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ABSTRACT 

The r e p o r t  c o n s t i t u t e s  a b r i e f  d e s c r i p t i o n  of  a Mul t ip l e  Ionospheric  

Probe (M.I.P.) Nike Apache rocket  payload. This  payload inc ludes  f i v e  

d i f f e r e n t  types  o f  probes,  

probe, i s  designed t o  d e t e c t  plasma resonances of  t h e  types  seen on top- 

s i d e  sounder records.  

sphere  as a func t ion  of  frequency, and a s soc ia t ed  wi th  t h i s  i s  t h e  resonance 

One of t hese ,  c a l l e d  t h e  resonance r e l a x a t i o n  

A second measurement is  t h a t  of t h e  impedance of a 

r e c t i f i c a t i o n  probe based on t h e  resonant increase  i n  d.c. c u r r e n t  due t o  

r.f. e x c i t a t i o n .  The f o u r t h  probe is t h e  high frequency capac i tance  probe, 

which is a s p e c i a l  case  o f  t h e  impedance probe. F ina l ly ,  d.c. cu r ren t  

measurements with t h r e e  d i f f e r e n t  c o l l e c t o r s  a r e  a l s o  c a r r i e d  out .  Data 

from one daytime and one n ight t ime launching a t  Wallops I s l and  are d e s i r e d  

under s t a b l e  ionospheric  condi t ions  t o  permit q u a n t i t a t i v e  comparison o f  t h e  

d i f f e r e n t  techniques,  

The p r i n c i p a l  t h e o r e t i c a l  and ins t rumenta l  f e a t u r e s  o f  t h e  d i f f e r e n t  

probes are presented  i n  r a t h e r  b r i e f  form; more complete d e s c r i p t i o n s  w i l l  

be publ i shed  elsewhere,  The aux i l i a ry  ins t rumenta t ion  i s  d iscussed  i n  more 

d e t a i l  i n  t h i s  r epor t .  

i 
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I. INTRODUCTION 
W. J. Hcikkila 

1.1 H i s t o r i c a l  In t roduct ion  

Ionospheric  observa t ions  have been made wi th  ground-based techniques 

s ince  t h e  beginning of  t h i s  cen tury ,  and with space ins t rumenta t ion  s i n c e  

1945. 

u t i l i z i n g  propagation pa ths  ending a t  t h e  veh ic l e ,  and those  us ing  probes 

f o r  l oca l i zed  measurements. 

t i o n s ,  such as a dependence on s p a t i a l  and temporal homogeneity. 

probe techniques are o f t e n  r equ i r ed  f o r  ionospheric  observa t ions ,  

The rocket  and s a t e l l i t e  techniques f a l l  i n t o  two c a t e g o r i e s ;  those  

Propagation techniques s u f f e r  from many l imita- 

Consequently, 

The very ear l ies t  probe measurements i n  l abora to ry  plasmas before  t h e  

end of t h e  last  century  involved t h e  measurement of  t h e  vo l t age  adopted by 

a small e l e c t r o d e  placed i n  t h e  plasma. Langmuir (1926) introduced a very 

s i g n i f i c a n t  advance by measuring t h e  current-vol tage c h a r a c t e r i s t i c  t o  such an 

e l e c t r o d e  when t h e  p o t e n t i a l  was var ied .  From t h i s  c h a r a c t e r i s t i c  he was a b l e  

t o  o b t a i n  t h e  va lue  of t h e  plasma p o t e n t i a l ,  t h e  e l e c t r o n  concent ra t ion  wi th in  

t h e  plasma, and t h e  e l e c t r o n  temperature ,  

For any non-zero probe p o t e n t i a l ,  p a r t i c l e s  of  one s ign  w i l l  be r e t a rded  

o r  r e p e l l e d  on approaching t h e  body and p a r t i c l e s  of t h e  oppos i te  s ign  w i l l  

be a t t r a c t e d  and acce le ra t ed .  The r e s u l t a n t  de f i c i ency  of p a r t i c l e s  of one 

s i g n  c o n s t i t u t e s  a shea th  covering the  surface.  

i n  t h e  plasma must have zero n e t  cu r ren t  flowing t o  it; consequently,  it adopts  
5kT 

a nega t ive  p o t e n t i a l  ( o f t h e  o rde r  o f  

t h e  h igh ly  mobile e l e c t r o n s  t o  e q u a l i t y  with t h e  ion  cu r ren t .  

is  t h u s  formed around t h e  body. 

i s  approximately equal  t o  t h e  nega t ive  charge on t h e  body, and t h e  d i s t a n t  

An i s o l a t e d  body i n  equi l ibr ium 

7 

e i n  o rde r  t o  l i m i t  t h e  cu r ren t  of 

An ion shea th  

The t o t a l  p o s i t i v e  charge i n  t h e  ion  shea th  

1 
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probe c h a r a c t e r i s t i c  i s  no t  a f f e c t e d  by the p a r t i c l e  concent ra t ion  p r o f i l e s  

1 through t h e  shea th  provided c e r t a i n  broad condi t ions  a r e  met, but  the  r a d i o  

frequency impedance of a probe may be g rea t ly  a f f ec t ed .  , 

I r e q u i r e s  a re ference  body from which p o t e n t i a l  is measured. 

r e fe rence  body should be i n f i n i t e l y  l a rge  s o  t h a t  it can provide a p e r f e c t  

p o t e n t i a l  re fe rence .  

I d e a l l y ,  t h e  

I 
In p r a c t i c e ,  t h i s  body (gene ra l ly  t h e  body o f  t h e  rocket  

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

o r  s a t e l l i t e )  is n o t  i n f i n i t e l y  l a rge ,  and i t s  p o t e n t i a l  w i l l  vary t o  a greater 

o r  lesser e x t e n t  when t h e  probe p o t e n t i a l  i s  var ied .  

t o t a l  c u r r e n t  t o  t h e  system of  probe p lus  rocke t  must be equal  t o  zero,  it i s  

obvious t h a t  f o r  p o s i t i v e  p o t e n t i a l s  on t h e  probewhen a l a rge  e l e c t r o n  cu r ren t  

i s  c o l l e c t e d ,  an equal ion cu r ren t  must flow t o  t h e  veh ic l e ,  and t h i s  ion  

c u r r e n t  cannot be c o l l e c t e d  un le s s  t h e  i o n  c o l l e c t i o n  area i s  g r e a t e r  than 

the  probe a r e a  by t h e  r a t i o  o f  t h e  d i f fus ion  c o e f f i c i e n t s .  

l e c t i o n  area is no t  l a rge  enough, then  the veh ic l e  p o t e n t i a l  r a t h e r  than  t h e  

probe p o t e n t i a l  w i l l  change, leav ing  t h e  probe s t i l l  s u f f i c i e n t l y  nega t ive  

wi th  r e s p e c t  t o  t h e  plasma t o  l i m i t  t h e  e l ec t ron  cu r ren t  t o  t h e  value of  

t h e  ion c u r r e n t .  

problem f o r  a probe on a space vehic le .  

Since i n  equi l ibr ium t h e  

I f  t h e  ion col-  

This  problem is o f t en  r e f e r r e d  t o  as t h e  cu r ren t  dumping 

Seve ra l  d i f f e r e n t  geometries f o r  Langmuir probes have been used, One 

A second is  a long, 

A t h i r d  i s  p l ana r ,  o r  a t  

of  t h e s e  is  a sphere a t  t h e  end of  an insu la ted  wire, 

t h i n  c y l i n d e r  (sometimes with a guard cyl inder . )  

least  approximately p l ana r ,  such as an  insu la ted  p a r t  of t h e  rocke t  o r  
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1 

s a t e l l i t e  surface.  

t h e  rocke t ,  o r  an annular  r i n g  around the  nose cone; t h i s  is p a r t i c u l a r l y  

convenient because o f  i ts  r i g i d i t y  f o r  D-region measurements where aero-  

dynamic drag fo rces  are high. 

Another convenient geometry i s  t h a t  o f  t h e  nose t i p  o f  

In t h e  e a r l y  r a d i o  wave propagation experiments with rocke t s ,  t h e  anten-  

na impedance was monitored dur ing  t h e  f l i g h t  (Kane, 1962). 

t h e  impedance su f fe red  r e g u l a r  changes a s soc ia t ed  with t h e  varying e l e c t r o n  

concent ra t ion  as the  f l i g h t  progressed. 

I t  was no t i ced  t h a t  

Subsequently,  t h i s  effect  was put  

t o  use by more ca re fu l  measurements of t h e  impedance which were then  analyzed 

i n  terms of t h e  apparent r e f r a c t i v e  index i n  t h e  v i c i n i t y  of  t h e  antenna; t hus ,  

a measurement o f  t h e  l o c a l  e l ec t ron  concentrat ion was obtained. This  r e s u l t  

agreed f a i r l y  well with t h e  r e s u l t s  obtained by t h e  propagation experiments 

except  f o r  a cons tan t  f a c t o r  of about th ree ;  t h i s  f a c t o r  was i n t e r p r e t e d  as 

an effect  of an enhanced p o s i t i v e  ion  sheath about t h e  antenna,  

ments with varying t r a n s m i t t e r  powers demonstrated t h a t  t h e  e r r o r  was reduced 

by going t o  lower powers, thus  corroborat ing t h i s  i n t e r p r e t a t i o n .  

Later measure- 

Two d i f f e r e n t  methods have been used i n  s tudying  t h i s  impedance. 

Kane 

t o r  which was swept through a range of va lues ,  no t ing  t h e  va lue  of  capac i tance  

r equ i r ed  t o  b r ing  t h e  antenna t o  resonance, 

P f i s t e r ,  1961) was t o  measure t h e  s tanding wave r a t i o  on t h e  t ransmiss ion  l i n e  

feeding  t h e  antenna. 

could be deduced. 

measured t h e  capaci tance of t h e  antenna by means o f  a v a r i a b l e  capaci-  

The second method ( u t i l i z e d  by 

From t h i s  standing wave r a t i o ,  t h e  impedance-of t h e  antenna 

Rather  than  measuring antenna impedance a t  one frequency, it is p o s s i b l e  

t o  measure t h e  impedance over a range o f  f requencies .  A t  very low f requencies  



I '  4 

I 
I 
I 
I 
I 
i 
I 
I 
I 
I 

t h e  antenna should be capac i t i ve ,  t he  value of t h i s  capac i tance  be ing  d e t e r -  

mined p r imar i ly  by t h e  th i ckness  of t h e  ion sheath.  

f requencies ,  approaching t h e  plasma frequency, t h e  impedance would become 

induct ive ,  and t h e  imaginary p a r t  would be zero  a t  some in te rmedia te  f r e -  

quency, Above t h e  plasma frequency, t h e  impedance is aga in  capac i t i ve ,  and 

it approaches t h e  f r e e  space capaci tance a t  very high frequencies .  Such an 

impedance measurement c o n s t i t u t e s  a v e r y  complete measurement on t h e  plasma 

p r o p e r t i e s ,  and it may be t h e  b a s i s  for  a u s e f u l  probe. 

would be long f o r  a complete sweep, but  measurement a t  a few f requencies  

could be done i n  a s h o r t e r  time. 

A t  somewhat greater 

The sampling time 

Ins t ead  of using an antenna as t h e  physical  element of a probe, Sayers 

(1962) used t h e  t i p  of t h e  rocket  insu la ted  from t h e  remainder of t h e  rocke t ,  

This  t i p  i s  a capac i to r ,  provided the  measurement o f  

a frequency above t h e  plasma frequency. 

resonant  c i r c u i t  and measured t h e  resonant frequency o f  t h i s  c i r c u i t  as t h e  

rocket  pene t ra ted  t h e  ionosphere. 

i n d i c a t i o n  of  t he  d i e l e c t r i c  cons tan t  of t he  ionospher ic  plasma and, t he re -  

f o r e ,  o f  t h e  e l e c t r o n  concentrat ion.  

o t h e r s  with some v a r i a t i o n s  i n  t h e  method of capaci tance measurements. 

Adey and Heikki la  improved t h e  method by using a l a r g e r  c a p a c i t o r  and a 

l a r g e r  s epa ra t ion  between it and t h e  rocket, thereby achieving g r e a t e r  sensi- 

t i v i t y .  

measurement. 

