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ABSTRACT 

Th i s  document comprises  Semiannual P rogres s  Report  66-1 of t h e  Aeronomy 

Labora tory  of t h e  U n i v e r s i t y  of  I l l i n o i s  Department of E l e c t r i c a l  Engineer ing ,  

and cove r s  t he  per iod  from October 1, 1965 through March 31, 1966. The 

a c t i v i t i e s  of  t h e  l a b o r a t o r y  du r ing  t h i s  pe r iod  a r e  d iv ided  i n t o  t h e  fo l lowing  

Direct measurements of  i o n  and e l e c t r o n  d e n s i t i e s  

V e r t  i c a  1 inc idence  abso rp t ion  measurement 

Rocket propagat ion  experiment 

VLF s t u d i e s  

Cross modulat ion 

F i e l d  s t a t i o n  development and o p e r a t i o n s  

Ionosphe r i c  d r i f t s  

D i r e c t  Measurements conference 

P a r t i a l  r e f l e c t i o n  experiment 

P r o g r e s s  is  r e p o r t e d  by t h e  i n d i v i d u a l s  concerned.  
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~ 6 7  14642 
1 DIRECT MEASUREMEMTS OF ELECTRON AND ION DENSITY - - - 

1,l I Q S Y  Measurements U S U A .  Bowhill  
E . A .  Mecht.ly 

C.F. S e c h r i s t ,  Jr. 

Tasks  inc luded  under  t h i s  t o p i c  pe r t , a in  to  t h e  p lanning  of r o c k e t  

e x p e r i m e n t s ,  a s  conducted under NASA g r a n t  NsG-511. 

Various  changes have been n e c e s s i t a t e d  i n  t h e  r o c k e t  f i r i n g  schedu le  

due to  t h e  change i n  t h e  d a t e  o f  t h e  F t .  C h u r c h i l l  exper iment .  The 

r e v i s e d  schedu le  i s  t h e r e f c r e  a s  fo l lows  : 

December 15, 1965: F i n a l  Quar t e r ly  World Day measurement du r ing  

IQSY, Wallops I s l a n d .  Type A payload ,  3 . 3 8 5  m c ,  

z e n i t h  angle  6 0  af t .ernoon.  o 

Janua ry  4 ,  1966 onwards: Daytime (6O0 z e n i t h  a n g l e )  s h o t  to detect  

s p o r a d i c  D-layer ,  t o  a w a i t  w i n t e r  day of  h i g h  

a b s o r p t i o n ,  i f  December 15 s h o t  was on day of 

low abso rp t ion .  a l t e r n a t e l y  t o  a w a i t  day of 

low a b s o r p t i c n  i n  e v e n t  December 15 s h o t  was 

on day of high a b s o r p t i o n .  Type A payload ,  

3 . 3 8 5  mc, 

March 1 5 ,  1966: Radio experiment  o n l y  i n  Black Brant  rocke t  

a t  F t .  C h u r e h i l l .  F i r i n g  w i l l  a w a i t  a 1 - 5  d b  

dayt ime a b s o r p t i o n  e v e n t .  

0 June  6 - 7 ,  1966: Two s h o t s ,  one Type A dayt ime 6 0  z e n i t h  ang le ;  

one n i g h t  Type B, i n  Buer to  R i m .  Qne s t andby  

Type A payload w i l l  be in s t rumen ted .  
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June 15, 1966: o Pre - sunr i se  r o c k e t ,  z e n i t h  ang le  95 t o  

d e t e c t  v i s i b l e  r a d i a t i o n  e f f e c t s  on t h e  C- layer .  

Shot  w i l l  awa i t  p re - sunr i se  VLP a b s o r p t i o n ,  

o c c u r r i n g  a t  98 z e n i t h  ang le  of 2 db o r  more. 

Type B payload ,  2.225 m c .  

0 

September,  1966: Two or t h r e e  r o c k e t s  around s u n s e t  c a r r y i n g  

i o n  mass spec t romete r  i n s t rumen t s  by 

Goddard Space F l i g h t  C e n t e r ,  Wallops I s l a n d ,  

V i r g i n i a ,  t o  s tudy  E- layer  decay.  

November, 1966: E c l i p s e  program i n  Argent ina or B r a z i l .  

Discuss ions  wi th  D r .  Hendricks of t h e  Charged P a r t i c l e  Research 

M b o r a t o r y  (CPRL) have r evea led  t h e  p o s s i b i l i t y  of CPRL under tak ing  

t h e  des ign  and eng inee r ing  o f  a Paul type mass spec t romete r  f o r  t h e  

measurement of E-region p o s i t i v e  i o n  composi t ion.  The sugges t ion  was 

t o  have CPRL f u r n i s h  a d e t a i l e d  set of working drawings f o r  c o n s t r u c t i o n  

of t he  ins t rument  by = A ,  and a comple te ly  engineered  e l e c t r o n i c s  pack- 

age f o r  mounting i n  t h e  payload. A six-month pe r iod  was e s t ima ted  a s  

necessa ry  for t he  execu t ion  of t h i s  p r o j e c t .  Conversa t ions  wi th  

D r .  Smith of GCA i n d i c a t e d  t h a t  t h i s  arrangement would be ag reeab le  t o  

him, and t h a t  perhaps the  tes t  rounds could  be f i r e d  i n  J u l y .  For 

f u r t h e r  i m p l i c a t i o n s  of t h i s ,  a s  f a r  a s  t h e  e c l i p s e  program i s  concerned ,  

see s e c t i o n  3.6. 

I n  d i s c u s s i o n s  wi th  Dr. Schmerl ing of NASA concerning t h e  Paul  

m a s s e n f i l t e q  an  a d d i t i o n a l  c o s t  e s t i m a t e  o f  $20,000 was submi t ted  by 

GCA for c o n s t r u c t i o n  of t h e  quadrupole  in s t rumen t  and i n t e g r a t i o n  of 

NOT CITABLE 
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i t  i n t o  2 payloadsQ D r .  Schmerling ind ica t ed  t h i s  would be a c c e p t a b l e ,  

and t h a t  a PPopQSai should be submit ted by D r .  Hendricks f o r  des ign  

and c o n s t r u c t i o n  of two ins t rumen t s .  This  proposa l  is  now being 

p r e p a r e d ,  and i s  expec ted  tQ be s e n t  to NASA s h o r t l y .  

I t  i s  p lanned ,  t h e r e f o r e ,  t o  prepare two mass spec t romete r  pay- 

l o a d s  c o n t a i n i n g  t h e  fo l lowing  ins t ruments :  

Pau l  i on  mass spec t romete r  

Smith dc probe (on nose cone:  j e t t i s o n e d  a t  100 km) 

Radio propagat ion  experiment  antenna and r e c e i v e r  

Magnetic a s p e c t  s e n s o r  

Ba P s s w i  t ch 

Th i s  would be des igna ted  a s  the  "Type C f v  payload,  

I n  t h e  l i g h t  of t h i s  development,  t h e  September s h o t s  a r e  be ing  

c a n c e l l e d .  The t e n t a t i v e  d a t e  f o r  the J u l y  s h o t s  i s  J u l y  15. 

I n  t h e  even t  t h e  Ju ly  s h c t s  a r e  s u c c e s s f u 1 , t h e  p l an  w i l l  be t o  

have one or more i o n  mass spec t rometer  rounds a s  p a r t  of the  e c l i p s e  

program 

Fol lowing i s  an e x c e r p t  from a l e t t e r  da t ed  Mov. 29, 1966,  r ece ived  

from L.G. Smith ,  W A  C o r p c r a t i o n ,  Bedford,  Mass. , which p e r t a i n s  t o  

Type A and Type B payloads.  

"S0me p re l imina ry  work has  been done on the  s p e c i f i c a t . i o n s  f o r  

t he  t w e  t ypes  of payloads.  W e  propose tc change t h e  t e l e m e t r y  channel  

ass ignments  a s  shown i n  Table  One, 

1 
I 
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Table  1: Telemetry Channel Assignments 

J 

Channel Informa t i o n  Type A(Mod 3 )  Type B(Mod 3 )  
Bandwidth Payload Payload 

19(93 kHz) 

18(70 kHz) 

17(52 .5  kHz) 

16(40  kHz) 

15(30  kHz) 

14(22  kHz) 

13(14.5 kHz) 

12(10 .5  kHz) 

1395 H z  

1050 

790 

600 

450 

330 

220 

160 

S o l a r  Aspect ( 5 V )  

Propaga t i o n  mod (5V) 

Probe ,  L i n e a r ( +  - 2 .5 )  

Probe ,  Log (t2 - 5 )  

UV , high g a i n  (5V) 

U V ,  low gain(-5V) 

Magnetometer(5V) 

Propagat ion  , AGC (5V) 

Ion  Trap.  #1 

Same a s  A 

Same a s  A 

Same a s  A 

Temp. Probe 

Ion Trap .  #2 

Same a s  A 

Sage a s  A 

Channel 1 9  has  on ly  r e c e n t l y  been added t o  the  I R I G  s t a n d a r d .  

The propagat ion  experiment i s  a s s igned  t o  Channel 18. Th i s  i s  70 kHz 

c e n t e r  frequency wi th  +74% d e v i a t i o n  s o  t h a t  one can s t i l l  u s e  t h e  - 

Channel E d i s c r i m i n a t o r .  

The nose probe is as s igned  two channe l s .  This  r e p r e s e n t s  t h e  

a d d i t i o n  of  the  f i n e  s t r u c t u r e  measurement. 

I n  t h e  Type B payload ,  Nagy's i o n  t r a p  is as s igned  Channels 

1 9  and 14.  Channel 15 w i l l  be used t o  t r a n s m i t  a cont inuous  measure- 

ment of  e l e c t r o n  tempera ture  ob ta ined  by a m o d i f i c a t i o n  of t h e  Boyd- 

Druyvesteyn method. The sens ing  e l e c t r o d e  w i l l  be i n s u l a t e d  from t h e  

r o c k e t  body and al lowed t o  a t t a i n  f l o a t i n g  p o t e n t i a l .  The two sma l l  

a@ s i g n a l s  of t he  Boyd method w i l l  be a p p l i e d . 2 0  the  e l e c t r o d e  through 

a c a p a c i t o r .  The ampli tude modulat ion of t h e  h i g h e r  f requency  by the  

lower i s  a measure of the  c u r v a t u r e  of t h e  c u r r e n t - v o l t a g e  c h a r a c t e r -  

i s t i c  and i s  i n v e r s e l y  p r o p o r t i o n a l  t o  e l e c t r o n  tempera ture .  With t h i s  

NOT CITABU 
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m o d i f i c a t i o n  t h e  inc reased  t i m e  r e s o l u t i o n  of the  temperature  measure- 

ment i s  ob ta ined  a t  t h e  expense of a scan of e l e c t r o n  energy.  How- 

e v e r ,  no d e v i a t i o n s  from a Maxwellian energy d i s t r i b u t i o n  have been 

found i n  p rev ious  o b s e r v a t i o n s .  Th i s  experiment  should  enab le  us  t o  

de te rmine  t h e  temperature  p r o f i l e  o f  a s p o r a d i c  E layer ,  which would 

be a most i n t e r e s t i n g  observa t ion" .  

The December 1 5 ,  1965 r o c k e t  experiment occurred  on t h e  f i n a l  

Q u a r t e r l y  World Day of t h e  IQSY a t  Wallops I s l a n d ,  A type A payload 

was flown and t h e  rocke t  propagat ion  experiment  ope ra t ed  on a frequency 

of  3 .385  MHz. The f i r i n g  t i m e  corresponded tc  a s o l a r  z e n i t h  ang le  of 

60" (noon).  

Because t h e  December 15 th  rocke t  experiment  was n o t  conducted on 

a day of  h igh  a b s o r p t i o n ,  i t  was necessary  t o  conduct a comparison 

exper iment  on a day of anomalous win te r  a b s o r p t i o n .  An i n v e s t i g a t i o n  

was under taken  t o  determine the  eccur rence  f requency  of w i n t e r  days 

of  h igh  a b s o r p t i o n .  A , H .  Shapley (ESSA) was con tac t ed  and he informed 

us  t h a t  summer noon a b s o r p t i o n  i s  comparable t o  t h a t  on a w i n t e r  day 

of  h igh  a b s o r p t i o n ,  t h a t  s ix  t o  e i g h t  consecu t ive  days of h igh  absorp-  

t i o n  i n  December would be t y p i c a l ,  and t h a t  t h e r e  i s  probably a l o n g i -  

t u d i n a l  dependence for t h e  anomalous w i n t e r  a b s o r p t i o n ,  

On t h e  b a s i s  of  Wallops l s l a n d  f - p l o t s  f o r  t he  pe r iod  from NovemberP 

1964 t o  January ,  1965,  f va lues  were p l o t t e d ,  r e v e a l i n g  t h a t  two or 

t h r e e  consecu t ive  days of h igh  abso rp t ion  t end  t o  r e c u r  a t  10 day i n t e r v a l s .  

min 

I n  ano the r  e f f o r t  t o  de te rmine  the occurrence  frequency and d u r a t i o n  

of anomalous a b s o r p t i o n  a t  Wallops I s l a n d ,  f - p l o t s  were ordered  from t h e  
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Data Center  a t  ESSA (Boulder ,  Colorado) ;  t h e s e  covered the  months of  

October  and November, 1965,  and examinat ion of them revea led  a f a i r  

amount of  s o l a r  a c t i v i t y .  Based on t h e s e  f - p l o t s ,  i t  was r a t h e r  

d i f f i c u l t  t o  d i f f e r e n t i a t e  between days of anomalous a b s o r p t i o n  and 

days o f  h igh  s o l a r  a c t i v i t y .  Also,  i t  was determined t h a t  s c a l i n g  

of  the f v a l u e s  from the  ionograms i s  a very  s u b j e c t i v e  p rocess ;  

f o r  b e s t  r e s u l t s  t he  f va lues  should be determined by a c t u a l  i n -  

s p e c t i o n  o f  the ionograms. Also, i t  was d i scove red  t h a t  D-region re- 

f l e c t i o n s  tend t o  occur  a t  t h e  lower ionosonde f r e q u e n c i e s  on days of 

anomalous abso rp t ion .  I n  o r d e r  t o  s u b s t a n t i a t e  t h i s ,  ionograms ob ta ined  

a t  Wallops I s l and  du r ing  t h e  w i n t e r  o f  1964-65 were examined; t h e s e  

showed t h a t  D-region r e f l e c t i o n s  were accompanied by h igh  va lues  of  

f -  0 min 

min 

min 

Concerning t h e  rocke t  f i r i n g  a t  Wallops I s l a n d  i n  Janua ry ,  1966 

on a day of  anomaloas a b s o r p t i o n ,  i t  was agreed  t h a t  t h e  e a r l i e s t  

f i r i n g  d a t e  would be January 5 t h .  The f i r i n g  would be scheduled each  

day f o r  1300 EST and t h e  d e c i s i o n  t o  f i r e  o r  n o t  would be made by 

1100 EST on the b a s i s  of t h e  v e r t i c a l  i nc idence  a b s o r p t i o n  measurements 

complemented by t h e  Wallops ionosonde o b s e r v a t i o n s .  For  a more complete 

d e s c r i p t i o n  of t h e  means employed t o  de te rmine  whether t h e  f i r i n g  

c r i t e r i a  were m e t ,  s e e  s e c t i o n  2 . 2 .  Pre l imina ry  informat ion  concern ing  

t h e  launch  and subsequent  d a t a  r e t r i e v a l  may be found i n  s e c t i o n  3.1. 

Plans  and schedu les  have been made f o r  r o c k e t  f i r i n g s  d u r i n g  June ,  

J u l y ,  and November, 1966. 
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__ 1 . 2  De Probe Thecry R ,  3 Cicercne  

T h i s  t a s k  i n c l u d e s  t h e  t h e o r e t i c a l  i n v e s t i g a t i o n s  of i o n  c o l l e c t i o n  

and t h e i r  r e l a t i o n  t o  i m o s p h e r i c  measurements. It 1 s  suppor ted  i n  

p a r t  by t h e  A i r  Force E l e c t r o n i c s  Systems D i v i s i o n  under  c o n t r a c t  

AF 19(628)-3900 and i n  p a r t  by t h e  Nat ional  Aeronaut ics  and Space 

A d m i n i s t r a t i o n  under  g r a n t  NsG-511, 

The d i r e c t  measurement 0f p o s i t i v e  i o n  c o n c e n t r a t i o n s  a t  D-region 

a l t i t u d e s  is  r e q u i r e d  for  a b e t t e x  unders tanding  of t h e  format ion  and 

dynamics of  t h i s  p a r t  o f  t h e  eyrth's i oncsphe re .  The e l e c t r o s t a t i c  

prcbe i s  one p o s s i b l e  way tc  make such measurements. Any complete  

t h e o r y  o f  c o l l e c t i c n  of p o s i t i v e  i c n s  by a n  e l e c t r o s t a t i c  probe i n  

an  environment  such a s  t h e  D r e g i o n  must i nc lude  t h e  e f f ec t s .  of nega- 

t i v e  i e n s  t h e  co l l i s i cn -domina ted  motion of a l l  t h e  p a r t i c l e s ,  and 

probably  must c o n s i d e r  t h e  s i t u a t i o n  where t h e  plasma has  a n e t  macro- 

s c o p i c  motion r e l a t i v e  t o  t h e  prebe .  

I n  t h e  p r e s e n t  work t h e  t h e o r y  o f  a s t a t i o n a r y  s p h e r i c a l  e l e c t r o -  

s t a t i c  probe i s  s t u d i e d  for t h e  c a s e  of  one p o s i t i v e  agd one n e g a t i v e  

charged s p e c i e  i n  t h e  plasma sur rounding  t h e  probe.  U l t i m a t e l y  i t  i s  

hoped t h a t  t h e s e  e f f o r t s  can  be extended to  i n c l u d e  t r a n s l a t i n g  probes 

such  as one mounted on a sma l l  rocke t .  

Fol lowing  t h e  method of Su and Lam (1963) ,  t h e  e q u a t i o n s  govern ing  

t h e  behavior  o f  a co l l i s ion -domina ted  s p h e r i c a l  probe i n  t h e  sheady 

s t a k w e r e  w r i t t e n  u s i n g  the  theo ry  of s t a t i s t i c a l  mechanics.  The ex-  

p r e s s i o n s  for t h e  c u r r e n t  d e n s i t i e s  o f  p c s i t i v e  and n e g a t i v e  species 

a r e  
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where N + o  N - 9  IJ + ?  P-: D+, D-, a r e  t h e  number d e n s i t i e s ,  m o b i l i t i e s ,  

and d i f f u s i o n  c o n s t a n t s  f o r  t h e  p o s i t i v e  and n e g a t i v e  s p e c i e s .  I n  

t,he absence of product ion  and loss of charged p a r t i c l e s  each  s p e c i e  

obeys an equa t ion  of charge c o n t i n u i t y :  

'J J + =  O = V  . J- 

A l s o ,  t he  e l e c t r o s t a t i c  p o t e n t i a l  V must obey P o i s s o n ' s  e q u a t i o n  

2 ' e  
V V( r )  = - - (N+ - N-)  

i n  r a t i o n a l i z e d  MKS u n i t s .  

The boundary c o n d i t i o n s  imposed on t h i s  set of  e q u a t i o n s  a r e  t h a t  

i n f i n i t e l y  f a r  away from t h e  probe t h e  p o s i t i v e  and nega t ive  number 

d e n s i t i e s  a r e  e q u a l  t o  t h e  q u i e s c e n t  plasma d e n s i t y ,  No, and a r e  z e r o  

a t  t h e  probe s u r f a c e ,  r=r 

q u i e s c e n t  plasma is taken t o  be z e r o  and t h a t  of  t h e  probe t o  be V . 
Mathematical ly ,  

and t h a t  t h e  e l e c t r o s t a t i c  p o t e n t i a l  of t h e  
P '  

P 

, 
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For t h e  case  of h i g h l y  nega t ive  probe p o t e n t i a l s  

J = O  - 

Using t h i s  c o n d i t i o n  and i n t r o d u c i n g  d imens ionless  v a r i a b l e s  

N 
f 

c 
n = -  

+ N  

I 

M 
n =. - 
- 

where k=Boltamann's c o n s t a n t ,  T =temperature  of nega t ive  s p e c i e  w e  can  

w r i t e  t h e  s y s t e m  of equat io t l s  a s  
P 

- 4  n- = e 

T 

T 
- 

w h e r e ~  =- and w e  have used the  E i n s t e i n  r e l a t i o n s  
-t 

-kT- D =L- 
e - 



1 0  

r 
r In t roducing  the  d imens ionless  s p a t i a l  v a r i a b l e  s=- w e  g e t  
P 

1 

s 
- d +  I ~ n + -  = dn+ 

d s  d s  
- -  

4 1 ~ r  M e D  * 2 
P O  + 

-0 n = e  - 

r 2M e2 
P O (na - n-) 
kT - 

- 2 d 0  
2 s d s  
- + - - -  d2 4 
d s  

wi th  t h e  boundary c o n d i t i o n s  

See ing  t h e  random c u r r e n t  

= 4711- N e D 
Ir  P O  + 

I+ and d e f i n i n g  Q= - 
Id 

and recogniz ing  t h e  Debye l e n g t h  squared  

EokT - 
'D - 2 

NOe 

- 2 

1 
w e  use t h e  inve r s ion  t r ans fo rma t ion  t=- t o  s i m p l i f y  t h e  l e f t  hand s i d e  of 

(14 ) .  Making one f u r t h e r  t r ans fo rma t ion  X-Qt  moves t h e  probe s u r f a c e  o u t  

S 
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t a  x=a, i n f i n i t y  cor responding  t o  x-0.  

The r e s u l t i n g  equa t ions  a r e  

- -  dnt _. En+ 9- - 1 
dx dx 

-+ n = . e  - 

w i t h  t h e  boundary c o n d i t i o n s  

n-c ( a )  = 0 

-eVp 
kT 

+ (a) = -- 

These equa t ions  a r e  h i g h l y  non- l inear  and r e q u i r e  numerical  s o l u t i o n .  

S t i l l  f s i i o w i n g  Su and Lam, b u t  assuming no r e i a t i o n s h i p  between the  re- 

l a t i v e  magnitudes of P and A we have a t tempted  numerical  s o l u t i o n .  The 

g e i e r a l  methed i s  to  perform a numerical  i n t e g r a t i o n  frcm x=O t o  x=a ~ 

t h e  probe s u r f a c e ,  on t h e  e l e c t r o s t a t i c  p o t e n t i a l .  The f i n a l  r e s u l t  i s  

t h e  p o t e n t i a l  on t h e  probe. 

P D 

I n  s p e c i f y i n g  the  f i r s t  and second d e r i v a t i v e s  of t h e  p o t e n t i a l  a t  

t h e  o r i g i n  t h e  q u a s i - n e u t r a l  s o l u t i o n  i s  u t i l i z e d ,  t h a t  i s  nc = n ~ 

e v e r ,  s i n c e  t h e  second d e r i v a t i v e  o f  the  p o t e n t i a l  i s  s i n g u l a r  a t  t h e  

How- 
I 

(1.9 1 
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, r 4  , 

o r i g i n  w e  may not begin p r e c i s e l y  a t  t h e  o r i g i n .  I n s t e a d  w e  s t a r t  a t  some 

va lue  of  x, s m a l l  enough t h a t  t h e  q u a s i - n e u t r a l  s o l u t i o n  s t i l l  h o l d s .  

S t a r t i n g  va lues  for  n 

s o l u t i o n .  The f i r s t  d e r i v a t i v e  of  9 i s  n o t  d i r e c t l y  s p e c i f i e d ,  however. 

Only a lower bound can  be deduced. The behaviour  of  the  s y s t e m  of  equa- 

t i o n s  depends very s t r o n g l y  on t h e  s t a r t i n g  v a l u e  f o r  t h e  d e r i v a t i v e  of  

t h e  p o t e n t i a l ;  the  s y s t e m  i s  h i g h l y  u n s t a b l e  i f  a va lue  t o o  sma l l  o r  t o o  

g r e a t  i s  chosen. Incorpora ted  i n t o  the  computer paogram i s  an i ibera t ive  

procedure t o  choose t h e  c o r r e c t  va lue  of - . T e s t s  f o r  i n s t a b i l i t y  a r e  

inc luded  

and 9, and * a r e  provided by the q u a s i - n e u t r a l  + dx 

d$ 
dx 

- lOkT 
When s o l u t i o n s  wi th  V > - were sought  i t  was found t h a t  the 

P e 

s t a r t i n g  va lue  f o r  3 had t o  be determined more p r e c i s e l y  than  t h e  e i g h t -  

s i g n i f i c a n t  f i g u r e s  p o s s i b l e  on t h e  IE3M 7094. I n s t e a d  of  completely re- 

fo rmula t ing  the problem i t  was decided t o  con t inue  w i t h  t h e  same method 

us ing  e i ther  double p r e c i s i o n  accuracy on the IBM 7094 (16 s i g n i f i c a n t  

p l a c e s )  o r  t h e  13 s i g n i f i c a n t  d i g i t  accuracy of I l l i a c  11, a computer used 

i n  the Department of  Computer Sc ience  a t  the U n i v e r s i t y  o f  I l l i n o i s .  I l l i a c  

I1 was chosen because i t  i s  f a s t e r  than  the 7094, and hence more economical.  

dx 

Although t h e  c a l c u l a t i o n s  on I l l i a c  11 a r e  n o t  y e t  complete i t  appea r s  
- kT 

e t h a t  s o l u t i o n s  f o r  probe p o t e n t i a l s  up t o  approximate ly  20 - can  be found 

f o r  i o n  number d e n s i t i e s  between lo3  and 10 

R e  f e rence  

Su ,  C . H . ,  and S.H. Lam (1963), The continuum theory  of e l e c t r o s t a t i c  p robes ,  

4 3 
p e r  c m  . 

Phys ic s  of F l u i d s  6, 1479-1491. - 
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N67 1 4 6 4 3  
a .  

2. VERTICAL INCIDENCE ABSORPTION MEASUREMENT 

2 . 1  Ins t rumen ta t ion  6 - W .  Henry: Jr. 
T.W. Knecht, 

Tasks inc luded  under t h i s  t o p i c  p e r t a i n  t o  t h e  d e s i g n ,  c o n s t r u c t i o n ,  and 

maintenance of i n s t rumen ta t ion  f o r  use wi th  ve r t . i ca1  inc idence  sounding 

s y s t e m s  f o r  s tudy  of  t h e  i o n o s p h e r e ,  a s  conducted under NASA g r a n t  MsG-511. 

R e  ce  i ve rs - 

The De a m p l i f i e r  s t a g e  of t h e  ionospher ic  sounding r e c e i v e r  was re- 

des igned  t o  improve t h e  tempera ture  s t a b i l i t y  and bandwidth. The new des ign  

u t i l i z e s  two d i r ec t - coup led  d i f f e r e n t n a l  a m p l i f i e r s  wi th  approximate ly  24 d b  

o v e r a l l  feedback.  This  new a m p l i f i e r  c i r c u i t  has  been inco rpora t ed  i n t o  one 

r e c e i v e r  and w i l l  be added t o  the  o t h e r s  a s  t i m e  pe rmi t s .  

T r a n s m i t t e r s  

The f i n a l  a m p l i f i e r  and d r i v e r  s t ages  of t h e  Wallops I s l a n d  50 kw pu l se  

t r a n s m i t t e r  w e r e  i n s t a l l e d  i n  t h e  former sh ipboard  van a t  t h e  Aeronomy 

Labora tory .  The necessa ry  pa t ch  cords were made up t o  o p e r a t e  t h e s e  

wi th  t h e  power s u p p l i e s  and p u l s e r  used i n  t h e  sh ipboard  exper iment ,  

t e s t . i n g  t h e  poor o p e r a t i o n -  0f t h e  Wallops t r a n s m i t t e r  was t r a c e d  t o  

fo l lowing  d e f e c t s :  

1. The 7094 tube  used a s  a sc reen-pulse  a m p l i f i e r  i n  the  f i n a l  

s t a g e  had low emiss ion .  I t  h a s  been r ep laced .  

u n i t s  

upon 

t h e  

ampl. i f i e  r 

2. The two 7214 tubes  used a s  f i n a l  a m p l i f i e l s h a d  low emiss ion .  They 

have a l s o  been r ep laced .  

NOT CITABLE 
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3. The high c o n c e n t r a t i o n  of s a l t -  and d i r t - s a t u r a t e d  a i r  a t  Wallops 

I s l a n d  depos i t ed  enough i m p u r i t i e s  on t h e  components t o  cause  a r c i n g  

wherever h igh  v o l t a g e s  were p r e s e n t .  A l l  h igh  voltageLpodnSs were . 

c leaned  as w e l l  a s  p o s s i b l e  wi thou t  d i sa s sembl ing  t h e  u n i t s .  

A f t e r  t h e  above c o r r e c t i o n s  were made, t h e  Wallops I s l a  nd t r a n s m i t t e r  

components func t ioned  w e l l .  Arrangements were then  made t o  t r a n s p o r t  t h e s e  

u n i t s  t o  Wallops I s l a n d  f o r  use  du r ing  t h e  Nike-Apache s h o t  on December 1 6 ,  

1965, and dur ing  t h e  s h o t  i n  January ,  1966. 
0 

A few problems were encountered  i n  r e t u r n i n g  t h e  Wallops t r a n s m i t t e r  

and r e c e i v i n g  systems to  o p e r a t i o n .  These problems were: 

1. Both t h e  t r a n s m i t t i n g  and r e c e i v i n g  a r r a y s  were broken and down. 

The r e p a i r  o f  t h e  t r a n s m i t t i n g  a r r a y  was q u i t e  s imple ,  bu t  r e p a i r  o f  

t h e  r e c e i v i n g  a r r a y  r e q u i r e d  replacement  o f  a l l  f e e d l i n e s  and r e p a i r  

o f  a l l  d i p o l e  e l e m e n t s .  The 300-ohm heavy du ty  twin-lead was r e p l a c e d  

wi th  double RG-62/U c o a x i a l  c a b l e  i n  a balanced c o n f i g u r a t i o n .  The 

r e s u l t i n g  i n s t a l l a t i o n  is  much s t r o n g e r .  

2 .  The t r a n s m i t t i n g  a r r a y  was no longe r  matched t o  t h e  f e e d l i n e .  

Ev iden t ly  t h e  leakage  a c r o s s  t h e  f e e d l i n e s  a t  &he wooden s u p p o r t s  

was s u f f i c i e n t l y  c a p a c i t i v e  t o  mismatch t h e  s y s t e m .  I n d u c t o r s  p l aced  

a t  t h e  c e n t e r  o f  t h e  a r r a y  were found to  be s u f f i c i e n t  t o  r e t u r n  t h e  

impedance a t  t h e  t r a n s m i t t e r  l o c a t i o n  t o  500 ohms p e r  l i n e .  T h i s  

mismatch p r o b l e m  was probably  t h e  cause  of many t r a n s m i t t e r  f a i l u r e s  

l a s t  summer. I t  is  e s s e n t i a l  t h a t  t h e  f e e d  impedance o f  t h e  system 

be checked, and a d j u s t e d  i f  n e c e s s a r y ,  be fo re  o p e r a t i o n  of  t h e  t r a n s -  

m i t t e r .  The t r a n s m i t t e r  o n l y  o p e r a t e s  correct ly  i f  matched, and t h e  
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p h a s e - s h i f t  network a c t s  a s  a n  impedance t r ans fo rmer  i f  mismatched, 

f u r t h e r  i n c r e a s i n g  t h e  mismatch to t h e  t r a n s m i t t e r  a s  w e l l  a s  g i v i n g  

t h e  wmng v a l u e  of p h a s e - s h i f t ,  If cnnt inued  G s e  e f  t h e  Va l lops  

I s l a n d  a b s o r p t i o n  / p a r t i a l - r e f l e c t i o n  sounder  i s  contemplated t h e  

an tenna  s y s t e m s  should  be redes igned  to  reduce o r  e l i m i n a t e  t h i s  

problem of  leakage  a c r o s s  t h e  f e e d l i n e s .  A s o l u t i o n  would be t o  re- 

p l a c e  a l l  open-wire f e e d l i n e s  with RG-17/U c o a x i a l  c a b l e  a s  i s  be ing  

done a t  t h e  Urbana f i e l d  i n s t a l l a t i o n .  

Automatic Absorp t ion  Recording System - 

The au tomat i c  a b s o r p t i o n  r eco rd ing  system des igned  by R. Appel was set  

up i n  t h e  Urbana van and t e s t e d  a t  the  Aeronomy Labora tory  us ing  one d i p o l e  

f o r  r e c e i v i n g  and t r a n s m i t t i n g .  A minor change was found t o  be necessa ry  

i n  t h e  2E g a t e  t iming  system to  permit a wider  range of h e i g h t  v a r i a t i o n  

b u t  o t h e r w i s e  t h e  system ope ra t ed  q u i t e  w e l l .  A major  problem was conf ron ted  

when c a l i b r a t i o n  of  t h e  system was a t tempted .  The n a t u r e  o f  t h e  sampl ing ,  

i n t e g r a t i n g ,  and comparing c i r c u i t s  r equ i r ed  t h a t  t h e  s i g n a l  i n p u t  be o f  

pu lsed  n a t u r e ,  r a t h e r  t han  CW. I t  was t h e r e f o r e  necessa ry  to d e s i g n  and 

c o n s t r u c t  a p u l s e  modulator  s y s t e m  t o  use  i n  c o n j u n c t i o n  wi th  a s i g n a l  

g e n e r a t o r  to c a l i b r a t e  t h e  s y s t e m .  The c a l i b r a t i o n  system was d e v i s e d  

d u r i n g  t h e  l a s t  few days b e f o r e  l eav ing  f o r  Wallops I s l a n d .  While s u f f i -  

c i e n t l y  a c c u r a t e  f o r  l i m i t e d  c a l i b r a t i o n s  such  a s  those  needed f o r  t h e  

Wallops i n s t a l l a t i o n ,  a c a l i b r a t i o n  s y s t e m  o f  wider  dynamic range  should  

be des igned  and c o n s t r u c t e d  i n  t h e  near  f u t u r e .  I n  a d d i t i o n ,  t h e  r e c e i v e r  

should  be modif ied t o  permi t  a wider  range o f  s i g n a l  ampl i tudes  t h a t  may be 

c o n t r o l l e d  d i r e c t l y  by t h e  automat , ic  system, 
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The complete au tomat ic  a b s o r p t i o n  r e c o r d i n g  s y s t e m  was t r a n s p o r t e d  

t o  Wallops I s l a n d .  I t  was i n s t a l l e d  and ope ra t ed  t h e r e  durmng December, 

1965. The sys t em performed w e l l  excep t  f o r  a d r i f t  problem i n  the  DC and 

RF a m p l i f i e r s  of t h e  r e c e i v e r  and c o n t r o l  s y s t e m .  The s y s t e m  was r e t u r n e d  

t o  Urbana from Wallops Is2and on January  13, 1966. A t  t h i s  t i m e  t h e  equip-  

ment was s e t  up i n  t h e  Aeronomy Laboratory f o r  a c losed- loop  test  us ing  a 

s imula ted  s i g n a l  t o  observe  s y s t e m  d r i f t .  T e s t i n g  showed the  s y s t e m  d r i f t  

t o  be 1 .5  db/hr w i th  the  same ga in -con t ro l  s e t t i n g s  a s  used a t  Wallops 

I s l a n d .  A s tage-by-stage check proved t h a t  t h e  d r i f t  was due mainly t o  

tempera ture  i n s t a b i l i t y  of t h e  r e c e i v e r  RF a m p l i f i e r  and t h e  M= a m p l i f i e r  

fo l lowing  t h e  i n t e g r a t o r  c i r c u i t .  By s imply r e a d j u s t i n g  the  RF a m p l i f i e r  

g a i n  c o n t r o l ,  t h e  system d r i f t  was reduced t o  0.4 db/hr .  Any f u r t h e r  i m -  

provement i n  the s y s t e m  s t a b i l i t y  r e q u i r e s  r edes ign  of  s e v e r a l  c i r c u i t s .  

This  w i l l  be worked o u t  a s  time a l lows .  One p o s s i b i l i t y  f o r  r e d u c t i o n  of  

tempera ture  d r i f t  o f  t he  RF a m p l i f i e r  is  t h e  use of N-channel t e t r o d e  f i e l d -  

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

System Opera t ions  

Pre l iminary  o b s e r v a t i o n s  of i onosphe r i c  a b s o r p t i o n ,  d r i f t ,  p a r t i a l  

r e f l e c t i o n s  and n o i s e  l e v e l s  were i n i t i a t e d  a t  t h e  Aeronomy F i e l d  S t a t i o n  

nea r  Urbana i n  February ,  1966. The e n t i r e  v e r t i c a l  i nc idence  sounding 

s y s t e m  was opera ted  a t  t h e  inc reased  pu l se  r e p e t i t i o n  r a t e s  set up f o r  

p a r t i a l  r e f l e c t i o n  measurements ( see  s e c t i o n  10 .2) .  A l l  exper iments  

connected w i t h  t h e  sounding sys t em w e r e  found t o  f u n c t i o n  w e l l  a t  t h e  h i g h e r  

p r f ,  bu t  increased  h e a t  d i s s i p a t i o n  i n  t h e  f i n a l  a m p l i f i e r  caused o x i d a t i o n  

of t h e  so lde red  connec t ions  t o  the  f i n a l  a m p l i f i e r  t ubes .  The problem 
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was somewhat a l l e v i a t e d  by use of high-temperature  s o l d e r  and clamp-type 

c o n n e c t o r s  bu t  f i n a l  a m p l i f i e r  i n s t a b i l i t i e s  s t i l  B prevented  resumption 

of measurements a t  t he  field s t s t i o n  thrszgh :he ~ ~ ~ i t h  o f  March, 1966. 

M e w  t u b e  s o c k e t s  and l a r g e r  blowers  a r e  on o r d e r  and w i l l  be i n c o r p o r a t e d  

i n  an  improved f i n a l  ampl i f ie r1  des ign  upon a r r i v a l .  

2 . 2  W a l l o m  I s l a n d  Measurements G.L.N. Rao 
J,S. S h i r k e  

Tasks  performed under  t h i s  t o p i c  p e r t a i n  t o  i o n o s p h e r i c  measurements 

by v e r t i c a l  i nc idence  sounding techniques  a t  Wallops I s l a n d ,  Q a , ,  a s  con- 

duc ted  under  NASA g r a n t  Ys6-51l. 

P l a n s  were formula ted  f o r  making v e r t i c a l  i n c i d e n c e  i o n o s p h e r i c  a b s o r p t i o n  

measurements a t  Wallops I s l a n d  du r ing  t h e  w i n t e r  of 1965-66, w i t h  t h e  fo l lowing  

aims: 

1. To p rov ide  a c r i t e r i a  f o r  the  launching  of  r o c k e t s  i n  t h e  mids t  of  

t h e  s o - c a l l e d  "win te r  anomaly'' phenomena, whereby i n c r e a s e d  a b s o r p t i o n  

o f  RF waves i s  n o t i c e d  on some days i n  w i n t e r  a t  middle and h igh  l a t i t u d e s .  

