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This  i n v e s t i g a t i o n  of t h e  I) and Emregions of  t h e  ionosphere i s  a 

con t inua t ion  of a program conducted j o i n t l y  wi th  t h e  Univers i ty  of I l l i n o i s ,  

The GCA Technology Divis ion  e f f o r t  has  prev ious ly  been conducted under 

c o n t r a c t s  NAN-820, WSV-ll4l  and WSf4-1482. A t o t a l  of 38 Hatinches of 

~ k k e  Apache rscleets has  been wcomplished between April 1964 and September 

1969, as ind ica t ed  i n  Table l, O f  these ,  29 have been eomp%ete%y success-  

f u l  and fou r  were complete f a i l u r e s  (k4.229, 14.292, 14.309 and 14.309). 

The r e m i n i n g  f i v e  a r e  considered p a r t i a l l y  successfuk s i n c e  u s e f u l  s c i e n -  

t i f i c  d a t a  were obtained from some of t h e  experiments (14.248, 14.271, 

14.302, 14.293 and 14,393).  

The s c i e n t i f i c  o b j e c t i v e s  s f  t hese  preceding programs have covered 

many a r e a s .  Some of t h e  more important  a r e :  (1) Development of t h e  ion-  

osphere a t  sun r i se ,  (2) seassna3. variatiozd at. s o l a r  minimum, (3)  1ati;:udinal 

v a r i a t i o n  a t  s o l a r  minimum, (4.) seasonaZ v a r i a t i o n  a t  s o l a r  imxirnum, (5) 

d i u r n a l  v a r i a t i o n ,  (6)  t he  s t r u c t u r e  of t h e  n ight t ime ionosphere,  (7)  

w in t e r  anomaly i n  t h e  D-region, (8) Sporadic-E, (9 )  e l e c t r o n  temperature 

of t h e  E-region, and (10) O2 and concent ra t ions  i n  t h e  D-region. 

The r e s u l t s  of t hese  i n v e s t i g a t i o n  have been publ ished by s t a f f  mernbers 

of G U  Technology Divis ion  and of t h e  Univers i ty  of I l l i n o i s ,  i n  some 

cases  spea ra t e ly ,  i n  o t h e r s  j o i n t l y ,  

The program is  t o  be cont inued wi th  an i n v e s t i g a t i o n  of t h e  ionosphere 

d u r i n g  t h e  ec l ipse  of 7 Marsh 1970 and hates i n  t h e  year ,  a n  attempt t o  

measure the electric,  F i e l d  rin a Sporadic-E Layer. The e f f o r r  oc' the period 
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r e p o r t e d  h e r e  h a s  been a lmost  e x c l u s i v e l y  r e l a t e d  t o  p r e p a r a t i o n s  f o r  

t h e  e c l i p s e  r o c k e t  launches. 

The t o t a l  s o l a r  e c l i p s e  of 7 March 1970 p r e s e n t s  a n  e x c e l l e n t  oppor- 

t u n i t y  f o r  sounding r o c k e t  i n v e s t i g a t i o n s .  The launch s i t e  of t h e  NASA 

Wallops I s l a n d  f a c i l i t y  i s  w i t h i n  t h e  p a t h  of t o t a l i t y .  and ,  a s  d e s c r i b e d  

i n  more d e t a i l  i n  S e c t i o n  11, t h e  c i rcumstances  of t h e  e c l i p s e  a r e  f a v o r -  

a b l e  f o r  r o c k e t  launches  i n t o  t o t a l i t y .  The behav ior  of t h e  ionosphere  

d u r i n g  a  t o t a l  ( o r  n e a r l y  t o t a l )  s o l a r  e c l i p s e  has  long been r e c o g n i z e d  

a s  a  v a l u a b l e  s o u r c e  of i n f o r m a t i o n  on t h e  problem of i o n i z a t i o n  e q u i l i -  

brium. The e a r l i e r  t echn iques ,  u s i n g  ground-based r a d i o  p ropaga t ion  

t e c h n i q u e s  were  s a t i s f a c t o r y  f o r  t h e  E-regions  and above bu t  p r e s e n t e d  

problems of i n t e r p r e t a t i o n  i n  t h e  lower p a r t  o f  t h e  ionosphere .  More 

r e c e n t l y ,  s t a r t i n g  w i t h  t h e  e c l i p s e  o f  20 J u l y  1963 and a g a i n  I n  t h e  

e c l i p s e  o f  l 2  November 1946, t h e  ionosphere  h a s  been observed d i r e c t l y  

u s i n g  r o c k e t - b o r n e  p robes*  I n  t h i s  l a t t e r  e c l i p s e ,  t h e  probe was combined 

w i t h  a  p r o p a g a t i o n  experiment t o  g iven  e x c e l l e n t  d a t a  on t h e  D-region. 

Though t h e  v a r i a t i o n  of e l e c t r o n  d e n s i t y  has  been t h e  pr imary o b j e c t i v e ,  

o t h e r  p r o p e r t i e s  of t h e  ionosphere  and t h e  i o n i z i n g  r a d i a t i o n s  can,  and 

have been i n v e s t i g a t e d  d u r i n g  s o l a r  e c l i p s e s .  The v a r i a t i o n  of e l e c t r o n  

t empera tu re  i n  t h e  E-region d u r i n g  a n  e c l i p s e  g i v e s  v a l u a b l e  i n s i g h t  i n t o  

t h e  problem of  the rmal  e q u i l i b r i u m  ( o r  l a c k  of i t )  between t h e  t e m p e r a t u r e  

o f  e l e c t r o n s  and the  n e u t r a l  atmosphere.  

The o b s e r v a t i o n s  of p r e v i o u s  e c l i p s e s  have suppor ted  t h e  view t h a t  t h e  

ionosphere  i n  the E-region remains in equilibrrum d u r i n g  a n  e c l i p s e ,  



r a d i a t i o n  from t h e  solar corona i n  t h e  X-ray r eg ion  of the spectrum be ing  

t h e  i o n i z i n g  source, It is ,  thecefore, important  Go observe the X-ray f l u x  

i n  some r e p r e s e n t a t i v e  p a r t  of t h e  spectrum. Other s i g n i f i c a n t  measure- 

ments of s o l a r  r a d i a t i o n  f l u x  t h a t  can be  made wi th  r e l a t i v e l y  s imple 

ins t rumenta t ion  a r e  t hose  of Lymn-a (12162) and 26002. I n  a d d i t i o n ,  t h e  

abso rp t ion  p r o f i l e s  of t h e s e  t w o  r a d i a t i o n s  g i v e  t h e  concenerat ions o f  8 
2 

and 0 r e s p e c t i v e l y ,  i n  t h e  D-region. The sigraif?cance of t he se  measure- 
3? 

ments i s  d iscussed  i n  Sec t ion  111, 

The ins t rumenta t ion  f o r  t h e  payloads of t h e  Nike Apache r o c k e t s  i s  

desc r ibed  i n  Sec t ion  3-T. The payloads r e q u i r e  r e l a t i v e l y  l i t t l e  modifica- 

t i o n  from those  prev ious ly  flown and a r e  designed f o r  economy, r e l i a b i l i t y  

and o p e r a t i o n a l  s i m p l i c i t y .  