(1961), u s ing  a feedback p r i n c i p l e  t o  keep t h e  opera t ing  frequency a t  o r  nea r  

t h e  plasma frequency. 

impedance is done at 

Sayers used t h i s  capac i to r  i n  a 

The resonant frequency was used as an 

This method has  a l s o  been used by 

Nisbet  (1964), on t h e  o the r  hand, used a capac i tance  br idge  f o r  t h e  

S t i l l  another  v a r i a t i o n  was designed by Forsyth and Kavadas 
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I t  was found by Japanese workers (Miyazaki e t  a l ,  1960) t h a t  an r.f. 

e x c i t a t i o n  on a probe produces a r e c t i f i e d  plasma c u r r e n t  t o  t h e  probe t h a t  

i s  a func t ion  of t h e  app l i ed  frequency, 

frequency a cons tan t  va lue  f o r  t h i s  r e c t i f i e d  cu r ren t ,  independent of f re-  

quency, was measured; t h i s  cu r ren t  is  dependent upon t h e  e l e c t r o n  tempera- 

t u r e ,  and it is a good measure of  t h i s  quant i ty .  

quency a resonant  i nc rease  occurs  i n  the  r e c t i f i e d  cu r ren t ,  and a t  s t i l l  

h ighe r  f requencies  t h e  r e c t i f i e d  cu r ren t  drops t o  very low values .  

quency f o r  maximum r e c t i f i e d  cu r ren t  was taken t o  be t h e  plasma frequency, 

Recent t h e o r e t i c a l  and experimental  work (Fe je r ,  1963-1964) and by Harp 

(1963) i n d i c a t e s  t h a t  i n  fact  t h e  frequency o f  resonance i s  below t h e  plasma 

frequency by an amount which depends upon t h e  r a t i o  o f  t h e  Debye length  t o  

t h e  d iameter  of  t h e  probe. 

f i c a t i o n  method seems t o  be s u i t a b l e  f o r  measuring both e l e c t r o n  concent ra t ion  

and temperature  above t h e  E-region. 

t h e  resonant  effect. 

A t  f requencies  well below t h e  plasma 

A t  a somewhat h igher  fre- 

The fre- 

Subjec t  t o  t h i s  co r rec t ion ,  t h i s  resonance rect i -  

Below t h e  E-region c o l l i s i o n s  damp out 

When tops ide  ionograms from the  A l o u e t t e  s a t e l l i t e  were inspec ted  it was 

found t h a t  resonances of long endurance were exc i t ed  i n  t h e  v i c i n i t y  of  t h e  

s a t e l l i t e  at several d i s c r e t e  frequencies (CalVert and Goe, 1963). 

s i n c e  been shown t h a t  t hese  resonances a re  e l e c t r o s t a t i c  resonances i n  tile 

111a@etoionic medium a t  f requencies  E tLat depend upon t h e  plasma frequency 

and t h e  gyro frequency (Fejer 6 Calvert  3 1964). 

I t  has 

The e l e c t r o s t a t i c  resonances appear t o  provide a very  r e l i a b l e  method 

f o r  t h e  measurement of  e l e c t r o n  concentrat ion i n  t h e  ionosphere.  

conclus ion  is  based upon t h e  considerat ion t h a t  t h e  resonances are s e t  up i n  

This  
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t h e  medium over  a cons iderable  volume of t h e  plasma and, t h e r e f o r e ,  should 

not  be g r e a t l y  a f f e c t e d  by t h e  presence o f  an ion  sheath.  A disadvantage 

of t h e  method i n  p r a c t i c e  is t h e  requirement t h a t  a sweep i n  frequency 

over  a cons iderable  range is requi red .  

t i o n  and a l s o  extends t h e  time of  one measurement. This  method is r e f e r r e d  

t o  as a resonance r e l axa t ion  method i n  t h i s  r e p o r t ,  

This  complicates t h e  instrumenta-  

Since many harmonics of t h e  gyro frequency are observed, i t  may be 

p o s s i b l e  t o  use  t h e  gyro resonances as a measure of the  geomagnetic f i e l d .  

The method would have t h e  advantage of averaging t h e  value over  a l a r g e  

volume, and d is turbances  due t o  f i e l d s  generated on t h e  s p a c e c r a f t  would, 

t h e r e f o r e ,  no t  be important.  

1 . 2  The Mul t ip le  Ionospheric  Probe Program 

The Mul t ip le  Ionospheric Probe Program i s  a rocket  program undertaken 

j o i n t l y  by t h e  Southwest Center f o r  Advanced Studies  and t h e  Cen t ra l  Radio 

Propagation Laboratory t o  compare severa l  d i f f e r e n t  probe methods f o r  measur- 

i ng  ionospher ic  p rope r t i e s .  

probes o f  t h e  four  d i f f e r e n t  types considered above i n  a d d i t i o n  t o  t h e  simple 

Langmuir Probe. 

methods i n  o rde r  t o  permit v e r i f i c a t i o n  of r e l evan t  t h e o r i e s  and t o  provide 

an assessment of  probes f o r  use i n  d i f f e r e n t  app l i ca t ions ,  

The main methods being used are r a d i o  frequency 

The o b j e c t i v e  o f  t h e  program is t o  compare t h e  d i f f e r e n t  

The arrangement of  t h e  main components i n  t h e  payload is  shown i n  

F igures  1 and 2. 

s i g n a l s  t o  permit time sha r ing ,  with a basic frame period of 1.536 seconds. 

A c e n t r a l  programmer provides  t iming and synchroniza t ion  
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Time shar ing  serves  two purposes,  t h e  reduction o r  e l imina t ion  o f  i n t e r -  

fe rence  between experiments and an increase  i n  t e l eme t ry  c a p a b i l i t y  f o r  

each experiment. 

c a l l e d  Periods I ,  I1 and 111. 

t h e  bas i c  rate, and sub-gates c a l l e d  A and B are provided f o r  t h i s .  

The frame is d iv ided  i n t o  t h r e e  equal  per iods  o f  512 m s .  

Some programming i s  a c t u a l l y  done a t  h a l f  

During Period I a resonance r e l axa t ion  experiment is performed, u s ing  

a long d i p o l e  antenna t h a t  is extended from t h e  midsect ion o f  t h e  payload; 

t h i s  experiment a c t u a l l y  u t i l i z e s  a low power sounder. 

swept over  t h e  range 3 . 0  t o  0 .1  bUiz dur ing  sub-gate A, bu t  i s  f i x e d  a t  4.0 

MIz dur ing  sub-gate  B. 

is  500 p e r  sec. 

a 10 kHz bandwidth. 

The frequency i s  

Pulses  are 100 PS long and t h e  r e p e t i t i o n  frequency 

A normal A-scan of t he  received s i g n a l  i s  te lemetered  with 

The o t h e r  RF probes use a l a rge  sphere as t h e  sens ing  element with switch- 

i n g  accomplished by reed  r e l ays .  

cone during t h e  e a r l y  p a r t  of the  f l i g h t ;  clamshell  r e l e a s e  i s  c o n t r o l l e d  by 

means of a t imer  

o f  t h e  payload. 

This sphere is  p ro tec t ed  by a c lamshel l  nose 

ac tua ted  by a l t i t u d e  switches,  l oca t ed  i n  t h e  lower p a r t  

The v a r i a b l e  frequency impedance and the resonance r e c t i f i c a t i o n  measure- 

ments are c a r r i e d  ou t  dur ing  Period 11, w i t h  t h e  same frequency sweep as used 

i n  t h e  r e l a x a t i o n  experiment. 

of t h e  sphere  i s  measured. The D.C. current  t o  t h e  sphere is a l s o  measured 

dur ing  t h i s  pe r iod ,  c o n s t i t u t i n g  the  so-called e l e c t r o s t a t i c  probe measurement. 

A complex b i a s  program i s  played 0x1 t h e  sphere dur ing  Period 111. 

During Period 111 t h e  high frequency capac i tance  

Two Langmuir probes,  one s p h e r i c a l ,  the o t h e r  c y l i n d r i c a l ,  are operated 

a l t e r n a t e l y  dur ing  a l l  t h r e e  per iods.  These are mounted a t  t h e  t o p  o f  t h e  
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payload, and are a l s o  exposed after t h e  c lamshel l  i s  r e l eased .  

A complete p ro to type  payload was b u i l t  and e l e c t r i c a l l y  t e s t e d  

dur ing  t h e  e a r l y  p a r t  of 1965. 

launch i n  August, 1905 a t  Wallops I s l and ,  V i rg in i a .  

Three f l i g h t  payloads w i l l  be ready f o r  
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2. RESONANCE RELAXATION PROBE 
IJ. Ca lve r t ,  .J. 1lugi11, b l .  Fie ld  

2.1 Theory 

The use of  t h e  tops ide  sounder veh ic l e s  i n  t h e  F-layer  of  t h e  

ionosphere has discovered the  s t imula t ion  of plasma resonances by t h e  

t r ansmi t t ed  pu l se  of  R.F. energy from t h e  sounder antennas.  The fre- 

quencies a t  which t h e s e  resonances occur a r e  those  where 

X = l  

X = 1 - Y  (1) 
2 

and Y = 1, 1 / 2 ,  1/3 .... , 
2 2  where, i n  t h e  usual n o t a t i o n  X = fN/f 

frequency, f l i  = gyrofrequency.) 

caused by t h e  e x c i t a t i o n  of plasma waves which, under t h e  condi t ions  

and Y = ftI/f ( f N  = plasma 

These resonances a r e  thought t o  be 

given i n  equat ion (1) , have a very low group v e l o c i t y  (Fe je r  and 

Ca lve r t  1964). F i e lds  a s soc ia t ed  with t h e  plasma o s c i l l a t i o n s  remain 

c l o s e  t o  t h e  antenna and are detected f o r  a c e r t a i n  time by t h e  sounder 

r e c e i v e r ,  appearing as a so -ca l l ed  ' sp ike '  on t h e  ionograms. Thei r  

du ra t ion  depends p a r t l y  on s p a t i a l  spreading of  t h e  waves, and p a r t l y  

on t h e  damping produced by e l ec t ron  c o l l i s i o n s .  The theory  i n d i c a t e s  

t h a t  t h e  f requencies  o f  t he  sp ikes  a r e  very c l o s e l y  given by equat ion 

(1) 

The purpose o f  t h e  resonance r e l axa t ion  probe incorpora ted  i n  t h e  

b1.I .P .  payload is t o  use t h e  plasma resonance effect  t o  measure t h e  elec- 

t r o n  dens i ty  and gyrofrequency i n  t h e  E-layer  of t h e  ionosphere t o  an 

accuracy of about 1%. A secondary purpose i s  t o  f i n d  t h e  mechanism 

by which t h e  resonances a r e  exc i ted  by the  sounder antennas,  and t o  

determine a t  what he ight  e l e c t r o n  c o l l i s i o n  damping l i m i t s  t h e i r  



10 

observat ion.  

The c loseness  of  coupling between t h e  antenna and t h e  su r -  

rounding plasma, whether f o r  r ad ia t ion  of e lec t romagnet ic  o r  plasma 

waves, can be i n v e s t i g a t e d  by measuring i t s  impedance. 

done during the  per iods  of  about l00uS when t h e  pulsed t r a n s m i t t e r  

Th i s  w i l l  be  

i s  ac t iva t ed .  

of t h e  ra te  of  energy l o s s  by t h e  antenna,  and t h e  r a t i o  of 

reac tance  t o  r e s i s t a n c e  determines how well t h e  antenna and plasma 

are coupled, 

quencies  o f  resonances i n  t h e  antenna impedance which are known t o  

occur ,  f o r  example a t  t h e  gyrofrequency, agree  with t h e  f requencies  

of  t h e  plasma resonances.  

1964) t o  i n d i c a t e  t h e  r a t i o  between t h e  r a d i a t i o n  r e s i s t a n c e s  f o r  

e lec t romagnet ic  r a d i a t i o n ,  K r ,  and  f o r  plasma r a d i a t i o n ,  Rp, i n  t h e  

case where flI <<fN.  