2 .  TQ l i n k  up t h e  r o c k e t  measurements w i th  t h e  l a r g e  amount o f  d a t a  

o b t a i n a b l e  from ground-based measurements. 

The w i n t e r  anomaly is  known t o  have a l a r g e  l a t i t u d i n a l  dependence: w i t h  no 

p e r c e p t i b l e  e f f e c t s  a t  l a t i t u d e s  o f  23 n o r t h  and maximum e f f e c t  a t  58 n o r t h .  0 0 

For h i g h e r  l a t i t u d e s  t h e  p a r t i c l e  e f f e c t s  s t a r t  becoming predominant and 

Large v a r i a b i l i t y  i n  i o n o s p h e r i c  a b s o r p t i o n  o f  r a d i o  waves i s  n o t i c e a b l e .  

The e x c e s s  a b s o r p t i o n  i s  known to  b u i l d  up g r a d u a l l y  fo l lowing  s u n r i s e ,  

be ing  ve ry  low f o r  l a r g e  s o l a r  z e n i t h  a n g l e s .  There i s  no day-to-day c o r r e -  

l a t i o n  of  t h e  anomaly w i t h  t h e  magnetic index .  The phenomena depends l a r g e l y  
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on the  sunspot  c y c l e .  As many a s  80 p e r c e n t  of  the  days a r e  anomalous 

a t  t h e  l a t i t u d e  of Slough dur ing  t h e  peak o f  a c t i v i t y .  

I t  may thus be seen  t h a t  t h e r e  i s  no c l e a r - c u t  c r i t e r i a  e x 4 s t i n g  f o r  

t h e  d e t e c t i o n  of the anomaly a t  a g iven  epoch and l o c a t i o n .  When it  was 

decided t o  launch a r o c k e t  under the anomalous c o n d i t i o n s ,  i t  became i m -  

p e r a t i v e  t o  e s t a b l i s h  a c r i t e r i a  from v e r t i c a l  i nc idence  a b s o r p t i o n  measure- 

ments.  December 1 5 ,  1965 was t h e  f i n a l  IQSY world day and ,  a s  a p a r t  o f  

the  U.S. program f o r  the s y n o p t i c  measurement of the  mid - l a t i t ude  ionosphe re ,  

a rocke t  was scheduled f o r  launching  from Wallops I s l a n d ,  equipped w i t h  a 

payload s u i t a b l e  f o r  d e r i v i n g  t h e  e l e c t r o n  d e n s i t y  a s  w e l l  a s  c o l l i s i o n  

frequency p r o f i l e s  i n  t h e  lower ionosphere .  

I n  o r d e r  t o  t ake  t h e  g r e a t e s t  advantage of t h i s  rocke t  l aunch ing ,  i t  

was dec ided  t o  s t a r t  making o b s e r v a t i o n s  of v e r t i c a l  i nc idence  a b s o r p t i o n  

f i v e  days p r i o r  t o  t he  launch d a t e  and t o  con t inue  the o b s e r v a t i o n s  f o r  f i v e  

days a f t e rwards .  The aim was t o  f i n d  o u t  whether the  launch took p l a c e  

under t he  normal or anomalous c o n d i t i o n s .  S ince  t h e  ground-based measure- 

ments showed t h a t  the  day was n o t  of t h e  anomalous t y p e ,  ano the r  s e t  of 

s i m i l a r  measurements was conducted commencing on January  4, 1966. A rocke t  

was h e l d  ready f o r  launch each day u n t i l  Jaunary 10, 1966,  when a day o f  

t h e  anomalous w i n t e r  type  was encountered ,  a s  determined on t h e  b a s i s  of 

c r i t e r i a  e s t a b l i s h e d  from ground-based measurements. The r o c k e t  was launched 

a t  about  t h e  same s o l a r  z e n i t h  a n g l e  a s  t h a t  of the  e a r l i e r  s h o t .  The 

rocket showed more than  t e n f o l d  enhancement i n  e l e c t r o n  d e n s i t y  a t  a l t i t u d e s  

c l o s e  t o  82 k i lome te r s ,  j u s t i f y i n g  t h e  enhanced a t t e n u a t i o n  measured a t  

t h e  ground s t a t i o n .  
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The ground s t a t i o n  se t -up  c o n s i s t e d  i n  e s sence  of  a p u l s e  t r a n s m i t t e r  

a t  3030 kHz with a 50 kw peak power and a p u l s e  width of about  50 p3eo:. 

The p u l s e  r e p e t i t i o n  frequency was 2 p u l s e s  p e r  second.  The antenna system 

c o n s i s t e d  of f o u r  half-wave d i p o l e s  s i t u a t e d  a s  f o u r  arms of  a squa re  a r r a y .  

The o p p o s i t e  arms o f  t h e  a r r a y  were connected i n  p a r a l l e l .  The o u t p u t s  

from the  two p a i r s  of an tennas  w e r e  combined a f t e r  adding a phase d e l a y  

i n  one of  t he  o u t p u t s .  C i r c u l a r  p o l a r i z a t i o n  of  e i t h e r  p o l a r i t y  was 

achieved  by the  a p p r o p r i a t e  cho ice  of  t h e  d e l a y .  S i m i l a r  bu t  independent  

antenna systems were used f o r  t r ansmiss ion  and r e c e p t i o n .  

A spec ia l ly -des igned  h igh  g a i n  r e c e i v e r  was used ,  t h e  o u t p u t  be ing  d i s -  

played on a monitor o s c i l l o s c o p e .  The d e s i r e d  echo was s e l e c t e d  by a v a r i a b l e -  

p o s i t i o n  g a t e .  The ga ted  o u t p u t  was i n t e g r a t e d  i n  a c i r c u i t  having a t i m e  

c o n s t a n t  of  45 seconds and f e d  t o  an Amprobe c h a r t  r e c o r d e r .  To accomodate 

a l a r g e r  range of  echo v a r i a t i o n  t h e  i n t e g r a t e d  o u t p u t  was f ed  back a s  AGC 

to  t h e  prev ious  s t a g e s  of t h e  r e c e i v e r .  

The system was c a l i b r a t e d  us ing  s i g n a l s  from a s t a n d a r d  Hewlett-Packard 

s i g n a l  g e n e r a t o r .  The CW o u t p u t  from t h e  s i g n a l  g e n e r a t o r  was modulated 

u s i n g  a low frequency p u l s e ,  s i m u l a t i n g  t h e  ionosphe r i c  echo.  The pulsed  

o u t p u t  from t h e  s i g n a l  g e n e r a t o r  was f ed  i n t o  t h e  r e c e i v e r  through an  R F  

a t t e n u a t o r .  The r e c o r d e r  o u t p u t  was c a l i b r a t e d  i n  terms of t h i s  a t t e n u a t o r  

i n  t h e  range  of v a r i a t i o n  normally expec ted  from t h e  ionosphere .  

The accompanying F igure  2..2.1, shows some of  t h e  t y p i c a l  r eco rds  

t aken  d u r i n g  the  o b s e r v a t i o n s .  Usual ly  t h e  echo ampl i tudes  were undergoing 

l a r g e  f l u c t u a t i o n s  wi th  p e r i o d s  ranging  from one t o  t e n  minutes .  For  com- 

p u t a t i o n  o f  abso rp t ion  a pe r iod  of  t e n  minutes  was found s u i t a b l e  i n  most 
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c a s e s  t o  g ive  a reasonable  e s t i m a t e  of  t h e  median echo ampl i tude .  The 

conve r s ion  of t h e  recorded echo ampli tude on t h e  c h a r t  t o  a c t u a l  d i s s i -  

p a t i v e  ionosphe r i c  a t t e n u a t i o n  was made by n o t i n g  t h e  l e v e l  o f  t he  median 

ampli tude below the r e f e r e n c e  l e v e l  of t h e  s i g n a l  g e n e r a t o r  and by sub- 

s t i t u t i n g  t h i s  q u a n t i t y  i n  t h e  usua l  formula used for t h e s e  c a l c u l a t i o n s .  

The equipment c o n s t a n t  was d e r i v e d  from s e v e r a l  sets o f  measurements made 

by g a t i n g  the 1F and 2F echoes i n  success ion .  T h i s  pe rmi t t ed  u s i n g  t h e  

measurements of  1F a lone  t o  g i v e  t h e  a b s o r p t i o n  va lues  a t  t i m e s  when t h e  

2F echo was no t  a v a i l a b l e  due t o  i n c r e a s e d  a b s o r p t i o n .  The h e i g h t  of  t h e  

r e f l e c t i o n  of t he  echo was noted each  t i m e  so t h a t  a p p r o p r i a t e  c o r r e c t i o n  

f o r  t h e  s p a t i a l  a t t e n u a t i o n  cati ld ,be en fo rced .  

Genera l ly  t h e  F l a y e r  was g a t e d ,  s i n c e  t h e  E l a y e r  c r i t i c a l  f requency  

was normally lower than  t h e  o p e r a t i n g  f requency .  O c c a s i o n a l l y ,  however,  

t h e  appearance of an  i n t e r v e n i n g  E l a y e r  a f f e c t e d  t h e  i n t e n s i t y  of  t h e  

F r e g i o n  echo. Under such c i r cums tances  t h e  E l a y e r  was g a t e d  i n s t e a d .  

A s  s een  i n  Figure 2.2,1, i t  may be n o t i c e d  t h a t  t h e  f a d i n g  c h a r a c t e r i s t i c s  

va ry  wide ly  between t h e  E and F echoes ,  t h e  a c t u a l  a b s o r p t i o n  v a l u e s  a l s o  

be ing  d i f f e r e n t  i n  t h e  two c a s e s .  I n  f a c t ,  a l a r g e  dependence of  a b s o r p t i o n  

on t h e  h e i g h t  of t h e  echo was a l s o  n o t i c e a b l e ,  s u g g e s t i n g  t h a t  a l a r g e  p a r t  

o f  t h e  observed a t t e n u a t i o n  was o r i g i n a t i n g  from l e v e l s  above 95 km. S i n c e  

t h e  w i n t e r  anomaly phenomena was recognized  a s  o r i g i n a t i n g  below t h i s  l e v e l ,  

account  had t o  be t aken  of  t h e  type  o f  r e f l e c t i n g  l a y e r ,  i t s  a l t i t u d e  and 

t h e  c h a r a c t e r i s t i c s  o f  any i n t e r v e n i n g  l a y e r s  such a s  E . 

S 

S 

S 

S 

Figure  2 . 2 . 2  shows a p l o t  o f  t h e  d i u r n a l  v a r i a t i o n  of  a b s o r p t i o n  on 

t h e  c o n t r o l  days and on Janua ry  10, 1966. I t  may be noted t h a t  a l l  of  t h e  
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c o n t r o l  days were n o t  normal and t h e  comparison i s  n o t  s t r i c t l y  between 

normal and abnormal c o n d i t i o n s .  The lower h e i g h t s  of r e f l e c t i o n  has  com- 

pensa ted  f o r  t h e  i n c r e a s e  of t h e  a t t e n u a t i o n  i n  t h e  lower ionosphere  on 

some of  t h e s e  days.  December 20, 1965 was an  anomalous w i n t e r  day wi th  

h e i g h t s  of r e f l e c t i o n  exceeding those  on t h e  1 0 t h  of January .  T h i s  day 

h a s  been excluded i n  e v a l u a t i n g  t h e  c o n t r o l  day mean. 

Based on t h e s e  measurements i t  was dec ided  t h a t  t he  rocke t  should  

be f i r ed  when t h e  a b s o r p t i o n  exceeded 25 db f o r  each t e n  minute pe r iod  

between 1 O : O O  and 1 l : O O  a.m. EST. The c r i t e r i a  does n o t  cover  a l l  o f  

t h e  w i n t e r  anomaly d a y s ,  such a s  those on which a b l a n k e t i n g  type  E i s  

p r e s e n t ,  bu t  t hose  a r e  s p e c i a l  c a s e s  and have t o  be t r e a t e d  independent ly .  

S e v e r a l  o t h e r  a s p e c t s  of  t h e  w i n t e r  anomaly a r e  under  i n v e s t i g a t i o n ,  u s ing  

t h e  above d a t a .  The r e l a t i v e  roles of t h e  e l e c t r o n  d e n s i t y  and e l e c t r o n  

c o l l i s i o n  f requency  i n  producing t h e  w i n t e r  anomaly a r e  be ing  s t u d i e d ,  a s  

i s  t h e  development of  t h e  anomaly with t h e  changes i n  t h e  s o l a r  z e n i t h  

ang le .  

S 

Suppor t ing  ground-based measurements were made u s i n g  a 5-5 ionoscnde 

p r i o r  t o  and d u r i n g  t h e  r o c k e t  launches.  An i n c r e a s e  i n  f t h e  minimum 

f requency  recorded  i n  t h e  ionosonde ,  has  o f t e n  been used a s  a rough index  

of  a b s o r p t i o n ,  With i n c r e a s e d  s e n s i t i v i t y  i n  t h e  ionosonde of t h e  type  

a v a i l a b l e ,  a lower l a y e r  w i th  a base a l t i t u d e  v a r i a b l e  from 85 to  100 km 

is  o f t e n  found i n  t h e  ionogram, S ince  t h i s  l a y e r  i s  not  always a d v e r s e l y  

a f f e c t e d  due t o  t h e  a b s o r p t i o n  o r i g i n a t i n g  i n  t h e  v i c i n i t y ,  t h e  l a y e r  i s  

o f t e n  found t o  be enhanced r a t h e r  than d e p l e t e d  when t h e  l a y e r  above shows 

i n c r e a s e d  f ( i . e .  ~ i nc reased  a b s o r p t i o n ) .  The lower l a y e r  h a s  t o  be 

min 

mi n 



e l i m i n a t e d  i n  cons ide r ing  t h e  f for t h e  d e t e c t i o n  of t h e  anomalous days .  

Even s o ,  t h e  fmin index i s  rough and i s  a f f e c t e d  g r e a t l y  by b roadcas t  i n -  

t e r f e r e n c e .  On t h e  even t  under  Cons idePat ion ,  t h e  fmin v a l u e s  had gone t o  

a s  h igh  a s  1 . 8  MHz arcund noon, confirming t h a t  t h e  a t t e n u a t i o n  i n  t h e  lower 

min 

ionosphere had inc reased  s u b s t a n t i a l l y .  

Arrangements were made t o  swi t ch  t h e  t r a n s m i t t e r  p o l a r i z a t i o n  from one 

p o l a r i t y  t o  t h e  o t h e r  i n  qu ick  success ion .  Corresponding a l t e r a t i o n s  were 

made i n  t h e  r e c e i v e r  an tenna .  The r e c e i v e s  o u t p u t s  on t h e  o r d i n a r y  and 

e x t r a o r d i n a r y  modes were d i sp layed  on an  A-scope i n  o p p o s i t e  p o l a r i t i e s  

I 

above and bel.ow t h e  base l i n e ,  and photographs were made of t h e  t r a c e s .  

P a r t i a l  r e f l e c t i o n s  from much lower a l t i t u d e s  were observed around noon 

on t h e  day the  anomalous a b s o r p t i o n  was n o t i c e d .  

An a n a l y s i s  made of t h e  r e l a t i v e  ampl i tudes  of o r d i n a r y  and e x t r a o r d i n a r y  

modes of propagat ion  on t h i s  occas ion  i n d i c a t e s  a changeover i n  t h e  r a t i o  

of  t h e s e  ampli tudes r a t h e r  suddenly between 80 and 85 km, conf i rming  t h e  

I 
l a r g e  enchancement of i o n i z a t i o n  observed by t h e  r o c k e t  i n s t rumen t s .  

A paper  g iv ing  t h e  r e s u l t s  ob ta ined  du r ing  t h e s e  measurements i s  be ing  

prepared  by D r .  J . S .  S h i r k e  and G.L.N. Rao, and w i l l  be du ly  publ i shed .  

2.3 Urbana Measurements G.W, Henry, Jr. 
G.L.N. Rao 

J .S .  S h i r k e  

Tasks performed under t h i s  t o p i c  p e r t a i n  t o  ionosphe r i c  measurements 

by v e r t i c a l  inc idence  sounding techniques  a t  t h e  Aeronomy F i e l d  S t a t i o n  

n e a r  Urbana, I l l i n o i s ,  a s  conducted under  NASA g r a n t  NsG-511. 
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I t  i s  planned t h a t  r o u t i n e  measuwements be made of t h e  v e r t i c a l  i n -  

c idence  i o n o s p h e r i c  a b s o r p t i o n  a t  t he  U n i v e r s i t y  of  I l l i n o i s .  The d i u r n a l  

and s e a s o n a l  a s p e c t s  of ionosphe r i c  a b s o r p t i o n  under  normal a n d  d i s t u r b e d  

i o n o s p h e r i c  c o n d i t i o n s  w i l l  be i n v e s t i g a t e d .  The r e l a t i v e  ampl i tudes  o f  

t h e  d e v i a t i v e  and non-devia t ive  a t t e n u a t i o n s ,  t h e  role o f  t h e  e l e c t r o n -  

i o n  c o l l i s i o n s  i n  producing ionospher ic  a t t e n u a t i o n ,  and t h e  f requency  

dependence of a b s o r p t i o n  w i l l .  be s t u d i e d  

A s e t  o f  f r e q u e n c i e s  w i l l  u l t i m a t e l y  have t o  be used t o  c l e a r  up 

some o f  t h e  problems a s s o c i a t e d  wi th  the  ionosphe r i c  measuremeqt. E t  i s  

planned to  s t a r t  measurements c n  a s i n g l e  f requency .  D i scuss ion  cotlcerning 

t h e  f i x e d  frequency t o  be chosen f o r  t he  o p e r a t i o n  of  t h e  v e r t i c a l  i nc idence  

a b s c r p t i o n  exper iment ,  p re l imina ry  ionosphe r i c  d r i f t  measurements,  and 

p a r t i a l  r e f l e c t i c n  measurements r e sc lved  t h a t  a f requency o f  2660 kHz 

should  be used i n  o r d e r  t o  be compatible  wi th  o t h e r  measurements o f  a 

s i m i l a r  n a t u r e  be ing  conducted a t  o t h e r  l o c a t i o n s  throughout  t h e  world 

a t  t h a t  f requency .  

Accc rd ing ly ,  t h e  necessa ry  forms were completed and submi t ted  t o  t h e  

F e d e r a l  Communications Commission i n  Washington, D.C.  f s r  a u t h o r i z a t i o n  

of t r a n s m i t t e r  c o n s t r u c t i o n  and o p e r a t i o n  a t  a f requency of 2660 kHz. 

The p e r t i n e n t  s p e c i f i c a t i o n s  submi t ted  were a s  fo l lows :  

T r a n s m i t t e r  S p e c i f i c a t i o n s :  

Frequency - 2660 kHzo 

Power - 50,000 w a t t s  (peak - p u l s e  mode). 

Type of emiss ion  - 24 P p .  

Bandwidth - 24 kHz ( a s  d e f i g e d  by IXC).  

P u l s e  Dura t ion  - 50 microseconds.  
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Pulse Rep. Rate - 60 pps maximum, a l s o  use  30, 1 0 ,  5, 

Transmission speed - 120 bauds max. ( a s  de f ined  by FCC). 

Hours o f  o p e r a t i o n  - un l imi t ed  e 

2 ,  1, and 4 pps.  

Genera1 S p e c i f i c a t i o n s :  

Locat ion - f i x e d  n e a r  Urbana, I l l i n o i s  i n  Champaign County a t  

Sponsoring Agency - NASA - c o n t r a c t  NsG-511. 

Purpose of  t r a n s m i t t e r  - V e r t i c a l  i nc idence  ionosphe r i c  sounding.  

Height of antenna s y s t e m  above ground - 60 f t .  

E leva t ion  of ground a t  antenna s i t e  - 725 f t .  

Dis tance t o  n e a r e s t  a i r p o r t  runway - 12,000 f t .  

Antenna d i r e c t i v i t y  - v e r t i c a l  o n l y .  

Antenna 3 db beamwidth - approximately 15 . 

4 O 0 1 O P 1 0 ”  N .  L a t i t u d e  and 88O09’36” W .  Longi tude.  

0 

Complete drawings of t h e  proposed l a r g e  antenna a r r a y s  were submi t ted  

wi th  t h e  a p p l i c a t i o n s .  A s  of  March 31, 1966, FCC a u t h o r i z a t i o n  h a s  n o t  y e t  

been r ece ived .  

An automatic  r eco rd ing  s y s t e m  desc r ibed  i n  Aeronomy Report  N o .  7 has  

been cons t ruc t ed  f o r  use wi th  t h e  pu l se  t r a n s m i t t e r .  The r e c e i v e r  p u l s e s  

a r e  i n t e g r a t e d  over  a 65 second pe r iod  and t h e  o u t p u t  is f ed  t o  a r e c o r d e r .  

The r eco rd ing  s y s t e m  was b u i l t  and t e s t e d  i n  t h e  l a b o r a t o r y  and then  a t  

Wallops I s l a n d  f o r  ove r  two weeks. The fo l lowing  improvements of  t he  s y s t e m  

should  be made: 

1.. The dynamic range of o p e r a t i o n  must be inc reased  so t h a t  less 

monitor ing i s  r e q u i r e d  

2. The s t a b i l i t y  of r eco rd ing  and c a l i b r a t i n g  systems should be 

improved 

3. Prov i s ions  should be made f o r  r eco rd ing  t h e  h e i g h t  of t h e  ga t ed  

echo. 
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The long-term s t a b i l i t y  of t h e  record ing  s y s t e m  was found t o  be poor.  

The i n s t a b i l i t y  was t r a c e d  t o  t h e  RF a m p l i f i e r  of t h e  r e c e i v e r  and t h e  

DC a m p l i f i e r  preceding  t h e  r e c o r d e r .  For f u r t h e r  in format ion  G ~ I  these 

problems and s o l u t i o n s  p r e s e n t l y  being cons ide red ,  see s e c t i o n  2 .1 .  

Regarding c a l i b r a t i o n  of  t he  system, a CEW s i g n a l  ou tpu t  from a 

s t a n d a r d  s i g n a l  g e n e r a t o r  o r i g i n a l l y  was f e d  i n t o  t h e  r e c e i v e r  through 

an a t t e n u a t o r ,  and t h e  s y s t e m  was c a l i b r a t e d  i n  terms of t h e  a t t e n u a t o r  

s e t t i n g s .  With t h i s  system, t h e  constancy of measurements was found t o  

be l i m i t e d ,  e s p e c i a l l y  f o r  lower l e v e l s  of CW s i g n a l s .  To avoid  t h i s  

t r o u b l e ,  a modulating pu l se  g e n e r a t o r  was added t o  the  c i r c u i t r y  t o  

s i m u l a t e  t h e  ionosphe r i c  echo a s  f a r  a s  c a l i b r a t i o n  was concerned.  This  

improved t h e  s i t u a t i o n  cons ide rab ly .  

A p re l imina ry  t e s t i n g  of  t h e  system was made a t  t h e  Aeronomy F i e l d  

S t a t i o n  l o c a t e d  n e a r  t h e  Urbana campus. S ince  t h e  b u i l d i n g  which i s  t o  

house t h e  equipment was incomple te ,  t h e  equipment was ope ra t ed  from a 

mobile van.  The des ign  d e t a i l s  of the t r a n s m i t t e r  and antenna s y s t e m  

used a r e  desc r ibed  i n  Aeronomy Report  No. 7.  

The methcd of measurement was i d e n t i c a l  t o  t h a t  used a t  Wallops 

I s l a n d  du r ing  t h e  w i n t e r  of 1965-66 as d e s c r i b e d  i n  s e c t i o n  2.2. The 

f requency  was 3.030 MMz and t h e  o rd ina ry  mode o f  propagat ion  was used f o r  

t h e  measurements. 

C u r r e n t l y  t h e  f i n a l  a m p l i f i e r  c h a s s i s  of  t h e  t r a n s m i t t e r ,  which h a s  

a peak p u l s e  power of 50 kw and a pulse  r e p e t i t i o n  f requency  of 30 o r  60 

pps ,  i s  be ing  r ewi red ,  u s ing  new power a m p l i f i e r  tube  s o c k e t s  and adequate  

v e n t i l a t i o n .  
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The bu i ld ings  a t  the  Aeronomy F i e l d  S t a t i o n  a r e  n e a r l y  complete .  The 

experiment  w i l l  be resumed a f t e r  s h i f t i n g  t h e  equipment from t h e  van t o  

the  l a b o r a t o r y  bu i ld ing .  

2.4 C a r r i e r  Experiment G.W. Henry, Jr. 
J . S .  S h i r k e  

Tasks pepformed under  t h i s  t o p i c  p e r t a i n  t o  ionosphe r i c  sounding 

measurements undertaken aboard t h e  USNS Croa tan  du r ing  t h e  NASA mobile 

launch e x p e d i t i o n ,  a s  conducted under  NASA g r a n t  NsG-511. 

I n  o rde r  t o  s tudy  the l a t i t u d i n a l  v a r i a t i o n  i n  ionosphe r i c  a b s o r p t i o n ,  

v e r t i c a l  inc idence  ionosphe r i c  soundings were c a r r i e d  o u t  on board the 

a i r c r a f t  ca r r ie r  duaing A p r i l  and May, 1965. Data f o r  ove r  two days was 

c o l l e c t e d ,  du r ing  which t i m e  t h e  s h i p  covered l a t i t u d e s  from 25 

geographic ,  

0 
S t o  25O N 

A frequency of 3.030 MHz was used.  A t r a n s m i t t e r  w i t h  a peak p u l s e  

power output  of 50 k w  and a p u l s e  width of  50 P s e c  was connected t o  an  

antenna a r r a y  composed of  two h o r i z o n t a l  d i p o l e s  c ros sed  a t  r!igh& ang les  

a t  t h e i r  c e n t e r s .  S u i t a b l e  phase de l ay  networks were added i n  t h e  f eed -  

l i n e s  t o  give c i r c u l a r  p o l a r i z a t i o n  of  t h e  o r d i n a r y  mode of  propagat ion .  

The same antenna was employed f o r  r e c e p t i o n  and was connected t o  a r e c e i v e r  

by means of a TR g a t e .  The r e c e i v e r  o u t p u t  was d i sp layed  on an  A-scope once 

eve ry  2 eeoonds i n  synchron iza t ion  wi th  the t r a n s m i t t e r  pu l se  r e p e t i t i o n  

frequency.  A camera u n i t  was a t t a c h e d  t o  t h e  o s c i l l o s c o p e  s c r e e n  t o  photo- 

graph each s e t  o f  t r a c e s  a s  they  appeared.  

Each run  of o p e r a t i o n  c o n s i s t e d  of a t e n  minute pe r iod  beginning a t  

twenty m i n u t e  i n t e r v a l s .  E x t e r n a l  a t t e n u a t i o n  had t o  be pu t  i n  manually 
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t o  p r e v e n t  t h e  echo ampl i tudes  from going i n t o  t h e  s a t u r a t i o n  l e v e l .  The 

h e i g h t  o f  t h e  r e f l e c t i n g  l e v e l  could  be noted  from t h e  t i m e  base s c a l e  

f a c t o r  

When m u l t i p l e  echoes were a v a i l a b l e ,  s u i t a b l e  c a l i b r a t i o n  runs  were 

made by n o t i n g  t h e  r e l a t i v e  ampli tudes o f  t h e s e  echoes on s u c c e s s i v e  sets 

of f rames .  Th i s  was p o s s i b l e  by a d j u s t i n g  t h e  g a i n  of  t h e  r e c e i v e r  and 

by adding  known e x t e r n a l  a t t e n u a t i o n  on t h e  s t r o n g  echoes .  Knowing t h e  

p o s s i b l e  t o  deduce t h e  

i t u d e  measurements on a 

c a l i b r a t i o n  c o n s t a n t  

a t t e n u a t i o n  a t  any g 

s i n g l e  echo.  

of  t h e  equipment,  i t  was 

ven i n s t a n t  from t h e  amp 

The r e d u c t i o n  of  t h e  d a t a  proved t o  be an enormous t a s k ,  a s  each  frame 

had to  be p r o j e c t e d  t o  make measurements of t h e  echo ampl i tudes .  The 

e x t e r n a l  a t t e n u a t i o n  a s s o c i a t e d  wi th  each of t h e  frames had t o  be v a r i e d  

from t i m e  t o  t i m e  t o  p reven t  echo ampl i tudes  from going i n t o  s a t u r a t i o n .  

Th i s  involved  c o n s i d e r a b l e  computation i n  f i n a l l y  conve r t ing  t h e  measured 

ampl i tudes  t o  i o n o s p h e r i c  a t t e n u a t i o n .  The h e i g h t  o f  r e f l e c t i o n  of  t h e  

echo i n  each frame be ing  d i f f e r e n t ,  the  c o r r e c t i o n  t o  be a p p l i e d  for t h e  

s p a t i a l  a t t e n u a t i o n  i n  each frame was a l s o  d i f f e r e n t .  

I n  view o f  t h e  l a r g e  number of frames a v a i l a b l e  i t  was dec ided  t o  

sample o n l y  10 p e r c e n t  o f  t h e  d a t a ,  Every t e n t h  frame i n  s u c c e s s i o n  was 

t h e r e f o r e  used f o r  t h e  f i n a l  a n a l y s i s .  A p r e l i m i n a r y  p l o t  o f  t h e s e  v a l u e s  

showed t h a t  b e s i d e s  a qu ick  pe r iod  of f a d i n g ,  a s l o w  f a d i n g  wi th  a pe r iod  

of t h e  order of  t e n  minutes  was o f t e n  p r e s e n t .  A median v a l u e  f o r  t h e  

a b s o r p t i o n  f o r  each  t e n  minute pe r iod  was t h e r e s o r e  e v a l u a t e d .  

An a n a l y s i s  o f  t h e  computed d a t a  h a s  been under taken .  I n  s p i t e  o f  
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t h e  l a r g e  s c a t t e r  i n  i n d i v i d u a l  r e a d i n g s ,  c e r t a i n  t r e n d s  i n  l a t i t u d i n a l  

v a r i a t i o n  a re  n o t i c e a b l e .  One of t h e  major t a s k s  was t o  e v a l u a t e  t h e  

s o l a r  z e n i t h  ang le  cor responding  t o  Various l o c a t i o n s  of  t h e  a i r c r a f t  

c a r r i e r .  

du r ing  t h e  per iod  of obse rva t ion .  Even so ,  t h e  a p p r o p r i a t e  t i m e  s h i f t s  

due t o  t h e  changes i n  t h e  long i tude  of  t h e  c a r r i e r  had t o  be noted .  

The s h i p  had n o t  moved apprec iab ly  from t h e  75O W mer id ian  

FOP a given s o l a r  z e n i t h  ang le  t h e  l a t i t u d e  v a r i a t i o n  of a b s o r p t i o n  

The pro-  0 was e s t ima ted  throughout  t h e  l a t i t u d e  range o f  25 

cedure  was r epea ted  f o r  s o l a r  z e n i t h  a n g l e s  of  30, 40,  50,  60, 70,  and 

80 degrees .  

N t o  25O S .  

A dec rease  i n  a t t e n u a t i o n  wi th  i n c r e a s i n g  l a t i t u d e s  i s  n o t i c e a b l e  

f o r  a l l  t he  s o l a r  z e n i t h  a n g l e s .  A s u b s i d i a r y  peak i s  no t i ced  around 

1 5 O  N o  

r ead ings  o n  a s i n g l e  day. 

I t  may be t h a t  a peak of  t h i s  n a t u r e  can a r i s e  due t o  f a u l t y  

Diurna l  v a r i a t i o n  of  a b s o r p t i o n  wi th  cor responding  s o l a r  z e n i t h  ang le  

dependence f o r  s p e c i f i c  zones is under  i n v e s t i g a t i o n .  This  should g i v e  a 

c l u e  a s  t o  how much r e l i a n c e  may be p laced  on a p a r t i c u l a r  d a y ' s  r ead ings .  

Assoc ia ted  f e a t u r e s  such a s  t h e  c r i t i c a l  f requency of t he  E l a y e r  w i l l  

have t o  be taken  i n t o  c o n s i d e r a t i o n  be fo re  g i v i n g  a f i n a l  i n t e r p r e t a i o n  of  

t h e  d a t a .  

A complete d e s c r i p t i o n  of a l l  i n s t rumen ta ion  des igned  and c o n s t r u c t e d  

f o r  use  i n  t h i s  exper iment ,  a s  w e l l  a s  a d i s c u s s i o n  of p re l imina ry  d a t a  

analyzed w i l l  be du ly  p re sen ted  i n  t h e  for thcoming Aeronomy Report  N o .  13.  
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3 .  ROCKEX PROPAGATIBM EXPERIMENT ' 

3 . 1  Wallops I s l a n d  Measurements - - S.A. Bowhill. 
E . A .  Mechtly 

C , F .  S e c h r i s t ,  Jr.  

Tasks inc luded  under t h i s  t o p i c  p e r t a i n  t o  t h e  p l ann ing ,  c o o r d i n a t i o n ,  

and e x e c u t i o n  of r o c k e t  propagat ion  experiment launchings  from Wallops I s l a n d ,  

Va , ,  a s  conducted under NASA g r a n t  N s G - 5 1 1 .  

T r a n s f e r  of  t h e  CSL ground s t a t i o n  equipment t o  t h e  Aeronomy Labora tory  

was completed.  Even tua l ly  (probably by June 30, 1966) t h e  CSL d a t a  a n a l y s i s  

s e t u p  w i l l  a l s o  be t r a n s f e r r e d  t o  AL. (SSL w i l l  have completed a n a l y s i s  of 

a l l  r o c k e t  s h o t s  a t  100 p o i n t s  per  second by t h a t  t i m e .  

I n  a d d i t i o n ,  Morrison w i l l  have completed a computer program t o  de te rmine  

Faraday r o t a t i o n  d i r e c t l y  from the  10  Hz s i g n a l s .  While t h i s  does no t  s a t i s f y  

t h e  c r i t e r i a  se t  up f o r  t h e  experiment .  i t  may be p o s s i b l e  t o  develop i t  a t  

a l a t e r  s t a g e  t o  cope wi th  the  500 Mz s i g n a l s .  

A program i s  t o  be i n i t i a t e d  of c o n s t r u c t i n g  eng inee r ing  v e r s i o n s  of 

t hose  e lements  of t h e  au tomat i c  Faraday r o t a t i o n  s y s t e m  a t  CSL which 

c u r r e n t l y  e x i s t  on ly  i n  breadboard form, t o g e t h e r  w i th  a program t o  test 

t h e s e  i n  the  en t , i s e  CSL s y s t e m .  I n  t h i s  way, by the  t i m e  the  CSL work i s  

completed,  a complete FR s y s t e m  w i l l  be a v a i l a b l e  f o r  t r a n s f e r  t o  t h e  

Aeronomy Labora tory .  

I n  view of t h e  d i f f i c u l t i e s  involved i n  manning two s t a t i o n s  s imul-  

t a n e o u s l y ,  a t  F t .  C h u r c h i l l  and Wallops I s l a n d ,  c o n s i d e r a t i o n  was g iven  

t o  pos tponing  t h e  February Wallops measurements t o  e a r l y  March, However, 

postponement of  t h e  F t .  C h u r c h i l l  program t o  March by AKRL removed t h e  

need f o r  t h i s .  
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I n  an  endeavor t o  e v a l u a t e  t h e  low a l t i t u d e  (namely, below 90 km) 

e l e c t r o n  d e n s i t i e s  f o r  t he  Ju ly  1964 s h o t s ,  i t  was dec ided  t o  p l o t  the  d i f -  

f e r e n t i a l  abso rp t ion  a g a i n s t  t h e  i n d e f i n i t e  i n t e g r a l  o f  t h e  e l e c t r o n  c u r r e n t  

times t h e  p re s su re .  This  p l o t  should be a s t r a i g h t  l i n e  i f  t h e  e l e c t r o n  

c u f r e n t  i s  p ropor t iona l  t o  t h e  e l e c t r o n  d e n s i t y ,  and t h e  a b s o r p t i o n  i s  

e n t i r e l y  non-devia t ive .  

The e f f e c t  of t h e  s t a n d i n g  wave p a t t e r n  on t h e  d i f f e r e n t i a l  a b s o r p t i o n  

measurement is being  i n v e s t i g a t e d .  An examinat ion  of  t h e  p a t t e r n  f o r  14.146 

has  r evea led  t h e  fo l lowing  t h r e e  types  of p a t t e r n ,  each of which can be 

used f o r  t h e  de t e rmina t ion  of e l e c t r o n  d e n s i t y :  

1 I n t e r f e r e n c e  between t h e  d i r e c t  and r e f l e c t e d  o r d i n a r y  wave. 

2. I n t e r f e r e n c e  between t h e  d i r e c t  and r e f l e c t e d  e x t r a o r d i n a r y  wave, 

below the l e v e l  of  e x t r a o r d i n a r y  wave r e f l e c t i o n s .  

3. I n t e r f e r e n c e  between t h e  d i r e c t  o r d i n a r y  wave r a d i a t e d  a t  t h e  e x t r a -  

o r d i n a r y  f requency ,  and t h e  cons tan t -phase  e x t r a o r d i n a r y  p r e s e n t  a t ,  

and s l i g h t l y  above: t h e  e x t r a o r d i n a r y  r e f l e c t i o n  l e v e l .  

These a re  i n  a d d i t i o n  t o  t h e  Z-trace s t a n d i n g  wave which is  seen when 

the  o r d i n a r y  wave r e f l e c t i o n  i s  l o c a t e d  below t h e  rocke t  apogee. 

Nike-Apache 14.247 

D r .  C . F .  S e c h r i s t ,  Jr.  s p e n t  s e v e r a l  days a t  Wallops I s l a n d  i n  connec t ion  

wi th  t h e  rocke t  f i r i n g  on September 15,  1965. This  a f f o r d e d  him an oppor tu-  

n i t y  t o  observe t h e  ad jus tment  of t h e  ground-based p o r t i o n  of  t h e  r o c k e t  

propagat ion  experiment .  

Personnel  ass ignments  were made f o r  t h e  f i n a l  IQSY Q u a r t e r l y  World Day 

r o c k e t  f i r i n g  a t  Wallops I s l a n d  on December 15,  1965; t h e s e  were a s  fo l lows :  

NOT CITABLE 



33 

D r .  S e c h r i s t ,  o v e r a l l  d i r e c t i o n ;  D r .  J .S .  S h i r k e  and G.L. Yarayana Rao, 

v e r t i c a l  i n c i d e n c e  abso rp t ion :  D r .  Mukunda Rao, G.W. Henry, and L.A. S c h i c k ,  

pocket  propagat ion  exper iment ;  atld J. Strong, paylzad .  L e t t e r s  were s e n t  

t o  t h e  S e c u r i t y  O f f i c e r  and P r o j e c t  Engineer  ( M r .  R.  P l e s s )  a t  Wallops con- 

c e r n i n g  t h e  names of t h e s e  s c i e n t i f i c  pe r sonne l  from t h e  Aeronomy Labora tory  

who would be p a r t i c i p a t i n g .  

