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PREFACE 

This i s  t h e  f i n a l  t echn ica l  r e p o r t  concerning t h e  i n s t r u -  
mentat ion f o r  measurement of cosmic no i se  a t  0.75, 1.225, and 
2.0 MHz flown aboard rocke t  NASA 11.03 UR i n  June, 1965. The 
work w a s  supported under NSG-572. The s c i e n t i f i c  a s p e c t s  of 
t h i s  program w i l l  be published s e p a r a t e l y .  

. 
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ABSTRACT 

This r e p o r t  desc r ibes  des ign  cons idera t ions  and performance c h a r a c t e r i s t i c s  
of a complete rocket  -borne instrumentat ion system f o r  abso lu t e  i n t e n s i t y  meas- 
urements of r a d i o  frequency noise  energy. The ins t rumenta t ion  was designed t o  
make simultaneous cosmic noise  measurements a t  f r equenc ie s  of  750, 1223, and 
2000 kHz, whi le  immersed i n ,  o r  above, t h e  ionosphere.  The in s t rumen ta t ion  
inc ludes  a n  antenna impedance measuring system which ope ra t e s  dur ing  f l i g h t .  

Procedures used f o r  p r e f l i g h t  and i n - f l i g h t  no ise  c a l i b r a t i o n s  are d i s -  
cussed.  A d e s c r i p t i o n  i s  g iven  of t h e  ground equipment used t o  prepare  t h e  
f Light t e l e m e t r y  d a t a  f o r  computer process ing .  

The payload was launched June 30, 1965 from Wallops I s l a n d ,  V i rg in i a ,  t o  
a n  a l t i t u d e  of  1,057 s t a t u t e  miles and a l l  ins t rumenta t ion  funct ioned pe r -  
f e c t l y .  The s c i e n t i f i c  a s p e c t s  and r e s u l t s  of t h i s  program w i l l  be  publ ished 
i n  a sepa ra t e  r e p o r t .  

x i i i  



I a INTRODUCTION 

, 

This  r e p o r t  desc r ibes  design cons ide ra t ions  and performance c h a r a c t e r i s -  
t i c s  of a complete rocket-borne ins t rumenta t ion  system f o r  abso lu t e  i n t e n s i t y  
measurements of t h e  r ad io  frequency noise  energy which i s  of  g a l a c t i c  and 
e x t r a - g a l a c t i c  o r i g i n .  A l l  por t ions  of t h e  system shown i n  F igure  1 u t i l i z e  
f a i l - s a f e  c i r c u i t s ,  a l t e r n a t e  channel redundancy, and conserva t ive  des ign  
techniques  wherever poss ib l e .  The payload i s  a n  improved ve r s ion  of a p re -  
vious experiment conducted i n  1962. The p resen t  payload i s  a c t u a l l y  t h e  pro-  
t o t y p e  of t h i s  ea r l i e r  experiment with var ious  modi f ica t ions  and a d d i t i o n s .  
Simultaneous cosmic noise  measurements can be made while  immersed i n ,  or 
above, t h e  ionosphere a t  f requencies  of 0.75, 1.225, and 2.0 MHz. The r a d i o  
astronomy antenna impedance is  a f f ec t ed  by t h e  ionosphere,  and i s  t h e r e f o r e  
measured p e r i o d i c a l l y  throughout t h e  f l i g h t .  

The instruments  descr ibed  herein were s u c c e s s f u l l y  f i r e d  t o  an  a l t i t u d e  
of 1701 k i lome te r s  on June 30, 1965. 
UR. The s c i e n t i f i c  r e s u l t s  of the f l i g h t  w i l l  be repor ted  sepa ra t e ly .  

The rocke t  was des igna ted  NA.SA. 11-05 

The r a d i o  astronomy antenna diagrammed i n  Figure 1 c o n s i s t s  of a 71.5- 
f o o t  t i p - t o - t i p  balanced e l e c t r i c  d i p o l e  deployed from t h e  ins t rumenta t ion  
package a f t e r  last s t age  rocke t  burnout and  nose cone e j e c t i o n .  Three r a d i -  
ometers ope ra t ing  s imultaneously from one antenna are a l t e r n a t e l y  switched 
between t h e  r ece iv ing  d i p o l e  and an e l ec t r i ca l  equiva len t  dummy antenna f o r  
i n - f l i g h t  no ise  c a l i b r a t i o n .  For 5 seconds out  of every  15 seconds through- 
out  t h e  f l i g h t ,  t h e  antenna i s  switched t o  a c i r c u i t  which measures t h e  an-  
tenna  impedance a t  0.75 and 1.225 MHz. A t  t h e s e  f requencies ,  t h e  antenna i s  
e l e c t r i c a l l y  very  s h o r t  e Therefore i t s  t e r m i n a l  impedance appears  almost 
completely c a p a c i t i v e  i n  f r e e  space a 

Since f ree  e l e c t r o n s  present  i n  t h e  ionosphere a f f e c t  t h e  d i e l e c t r i c  
p r o p e r t i e s  of t h e  medium, t h e  antenna impedance w i l l  va ry  as t h e  e l e c t r o n  
d e n s i t y  v a r i e s .  Local measurement of t h e  antenna impedance i s  necessary  i n  
o r d e r  t o  d e r i v e  t h e  abso lu te  Level o f  t h e  cosmic noise .  These measurements 
can a l s o  be used t o  estimate l o c a l  e l e c t r o n  d e n s i t i e s ,  and p o s s i b l y  t o  eva l -  
u a t e  ionospher ic  focus ing  e f f e c t s .  

F igure  2 i s  a photograph of t h e  f l i g h t  payload. For  c l a r i t y ,  a metal 
c y l i n d r i c a l  o u t e r  s h i e l d  normally placed around t h e  ins t rumenta t ion  sec t ion  
i s  not included.  

The above system was designed t o  be c a r r i e d  aboard a n  Argo D-8  rocket  
The 11.03 payload has  a predicted '  peak altitude of as shown i n  Figure 3 .  

1840 k i lome te r s  f o r  a g ross  payload wefght of 140 pounds, O f  t h e  t o t a l  

1 



weight,  89 pounds i s  s c i e n t i f i c  payload. 
t o  t h e  rocket  nose cone, desp in  system, and t h e  o t h e r  necessary  hardware, 
The t o t a l  usable  measurement i n t e r v a l  i s  approximately 1700 seconds wi th  apogee 
p red ic t ed  for 865 seconds a f te r  rocke t  t akeof f .  
f o r  t h i s  payload i s  shown i n  Figure 4. 

The remaining weight i s  a l l o c a t e d  

The a c t u a l  f l i g h t  t r a j e c t o r y  

. 
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11. DETAILED DESCRIPTION O F  PAYLOAD 

A.  RADIOMETER ANTENNA 

1. General Operat ion 

An antenna wi th  a c c u r a t e l y  known e l ec t r i ca l  p r o p e r t i e s  i s  an  e s s e n t i a l  
p a r t  of any system f o r  abso lu t e  i n t e n s i t y  measurement a t  medium o r  low r a d i o  
f requencies .  I n  add i t ion ,  an  antenna f o r  use aboard a s p i n  s t a b i l i z e d  rocke t  
payload must meet s t r i n g e n t  requirements as t o  p h y s i c a l  s i z e ,  weight,  deploy- 
ment, and environmental  c a p a b i l i t i e s .  

A balanced e l e c t r i c  d i p o l e  antenna was chosen for t h i s  f l i g h t  and con- 
s i s t s  of two DeHavilland A i r c r a f t  o f  Canada, L t d . ,  Type A-18 antenna u n i t s ,  
w i th  s l i g h t  modif icat ions.  Each u n i t  con ta ins  a 3 5 - f O O t  element.  The ele- 
ments are c o l i n e a r l y  deployed from t h e  payload perpendicular  t o  t h e  Z-axis.  
The payload s t r u c t u r e  i s  1.3 f e e t  i n  diameter, making t h e  d ipo le  71.3 feet 
t i p  -t o - t  i p  . 

2. Antenna Elements 

The antenna element i s  a beryl l ium copper a l l o y  s t r i p ,  2 inches  wide,  
The s t r i p  i s  tempered by h e a t -  

The p a r t i a l l y  deployed antenna elements may be 

0.002 inch t h i c k ,  and weighs 0.0141 l b / f t .  
t r e a t i n g  i n  a manner which causes it t o  sp r ing  i n t o  a 0.5-inch d iameter  t h i n -  
w a l l e d  tube  on deployment. 
seen  i n  F igure  2. For s torage ,  each element i s  uncurled and wound on a c y l -  
i n d e r .  Each u n i t  has a se l f -conta ined  12-vol t  DC e l e c t r i c  motor and g e a r  
t r a i n  which deploys t h e  3’3 fee t  of antenna element i n  approximately 100 sec-  
onds.  A s  t h e  antenna element i s  deployed from t h e  sp inning  payload it i s  

deployment f o r  a g iven  payload and i n i t i a l  s p i n  rate,  i s  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  rate a t  which t h e  antenna i s  deployed. 
t h e r e f o r e  l i m i t e d  by t h e  maximum al lowable bending moment f o r  t h e  antenna 
element. The rate s e l e c t e d  for  t h i s  experiment a s s u r e s  a l a rge  safety f a c -  
tors 

subjec ted  t o  a bending moment. The maximum 2 bending moment experienced dur ing  

The maximum deployment rate i s  

3e Modif icat ions t o  A-18 Vnit  

One modi f ica t ion  of t h e  A - 1 8  u n i t  was t h e  i n s t a l l a t i o n  of a Globe LL-24 
motor wi th  a 20:l g e a r  head, rep lac ing  t h e  s tandard motor provided i n  t h e  
A-18 u n i t .  This  modi f ica t ion  provides t h e  des i r ed  deployment rate and in su res  



s u f f i c i e n t  power f o r  r e t r a c t i n g  t h e  antenna dur ing  ground tes t s .  
v i s i o n  i s  made f o r  r e t r a c t i o n  dur ing  f l i g h t .  

No pro-  

The o t h e r  modif icat ion t o  t h e  A-18 u n i t  was t h e  a d d i t i o n  of a s p r i n g  
ac tua ted  l inear  potent iometer  f o r  monitor ing t h e  antenna p o s i t i o n  dur ing  de- 
ployment. The potent iometer  s h a f t  r i d e s  on a pol i shed ,  s p e c i a l l y  b u i l t  cam 
locked t o  t h e  deploy u n i t  shut -of f  s h a f t .  The shut-off  sha f t  has  a Lexan 
cam t h a t  fo l lows  t h e  element supply spool .  Thus, as t h e  diameter of t h e  
supply spool  decreases ,  t h e  poten t iometer  wiper  p i cks  o f f  t h e  r e l a t e d  frac- 
t i o n  of  t h e  potent iometer  supply vol tage  (see Figure  5 ) .  
element has  been deployed t h e  Lexan fo l lower  fa l l s  i n t o  a s l o t ,  s h u t t i n g  o f f  
power t o  t h e  deployment motor and causing t h e  p o t e n t i o m e t e r w i p e r t o  p i ck  o f f  
maximum vo l t age .  The poten t iometer  s i g n a l s  from each antenna are telemetered 
t o  t h e  ground s o  t h a t  antenna deployment may be confirmed. 