I -TAL SOTAR ECLIPSE OF 7 MARm 1970 

The path of  t o t a l i t y  of t h e  s o l a r  e c l i p s e  of 7 March 1970 s tar ts  i n  

t h e  P a c i f i c  Ocean. It c ros ses  Mexico and t h e  Gulf of Mexico and reaches  

t h e  U.S,A, i n  no r the rn  F lo r ida ,  about 250 km e a s t  of t h e  sounding rocke t  

launch s i t e  a t  Eg l in  AFB. It t r a v e l s  northward along t h e  c o a s t  of t h e  

sou theas t e rn  s t a t e s ,  leaving land i n  the v i c i n i t y  of Norfolk, V i rg in i a .  

The pa th  c ros ses  t h e  eastern-most p a r t  of Massachusetts and Nova S c o t i a  

beEore ending i n  t h e  North A t l a n t i c  Ocean, By a  most remarkable chance, 

t h e  launch f a c i l i t i e s  of t h e  NASA Wal.lops I s l and  S t a t i o n  a r e  w i t h i n  t h e  

pa th  of t o t a l i t y  and, equal ly  f o r t u n a t e l y ,  t he  t ime of t h e  e c l i p s e  t h e r e  

i s  c l o s e  t o  mid-day. 

The geographical  s i t u a t i o n  i n  t h e  v i c i n i t y  of Wallops G l a n d  i s  

s h m  i n  F igure  1. The loca t ions  of t h e  main base ( 3 7 . 9 3 3 3 " ~ ~  7 ~ ~ 4 6 6 7 ~ ~ )  

and launch s i t e  ( 3 7 . 8 3 8 0 ~ ~ ,  7 5 e 4 8 2 9 0 ~ )  ? re  indica ted .  The main base i s  

about  ll km nor th  of t h e  launch s i t e .  This  s epa ra t ion  i s  s u f f i c i e n t  t o  

put  t h e  main base 1 km ou t s ide ,  and t h e  launch s i t e  7 km i n s i d e  t h e  pa th  

of t o t a l i t y .  The l o c a l  circumstances f a r  t h e  e c l i p s e  a t  t h e  main base 

a r e  given i n  Table 2, i n  which X i s  t h e  s o l a r  z e n i t h  angle .  

TABLE 2 

LOCAL CIRCUMSTANCES AT WALLOPS ISLAND (MAIN BASE) 

F i r s t  Contact l720:02,4 UT X = 43O 

Maximum Phase 1837:59.3 trP X = 47* 

Fourth Contact 1952:07.8 UT X = 5 7 O  
- - "---------- 





Data contained i n  t h e  United Ska tes  Naval Observatory C i r c u l a r  No, 125 

have been used i n  p l o t t i n g  t h e  e c l i p s e  pa th  i n  F igure  I. The no r the rn  

and southern L i m i t s  and c e n t e r  l i n e  a t  ground l e v e l  a r e  shown, The small-  

e s t  d i s t a n c e  from t h e  launch s i t e  t o  t h e  c e n t e r  l i n e  i s  61  km. The c e n t e r  

l i n e s  a t  50, 75, 100 and 125 km a l t i t u d e  a r e  a l s o  shown. The e c l i p s e  a t  

100 km a l t i t u d e  i s  30 km f u r t h e r ,  i n  h o r i z o n t a l  range, from t h e  launch s i t e  

t han  a t  0 km a l t i t u d e .  The time of mid-ecl ipse i s  ind i ca t ed  by t h e  dashed 

l i n e s  nea r ly  perpendicu la r  t o  t h e  e c l i p s e  path.  The t ime of mid-ecl ipse 

a t  t h e  launch s i t e  i s  1837:53 UT. The corresponding times f o r  t h e  c e n t e r  

l i n e s  a t  ionospher ic  a l t i t u d e s  can be es t imated  from t h e  i nd i ca t ed  pos i -  

t i o n s  of t h e  shadow a x i s ,  a s  shown a t  1838, 1839 and 1840 UT. 

The v e l o c i t y  of t h e  shadow i s  about 63 km/min (1.05 km/sec), moving, 

0 on an  azimuth of 47 , t o  t h e  no r theas t .  The p r e f e r r e d  rocke t  launch a z i -  

0 
muth, i nd i ca t ed  i n  F igu re  1, is  137 , perpendicu la r  t o  t h e  c e n t e r  l i n e ,  

The e c l i p s e  i s  p e r f e c t l y  loca ted  wi th  r e s p e c t  t o  t h e  launch s i t e  f o r  

E and F-regions s t u d i e s  but  p r e sen t s  a  problem f o r  some D-region (60-90 km) 

i n v e s t i g a t i o n s .  F igu re  2 shows t h e  maximum dura t ion  of t o t a l i t y  a s  a 

func t ion  of  a l t i t u d e  and h o r i z o n t a l  range from t h e  launch s i t e ,  on t h e  

0 
p r e f e r r e d  azimuth of 137 . The du ra t i on  has  a  maximum p o s s i b l e  va lue  of 

170 seconds on t h e  c e n t e r  l i n e  and decreases  t o  zero a c  t h e  nor thern  and 

southern  l i m i t s .  It i s  74.6 seconds a t  t h e  launch s i t e .  

F igu re  2 a l s o  shows t h e  t r a j e c t o r i e s  of rocke t s  having nominal launch 

0 
e l e v a t i o n  ang le s  of 70 , 80°, 83' and 74.5'. The f i r s t  t h r e e  a r e  a c t u a l  
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F i g u r e  2.  Magimum d u r a t i o n  of t o t a l i t y  f o r  f o u r  r o c k e t  launch 
e l e v a t i o n s .  



v a l u e s  from t h e  f l i g h t s  of Nike Apaches 14.147, 14.146, and 14.393, 

r e s p e c t i v e l y .  The f o u r t h  is  t h e  t r a j e c t o r y  predicted f o r  the  e c l i p s e  

r a c k e t s *  The apogee po in t  of each t r a j e c t o r y  is  ind i ca t ed  by t h e  l e t t e r  A. 

The f i g u r e  shows t h a t  wi th  a  h igh  launch a n g l e  (83') t h e  rocke t  

t r a v e l s  c l o s e  t o  t b e  no r the rn  l i m i t  t o  an  a l t i t u d e  of about  180 km, and 

i n  the D-region, t h e  e c l i p s e  d u r a t i o n  i s  very s h o r t .  For  a  moderate launch 

0 
a n g l e  (80 ), a  much more f avo rab l e  s i t u a t i o n  occurs  i n  t h a t  a  d u r a t i o n  of 

70  seconds i s  p o s s i b l e  i n  t h e  D r eg ion  and s t i l l  longer a t  g r e a t e r  a l t i -  

tudes .  A t  80 km, however, t h e  rocke t  i s  only about  6 km i n s i d e  t h e  no r the rn  

l i m i t .  

0 
Decreasing t h e  launch ang le  t o  a very  low va lue  (70 ) p laces  t h e  

r o c k e t  s ecu re ly  i n  t o t a l i t y  i n  the D-region. There a r e  s e v e r a l  d i s ad -  

vantages,  however. The aerodynamic h e a t i n g  of t h e  payload i s  severe.  The 

maximum a l t i t u d e  a t t a i n e d  i s  cons iderab ly  reduced. Also, t h e  r e l a -  

t i v e l y  low e l e v a t i o n  of t h e  l i n e - o f - s i g h t  from the launch s i t e  t o  t h e  rocke t  

is  undes i r ab l e  f o r  t h e  r a d i o  propagat ion experiment. 