D r s .  M. Rao and S e c h r i s t  d i scussed  t h e  r o c k e t  p ropaga t ion  experiment  

w i t h  H.V. Krone and D. Skaperdas a t  the  Coordina ted  Sc ience  Labora tory  a t  

t h e  U n i v e r s i t y  o f  I l l i n o i s .  Because Dr. Rao i s  ve ry  i n t e r e s t e d  i n  e q u a t o r i a l  

r o c k e t  expe r imen t s ,  problems a s s o c i a t e d  wi th  t h e  p ropaga t ion  experiment  when 

used a t  t h e  geomagnetic e q u a t o r  were d i scussed .  

I n  connec t ion  wi th  t h e  December 1 5 t h  r o c k e t  f i r i n g  a t  a s o l a r  z e n i t h  

ang le  of 60° (1200 EST) ,  Henry and S t rong  a r r i v e d  a t  Wallops I s l a n d  on  

December 7 and a c t i v a t e d  t h e  v e r t i c a l  i n c i d e n c e  a b s o r p t i o n  experiment  a t  

t h e  o l d  Coas t  Guard b u i l d i n g  on t h e  no r th  end of t h e  i s l a n d .  Th i s  exper iment  

was tu rned  o v e r  to  D r .  S h i r k e  and N .  Rao, who a r r i v e d  a t  Wallops on December 

10. L.A. Sch ick  j o i n e d  Henry and S t rong  on t h a t  d a t e ,  and they  then  a c t i v a t e d  

t h e  ground i n s t r u m e n t a t i o n  f o r  t h e  rocke t  p ropaga t ion  exper iment .  On December 

13, D r s .  M .  Rao, Mecht ly ,  and S e c h r i s t  a r r i v e d  a t  Wallops.  M. Rao and Mechtly 

observed  t h e  ad jus tment  and o p e r a t i o n  o f  t h e  r o c k e t  p ropaga t ion  expe r imen t ,  

whi le  S e c h r i s t  was r e s p o n s i b l e  f o r  t he  o v e r a l l  s c i e n t i f i c  d i r e c t i o n  of t h e  

f i r i n g .  

According t o  D r .  L. Smith ,  t h e  n o n - a v a i l a b i l i t y  o f  t h e  Spandar  and 

FPQ-6 r a d a r s  f o r  t h e  December s h o t  would r e s u l t  i n  a t r a c k  o n l y  t o  100 km 

(from t h e  FPS-16 r a d a r ) .  T h i s ,  however, is  adequa te  t o  pe rmi t  e x t r a p o l a t i o n  

cn  t h e  b a s i s  o f  a vacuum t r a j e c t o r y .  
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However, D r .  E .A .  Mechtly worked w i t h  A . A .  Gaul t  a t  t h e  Ooddard Space 

, 
F l i g h t  C e n t e r ,  Informat ion  P rocess ing  DivBsion, Data P rocess ing  Branch on 

January  21, February 8 ,  February 10,  and March 1, 1966, t o  e x t r a c t  a s  much 

Rocket 14.247 was launched a t  Wallops I s l a n d  on December 15, 1965 a t  

1200 EST a s  scheduled.  In s t rumen ta t ion  performance was s a t i s f a c t o r y  excep t  

f o r  non-function of the  1450 i o n  chamber. The DC. probe and t h e  p ropaga t ion  

experiment  i n d i c a t e d  t h e  presence of two s p o r a d i c  E - l a y e r s ,  t h e  1-r a t  

about  96 km being about 4 km t h i c k ,  and the  upper  l a y e r  a t  112 km being  

about  1 km t h i c k .  

a b s o r p t i o n  experiments  s u f f e r e d  r a d i o - t e l e t y p e  i n t e r f e r e n c e ;  however, much 

u s e f u l  da t a  w i l l  be ob ta ined .  Based on t h e  v e r t i c a l  i nc idence  a b s o r p t i o n  

measurements,  t h i s  f i r i n g  occurred  on a day of  l o w  o r  normal a b s o r p t i o n .  

Nike-ADache 14.248 

qoth t h e  r o c k e t  propagat ion  and t h e  v e r t i c a l  i nc idence  

Nike-Apache 14.248 was launched a t  Wallops I s l a n d  on January  10,  1966 

a t  1714 GMT dur ing  a day of ttanomalous h igh  w i n t e r  abso rp t ion"  a s  r e q u i r e d  

by mis s ion  o b j e c t i v e s .  For  a d i s c u s s i o n  of t h e  c r i t e r i a  chosen f o r  de te rmining  

a day of anomalous a b s o r p t i o n ,  see s e c t i o n  2.2. 

Unfor tuna te ly ,  t he  t e l e m e t r y  r e c e i v e r  s i g n a l  l e v e l s  dropped t o  10 micro- 

v o l t s  a t   TI-^ seconds a s  t h e  r e s u l t  o f  a p a r t i a l  f a i l u r e  o f  t h e  payload te le-  

metry transmit*&-. P re l imina ry  e v a l u a t i o n  of t e l e m e t r y  r e c o r d s  sugges ted  

tha t .  l i t t l e  u s e f u l  d a t a  could  be recovered .  

d a t a  a s  p o s s i b l e  from t h e  o r i g i n a l  t e l e m e t r y  t a p e s .  The t ape  from Telemetry 

S t a t i o n  A was of b e t t e r  q u a l i t y  than  t h e  Wallops Main Base Telemetry S t a t i o n  

t a p e .  A l l  f i n a l  da t a  p rocess ing  was done wi th  t h e  S t a t i o n  A t a p e .  

Mechtly and Gaul t  used an  Electro-Mechanical  Research,  Inc .  Model 229 
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phase- locked d i s c r i m i n a t o r ,  an  I n t e r s t a t e  S e r i e s  450 Model 8 s i g n a l  t r a c k i n g  

f i l t e r ,  and a n  E l e c t r a c ,  Inc .  Model 2l5T phase- lock t r a c k i n g  f i l t e r .  

The EMR 229 phase-locked d i s c r i m i n a t o r  is des igned  f o r  use wi th  t h e  

I R I G  t e l e m e t r y  bands.  'It h e l d  phase l o c k  b e t t e r  t h a n  t h e  I n t e r s t a t e  t r a c k i n g  

f i l t e r ,  which i s  a g e n e r a l  purpose in s t rumen t ,  and b e t t e r  t han  t h e  E l e c t r a c  

215T,  which has  a r e l a t i v e l y  f i x e d  t r a c k i n g  bandwidth o f  300 H z .  For example,  

t h e  DC probe d a t a  was recovered  by s e t t i n g  t h e  EMR 229 " loop  width" ( i . e .  I 

d e v i a t i o n  r a t i o )  a t  100 ,  p rov id ing  narrow band t r a c k i n g ,  s e t t i n g  t h e  c u t o f f  

f requency  a t  100 Hz., and c a r e f u l l y  tun ing  t h e  d i s c r i m i n a t o r .  

Combinations of v a r i a b l e  f requency h igh-  and low-pass SKL f i l t e r s  were 

t r i e d  t o  p r e c o n d i t i o n  s i g n a l s ,  However, they  were no t  s u f f i c i e n t l y  s h a r p  

t o  h e l p .  

Tising t h e  EMR 229 d i s c r i m i n a t o r ,  Mechtly and Gaul t  s u c c e s s f u l l y  r ecove red  

t h e  E probe and r e c e i v e r  AGC d a t a  and g r e a t l y  improved t h e  s igna l - to -no i se  

r a t i o  of t h e  a s p e c t  magnetometer,  u l t r a v i o l e t ,  and r e c e i v e r  d e t e c t o r  d a t a .  

The recovered  d a t a  a r e  of s u f f i c i e n t  q u a l i t y  t o  provide  a b a s i s  f o r  a 

paper  on what i s  probably  t h e  f i r s t  rocke t  probe o f  t h e  ionosphere  on a day 

of  "high w i n t e r  abso rp t ion . "  The resul ts  a r e  scheduled t o  be p re sen ted  i n  

p r e l i m i n a r y  form a t  t h e  COSPAR meeting i n  Vienna, A u s t r i a  on t h e  week of 

May 8 ,  1966. 

3 . 2  Data Ana lys i s  - Stand ing  Wave G . L . N .  Rao - 
Tasks inc luded  u,slder t h i s  t o p i c  p e r t a i n  t o  t h e  d e t e r m i n a t i o n  o f  e l e c t r o n  

d e n s i t i e s  i n  t h e  E r e g i o n  of  t h e  ionosphere through a n a l y s i s  of s t a n d i n g  

wave p a t t e r n s  encountered  i n  t h e  rocke t  p ropaga t ion  experiment, ,  conducted 

under  NASA g r a n t  N s G - 5 1 1  
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Standing  wave a n a l y s i s  t echn iques  were a p p l i e d  t o  d a t a  from r o c k e t  

s h o t s  14.145 and 14.146. The d e t a i l s  o f  i n s t r u m e n t a t i o n  and launching  of  

t h e s e  r o c k e t  a r e  a s  fo l lows :  

Payload 
GSFe Model Date Loca t ion  Time - f x t ype  

14 .145  J u l y  1 5 ,  1964 Wallops I s l a n d  09202 2.225 MHz 94.12O A 

14 146 Ju ly  1 6 ,  1964 Wallops I s l a n d  1025A 2.225 MHz 83.1° A 

The type A payload c o n s i s t s  of  a n o s e - t i p  DC probe f o r  measuring e l e c t r o n  

d e n s i t i e s  and tempera tures  i n  t h e  r eg ion  above 100 km, and e l e c t r o n  and i o n  

c u r r e n t s  below t h a t  h e i g h t ;  a r a d i o  propagat ion  experiment  for measuring t h e  

d i f f e r e n t i a l  abso rp t ion ,  Faraday r o t a t i o n ,  and s t a n d i n g  waves of CW r a d i o  

s i g n a l s  t r ansmi t t ed  from t h e  ground,  and hence t h e  e l e c t r o n  d e n s i t y  and 

c o l l i s i o n  frequency ove r  a wide range of  h e i g h t s ;  u l t r a v i o l e t  photometers  

a t  1216 2 and 1450 8 for t h e  measurement of  molecular  oxygen d e n s i t y  and 

i o n i z i n g  f l u x ;  and o p t i c a l  and magnetic a s p e c t  s e n s o r s .  

The e l e c t r o n  d e n s i t i e s  ob ta ined  i n  t h e  E-region l e v e l s  f o r  r o c k e t s  

14.145 and 14.146 a r e  p re sen ted  i n  F igu res  3 . 2 . 1  and 3 . 2 . 2 .  

Some t h e o r e t i c a l  a n a l y s i s  has  been c a r r i e d  o u t  of t h e  type  of phase 

i n t e r f e r e n c e  t o  be a n t i c i p a t e d  betweeaL.the d i r e c t  and r e f l e c t e d  o r d i n a r y  

components and on t h e  e f f e c t  o f  r o c k e t  a s p e c t  on t h i s  s t a n d i n g  wave. A 

p r e l i m i n a r y  conclus ion  is  t h a t  deep  n u l l s  can be expec ted  i n  t h e  o r d i n a r y  

wave i n t e r f e r e n c e  r eg ion  on ly  when t h e  ang le  between t h e  d i r e c t  and r e f l e c t e d  

is  less t h a n  90 ~ 

0 
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3 . 3 A  Data  Ana lys i s  - 
I 

E l e c t r o n  D e n s i t i e s  and C o l l i s i o n  Frequencies  J. S a l a h  

Tasks inc luded  under  t h i s  t o p i c  p e r t a i n  t o  t h e  a n a l y s i s  o f  d a t a  o b t a i n e d  

from t h e  r o c k e t  propagat ion  experiment ,  conducted under  NASA g r a n t  NsG-511. 

Some of t h e  r e s u l t s  o f  experiments  conducted t o  s tudy  t h e  d i u r n a l ,  

s e a s o n a l  , and l a t i t u d i n a l  v a r i a t i o n s  of t h e  lower r e g i o n s  of t h e  ionosphere  

a r e  p re sen ted  h e r e .  

E l e c t r o n  d e n s i t y  p r o f i l e s  have been ob ta ined  from s e v e r a l  measurements. 

I n  t h e  a l t i t u d e  range above 100 km, the o r d i n a r y  r e f r a c t i v e  index  i s  computed 

from t h e  s t a n d i n g  wave produced by the d i r e c t  and r e f l e c t e d  waves. T h i s  

normal ly  a g r e e s  ve ry  w e l l  wi th  t h e  DC probe e l e c t r o n  c u r r e n t .  The mean 

v a l u e  f m m  t h e  s t a n d i n g  wave h a s  o f t e n  been used t o  c a l c u l a t e  a s p e c t  co r -  

r e c t i o n  f a c t o r s  f o r  t h e  probe c u r r e n t .  I n  t h a t  r e g i o n ,  t h e  r a t i o  o f  e l e c t r o n  

d e n s i t y  to  probe c u r r e n t  i s  about  10 amps c m  and s t a y s  a lmost  c o n s t a n t .  10 -1 -3 

Between 80 and 100 km, t h e  e l e c t r o n  d e n s i t y ,  N ,  i s  ob ta ined  from t h e  

measurement o f  t h e  Faraday r o t a t i o n ,  S i n c e  N is  p r o p o r t i o n a l  t o  t h e  r a t e  

of  change of  Faraday r o t a t i o n ,  t h i s  i s  a n  a b s o l u t e  measure,  independent  o f  

c o l l i s i o n s .  Th i s  technique  presented  e s s e n t i a l l y  no problems and y i e l d e d  

good r e s u l t s .  

Another  measurement i s  t h a t  of d i f f e r e n t i a l  a b s o r p t i o n ,  p r o p o r t i o n a l  

t o /  NvOz, where v i s  t h e  c o l l i s i o n  frequency.  With N known from Faraday 

r o t a t i o n ,  a c o l l i s i o n  f requency  model may be c o n s t r u c t e d .  The c o l l i s i o n  

model i s  ob ta ined  from Appleton-Hartree e q u a t i o n s  and i s  assumed t o  be 

8 
d i r e c t l y  p r o p o r t i o n a l  t o  p r e s s u r e ,  P. 

t .O 3x10 depending on ionosphe r i c  e f f e c t s ,  Below 82 km, the  Sen and W y l l e r  

The r a t i o  * v a r i e d  from 2x10 P 
8 
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g e n e r a l i z e d  equa t ions  have been used t o  c a l c u l a t e  N .  I t  was found t h a t  

on t h e  average t h i s  a l t i t u d e  may be s a f e l y  used a s  an index  f o r  t h e  

c o l l i s i o n  frequency t o  be n e g l e c t e d  i n  t h e  q u a s i - l o n g i t u d i n a l  Appleton-Hartree 

e q u a t i o n s .  To t h e  d e n s i t i e s  around 80 km a n  e r r o r  o f  10% i s  a s c r i b e d  due 

t o  c o n t i n u i t y ,  

I n  t h e  asymptot ic  l i m i t s  g iven  by Sen and W y l l e r ,  m u l t i p l i c a t i v e  f a c t o r s  

may be a p p l i e d  to  o b t a i n  t h e  monoenerget ic  c o l l i s i o n  f requency .  Fu r the r -  

m o r e ,  a t  l o w  a l t i t u d e ?  where d i f f e r e n t i a l  a b s o r p t i o n  p l o t s  do n o t  show 

monotonica l ly  i n c r e a s i n g  v a l u e s ,  a c u r r e n t  c a l i b r a t i o n  method has  been used 

t o  o b t a i n  N .  The c o l l i s i o n  f requency  model c a l c u l a t e d  above 80 km i s  e x t r a p -  

o l a t e d  t o  these  lower a l t i t u d e s .  A smoothed a b s o r p t i o n  vs .  t h e  i n t e g r a l  

o f  p r 6 s s u r e  t i m e s  c u r r e n t  y i e l d s  one s l o p e  f a c t o r  and a point-by-point  s l o p e  

y i e l d s  t h e  o t h e r  f a c t o r ,  t h u s  a l lowing  us  t o  c a l c u l a t e  t h e  range of N a t  

l o w  l e v e l s .  

Below 100  km, t h e  r a t i o  of  e l e c t r o n  d e n s i t y  to  probe c u r r e n t  was computed 

u s i n g  ins t ,an taneous  v a l u e s  of  c u r r e n t ,  compared wi th  average  v a l u e s  of  d e n s i t y .  

A g r e a t  d e a l  of s c a t t e r  was observed .  Probe c u r r e n t  r e a d i n g s  were t h e n  made 

by GCA a t  0.1 sec i n t e r v a l s  and weight ing  f u n c t i o n s  were in t roduced  to  c a l -  

c u l a  

have 

dens  

e t h e  c a l i b r a t i o n  c o n s t a n t s .  The s c a t t e r  problem was corrected. 

I n  t h e  c a l i b r a t i o n  c o n s t a n t  e v a l u a t i o n  remarkable  changes i n  t h e  s l o p e  

been no t i ced  f o r  one o f  t h e  s h o t s  t h a t  showed s p o r a d i c  E l a y e r .  Th i s  

t y  e f f e c t  w a s  l a t e r  d i smis sed  because i t  d i d  n o t  appea r  f o r  o t h e r  ex- 

per iments  which y i e l d e d  t h e  same r e s u l t s .  

Above 100 km, e l e c t r o n  c u r r e n t  and e l e c t r o n  d e n s i t y  a r e  i n  a one-to-one 

correspondence.  Between 80 and 100 km t h e  r a t i o  v a r i e s  from s h o t  t o  s h o t ,  
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b u t  d e f i n i t e l y  dec reases .  Below 80 km, t h e  probe c u r r e n t  l e a d s  t o  an over -  

e s t i m a t e d  e l e c t r o n  d e n s i t y  by a lmost  an order of magnitude. The technique  

used for o b t a i n i n g  e l e c t r o n  d e n s i t y  a t  t h e s e  a l t i t u d e s  i s  st , i l l  under  s tudy .  

F i n a l  form and t a b u l a t i o n  requirements  have been s e t  f o r  t h e  d e n s i t y  

r e s u l t s .  The form w i l l  be an  e l e c t r o n  d e n s i t y  p r o f i l e  de r ived  from t h e  

smoothed N / I  c a l i b r a t i o n  c o n s t a n t  and t h e  e l e c t r o n  c u r r e n t .  Tabula ted  d a t a  

w i l l  be g i v e n  a t  1 point/km f o r  slow g r a d i e n t s  of d e n s i t y  and a t  10 points/km 

f o r  t h e  f a s t  g r a d i e n t s .  Upper and lower l i m i t s  o f  d e n s i t i e s  w i l l  be g iven  

for low a l t i t u d e  range .  These w i l l  be a v a i l a b l e  f o r  every  exper iment .  

The above has  been a g e n e r a l  p r e s e n t a t i o n  of t h e  method of  a n a l y s i s  

and t h e  manner i n  which the  d a t a  was i n t e r p r e t e d .  

Although pr&li.mi.nagy r e s u l t s  have been ob ta ined  f o r  most of t h e  r o c k e t s  

launched so f a r ,  on ly  seven w i l l  be presented  h e r e .  Table  1 g i v e s  t h e  

p e r t i n e n t  d a t a  and in fo rma t ion .  

Table  1 

FLIGHT DATE 

14.144 15 J u l y  64 

14.145 15 J u l y  64 

14.146 15 J u l y  64 

14.149 19 Nov 64 

14.230 5 A p r i l  65 

14.231 9 A p r i l  65 

14.232 12 A p r i l  65 

TIME LAT . LONG 

0800 Z Wallops 

0920 Z Wallops 

1025 Z Wallops 

2020 z Wallops 

1345:53 Z 29O32'S 75O13'W 

1918~15 Z 44O15'S 77O4OSW 

1714~02 Z 58O19'S 78OW 

PROPAG 
FREQUENCY 

2.225 MHz 

2.225 MHz 

2.225 MHz 

2.225 MHz 

3.385 MHz 

3.385 MHz 

3.385 MHz 

ZENITH 
ANGLF: 

105O 

94 * 12O 

7 7O 

83 e lo 

58O 

6 Oo 

67O 

TYPE OF 
PAYLQAD 

* 
B1 
A 

A 
* 

B2 
A 

A 

A 

* 
* B1 

B2 

Saye r s  Probe and Hirao  Probe 

Saye r s  Probe and Nagy Probe 

NOT CITABLEi 



ELECTRON CURRENT ( a m p s )  

10-10  IO-^ 10-8  IO-^ 10-6  IO-^ 
I50 

140 

I 30 

I20 

I IO 
- 
E 
1 
v 

E 100 

k 
!i a 

3 

90 

80 

70 

60 

50 
I 

NlKE APACHE 14.146 
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WALLOPS ISLAND, VA. 
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Figure 3.3.1 E l e c t r o n  d e n s i t y  d e r i v e d  from r a d i o  propagat ioi l  d a t a  a s  
compared t o  probe c u r r e n t  for r o c k e t  14.146. 
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Two s h o t s  launched i n  November, 1964 (14.147 and 14.148) were ana lyzed  t o  

t h e  maximum e x t e n t .  Faraday r o t a t i o n  was l i m i t e d  t o  a sudden i n c r e a s e  

o v e r  a few k i lometers  and ve ry  l i t t l e  a b s o r p t i o n  was recorded .  Reduct ion 

i s  s t i l l  pending on these  exper iments .  

A s  an  example, F igure  3 . 3 . 1  i s  p resen ted  t o  show t h e  e l e c t r o n  d e n s i t y  

de r ived  from t h e  r a d i o  propagat ion  d a t a  f o r  14.146 a s  Cbmpeked ,ton probe '  

c u r r e n t .  Good agreement is  e v i d e n t .  

F igu re  3.3.2 shows t h e  f i n a l  e l e c t r o n  d e n s i t y  p r o f i l e s  f o r  r o c k e t s  

14 .144 ,  14.145, and 14.146 r e s p e c t i v e l y .  S t r o n g  s p o r a d i c  E l a y e r s ,  w i th  

d e n s i t i e s  o f  t he  o r d e r  of 1 0  c m  a r e  i n  ev idence .  Bowhill  (1966) con- 

c luded from t h e s e  o b s e r v a t i o n s  t h a t  t h e  d i f f u s e  non-blanket ing s p o r a d i c  

E l a y e r  c o n s i s t s  of  an "assembly of under-dense i o n i z a t i o n  i r r e g u l a r i t i e s  

having a v e r t i c a l  c o r r e l a t i o n  d i s t a n c e  o f  about  25 m." 

between t h i s  phenomenon and t h e  i n t e n s e  b l a n k e t i n g  s p o r a d i c  E .  

5 -3 

H e  d i s t i n g u i s h e s  

Based upon the  low a l t i t u d e  d e n s i t y  measurement and t h e  development 

of  t h e  C- layer ,  Bowhill and Smith (1965) have confirmed t h a t  0 - is  n o t  

t h e  dominant nega t ive  i o n  i n  the  t w i l i g h t  D-region a s  had been p r e v i o u s l y  

assumed. 

2 

The November (14.149) r e s u l t s  a r e  shown i n  F igu res  3.3.3, where t h e  

i o n i z a t i o n  i n c r e a s e  occurs  between 85 and 90 km compared w i t h  t h e  90-95 km 

i n c r e a s e  f o r  14.146. Above 90 k m ,  t h e  s t a n d i n g  wave a n a l y s i s  shows t h e  

same g e n e r a l  p r o f i l e  shape a s  t h e  c u r r e n t  p r o f i l e  bu t  t h e r e  i s  n o t  a one- 

to-one correspondence a s  observed i n  e a r l i e r  s h o t s .  The s e v e r a l  l edges  

o c c u r e n t  a s  t hese  a l t i t u d e s  have n o t  been exp la ined  y e t .  

F igu re  3.3.4, shows t h e  r a d i o  propagat ion  e l e c t r o n  d e n s i t y  p r o f i l e s  
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a t  d i f f e r e n t  l a t i t u d e s  d u r i n g  t h e  Mobile Launch Exped i t ion .  Above 100 km, 

t h e  e l e c t r o n  d e n s i t y  i s  about  10 c m  and s t a y s  c o n s t a n t .  N o  l a t i t u d i n a l  

v a r i a t i o n  i s  observed i n  d e n s i t y  except a t  t h e  lower a i t i t u d e s  (below 80 k m ) .  

F i g u r e  3 . 3 . 5  shows t h e  v a r i o u s  monoenergetic c o l l i s i o n  f r e q u e n c i e s  

5 -3 

o b t a i n e d  for t h e  r o c k e t s  d e s c r i b e d  above. These have been o b t a i n e d  by 

a p p l y i n g  t h e  a sympto t i c  m u l t i p l i c a t i v e  f a c t o r  o f  - t o  t h e  Appleton-Hartree 

c o l l i s i o n  frequency.  Superimposed i s  shown t h e  c o l l i s i o n  frequency o b t a i n e d  

by Belrose (1962) from h i s  and o t h e r  e x p e r i m e n t e r s '  o b s e r v a t i o n s .  Another 

p r o f i l e  i s  t h a t  o f  F e j e r  (1962).  

2 
5 

F i n a l l y  F igu re  3.3,6 shows t h e  c a l i b r a t i o n  c o n s t a n t  v e r s u s  a l t i t u d e ,  

o b t a i n e d  from t h e  r a t i o  of e l e c t r o n  d e n s i t y  and probe c u r r e n t  f o r  t h e  

v a r i o u s  s h o t s .  The cu rve  shown is a smoothed mean va lue  o f  t h i s  r a t i o ,  

whereas t h e  s t r a i g h t  l i n e  below 80 km i s  a n  ave rage  v a l u e .  

The main d i f f i c u l t i e s  encountered i n  t h e  a n a l y s i s  were t h e  f o l l o w i n g :  

1. Radar t r a j e c t o r i e s  f o r  t h e  mobi1.e launch gave some i n c o n s i s t e n t  

pa rame te r s  which had t o  be c o r r e c t e d .  

2 .  I n  some e x p e r i m e n t s ,  Faraday r o t a t i o n  and d i f f e r e n t i a l  a b s o r p t i o n  

seemed t o  i n d i c a t e  d i f f e r e n t  r e f l e c t i o n  h e i g h t s  f o r  t h e  e x t r a o r d i n a r y  

wave. Of t en  t h e  s i g n a l s  were noisy and i t  was d i f f i c u l t  t o  d e t e r m i n e  

where t h e  r e a l  d a t a  had s topped .  O t h e r  t e c h n i q u e s  of r e d u c t i o n  had 

t o  be e x p l o r e d  and used a t  t h e  Coordinated S c i e n c e  Labora to ry .  

3 .  High r e s o l u t i o n  r e a d i n g s  o f  Faraday r o t a t i o n  and d i f f e r e n t i a l  

a b s o r p t i o n  were d i f f i c u l t  a t  the  lower a l t i t u d e s  because o f  t h e  sen-  

s i t i v i t y  of t h e  r e d u c t i o n  s y s t e m .  
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4.  The s t and ing  wave c y c l e  count  was always hampered by no i se  i n  t h e  

r e c e i v e r  ou tput  channe l ,  bu t  c r i t e r i a  were set t o  make t h e  count  

a c c u r a t e  . 
R e  f e rence  s 

B e l r o s e ,  J.S., and L.W. H e w i t t  (19621, V a r i a t i o n  of c o l l i s i o n  f requency  i n  
tbe lowest  ionosphere  wi th  s o l a r  a c t i v i t y ,  Nature 202, 267-269. - 

Bowhi l l ,  S.A. (1966), A r o c k e t  experiment  on t h e  s t r u c t u r e  of  s p o r a d i c  E ,  
Radio Sc ience  1 , 187-190. - 

Bowhi l l ,  S .A. ,  and L.G. Smith (1965), Rocket o b s e r v a t i o n s  of t h e  lowes t  
ionosphere a t  s u n r i s e  and s u n s e t ,  COSPAR, Buenos Aires ,  May, 19651 

F e j e r ,  J.S. (1962), Radio Wave Absorpt ion i n  t h e  Ionosphere ,  e d .  N.C.  
Gerson,  Rergamon P r e s s ,  Oxford,  260-27a. 

3.3B E l e c t r o n  Temperatures i n  t h e  D and Lower E Regions J .  Sa lah  

Th i s  t o p i c  inc ludes  i n d i r e c t  measurements of e l e c t r o n  tempera ture  de- 

duced from c o l l i s i o n  frequency measurements. I t  is  suppor ted  by the  Na t iona l  

Aeronaut ics  and Space Admin i s t r a t ion  under  grantI!NsG-511. 

Whether or n o t  thermal  e q u i l i b r i u m  c o n d i t i o n s  e x i s t  a t  D-region a l t i t u d e s  

is  a q u e s t i o n  which h a s  l e d  t o  c o n f l i c t i n g  t h e o r i e s .  This  r e s e a r c h  p r o j e c t  

has  a t tempted  t o  demonstrate  how a n  average va lue  of e l e c t r o n  tempera ture  

may be c a l c u l a t e d  from r a d i o  a b s o r p t i o n  measurements i n  t h e  D r eg ion  f o r  

s e v e r a l  experiments  conducted a t  v a r i o u s  s o l a r  z e n i t h  a n g l e s ,  and t o  compare 

t h e  r e s u l t s  with n e u t r a l  t empera tures  c a l c u l a t e d  from t h e  observed s c a l e  

h e i g h t  of molecular  oxygen d e n s i t y .  

The l a b o r a t o r y  measurements of  Phelps  and Pack (1959) have shown t h a t  

t h e  e l e c t r o n  c o l l i s i o n  frequency i n  n i t r o g e n  i s  d i r e c t l y  p r o p o r t i o n a l  t o  

e l e c t r o n  energy ,  or e l e c t r o n  tempera ture .  With ve ry  l i t t l e  e r r o r  i n c u r r e d  , 

t h i s  r e s u l t  may be g e n e r a l i z e d  f o r  a i r .  
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Both c o l l i s i o n  f requency  and number d e n s i t y  a r e  measured by t h e  

r o c k e t  exper iment .  

One measurement of  t h e  c o l l i s i o n  f requency  may be e x t r a c t e d  from the  

a b s o r p t i o n  d a t a  and may be corrected by the  Sen and Wyl le r  a sympto t i c  

f a c t o r s  

The number d e n s i t y  may be c a l c u l a t e d  from t h e  Lyman-a r a d i a t i o n  f l u x  

and t h e  molecular  oxygen concen t r a t ion .  The va lue  o f  o p t i c a l  depth  f a c t o r  

t o  be used i n  t h i s  a n a l y s i s  i s  t h a t  a t  one s c a l e  h e i g h t  above t h e  lower 

a l t i t u d e  i n  t h e  v a l i d  range .  For near  g r a z i n g  inc idence  a n g l e s  and for  

X > n ,  v a l u e s  t a b u l a t e d  by Swider w i l l  be used.  For x < 70 , sec x may 

be adequa te ly  used w i t h  less than  1% e r r o r .  

0 

A knowledge o f  bo th  t h e s e  pacameters t hen  a l lows  f o r  a fo rmula t ion  

of  t h e  e l e c t r o n  tempera ture .  The e l e c t r o n  tempera ture  h a s  been found 

d i r e c t l y  p r o p o r t i o n a l  t o  t h e  product  of  H, t h e  s c a l e  h e i g h t  and the r a t i o  

V/ Jdz where V i s  t h e  c o l l i s i o n  f requency ,  J i s  d e f i n e d  a s  - - and I i s  

t h e  Lyman-a r a d i a t i o n  f l u x .  

1 d I  I 1 dz 

From t h e  reduced formula an  average e l e c k r o n  tempera ture  may be c a l -  

c u l a t e d ,  l i m i t e d  i n  a l t i t u d e  range by t he  c o l l i s i o n  model and the Lyman-a 

r a d i a t i o n .  A r easonab le  e s t i m a t e  would be from 80 t o  100 km. 

C a l c u l a t i o n  o f  n e u t r a l  temperature  f r o m  t h e  s c a l e  h e i g h t  of molecular  

oxygen h a s  been based on t h e  f a c t  t h a t  below 100 km, t he  a tmospher ic  con- 

s t i t u e n t s  a r e  i n  a well-mixed s t a t e .  The va lues  o b t a i n e d  have y i e l d e d  t e m -  

p e r a t u r e s  s l i g h t l y  h i g h e r  t han  s t anda rd  atmosphere v a l u e s .  Th i s  may be 

expec ted  e s p e c i a l l y  s i n c e  w e  a r e  d e a l i n g  w i t h  an average  n e u t r a l  t empera ture  

a t  mesopause a l t i t u d e s .  
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The fo l lowing  t a b l e  g i v e s  t h e  r e s u l t s  of t h e s e  c a l c u l a t i o n s .  Reference 

should  be made to  s e c t i o n  3.3A f o r  e x a c t  launch c o n d i t i o n s .  

F l i g h t  Zeni th  Angle A l t i t u d e  Range 

14.145 96' 90-98 km 208OK 201°K 1 8 5 O K  

14.146 8 5O 80-100 km 222OK 218OK 1 8 5 O K  

14  230 6 Oo 86-92 km 223OK 206. 1°K 218OK 

14.231 67' 88-98 km 284.2OK 285.9OK 218OK 

14.246 6 0' 80-96 km 2W°K 196. 1°K 182.5OK 

CIRA 1965 a t  80 km Tn - Te - 

CIRA 1965 a t  100 km:T =213OK wi th  T=+50°K. - n 

The CIRA 1965 tempera ture  v a l u e s  a r e  g iven  a t  80 km f o r  t he  e x a c t  month 

and l a t i t u d e .  

I t  i s  seen t h a t  a l l  excep t  14.232 ag ree  w e l l  w i th  model atmosphere 

t empera tu re .  Together  w i th  14.232,  and t o  w i t h i n  exper imenta l  a c c u r a c y ,  

they  conf i rm t h e  expe r i ence  of thermal  e q u i l i b r i u m  i n  t h e  D and lower E 

r eg ions .  

These r e s u l t s  suppor t  Dalgarno and Henry 's  (1965) theo ry  and c a l c u l a t i o n .  

Desp i t e  equ i l ib r ium c o n d i t i o n s ,  14.232 shows a r a t h e r  h igh  tempera ture .  

T h i s  i s  due t o  t h e  i n c r e a s e d  s c a l e  h e i g h t  of molecular  oxygen which w i l l  

a f f e c t  both T and T . An e r r o r  of 10 K should  be a s c r i b e d  to  t h i s  r e s u l t  

because i t  i s  based on descen t  v a l u e s  f o r  Lyman-a f l u x .  I n  a d d i t i o n ,  t h e  

0 

e n 

s e n s i t i v i t y  o f  t h e  photometer was low f o r  t h a t  s h o t .  

Based upon t h i s  i n f o r m a t i o n ,  t h e  new tempera ture  w i l l  be w i t h i n  t h e  

quoted CIFZA v a r i a t i o n  range.  

0 
Since  14.232 was launched i n  s p r i n g  i n  t h e  sou the rn  hemisphere a t  6 0  

l a t i t u d e ,  t h i s  would correspond t o  a h igh  l a t i t u d e  n o r t h e r n  hemisphere 

w i n t e r  s h o t .  The anomalies  i n  tempera ture  a r e  w e l l  known f o r  t h e s e  c o n d i t i o n s .  
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Heat  s o u r c e s  a r e  now be ing  s t u d i e d  t o  e x p l a i n  t h i s  i n c r e a s e  i n  tempera ture  

and p o s s i b l e  ev idence  i n  i t s  f avor  i s  be ing  sought .  

Ref e r e n c e s  

Dalgarno ,  A . ,  and J . W .  Henry (1965) ,  E lec t ron  tempera tures  i n  t h e  D-region, 
P roc .  Roy. Soc. A288, 521-530. 

P h e l p s ,  A,V. and J .L .  Pack (1951) ,  E l e c t r o n  c o l l i s i o n  f r e q u n c i e s  i n  n i t r o g e n  
and i n  t h e  lower ionosphe re ,  Phys. Rev. 3 ,  340-342. - 

3 . 4  F o r t  C h u r c h i l l  Experiment E.A.  Meehtly 
Mukunda Rao 
L.A. Sch ick  

Tasks inc luded  under  t h i s  t o p i c  p e r t a i n  t o  t h e  p l ann ing ,  c o o r d i n a t i o n ,  

and e x e c u t i o n  o f  t h e  r o c k e t  propagat ion experiment  a t  F o r t  C h u r c h i l l ,  Manitoba,  

a s  conduct,ed under  A i r  Force E l e c t r o n i c s  System D i v i s i o n  c o n t r a c t  

AF 19(628)-3900. 

The F o r t  C h u r c h i l l  experiment  f o r  s t u d y i n g  t h e  lower ionosphere  a t  

a u r o r a l  l a t i t u d e s ,  which was o r i g i n a l l y  scheduled  f o r  January  2 0 ,  1966,  

has  been postponed t o  March 15. The c r i t e r i o n  f o r  launching  set by AFCRL 

was t h a t  a daytime a u r o r a l  a b s o r p t i o n  e v e n t  o f  1.5 db  a s  observed on a 

30 NBIz riometer should  gceur .  For  t h i s  r eason  a s t u d y  has  been made o f  t h e  

theo ry  and o p e r a t i o n  of t h e  r i o m e t e r .  

Some t i m e  was s p e n t  i n  c o l l e c t i n g  l i t e r a t u r e  on au ro ra  and a u r o r a l  

a b s o r p t i o n  e v e n t s .  I n  s tudy ing  t h e  l i t e r a t u r e  on h igh  l a t i t u d e  a b s o r p t i o n ,  

some p o i n t s  of i n t e r e s t  became apparent .  The h igh  1 a t i . t u d e  a b s o r p t i o n  

e v e n t s  may be d iv ided  i n t o  t h r e e  c a t e g o r i e s ,  a s  fo l lows :  (1)  Sudden 

Ionosphe r i c  D i s tu rbances  (SID) , which a r e  mainly daytime phenomena; (2 )  

a u r o r a l  a b s o r p t i o n ,  which o c c u r s  both d u r i n g  t h e  n i g h t  and day; and (3)  

P o l a r  Cap Absorp t ion  ( E A ) ,  which i s  more i n t e n s e  d u r i n g  t h e  dayt ime.  
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The occurrence of aurora l -zone  a b s o r p t i o n  e v e n t s  was s t u d i e d  by 

cont inuous  r iometer  measurements on a world-wide b a s i s .  I n  g e n e r a l ,  

t h e  lower l e v e l  e v e n t s  (less than  1 db)  a r e  n o t  expec ted  t o  d i f f e r  

s i g n i f i c a n t l y  i n  f requency from those  observed du r ing  s o l a r  maximum. 