When a l l  of t h e  

4. Mechanical 

The two antenna u n i t s  are mounted on "A" Deck of t h e  payload as shown 
A modified A-18 antenna u n i t  w i th  35 feet of antenna element 

The maximum 
i n  Figure 6. 
weighs 2.79 pounds exc lus ive  of w i r ing  and mounting b racke t s .  
dimensions f o r  each u n i t  exc lus ive  of mounting b racke t s  bu t  i nc lud ing  t h e  
length  sensor  i s  8.0 inches long, 4#1 inches high,  and 4.2 inches  wide. 

3. Antenna Equivalent C i r c u i t  

The d i p o l e  antenna may be represented  by e i t h e r  of t h e  two equiva len t  
c i r c u i t s  shown i n  F igure  7. The f i r s t  equ iva len t  c i r c u i t  emphasizes t h e  f a c t  
t h a t  w e  are deal ing wi th  a balanced c i r c u i t .  
vo l tage  genera tors  i s  a t  ground p o t e n t i a l .  
seconds dur ing  f l i g h t  by t h e  antenna impedance measuring c i r c u i t .  The ap-  
proximate f r e e  space value of RA may be computed from: 

The junc t ion  p o i n t  of t h e  two 
CA and RA a r e  measured eve ry  15 

808 h2 RA = - 
h2 

where h i s  t h e  d ipole  ha l f  l ength ,  X t h e  free space wavelength, and RA, i s  i n  
ohms. The e f f e c t s  on RA, of antenna tub ing  d i a m e t e r  and conductor  l o s s e s  are 
not considered i n  t h i s , e q u a t i o n .  These e f f e c t s  are n e g l i g i b l e .  

The f ree  space r e a c t i v e  component of antenna impedance represented  by 
CA i s  g iven  approximately by:  

4 



where : 

h = d i p o l e  h a l f  l ength  
a = antenna wire r ad ius .  

For  h = 35 fee t  and a = 0.25 inch, t h e s e  equat ions  p r e d i c t  t h e  fo l lowing  
va lues  f o r  f ree  space cond i t ions :  

RA = 0.56 ohm a t  0.75 MHz 
RA, = l n 4 6  ohm a t  1.225 MHz 
RA = 4.00 ohm a t  2.0 MHz 
CA = 46 p f .  

CB i n  t h e  antenna equiva len t  c i r c u i t  i s  s t r a y  capac i tance .  The s t ray 
capac i tance  i s  due t o  t h e  proximity of  grounded conductors and su r faces  ad ja -  
cen t  t o  t h e  DeHavilland antenna uni t ,  t h e  antenna switch,  and t h e  s i g n a l  
l eads .  
t h e  l e f t  antenna ( s t u b  on ly ) .  The r i g h t  antenna had s l i g h t l y  less s t r a y  
c a p a c i t y  than  t h i s  so a small a d j u s t a b l e  c a p a c i t o r  w a s  added as  shown i n  Fig-  
ure  8 t o  maintain t h e  balanced c i r c u i t .  This  c a p a c i t o r  was ad jus t ed  so t h a t  
t h e  t o t a l  capac i tance  from t h e  r igh t  antenna element s tub  t o  ground was a l s o  

A s  i n s t a l l e d  i n  t h e  rocket payload, 2cB was measured as 31.9 pf f o r  

31.9 Pf4 

Note i n  t h e  second equivalent  c i r c u i t  i n  F igure  7 t h a t  CB forms a capac- 
i t i v e  vol tage  d i v i d e r  wi th  CA which decreases  t h e  s i g n a l  vo l t age  a t  t h e  i n -  
pu t  t o  t h e  preampl i f ie r .  For t h i s  reason, every e f f o r t  i n  des ign  and com- 
ponent layout  was made t o  minimize t h e  va lue  of CB. 

The va lues  of RA and CA vary g r e a t l y  from t h e i r  f ree  space va lues  as t h e  
an tenna  moves through t h e  ionosphere.  Since t h e  antenna impedance does change 
du r ing  t h e  f l i g h t ,  it i s  not  poss ib l e  t o  have a n  impedance match between t h e  
antenna and t h e  p reampl i f i e r .  The approach used f o r  t h i s  payload was t o  have 
t h e  inpu t  impedance t o  t h e  preampl i f ie r  f a i r l y  high a t  a l l  t h r e e  f requencies .  
Th i s  r e s u l t s  i n  a h igh  noise  f i g u r e  f o r  t h e  r ece ive r ,  but  s i n c e  t h e  l e v e l s  t o  
be measured are on t h e  o r d e r  of  107°K ohm, a low noise  f i g u r e  i s  not requi red .  

6. Antenna Length and Payload S t a b i l i t y  

A f i n a l  cons ide ra t ion  f o r  the d i p o l e  antenna i s  o v e r a l l  l ength .  A very  
long antenna i s  d e s i r a b l e  from a s i g n a l  s t andpo in t .  However, t h e  payload i s  
i n i t i a l l y  s p i n  s t a b i l i z e d  about  the  a x i s  of least moment of i n e r t i a  (Z-axis ) .  
To i n s u r e  t h a t  t h e  payload remains s t a b l e ,  t h e  Z-axis must remain t h e  a x i s  of 
least moment of i n e r t i a .  
Y-axis would become t h e  ax i s  of least moment of  i n e r t i a  and t h i s  s t a b i l i t y  
c o n d i t i o n  would be v i o l a t e d .  
between s i g n a l  l e v e l  and payload s t a b i l i t y .  

If t h e  antenna element were t o  exceed 40 feet  t h e  

The 35-foot  elements are t h e r e f o r e  a compromise 
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B. RADIOMETER 

1. General Operation 

The payload block diagram, F igure  1, shows t h e  f u n c t i o n a l  r e l a t i o n s h i p  
between t h e  var ious p a r t s  of t h e  radiometer .  These u n i t s  are t h e  antenna, 
t h e  antenna switch, t h e  p reampl i f i e r  f i r s t - s t a g e ,  t h e  p reampl i f i e r  second- 
s tage ,  and t h e  t h r e e  r e c e i v e r s .  

2.  Antenna Switch 

The r e l a t i o n  of t h e  antenna swi tch  t o  o t h e r  p a r t s  of t h e  payload i s  o u t -  
l i ned  i n  t h e  diagram, F igure  1. Figure  8, t h e  antenna switching c i r c u i t  
diagram, shows the complete e l e c t r i c a l  d e t a i l s .  The antenna i s  switched by 
Wafers C and D which a l ternately connect t h e  balanced p reampl i f i e r  input  ter-  
minals t o  t h e  rece iv ing  antenna o r  t h e  dummy antenna.  When t h e  p r e a m p l i f i e r  
i s  connected t o  the  dummy antenna, t h e  antenna switch a l s o  connects  t h e  re- 
ce iv ing  antenna t o  a c i r c u i t  f o r  measurement of antenna impedance. One com- 
p l e t e  r o t a t i o n  of t h e  antenna switch corresponds t o  one 90-second payload 
cyc le  e 

Antenna switch Wafer B i s  used t o  synchronize t h e  antenna k d e x  switch 
and t h e  audio  commutator switch.  Wafer A c o n t r o l s  t h e  t iming  of t h e  switch-  
i ng  i n t e r v a l s  a n d  a p p l i c a t i o n  of power t o  t h e  antenna impedance system and 
noise  diode.  

Balanced s e r i e s  resonant  240.2 MHz t r a p  c i r c u i t s  a t  t h e  antenna t e r m i n a l s  
and p a r a l l e l  resonant t r a p s  a t  t h e  p reampl i f i e r  input  t e rmina l s  e f f e c t i v e l y  
prevent  t ransmiss ion  of  t e l eme te r ing  i n t e r f e r e n c e  t o  t h e  radiometer  preamp- 
l i f i e r  and t h e  antenna impedance measuring c i r c u i t .  

3 .  Preampl i f i e r  

The p reampl i f i e r  c i r c u i t  diagram i s  shown i n  F igure  9. It c o n s i s t s  of 
a s t a b l e ,  high input impedance, broadband, low-noise, cascode a m p l i f i e r  feed-  
ing  t h r e e  cathode fo l lowers .  Each cathode fo l lower  has  a nominal 50-ohm ou t -  
put  impedance and se rves  t o  i s o l a t e  t h e  input  of each r e c e i v e r .  This  f e a t u r e  
makes it unnecessary t o  c o n t r o l  t h e  r e c e i v e r  i npu t  impedance except  a t  i t s  
own ope ra t ing  frequency. The r e c e i v e r  input  impedance i s  a nominal 50 ohms 
a t  band c e n t e r  and decreases  sha rp ly  o u t s i d e  t h e  ope ra t ing  bandwidth. This  
decreases  t h e  gain of t h e  cathode fo l lower  off  t h e  band c e n t e r  and t h u s  e f -  
f e c t i v e l y  reduces input  s i g n a l  l e v e l s  except  a t  t h e  a p p r o p r i a t e  ope ra t ing  
frequency. Spurious r e c e i v e r  responses  are t h e r e b y  minimized. 
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Of p a r t i c u l a r  i n t e r e s t  are the cons t ruc t ion  techniques  used t o  o b t a i n  
The t ransformer  t h e  balanced broadband preamplif  i e r  i npu t  t ransformer  TI. 

core  i s  a Siemens No. 550M25-AL60, 23x17 mm, a i r  gapped po t  core .  
center- tapped primary winding c o n s i s t s  of 64 b i f i l a r ,  spaced, pi-wound t u r n s  
a t  one end of t h e  c o i l  form, 
t h e  oppos i te  end of t h e  c o i l  form t o  minimize s t r a y  capac i tance  between t h e  
secondary and primary windings. 
This  cons t ruc t ion  minimizes t ransformer e lec t r ica l  unbalance. 

The 

The 89- turn  secondary winding i s  pi-wound a t  

A 7x44 L i t z  wire i s  used i n  a l l  windings.  

A General E lec t r ic  ceramic-and-metal p l a n a r  t r i o d e ,  type  7462, i s  used 

This  opera t ing  po in t  y i e l d s  a t y p i c a l  gm of 9500 
i n  t h e  f irst  s t age  of t h e  cascode a m p l i f i e r .  It i s  operated a t  a p l a t e  cur- 
r e n t  of 5.6 mil l iamperes .  
micromhos, a p l a t e  r e s i s t a n c e  of 1OK ohms, and a mu of 95. Under t h e s e  con- 
d i t i o n s  t h e  equiva len t  s e r i e s  noise r e s i s t a n c e  i s  approximately 250 ohms. 
The B+ power requi red  f o r  t h e  complete p reampl i f i e r  i s  33 mil l iamperes  a t  
200 v o l t s  E. 