It appears  from t h i s  d i s cus s ion  t h a t  a  s u i t a b l e  t r a j e c t o r y  would 

have a  h o r i z o n t a l  range of 40 km a t  an a l t i t u d e  of 80 km. Ca lcu l a t i ons  

performed by t h e  Sounding Rocket Branch, NASA/GSFC, show t h a t  t h i s  w i l l  

be accomplished wi th  an e f f e c t i v e  bunch ang le  of 74.5'. This p r ed i c t ed  

t r a j e c t o r y  is  t h e  dashed curve i n  F igu re  2. Tabl?  3  shows t h e  e c l i p s e  

0 cond i t i ons  f o r  a  rocke t  launched a t  1837:lO UT on an azimuth of 135 and 



TABLE 3 

ECLIPSE CIRCUMSTANCES 

Launch t i m e  1837:lO UT; Launch Azimuth 135'; Launch e l e v a t i o n  7 4 . 5  0 

UT Alt i tude(km) T2(sec)  Durat ion ( s e c )  Disc (%) 



wi th  t h i s  p red ic t ed  t r a j e c t o r y .  The computer program used i n  t h i s  ca lcu-  

l a t i o n  i s  given a s  an appendix t o  t h i s  r e p o r t .  In  Table  3 T2 is  t h e  t ime 

t o  second contac t  ( i . e .  s t a r t  of t o t a l i t y )  a t  t h e  p o s i t i o n  of t h e  rocke t .  

Negative va lues  mean t h a t  second con tac t  has  a l r eady  occurred a t  t h a t  

p o s i t i o n  and time. The du ra t ion  of t o t a l i t y  i s  a l s o  given, and, where 

t h e  rocket  i s  o u t s i d e  t h e  reg ion  of t o t a l i t y  t h e  percentage of t h e  a r e a  

of t h e  d i s c  v i s i b l e  a t  t h e  rocke t  is  given.  Where no f i g u r e  i s  given f o r  

T 2  o r  dura t ion ,  t h a t  l oca t ion  was a t  no time i n  t o t a l i t y .  

An i n t e r e s t i n g  r e s u l t  of t hese  c a l c u l a t i o n s  i s  t h a t  t h e  v e r t i c a l  v e l -  

o c i t y  of t h e  rocke t ,  by a remarkable coincidence,  combines wi th  t h e  h o r i -  

zon ta l  v e l o c i t y  of t h e  i n c l i n e d  shadow a x i s  t o  keep the  rocket  w i t h i n  a  

few seconds of second con tac t  f o r  t he  a scen t  through the  D-region. 

A f i n a l  cons idera t ion ,  important f o r  t h e  s o l a r  r a d i a t i o n  experiments,  

i s  the angu la r  p o s i t i o n  of t h e  sun i n  r e l a t i o n  t o  t h e  rocke t  t r a j e c t o y y .  

T h i s  determines t h e  angles  a t  which t h e  d e t e c t o r s  a r e  mounted h i t h i n  t h e  

payload t o  ensue a  nea r ly  normal view of t he  sun during each r e v o l u t i o n  

of t h e  rocke t .  

The z e n i t h  and azimuth angles  f o r  t he  sun on 7 March 1970 a r e  shown 

i n  F igure  3 .  A t  t o t a l i t y ,  t hese  a r e  47' and 20g0, r e spec t ive ly .  With 

0 
t h e  rocket  t r a v e l l i n g  on an  azimuth of 135 , t he  ang le  between t h e  rocket -  

0 
sun d i r e c t i o n  and the rocket -sp in  a x i s  is  ca l cu la t ed  t o  be 45 . This  i s  

e a s i l y  obta ined  wi th  t h e  payload conf igura t ion  shown i n  a  subsequent 

s e c t  ion.  





A. ELECTRON DENSITY 

Data from t h e  rocke t  launches dur ing  two previous s o l a r  e c l i p s e s  

have given a  p i c t u r e  of t h e  v a r i a t i o n  of e l e c t r o n  dens i ty  which i s  con- 

s i s t e n t  w i th  and extend d a t a  ob ta ined  from ground-based radio-propagaFion 

experiments.  The two e c l i p s e s  were t hose  of 20 J u l y  1963, observed from 

F o r t  Churchi l l ,  Manitoba, and of 12 November 1966, observed from Cassino, 

B r a z i l .  I n  both cases ,  the sun was very  q u i e t  a t  t h e  t ime of t h e  e c l i p s e .  

The most s t r i k i n g  f i nd ing ,  f i r s t  noted i n  t h e  1963 ec l ipse( ' )  and 

subsequent ly  confirmed i n  t h e  1966 e c l i p s e ,  (2 )  is t h e  l a r g e  e f f e c t  seen  

i n  t h e  D-region below 75 km. The d a t a  of F igu re  4 a r e  p r o f i l e s  of  probe 

c u r r e n t  i n  t h e  D and lower E-regions normalized t o  u n i t y  a t  105 km. The 

a r e a  of s o l a r  d i s c  v i s i b l e  a t  t h e  rocke t  p o s i t i o n  i s  8 percent  f o r  p r o f i l e  

1, 15 percent  f o r  p r o f i l e  2, 60 percent  f o r  p r o f i l e  3  and 98 percent  f o r  

p r o f i l e  4. 

The d a t a  of F igu re  5 combine t h e  probe and propagat ion experiments 

t o  g ive  a b s o l u t e  va lues  of e l e c t r o n  dens i ty .  Curve 1 was obtained be fo re  

t o t a l i t y  w i th  3 pe rcen t  of t h e  d i s c  v i s i b l e .  Curve 2 gives  t h e  p r o f i l e  

a t  second con tac t  ( a t  80 km). Curve 3 g ives  t h e  p r o f i l e  a t  t h i r d  c o n t a c t  

( a t  80 km). Cuwe 4 gives  t h e  p r o f i l e  f o r  f u l l  sun, a f t e r  t h e  e c l i p s e .  

These d a t a  demonstrate  a  remarkable and unexpected decrease  i n  e l e c t r o n  

d e n s i t y  even dur ing  t o t a l i t y .  



Figure  4.  P r o f i l e s  of probe c u r r e n t  i n  t he  D -  and lower 
E- reg ions ,  normalized t o  u n i t y  a t  105 km. 

Figure 5. Profiles of t?l t .crrou density during a n d  f o l  lowi112;  
tlie e c l i p s e  of 12 Noven~ber 1366. 



Theore t i ca l  a n a l y s i s  by Keneshea and Fowler, (3) f o l l o n i n g  t h e  r e v e l -  

a t i o n s  of the  m u r c h i l l  e c l i p s e  o b s e r v a ~ n s ,  have obta ined  r a t h e r  good 

agreement with t h e  rocke t  observa t ions .  The i r  c a l c u l a t i o n s  of e l e c t r o n  

dens i ty  p r o f i l e s  f o r  t h e  B r a z i l  e c l i p s e  a r e  shown i n  F igure  6. 

One major o b j e c t i v e  of t h e  proposed e c l i p s e  s e r i e s  i s  t o  determine 

whether, i n  f a c t ,  t h e  lowest e l e c t r o n  d e n s i t i e s  occur  a t  t h e  end of  

t o t a l i t y ,  Because of t h e  r o l e  of ozone i n  D-region ion  chemistry and t h e  

expected de lay  i n  maximum ozone concent ra t ion  beyond t o t a l i t y  i t  is p o s s i b l e  

t h a t  t h e  minimum e l e c t r o n  dens i ty ,  a t  say 80 km, i s  delayed and occurs  

s h o r t l y  a f t e r  t o t a l i t y .  A measurement of e l e c t r o n  d e n s i t y  (and ozone, s e e  

below) w i l l  be made about  two minutes a f t e r  t h i r d  con tac t .  