Rp t h i s  theory  can be checked. The M.I.P. sounder r e c e i v e r  is de- 

s igned  and c a l i b r a t e d  s o  t h a t  i t  will be ab le  t o  make measurements of 

t h e  e lec t r ic  f i e l d  i n  t h e  plasma. 

t i o n  o f  t h e  d a t a  obta ined  and afford a q u a n t i t a t i v e  t e s t  o f  theory.  

The r e s i s t i v e  p a r t  o f  i t s  impedance is a measure 

I t  w i l l  be o f  i n t e r e s t  t o  observe how c l o s e l y  t h e  fre- 

There is some t h e o r e t i c a l  work (e.g. Wait, 

R is known, s o  by making a measurement o f  Rr + r 

This  w i l l  assist i n  t h e  i n t e r p r e t a -  

As t h e  e l e c t r o n  c o l l i s i q n  frequency v i nc reases  t h e  plasma 

o s c i l l a t i o n  r e l a x a t i o n  time, T decreases.  In  p r a c t i c e  t h e  r e c e i v e r  

d e t e c t i n g  t h e  o s c i l l a t i o n  cannot be made f u l l y  s e n s i t i v e  u n t i l  some 

time TR af te r  t h e  ces sa t ion  of t h e  t r ansmi t t ed  R.F. pu l se ,  because 

t h e r e  are always c e r t a i n  t r a n s i e n t s  a s soc ia t ed  with t h i s  which might 

be  mistaken f o r  plasma resonances,  

7 
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When T is such t h a t  

then t h e  phenomenon 

T << T 
R 

can no longer be observed. The he ight  i n  t h e  ionosphere 

a t  which t h i s  condi t ion occurs  is of some i n t e r e s t .  

and t h e  s e n s i t i v i t y  of  t h e  r ece ive r .  

I t  will depend on v, T~ 

Measurements o f  t h e  v a r i a t i o n  of T as v 

changes w i l l  a l s o  provide a test  of  t he  theory ou t l ined  above. 

2.2  Instrumentat ion 

The resonance r e l axa t ion  probe package c o n s i s t s  of an antenna mechanism 

loca ted  above four  s tacked terminal  boards conta in ing  t h e  t r a n s m i t t e r ,  receiver, 

and impedance measuring c i r c u i t s .  

The antenna, a 40 f o o t  d ipole ,  is made of  beryl l ium copper s p r i n g  t ape ,  

t h e  re laxed  form being an open s ided  tube of  about 1 / 2  inch diameter.  

20 f o o t  s e c t i o n s  of  t h i s  ma te r i a l  a r e  opened out  i n t o  f l a t  s t r i p s  and r o l l e d  

onto spools  along wi th  another  tape spr ing ,  a "negator" (Hunter Spring Com- 

pany) motor. 

i n i t i a t e d  a t  10,000 f t .  during the  rocket a scen t  through a s e r i e s  p a r a l l e l  

connection of a l t i t u d e  switches.  

opera t ions .  

releases t h e  antenna mechanism. 

provide a te lemet ry  s i g n a l  f o r  monitoring antenna extension as t h e  nega tor  s p r i n g  

motor and c e n t r i p e t a l  fo rce  p u l l  t h e  tape over  guides which assist r e t u r n  t o  

t h e  t u b u l a r  conf igu ra t ion ,  The negator  spr ings  r o l l  up on take-up spools  as 

t h e  antenna is  extended out through insu la ted  p o r t s  i n  t h e  payload s h e l l .  

Mechanical counter  d i s c s  engage t o  s t o p  the r o t a t i o n  of t h e  supply spools  when 

t h e  ex tens ion  is  complete. 

Two 

The antenna r e l e a s e  i s  timed by a uni junc t ion  r e l axa t ion  c i r c u i t  

This c i r c u i t  must be armed during p r e f l i g h t  

A t  t h e  end of t h e  t imer  cycle a relay a c t i v a t e d  l a t ch ing  so lenoid  

Cam operated microswitches and a vol tage  source 

E l e c t r i c a l  connection t o  t h e  d ipo le s  i s  through 



1 2  

beryllium-copper s p r i n g  f i n g e r s .  

 he resonance r e l a x a t i o n  probe block diagram, f i g u r e  3 ,  shows t h e  

main func t ions  of t h e  e l e c t r o n i c  c i r c u i t r y .  The ope ra t ion  i s  syn- 

chronized and c o n t r o l l e d  by pulses from t h e  programmer (Chapter 6.1). 

Pulses,  approximately 200 vo l t s  peak t o  peak between t h e  rocke t  

body and one o f  t h e  d i p o l e s  c a l l e d  t h e  t r ansmi t  d i p o l e ,  are 100 

microseconds i n  du ra t ion  and occur a t  a r a t e  o f  500 pu l ses  p e r  second. 

During sub-gate A of g a t e  Period I (512 mi l l i s econds )  t h e  frequency 

t r ansmi t t ed  v a r i e s  from 3 MIlz t o  0.1 Pllfz; dur ing  sub-gate B o f  ga t e  

Period I ( a l s o  512 m s )  t h e  frequency i s  f i x e d , a t  4 MHz. 

A por t ion  of t h i s  energy i s  a l so  a p p l i e d  t o  two phase d e t e c t o r s  and 

a p u l s e  amplitude monitor. The energy r e t u r n i n g  on t h e  o t h e r  d i p o l e  -- 
c a l l e d  t h e  r ece ive  d i p o l e  -- produces a c u r r e n t  which i s  decomposed i n t o  

in-phase and quadra ture  components, each o f  which i s  then  measured by a 

phase d e t e c t o r .  

t o  give t e l eme t ry  s i g n a l s  represent ing  t h e  admittance o f  t h e  antenna i n  

The phase de t ec to r  ou tpu t s  are ampl i f ied  and averaged 

t h e  medium through which t h e  vehicle i s  passing. 

The r a d i o  frequency pu l ses  a f t e r  ampl i f i ca t ion  are obta ined  by g a t i n g  

t h e  output  of a 4 Mlz c r y s t a l  o s c i l l a t o r .  

ou tput  of  a vol tage  c o n t r o l l e d  o s c i l l a t o r  (VCO) dur ing  sub-gate A, t h e  

frequency of t h e  VCO going from 7 t o  4.1 Nllz. 

l i n g  t h i s  o s c i l l a t o r  i s  t r igge red  by t h e  lead ing  edge of each ga te  p u l s e  

Th i s  p u l s e  i s  mixed wi th  t h e  

The sweep vo l t age  con t ro l -  

and t h e  100 microsecond p u l s e r  i s  t r i g g e r e d  by 500 pps from t h e  pro- 

grammer. Both o f  t h e s e  c i r c u i t s  w i l l  free run when not  synchronized, 

During sub-gate B t h e  4 Mllz pulses do not pas s  through t h e  mixer and 

bypass t h e  low pass  f i l t e r  on the mixer output .  
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The frequency sweeping o s c i l l a t o r  (VCO) output  is ampl i f ied  and 

suppl ied  t o  t h e  v a r i a b l e  frequency impedance and resonance rect i f ica-  

t i o n  probe (Chapter 3 ) .  Frequency c a l i b r a t i o n  is  provided by feeding 

t h e  VCO square wave s i g n a l  through a 41.5 b%iz c r y s t a l  f i l t e r ,  Voltage 

p ips  are produced as t h e  input  frequency becomes equal  t o  var ious  sub- 

harmonics o f  41.5 Fllit .  

A switch s h o r t s  t h e  inpu t  t o  t h e  r e c e i v e r  during and f o r  about 10 

microseconds following t h e  t ransmi t ted  pu l se ,  One s t a g e  of  t h e  4 MHz 

in te rmedia te  frcquency ampl i f i e r  is  also '  shor ted  f o r  110 microseconds, 

During t h e  r ece ive  time (1.9 m s )  t h e  s i g n a l  passes  through a low pass  

f i l t e r  (0-3 MHz) t o  t h e  mixer which i s  fed from t h e  VCO. Receiver gain 

i s  such t h a t  50 microvol t  input  produces a 1 v o l t  de t ec t ed  output ,  

modified by a d e t e c t o r  f i l t e r  which produces t h e  r equ i r ed  response.  

During Periods I and I1 t h e  r ece ive r  amplitude vs.  time (A-Scan) w i l l  be 

app l i ed  t o  t h e  wide band te lemetry channel (Channel H ) .  

Per iod  I 1 1  a s i g n a l  o f  lowered bandwidth is appl ied  t o  a 2 KHz channel 

(b CW). 

t h e  t ransmi t  pulse .  

During t h e  

The r ece ive r  output is shor ted  t o  ground f o r  t h e  dura t ion  of 
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3 .  RESONANCE RECTIFICATION AND VARIABLE FREQUENCY IMPEDANCE PROBES 
J .  A .  F c j e r  and K .  R .  T ipp le  

3.1 Theore t i ca l  Considerations 

The resonance r e c t i f i c a t i o n  probe was o r i g i n a l l y  proposed by 

Japanese workers (Miyazaki et  a l . ,  1960) a s  a method o f  measuring e l e c t r o n  

concent ra t ions  i n  t h e  ionosphere.  In  t h e  form o r i g i n a l l y  proposed t h i s  was 

a probe t o  which a f ixed  dc voltage and a sweep-frequency rf vo l t age  was 

appl ied .  

o f  t h e  r a d i o  frequency. 

The dc cu r ren t  drawn by t h e  probe was measured a s  a func t ion  

Early labora tory  measurements (Niyazaki e t  a l . ,  1960) ind ica t ed  t h a t  

Recently,  a resonant  peak i n  t h e  dc cur ren t  occurs  a t  t h e  plasma frequency. 

independent t h e o r e t i c a l  work by F e j e r  (1963-1964) and by Harp (1963) suggested,  

however, t h a t  t h e  resonant  maximum i n  t h e  dc cu r ren t  i s  a s soc ia t ed  wi th  

a minimum i n  t h e  rf impedance and t h a t  t h e  two simultaneous resonant  effects  

( i n  t h e  dc cu r ren t  and i n  t h e  impedance) occur  a t  a frequency l e s s  than  t h e  

plasma frequcncy. The r e s u l t s  of l abo ra to ry  experiments (Pe ter  e t  a l . ,  1963, 

Crawford and llarp, 1964) a r e  i n  a t  l eas t  q u a l i t a t i v e  agreement with the  pre-  

d i c t i o n s  of the theory.  

The purpose o f  t h e  planned simultaneous measurements o f  rf probe 

impedance and of " r e c t i f i e d "  current  a s  func t ions  o f  t h e  frequency i n  t h e  

0.1-3 Miz range w i l l  bc p a r t l y  t o t e s t  t h e  t h e o r i e s  so f a r  proposed and 

p a r t l y  t o  o b t a i n  f u r t h e r  experimental d a t a .  T h i s  d a t a  w i l l  a l s o  show t h e  

e f f e c t s  of an e x t e r n a l  magnetic f i e l d  over  a cons iderable  range o f  va lues  

of  t h e  r a t i o  of t h e  plasma frequency t o  the e l e c t r o n  cyc lo t ron  frequency. 
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A sphe r i ca l  conductor w i t h  a diameter  of  4 - 1 / 2  inches w i l l  be used 

a s  a probc; t h e  " f loa t ing"  dc po ten t i a l  o f  t h e  probe r a t h e r  than  t h e  dc 

cur ren t  will bc mcasured simultaneously with t h e  in-phase and out-of-  

phase components of  t h e  suppl ied rf cu r ren t .  

to-peak w i l l  be appl ied  t o  t h e  probe and t h e  r a d i o  frequency w i l l  be cont inu-  

ous ly  var ied between 3 . 0  MIlz and 0 . 1  blllz. 

An rf vo l t age  o f  about 0.5V peak- 

An attempt w i l l  be made t o  r e f i n e  prev ious  t h e o r e t i c a l  c a l c u l a t i o n s  

of t h e  r f  impedance of  such a sphere (Fe je r ,  1964) and t o  compare t h e  r e s u l t s  

of  t h e  experimcnts with t h e  theory. 

e a r t h ' s  magnetic f i e l d  and the motion o f  t h e  rocke t  w i l l  a f f e c t  t h e  r e s u l t s  

of t h e  measurements and t h a t  only q u a l i t a t i v e  t h e o r e t i c a l  p red ic t ions  o f  t h e s e  

e f f e c t s  a r e  a v a i l a b l e  a t  p re sen t .  