It w i l l  be noted i n  F igure  9 t h a t  a l l  tube  f i l amen t s  i n  t h e  second-stage 
p reampl i f i e r  are wired i n  series. Since a tube  f a i l u r e  i n  any of t h e  t h r e e  
cathode fo l lowers  only  affects i t s  r e s p e c t i v e  channel,  Zener d iodes  are placed 
a c r o s s  each of t h e  f i l amen t s  so t h a t  p reampl i f i e r  ope ra t ion  w i l l  be unaffected 
by one or more cathode fo l lower  f i lament  f a i l u r e s .  The t o t a l  f i l ament  cur -  
r e n t  requi red  i s  400 mil l iamperes  a t  -25 v o l t s .  
t r a n s i s t o r s  were used i n  t h e  radiometer p reampl i f i e r  and r e c e i v e r s  because 
t h e  radiometer  i s  t h e  modified prototype of NASA 11.02 UR rocke t  payload,3 
which was designed before  su i t ab le  t r a n s i s t o r s  were a v a i l a b l e  f o r  low noise  
RF work. 

Vacuum tubes  r a t h e r  t han  

The p reampl i f i e r  i s  phys ica l ly  separa ted  i n t o  two sec t ions .  The f i r s t  
s e c t i o n  con ta in ing  t h e  f i r s t  s tage i s  packaged wi th  t h e  antenna switch,  
dummy antenna,  and antenna impedance measurement c i r c u i t  as shown i n  F igure  
1 0 ( ' b ) .  
a m p l i f i e r  and t h e  t h r e e  output  cathode fo l lowers  shown i n  Figure 11 weighs 
14 outices and occupies 37 cubic  inches.  

The second s e c t i o n  cons i s t ing  o f  t h e  second s t a g e  of t h e  cascode 

Figure  12 i s  a p l o t  of  t h e  p reampl i f i e r  f requency response from t h e  i n -  
pu t  t e rmina l s  of t h e  dummy antenna t o  t h e  r e s i s t i v e l y  terminated output .  
F igu re  15 i s  a curve of t h e  p reampl i f i e r  s e l f -no i se ,  TARA product i n  "K.ohms, 
as CA i n  t h e  dummy antenna i s  varied above and below t h e  antenna f ree  space 
capac i tance  a t  0.75 MHz. 

The noise  performance of the p r e a m p l i f i e r  with t h e  antenna as a source 
impedance can a l s o  be charac te r ized  b a set of  no ise  parameters  as d iscussed  
by t h e  IRE Subcommittee 7.9 on Noise.' These parameters have been measured 
on t h e  f l i g h t  p reampl i f i e r  and are t a b u l a t e d  below. 
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PREAMPLIFIER NOISE PARAmTERS 

~ - 

Frequency (MHz) FM G O ( m h 0 S )  Bo(mhos) Rn (ohms ) 

2.00 2.460 1.336~10-~ -2.00 x10- 4 3182.9 

1.225 1.808 2.297~10-~ 1.79l~10-~ 1156.2 

0.75 1.691 3 939x10- 4 4.369~10-~ 602.4 

Using t h e s e  values,  t he  noise  performance can be p red ic t ed  by us ing  t h e  f o l -  
lowing equat ion:  

where 

T, = 2900~ 

R. 
A 

G A = - =  antenna conductance 
R;+X; 

and 

-XA 

RA +XA 
BA = 2z = antenna susceptance 

4. Receivers  

The t h r e e  radiometer r e c e i v e r s  (each d r iven  from a sepa ra t e  cathode f o l -  
lower i n  t h e  p reampl i f i e r )  are convent ional  superheterodynes as shown i n  
Figure 14. A cascode RF a m p l i f i e r  i s  followed by a pentode mixer wi th  a 
sepa ra t e  l o c a l  o s c i l l a t o r  s t a g e .  Two pentode in t e rmed ia t e  f requency ampli-  
f i e r s  wi th  delayed AGC, ope ra t ing  a t  450 kHz are followed by  a f u l l  wave 
br idge  second de tec to r .  
and an RC f i l t e r  with a t i m e  cons tan t  of 0 .1  second. The RC f i l t e r  i s  f o l -  
lowed by a cathode fo l lower  s t a g e  which e s t a b l i s h e s  t h e  optimum DC l e v e l  and 
output  impedance f o r  t h e  t e l eme t ry  system. 
metered so t h a t  man-made or atmospheric no ise  leakage through t h e  ionosphere,  
or abnormal rece iver  performance, can be monitored. 
s i g n a l  p re sen t  a t  t h e  antenna t e rmina l s  can be determined i n  a g r o s s  way from 
t h i s  audio output .  

The d e t e c t o r  d r i v e s  a t r a n s i s t o r  audio a m p l i f i e r  

The audio  output  i s  also t e l e -  

The c h a r a c t e r  of t h e  

8 



Figure  15 shows a t y p i c a l  r ece ive r  CW bandwidth curve,  ob ta ined  by 
vary ing  frequency with s i g n a l  input l eve l  cons tan t  and t h e  output  vo l tage  
mafntained below t h e  AGC threshold  a t  a l l  t imes.  The noise  bandwidth i s  
t y p i c a l l y  8.73 kHz. 

I n  t h e  receiver schematic, Figure 14, note  t h a t  a l l  t h r e e  r e c e i v e r s  are 
R 4  i n  t h e  cascode a m p l i f i e r  ou tput  tank i s  used t o  set  ' b a s i c a l l y  i d e n t i c a l .  

t h e  r e c e i v e r  ga in  f o r  s i g n a l  l eve l s  below AGC th re sho ld .  The I F  t r a p s  i n  t h e  
f i r s t  s t a g e  provide a d d i t i o n a l  r e j e c t i o n  a t  450 kHz f o r  t h e  0.75 MHz and 
1.225 MHz r e c e i v e r s .  No I F  r e j e c t i o n  f i l t e r  i s  requi red  i n  t h e  2.00 MHz re- 
c e i v e r .  F igure  16 shows t h e  r ece ive r  cons t ruc t ion .  

The r e c e i v e r  o v e r a l l  dynamic response  c h a r a c t e r i s t i c  i s  determined by 
delayed AGC. 
cosmic noise  level.  

The AGC a c t i o n  does not  begin u n t i l  w e l l  above t h e  expected 

The o v e r a l l  ga in  c h a r a c t e r i s t i c  of t h e  dynamic response i s  determined by 
Cathode t h e  value of cathode and g r i d  b ias  on V4 and V5 (see Figure  14)* 

b i a s  i s  f i x e d  by Zener diode D 8  and emi t t e r - fo l lower  Q1 and i s  iriiependent 
of cathode c u r r e n t .  
mined by Zener diode D7, which suppl ies  g r i d  b i a s  through series pass  diode 
D6 .  
f i e r ,  which ampl i f i e s  t h e  de t ec to r  ou tpu t ,  f eed ing  t h e  ampl i f ied  s i g n a l  
through pass  diode 3 t o  t h e  g r i d s  of V4 and V3. 
mined by t h e  va lue  of R 3 1  and R32. 

The f i x e d  gain p o r t i o n  of t h e  dynamic response i s  d e t e r -  

The AGC p o r t i o n  of t h e  dynamic response i s  determined by t h e  AGC ampli-  

AGC a m p l i f i e r  ga in  i s  d e t e r -  

Diodes D 6  and D5 s e l e c t  e i t h e r  t h e  vol tage  on Zener diode D 8  or t h e  AGC 
a m p l i f i e r  ou tput ,  whichever is more negat ive for a p p l i c a t i o n  t o  t h e  g r i d s  of 
V4 and V5.  
determined by t h e  values  of Zeners D7, D8, and r e s i s t o r s  R31 and R3*. 

The r e c e i v e r  ga in  and t h e  p o i n t  at  which AGC takes over are 

When t h e  s i g n a l  input  i s  low, g r i d  b i a s  i s  taken  from Zener D 8  and re- 
ceiver ga in  i s  cons t an t .  As t h e  s i g n a l  input  i s  increased ,  t h e  AGC ampli-  
f i e r  output  even tua l ly  exceeds the vo l t age  on Zener D 8  and r e c e i v e r  ga in  
becomes a func t ion  of t h e  s i g n a l  input  and AGC a c t i o n  occurs .  

The Zener diodes D and D8  a re  temperature  compensated types .  Diodes 
D9, DlO9 and Dll provide c i r c u i t  temperature  compensation. 
c h a r a c t e r i s t i c  i s  c a r e f u l l y  temperature compensated through t h e  f ixed  ga in  
range, wi th  on ly  moderate d r i f t  i n  t h e  delayed AGC range. 

7 
Thus t h e  AGC 

Power requirements f o r  each receiver are 130 v o l t s  DC a t  18.6 m i l l i -  
amperes and 23.6 v o l t s  DC a t  300 mill iamperes .  

All components were ca re fu l ly  se l ec t ed  f o r  s t a b i l i t y  and ruggedness and 
p a r t i c u l a r  a t t e n t i o n  was paid t o  t h e  cons t ruc t ion  techniques  used. After 
adjustment ,  each t ransformer and induc to r  tun ing  s l u g  i s  locked i n  p l ace  
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with  beeswax so  t h a t  t h e  ferr i te  co res  are not detuned by v i b r a t i o n .  Each 
r e c e i v e r  weighs 1.88 pounds and occupies  74 cubic  inches .  

C .  ANTENNA IMPEDANCE MEASURING SYSTEM 

1. In t roduc t ion  

Proper  i n t e r p r e t a t i o n  of t h e  cosmic noise  l e v e l s  measured du r ing  f l i g h t  
r equ i r e s  t h a t  the impedance of t h e  r ece iv ing  antenna be known. The antenna 
impedance measuring system designed f o r  t h i s  payload measures t h e  antenna 
impedance a t  0.75 MHz and 1.225 MHz once every 15 seconds dur ing  f l i g h t .  The 
instrument  can  measure values  of antenna impedance equiva len t  t o  a capac i -  
t ance  between -40 pf and +TO pf a t  1.225 MHz and between -36 p f  and 9 2  pf 
a t  0.75 MHz. Antenna r e s i s t a n c e  values  up t o  1000 ohms may be measured a t  
e i t h e r  frequency . 