B. ELECTRON TEMPERATURE 

The r e l a t i o n  between e l e c t r o n  temperature and t h e  n e u t r a l  gas  

temperature was f i r s t  considered i n  d e t a i l  by Hanson and Johnson. (4' They 

found t h a t ,  under s t e a d y - s t a t e  condi t ions  t h e  temperature d i f f e r e n c e  be- 

tween e l e c t r o n s  and the  n e u t r a l  gas  should be  n e g l i g i b l e  below 150 km and 

a l ~ o v e  300 km. Nonequilibrium was predic ted  f o r  t h e  in t e rven ing  region,  

t h e  temperature of  the thermal e l e c t r o n s  being g r e a t e r  than t h a t  of  t he  

n e u t r a l  gas by as much as 50 percent .  Subsequent a n a l y s i s  of Dalgarno, 

e t  a1. (5) us ing  improved information on absorp t ion  c r o s s  s e c t i o n s  f o r  t h e  

atmospheric gases  and f u r t h e r  r e f i n i n g  t h e  c a l c u l a t i o n s  by considering,  

f o r  example, thermal conduction show t h a t  nonequil ibr ium can be expected 

a t  a l t i t u d e s  above 120 km. 
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LOCAL TIME - H O U R S  

Fi;;urC b .  E l e c t r o n  d c n s i  ~y \rs t i C u ~ i c ,  t or l l l r  

eclipse ok 12 NovcniL~c~r ! Q60 . + L  C a s s  ir c., 

B r a z i  1 .  



Rocket confirm t h e  absence of thermal equi1,ibrium i n  

t h e  E-region and t h e r e  is  evidence t h a t  t h e  d i f f e r e n c e  i n  termperacure o f  

e l e c t r o n s  and n e u t r a l  gas  i nc reases  wi th  inc reas ing  sunspot number. 

Obsewat ions  of e l e c t r o n  temperature dur ing  two e c l i p s e s  (1'6' show 

t h a t  t h e  e l e c t r o n  temperature i n  t h e  E-region does not  change during a n  

e c l i p s e  whereas, a t  g r e a t e r  a l t i t u d e s ,  a change i s  de t ec t ed .  The da t a  

from t h e  e c l i p s e  of 12 November 1966 a r e  shown i n  F igu re  7 .  The d i f f e r -  

ence i n  e l e c t r o n  temperature between a  rocke t  f l i g h t  a f t e r  t h e  e c l i p s e  

(14.303: 1600 UT) and two f l i g h t s  i n  mid-ecl ipse (14.303: 1406 UT and 14.304: 

1410 UT) is p l o t t e d  a s  a  func t ion  of a l t i t u d e .  Some da t a  from one f l i g h t  

a r e  missing. Below 150 km t h e  e l e c t r o n  temperature i s  cons tan t  w i t h i n  t h e  

0 
experimental  e r r o r  (2 25 K i n  each obse rva t ion ) ;  above 150 km a nea r ly  

l i n e a r  change w i t h  a l t i t u d e  i s  found amounti.ng t o  3 0 0 ' ~  a t  190 km, 

The e c l i p s e  d a t a  on e l e c t r o n  temperature appear t o  show t h e  absence 

of d i r e c t  c o n t r o l  by s o l a r  r a d i a t i o n  a t  a l t i t u d e s  below 150 km, as p red ic t ed  

by I.Ianson and Johnsone (4' It should be noted, however, t h a t  t h e  e l e c t r o n  

temperature i n  t h e  upper E-region was s e v e r a l  hundred degrees g r e a t e r  than 

t h e  n e u t r a l  gas  temperature,  

It is not  expected t h a t  t h e  atmospheric dens i ty  changes during 

t h e  e c l i p s e  t o  an ex ten t  t h a t  is  d e t e c t a b l e  wi th  p r e s e n t k c h n i q u e s .  It 

is  proposed t o  measure t h e  concent ra t ion  of 0 s h o r t l y  before  t h e  e c l i p s e  2 



ELECTRON TFMPERATURE DIFFEQEHCE 1°K) 

F i g u r e  7 *  The change i n  e l e c t r o n  t empera tu re  observed 
d u r i n g  t h e  s o l a r  e c l i p s e  of 12 November 1966. 
Some d a t a  from Nike Apache 14.274 a r e  missing, 



as a  re fe rence .  The method of measurement, '7 '  from t h e  e x t i n c t i o n  p r o f i l e  

of byman-a (1216a) r a d i a t i o n  g ives  t h e  O concen t r a t i on  between 65 and 95 km. 
2 

The Lymn-m de"cctor w i l l  be included i n  t h e  payloads near  t o t a l i t y  f o r  

determining t h e  i n c i d e n t  f l u x ;  it  i s  n o t  expected t h a t  an  e x t i n c t i o n  pro- 

f i l e  w i l l  be determined on t h e s e  f l i g h t s .  

A Geiger counter  s e n s i t i v e  t o  t h e  range  44 t o  608 w i l l  be included i n  

t h e  payload. Th i s  r a d i a t i o n  is  absorbed i n  t h e  he igh t  range of about  95 

t o  115 km. However, a s  shown i n  F i g u r e  8, t h e  l a r g e  s t a t i s t i c a l  e r r o r s  

a s s o c i a t e d  w i th  t h e  r e l a t i v e l y  low count  r a t e  of t h i s  d e t e c t o r  l i m i t  t h e  

accuracy f o r  d e n s i t y  de te rmina t ion  t o  a  sma l l  he igh t  i n t e r v a l  cen te red  on 

u n i t  o p t i c a l  depth.  The primary reason  f o r  inc lud ing  t h i s  d e t e c t o r  i s  f o r  

de te rmina t ion  of t h e  i nc iden t  f l u x ,  i. e. ,  a t  a l t i t u d e s  above about  128 km, 

as d iscussed  i n  a  l a t e r  s ec t i on .  

The r o l e  of  t h e  minor n e u t r a l  c o n s t i t u e n t s  i n  t h e  chemistry of t h e  

D-region makes i t  important  t o  o b t a i n  a s  much information a s  p o s s i b l e  

about  t h e i r  v a r i a t i o n  during t h e  e c l i p s e .  Ca lcu la t ions  by Hunt, F i g u r e  

9, and by Keneshea and Fowler., ( 3 )  Figu re  10; i n d i c a t e  a  marked i n c r e a s e  

i n  ozone dur ing  t h e  e c l i p s e  w i t h  t h e  maximum occur r ing  about  10 minutes 

a f t e r  maximum phase. 

The o v e r a l l  p l a n  of  t h e  s e r i e s  of launches l i m i t s  t h e  ozone measure- 

ment t o  one p r o f i l e  a t  about 2 minutes a f t e r  t o t a l i t y  and another  p r i o r  

t o  t h e  e c l i p s e .  
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F i g u r e  8 .  Absorp t ion  p r o f i l e s  of X-rays ( 4 4 - 6 0 g )  



I I 

10 T9 61.25 kp-i, 
Q 
u 

c3, 
a 
2 9 

78.75 km 

Q 
0 2 4  6 8 1 0 1 2  
---- - TI  ME -- --- - 

F i g u r e  9 -  The variation of the ozone concentration at various 
altitudes during an eclipse. Tirne is expressed as 
thousands of seconds after noon. 
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:ile iro~ilm.3 dayt i t i le  csxcrrle eorzceritt-aeion can be deg ez'niint t i  t r i  siia d l i  i- 

, ens! f , ~  iCl 7rini r~~rilcs. i-he favorable C O L I ~ I L ~ C J I Z S  ( u i - j i ~ i l ;  I n v o  lvii;g trizl,l i L L  

t , 3'i;e c a l e u l a t i o s , ~  of Rcncshca znd P'ow i.er shoxi;"ii L;,. F l g , r ; ~ t  ii? 