I t  i s  r e a l i z e d  t h a t  t h e  presence of t h e  

In t h e  absence o f  an external  magnetic f i e l d  a resonant  maximum 

of  t h e  impedance a t  t h e  plasma frequency is  expected as well as a resonant  

minimum a t  some frcquency below the plasma frequency whose exact  va lue  

depends on t h e  e l c c t r o n  temperature. I n  t h e  presence of an ex te rna l  magnetic 

f i e l d  ( the  a c t u a l  s i t u a t i o n  i n  the  ionosphere) resonant  maxima are  expected 

t o  occur  a t  t h e  plasma frequency, t h e  upper hybrid frequency and a t  harmonics 

o f  t h e  cyc lo t ron  frequency. These a r e  a l s o  t h e  resonant  f requencies  which 

should be de t ec t ed  by t h e  resonance r e l a x a t i o n  probe and t h e i r  i d e n t i f i c a -  

t i o n  should,  t h e r e f o r e ,  not  be d i f f i c u l t  i f  they a r e  observable .  I t  would, 

o f  course ,  bc of  cons iderable  p rac t i ca l  advantage t o  d e t e c t  t h e s e  resonances 

wi th  t h e  a i d  o f  a small  probe ra ther  than  a l a r g e  antenna.  

3 . 2  Instrumentat ion 

A s impl i f i ed  block diagram of  t h e  ins t rumenta t ion  is  shown i n  F igure  4 .  

The resonance r e c t i f i c a t i o n  and the v a r i a b l e  frequency impedance measurements 
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a r e  made simultaneously during Period I1  using a 4 .5  ,rich d iameter  m e t a l l i c  

sphere a t  t h e  cnd o f  a 9-inch boom. 

used f o r  t h e  high frequency capaci tance and e l e c t r o s t a t i c  probe experiments;  

t h e  reed r e l a y  switching requi red  t o  accomplish t h i s  time sha r ing  i s  loca ted  

wi th in  an enlarged s e c t i o n  of  t h e  boom, as a r e  o t h e r  c i r c u i t  components 

with c r i t i c a l  s t r a y  capac i tance  r e s t r i c t i o n s .  

During Period 111 t h i s  same sphere is 

For t h e  two experiments under cons idera t ion  a r a d i o  frequency 

s i g n a l  of constant  amplitude 0.5 v o l t s  p tp  i s  swept over  t h e  range 3.0 

Mtlz t o  0.1 blllz. The  magnitude and phase o f  t h e  r .f .  cu r ren t  t o  t h e  probe 

are measured f o r  t h e  determinat ion of  t h e  impedance, and t h e  d.c .  p o t e n t i a l  

o f  t h e  probe i s  measured f o r  t h e  resonance r e c t i f i c a t i o n  experiment.  

3 .2 .1 .  Variable  Frequency Impedance Experiment 

The swept frequency s igna l  i s  appl ied t o  t h e  probe through a 

broadband t ransformer of  r a t h e r  c r i t i c a l  des ign ,  and a vol tage  p ropor t iona l  

t o  t h e  probe cu r ren t  i s  developed across  t h e  c a p a c i t o r  C2. 

imaginary p a r t s  of  t h e  probe impedance a r e  deduced from t h e  ou tpu t s  o f  two 

phase s e n s i t i v e  d e t e c t o r s  operat ing a t  10 Kllz.  

low frequency de tec t ion  c i r c u i t s  overcomes the  d i f f i c u l t i e s  a s soc ia t ed  with 

broadband devices ,  t h e  broadband t ransformer being t h e  only  c r i t i c a l  component. 

The real  and 

The use  of  narrow band, 

The c a l i b r a t e d  7 .0  Mllz t o  4 . 1  Mllz sweep s i g n a l  from t h e  resonance 

r e l a x a t i o n  probe i s  obtained by means of  a coaxia l  c a b l e  connect ion.  

s i g n a l  i s  mixed i n  a r i n g  diodc switching mixer with a 4.000 MHz c r y s t a l  

o s c i l l a t o r  which has a frequency s t a b i l i t y  of 0.001% over  t h e  est imated 

maximum temperature range of  p lus  20°C t o  p lus  6OoC. 

t o  0.1 blhz s i g n a l  i s  passed through a low pass f i l t e r  t o  remove 4 btlz and 

This  

The r e s u l t i n g  3 . 0  Mllz 
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higher  f rcqucncics .  

appl ied  t o  an cmitter fo l lowcr  probe d r i v e r  s t a g e .  The s i g n a l  i s  a l s o  

peak de tec ted  and t h e  r e s u l t i n g  d.c. s i g n a l  i s  amplif ied and used as a 

l e v c l  c o n t r o l  f o r  t h c  c r y s t a l  o s c i l l a t o r .  This  A . G . C .  system main ta ins  

t h e  s i g n a l  appl ied  t o  t h e  probe driver s t a g e  cons tan t  w i t h i n  0.5 db over  t h e  

sweep frequency range. 

c r y s t a l  t o  develop t h c  2.99 F1iIz t o  0.09  Flllz sweep. 

The 3 .0  b111z t o  0.1 MI12 s i g n a l  i s  then ampl i f ied  and 

S i m i l a r  c i r c u i t r y  i s  used with t h e  4.010 MHz 

C 2  i s  a 390 p f  c a p a c i t o r  used t o  develop a v o l t a g e  propor t iona l  

t o  t h e  probe c u r r c n t .  

t o  have s u f f i c i e n t l y  large reactance t o  devclop an e a s i l y  handled v o l t a g e  

a t  t h e  high frequency end o f  t h e  range and t h e  need t o  have much less 

reac tance  a t  t h e  low end o f  t h e  frequency range than  t h e  input  impedance o f  

t h e  succeeding a m p l i f i e r .  

than  t h e  reac tance  of t h e  capac i to r ,  t h e  probe c u r r e n t  w i l l  f low through a 

complex impedance r a t h e r  than a purcly imaginary one and t h e  r e s u l t i n g  vol tage  

w i l l  undergo progress ive ly  g r e a t e r  changes i n  phase s h i f t  as t h e  frequency 

is  reduced toward 0.1 Flllz. 

c a p a c i t o r  and a l s o  limits t h e  maximum vol tage  developed a c r o s s  C 2  under 

c o n d i t i o n s  o f  very low probe impedance. 

t h e  2.99 MIz t o  0.09 Mlz swept frequency s i g n a l  i n  a s i n g l e  ended switching 

t y p e  mixer t o  produce a 10 Kllz s i gna l ,  which then i s  f i l t e r e d ,  ampl i f ied  

and f e d  t o  t h e  anplitude-phase de t ec to r s .  

d e t e c t o r s  i s  developed i n  a mixer and f i l t e r  system s i m i l a r  t o  t h a t  used 

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

by a f a c t o r  o f  10 and fed t o  t h e  te lemetry system. 

This  value r c p r e s e n t s  a compromise between t h e  need 

If t h e  a m p l i f i e r  input  impedance is  not  much higher  

C1, a 220 p f  c a p a c i t o r ,  serves as a d.c .  blocking 

The sweep s i g n a l  from C2 i s  mixed with 

The 10 Kllz r e f e r e n c e  s i g n a l  f o r  t h e  

The d . c .  ou tputs  from t h e  d e t e c t o r s  a r e  ampl i f ied  

Since t h e  d e t e c t o r  output  
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can be  either positive or negative, while the telemetry system accepts 

only positive signals, an offset is introduced at the amplifier output 

equal to 50% of the telemetry range under conditions of zero detector output. 

The two outputs are telemetered on Channels 12 CW and 10 Cw. 

3 . 2 . 2  Resonance Rectification Exneriment 

This experiment is done by a measurement of  the d.c. potential 

developed on the probe throughout the period of the frequency sweep. 

commercially available operational amplifier is used to match the high 

impedance probe circuit to the much lower impedance telemetry circuit. 

R1 is a 5 megohm resistor used to block rf before the shielded cable 

connection to R2. 

represents a compromise between t h c  need to load the probe as lightly as 

possible and the limitations imposed on the circuit impedance by the input 

impedance and leakage currents ofthe operational amplifier. 

megohm feedback resistor used to provide a voltage gain of two between the 

input to R2 and the output of the operational amplifier. 

high voltage gain of the amplifier (30,000 minimum) combined with the high 

impedance associated with the amplifier input circuit it has been found 

necessary to shield the amplifier and its associated circuitry, including 

R2 and R3, in order to minimize stray pickup. 

on channel 8 CW. 

3.2.3 Programming and In-Flight Calibration 

A 

A value of 200 megohms was chosen for R2; this value 

R3 is a 400 

Because of the 

The output is telemetered 

The resonance rectification and variable frequency impedance experiments 

will be operational for only one-third of  the time. 

for 512 msec followed by an off period of 1024 msec as described in Chapter 6 .  

They will be activated 
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The s igna l  t o  t u r n  t h e  experiments on and hold them on is provided by 

"Gate 2,"  a 10-volt  s t e p  which appears f o r  t h e  proper  512 msec pe r iod .  

s t e p  i s  de tec ted  by a Schmidt t r i g g e r  and used t o  apply B p l u s  vo l t age  t o  

t h e  c r y s t a l  o s c i l l a t o r s  and t h e  d r ive r s  f o r  mixers #1 and # 2 .  The output  

from t h e  Schmidt t r i g g e r  i s  a l s o  used t o  t r i g g e r  a one shot  m u l t i v i b r a t o r  

with a per iod of  15 msec. T h i s  15 msec s i g n a l ,  which occurs  a t  t h e  beginning 

o f  each 512 msec ope ra t iona l  per iod,  i s  used t o  c l o s e  normally open reed  

r e l a y s  w h i c h  shunt t o  ground t h e  10 Klfz s i g n a l  i n  t h e  v a r i a b l e  frequency 

impedance experiment and t h e  d . c .  from t h e  probe i n  t h e  resonance r e c t i f i c a t i o n  

experiment. This  procedure provides a 15 msec zero  l e v e l  c a l i b r a t i o n  pe r iod  

f o r  each cyc le  so  t h a t  any d r i f t  i n  t h e  d.c.  a m p l i f i e r s ,  phase d e t e c t o r s  and 

te lemet ry  system can be observed. 

measurements by increas ing  t h e  e f f e c t i v e  dynamic range of  t h e  system, two 

ga in  p o s i t i o n s  a r e  provided i n  the 10 KIfz a m p l i f i e r  fol lowing mixer # 3 .  The 

ga in  change i s  achieved w i t h  t h e  a id  of  a reed r e l a y  which i s  energized every 

o t h e r  opera t iona l  pcr iod  by a subgate which appears  f o r  1536 msec every 

3072 msec. 

3 . 2 . 4  Pre-Fl ight  Ca l ib ra t ion  

This  

To improve t h e  accuracy of  t h e  impedance 

P re - f l i gh t  c a l i b r a t i o n  of t h e  v a r i a b l e  frequency impedance i n s t r u -  

mentat ion i s  performed by measuring t h e  s igna l  l e v e l s  o f  t h e  two output  

channels  which r e s u l t  when t h e  probe sphere i s  rep laced  by seve ra l  known 

va lues  of  r e s i s t a n c e  and capaci tance.  

a number o f  d i f f e r e n t  f i xed  frequencies within t h e  3 . 0  Mlz t o  0 . 1  Mllz range.  

These measurements a r e  performed a t  

P r e - f l i g h t  c a l i b r a t i o n  of t h e  resonance r e c t i f i c a t i o n  ins t rumenta t ion  

c o n s i s t s  of  measuring t h e  output  s igna l  vo l tage  which r e s u l t s  from applying 

a known d.c. vo l t age  t o  t h e  probe sphcre.  
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4 .  T I E  IlICIl FREQUENCY CAPACITANCE PROBE 
N .  Eakcr and  W .  l l e i k k i l a  

I 4 . 1  Theory 

A t  f requencies  well above a l l  resonance and gyro-frequencies  t h e  

plasma may be considered a simple d i e l e c t r i c  with r e l a t i v e  d i e l e c t r i c  

constant  s l i g h t l y  less than uni ty .  The impedance of  an i s o l a t e d  body, such 

as t h e  4.5 inch sphe r i ca l  probe, is then.  c a p a c i t i v e ,  with capac i tance  

s l i g h t l y  below i t s  f r e e  space value; t h i s  capac i tance  is a measure of  t h e  

d i e l e c t r i c  cons tan t .  

