6 , and the visual overlay of the boresig lit/

comput er-track—point discrepancies at all sites , whether cac il Site Silould

maintain track on their chosen part of ths- cloud , or should shift emp hasis

to a d i f f e r e n t  p o r t i o n  of t h e  c loud . Th i s  rea l  t ime f e e d b a c k  was  q u it i -

n occ - s s ar y  b e c a u s e  of Lii i-  d i  f f c - r i n g  a p p e a r a n c e  of  t i e -  d i f f u s e , g e u m e t r i c a  I l y

comp lex barium clouds from t h e  t h r e e  w i d e l y — s e p a r a t e d  p o i n t s  of v iew .

12 
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FIGURE 4 NETTING DIAGRAM FOR TV-TRACK SYSTEM

C. T r i a n g u l a t i o n  A l g o r i t h m  and  S o f t w a r e

F i g u r e  5 is a f l o w  c h a r t  of the  i n t e r n a l t r a c k i ng  1oop u s e d  by the

TV-track computer at tile C-6 site. The Left side of the figure shows

t he  three a l t e r n a t e  p a t h s  a v a i l a b l e  fo r  c o m p u t i n g  t h e  cLoud p o s it i o n , de-

p e n d i n g  upon w h e t h e r  one , two , o r t h r e e  of the  TV s i t e s  were  a c t i v e  at

the  t ime . The s el c - c t i o n  of a c t i v e  s i t e s  was  made in r e a l  t ime b y f r o n t -

p a n e l  s w i t c h e s  o p e r a t e d  b y the  C-6 ops-r a t or  on the  b a s i s  of sk y and hard-

ware  c o n d i t i o n s  a t  each  Si t e .  Ci t e  r i g h t  s ide of t he  f i g u r e  shows t h e

u s e s  made of t i l e  computed c loud  p o s i t i o n .

U n d e r  norma l c o n d i t i o n s , L ( u1 - T V — t r a c k  shadow g i v e n  to th e  a i r c c i [ t

c o n t r o l l e r  was c a l c u l a t e d  b y t he  F P S — 8 5  c o m p u t e r  because  of  t h i s -  h i t - t i c -i -

a c e c i r a c y  a lg o r i  thm s  and s at e l l i  t i — p o s i t i o n  d a t a  a v a i l a b l e  in t h a t  f a c i  I N c

liii software of Fl gure  5 was  f u l l y o p e r a t i o n a l  o n L y f o r  the  t a t  t er  f i v e
STI(i- SS releases. Ss-e  S s- c t i on  T I  I — \  f o r  d i f f e r e n c e s  d u n  ng  the  I i r s t
ri  L e a s i -  ( evc-n t  A N N E )

13
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The TV t r a c k  c o m p u t e r  g e n e r a t e d  and p r i n ted i t s  own c l o u d — s h a d o w  p o s i t i o n

a t  a L l  t ime s , as a b a c k u p  in case - the FPS—85 compu te r  or d a t a  l i nk  f a i l e d .

T V - t r a c k  c loud p o s i t i o n  was smoothed be fo r e  be ing  p r e s e n t e d  to the FPS-85 ,

because t h e  T V — t r a c k  i n t e r f a c e  was  l i m i t e d  to a d a t a  r a t e  tha t wou ld  ilave-

g r e a t ly  u n d e r — s a m p lc -d  the  a v a i l a b l e  T V — t r a c k  d a t a .

The algorithm for determining the cloud—location from sing le-site

- 
o b s e r v a t i o n s  was  to t ake  the p o i n t  w h e r e  the look-ang le vec to r  f rom the

s i n g le a c t i v e  s i t e  p e n e t r a t e d  a sp he r i ca l  s u r f a c e  a t  the e m p i r i c a l - m o d e l

a l t i t u d u - . (The  e m p i r i c a l - c l o u d  a l t i t u d e  a c t u a l l y  was  t a k e n  to be the

d i s t a n c e  above  a g e o c e n t r i c  sp here  p a s s i n g  t h r o u g h  the  C-6 s i t e.)  For

e v e n t s  .\NNl- ~ and BETT Y , the  e m p i r i c a l  model  held t i te  c loud a l t i t u d e con-

s t a n t at a luc - i glit of 185 km. For subsequent events , the empirical height

f o r m u l a  used fo r  the  cloud a l t i t u d e  as a f u n c t i o n  of t ime w a s :

h = 140 + 45 e x p( - 0 .0 0 0 l6 3 3  t)  ( 1)

w h e r e  II is the  c loud  a l t i t u d e  in km , and t is the t ime a f t e r  r e l e a s e  in

s e c o n d s .  E q u a t i o n  ( I )  is an e m p i r i c a l  f i t  to the c l o u d — a l t i t u d e  d a t a  of

cv-  it  ANN ( 1 f r o m  the  r a d a r  t r a c k .

The a l g o r i t h m  f o r  genc -ra t i ng  a c loud  l o c a t i o n  w i t i l  two a c t i ve  si t e s ,

c a l l e d  A ~u id B f o r  examp le , was  as f o l l o w s .  F i r s t , d e f in e  a p l a n e  b y thi-

vectors AB a n d AC , wi Lii t h e  v e c t o r  AB r u n n i n g  b e t w ee n tile two au tive sites

and  AC bcing the pointing vector from site A to the cloud . Second , assume

( t o  f i r s t  o r d e r  a c c u r a c y )  tha t the  p o i n t i n g  v e c t o r  BC f r o m  s i t e  B to the

c l u c i d  L i e s  in tha t same p l a n e , ti -ins  d e f i n i n g  a t r i a n g l e  ABC whe re  C is

thu - int er sc-c tion of the two pointing vector s . In this p r t c cc-d ur s- , t I L

t i n g le - CBA is m a i n t a i n e d  t i l e  same as t he  a n g l e  be twe s -n  the  i nt e r s i t e  v e c tor

CA and  th i -  t r u e  p o i n t i n g  v e c t o r  f r o m  si t e  B. ( An o t h e r  w a y  of l o o k i n g  a t

i t i s  t h a t  t he  p o i n t  ing  v s - c t o r  ~ r c c tIi si tc  B t i c  t i  - c l o u d  i s ro ta  t 5-d in

sp a ce , a b o u t  an  a x i s  BA running be tween t h e  two s i t e s , until it l i es  in

tO t s p lans- c i c-fi n i -d above- .) r b - l i  rd , solve tiua t t r i a n g i c : I c r  t he  ci is t a ice

AC ari d BC;  i . e .  , the d i s t a n c e s  f r o m  each  s i t e  L i i  t h e  f i r s t — o r d e r  l o c a t i o n

o f t he  c loud . i - o i i r t h , d e t e r m i n e  the  l o c a t i o n s  in space  0.1 the poi its ly -

ing  a long t O t e  t r u e  p o i n t  i n g  vectors and a t  d i s t a n c e s  AC and BC I rum si t 5-s

15
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A and ii , r e s p e c t i v e l y .  C a l l  these  p o i n t s  C ’ and C , respective ly. (Note

tha t wi th the g e o m e t r y  as  d e t i n c d  ab o v e , C ’ and C w i l l  be i d e n t i c a l .)

Fifth , take the two-station solution Lu be t h e  -ti d point of the Line be-

tween C ’ and C ” , and the distance c ’ is dL~~ins-d as the miss-distance of

that two-station solution.

The a l g o r i t h m  for  g e n e r a t i n g  a c loud  L o c a t i o n  w i t h  t h r e e  a c t i v e  s i t e s

s t a r ts  b y c a l c u l a t i n g  the  t h r e e  i n d e p e n d e n t  t w o - s t a t i o n  s o l u t i o n s  and

t h e i r  a s s o c i a t e d  miss  d i s t a n c e s .  Thess - t h u 5 - s p o s i t i o n s  a r e  t h e n  a v e r ag s - d

in a manner tha t w e i g h t s  each  t w o — s t a t i o n  s o l u t i o n  a c c o r d i n g  to the in-

ve r se of its miss distance. The formula for this average- , assuming sites

A , B , and C are active , is:

— ~BC~ AC~ AB + \B~ AC~ BC 
+ 

~AB~ BC~ AC (2)
— 

~AB~ AC + ~AB AC + 
ThC

mAC

w h e r e  P is the  v e c t o r  t h r e e - s t a t i o n  s o l u t i o n , ~~~ is tO ts - v~-ctor twc

s t a t i o n  s o l u t i o n  u s i n g  p o i n t i n g  a ng l c s  f r o m  s i L 5 -s A a nd B , a n d c
~\B is

t he a s s o c i a t e d  m i s s  d i s t a n c e , e t c .

The c o m p u t e r  o p e r a t o r  ha s  t he  o p t i o n  of n ( c r - t i ; l  L i z i n g  e i L i l s - r t h e  L~~ c-

s t a t i o n s o l u t i o n  or the  t h r e e — s t a t i o n  s o l u L i o n  to t i l e  empiricaL heig h t

a p p r o p r i a t e  to t h a t  t ime . To do t h i s , t c a l c u l a t e d  p osition is  t r a n s -

l a t e d  a l o n g  a m a g n e t i c  f i e l d  l i n e  (i.e. , a l o ng this- a x i s  of  t bi - c L s n u d

s t r i a t i o n s )  to the a p p r o p r i a t e  b l e ig l i t .  lil e field Lins - wa s tak e - n 15 li avin c

a 61° dip ang le and a 3
0 dec l i n a t i o n  t o  t i l t -  c a s t .

f i le  t i m e  c o n s t a n t  of th~ t r a c k — s m o o t h i i  r ig l i l t s t  rs - f e r r c -d t i c  i n

Figurs- 5 was chose- n to be a b o u t  t h r e e  m i n u t e s .  T h i s  v a l u e  s- l i m i n a t c -d

m o s t  of th e  i I n i  n t e n t i o n a  I o p e r a t o r  t r a c k i n g  i tt c- r , and  O c t  aL l cwc:d the

t r a c k  p o i n t  to he- s l i i f t s - d  on a r s - a s o n a h l s -  t ime  sca Ic f r o m  oi l s  a r e a  of

the cloud to another.