~tn1d.y r hat:, liecrr i o t a l i t y ,  t h e  p r o f i l e  can  b e  extended c u  90 krn .  

3 1  w i l l  no& be p o s s i b l e  t o  d e r ~ ~ o n s t r i z t e  t h e  d e l a y  i ~ z  ozone n~ar '  l LLIIU r11 

<~nd i t  i s  hoped t h a t  o t h e r  e x p e r i m e n t e r s  will. b e  a b l e  t o  i n v e s t i g a t e  t h i s  

i n  Ie i s  a l s o  hoped t h a t  o t h e r  o b s e r v a t i o n s  of neu t raL  and c'krarged 

species x i r i l l  b e  a v a l l a b l e  f rom mass s p e c t r o m e t e r  exper iments  i n  t h i s  s a m e  

ec t i p n e .  

'i'he obselrrat2on of  t h e  f l u x  of solar r a d i a t i c ~ r t  al-rove the d ' u s o ~ b i i i g  

b e g i t i ~ i  crk t h e  aLtnosplzere i s  i tnpor tant  i n  two  ways. l'iie f i r s t  cuiicerriw 

t h e i r  j l i i e ~ d c t i o n  1~ikLSh t h e  aLri~osp'rreie In ~ r r ~ e ~ p r e t a t i o n  of Ltie o L s ~ ~ v ~ ~ ~ o L ~ s  

r J  isi.ri:-sen p~:e\7iotls9]7:, p a r t i c ~ x ' i a r l y  electron d e n s i t y ,  e l e c t r o ~ r  ceatrceati~ahe 

j i t i i  irzoic ( ,oneesal-~alion. TI-Le second concerns  s h e  s o u r c e  of  tirese i -ddia l  icirrh 

l i u  t l s i -  stlire As n o t e d  p r e v i o u s l y ,  t h e  a b s o r p t i o n  p r o f i  Le 02 each rddsatiorr 

glc/e,, :3o111e Infos:rl~atioil an t h e  c o n c e n t r a t i o n  of  n e u t r a l  s p e c i e s  or  t o t a l ,  

ti,,,.: E r y ( i i i  the case of: X - r a d i a t i o n ) ,  

j t  i s  pdoposed t o  ilrcLude d e t e e c o r s  t o  nreasure solar fltlx aL three 

r.i;~vc+LcngLI-is r e p r e s e n t i n g  corona L, chrornosgl-~eric and pl-rotospheric radiabiur-i,  

'ilEsc ai-e, rcspect . ively,  so f  t X-rays (44-6 OK), Lynxin-a (r.2168) and 2600-2, 

~ L I  ~cddit j011:,  cal .%brat lon of the  s o l a r  aspect s e n s o r  w91L g i v e  c t d d f ~ i o n a l  

i r  r c:.-iiwi i o i i  iir I he v i s i b l e  p a r t  o f  t h e  s o l a r  speecrrrvi- Sev:,rd 1 V C ? ~  4, l i t  {>L - 

,~:!_:ing, crl~t;seavati,trns are p o s s i b l e  w i t h  k h i s  re1ativel.y oir:~pl.c i n s t i : r : i i i t o u  

<i, i  ;.I t;sunil i.ng rocket ,  

22 



The E laycr,  a t  about  I E O  Zcm, being t h e  most regular of t i l e  F n o o ~ l ~ l r e r i s .  

l ayers ,  shows a cLessLy def ined  e c l i p s e  e f fec t .  The electron density 

decreases  a s  t h e  sun% d i s c  i s  g radua l ly  obscured, but even i n  t o t a l  

e c l i p s e s  sf t h e  naximun~ p o s s i b l e  du ra t i on  (about 7 minutes) ,  t h e  e l e c t r o n  

d e n s i t y  never decreases  t o  l e s s  than one t h i r d  of i t s  nc~rrnal value. This 

e f f e c t  was i n i t i a l l y  a s c r i b e d  to the "s luggishness"  of t h e  ianosphere.  

Howwer, t h i s  r equ i r ed  a r a t h e r  low va lue  of  recon~bina t ion  coef f i c i e n c  

3 ( 2  x low8 cm sece') and would a l s o  r e q u i r e  t h a t  t h e  minimum e lec t ra r i  

d e n s i t y  was about  5 minutes delayed beyond t h e  end of t o t a l i t y .  This  

va lue  of recombination c o e f f i c i e n t  i s  unacceptable;  r ecen t  l abo ra t a ry  and 

t h e o r e t i c a l  s t u d i e s  i n d i c a t e  a va lue  l a r g e r  by an o r d e r  of magnitude. 

Also, t h e  t ime l ag  i s  not  always p re sen t ,  ai-id on some occas ions  i s  neg-s 

a t i v e  ( i . e , ,  t h e  minimum e l e c t r o n  dens i ty  precedes t o t a l i t y ) .  

An alternative, and c u r r e n t l y  t h e  most accep tab l e  explana t ton ,  i s  

t h a t  t h e  source of i o n i z i n g  r a d i a t i o n  i s  cvrona l  and i s ,  t h e r e f o r e ,  not  

reduced t o  ze ro  dur ing  a  t o t a l  e c l i p s e .  F igure  I1 shows a  model used 

by Keaeshea and ~ o w l e r ' ~ '  based on a  s tudy by Elwert .  This  i s  s u p p o r t e d  

by rocke t  observat ions '"  which show a  s i g n i f i c a n t  f r a c t i o n  (about  20 

pe rcen t )  of t h e  s o l a r  X-rays (44-60x1 f l u x  i s  p re sen t  a t  t o t a l i t y ,  It 

is  planned t o  r e p e a t  t h i s  observa t ion  and t o  extend i t  by observing t h e  

d e t a i l e d  v a r i a t i o n  of f burr, a t  two t imes dur ing  t o t a  k i t y  and subseque~l t  Ey , 

about t w o  minutes a f t e r  t o t a l i t y ,  I n  a d d i t i o n ,  t h e  urnobscured f l u x  w i l  I. 

be determined on t h e  p re -ec l ip se  f l i g h t .  



7 ,  bgore I f ,  Solan  X-ray spatial d i s t r i b u t i o n  
assumed i n  t h e  m o d e l .  



Lymn-O: r a d i a t i o n  i s  important i n  t h e  formation of t h e  n o m l  D-layer 

at about 86 knn, 'I'tr1is source of t h i s  zadfarion is  t h e  ehrornosphere, abllplik. 