I f  t h e  d i e l e c t r i c  constant  E= E - E ~ ,  with c0 being t h e  va lue  i n  

f r e e  space and E,’ being t h e  r e l a t i v e  d i e l e c t r i c  constant  of  t h e  plasma, then  

we may s e t  E = 1 + A w i t h  A a small q u a n t i t y .  I t  may be shown r e a d i l y  

t h a t  t h e  capac i tance  C of a sphere immersed i n  t h e  plasma i s  given by t h e  

formula : 

If Co is t h e  capac i tance  i n  free space and d i s t ancc  x = r/rp i s  measured 

i n  u n i t s  o f  probe r a d i u s ,  t h e  f r a c t i o n a l  change i n  capac i tance ,  caused by 

t h e  plasma i s  then given by the formula: 

A(x) 
7 

c o  I 

A C  / =  c ------- - c, ”, /- 
C 

0 

The v a r i a t i o n  of  d i e l e c t r i c  constant i s  p a r t  of t h e  in tegrand  s i n c e  it i s  

a func t ion  o f  p o s i t i o n  i n  t h e  ion  shea th .  The formula shows t h a t  a n e t  

decrease  i n  capac i tance  r e s u l t s  from t h e  in t roduc t ion  of t h e  plasma, s i n c e  A 

i s  then  negat ive .  
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The dcpentlencc o f  t h e  d i e l e c t r i c  cons tan t  on e l e c t r o n  c o l l i s i o n  

frcqucncy i s  givcr i  l y  ttic Appleton-llartrec magnetoionic formula ( R a t c l i f f e ,  

1959) under the assumption that there i s  no dependence on e l e c t r o n  energy.  

In f a c t  the c o l l i s i o n  f rcq~iency  has been shown t o  be a s t rong  func t ion  of 

t h e  energy, and 3 genera l ized  magnetoionic theory  (Budden, 1965) may be 

requi red  f o r  a p ropcr  i n t e r p r e t a t i o n  o f  experimental  resu l t s .  In  e i t h e r  

c a s e ,  both t h e  e l e c t r o n  concentrat ion and t h e  c o l l i s i o n  frequency can be 

evaluated by means of s u f f i c i c n t l y  a c c u r a t e  measurements o f  t h e  probe 

capac i tance  a t  two f requencies .  In t h e  present instrument  t h e  two f requencies  

used a re  5 and 10 bfllz. 

In t h e  present  instrument t h e  probe i s  a 4.5 inch  diameter  sphere  

whose capac i tance  is used i n  an  LC o s c i l l a t o r  c i r c u i t ,  and t h e  frequency o f  

o s c i l l a t i o n  i s  measured. This  frequency i s  given i n  terms of  t h e  f ree  

space probe capac i tance  Cp, s t ray  capac i tance  C C ,  inductance L ,  and r e l a t ive  

d i e l e c t r i c  cons tan t  E -  as 

In p r a c t i c e  t h e  o s c i l l a t o r  frequency may d r i f t  slowly due t o  a 

v a r i e t y  o f  causes ,  t hus  introducing e r r o r  i n t o  t h e  probe da ta .  This  d r i f t  

may be allowed f o r  by  applying pe r iod ica l ly  a l a r g e  nega t ive  b i a s  t o  t h e  

probe;  with t h e  e l e c t r o n s  repel led f a r  away from t h e  probe frequency r e t u r n s  

towards i t s  f ree  space va lue  fo .  Experience has  shown t h a t  f o r  low e l e c t r o n  

concen t r a t ions  t h e  r e t u r n  i s  e s s e n t i a l l y  complete, and f o r  high concen t r a t ions  

t h e  e r r o r s  clue t o  o s c i l l a t o r  d r i f t  a re  n e g l i g i b l e  i n  any case; t h e r e f o r e ,  

t h e  r e l a t i v e  frequency change may be eva lua ted  experimental ly  with good 
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precision. Making the approximation that relative dielectric constant 

is near unity, as appropriatc to a high operating frequency, the relative 

frequency change may be written as 

The constant K = may be regarded as an instrumental merit factor 
cp+cc 

since it is equal to unity for an ideal probe with no stray capacitance. 

It may be evaluated by calibration, as described below. 

In the present experiments, N will be'known from the results of 

the resonance relaxation experiment. 

capacitance probe result from this value may be interpreted as being due 

to the ion sheath effects. 

4 . 2  Instrumentation 

Any departure of the high frequency 

The instrument measures small changes in probe capacitance at two 

operating frequencies (5 MIlz and 10 Mlz) in order to provide a determination 

of both electron concentration and collision frequency. 

values of probe bias potential are used, from near zero to -300 volts, in 

order to permit study of the ion sheath about the probe. 

designed to provide 100 1.1s time resolution so that transient sheath effects 

may be observed. 

4.2.1 Oscillator Circuit 

Several different 

All circuits are 

The heart of the instrument is an oscillator whose frequency is 

The frequency measurement determined in part by the probe capacitance. 

was considered preferable to alternatives, such as bridge unbalance voltage 

or r.f. current measurements, from the points of  view of sensitivity, accuracy, 
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s i m p l i c i t y ,  and convenience. 

The e s s e n t i a l  c i r c u i t  conf igura t ion  is shown i n  F igure  5. The 

sphere i s  connected through an inductance t o  t h e  g r i d  o f  a n u v i s t e r  i n  a 

Clapp o s c i l l a t o r  c i r c u i t .  

being s h o r t  c i r c u i t e d  f o r  operat ion a t  10 MHz, whi le  t h e  combined inductance 

resonates  a t  5 bfllz. The c o i l  i s  loca ted  wi th in  t h e  mast, and t h e  series 

connection permits  t h e  connecting wire  t o  be a t  a low impedance po in t  i n  

t h e  c i r c u i t .  

swamp out  t h e  s t r a y  c a p a c i t i e s  which are  not  i n  series with t h e  inductance.  

The resonant  frequency of  t h i s  c i r c u i t  is i n s e n s i t i v e  t o  l a r g e  dc p o t e n t i a l s  

appl ied  t o  t h e  probe. 

t h e  amplitude of  o s c i l l a t i o n  a t  less than  1 v o l t  rms. 

4 . 2 . 2  Programming 

T h e  inductance i s  a c t u a l l y  i n  two p a r t s ;  one 

In t h e  Clapp o s c i l l a t o r ,  t h e  two l a rge  c a p a c i t o r s  CA and CB 

A feedback loop from t h e  output  a m p l i f i e r  main ta ins  

A complex b i a s  vol tage  program i s  appl ied  t o  t h e  probe dur ing  

Period 111, as shown i n  Figure 6.  W i t h  t h i s  program, it is hoped t o  

s tudy  t h e  e f f e c t i v e  ion sheath thickness  as a func t ion  o f  p o t e n t i a l .  After 

each negat ive  b i a s  s t e p  t h e  p o t e n t i a l  i s  re turned  t o  a small p o s i t i v e  va lue  

(1.4 v o l t s )  with r e spec t  t o  t h e  rocket ,  al though it  i s  t o  be expected 

t h a t  t h e  l a r g e  sphere w i l l  always remain s l i g h t l y  nega t ive  wi th  r e spec t  t o  

t h e  plasma. S ix  f ixed  values  of negat ive b i a s ,  from -1 t o  -300 v o l t s  were 

chosen, each being appl ied  f o r  16ms.  A low vo l t age  sweep is  a l s o  included,  

without  r.f.  e x c i t a t i o n  on a l t e r n a t e  sweeps, i n  an e f f o r t  t o  check f o r  any 

effect  of  t h e  r .f .  e x c i t a t i o n  on t h e  plasma. 

d u r a t i o n ,  permit  a more accu ra t e  determinat ion of  t h e  plasma parameters  af ter  

t r a n s i e n t  shea th  e f f e c t s  have disappeared. 

The longer  b i a s  s t e p s ,  o f  64 m s .  

The opera t ing  frequency i s  5 Mllz 
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during t h e  whole b i a s  program except dur ing  t h e  l a s t  p a i r  of b i a s  va lues  

when t h e  10 bfllz va lue  i s  used. The f requency,  which may inc rease  by as much 

as 1 Mllz under t h e  inf luence  of t h e  ionospher ic  plasma, i s  measured by 

means of a d i sc r imina to r  and a counter as descr ibed  below. 

4 . 2 . 3  Data IIandling and Cal ibra t ion  

The p r e c i s e  va lue  of t h e  o s c i l l a t o r  frequency is t h e  q u a n t i t y  t o  

be measured and te lemetered,  w i t h  a time r e s o l u t i o n  o f  100 LIS. This  

is accomplished p r i n c i p a l l y  by means of  a p u l s e  averaging d i sc r imina to r .  

Various mixer s t a g e s  are  used t o  heterodyne t h e  frequency down t o  t h e  

range 0 t o  1 MHz. The output i s  te lemetered with two d i f f e r e n t  s e n s i t i v i t i e s ,  

a s  shown i n  Figure 5 ,  on channels H and 1 2  CW. A second independent 

frequency measurement i s  made by counting c y c l e s  during s p e c i f i c  gated 

per iods  shown i n  t h e  b i a s  program, Figure 6. 

A l abo ra to ry  c a l i b r a t i o n  is r equ i r ed  f o r  determing t h e  va lue  o f  K .  

The c i r c u i t  s t r a y s  (neglect ing for t h e  moment f r i n g i n g  capac i tance)  a r e  

determined by connect ing a ca l ib ra t ed  micrometer c a p a c i t o r  t o  t h e  o s c i l l a t o r  

inductor  with t h e  sphere  removed. 

i n t o  t h e  c i rcui t  and t h e  o s c i l l a t o r  frequency is measured a t  each p o i n t .  

Severa l  va lues  o f  capac i tance  are ad jus t ed  

This  

information i s  p l o t t e d  aga ins t  l /fL and t h e  amount o f  s t r a y  capac i tance  i s  

deduced from t h e  i n t e r c e p t  on t h e  C-axis.  This  capac i tance  w i l l  be c a l l e d  

Ccp t o  i n d i c a t e  s t r a y  capaci tance a s  measured from t h e  inductor .  

of measuring s t r a y  capaci tance i s  t o  use  two spheres  of  d i f f e r e n t  sizes.  

Another method 

The 

two sphere method al lows t h e  s t r a y  capac i tance  from t h e  sphere t o  t h e  mast 

and rocket  body t o  be measured. 

j u s t  enough t o  ob ta in  d i f f e r e n t  frequency readings .  

t h e s e  measurements must be made i n  a l a r g e ,  open area. 

on a model c i r c u i t  have ind ica t ed  s t r a y  capac i tances  i n  t h e  o rde r  o f  10 p f .  

The sphere s izes  need t o  be s l i g h t l y  d i f f e r e n t ,  

Due t o  t h e  high s e n s i t i v i t y ,  

Measurements taken 
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This  g ives  a value  f o r  K of about 0 .4 .  

value f o r  I(. would be 1. 

I f  there were no strays the 
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5. ELECTROSTATIC PROBES 
W .  J .  l le ikki la  and N .  Eaker 

5 .1  Theory 

The recent  complcte theo r i e s  of  sphe r i ca l  e l e c t r o s t a t i c  probes 

(Bernstein and Rabinowitz, Su and Lam, Cohen) p r e d i c t  both t h e  concentra-  

t i o n  p r o f i l e s  throughout t h e  sheath,  as wel l  as t h e  magnitude of t h e  cu r ren t  

c o l l e c t e d ,  a s  func t ions  of  t h e  probe poteri-t ial .  Two independent checks on 

t h e  theory a r e  thus  a v a i l a b l e  through t h e  r.f.  impedance and d.c .  cu r ren t  

measurements, a t  l e a s t  near  t h e  peak o f  t h e  t r a j e c t o r y ;  a t  lower a l t i t u d e s  

t h e  rocket v e l o c i t y  nay be a major f a c t o r  i n  determining probe behavior ,  

bu t  no adequate theory e x i s t s  t o  expla in  t h i s  q u a n t i t a t i v e l y .  The measure- 

ments should he lp  i n  o r i e n t i n g  any t h e o r e t i c a l  approach t o  t h e  problem. 