2 e Simpl i f ied  C i rcu i t  

The te lemetered data from t h e  antenna impedance measuring c i r c u i t  con- 
s i s t s  of two waveforms which must be measured s imultaneously.  The f i r s t  
waveform represents  t h e  response of a resonant  c i r c u i t  and i s  telemetered v i a  
t h e  40 kHz VCO. The second waveform i s  a measure of t h e  b i a s  sweep vo l t age  
appl ied  t o  a va rac to r  diode and i s  telemetered via t h e  30 kHz VCO. Both of 
these waveforms a re  shown i n  t h e  sample of t e l eme t ry  data i n  Figure 78. 

The c i r c u i t  f o r  measuring antenna impedance i s  a mod i f i ca t ion  of t h e  
familiar "&-Meter" c i r c u i t .  
onant R E  c i r c u i t  as shown i n  Figure l7 (a) ,  i n  which t h e  XR and RR are known 
func t ions  of t h e  antenna impedance. The va lue  of C i s  varied by use of a 
v a r a c t o r  diode t o  o b t a i n  a complete resonance response curve.  The sweeping 
b i a s  vol tage  t o  the v a r a c t o r  diode i s  monitored so t h e  va lue  of C i s  known 
a t  a l l  times. The u n i t  conta ins  two cons tan t  ampli tude e x c i t a t i o n  o s c i l -  
l a t o r s ,  one f o r  0.75 MHz and one f o r  1.225 MHz. The r a d i o  frequency vo l t age  
a c r o s s  t h e  c i r c u i t  C i s  t h e  output  s i g n a l .  A computer program has  been 
w r i t t e n  t o  determine RA and XA from t h e  shape of  t h i s  response curve.  

Bas i ca l ly ,  t h e  c i r c u i t  c o n s i s t s  of a series res- 

F igure  17(b)  shows a s impl i f i ed  schematic diagram of t h e  antenna i m -  
pedance measuring c i r c u i t .  
pedance t o  t h e  resonant c i r c u i t .  The impedance seen  looking i n t o  t h e  sec-  
ondary winding of t h e  t ransformer  i s  des igna ted  zR f o r  r e f l e c t e d  impedance 
and i s  equa l  t o  RR p l u s  JXR as ind ica t ed  i n  F igure  l 7 ( a ) .  
t i o n  of t h i s  c i r c u i t  c o n s i s t s  i n  p a r t  of determining t h e  f u n c t i o n  which al lows 
XR and RR t o  be ca lcu la ted  from XA and RA and vice versa. 

A t ransformer  i s  used t o  couple  t h e  antenna i m -  

P r e f l i g h t  c a l i b r a -  
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3. Detailed C i r c u i t  

a .  Antenna Coupling Transformer. -Figure 18 shows t h e  complete schematic 
diagram of t h e  resonant  c i r c u i t .  
nated as T1, and t h e  v a r a c t o r  diode as D 1 .  
i n j e c t e d  i n t o  t h e  c i r c u i t  as a nominal 0.33 mv r m s  a c r o s s  t h e  0.3 ohm r e s i s t o r  

3. 
Capaci tors  C2 and C 3  are used only dur ing  t h e  measurement a t  0.75 MHz. 
RF s i g n a l  a c r o s s  t h e  v a r a c t o r  diode i s  taken  o f f  via emi t t e r - fo l lower  &I, so 
as not t o  load t h e  resonant  c i r c u i t .  

The antenna coupl ing t ransformer  i s  des ig -  
The o s c i l l a t o r  input  s i g n a l  i s  

Capac i tors  Cl, C2, and C3 p a r a l l e l  D1 and are p a r t  of t h e  series C .  
The 

The antenna coupl ing t ransformer TI was developed f o r  use i n  t h i s  c i r c u i t .  
A po t  core  was used i n  t h e  t ransformer because of i t s  s e l f - s h i e l d i n g ,  h igh  
coupl ing c o e f f i c i e n t  and small size. 
a t u r e  s t a b i l i t y .  Losses i n  t h e  t ransformer were minimized so  t h a t  small 
values  of antenna r e s i s t a n c e  could be measured. The t u r n s  r a t i o  i s  one-to-  
one and c o n s i s t s  of basket  wound L i t z  wire. One h a l f  of t h e  pr imary was 
wound on each s i d e  of t h e  secondary s o  t h a t  t h e  s t r a y  capac i tance  would be 
balanced. The balance of each primary h a l f  was checked by applying a s i g n a l  
t o  t h e  secondary winding and then  comparing t h e  induced s i g n a l s  i n  each  h a l f  
of t h e  pr imary as t o  amplitude and phase.  
a d j u s t i n g  t h e  r e l a t i v e  p o s i t i o n  of t h e  pr imary h a l f  c o i l s .  

An a i r  gap i n  t h e  co re  improves temper- 

Fine balancing was accomplished by 

The inductance of t h e  secondary winding provides  t h e  L i n  t h e  ser ies  res- 
onant c i r c u i t .  The secondary winding was designed t o  have an  inductance of 
106 microhenries  so t h a t  a t  l.225 MHz t h e  c i r c u i t  could resonate  when t h e  an-  
t enna  reac tance  was equiva len t  t o  a CA of -40 p f .  Th i s  resonance occur s  when 
t h e  v a r a c t o r  diode i s  a t  i t s  maximum value  of capac i tance .  For minimum var -  
actor  diode capac i tance ,  resonance occurs  for a CA of 70 p f .  
p roper  CA range a t  0.75 MHz, a 270 pf c a p a c i t o r  i s  switched i n  p a r a l l e l  w i th  
t h e  v a r a c t o r  diode.  

To o b t a i n  t h e  

b .  Varactor  Diode.-Operation of t h e  c i r c u i t  i s  such t h a t  t h e  sum of 
CA and t h e  v a r a c t o r  diode capaci tance i s  n e a r l y  cons tan t  a t  c i r c u i t  resonance. 
The range ove r  which CA may be measured i s  t h e r e f o r e  approximately e q u a l  t o  
t h e  range over  which t h e  va rac to r  diode capac i tance  may be va r i ed .  A 1N952 
v a r a c t o r  diode was se l ec t ed  because it can be var ied  by a t  least  125 p f ,  has  
a h igh  Q and i s  q u f t e  stable w i t h  temperature .  The capac i tance  of t h e  diode 
may be ca l cu la t ed  very accura t e ly  from: 
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where 

CD = diode junc t ion  capac i tance  

K, Vo, and n = cons tan t s  f o r  a given diode 

V = ins tan taneous  va lue  of t h e  bias sweep vo l t age .  

When CD i s  measured i n  pf  and V i s  measured i n  v o l t s ,  t h e  f l i g h t  diode va lues  
are K = +143.0, Vo = 0.5958, and n = 0.4766. 
V = +O.3O v o l t s  and 26.1 pf when V = +35.0 v o l t s .  

The va lue  of CD i s  157 pf  when 

c .  Sweep Voltage Generator.-The bias sweep vo l t age  i s  generated by a n  
The sweep waveform i s  generated by RC d ischarge  c i r c u i t  shown i n  F igure  19. 

C ~ O  d i scha rg ing  through t h e  s e r i e s  combination of RIO and R 1 3 .  
vo l t age  decays exponent ia l ly  from 35 v o l t s  t o  0.3 v o l t  i n  approximately 0.5 
second. The sweep c a p a c i t o r  i s  recharged through t h e  s i l i c o n  c o n t r o l l e d  
rec t i f ie r ,  Q3. 
erates a p o s i t i v e  pu l se  every  0.5 second which i s  coupled through C 8  and 
t r i g g e r s  t h e  SCR, al lowing C ~ O  t o  charge back up t o  +35 v o l t s .  
t i o n  ra te  i s  such t h a t  approximately f i v e  resonant  response curves a r e  ob- 
t a i n e d  a t  each measurement frequency. 

The sweep 

The f ree  running mul t iv ib ra to r ,  c o n s i s t i n g  of  Q1 and Q2, gen- 

The r e p e t i -  

d o  Exc i t a t ion  O s c i l l a t o r s .  -The 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  
which provide t h e  input  s i g n a l  t o  t h e  series resonant  c i r c u i t  are of t h e  
C o l p i t t s  type.  Construct ion d e t a i l s  are shown i n  F igure  20. The schematic 
diagram of t h e  o s c i l l a t o r  c i r c u i t  board i s  shown i n  F igure  21, These o s c i l -  
l a t o r s  are temperature s t a b l e  i n  amplitude and frequency.  A monitor  c i r c u i t  
i s  provided which measures t h e  o s c i l l a t o r  amplitude a t  t h e  c o l l e c t o r  and 
provides  a Dc l e v e l  which i s  telemetered along wi th  t h e  o t h e r  d a t a .  The 
proper  measurement frequency i s  se l ec t ed  by a relay which a p p l i e s  -23 v o l t s  
t o  o n l y  one of the o s c i l l a t o r s  a t  a t i m e .  The r e l a y  i s  c o n t r o l l e d  by t h e  
payload sequence t i m e r .  

e .  S i g n a l  Amplifier and Envelope Detector .  -As  mentioned previous ly ,  

The amplitude of t h i s  s i g n a l  changes as t h e  var -  
The envelope formed 

- 
t h e  W s i g n a l  appearing ac ross  t h e  n r a c t o r  diode i s  coupled t o  t h e  a m p l i f i e r  
via an  emi t te r - fo l lower .  
a c t o r  diode capac i ty  i s  swept through i t s  f u l l  range. 
by t h i s  amplitude v a r i a t i o n  goes through a resonant  peak and i s  a measure of 
t h e  response of the series resonant  c i r c u i t .  

Following the emi t te r - fo l lower ,  t h e  RF s i g n a l  i s  ampl i f ied  and then  t h e  
envelope i s  de tec ted .  
ampl i f i ca t ion  a r e  provided by Ql and Q2. A reactive load i s  used f o r  Q2 t o  
improve l i n e a r i t y  and produce equal ga in  a t  0.75 MHZ and 1.225 MHz. The en- 
velope d e t e c t o r  cons i s t s  of D1 and D2 connected as a vo l t age  doubler .  Sig- 
n a l  levels are high enough so t h a t  t h i s  d e t e c t o r  produces a l i n e a r  response.  

The c i r c u i t  i s  shown i n  F igure  22. Two s t a g e s  of 
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The diodes have high forward conductance and exceedingly low r eve r se  leakage. 
The d e t e c t o r  t i m e  cons tan t  i s  set by R6 and C5 t o  be approximately 1/10 t h a t  
of t h e  series resonant  c i r c u i t .  This a l lows  t h e  d e t e c t o r  t o  f a i t h f u l l y  f o l -  
low t h e  envelope. 

Dr iver  stage Q3 couples  t h e  de tec ted  envelope s i g n a l  t o  t h e  telemetry 
(40 kHz VCO) i npu t .  Diode D3 temperature compensates Q3 and a t  t h e  same 
t i m e  sets t h e  bias l e v e l  so t h a t  any s i g n a l  de t ec t ed  w i l l  produce an  output  
a t  t h e  driver.  