On t h e  o t h e r  hand, t h e  l a r g e r  a b s o r p t i o n  e v e n t s  ( g r e a t e r  t han  2 db)  a r e  

p r a c t i c a l l y  nonex i s t en t  du r ing  s o l a r  minimum. Using t h e  d a t a  r e p o r t e d  by 

B a s l e r ,  t h e  frequency of occurrence  f o r  e v e n t s  between 0.5 and 1 . 0  db f o r  

t h e  F o r t  C h u r c h i l l  l a t i t u d e  i s  g iven  a s  5 p e r c e n t .  Events  of t h i s  type 

may be expected t o  occur  wi th  a r a t h e r  h igh  p r o b a b i l i t y  w i t h i n  a 48 hour  

pe r iod .  I t  has been observed t h a t  t h e  occurrence  of  t h e s e  h igh -abso rp t ion  

e v e n t s  i s  g r e a t e r  du r ing  t h e  equinox months. As t h e  F o r t  C h u r c h i l l  e x p e r i -  

ment was scheduled for March, i t  i s  expec ted  t h a t  t h e  chances of f i n d i n g  

t h e  d e s i r e d  abso rp t ion  even t  a r e  f a i r .  

I n  p r e p a r a t i o n  for the  F o r t  C h u r c h i l l  expe r imen t ,  much of  t h e  equipment 

used i n  t h e  rocke t  p ropaga t ion  experiment  had t o  be modif ied or r e c o n s t r u c t e d  

because of  t he  change of  o p e r a t i n g  f requency .  The s y s t e m  used a t  F o r t  

C h u r c h i l l  o p e r a t e s  a t  7.9225 MHz, whereas t h e  f r e q u e n c i e s  normally used a r e  

3.385 and 2.225 MHz. See s e c t i o n  3.8 f o r  d e t a i l s  on t h e  p r e p a r a t i o n  of t he  

in s t rumen ta t ion  t o  be used.  

I t  was decided t h a t  t h e  former sh ipboard  sounder  van was much b e t t e r  

s u i t e d  f o r  t r a v e l  because of i t s  l a r g e  s t o c k  of s p a r e  p a r t s  and equipment.  

Accord ingly ,  t h e  equipment f o r  use a t  F o r t  C h u r c h i l l  was t r a n s f e r r e d  t o  

t h e  sounder  van, and t h e  sounder  i n s t r u m e n t a t i o n  was i n s t a l l e d  i n  t h e  van 

o r i g i n a l l y  used  f o r  t he  r o c k e t  experiment  i n s t r u m e n t a t i o n .  

The rocke t  payload r e c e i v e r s  s u p p l i e d  by Space C r a f t ,  I n c .  were c a l i b r a t e d  

NOT CITABLE 



55 

and t h e  payload package was s e n t  to  AFCRL f o r  i n t e g r a t i o n  i n t o  t h e  Black 

B r a n t ,  T e s t i n g  of  t h e  payload a t  AFGRL was conducted i n  e a r l y  March. A 

7,9225 m z  carrier was mcdulated 30 percer, t  w i th  a 400 Hz s i g n a l  and t ra f i s -  

m i t t e d  t o  t h e  r e c e i v e r ,  The r e c e i v e r  o u t p u t  was observed on an  o s c i l l o s c o p e  

wh i l e  o t h e r  exper iments  i nc luded  i n  t h e  payload were switched on i n d i v i d u a l l y .  

A few of t h e  exper iments  were found to  cause  d e f i n i t e  i n t e r f e r e n c e  wi th  t h e  

r e c e i v e d  s i g n a l .  These were (1 )  The Un ive r s i ty  of  Utah ' s  s c i n t i l l a t o r ,  ( 2 )  

U t a h ' s  r ad iomete r ,  and ( 3 )  The Unive r s i ty  o f  MarylandPs r e t a r d i n g  p o t e n t i a l  

p robe ,  Some of  t h e  i n t e r f e r e n c e  was e l imina ted  by s h i e l d i n g  t h e  w i r e s  running 

through t h e  U n i v e r s i t y  of  I l l i n o i s  deck of  t h e  payload.  However, t h e  ex-  

per iments  mentioned above had t o  be modified s l i g h t l y  t o  reduce t h e  i n t e r -  

ference t o  an a c c e p t a b l e  l e v e l .  A l l  i n t e r f e r e n c e  problems were c l e a r e d  up 

b e f o r e  t h e  payload was shipped to  F o r t  C h u r c h i l l .  

P r i o r  t o  d e p a r t i n g  f o r  F o r t  C h u r c h i l l ,  a g e n e r a l  agreement had been 

reached t h a t  c a l i b r a t i o n  of  t h e  AGC s i g n a l  would be a t tempted  w i t h  t h e  

r o c k e t  i n  f l i g h t  r a t h e r  t han  on t h e  ground, a s  had been done p r e v i o u s l y .  

Th i s  i s  t o  be accomplished by keeping t h e  o r d i n a r y  power from t h e  ground 

t r a n s m i t t e r s  c o n s t a n t  and va ry ing  t h e  e x t r a o r d i n a r y  power i n  d i s c r e t e  s t e p s .  

T h i s  p rocess  must be completed be fo re  t h e  r o c k e t  r eaches  40 km ( a t  approxi -  

mate ly  T+35 seconds)  so t h a t  t h e  loop  lock  may be r e s t o r e d  b e f o r e  t h e  r o c k e t  

e n t e r s  t h e  ionosphere .  I t  was a l s o  suggested t h a t  t h e  o r d i n a r y  power be 

dec reased  t o  3 0  db when t h e  e x t r a o r d i n a r y  a t t e n u a t o r  h i t  t h e  end o f  i t s  

range .  I t  was thought  t h a t  a d d i t i o n a l  u s e f u l  d a t a  might  be o b t a i n e d  by t h i s  

t e c h n i q u e ,  which w i l l  be t r i e d  d u r i n g  t h e  F o r t  C h u r c h i l l  f i r i n g .  

The U n i v e r s i t y  o f  I l l i n o i s  team a r r i v e d  a t  F o r t  C h u r c h i l l  on March 15, 1966 
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The ins t rumen ta t ion  van a l s o  a r r i v e d  on t h a t  d a t e  and was p u l l e d  o u t  t o  t h e  

launch a r e a .  The equipment was t e s t e d  f o r  normal o p e r a t i o n .  Most of  t h e  

equipment fnnc t ioned  p r o p e r l y ,  a l though some minor d i f f i c u l t i e s  were en- 

countered  (see s e c t i o n  3.8 f o r  d e t a i l s ) .  Most of t h e  week was s p e n t  i n  

p repa r ing  the  van f o r  t h e  f i r i n g .  

On March 22 ,  D r .  Sandock, t h e  p r o j e c t  s c i e n t i s t ,  and h i s  team a r r i v e d  

from AERL. A meet ing was convened between t h e  range personnel  and t h e  

p r o J e c t  personnel  on March 23 t o  d i s c u s s  t h e  requi rements  f o r  t h e  exper iment .  

I t  was decided t h a t  t h e  f i r s t  a t t empt  a t  f i r i n g  i n t o  t h e  daytime a u r o r a l  

a b s o r p t i o n  event  should  be made on A p r i l  1, 1966, The launch window re- 

ques t ed  was between 8 : O O  A . M .  and 2:OO P.M. l o c a l  t i m e .  

A p re l imina ry  a n a l y s i s  of  t h e  r i o m e t e r  c h a r t s  f o r  February ,  1966 i n -  

d i c a t e d  a s t r o n g  c o r r e l a t i o n  between f v a l u e s  and cosmic n o i s e  a b s o r p t i o n .  

I t  was t h e r e f o r e  dec ided  t o  look  i n t o  f v a l u e s  be fo re  making a d e c i s i o n  

t o  f i r e ,  a s  a check on the  occurrence  of t h e  d e s i r e d  e v e n t .  According t o  

t h e  i n s t r u c t i o n s  o f  D r .  J.S, B e l r o s e ,  M r .  A l b e r t  Maoine, who i s  o p e r a t i n g  

t h e  p a r t i a l  r e f l e c t i o n  equipment a t  F o r t  C h u r c h i l l ,  was c o n t a c t e d  and he  

was reques ted  t o  t a k e  t h e  r e c o r d s  d u r i n g  t h e  t i m e  o f  t h e  s h o t .  

min 

m i  n 

The c r i t e r i o n  se t  f o r  the F o r t ' C h u r c h i l l  experLment i s  t h a t  a daytime 

ariroaal a b s o r p t i o n  even t  o f  g r e a t e r  t han  1 4  db a s  observed on a 30  M H z  

r i o m e t e r  should occur .  To i l l u s t r a t e  t h e  d e s i r e d  e v e n t ,  i n  F igu re  3 .4 .1  

t h e  r iome te r  r e c o r d  i s  shown when an e v e n t  o f  3 db  occur red  a s  compared 

w i t h  a normal q u i e t  day r eco rd  d u r i n g  t h e  same t i m e .  I n  F igu re  3 . 4 , 2  1s 

g i v e n  t h e  e l e c t r o n  d e n s i t y  p r o f i l e  o b t a i n e d  d u r i n g  t h e  above s a i d  e v e n t  

and i t  is compared wi th  a q u i e t  day p r o f i l e  t o  show t h e  o r d e r  of i n c r e a s e  

NOT CITABLF: 



59 

13 

12 

I I  

IO 

9 -  - 
V z 
V z 
W 

W c 
LL 

v 

> 8 -  

z 7 -  

6 -  

5 -  

4 -  

3 -  

2 -  

16 

- 

- 

- 

I Spreod - fbEs 
1 f-min 
A Greoter than 
v Less than 

+ 

T 

L I - 

\ M A A A  

APRIL I ,  1966 

'0001 02 03 0405 06 07 08 09 IO I I  12 
LMT 

0 
B 

13 14 15 16 I7 18 19 20 21 22 23 

Figure  3.4.3 An f - p l o t  of t h e  v a r i o u s  ionosphe r i c  parameters  d u r i n g  a day 
when a a u r o r a l  abso rp t ion  e v e n t  occur red .  No t i ce  t h a t  t h e  
d i u r n a l  v a r i a t i o n  of f f i s  comple te ly  d i f f e r e n t  from a 
normal day. 0 2  

NOT CITABLE 



16 

15 

14 

13 

12 

I I  

IO 

9 - 
0 
I 
v 

c a  z 
w 
G 7  
a 
LL 

6 

5 

4 

3 

2 

I \MMI 111 ~ T v T T l ~  

f ?  MARCH 31, 1966 
x f x  
0 fo 
2 f z  
I Spread - fbEs 
t f-min 
A Greater than 
v Less than 

~ T T T w T w v T  
L M T  

Figure 3.4.4 An f - p l o t  taken a t  Fort Churchil l  on a q u i e t  day.  

NOT CITABLE 



61 

of i o n i z a t i o n  ( a f t e r  B e l r o s e ) .  I n  F igure  3 . 4 , 3  a p l o t  o f  t h e  d i f f e r e n t  

i o n o s p h e r i c  parameters  i s  shown dur ing  a day when an  a b s o r p t i o n  e v e n t  

occuri=ed and i n  F igu re  3 .4 .4  a q u i e t  day p l o t  i s  g iven  for comparison. 

I t  can  be c l e a r l y  no t i ced  i n  F igure  3 . 4 . 3  t h a t  a t  t.he t i m e  when the  e v e n t  

occur red  (between 0730-0930 L.T. ) t h e  f va lues  ( t h e  cont, inuous l i n e s )  min 

show an abnormal i n c r e a s e  even to  t h e  p o i n t  of  b l ack ing  o u t  t h e  F r eg ion  

r e f l e c t i o n s  ~ During such e v e n t s  t h e  magnetometer a i s o  r eco rds  l a r g e  

2 

changes o f  t h e  o r d e r  of  500Y . So before  making a d e c i s i o n  t o  f i r e  t h e  

r o c k e t ,  i n  c r d e r  t o  h i t  a t  a daytime a u r o r a l  a b s o r p t i o n  e v e n t ,  t h e  ricmeter, 

t h e  ionosonde ,  and t h e  magnetometer l oca t ed  a t  t h e  launch  s i t e  a r e  c o n s u l t e d .  

3 . 5  P u e r t o  Rico Experiment E . A .  Mechtly 
Mukunda Rao 
L.A. Sch ick  

Tasks inc luded  under  t h i s  t o p i c  p e r t a i n  t o  t h e  p l ann ing ,  c o o r d i n a t i o n ,  

and e x e c u t i o n  of t h e  r o c k e t  propagat ion  experiment  a t  Camp Tor tuguero ,  

P u e r t o  R i m ,  a s  conducted under NASA g r a n t  NsG-511. 

The launching  of t w o  Nike-Apache s o c k e t s  on t,he a f t e r n o o n  and a f t e r  

s u n s e t  of  June  6 or 7 ,  1966 was conceived for t h e  purpose of  comparing r o c k e t  

measurements w i th  i n c o h e r e n t  b a c k s c a t t e r  d a t a  t o  be ob ta ined  s imul t aneous ly  

from t h e  Arecibo Ionosphe r i c  Observatory a t  ArecAbo, P u e r t o  Rico 

R.T. Long (0f NASA-Wallops S t a t i o n ) ,  D O C m  T a c k e t t  (of YASA-Goddard C e n t e r ) ,  

and E.A. Mechtly (of  t h e  U n i v e r s i t y  of I l l i n o i s )  v i s i t e d  P u e r t o  Rico on March 

27-29, 1966 f o r  p l ann ing  of  t h e  Nike-Apache s h o t s  scheduled  f o r  June .  

J . W .  F i n d l a y ,  D i r e c t o r  of  t h e  Arecibo Ionosphe r i c  Observa tory ,  was in -  

formed of  t h e  June 6 t a r g e t  launch date .  H e  s t a t e d  t h a t  t h e r e  Would be no 

problem schedu l ing  ionosphe r i c  b a c k s c a t t e r  o b s e r v a t i o n s  fo r  t h i s  d a t e .  
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Mechtly agreed t o  forward p l ans  f o r  t h e  r o c k e t  exper iments  t o  A I 0  a s  

they  a r e  develcped.  

Col, Rafael Gorbea of  t h e  P.R. A r m y  Na t iona l  Guard approved use  of  t h e  

Camp Tortuguero m i l i t a r y  base a s  a launch s i t e ,  wi th  t h e  p r o v i s i o n  t h a t  

t he  approaches t o  the  l and ing  s t r i p  would n o t  be o b s t r u c t e d .  Examination 

c f  a e r i a l  photographs i n d i c a t e s  t h a t  t h i s  requi rement  can e a s i l y  be 

s a t i s f i e d .  The p l an  i s  t o  use t h e  Nike launch pad,  l o c a t e d  on an a i r -  

c r a f t  parking c i r c l e ,  which was used by AFCRL e a r l i e r  t h i s  yea r .  

Donald R G S S "  of  t h e  FAA i n  San J u a n ,  showed maps of t h e  impaat zone 

used f o r  the A K R L  s h o t s .  The p l an  i s  t o  use t h e  same zone wi th  i%s 

c e n t e r  l i n e  azimuth of  315 from t h e  pad a t  Camp Tor tuguero .  
0 

Navy Captain Collingwood agreed  t o  provide  s u r v e i l l a n c e  o f  t h e  impact 

zone ,  probably by a P2-V a i r c r a f t .  

Major L i l l e y ,  S i g n a l  O f f i c e r  of  t h e  U.S. A r m y  A n t i l l e s  Command i n  

San Juan ,  a s s i s t e d  by Capt ,  Wootan, and L t .  Conrey,  were a u t h o r i z e d  by 

t h e i r  commanding o f f i c e r  t o  s e r v e  a s  o p e r a t i o n s  c o o r d i n a t o r s  f o r  t h e s e  s h o t s .  

Major L i l l e y  agreed  t o  provide  a l l  necessa ry  r a d i o  communications. However, 

t h e  A n t i l l e s  Command i s  be ing  d i s s o l v e d  and i t s  commuaicatioas suppor t  w i l l  

n o t  be a v a i l a b l e  a f t e r  June 31. 

Navy Commander Windahm c l e a r e d  t h e  frequency of 3.385 MHz - + 10 ldIz f o r  

t h e  r a d i o  exper iments ,  and 231.4 m z  f o r  t e l e m e t r y .  The 240.2 MHz t e l e m e t r y  

f requency  i s  a l r e a d y  a l l o c a t e d .  The s p e c i f i c a t i o n  of  s e v e r a l  a l t e r n a t e  

t e l e m e t r y  f requencies  i s  necessa ry  t o  a s s u r e  t h a t  a t  l e a s t  one i s  a v a i l a b l e .  

M r ,  A . E .  EhLers,  o f  E g l i n  AFB, F l a .  l aunch  c o n t r o l  o f f i c e r  f o r  t h e  

A E R L  s h o t s E  has  s t o r e d  a Nike Launcher,  a van wi th  equipment,  two 5 kva 
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g e n e r a t o r s ,  and s e v e r a l  o t h e r  items of launch  equipment a t  Camp Tor tuguero .  

I f  M r .  E h l e r s  approves ,  t h i s  equipment could  be used t o  advantage.  

Guards t o  pro tec t  t h e  lailnch equ ipaen t  fro= vandal i sm,  2nd a t r a c t o r  

f o r  towing vans from San Juan t o  Tortuguero were n0t  a v a i l a b l e  from t h e  

government agenc ie s  r ep resen ted  above. 

I t  has been dec ided  t h a t  bo th  rocke t  p ropaga t ion  experiment  pay lcads  

f o r  t h e  P u e r t o  R i c c  s h o t s  w i l l  o p e r a t e  a t  3.385 MHz. WA C o r p o r a t i o n ,  which 

w i l l  c e n s t r u c t  t h e  payloads ,  has  been n o t i f i e d  of  t h i s  d e c i s i o n .  

P r e s e n t  p l a n s  c a l l  f o r  t h e  use of t h e  van p r e s e n t l y  a t  F o r t  C h u r c h i l l  

f o r  t h e  P u e r t o  Rico exper iment .  Some thought  has  been g iven  t o  t h e  problem 

o f  c o n v e r t i n g  t h e  i w t r u m e n t a t i o n  van back t o  o p e r a t i o n  a t  3.385 M€Iz from 

t h e  8 MHz frequency  t o  be used a t  F o r t  C h u r c h i l l .  There a r e  two p o s s i b i l i t i e s :  

1. Have t h e  van sh ipped  t o  Wallops a f t e r  t h e  F o r t  C h u r c h i l l  s h o t  and 

send a team from t h e  Aeronomy Laboratory t o  Wallops I s l a n d  t o  perform 

t h e  necessa ry  m o d i f i c a t i o n s .  

2 .  S h i p  t h e  van back to  t h e  Aeronomy Labora tory  a t  Urbana f o r  t h e  

conve r s ion .  

Assuming t h a t  t h e  van w i l l  be shipped t o  P u e r t o  R i m  from Wallops I s l a n d ,  

t h e  f i r s t  sugges t ion  seems t o  be b e t t e r  because of  t h e  t i m e  saved i n  s h i p p i n g  

a s  w e l l  a s  t h e  c o s t  of sh ipp ing  t h e  van back to  Urbana. 

Some thought  has  a l s o  been g iven  to  t h e  problem o f  c o n s t r u c t i n g  an tennas  

a t  P u e r t o  Rico. The Aeronomy Laboratory a p p a r e n t l y  h a s  some t e l e s c o p i n g  p o l e s  

t h a t  could  be used and thereby  perhaps e l i m i n a t e  t h e  s e t t i n g  o f  te lephone  

p o l e s .  A t r a n s i t  would probably be needed t o  a s s u r e  a squa re  a r r a y  i f  t h e  

t e l e s c o p i n g  p o l e s  were used.  
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3 a 6 1966 E c l i p s e  Experiment S.A. Bowhill  
E . A .  Mechtly 

Tasks included under t h i s  t o p i c  p e r t a i n  t o  t h e  p l ann ing ,  c o o r d i n a t i o n ,  

and execut ion  of  t he  r c c k e t  propagat ion  experiment  under t o t a l  e c l i p s e  

c o n d i t i o n s  i n  South America on November 1 2 ,  1966,  a s  conducted under  NASA 

g r a n t  NsG-511 

A p r o j e c t  d e s c r i p t i o n  was i n i t i a t e d  i n  November, 1965 wi th  D r .  R.  P l e i s c h e r  

of  NSF? i n  charge o f  c o o r d i n a t i o n  of  a l l  e c l i p s e  p r o j e c t s  i n  t h e  USA, f o r  a 

r e l a t i v e l y  modes t  program of 6 or  8 rocke t  f i r i n g s  c l o s e  t o  t o t a l i t y  from 

S. Brazi l .  or N .  Argent ina .  The purpose of t h e  program i s  t o  accomplish 

measurements o f  lower ionosphere  r a t e  c o e f f i c i e n t s  du r ing  t h e  November 1 2 ,  

1966 s o l a r  e c l i p s e .  

Con tac t  was e s t a b l i s h e d  wi th  D r .  S o  R a d i c e l l a  of t h e  Na t iona l  U n i v e r s i t y  

of  Tucuman, Argent ina ,  who expressed  ga'eat i n t e r e s t  i n  a coope ra t ive  rocke t  

experiment  f o r  t h e  1966 e c l i p s e :  he i s  e x p l o r i n g  t h i s  m a t t e r  w i th  t h e  

Argent ine  Space Committee 

A l e t t e r  was subsequent ly  r ece ived  from Col. Fernando de  Mendonca, i n  

charge of  t he  B r a z i l i a n  Na t iona l  Space E f f o r t .  H e  made t h e  sugges t ion  t h a t  

t h e  1966 e c l i p s e  exper iments  e i t h e r  be c a r r i e d  o u t  from a B r a z i l i a n  s h i p  o r  

from a B r a z i l i a n  A i r  Force s i t e  f a i r l y  c l o s e  to  R i o  Grande. Cons ide ra t ion  

w i l l  be given t o  t h i s  s u g g e s t i o n ,  a s  s00n a s  a r e p l y  i s  r ece ived  from D r .  

R a d i c e l l a .  

A l e t t e r  was a l s o  r ece ived  from D r .  Padula-Pin tos ,  Chairman of t h e  

Argent ine  Commission 3 of U R S I  o f f e r i n g  t o  a s s i s t  i n  any way p o s s i b l e  wi th  

e c l i p s e  measurements. 
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I n i t i a l  c o n t a c t s  w i th  D r .  Schmerling o f  NASA i n d i c a t e d  a c o n s i d e r a b l e  

i n t e r e s t  by NASA i n  c a r r y i n g  o u t  t h e  proposed program. H e  i n d i c a t e d  t h a t  

he  would be q u i t e  ag reeab le  to such a program provided w e  regarded i t  a s  

coming o u t  o f  o u r  1966-67 al lowance of r o c k e t s  (approximately 8).  I n  view 

o f  t h i s ,  i t  i s  sugges ted  t h a t  t h e  September program be scrubbed ,  and t h a t  

t h e  aim be t o  have s e v e r a l  mass spec t rometer  rounds i n  t h e  e c l i p s e ,  a s  

w e l l ,  as t h e  Type A payloads a l r e a d y  planned f o r  t h e  s t u d y  of  t h e  lowest 

ionosphere .  I n  t h e  e v e n t  t h a t  t h e  J u l y  mass spec t romete r  round i s  n o t  

s u c c e s s f u l ,  t h e  m s  payloads would be simply scrubbed from t h e  e c l i p s e  

program 

L.G. Smith and E . A .  Mechtly a t t ended  a meet ing on Wednesday, February  

9 ,  1966 at ,  t h e  Na t iona l  Sc ience  Foundation i n  Washington, DOC, on p lanning  

o f  t h e  1966 E c l i p s e  Experiment.  

D r .  Robert  F l e i s e h e r -  NSF chairman, l i m i t e d  t h e  d i s c u s s i o n s  p r i m a r i l y  

t o  c o o r d i n a t i o n  of  contemplated rocke t  launchings  by Cambridge Research 

Labora tory  B a l l i s t i c s  Research Laboratory AEC-Sandia Corp. , Il l inois-GCA , 

and p o s s i b l y  Pa.  S t a t e  Univ. Most o f  t h e  groups  cons ide red  R i o  Grande 

(Southern  B r a z i l )  t h e  most d e s i r a b l e  Launch s i t e ,  and t h e r e  was c c n s i d e r a b l e  

d i s c u s s i o n  on t h e  merits of c e n t r a l  communications and c o n t r o l  v e r s u s  i n -  

dependent  o p e r a t i o n s .  E . R .  Schmerl ing,  J . R .  H o l t z ,  and R. J .H .  Barnes rep- 

r e s e n t e d  NASA (I l l inois-(%A) i n t e r e s t s .  A l l  g roups  agreed  t h a t  a d e l e g a t i o n  

c c n s i s t i n g  o f  spckesmen from each group would su rvey  t h e  Rio Grande s i t e  on 

March 14. A p r e l i m i n a r y  meeting of  t h e  d e l e g a t i o n  members was scheduled  f o r  

Washington, D.C, on February 28. NASA-Illincis-GCA had n o t  y e t  t aken  a 

p o s i t i o n  f a v o r i n g  l o c a t i o n  i n  B r a z i l  or Argen t ina ,  and r ece ived  t h e  consen t  

of Ds. F l e i s c h e r  t o  v i s i t  Argent ina before  t h e  March 14  meet ing i n  B r a z i l .  
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D r .  LOG. Smith provided t h e  fo l lowing  summary of  t h e  1966 E c l i p s e  P lann ing  

Meeting i n  Washington on February  9 ,  1966: 

" D r .  Robert F l e i s c h e r ,  Nat iona l  Sc ience  Foundat ion ,  a r r anged  t h i s  meet ing 

t o  d i s c u s s  the i n t e r n a t l o n a l  requi rements  r e l a t i n g  to  r o c k e t  program planned 

f o r  t h e  eclipse of  12 November 1966. The p a t h  of t o t a l i t y  pas ses  through 

Nor thern  Argent ina and Southern  B r a z i l .  

"There a r e  f i v e  programs of  rocket launches :  t w o  a r e  sponsored  by DASA, 

one by AEC, and t w c  by VASA. 

"The two DASA prcgrams a r e  uqder  t h e  c v e r a l l  s u p e r v i s i o n  of  Warran Berning 

of  BRL. The DASA 6.3 program i s  run by Mester o f  BRL, and w i l l  c o n s i s t  o f  o u r  

Hydac rocke t s  t o  s t u d y  t h e  D r e g i o n -  s o c k e t  apogee i s  85 km. E l e c t r o n  d e n s i t y  

w i l l  be measured on a s c e n t  u s ing  a Langmuir prcbe .  A parachute  w i l l  be r e l e a s e d  

a t  80 km and m o b i l i t y  measurements w i l l  be made d u r i n g  t h e  pa rachu te  d e s c e n t .  

The m c b i l i t y  in s t rumen t  i s  be ing  developed by A W O ,  

"The DASA 6 . 4  program i s  run  by J. Ulwick of  A K R b ,  Three Nike Hydac 

(or Nike J a v e l i n  111) r o c k e t s  a r e  in s t rumen ted  tc i n v e s t i g a t e  t h e  ionosphere  

t o  110 km. These a r e  t h e  payloads t o  be i n t e g r a t e d  by E A  Engineer ing  

Opera t ions  and for which G. Accardo and Lo Weeks w i l l  be supp ly ing  t h e  s o l a r  

r a d i a t i o n  experiment  

"The AEC program i s  run  by Argo o f  U S b  w i t h  t h e  a s s i s t a n c e  o f  Sandia  

Corpora t ion ,  F i v e  Mike Tomahawk r o c k e t s  w i l l  be used to cbse rve  8 p r e s e l e c t e d  

l i n e s  i n  t h e  s o l a r  x-ray spectrum between 16 and 40 A .  

"The two NASA prcgrams both  i n v o l v e  GCA exper iments .  One i s  t h e  j o i n t  

U n i v e r s i t y  cf Illinois-@% i n v e s t i g a t i o n  0f t h e  D- and E-regions o f  t h e  iono-  

sphe re .  Fcur Mike-Apache r c c k e t s  a r e  t o  be launched wi th  t w o  more be ing  a v a i l -  

a b l e  a s  backups. E . R .  Schmerl ing i s  t h e  NASA t e c h n i c a l  moni tor .  
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"The o t h e r  NASA program i s  a proposed wind measurement by t h e  vapor  t r a i l  

method. One Nike-Apache r o c k e t  w i l l  be used w i t h  one more a s  backup. Photo- 

graphs  o f  t he  t r a i l  a r e  t o  be made f r D m  t h e  NASA :aircraft. a s  w e i i  a s  from 

ground s t a t i o n s .  M. Dubin is t h e  NASA t e c h n i c a l  moni tor .  

"ICt has  a p p a r e n t l y  been dec ided  t h a t  the  NASA : a i r c r a f t  w i l l  be f l y i n g  

ove r  Northern Argent ina du r ing  t o t a l i t y  which t h e r e f o r e  res t r ic ts  the  launch 

s i t e  f o r  t he  wind measurement t o  t h e  same a r e a .  Otherwise t h e  programs can 

be c a r r i e d  o u t  i n  e i t h e r  Argent ina o r  B r a z i l ;  the  l a t t e r  i s  p r e f e r r e d  f o r  

l o g i s t i c  a s  w e l l  a s  s c i e n t i f i c  reasons.  The f i n a l  d e c i s i o n  w i l l ,  however, 

probably depend on d ip lomat i c  f a c t o r s .  

''The sponsor ing  agenc ie s  appear  ready t o  suppor t  t h e i r  r e s p e c t i v e  programs 

once permiss ion  t o  launch r o c k e t s  i s  granted  by Argent ina o r  B r a z i l .  A s  y e t  

no response  ( p o s i t i v e  o r  n e g a t i v e )  has been r ece ived  i n  Washington but  t h i s  

i s  probably  because d e t a i l s  o f  the  program had no t  been communicated t o  t he  

r e s p e c t i v e  c o u n t r i e s .  

" F l e i s c h e r  i s  t o  make t h e  nex t  move. Me is t ak ing  a g roup?  r e p r e s e n t a t i v e  

o f  t h e  s c i e n t i f i c  and eng inee r ing  a s p e c t s  of t he  rocke t  launches  a s  w e l l  a s  

the d i p l o m a t i c  a s p e c t s ,  down t o  B r a z i l ,  l e a v i n g  on March 14 ,  1966, This  t r i p  

is  c o n d i t i o n a l  on word being r ece ived  t h a t  t h e  B r a z i l i a n s  a r e  i n t e r e s t e d  i n  

d i s c u s s i n g  the p o s s i b i l i t y  of r o c k e t  launches.  

The meeting achieved i t s  primary o b j e c t i v e  which was t o  s p e l l  o u t  the  I t  

scope o f  t he  t o t a l  U . S .  rocke t  e f f o r t  f o r  t h e  November e c l i p s e . "  

D r .  L i c .  Sandro M. R a d i c e l l a  o f  the Universidad Nacional de Tucuman, 

Argen t ina ,  i n d i c a t e d  by a c a b l e  of February 16 t h a t  Argent ina w i l l  s uppor t  

t he  NASA-UI-WA e c l i p s e  experiments  i n  Argent ina .  A l e t t e r  from D r .  R a d i c e l l a  
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fo l lowed,  e l a b o r a t i n g  on h i s  c a b l e  o f  February 16 .  The let ter extended 

an i n v i t a t i o n  t o  t h e  NASA-UI-GCA group t o  conduct  i t s  1966 e c l i p s e  e x p e r i -  

ments i n  Argent ina.  

E . A .  Mechtly a t t ended  a meeting a t  t h e  Na t iona l  Sc ience  Foundation on 

Monday, February 28 ,  concerned wi th  p l ans  f o r  t h e  v i s i t  o f  a U.S. d e l e g a t i o n  

t o  B r a z i l  and Argent ina  #or  t h e  survey  of s i tes f o r  e c l i p s e  r o c k e t  exper iments .  

A r e v i s i o n  of t h e  d e s c r i p t i o n  of t h e  NASA-UI-GCA E c l i p s e  Experiments 

was d r a f t e d  and mailed t o  D r .  Robert  F l e i s c h e r  (of NSF) f o r  up-dat ing t h e  

E c l i p s e  Manual. The r e v i s e d  d e s c r i p t i o n ,  d i s t r i b u t e d  t o  E c l i p s e  Manual 

addres sees  by D r .  F l e i s c h e r ,  may be found on t h e  fo l lowing  pages.  

1966 ECLIPSE MANUAL 

I n s t i t u t i o n :  

I n v e s t  i a a  t o r :  

T i t l e :  

Purpose : 

Descr iDt ion:  

Reference:  

& c a t i o n :  

Dates:  

Number of People:  

U n i v e r s i t y  of  I l l i n o i s ,  Aeronomy Laboratory 

S. A .  Bowhill 

Lower Ionosphere Rocket Measurements 

Determina t ion  of lower ionosphere  c o n s t i t u e n t s ,  and t h e i r  
r e a c t i o n  r a t e s  

Measurements of atmosphere d e n s i t y ,  i o n  composi t ion ,  i o n  
d e n s i t y ,  e l e c t r o n  d e n s i t y ,  and e l e c t r o n  tempera ture  w i l l  
be made by Nike-Apache payloads i n c l u d i n g  a r a d i o  propa- 
g a t i o n  exper iment ,  a DC probe ,  an i o n  c o l l e c t o r ,  a mass 
spec t romete r ,  and u l t r a v i o l e t  photometers .  

U n i v e r s i t y  of I l l i n o i s  Coordina ted  Sc ience  Labora tory  
Report  R-273, December 1965 
GCA Corpora t ion  Technica l  Report  No. 65-25-N, October  1965 
GCA Corpora t ion  Technica l  Report  No. 65-21-N, A p r i l  1965 

B r a z i l ,  Rio Grande 

October  1 through November 15, 1966 

12 
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Equipment : 100,000 kg (220,000 l b ) .  1'70 cub ic  meters  (220 cub ic  
y a r d s ) ,  $2,650,000 

Coopera t ing :  Char l e s  D. Hendricks,  Univ. of I l l i n o i s ,  mass s p e c t r o -  
I 

meter;  Leslie G. Smith,  K A  C o r p o r a t i o n ,  D.C. prGSe, 
and photometers 

Power: 25 kW 

S p e c i a l  Needs: 1, S i x  Nike-Apache r o c k e t s  s h a l l  be on i n t e r n a l  power, 
ready f o r  launch a t  T -400 seconds .  where T is t h e  
t i m e  of c e n t e r  of t o t a l  e c l i p s e  a t  t h e  launch s i t e .  0 0 

2. Rockets 1 through 4 i n c l u s i v e  s h a l l  c a r r y  t y p e  A 
payloads 

3.  Rcckets  5 and 6 s h a l l  c a r r y  type  C payloads ( i . e .  
w i th  ion  mass spec t romete r s ) .  

4. Each of the s i x  payloads s h a l l  r a d i a t e  on a s e p a r a t e  
t e l e m e t r y  c a r r i e r  f requency.  

5 Two independent t e l e m e t r y  r e c e i v e r  f a c i l i t i e s  s h a l l  
be ope ra t ed .  They s h a l l  r eco rd  t e l eme t ry  from the  two 
most impor tan t  payloads a t  any g iven  t i m e .  

6 .  Two independent t r a c k i n g  r a d a r  f a c i l i t i e s  s h a l l  be 
ope ra t ed .  Radar t r ack ing  requi rements  s h a l l  be r e l axed  
a t  100 km t o  pe rmi t  t r a c k i n g  of  t h e  nex t  rocke t  a s  
necessa ry .  

7 .  A l l  s i x  payloads s h a l l  use t h e  same frequency f o r  t h e  
r a d i o  propagat ion  experiment  , about  3 MHz (probably 
3.385 MHz). 

8. The launch schedule  i s  a s  fo l lows :  

Launch Time ( i n  seconds)  wi th  respec t ,  t o  
Rocket Number t i m e  of c e n t e r  of t o t a l  e c l i p s e  

-390 
-150 
+ 30 

+7200 

Rocket N o .  3 and Rocket Nc. 4 s h a l l  be launched on ly  i f  
r o c k e t s  1, 5 :  2 ,  and 6 a r e  n o t  completely s u c c e s s f u l .  

S t a t u s :  0 .8  

Funds : $300,000, NASA, 0.6 
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On Sa tu rday ,  March 1 2 ,  E.A.  Mechtly and S,A, Bowhill  l e f t  Champaign 

f o r  Rio de J a n e i r o ,  a r r i v i n g  March 13. The purpose of  t h e  v i s i t  t o  B r a z i l ,  

and subsequent ly  to Argen t ina ,  vas t o  de te rmine  t h e  f e a s i b i l i t y  of a program 

o f  r o c k e t  and ground-based measurements i n  South America d u r i n g  the  t o t a l  

s o l a r  e c l i p s e  of  November 1 2 ,  1966. The i n s p e c t i o n  team c o n s i s t e d  of t h e  

fo l lowing :  M. Kramm” P.D, Seward, and W.E. Walker of Sandia  Corpora t ion ;  

W .  Bern ing ,  J. L i n b e r g ,  and B, P o r t e r  of DASA; J .  Morrison,  R , K ,  Long, and 

@ . D o  Tacke t t  of NASA. S.A. Bowhill and E.A,  Mechtly of t h e  U n i v e r s i t y  of  

I l l i n o i s .  The Sand ia ,  DASA, and NASA programs a r e ,  of c o u r s e ,  q u i t e  s e p a r a t e ,  

each involv ing  between f i v e  and t e n  r o c k e t s .  

E c l i p s e  S i t e  Survey i n  B r a z i l  - 

Discuss ions  were he ld  Monday morning w i t h  t h e  Sc ience  At tache  a t  t h e  

U . S .  Embassy i n  Rio de J a n e i r o ,  M r .  S i m o n p i e t r i ,  and o t h e r  Embassy pe r sonne l ;  

and i n  t h e  a f te rnoon wi th  D r .  F. de Mendonca and o t h e r  o f f i c i a l s  of  t h e  

B r a z i l i a n  Space Commission. The s c i e n t i f i c  and t e c h n i c a l  requi rements  f o r  

t h e  program were presented  t o  them i n  o u t l i n e .  D e t a i l e d  d i s c u s s i o n s  were 

he ld  Monday af te rnoon and Tuesday morning wi th  D r .  de Mendonca. H e  had made 

a ve ry  d e t a i l e d  survey of a p o s s i b l e  launch s i te  nea r  Rio Grande, which 

appeared t o  f u l f i l l  most of  t h e  requi rements  f o r  a rocke t  program. H e  a l s o  

o f f e r e d  t o  make a v a i l a b l e  NASA equipment from h i s  p r e s e n t  launch range i n  

N a t a l .  However, i t  appears  t h a t  t h e  s c i e n t i f i c  p a r t i c i p a t i o n  of  h i s  group 

would be l i m i t e d .  H e  has  c a r r i e d  o u t  s e v e r a l  i onosphe r i c  r o c k e t  exper iments  

r e c e n t l y  using a n  u l t r a v i o l e t  spec t romete r  c o n s i s t i n g  of a photoemiss ive<isur face  

combined with a n  e l e c t r o n  r e t a r d i n g  p o t e n t i a l  a n a l y z e r s  t o g e t h e r  w i th  a 

Langmuir probe on t h e  same payload.  
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H e  i n d i c a t e d  t h a t  he might  be i n t e r e s t e d  i n  p u t t i n g  a spec t romete r  of  

t h i s  k ind  on one o f  our  payloads to  be f i r e d  d u r i n g  t o t a l i t y ,  t o  s t u d y  t h e  

i o n i z a t i o n  f r o 3  s c a t t e r e d  Lyman l i n e s  cf hydrogen (which he b e l i e v e s  res- 

p o n s i b l e  f o r  t h e  i o n i z a t i o n  i n  t h e  n igh t  E - l aye r ) .  

