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SECTION 1

I NTRODUCTION

A two-phase field experiment was conducted by 1)NA during the

Fall of 1976 and the Winter of 1977 to provide an operational simulation of’

communication transmission path effects produced by an intervening single

ionized plasma cloud in the upper atmosphere. These experiment s, known

as Project PRESTRESS and Project STRESS, consisted of a single and a

series of five rocket borne barium release experiments , respectively .

The participation of’ Technology International Corporation in I)NA

l’roject STRESS was for the purpose of providing general optical coverage

of’ the b a r i u m  release phenomenologv during the time period a given cloud
would he visible from the ground. Such coverage included:

1) A phot ographic h ist orv of the nio rp hol og i cal development

of the neutral and ion clouds and ev olving structure .

2) Radiometric’ measurements of the ion cloud radiance and

minimum column density.

3) Two-station triangulation measurements of the observable

cloud motion(s).

4) High resolution coverage of plasma striati ons and spatia l

frequency.

T he end requirement of this data acquisition was to aid i n the interpre-
tation and correlation of data obtained by other I)NA experimenters in the areas

of radar track and satellite transmission experiments. In addition , of c o u r s e , ‘~an inherent result of the optical coverage is the general aiigmcii tat ion ~ t’ (li e

barium r’t’lease phenornenological data base, particularl y for the condi tion of

early (pro-sunset ) releases.
‘n.-., -. - - .  
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Table 1. 1 su m m a r i ze s  t h e  release parameters for t h e  PRESTRES S
(one event ) and STRESS ( f i v e  t ’v en t s )  experiments. All events were 

~~ 48kgrn
payload of bar ium reactant mixture and were pr’ogr’ammed f’or ’ a nominal
185 km release altitud e. The time (if release with respeci. to a nominal P6° solar
zenith angle was varied from zero up to 90 minutes before time corresponding
to 96

0
, as shown in Table 1. 1. Thu s , the last Iwo events were actually released

before sunset , as will be seen in more detail later. Optical observations of
barium clouds at these altitudes ai~ limited in a practical sense to solar angles
of between about P6° to about 102

0 
regardless of’ tft’ release times.

The STRESS events , as well as ot her sImilar experiments, are re-
leased at an altitude range of 180 to IhO km to optimize ion production while
minimizing ion depletion due to the formation of barium oxide. Figure 1. 1
shows diagrammatically the buildup of’ Ha() with time as a function of altitude
at three different altitude regimes.

The satellite(s) used in conjunction w i t h  the STRESS transmission
experiments were the Lincoln Lab LES-8 and I,ES-tt semi .synchronous
satellites . LES-9 (to the east) was used on even ts  Anne , Betty, Carolyn ,
and Dianne. LES-8 (to t he  west) ~‘as Lised on (‘vents Esther and Fern. A
total of six ion cloud sounding rockets were fired from the Eglin launch com-
plex against the last three events.

I”igure 1. 2 is a map of the Eglin Gulf Test Range area showing the
locations of the sub- release point of each event and the relative locations of
the ground optics sites. Eglin C-6 and Tvndall P702 sites were for primary
data acquisition. A mobile site was operated at diffe rent positions between the
Eglin and Tyndall vicinities as dictated by pr~dictions for each event. A
fourt h site was operated by SRI for TIC at Harm Field , Alabama, and an
A l ”A I ,  c r ew member on board A / C  662 operated a t’ift h camera station for
supplementary data.
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‘I’aI)I(’ I . 2 p u’ e ’sent  s (h e  act ual r’(’l(’as(’ t i m e  for ear ii S’f’ U I :ss even  I

toge t h er  w i t h  the  r e l a t ive  release ang le and local sunsc’i  Ii me. F igu re  1 . 3
plots, as a function of’ local t i me , the ex t e nt  of ’ op t i ca l  coverage  t’elai ive to
sunset  t ifll( ’s . and t h e  t i m es  of rock et p en et  r’al ion in the ion c l ou d .  The
circ les  i n d i c a t e  t h e  release t im e  of a g iven  e x p e r i m en t .  W l i en  t h e  r e l ea se
point ~~as observed , the ci r’(’le is shown as a solid. In the case of event
Hotly , natural (‘ioI’d~ obscured the burst point , whereas for e v e n t s  I - s t  he r
and I~’ern t h e  ambient (pie— sunset) sky background negated recording the re-
lease expansion.

Table I . :~ sLi m ma r i z es  t h e  v a r i o us  opt i cal s i t e s  and t h e i r  geci~~raph it -

coordinates. These coordinates for the triangulation sites include the s i te
elevat ion in addi t ion.
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GI~~M ’N I )  OPTICS SITE I ,OC, \ T I O .\S

Prirnau’v Sites

E g l in  \ EB , I”la. Elevation: 140. 071 ab ove m.  s. 1.
C-6  Si t e  30°34’21. 9:3’ N 86 °I :1’O. 4~~” \V

T vndal l  Al ”B . Fla . E leva t i on: 8. 57’ above m. S. 1.
P702 Si t e  29~~SR O2. 92 ” N 85 °

~ 8 ’ l l  03 ”

Secondary  Si~ es

~ 1 O I ) i l e  Op t i c s

A - De Fu n i a k  Sp r i n g s , I”la . 30°44. 6’ N 86 °03. 7’ \V

— ( (“ luu dec i  i n )

C - (‘ r ’ e s lv i ew , I ” l a .  30°47. 0’ N 86 °25 . 7 ’ W

I) - (;r’~~~vt on Beach , J - ’la . 30°l8.  5’ N 86 °05. 8’ \V

E - (‘a rab el l ’, I - l a .  29°50. 8 N 84°39. 7’ \\

F’ - I ‘CC I ) C l ( ’ I  ‘ C L . (‘ la . ?P °58’ N 84 °22 ’  ~v

I3arin Field , Ala . 30 0 
23 28. 3” N 87 °38 ’12. 7” \V

I , in son I- ’ 3o~ l8. 5’ N 86°05.8’W

A / C  662  — Refe r t o  A I’ -\ I. R e p u u ’ t
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SECTION 2

1~1R ) T OGRAPII1 C T I M E  h ISTORY

E xte n s ive  pho tograph ic  ( ‘overage of the l ’RESTRES S and STRESS high

altitude chemical releases was obt a i rt ed by the I )NA ground optic’s s i tes.

Hit’ ( 11¼ - ( ‘rage included color and black and white mor-phologv data , large

format triangulation dat a, high resolution data , and narrow ha n d f i l t e r  and

spect roscopic data. This s ec t i o n  presents selected data t’rames from the

morphology records troni each of’ the  WO primary triangulation sites ,

Eglin -\ I”I3 (‘-6 site , at-id Tvndall AFI3 9702 site , grouped in sets of (‘our’

f r a m e s  for  each e v e n t  at  each s i t e .  The data frames were selected to

port ray the m a x i m u m  extent of cloud development during the period of

cloud visibili ty which corresponded generally to between 96 ° and 102°

solar zenith angle (regardless of the actual t ime of release) .

The reader wi l l  be able to  nominal ly  compare the two perspect ives  of

eac h ( ‘loud at a p p r o x i m a t e ly  the same t imes  in most instances,  in some

cases ( Event  B e t t y  p a r t i c u l a r l y) , na tu ra l  clouds obscurred some of the

cove rage and only nomina l  compar isons  can he made. In general  the  “norma l ”

re leases ( I .  e . .  releases at or ilear the t i m e  of 96 0 SZA) wi l l  be seen to  ex-

h i b i t  a m o re or less spher ica l neut ra l  cloud i n i t i a l l y, a d eve l op i ng ion cloud

as the  neut ra l  a toms are (singl y) ionized , and a la te  t i m e  ion cloud oft en sans

n eu t r a l  clo u d as t h e  l a t t e r wi l l , havin g dr i f ted  fu r ther  east (all clouds behaved

in his  manner) ,  extend beyond the solar sunset line and not be v i s ib le .

Perhaps  t h e mos t s t r i k i ng facet  of t he photographic  h i s t o r y  series

fo r a given event is how d i f f e ren t  the ion clouds appear f rom the C-6 and

Tvnd’d l s i t e s  at. comparable  t i m e s .

12
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____________________________________

2 . 1 E v e n t  A n n e

E v e n t  A l ine was released as par t  of ’ I’ r o j e ct  PRE STR ESS on

1 1)ecember 1976 at a solar depression angle of 6°. (‘ove rage was obtained

f r o m  release u n t i l  a p p r o x i m a t e l y  U I :37 m i n u t e s ,  F igure  2 . 1 shows the

Anne h i s t o r y  as seen f rom the C— 6 s i t e  looking south  between U f 11 seconds

and U 26 minu tes .  In Pl ate  (d )  the upper lef t  portion of the st r i a t i on image

is t h e  n o r t h e r n  most  (lowe l- ’ ) end , w h i l e t h e  l owe r ri ght po r t i o n (I f the  i m age

is t h e  southern  most (uppe r’ )  end of th e  s tr i a t i o n s .

F igure  2. 2 show s the Anne dev elopment from II + 3 m i n u t e s  to

U + 20 minutes  as seen from the Tyndall s i te .  In t h i s  perspect ive , t h e
s~p a tion image slope f rom upper left  t o  s l i g h t l y  lower r ight  corresponds to

the  upper sou thern  end and the lower no r the rn  end.

2 . 2  Event  B e t t y

Event B et t y was released on 26 Feb rua ry  1977 as the f i r s t  of a

series of f ive  events  in  P ro jec t  STRESS. The r ’elease took place at a solar

dep res s ion ang le of 3
0~ At t h i s  low depression angle , th e sk y back gro un d

negated good ( ‘overage for  about  the f’ir st  15 m i n u t e s .  Coverage was obtained
from abou t U + 20 m i n u t e s  to H + 50 m i n u t e s ,  F igure  2 , 3 shows the develop-
ment  h i s t o r y  of Be t ty  as seen from the (‘-6 s i t e  from R + 23 minutes  unt i l

H + 42 m i n u t e s .  Cons iderable  na tu ra l  ( ‘loud cover exis ted  at t imes  through-

out the  v i s i b l e  po r t i on  of t h i s  event.

F igure  2. 4 show s event Be t ty  as seen f rom the Tynda ll s i te  at R + 30

m i n u t e s  and H + 38 minu t e s .  Re la t ive ly  l i t t l e  da ta  is avai lable  from t h i s  s i te

due  to  the  adverse  e f f ec t s  of both j r i t e r m i t t e n j  cloud cover and the m~ion ’ s
pro x i m i t y  to  the l ine of s ight  to the  ob jec t ,  In t h i s  ser ies  of photogr a phic

pla tes , the  left  hand edge of the s t r i a t i o n  image ( ‘orre sponds t o  the  lower

no r the rn  edge of the s t r i a t i o ns  wh i l e  the  r ight  hand edge corresponds to  t h e
t ipper  s o u t h e r n  edge.

13
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2 . :-; I ’~ e ’nt (‘a r ’o lvn

I’:ven4 (‘aro lvn was released on 2 \ lar ’c’h 1977 at a so la r  depress  ion

ang i t -  of about  3
0

, ~ ‘ ov erage was obtained f’ ro m about  H ‘ 12 m i n u t e s  (ir l t  ii

a b ou t  U 50 ni i n u t  es. I” igu re 2. 5 shows t h e  ion ( ‘lout ] dcv ci opm ont h i s t o r y
f rom  U ‘ 22 m i n u te s  to U 40 minutes as seen f r o m  the C — 6  s i te .  In t h e

l a t t e r ’  f ) i  at es t he new ral cloud is not ev iden t  due  to  bot h d iss i p a t i o n  and an

‘:i ri j et ’  sunset on t h e  ( ‘loud , be ing  east of t he ion cloud.