4. F l i g h t  Operation Sequence 

F igure  23 shows t h e  t ime r e l a t i o n s h i p  between t h e  antenna impedance meas- 
urement i n t e r v a l s  and a l l  o t h e r  payload switching f u n c t i o n s .  I n  t h e  basic 
p a t t e r n  power i s  suppl ied t o  t h e  antenna impedance measurement c i r c u i t  f o r  5 
out  of every 15 seconds. The antenna impedance i s  measured a t  1.225 MHz 
dur ing  t h e  f i r s t  ha l f  of t h e  ?-second i n t e r v a l  and a t  0.75 MHz dur ing  t h e  
second h a l f  e 

Note i n  Figure 23 t h a t  t h e  antenna impedance i s  measured i n  f o u r  d i f f e r -  
e n t  i n t e r v a l s  dur ing  one complete 90-second payload swi tch ing  sequence * I n  
a d d i t i o n ,  t h e  i n t e r v a l  between the  10-second mark and t h e  15-second mark i s  
used t o  measure t h e  impedance of a known c a p a c i t o r  t o  provide a n  i n - f l i g h t  
check of t h e  c i r c u i t  c a l i b r a t i o n .  During t h e  i n t e r v a l  between t h e  55-second 
mark and t h e  60-second mark t h e  antenna impedance c i r c u i t  i s  not  energized.  
Therefore  o s c i l l a t o r  leakage cannot i n t e r f e r e  wi th  t h e  radiometer  l tnoisel '  and 
"no -noise"  c a l i b r a t i o n  

5. Mechanical Iayout 

The antenna impedance measuring c i r c u i t  was assembled i n  two boxes des-  
igna ted  t h e  antenna switch box and t h e  o s c i l l a t o r  and sweep gene ra to r  box. 
The antenna switch was in t eg ra t ed  i n t o  a s i n g l e  package a long  wi th  t h e  an- 
t enna  impedance tank envelope output c i r c u i t  and t h e  radiometer  f i r s t - s t a g e  
p reampl i f i e r .  F igure  10(b) i s  a photograph showing t h e  mechanical assembly 
of t h e  antenna switch and t h e  impedance tank envelope output  c i r c u i t s .  
Shie ld ing  i s  accomplished by providing sepa ra t e  compartments f o r  t h e  c i r c u i t s .  
A s i d e  cover  p l a t e  and a sh ie ld ing  p l a t e  have been removed f o r  c l a r i t y .  The 
c i r c u i t  boards are secured on three  sides by s l o t s  m i l l e d  i n t o  t h e  v e r t i c a l  
s i d e s  of t h e  package. Figure L O ( a )  i s  another  view of t h e  antenna switch 
box showing t h e  p lug- in  c a l i b r a t i o n  c a p a c i t o r  for t h e  impedance measuring 
system. The t o t a l  weight of  t h e  switch box u n i t  i s  2.45 pounds and it meas- 
u r e s  7.50 inches long, 4.25 inches wide, and 4.25 inches  high.  
i s  fabricated from magnesium. 

The housing 



The e x c i t a t i o n  o s c i l l a t o r s  and sweep gene ra to r  are housed i n  a common 
box on "B" Deck. 
long, 3.83 inches wide,  and 3.83 inches high.  

The complete u n i t  weighs 0.79 pound and measures 4.50 inches  
The housing i s  magnesium. 

D. SWITCHING SEQUENCE TIMER 

1. General Operation 

I n  o r d e r  t o  perform t h e  var ious  measurements and c a l i b r a t i o n s  dur ing  
f l i g h t  t h e  switching sequence r equ i r e s  a r a t h e r  complicated t i m e r .  The t i m e  
r e l a t i o n s h i p s  can best be i l l u s t r a t e d  by r e f e r r i n g  t o  F igure  23 which shows 
a complete sequence of switching even t s .  Note t h a t  90 seconds are requi red  
f o r  one complete switching sequence. I n  t h a t  i n t e r v a l  t h e  radiometer  d a t a  
and antenna impedance sequence r epea t s  6 times, t h e  radiometer  audio  output  
commutator sequence r epea t s  twice and t h e  t e l eme te r ing  VCO channel  c a l i b r a t i o n  
occurs  once f o r  each bank of V C O ' s .  The Ledex s t e p s  a t  10-second and 5-  
second i n t e r v a l s  f o r  t h e  radiometer  data and antenna impedance measurement 
i n t e r v a l s ,  r e spec t ive ly .  The payload block diagram, F igure  1, shows t h e  re- 
l a t i o n s h i p  of  t he  va r ious  s e c t i o n s  of t h e  t imer  and t h e i r  i n f luence  on pay- 
load ope ra t ion .  The c o n t r o l  func t ions  of t h e  t imer are as fo l lows:  

1. Antenna switching, which a l s o  c o n t r o l s  a l l  o t h e r  t iming  func t ions .  

2. Antenna impedance measurement turn-on and sequencing. 

3. Radiometer "no noise"  and "noise" c a l i b r a t i o n  sequencing. 

4. VCO c a l i b r a t i o n  sequencing. 

5 .  Antenna impedance measuring system c a l i b r a t i o n .  

6. Radiometer audio commutator sequencing. 

Referr ing t o  F igure  24, t h e  b a s i c  t iming i n t e r v a l  i s  generated by t h e  
a s t a b l e  mul t iv ib ra to r  labeled "Antenna T i m e r . "  
a -34-volt  pu l se  wi th  a du ra t ion  of approximately 70 mil l i s econds .  
i s  used t o  d r i v e  two power ampl i f i e r s ,  which i n  t u r n  energ ize  t h e  antenna 
Ledex and t h e  audio commutator Ledex. The antenna Ledex shown i n  F igure  8 
i s  a 12-pos i t ion  4-wafer swi tch ,  
switches which a re  used t o  switch t h e  radiometer  p reampl i f i e r  and antenna 
impedance measuring system between t h e  antenna, radiometer  c a l i b r a t i n g  dummy 
antenna, and impedance c a l i b r a t i n g  c a p a c i t o r .  Wafer E i s  used t o  synchronize 
t h e  audio  commutator t o  t h e  antenna Ledex, Wafer A i s  a 2-p01e, 6 - p o s i t i o n  
switch,  one pole  of which switches a t iming  c a p a c i t o r  i n  and ou t  of t h e  an- 
tenna  switch mul t iv ib ra to r  t o  provide m r i a b l e  t iming.  

The output  of t h i s  t i m e r  i s  
The pu l se  

Wafers C and D are 2-pole, 6 -pos i t i on  

The o t h e r  po le  



switches -23-volt  regula ted  power t o  t h e  antenna impedance system. The audio  
commutator Ledex shown i n  Figure 25 i s  a 4-wafer switch wi th  h a l f  o f  Wafer D 
wired as a 3 -pos i t i on  switch t o  sample t h e  audio output  of each of  t h e  t h r e e  
r e c e i v e r s  s equen t i a l ly .  The audio output  of  each receiver i s  sampled f o r  1.5 
seconds.  Only dur ing  t h e  f irst  10 seconds of t h i s  i n t e r v a l  i s  t h e  audio o u t -  
pu t  due t o  g a l a c t i c  background noise. During t h e  f i n a l  5 seconds t h e  antenna 
impedance i s  being measured and the  audio output  i s  meaningless.  The o t h e r  
h a l f  of Wafer D supp l i e s  -34 v o l t s  from t h e  VCO c a l i b r a t i o n  timer t o  two 
groups of VCO c a l i b r a t i o n  r e l a y s .  Wafer C s u p p l i e s  +g volts through several 
r e s i s t o r  networks f o r  t h e  establ ishment  of a computer c o n t r o l  vo l tage .  Wafer 
B s u p p l i e s  -23 v o l t s  t o  t h e  noise  gene ra to r  con t ro l ,  VCO c a l i b r a t i o n  con t ro l ,  
and antenna impedance measuring c i r c u i t .  The f o u r t h  wafer i s  p a r t  of a homing 
c i r c u i t  t o  s l a v e  t h e  audio  commutator t o  t h e  antenna Ledex. 

Seve ra l  f a i l - s a f e  f e a t u r e s  were incorporated i n  t h e  switching sequence. 
I n  both t h e  de l ay  c i r c u i t s  and the c a l i b r a t i o n  timer, a c i r c u i t  f a i l i n g ,  i n  
e i t h e r  t h e  energized or de-energized p o s i t i o n ,  w i l l  be switched out  w i t h i n  5 
seconds by t h e  antenna t i m e r  so t h a t  radiometer  d a t a  w i l l  s t i l l  be provided. 
Fu r the r ,  if e i t h e r  o r  both t h e  antenna Ledex or t h e  audio commutator Ledex 
should malfunction, t h e  antenna t i m e r  w i l l  cont inue t o  pu l se  them i n  a n  a t -  
tempt t o  r e s t o r e  normal a c t i o n .  Under t h e s e  circumstances,  t h e  audio  com- 
mutator  Ledex w i l l  be resynchronized t o  t h e  antenna Ledex w i t h i n  90 seconds. 

2, Descr ip t ion  of C i r c u i t s  

A s impl i f i ed  antenna t imer  c i r c u i t  i s  shown i n  F igure  26. Applicable  
waveforms f o r  t h i s  and o t h e r  timing c i r c u i t s  t o  be discussed are shown i n  
F igure  23. The basic antenna t imer  i s  a convent iona l  astable m u l t i v i b r a t o r  
wi th  unsymmetrical on-off t imes .  Refer r ing  t o  F igure  24, when t e r m i n a l  C43 
i s  no t  connected t o  t e r m i n a l  C44, t h e  d ischarge  t i m e  of C 5  through R3 pro-  
duces a 1/2 cycle t i m e  of 1.5 seconds, and C 8  i n  p a r a l l e l  wi th  C 1 3  d i scha rg ing  
through R2 produces a 1/2 cyc le  t i m e  of 3.5 seconds. 
seconds.  
a l l e l  wi th  C5 and t h e  d ischarge  time becomes 6.5 seconds, which, i n  combina- 
t i o n  wi th  t h e  3.5-second t i m e ,  gives a per iod of  10 secoads. Terminals C43 
and C44 are a l t e r n a t e l y  connected and disconnected, producing a l t e r n a t e  10- 
and >-second per iods ,  respec t ive ly .  The output  relay RY6 i s  placed i n  series 
wi th  a c a p a c i t o r  from t h e  c o l l e c t o r  of &8 t o  ground. 
C4 charges  through R 4  and t h e  r e l a y  c o i l .  
b iased ,  po la r i zed  type, t h e  charging cu r ren t  does not ope ra t e  t h e  relay. 
When &8 conducts,  C 4  d i scharges  through t h e  r e l a y  c o i l .  The cu r ren t  d i r e c -  
t i o n  i s  now c o r r e c t  and t h e  r e l a y  ope ra t e s .  The t i m e  cons tan t  of t h e  r e l a y  
c o i l  and C 4  i s  ad jus ted  so t h a t  the r e l a y  remains c losed  f o r  approximately 
50 mi l l i seconds .  
c a p a c i t o r  C 4 .  