The B r a z i l i a n  o f f i c i a l s  were r e c e p t i v e  and o f f e r e d  g e n e r a l  c o o p e r a t i o n  

and s u p p o r t  f o r  t h e  conduct  of  t h e  e c l i p s e  rocke t  programs i n  B r a z i l .  

Monday n i g h t ,  De lega t ion  Members had d e t a i l e d  d i s c u s s i o n s  wi th  D r .  de  

Mendonca who gave t h e  fo l lowing  informat ion  i n  answer t o  q u e s t i o n s :  

1. Any frequency above 2 MHz is  a v a i l a b l e  f o r  e c l i p s e  exper iment .  

2 .  There a r e  t w o  s t a t i o n s  i n  the b roadcas t  band a t  R i o  Grande, 

3 .  There i s  about  1 s h i p  p e r  day e n t e r i n g  R6o Grande p o r t .  

4 .  The l i n e  power i n  Rio Grande is  50 H z ,  3 phase ,  13 kV, wi th  90 to  

129 V f l u c t u a t i o n s .  

5 .  There is  one new h o t e l  i n  Rio Gmnde. 

6.  There i s  ample l o c a l  l a b o r  a v a i l a b l e .  

7 .  Renta l  t r u c k s  a r e  a v a i l a b l e .  

8. The p o r t - t o - s i t e  d i s t a n c e  i s  about  20 km. 

9 .  Docks and heavy c r a n e s  a r e  a v a i l a b l e .  

10. About 8 c a r s  can  be r e n t e d  a t  Rio Grande, and 50 a t  P e l o t a s .  

11. There would be d i f f i c u l t y  buying r a d i o  s i l e n c e ,  bu t  t h e r e  i s  no 

problem above 2 MHz. 

12. The r e q u i r e d  concrete pads a re  no problem. 

13. Po le s  a r e  n o t  a v a i l a b l e  a t  Rio Grande. 

14. A 70 km r a d i u s  impact zone is no problem. 
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15. A C - 1 3 0  cargo  a i r c r a f t  could be flown t o  Washington D O C .  and then  

t o  Por to  Alegre wi th  equipment f o r  e c l i p s e  exper iments .  

16. Rio Grande can be used a s  p o r t  of e n t r y .  

The Delega t ion  a r r i v e d  i n  Rio Grande on Wednesday, 16 March v i a  

B r a z i l i a n  A i r  Force De-3 p i l o t e d  by L t .  Col .  F r e i t a s .  M r .  Luiz Gylvan Meira 

of  CNAE e s c o r t e d  t h e  De lega t ion  and a c t e d  a s  i n t e r p r e t e r .  

Photographs of t h e  proposed launch s i t e  were taken  from t h e  a i r c r a f t  

be fo re  i t  landed a t  t h e  Rio Grande a i r p o r t  (which i s  no longe r  i n  commerical 

s e r v i c e ) .  

The Mayor of  Rio Grande provided v e h i c l e s  i n  which he and t h e  De lega t ion  

Members were t r a n s p o r t e d  t o  t h e  proposed launch s i tes  on t h e  Rio Grande beach. 

Close  up photographs were taken .  The beach i s  about  3 km i n  l e n g t h  and 150 

t o  e00 meters i n  width.  High t i d e  sweeps i n  over  t h e  sand a d i s t a n c e  of  

about  50 meters  and a t  t h e  boundary c f  t h e  h igh  t i d e  l e v e l  t h e r e  a r e  sand 

dunes ranging from smal l  mounds t o  h i l l s  a s  h igh  a s  15 o r  20 meters .  The 

dunes f a l l  off s h a r p l y  on t h e  west s i d e  i n t o  an  impenet rab le  swamp. The 

sand is  f i n e  g ra ined  and w e l l  compacted and a p p a r e n t l y  capable  of  suppor t ing  

heavy v e h i c l e s .  Automobiles and t r u c k s  d r i v e  on i t  wi thout  d i f f i c u l t y .  

On Thursday, t h e  De lega t ion  m e t  wi th  t h e  Rio Grande Mayor and C i t y  

Engineer  f o r  d e t a i l e d  d i s c u s s i o n  of  o p e r a t i o n a l  requi rements  and a v a i l a b l e  

r e s o u r c e s .  Some of t h e  many f a c t s  provided a r e :  

1. The road t o  t h e  beach v i a  Cass ino ,  t h e  sma l l  town sou th  of  Rio Glande, 

w i l l  bear  $7 t o n  l o a d s .  

2. The r a i l r o a d  t o  t h e  beach from t h e  p o r t  w i l l  a l s o  bea r  17 ton  loads .  

I t  i s  c o n t r o l l e d  by t h e  p o r t  a u t h o r i t y .  
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3. The c o s t  o f  c o n c r e t e  i s  about $35.00 p e r  cub ic  meter. 

4 .  The c o s t  o f  c o n c r e t e  forms i s  about  $ . 2 5  p e r  squa re  meter. 

5 .  The c0st of  a b u i l d i n g  i s  about $48 p e r  square  meter wi th  b r i c k  

w a l l ,  wood roof  covered wi th  a s b e s t o s  s h e e t s ,  and wi th  l i g h t s  and 

windows 

6.  Diesel f u e l  c o s t s  about  $.07 p e r  l i t e r .  

I n  summary, t h e  Rio Grande beach is e n t i r e l y  s a t i s f a c t o r y  a s  a launch 

s i t e  f o r  t h e  e c l i p s e  programs. Support ing f a c i l i t i e s  appear  t o  be a v a i l a b l e  

o r  can  be d e l i v e r e d  by s h i p  wi th  l i t t l e  d i f f i c u l t y .  

E c l i p s e  S i t e  Survey i n  Argent ina 

On March 15 D r .  Bowhill l e f t  Rio f o r  Buenos Aires ,  and made an appointment 

wi th  t h e  AEC r e p r e s e n t a t i v e  i n  the  U . S .  Embassy, M r .  Lester Rogers ,  f o r  t h e  

fo l lowing  day ( D r .  Woodruff, t h e  Science A t t a c h e ,  be ing  o u t  of  town u n t i l  

March 18).  

A f t e r  a te lephone  conve r sa t ion  Wednesday wi th  Commodore R i c c a r d i ,  

Chairman of t h e  Argent ine  E c l i p s e  Committee, and M r .  S .  R a d i c e l l a ,  D i r e c t o r  

of  t h e  Ionosphere S t a t i o n  a t  Tucuman? i t  was determined t h a t  Bowhill should 

m e e t  w i t h  M r .  Rogers. Bowhill  mentioned comments made by o u r  Embassy i n  Rio 

t h a t  a s h a r i n g  of  t h e  program between B r a z i l  and Argent ina  might be d e s i r a b l e .  

He agreed  whole h e a r t e d l y  w i t h  t h i s  ( a s  d i d  D r .  Woodruff l a t e r ) .  

I n  t h e  meeting wi th  Commodore R i c c a r d i ,  he drew a t t e n t i o n  t o  two p o s s i b l e  

launch s i tes :  

1. G i r o  Echeso r tu ,  10 miles south of  T a r t a g a l ,  f i r i n g  s o u t h e a s t  a c r o s s  

t h e  e c l i p s e  pa th  i n t o  an  uninhabi ted  a r e a .  The sugges ted  launch  s i te  

is  a d j a c e n t  t o  a 2 km a i r s t r i p  opera ted  by W F ,  t h e  n a t i o n a l i z e d  petroleum 
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combine, t o  s e r v i c e  t h e  sur rounding  o i l f i e l d  a r e a .  W F  power l i n e s  

a r e  a v a i l a b l e  c l o s e  by. The a r e a  proposed would be f o r  t h e  meteor- 

o l o g i c a l  r o c k e t  s i t e  t o  be a t  one end of t h e  runway, and t h e  NASA s i te  

a t  t h e  o t h e r  Th i s  would permi t  common me teo ro log ica l  and range s a f e t y  

suppor t .  The d i sadvan tage  of  t h i s  s i t e  i s  i t s  d i s t a n c e  (about  1800 km) 

from Buenos Aires. The n e a r e s t  j e t  s e r v i c e  is  to  S a l t a  (about  a t h ree -hour  

d r i v e ) ;  d i r e c t  s e r v i c e  by Avro p rop- j e t  i s  a v a i l a b l e  3 t i m e s  p e r  week 

i n  each  d i r e c t i o n  t o  T a r t a g a l  (whose a i r s t r i p  i s  n o t  a s  e l a b o r a t e  a s  

t h a t  a t  C i r o  Echeso r tu ) .  

2 .  C o r r i e n t e s ,  a c i t y  of s u b s t a n t i a l  s i z e  i n  n o r t h e a s t  Argent ina  on 

t h e  Parana r i v e r ,  f i r i n g  a g a i n  t o  t h e  s o u t h e a s t .  Direct j e t  s e r v i c e  

is  a v a i l a b l e  from Buenos Aires. 

H e  i n d i c a t e d  t h a t  bo th  s i tes  seemed a c c e p t a b l e  from t h e  s c i e n t i f i c  

s t a n d p o i n t ,  pe rmi t t i ng  t h e  upleg  and downleg to  be i n  t h e  zone o f  t o t a l i t y  

a t  50-170 km. A f t e r  c o n s i d e r a b l e  d i s c u s s i o n ,  i t  was determined t h a t  a f u l l  

s c i e n t i f i c  p a r t n e r s h i p  between t h e  U . S .  and Argent ina  would b e s t  meet t h e  

d e s i r e s  o f  the Argen t ine  group.  I t  appea r s  t h a t  Argent ina  would be a b l e  t o  

make a v a i l a b l e  ve ry  c o n s i d e r a b l e  l o g i s t i c  and pe r sonne l  suppor t  f o r  t h e  

o p e r a t i o n .  However, t h e  f e a s i b i l i t y  of  an  e c l i p s e  program i n  Argent ina  was 

e v i d e n t l y  con t ingen t  on an  i n s p e c t i o n  o f  t h e  a v a i l a b l e  s i tes  by t h e  NASA 

team a 

On Thursday, March 17, D r .  Bowhill  proceeded t o  Tucuman and m e t  w i t h  

M r .  Radice l l a .  H e  seemed m o s t  e n t h u s i a s t i c  concern ing  t h e  program, and 

i n d i c a t e d  a s t rong  d e s i r e  t o  p a r t i c i p a t e  s c i e n t i f i c a l l y .  They then  o u t l i n e d  

13 problems which might be s t u d i e d  i n  us ing  r e s u l t s  from t h e  program: 
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1. Heat t r a n s f e r  between e l e c t r o n s ,  i o n ,  and n e u t r a l s  i n  t h e  e c l i p s e d  

E- layer  

2 .  Ion s p e c i e s  and recombinat ion c o e f f i c i e n t s .  

3 Neut ra l  d e n s i t y  v a r i a t i o n s  i n  e c l i p s e .  

4 .  Attachment r a t e  i n  D-layer .  

5 .  Photodetachment r a t e  i n  D-layer. 

6. Ion c u r r e n t  ve ry  l o w  down f o r  cosmic ray  product ion .  

7 .  Sporadic  E phenomena. 

8. S t r a t i f i c a t i o n  i n  upper E- o r  lower F-layer--comparison wi th  sounder  

d a t a .  

9 .  V a r i a t i o n s  of x-ray emiss ion  through e c l i p s e .  

10.  P o s s i b l e  nega t ive  i o n s  i n  E-layer .  

11. Use of N-h p rof i i les  and c o l l i s i o n  f r e q u e n c i e s  t o  g i v e  i n t e g r a t e d  

c o n d u c t i v i t y  and compare w i t h  S through e c l i p s e  from magnetometer. 
q 

12 .  Comparison of VLF and N-h p r o f i l e s  and f u l l  wave s o l u t i o n s .  

13. Sodium cloud experiment  and ionospher ic  d r i f t .  

R a d i c e l l a  i n d i c a t e d  h i s  prime i n t e r e s t  was i n  top ic6  1, 7 ,  8 ,  and 11; 

and Bowhill  i n d i c a t e d  prime i n t e r e s t  i n  2 ,  4 ,  5 ,  and 6. The remaining 

problems a r e  of  a more s p e c u l a t i v e  k ind .  

I n  t h e  even t  t h a t  i t  was dec ided  t o  go ahead wi th  t h e  experiment  in: \APgent ina,  

i t  was r e so lved  t h a t  both R a d i c e l l a  and the  U I  group would work o u t  the  

e x a c t  t i m e  of  t o t a l i t y  f o r  a l t i t u d e s  of 60,  120,  and 180 km, us ing  r o c k e t  

t r a j e c t o r i e s  w i t h  a pe rmis s ib l e  s e t s  of azimuths and ranges .  This  would 

then  enab le  de t e rmina t ion  of  exac t  time of  launch f o r  v a r i o u s  c o n t i n g e n c i e s .  

R a d i c e l l a  would s c a l e  from h i s  ionospher ic  r o u t e s  a t  Tucuman, the  o r d i n a r y  
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b l a n k e t i n g  frequency d i s t r i b u t i o n ,  for each hour  for t h e  combined months 

of  November 1963, 1964,  and 1965; and t h e  d i s t , r i b u t i o n  of foE and fEs on 

t h e  same b a s i s .  This  w i l l  pe rmi t  a de t e rmina t ion  o f  t h e  frequency t o  be 

used 

On March 18, D r .  Bowhill  r e t u r n e d  t o  Buenos Aires and m e t  t h e  NASA 

and Sandia  teams who had j u s t  a r r i v e d  from B r a z i l .  On Sa tu rday  morning 

they  confer red  wi th  NOHs Woodruff! S c i e n t i f i c  At tache  o f  t h e  U.S Embassy. 

Bowhill  re turned  t o  N e w  York on Sa turday  even ing ,  March 19 .  Members of 

t h e  Delegat ion r e p r e s e n t i n g  t h e  Berning and Ulwick exper iments  had ret ,urned 

t o  t h e  G.S. a f t e r  having  chosen t h e  Rio Grande, B r a z i l  l aunch  sit.e. On 

Monday, March 2 1 ,  and Tuesday, March 22,  t h e  Delega t ion  m e t ,  a t  t h e  o f f i c e  

of  Commodore Humberto J o s e  R i c e i a r d i ,  P r e s i d e n t  of Argent ina E c l i p s e  Coor- 

d i n a t i n g  Committee. 

P r e s e n t  were: 

Tabenera (Argent ina Space Commission) 
R i c c i a r d i  , H. J. (Argent ina E c l i p s e  Committee) 
R a d i c e l l a ,  S.M. (Tucuman U n i v e r s i t y )  
Technical  personnel  from t h e  Argent ina launch crew 

Morrison,  J . R .  (NASA O f f i c e  of In t e rna t ionaP  “ A f f a i r s )  
T a c k e t t ,  @ . D o  
Long, R.T. (NASA Wallops S t a t i o n )  
Mecht ly ,  E . A .  (Un ive r s i ty  of I l l i n o i s )  
Woodruff, M U M .  ( U . S ,  Embassy) 
Kramm, MOL. (Sandia Corp. ) 
Walker,  W.E. (Sandia Corp. ) 

A l l  p r e sen t  became convinced t h a t  t h e  Mike-Tomahawk r o c k e t s  s p e c i f i e d  f o r  

(NASA Goddard Rocket Sounding Branch) 

t h e  Argo experiments  r e q u i r e  a l a r g e r  impact zone than  i s  a v a i l a b l e  i n  Arg6nt ina .  

A f t e r  t h e  group a r r i v e d  a t  t h i s  conc lus ion ,  M.L. Kramm and W.E. Walker r e t u r n e d  

to  t h e  U , S . ,  and f u r t h e r  d i s c u s s i o n s  were focused on t h e  Bowhill and Webb e x p e r i -  

ments 



77 

R i c c i a r d i  s t a t e d  t h a t  t h e  resources  o f  t h e  R e s i s t e n c i a - C o r r i e n t e s  a r e a  

a r e  f u l l y  committed to  the suppor t  of Blamont 's  exper iments  and can n o t  

s u p p o r t  a second rocket program. A t t e n t i o n  was then  concen t r a t ed  on the  

T a r t a g a l  a r e a  fsr the  NASA-Bowhill program. 

Maps of  the  T a r t a g a l  d i s t r i c t  were d i s t r i b u t e d  and examined f o r  adequacy 

of impact zone. R i c c i a r d i  a s su red  t h e  group t h a t  he  would be f u l l y  r e s p o n s i b l e  

f o r  range  s a f e t y ,  and a s s e r t e d  t h a t  the impact zone i s  v i r t u a l l y  un inhab i t ed  

j u n g l e .  Later examinat ion  of the  a r e a  from the  a i r  v e r i f i e d  t h i s  f a c t .  

P r e l i m i n a r y  sketches of launch s i te  l a y o u t s  were made. They inc luded  

f o u r  main groups ;  launch pads and c o n t r o l  van ,  two t e l e m e t r y  and one Univ. 

o f  I l l .  van ,  two MPS-19 r a d a r s ,  s t o r a g e  and assembly b u i l d i n g s .  One Nike 

l a u n c h e r ,  one MPS-19 r a d a r ,  and one t e l eme t ry  s t a t i o n  a r e  a v a i l a b l e  i n  

Argent ina  wi th  crews. 

A set  o f  d e a d l i n e  t a r g e t  d a t e s  was e s t a b l i s h e d  a s  a framework f o r  

opera  t o r s  ~ 

A p r i l  15 - a d e c i s i o n  t o  conduct  o r  n o t  t o  conduct  t h e  NASA e c l i p s e  

exper iments  i n  Argent ina  

August 15 - o n - s i t e  c o n s t r u c t i o n  to  begin  

October  15 - a l l  shipped equipment r ece ived  i n  Buenos Aires 

October  15 - complet ion of on - s i t e  c o n s t r u c t i o n  and occupancy 

Morr i son ,  'Packet,  Long, and Mechtly had an a d d i t i o n a l  d i s c u s s i o n  w i t h  

R a d i c e l l a  and i t  was appa ren t  t h a t  f u l l  s c i e n t i f i c  and t e c h n i c a l  c o o p e r a t i o n  

and suppor t  i s  a v a i l a b l e  from the  Un ive r s i ty  o f  Tucuman. 

On Wednesday, March 23,  t h e  group f l e w  from Buenos Aires t o  S a l t a ,  and on 

March 24 from S a l t a  t o  T a r t a g a l  i n  an  Argent ina  A i r  Force DC-3. 
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I n  Ta r t aga l  t h e  group was w e l l  e s c o r t e d ,  housed,  and f e d  by r ep re -  

s e n t a t i v e s  of YPF, A r g e n t i n a ' s  n a t i o n a l i z e d  o i l  i n d u s t r y .  

The YPF a i r  s t r i p  a t  C i r o  Echesor tu  i s  3 km i n  l e n g t h ,  and 30 m i n  

width and i s  c o n s t r u c t  of  compacted-asphalted e a r t h .  The a i r s t r i p  l i e s  

on a c l e a r i n g  o f  200 m width c u t  o u t  of  t h e  j u n g l e .  YPF has  o f f e r e d  t h e  

a i r s t r i p  f o r  t h e  l o c a t i o n  of a l l  launch f a c i l i t i e s  r e q u i r e d  by t h e  NASA- 

Bowhill  program. R i c c i a r d i  can provide  a de t e rmina t ion  of  t h e  l o c a t i o n  of  

t h e  YPF a i r s t r i p  t o  w i t h i n  2 or 3 a r c  seconds.  

YPF i s  c u r r e n t l y  d r i l l i n g  n ine  o i l  w e l l s  i n  t h e  T a r t a g a l  a r e a  t o  dep ths  

of  about  4 km. The a s s o c i a t e d  heavy machine shops ,  l i g h t  machine, c a r p e n t r y  

s h o p s r  and a s soc ia t ed  c r a n e s ,  f o r k l i f t s ,  e t c .  a r e  a l l  a v a i l a b l e  i n  suppor t  

o f  NASA wi th in  about  3 km of t h e  C i r o  Echesor tu  a i r s t r i p .  YPF can provide  

two 27 kva d i e s e l  g e n e r a t o r s  a t  t h e  a i r s t r i p .  

The YPF o p e r a t e s  a r a d i o - t e l e t y p e  s y s t e m  between T a r t a g a l  and Buenos 

A i r e s  which would be a t  NASA's d i s p o s a l  f o r  t h e  e c l i p s e  program. 

There are  t h r e e  adequate :  a l though n o t  p l u s h ,  h o t e l s  i n  T a r t a g a l  f o r  

launch crew housing. There i s  a l s o  a nearby m i l i t a r y  base wi th  a v a i l a b l e  

q u a r t e r s .  YPF o p e r a t e s  a community of i t s  own which o f f e r s  a swimming p o o l ,  

t e n n i s  c o u r t s ,  movie t h e a t e r ,  c l u b  house ,  e tc .  for r e c r e a t i o n .  

I n  summary, Tar taga l -Echesor tu  i s  w e l l  s u i t e d  a s  t h e  launch s i t e  f o r  t h e  

NASA-Bowhill 1966 E c l i p s e  Program. The p r i n c i p a l  o b s t a c l e  i n  us ing  t h e  s i t e  

16 t h e  d i s t a n c e  of about  1500 km from p o r t  f a c i l i t i e s  i n  Buenos Aires. However, 

t h e  highways a r e  e x c e l l e n t  and t r a n s p o r t a t i o n  by t r u c k  can be accomplished. 

A f t e r  c a r e f u l  c o n s i d e r a t i o n  of t h e  many f a c t o r s  i nvo lved ,  E . R ,  Schmerling 

and J . R .  Holtz made t h e  d e c i s i o n  t o  launch t h e  NASA-UI-6@A r o c k e t s  f o r  t h e  

November 1 2 ,  1966 E c l i p s e  from R f o  Grande, B r a z i l .  
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3.7 E q u a t o r i a l  Experiment Mukunda Rao 

Tasks inc luded  under t h i s  t o p i c  p e r t a i n  t o  t h e  i n t e r p r e t a t i o n  o f  d a t a  

o b t a i n e d  from Nike-Apache 14 e 228 , f i r e d  a t  t h e  geomagnetic equatDr d u r i n g  

t h e  NASA Mobile Launch Exped i t ion .  This p r o j e c t  i s  be ing  conducted under  

NASA g r a n t  N s G - 5 1 1  a 

The magneto-ionic theo ry  h a s  been s t u d i e d  i n  d e t a i l  and t h e  e q u a t i o n s  

f o r  d i f f e r e n t i a l  a b s o r p t i o n  and Faraday r o t a t i o n  u s i n g  t h e  q u a s i - t r a n s v e r s e  

approximat ion  have been de r ived .  The method f o r  ana lyz ing  t h e  r o c k e t  d a t a  

t o  o b t a i n  t h e  e l e c t r o n  d e n s i t y  and c o l l i s i o n  f r e q u e n c i e s  has  been s t u d i e d  

and t h e  a n a l y s i s  of t h e  e q u a t o r i a l  shot  14.248 h a s  been s t a r t e d .  

The v a r i a t i o n s  of d i f f e r e n t i a l  abso rp t ion  and Faraday r o t a t i o n  f o r  14.248 

show many anomal ies .  F i r s t  o f  a l l ,  t h e  d i f f e r e n t i a l  a b s o r p t i o n  shows a n  

i n c r e a s e  up t o  80 seconds a f t e r  launch and then  d e c r e a s e s ,  whereas i t  is  

expec ted  t o  i n c r e a s e  s t i l l  f u r t h e r .  However, u s ing  t h e s e  v a l u e s E  e l e c t r o n  

d e n s i t i e s  were deduced between 76 and 96 km. U t i l i z i n g  t h e s e  e l e c t r o n  

d e n s i t y  v a l u e s  t h e  Faraday r o t a t i o n  angles  a t  d i f f e r e n t  h e i g h t s  were c a l -  

c u l a t e d  and compared wi th  t h e  observed v a l u e s .  From t h i s  comparison many 

d i s p a r i t . i e s  were obse rved ,  t h e  most important  one be ing  t h a t  t h e  observed 

FR v a l u e s  shcw a dec rease  of  h e i g h t  up t o  t h e  78 th  second a f t e r  l aunch ,  

whereas t h e  r e v e r s e  i s  expec ted  according t o  theo ry .  From an  examinat ion  

o f  t h e  t e l e m e t r y  r eco rd  i t  has  been observed t h a t  t h e  r o c k e t  r e c e i v e r  d e t e c t o r  

o u t p u t  i s  ve ry  n o i s y  up to t h e  78th second and froni t h a t  t i m e  on i t  improved. 

So i t  i s  necessa ry  t o  d i s c a r d  t h e  observed FR and DA d a t a  b e f o r e  t h i s  t i m e .  

The d a t a  were processed  a g a i n ,  t h i s  t i m e  i n t r o d u c i n g  n o i s e  f i l t e r s  and obse rv ing  

c a r e f u l l y  f o r  t h e  p o s s i b i l i t y  of  t h e  phase d e t e c t o r  r e g i s t e r i n g  an e x t r a  180 
0 
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under  n o i s y  cond i t ions .  Upon examining t h e  new computer o u t p u t ,  i t  has  been 

observed t h a t  a t  about the  78th  second a f t e r  l aunch ,  t h e  Faraday r o t a t i o n  

began t o  inc rease  a t  a very f a s t  r a t e .  Wi th in  less than  two seconds i t  

had inc reased  from 110 

observed values  of FR, a very  h igh  va lue  of  N was d e r i v e d .  Mcwever, 

P ro f .  Bowhill h a s  po in t ed  o u t  t h e  p o s s i b i l i t y  of obse rv ing  such l a r g e  

va lues  f o r  FR i f  t h a t  p a r t i c u l a r  p o i n t  i s  an e x t r a o r d i n a r y  r e f l e c t i o n  p o i n t .  

However, i t  was  thought  t h a t  it would be b e t t e r  t o  confirm t h e  r e l i a b i l i t y  

of  t h e  d a t a  by obse rv ing  t h e  computer o u t p u t  a g a i n ,  t h i s  t i m e  wi th  100 p o i n t s  

pe r  second. Meanwhile, Mr. J. Gooch of t h e  Coordina ted  Sc ience  L?aboratory 

i s  working on improving t h e  e x i s t i n g  ana log  Faraday r o t a t i o n  d a t a  r e d u c t i o n  

s y s t e m  t o  y i e l d  more r e l i a b l e  r e su l t s  under  no i sy  c o n d i t i o n s .  

0 t o  2580O. Using t h e  usua l  formula f o r  M and t h e  

The s t and ing  wave ana lyses  have been s t a r t e d  f o r  o b t a i n i n g  t h e  e l e c t r o n  

d e n s i t y  p r o f i l e  above 100 km.  The a c t u a l  number of  cycles has  been counted 

between 98 and 138 km, bu t  f o r  c a l c u l a t i n g  t h e  number of geometr ic  c y l e s ,  

t h e  t r a j e c t o r y  supp l i ed  t o  us  does n o t  c o n t a i n  t h e  s l a n t  range ( S R )  a3d t h e  

e l e v a t i o n  angles  (EL).  Hence a l e t t e r  was addressed  t o  M r .  Robert  T. Long 

of Wallops S t a t i o n ,  r eques t ing  t h a t  he send new t r a j e c t o r y  d a t a  which i n c l u d e  

both SR and EL v a l u e s .  However, i t  i s  p o s s i b l e  t o  c a l c u l a t e  t he  SR va lues  

from t h e  a v a i l a b l e  t r a j e c t o r y  d a t a .  

I n  conc lus ion ,  i t  must be mentioned t h a t  t h e  d a t a  a r e  noisy  a t  many 

p o i n t s  and t h i s  might be due t o  t h e  i n t e r f e r e n c e  of  b roadcas t  s t a t i o n s .  

T h e r e f o r e ,  g r e a t  c a r e  must be e x e r c i s e d  i n  drawing any d e f i n i t e  conc lus ions  

from t h e s e  data  e 
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3 - 8  I n s t r u m e n t a t i o n  Design G.W. Henry, Jr. 
T.W. Knecht 

J . E ,  Russe l l  
L O A .  Schick  

Tasks inc luded  under  t h i s  t o p i c  p e r t a i n  t o  t h e  d e s i g n ,  c o n s t r u c t i o n ,  and 

maintenance of  i n s t r u m e n t a t i o n  f o r  use i n  t h e  r o c k e t  propagat ion  exper iment ,  

a s  canducted  under NASA g r a n t  N s G - 5 1 1  and A i r  Force E l e c t r o n i c s  Systems 

D i v i s i o n  c o n t r a c t  AF 19(628)-3900 ( t h e  l a t t e r  a p p l i e s  o n l y  t o  o p e r a t i o n s  

i n  connec t ion  wi th  t h e  F o r t  C h u r c h i l l  p r o j e c t ) .  

I .  I n s t r u m e n t a t i o n  for F o r t  C h u r c h i l l  

I n  p r e p a r a t i o n  f o r  t h e  r o c k e t  propagat ion  experiment  t o  be conducted 

a t  F o r t  C h u r c h i l l ,  Manitoba i t  was necessary  t o  modify a l l  RF components 

o f  t h e  sys tem t o  o p e r a t e  a t  7.9225 MHz. The system was o r i g i n a l l y  des igned  

f o r  use  i n  t h e  2 t o  3 MHz range.  I n  many c a s e s ,  i t  was o n l y  necessa ry  t o  

change tuned c i r c u i t s  t o  t h e  h i g h e r  f requency.  However, some c i r c u i t s  re- 

q u i r e d  e x t e n s i v e  m o d i f i c a t i o n  or r e b u i l d i n g .  The major  changes a r e  i n d i c a t e d  

below 

E x c i t e r  

An 8 MHz e x c i t e r  f o r  use wi th  the  r o c k e t  p ropaga t ion  experiment  a t  

F o r t  C h u r c h i l l  has  been c o n s t r u c t e d  and t e s t e d ,  T h i s  u n i t  c o n t a i n s  two 

c r y s t a l - c o n t r o l l e d  o s c i l l a t o r s  t o  gene ra t e  t h e  c i r c u l a r l y - p o l a r i z e d  s i g n a l s  

which d r i v e  t h e  one k i l o w a t t  l i n e a r  a m p l i f i e r s .  I t  was found t h a t  t h e  

system used p r e v i o u s l y ,  i n  which t h e  tank c i r c u i t s  o f  t h e  e x c i t e r  a m p l i f i e r  

s t a g e s  were l o c a t e d  a t  t h e  p i s t o n  a t t e n u a t o r s ,  was n o t  s a t i s f a c t o r y .  A t  

8 MHz t h e  l e n g t h  of  t h e  l i n e  from t h e  e x c i t e r  t o  t h e  a t t e n u a t o r s  had too  much 

c a p a c i t a n c e  t o  a l low t h e  a t t e n u a t o r  input  t o  be tuned t o  t h e  o p e r a t i n g  f requency .  
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A pi-network f o r  t he  e x c i t e r  amp i f i e r  o u t p u t  was breadboarded and tes ted.  

The use  of t h i s  network a l lows  one t o  match the a m p l i f i e r  o u t p u t  t o  a 50-ohm 

l o a d ,  and consequent ly  t h e  l e n g t h  of c a b l e  t o  the a t t e n u a t o r  i s  no longe r  

c r i t i c a l .  A r e sonan t  au to t r ans fo rmer  was added t o  the a t t e n u a t o r  i n p u t  

t o  match t h e  50-ohm l i n e  t o  t h e  i n p u t  l i n k  impedance. 

The o r i g i n a l  des ign  f o r  t h i s  u n i t  a l s o  f a i l e d  t o  g i v e  an adequate  

range o f  c o n t r o l  of o u t p u t  ampl i tude ,  thereby  making a c c u r a t e  ad jus tment  

of modulation percentage  d i f f i c u l t  i n  some c a s e s .  I n  t h e  new model,  the  

o r i g i n a l  AGC s y s t e m  used i n  the e x c i t e r  a m p l i f i e r  s t a g e s  was l e f t  i n t a c t ,  

bu t  c o n t r o l  of ou tpu t  ampli tude was accomplished by means of an a d j u s t a b l e  

series r e s i s t o r  i n  t h e  a m p l i f i e r  s c r e e n  l e a d .  This  method has  the  added 

advantage t h a t  f u l l  AGC a c t i o n  i s  a v a i l a b l e  a t  any s e t t i n g  of  the  o u t p u t  

ampl i tude  c o n t r o l s ,  whereas the perv ious  s y s t e m  reduced t h e  e f fec t  of t h e  

AGC s y s t e m  i n  i n v e r s e  p ropor t ion  t o  the  o u t p u t  l e v e l .  

I n i t i a l  t e s t i n g  of t he  u n i t  revea led  t h a t  t h e  8 MHz c r y s t a l s  could  

be v a r i e d  i n  f requency ove r  a much wider  range than  3 MX-Iz c r y s t a l s  i n  t h e  

o r i g i n a l  c i r c u i t .  Thus i t  was p o s s i b l e  to  s u b s t a n t i a l l y  reduce the  number 

of c r y s t a l s  r equ i r ed  t o  cover  the p o s s i b l e  range of  r o c k e t  r e c e i v e r  c e n t e r  

f r e q u e n c i e s .  Also discovered  du r ing  t h e  t e s t i n g  procedure ,  however, was 

the  f a c t  t h a t  t he  a m p l i f i e r  s t a g e s  were r a t h e r  u n s t a b l e  and tended t o  i n -  

t e r a c t ,  r e s u l t i n g  i n  a very  u n d e s i r a b l e  modulat ion of  the  o u t p u t s  a t  the  

d i f f e r e n c e  frequency.  These problems were so lved  by a d d i t i o n a l  s h i e l d i n g ,  

and bypass ing ,  by improved matching of  the o u t p u t  s t a g e s  t o  the 50-ohm 

l i n e s ,  and by i n s e r t i n g  a sma l l  r e s i s t a n c e  i n  series w i t h  the  g r i d  l e a d  of  

each o f  t h e  a m p l i f i e r  tubes .  The performance o f  the  completed un&t was 
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checked and compared a g a i n s t  a u n i t  of t h e  e a r l i e r  d e s i g n  be ing  o p e r a t e d  

a t  Wallops I s l a n d ,  Va. I t  was found t h a t  t h e  8 Mhz e x c i t e r  su rpassed  the  

o r i g i n a i  u n i t  i n  o u t p u t ,  s t a b i l i t y ,  and c o n t r o l  c a p a b i l i t y .  

Hvbrid P o l a r i z e r  

The hybr id  p o l a r i z e r  u n i t ,  which d i v i d e s  t h e  power between t h e  t r a n s m i t t e r s  

and p rov ides  a means o f  a d j u s t i n g  s i g n a l  phase r e l a t i o n s h i p s  so  t h a t  c i r c u l a r i t y  

o f  t h e  t r a n s m i t t e d  s i g n a l  may be achieved,  was o r i g i n a l l y  designed t o  o p e r a t e  

i n  t h e  2 t o  3 Mhz range.  I t  was found t o  be p r a c t i c a l l y  i n o p e r a t i v e  a t  8 ~ z .  

The p u l s e  t r ans fo rmers  used were ve ry  i n e f f i c i e n t  a t  t h e  h i g h e r  f r equency ,  

and t h e  GR d e l a y  l i n e s  e x h i b i t e d  seve re  s t a n d i n g  waves and l a r g e  a t t e n u a t i o n s .  

I t  was a l s o  d i scove red  t h a t  t h e  l i n e a r  a m p l i f i e r s  i n c o r p o r a t e d  on the  c h a s s i s  

were non- l inea r  above 6 v o l t s  peak-to-peak o u t p u t ,  a c o n d i t i o n  which d e s t r o y s  

t h e  v a l i d i t y  of p i s t o n  a t t e n u a t o r  s e t t i n g s  between 0 and 1 0  db. I n  a d d i t i o n ,  

impedance mismatches a t  t h e  o u t p u t  o f  t h e  h y b r i d  power d i v i d e r s  used r e s u l t e d  

i n  a r a t h e r  s e v e r e  d e t e r i o r a t i o n  o f  i n t e r c h a n n e l  i s o l a t i o n ,  t he reby  making 

ad jus tmen t  f a r  t r u e  c i r c u l a r i t y  v i r t u a l l y  imposs ib l e  ~ 

Some c o n s i d e r a t i o n  was g i v e n  t o  using Ad-Yu h i g h  frequency d e l a y  l i n e s  i n  

p l a c e  o f  t h e  GR d e v i c e s ,  bu t  i t  was d i scove red  t h a t  t h e  Ad-Yu l i n e s  could 

be v a r i e d  o n l y  i n  f a i r l y  l a r g e  d i s c r e t e  s t e p s ,  a f a u l t  which t h e  GR u n i t s  

d i d  n o t  e x h i b i t .  I t  was decided t h a t  t h e  l o s s e s  i n  t h e  d e l a y  l i n e s  cou ld  

be t o l e r a t e d ,  s i n c e  r e d e s i g n  o f  t h e  l i n e a r  a m p l i f i e r  s t a g e s  was mandatory i n  

any e v e n t ,  and a d d i t i o n a l  g a i n  cou ld  then be inc luded  t o  make up f o r  o t h e r  

c i r c u i t  l o s s e s .  Accordingly,  t h e  one-stage a m p l i f i e r s  were removed and re- 

p l aced  by two-stage a m p l i f i e r s  w i th  h ighe r  p l a t e  v o l t a g e  and r e g u l a t e d  s c r e e n  

s u p p l i e s .  The h i g h e r  g a i n  o f  t h e  new a m p l i f i e r s  a l s o  made i t  p o s s i b l e  t o  
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omit  t h e  pulse  t r ans fo rmers  o r i g i n a l l y  used f o r  impedance matching a t  t h e  

a m p l i f i e r  i npu t s  

The i n t e r a c t i o n  between channels  was reduced t o  an  i n c o n s e q u e n t i a l  amount 

by i n s e r t i n g  a r e s i s t i v e  matching s y s t e m  a t  t h e  hybr id  power d i v i d e r  o u t p u t s .  

I t  was d iscovered  t h a t  t h e  impedances a t  t h e  i n p u t  of t h e  power d i v i d e r s  

a f f e c t e d  feedthrough v e r y  l i t z l e .  Consequent ly ,  no matching d e v i c e s  were 

needed a t  t h e  s t e p  a t t e n u a t o r  or d e l a y  l i n e  o u s p u t s ,  a l though some e x p e r i -  

mental  work had been done on developing  an a c t i v e  matching dev ice  t o  be i n -  

c o r p o r a t e d  a t  t h e s e  p o i n t s .  B e t t e r  matching of  t h e  d e l a y  l i n e  o u t p u t  impedances 

w i l l  s t i l l  be cons ide red  a s  a p o s s i b l e  f u t u r e  m o d i f i c a t i o n ,  however,  a s  i t  

would tend  t o  reduce t h e  l a r g e  f l u c t a t i o n s  of  t h e  d e l a y  l i n e  ou tpu t  ampl i tudes  

caused by s t and ing  waves on t h e  l i n e s .  