The cor responding  deve lopment  of the (‘aro ly n clou d f ro m the

T v n dall  p erspe c ’t i~ e is  shown in F i gu r ’ e 2. 6 f rom H + 22 m in u t e s  to H + 43

rn i n u t  t’s. -\s  t h e  ion ( ‘loud d r i f t e d  east w i t h  respect to the  TyndaU s i t e , the

c’loud approached and the n passed th rough  the  magnet ic ’  zen i th , p rovid ing ,
re spect ive lv , t h e  above  a v e  rage de l inea t ion  of the  st n a t  ion s as seen in

I ’l at e s  (b )  and i c )  and , jus t  he f ’ore sunset  on the  cloud , the  z e n i t h  v iew (I f

I’l a t e ( d ) .

2. 4 Event  1)ianne

Event Dianne  was released on 7 M a r c h  1977 at a selar  depress ion
angl e of 3 1/ 2 °, the  last in a series at t h i s  nominal  depression.  (‘over age
of t h i s  eve nt was obtained f rom about H + 10 m i n u t e s  to  about  H -~ 45 m i n u t e s .

I ) r i r ing  the  period of opt i c-al coverage , t wo rocket probes were  launched int o
t he Ion  cloud l’rom the  A - 1 5  launch  s i t e .  F igure  2 . 7  show s t h e  event I ) i anne

ion cloud development  h i s t o r y  f rom H 16 m i n u t e s  t o  H ~ 35 minutes , as

5I’f’fl f rom the  C-6 s i t e .  i) ianne exh ib i t ed  a s i g n i f i c a n t  amount of mid-c loud
striation as seen to some extent in Plate (d), bu t  shown in much  g r ea ter

deta i l  i n the  h igh  reso lut i on phot ograph in I ” igu re  6. 10 of Section 6.

F i g u r e  2. 8 shows t h e  D i an n e  t i m e  h i s t o r y  as seen from the  Tvndal l
s i t e  f rom U + 17 m i ni ,j t  es t o  U 34 ni i n u t  es . -\ it  b ou gh the  deta i led  sf n a t  ion

con t r ast is not r ead i ly  a p p a r e n t  f rom t h i s  per ’spe(-t iv c , t h e  u n u s u a l  de fo rma t  ion
ut  t h e  ion cloud is h i g h l i g h t e d  iii t h i s  s e r i e s .

_ _ _ _  _ _ _ _ _
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7, 5 1 ¼ - e m i t  l - : s t  I~ -t ’

I’ \ - c i I I  E s t h e r  w a s  r ’ e l t - a s ed  o lu 1:1 \ I a r ’ c h  1977 at  a so l a r -  7 e f l i t h

: i i i ~~l t ’  of ’ 79
0 

— —  ~vt’1l b e f o r e  s u i i i ,set  a t  h o -  c a m - f lu ’ s s i ir l ’: o - t ’ . ( ‘ b ) \ - r - : t ~~~’ ~m t ’ u hi s

t ’ ¼ -  cut  was  o b t a i n e d  f r o m  a b o u t  1 h i n r u ’  I S  m i n u t  es I t )  1 h o m i r ’  50 m i n c e  -s .

P u - i o u ’  t o  t h e  p e r i o d  dci r i n g  w h i c h t h e  c ’ l u t i d  was  v i s i b l e , t W o  S o t u i I d i f l ~ r t t c i - c t ’us

¼-V ( ‘r ’e i i  t’t ’d in t o  t h e  1 011 c- l ou d  (see f ” i g u i i ’ t -  I . 3) .  I” g n u - c  2 .  9 sh ow s l i l t ’  I O f l

o 1 o ~ d st m ’ t a t i o f l  a c t i v i t y  b e t w e -n 13 1 11100- 22 m i n i u t e s  and 1 hou r :38 m i n u t e - s

t’rom the  (‘ — 6 site. The E s t h e r  c-loud m o t i o n  do r i n g  t h i s  pe r iod  was  i-ci a !  i ¼- c i v

Slow us  not ccl by t h e  ( ‘el est  ial  b a c k g r o u n d  r ’e t c -  i’ence

i ” i g u r e  2. 10 show s  c’ en! I ’ :s th cr  C t S  seen f rom t h e  Tvnclal l  s i l t

t r o r i i  13 - 1 h o u r  20 m i n u t e s  to  H 1 hon  r’ 38 1 / 2 ni i n u t  (‘S. ‘l Iie 9Ct ’Spec(  1¼ - e

i s  s cu -h t ha t  w h i l e  not  l o o k i n g  di r c c t lv  :0 t h e  m a g n e t i c  z e n i t h  ( i i i  t h e se  p~~- es

t i l t ’  U ng le is  c l o se  enoug h t o  enhance  t h e  ci t -tail o~ a sign I t i  cant  p o r t  i i  n of t h e

51 r~ a l  I on s  in c ’ o ) n u p a u ’ i s o n  ~‘ o t h  t h e  (_ ‘ — 6  pe u ’s p e ct i v e .

2 . 6  I - v e u u t  (“ era

I :\-ehlt I- ’e rn was  r e l eased  on 1-1 ~\ I  a r ch  1977 at a sola u ’ ~‘ I ’ l l  i t h  a ng le

of 76 °, c o m p a r a ble  to  t h a t  f o r ’  e v e n t  I s i h e r ’ . ( ovei ’age  of t I l i s  ( ‘ ¼ -  t i l l  w a S

s l i ght  lv g r ’e:t ’ 1-n t h a n  t h a t  of l - :sth c ’ r , l i - c  011 ab ou t  11 1 hull t ’ 22  fli ulcit c’s

ab o m u i  t U “ h o u r s  6 m in u t e s .  Two s t t u i m i d i n g  r -ocke t  S u-c i- c t i  red l i l t  ü t h e  ion

c loud  for cc-c ot  I - ’ - rn , a g a i n  p r i o r ’  t o  t h e  p c - r i n d  or ’ w h i c h  o pt i c a l  coverage  was

poss ib l e .  F i g u r e  2 . 11 show s t h e  Fe rn  ion c loud f r o m  b e t w e en  H - 1 hou r 42

In I h u n t  ( 5  and H ‘ 2 hou r’s 02 mn inn!  es f u ’  or l b  u- C —6 S i l t ’  - ‘l’hc I t - r n  cl ui d was

p~’~ier-all n o n — d e s c r ip t  i n s o f a r as a pp a r e n t  v i s i b l e  St rm ic t  n r c  fr ’om t h e  ( ‘ — 6

perspe - t ¼ - c r , ex cep t  at l a t e  t i m e s  ( w i t h i n  h e  c - i t - w i n g  w i n d u t w )  b road  l o n g i l u d i l i a l

-0 r’ lI (- t m u I - e  ¼-\ US ( ‘¼- i d en t  (P l a t e  ( d )  ) .

I n  l - ’igu r’e 2 _  12 t h -  I - c t - u i  e v e m l f  i on  cloud i s  s e c - m u  f rom  11 - 1 h un t ’

79 m i nu t e s  u n t i l  H 1 h o u r ’  Si? n l i f l l i t -S f rou l l  f i l l ’ l’vn da l l  ~~j 1~~’, -\ s  u - i r h  e vent

( a u - - - - L • In’ ‘I vnda ’Il pe t ’  s~~e( ’ ! iv  t’ t’nconlpa sst,oi a por t  oil of t i l e  -l 1 ) 1 1 1 1  l l l i ’  i c ~h
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magnet  i ( ’  z c ’n i l  h. The I t O  i qu e ly  disi iiu’I I I m c  st r ’u ( - t u r e  in the  lower p o r t  ion
of t he images  ( i n  I ~lat i’s (b) and (c) part I cru la  i - i c ’ )  is  appa rent due to I h i s
re la t  Ic  ely Iltiusual perspecti ve. ‘[he Fern  cloud , as w i t h  E s t h e r , muc -ed
i- d a t  ive ly  ~lowlv  dur ing  t h e  tinE w i th in  w h i c h  it  was obser -ved ,
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SE CTION 3

- E A R L Y  ‘I’I MI - ( ‘1.0111) I- :xI ’A~~sIoN

A s  p a r t  of the overall measu  t ’emet i f  s pe rfo r’mvd on t h e  Si’ U 1:55

ph ot ogr -ap h ic  da ta , t he  earl y cloud radi us v e r su s  t i m e  was (Je t  e rm i ne d  f o r

even t s  An n e , Carol yn , and 1)ia nne. Even t  I~e t t v  was  not observed due  t o

n a t u r a l  cloud cover at release t i m e , and ec’ents E s t h er  and I- ’ -r n were  re-

leased wi th sk y back ground cond i t ions  too  b r igh t  to record the  i n i t i a l  re leas - .

Th e earl y t i m e  da ta  was obta ined  w i t h  a slow c- in c camera  runn ing

at 6 t’ps. The l e n s - f i l m - e x p o s u r e  s e n s i t i v i t y  was suc’h tha t  the order  of

S - 6 seconds of data was obta ined.

F i g u r e  3. 1 show s the event. Anne  expansion cu rve  as measured  f rom

the  6 f p s  c ine  record. The d i a m e t e r  d imens ions  arc given in k i lome te r s ,

assumi ng a 200 km nominal  slant range to  t h e  de tona t ion  po in t .  Figures 3. 2

atu d 3. 3 show si m i l a r  data for  events  Carolyn  and 1) ianne.

Figure  3. 1 incorpo rates representa t ive  velocity calculat ions for
event  Anne at t i le  ini t ial  expansion ph ase (

~ kin/ see) th rough  t h ’  region at
which  stabilization is p redomina t ing  ( 1 km/ sec ) .  Comparable magni tudes
were exhibi ted  by the other releases. At higher  a l t i tudes  a fas ter  expansion
is obse rved , and at lower al t i tudes  s ignif icant  slower expansion is observed
(Boquist  et al. , 1971).
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SECTION 4

RAI)IOMETRIC M E A S U R E M E N T S  AN D A NALY SIS

4. 1 Background

As par t  of the overall ob jec t ives  of t h e  Pr-o Ject STRESS ground
opt ics  measu remen t s  program , cal ibrated r a d i o m e t r i c  and spectrograp hic ’

m e a s u r e m e n t s  were  made t o  de te rmine  the peak and integrated radiance

h i s t o r y  of the bar ium ion clouds. r1~O t h i s  end a n a r r o w  band in t e r f e rence

f i l t e r  ca mera system was operated at the C-6 t r i a n g u l a t i o n  si te  and a

spectra l survey  spectrograp h was operated at the  Tyndal l  t r i a n g u l a t i o n

si te  for  eac h STRESS event .