The t o t a l  i s  t h e n  5.0 
When t e rmina l s  C43 and C44 are connected, Cg and Cl2 are i n  pa r -  

When &8 i s  c u t  o f f ,  
Since t h e  relay i s  a magnet ica l ly  

Diode 9 prevents  t h e  r e l a y  c o i l  back-EMF from damaging 



The second bas ic  c i r c u i t  i s  t h e  delay-on t imer which i s  used i n  t h e  VCO 
c a l i b r a t i o n  sequences, t h e  VCO c a l i b r a t i o n  sequence delay, t h e  no i se  gen- 
e r a t o r  delay and the antenna impedance measuring system de lay  timers. R e -  
f e r r i n g  t o  t h e  s impl i f ied  c i r c u i t  i n  F igure  27, t r a n s i s t o r  Q1 i s  c u t  o f f  and 
C 1  i n i t i a l l y  i s  not chgrged. When -Ecc i s  app l i ed ,  Eb begins  f a l l i n g  toward 
-Ecc as t h e  capac i to r  charges .  When Eb reaches about -0.2 v o l t ,  t h e  t r a n -  
s i s t o r  conducts and relay RYl i s  energized.  R3 l i m i t s  c o l l e c t o r  c u r r e n t .  

I n  t h e  c i r c u i t s  f o r  t h e  antenna impedance measuring system delay and VCO 
c a l i b r a t i o n  d e l a y  shown i n  Figure 24, a d d i t i o n a l  r e s i s t o r s  ( R 1 3  and R24) have 
been provided t o  discharge t h e  t iming  c a p a c i t o r ,  
t h e  t iming  capac i to r  when t h e  a s soc ia t ed  relays are energized.  

They are switched a c r o s s  

The delay-off g a t e  shown i n  Figure 28 and used i n  t h e  VCO c a l i b r a t i o n  
t i m e r  i s  t h e  last basic type  of de l ay  c i r c u i t  used. I n  t h i s  case,  audio  com- 
mutator  Ledex Wafer B provides  t h e  i n i t i a t i n g  power, -Ecc, t o  t h e  c i r c u i t .  
Relay RYl i s  energized immediately and i s  de-energized 2 seconds la te r .  De- 
lay-off  was used for t h e  VCO c a l i b r a t i o n  t i m e r  because it can be wi red  f a i l -  
safe i n  t h e  event  of audio commutator Ledex malfunct ion i n  t h e  VCO c a l i b r a t e  
p o s i t i o n .  I f  such a malfunction occurs ,  t h e  delay-off  timer w i l l  "time out"  
and t h e  system w i l l  r e v e r t  t o  a data t a k i n g  mode. C i r c u i t  ope ra t ion  i s  then  
b a s i c a l l y  t h e  same as t h a t  of t h e  delay-on g a t e  p rev ious ly  descr ibed  except  
t h a t ,  i n s t ead  of using Q2 t o  energ ize  a relay, t h e  r ise i n  c o l l e c t o r  vo l t age  
when Q2 conducts  i s  u s e d t o  c u t  o f f  Q1 and t h e r e b y  de-energize RYl. 

The audio commutator and antenna Ledex s tepping  swi tches  each r e q u i r e  a 
28-V01t, 3-ampere pu l se  f o r  proper  a c t u a t i o n .  
main energized f o r  extended per iods  because of t h e i r  l i m i t e d  du ty  cycle 
r a t i n g .  
Q12 shown i n  Figure 24. 
v o l t  supply through r e l a y  RY6 and d r i v e  r e s i s t o r s  R6 and R 7 .  
f o r  50 mill iseconds t h e  bases are forward biased from t h e  -34-volt supply,  
t h e  t r a n s i s t o r s  s a tu ra t e ,  t h e  Ledexes a c t u a t e  and s t e p  one p o s i t i o n .  

The Ledex c o i l s  must not re- 

The Ledex so lenoids  are energized through power t r a n s i s t o r s  Ql1 and 
Thei r  bases are normally reverse biased by t h e  +14- 

When RY6 c l o s e s  

To prevent  Ledex switching t r a n s i e n t s  from i n t e r f e r i n g  wi th  proper  timer 
performance, it i s  necessary  t o  ope ra t e  t h e  c o l l e c t o r  of Q8 from t h e  s e p a r a t e  
Zener r e g u l a t o r  diode, D8. 
r equ i r e s  a s t a b l e  vol tage  for t h e  bias c i r c u i t s .  
regula ted  source of +10 v o l t s  from t h e  unregulated +lb.-volt b a t t e r y .  

P rec i s ion  c o n t r o l  of t h e  de l ay  c i r c u i t  t iming  
Zener diode D9 provides  a 

3 Components 

All t iming  capac i to r s  i n  t h e  c i r c u i t s  of Figure  24 are h e r m e t i c a l l y  
sealed, s i n t e r e d  anode, w e t  slug t an ta lum type  XT c a p a c i t o r s  manufactured by 
P. R .  Mallory. The switching t r a n s i s t o r s  used are a l l  from t h e  Motorola Meg- 
A - L i f e  s e r i e s ,  which are s p e c i a l l y  cons t ruc ted  t o  have a low f a i l u r e  ra te .  



All t i m e r  c i r cu i t s  are mounted t o g e t h e r  i n  t h e  subassembly shown i n  
F igure  29. 
occupies  81 cubic  inches .  

The u n i t  weighs 38 ounces, exc lus ive  of t h e  Ledex a c t u a t o r s ,  and 

E.  IN-FLIGHT CALIBRATION 

1. Noise C a l i b r a t o r  

a. General.-The requirement f o r  a re l iable  and rugged i n - f l i g h t  cal i -  
b r a t o r  f o r  t h e  radiometer  poses  a r a t h e r  d i f f i c u l t  des ign  problem because of 
t h e  7.6~107 'KoR s i g n a l  l e v e l  required., 
modulated c a r r i e r s  r equ i r e  t h e  generat ion of cons tan t  ampli tude s i g n a l s .  If 
t h e  radiometer  c e n t e r  frequency or  bandwidth s h i f t s  somewhat dur ing  f l i g h t  
a CW or pu l se  type  c a l i b r a t i o n  w i l l  r e s u l t  i n  a misleading i n t e r p r e t a t i o n  of 
t h e  changed response of t h e  radiometer t o  t h e  a c t u a l  cosmic no i se  being meas- 
ured.  The on ly  completely s a t i s f a c t o r y  s o l u t i o n  i s  t h e  i n - f l i g h t  use of a 
wideband random noise  genera tor .  
known input  s i g n a l  level  p e r i o d i c a l l y  so t h e  radiometer  dynamic response may 
b e  monitored i n  f l i g h t .  

Continuous wave, pulse ,  o r  amplitude 

The noise  gene ra to r  i s  used t o  supply a 

With t h e  above cons idera t ions  i n  mind a s tudy  was made t o  o b t a i n  t h e  best 
p o s s i b l e  means of i n - f l i g h t  noise  genera t ion .  
s e l e c t e d  on t h e  basis of i t s  high output  and i t s  ruggedness. 

A. s o l i d  s ta te  no i se  diode? was 

b e  Noise Diode Se lec t ion .  -Since r e l a t i v e l y  l i t t l e  was known about  t h e  -- 
diode  as far as s t a b i l i t y ,  spectrum, and r e l i a b i l i t y ,  a t e s t  c i r c u i t  was 
assembled i n  June 1962 t o  age and s tudy  a ba tch  of e l even  SD2L diodes,  from 
which a f l i g h t  diode could be se lec ted .  SD2L diodes are double-diffused 
s i l i c o n  junc t ion  diodes.  They are  operated reversed biased j u s t  beyond t h e  
knee of t h e  Zener region.  Measurements were made of no i se  output  l eve l ,  
power spectrum, diode output  impedance, age v a r i a t i o n s ,  and s e n s i t i v i t y  of 
n o i s e  output  t o  v a r i a t i o n s  i n  diode cu r ren t  and ambient temperature .  O f  t h e  
e l even  placed on tes t ,  seven w e r e  s t i l l  on tes t  May 1963. 'Two f a i l e d  t h e  
f i r s t  two months of t e s t  because t h e i r  l eads  were ove r s t r e s sed  dur ing  i n s t a l -  
l a t i o n  i n  t h e  t e s t  f i x t u r e  and two were withdrawn from t e s t  because t h e i r  
spectrum d id  not meet ou r  needs,  I n  gene ra l  a n  i n d i v i d u a l  diode * s  output  
remained cons tan t  a t  a given operat ing cu r ren t  and temperature  over  t h e  
th ree -yea r  per iod .  Since each diode exhib i ted  a d i f f e r e n t  response t o  oper- 
a t i n g  cu r ren t  and t o  temperature,  d iodes  are not in te rchangeable .  The range 
of cu r ren t  f o r  which output  amplitude remains cons tan t  can b e  d e t e r m i n e d  by 
viewing t h e  output  on a high frequency scope. A s u i t a b l e  diode does not 
e x h i b i t  spiked, ragged o r  e r r a t i c  vo l t age  f l u c t u a t i o n s .  Good noise  output  i s  
represented  on t h e  scope by a symmetry wi th  r e spec t  t o  t h e  scope 's  zero base- 
l i n e  and appears  t o  have a Gaussian amplitude d i s t r i b u t f o n .  
i n g  technique was confirmed by comparison t o  a l a b o r a t o r y  thermionic  noise  
gene ra to r .  

The scope view- 



Figure 30 shows t h e  f l i g h t  diode r m s  no ise  output  vo l tage  v a r i a t i o n  
wi th  temperature and diode c u r r e n t .  The d a t a  f o r  t h i s  curve i s  t h e  r m s  
no ise  measured i n  a 3.5 kHz bandwidth centered a t  1.225 MHz. P l o t s  of t h e  
d a t a  taken  a t  0.75 MHz and 2.00 MHz have a similar shape and t h e  noise  ou t -  
pu t  level i s  within kO.5 db of t h e  1.225 MHz value  i n  F igure  30 over  t h e  
whole diode cur ren t  range. An ope ra t ing  c u r r e n t  of 528 microamperes was 
se l ec t ed  f o r  use dur ing  f l i g h t  because i n  t h a t  reg ion  t h e  noise  output  i s  
r e l a t i v e l y  i n s e n s i t i v e  t o  changes i n  temperature  and diode c u r r e n t  as Figure  
30 shows. The f l i g h t  diode has  an  e f f e c t i v e  output  impedance of 140 ohms. 

c. Noise Diode Circuit.-The f l i g h t  c i r c u i t  developed f o r  use wi th  t h e  
SD2L diode i s  shown i n  Figure 31. 
emi t te r - fo l lower  Ql, and t h e  RC output  a t t e n u a t o r  network. The e m i t t e r - f o l -  
lower i s o l a t e s  t he  noise  diode from t h e  rest  of  t h e  c i r c u i t .  
a t t e n u a t o r  ta i lors  t h e  s p e c t r a l  d i s t r i b u t i o n  so t h a t  t h e  des i r ed  c a l i b r a t i o n  
s i g n a l  level  i s  presented t o  each r e c e i v e r .  
p rovides  a 50 ohm match t o  t h e  radiometer  dummy antenna unbalanced-to-balanced 
input  t ransformer.  
meter ing t h e  vol tage drop ac ross  R3. 