5,000 krn t h i c k  above t h e  photosphere ( v i s i b l e  d i s c ) ,  The e c l i p s e  i s  

thus  o f  s m l l e r  magnitude f o r  Lymn-a than  f o r  v i s i b l e  r a d i a t i o n s ,  Th i s  

is  i l l u s t r a t e d  i n  F igu re  12  f o r  t h e  e c l i p s e  s f  12 Novennber 1966. The 

d a t a  r e f e r  t o  t h e  a c t u a l  t r a j e c t o r y  a f  Nike Apache 14,274. The curves 

show t h e  ca l cu la t ed  percentage of t h e  d i s c  v i s i b l e  a t  t h e  p o s i t i o n  of 

t h e  rocke t .  That l a b e l l e d  a = 0 r e f e r s  t o  t h e  v i s i b l e  d i s c ,  i. e.,  t h e  

e c l i p s e  a s  seen i n  t h e  v i s i b l e  p a r t  of t h e  spectrum. The curves l a b e l l e d  

a = 0.01  and ct = 0.02 r e f e r  t o  l a r g e r  d i s c  s i z e  by I and 2 percent ,  r e -  

spec t ive ly .  The c ros ses  show t h e  observed f l u x  of Lyman-O! a s  a  percentage 

of t h a t  of t h e  unobscured sun. It is seen t h a t  t h e  chromosphere has  a  

diameter  about 0 , 5  percent  l a r g e r  than t h e  v i s i b l e  d i s c ,  i n  agreement w i th  

p re sen t  knmgledge of  t h e  sun. 

The Lyman-ct d a t a  a r e  l i m i t e d  t o  t he  t ime t h e  rocke t  i s  above t h e  

absorbing region.  Tfbe d a t a  from t h e  Launches i n  t h e  e c l i p s e  of 7 March 

1970 w i l l  be  supe r io r  i n  t h a t  t h e  t iming is such t h a t  t h e  a c t u a l  e x i t  

from t o t a l i t y  f o r  L y m - a  w i l l  be observed w e l l  above t h e  absorbing region.  

A s i m i l a r  experiment w i l l  be  performed f o r  t h e  26008 r a d i a t i o n ,  This 

should $haw t h e  same v a r i a t i o n  a s  t h e  v i s i b l e  p a r t  of t h e  spectrum. It w i l l  

be p o s s i b l e  t o  examine t h e s e  da t a  f o r  evidence of limb darkening such a s  

is obsemed f o r  v i s i b l e  r a d i a t i o n .  





F i v e  ;8ayZcads for Nike Apache r r s c l c e ~ o  ileve beern (coiistructed f o i  ~ h c  

- 
e c  Lipse  Paunches. For  r~mxlmum economy an6 f i e x i b i l i 6 y  i n  z h i s  operaciean, 

t h e  payloads  niLl be a lmos t  i d e n t i c a l ,  d i f f ~ r i n g  i n  d e t a i l s  o f  s e n s o r  

o r i e n t a  t i o n  and s e n s i  t i v i t y -  

The new payload d e s i g n  i s  d e r i v e d  from t h e  basic type ,  d e s i g n a t e d  

Type A, f i r s t  f lstm i n  Apri.1 1964 an Bike Apache 14.143. It c o n s i s t s  s f  

a DC/hngmuir p robe  exper iment ,  a  CW propaga t ion  experiment and  solar  rad- 

i a t i o n  exper iments  t o g e t h e r  with magnet ic  and so la r  a s p e c t  s e n s o r s  and 

t e l e m e t r y ,  power and control .  systents,  The sobar  r a d i a t i o n  d e t e c t o r s  a r e  

p r o t e c t e d  by doors  up t o  a n  a l t i t u d e  of 50 km. 

The payload %or t h e  proposed e c l i p s e  launches  i s  d e s i g n a t e d  Type A 

Mod. 7.  The major r e d e s i g n  i s  i n  the p o r t i o n  c o n t a i n i n g  t h e  solar rad-  

i a t i o n  d e t e c i x r s  and solar. a s p e c t  senscrr, h o r d e r  t o  i n c l u d e  a n  addis- 

t i s n a l  d e t e c t o r ,  i t  i s  planned t o  replace the s i n g l e  deck arrangement  aE 

p r e v i o u s  payloads w i t h  two s e p a r a t e  decks, as shown i n  F i g u r e  13. One 

deck c a r r i e s  two W d e t e c t o r s  (Lyman-a and 26008) and t h e i r  a s s o c i a t e d  

c i r c u i t s .  The second deck contains the solar a s p e c t  s e n s o r  and the 

so l a r  X-ray detector (44 -602) t o g e t h e r  w i t h  t h e i r  c i r c u i t s ,  which,  as 

d i s c u s s e d  below, are i n t e r r e l a t e d .  Tile X-ray d e t e c t o r  has n o t  p r e v i o u s l y  

been incletded i n  t h e  Type h payload b u t  has been used p r e v i o u s l y  i n  ex- 

pe r iments  on o t h e r  programs, i n c l u d i n g  t h e  successEul  s e r i e s  a t  F o r t  

merrchiL1 d u r i n g  the eclipse of 20 .Terl!y 1063. 





3'h.e detector  for X-rays i n  t h e  wavelength band 44-602 uses a w t n d s w  

of ~ n y l a r ,  tirieiccncss 1 /i: m i l  (6 x 3.8 ens)  ajrd is f i l l e d  ~ r i r  11 neon $rL  4d 

p r e s s n r e  of .!/2 aczrrrr2spltere "cl ~.;iKicl? Es added L p e r c e n t  isobii'caae a s  a 

quenching a g e n t *  The d iamete r  of t h e  window f o r  t h e  p r e - e c l i p s e  measure- 

-- 2 
ment ( i .  e .  f u l l  sun)  i s  s e t  at220 m i l  (5 x &Q cm), e n r r e s p o n d i r ~ g  t o  a n  

-2 -1 
expec ted  f l u x  of t h e  o r d e r  of 0 , l  e r g  cm s e c  For  t h e  measurements i n  

-- 1. 
and cear t o t a l i t y  t h e  d iamete r  i s  chosen as 50 m i l  ( 1 - 3  x 10 cm). These  

v a l u e s  a r e  n o t  c r i t i c a l  because  of t h e  l a r g e  dynamic r a n g e  i n h e r e n t  i n  

t h e  u s e  o f  a  Geiger  c o u n t e r .  

The o u t p u t  s i g n a l  from t h e  Geiger  c o u n t e r  i s  made s u i t a b l e  f o r  p r e -  

s e n t a t i o n  on a O t o  5 v o l t  s c a l e  a t  t h e  i n p u t  of t h e  SCO u s i n g  t h e  c i r -  

c u i t  i n d i c a t e d  i n  F i g u r e  14. The o u t p u t  p u l s e s  of t h e  Geiger  c o u n t e r ,  

developed a c r o s s  t h e  I meg r e s i s t o r  i n  s e r i e s  w i t h  tile h i g h  v o l t a g e  

(bl tV) power supp ly ,  have t y p i c a l l y  a  5 mieioseeond r i s e  time, and a 25 

microsecond decay t o  50 p e r c e n t  of t h e i r  peak ampl i tude .  The a m p l i t u d e  

is  v a r i a b l e  up t o  a v a l u e  of a few v o l t s .  