Sola r- r ad ia t ion  i nc iden t  on a neutra l  ba r ium vapor c-loud in the

u ppe r a t m osp he r’e wil l , by v i r t u e  of i t s  u l t r av io le t  r ad i a t i on  content ,

ionize  a po r t ion  of the  n e u t r a l  b a r i u m .  Vi s ib l e  solar rad i a t ion  inc ident
(in t he  resu l t ing  two (neu t ra l  and ion) clouds wi l l  undergo sola r resonnance

s c a t t e r i n g and the clouds wi l l  emit  wavelengths  pe cu l ia r  to  e i t he r  ion or

neu t r a l  s ta tes  of ba r ium atoms.  ionized b a r i u m  sca t te rs  light at f ive

disc rete wavelengths .  The re la t ive  i n t e n s i t i e s  of the cloud at each of

these wave lengths will v a ry  due to the geomet ry of i l lu m i n a t i o n  and op t i ca l

t h ickness  of the  cloud. Thus , in o rder to  de t e rmine  the absolute peak and

int egrated ion radiance h i s t o r y  of a b a r i u m  cloud , r ’ad iomet r i ca l ly  c a l i b r a t e d
phot og rap hy of the  ion cloud , isolated by use of :t na r row han d i n t e r f e r e n c e

f i l t er , is perfor med. ideally,  al l f i c e  emiss ion  wavelengths  are obset ced

and correlated to ob ta i n  the  to ta l  ion r ad iance .  When fewer  are  measu red ,

t h e to ta l  m ust  he ob t ai n ed by sca ling re la t iy e  int ens i t i e s .  M o r e o ve r , when
an optica ll y t h i c k  ion cloud is phot ograp hed , t he ( ‘a l ( ’ui at ed r e su l t s  wi l l  he

i n d i c a t  i~ e of a lower hound of ( - dint  r i h u t i n g  i nns .
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I- ’ igc i cc 4. 1 present S Ci f c p i  c a l  spe(’t cal dens l i v  p r o f i l e  of a ST RI - SS
l i l t i  - I u t u d  s i n - c - I  r ’n g u ’ : i m n .  I- ou r of t h e  t i c - c -  p r i m a ry  ion l i t a -  e m is s i o n s  a t - I-

c-lea clv o bse rve d .  The fift h l i n e  at  6497A is bar’c-lv dete -tab le due t o  t h e  low

long w a v el e n g t h  spect ral s e n s i t i v i ty  of t h e  hi gh speed  t c - p e  2484 f i l m  u sed  f o r

the S’t ’RESS program. Table -4 . 1 i d en t  i f ’h - s  t u e  kn own n e u t r a l  and ion radia—

ion ct! e xc i t e d  bar-junu a t o m s .

The STR I - 5S inn tiller c a f l l em -a  svs t -m i nco rpo ra t ed  a n a r r ow  ban d

i t l t e r ’ f c r e n c - t -  f i l t - r des igned  t o  i so l a te  t h e  493 4 - \  inn  ~~~~ The t r a n s m is s i o n
of ’ th i s  f i l t e r  as a func t ion  of wavelengt h is shown in Figure 4.2. Because

of t ’— a x o s  i nc id en t  ion l igh t  is t r a n sm i t t e c i  less ‘r f ’fh - i e n t lv  w i t h  inc reasing angle
( t h e  peak t r a n s m i ss i o n  wave 1ength  s h i f t s to  shor te r  wavelengt hs for inc reas ing
o f f — a x i s  ang les) , t he f i l t e r ’  was ac t ua l l c -  c o n s !  n - u c f e d  f ’or a n o r ma l  i n c - i d en c ’ e

peak transmission at 4965.\ t o  p e r m i t  an e f f e c t i v c -  f i e l d  of c - j ew of b e l I e r  t han

24 0 ( - o m r n e n su r a t c -  with the camera field of ciew of 21 0. The theo re t i c - a l

m a x i m u m  fie ld  of v iew for an on—a x is  49 34A f i l t e r  is abou t 16~
> . ~1hc  ¼ - a r i a !  ion

of t r a nsn l i s s io n  w i t h  inc idence  angle is shown in l-’igure 4.3 fo r  t h e  6 1 / 2 ’

d i a m e t e r  68A b a n d w i d t h  I ) N - \  f i l t e r .  l- ’i g u re  4.4 shows  a s ample t c v o -d i r n e n -

sinna l  de n s i t y  t r a ce  ot’ a f i l t e r  earner-a  d a t a  f r a m e  w h i c h  g r a p h i c a l l y i l l u s t  r at e s

w i t h  equa l stepped dens i t y  con tou r s  t h e  edge fall — off of op t i c -a l  s e n s i t i v i t y  due
I n  t h e  co m b i n e d  e f f ec t  mf f i l t e r  s h i t ’t a nd lens t r a n s m i s s i o n  at i nc reas ing  t’ield

°f V i e w.

(‘hot ograph ic f i l t e r  data  cc-as ob t a ined  f o r -  all of t h e  STU I - ~5S c - c c ro t ~~.
i- or eve nt 13c -t  t v , h owec -c - r , t h er c-  were  su f f i c i c - ’n t  n a t u r a l  c lou ud s  to  prcc a-nt
a pr oper t i m e  h i s t  n o - v  a n a ly s i s  as cv i t h  t he  of  he r  ( ‘ c e n t s .  T h u s  t h e  r a d i o n ’u e t  r i d ’

a n a ly s i s  r epor ted  here  c-ov e r - s  even t s  C a r o lyn , l ) i an n e , 1- s t he r  and (- ‘ecu .

- — - - ----~~ -~~~~~~~~~~~~~~ --- -
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4. 2 . 1 ( ‘ a l t b i - a t i o n  ( ‘ i ’ui-e d~i t - e s

I’:a -h phot o g r a p h i c  p i c t u i i - e  elemen t  nt ou r  i m a g e  (p ixe l)  has a ( c i - t a i r l

den s i ft and ~‘or resp ot id s I I )  Cl part  i t ’  ula r ~~~~~~~~~~ re (e r ’gs (‘01 of ’ f he 11 h i m  m a —

inn i nvolved ) .  (‘a l i h r C l f  inn is p e r for m e d  by mak ing  a sequence of ’ in c -re rn en—
a l ly  St -pped i i nagc-s  of known  exposures  at the  same wave leng th  on t h c- f i l m

r e c o r d  before  pr -ocessing.  !\ t’t er processing it is then  possible to u n i q u e ly

r e l a t e  each image e l en u e n t  d e n s i ty  value t c) an absolute exp osur -e  value - In

pr ac ’t ice t h e  a b s o l u t e  den~~i t v  need not n e c e s s a r i ly  be measu red  aS an i n f e r —
mt ’dia t -v  such as the r -espon se (ems def le ct ion ) c)f t h e  scanning  d e n s i to m e t e r
to  t ha t  d e n s i t y  can be used.

The sequlc r i ( ’e  of stepped image s of known exposures is produced bc

( -xp o s i n t g f he f i l m  in a ca l i lh r a t i on  sensitomel er . The s en s i tom e t e r  c o nt a i n s
a s t a n d a r d  or c a l i h r a t e d  l amp  of known spectral i r r ad iance , and makes a
c-o u t  C 1 ( - t  p r i n t  of a k odak  step tab le t  on t he  t ’ilm t o  lie calib ra ted.  The St Co
tablet consist s ( u s u a l l y )  ( I f 21 images whose dift ’u se densi ty  inc reases in
steps of 0. 15 so that  f r o m  st CI) t o  s t e p  in t h e  i mage , the  exposure  inc- reases
by appro x i m a t e l y  2. The t w e n t y  s teps involved thus  p e r m i t  a dy n a m i c

ran ge of 1000:1 to he ca l ib ra ted .  The ca l ib ra t i on  exposure  du ra t i on  in the
s en s i t o m e t e r  is best  c-hosen t o  he (-lose to  tha t  of t h e  f ie ld  exposures. In t h i s

way t h e  ef f e c t s  of r e c ip roc i t y  fai lure  are  min imized .  In p rac t ice  the exposures
chose n for anal y s i s  c-o ver  a range of durat ions , \- c’t only one exposure  du ra t ion
is a v a i l a b l e  on each stepwedge. Thu s the reci p r o c i t y  c o r r e c t i o n  fac to r  for
exposures  cf other du r a t i o n s  mus t  he known.

A convenient w ay  to handle raw radiom (’frjc d a t a  is to d e f i ne  a u n i t

( ‘xp os t l  n e  ( 1 E )  as t h e  t i t u l e —  i n t eg ra t ed  i r r a d i a n c e  in a s f an d a r - d  d u r a t i o n
exposti cc relative f o w h i c h  all o th e r -  e x p o s u r e  values  are measured . In this
( 1 5( ’ , 0. 2 s(’(’ond was chosen as s t a n d a r d , an d a f i l t e r ed  step cvedge image

-10 
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~~as proc-ei-n- ed w i t h  all r eco rds  prc ) du~ edI by t h e  f’ilt - n-ed carn -ra . ‘(‘his

pro d uc-ed a range of s tandard  exposures be tween 1 and 1 000 E .  ‘( ‘he f l i t  er
is necessa ry in the sen i s i t o m e t e r  to d e f i n e  a na r row wavelength  range over

w hich  the  s ens i tiv i ty  is being measured.  It need not n e c e s s a r - i l c -  be t h e  same

f i l t e r as used in the field , as Icing as c ’hara cte r i s t i c s  of both arc known , (nit

it should peak at appro xim ately the same wavelength as the source. Since

the i-c ’ is a f i n i t e  dens i ty  in the  “ clear ’’ por t ion nt any step wedge , the  i r r adi  —

aflce at s tep  I (the clearest step of the wedge , and den sest s tep at t h e  table t

i mage) wi l l  nc) t equal that  of the i r rad iance  source alone , b u t  i s, in th i s  c a se ,
-0 1910 0 .65  of the  i r r ad i a n c e  source.

4. 2 , 2 I) ata Reduct ion Procedure

The data image is scanned by a double beam dens i t ome te r  incorpora-

t in i g a mechanism w h i c h  develops t w o - d i m e n s i o n a l  con tour  maps of the phot o-

g rap h i c  ima ge as a f u n c t i o n  of d e n s i t y .  The double-beam fea tu re  p e r m i t s  data

imag e fi lm de n sit y to  be com pared w i t h  th e dens i t y i n a l i n e a r  d e n s i ty  refe r-

ence wed ge. The pos i t ion  of the  wedge is con t inuous ly  adjusted a u t o m a t i c a l l y

so as to m a i n t a i n a de n si ty bala nce. Thus , the po sit ion of the wedge is re-

corded by a pen opera t ing  in several  po ssible modes. As the output  record

moves under  the pen ( in  un ison  wi th  the film record moving through the

m e a s u r i n g  beam) ,  t h e s e  m odes w r ite respect ively “ space , ” dot , ” or “ l ine . ”

A sequence of three  c h a r a c t e r i s t i c s  is re qu i red  to  d i s t i n g u i s h  increases from

decreases .  In p rac t i ce  t h r e e  sepa rate  colored pens a r e al so al t e r n a t e d  Sd)

that  one complet e d t - n s i t v  c-y cle has P coded levels .  As many  cycles as de-

sired may be used so tha t  the  pos i t ion  of the  wedge may be recorded w it h as

m a ch  resolut ion as is j u s t i f i e d .  Since eac’h wed ge pos i t io n corresponds to a

pa r t i c u l a r  d e n s i ty ,  it is possible  t o  conver t  d i rec t ly  f ro m isodens i t race

conto ur  t o Re l a t i ve  Exposure  ( E )  w i t h o u t  d e t e r m i n i n g  absolute  dens i ty .

Fo r ea -h f r a m e  scanned ( 1 .  e. , fo r’ eac h s e t t i n g  of the  d e n s i t o m e t e r )  t h e  ems.

def lec t  ion of the  wed ge is recorded separa te l y fo r each level of the step wedge

- 11



~~~~ -a--- — .----  ~ - --~~-~--- - 
- ~~~~~~~~~~ ,-~~ - ‘ -- -__ ‘—_-“ - - - - -

I n iagc .