The f i n a l  u n i t ,  althoughri.more complicated t o  a d j u s t ,  should  prove much 

more s a t i s f a c t o r y  than  t h e  o r i g i n a l ,  e s p e c i a l l y  a t  h i g h e r  f r e q u e n c i e s .  Con- 

s i d e r a t i o n  might w e l l  be g iven  t o  r e b u i l d i n g  t h e  p o l a r i z e r  u n i t  a t  Wallops 

I s l a n d  t o  inco rpora t e  t h e s e  improvements, s i n c e  i t  has  o f t e n  been d i f f i c u l t  

t o  ach ieve  and ma in ta in  good p o l a r i z a t i o n  of t h e  an tennas  t h e r e .  

Pulsed  R . F .  Generator  

I t  was a l s o  necessa ry  t o  modify t h e  pu l sed  R F  g e n e r a t o r  f o r  use a t  8 MHz. 

Th i s  u n i t  p rovides  a pu lsed  s i g n a l  t o  d r i v e  t h e  t r a n s m i t t e r s  when making 

i o n o s p h e r i c  soundings,  a procedure used t o  double  check t h e  ad jus tment  of 

t h e  antenna p o l a r i z a t i o n .  The o r i g i n a l  u n i t  when modif ied d i d  n o t  e x h i b i t  

good suppres s ion  of unwanted s i g n a l s ,  p robably  because of  t he  phys ica l  l a y o u t ,  

which was adequate f o r  o p e r a t i o n  a t  lower f r e q u e n c i e s .  Some e f f o r t  was 

devoted t o  development of a t r a n s i s t o r i z e d  replacement  o f  t h i s  u n i t ,  s i n c e  t h e  
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c i r c u i t  d e s i g n  o f  such a u n i t  would f i n d  a p p l i c a t i o n  i n  s e v e r a l  o t h e r  p r o j e c t s  

be ing  conducted by t h e  l aboca to ry .  A germanium diode  balanced modulator  was 

develcjped which gave e x c e l l e n t  c a r r i e r  suppres s ion .  S u f f i c i e n t  t i m e  h a s  

n o t  been a v a i l a b l e  t o  con t inue  work on t h i s  sys tem,  however. I t  w i l l  be 

n e c e s s a r y  t o  d e s i g n  a s u c c e s s f u l  t r a n s i s t o r  RF power a m p l i f i e r ,  and a means 

of  g a t i n g  t h e  balanced modulator  p rope r ly  be fo re  t h e  system w i l l  be oper -  

a t i o n a l .  Meanwhile, e f f o r t s  w i l l  be made to  improve t h e  c h a r a c t e r i s t i c s  o f  

the vacuum-tube model. 

Antennas - 

Opera t ion  a t  8 MHz r e q u i r e d  t h e  c o n s t r u c t i o n  of f o u r  new d i p o l e  an tennas  

f o r  t h e  ground s t a t i o n  t r a n s m i t t i n g  box a r r a y .  These an tennas  were measured 

and c u t  a t  the  l a b o r a t o r y .  I n s u l a t i n g  hardware was a t t a c h e d  and t h e  e n t i r e  

antenna assembly was erected a t  the Urbana f i e l d  s t a t i o n .  Measurements 

made of each  of  the  f o u r  an tennas  showed them t o  have e l e c t r i c a l  c h a r a c t e r -  

i s t i c s  ve ry  c l o s e  t o  t h e  d e s i r e d  va lues .  The an tennas  were then  removed from 

t h e  f i e l d  s t a t i o n  and packed f o r  shipment t o  F o r t  C h u r c h i l l .  

A sh ie lded  loop  i s  used a s  a r ece iv ing  an tenna  when making p u l s e  soundings 

t o  double-check antenna c i r c u l a r i t y .  This  u n i t  was modif ied t o  o p e r a t e  a t  

8 M.Hz and was c o n s i d e r a b l y  ruggedized t o  wi ths t and  the F o r t  C h u r c h i l l  envi ron-  

ment 

The " w h i r l y " ,  a motor-dr iven sp inn ing  d i p o l e  an tenna  which i s  p laced  

i n  the c e n t e r  of the t r a n s m i t t i n g  a r r a y  t o  tes t  f o r  s i g n a l  c i r c u l a r i t y ,  was 

a l s o  modi f ied  and ruggedized f o r  o p e r a t i o n  a t  F o r t  C h u r c h i l l .  The l o o p  d i p o l e  

an tenna  was r e tuned  and a matching network in t roduced  t o  permi t  8 MHz o p e r a t i o n .  

The e n t i r e  u n i t  was enc losed  i n  an  i n s u l a t e d  wooden c a b i n e t  a long  w i t h  two 
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h e a t i n g  elements  t o  p reven t  t h e  motor and g e a r  t r a i n  from s t a l l i n g  a t  ex- 

t remely  low tempera tures .  

Payload 

A f u l l - s i z e  model of  t h e  r o c k e t  r ece i ,ve r  antenna assembly was c o n s t r u c t e d  

and shipped t o  AFCRL. This  model was used i n  t h e  d e s i g n  of mounting hard-  

ware necessary  f o r  i n s t a l l i n g  o u r  payload i n  t h e  Black Brant  r o c k e t  t o  be 

launched from F o r t  C h u r c h i l l .  The rocket-borne r e c e i v e r s  s u p p l i e d  by 

S p a c e c r a f t ,  Inc .  were c a l i b r a t e d  and t h e  payload package wgs sh ipped  t o  

AFCRL f o r  i n t e g r a t i o n  i n t o  t h e  Black Brant  r o c k e t .  

Miscel laneous Equipment 

A modified v e r s i o n  of  o u r  s t a n d a r d  broad-band ionosphe r i c  sounding 

r e c e i v e r  has  been c o n s t r u c t e d  t o  o p e r a t e  a t  7.9225 MHz. I t  w i l l  be used 

a t  F o r t  C h u r c h i l l  i n  making ionosphe r i c  soundings a s  a check on an tenna  

p o l a r i z a t i o n  c h a r a c t e r i s t i c s .  The o n l y  m o d i f i c a t i o n  i s  t h a t  o f  c e n t e r  f r e -  

quency. The I F  a m p l i f i e r ,  DC a m p l i f i e r ,  and power supp ly  a r e  i d e n t i c a l  w i th  

p rev ious  r e c e i v e r s .  

A new dual  phase d e t e c t o r  has  been c o n s t r u c t e d  i d e n t i c a l  w i th  t h e  u n i t  

employed a t  Wallops I s l a n d .  This  dev ice  samples t h e  t e l eme te red  r o c k e t  re- 

c e i v e r  ou tpu t  and t h e  500 H z  r e f e r e n c e  f requency  gene ra t ed  by t h e  e x c i t e r  

u n i t  to  g ive  a n  i n - f l i g h t  i n d i c a t i o n  of  Faraday r o t a t i o n .  A DC a m p l i f i e r  

f o r  t h e  phase d e t e c t o r  o u t p u t  has  been deskgned and c o n s t r u c t e d .  The des ign  

is e s s e n t i a l l y  t h e  same a s  t h a t  used for  t h e  new DC a m p l i f i e r  i n  t h e  sounding 

r e c e i v e r s  (see s e c t i o n  2.1,  Rece ive r s )  bu t  i n c o r p o r a t e s  a s e l f - c o n t a i n e d  

power supply and g a i n  c o n t r o l  s y s t e m .  
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N67 1 4 6 4 5  . .  
4. VLF STUDIES 

4.1 F u l l  Wave S o l u t i o n s  C.F. S e c h r i s t ,  Jr.  

Tasks inc luded  under  t h i s  t o p i c  p e r t a i n  to  t h e  s tudy  o f  VLF propagat ion  

t h e o r y  and ful l -wave s o l u t i o n s  of  t h e  coupled wave e q u a t i o n s ,  a s  conducted 

under  NASA g r a n t  N s G - 5 1 1 .  

D r .  S e c h r i s t  worked w i t h  R. Kubala i n  connec t ion  wi th  h i s  s t u d i e s  

of VLF p ropaga t ion  theo ry  and exper iments .  P l a n s  were made to  implement 

a s t eep - inc idence  VLF experiment  a t  Wallops I s l a n d  i n  t h e  f u t u r e ,  and t o  

deve lop  a computer program s u i t a b l e  f o r  o b t a i n i n g  ful l -wave s o l u t i o n s .  

During Janua ry ,  1966,  Mr. Kubala l e f t  t h e  Aeronomy Labora tory  and t h i s  

problem i s  now i n  abeyance. Emphasis i s  being p laced  on  t h e  s t eep - inc idence  

VLF egper iment  which w i l l  be c a r r i e d  o u t  i n  J u n e ,  1966 i n  connec t ion  wi th  

t h e  p r e - s u n r i s e  rocke t  s h o t .  

Mr. Richard  S m i r l ,  r e s e a r c h  a s s i s t a n t ,  w i l l  be r e s p o n s i b l e  f o r  t h e  

d e s i g n  and development of t h e  VLF i n s t r u m e n t a t i o n .  A r e p o r t  o f  h i s  work 

is  covered  under  s e c t i o n  4,2.  

4 . 2  V L F  Experiment R.A.  Smi r l  

Tasks inc luded  under  t h i s  t o p i c  p e r t a i n  t o  t h e  des ign  and i n s t r u m e n t a t i o n  

o f  t h e  VLF expe r imen t ,  a s  conducted under  NASA g r a n t  NsG-511. 

I n  t h i s  experiment  t h e  r e l a t i v e  ampli tude and phase of  t h e  sky  wave from 

t h e  U . S .  Navy VLF t r a n s m i t t e r ,  NSS, a t  Annapol is ,  Maryland w i l l  be measured 

a t  Wallops I s l a n d ,  V a . ,  about  150 km sou th - sou theas t  of NSS. 

I n  p a r t i c u l a r ,  t h e  component having  an e lectr ic  v e c t o r  pe rpend icu la r  

t o  t h e  p l ane  o f  i nc idence  w i l l  be measured. P a s t  expe r i ence  i n d i c a t e s  t h a t  
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Power - o p e r a t e  from a s t anda rd  115 v o l t ,  60 
source ,  

s i n g l e  phase power 

Weight - n o t  c r i t i c a l .  

S i z e  - n o t  c r i t i c a l .  
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t h i s  measurement i s  a s e n s i t i v e  i n d i c a t o r  of  smal l  changes i n  t h e  e l e c t r o n  

d e n s i t y  nea r  t he  base of  the  D r eg ion  (60 t o  70 km). This  r e g i o n  i s  o f  

i-+ , , ,e res t  because d ~ r i n g  the pre-sunr i se  per iod  a l a y e r  o f  i o n i z a t i o n ,  t h e  

C l a y e r , i s  formed there. The rocke t  propagat ion experiment  w i l l  make 

d i rec t  measurements of t h i s  r eg ion  during t h e  format ive  pe r iod .  

Work on t h i s  experiment  was begun when R.A.  Smi r l  a r r i v e d  i n  February.  

The p rogres s  t o  d a t e  i s  a s  fo l lows :  

1. Reports  of prev ious  work have been s t u d i e d .  

2 .  The o v e r a l l  des ign  of t h e  measuring s y s t e m  was determined.  

3 .  S u p p l i e r s  were s e l e c t e d  and o rde r s  placed f o r  a l oop  antenna and 

a phase comparator.  

4. Receiver  des ign  exper ience  w a s  ga ined  through exper iments  c a r r i e d  

o u t  on a 20 kHz r e c e i v e r  a v a i l a b l e  i n  t he  l a b o r a t o r y .  

NOT CITABLE 



98 

N67 1 4 6 4 6  
5. AERONOMIC THEORY 

5 . 1  Protonosphere J ..EX. ,Gliddon 
S . A .  Bowhill  

This  t o p i c  i n c l u d e s  i n v e s t i g a t i o n  of  t h e  thermal  and i o n i z a t i o n  economy 

of  t h e  ionosphere.  I t  i s  sponsored by t h e  Na t iona l  Sc ience  Foundat ion under  

g r a n t  NSF-GP 866. 

Some time h a s  been s p e n t  on t h e  c o n t e n t s  of  Chapter  I1 of  Aeronomy Report  

N o .  1 2 ,  "Some c o n s i d e r a t i o n s  of  t h e  s t e a d y  motion and e q u i l i b r i u m  of plasma 

i n  t h e  F-2 reg ion  and i n  t h e  protonosphere" .  There i s  some doubt a s  t o  t h e  

sense  i n  which t h e  two i n v a r i a n t s  of t h e  Chew-Goldberger-Low theory  a r e  

a d i a b a t i c  i n  t h e  l i m i t  o f  z e r o  f l u i d  motion. W e  have p r e v i o u s l y  assumed 

t h e s e  q u a n t i t i e s  c o n s t a n t s  a long  a l i n e  of  f o r c e .  However, i f  analogy can  

be made wi th  gas dynamics,  i t  may be p e r m i s s i b l e  t o  t r e a t  q u a n t i t i e s  a s  con- 

s t a n t s  throughout t h e  pro tonosphere .  The s i t u a t i o n  may be comparable t o  t h e  

assumption of c o n s t a n t  en t ropy  i n  t h e  a d i a b a t i c  model of t h e  n e u t r a l  atmosphere.  

W e  a r e  a l s o  cons ider ing  a d i f f e r e n t  model, i n  which t h e  k i n e t i c  tempera tures  

( p a r a l l e l  and pe rpend icu la r  t o  t h e  magnetic f i e l d )  a r e  c o n s t a n t .  

The a s s o c i a t e d  problem of  t h e  e q u i l i b r i u m  confinement of plasma by 

magnet ic  f i e l d s  has  r ece ived  c o n s i d e r a b l e  a t t e n t i o n : i n  r e c e n t  y e a r s .  These 

i n v e s t i g a t i o n s  sugges t  t h a t  t h e  s t a t e  of knowledge concern ing  plasma equ i -  

l i b r i a  i s  s t i l l  incomplete  bu t  they  may be o f  h e l p  i n  o u r  problem. 

A seminar was p re sen ted  by D r .  Bowhill a t  t h e  Cen te r  f o r  Radiophysics  

and Space Research,  C o r n e l l  U n i v e r s i t y  on January 20 ,  on t h e  t o p i c  "Thermal 

S t r u c t u r e  o f  t h e  Protonosphere" .  I t  was po in ted  o u t  t h a t  c o n d u c t i v i t y  con- 

s i d e r a t i o n s  ru led  o u t  e l e c t r o n  tempera tures  g r e a t e r  than  7000 deg K i n  t h e  

e q u a t o r i a l  plane a t  g e o c e n t r i c  d i s t a n c e s  of two t o  t h r e e  E a r t h  r a d i i .  
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D r .  Bowhill p repared  an a r t i c l e  "The Ionosphere" f o r  t h e  Encyclopedia 

o f  E a r t h  Sc iences .  

5 .2  F Region J . E . C .  Gliddon 

Th i s  t o p i c  inc ludes  t h e o r e t i c a l  s t u d i e s  of t h e  i o n  d i s t r i b u t i o n  i n  t h e  

F- reg ion ,  and i s  suppor ted  by t h e  Nat iona l  Sc ience  Foundation under g r a n t  

NSF-GP 866. 

P roof s  of  t h e  paper  "Ambipolar D i f fus ion  and D r i f t  Motions i n  t h e  F-2 

Repr in t s  were Region", have been c o r r e c t e d  and re turned  t o  t h e  p u b l i s h e r .  

o rde red  on behal f  of t h e  Laboratory.  The paper  appeared i n  volume 13, pp. 959- 

967 of  P l a n e t a r y  and Space Sc ience .  

The e f f e c t  o f  i o n  d rag  i n  t h e  F-region,  a l lowing  for v i s c o s i t y  of  t h e  

n e u t r a l  a i r :  has  been a m a t t e r  for con jec tu re  f o r  t h e  p a s t  few y e a r s .  

The problem has  been d i scussed  r e c e n t l y  by R i shbe th ,  M c g i l l ,  and Cahn 

i n  Ann. de  Geophysique 21,  2, 1965. They d e r i v e  an  equa t ion  of motion f o r  

t h e  n e u t r a l  a i r  bu t  t h e i r  conclus ions  a r e  based on ly  on a q u a l i t a t i v e  d i s -  

cuss  i o n  

- 

D r .  Gliddon i s  t r y i n g  t o  f i n d  s o l u t i o n s  o f  t h e  equa t ions  which may permi t  

numerical  d i s c u s s i o n  of t h i s  problem. 

The d i f f e r e n t i a l  equa t ion  

2 

dz 

1 y (0) = 1, y (0) = 0 2 
~ - q c  i- c1 z + c2 z ) Y  = 0, 

2 0 

has  been i n v e s t i g a t e d  i n  connec t ion  with E-region theo ry  ( see  s e c t i o n  5.3), 

I f  C z + C1z + C 

&(a+@) by t h e  s u b s t i t u t i o n  

= 0 has  r e a l  r o o t s a  ~ B ~ then  i f  t h e  o r i g i n  i s  moved t o  
2 0 
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t h e  e q u a t i o n  t akes  t h e  s t a n d a r d  form of  Weber 's  e q u a t i o n  

n 

The s o l u t i o n s  o f  (3) a r e  t h e  p a r a b o l i c  c y l i n d e r  f u n c t i o n s  D (x )  n 

( e x p r e s s i b l e  i n  terms o f  H e r m i t e  po lynomia ls ) ,  see Whitaker  and Watson, 

Modern Ana lys i s ,  p. 347. The above t r ans fo rma t ion  may need m o d i f i c a t i o n ,  

depending upon t h e  s i g n s  o f  t h e  parameters  and of a,8 . I t  i s  always v a l i d  

b u t  t h e  p r a c t i c a l  u s e f u l n e s s  may be r e s t r i c t e d ,  f o r  example i f  a,$ a r e  

complex. 

The l a s t  s e c t i o n  (4.5) of t h e  r e p o r t  " T h e o r e t i c a l  i n v e s t i g a t i o n s  of t h e  

s t r u c t u r e  o f  the  protonosphere and upper  F-region" h a s  been comple ted ,  and 

t h e  r e p o r t  w i l l  be i s s u e d  a s  Aeronomy Report  No. 12. 

5.3 E Region P. Paramas iva iah  

Th i s  t o p i c  i n c l u d e s  t h e o r e t i c a l  i n v e s t i g a t i o l s r e l e v a n t  t o  t h e  development 

and re f inement  of E-region t h e o r y ,  a s  conducted under NASA g r a n t  N s G - 5 1 1  and 

NSF GP-866. 

The p o s s i b i l i t y  of charged p a r t i c l e s  and d u s t  p a r t i c l e s  s e r v i n g  a s  

s o u r c e s  of i o n i z a t i o n  and of s e l e c t i v e  h e a t  i n p u t  t o  t h e  ambient e l e c t r o n s  

i n  t h e  E r eg ion  was s t u d i e d .  I n v e s t i g a t i o n s  show t h a t  t h e s e  sou rces  can 

p rov ide  a small  amount o f  i o n i z a t i o n ,  bu t  by themselves  cannot  f u r n i s h  t h e  
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h e a t  i n p u t  necessa ry  t o  s u s t a i n  t h e  e l e c t r o n  tempera ture  observed i n  t h e  E 

r e g i o n .  Likewise ,  t h e  J o u l e  h e a t i n g  computed on t h e  b a s i s  o f  magnet ic  f i e l d  

v a r i a t i o n s  w i t h  h e i g h t  i n  t h e  E r e g i o n ,  a s  r e p o r t e d  by H a l l  and Burrows, is  

inadequa te  t o  m a i n t a i n  t h e  temperatures  obse rved ,  excep t  on t h e  bottom s i d e  

o f  t h e  E r e g i o n  below about  110 km. 

A method has  been developed to  e v a l u a t e  t h e  e l e c t r o n  p roduc t ion  r a t e  

d u r i n g  s u n r i s e  i n  terms of t h e  product ion  r a t e  sometime d u r i n g  m i d a f t e r -  

noon a t  a n o t h e r  a l t i t u d e .  For  any a l t i t u d e  d u r i n g  s u n r i s e  f o r  a g iven  s o l a r  

z e n i t h  a n g l e ,  t h e  midafternoon a l t i t u d e  i s  i d e n t i f i e d  by e q u a t i n g  t h e  o p t i c a l  

2 d e p t h s  a t  t h e  two a l t i t u d e s .  The o p t i c a l  dep th  i s  c a l c u l a t e d  assuming 0 

a s  t h e  most e f f e c t i v e  abso rb ing  c o n s t i t u e n t  of  t h e  s o l a r  r a d i a t i o n  i n  t h e  

upper  a tmosphere.  I o n i z a t i o n  r a t e s  a r e  c a l c u l a t e d  i n  terms of  0 r a t e s  and 

t h e  assumption i s  made t h a t  t h e  t o t a l  r a t e  o f  i o n s  produced a t  any l e v e l  i n  

t h e  E r e g i o n  b e a r s  a c o n s t a n t  r a t i o  t o  t h e  p roduc t ion  r a t e  o f  0 

pho toequ i l ib r ium c o n d i t i o n  i s  assumed to  p r e v a i l  d u r i n g  midaf te rnoon,  t h e  

t o t a l  r a t e  o f  i o n  product ion  is found i n  terms of t h e  e l e c t r o n  d e n s i t y  and 

t h e  e f f e c t i v e  recombina t ion  c o e f f i c i e n t  a t  t h a t  a l t i t u d e  and a t  t h a t  t i m e .  

Thus t h e  e l e c t r o n  product ion  r a t e  f o r  any z e n i t h  ang le  d u r i n g  s u n r i s e  i s  

c a l c u l a t e d  i n  terms o f  an unknown recombinat ion c o e f f i c i e n t  and t h e  e l e c t r o n  

d e n s i t y  p r o f i l e .  

+ 
2 

+ 
If a 2 .  

Now t h e  c o n t i n u i t y  e q u a t i o n  f o r  e l e c t r o n  d e n s i t y  d u r i n g  s u n r i s e  c o n s i s t s  

o f  two unknowns, t h e  recombinat ion c o e f f i c i e n t  d u r i n g  s u n r i s e  and t h e  recom- 

b i n a t i o n  C o e f f i c i e n t  du r ing  midafternoon.  The c o h t i n u i t y  e q u a t i o n  i s  so lved  

e x a c t l y .  and f o r  f i v e  a l t i t u d e s  i n  the  range  from 125 t o  160 km, p l o t s  of  

a a r e  obta ined .  These p l o t s  a r e  seen  t o  converge 
midaf t e rnoon  va a s u n r i s e  
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to within a small area, indicating that perhaps the E region can be charac- 

terized by almost constant value ofa and another value for 

a sunrise 

mida f ternoon 

The computed values are: 

-8 3 -1 

-8 3 -1 

c1 = 2.7 x 10 cm sec 

a = 0.7 x 10 cm sec 

midafternoon 

sunrise 

Futher analysis is being undertaken. 

__ 5.4 D Region C.F. Sechrist, Jr. 
J.S. Shirke 

This topic includes theoretical and experimental investigations f o r  

the development and refinement of D-region theory, as conducted under NASA 

grant NsG-511 

Theoretical Investigations C . F. Sechris t , Jr. 

The problem of pre-sunrise ionization in the D-region has been explored. 

Because 0- has been suggested as a dominant negative ion in the D-region, 

the ozone layer formation and its variations in the mesosphere were studied. 

A non-equilibrium investigation into the diurnal photochemical atomic oxygen 

and ozone variation in the mesosphere was carried out by B.G. Hunt (JATP,27 - 

1.965, 133-144). One result obtained was that photochemical equilibrium does 

not exist in the atmosphere above 60 km; Hunt illustrates the diurnal varition 

of the atomic oxygen and ozone concentrations. 

work, and the pre-sunrise ionization in the D-region were considered. 

3 

The implications of Hunt's 

In connection with winter days of high absorption, disturbances of 

stratospheric and mesospheric circulation in winter were considered. It is 
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p o s s i b l e  t h a t  t r a n s p o r t  p rocesses  r e d i s t r i b u t e  photochemdeal c o n s t i t u e n t s  

sueh a s  0 ,  02, and 0 - consequent ly ,  nega t ive  ions  of  t h e s e  c o n s t i t u e n t s  

may be r e d i s t r i b u t e d .  I t  i s  p o s s i b i e  t h a t  s u n r i s e  v a r i a b i l i t y  observed 

wi th  VLF measurements i s  e x p l a i n a b l e  i n  terms of  t h e  r e d i s t r i b u t i o n  of 

n e g a t i v e  i o n s  a l s o .  Kellogg (1961) accounted f o r  w i n t e r  mesospheric  h e a t i n g  

by assuming t h a t  a mer id iona l  c i r c u l a t i o n  t r a n s p o r t s  a tomic oxygen a t  h e i g h t s  

of  I 1 0  t o  120 km from sou the r Jy  l a t i t u d e s  towards t h e  po le .  H e  showed t h a t  

h e a t  would be r e a l i z e d  through chemical energy  r e l e a s e  due t o  a tomic oxygen 

recombining t o  form molecular  oxygen. 

3 '  

The impor tan t  proeesses  f o r  t h e  d e s t r u c t i o n  of a tomic oxygen a r e :  

0 + 0 + M - - j  O2 + M 

0 + 0  + M + O  - t M  2 3 

However, a s  f a r  a s  D.=region i o n i z a t i o n  i s  concerned , t h e  r e a e t i o n s  pro- 

duc ing  n i t r i c  ox ide  a r e  most impor tan t ,  namely: 

N t O - t M - j N O + M  

Np2 + 0 -j NO + O2 

During t h e  pe r iod  March 3-8, 1966, 'Dr .  S e c h r i s t  v i s i t e d  t h e  World Data 

C e n t e r  a t  ESSA (Boulder ,  Colorado)  t o  examine F -p lo t s  and ionograms ob ta ined  

a t  Wallops I s l a n d  and F t .  Be lvo i r  dur ing  t h e  i n t e r v a l  1961-1964; i n  p a r t i c u l a r ,  

d a t a  were inspec ted  f o r  t hose  months dur ing  which rocket-grenade measurements 

of  tempera ture  were c a r r i e d  o u t  a t  Wallops,  t o  determine whether or n o t  f min 
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v a l u e s  were h ighe r  on days when t h e  grenade  measurements r e v e a l e d  D-region 

warming. Also ,  v i s i t s  were made a t  NCAR w i t h  D r .  W . W .  Kel logg and Dr. Paul  

J u l i a n  t o  d i s c u s s  the  s u b j e c t s  of  mesospheric  and s t r a t o s p h e r i c  warmings 

and t h e i r  r e l a t i o n s h i p s .  

E s s e n t i a l l y ,  i t  i s  be l i eved  t h a t  D-region warmings a r e  r e s p o n s i b l e  

f o r  t h e  anomalous w i n t e r  a b s o r p t i o n ,  because t h e  c o n c e n t r a t i o n  o f  n i t r i c  

ox ide  i n  t h e  D-region i s  tempera ture  dependent .  I n  p a r t i c u l a r ,  examinat ion  

of  mesospheric  tempera ture  p r o f i l e s  o b t a i n e d  by t h e  rocke t -grenade  t echn ique  

a t  Wallops I s l a n d  r evea led  t h e  occur rence  o f  mesospheric  warming on c e r t a i n  

w i n t e r  days .  A p re l imina ry  i n v e s t i g a t i o n  i n d i c a t e d  t h a t  f v a l u e s  observed m i  n 

w i th  ionosondes a t  Wallops I s l a n d  and F t .  B e l v o i r ,  V i r g i n i a ,  t end  t o  be h i g h e r  

on days when t h e  mesospheric  tempera tures  a r e  abnormally h igh .  Because h i g h e r  

va lues  o f  f may be a s s o c i a t e d  wi th  enhanced i o n i z a t i o n  i n  t h e  D-region,  i t  

1s b e l i e v e d  t h a t  t h e  i n c r e a s e d  va lues  of f a r e  caused b y  a s p o r a d i c  D l a y e r .  

min 

m i  n 

A t heo ry  o f  t h e  format ion  o f  a s p o r a d i c  D l a y e f a t  middle  l a t i t u d e s  i n  

w i n t e r  was developed. U s e  was made of  t h e  expe r imen ta l  t empera ture  p r o f i l e s  

t o  o b t a i n  e s t i m a t e s  of t h e  n i t r i c  ox ide  d i s t r i b u t i o n  i n  t h e  D r eg ion  on a n  

average  win te r  day and on a n o n t y p i c a l  w i n t e r  day a t  Wallops I b l a n d .  The 

t empera tu re  and n i t r i c  ox ide  d i s t r i b u t i o n s  were u t i l i z e d  t o  c a l c u l a t e  t h e  

e l e c t r o n  product ion  r a t e  p r o f i l e s ;  e l e c t r o n  d e n s i t y  d i s t r i b u t i o n s  were d e r i v e d  

-7 3 -1 
from t h e s e  assuming an e f f e c t i v e  recombina t ion  c o e f f i c i e n t  of 5 x 10 c m  sec . 

On t h e  b a s i s  o f  t h e  c a l c u l a t e d  n i t r i c  ox ide  and e l e c t r o n  d e n s i t y  d i s -  

t r i b u t i o n s ,  and examinat ion of  f va lues  from ionograms,  i t  was concluded 

t h a t  t h e  "winter  anomaly" i n  ionospheriG r a d i o  a b s o r p t i o n  may be caused by 

a tempera ture  i n v e r s i o n  i n  t h e  D r e g i o n  on c e r t a i n  w i n t e r  days a t  m i d d l e  

l a t i t u d e s .  

min 
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A l s o  examinat ion of f va lues  and s t r a t o s p h e r i c  temperatuwes du r ing  

November, 1963 i n d i c a t e d  t h a t  November 1 7 ,  1963 was a n o n t y p i c a l  w i n t e r  day 
min 

a t  Wallops Is iamd;  and i t  was suggested t h a t  t h e  D-region n i t r i c  ox ide  con- 

c e n t r a t i o n  measured by Bar th  on t h a t  d a t e  was abnormally h igh  because o f  a 

s p o r a d i c  warming i n  t h e  D reg ion .  

D r .  S e c h r i s t  a t t e n d e d  t h e  fo l lowing  conferences  and meet ings i n  connec- 

t i o n  w i t h  o u r  D-region s t u d i e s :  Second Conference on Direct Aeronomic 

Measurements,  September 27-30, 1965" U R S I  Meet ings ,  October  4-6, 1965; S o l a r  

E c l i p s e  Workshop, October  11-12? 1965. 

A paper  e n t i t l e d  "The S u n r i s e  V a r i a b i l i t y  o f  VLF Radio Waves Ioncspher -  

i c a l l y  R e f l e c t e d  Near V e r t i c a l  Incidence" was p re sen ted  a t  t h e  Aeronomy 

Conference .  Th i s  paper  was co-authcred by J.M. Musser. 

Two papers  were p resen ted  a t  t h e  IiRSI meet ing h e l d  a t  Dartmouth Co l l ege :  

"A e o - c r d i n a t e d  Experiment t o  Study the  E f f e c t s  0 f  S o l a r  P ro ton  Events  OR 

V U  Radio Wave P ropaga t ion , "  and "Time H i s t o r y  of High-Lat i tude E l e c t r o n  

Dens i ty  P r o f i l e s  d u r i n g  t h e  10 November 1961 E A  Event Derived from Exp lo re r  

XI1 Pro ton  S p e c t r a l  Data." 

Experimental  I n v e s t i g a  t i s n s  J.S. S h i r k e  

The second paper  was co-authored by P,M. Banks. 

A s tudy  o f  t h e  "win te r  anomaly" i n  i o n o s p h e r i c  a b s o r p t i o n  was under taken ,  

Data o b t a i n e d  03 v e r t i c a l  i nc idence  abso rp t ion  measurements a t  Wallops I s l a n d  

du r ing  December, 1965 and January ,  1966 were used f o r  t h i s  purpose.  The 

pr imary aim of  t h e  exper iment  was t o  provide  a c r i t e r i a  f o r  t h e  launching  

of r o c k e t s  d u r i n g  t h e  anomalous and the normal i o n o s p h e r i c  c o n d i t i o n s .  The 

above t a s k  was accomplished s u c c e s s f u l l y  a s  verified from t h e  r o c k e t  d a t a  

acqu i r ed  d u r i n g  t h i s  pe r iod .  A subsequent  a n a l y s i s  of  t h e  d a t a  from ground- 
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based sounding measurements i n  c o n j u n c t i o n  wi th  some of  t h e  r o c k e t  measurements 

has  provided in fo rma t ion  on s e v e r a l  a s p e c t s  of t h e  win te r t ime  ionosphe re ,  

some of  which is  o u t l i n e d  below. 

Measurements a t  3030 kHz showed a dependence of  t h e  noon v e r t i c a l  i n -  

c idence  abso rp t ion  on t h e  a l t i t u d e  from which t h e  echo r e t u r n  was t a k i n g  

p l a c e .  The observed a t t e n u a t i o n  i n c r e a s e d  w i t h  i n c r e a s i n g  echo  a l t i t u d e  

up t o  200 km. 

The per iod  and ampl i tude  of f a d i n g  of  t he  r e c e i v e d  echo w e r e  found t o  

be d i f f e r e n t  i n  n a t u r e  when t h e  echo was r e c e i v e d  from a s p o r a d i c  E l a y e r  

r a t h e r  t han  from a r e g u l a r  i onosphe r i c  l a y e r .  Much l a r g e r  ampl i tudes  a s  

w e l l  a s  per iods  were n o t i c e d  i n  t h e  l a t t e r  c a s e .  There i s  r eason  t o  b e l i e v e  

t h a t  t h e s e  l a r g e  ampli tude f a d i n g s  a r e  o r i g i n a t i n g  a t  l e v e l s  above t h e  normal 

E l a y e r .  
S 

The absence of  a p p r e c i a b l e  r e t a r d a t i o n  e f f e c t s  a s s o c i a t e d  wi th  t h e  E - 
S 

type  r e f l e c t i o n s  i n  some of t h e  c a s e s  i n d i c a t e d  t h a t  t h e r e  was very  l i t t l e  

d e v i a t i v e  a t t e n u a t i o n  a s s o c i a t e d  wi th  t h e s e  r e f l e c t i o n s .  The nondev ia t ive  

a t t e n u a t i o n  measured a t  noon (cor responding  t o  a s o l a r  z e n i t h  a n g l e  of  60 ) 

was of  t h e  order of  11 db f o r  a n  echo a l t i t u d e  o f  110 km. 

0 

The noon a b s o r p t i o n  on a l l  t h e  days f o r  which d a t a  was a v a i l a b l e  when 

p l o t t e d  a g a i n s t  t h e  v i r t u a l  h e i g h t  of r e f l e c t i o n  of  t h e  echo showed two sets 

of c ruves  d i sp laced  from each  o t h e r  by about  8 db. The cu rve  w i t h  lower 

a b s o r p t i o n  va lues  i n  g e n e r a l  h a s  been i d e n t i f i e d  a s  t h a t  cor responding  to  

normal days  and t h e  one wi th  l a r g e r  va lues  a s  t h a t  p e r t a i n i n g  t o  t h e  abnormal 

w i n t e r  anomaly days .  The noon abnormal w i n t e r  a b s o r p t i o n  cor responding  to  

60 s o l a r  z e n i t h  ang le  was t h e r e f o r e  e s t i m a t e d  t o  be of  t h e  o r d e r  o f  8 db  and 

o r i g i n a t i n g  below t h e  lowest recorded  r e f l e c t i n g  l e v e l  of  110 km. 

0 
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Eazh of t h e  two cu rves  mentioned above showed a n  i n c r e a s e  i n  a b s o r p t i o n  

w i t h  an  i n c r e a s e  i n  t h e  v i r t u a l  h e i g h t  of  r e f l e c t i o n  a t  l e a s t  up t o  an  a l t i t u d e  

e f  200 km. Tiis was presumably due tc t h e  I n c r e a s e  i n  g rcup  r e t a r d a t i o n  wi th  

t h e  a s s o c i a t e d  i n c r e a s e  i n  t h e  v i r t u a l  h e i g h t  o f  r e f l e c t i o n  of t h e  echo.  The 

major  p o r t i o n  of  t h e  a t t e n u a t i o n  o r i g i n a t i n g  i n  t h e  r e g i o n  above 110 km was 

t h e r e f o r e  be l i eved  to  be d e v i a t i v e  i n  n a t u r e  

The r o c k e t  launched under  t h e  anomalow c o n d i t i o n s  has  shown l a r g e  i n -  

c r e a s e s  i n  e l e c t r o n  d e n s i t y  c l o s e  t o  82 km and p e r s i s t i n g  t o  a c e r t a i n  e x t e n t  

up t o  an  a l t i t u d e  of  clcse to  92 km over  t h e  normal day p r o f i l e .  C a l c u l a t i o n s  

u s i n g  t h e s e  v a l u e s  of  e l e c t r o n  d e n s i t y  a r e  underway t o  e s t i m a t e  t h e  e l e c t r o n  

n e u t r a l  p a r t i c l e  c o l l i s i o n  f requency  p r o f i l e  which would adequa te ly  e x p l a i n  

t h e  ground-based measurements. The resul t ,s  a r e  by no means f i n a l  a s  t h e  

rocket t r a j e c t o r y  i n f c r m a t i o n  i s  inccmplete  a t  t h i s  t i m e .  

P a r t i a l  r e f l e c t i o n s  from a l t i t u d e s  a s  l o w  a s  60  km were a l s o  n o t i c e d  

arcund noon on t h e  anomalous day a s  wel l  a s  on t h e  p rev ious  day ,  which was 

a l s o  of t h e  anomalous type .  I t  has  been shown by P i g g o t t  and Thrane (1966) 

t h a t  g r a d i e n t s  i n  t h e  c o l l i s i o n  frequency 0% e l e c t r o n s  can  j u s t  a s  w e l l  cause  

t h e s e  r e f l e c t i o n s  a s  t h e  e l e c t r o n  d e n s i t y  g r a d i e n t s .  Whichever o f  t h e s e  

phenomena may be r e s p o n s i b l e  f o r  t h e  observed b a c k s c a t t e r  echoes ,  c a u t i o n  

must be used i n  t r e a t i n g  t h e  p r o f i l e s  of  e l e c t r o n  d e n s i t y  o r  c o l l i s i o n  f r e -  

quency a s  t y p i c a l  o f  a normal ionosphere ,  a s  t h e y  have been d e r i v e d  under  

abnormal c i r cums tances .  

An a s s o c i a t i o n  of t h e  appearance of  low a l t i t u d e  echoes around 80 km 
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and t h e  enhancement of i o n o s p h e r i c  a b s o r p t i o n  on l e v e l s  above h a s  been noted  

by s e v e r a l  i n v e $ t i g a t o r s .  A s tudy  of some of these c a s e s  shows t h a t  wh i l e  

t h e  appearance of low a l t i t u d e  echoes always p u t s  i n c r e a s e d  a t t e n u a t i o n  on 

l a y e r s  above ,  t h e  converse  i s  n o t  always t r u e .  For i n s t a n c e ,  no low a l t i t u d e  

echo around 80 km was n o t i c e d  i n  t h e  ionosonde r eco rd  t a k e n  d u r i n g  t h e  January 

r o c k e t  launch .  