I ) .  Sy s t e m  Evo l u t i o n  and O p e r a t i n g  E x p e r i e n ce

S e v e r a l  o p e r a t i o n a l  d i  f f i c i i l t h e s  in t h i s  pro c - c i i i re became a p p a r e n t

as  the te st . s e r i e s  e v o l v e d .  I n t s - g r a t i n g  t h e  oral a n d  v i s u a l i n p u t s  f r o m
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t he t h r e e  s i t e s  i n t o  a uss - fu l  p i c t u r e  of the  ion c loud dema nded the  con-

s t a n t  a t t e n t i o n  of t h i s  s c i e n t i f i c  d i r e c t o r , to the  e x c l u s i o n  of communi-

c a t i n g  w i t h  the  b a L a n c e  of tile STRESS e x p e r i m e n t  n e t .  The m a n u a l  t a sk

of a c t u a l l y  t r a c k i n g  the  c L o u d  at C-b , on the  o t h e r  hand , was  q u i t e

si mp le , and  c o i n c i d e n t a L l y  demanded  the  same kind of  a t t c - n t i o n  to t i t e

c loud  e v o l u t i o n  as  w a s  a l r e a d y r e q u i r e d  of the  s c i e n t i f i c  d i r s - c t o r .  The

s c i e n t i f i c  d i r e c t o r  t h e re f o r e  took on the ro le  of C-S o p e r a t o r  as w e l l .

The second pe r son  a t  C— 6 was  then  a b l e  to d e v o t s -  f u l l  a t t i n t i o n  to Lit5

t r i a n g u l a t i o n  compute r , m o n i t o r i n g  ti le b e h a v i o r  cf tile cottl p tlts - h  t r a c k

p o i n t , and r e l a y ing c l o u d — t r a c k  d a t a  i n t e r m i t t e n t L y  to othe r StRESS c- -:-

p e r i m e n t e r s .  Tbt is  d i v i s i o n  of d u t i e s  was  much more s a t i s f a c t - r o  than the

division portrayed in Figure 4.

A Less  r e m e d i a b l e  o p e r a t i n g  d i f f i c u l t y  beca m e mon a n d Inure e v id e n t

as  the  t e s t  se r i e s  con t inued . This  involved the ex t r eme  d i f f i c u l t y  of

o r a l l y c o n v e y i n g  s u f f i c i e n t  i n f o r m a t i o n  abou t the  c loud ’ s a pp ea r a n c e  on

the  w i n g - s i t e  mon i to r s  to a l l ow  the  s c i e n t i f i c  d i r e c t o r  to s w i f t ly  d c--

velop a feeling for the very comp lex three-dimensiona l cloud , and to dc-

te-rmine where on tha t cloud each site was pointing. It was usuall y only

after seeing each site ’ s video tapes of the event tha t the scientific

director was able to full y appreciate the cioud ’ s appearance from each

site .

The ora l communication of visual imagery between the sites did im-

prove throughout the course of the test series , but the learning curve

was too slow to be effective for a six-test series. It is now apparent

tha t t h i s  p r o b L e m  cou ld  have  been  p rope r l y a d d r e s s e d  onl y b y r e l a y ing

the  v ideo  i m a g s - r y  of  the  w i n g  s i t e s  ha ck  to the  c e n t r a l  s i t e  so tha t t i t e

s c i e n t i f i c  d i r e c t o r  cou ld  see a l l  t h r e e  views of the cLoud  s i m u l t a n e o u s ly .

T it i s  w o u l d  a l l o w  the director to acquire a much  b e t t c - r f s - e L i n g  f o r  the

c loud ’ s - -; ( l ; l j ) c  , and f o r  w h i c h  p a r t  of tit e image shou ld  he t r acked  by eac h

~Si t&- . Mc c e i m p o r t a n t l y ,  i t  would  a l l o w  the  d i r e c t o r  to a d v i s s - eac h s i t e

o p e r a t o r  in  a v i su u I r c- f e - r s - nce  f r a m e  common to b o t h .  For i n s t a n c e , an

i n s t r u c t  ion to  a si  t i  ope ra  tor  to “ move your  a i m  p o i n t  45
0 u p w a r d  and  to

t i l e  r i gh t  by ha If ar - i  i n c h ”  is much  more  u s e f u l  t i t a n  an i n s t r u c t i o n  to
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“ iio~ a b o u t  ha l fway back  toward the  t a i l  of the c loud . ” T h i s  is e s p e c i a l  L v

t r u e  when tile s i t e  ops-rator is not sure whether t h e  tail of the  c loud is

u p s c r e - c n  or d o wn s c r s - s-n on t h e  d i s p l a y  a t  tha t p a r t i c u l a r  t i m e , as  w a s

often the cass - .

A third operationa l difficult y that became apparent during the test

scris-s was that tOte Barin site was generall y of very little use. Because

- 
of its brig btter sky, Barin acquired the cloud much later than Tynd a ll and

C-h , and a lways had a much Loss distinct view of the cloud . By tf-~e time

the h a r m  sky was  d a r k  enough fo r  optimum viewing, the sun was alread y

setting on the cLoud . The Barin general p icture of the cloud was occa-

sionall y hs- lpful in steering the Tyndall and C-6 combination up and down

thu field lines , hut this did not happen often enough for the site opera-

t i o n  to he merited on those ground s alone.

In initial STRESS p lanning it was thought advisable to p lace the

third TV-track site somewhere to the west of C-6 to be prepared for a

westward drift of tile ion c loud . It was t h o u g h t  tha t the  STRESS c louds

ri -leased 2 Lu ~ h o u r s  b e f o r s - s u n s e t  m i g h t  be blown to the  w e s t  and re-

q u ir e  a s i t u . - such a-s harm f o r  op t imum obse r v a t i o n .  I t  is now a p p a r e n t

tha t an e a s t w a r d  i o n -c l o u d  d r i f t  nea r  s u n s e t  a t  E g l i n  is a v i r t u a L  ci-r-

t a i n t y .  A t h i r d  t r i a n g u l a t i o n  s i t e  to ths- e ast 01: Tyndall would have

been prs -f er alil e , and shou ld  he adop ted  in the e v e n t  of f u t u r e  test series

similar to STRESS.

Another comment about siting preferences is that the TyndaLl to C-b

base-line was not long enough for an ef fec ti\’e r e - a l — t i m e  ile ig h t Jet e r m i n a —

Lion of the- c loud . When the cloud was  niidwa \- be tween t O t e  two s i t e s,

n e - i t h i i - r  S i t e  h a d  a s u f f i c i e n t ly  o r t h o g o na l  view of the c l o u d ’ s s- s t e - n t

a l o n g t u i e  f i e l d  t i n s - s  to s u i tab l y r i - s t r i c t  t i -ic a l t i t u d e -  v a r i a b i l i t y  of

t O t e  comp ut e-c l  c l o u d  loca L i o n .  A n o t l u c r  w a y  of s t a t i n g  th i s -  p r o b l e m  is tha t

t h e  O p e n in g  ang le  b e t w e e n t i l e  C — 6  a n d  Ty n d a l l  p o i n t i n g  v e c t o r s  t i c  the

c l o u l d  was  so sina i 1 t I u a  t ti -ic r a n d o m  d i f f s - r e n c s -s in t a r g i - t  o b j e c t s  c h u o s s -n

b y the two S i t 5 - g i l v c  l a r ge  a Iti t i u d e  v a r i a t i o n s  i n  t h e  c o mp u t i - ci  t w i t — s t a t i o n

so l i i i  i o n .  A l t  l l c i i l g ii t u e  i ’ \ i i c i t I I t  to C— 6 bas e ’  L i n e  is  sci itahls - fo r p its t evsnt

r i a n g u l at u c n  ot N i u e — s c - i i e  f s -a t u r c --t  , it was no t  op t i m u m  f u r  r e - a  I —  t i m e
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t r i a n g u l a t i o n  of m e d i u m — s i z e d  regions of the cloud . For future tests , it

w o u L d  be desir able - to use a s i t e -  emp laced c o n s i d e r a b L y  f a r t h e r  e a s t  of

Tvnda ll . In a d d i t i o n  to providing a l a r g e r  b a s s - l i n e , tile earlier sunset

o f such  a s i t e  w o u l d  ps -r m i t  e a r l i e r  op t i c a l  a c q u i s i t i o n  of the  c loud .
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I I I  SYSTEM OPI- RATI()N

This  s e c t i o n  of the r e p o r t  c o n t a i n s  a b r i e f  d e s c r i p t i o n  c c l  the  oper a-

t i o n  of t h e  TV n i t  d u r i n g  each of the  s ix  r e - l e a s e - s .  The c l e c l l u l — p o s i t i o n

t r a c k s  o b t a i n e d  d u r i n g  t i le  o p e r a t i o n s  a re  d i s c u s s e d  in S 0 c t i o n  l’u ’ .

Table  I is a s um m a r y  of the  t e mp o r a l  d a t a  fo r  the s i x  r e l e a s e s .

N o t i c e  t i- a t  t h e  p r o g r e s s i o n  of r e l ea se  time was f rom l a t e  to  e a r l y .

c - a s  r e l eased  a t  960 SDA when the  ex i l er i e i lco  of  SECEDE showe d tha t the  sk y

c5as da rk  enough to p e r m i t  a c o n t i n u o u s  o p t i c a l  t r a c k  f o l l c n - : i ilg t Ot e  release.

S u c c e e d in g  r e L e a s e s  ce - n e  maci c p r o g r e s s i v e l y e a r l i e r , so t h a t  L h i c  c l o u d s

cou ld  be documen ted  d u r i n g  L i e  twi L i g h t  o p t i c al  window a t  p r o g r 5 - s s i v e l y

l a t e r  s tag e- s in t h e i r  e v o l u t i o n .  As th e  s5-ries progressed , t O t e  CV ilet

a c q u i r e d  the c loud  a t  e a r l i e r  t ime s , and co n s i s t e n tl y  a c q u i re d  the h j c 5 r

cloud s at about an SDA of 3
0 Ti-ic track duration in mo st cases was  about

40 minutes.