Each p u l s e  i s  a m p l i f i e d  i n  t h e  charge  a m p l i f i e r  and i f  i t  exceeds  a 

p r e - s e t  thresholc l  l e v e l ,  i t  t r i g g e r s  a one-shot. m u l t i v i b r a t o r  whose 

o u t p u t  i s  a p u l s e  of f i x e d  ampl i tude  ( 5 V )  and d u r a t i o n  (50 p s e c ) .  A 

s t a i r c a s e  g e n e r a t o r  i s  used a s  a d i g i t a l  t o  a n a l o g  c o n v e r t e r .  P t  eon- 

sists o f  a s c a l e  o f  32 combined w i t h  a n  add ing  c l r c u i t .  The c i r c u i t s  a r e  

a r r a n g e d  such t h a t  each p u l s e  produces  an increment of v o l t a g e  of 5/32 

v o l t  a t  t h e  o u t p u t *  Wl~em t h e  o u t p u l  r e a c h e s  5 vol:rs tk s c a l e  of 3% 

r e s e t s  t l rc  oratprr-i t o  0 volts. Thus, each r e t u r n  t o  zero represents 





32 counts  and y e t  s i n g l e  pulses  can be easily coun~ed. This  ze lac ively  

simple c l r e u l t  i s  appropriate "6 t h e  data redue^cion from papel: Leccp~ds-  

The output  from t h e  X-ray experiment i s  carnbined wi th  c h a t  of t h e  

s o l a r  aspec t  s enso r  on channel 19 of the  te lemet ry  system. A simple 

e l e c t r o n i c  swi%ch i s  used t o  g ive  a  t o t a l  per iod o f  0 .6  s e s  divided 

equal ly  between t h e  two si .gnals.  This  va lue  i s  chosen on t h e  b a s i s  s f  

a n  expected s p i n  r a t e  of 6 rps, 

The c i r c u i t s  of t h e  o the r  experiments a r e  unchanged from those u s e d  

i n  previous f l i g h t s .  The in te rconnect ion  wir ing  diagram of t h e  payload i s  

shown i n  F igu re  15. 

The te lemet ry  system uses  an  FM/FM t r a n s m i t t e r  (Borse t t  Model 501B) 

having a p w e r  output  of L , Z  wa t t s .  The assignments of t h e  t en  da ta  

channels i s  given i n  Table 4. A s  noted t h e r e ,  t he  f reqpencies  used i n  

t h e  propagation experiment a r e  2225 kHz and 3385 kHz. 

The conf igu ra t ion  of t h e  payload is  shown i n  F igure  2.6, The o v e r a l l  

l ength  i s  7 3 . 6  inches and the  weight i s  5 Q o o n d s .  A r ada r  transpoltder 

(S-band), provided by Wak l~ps  I s l and ,  w i L 1  be mounted between t h e  payload 

and t h e  second-stage motor (Apache) br inging  t h e  t o t a l  e f f e c t i v e  payload 

weight t o  about 65 lbs .  
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The e c l i p s e  occurs  on t h e  a f te rnoon of Saturday, 7  March 1970, Max- 

i m u m  phase (mid - to t a l i t y )  a t  t h e  Wallops I s l a n d  launch s i t e  occurs  a t  

1839353 (1337:53 EST). The f i r s t  rocke t  (Nike Apache 14.435) is t o  

be launched a t  1545 UT (1045 EST), about  95 minutes before  f i r s t  con tac t ,  

For t h i s  f l i g h t  t h e  Launch azimuth w i l l  be L L O ~ ,  and the  launch e l e v a t i o n  

w i l l  be 78'. The fol lowing t h r e e  launches w i l l  occur during and immediately 

fol lowing t o t a l i t y .  

The launchtimes have been determined on t h e  b a s i s  of t he  fol lowing 

c r i t e r i a :  

This  rocke t  i s  t o  a r r i v e  a t  an  a l t i t u d e  of 80 km a?: 

second con tac t .  

This  rocke t  i s  t o  fol low t h e  preceding rocket  a f t e r  

an i n t e r v a l  of SO seconds and a l s o  t o  be  w i t h i n  t o t a l i t y  a t  an a l t i t u d e  

of 80 km. 

Nike - This  rocke t  i s  t o  a r r i v e  a t  an  a l t i t u d e  of 85 km 

a f t e r  t o t a l i t y  w i t h  1.5 percent  of t h e  s o l a r  d i s c  v i s i b l e  from the pss i - t ion  

of t h e  rocke t ,  

The launch t imes ca l cu la t ed  using t h e  p red ic t ed  t r a j e c t o r y  f o r  a  

launch azimuth of 135" and a  launch e l e v a t i o n  of 74.5' a r e  given i n  

Table 5, Nike Apache 14.439 is  a  back-up t o  be Launched ~ n l y  i n  t h e  

event of  a c a t a s t r o p h i c  f a i l u r e  of v e h i c l e  o r  te lemetry wi th in  30 seconds 

af ter  launch of any of t he  preceding t h r e e  rocke t s .  



T A B U  5 

ECLIPSE UVNMES 

Hike Apache Time (UI') Azimuth (deg. ) 

1545 : 00 

1837 10 

1838 : 00 

1840 : 40 

Back-up 



Each payload w i l l  r a d i a t e  on a s e p a r a t e  frequency, none of which w i l l  

be used  on any o t h e r  p a r t  of t h e  Wallops Is land ope ra t i on  tak ing  place 

on t h e  same day. 

The payloads u s e  a " f l y  away" umbi l ica l  connector ,  i . e .  one which 

au toma t i ca l ly  disengages wi th  f i r s t  motion of the  rocke t .  A l l  f i v e  umbil- 

i c a l  cab les  w i l l  be terminated i n  t h e  GCA payload c o n t r o l  console.  The 

r a p i d  sequence of  launches w i l l  be  handled from t h e  console  arrangement 

shown i n  F igu re  17. Each umbi l i ca l  cab le  conta ins  two s e t s  of w i re s ;  

one s e t  is used f o r  c o n t r o l  func t ions  and t h e  o t h e r  f o r  monitoring func t ions .  

The wires  f o r  t h e  c o n t r o l  func t ions  a r e  brought t o  i nd iv idua l  switches 

on t h e  launch console.  The wi re s  f o r  t h e  monitor func t ions  a r e  brought 

t o  r o t a r y  switches.  Each payload, i n  turn ,  can be s e l e c t e d  and t h e  v a r i o u s  

func t ions  observed on meters  and on t h e  osc i l l o scope .  In  t h i s  way, u s ing  

a minimum of components, g r e a t  ope ra t iona l  f l e x i b i l i t y  i s  cb t a ined .  





A c t i v i t i e s  f o r  t h e  month of Februam I970 w i l l  be almost e n t i r e l y  

devoted t o  f i n a l  p repa ra t ions  f o r  t h e  s e r i e s  of launches scheduled f o r  

t h e  e c l i p s e  of 7 March 1970. The f i v e  payloads have, during January 1978, 

been subjec ted  t o  te lemet ry  i n t e g r a t i o n  and environmental t e s t s  a t  Goddard 

Space F l i g h t  Center.  During t h e  f i r s t  two weeks of February 1970 t h e  

f i n a l  t e s t i n g  and c a l i b r a t i o n  of t h e  experiments w i l l  be performed. The 

l a s t  two weeks of t h i s  month and t h e  f i r s t  week of March w i l l  be spent  

a t  Wallops I s t a n d  making f i n a l  p repa ra t ions  f o r  t h e  e c l i p s e  opera t ion .  

The schedule a t  Wallops I s l a n d  i n  t h i s  per iod  inc ludes  r e h e r s a l  of t h e  

launch opera t ions  and f i n a l  tests of t he  payload. 