The d i u r n a l  v a r i a t i o n  of t h e  a b s o r p t i o n  on  t h e  anomalous and o t h e r  days 

h a s  a l s o  been i n v e s t i g a t e d  and t h e  r e l a t i o n s h i p  between t h e  s o l a r  z e n i t h  

ang le  and t h e  t o t a l  a b s o r p t i o n  measured a t  t h e  ground has  been e s t a b l i s h e d .  

The a b s o r p t i o n  h a s  been shown t o  be a l i n e a r  f u n c t i o n  of t h e  c o s i n e  of t h e  

s o l a r  z e n i t h  angle .  

A paper  g i v i n g  some of  t h e  r e s u l t s  no ted  above h a s  been prepared  and 

w i l l  soon be s e n t  i n  for p u b l i c a t i o n .  

5.5 Dynamics S . A .  Bowhil l  

T h i s  t o p i c  i n c l u d e s  t h e  i n i t i a t i o n  of s t u d i e s  of  t h e  dynamics of t h e  

upper  atmosphere under t h e  sponsor sh ip  of t h e  Na t iona l  Sc ience  Foundat ion 

under  g r a n t  NSG-GP 866. 

An examinat ion was begun o f  t h e  theo ry  of a c o u s t i c - g r a v i t y  (Martyn- 

Hines)  waves,  t o  see i f  s e a s o n a l  changes above t h e  turbopause  might be 

exp la ined  on t h i s  b a s i s .  
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$5’7 14647  - -  
6 .  CROSS MODULATION 

J . S .  S h i r k e  

Tasks inc luded  under  t h i s  t o p i c  p e r t a i n  t o  t h e  s tudy  of  c r o s s  modulat ion 

e f f e c t s  i n  t h e  ionosphe re ,  conducted unde r  NASA g r a n t  NsG-511. 

During J u n e ,  1965 an  experiment was undertaken a t  t h e  t i m e  of t he  launching  

of  r o c k e t  14.245 (Wallops I s l a n d ;  June 14 ,  1965; 09132; X=94O) t o  s tudy  c r o s s  

modulat ion e f f e c t s  i n  the  ionosphere .  The aim was t o  deduce,  i f  p o s s i b l e ,  

the c o l l i s i o n  frequency p r o f i l e  of  the e l e c t r o n s  i n  the ionosphere which could  

then  be compared w i t h  t h a t  ob ta ined  from o t h e r  exper iments  inc luded  i n  the  

same r o c k e t  payload.  

A ground-based t r a n s m i t t e r  w i t h  approximately 62 kw o u t p u t  power o p e r a t i n g  

on 1.4 MHz and modulated 80% by a 155 Hz s i g n a l  was o p e r a t i v e  dur ing  the launch  

per iod .and  served  a s  the d i s t u r b i n g  t r a n s m i t t e r .  The antenna d i r e c t i v i t y  covered 

the  r o c k e t  t r a j e c t o r y .  

Another p a i r  of  t r a n s m i t t e r s  was a l s o  o p e r a t i v e  a t  t h i s  t i m e .  They t r a n s -  

m i t t e d  both  o r d i n a r y  and e x t r a o r d i n a r y  propagat ion  modes d i f f e r i n g  i n  f requency 

by  500 Hz with  a mean frequency of 3.385 MMz. The b e a t  s i g n a l  of  500 H z  a s  

observed a t  the r o c k e t  r e c e i v e r  ou tput  was telemetered t o  t h e  ground s t a t i o n .  

A s e r v o  s y s t e m  t o  c o r r e c t  f o r  t h e  d i f f e r e n t i a l  a b s o r p t i o n  of t he  e x t r a o r d i n a r y  

wave o v e r  t h e  o r d i n a r y  was a l s o  a t t ached  t o  t h e  ground t r a n s m i t t e r .  Th i s  

s y s t e m  h a s  a s e r v o  t i m e  c o n s t a n t  of t h e  o r d e r  of  1 sec,  much too  l a r g e  t o  

a f f e c t  s e r i o u s l y  the  155 Hz c r o s s  modulation i n  t h e  ionosphere .  For  con- 

venience  of measurement on o t h e r  experiments  a d i f f e r e n c e  of 10 db between 

t h e  o r d i n a r y  and e x t r a o r d i n a r y  power l e v e l s  was main ta ined  throughout  t h e  

experiment  a 
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E a r l i e r  e f f o r t s  t o  d e t e c t  c r o s s  modulat ion e f f e c t s  on t h e  500 Hz b e a t  

n o t e  due t o  t h e  155 Hz modulat ion of t h e  d i s t u r b i n g  wave had n o t  borne f r u i t .  

S ince  t h e  o rd ina ry  and e x t r a o r d i n a r y  s i g n a l  l e v e l s  were n o t  i d e n t i c a l ,  i t  

was f e l t  t o  be d e s i r a b l e  t o  use a h a l f  wave d e t e c t o r  t o  be fol lowed by a 

500 Hz r e j e c t i o n  c i r c u i t  w i th  s h a r p  bandpass c h a r a c t e r i s t i c s ,  thereby  pre-  

s e r v i n g  only t h e  155 H z  component which could  then  be a m p l i f i e d  f o r  r eco rd ing  

purposes .  I t  w a s  f e l t  t h a t  u s i n g  a l t e r n a t e l y  t h e  p o s i t i v e  and n e g a t i v e  wave- 

forms would provide  an a d d i t i o n a l  conf i rma t ion  of  t h e  c r o s s  modulat ion e f f e c t  

i f  they  e x h i b i t e d  t h e  expec ted  d i f f e r e n c e s .  C a l c u l a t i o n s  t o  e s t i m a t e  t h e  o r d e r  

of  c r o s s  modulation i n d i c a t e d  t h a t  t h e  e f f e c t s  would be less then  one pe rcen t  

maximum, a s  t h e  expec ted  e l e c t r o n  d e n s i t i e s  (and hence t h e  a b s o r p t i o n  of  t h e  

wanted wave) would be low i n  view of t h e  l a r g e  s o l a r  z e n i t h  ang le  a t  t h e  t i m e  

o f  launch .  

A c i r c u i t  u s ing  a h a l f  wave d e t e c t o r  and a bandpass f i l t e r  was des igned  

and cons t ruc t ed  by Mr. Knecht. I t  was tested i n  t h e  l a b o r a t o r y  wi th  a s i m -  

u l a t e d  s i g n a l .  S ince  t h e  modulat ing f r e q u e n c i e s  of  t h e  c i r c u l a r l y  p o l a r i z e d  

and d i s t u r b i n g  s i g n a l s  were f a i r l y  c l o s e  t o  each o t h e r ,  t h e  f i l t e r  c i r c u i t  

posed seve re  d e s i g n  problems. The c i r c u i t  was t e s t e d  for d e t e c t i n g  less than  

one p e r c e n t  changes i n  t h e  modulat ing l e v e l s .  T h i s  c i r c u i t ,  however, f a i l e d  

t o  show d e t e c t a b l e  ou tpu t  a t  155 Hz when t h e  taped  t e l e m e t r y  o u t p u t  from the  

launch was fed i n .  

I t  was r e a l i z e d  t h a t  t o  achieve  t h e  b e s t  r e s u l t s  t h e  c i r c u i t  might have 

t o  be tuned over  a smal l  range around t h e  expec ted  f requency  t o  t a k e  i n t o  

account  any p o s s i b l e  v a r i a t i o n s  i n  f requency  caused by rocke t  roll, e tc .  

A t  t h i s  s t a g e  a commercially manufactured wave a n a l y z e r  became a v a i l a b l e  
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which cou ld  be tuned o v e r  a wide range o f  f r e q u e n c i e s  and s t i l l  r e t a i n  a 

narrow d e t e c t i n g  bandwidth. 

The taped  d a t a  o u t p u t  f r o m  t h e  r ccke t  was s u b j e c t e d  to  a spectrum 

a n a l y s i s  u s i n g  t h i s  in s t rumen t .  

t he  155 Hz modulat ing frequency could  be detected. However, o u t p u t s  a t  

o ther  f r e q u e n c i e s  i n  the range o f  270-310 Hz were n o t i c e d .  A s y s t e m a t i c  

r e c o r d i n g  of  t he  o u t p u t s  a t  155 ,  275, and 310 Hz were made ove r  the e n t i r e  

r o c k e t  t r a j e c t o r y  u s i n g  a d u a l  channel  recorder t o  g i v e  s imul t aneous ly  t h e  

r e a l  t i m e  code r eco rd ing  a s  w e l l .  

N o  sys t ema t i c  p e r c e p t i b l e  o u t p u t  arqund 

(J 

C a l c u l a t i o n s  under taken  a t  t h i s  s t a g e  i n d i c a t e d  t h a t  a second harmonic 

o f  t h e  modulat ing f requency  o f  the  d i s t u r b i n g  t r a n s m i t t e r  could  be expec ted  

i n  t h e  o u t p u t  a s  a component i n h e r e n t  i n  the c r o s s  modulat ion phenomena. 

However, the ampl i tude  o f  t h e  second harmonic component would be about  4 t h a t  

o f  t h e  fundamental  

The r a t i o  would dec rease  t o  1/10 a t  10 e l e c t r o n s / s e c .  These c a l c u l a t i o n s  were 

made n e g l e c t i n g  t h e  e f f e c t s  due t o  t h e  e a r t h ' s  magnet ic  f i e l d .  

eor responding  t o  a c o l l i s i o n a l  f requeney  of  lo7 e l e c t r o n s / s e e  

5 

A d e t a i l e d  s t u d y  of  t he  record ings  h a s  y e t  t o  be under taken .  The observed 

r e s u l t s  a r e  a t  t h i s  s t a g e  d i f f i c u l t  t o  unders tand .  I t  is ha rd  t o  b e l i e v e  

t h a t  t h e  o u t p u t  around 310 Hz is  appearing a s  a consequence of t h e  cross 

modula t ion  e f f e c t .  I t  h a s  been suggested t h a t  t h i s  s i g n a l  may have been t h e  

r e s u l t  of an  i n t e r f e r i n g  c a r r i e r  f a l l i n g  w i t h i n  t h e  rocket r e c e i v e r  passband,  

a l though  t h i s  i s  d i f f i c u l t  t o  determine d e f i n i t e l y .  The h igh  c h a r t  speed 

n e c e s s a r y  t o  accomodate t h e  t i m e  code o u t p u t  i s  i t s e l f  r ende r ing  d i f f i c u l t  a 

qu ick  survey  of  the r e c o r d s .  The s p e c t r a l  c h a r a c t e r i s t i c s  o f  the  wave a n a l y z e r  

must a l s o  be t aken  i n t o  account  be fo re  f i n a l  conc lus ions  may be drawn. 
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I t  i s  planned t h a t  a f r e s h  a t t empt  be made to  look f o r  c r o s s  modulat ion 

e f f e c t s  using low speed r eco rd ings  and wi th  c e r t a i n  m o d i f i c a t i o n s  of  t h e  

p r e s e n t  arrangement e Even so ,  c o n s i d e r i n g  t h e  r e l a t i v e l y  low power of t h e  

d i s t u r b i n g  t r a n s m i t t e r ,  t h e s e  e f f e c t s  a r e  expec ted  t o  be sma l l .  
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N67 1 4 6 4 8  
7. AERONOMY FIELD STATION - 

7 . 1  C o n s t r u c t i o n  

Tasks inc luded  under t h i s  t o p i c  p e r t a i n  to  t h e  c o n s t r u c t i o n  o f  t h e  

Aeronomy F i e l d  S t a t i o n  n e a r  Urbana, I l l i n o i s ,  under NSF g r a n t  GP-2918. 

R. Davis  

The p a s t  s i x  months were s p e n t  p r imar i ly  i n  ove r see ing  t h e  c o n s t r u c t i o n  

o f  t h e  f i e l d  s t a t i o n  b u i l d i n g s .  

1965. S t r u c t u r a l  steel work was completed l a t e  i n  December, and i n s t a l l a t i o n  

of  e x t e r i o r  and i n t e r i o r  s h e e t i n g  oontinued through January  , 1966. I n t e r i o r  

c a r p e n t r y ,  plumbing, and e l e c t r i c a l  work extended through March. Although 

t h e r e  were numerous d e l a y s  caused by the shipment s chedu les  f o r  t h e  pre-  

f a b r i c a t e d  bui ldimge,  by March 31, 1966, t h e  e n t i r e  s t r u c t u r e  was a lmost  

100 p e r c e n t  complete.  

Concrete  work was completed i n  e a r l y  November, 

7 .2  F i e l d  S i t e  - Antennas G.W. Henry, Jr. 
J .S .  S h i r k e  

Tasks inc luded  under  t h i s  t o p i c  p e r t a i n  t o  t h e  des ign  and c o n s t r u c t i o n  

of  antenna s y s t e m s  a t  t h e  Aeronomy F i e l d  S t a t i o n  nea r  Urbana, I l l i n o i s ,  

under  NASA g r a n t  NsG-511.  

The antenna s y s t e m s  r e q u i r e d  f o r  o p e r a t i o n  o f  t h e  f i e l d  s t a t i o n  a r e  de- 

s igned  t o  o p e r a t e  i n  con junc t ion  wi th  ins t ruments  f o r  measurement o f  v e r t i c a l  

i nc idence  a b s o r p t i o n  (see e e c t i o n  2 ) ,  ionospher ic  d r i f t s  ( s e c t i o n  8 ) ,  and 

p a r t i a l  r e f l e c t i o n s  ( s e c t i o n  10) .  Antenna work a t  t h e  f i e l d  s t a t i o n  c o n s i s t e d  

of  t h r e e  major p r o j e c t s :  (1) des ign  and e r e c t i o n  of  a fou r -d ipo le  c i r c u l a r l y  

p o l a r i z e d  a r r a y  f o r  use  i n  a b s o r p t i o n ,  d r i f t ,  and p a r t i a l  r e f l e c t i o n  measure- 

ments ,  (2)  des ign  and c o n s t r u c t i o n  o f  t h r e e  c o a x i a l  l oop  an tennas  f o r  use  a s  

r e c e i v i n g  an tennas  f o r  d r i f t  measurements, and (3) des ign  and i n i t i a l  c o n s t r u c t i o n  

phase of  ve ry  l a r g e  h igh  g a i n  antenna a r r a y s  f o r  use  i n  measurament of  p a r t i a l  

r e f l e c t i o n s .  
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Figure  7 . 2 . 2  D e t a i l  of t h e  c o a x i a l  loop an tennas  des igned  f o r  i o n o s p h e r i c  
d r i f t s  measurements. 
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Four  70 f t ,  c l a s s - 2  u t i l i t y  p o l e s  were s e t  i n  a 160 f t  s q u a r e  on 

November 1 9 ,  1965 t o  suppor t  a f o u r  d i p o l e  s q u a r e  an tenna  a r r a y  f o r  u se  a t  

3030 kMz f o r  measurement o f  a b s o r p t i o n  and d r i f t ,  and f o r  p r e l i m i n a r y  obse r -  

v a t i o n  o f  p a r t i a l  r e f l e c t i o n s .  

bottom end i n  t h e  e a r t h  and t h e  h o l e s  around t h e  p o l e s  were b a c k - f i l l e d  w i t h  

d i r t .  Unfo r tuna te ly ,  power tamping was n o t  used on t h e  b a c k - f i l l  and a 

combinat ion of heavy rai-ns and h igh  winds soon a f t e r  e r e c t i o n  caused t h e  

p o l e s  t o  s e t t l e  c o n s i d e r a b l y  o u t  of  plumb. The p o l e s  were manual ly  p u l l e d  

back i n t o  p o s i t i o n  w i t h  t h e  *-inch guy rope i n s t a l l e d  a t  t h e  t o p  of  each  

p o l e -  

The p o l e s  were i n s t a l l e d  wi th  74 f t  of t h e  

The antenna e lements  mounted on t h e s e  p o l e s  a r e  h a l f  wavelength d i p o l e s  

f o r  3030 kHz wi th  a "Delta-match" f eed  s y s t e m  much l i k e  that i n  use 'an 

a s i m i l a r  a r r a y  a t  Wallops I s l a n d .  I n  o r d e r  t o  avo id  i n t e r f e r e n c e  wi th  

ground maintenance,  f e e d l i n e s  t o  a l l  f o u r  d i p o l e s  were rou ted  d i r e c t l y  to  

t h e  c e n t e r  of t h e  s q u a r e ,  e l i m i n a t i n g  t h e  f e e d l i n e  suppor t  s t a k e s  t h a t  t h e  

Wallops antenna a r r a y  i n c o r p o r a t e s .  The an tenna  matching networks used 

aboard t h e  s h i p  d u r i n g  t h e  Mobile Launch Exped i t ion  were i n s t a l l e d  a t  t h e  

c e n t e r  of t h e  a r r a y  t o  match t h e  high-impedance an tenna  f e e d l i n e s  t o  t h e  

50 ohm c o a x i a l  c a b l e s  from t h e  t r a n s m i t t e r .  A diagram of t h e  an tenna  a r r a y  

appea r s  on the  fo l lowing  page (F igu re  7 . 2 . 1 ) .  

Three c o a x i a l  l o o p  an tennas  of approximate ly  one squa re  meter a r e a  were 

c o n s t r u c t e d  d u r i n g  January o f  1966 f o r  u s e  a s  r e c e i v i n g  an tennas  for iono-  

s p h e r i c  d r i f t  measurements (8 .2 ) .  The loops  were c o n s t r u c t e d  of RG-8/U , 
c o a x i a l  cab le  and were impedance matched a t  t h e  end of  t h e  333 f t .  f e e d l i n e  

a t  t h e  r e c e i v e r  t e r m i n a l s .  F i g u r e  7.2.2 shows a diagram of t h e  c o n s t r u c t i o n  

of  t h e  c o a x i a l  loop  an tennas .  

-_ 
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Observa t ion  o f  s igna l - to -no i se  ra t ios  wi th  the  sounder  from t h e  s h i p  

exper iment  and t h e  f i r s t  fou r -d ipo le  a r r a y  a t  the  f i e l d  s t a t i o n  demonstrated 

the  need for a t  l e a s t  25 db 0f a d d i t i o n a l  s y s t e m  g a i n  f o r  p a r t i a l  r e f l e c t i o n  

measurements. Various p roposa l s  f o r  means t o  ach ieve  t h i s  a d d i t i o n a l  system 

g a i n  were cons idered  (see 10.2)  t h e  main d i f f e r e n c e  between p roposa l s  be ing  

whether  t h e  a d d i t i o n a l  g a i n  should be achieved  by i n c r e a s i n g  t h e  t r a n s m i t t e r  

power, an tenna  g a i n ,  o r  a combinat ion of both.  

A cost a n a l y s i s  o f  t h e  s i t u a t i o n  y i e l d e d  the  fo l lowing  r e s u l t s :  

1. The e f f e c t i v e  g a i n  of the system is  d i r e c t l y  p r o p o r t i o n a l  t o  t r a n s -  

mi t te r  power a s  i s  cost of  c o n s t r u c t i o n .  

2 .  The e f f e c t i v e  g a i n  of t h e  system i s  p r o p o r t i o n a l  t o  t h e  squa re  of 

t h e  e f f e c t i v e  antenna a r e a  whereas cost i s  d i r e c t l y  p r o p o r t i o n a l  t o  

l a n d  a r e a  occupied by the antenna.  

3 .  Cos t  a n a l y s i s  based upon previous  costs of  c o n s t r u c t i o n  of  t r a n s -  

mitters and an tennas  and r e n t a l  of l and  demonstrated t h a t  t h e  most 

economical d e s i g n  o f  t h e  system would be t h a t  i n  which 2/3 of  the  
:.I 

a v a i l a b l e  c a p i t a l  i s  i n v e s t e d  i n  t h e  antenna system and 1/3 o f  t h e  

a v a i l a b l e  c a p i t a l  i n  t r a n s m i t t e r  des ign  and c o n s t r u c t i o n .  

I t  was t h e r e f c r e  decided t h a t  a much l a r g e r  antenna system was t h e  

l o g i c a l  method to  ach ieve  the a d d i t i o n a l  g a i n .  

4. A v a i l a b i l i t y  of l and  d i c t a t e d  t h a t  t h e  maximum dimensions of  the  

an tenna  system could  n o t  exceed a 1000 f t  s q u a r e ,  o r  an an tenna  of 

5/2 wavelengths  s q u a r e  f o r  o p e r a t i o n  a t  2660 kHz. 
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F u r t h e r  d i s c u s s i o n  of  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  an tenna  a r r a y  

y i e l d e d  t h e  fo l lowing  c o n s i d e r a t i o n s  and r e s u l t s :  

1. A t r ansmi t - r ece ive  swi t ch  adequate  f o r  t h e  h igh  power l e v e l  used 

and w i t h  s u f f i c i e n t l y  f a s t  recovery  t i m e  f o r  r e c e p t i o n  of  p a r t i a l  re- 

f l e c t i o n s  would r e q u i r e  c o n s i d e r a b l e  expense for d e s i g n  and development 

t i m e .  A s imple r  and more r e l i a b l e  approach of  c o n s t r u c t i n g  i d e n t i c a l  

antenna a r r a y s  f o r  t r a n s m i t t i n g  and r e c e i v i n g  was chosen.  

2 .  The antenna a r r a y s  would c o n s i s t  o f  50  c o l l i n e a r  d i p o l e  e l e m e n t s ,  

arranged i n  two sets of  25 each wi th  one se t  p h y s i c a l l y  p e r p e n d i c u l a r  

t o  t h e  o t h e r .  A l l  25 e lements  i n  one set  would be f e d  i n  phase wi th  

each  o t h e r  and t h e  two se t s  would be phased i n  quadrat .ure  t o  ach ieve  

e i t h e r  mode of  c i r c u l a r  p o l a r i z a t i o n .  The l i n e s  o f  ha l f -wavelength  

d i p o l e  e lements  would be s e p a r a t e d  by one-half  wavelength a t  2660 kHz. 

3. Choice of  a method of  f eed ing  t h e  t r a n s m i t t e d  power t o  each  of  t h e  

d i p o l e s  involved  Cons iderable  d i s c u s s i o n .  The methods advocated were 

t h e  co rpora t e  s t r u c t u r e  f eed  system o r  t h e  phased-ar ray  f eed  s y s t e m ,  

The main advantage o f  t h e  c o r p o r a t e  s t r u c t u r e  f e e d  s y s t e m  i s  t h a t  of  

i n h e r e n t l y  balanced power d i v i s i o n  t o  a l l  e l emen t s .  The phased-array 

f eed  s y s t e m  i s  much s i m p l e r  mechanica l ly ,  The phased-array f eed  System 

was chosen because o f  t h e  extreme compl i ca t ion  of  mechanical  placement  

and e r e c t i o n  of a c o r p o r a t e  s t r u c t u r e  f eed  system f o r  a n  a r r a y  of  25 

d i p o l e s  

4. A t o t a l  o f  80 c l a s s - 2  70 f t  t r e a t e d  s o u t h e r n  ye l low p i n e  u t i l i t y  

p o l e s  would be r e q u i r e d  t o  suppor t  two 50 e lement  a r r a y s .  The p o l e s  

would be s e t  n i n e  f t  i n  t h e  ground and sma l l  t r a f f i c -bound  g r a v e l  
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would be used e x c l u s i v e l y  f o r  b a c k - f i l l  t o  avoid  s e t t l i n g  problems 

such  a s  those  exper ienced  wi th  the f o u r  po le s  se t  i n  November? 1965. 

5 .  P h y s i c a l  guying of  t h e  po le s  would be achieved  by guying t h e  ou t -  

s i d e  l i n e s  of  p o l e s  around t h e  a r r a y  t o  expanddng guy anchors  i n -  

s t a l l e d  s i x  f e e t  i n  t h e  ground. Guying of  tht? i n t e r , i o r  p o l e s  o f  t h e  

a r r a y  would be accomplished by t ens ion ing  t h e  an tenna  e lements  themselves,  

much t h e  same procedure a s  i s  commonly used i n  power d i s t r i b u t i o n  l i n e s .  

The antenna e lements  would t h e r e f o r e  have t o  be of  s u f f i c i e n t  s t r e n g t h  

t o  wi ths t and  t h i s  t e n s i o n  p l u s  t h e i r  own wind-load and t h e  wind-load 

cf  t h e  p o l e s .  

6 .  Actua l  i n s t a l l a t i o n  of  t h e  tens ioned  an tenna  e lements  and guys 

would be sub-cont rac ted  t o  exper ienced  power company linemen. Con- 

s t r u c t i o n  and i n s t a l l a t i o n  of  t h e  phas ing  s t u b s  a s  w e 1  a s  procurement 

o f  a l l  hardware r e q u i r e d  f o r  t h e  i n s t a l l a t i o n  o f  t h e  antenna e lements  

would be under taken  by t h e  t e c h n i c a l  s e r v i c e s  d i v i s i o n  of  t h e  Aeronomy 

Labora tory  a 

7. The p r o j e c t e d  d a t e  of  complet ion o f  t h e  a r r a y s  t o  avoid  i n t e r f e r -  

ence  wi th  t h e  f a rmers '  c rops  would be May 1 5 ,  1966 f o r  t h e  e a s t e r n  

a r r a y  and June 1, 1966 f o r  t h e  western a r r a y ,  b a r r i n g  a n  unusual  

amount of  bad weather .  

N e g o t i a t i o n s  have been completed wi th  t h e  U n i v e r s i t y  o f  I l l i n o i s  Foun- 

d a t i o n  f o r  r e n t a l  of a 24-acre t r a c t  immediately t o  t h e  west of  t h e  F i e l d  

S t a t i o n ,  and wi th  M r .  H i l l ,  a neighboring f a rmer ,  f o r  p l a c i n g  some a d d i t i o n a l  

p o l e s  on h i s  l and  immediately t o  t h e  e a s t  o f  t h e  t r a c t  w e  c u r r e n t l y  r e n t  from 

him 
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Figure  7 . 2 . 4  E l e c t r i c a l  f e e d  and phasing systems to be used i n  the  
50-element arrays .  
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The arrangement worked o u t  w i th  t h e  U n i v e r s i t y  o f  I l l i n o i s  Foundat ion 

i s  t h a t  t hey  w i l l  p l a c e  t h e  24 a c r e s  i n  t h e  s o i l  bank f o r  t h e  c u r r e n t  y e a r ,  and 

t h a t  w e  w i l l  compensate them f o r  about  $700 of p r e p a r a t o r y  work they  pu t  i n  

i n  t h e  f a l l  with a view t o  r a i s i n g  a c o r p  o f  corn .  A s  p a r t  o f  t h e  s o i l  bank 

ar rangement ,  they w i l l  need t o  seed a s o i l  c o n s e r v a t i o n  c r o p  (probably o a t s )  

i n  June or J u l y .  For t h e  nex t  y e a r ,  they  w i l l  a t t empt  t o  induce  t h e  t e n a n t  

t o  farm 20 of t h e  24 a c r e s  between o u r  rows of  antenna p o l e s ,  whereupon we 

w i l l  be charged r e n t a l  on ly  f o r  t h e  4 a c r e s  t aken  o u t  of c u l t i v a t i o n .  A s  

f a r  a s  M r .  H i l l  i s  concerned ,  t h e r e  w i l l  be no change i n  t h e  p r e s e n t  f i n a n c i a l  

arrangements ,  t h e  t r a n s m i t t i n g  d i p o l e  a r r a y  w i l l  be p laced  s t r a d d l i n g  the  e a s t  

boundary l ine  of t he  p r e s e n t l y  r e n t e d  t r a c t .  Mr. M a r r i o t t ,  t h e  t e n a n t ,  w i l l  

then  farm between t h e  antenna p o l e s  i n  a d d i t i o n  t o  t h e  a r e a  he c u r r e n t l y  farms.  

This  w i l l  g ive  him approximately an e x t r a  6 a c r e s  o f  l a n d ,  a s  compensation 

f o r  t h e  inconvenience of having 3 rows of p o l e s  on t h e  p rope r ty  he was former ly  

farming.  

A s  of March 31 ,  1966, t h e  po le s  f o r  bo th  a r r a y s  were o rde red  and d e l i v e r y  

was s p e c i f i e d  f o r  May 1, 1966 t o  t h e  r a i l r o a d  s i d i n g  a t  L e v e r e t t ,  I l l i n o i s ,  

approximat.ely two m i l e s  from t h e  f i e l d  s t a t i o n .  S e l e c t i q n  and procurement 

of t h e  necessary  hardware f o r  t h e  antenna i n s t a l l a t i o n  i s  under a c t i v e  con- 

s i d e r a t i o n  and p o s i t i v e  a c t i o n  w i l l  be taken  t o  procure  a l l  necessa ry  s u p p l i e s  

f o r  t h e  i n s t a l l a t i o n  by May, 1966. 

F igu res  7 . 2 . 3 ,  7 .2 .4 ,  and 7 .2 .5  o u t l i n e  t h e  b a s i c  des ign  of  t h e  antenna 

a r r a y s .  Figure 7 . 2 . 3  i l l u s t r a t e s  t h e  l o c a t i o n  of t h e  two a r r a y s  wi th  r e s p e c t  

t o  t h e  f i e l d  s t a t i o n ,  r o a d s ,  and farm house.  F igu re  7 .2 .4  i s  a schemat ic  

diagram of the e l e c t r i c a l  feed  and phasing s y s t e m  t o  be used i n  t h e  a r r a y .  
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Figure  7.2.5 P o l a r  diagram of t h e  c a l c u l a t e d  an tecna  p a t t e r n  of one 
50-element d i p o l e  a r ray .  
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F igure  7 .2 .5  is a p o l a r  diagram of t h e  c a l c u l a t e d  antenna pa tSern  f o r  one 

a r r a y  assuming a p e r f e c t l y  r e f l e c t i n g  f l a t  ground under  t h e  an tennas ,  com- 

p l e t e  matching of t h e  ampli tude and phases  of  a l l  v o l t a g e s  d i s t r i b u t e d  t o  

t h e  antenna e lements ,  and n e g l i g i b l e  l o s s e s  i n  a l l  f e e d l i n e s  and insu l8 tocs . ;  

A c a l c u l a t i o n  of  d i r e c t i v e  g a i n  of  t h e  a r r a y  based upon e f f e c t i v e  antenna 

a r e a  p r e d i c t s  t h a t  a g a i n  of  approximately 28 db o v e r  an  i s o t r o p i c  r a d i a t o r  

may be achieved wi th  each antenna a r r a y .  

7.3 Ionosonde S.A. Bowhill 

I n  view of t h e  s t r o n g  need f o r  a v e r t i c a l  i nc idence  ionosonde a t  t h e  

f i e l d  s t a t i o n ,  a proposa l  was-prepared and submi t t ed  t o  t h e  Na t iona l  Sc ience  

Foundat ion under t h e i r  a tmospheric  s c i e n c e  f a c i l i t i e s  program. I t  c a l l e d  

f o r  a type  5-5 ionosonde,  250 kHz t o  20 MHz, wi th  a s s o c i a t e d  an tennas  and 

swi t ch ing  equipment. An i n s t a l l a t i o n  comparable t o  t h e  Wallops I s l a n d  

in s t rumen t  of NASA i s  envisaged .  Th i s  p roposa l  was funded by NSF under 

g r a n t  GA-374. 



125 

Rb7 14649 
8. IONOSPHERIC DRIFTS 

8 e 1 Program Planning  G . L . N .  Rao 

Tasks inc luded  under  t h i s  t o p i c  p e r t a i n  t o  t h e  p lanning  of  a s y s t e m a t i c  

s tudy  o f  h o r i z o n t a l  d r i f t s  i n  t h e  lower and upper ionosphere on a world-wide 

s c a l e ,  and t o  a program f o r  measurement of  t h e s e  d r i f t s  a t  t h e  Aeronomy F i e l d  

S t a t i o n ,  a s  conducted under NSF g r a n t  GP-866. 

I n  o r d e r  t o  a c q u i r e  t h e  h o r i z o n t a l  d r i f t  d a t a  from va r ious  i n v e s t i g a t o r s  

around t h e  g l o b e ,  a l e t t e r  was addressed t o  P r o f .  R.W.H. Wright ,  U n i v e r s i t y  

of  West I n d i e s  K i p g s P s m , ,  Jamaicgp  who i s  t h e  c o o r d i n a t o r  o f  t h e  d r i f t  measure- 

ments d u r i n g  t h e  IQSY. The fo l lowing  i s  a n  e x c e r p t  o f  t h e  l e t te r  r ece ived  

from him: 

"I am ext remely  i n t e r e s t e d  i n  your r e s e a r c h  and your proposed s t u d y .  

1 am p repa r ing  a c a t a l o g  of ionospher ic  s t a t i o n s  which a r e  making d r i f t  measure- 

m e 9 t s .  I hope t h i s  w i l l  be ready s h o r t l y  and a s  soon a s  i t  i s ,  I w i l l  send 

you a copy. I am a f r a i d  t h i s  w i l l  not be a s  u s e f u l  a s  I would l i k e  i t  because 

i t  i s  so d i f f i c u l t  t o  a c q u i r e  t h e  d e t a i l s .  I t h i n k  your  b e s t  b e t  would be 

t o  t a k e  t h i s  c a t a l o g ,  which w i l l  con ta in  a d d r e s s e s ,  and c o n t a c t  s t a t i o n s  

d i r e c t .  I am hoping t h a t  w e  s h a l l  be a b l e  t o  g e t  a working group of  people  

t o g e t h e r  a t  t h e  nex t  g e n e r a l  assembly of U R S I ,  which w i l l  be h e l d  i n  Europe 

n e x t  summer." 

D e t a i l s  o f  t h e  ionosphe r i c  d r i f t  s t a t i o n s  around t h e  g lobe  were c o l l e c t e d  

from World Data Cen te r  c a t a l o g s ,  and a p re l imina ry  assessment  was made of 

how much d a t a  wculd be r e q u i r e d  f o r  t h e  s tudy .  

The purpose of  t h e  i n v e s t i g a t i o n  i s  t o  s tudy  seasonal .  d iu rna l .  l a t i t u d i n a l ,  
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and sunspo t  cyc le  v a r i a t i o n s  of  t h e  d r i f t  parameters .  A world-wide d i s t r i -  

b u t i o n  o f  ionospher ic  d r i f t s  a s  ob ta ined  by t h e  spaced r e c e i v e r  method w i l l  

be g iven  and t h i s  may perhaps be ve ry  u s e f u l  i n  unde r s t and ing  t h e  more i n -  

t r i c a t e  behavior  o f  t h e  ionosphere .  

The fo l lowing  d r i f t  d a t a  f o r  t h e  lower and upper  ionosphere  was o b t a i n e d  

from t h e  World Data Cen te r :  

STAT I ON 

Toms k 

I r k u  t s k 

Ros tov  

As hkha bad 

Yamagawa 

W a l t a i r  

LATITUDE 

56O 29'  N 

52O 16 '  N 

47O 00' N 

37O 57 '  N 

31° 00' N 

17O 30 '  N 

YEARS OF DATA 

S e p t .  1957 - May 1964 

A p r i l  1958 - May 1964 

J u l y  1958 - June 1968 

J a n .  1958 - June 1964 

J u l y  1959 - D e c .  1964 

Jan .  1958 - D e c .  1964 

This  d a t a  i s  i n  t h e  form o f  mic ro f i lm  rolls. P r i n t s  w i l l  be made from t h e s e  

r o l l s  t o  do the  a n a l y s i s .  

Measurements o f  h o r i z o n t a l  d r i f t s  a t  t h e  Aeronomy F i e l d  S t a t i o n  w i l l  

be made on 3030 kHz on a r o u t i n e  b a s i s .  The receiving. an tennas  wc5'2t-e place4.- 

a t  t h e  co rne r s  of an e q u i l a t e r a l  t r i a n g l e  a s  opposed t o  t h e  conven t iona l  

placement of t h e  an tennas  a t  t h e  v e r t i c e s  of  a r i g h t  t r i a n g l e .  The r eason  

i s  t h a t  each s i d e  of  t h e  t r i a n g l e  can  be used t o  g i v e  t h e  width of t h e  s p a t i a l  

a u t o - c o r r e l a t i o n  f u n c t i o n  i n  a d i r e c t i o n  p a r a l l e l  t o  t h e  s ide.  While both  

geometr ic  arrangements e f f e c t i v e l y  g i v e  t h e  s t r u c t u r e  i n  s i x  d i r e c t i o n s ,  an  

e q u i l a t e r a l  t r i a n g l e  must be used for t h e s e  d i r e c t i o n s  t o  be spaced uni formly  

i n  azimuth (Sa le s  and Bowhi l l ,  1962) .  The fo l lowing  i s  t h e  f u t u r e  program 

on t h e  s tudy of ionosphe r i c  d r i f t s  a t  t h e  f i e l d  s t a t i o n :  
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1. An i n v e s t i g a t i o n  on t h e  he ight  g r a d i e n t  i n  h o r i z o n t a l  d r i f t s  w i l l  

be made. This  i n v e s t i g a t i o n  r e q u i r e s  the  measurement of d r i f t s  on 

m u l t i p l e  f r equenc ie s  du r ing  short I n t e r v a l s  ~ I t  is plscned tc acccmplish 

t h i s  by us ing  t h e  t r a n s m i t t e r  of t h e  ionosonde du r ing  t h e  i n t e r v a l  

between ionograms. 

2 .  

i n s  t a l l  ed 

3 .  A s tudy  of Fa-region d r i f t s  w i l l  be made t o  unders tand  t h e  morphology 

of t h e  F2 r eg ion .  

4. Measurements of winds i n  D-region l e v e l s  w i l l  be undertaken a f t e r  

t h e  i n s t a l l a t i o n  of t h e  p a r t i a l  r e f l e c t i o n  sounder .  

A s tudy  of  ES d r i f t  w i l l  be undertaken a f t e r  t he  ionosonde i s  

Ref e rence 

S a l e s ,  G S . ,  and S.A, Bowhill (1962), Apparent i onosphe r i c  motion i n  t h e  
n igh t t ime  D-region, J .  Atmosph. Terrest. Phys. 24 ,  451-465. - 

8 2 Ins t rumen ta t ion  Design G.W. Henry, Jr. 

Tasks inc luded  under t h i s  t o p i c  p e r t a i n  t o  t h e  des ign  and p r e p a r a t i o n  

of i n s t rumen ta t . i on  t o  be used f o r  measurement of  i onosphe r i c  d r i f t s  a t  t he  

Aeronomy F i e l d  S t a t i o n ,  a s  conducted under NASA g r a n t  NsG-511. 