A.  P r o — S TRESS:  L yont \NN1

W a t e r c i o c - I s  we -r e - p r e s s-n t  at a l l  t h r e e  s i t e s  d u r i ng  c - v - - n t A N N I .

w h i c h  i n t e r  1~ cc i ~— 0 t b ~ the CV l Ifla .gc rv tei v a ry  i i i  -~ d e g r e e s  . A t  B :u r  in , t u e

ba r i u m  c loud  w a s  o b s c u r e d  a l m o s t  comp ls - t e lv b y  o v s - r e a s t  be - ing  d i s c e r n i b l e

u n i v  d u r i n g  the flash as h i 0  b a r i u m  was  r - l s - a s e d  , and for a t i -cc i n t s -r ccih  L —

tent periods of seconds at l at ~-r  titit e S . The- ~ 15 - t i - ri oils c - f I t - c t  of L b s

ove r c a s t  c i t  l i a r i u l  w a s  c c -c pu -ended Cv ti-ic t a c t  t i l t thu harii :n cloud ~-~is

c - i  L i i i n a i s v  ds -e , r e e- s of til e n e - a n y — f u l l  ii i oc ’n . The o v 5 - r c a s t  w a s  c o n s i d e r —

cihLv thinner at I~~~ i i and  Tvnd a l l , w h i c - r s -  t h u  re - I c - a s s - was c U - a n N  o h s c  r \ -~~J

c o i l  t h e  h i c i r i u r n  s- Loud  p o s i t i o n  was  c c b s c i l r , - b  only i n t s - ~i i t c - n t l v .  O I l s -

cloud track -c - i s gc- n~- r cit5 -d b y t w o — s t i  t i o n  t r a c k i n g  1 rom C _ i )  m d  lynd all -

‘ [ rack  was i fl~ t i _ I ted  i - - m i d 1 - i t 5  L y ci f t 0  r r e l e a s e -  arid c o n t  in iu ed  i c r  ~ b o i i  t

0( 1 i n i n u t s - s  h~ f o r e -  t he  c lou d began  t o  f a d e  . The c l o u d  w a s  f i i l O  L i v  l o s t

f r o m  t h e  C — 6  s i t e  35 m i n u t e s  i t  t sr r e - l ea s e , an d from i ’- t i O a  I I  somewha t

- - c i r i i u - r .
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P o s t — s - y , - n t  a n a ly s i s  c c l  tOte  I V — t r , l u  k d a t 4i s h c c c - c e , i  tha L ~h5 i - ~~s ta t i o n

so l u t i o n  c l g n e - e - d q u it e  well W it i l  til e F P S — S 5  r a d a r  t r i c k . Th0 1 V — t r a r k

d a t a  sc - n t  to t h e - F PS — 8 5 w a s  i l L S  i n t e r p  i .  ted wi th i l t i le FPS—85 comput . r;

t h e  La udinal and longitudina l. d isp lac -. ci sn i  ts fno:~i the  r i  l e r en c e  locL. t i  c d l

wer5- int e rc h an cc- ,h - i bi s  r e s u l t e d  in tOte optical ic—derived cloud—shu adu iw

l o c a t i o n s  b e i n g  c o n s i d e r a b l y in e r r o r .  The a i r c r a f t  f o L l o w e d  t h t c  opticall y-

ds’nivc u i shadow aild ga t L m s r e d  no da ta f o r  th l e  f i r s t  27 m i n u t e s  of c loud L i f e .

F o r t u i t o u s ly , this true- c l o u d — s h a d o w  and the  shadow d e r i v e d  f r o m  t h i s -  i n t 4 r —

chan ged d a t a  e r c ssed p a t h s  a t  tha t t ime and the  a i r c r a f t  bega n a c q u i r i n g

d a t a . Sh o r t l y a f t e r w a r d s , t he sun se t  on the  c loud and the- a i r c r a f t  was

d i r e c t s - u i  to f o l L o w  the  r a d a r - d e r i v e d  cloud t r a c k .

A f i u r t i j e r  d i f f i c u l t y  du r i n g  even t  ANNE was  the  o c c e u r r e -n e s - o f l an - ce -

aild ap p a r e n t l y random e x c u r s i o n s  of the  shadow on the- ground , m a k i n g  i t

d i f f i c u l t  f o r  the  aircraft to intercept the opticall y-derived cloud

shadow . This problem was traced to the random altitud e excursions of

the two-station C—6 and TyndalL solution as the two sites tracked the

cloud . These altitude excursions were- ma gnified in projecting the cloud

l o c a t i o n  clown to the  shadow l o c a t i o n , and the  su b s e q u e n t  e r r a t i c  be h a v i o r

of LI - i c  shadow p r e v e n t e d  the  a i r  t r a f f i c  c o n t r o l l e r  f r o m  a c c u r a t e ly  d i r c - e L -

ing the a i r c r a f t  to i n t e r c e p t  c loud  shadow . The s o l u t i o n  to t h i s  p r ob l e m

was to allow the triangulated cloud position to assume any altitud~- , but

to translate that position along h u e  ,a rt hi ’ s magnetic field lines to a

smoothly-vary ing clodld-cent or altitude befor e- generating a cLoud shadow

(empirical-height solution in Figure 5). Fdlrthermore , since the data-

r a t e  of the l i nk  from the T V - t r a c k  c u c c : i l n i t e r  Lu the FPS—85 was not cibl e

to pass each i n d e p e n d e n t  TV d s - L c - r n u i n a t i o n  of the cloud l o c a t i o n , i t  was

de-ci sied to pass the TV-track data through a smoothing filter be-fo r5-

p r e s e n t a t i o n  to the FPS-85 conu pu te r . T h e  TV t r a c k  s o f t w a r e  f l o w  c h a i t

g iven  in F i g u r e -  5 is thu s a p p r o p r i a t e  to the sys t em as i t  o p e r a t e d  i n

the l a t t e r  f i v e  STRESS r e l e a s e s , r a t h e r  than for  even t  ANN E .

In  summary , t he  TV— t r a c k  s y s t e m  ps - r f o  r oe-ui d u r i u i g  s - c e - n t  AN N I  i n  a

m a n n e r  t im t r e - v c - .-i led  s e v e n a  1. p r o b l s -uci s  w i t h  t he  sy s t e m  and i tS  i l 5 c  , h u t

showed no m a  ~i i r  o b s ta c l e s  to i t s  s u c c e s s f u l  use-  i i~ STRESS p s-r  s e .

C C
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B .  ~ f h i i - ~-L~

I. Event BETTY

cven t BETTY also e c c c u r r c  ci undec r less—than—opti m um sky conditions ,

with light o v e r c a s t  a t  i’yu l d a l l  a n d  C-b , and l i g h t  to h e a v y  o v e r c a s t  a t

Bariul . file- actua l release was  no t  o b s e r v e d  on any  of t h e  TV sy s t e m s , as

it occurred conside -rabl y to the south of the antici pated location. Event

BET TY was  t i t e  f i r s t  b a r i u m - i o n  c loud  to be r e l e a s e d  a t  a s o l a r  d e p r e s s i o n

acid ic (Si)A) of less than 6°, and hence was subject to somewha t of a learn-

ing s-x p e r i en n c e in a d a p t i n g  to t i l e  b r i g h t e r  sk y - b a c k g r o u n d  c o n d i t i o n s .

L - I c  wa s  t h e  f i r s t  TV s i t e  to a cq u i r e  the  c l o u d , a t R + 11 m i n u t e s .  -\

sin-g L~-- sit e track was  initiated at tha t time with the cloud altitude being

i ixs-d a t  185 km ( t i l e  e m p i r i c a l - m o d e l  s o f t w a r e  f o r  c l o u d — a l t i t u d e  f a l l i n g

cu -i f u n c t i o n  of t ime  was  not  o p e r a t i o n a l f o r  even t  BETTY) . Most  of the

earl s ’  c loud  t r a c k  was  g e n e r a t e d  by t he  C-6 s i n g l e- si t e  t r a c k  because-

c v c u d a u l  aild B a r i n  had only intermitte riL V i e w s  of tile c l o u d . B a r i n  had

r a i n  showe r abou t R + 26 m i n u t e s , f o r  w h i c h  t he  e q u i p m e n t  ilad to he

c o v e r s  ci , and the  B a r i n  s i t e  was  g e - n e - r a l ly  u s c l e -ss  du r i n g  t i te  e n t i r e  eV eil t

I v u d a l L  v i s i b i l i t y  improved  s u b s t a n t i a l ly n e a r  R + 35 m i n u t e s  and  a Lwc c -

s t a t i o n  t r a c k  was  used  f o r  t i - i c  cie xt 10 m i n u t e - s .  S i t e  C-C  bec ame comp L s - t e l y

o v e r c a s t  a t  R + - 16 m i n u t e s , shor t ly  he - f ore-  t he  sun set  camp l e - t e l v  on tOte

c l o u u i  as  o b s e r v e - u i  from fvulda II at R + ‘
~$ min im ts -s

c\ g a i n , t i t s -  [ V — t r a c k  d a t a  was n e c t u s e - f u i l  to L O t s -  a i r c r a f t  c o n —

t r o  11cr , bs - c au sc  LW0 cii tOte 32 coaxial c a b l e -s cecnns -c ting t lie t v — i  il tcrfacs-

u n i  t to the  FPS—85 compum t e n  w e r e - i n t e r c h an  ti - cl durin g the e-:pc. u im e n t  s e t u p .