The an - c -Cu w i t h i n  c-a c’h c ontour ’ of t h e  d e t i s i f  i a n i e t t -n - c d  i m a g e  is pl a i n i  —

nil e t er e d  and t h e  e xp o s u r e  ( i n  E l  c ’on ’r’espond ing t o  c - ac -h  ( - o n t o u i -  is also t a b u l a -

t ed.  ‘l’h - peak i’a,dianc c-  of t h e  c- i n od  i s  ohf Cu r led b y  si mp l c - det  er’m i n i n g  t he

pea l-C t ’xposu i  n-c ’ of ’ t h e  cl mid , sub! m e t  i ng the- backg mol ln l d and d - onc  c - n t  i l og  t ()

a l ) so l u t e  r a d i a n c e  u n i t s  w i t h  t h e  a i d  of t h e  abso lu te  i- c a l i b r a t i o n  d a t a  C i f ld
ci

the et’fec-t i ye exposure  dci r a t ion .

The measurement cit t h e  in t eg r -a t ed  radiance can he treated m u c h

l ike  d e t e r min in g  the v olume of a mountain of’ which the isodensit race is a

c-ont ou r  m ap  and exposure  c -o r - r e sponds  to  a l t  it  i ic le .  Th c - ‘‘ mo u n t a i n ’ max ’ be
(‘OIl S idered as a stack  of p rogress ivc- lv  smal le r  slabs , or as a nested sc-f
of i r r egu la r  cy l inders ;  the la t t e r  concept was  used in t h i s  a n aly s i s .  A g a i n

ba c -kgn -ou nd is r e m o v e d  by  u s i n g  only  t h e  vo lume  of each cy l i n d e r  above  t h e

backg round  I d - c - e l .

Each c ’y linden ’ has a mean exposure (“altitude ”) whic’h is taken to be
1 / 2geome t r i c  mean of i t s  ou t e r  and i n n e r  c-on! ou r s .  T h us  E 10 ( Log i -~ I-: ,~~~,mel 0

where t h e  subsc r ip ts  n c-fe r t o  t h e  ou te r  and inner  contour  r c spec t ivc’lv .  The

cv l tn d e r  area is s imply t h e  d i f f e r e n c e  in t o t a l  a reas  of s uc d - e s s i c e  con! ours .

Table 4. 2 il lu ~~t r a t e s  Ci t v p k - a l  peak and i n t eg ra t ed  r ’ad iancc- c a l cu l a t i o n .
Note  t hat  background s u b t r a c t i o n  occurs  a f t e r  exposure  ( r a t h e r  t h a n  I .og

(exposure)) has been d e t er m i n e d .

,-\ hso lu te  Ca l i b r a t i o n .  Since the same c a l i b r a t i o n  source- and exposure

dura t i on  were  used for all s en l s i t o m e t r i c  c a l ib r a t i o n s  of t h e  da ta  records , t h e
r ( - l a t i \ - ( -  peak and i n t e g r a l  cci rac l inn ces  ( i n  E l  can be c o n c e r t e d  to a b s o l u te

peak and i n t eg r a t e d  r ’adianees , hc- u s i ng  ( ‘on stant  n lu l t i p lv in g fact ors , d en - i c - ed

as t ’n l l n w s :

‘1’ he i r r a d ian c e  p r od u c ed CO t h e  t i  Inn  p I an o -  h I he sens it  (inlet en- has

hc - -n d -t e t ’m i n e c l , t h r o u g h  compa r i son  w i t h  an N.  11. S. st a n d a r d , to  be 0. 1653 64

(2

_ _ _ _ _ _ _ _ _  
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Table- -1. 2

SA~\Il’Ll’ PI-:AK AN 1 IN ’I ’l - : ( ;RAT I - ; D RAI 1 .-\NC I-; (‘ .-\ L ( ’U L A T I O N

2Contour  Acm ~~Aern Log 1- ~rd rd

( I3R —

G i 3  -

R 1 —

3 325 . 5 10.0 1.38 24.55
(; 1 3 1 5 .  5 1 3 . 0  1 . 4 0  2 6 . 0 0

2 302.5 22.05 1.43 27.70
3 280.45 22. 65 1.455 2P. 34

13 1 257. 8 32. 15 1. 46 31. 26
2 2 2 5 . 6 5  44. 0 1. 5 1 33. 50
:i 1 8 1 . 6 5  37.  15 1. 54 35.  6P

II 1 144. 5 15.6 1.565 37.80
2 1 28 .  ¶ 25. 2 1. 5P 40. 27
3 103.7 16. 45 1.62 43. 15

G 1 87. 25 17.05 1. 65 45. P7
2 70.2 20.5 1.675 48.70
3 49, 7 15 .  1 1 . 7 0  5 1 . 8 8

B 1 :~4.6 l3 ti 1.73 55.27
2 20. 8 8 . 4  1 . 7 5 3  58. 55
3 12. 4 6. P 1.78  62.37

R 1 5. 5 2. ¶ ‘ S  1.  81 66. 83
2 2 , 5 5  - 2 . 3  1. 84 70.  P6
3 . 23 1. 862 72. 73 
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m ic -ro watts cm
2 
~~ 

1 
at 4P65 A. ‘I ’hc integrated I r an i sm ission band of’ the

m l  ert ’erenc-e I’ilt er i so la t  itig this wavelength is 3. 336 nm. Thus the unattenuated

ex p o s u r e , E ( i .  c’ . - withou t a s tep  wc-dge in the  s e n s i t o m e t e r) ,  is t o m  0 . 2
sec-mid cal ii) ration dii rat ion

- 0 . 2  x 3. 336 x 0. 165864 x 10 ergs cm
2 

= 1. 106647 ergs cm 2 .

Since  t h e  s tep wedge does not go (‘mom densit y 0 to d e n s i ty  3 , but  n ’idcs on an

ave rage basel ine of densi ty  0 .19 . the  un i t  expo sure  scale c-an va ry from I to
1 , 000 E where  unit exposure is given by.

- 0 . 1 9  -3  -2  -4 -2()ne h = 1 .06647x10 xlO ergs c-rn 7 .145xl0 erg c-rn

Pc-ak Radiance Cal ibrat ion Factor.  An extended source of radiance
N ergs cm ’ ster  ~ sec ’ at a lar ge d i s t a n c e , when imaged by a lens of
re la t ive  aper ture F for  an e ffec t ive  exposure  du ra t ion  1 ef f ’ prod u ces a n
exposur e of:

E = i rN  T ‘FT T -
2 - 1 f a eff .

4 F

where T
1 

is the lens t ransmission at the wavelengt h of interest ,

T
f 

is the filter transmission at the wac-’c-lengt h of interest , and

Ta is the a tmospher - i c  t r a n s m i s s i o n  at t he  wavelength  of interest

and at the z e n i t h  angle used.