The p re l imina ry  des ign  of a system f o r  measurement of i onosphe r i c  d r i f t s  

has  been planned t o  g i v e  maximum u t i l i z a t i o n  of i n s t rumen ta t ion  a l r e a d y  de- 

s igned  and c o n s t r u c t e d  f o r  use on t h e  sh ipboard  experiment .  The s y s t e m  

requi rements  w e  re : 

1. Transmi t t e r  power - a t  l e a s t  5 kw peak pu l se  power. 

2 .  Pulse  requi rements  - 50 microsecond p u l s e ,  pu l se  r e p e t i t i o n  r a t e  

of a t  l e a s t  30 pps and p r e f e r a b l y  60  pps.  
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3 .  Receiver  requi rements  - S e n s i t i v i t y  of  a t  l e a s t  100 pV . Bandwidth 

of  a t  l e a s t  30 kHz. Three channel  i n p u t  w i th  i d e n t i c a l  g a i n  h r i ~ e a c h  

channel  and e l e c t r o n i c  swi t ch ing  between channe l s  so t h a t  t h e  ‘channels  

a r e  i n d i v i d u a l l y  a c t i v a t e d  every  t h i r d  t r a n s m i t t e r  p u l s e  i n  sequence.  

Three channel o u t p u t  synchronized wi th  i n p u t  swi t ch ing  t o  provide  a 

DC o f f s e t  of each channel  w i th  r e g p e a t  t o l t h e ) o t h e r s .  

4 .  Antenna requi rements  - Three i d e n t i c a l  l oop  an tennas  of  1 squa re  

m e t e r  a r ea  spaced i n  an  e q u i l a t e r a l  t r i a n g l e  100 meters on a s i d e ,  

apex t o  the n o r t h  or sou th  (See s e c t i o n  7.2). 

The s h i p  board t r a n s m i t t e r  and r e c e i v e r  were capab le  o f  t h e  above o p e r a t i o n s  

a 

excep t  f o r  t h e  t r a n s m i t t e r  power o u t p u t ,  which was g r e a t e r  than  necessa ry  

(50 kw), s lower  p u l s e  r e p e t i t i o n  r a t e ,  and on ly  s i n g l e  channel  r e c e i v e r  cap- 

a b i l i t y .  I t  was t h e r e f o r e  dec ided  t o  modify t h e  e x i s t i n g  system t o  f u l f i l l  

t h e  necessa ry  requi rements .  The s t e p s  necessa ry  t o  modify e x i s t i n g  equipment 

or t o  des ign  new ins t rumen t s  i n  o r d e r  t o  adap t  t h e  o r i g i n a l  s y s t e m  were: 

1. E i t h e r  o p e r a t e  t h e  5 kw d r i v e r - a m p l i f i e r  s t a g e  a s  a n  o u t p u t  s t a g e  

coupled d i r e c t l y  t o  t h e  antenna s y s t e m  or d e s i g n  and c o n s t r u c t  a new 

high-vol tage power supply  t o  permi t  o p e r a t i o n  o f  t h e  f i n a l  a m p l i f i e r  

a t  t h e  h ighe r  p u l s e  r e p e t i t i o n  r a t e s .  C o n s t r u c t i o n  o f  t h e  new power 

supply  was chosen because i t  a l s o  f u l f i l l e d  requi rements  of  t h e  ex- 

panded p a r t i a l  r e f l e c t i o n  experiment  ( s e e  s e c t i o n  10 .2) .  

2 .  Design and c o n s t r u c t  a new p u l s e  g e n e r a t o r  capab le  of  p u l s e  

r e p e t i t i o n  r a t e s  of 30 and 60 pps ,  p r e f e r a b l y  synchronized  t o  t h e  

power l i n e .  This  u n i t ,  when c o n s t r u c t e d ,  a l s o  proved q u i t e  u s e f u l  i n  

con junc t ion  wi th  p a r t i a l  r e f l e c t i o n  measurements ( s e e  S e c t i o n  10 .2) .  
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3. Design and c o n s t r u c t  a th ree-channel  e l e c t r o n i c a l l y - s w i t c h e d  pre-  

a m p l i f i e r  t o  be used i n  con junc t ion  wi th  t h e  breadband ionosphe r i c  

sounding r e c e i v e r  des igned  f o r  a b s o r p t i o n  and p a r t i a l  r e f l e c t i o n  measure- 

ments. 

4 .  Design and c o n s t r u c t  a DC l e v e l  s h i f t i n g  c i r c u i t  t o  adap t  t h e  I)(= 

a m p l i f i e r s  of  the  r e c e i v e r  f o r  th ree-channel  o p e r a t i o n .  

5 . .  Convert  v a r i o u s  meter ing  c i r c u i t s  o f  the t r a n s m i t t e r  t o  accomodate 

o p e r a t i o n  a t  t h e  i n c r e a s e d  pu l se  r e p e t i t i o n  r a t e s .  

6 .  Design and c o n s t r u c t  three i d e n t i c a l  l oop  an tennas .  

7 .  Obtain a continuous-motion 35 mm f i l m  magazine f o r  the  d a t a  r e c o r d i n g  

camera used f o r  p a r t i a l  r e f l e c t i o n  r e c o r d i n g ,  and adap t  the  c o n t r o l  

s y s t e m  t o  o p e r a t e  i t .  

8. Design and c o n s t r u c t  a t i m e  marker g e n e r a t o r  t o  provide  t i m e  r e f e r e n c e  

marks on the  d a t a  r eco rd  a t  f ive-second i n t e r v a l s .  The u n i t  des igned  

u s e s  a synchronous t iming  motor and s imple  l o g i c  c i r c u i t s  t o  blank t h e  

o s c i l l o s c o p e  i n p u t  a t  t h e  a p p r o p r i a t e  t i m e  f o r  a pe r iod  of  100 m s .  

All of the above c o n s t r u c t i o n  and m o d i f i c a t i o n  p r o j e c t s  were completed,  

I L' 

t e s t e d ,  and i n s t a l l e d  a t  t h e  f i e l d  s t a t i o n  d u r i n g  Janua ry ,  1966. P re l imina ry  

ionosphe r i c  d r i f t  r eco rd ings  were f i lmed dur ing  February ,  bu t  t r a n s m i t t e r  

f a i l u r e s  due to  inc reased  h e a t  gene ra t ed  because of t h e  h i g h e r  pu l se  r e p e t i t i o n  

r a t e s  prevented any f u r t h e r  measurements d u r i n g  t h e  month o f  March (see s e c t e o n  

2 . 1 ) .  F igu re  8 .2 .1  shows a block diagram of the  i n s t r u m e n t a t i o n  used f o r  

i o n o s p h e r i c  d r i f t s  measurements. 
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--- 8.3 Data Ana lys i s  and Review G . L . N .  Rao 

Tasks inc luded  under  t h i s  t o p i c  p e r t a i n  t o  t h e  review of  pub l i shed  

s t u d i e s  on i o n o s p h e r i c  d r i f t s  measurements and t o  t h e  a n a l y s i s  o f  d r i f t s  

d a t a ,  a s  conducted under  NSF g r a n t  G P - 8 6 6 .  

A number o f  geophys ica l  problems--such a s  motions o f  n o c t i l u c e n t  c l o u d s :  

meteor t r a i l s ,  t h e  appearance  and motion of s p o r a d i c  E, and s e a s o n a l  changes 

i n  geomagnet ic  d i u r n a l  v a r i a t i o n - - a l l  make i t  p o s s i b l e  t o  p o s t u l a t e  t h e  

e x i s t e n c e  o f  wind c i r c u l a t i o n  systems i n  t h e  ionosphe re .  The s t u d y  of  

h o r i z o n t a l  d r i f t s  i n  t h e  ionosphere  has ga ined  c o n s i d e r a b l e  importance du r ing  

t h e  Las t  s e v e r a l  y e a r s .  The I G Y  committee on i o n o s p h e r i c  d r i f t s  des igned  a 

s y s t e m a t i c  program o f  measurements du r ing  t h e  I G Y  of i o n o s p h e r i c  d r i f t s  i n  

t,he lower  and upper  ionosphe re ,  and s e v e r a l  people  w e r e  involved  i n  t h e s e  

measurements around t h e  g lobe .  The most g e n e r a l  and wide ly  used method of 

o b s e r v a t i o n  of  d r i f t s  i s  t h a t  employing spaced  r e c e i v e r s  ( M i t r a ,  1941).  The 

r e s u l t s  o b t a i n e d  by v a r i o u s  i n v e s t i g a t o r s  p r i o r  t o  t h e  I G Y  were c a r e f u l l y  

summarized and reviewed by Br iggs  and Spencer  (1954). 

The I G Y  program on ionosphe r i c  d r i f t s  made i t  p o s s i b l e  t o  unders tand  

t h e  world-wide v a r i a t i o n  o f  d r i f t s .  The wea l th  o f  d a t a  c o l l e c t e d  d u r i n g  

t h e  I C Y - I G C  was used by t h e  p r e s e n t  au tho r  t o  s tudy  t h e  parameters  of iono-  

s p h e r i c  d r i f t s  i n  t h e  E and F2 r eg ions  and t h e i r  l a t i t u d e  v a r i a t i o n .  Exper i -  

mental  r e s u l t s  pub l i shed  by v a r i o u s  i n v e s t i g a t o r s  a t  d i f f e r e n t  l o c a t i o n s  

were c a r e f u l l y  c o l l e c t e d .  I n  a l l ,  about s even ty  r e s e a r c h  pape r s  i n  lower 

i o n o s p h e r i c  d r i f t s  and about  e i g h t y  r e s e a r c h  pape r s  i n  upper  i o n o s p h e r i c  

d r i f t s  were pub l i shed .  The l a r g e  number o f  pape r s  pub l i shed  i n  t h i s  a r e a  of  

r e s e a r c h  demanded a c o n s o l i d a t i n g  and rev iewing  of t h e  c u r r e n t  s t a t e  o f  a f f a i r s  
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on d r i f t s  i n  t h e  lower and upper  ionosphe res .  Accord ingly ,  an e x t e n s i v e  and 

thorough i n v e s t i g a t i o n  i n t o  t h i s  a s p e c t  was under taken  and a review on iono-  

s p h e r i c  d r i f t  parameters  was made. 

These i n v e s t i g a t i o n s  w e r e  d iv ided  i n t o  two p a r t s :  d r i f t s  i n  t h e  lower 

ionosphere  and d r i f t s  i n  t h e  upper  ionosphere .  Comparisons of t h e  r e s u l t s  

o b t a i n e d  by va r ious  i n v e s t i g a t o r s  were made and t h e s e  a r e  publ i shed  a s  

Aeronomy Reports  6 and 9.  

Some of t h e  ve ry  i n t e r e s t i n g  r e s u l t s  o b t a i n e d  by t h i s  review work a r e  

summarized below: 

L o w e r  Ionosphere 

1, The n igh t t ime  average  d r i f t  v e l o c i t i e s  were g r e a t e r  t han  t h e  average  

daytime d r i f t  v e l o c i t i e s ,  bu t  t h e  d i f f e r e n c e  i n  magnitude was more a t  

h i g h e r  l a t i t u d e s .  

2 .  The magnitude of s t e a d y  d r i f t  was found t o  i n c r e a s e  wi th  i n c r e a s e  

of l a t i t u d e .  From t h i s  behav io r ,  i t  appea r s  t h a t  t h e r e  is a uniform 
U 

s y s t e m  of motions i n  t h e  lower ionosphere .  

3, A fundamental change i n  d r i f t  d i r e c t i o n  was n o t i c e d  wi th  t h e  presence  

sporadic(  E.  

4. The F o u r i e r  a n a l y s i s  showed t h a t  t h e  r o t a t i o n  o f  d i u r n a l  and s e m i -  

d i u r n a l  d r i f t  v e c t o r s  w i th  t i m e  was c lockwise ,  i n  g e n e r a l ,  i n  t h e  

no r the rn  hemisphere and an t i c lockwise  i n  t h e  sou the rn  hemisphere.  

5. The d i u r n a l  d r i f t  v e c t o r  was l a r g e  a t  low l a t i t u d e s  and it dec reased  

i n  magnitude wi th  i n c r e a s e  of  l a t i t u d e .  

6.  The parameters  of  t h e  s p a t i a l  c o r r e l a t i o n  e l l i p s e  w e r e  found t o  

decrease  i n  magnitude wi th  i n c r e a s e  of  l a t i t u d e .  
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tipper Ionosphere 

1 ,  The v a r i a t i o n  i n  t h e  d r i f t  v e l o c i t i e s  a t  t he  equa to r  was l a r g e l y  

d i u r n a l  and w e s t  by day and e a s t  by n igh t .  

-- 

2.  The d i u r n a l  component of t h e  d r i f t  v e l o c i t y  decreased  i n  magnitude 

wi th  i n c r e a s e  c f  l a t i t u d e  from t h e  equa to r  up t o  middle l a t i t u d e s  and 

then  s t a r t e d  i n c r e a s e  toward h igh  l a t i t u d e s .  

3 .  The magnitudes of  t h e  d r i f t  v e l o c i t i e s  were l a r g e s t  a t  t h e  e q u a t o r ,  

dec reased  wi th  i n c r e a s e  of l a t i t u d e  up t o  45 and then  inc reased  to-  

ward h i g h e r  l a t i  tudes  o 

4.  The e f f e c t  of magnetic a c t i v i t y  on ionosphe r i c  d r i f t s  was s i g n i f i c a n t .  

The d r i f t  v e l o c i t i e s  were found t o  decrease  wi th  i n c r e a s e  of k-index 

0 

va lues  a t  t he  e q u a t o r i a l  l a t i t u d e s ,  and a t  h i g h e r  l a t i t u d e s  t h e  e f f e c t  

was o p p o s i t e .  The change from nega t ive  t o  p o s i t i v e  c o r r e l a t i o n  occurred  

around 30  geomagnetic l a t i t u d e .  
0 
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.- N 6 7  L a  1 4 6 5 0  - -  9.  DIRECT MEASUREMENTS CONFERENCE 

9 . 1  Admin i s t r a t ion  M r s .  Belva Edwards 

Th i s  t o p i c  i n c l u d e s  arrangements  f o r  t h e  Second Conference on Direct 

Aeronomic Measurements i n  t h e  L o w e r  Ionasphere  sponsored  by B a l l i s t i c s  Research 

L a b o r a t o r i e s  under g r a n t  AMC-862. 

A f t e r  p re l imina ry  correspondence wi th  D r .  W . W .  Bern ing ,  D r .  Bowhill  

p repared  a proposa l  f o r  submiss ion  to t h e  B a l l i s t i c s  Research L a b o r a t o r i e s  

f o r  s u p p o r t  of t h e  Second Conference on Direct Aeronomic Measurements i n  

t h e  Lower Ionosphere ,  t o  be h e l d  September 27-30, 1965,  a t  t h e  U n i v e r s i t y  

of  I l l i n o i s .  The p roposa l  o u t l i n e d  o b j e c t i v e s  o f  t h e  meet ing and a budge t ,  

p repared  i n  c o l l a b o r a t i o n  wi th  M r .  Lawler and M r .  J . W .  S e y l e r  of t h e  U n i v e r s i t y  

of  I l l i n o i s  Extension D i v i s i o n .  

I n  May, 1965, t h e  F i r s t  No t i ce  and C a l l  f o r  Papers  was prepared  and 

approximate ly  750 c o p i e s  were s e n t  t o  s c i e n t i s t s  a l l  ove r  tht wor ld .  

D r .  Bowhill s e l e c t e d  a Program Committee; c o p i e s  of  a b s t r a c t s  o f  a l l  

c o n t r i b u t e d  papers  were s e n t  t o  them t o g e t h e r  w i th  a n  e v a l u a t i o n  s h e e t  f o r  

t h e i r  c l a s s i f i c a t i o n  o f  t h e  pape r .  These e v a l u a t i o n  s h e e t s  were r e t u r n e d  

and the  s e l e c t i o n  o f  papers  was made from them. The a u t h o r s  were n o t i f i e d  

of  accep tance  or r e j e c t i o n .  

I n  June approximately 175  pe r sona l  l e t t e r s  o f  i n v i t a t i o n  were s e n t  t o  

o u t s t a n d i n g  i n d i v i d u a l s .  Those from o v e r s e a s  i n d i c a t i n g  an  i n t e r e s t  i n  

a t t e n d i n g  were s e n t  l e t t e r s  o f f e r i n g  f i n a n c i a l  a s s i s t a n c e  from t h e  U n i v e r s i t y  

Extens ion  o f f  ice 

I n  August a second c i r c u l a r  and r e g i s t r a t i o n  c a r d  (prepared  i n  c o l l a b o r a t i o n  
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wi th  M r .  R .C.  Wicklund, Short-Courses  and Conferences)  were s e n t  t o  each  o f  

t h e  i n v i t e e s ,  The second c i r c u l a r  conta ined  a g e n e r a l  o u t l i n e  of t o p i c s  on 

t h e  prngrax and r eques t ed  t h a t  sr?rr.maries o f  papers  t o  be p resen ted  be s e n t  

i n  fo r  i n c l u s i o n  i n  t h e  Conference Diges t .  The r e g i s t r a t i o n  c a r d  was t o  be 

/' 

r e t u r n e d  to  M r .  Wicklund 's  o f f i c e  f o r  r e g i s t r a t i o n  purposes  and h o t e l  reserr 

va t i o n s  

I n  September ,  t h e  Conference Diges t  was compiled from t h e  summaries 

and diagrams r e c e i v e d ,  under  t h e  s u p e r v i s i o n  of D r .  J.S. S h i r k e  and 

M r s .  Howard o f  t h e  P u b l i c a t i o n s  O f f i c e .  

The Program was f i n a l i z e d  by D r .  Bowhil l ;  s e s s i o n  chairmen appoin ted  

and opening  speake r s  s e l e c t e d  by D r .  Bowhill were c o n t a c t e d  f o r  t h e i r  consen t  

t o  g i v e  t h e  opening paper  i n  t h e i r  s p e c i a l i z e d  f i e l d .  A copy of t h e  program 

t o g e t h e r  w i th  a " F i n a l  I n s t r u c t i o n s  t o  Authors" memorandum were s e n t  t o  a l l  
L 

a u t h o r s ,  opening speake r s  and s e s s i o n  chairmen. 

Arrangements were made through M r .  Wicklund ' s  o f f i c e  and G.L.N. Rao, 

f o r  u se  of t h e  I l l i n i  Union f a c i l i t i e s  i n c l u d i n g  r e s e r v a t i o n s  f o r  meeting 

rooms, t h e  ba l l roem,  h o t e l  rooms, te lephone  i n s t a l l a t i o n ,  and meals and 

c o f f e e  for morning and a f t e rnoon  s e s s i o n s .  A l so ,  a r rangements  were made 

w i t h  t h e  Urbana-Lincoln f o r  rooms and the  confe rence  banque t . .  

Arrangements were made wi th  t h e  Phys ica l  P l a n t  f o r  a p r o j e c t i o n i s t  t o  

be p r e s e n t  a t  a l l  s e s s i o n s  and wi th  WILL f o r  microphones and r eco rd ing  equip-  

ment - 
G . L , N .  Rao compiled a complete list o f  r e s e r v a t i o n s  (from t h e  c a r d s  

r e t u r n e d  t o  M r .  Wicklund 's  o f f i c e )  showing times of  a r r i v a l  and h o t e l s  so  

t h a t  our c o u r i e r s  would know when and where t o  d e l i v e r  t h e  a t t e n d e e s .  Three 
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U n i v e r s i t y  c a r s  and d r i v e r s  were a v a i l a b l e  d u r i n g  t h e  week o f  t h e  Conference 

f o r  t h e  convenience o f  t h e  a t t e n d e e s .  A bus was used on t h e  n i g h t  of  t h e  

banquet t o  t a k e  people  t o  and from t h e  Urbana-Lincoln Hotel .  

D r .  S e c h r i s t  was i n  charge  of r e p o r t i n g  f o r  t h e  confe rence .  H e  

s e l e c t e d  r e p o r t e r s ,  scheduled  t h e i r  times t o  work and i s s u e d  s p e c i a l  i n -  

s t r u c t i o n s  for them. The e n t i r e  confe rence  was t a p e  recorded  and t h r e e  

r e p o r t e r s  were p r e s e n t  a t  each  s e s s i o n  to  t a k e  n o t e s  and handle  s p e c i a l  

v i s u a l  a i d  m a t e r i a l  speake r s  might have.  A copy of papers  and diagrams 

p resen ted  were t o  be f u r n i s h e d  by t h e  p a r t i c i p a n t  f o r  i n c l u s i o n  i n  t h e  

Conference Record, bu t  t h e  d i s c u s s i o n  which fo l lowed each  paper  was t r a n s -  

c r i b e d  from t h e  t a p e  by t h e  r e p o r t e r s  f o r  t h e i r  p a r t i c u l a r  s e s s i o n s .  These 

were typed i n  rough,  t h e n  e d i t e d  by D r .  S e c h r i s t  and D r .  S h i r k e  and i n c o r -  

po ra t ed  with t h e  papers  for t h e  Conference Record. F i n a l  t y p i n g  of  t h e  

Record i s  t o  be done by t h e  P u b l i c i a t i o n s  O f f i c e  and w i l l  be i s s u e d  a s  

Aeronomy Report  N o .  1 0 ,  a copy of  which w i l l  be s e n t  t o  each  a t t e n d e e .  

R e g i s t r a t i o n  f o r  t h e  Conference was handled  by Mr. Wicklund's  o f f i c e .  

They rece ived  money f o r  meals  and handed ou t  c o p i e s  o f  t h e  Conference D i g e s t .  

R e g i s t r a t i o n  was h e l d  on Sunday evenipg  and a g a i n  on Monday and Tuesday 

mornings 

A t o t a l  o f  105 persons  a t t e n d e d  t h e  confe rence ,  i n c l u d i n g  

2 from U . K .  

2 from I n d i a  

1 from Ceylon 

1 from Norway 

1 from France  

4 from Canada 
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T r a v e l  vouchers were p repa red  f o r  t hose  from o v e r s e a s  and reimbursement 

f o r  t h e s e  h a s  been made. 

L e t t e r s  o f  a p p r e c i a t i o n  from D r .  Bowhill have been s e n t  t o  a l l  opening 

s p e a k e r s  

9 2 Repor t ing  C . F.  S e c h r i s  t , Jr . 
Tasks inc luded  under t h i s  t o p i c  p e r t a i n  t o  a r r a n g i n g  r e p o r t i n g  coverage 

uf  t h e  Second Conference on D i r e c t  Aeronomic Measureinents, and t o  t h e  prep-  

a r a t i o n  of  t h e  Conference Record, a s  conducted under B a l l i s t i c s  Research 

Labora to ry  g r a n t  AMC-862 

I'he Second Conference on Direct Aeronomic Measurements i n  t h e  Lower 

Ioiiuuphere was h e l d  a t  t h e  U n i v e r s i t y  of I l l i n o i s  d u r i n g  September 2'7-30, 

1965. A L 1  proceedings of t h i s  conference w e r e  t a p e  recorded and s e v e r a l  

members o f  t h e  Aeronomy Laboratory served a s  confe rence  r e p o r t e r s .  

Fol lowing t h e  confe rence  t h e  r e p o r t e r s  t r a n s c r i b e d  tile ~ i i s c u s s i o n s  

which fol lowed v i r t u a l l y  eve ry  pape r  p re sen ted .  The co-edi t o r s  (C:. F. S e c h r i s t  

a i d  J. S . S h i r k e )  assemDled , e d i t e d ,  and p roo i r ead  each  confe rence  paper .  The 

t r a n s c r i b e d  d i s c u s s i v n s  were a l s o  e d i t e d  anu p roof read .  

S e v e r a l  speake r s  d i d  n o t  submit w r i t t e n  p a p e r s ,  and i t  was n e c e s s a r y  

t o  have t n e s e  t r a n s c r i b e d  by Stenographic  S e r v i c e s .  Svme o f  t h e  t ra r l sc r  i b e d  

p a p e r s  r e q u i r e d  e x t e n s i v e  e d i t i n g .  

rhe P u b l i c a t i o n s  O f f i c e  i n  t h e  Department of E l e c L r i c a l  Engifleeriiig 

typed a l l  pape r s  and d i s c u s s i o n s  on m u l t i l i t h  m a s t e r s ,  and t h e s e  were 

Pi'ocJiread b y  t h e  c o - e d i t o r s .  During March, Dr. S h i r k e  p repa red  t h e  Table  

0.f C o n t e n t s ,  a u t h o r  i n d e x ,  and l i s t  of a t t e n d e e s .  ? h e  Conference Hecoid 

w i i l  be  i s s u e d  a s  Aeronomy Report  N o .  10. 
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10. PARTIAL RF,FLECTION EXPERIMENT 

10.1 System Study C.F. S e c h r i s t ,  Jr. 

Tasks included under t h i s  t o p i c  p e r t a i n  t o  t h e  e s t i m a t i o n  o f  t h e  system 

g a i n  r e q u i r e d  t o  o b t a i n  s a t i s f a c t o r y  performance of  t h e  p a r t i a l - r e f l e c t i o n  

sounder ,  a s  conducted under NASA g r a n t  NsG-511. 

According t o  A .  Von V i e 1  and W .  Flood of t h e  C o r n e l l  Aeronau t i ca l  

Labora tory ,  the E- layer  echo ampli tude observed wi th  t h e i r  2.4 MHz p a r t i a l  

r e f l e c t i o n  experiment was 60 t o  70 db above n o i s e ;  t h i s  was ob ta ined  on an 

i s l a n d  i n  t h e  South P a c i f i c  du r ing  May, 1965. A l s o ,  t h e  p a r t i a l  r e f l e c t i o n s  

from t h e  50 km a l t i t u d e  were roughly 20 t o  30 db above the  n o i s e  l e v 7 l .  

Hence p a r t i a l  r e f l e c t i o n  ampl i tudes  a r e  of  t h e  o r d e r  of 50 db below the  

ampli tude o f  t h e  E - l aye r  echo. 

According t o  J .S.  Be l rose  (1964), ampl i tudes  of  p a r t i a l  r e f l e c t i o n s  

a t  2.66 MHz a r e  of t h e  o r d e r  of  50 t o  70 db below t h e  E-region echo 

ampl i tude .  

A-scope record ings  from t h e  p a r t i a l  r e f l e c t i o n  experiment  were i n s p e c t e d o  

E- layer  echo ampli tudes were roughly 30 db above n o i s e  peaks and 40 db above 

I t h e  average  no i se  l e v e l .  This  s u g g e s t s  t h a t  w e  need a t  l e a s t  20 db a d d i t i o n a l  

s y s t e m  g a i n .  
I 

Following t h e  i n s t a l l a t i o n  of t h e  p a r t i a l  r e f l e c t i o n  experiment  a t  t h e  

Urbana f i e l d  s t a t i o n  i n  February ,  1966, n o i s e  measurements were corducted  

i n  o r d e r  t o  e s t i m a t e  more a c c u r a t e l y  t h e  s y s t e m  g a i n  r e q u i r e d  f o r  s u c c e s s f u l  

I o p e r a t i o n  of t h e  experiment .  I t  was confirmed t h a t  a t  l e a s t  20 db a d d i t i o n a l  

g a i n  i s  necessary .  

NOT CITABLE: 

~ 



. 

139 

I t  appea r s  t h a t  t h e  ampl i tudes  of D-region p a r t i a l  r e f l e c t i o n s  a r e  

enhanced on w i n t e r  days o f  h igh  a b s o r p t i o n ,  based on i e s u l t s  o b t a i n e d  by 

J .be Giegory i n  N e w  Zealand (1965);  t h e r e f o r e  a t t e m p t s  : i e ~ e  made t u  o b t a i n  

p a i t i a l  r e f l e c t i e n s  on t h e s e  days before  March 1st. U n f o r t u n a t e l y ,  t h e  

r e s u l t s  were n e g a t i v e .  

1 0 . 2  I n s t r u m e n t a t i o n  G.W. Henry, Jr .  
f :: ;:hil;ke 

1964 fqr iise i n  meaqiirem-nt of v p r t i c a l  i n c i d e n c e  a b s n r p l i c n  and p a r t i a l  

r P f 7 p r : t i o n s  n n  b a r d  t h e  NASA Mobile Tauncb Research S u n e d i t i o n  t o  t h e  south  

Pacific ir, t h e  s p r i n g  of 1.9365 ( see  2 . 4 ) .  After lice on t h i s  e x p e d i t j o n  t h e  
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van con ta in ing  t h e  e n t i r e  s y s t e m  was r e t u r n e d  t o  t h e  campus o f  t h e  U n i v e r s i t y  

of  I l l i n o i s  f o r  f u r t h e r  use i n  measurement of  i onosphe r i c  a b s o r p t i o n  and 

p a r t i a l  r e f l e c t i o n s .  Th i s  s y s t e m  has  been used a s  t h e  b a s i s  f o r  a l l  i n -  

s t rumen ta t ion  f o r  i onosphe r i c  measurements a t  t h e  U n i v e r s i t y  of I l l i n o i s  

from September,  1965 t o  t h e  p r e s e n t .  The system i n c o r p o r a t e s  a pu lsed  

t r a n s d i t t e r  capable  of d e l i v e r i n g  a peak pulsed  power of  50 kw t o  t h e  

an tenna ,  a very h igh  g a i n ,  wide bandwidth r e c e i v e r ,  and t h e  a s s o c i a t e d  

power s u p p l i e s ,  pu l se  g e n e r a t o r s ,  and o s c i l l o s c o p e  moni tor ing  equipment 

necessa ry  t o  d i s p l a y  and record  t h e  d a t a .  A l l  o f  t h e  above i n s t r u m e n t a t i o n  

i s  d e s c r i b e d  i n  d e t a i l  i n  for thcoming Aeronomy Report  N o .  13.  

Measurements of  n o i s e  l e v e l s  v s  ampl i tudes  of  r e f l e c t e d  s i g n a l s  demon- 

s t r a t e d  t h e  need f o r  a d d i t i o n a l  s y s t e m  g a i n  f o r  r e l i a b l e  p a r t i a l  r e f l e c t i o n  

r eco rd ing  (see 10.1).  The fo l lowing  f i v e  p roposa l s  w e r e  cons ide red  f o r  

s y s t e m  improvement: 

1. Inc rease  t h e  p u l s e  r e p e t i t i o n  r a t e  of  t h e  e x i s t i n g  t r a n s m i t t e r  from 

a maximum of 5 pps t o  60 pps t o  achieve  s i g n a l  i n t e g r a t i o n  on t h e  r e c o r d s ,  

thereby  g i v i n g  an apparent  improvement i n  s i g n a l  t o  n o i s e  r a t i o  f o r  

r e p e t i t i v e  s i g n a l s  recorded on t h e  f i l m .  

2 .  Modify t h e  e x i s t i n g  t r a n s m i t t e r  f o r  100 kw o u t p u t  by adding two 

a d d i t i o n a l  f i n a l  a m p l i f i e r  t ubes  t o  t h e  e x i s t i n g  push-pul l  f i n a l  

a m p l i f i e r  s t a g e .  

3 .  Cons t ruc t  a h igh  power (500 t o  800 kw) a m p l i f i e r  u s ing  t h e  e x i s t i n g  

50 kw t r a n s m i t t e r  a s  a d r i v e r  s t a g e .  
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4. Cons t ruc t  a comple te ly  new 800 kw t r a n s m i t t e r  fo l lowing  t h e  g e n e r a l  

d e s i g n  used i n  t h e  e x i s t i n g  50 kw t r a n s m i t t e r ,  bu t  des igned  t o  be more 

e a s i l y  ope ra t ed  o v e r  a wide range of  f r e q u e n c i e s  and a t  g r e a t e r  p u l s e  

r e p e t i t i o n  r a t e s .  

5. Design and c o n s t r u c t  a h i g h  ga in  antenna system. 

I n i t i a l  d i s c u s s i o n s  l e d  t o  t h e  choice  of  proposa l  N o .  1 so t h a t  a d d i t i o n a l  

measurements of  s igna l - to -no i se  r a t i o s  could  be made f o r  a c c u r a t e  d e t e r m i n a t i o n  

o f  e x a c t l y  how much improvement i n  t h e  s y s t e m  g a i n  was r e q u i r e d .  

To modify t h e  e x i s t i n g  t r a n s m i t t e r  f o r  o p e r a t i o n  a t  t h e  i n c r e a s e d  pu l se  

r e p e t i t i o n  r a t e s  i t  was necessa ry  t o  des ign  and c o n s t r u c t  t h e  fo l lowing  i n -  

s t rume n t a t i o n  : 

1. A 5,000 v o l t  - 100 ma power supply t o  provide  t h e  i n c r e a s e d  average  

power r equ i r ed  by t h e  f i n a l  a m p l i f i e r  and d r i v e r  a m p l i f i e r  s t a g e s  o f  

t h e  t r a n s m i t t e r .  

2 .  A pu l se  g e n e r a t o r  capable  o f  g e n e r a t i n g  t r i g g e r  p u l s e s  f o r  t h e  t r a n s -  

m i t t e r  a t  p u l s e  r e p e t i t i o n  r a t e s  of 30 and 60 pps ,  synchronized  wi th  

t h e  power l i n e .  Th i s  p u l s e  g e n e r a t o r  was a l s o  r e q u i r e d  f o r  use  wi th  t h e  

i o n o s p h e r i c  d r i f t s  experiment  and t h e r e f o r e  se rved  a d u a l  f u n c t i o n  

( s e e  8 . 2 ) .  

3. Modify t h e  meter ing  c i r c u i t s  of t h e  t r a n s m i t t e r  t o  accomodate t h e  

i n c r e a s e d  average  power. 

The above i n s t r u m e n t a t i o n  was completed and i n s t a l l e d  i n  t h e  van a t  t h e  

Aeronomy F i e l d  S t a t i o n  d u r i n g  January ,  1966. A d d i t i o n a l l y ,  i t  was necessa ry  

t o  d e s i g n  and c o n s t r u c t  some ins t rumen ta t ion  t h a t  had no t  been r e q u i r e d  f o r  

t h e  Mobile Launch Exped i t ion .  Th i s  i n s t rumen ta t ion  was: 
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1. A coax ia l  d e l a y - l i n e  type  of  p h a s e - s h i f t e r  t o  g i v e  t h e  r e q u i r e d  

90 degree phase s h i f t  t o  g e n e r a t e  c i r c u l a r  p o l a r i z a t i o n .  

2 .  Two c o a x i a l  a t t e n u a t o r s  t o  a l low adjus tment  of  t h e  ampl i tudes  

of t h e  s i g n a l s  f ed  t o  t h e  two antenna e lements  f o r  c i r c u l a r  p o l a r i -  

z a t i o n  a l i g n n e n t -  of t h e  an tennas .  

3 .  An impedanceFmatching d i p l e x e r  t o  couple  e q u a l  amounts of  power 

t o  t h e  two 5 0  ohm c o a x i a l  antenna f e e d l i n e s  from t h e  5 0  ohm t r a n s -  

m i t t e r  o u t p u t .  

T h i s  i n s t rumen ta t ion  was a l s o  i n s t a l l e d  i n  t h e  s y s t e m  a t  t h e  f i e l d  

s t a t i o n  dur ing  January ,  1966. 

The e n t i r e  s y s t e m  was coupled t o  t h e  fou r -d ipo le  antenna a r r a y  a t  t h e  

f i e l d  s t a t i o n  i n  February ,  1966 and s igna l - to -no i se  measurements were made. 

These measurements i n d i c a t e d  t h a t  approximate ly  20  t o  30 db a d d i t i o n a l  

s y s t e m  g a i n  was r e q u i r e d  f o r  o b s e r v a t i o n  of p a r t i a l  r e f l e c t i o n s  ( s e e  10.1) 

and t h a t  t h e  recovery  t i m e  o f  t h e  t r ansmi t - r ece ive  s w i t c h  was n o t  s u f f i c i e n t l y  

s h o r t  f o r  p a r t i a l  r e f l e c t i o n  measurements. 

F u r t h e r  d i s c u s s i o n  and a c o s t  a n a l y s i s  of  i n c r e a s i n g  t r a n s m i t t e r  power 

vs  i n c r e a s i n g  antenna g a i n  demonstrated t h e  d e s i r a b i l i t y  of  a l a r g e r  antenna 

s y s t e m  ( s e e  7,2), T h e r e f o r e ,  i t  was dec ided  t o  proceed w i t h  proposa l  No. 5 

a s  d i scussed  i n  s e c t i o n  7 . 2  and t o  suspend f u r t h e r  t r a n s m i t t e r  improvement 

u n t i l  a f t e r  t h e  l a r g e r  antenna s y s t e m  had been c o n s t r u c t e d  and t e s t e d .  I t  

was a l s o  decided t o  c o n s t r u c t  a seoond antenna s y s t e m  f o r  r e c e i v i n g  t o  avoid  

t h e  e x t e n s i v e  and expens ive  r e d e s i g n  of  t h e  t r a n s m i t - r e c e i v e  swi t ch  s y s t e m  t o  

I ach ieve  t h e  f a s t e r  recovery  t i m e .  
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Opera t ion  of t h e  t r a n s m i t t e r  a t  the i n c r e a s e d  p u l s e  r e p e t i t i o n  r a t e s  

caused c o n s i d e r a b l e  t r o u b l e  wi th  inc reased  h e a t  g e n e r a t i o n  and f a i l u r e s  

i n  t h e  t r a n s m i t t e r  a s  no ted  i n  s e c t i o n  2 . 1 .  These problems a r e  t o  be 

a l l e v i a t e d  by i n c o r p o r a t i o n  of new a i r - sys t em tube  s o c k e t s  and l a r g e r  

blowers  for  c o o l i n g  o f  t h e  f i n a l  a m p l i f i e r  t u b e s .  

C o n s i d e r a t i o n  i s  be ing  g iven  to  t h e  d e s i g n  o f  a h e i g h t  marker g e n e r a t o r  

fo r  use w i t h  t h e  p a r t i a l .  r e f l e c t i o n  da ta  r eco rd ing  system. An i n t e n s i f i e d  

do t  i s  t o  be superimposed on t h e  o s c i l l o s c o p e  t r a c e  a t  i n t e r v a l s  of  one 

k i l o m e t e r  of v i r t u a l  h e i g h t .  The des ign  problem hinged p r i m a r i l y  on f i n d i n g  

a means of keying a m u l t i v i b r a t o r  i n  such a way t h a t  i t s  pe r iod  of o s c i l l a t i o n  

wavld be c o n s t a n t  from t h e  i n s t a n t  of turn-on. Base g a t i n g  of  one o f  t h e  

m u l t i v i b r a t o r  t r a n s i s t o r s  has  provided t h e  d e s i r e d  un i fo rmi ty .  Th i s  mul t i -  

v i b r a t o r  s t a g e  w i l l  now be inco rpora t ed  i n t o  t h e  remainder  o f  t h e  t r i g g e r i n g  

c i r c u i t r y  necessa ry  t o  synchronize  t h e  h e i g h t  marks wi th  t h e  t r a n s m i t t e d  

p u l s e s  e 

It is  p l a n i e d  t h a t  a f requency of 2.66 ElMz w i l l  be used f o r  t h e  p a r t i a l  

r e f l e c t i o n  experiment  i n  t h e  f u t u r e ?  which h o p e f u l l y  w i l l  be more e f f e c t i v e ,  

e s p e c i a l l y  f o r  r o u t i n e  low a l t i t u d e  measurements. 
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