This problem -cc i - idsiutifi s ci during p ci sL —s - v s- nt data a n a l y s i s , and wa. s - - i  —

r u - c t -u i cv a rranging t i c  ls - c i v c  t i l e  inter a c e  d l i i i  t conns -c  t c d  L c d  t h e  contpu L e n

f o r  t h -  ri -in c insl c -i of tius ~~i E I L ~~ 1, -c t  vi n du - - . lO ts- p rob lem [t ad i u u u t been

c i c te C t e c i  Cs-f ore- t h u  rs -l s -cise- b e e cuu u iu last— m iulute- clicoigc -ns i n  the- rs-L e- ,ise

sc s - n c u r i u i  n c - c e -scs i t , i t c - c i  f o r e g o i n g  -iOifls- s c f  t i l e  miu c rciu a l e c i i _ u s j s t e - i _ u c v _ e h u c - cks be—

We Cfl t h, FP. - — -~ 2 and TV— track co u n p iu  t ens

________-, ~~~~~~~ - - - - -S



2 .  i - :vent  CAROLYN

V i s ib i l i t y  a t  ‘l’ v n d a l l  and C — 6  was  q u i t e  -good f o r  mos t  of evs -ml t

CAROLYN , bu t  B a r i n ’ s v i ew  of thc  b a r i u m — i o u l  c loud was  somewha t d e c c r a c i c - c .i

b y c i r r u s .  Tile a c t u a l  r e - l ease  was  seen b y a l l  s i t e s  and the  ion c L e c e u d

it s e l f  was f i r s t  a c q u i r e d  by t h e  Ty n d a l l  s i t e  a t  R + 6 minutes , 1e c1L~iws-d

by C-6 a t  R + 8 m i n u t e s .  A t w o - s t a t i o n  t r a c k  was  m a i n t a i n e - d u n t i l  R + 3 1)

m i n u t e s  when  the i o n  c l o cud  h e c a c i m e - s u f f i ci e n t ly  d i s t i n c t  t h r o u g h  t h e

c i r r c u s a t  B a r t h  tha t a ti m es- — s i t e  t r a c k  cou ld  be i n i t i a t e d . L o s — a l t i t u d e

c u m u l u s  obscure - ui t he  C-h  ‘CLeW of th e -  ion c loud a t  R + 42 m i n u t e s , sh o r t L ’ .

be l~’rs - the  T V — t r a c k  was  t e r m i n a t e d  b y t he sun s e t t i n g  on t h e  c loud . Cbu ~
c loud  faded  f rom Vie W c i t  lv n d a l l  a t  a p p r o x i m a t e ly  R + -1’) m i n u t e - s .  Tbm ~

south-C m sdgs of tile iO f l  c loud  pas sed  t h r o u g h the T v n d a l l  m a g n e t i c  z e n i t h

a t  —4g. + - ‘+ 2 m i n u t c -s , p r o v i d i n g  a m a g n i f i c e n t  c- i s -v o f some very narrs’s-

a rid e x t r e m e - lv long ( E — W )  sh e e t s .

CAROL YN was  a w e l l - b e h a v e d  ion c~ cu d in tim s s ense  tha t a fairl y

w - L  i — d c - f i n e d  g roup  of s t ri a t i o n s  f or m e d  a t  t i le  head  ( t r a i l i n g  ed g e )  of  the

c l o t u d  and  maintained their identity as the cloud drift e d to t he east.

Since  t h i s  st r i a t i s i n g roup  was e a s i ly  i d e n t i f i a b l e  ) n i - : c  a l l  s i t e s , a n d

u n q u e s t i o n a b l y t h e  most  i n t e r e s t i n g  p a r t  of ti l e cLoud from a t~T R l - ~~ S p o i n t

of v i ew , t h e  IV t r a c k  j o b  was  made  c o n s i d e r a b l y  e a s i e r,  t i l e  [V - t r a c k

software- and all interl ace -s worked ~cll during c- v e n t  CAROLYN , r e s u l t i n g

in an op ical track that was qduite smooth and usable b y the aircraft

con t r o l l e r .

3. Event DIANNE

Skies ove r all t h r e e  TV s i t e S  were -  r e a s o n a b ly  c L - a r  t h r o u g h o u t

the entire cc -  I s -a  so . ‘I’hc r e l s - a s e  was aga iu l  see- n Cv all s i t s - i , a uld by this

t ime , tb - is- site- c ipu-raturs we-re ’ s u f f i c i e n t  L v  w e - I l  s-x ~~u - r [ s - n c c - d  j i m  f i n d  [ m u g

the rat ii er anu cirp houm s earl y cloud tha t th 5 - ion cloud was kept in continuou n

track Ic> liowing the- ri-lease- . The initial cloud track w a s  a twi t — s t a t ion

(Tynda II ar i d C—6) track. At  R + 1+ m iulu tes , the skis-s hec,cirmm c dark enough >

ove r B a r b  n to  make  t h a t  s i t e  v i e w  us s - f u l  and a Lhre’e—s tci t [on track wci~

m i  h a  ted. ‘IOu- m u p t i c a  I track continued until R + 41 minu ts -s ; ti-ic’ c kcuad

was lost front view around R + -44 m i n u L e s
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I)U\NNI . was r io t  a w e l l - b e h a v e d  ion c loud . I t  d e v e l o p e d  a k i n k

near the  mid p cc i ul t , s t a r L i n g  a t  a b o u t  R + 16 minutes. The striations at

t h u .  Cc -as !  ( L r a  i liri g s d ~~e) of the cloud moved out of the main blod y of tile

c-luci d much faster thaul the- previous releases , resulting in a rather tenu-

ous bunch of striations with an ilL—defined center. An attemp t was made-

Lu k e e p  til e- TV-track aim point within the striated region at the [lead of

thus cloud , and close-c to the unstriated main bod y from which tile stria-

Lions were enmerging than to the lead striation. Ti-ic t r a c k i n g  s i t u a t i o n

was  f u r t h e r  confused when a second striated region developed behind the

kink , we ll away from the head of t h e  cloud . This second group of stria-

tions was  ignored in picking the TV-track target.

CIte ‘I’V-track cloud position was well behaved during event

D I A N N E , with the empirical heig ht solution providing the smoothest track

of any of the STRESS releases. Unfortunatel y ,  tue FPS-85 computer went

down at around R + 20 minutes , and the restart procedure introduced an

erroneous coordinate-system zero into the s o f t w a r e  that handled the TV-

track data . The TV-track data given to the aircraft controller were thus

invaLid after R + 20 minutes. Tills error was discovered around R + 30

minutes , and it would have been possible then to relay the TV-track cloud

position directl y to the aircraft controller without going through the

FPS-85. The aircraft was successfull y encountering the cLoud shadow using

radar cloud-tracking data alone , however , so the TV-track data were not

used during the fina l 10 minutes of optical-track data.

4. Event ESTI-TER

ESTI-IER was the first of the two clouds released considerabl y

before sunset. By tb - is- time the ion clotud became visible it was almost

comp L etel y striated , and tuirrued out to --c a rather good object to track .

There was a well-sis -fined group of stria ions tha t maintained their iden-

ti ty, both collectivel y and individuall y ,  as the cloud drifted to the

southwest. The occasiona l discontinuities in the optical track occurre-d

because of a decision to change emphasis to a diff e rs-nt part of the cloud ,

as the entire cloud became visible and its overall structure became more

apparent.
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S k i e s  v s - r u -  q u i  L i - c l e a r  L i t r u i i e - h m c u u i  t t i m e  evc -n t  a t  t’ynda l I and C— 6

l’ht s-re was a higi u , thin o - r e - c i s t i t  B a r  i n , )i ci ’ ,s -’’ i -r , Wh i c i l  i’e - c i l t e d  i n  t i m 5 -

Ba rb n pictur e - bein g coils istent ly fuzzy , wit h n i c i t i - of t im , - well—defined

s t  r i uc - I m i r e  se - s - n  a t  j’ -,- n e i all a n d  C — l i .

f l u .  C — b  p e r s c in n c l  no t i c e d  d u r i n g  t h s - e v e n t  t i l a t  tOle s t r i a t i o n s

tOte Iu.- > s i c c l  t b u c - c l u c u d  ~m s-em ed  to h e -come  ‘ ‘ I c - -i s w e l l  dc-fines t as t h e

clo ud si , e v e n  w i u i  Ic tOt s - re Lativ el y veiling striations ulear tb -is- center of

t i l e  cloud remains- , ! visu a ll y sharp. If this qualitati ve - impression could

be- si  rs - n g t h e -ns -d b~— q u i d u m l t i tat lye ui mu c i lysis of the  ESTHER p iio Lu cg rap hs , i t

v o m i t s !  proc- i d i  u s s - f m i l  i n f e c r n m c i t j i m  on La L - —  time striation m o r p h o l o g y

t V - t r i c k  - iii) t w a r e - , t i - ic  FPS -c3 5 i n te r f a c e , a nd h u e  F P S — 8 5  com—

p u L s -r  a l l  w o r k c  ii  es - I  d u r i ng  ev e n t  E S T H E R .  D i f f e r e n c e s  in the  o p t i c a l

a n — h  r a d a r  t r a c k  We re  n o t e d  in c s - a l  t ime  and  w e - r e -  a s c r i b e d  to c h o o s i ng

d i f  i s - r i  it  p o r t  ions  s i f  t i m e  vs -r v  La rc , e c l o u d  to t r a c k .  Til e r a d a r — t r a c k

r~-oci i n s -si siuuoot h  and  c om l t i n u o u s  d u r i n g  ti u- o p t i c a l  L i f e t i r n c - of th u. c loud ,

and , bc’camiss - the -i ircraft was suc c - ssfu ll y acquiring d ata , no need w a s

se - en Lo - sw i t c h  t e d  t h ~ optic - it track J m l n i m l g  t i - i c  v i s i b l e -  c L o u d  h i s  t ime .

Optical track i u f  LOle  cloud extended front R + 61 to R + 103 m i n u L 5 -s , wi th

t h e -  l a s t  v s - s t  i~ze- of  c l ou d  r a d i a n c e -  l a s t i n g  u n t i l  a b o u t H + 106 m i n u t - s .