5.2 Instrumentat ion 

D .  C .  probe mcasurcments o f  two kinds a r e  included i n  t h e  MIP 

payload. These a r e :  (a) t h e  measurement o f  t he  ion  cu r ren t  t o  t h e  l a r g e  

spherc  throughout t h e  b i a s  program t h a t  is  appl ied dur ing  Period I11 

(Figure 6 ) ,  and (b)  s tandard  Langmuir probe measurements throughout each frame, 

us ing  a l t e r n a t e l y  a sphe r i ca l  and a c y l i n d r i c a l  probe (Figure 7 ) .  The 

former i s  r e f e r r e d  t o  a s  t h e  e l e c t r o s t a t i c  probe measurement t o  d i s t i n g u i s h  

it from t h e  Langmuir probe measurcment . 
5.2.1 E l e c t r o s t a t i c  Probe 

The e lec t rometer  c i r c u i t  c o n s i s t s  o f  a high ga in  ope ra t iona l  

a m p l i f i e r  connected i n  s e r i e s  w i t h  t h e  vol tage  programmer as shown i n  Figure 5. 

The e f f e c t i v e  e lec t rometer  input  impedance i s  less than  one ohm. The 

i n t e r n a l  impedancc of  t h e  vol tage  programmer i s  150K ohms. An i s o l a t i o n  
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r e s i s t o r  of  l00K ohms is a l s o  i n  t h e  c i r c u i t .  A time r e s o l u t i o n  o f  

100 us i s  achieved with t h i s  c i r c u i t .  

e lec t rometer  is  lo-' t o  amperes, covered i n  f i ve  decades by means 

of an automatic  ranging c i r c u i t .  

e i t h e r  p o l a r i t y  o f  probe c u r r e n t ,  

on channel 8 CW, and t h e  range information on channel 10 CW. 

The dynamic range o f  t h e  

A p o s i t i v e  output  is  maintained f o r  

The main information is  te lemetered  

5 . 2 . 2  Langmuir Probes 

Standard Langmuir probes ope ra t ing  dur ing  a l l  pe r iods  have 

been included t o  provide f o r  f u r t h e r  checks on cons is tency  o f  d a t a  

from a l l  t h e  probes,  t o  provide measurements wi th in  t h e  ion  shea th  

surrounding t h e  l a rge  s p h e r i c a l  probe, and t o  permit de te rmina t ion  

o f  v e h i c l e  p o t e n t i a l .  

Two probes are used a l t e r n a t e l y  dur ing  consecut ive frames 

wi th  t h e  same e lec t rometer ,  switching being accomplished by means o f  

a reed  r e l ay .  The r ad ius  o f  t h e  s p h e r i c a l  probe i s  4 . 7 8  mm; it i s  

gold p l a t e d  aluminum, welded a t  t h e  end of a 2 0 . 3  cm Monel wire. 

c y l i n d r i c a l  probe is gold p l a t ed  Monel wire .445 mm i n  r a d i u s ,  loca ted  

a t  t h e  end of  a 15.3 cm lrlonel wire. 

ionosphere when t h e  clamshell  nosecone i s  re leased .  

The 

Both probes are exposed t o  t h e  

The probe vol tage  is swept from - 3 . 0  t o  + 2 . 8  v o l t s  i n  48  ms. 

and i s  then held cons tan t  f o r  16 ms. 

i n  f o r  one sweep dur ing  each frame. 

t h e  one descr ibed i n  sec t ion  5.1, and t h e  information i s  te lemetered  

on channel 14 .  

channel 8 C1J and on channels 6 and 22 of t h e  commutator. 

A c a l i b r a t i o n  r e g i s t o r  is  switched 

The e l ec t rome te r  i s  i d e n t i c a l  t o  

Ranging information i s  te lemetered dur ing  Period I on 
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6 .  AIJXILIARY INSTRIJMENTATION 

6.1 The blain b1.I.P. Programmer (K. L. Bickel) 

The b1.I.P. Programmer i s  required t o  provide t h e  t iming and 

synchronizat ion s i g n a l s  t o  a l l  experiments aboard t h e  rocket  payload. 

Since t h e  var ious  experiments operate  on a time sha r ing  b a s i s ,  t h e  programmer 

must provide g a t e s  and s i g n a l s  t o  each experiment t o  con t ro l  i t s  ope ra t ion  

and i n  some cases  i t s  mode of operat ion.  *In a d d i t i o n ,  t h e  programmer w i l l  

switch t h e  te lemet ry  inpu t s  t o  the proper  experiments ,  thus  al lowing t h e  

experiments t o  sha re  te lemet ry  channels. 

programmer package are a 30 channel PAM commutator and a f i v e  po le ,  t h r e e  

p o s i t i o n  e l e c t r o n i c  switch.  

Phys ica l ly  included i n  t h e  

The backbone of  t h e  programmer c o n s i s t s  o f  a 2 KHz m u l t i v i b r a t o r  

o s c i l l a t o r  d r iv ing  a 13  s t a g e  f l i p - f l o p  countdown cha in  (Figure 8 ) .  

p l aces  a long t h e  f l i p - f l o p  cha in ,  f ree-running mul t iv ib ra to r s  are i n s e r t e d  

t o  ensure aga ins t  t o t a l  f a i lu re  of t iming s i g n a l s  should the  cha in  be broken 

by a f l i p - f l o p  f a i l u r e .  

ope ra t e  a t  a lower frequency than normally encountered a t  its p o s i t i o n ,  and 

it is  forced t o  ope ra t e  a t  t h e  proper frequency by synchronizat ion s i g n a l s  

from t h e  preceding f l i p - € l o p .  

experiment which i s  dependent upon s i g n a l s  preceding t h e  break w i l l  be  

d i sab led ,  e i t h e r  p a r t i a l l y  o r  t o t a l l y ,  but  o t h e r  experiments w i l l  cont inue  

t o  func t ion  a t  a s lower r a t e .  

A t  two 

Each free-running m u l t i v i b r a t o r  is ad jus t ed  t o  

I f  t h e  t iming chain should be broken, any 

The complete programmer i s  cons t ruc t ed  on f i v e  c i r c u i t  boards,  each 

measuring f o u r  inches i n  length  by t h r e e  inches i n  width. Most of  t h e  in -  

d iv idua l  c i r c u i t s  a r e  contained i n  modules which are then  so ldered  t o  t h e  
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above mentioned c i r c u i t  boards.  

by 0.6 inch and conta ins  two o r  three f l i p - f l o p s ,  "and" c i r c u i t s ,  o r  "nor" 

c i r c u i t s .  

c i r c u i t  boards con ta ins  34 emit ter  fo l lowers  t o  provide  i s o l a t i o n  and low 

impedance outputs  on a l l  s i g n a l  leads from t h e  programmer. 

l ead  i s  i s o l a t e d  so  t h a t  t h e  loading e f f e c t  of one experiment w i l l  no t  affect  

t h e  inputs  t o  t h e  o t h e r  experiments. Another o f  t h e  f i v e  c i r c u i t  boards 

conta ins  t h e  regula ted  power suppl ies  requi red  by t h e  programmer and t h e  

commutator t iming and con t ro l  s i g n a l  sources .  The t h i r d  c i r c u i t  board 

conta ins  t h e  t ime base w h i l e  t h e  last two boards con ta in  t h e  b a s i c  l o g i c  

which provides t h e  var ious  g a t e  s igna l s  which a r e  r equ i r ed .  

6.1.1 Time Base 

Each module measures one inch  by 0.65 inch ,  

A t o t a l  of 31 modules are used i n  t h e  MIP Programmer. One o f  t h e  

Each output  

The time base (Figure 8) i s  cons t ruc ted  o f  a l l  s i l i c o n  t r a n s i s t o r i z e d  

c i r c u i t r y  and is  powered by a +5V power supply.  The supply vo l t age  is 

l imi t ed  t o  5 v o l t s  t o  prevent emi t te r  t o  base breakdown of t h e  va r ious  

switching t r a n s i s t o r s  which a r e  driven i n t o  t h e  cu t -o f f  cond i t ion  through 

capac i to r s .  The b a s i c  o s c i l l a t o r  (225)  is  a free-running m u l t i v i b r a t o r  

opera t ing  a t  approximately 2 Kliz. I t s  output  ( l abe led  " t f ' )  is used t o  

d r i v e  two f l i p - f l o p s  i n  226 .  

Kllz s igna l  down t o  500 112. 

is  s e t  a t  250 b i t s  p e r  second, and t h e  commutator s i g n a l s  are inva luab le  i n  

t h e  event of experiment malfunction, a synchronized free running m u l t i v i b r a t o r  

i s  used t o  d r i v e  t h e  next f l i p - f l o p  i n  t h e  cha in .  The m u l t i v i b r a t o r  (227)  i s  

Synchronized by t h e  outputs  o f  f l i p - f l o p  "b" and w i l l  ope ra t e  a t  500 tlz a s  

long as s i g n a l s  a r e  received.  The output  o f  t h e  m u l t i v i b r a t o r  (227)  is used 

The two f l i p - f l o p s  ("a" and f 'bf') d i v i d e  t h e  

Since t h e  b a s i c  r a t e  of  t h e  te lemet ry  commutator 
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t o  d r i v e  t h e  f l i p - f l o p  chain cons is t ing  of  8 f l i p - f l o p s  i n  t h e  f o u r  modules 

228 through 231. These f l i p - f l o p s  are labe led  "c, d ,  e ,  f ,  g ,  h ,  i ,  and jll 

f o r  convenience. 

from f l i p - f l o p  I l f "  through "j". 

Both t h e  normal and t h e  complementary ou tpu t s  a r e  suppl ied  

The bas i c  blIP payload contains  t h r e e  s e p a r a t e  experimental  packages 

which ope ra t e  s e q u e n t i a l l y  on a shared time b a s i s .  S ince  t h e  "ON" time f o r  

each experiment i s  t o  be 512 mi l l i seconds ,  t h e  t iming cha in  must d i v i d e  t h e  

output  of f l i p - f l o p  t f j t t  by t h r e e  t o  provide cont inuous ope ra t ion  of t h e  pay- 

load.  

233 conta ins  two f l i p - f l o p s  (I1, and l'!) which normally d i v i d e  by f o u r ;  how- 

eve r ,  a t  t h e  beginning of  t h e  four th  pe r iod ,  t h e  AND c i r c u i t  i n  234 is  ac t i -  

va ted  and it ,  i n  t u r n ,  resets f l i p - f l o p s  "k" and "1" back t o  t h e  first per iod  

condi t ions .  The t h r e e  r e s u l t i n g  per iods  are  labe led  Period I ,  Period 11, and 

Period 111. Since t h e  continued opera t ion  of  t h e  per iod  counter  i s  important 

t o  even p a r t i a l  success  o f  t h e  experiment, a synchronized free running mul t i -  

v i b r a t o r  i s  i n s e r t e d  i n t o  t h e  timing chain between f l i p - f l o p  "jfl  and t h e  

divide-by-three f l i p - f l o p s  "k" and "1". 

t h e  t iming chain preceding t h e  mul t iv ibra tor  i n  232, t h e  m u l t i v i b r a t o r  w i l l  

f r e e r u n  a t  a per iod  longer  than  the normal 512 mi l l i s econds  and w i l l  cont inue  

t o  a c t i v i a t e  t h e  var ious  experiments i n  t u r n ,  bu t  a t  a slower ra te .  

This  d i v i s i o n  by t h r e e  i s  accomplished by t h e  233 and 234 modules. 

In t h e  event  of  a malfunction of  

The f i n a l  requirement o f  the time base i s  t o  d i v i d e  each t h r e e  per iod  

c y c l e  i n t o  a l t e r n a t e  sub-periods which are c a l l e d  subgate  A, and subgate  B. 