Th us N 
- _______ 

4F’ 2
- 

T 7 r T T ’ I
eff e f a

-l -I

L --~~~~-- - --- -~~~~~~~~~~~~~~~~~~~
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-

~~~~~~~
- --



-~

E x p r e s s i n g  E in c -xpos ure  u n i t s  and taking T
1 

0. 8, I
~ 

0. :35, ‘1’ 0. 6
a nd i’ C I S  der ived  above ,u

1: ( l ~ ) 
- — 3  ~ — l  — 1N u -3 . 046 x 10 cm s ter  set-

T ..et

I n t e grated Rad iance  C a l ib r a t i o n  F a c t o r .  The tota l  p ower  sca t te red
by f he cloud is given by Rest (1972) as

A (E - E  )1 H
2

I n n  n h j
1~

____________________________ 5 - l1’ ( 1 . 3 8 8 7  x 10 ) ergs see
T --e l f

E f f e c t i v e  Exposure Durat ion 
~~

‘
ef t’~ . 

Phot ogr aphic  r eci p roc - i ty  f a i l t u r e  c-an he
accomm od ated b y t reat ing each exposure of dura tion other than that  used for
sens it omet r i c — ca l i b r a t i o n , as if it had an equivalent  dura t ion  T . T caneff eff
be de t er m i n ed by prod u ci ng a seq u ence of st ep wedge i m ages of d i f f ere n t
exposure  d u r a t i o n s .  To m a i n t a i n  sinu i lar - ’  dens i ty  range , a compensat ing
n e u t r a l  d e n s i t y  filter is used. Density or step number is plot ted for each
wed ge image. The average exposure offset  ~ Step (i n s teps)  relative to the
0 . 2 second reference  exposure  is d e t e r m i n e d  for  each other  exposure .  S i n c e
each step corresponds to  a change in log (Exposu re )  of 0. 15 , we m ay w r i t e

~~Log 10 (E xpos u r e )  = 0.15 ~
‘
~Tep

~ 1~~g 10 ~‘~rei~ 
is obtai n ed by N. I) . - 

~ 
Log 10 Exposure  and represents  the

c-ha nge in the  loga r i thm of t he  exposure  of d u r a t i o n  1’ sec necessa ry  t o  produce
the same densi ty  as 0. 2 second exposure.  Since Exposure  = Ir r a d i a nc e  x T i m e
( e f f e c t i v e ) , an d the  i r r a d i a nc e  re m a i n s  c on s t a n t , t h e  c altie of Time ’ ( e f f e c t  ic-c)

-1 3 
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___________ 

fo r  each C U - I i l C l l  e x p o s t i r -  (lu irCl f ton  ( ‘ Cull  he d e te r m i n e d  C I S

- 0 . 2  x t O  ( ~ ( to g
1 0~~~r e l~~

as gic ci i  in I CI1 ) Ie -4 . 3. I l v  gn’a ~t l i i c - a l  i n l t t - i ’p o l a f  ion , T
~~.t. for’ 1 second wa s

found o he 0. 69 s i - c , ‘t hese  a l l i e s  ( o f ‘I’~~ , havc~ been usc-cl as r equ i  red in
e c - a l u i a t  i t ig  peak arid i n t e g r - a t  ( - ( I  r a ( l i C u n ( - ( - s .
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IC1() le ’ 4. 3

I-: t- I I - X ’ ’ I ’ I \  i - :  I -N P O S I - Ri - :  1 ) 1  - H -\ T J O N

Exposure  N . 1) . ~~l ~~g 1 ~
( i - xpo si i  n ’c ) ~ Log

10
( l -

1
) 1

eff
(s e e)  (N - i  0. 2 sc~ -)

0. 2 0 0 0 0 . 2

2 . 9 0. 1 1 9  0. 73 1  1 . 2 0 7

4 1. 2 0 . 225 0. 75 1. 888

8 1 . 5  0 . 437 1 . 0 6 3  2. 3 1 5

16 1.  8 0. 538 1. 262 3.656

32 2 . 1  0 . 585 1. 515 6. 547

- 17

L ~~ -— ~~~~~~~~~
------ - - - - - 



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

-

-I. :3 R a e t i o n i t - t  I V  R - s i i l t  5 t o m  Si. H i-5- I- c c-n It s

4. 3. 1 Peak :uid I i i t t - g r a t u ’ d  R a d i a n c e  (‘a l c - i i l a l i o n s

P ’ak and iri fegraf (‘ci n a c i i an i c - e s  (‘or t h e  la st  fo u r -  S iR  i-:ss -c i - l i t  s of ’

1 P77 were cc ab a t e d  as ( I i s ( - i i s s e d  in  Sc-ct i on  4 . 2 .  For th ( ’sc -  c c - c - n i l  -i , t h u
back g r o u n d  c o n t o u r ’  was  selec ted  by c o m p a r i ng  the  i~~ode ’t is i t  r C I ( - ( -  w i t h  I he

a c t n a l  t’i l r i i  ru - cor d . I’ ig r i r- -s 1 .5 t h n - on igh  1.8 show t h e  1 5 0 ( i C ’ ? l S j t y C 1 ( i ’ 5  ( I f

u’veflts (‘ a r i o l v i o , D ia nn e , 1- s lh er - , and i- ’en ’t i  at 18:25:16 hour ’s .  18:31:01 h u u o - s ,
18:3-1:18. 1 h ou r’s , and 18: 10:21 hours , r-es pecti c u -b y , CIS  t c p i c a l  (~f f l u -  d a t a
( l i l t  C l  i n u - d  . ‘I ’he ba- kgu - on in i cl V C I  lu r es  s elc ’et ed showed an a ppropr-i Cu t  d ra t  ( of

r(-as(- W i t  Ii tim e and t h e  01)5 om it e c a l t i c - s  c om p a r ed  satisl ’ac’t iou -  i L  -xi i  h
expected t w i l i ght  skc  rac l iam-es  at t h e  sola t - d ep i-ess i  on angles i nuc -ol c ed .

‘l’he ti i i  n ue t ’ i  cal  r ’es uil  t s of t h -  peak ma d i a n i c e  c-al cu l a t  I no ns  a cc’ p l o f t  ed
in 1- ’ igu i-c 4. P t’or u - c  (-ni t s (‘a m vi i , 1) 1  an n e , I’ St hen ’  and Fern  at 4 P34 -\ - The-
d a t  C l  por  nit  s for  c - :u c -h cc-ent  a re  connec ted  by a st ra igh t  l i n e  to  a id the  v i  ccv c - i - .
In  gen eral , m i n o r -  f l u c t u a t i o n s  in t h e  a m p l i t ude of a gi c -en event  ar- c not  s i g n i f —
c-ant and nu ere ly  re f lec t  data s c a t t e r .  The f a l l — o f f  of eac’h cu rve  nea r  the  end
of t he  data is  due to sun-se t  on the  c-loud.

I” igur - c -  -4 . 10 shows the in tegra ted  rad iance  of the  same fou r c -ven t s
at t h e  son i c  n-eli-a se p lus t i mes .
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-4. :i .  2 (‘ : u l c u l a t i u n o i - i  of ’ ( o l u i n i t i  l l i - r i~~it ~ - :und \ t - i l d

‘l’he peak a n u d  i n t c - g n - u t e d  n - a d i : u nc e  d a t a  s h o w n  in I ’ ’ i g u i r c - s  4 _  ~ k : i ii d

4.  1 0 W O s  convc-r t i’d , n - esp - c - t i v u - b y , t o  in a x i  m u m  c o l u m n  du-ns  it y ( i o n s  ciii 
-

and y i el d  ( i on s ) .  - The c o n v e r s i o n  of peak i ’ a d i C i n i c u -  t o  m : lx i n l u m  - u l u i t n n

d i ’n s i f  v was  pe u ’ fo rmed  u sing  th e  opt i -u l l v  t h  i t - k  iii odd ni K i v  i - I , c- i  al - ( 1 ¶ 1 7 2 ) .

I l o w c - v c - u - , since  the- r a d i a n c e  u n i t s  used by K ic - -l n - c - f e  r t o  a I an u l i e r t  Ian s u n - —

face ( F i gure 4. 11) , t he  r: i dianc -e ’ s i a b u l a t u - d  in  t h i s  s e t - f  j u n  m u s t  be n u u l i  i p l i c - d

by ur b - t o n ’ e  enu t er - i ng  t h e  ordinate of  l” i gur -e  4. 4 . K i c c - i  uses 1 w o  ch i l c - i ’ e I i t

so u r c e s  of solar’ r a d i a t i o n  d a t a  (A l l e n  and t t r e t - f ) .  Bes t  ( 1 P 7 2 )  has shown

t h a t  the o bse r v a t i o n s  (‘i t w e l l  b e t w e e n  f l u e  t w o  modc-ls  and a me-an of t he  K i v c - l

models was gene ra ted  and used (‘or t h i s  an a ly s i s .

The ca l cu l a t ed  peak ion c o l u m n  d e n s i t i e s  ( ions !  cm 2)  fo r  e~ ellis

C a r olyn , l)ianne . b- st her , anti Fc- mn are  p re sen t e d  in Tab le s  4. 4 t lu ro tug h 4.  7

as a fc . n c t i o t i  of b o t h  local t i m e  and t i m c  a f t e r  re lease .  The -o lu r n n  c lens it  ic ’s
12 2g iv e n  a re  the  ordc - r cot ’ 10 l o ri s/ c-rn  - ‘l’ h c- increase alt e r  t h e  i o n i - z a t i  on

phase has been comp leted m ay  be due t o  d i f f u s i o n  p e r n u i t t i n g  b roader  solar

i l l u m i n a t i o n  of t h e  obs erc -€-d  c-o lumn;  t h e  f’inal  d c -crease  IS du e  to  sunse t

across  t h e  ion cloud , as observed ea r l i er .

The i n t e g r a t e d  ra dia n ce data can also be c o n v e r t ed to  i n t e g r a t e d  y i e l d .

in  p r i n c i ple the  r a d i a n c e  value at eat -h contou r i n t e r v a l  should bc c o n v c - n ’t e d  t o
- 2 -l
t o n s  (cm c’ol ) b e fo re  t h e  suoimation  is p er f omnue c l . In pr C-i c’t i c - c  t h i s  ef ’t’o n t  i s

not he re  j u s t i f ’i ed so the  i n t e g r a t e d  mad l a n c e  of ’ f l u e -  c - loud  as a ~v 1uo le is con —

c-c n - f eti t o  an i on i n v e n t  on -v as if t he  ( - lou d  were ’ opt i c - a l l y  t n .  i ’hus , t h e  i on

y i e l d  so d e t e r m i n e d  r ep re sen t  m i n i m u n u  v a l ue s .  I t  has  be t -n  shown  (Bes t  and

Ro senbei ’g ,  1 P 7 O )  t h a t  f h e r u ’  ar e  3. 34 m m ~~ t o n ’  c - v t -n - v  p hot on sec s c a t t u ’  red 01

-1 234 \ . The m i n i  nun nu i on v iu ’l d s  t bu s  cal -u l a t  c’d a mc ’ i n c l u d e d  in I -able 4 .  4

h r u n i g h 4 . 7. 
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‘l ’l ie  S’l’R l -~SS ch eni i u u - a l  p av l  u su ds  c -u rn s  sf ed of ’ 18kg of’ 13 - a l  13a ( ~~( ) ,~ ) ,,
in  a 1 2/1 mol ;i I -  )‘~l f in . ( - \ b o u l  200 gm of h a n - i  t unu I Copp er ox idu -~ w a s  used as

s t a r t er ’ , b u t  t h i s  has  l i t t l u -  u ’t ’!’ec ’f otu f l u u -  c i e ld .  ) The  n -c - a c - u  ion i iuv o lved  is

12 13a  - ~~u ( ‘
~~~:3

) 2  7 1 3 a  I 6 1 3 a ( )  +

‘ t h u S  oute n i l ) ]  e of c h e m i c al  m i x  ( 1 .  9094 kg) can g e n e r a t e  7 m oles of fret’

b a u ’ iu n i  and t h e  to t a l  a v C l l lab l c ’  bz &r ’ iu nu  in  4 8k g is 175. 97 moles or
- 26I - 0a98 10 ba ci n un  at oui u 5-

hu ’ re leased b a r i u m  vapor , an a l t i t u d e  depe]udent  f r a c t i o n  u s

c)xiulize (l b\ n - c a d - l i on  w i t h  0,) and t h e  n ’u C- ma i n in g  pa n ’t is  ion ized .  We assume
a n ) t ’ C I  r’ — ac u -r a g e  a t m  us phc’ n-c and del e n ’nu i n c  t ti c- a l t  i t  u u d e  depe rud en it  pa n- f f ’ronu

I- ’ i g u n - e  4. 12 which is as g iven  by Rest  ( 1 9 7 2 ) .

Table  4. 8 sluow s the  n -c- I ease a l t  i t cu d e s , the t’r aet i  on of vapo n ’ c- xpu -c ’ted
to  be I 00 i z eu l  , and th e -  ) u u ax  i nu l u  m pot e n t ia l  \ ic-lcl s of’ ions. Di ciding t he- act  c u a l
c- u e ’lds by t he  p o t en t i a l  y i e ld s  gives the  el’l ’ic ’i euu cies  of the  releases , as shown

in the  last c o l u m n  of ’ Table- 4. 4 t l u r o u g h  4 . 7, The b a r i u m  lh ar i cu n u  lu l l  r u t u -’
c-hem )st  u - v  c o n t a i n s  only slight I_v nuore  ac’a i l ab l e  b a r i u m  a t o ms  compa red w i t h

t h e  2. 46 b a n i u m / c ’o p p t ’n ’  ox ide  m i x  (175 .  97 or 167. 7 molc-s per 48kg , ref.

Table 4. 9). However , the y ields observed for the STRESS releases are con-

s is tent ly high and are at least as good as the old mix wi thout  the wide sca t te r

of m t  egrat  c d  i nven to r ie s .
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;~~ _ 1 ( l ie  u la t  i u u u a l  \ I  t - f  hod

I I ] u ’  t r - u a t u g u l a t  ioni - a l eu l a t  j o l t  )‘ ou uf t h e  dcc c -lo~s-d by ‘I’l (’ def e n - m i n u e s  ——
f o r’ a t o r n  nu on de f r  hu ab i  c - k -a l  u n - u  - i t ]  t i l t ’  p u n t  g n -api ] it’ i rna g& ’ l’rom each t n ’ i  angu l  a —

I out s u t u -  — —  t i uu- gu-odct i c  p u ] s i t i o n  i n ]  I C ] I ) t  u th - , b u l u g i l n u d u - , and a l t i t u d e  h ] v -  sea

It - v u - i  1] k ) l  t ] u c t e n ’ s .  C A c - a i r u l a t c - d  r i i j s s — d i s t n n u c e  of ’ t i n -  t r i a r u g u l a t i u n  vc - d ’t o r s
iS  ( ‘1150 o h t a i r u c - d .  I t ’ t h i s  v ;-cliuc ’ s gt ’u-a tc -r ’  t h a n  I t o  I 1/ 2  km . t h e  t r i a n g i u l a t i on
I C C  ) ‘ ( ‘ p u ’ t i t ( - d .  (‘ t h i s  c -he ck  los t-s  v a l i d  i t v  f ’ou ’  f l u e  s peu ’i a l  case w h e n - c c ’ nu t -  s t a t i o n

u - a  s an ] t ’i o n u g a t u - d  t’e a t u n ’u , u- , g. , st n - n u t  l ou t , d i r e c t l y  a l u n u g  i t s  ax i s .