5 .  Event FCR~N

h- v en t VCltN w a s  much  like’ s-c’ s-i - i t E~ hll- .R i n s o fa r  a s  TV— t r a c k  s v s —

t e n  c u p - r a t i o n  w a -s c o n e s - r u l e -e l .  A l l  si  L e s  Ws re c l e a r , t bts - c lo ud was  vs-li

-; t r i c i t i - c l  as i t  h u u - c c i m e -  v i s i h l e - , a n d  l im e B u r i n  V i s -w euf tue cloud was margin—

all y u s e i m m i .  A g c u i il , a ll I\- itarsis’are and softw m re wsi rke-d well and a solid

Lrcue - k was r -~- i i  n t c i  [ned I r e c m n H I 78 L u  R + 120 wino  te s . The c l o u d  was  no

l o n g e r  perce-ptihl s- by H + b J h  n i n u J L e s .

An c i t t i -~L m ; c t  was  mash - h i C i’ii L c r L h s  IV tu’ c i c k  on t h e  c - a s t e rn m o st

d i e - a  of - ; t r - - i c l u n i - i l u i m i t i m m o s i h y .  I t  w a s  n o t i c c - e l  tO ta L , a s  in  t u e  s-a s c -  of

C’; H I )  it , L i t -  TV t r a m - k was east of t he  r a d a r  t r a c k , h u t  i t  w a s  a s sumed  t h a t

I h i -  disc ni- [ ua im u -y w c i  ‘~ cug a in  c au s e - s t  b y d i f f e r e n t  , bit t equall y v cu l ie !  , p o r t  ions

of [ m c -  cloud he i r i g  L r a c k e d . Howeve r , w h e n  t u e  a i r c r a  ft was d irec tesi to

i r m t c - r c c - p t  i i i - cloud—shadow gi -i u i - r c i t - d  f r o m  t O m e -  opt ic-i l t r a c k  ( a t  , i b l c c i m t
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H -f 70 m i n u t e s  w h e n  t h 5 - r a d a r  t e mp o r a r i l y l o s t  t r a c k  on the c-lucid) , the

m a g n i t u d e  o f  t h e  c l o u d - g e - m l ~- rat e d  i n t e r f e r e n c e  e f f e c t s  w a s  observed  to

d e c r e a s e  m a r k e d l y .  We- now b e l i e v e  t h i s  is b e c a u s e  t h e  CV net was tracking

n o t  t i i ~- h e a d  o f  t he  main ion cloud , but t h e  eastern end of the ion O rid ge ,

which had had sufficient time since rs-lease to form striations of its own.

T h i s  b e l i e f  is based upon the low density of tha t region as observed by

ti~ie a i r c r a f t , and  upon the noticeably earlier fading of tha t reg ion when

compared to t h e  main cloud region (imp lying a significant difference in

altitude , and hence a different origin) .

Figure 6 is a montage of three views of the cloud as seen from

C -h  over  a c-m O - s e c o n d  t ime span. Region A is the part of the ion cLoud

upon which ti-ic- TV net focussed while tracking the cloud . Region B is

a s s u m e d  tec be in the main ion cloud and is the portion of the cloud

t r a c k e d  b y t h e FPS-85. Note that the azimuth and elevation lines in

Fi gure 6 are onl y a p p r o x i m a t e , since the montage was c r e a t e d  by o v e r l a y i n g

TV pictures ge-i-ic-rated over a 90-second period .

The t i - n m  “ ion b r i d e  j~~~~~~~ t l u i  n t - h i m  l o u t s  i s - ~~~j u c t l  01 barium ionization
I c )  t b y t h e  n e u t r a l c - l u c i d  as it i s  b l m c w n  ~ a s t - ~- u r d  cif t i u c - - n e u i n  jon c l o u d .
It i s  p r o d u e - c-e i  b y p h o t o d i s - u ’ c b a t i c c i t  c i t  B i l l , l i d  i u ”. c i  c i  bc p h e c t u t i o n i z a t i c i n
of  t i u e  barium , and has  a m i t ch  l ower  ion - t e - n s i t c -  t h i m  t h u t -  m ain ion cls cm id -
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IV DATA ANALYSIS

A .  Ove rview

Ana lysis of th5- TV-track data was oriented toward two objectives.

Ch ic first objc-ct ive was to compare the opticall y- and radar-derived time-

histories of ti-ic cloud locations to determine the na ture and significance

of any discrepancies. The second objective was to utilize the triangula-

tion software developed in the course of the TV-track project to identify

on cloud photograp hs the Location of significant radar- and probe-derived

cloud features. Work connected with the latter objective was closel y

coordinated with concurrent work at SRI on die STRESS radar track pro ject . c

Additional RF/optics data comparisons , c-speciall y of eve-m it DIAN NE , w ilt be

f o u n d  in f o r t h c o m i n g  t e c h n i c a l  r e p o r t s  on t i t a t p r o j e c t .

B .  Cloud-Track Location

Figures 7 through 12 show tb-ic ground projections of the cloud-track

point for events A~~Nb - through FERN. The TV—track data arc give n as

b u c a v y  l i n e s  w i t h  t e m l — m c n U t e  markers; t h e  r a d a r - t r a c k  d a t a  a r s - g i v e n  as

l i s ~O ut lines with twenty-minute markers.

Fei r ev e - n t  A N N E , Fi gure-  7 , the  T V — t r a c k  shows large’  N c t r t i t — ’ ; s c m i t O i  s- c —

cursions abou t the radar track. These are caused by tb -ic - cl cc ii d altitude

compo t c i  f r o m  t h e  t w i c — s t a  t i o n , Tynda IL and C — h , s o l u t i o n  m o v i n g  up  au - id

clown the field line upon which the cloud resided . As ms-n t i oncd b c - f e - r e - ,

t i m - - s e-  a l t i  tude ’ e s c u i r s i o u l s produced Large East-West e xcursions of the

c l o u d - s h a d ow l o c a t i o n , a p r o b l e m  t h a t  in sp i  re-si  the imp l e m e n t a t i o n  I on

u - v t - m u t s  BETTY t h r o u g h  FERN of due e m n p i r i c a l — O t s - i g h t  s o l u t  [ u - m i . In  add i t  i c i m u

tic tb is N o r t h — S o u t h  o s c i ll a t iu c n s  , Figure- 7 shows that thc [‘V—track point

w a s  si g n i f i c a n t ly s- a s h  of the  r a d a r - t r a c k  p o i n t .  This  was caused by t h s-

l ’V — n c t  c h o o s i n g  to t r a c k  a portion of the ion cLoud cloSe- to the bis’a d sd

m e- cloud (a Iso called Li -ic hard edge- or trailing edge ) ; ti le ’ r a d a r , how ev er ,
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a u t oma t lea I l v  g r a v i  t a t e c i  t o w a r d  th e  moSt  d e n s e - p u r t  i i i  t i - ic  c l o u d  ( i u l t e —

~ t e-d o v e r  t i t c  r a d a r — b e 3 m  v o l u m e )  . Th i s  d i s c r c p a n c v  w a s  a c c e p t s -cl as a

g5-nmm in c eu f t  ,- r e n c e  he twe s - m i t h i s -  two m e t h o d s  of tracking am -id u-in eitte mtm 1 ) L

‘- ‘a s  m ash- to  f o r e -c a corurnon t r a c k  p e i i n t  f o r  t h e  two systems f c r  t b - i c  l a t e r

s ’V e f l t s .

Also shown lu - i  Figure 7 is tb-ic erroneous T\-’—track locatic cul used t i e

th5- FPS—85 compute- r in its compemtation of am - i  o p t i c a l l y — d c ’ t e r m i m i e ’i g r o u n d

si iae low . T h i s  e r r o n e o u s  t r a c k  was  g e n e r a t e d  whem - i  t he  c o m p u t e r  s o f t w a r e ’

i n te r c h a ng e d  the  e a s t — w e - s t  and  n o r t h — s o u t h  d i s p l a c e m e n t s  of the  CV c - l c i i m - .i

Lrack p o i u l t from the anticipated cloud—release—point.

Titi c- t r a c k  of e v e n t  BETTY , shown in F igu re  d , is much  s m o o t i u s -c  t b m m ’ m

L i m e  .- \ N N E  t r a c k;  i t  shows t i - i c  t r a c k — s m n o o t h i n g  e f f e c t  of the  e m p i r i c a l —

height solution (for BETTY the enupirica 1 h e i g h t  s o lt u t i o n  p laced the cloud

a t  a constant altitude of 185 km) . Ti-ic radar lost tb-ic cloud just after

r e - l e a s e - and did  n o t  r e ac q u i r e  i t  u n t i l  R + 40 m i n u t e s , a t ime  p e r i o d  m d i —

so L c d  by  Lbte lig ht t dashed h uts- in h- i gure 7 .  S i n c e  t h e  dashed l i n e  is onl y

am - i e - s t r a p o l a t i o n  bctws n two known r a d a r  l o c a t i u ’m i s  , t u e  d i s a g r e e m e n t  I c e —

L ’ e e i - n  b t amid t i m e  IV t r a c k  is 10 t j u d g e d  to be’ s ig i l i  f i c a n t .  The n o n u n i f o r m

c l o u d  v e l o c i t y  i n d i c a t e d  b y tt i e d i f f e r i n g  d i s t a n c e  b e t w e e n  l O — m i u l u t e  ma rks

on t b - i c  CV t r a c k  w a s  caused  b y c h m a n d L i ng t i - i c  p o r t i e d n  01 tO t e  ion c lot - i d  trac ked

by the TV n e t .  As m c -  ci Liones ! a b o v e , t im e-  TV— t r a c k  c l o u d  leuca  t i o u l  data used

b y  t i e  i”PS—85 was ag -i in in errsc r , in this cas,- b s a m m s e -  of an i n t e r ch ange-

oI~ c~~hls -s c o n n e c t i n g  the - T V — b  m l t c r i d m c e -  m i n i  t to the  FPS—85 compmi her.