The t o t a l  cyc le  time f o r  t h e  complete time base i s  thus  3,072 mi l l i seconds .  

The subgate  s i g n a l s  w i l l  a l low the va r ious  experiments t o  ope ra t e  i n  d i f f e r e n t  

modes on a l t e r n a t e  measurements. 
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Figure 9 i s  a t iming chart  which ind ica t ed  t h e  va r ious  waveforms and 

time r e l a t i o n s h i p s  of  t he  time base s i g n a l s  from f l i p - f l o p  "h" through t h e  

subgate  ou tpu t s .  

d i r e c t l y  t o  t h e  var ious  experiments. They a r e  used,  by t h e  remainder of t h e  

programmer, t o  genera te  t h e  gates  and s i g n a l s  ( i n  a s tandard ized  vo l t age  and 

impedance form) which a r e  required elsewhere.  The amplitudes o f  t h e  s i g n a l s  

generated by t h c  time base  are  t h u s :  

None of  t h e  s igna ls  generated i n  t h e  time base  are connected 

t h e  "1" s i g n a l s  must be p o s i t i v e  a t  

least  two v o l t s  with respec t  t o  the common and t h e  "0" l e v e l s  must not be more 

than  0.3 v o l t s  p o s i t i v e  with respect  t o  t h e  wmmon lead .  

6.1.2 Gate Generation 

The g a t e s  requi red  by t h e  High Frequency Capacitance Probe package 

a re  shown on Figure 10 and a t  t h e  upper p a r t  o f  Figure 11. These g a t e s  are  

produced by combining t h e  outputs of v a r i o u s  f l i p - f l o p s  i n  t h e  t iming cha in  

through ttandtt  and "nand" c i r c u i t s  i n  such a manner t h a t  t h e  proper  g a t e s  are  

genera ted .  

each g a t e  func t ion  i n  terms o f  the minterm requirements.  

s i o n s  were then  entered on a Karnaugh map where they  were ana l i zed  t o  o b t a i n  

t h e  s imples t  p o s s i b l e  log ic  equations f o r  each g a t e .  

l o g i c  equat ions ,  t h e  a c t u a l  c i r c u i t r y  was designed,  using "and" and "nandtt 

c i r c u i t s  as ind ica t ed .  A typ ica l  example i s  shown i n  Figure 1 2 .  

The general  procedure uscd f o r  t h e  l o g i c  design was t o  express  

The minterm expres-  

From t h e s e  s i m p l i f i e d  

Each output  from t h e  programmer must  have an output  o f  10 v o l t s  

minimum with an output  impedance of 10K ohm. 

from every o t h e r  output  so  t h a t  if any l i n e  i s  grounded, no o t h e r  ou tputs  

w i l l  be a f f ec t ed .  

supply  and are  connected through e m i t t e r  fo l lowers  t o  t h e  output  l i n e s .  

t y p i c a l  e m i t t e r  fo l lower  i s  shown i n  Figure 13. 

Each output  must a l s o  be i s o l a t e d  

Thc log ic  circuits a r e  operated from an eleven v o l t  power 

The 
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6.1.3 Commutator 

The 30 channel pulse amplitude modulated commutator is provided to 

allow monitoring of various voltages and functions during flight. 

commutator would normally repeat its operation for every 30 clock pulses 

applied to it and it is desirable to maintain synchronism between the time 

base and the commutator, a special clock signal has to be generated which 

supplies only 30 pulses t o  the commutator for every 32 cycles of the timing 

Since the 

chain. 

part of Figure 14. 

channels 29 and 30 constitute the master synchronization pulse of the 

commutator. 

The wave form for the commutator clock signal is shown on the top 

The two missing pulses are placed after channel 28 since 

The commutator repeats its cycle every 128 milliseconds; therefore, 

four complete commutator scans are produced during each period. 

6.2 Telemetry (N. Eaker) 

The telemetry package is supplied by Goddard Space Flight Center, 

Beltsville, Maryland. The following is a brief description of the system. 

The system is comprised of a Vector Engineering Transmitter TRPT-250, 

which produces 1/4 watt of power at 240.2 MHz. 

by a phasing network to 60' sweep turnstile antennas. 

fed to the transmitter by a set of eight Vector sub-carrier oscillators. 

The sub-carrier oscillators and the type of data input are listed in Table I ,  

and the commutator channel assignments in Table 2. 

The transmitter is coupled 

The data signals are 
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CIIANNEL fr 
11 165 KHz 

12 CW 104.2KIlz 

10 CW 87.5KIIz 

8 CW 70.8KIIz 

6 CW 54.2KHz 

4 CW 37.5KHz 

14 22. OKHz 

13 14.5K11z 

TABLE I. 

DEVIATION 

+15% 

+ 4 Kflz 

k 4 Kllz 

f 4 Kflz 

f 4 KHz 

+ 4 Kllz 

2 7 . 5 %  

2 7 . 5 %  

TELEMETRY ClIANNEL ASSIGNMENTS 

M I 

2.5 

- 

2.0 

2.0 

2.0 

2.0 

2.0 

5.0 

5.0 

qf 
10 Kllz 

2 Kliz 

2 Ktiz 

2 Kllz 

2 Kllz 

2 KHz 

330 fIz 

220 112 

PERIOD 
I I1 I11 

A Scan A Scan HFC Counter and 
Discriminator 

Ant Z1 Probe Z2 Discriminator 
Range 

Ant Z 2  Probe Z2 Electrostatic 
Range 

Langmuir Res.Recti.Electrostatic 
Range Volts 

Freq. Res.Relax. Res.Relax. 
Calibr. Sweep Level Receiver Out 

Commutator (all periods) 

Langmuir Probe (all periods) 

Magnetic Aspect (all periods) 
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TABLE 2. COhIMUTATOR CIIANNEL ASSIGNMENTS 

CIiANNE L 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

SIGNAL - 
Zero v o l t s  cal  

+5 v o l t s  cal  

hlagne t ome t e r Bias 

Sweep 2 l e v e l  

10 KHz l e v e l  

1I.F.C. probe monitor 

Antenna p o s i t i o n  

Sphere temp. 

Clamshell monitor 

+5 v o l t s  cal 

Channel 11 

Relax. sweep ramp 

Transmi t t e r  power out 

T ransmi t t e r  power supply 

+28v Monitor 

+ 1 8 V  Monitor 

CHANNEL 

17 

18 

19 

20 

2 1  

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

-18V Monitor 

Antenna p o s i t i o n  2 

Magnetometer Bias 

+5 v o l t s  cal 

Channel 6cw 

Langmuir range 

H.F.C. probe monitor 

+2.5V c a l  

+6.3V monitor 

Subgate A. 

Gate 1 

Gate 2 

No p u l s e  

No p u l s e  

Sync. p u l s e  

Sync. p u l s e  
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A 6 volt regulator module and a mixer/amplifier module is also supplied 

with the system. 

calibrator which was designed by Goddard Space Flight Center. 

brator is in series with the inputs to the sub-carrier oscillators, and will 

inject 0-5v calibrate pulses every 60 seconds into the sub-carrier oscillators. 

The calibrator steps from 0-5 volts in five 1 volt steps. 

150 milliseconds are required to complete the calibration for each channel. 

Also provided in the telemetry system is a solid state 

This Cali- 

Approximately 

6 . 3  Power Supply (W. J. Odom and V.  M. Wong) 

The converter design for the b1.I.P. Program is a conventional common 

collector design using a tape wound two mil toroidal core, silicon transistors, 

full wave diode bridges, one zener diode regulator, one series regulator and 

three unregulated outputs ( Figures 15 and 16 ) .  In the high current supply 

a double diode full wave bridge is used. 

reference in the low voltage regulated supply. 

follower type of series regulator and has a very low output resistance. 

A zener diode is used for voltage 

It is basically an emitter 

The design frequency of operation is 2Kz and an RC diode starting 

The battery leads are circuit provides positive starting under load. 

shielded from spikes from the switching transistors by an LCyr filter and 

the low voltage outputs are current limited by saturated transistors in the 

common base configuration. 

Primary power is obtained from 20 dry-charge silver zinc batteries, 

type Yardney HR1.5. 

6.4 Aspect Instrumentation (N. Eaker) 

The aspect of the payload will be determined by the use of a magne- 

tometer. 

RAM-SC, manufactured by the Schonstedt Instrument Company, Silver Spring, 

The magnetometer used is the 1leliFlux Magnetic Aspect Sensor Type 



I 

36 

Maryland. 

a range of plus and minus 600 millioersteds. 

Thc RAN-SC has a sensitivity of .004 volts per millioersted and 

The field sensor is comprised of a permalloy core surrounded by two 

windings. 

one of the windings. 

sufficient magnitude to cyclically drive the core into saturation. 

An alternating current of approximately 8000 IIz is passed through 

The magnetic field associated with this current is of 

If there 

is a magnetic field, such as a component of the Earth's field, threading the 

core parallel with its long axis, a voltage at the second harmonic of the 

excitation frequency is induced in the tuned secondary winding. 

harmonic signal is converted into a direct current signal in a phase- 

sensitive rectifier. 

instructions for the magnetometer published by the Schonstedt Instrument 

Company. 

The second- 

A description of the RAM-SC may be found in the operating 

The magnetometer sensor as used in the M.I.P. payload is mounted 

within the clamshell portion of the payload, with the associated electronics 

circuit being located on the battery deck. The sensor is mounted at approx- 

imately 54' with respect to the top surface of the payload, this mounting 

orientation being chosen because the spinning rocket carries the sensor 

consecutively into three mutually perpendicular dircctions, t o  permit in-flight 

calibration. 

6.5 Mechanical Design (R. Morgan) 

Telemetry channel 13 is used for this aspect information. 

The payload uses the GSFC-NASA standard Cajun-Apache type I1 structure. 

The load is  carried by three aluminum struts 1" x 1/4", and one aluminum 

channel 2" x 1/2It x 1/8". 

deck plates which are attached to the struts with 8-32 screws. 

assembly may be removed from the structure after the strut opposite the channel 

Sub-assemblies are built on 1/4" thick aluminum 

Any sub- 



i s  removed. The channel i s  used for  system in t e rwi r ing .  

Severa l  packages u t i l i z e  a so-ca l led  juke-box assembly. Such 

packages u t i l i z e  fou r  s t a i n l e s s  s t e e l  rods  0.093 inches i n  diameter  and 

appropr i a t e  spacers  t o  f a s t e n  c i r c u i t  boards t o  t h e  1/4 inch  deck p l a t e s .  

To s e r v i c e  t h e  package (out of t h e  rack  s t r u c t u r e )  t h r e e  of t h e  rods  are 

removed; t h e  boards may then be  pivoted about t h e  f o u r t h  rod. A l l  
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wiring from one board t o  another  in t h e  package i s  looped around t h e  

rod which serves  a s  p ivo t .  

The payload i s  surmounted by a two p iece  clamshel l  t h a t  is e j e c t e d  

a t  about 60 km a l t i t u d e  t o  expose t h e  probes.  

27.4 inches long, inc luding  t h e  20' nosecone and a 9-inch c y l i n d r i c a l  po r t ion .  

The very t i p  i s  made of  s t a i n l e s s  s t e e l .  

The clamshel l  i s  approximately 

Before release, t h e  clamshell  i s  held down by two heavy l a t c h e s ,  

and i s  he ld  closed by a r e s t r a in ing  b o l t  a t  t h e  t i p  and a V-groove j o i n t  a t  

t h e  base adapter .  The e l e c t r i c a l  c o n t r o l  and monitor c i r c u i t s  descr ibed  

i n  t h e  next  s e c t i o n  are connected by means o f  sp r ing  loaded con tac t s .  

The a l t i t u d e  con t ro l l ed  timing c i r c u i t  f i r e s  a redundant p a i r  of pyro- 

t e c h n i c  g u i l l o t i n e  c u t t e r s  t o  sever t h e  upper r e s t r a i n i n g  b o l t .  A s p r i n g  

pushes t h e  clamshel l  t i p s  a p a r t ,  r e l eas ing  t h e  cab le s  t o  t h e  l a t c h e s .  A 

p a i r  o f  sp r ings  a t  t h e  base then completes t h e  e j e c t i o n .  