I i i  g e u u - r a i , t h e  I n - t a n g u l a f  in n  n’ -cor ’d s  an - c  t i  r st  t i n n e d  I C )  I s i - c ;  I l it -
c ’ a h i ] u ’ r a  p o u n t i n g  a f t  u f t u d e  u s  t h u - n  d t - t e r r n i u i e d  u s i ng  i t e r a t c - d  groups of’ ]ulC ug(’s c~f
i c l e n t  t i ed k n own  cc-l est id b o d i e s ,  ‘(‘ l i t -  s u - l u ~cte d  f u - a f u r u -  P o s i t i o n  is  t h u - n  n i l - a -
s ] u u - + - d  w u t h  n ’csp r ’c - l  t o  I h u -  t h u t s  dcl e rmi ] I c -d  op t i ca l  a x i s  and pl o t t e d  as a f ’u u u c t i o n i
of i mu ’  for  I -au- l i  t ci a n u g n u i a t  i on s i l t  r ecord .  (TIue t r i a iu gu la t  I on lenses  hav - a

i n i u u m  d i sp l a e en u e n t  ( l i s t  or t  i out of’ 0. 3 ru uuu ever a -11 t’i u ’l d .  1 - \ f  t h i s  p o i n ] t
he  plot  u s  s nu ont heel , if ’  req c u red , and i luu ag e f e at  u n ’ u  p o s i t  i onu s f o r  c-ac-h s i t e

d u ’ f  en ’ rt )  i (]ed 6 + u ’ s e l ec ted  c- em men I i  ra c- s - A t arg ’t v u - c l  or is  f l u  u ’n dcc  ci opc ’d
u u l ( ’ u I l u c - n u ] a t  c - a l l y  ( n u  g e o e u - u u t  He  c o or d i n at e s )  l ou ’  e at -h  s i t  e / f ’ - a t i u r - a t  a ( - of l in i on
I i nuu - a u u d  t h e  t w o  c - e c t o r s  t n ’u a n ] g u l a f e d  tu o b t a i n ]  f l u e  f e a t u n - t ’  p o s i t i o n ]  w i u k - h  is
l i r ] a i i \  t n ’ a l ] S f o n ’nu c - c l  ro t  o geodu ’l Ic  - o u , r d i n a t  u ’s f or  m ap p i n g .

‘I ’ he ac-c ’ (t r a cy  of t h i -  ~~ F U f - R ~S t r’ i a u u g c u l  at i on m eas tu  cem e n t s  are  v a n  c-cl
in  f l u a t  s o n u l ’  c -ven t s  pn ’csc ’nf u- d d i s t  i l ] c f  f e a t u r e s  w h i c h  c o u u l d  he c-a c - e ly  i d e n t i f i e d
f r o m  each s u f e  and  rv d i l v  t r i a n ] g r u l a t e d , a- li c u e -as sonic e v en t s  p r u — s u - n f e d  \ - er ’c-
c I i t f u u ~~c i n u d i s t  i n c - f  c u -  i m a ge s  t ’or ’ w h i c - l u  onl y appl’c ’x i nu: ]t  t’ ed ,gu ’s ‘ u+i r lc )  hr  i ( l t ’ ? i f  i u e d .

h - I a 54 - e l  ) ]pol ]  I t u e  ( ‘ l a n -k r  s p } ] u ’u ’ u i d  model of ’ 1266. 
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\Vlwncvcr· possib1P it \Vas attempted to tr·iangu1ate Uw foJ1owing featuJ'(:S in 

- Tllf• t'f'!ll <'t' ol' I h!• neut ra1 cloud. 

- Tlw sharp (tr3.i1ing) edge of th<-• ion cloud, lll' end-most 

s t r· i :1l ion. 

The diffuse end (leading) edge of the ion c1ouc:l. 

!.'or· each cn:nt tr·iangubted a comparative set of photographic plates is pr·e­

scnt<·d, side: by side, of the developed ion cloud as seen from each of tlw two 

t riang·ttbt iun sites (Eglin C-6 and Tyndall 0702). This data is irwludl•d in 

orclf'r' tn airl in llw interrretatirm of the triangttlated fealta·es and, more 

gcnera11v, to illustrate for a given event the contrast in cloud appcar·ancl· 

;ts ''function of pcr·spective. 

Un thr· accompanying plot::; of barium cloud motion the nominal sub­

r·eleasc point is c!r·awn as a solid cir·cle with the r·c1c•ase tirne in hours and 

mimttes. Thl' svmbols for cloud feature position as a function of time an~ 

sh()wn ;1s minutes a,:,:r the (same) hour (not releasC-!)lus times), except for· 

l·:sther and Fcr·n which Ctrc shown as rninules after tlw following hour·. 

i\ summar.v table of ca1ettlated cloud velocit ics is presented at th<• 

('()1\('lllsion or this Sl'Ction. This clatn is qualified and attention should hr: 

paid to the relevant discussion at that point. 
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l·'ig·ttr·r' S. 1 shows both the neutral and ion clouds at H ·I 21 and 

I{ I :2li minutPS !'or· J>[{J·:~TilESS r·:vent Anne, from Tynda11 and C-6 sit<.!S, 

r·c·sj't'C'! i1. l'lv. ln lhl· Tvnd~tH photograph the slope of the field <:1ligncd (und 

st r·i:ltcd) iun ('1oud fr·om uprer 1efl to uprer right corresponds to higher 

(sc>ulhl'l'n) and lower· (northern) altitudes along the field lines. In the C-G 

ph1>t rJ.~r·::tph, howc,-c,r·, hec:.1usc of the critical per·spectives with r·espect to 

the field lines, tipper lc>ft is the lower (northern) end of the ion clOtrd stria­

! JOt!S, whi'lc lowtT r·ight is the upper· (southcr·n, conver'ging) end of the 

l·'igur·e 5. 2 shows the neutral and ion cloud tr·acks of Event i\nne 

t'r·on1 n·le:1c>c to 1\ '2-1 minutes (neutral) and H + :30 minutes (.t • .r~ailing stria­

tion) .. ·\l ll ~~-so mintttcs, (2:~:42) the striation was measun~d to extend fr·om 

l:JO krn ;tt tlw nor·lhc·r·n 1owt·r· t~ncl t.n an altitudt~ of 205km at t.!w soutlwrn 

upper· end, as shown in this figur·e. The triangulated vertical motion of the 

clrHiri !'c•:lttJr'<~s in g<'lwr·al is plotted in Figur·c 5. :3. The swt'C'P of tlH' curves 

upwat·d bc.'·rmcl H.+ :25 mimrtes is indil'ative of Uw sun setting on the lower 

r~xl r·cn1 il ics oft he cloud which thus appear to be higher in altitude. 

In l,.igur·c 5. 'I lhc ion cloud of Pr·o,ject. STI~I~SS Event Betty is shown 

at I{ ' "t2 minult•s ;ts scrn frorn both Tyndall and C-6 sites. ln the Tyndal1 

ph()\l>gr·aph the lower· por·tion of the imagt' rPprcst~nt.s the lower·, northerly 

end r1f the inn clnucl. This corresponds to the lowet· left (str•iatcd) portion of 

tlw imag-e~ r·t·rn·r•scnling lite C-6 pcrspcclivL'. 

, .. iL~'IIf'(' :;, 5 shnws IIH' cloud tr·acks or thv !·:vent Betty neutl'al cloud 

I!J I{ :1:2 minu!(~S anr! tht' ·lower· end ot' a str·iation, idr'nlif'it'd :1\ 11
:'\
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U 3t1 r n i r u u u f u - s ,  \ l s o  shown  is t h u u ’  1a~~l r n u ’a su r a b l e  p o s i t  ion of’ h i t -  l e a d i n i g

(-‘ h gc at U + - I l  n u i h n u l ( - s .  If uut ii the c - e n t e r  of t h e  ru - i l l  n -al cloud :uuch t h -  t r a i l —

i r ig u- u l gc- ot  t h e  ion cl ot i t l  i i  uuc - c d  v t - n - c’  rut-a  n ’ly ch i t -  c a s t  du r i ng  f h i s  c-v u-n t

5, 4 L v e n t  ( ‘ n t r ’ o l y t u

I” g c r  m- 5 . 6 shows  f h i t -  c-ornpa rat l ye  c- i ew s of Ev ent  ( ‘ar-ol vu u at R -( 36

and U I 40 minutes. (ii both the  Tyndall  ~un cl C -6 ph o t ogr ap hs , thc - i c - f t  010sf

t ’n ti of ’ t h e  st r ial ions is  down and to  t h e  n o r t h .  No nu t ’u t  n a l  c ’ic ud is cc- i ‘I c-nt in

l i t - se  p h u t u t  ograp h s.  A u  la t e r  t i m e s , the  T yndal l  s i te  was able  to v i e w  t h e  j u l 1 1

c i u n i d  e s s e n t i a l ly  t ip  t h e  f i e l d  l in - tes passing t h rough  the  st r i a t e d  c- loud for  a

shor t  pe r iod  jus t  be fo re  I he sun sc’t otu the  cloud.

I- ’ igu re 5. 7 pl of s the  mot i on of the E v cc -u ut  (‘a rcilyn ne ut  ral  c-I mid cen t  en ,

t h e  w e s t er n  (lc-adin~~) edge of t h e  ion cloud , and f lu e upp en - end ( o n u l v )  oh’ f l i t -

f u u r u - n u n s t  east  t -m n  ( f r a i l  hu g )  st r i a t i  tnt ( I - ) . ‘(‘h ie h i c u t  ral c ’lo iud was incas ured out

out t o  U + 33 n u i nu t e s , and th e -  ion cloud t o  II 30 nu m i t t  es. In  t h i s  in st u nc - t -

he n y u ’  n-all cl m ud  mu) ion was east southeast .

5 , 5 Even t  D i a n n e

The c o m p l e m e n t  a n -v p e r sp e ct i v e s  of ’ l -~vent  I ) i a n u n e  f rom T ndall  and

(‘—6 a re  shownu in the  F i g i t  mc 5. 8 ionu c-loud phc)l ograp hs at H -4 34 and U + 35

nu m u t t  es. This  even t  was somewhat  un i q u e  relat i c e  to  th u -  t w o  p re-c i on s e v e n t  s

released  at about the  same solar depress iotu  auug lc ’ in t l u a t  the cloud e x h i b i t  eel

b o t h  sign if ’i c ’an u t  east — w e s t  l o n g i t u d i n a l  ch i st  oct ion as w -1l as d e t a i l e d  St i-h i t ed

st r u i c t  u r e  in  i t s  m i d — s e c t i o r u  at Tat er t i m c - s ,  ‘(‘his l a t t e r  o b s er v a t i c t r u  is  mu -Ire

c le a r ly  u-v i denced  in F i g u r e  6. 10 t a k e n  f’rom a C — 6  hu gh res olut  ion p h uo f og r a p h i c

r - ec ’ c c r - t h _
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Tile• t r·iangubtecl cloud tracks of ]•;vent Dianne arc shown in Figure 

:i. ~l. The tH·utr·al l'c•ntPr is plotted to l{ + 20 minutes. The fcwcmost tr·ail­

in.t; cd.~·e str·iation is plotted to H +:~?.minutes. The lower (northern) and 

tipfwr· (soutii<•r·n) c•rHJs of the edge most str·intion are shown for· 15, 21, and 

'!7 rnimtfr·s :ll'tf'r· tiH• holtr'. /\clashed line connPcts the lower· end of the 

st r·i:t! ion with lite corT!~Sponding position symbol for the leading edge at a 

,gin•n linw .. '\t :n minutes an cnsembh• of :3 striations is shown-- also 

<·ortn•·cl<·d lrJ tlH· corTesponding lending c•dge position by dashed lines. /\t 

this bttL·r· lime, the lowor· end of the edge striation was triangulated to a 

11 (' i _g h t or 1 G 0 k rn an d t lw u p p c r· c n d t o :1 h o i g h t of 2 1 0 k m a lt i t u de . 