T ile ’ RT — t r a c k  f o r  e v e n t  CAROLc ’N , shown in  Figure C )
, a g r e e -s  qu i t e - CCc ’ L I

w i t h  t h m ~ r a d a r  t r ac k . S i n c e  t i - i c  r a d a r  t r a c k  p o i n t  a u t o m a t i c a l ly g r a \ - i —

L a  t e d  L i d  L i - i c -  ui - l t c ’ s t — a v u - r a g e - — e l e - c t r o n — c i u - m i s i t y  portion of tims- ion clo ete ! ,

tit i s agr c -e ii mc - nt sitows that eiuri rig t his ’ o p t i c a l  h i s - t i m e  of t i u i s  w e h l — b e ’h a v 5 -d

event , ti-ic- st n a  tee ! i ue ’ ; i ci of ti - i c - c-loud m u s t  have re-ta m c d  a i l ig iu  a v u -  u , u

e L e c t r o n  density.

E v e n t D I A N N b -  , shown i n  F i g u i r t -  10 , l i r s - s c - n t s  a d i f f e r e n t  b e h a v i o r .  A t

R 1 38 mn jnu t c-s , wh eu i  t i u c  - r a d a r  s ammic- b a c k  on I b m -  ( fol Lowing a compute- n

I - i l [t in -) , it w a s  n e - s t - h  to  the - opti c-eu I Li’ack point. The radar track L i t e n

m c i  Itc ’ c , i m m s e ’  I b u e ’  c l o mi d w a s  m o v i m u ~-t w e s t , h u h  h u . - c au s e - th~’ u- a d ar
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Wa s ei si t ecma t i c - a l  lv se -ek i n g  t h e  r e s - i o n  of h i g l t e - s  t e l : e r e i e e  s_ i s  C t  i - - c  -ie nsi Lv .

The r a d a r  se’tt led down a m-id began a reasonabl y c-Tmu u i tl j c , i s t . -:ird -ao L ii ’ : ~i t

a p o i i t e e - r m s i h e - r a h l v  to t h e -  w e - s t  of t h i s -  i : - x t n a p o l a t c - - O o p t i c - - m t t r a c k .  ‘Hui s

5tutm ~’ I d t h a t  t l t c -  ce - m i L c --r  u - f  t u e  striated r e g i o n  t r z i e k ~ -d o p t i c a l  cv ‘ -:a s mi t

t ) t s - r e g i o n  w i  t im  ti-ic h i g hs - s f  a -s- c - r a g e  d e n s i t y  f o r  DIANNL

Ch ic ’  t r a c k  of  e v e n t  E S T H E R , showul  i n  Fi  g e m n e  I I , po r t r ay s  t b t g  h a t ,  r

s t ag e s  of  e mn o t t i e r  w e - L l — b e - I i a v e - i i  ion c l o u d  w i t h  t i m 5  r a d a r  t r a c k  b e i n g  qu i  L i ’

smoo t h  d u r i n g  tb - is ’  o p t i c a l - c- l u c id l i f e t i m e . The m i  L i a l  e a s t w a rd b i a s  of

th5- o p t i c a l  t r a c k  is c a u se d  b y the  c a s t s- r n  end o f  the- c loud  l i n i n g  t h i s

g r e - a t e - s t  c o n t r a s t  in t i-ic e a r ly  t w i l ig ht , a n d  t h us  a p p e a r i n g  as  th e  he -st

t a r g e t  to an  e i p t i c a L  sy s t e m .  The o p t i c a l — t r a c k  moves  c L e s e - r to t h a t  of

th 5-  r a d a r  as tb - i c  e c v e ’r a l l  s t r u c t u r e  of tb - ic  c l o u d  become s vm on5 a p p a r e n t  in

t i m  d a r k e n i ng  sk y .  I n t h e  c a s e  of ESTHER , w h e r e  L E S — 8  was  the  t r a n s m it t i n e

s a t e - L i  [t e  ( a s  op p o s e d  to L E ’ ;— 9  f o r  re - l e a s e ’s A N N I -  t h r o u g h  D I A N N E )  , it was

c o n v e n i e - m t t  to  g i v e  the -  o p t i c - a l  l v — e i e n i  c- e d  ci o u d — s h a d s c e 5 ’ t r a c k  on t h e  5 O ” m s -

p l o t , as  irid ica ted b y t i - i c  h i m - i c m a r k e d  “ ,b t a d o w .”

‘fhe - o p t i c a l  t r a c k  of e v e n t  F E R N , shown in F i g e u r e  12 , is s - L i s t  o f  th~

r a d a r  t r a c k , a p p a r e n t ly  ( a s  d i s c u s - e s si e a r L i e r )  hs - c a u s s - t b - i c -  ‘ -

t r a c k i n g  t h e  ion b r i d ge’ . The e’n r a t i c  n a t u r e  of t i - ic  r , i c i a r  t r a c )-: r s’s u i t~- i

f r e i v m  i n t e r m i t t e n t  a t t e m p t s  to m a n u a l ly  r e - s e t  t i m e  r a d a r  t i c  ove-r, ome sev e n c -

RF I  i n t e r f e r e n c e -  p r o b l e m s .~

C . C o m p a r i s o n  e u f  Op t i c a l a m - i d  R a d i u i  D a t a

To aid in t i m e  i n t e rp r e t a t i o n  of o p t i c a l  and r a d i o  d a t a , u i v e r L a v s  c c l

a z  i :~ m m LEt a n d  c - L-c’a t ion We- ne g e - n e - n a  t i - e l f o r  Sc- Ic- c t s - u i  b a r i u m  c l ou d  pho te g rap iis

T h i s - s c -  o v e r l ay s  w e ’r e - ge- m i c r a  Le ’ei b y a conipm .i Li - n  p r e i g r am t i t a t  u s e s i  tim e- r i g h t

ascension and  d e c l i n a t i o n  of tim e s’: m r s  , time ’ location cc f  the vi s-wim i g st ,i—

Lion , thus’ L i  me am i d  d a t e  of time- p h o t ogr a p b t s  , and the- Location 01 t h n c - e

re f c - r - - m i c t -  s t a r s  in so t m ic  s- i c n v e n i e n t  c a r t s - s b e i m i — e - i c e c r u i i m l a t e  svst~ - -’1 a p p r m ’ p n i u t

to t i -ic  p i c t u r e s .  k ’ i t b i  t h e - s c  i n p e u t s , a fmull — s i zs- c-outputs -n p lot was

l i m e ’ p h o t u i g r i p hs us i c i in  t b u i s  s c - c t i c u n  m e t-u , - gr’ , i e - j c u i s l \ -  ~) i ’O \ ’ j c i i u i  b \  Ic -s -h —
n o l o gy  I n t e r n a t i o n a l C o r p .
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g e n e - r a t e d  for each p ho tog rap h-i showing the  positions of ti-ic stars it-i t i t e -

f i e l d  of view a l o n g  w i t h  L i n e s  of c o n s t a n t  azimuth and curve-s of c o n s t a n t

e l e v a t i o n  r e f e r e n c e d  to t i m e  v i ewing  s t a t i o n .

Tue accuracy of the overlays was jud ged by c o m p a r i n g  the  co m p u t e n -

generated star Locations with-i those in the photograp hs. li-i all cases

cons ide red  in this section , the computer—generated star positions agreed

w i t h  t h e  a c t u a l  ones in the photograp hs to within 0.l7~ in angular posi-

t i o n .  This  a c c u r a c y  was sufficient for our purposes and since photograp blic

paper stretch can introduce errors of this magnitude no attemp t was made-

to further refine the overlays.

Th e photographic overlays and ti-ic parameters used in generating them

provided the means of p lotting radar or TV pointing directions (azimuth

and elevation) on selected pictures of the barium cLoud . The trajector y

of the probe rocket viewed from different photograp hic sites was expressed

i n  t e rms  of azimuth and elevation from the site of interest and p lotted

on the overlays. With these variabLes p lotted , it is possible to be tt5 -r

apprcciate the relationship between measurements made by the various radio

sensors and our physical view of the barium ion cloud gained Lar gelv

t h r o u g h  o p t i c a l  d a t a .

Two types of radar-derived density data are p r e s e n t e d  in t h i s  sec t i o n .

One type is a p lot of electron density (analogous to barium ion de-nsit ,-

because of charge neutrality) as a function of range for a particular

radar pointing direction and time . These p lots typ ically repr esent at

l e a s t  a 1-second a v e r a g e  ovc- r 40 p u l s e s .  Til e b a c k g r o u n d  iccnosp i- i c -r c-  h a s

bce-n  removed , so tha t wha t is shown is tit e excess ionization above th u s-

norma l ionosphere- contributed by the’ barium ion cloud.

Tu e second type ’  of r a d a r  d a t a  shows f l u c t u a t i o n s  in e l e c t r o n  d e n s i t y

as  a f u n c t i o n  of range-  f o r  a p a r t i c u l ar  r a d a r  look ang le- and tim e’. Th5-s~-

curve-s ee-re g d - m m - r n  t i - m t  b y s u ht r a c  t in g  a ‘‘ smooth ’’  pr ofile’ C r em t im e m i n t  i I t e ns - si

cL oud pro f i l e - s meul t ionc’d above . [‘he r cs  idu e  , shown as  t b i 5 - ‘ f l m i c - t u a  t i ons”

curves , is belic-ved rc-leut s ’d to s t r u c t u r e ’  ( s t r i a t i o n s )  w i t h i n  th 5- ion c loud .

R c - c , i e m s e  t i m e ’  p r u i c m ’ d u r c -  used in ca lcui  l e t t i n g  t h e  I luc  t i t e u t  ions i n v o l ve s  1

d i f f ’ - r e n c ~ - be t w e e n  let re- , e q u t a n t  i t [ c s  , it w a s  p art ic - m u la rhv error Ss’il s it iV e
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and random uoise—like peaks can appear. To uninimize this t y p e -  o f  noise - ,

f luu ctu ,uations for ESTHER were averaged over four records. FERN , however ,

was p lagued  w i t h  propagated noise that could not be removed by averaging.