6 .6  Payload Wiring 

6.6.1 System Wiring ( N .  Eaker) 

The main l l U 1 '  channel o f  t h e  rack s t r u c t u r e  se rves  a s  t h e  wir ing  

channel f o r  t h e  payload system wiring. 

has  an i r r a d i a t e d  modified polo le f in  i n s u l a t i o n .  

cont inuous ly  (no i n s u l a t i o n  f a i l u r e )  i n  an ambient temperature  from -55' 

t o  125OC. 

The wire used f o r  payload wir ing  

Th i s  wire may be used 
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Payload connectors are of the Cannon series D type. Each 

connector floats in the wiring channcl, and is fastened to the mating 

connector on thc instrument packages by the use of a hold down screw, and 

a fixed nut on the instrument package connector. 

potted to prevent wire breakage and short circuits. 

The umbilical connector is a 19 pin Deutsch. 

Each connector is 

The payload will be 

manually switched to internal power prior to breaking the umbilical connec- 

tion. Since the umbilical connector is mountcd in the telemetry section, 

a mating Cannon D type connector is used to connect the-payload wiring to 

the umbilical connector. 

umbilical connector to the D connector. The umbilical connection will be 

pulled apart a few minutes before launch. 

A one-to-one pin relationship is made from the 

Terminal blocks manufactured by Belling and Lee of England are used 

as tie points for powcr and ground connections as well as for resistor 

networks used for commutated data. 

accessible test points. 

and have captive terminal screws. Each terminal is fully shrouded t o  

protect against accidental contact. The terminal blocks are labeled TB-1 

through TB-4. 

6.6.2 Clamshell Electronics (K. Tipple) 

The terminal blocks also provide 

These terminal blocks are made of flexible P.V.C. 

The clamshell electronics package is divided into the two major areas 

of control circuitry and monitor circuitry. In addition to the airborne 

package, a checkout panel is provided in the ground checkout console for 

control and monitoring through the umbilical cable. 
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The clam h e l l  r e l e a s e  sequence ca not be i n i t i a t e d  u n t i l  t h e  arming 

r e l a y  of Figure 1 7  i s  a c t i v a t e d  from t h e  checkout pane l .  Once t h e  arming 

r e l a y  con tac t s  have been l a t ched  closed and t h e  rocke t  has  been launched, 

t h e  r e l e a s e  sequency w i l l  b e  i n i t i a t e d  when t h e  a l t i t u d e  swi tches  c l o s e .  

There are four  a l t i t u d e  swi tches ,  connected i n  series p a r a l l e l  f o r  redundancy, 

which w i l l  c l o s e  when t h e  rocke t  reaches approximately 10,000 feet  a l t i t u d e .  

The c losu re  of t h e s e  switches activates t h e  two timers which c o n t r o l  t h e  

squib  f i r i n g  r e l a y s .  

s u f f i c i e n t l y  long t o  ensure t h a t  t h e  rocket  reaches  a s u i t a b l e  a l t i t u d e  

(about 60 km) before  t h e  clamshel l  r e l e a s e s .  

provided by mul t ip l e  a l t i t u d e  switches and two p a i r s  o f  timers and squib  

f i r i n g  r e l a y s ,  t h e  squib  assemblies each conta in  two explos ive  charges and 

f i r i n g  c i r c u i t s  t o  ensure a highly r e l i a b l e  system. 

The t i m e r s  w i l l  be set t o  de lay  t h e  squib  f i r i n g  

In a d d i t i o n  t o  t h e  redundancy 

The monitoring system provides an output  channel which con ta ins  d a t a  

i n  t h e  form of a vo l t age  l e v e l  which v a r i e s  from 0 t o  + 5  v o l t s .  This  l e v e l  

i n d i c a t e s  t imer  s t a t e  (set o r  f i r e d )  f o r  both timers and clamshel l  s t a t e  

(clamshel l  on o r  o f f )  f o r  both halves of t h e  clamshel l  as w e l l  as t h e  sequence 

i n  which these  events  occur .  The monitor channel information i s  fed  t o  t h e  

main d a t a  commutator where it i s  sampled p e r i o d i c a l l y  and te lemetered .  

In add i t ion  t o  t h e  telemetered monitor information which i s  a v a i l a b l e  

throughout t h e  f l i g h t ,  information on timer s t a t e  and arming r e l a y  s t a t e  i s  

obta ined  v i a  t h e  umbil ical  cab le .  

A meter on t h e  checkout panel provides  a monitor o f  timer s t a t e  ( s e t  

o r  f i r e d  f o r  each t imer)  and arming r e l a y  s t a t e  ( sa fe  o r  armed). The check- 

ou t  panel  inc ludes  con t ro l  switches f o r  arming r e l a y  c o n t r o l .  Also,  a timer 

reset con t ro l  is  provided on t h e  checkout panel  f o r  l abora to ry  t e s t i n g  o f  t h e  

c lamshel l  e l e c t r o n i c s  dur ing  system i n t e g r a t i o n  and p r e f l i g h t  t e s t i n g .  
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6.7 Checkout Console ( N .  Eaker) 

The chcckout console  i s  shown on t h e  r i g h t  i n  t h e  photograph, 

Figure 1. The equipment is assembled i n  a commercially a v a i l a b l e  19-inch 

w i d e  rack with l a r g e  rubber  cas t e r s .  The purpose o f  t h e  console  i s  to 

provide con t ro l  func t ions  needed f o r  checkout and c a l i b r a t i o n  of t h e  pay- 

load through t h e  umbil ical  cab le .  The console  i s  of v e r s a t i l e  des ign ,  

adaptab le  t o  t h e  checkout o f  o ther  payloads with ease.  

The h e a r t  of tne console  i s  an 820 con tac t  pa tch  panel  wi th  program 

board. A l l  func t ions ,  inc luding  console swi tches ,  power s u p p l i e s ,  e t c .  

a r e  connected t o  t h e  patch panel .  By means of t h e  removable program 

board,  any combination of  switches,  meters ,  e t c .  can be in te rconnec ted  t o  

perform a given func t ion .  

6 .7 .1  Power Suppl ies :  

Three power supp l i e s  are used i n  t h e  console  f o r  t h e  present  payload. 

(1) Console power supply: This  supply is used t o  supply power 

t o  console  lamps, r e l ays ,  and o t h e r  i n t e r n a l  c i r c u i t s .  The 

supply i s  patched i n t o  t h e  pa tch  panel  t o  be used f o r  any 

func t ion  i n t e r n a l  t o  the console .  The supply fu rn i shes  a nom- 

i n a l  25.7 v o l t s ,  va r i ab le  p l u s  o r  minus l o % ,  a t  6 amps. 

Payload power supply:  (2) This  supply i s  a l s o  connected t o  t h e  

patch panel  f o r  t h e  purpose of supplying power t o  t h e  payload 

through t h e  umbi l ica l  connector.  This  is used during p r e f l i g h t  

checkout and c a l i b r a t i o n  o f  payload ins t rumenta t ion .  This  supply 

provides  f o r  0-36 vol t s  D.C.  a t  10 amps. Cont ro ls  and output  

are a v a i l a b l e  on console f r o n t  panel .  
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(3) Bat te ry  charging power supply: This  i s  a 0-50 v D.C.,  6 

amp supply t o  be used f o r  b a t t e r y  charging.  

n o t  programmed through t h e  pa tch  panel .  

b a t t e r i e s  w i l l  be used dur ing  t h e  MIP f i r i n g s ,  t h i s  supply w i l l  

be needed only t o  charge t h e  p ro to type  ba t t e ry 'pack .  

with t h e  bas i c  power supply w i l l  be  a cons tan t  cu r ren t  source ,  

which w i l l  automatical ly  s t o p  charging once t h e  b a t t e r i e s  have 

reached t h e i r  f u l l  charge. I n t e r l o c k  switches are provided on 

t h e  console  doors (top and rear) as s a f e t y  devices .  This  

ensures  t h a t  power w i l l  be  removed from t h e  console  i f  t h e  

program board i s  removed. 

This  supply is 

Since dry charged 

Associated 

6.7.2 Osc i l loscope  

A Tektronix RM 504 i s  mounted a t  t h e  t o p  o f  t h e  s lop ing  f r o n t  panel  of 

t h e  console.  

panel  as wcll as on t h e  f r o n t  o f  the osc i l l o scope .  

a c a l i b r a t e d  s e n s i t i v i t y  from 5mv/cm t o  20 v/cm with a passband from DC t o  450 

Kllz. 

The osc i l l o scope  input connect ions a re  a v a i l a b l e  a t  t h e  pa tch  

The osc i l l o scope  has  

I t  has  a c a l i b r a t e d  sweep range from 1 usec/cm t o  0.5 sec/cm. 

6.7.3 

o f  t h e  

-. Multimeter 

A Simpson model 269 multimeter i s  mounted on t h e  f r o n t  panel  

console .  The inpu t s  t o  the meter are  a v a i l a b l e  e i t h e r  through t h e  

pa tch  panel  o r  from t h e  f r o n t  panel. 

6.7.4 DC Voltmeter 

A Weston model 1941, 0-50 DC vo l tmeter  is  loca ted  on t h e  f r o n t  pane l .  

Th i s  meter i s  a v a i l a b l e  only through t h e  pa tch  panel .  

t h i s  meter w i l l  be used t o  monitor e x t e r n a l  payload power. 

6.7.5 Running Time Meters 

During MIP checkout 

There a re  two General E lec t r i c  running time meters loca ted  on t h e  



front panel. The meters are connected through the patch panel. During 

FlIP checkout one meter will be used to monitor "ON" time for the flight pay- 

load. Since relays are used in the instruments it is desired to know their 

operating cycles. 

to monitor time on internal power before firing. 

6 . 7 . 6  General purpose switches 

Also, during checkout one running time meter will be used 

Pushbutton switches with red and green indicator lights are mounted 

on the front panel and are connected to the patch panel. There are four 

SPDT switches with holding coils, two SPDT momentary switches, and twelve 

2PDT switches. 

6 . 7 . 7  Automatic Telemetry Calibrator 

The individual subcarrier oscillators of the telemetry may be calibrated 

during checkout, and during final pre-flight check by the use of an automatic 

calibrator built into the console. The controls for the calibrator are 

available on the front panel, and the calibrator is connected through the 

patch panel. 

if desired. 

The calibrator voltages may be monitored by the console meters 

The calibrator has three operating conditions as follows: 

(1) Automatic: With the control set for automatic operation the 

calibrator will automatically step from 0 to plus 5v in half 

volt steps and then step back to zero. The calibrator will con- 

tinue to cycle as long as the controls are left in the automatic 

posit ion. 

(2) Flanual - Continuously variable: During this mode of operation the 

calibrating voltage may be adjusted continuously from 0 to plus 

5v by using the front panel variable resistor. 



(3)  Manual - Stepped Variable:  The c a l i b r a t o r  may be se t  t o  

t h r e e  f ixed  s t e p s  o f  0 ,  2.5 and 5 v o l t s .  

opera t ion  allows t h e  s u b c a r r i e r  o s c i l l a t o r s  t o  be c a l i b r a t e d  

This  mode of  

t 

f o r  c e n t e r  frequency as well as band edges.  

6.8 Telemetry Console ( N .  Eaker) 

Some te lemet ry  and d a t a  handling equipment i s  assembled i n t o  

a l a rge ,  enclosed rack ,  v i s i b l e  on t h e  l e f t  o f  t h e  photograph, F igure  1. 

This  inc ludes  a Nems-Clarke 1301A r e c e i v e r ,  a l a r g e  cathode r ay  osc i l l o scope  

ITT Model 17351), a Iloneywell 1508 Vis icorder  .with galvanometer a m p l i f i e r s ,  

and four  Data Control Systems GFD-5 d i s c r i m i n a t o r s .  This  equipment permi ts  

complete systems checking and monitoring independently of range instrumen- 

t a t i o n ,  but  i t  w i l l  not be used for primary d a t a  r ecep t ion  o r  record ing .  
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Figure 1 E MIP Payload atid C b m k o u t  Instrumentnt ioE 
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