}.'igur·e 5. 10 shows the relatiH• shap('S of the Event Esther ion clowl 

:1t I~ ' hour· :~g minutes as seen from the T,vnda1l and C-6 tri::mgttlation 

sitc·s. !)•·cause or llw ncar·ly up tho field line per·sfwctivc of the Tyndall site 

the· str·iation im:1gcs fr·om this site show remal'!-;abh' definition and idr•nlit,y. 

ll is \\'tll'llt r·<'m:n·king again that c•vcnt Esther was the fir·st of two events re­

l(•asr•cl si.t;nifi<'antl.v lH'frn·c SllllS<~t to ascertain tlw lat.e time striation for·rna-

li tltt and 1ungevily characteristics. While iL was extremely difficult to idcnt.ify 

common fc·alures from the C-6 and Tyndall perspectives, !.he gross cloud 

motirm was alJ1c to he· determined as a function of a group of trailing sl!·ia-

l,.igllr·c· ;1, 11 shows t.he n~sults of lhe triangulation rneasur'<'mc>nt.s of 

the latr time I·:vPnt I·:stlwr ion clO\ld. No neut.r·al cloud was apparPnt t.hr·nugh­

ottl tlw obser·\·ations. Tlw motion of a group of 5 str·iations (later 4) from 

I{ 1 1 lwttr· 2:1 rnimtf.es (00::10) to H I 1 hour 41 minutes (00:42) at. 150km 

altiludr· is plotted. The position of the stri:1tion gr·nup at a given tinw is 

sltown cnnnt'C'I<'d with dashr•d lines. The extc>nt of t.hc cloud at I~+ 1 hour· 

2:~ minttfr•s (00:24) is also shown as a <bslwcl line! connc_~t.ing t.lw leaning edge 
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C i t  uI  :i s i  u c g - l I ’  St  n i  :11 i ( ( I i  —

5 , 7 h - c  u - l i t  I ’ r r h r

( h i t  l a t J  l i r l i c ’  tol l ( ‘ l ou th  ut E v u ’ r u t  (“ ( - n - t i  ~S shown it i I ” i g u rt ’  5 . 12 C u t

I I  - I b u t  t~u n - -I S u t u i  I i u u t  u -s au~d U 1 1 h u u c c  r— 5- 1 nu i n u t u t e s  I ’ u - c m u  ‘Ft r id :i  11 a u ui ( ‘ — 6  Silr ~~,

l ’ t ’ S b n I i c  cit . T b u u ’  ( - ‘u - m c i  i o n  c i t u c u d  n u t t \  -d c
_
I - I - C  si , w I y . h - ’ n ’u oui  ( ‘  6 t h e  r - i u t c u t l

:uu )p I-:i i- u - I f  vu ’r-c- d i f ’f ’t r se  w u f b  u u n d e l ’in ed  st r u u u ’ t c u r - t , h” r - o uu i ‘I ’ s r u d a l l , h u c l w ( - c  u - c ,
p o c - t u or is  01’ l ie c - l n c i d  i t t t ’ C l I € ’ t b  c ’ l r i ~~n- t o  a lt  i l l t ! u u  t ’i e id  l j t c t -  p r ’r ~s b ) t ’ ( - f i c t ’  c c - u - u - u -  c c i u i u ’ i c

1 0 1 1 c c ’  ( h ( ’ t t h u i t u ’ . \n  l ’ x l t l u l p l t ’  of t h i s  is the t i n t -  St m u t t - t a r - u -  tn-:u m f l u e ’  b ) u i h t o n i  l u f f
r’ u - g ~~nn  t t f ’  t h u  i nn i t f l i cg t ’ . ‘ F r i a u i g n u l C u t  coil cc-as 1 ) u l s s i b ) l u C  n l u l c -  t o  h o -  e x t e n d  t t t ’

t ]  l i l t  4W u u ] g  a it -Cv St rout i t  I l l S  h ’u u u ’ i i  lii i f  ( ‘d h i  t n t - s  -

h - : c-c ’ c ct  Fu r - ni , as t n t  t b i c ’  m u S t -  of I - st h e n ’ , did riot e x h i b i t  a t n - c i t  cal - l o c c c i

i t  the l a l t -  I ir on - s b c ’  a - h u h - h  p h u ot o g n ’ i i p h u i c ’  cnc-eu’age- cc -a s o h u t a i n c c ’ d .  \ iuu ’e  o : t - l - ,

1 f i I L -  Si I - I t c h  dm a -  u c I l s  r e a d i ly  ud - t i t i I ’ i~uh i e  I rnn i  t W t )  f r ’ u i i r i g u i h i i t i n t i  s i t u - s .  l a o

~~L l ) I i t i ( - a r u t  St n ’ i a f i c i n u s  a u-me f r i a t i g c t l a t r d  C 1 5  lu - st  p l i S i - l i h u l u -  acid ~i r t -  p1~~b f e d  in
( ‘ u gI l  me 5 . 1% , o’. u i -  a u t -  r i n d  of’ U I l in cu u ’ 35 tuu i m i t  u - s  t o  H I b oc c r - 56 m i n n c u f  u - s .

I n  g e n t -  ral f ha -  I on c - i much ni oc-ed w i t h  a m cm l i v t ’ l v  sl 0cc’ c loc ’ i t  ~ and cvas  n b C  IS

h i s c  in ( ’t  c~~~’ iu i S b r c u u - t u r - u ’  as f l i t ’  p n - i o r  cc- c - n u t s ,  
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5 , II ~—~‘t ’R I :~
—
~~

— + \ t ’Ini it ~ Suihuitllal ’\

I h i  o r - d e n -  I n  p i ’ u u c i d u -  ~u h u a s i s  f O h’  u ’ u u m p a h ’ in ig f l i t ’  n ’ e l a t i c  u - h u ] n l j o h i  of ’ f lu-

S ’F h f l  ~~~~~ clouds  w i t h  eac h ] i l b i t - r ’  and  c v i t h  c ’ i t n - r ’u - s p n n d i n u g  u u i e a s ) m r e n u e r i u  s t ’r ’ u u n u

I l l  b u t ’ r ’  open ’at  i n c u s , f l u e  c c ’ i o ci f  i t _ s  of ’ t h u  -h u t i d s  h i a t t ’  b - u t - u - t i  i - a h u ’ u i l i u t  u - d .  -\

S C ] t u ) u u i l c r ’ c  it! t h u t - s u -  c u - l o c ’ i f y  ( - a l c u u l l i f  in t o—i is p I ’e st -~h m t e d  in ‘I ah l u~ 5. 1 (‘to’ , wht ’i ’ c

p o s s u l c l u ’ , f l i t -  r u c ’ u u t  r a]  c e l ] t u ’ I ’ , f l i t ’  I n - a i l i r u g  t - d g e  n t  c’eg in ? ] , C l I n t  t I n t ’  c-loud l i - a d —

l u n g  I - t l f l u - . \\ t h i n  I l l ] ] ]  u n b ’ t h i l s I ’  c ] t l c i u ] u c i : u c ’  g u ’ C u i ~~)S M u ’ ’ g i c  c-cm t h u t -  c a s t — w e s t

l ’ i N- i C V  c m ] i p o r n u - c i t  - t h u  t u l t a l  \ e l o c ’ i f v  ( h ob h m u  u n e t t - t - s /  s u - ( ’o h i d )  and  t h u e  -
‘ I l l i c i t  V

a:’i r u i t i t  hi .

‘F l i t ’  v e l i t c ’ i t v  t - a l c u u l a t i o c i s  t c u - c ’ u ’ pt~n ’ t c t t ’ u u i u - d  oIl C C l b m u l l ] l  u - d  I m i a c i g u c i l i t i n l u

data C I I  t i N - u - S  f o r ’  cc- h u h  C h i t - n - u-  Ct’CIS ( t i l d f i l I I O t ] i S  d a t a .  ‘l I n u s , ih i  ger ic-ma l , na - c it I -a l

ci ‘id  d l i  I : u  ( u ’ - : t - u - p t  E sh  hem a t c c h  I ’ m-n f o r -  cc l i i  r h  c c u u n c u -  Cc as C ~sib i  & ‘ )  Cc 15 01)111 (ti ti

tb c l  c - i  tu g  I b i u  - (‘It n ’ l i u - n ’  b i ll d u l l )  t i f ’ I h u e  c i s  ih i  e u ’L o i d  h i  St u t r ’ C  w h c  i l u  - t he i O h) c i  nod

( 111111 n ’ u - f i t - ~ - l  S t ’1~~ id b u s t  N - V  l’ i ’pl ’ u s r l i t  Cil i v t ’  of t l ie  u n i d  t o  l a t t  u - m  p u n - f  io n  of

-
‘ i Su b l e  pc ’] ’n od . - \s  a ( ‘ o u ] s t ’ q l ] t ’ n I ] - u’ , for ’  t h i s  a t u d  c ut  b i e r -  n - t ’ a s u ) l i s  l ’ u - l l l ’ t ’d t o  tb -

soon-f (l O u - s  d i f ’f ’ u c n t l t  t a s k  - ‘ 1 ( h i - I  i l i i I 1 ~~ a t e I n t I t I ’ , -  s i m f l ’ic u - h I ( l v  and act - Icc - a c c-ic from

I w o  - ‘ - i c l u - l y  s e p a l ’ a t u - t h  s i t  c’s , t h e  r ’ e s c i l t : u c u t  d a t a  n u u u s t  hc ’ u sed cc - it  h i au a p p l - e c i a —

I ’ l l  of ’ f l i t  p u t t - n t  Oil v a n ’ c a n c t -  c l i  f l i t ’  n t r n g l u i t  u m d c ’ s g n u - c - l u .  \ c n  a t t e n u p f  cc-as m ade

t o n -  e v e n t s  ft -fly and ~ 
- a m o l v t t  t o d t t i ~it ’ t h e  a ccCn c a  cv  of t h e  c a l c - u m l a t  ion s  a tnd

t h u - s e  ‘ a L I t - s  lll i g h u t w c - l l  h u e  u s c - c l  115 CI gu i d e  t o  i n i t t - m p u ’ e t i t u g  f l u e  r ’ t ’n u a i u i i n g

c - m c i d a t a .
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~~t - :( ” l ’I ( c \  6.

S’ l’Ul - \Tf  )\ ~~I ’ ;\ ’ l ’ l - \( .  I - ’R l- :Qt ( - \ (  \ - ‘c ’c- \  ( , \  s- IS

6. 1 - \ c i a l c  SIS P m o m - d i u r - e

t h i g h  resol iut  i nn  b l ack  ari d cv b u t t -  f i l m  n c-cor d s  cc’ c ’me m a d i ’  I n - u )fl i t h i  -

1-g i i n  ( ‘ -6 s i t e  f o r ’  c-zn - li t u b  th in -  ~ ‘Fl ~ t - S ~ h a n ’ i m u i u i  imu u ’ lo u d s .  Of th ir st’ five

events , f ( a i r  ex h i b i te d  s u g iu i  f ’i cali f s I r  ia t  i o hms  t ’ mo nu t h i s  p -rspec ’ t it  t -  as to

be s c u i t a h i e  b r ’  a n a ly st s .  ‘ 1 ’ h i u - ~~c’ Cc- u - r e -  u t  4 - I l l S  H t - t t v , ( ‘ ar ’o lvn , D i z u l u n t ’ , and

h - ; s t  h e r .