Thus , fluctuations for FERN are unaveraged . In either case , the peaks

we’re’ considered significant only if ti-icy persisted over a number of- ce-cords

and if they changed in range with antenna motion.

The’ “point” tracked by tb - i c- TV-track operator is also shown in each

picture. Comparison of the TV-track point and radar m e a s u r e m e n t s  shows

how successful the TV—track svsts’mi u was in Locating and tracking the re-

gion of maximum electron density within the ion cloud . In addition , the

juxtaposition of radar measurements with the ion cloud gives a guide in

the interpretation of the radar data in terms of our p hy s i c a l  p i c t u r e -

of the  cloud .

1. E v e n t  DIANNE

Six probe rocke t s  were  launched during STRESS to prt’vidc- in

situ electron density measurements of the ion cloud . Althoug h all six

probes Launches during DIANNE , ESTHE R , and FERN (two probes for eacb -i

barium release) apparentl y penetrated the genera l volume of the i on

c L u u i d , t i - i c -  p e n e t r a t i o n  g e n e r a l ly o c c u r r e d  a t  t i m e s of poor or no optical

c - t i c - c -ra ge .  The’ one e x c e p t i o n  was  t i - i c  second pro be L a u n c h e d  d u r i n g  D I A N N E ,

p r i c e s - 1 l i g h t  5 1 — 2 .  T h i s  probe  e n t e r e d  the  c - L o u d  a r o u n d  0034 :30  and

- ! u u - e m s ur i -i  a pc-ak d e n s i t y  of 1. - i ~~~~ c - I / n
3 

a t  a h e i g h t  o f  182 .71  km.

A l i b i c c u i c - i m  L i t 5  i 1 - — 8 5  c - a s  i m l o p e r - i t i v e ’  a t  t i u i s  t i : m m e -  b e - c a u s e -  o f  a poi~-c ’ r

f - m i [ t i n -  , we - - -P u  j ma t ~ f r o m  me , i  C - I  - n t s  b e t  c r  m d  a l t s ’r  t he  powe’r f a i l u r e

t i u t i  i i i .  p t - a k  sli-~~~i t v  w i t h i n  the  j o n  d c c i i i  - - - i - c  a t  ~~- a s L  -~ s lO~~~ c - h / r n .

[ ‘ mc  d. t . u - - i n -  L b -  r i - g i o n  p u c c i c  i bm- t t u  r o c ket , e c c m u - s i d e r  i t s

I I j 4 u t  m - ~~ ’ i ’ - w. 1 t r ’ ’ - u  ( —~~c~~ ( r . iv t o n c- R h , and t , m m i n l t .  ‘ i x  p o i n t s  on

L t l ~ t ’ ’ C ’-( e - t  t u  a 1 , - u  t m - c  ~ - i u - uii ’ - wmi i n  - i , h r i - c -  c i t  Fi c-c ur e - [3. The poiui t

j i I . - u u t j  t~~~~l -~ j t i t  , - - - j i - 4 tC ” i - i  the- u - - s i t  j on  0 1  tim e c n c c b e  w h en  it first

- u i  n un i c r t ~m 1 - i  - - ‘ - ‘ c -  j mu i on i ‘ - t i  - ‘ii aho c , , ’ t i m e - m u d  m a  I background iono—

sp i t - r ’ . [‘ii.’ , - i n ~ pm u - u t  -3ta1 m i i i -, - t i c - - i  t h i s  o r i g i n  li c e -aLe eith er s i g —

n i i  i c a m m u  i .  , ‘ -s a t m - i , - r t m I, r m,c ke- ~ i t h  -i ‘iul;:uc u ,I ni, -:c , i in  fable 2.

I ’ )
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Table  2

SU l’~D’1ARY OF SIGNIFICANT POINTS
ALONG TRAJECTORY OF PROBE 5 1-2

Point Time (UT) heig ht (km) R e - c c ar k s

1 0034:30.6 171.41 Cloud entry
2 0034:35.6 175 .07

- 
3 0034:40 .6 178.51 Sheet e~~t c - v
4 0034:46 .6 182. 33 Peak d e n s i ty
5 0034 :50. 6 184.71 Sheet exit
6 0034:59.6 189.52 CLoud ex i t

A necessary condition for the  points shown in Fi gure 13 to lie

m i t h i n  the volume of the ion cloud d e f i n e d  by the p ho tograp h is that all

corresponding points lie on the ion cLoud . We emphasize , however , that

the actual extent of the ion cloud cannot be sharpl y delineated and tha t

th e photograp hic extent of the cloud is a function of exposure time and

geon, ry. Tha t is , the p ictures may show regions of high illumination

and not necessaril y regions of high electron densities. Nevertheless ,

it is useful to interpret the rocket probe data in terms of its position

w i t h  r e spec t  to the  p h o t o g r a p hs .

With the above criterion , the  Ty r i d a l l  view shows im me d i a t el ~’

that points 4, 5, and 6 lie outside of the visible cloud . A similar

conclusion can be drawn for points I and 2 from tb-ic Gravton Beach photo-

grap h. Although we can conclude- that point 3 probabL y lie ’s in the cloud ,

t h i s  c o n c l u s i o n  is w e a k e n e d  b y L i m e ’  p r c i x i m i t y  of t im -  p o i n t  to tile top edge

of  the  cloud in the  G r a y t o n  Beach  p h o t o g r a p h .  In  f a c t , s i nce  maximum

de nsity is measured at point m , which c - le -a r lv lie’ s outside of the clot-id ,

we conclude t h a t  probe  51-2 did not pe’ulc-trate the volume of ths’ ion cloud

as  defined in Figeire 13. Thus , there is no inconsistency in the lower

electron density measurement made by the probe in comparison with the

FPS-85 measurements.
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2. Event ESTHER

ESTHER was an important event because- of Lb - ic - tr ; t m ismm u i s-cu -fl c - I  -

Cs - c - c s  t ha t it produced . Both-i rocket probes ri-corded h i-c - hl v st r c m c - L u r -

d a t a , h u t  u n f o r t u n a t e l y no o p t i c a l  d a t u  a re  a v a i l a h l e -  d u n i n - e  L i t -  L i m e

ti-ic probes. Figure 14 shows ESTHER at a time (0035 i i i  w i - i c - n  p i u c t i i g r a p h i c

and radar data were particularl y good . In additi on this t i m e -  i s  of i cl

terest because strong fading was encountered by tb -ic’ aircraft.

The region probed by the FPS—85 w a s  genera I lv  I imi tc - -i L c  t i c

lower portion of t h e  cloud around point “A.” A typ ical r a d a r - d c - n v - - i

electron density profile along the radar line-of-sig ht “A” am-id tb -ic- c - i -n -

responding fluctuation curve , which reveals five’ well dc -h u ed “ s t n i a t i c c n s ,”

a re -  shown a b o v e  t h e  p h o t o g r a p h s .  Pro j e c t i o n  of  t h e  r a d a r  l i n e - o f  s i g h t

t h r o u g h  p o i n t  “A” o n t o  t h e  Ty n d a  L i  v i  s W  shows ti -ia t the  p e a k s  in  t h e -

fluctuations do bear a close re La tion ship to striati emns in t h u s , ion c I c i i d

We have aLso picked a point “ B ” in t h e  up p e r  p o r t i t c u l  cii t h t e

ion cloud not probed by radar w h i c h  a p p e a r s  to p i c - r c s- a r a t h e r  dis t inct

s t r i a t i o n — l i k e  f e a t u r e .  P r o j e c t i o n  of t h i s  L i n e  of  s i g h t  on t i m 5  L v n i e m L l

p h o t o g r a ph , however , does  no t  s i n gl e -  out arm y p a r t i c u i L a r  s t r i , j t i o m ’i .

( P o i n t s  B
1 

t h r o u g h B , w e -r e ’  c h o s e n  to he a t  r a n g e ’ s  of 240 , 2e0 , 2~~m i , / ind

300 k m , r e - s p e ct i v e l y ,  f r o m  C — b . )  I n  c o n t r a s t  to p o i n t s  A
1 

t i l r i c m l e i u  A ,

w h i c h  we know b e - c a u s e  of t im5 - r a d a r — d e r i v e d  n i n e - c -  information I b e -  i n  t H e -

b a r i u m  c l o u d , w e -  do n o t  know t i m e  s t a t u s of  a i t y  o f  t i - i c  t c i c m r  B p o i n t s .  i i m c m s ,

w h i  Is-  i t  i s  p r o b a b l y c i c r r e c t  l i i  a s s o ci a t e  A ,_ w ith t c ~~m L  d i s t i n c t  i s - , i t uit

w h i c h  a l s o  appe a r s  to l ie  behind  ~- , we c a n n o t  Or ate s i m i l a r  c o n c l u s i o n s  for

any  of the  B points. This points ou t  the  d i f f i c ul t y  c - c t  locating an oh-

j e c t  in space  w i t h o u t  r e i m t c - e ’ i n f o r u m i a t i o n .

3. E v e n t  FERN

h- ,v i- n t id - RN was I l l s  mos t  i n t e r e s t i n g  of  tile ’ s i x  r i  l e a s e -s  f r o m i m  a

p tic-nomeno Log y  p o i n t  o f  view. Th e -  f i r s t  r o c k e t p r o b e -  f i r s t  e - n c o u n t e - r e - ,i

t h u c -  d c i i i a t  an  a l t i t u d e  of  e m b r o i L  130 km au - i d  a p p a r c - i u t i v  r e m a i n e d  i n  a n

c - n h e t i i e - m- d  r c ’g i o n  u n t i l  an  a l t j t m u d m -  c i i  210 k m .  Fb - d(N a [so  p r i c c i u i s e - d  s t r o n

E —  a nd  F— r m - g i o n  r - L m i r n s  on th e -  v t - n t  [ c h i r p  r a d a r  - The-s c -  ne - L u i r n s  p e n s i s t ed

t o n  m a n y  t en s  of m i n u t e - s  and had  a f r e q u e n c y  e ’x t s ’ii I up to  18 M H z .
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Figurs - 15 shows how FERN appeared from C-6 and Tyndall. The

radar data , both electron density profiles , and fluctuation curves are

shown in tile inserts. The sharp peak at a range of 187 km is not under-

stood , bu t  because c it remained stationary in range as the mactar pointing

angle was changed , it is beLieved to be a noise peak and ,not cloud re-

late’d. The radar data also show significant peaks around the 150 — km

range (106-km altitude) . Some of the features in this region are prob-

abl y related to the E-layer returns seen by the Vertichirp radar.