Longer range p l ans  on t h i s  program inc lude  an  i n v e s t i g a t i o n  of i n t e n s e  

Sporadic-E, P repa ra t ion  of a  payload, which w i l l  inc lude  a  measurement 

of e l e c t r i c  f i e l d ,  w i l l  be  s t a r t e d  fol lowing t h e  completion of t h e  e c l i p s e  

opera t ion .  A launch i n  J u l y  1970 is  planned. Concurrently wi th  t h e  work 

on t h e  Sporadic-E experiments t h e  r educ t ion  and a n a l y s i s  of da t a  from t h e  

e c l i p s e  f l i g h t s  w i l l  be undertaken. 
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A csmgutez program des igned  p r i m a r i l y  f o r  use  w i t h  a r o c k e t  t r a j e c t o r y  

h a s  been prepared  t o  c a l c u l a t e  t h e  c i rcumstances  of t h e  7 March 1970 

t o t a l  solar  e c l i p s e .  The e q u a t i o n s  f o r  t h e  program a r e  found i n  t h e  

Explana to ry  Supplement t o  t h e  Ephemeris,  1961. The B e s s e l i a n  e lements  

c o n t a i n e d  i n  t h e  program a r e  t a b u l a t e d  i n  t h e  American Ephemeris and 

N a u t i c a l  Almanac, 1970, These a r e  reproduced i n  T a b l e  1. The v a l u e s  

f o r  1830 ephemeris t i m e  are used i n  t h e  program. 

The program h a s  been v e r i f i e d  u s i n g  d a t a  from t h e  US Naval Observa to ry  

C i r c u l a r  No. 125.  An example of t h e  i n p u t  and o u t p u t  d a t a  format  is  

a t t a c h e d .  

T h i s  program was developed by R .  V, S i l l a r s ,  w i t h  m o d i f i c a t i o n s  by 

L ,  6 .  Smith and G .  A. P i n t a l .  







08010864 W%=WEM+SOHTE(V&DI% 
0 2 0 2 0 f T 9  =-W% *SX/EN 
02030 tK=2 
02040tGO TO 65 
02050r63 ~ = 3  
O2060t65 EF(EM+ELL%) 41,1%s12 
02070?%1 AR=%eO 
02OBOtBB=O*O 
020901EMM1=1@0 
02100rGO TO 30 
08110t12 IFCEM-ELL1) E3r13s14 
02120?E4 AH=OeQ 
02130fHBs36O~O 
02140tEMM1=0~0 
021501GO TO 30 
021601 13 CC=CELL1**2+ELL2**2-2eO*E:M21/CELL1**2-F:LL2**21 
0217OtSC=SQRTC1eO-CC**21 
081HOtC=ATAN(SC/CC1 
021901CB=(ELLl*ELL2+EM2)/CIt:M*ELLP1 
02200rSB=SOHTi1eO-CR**21 
0221 OtB=ATAN( SQRTC 1 *O-CR**2) /CB) 
0222OtIFCCC1 21322328 
02230t2 i C=PI+C 
02240t22 IF(CR1 23324924 
02250r23 H = P I + B  
02860024 RR=360.0-2eO*D/DH 
02270tEPjM1 =CELL1 -EL%) /ELL13 
02280tA=PI-B-C 
02290tAH=CS*S*A+R-S*SCl/PI 
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2315 PUNCH ~J79EMMlsRR9AH 
2320 PUNCH 97aAbj~AVaAN 
2325 PUNCH 97sACsAPsAQP 
2330 PUNCH ~~IELLIJBLL:?~EM 
2335 PUNCH ~ ~ S E N I T A U ~ ~ T A I J B  
02340 ?GO '1'0 ( 661 67 a 68  1 P K 
2350 66 PUNCH 973- DELa WLNJ U E 
2355 PUNCH 9'?>TIrWSIr T2 
02360tG0 TO 50 
2370 67 PUNCH 979 DELI WEMBW 1 
2375 PUNCH 9753'1 
02380tGO TO 50 
02390 68  PUNCH 9 7 s  DELo WEM 
02400t50 PUNCH 90 
02410tGO TO 1 
02420 r90 FORMAT( I H  1 
0243019 1 FORMAT( 12)  
O%450?93 l F ; O R M A ? ' ( 2 F 6 ~ 1 ~ F R * 3 r F 1 0 * 2 ~ 2 ) . ' 2 0 r 5 )  
0%460?94 FORPIATCI~IFH~O) 
O2b70 9 7  FOHMATC %OX# 3F11 e 6 1  
08480 t 99 F'l)i!MA'FC 49H 
O24908END 
02500tEND PROG 
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Glossary 

T( 

seconds pe r  minute; minutes per  hour 

r ad i ans  per  degree 

[ (po la r  r ad ius )  / ( e q u a t o r i a l  r ad ius )  ] 2, Hayf ord 's 
spheroid 

p. , i n  r ad i ans  

d ,  i n  r ad i ans ,  from tan-'[ ( s i n  d)  / ( cos  d)  ] 

t a n  f l  

t a n  f 2 

y ', i n  r ad i ans  per  hour 

d ' i n  r ad i ans  per  hour 

number of t r a j e c t o r y  p o i n t s  t o  be ca l cu la t ed  

hour ,  un ive r sa l  time 

minutes,  ephemeris t i m e ,  of Besse l ian  elements 

x ,  a t  1830 ET 

x, a t  1840 ET 

y, sat 1830 ET 

y ,  a t  1840 ET 

1 (penumbra), a t  1830 ET. 

(el ,  a t  1840 ET) - (e l ,  aL 1830 ET) 

R (umbra), a t  1830 ET 
2 

R a t  1840 ET) - (a2 '  a t  1830 ET) 

minutes,  UT 

seconds, UT 



&T' 

PLBNG 

FLAT 

TAU 

S 

AB 

EMMl 

BB 

AR 

AQ 

a l t i t u d e ,  i n  krn 

longi tude ,  i n  degrees ,  p o s i t i v e  toward west 

f a t i t u d e ,  i n  degrees ,  p o s i t i v e  toward no r th  

minutes t o  mximum phase 

r ad ius  of moon ( s o l a r  r a d i i )  

d i s t a n c e  between c e n t e r  of sun and c e n t e r  of moon 
( s o l a r  r a d i i )  

f r a c t i o n  of s o l a r  diameter  covered by moon 

degrees on t h e  s o l a r  r i m  no t  obscured by t h e  moon 

f r a c t i o n  of s o l a r  d i s k  obscured 

angle  (degrees)  t o  t h e  c e n t e r  of t h e  moon e a s t  of t h e  
s u n ' s  no r th  po in t  

ang le  (degrees)  t o  t h e  c e n t e r  of t h e  moon e a s t  of t h e  
s u n ' s  v e r t e x  

azimuth (degreesjof  t h e  e c l i p s e  a x i s  pa th  e a s t  of 
t h e  sun ' s  no r th  po in t  

t h e  p a r a l l a c t i c  angle  (degrees) ,  t he  angle  t o  t h e  
v e r t e x  e a s t  of t h e  n o r t h  po in t  

angle  (degrees) of t h e  s u n ' s  n o r t h  pole  e a s t  of t h e  
s u n k  no r th  po in t  

angle  (degrees) t o  t h e  c e n t e r  of t he  moon e a s t  of 
t h e  s u n ' s  no r th  pole  

r ad ius  of penumbra ( e a r t h  r a d i i )  

r ad ius  of umbra ( e a r t h  r a d i i )  

d i s t a n c e  ( e a r t h  r a d i i )  from t h e  observer  t o  t h e  
e c l i p s e  a x i s  

hour ly  s a t e  of change of EM 

minutes t o  f i r s t  con tac t  a long e c l i p s e  a x i s  pa th  

minutes t o  second con tac t  a long e c l i p s e  a x i s  path 
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BEf38LLIAI.d ELEflAENTB OF THE TOTAL ECIIIPSE OF THE BUN MARCH 7 

Rndlus ol Bhndow 
mblon of Axb at Bhndow 

----- 

t a t~  jl 0.0047 l o  
tan j 2  0.004687 
p' ' 0.261866 radian8 per hour 
d' +0.000271 rndinna per hour 
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