Da ta  f r - am c - -s w e r e  se lec ted  f r o m  each of t hc - s e  i - v u -u - i t s  (t cc’n f r o m
(‘a ro lvn  and one f r c m each  of t he  othe r  t h t ’ ca - )  as b e i ng  most  a p p l - t l f ]  I i  C u t  t -

t e c h n u c a l l v  ( an i d  s u i t a b l y  m e p r e s e ] u t z i t  i c e  of f l i t -  e v ( -hc t ) f o r  s p a t i a l  i ’r e q i u en c v

a n a ly s i s .  :\l1 da t a  d iscc]ssed  b e r t -  was  o b t a i n u e d  f r o m  Ci 30 0 m m  c a n u t - r - a

sy s t em loca ted  at t I n e  l- g l i t c  (‘ — 6  s it e .  Tbu e  f i l m  used  in t h i s  (-aN - c- i- Ct w a s

T r i — \  Pan and was dcc eloped h o  a I) log I .  s iopt -  s u t m e w h a t  g r e a t e r  t h a n u  u t n u i l v .

The d a t a  t ’ r -anu es  we re  sca n un t - u l  on a I m ar i s m i s s i o n  m icr o p h o t o m et e r

w i t h  an e f f e c t  iv t ’  sc ’anniu ig  ap e r f  cur - c ’  of 50~i x 0 Sm nuu , T h e  lu m g  ax is  of thuc ’

s l u t  was o r i e n t e d  p c - r p € - n d i c u l a r -  t o  flu e d ir e c t  ion of nn ot ionu . The v a lu e s  of
r a n s m i ss  con v s  i ma g e  p o s it i  (0] w e r e  d i g i t i z e d  cv ( f l u  i u p p r o x i i u u a t  c iv 2000 dat  a

p o i n t s  b e i ng  o b t a i n e d  nc c r -  a I Vp i  c-al di  IC) i r i S  on uif 20 n uunu . ‘I ’he s n  s i t  oniet  m i t ’

procu-ssing c-ct ry e  was  sc a n n e d  s n u h u s e q n u r n t l c  and a c h t - n s i t v  \ -s log e x p o s u r e
(‘circ e r um  p u t t  ed_ \\- u t  bu I lit a hI oh ’ l i i i  s ( I I  c - ’ e -  t he 1 c a n t  s n n  i Ssi (in p r o f i l e  tu f t h i n ’

i m a g e  was  f l i t - n c  c- in c  e rt  (‘d and p lcfl  t ed  as rc ’lat i c e  c -ad ia u ice .

T hr  n - u - ia  f I v e  mac lb inn’ e cv a s  U eN t  h - ’ o u ] r - i e  m t mans for -rn ccl cc - i t  h a ha r’ gu-

c’ u c m fi t c h  ( ‘  r m l  t h u  z ing a ( - nol c v —  ‘I ’ t u I ’a-v al gnr - i t  h 10 fas t  I’ cot Hen- 1 ran s fom cii - ‘(‘h e

mr s l i t  i rug dat  a wit s t he n p 1 ( dl  f t  ‘d as  pow en ’ (a ru p 1 it ode sq u t a r i - t i )  c s log spat  i ai

fr c q c t c- rn e c ill 1 i n n - s i  cn n) -

6
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I

hi , 2 ~-~paI u C i l  l” c ’ e q n u u n c - c ’  H t - s u l h

F l u e  t oni ‘ l u n t d  d a t a  l ’carne s  s u ’ i t ’ c ’ t  ccl t om an alysis fur - spz-cf uti t r u ’ t b u m u - n ] u - v
c-u n it (- l i t  zc u t  - t a b  r u l a t c -d  in T ahi c’ 6. 1 bc c c - u - c i t  , dat  ii I t-a mt . ’ t u u i t i n l u t ’  r’ , auu cl t ruic

at ’t u - u -  t -e lease . (‘ nc’ I I I  c l i  of ’ tb c-  d a t a  t hut ’ f’oil t rw i n n g  is p r o v i d e d .  I” irs i , a
p h iof  og n -ap h ic  p la te  shmcc- t r i g  t h e  dat  a fS’zm n i  e s c a r m u i c c h  t oget l i t -n -  cc - il h 1 l u -  n -c ’gu on
sea l ih ] c - cb ( u c h t n n t j t ’ iecj by t w o  w h i l e  l i n es bet  wren  w h u i c b u  I hu t ’  scan c vCu ~ t U C i d u - ) ,
\ eXt i s  C-II u ocvTu t h e  c o nu p u t  ed m c l a t i c - -e r a d i a n c e of I be de ius i t  V s t a r t  1 1 5  a b’iu r i c ’ t  ion
of’ d i s t a n t- c  on t h c-  f’ i l nuu , g iven  un  m i l l i m n e t  n-n ’s.  ‘l ’his iN -  t-rni edlilul l -  St C~~ de c - i c  t ’s
fr’coui  liii- tn t  i i i  za t  i o n c  of a c a l i b r a t e d  st c~p wed ge u ’xpo s t - c l  on tiuc-  sanue k i t u d  ( i t

e m u t i s i u n u  c c ’ i t }u  cvbu ich  t h u  d a t a  cc-as exp ccscd  acid , when  p lo t f  t - d , pr’ oc-idu- s a

q u a t i t  t h a t  ic -c u-orr-elat i on) of’ t h u c  c i sua l  st n a t  1 N-i image .

Tlue t h i r d  pr - s e n u f a t i o n  is t h e  c o r r e sp o n d i n g  l-~o u u r i e m  f r an s f or rn , t h e
s p a t i a l  fi ’equenc ’v as a f’u u u c t  ion of ’ opt ic ’al p owt -  r. It  sh uo cu id  be p o i n t e d  o c u t
t h a t  flu) da ta  f i l t e r i n g  cv~cs pe rformed m u  t h i s  a n a ly s i s , as i s  so tii e t i r ne s  don e
by sonic g roups .

The data g ive tu  above in l i t u e s i mm  can hr  con v e r t e d  t o  object d im e n -
sions i f  t h e  f oca l  le n ugf li of t h e  l en-s  and r angc - t o  n h u e  ob ject  is  k n ow n  - : \ S S I I I t l  —

ing a nom inal  ran ge of 200 km and u s i n g  a focal l e ng t h  of 300 num , a s p a t i a l
f re quen t -c ’  oh ’ otue , f o r  e x a mp le , wou ld  cor respond  I n  an ob~ u - c ’ f  d i n u c ’n s i c u n  of
ab c-act. 660 m et e r s ,

‘.17 
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‘ I ’ \ H  I I- hi. 1

~‘~b \ I \ I  \ U~ ( I I -  ( ) - V I ’ ~\ \~~.- \ L \ z ( - : I)

c -itt I )af a ( - ‘ t ’ l u u n m t -  ~Fi cr iu ’

N t - c r c  7~~- t : - I -h — 16 ’i  1 3b1 m i t i  47 sec

(‘ : u u ’ o l c r u  7353 1— 142 1 2t1 t u u j r i  04 St-c

(‘arolyri 7 3 5 3 4 - 2 1 1  R ‘ 37 n u i n i  08 sec

l ) u a n t i c ’  7 3 6 3 4 — 2  15 l( 37 m m 26 sec ’

1- :sth i t - r  7 3 7 3 - I — I  1-I I 1 hum 31 min i
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ATTN : X P FS , B. Ste phan Cen - r u t l  E le et r i , - I:,, — E I - 51’(,

Center  f,,r A d v a n c e d  S t u d i es
1)EPAR’TSIENT OF ENERGY ATT N: S . Knapp

S E E N  : (A S I A l
Law ref lce Live rmore l a bo r ,  t o r y

AilS: b c .  Con, for Techn ica l  Informal i 1  IS-pt - ( e n c - r , l  R , - -u , - , r c l ,  Corp~,rat ion
Santa Ba rbara Divis ion

• Ic ’s A l , r , c ’ s  Sc id l E  iIic Laborato ry  A i l S:  .5.  Is,- , S r .
ATT S : Doe . Con. or R. Jef f r i e s  A I 1 ’ i : j . I arh ar ino
S E E N :  Doc. Con. for 3 . W o l c o t t
AilS: Doe . Con. fo r  5 . Mn,, ( c-op l ,vs ica l I n s t i t u t e

ln i v e r s i tv  of A l a s k a
Sandia Labora tor ies  AilS: Tec hn ica l  l i b r , r v

•-STTN : Doe . Con, fo r  W . Brown
ATT N: I c c .  Con. fo r J . Mart in  U~~ive rs i t -  ,,f illinois
AIlS : Doe. Con. fo r I. Wright  Department ‘I E l , -  In ca !  Eng inee ring
SITS: floe. Con. for  D. Dahlgren AilS: K. Ych

n O R  GOVERNMENT AcENCII -: S inst i tu te  l,,r Defense A n a l - s . - 5
ATT N: E. Bluer

(S-nt r~ I Intell igence Acs on 5
AIlS : RD/SI , Rm. 5055 , 15g. B ldg. for Fnternat i , ,nal Tel. & Te legrap !, Corp .

o S I / PS TD ATTN : Technica l  I.ibrar’

Inst it , , t , -  fo r Telecommunications Sc iences  JAYCOR
Not iona l Telec-o mtm,n icat ions I Info. A,Imin. A T T N :  S. Goldman

AilS: W. St 1 (Itt
Johns Hop kins l’nivers lt v

5 55.5 App lied Phys ics  L~tl~.Go dda rd Space Flig ht Center STIN: T. Potemra
ATTN: P. Corrigan -ST IN: Document Librarian

-STIN : J. Dz,ssou las
EIEI’ARTMFNT OF DEFENSE_CONTRACTORS

Kaman Sc iences  Co rpo ra t ion
Ae rc s ;coc -e  Corporation AT IN :  T. M- ,g I : e r

-S T IN: N . S tock w el l
ATT N: I. Garfunke l Linkahit Corporat ion
A TTN : SMF,S for PI~14 STT N: I. Jacobs
-5115: 3 .  C a r t e r

Onivers i t- S of Lowell  Rs, -l, - Foundat ion
Berkeley Research Associates , In c. ATTN : K. Bibi

AIiM: 3. Workman
MIT Lincoln la b .

Boe ing Company AIlS : I). lowly
ATTN : 1). M,i r ray
AIIM : C. Keis te r  McDonne ll Douglas Corporat ion

AilS: Technical  Library S,- r v i c e s
C l c , r I , - s  Stark Draper Lab., Inc .

ATTN: 1). Cox M i t r e  Corporat ion
ATIN: 1 . Gilmore ATTN : I-S C—s t - r

ATT N : S. I-Sa i l
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‘ lit re Cor p~ r,tt ion S c i e n c e  A5 ,l,l i ,a t  i,’,,s , In, .
AT I N  : Ii . Sen ATT N : I). Ham lit,

AITN: I.. Llnts,,n
‘ l I s s I c ’ , ,  Resea rch Co rporat  ion A i l S:  II. Sac lts

AIIM : K. Hendr ick
A E I N :  K. glib SRI In’ernat lonal
ACES : R. Rogliacli ATTN : C . RI,,,,
A ll’S : I-’ . Fa j en AilS: W. Chesnut
AIIM: D. Sappenfield ATTN : 5’. Oc,nzu,l,-s

AIlS: K . Hake , J r .
R&D Assoc ia tes  ATT N : U. McDanlels

AIlS: W. Karzas ATIN: K. Leadabrand
AIlS: C. MacDonald
AIIM: R. Lelevier Technology Internation.t I Corp.
AIlS: I!. Gabbard AITM: W. Boquis t

AT TN: I. Fitzgera ld
Rand Corporat ion AIIM: C. Best

AIIM: S. Bedrozian
AIIM: C. Cra m
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