Inspection of the C-6 view of FERN shown in Figure 15 reveals

a distinct feature tha t extends down and to the left and which we have

identified with an “A” and a “B.” In trying to locate this f e a t u r e  on

the- Tyndall view , we have projected the lines of sig ht throug h A and B
onto the Tyndall picture. The extreme point on each projection deline-

ates the extent of the cLoud as determined by the measured electron

density profiles. From these projections , we concLude tha t the bulk of

the ion cLoud above point B in the C-6 view lies to the right and outside

tile field of view of the Tyndall camera . The feature of interest in

the C-6 view thus appears to be such a big object that it occupies al-

most the entire field of view in the Tyndall photograp h.
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V DISCUSSION , CONCLUSION S, AND RECOMMENI)ATIONS

Ti t c - o u t s t a n d i n g  success of the FPS-85 radar in tracking ti - ic STRESS

c louds ha s largel y relegated optical-tracking systems to a backup role

if similar test series are performed in the future. An optical-track

system does , howev er , provide acceptable backup to the radar. Further-

more , it provides a means for the radar to acquire ’ or reacquire the cloud

if , as in the case of event DIANNE , the radar gets hopelessl y lost.

The TV-track system performance in ti-ic fie ld and post-event data

ana lysis have led to certain conclusions that should he no ted for future

reference .

( 1) As the ion cloud evolves in t ime , or as i t s  e n t i r e  s t r u c t u r e
becomes visible in the d a r k e n i n g  sk y ,  a n y  o p t i c a l  t r a c k i n g  sn ’s-
tern will be forced occasionall y to switch track from one part of
the cloud to another in a rather discontinuous fashion. This is
a na tura l consequence of the ph ysical processes operating on the-
cLoud , and the discontinuities cannot be eliminated by any sort
of predictive algorithm. The effect of these discor ttinuities
can be mitigated , however , by a more sophisticated al gorithm
f or r e lay ing cLoud-track information to a user. Such an algo-
rithm should probabl y be structured to account for the finite
extent of the cloud in the horizontal direction , and the- genera l
location of the chosen track point within that horizontal di-
mension. A detailed stud y of the wide variety of clouds obse rved
during STRESS will be very usefuL in developing any f u t u r e
optical-track systems .

(2 )  For an o p t i c a l  s y s t e m  used to t r a c k  the  st r i a t e - d r eg ion  of a
barium ion cLoud , as opposed to point-tracking a sing le stria-
tio n , it is preferable to use a s i ng l e - s i t s’ sy s t e m  w i t h  an
empirical model for the cloud he ’igbtt. The accuracy of suc h - i  a
sing lc ’ —si te solution is quite adequate’ fo r  e x p e r i m e n t s  l ike
S Rh -~- S , and the- track i s  not  s u b j e c t  to the  random f l u c t u a  t i on s
c - a m u s e d  b y two s i t e s  h u n t i n g  f e u r  a conunon a im p o i n t  in the  cloum d .

3) f t c - r e ’ w e ’r e -  o c c a s i o n s  d u i r i n g  secm e of the e v e n t s  when  tw o or moore
-;t ,it jon s did convcrgs- on a singLe identifiab le’ feature and main-
tain track for a significant period of time . The track preci-
sion i t  t b t s - s e  t i m e s  w a s  m u c h  h i g h e r  t h a n  c o u l d  have been oh—
tab ne-c l  from the- radar. On oth ie’ r occasions (e- .g. , DIANNE) , tue

c c p t ica l system was t r a c k i n g  t r a i l i n g — e d ge s t r i a t i o n s  t ha t  I c e - r i -
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not  s een  b y the  r a d a r  because  the average ’  e l e c t r o n  d e n s i t y  in
t b t e  r a d a r  beam was Loe low . A l t h o u g h the  p r e c i s i o n  t r a c k  a n d
t he L c c w — d e n s i t y — r e g i o m l  t r a c k  c a p a b i l i t ie s  of the’ o p t i c a l  sn - s t e - rn
w e ’ r e  not importau l t in STRESS , the-v may be in some future’ c- -:-
p c - r i m e n t s .  For a r e l i a b l e  and c o n s i s t e n t  p r e c i s i o n  t r i c k , how-
e v e r , i t  is a b s o l u t e l y  e s s e n t i a l  t h a t  t h e  c e n t r a l - s i t e- o per a t o r
be supp l ied w i t h  t h e  video from the  other participating sites.
Onl y by looking at all views of the cloud can Its’ hope to d e e - c- l op
a menta l picture of the three—dimensiona l shape of tb-ic’ cloud ,
and intelligentl y direct aimpoint changes in ti -ic various sits’s.

- 
A larger field of view than used for STRESS would also be
needed for accommodating late-time barium releases.
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BMD Advanced Tech. r t r ,  , i l : j r c t ’ v f l l e  O f f i ce  A i r  Force Av i on i cs  Laboratory , A FSC

ATTN : ATC-T , M e l v i n F , Capps ATTN : AAD , Allen Johnson
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-ie ,jdIJart er s Cornell University
Electronic Systems Division , (AFSC) Department of Electrical Engineering

A T T N :  Jim Deas ATTN : 0. T. Farley, Jr.

Commander ESL , Inc.
Foreiq ri Technology Division , AFSC ATTN: James Marshall

ATT N : ‘iI CD Library ATTN: C. W . Prettie

:~c - I - 1 d ri~1er General Electric Company
Rom-~ Air Development Center , AFSC TEMPO-Center for Advanced Studies

PTTN: FMTLD , Doc . Libra ry ATTN : DASIAC
ATIN : Warren S. Knapp

-~TT’l: MNN L , Lt Col Kennedy General Electric Company
ATTN : F. A , Reibert

A lT o SKA , tt Maria A. Clav in Genera l Research Corporation
ATTN : Joel Garbarino

~A Mc c0 /YA ATTN : John Ise , Jr.
ATTN : YAT , Capt L. Blackwe lder

Geophysical Instit ute
Commin mander in C h ief University of Alaska
Str ate g i c  Air Command ATTN : Tech, Library

ATT N : XPFS , Maj Brian 0. Stephan
ATT N :  ADWATE , Capt Bruce Bauer University of Illinois
ATTN: NRT Department of Electrical Engineering

ATTh : K. C. Yeh
DEPARTMENT OF E N E R G Y

Institute for Defense Analyses
nivers ity of California ATTN: Ernest Sauer
Lawrence Livermore Laboratory

Tech. Info. Dept., L—3 Intl. Tel . S Telegraph Corporation
ATTN: Tech. Librar y

Los Alamos Scientific Laboratory
ATT I: Iloc . Con, for Robert Jefferies JAYCOR
ATTN : Doc. Con , for John Wolcott ATIN : S. R. Goldman
ATTN : Doc. Con , for John Zinn

-iohn s Hopk ins University
-u n-l ot Laboratories Applied Physics Laboratory

ATI’l: Dcc. Con , for I. Wright ATT N: Thomas Potemra
A TT ’l : Dcc. Con, for D, A , Dahlgren , Org. 1722 ATT’c: Doc. Librarian
A TIN : Doc. Con , for J. P. Martin , Org. 1712 ATTN : John Das soula s

OTHER GOVEWNMENT AGE~ICIE5 M I T .  Lincoln Laboratory
ATIN : LIB A-082 for David M . Towle

: c - i c m c - t
~~~n t  of Commerce

- I f  1 € ’  -‘if Telecommunications McDonnell Doug las Corporation
A TTN: W illi c io F. Jtla ut ATTN : Tech, Library Serv ces

‘ d uonal Oceanic & Atmospheric Admu ci . Mission Research Corporation
Environmental iiesp ar c - b Lab oratoci es ATTN: F. 6ajen

ATTN: C. L. Ru f frc nh AT IN: D. Sappenfield
A1 ’l: R. Boqusch

DE{AHTML’IT OF OF I I  N,i i-l ’ lTii c’i~ ~ORS ATTN: Ralph Ki lb
ATT N: Dave Sowle

Aerospace Corpor iti on ATTN : R. Hendm- ick
ATTN: I. M, Salmi
ATTN: SMFA for PWW The Mitre Corporation
ATTN : Irving M. Garfunkel ATTN: Chief Scientist, W. Sen
ATIN : Norman D. Stockwell
ATIN : J. E. 1arter , 120 , Rm, 2?D9 Physical Dynamics

ATTN : E. 3, Fremouw
Univers i ty of Cal i forni a at San Diego

ATT’ l : H e n r y  0. Boo~c- c - Physical Dyic-i n’ ic s , ci ’ -
ATTN:  lc - ;c- p h B. Workman

COMSAT Laboratories
ATTN: R. R, Taur
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R & Il Assoc ia tes SRI International
ATTN: William J. Karzas ATT N : Ray L. Leadabrand
ATTN: Bryan Gabbard ATTN: Charles L. Rino
ATIN: Robert E. televier ATTN : Wa l ter G. Chesnut

ATTN : Dan McDaniel
The Rand Corporation ATTN: Victor Gonzales

ATTN: Ed Bedrozian ATTN : Norman J. F. Chang
ATTN : Culle u-u Cram ATTN : Richard D. Hake , J r.

Raytheon Company Technology International Corporation
ATTN : Barbara Adams ATTN: W , P. Boquist

Science Applications , Inc.
ATTN : Lewis M. Linson
ATTN: Daniel A. Hamu in
ATTN : D. Sachs
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