-- 
The c i r c u i t  c o n s i s t s  of no i se  diode D1, 

The output  

The a t t e n u a t o r ,  i n  a d d i t i o n ,  

Noise diode cu r ren t  i s  monitored dur ing  f l i g h t  by t e l e -  

Since a small noise  output  temperature  c o e f f i c i e n t  does e x i s t ,  a small 
constant- temperature  oven ope ra t ing  a t  gO°F 23°F was designed f o r  t h e  com- 
p l e t e  no ise  generator  c i r c u i t .  The oven i n t e r n a l  temperature  i s  monitored 
dur ing  f l i g h t  f o r  r e fe rence  purposes 

The f l i g h t  u n i t  was designed t o  provide a n  i n - f l i g h t  no ise  c a l i b r a t i o n  
l e v e l  of 7.3~106 O K - R  a t  0.75 MHz, 2 . 8 ~ 1 0 7  "KaR a t  1.225 MHz, and 7 .6~107 
" K - R  a t  2.00 MHz. 
levels t o  be measured i n  free space.  

These l e v e l s  were s e l e c t e d  t o  f a l l  near  t h e  a n t i c i p a t e d  

It i s  important t o  recognize t h a t  t h e  l abora to ry  thermionic  no i se  diode 
c a l i b r a t i o n s  a r e  used as t h e  abso lu te  s tandard  The i n - f l i g h t  s o l i d - s t a t e  
diode se rves  t o  determine t h e  magnitude of any change i n  t h e  radiometer  pe r -  
formance * 

Once every  90 seconds dur ing  f l i g h t  t h e  noise  gene ra to r  i s  connected t o  
t h e  radiometer  and tu rned  on t o  perform a noise  c a l i b r a t i o n .  The radiometer  
no ise  c a l i b r a t i o n  i n t e r v a l  i s  shown i n  F igure  23 as occurr ing  from t h e  55 t o  
t h e  60-second time mark. For t h i s  f ive-second dura t ion ,  t h e  radiometer  i s  
connected t o  t h e  dummy antenna,  
p re sen t  because the + l 3 O  v o l t s  i s  not appl ied  t o  t h e  noise  gene ra to r .  For  
t h e  remaining 2-1/2 seconds of t h e  c a l i b r a t i o n  i n t e r v a l ,  + l 3 O  v o l t s  i s  ap-  
p l i e d  and t h e  noise s i g n a l  i s  p re sen t .  The f i rs t  i n t e r v a l  i s  r e f e r r e d  t o  as 
"no noise ,  t h e  second as "noise a 

i s  based on t h e s e  two l e v e l s  as d iscussed  i n  Sec t ion  IrI under Radiometer 
P r e l i g h t  Cal ibra t ion .  The sample of analog t e l e m e t r y  record i n  F igure  79 
shows t h e  radiometer output  l e v e l  f o r  t h e  "no noise"  and "noise"  i n t e r v a l .  

During t h e  f i r s t  2-1/2 seconds no noise  i s  

The radiometer  i n - f l i g h t  g a i n  c a l i b r a t i o n  
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2. VCO C a l i b r a t o r  

Data process ing  i s  s impl i f ied  and accuracy i s  g r e a t l y  improved by feed- 
ing  known DC levels through t h e  complete telemetry system a t  r e g u l a r  i n t e r -  
v a l s .  This  procedure makes it poss ib l e  t o  determine vol tage  s c a l e  f a c t o r s  
and o f f s e t  l e v e l s  which inc lude  e f f e c t s  from both t h e  t e l eme t ry  system and 
t h e  data reduct ion  equipment. By apply ing  t h e  known DC input  levels a t  
r e g u l a r  i n t e r v a l s  t h e  scale and o f f s e t  f a c t o r s  may be recomputed, t h e r e b y  
e l imina t ing  d r i f t  effects  i n  t h e  complete system. Four l e v e l s  are used so 
t h a t  e r r o r s  due t o  n o n l i n e a r i t i e s  may a l s o  be e l imina ted .  

The f o u r  known DC levels which are app l i ed  t o  8 of t h e  VCO i n p u t s  once 
every  90 seconds are 0.000 v o l t ,  1.530 v o l t s ,  3.059 volts, and 4.623 v o l t s .  
Each l e v e l  i s  appl ied  f o r  approximately 1/2 second, making t h e  c a l i b r a t i o n  
i n t e r v a l  2 seconds long. The sample of analog t e l eme t ry  record shown i n  Fig-  
ure  79 con ta ins  a VCO c a l i b r a t i o n .  

The VCO c a l i b r a t i o n  i n t e r v a l  occurs  i n  t h e  payload 90-second swi tch ing  
sequence as shown i n  Figure 2 3 0  The t h r e e  radiometer  channel  V C O ' s  are cal-  
i b r a t e d  i n  t h e  i n t e r v a l  from 40 t o  42 seconds. 
channels ,  t h e  audio commutator channel, t h e  Langmuir probe channel,  and 
t h e  s o l a r  a spec t  sensor  channel  a re  c a l i b r a t e d  i n  t h e  i n t e r v a l  from 0 t o  2 
seconds 

The two antenna impedance 

The high and low frequency commutated channel V C O ' s  are c a l i b r a t e d  once 

The computer c o n t r o l  channel VCO handles  only  9 d i s c r e t e  DC vo l t age  
p e r  second as descr ibed  i n  t h e  te lemet ry  s e c t i o n  (Sec t ion  11, P a r t  K )  of t h i s  
r e p o r t .  
levels, which a l s o  serve  as i t s  c a l i b r a t i o n .  

The VCO i n - f l i g h t  c a l i b r a t i o n  re l ies  on t h e  accuracy and s t a b i l i t y  of 
t h e  c a l i b r a t i n g  vol tage  source.  Great ca re  was taken  i n  designing and t e m -  
p e r a t u r e  compensating t h e  i n - f l i g h t  vo l t age  r e fe rences  Figure 32  i s  a 
schematic of t h e  VCO c a l i b r a t o r  un i t  which c o n s i s t s  of a temperature  compen- 
sated Zener diode followed by three  vo l t age -d iv ide r  emi t t e r - fo l lower  con-' 
f i g u r a t i o n s .  This  u n i t  maintains  the output  l e v e l s  k3 mv as t h e  temperature  
i s  va r i ed  between -10°C and 3 0 ° C .  Const ruc t ion  and mounting detai ls  f o r  
t h e  VCO c a l i b r a t o r  are shown i n  Figure 33. 

The t r a n s f e r r i n g  of  t h e  VCO inpu t s  from t h e  var ious  d a t a  l i n e s  t o  t h e  
VCO c a l i b r a t i o n  'bus is accomplished by r e l a y s  loca ted  on t h e  "C" Deck VCO 
chassis. ,  
by t h e  payload sequence t i m e r .  

These r e l ays ,  RY1, through RY5, shown i n  F igure  25, are c o n t r o l l e d  

3. Antenna Impedance Measuring C i rcu i t  C a l i b r a t o r  

The antenna impedance measuring c i r c u i t  i s  c a l i b r a t e d  i n  f l i g h t  by pe- 



r i o d i c a l l y  connecting it t o  a known impedance. 
of a p a i r  of s e r i e s  connected 120 pf  c a p a c i t o r s  whose common po in t  i s  con- 
nected t o  ground. This  conf igu ra t ion  s imula tes  t h e  balanced antenna.  The 
c a p a c i t y  of t h e  Radio Astronomy antenna i n  f r e e  space w i l l  be  near  t h i s  
va lue .  

The known impedance c o n s i s t s  

The c a l i b r a t i o n  occurs  once every  90 seconds between t h e  10- and 15- 
second mark as shown i n  Figure 23. 

F. COMPUTER CONTROL 

The major por t ion  of t h e  f l i g h t  d a t a  reduct ion  w i l l  be done on a d i g i t a l  
computer. The payload con ta ins  a t imer and programmer which au tomat i ca l ly  
cyc le s  t h e  payload through t h e  var ious  measurement and c a l i b r a t i o n  modes. 
The computer must be a b l e  t o  sense which of t h e  nine modes t h e  payload i s  i n  
so it can select  t h e  proper  rou t ine  t o  process  t h e  d a t a .  To accomplish t h i s  
a computer con t ro l  s i g n a l  i s  generated aboard t h e  payload by t h e  opening 
and c l o s i n g  of various con tac t s  on t h e  Ledexes and r e l a y s .  The r e s i s t i v e  
summing network f o r  t h e  computer c o n t r o l  s i g n a l  i s  shown i n  t h e  upper r i g h t -  
hand co rne r  of Figure 250 This  DC level  i s  impressed on t h e  2.3 kHz VCO and 
te lemetered back along wi th  t h e  o t h e r  d a t a .  

During t h e  data  processing opera t ion ,  t h e  DC computer c o n t r o l  l e v e l  i s  
recovered and ind ica t e s  t h e  mode of payload ope ra t ion .  The l e v e l s  were 
chosen t o  be a nominal 0.5 v o l t  a p a r t .  Table I l i s t s  t h e  DC levels and 
i d e n t i f i e s  t h e  payload o p e r a t i o n a l  mode corresponding t o  each. F igure  79 
i s  a sample of the ana log  t e l eme t ry  record and shows t h e  computer c o n t r o l  
channel  ou tput  s igna l .  

G. POWER SUPPLIES 

1. Batteries 

The pr imary power f o r  a l l  po r t ions  of t h i s  experiment i s  suppl ied by 33 
Type HR-3 Yardney S i l v e r c e l s .  Ten c e l l s  are connected i n  series t o  form a 
nominal + lb -vo l t  b a t t e r y  and 23 are connected i n  series t o  form a nominal 
-34-volt  b a t t e r y .  
for t h e  an tenna  motors. 

The +lb-vol t  b a t t e r y  has a t a p  a t  approximately +12 v o l t s  

Each c e l l  has a nominal r a t i n g  of 3-ampere hours a t  75°F which a l lows  
a minimum s a f e t y  f a c t o r  of 2 for t h e  normal 30-minute rocke t  f l i g h t .  The 
+lb-vol t  b a t t e r y  h a s  a somewhat g r e a t e r  safety f a c t o r  because it i s  very 
l i g h t l y  loaded except dur ing  antenna e r e c t i o n .  

20 



Because t h e  t r i c k l e  charge p o t e n t i a l  of a s i l v e r - z i n c  c e l l  i s  2.0 v o l t s ,  
t h e  equipment operated from t h e  bat tery packs must be capable  of continuous 
ope ra t ion  a t  -46 v o l t s  on those  u n i t s  us ing  t h e  -34-volt  pack, and +20 v o l t s  
on t h e  +14-volt pack. 

These c e l l s  were p ro tec t ed  from loss of e l e c t r o l y t e  by vent p lugs  which 
were set  a t  approximately 0.5 psia  p re s su re  d i f f e r e n t i a l .  Thus, when t h e  
c e l l s  were placed i n  a hard vacuum, t h e  e l e c t r o l y t e  was s t i l l  under 0.5 p s i a  
p re s su re ,  which was adequate t o  prevent apprec i ab le  Loss of e l e c t r o l y t e .  
The b a t t e r y  con ta ine r  i s  l i n e d  with neoprene shee t ,  which holds  t h e  c e l l s  
f i r m l y  and provides  a degree of cushioning. 
c o n t a i n e r  s t r u c t u r e  i s  shown i n  Figure 3 k e  
i s  8.94 pounds, of which t h e  conta iner  weight i s  approximately 2-50 pounds. 

A photograph showing t h e  b a t t e r y  
T o t a l  weight of  t h e  b a t t e r y  pack 

2. DC-to-DC Converter 

A -34-vol t - in  t o  +235-volt-out DC-to-DC conver t e r  i s  used i n  t h i s  exper-  
iment. The u n i t  i s  shown schematical ly  i n  Figure 35 and supp l i e s  200 ma t o  
t h e  +l3OLvolt and t h e  +202-volt r egu la to r s ,  The conve r t e r  i s  a convent iona l  
common emitter s a t u r a t i n g  core-type power mul t iv ib ra to r .  The switching rate 
f o r  t h e  u n i t  i s  approximately 3.5 kHz. Current i npu t  t o  t h e  conve r t e r  i s  
l a 3  amperes. Ca re fu l  a t t e n t i o n  was paid t o  f i l t e r i n g  s i n c e  t h i s  type  of  con- 
v e r t e r  i s  capable  of gene ra t ing  a cons iderable  amount of pu lse- type  RF noise .  

3 Regulators  

The e i g h t  vo l tage  r egu la to r s  used f a l l  i n t o  t h r e e  c a t e g o r i e s :  uncom- 
pensated Zener diode, Zener diode b iased  emi t te r - fo l lower ,  and h i g h l y  compen- 
sa t ed  series.  One unccmpensated Zener diode i s  used f o r  r e g u l a t i o n  of t h e  
i-35-volt supply t o  t h e  antenna impedance sweep gene ra to r .  Zener diode b iased  
emi t te r - fo l lower  r e g u l a t o r s  a r e  used f o r  t h e  t r a n s m i t t e r  -34-volt supply and 
t h e  -3k-volt  supply t o  t h e  t235-volt DC-to-X conver te r .  There a r e  s i x  
h i g h l y  compensated series r egu la to r s  for (1) t h e  radiometer  f i l amen t s ,  ( 2 )  
p r e a m p l i f i e r  B+, (3)  r e c e i v e r  Bc, ( 4 )  -23-volt  bus, (5) 49-vult  bus, and 
( 6 )  -6.3-volt bus. 

The r egu la to r s ,  shown i n  Figures 36, 37, and 38, are used t o  reduce t h e  
b a t t e r y  supply vol tage  v a r i a t i o n s  and decouple conve r t e r  no ise  from t h e  main 
b a t t e r y  l i n e s .  The Zener diodes used i n  these  r e g u l a t o r s  are se l ec t ed  t o  
achieve  t h e  des i r ed  input  vol tage t o  t h e i r  r e spec t ive  loads.  

Filamect and p l a t e  power f o r  t h e  t h r e e  radiometers  must be w e l l  r egula ted  
if s t a b l e  opera t ion  i s  t o  be achieved. 
t h e  b a t t e r y  supply vol tage ,  t h e  use of r e g u l a t o r s  wi th  high i n t e r n a l  loop 
g a i n  i s  required.  F igure  39 shows t h e  - 5 - v o l t ,  1.5-ampere radiometer  f i l a -  

With a p o s s i b l e  v a r i a t i o n  of 40% i n  
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ment r egu la to r .  
Res i s to r s  R 1  and R2 a l s o  a s s i s t  i n  dropping a p o r t i o n  of t h e  inpu t  vo l tage ,  
reducing t h e  d i s s i p a t i o n  requirements on Ql and Q2. Q3 and Q4 are cascaded 
emi t t e r - fo l lowers  providing s u f f i c i e n t  cu r ren t  g a i n  t o  d r i v e  t h e  bases  of Q1 
and Q2. The e r r o r  a m p l i f i e r ,  Q5, compares a f r a c t i o n  of t h e  output  vo l tage  
wi th  t h e  re ference  Zener diode (D2) vol tage ,  and ampl i f i e s  t h i s  d i f f e r e n c e .  
Res i s to r  R12 app l i e s  a n  e r r o r  s i g n a l  d i r e c t l y  from t h e  input  t o  improve t h e  
compensation of input vo l tage  v a r i a t i o n s .  Temperature compensation i s  ef - 
f ec t ed  by adding a s u f f i c i e n t  amount of p o s i t i v e  temperature  c o e f f i c i e n t  re- 
s i s t a n c e  t o  R9. 

T rans i s to r s  Ql and Q2 are p a r a l l e l e d  se r ies  pass ing  elements ,  

Typical performance of t h i s  r e g u l a t o r  i s  as fo l lows:  

a. The output vo l t age  i s  reduced by 1 mv f o r  each 20 ma i nc rease  i n  
c u r r e n t .  This  i s  an  equiva len t  ou tput  impedance of 0.05 ohm. F u l l  
load cu r ren t  i s  1.5 amperes. 

b .  The output vo l t age  changes less than  6 mv f o r  each 1 -vo l t  change i n  
t h e  input vo l t age .  

c.  For  a constant  input  vol tage,  t h e  output  vo l t age  changes less than  
10 mv between 5°C and 50°C. 

both B+ r egu la to r s  a r e  ve ry  similar i n  des ign  as shown i n  F igure  4C. 
Both rece ive  t h e i r  i npu t  power from t h e  i-235-volt radiometer  DC-to-DC con- 
v e r t e r  which has  a f a i r ly  cons tan t  output  vo l tage  because of i t s  p r e r e g u l a t o r  
i npu t .  

Q2. 
re ference  Zener diode (%) vol tage  and ampl i f i e s  t h e  d i f f e r e n c e .  
vo l tage  ampl i f i ca t ion  i s  obtained from Q3. 
d e n t a l  over-voltage.  
input  of t h e  +l3O-volt r e g u l a t o r  on ly ,  

T rans i s to r  Ql i s  t h e  series pass ing  element d r i v e n  by emi t t e r - fo l lower  
Error ampl i f i e r  Q4 compares a f r a c t i o n  of t h e  output  vo l t age  wi th  t h e  

Add i t iona l  

A power Zener diode D1 i s  used t o  drop  70 v o l t s  a t  t h e  
Diode D2 p r o t e c t s  Ql from a c c i -  

The ampl i f ie rs  i n  each B+ r e g u l a t o r  have t h e  same ope ra t ing  vo l t ages  
when r e fe r r ed  t o  the  p o s i t i v e  p o l a r i t y  s i d e  of t h e  r e g u l a t o r  ou tput .  The 
e r r o r  d i v i d e r  r a t i o  and dropping r e s i s t o r s  R5 and % f o r  t h e  Zener d iodes  
have t h e  va lues  as ind ica t ed  f o r  t h e  tl3O- and t200-vol t  ope ra t ion .  A load 
cu r ren t  of 70 ma may be drawn from each r e g u l a t o r .  Temperature compensation 
i s  done wi th  i n  t h e  manner descr ibed f o r  t h e  -25-volt  f i l ament  r e g u l a t o r .  

Typica l  performance of t h i s  r e g u l a t o r  t ype  i s  as fo l lows :  

a .  Less than 10 mv change i n  output  occurs  from no load t o  f u l l  load 
of 70 ma. This  i s  a n  output  impedance of 0.14 ohm. 

b. The output vo l tage  changes less than  0.5 mv p e r  v o l t  of i npu t  change. 

c .  For  a constant input  vo l tage ,  t h e  output  changes less t h a n  50 mv be- 
tween 5'C and 50°C. 

22 



The +g-volt  r e g u l a t o r  shown i n  F igure  41 i s  a low-voltage ve r s ion  of t h e  
B+ r e g u l a t o r s  and i t s  e l e c t r o n i c  performance i s  similar. I t s  c h a r a c t e r i s t i c s  
a r e  as fo l lows:  

a .  The output  vo l tage  va r i e s  less  than  10 mv from no load t o  f u l l  load 
of 100 m a .  I t s  output  impedance i s  less t h a n  0.1 ohm. 

b .  The output  changes less than  1 m v  p e r  v o l t  of input  change f o r  i n -  
p u t s  from +13-volts t o  t19-vol t s .  

c .  For a cons tan t  input  voltage,  t h e  output  varies less t h a n  10 mv be- 
tween - 1 0 ° C  and t . 4 8 " ~  e 

The -23-volt  r egu la to r ,  whose schematic i s  shown i n  F igure  42 i s  a l s o  
similar t o  t h e  B+ r e g u l a t o r s .  Its c h a r a c t e r i s t i c s  are as fo l lows:  

a. The output  vo l tage  va r i e s  0 .01-vol t  from no load t o  a load cu r ren t  
of 200 m a .  Therefore ,  i t s  output  impedance a t  DC i s  less than  
0.05 ohm. 

b .  The output  changes less than  0.6 mv p e r  v o l t  of input  change. 

c .  For a temperature  change from -10°C t o  50°C, with  input  vo l tage  
cons tan t  and a load cur ren t  of 100 ma, t h e  output  changes 6 mv. 

A photograph of  t h i s  r egu la to r  showing c i r c u i t  layout  i s  shown i n  F igure  
43 

The 6 .3-vol t  r e g u l a t o r  which powers t h e  magnetometer e l e c t r o n i c s  i s  also 
s imi la r  t o  t h e  B+ r e g u l a t o r s  prev ious ly  descr ibed .  The schematic i s  shown 
i n  Figure 44. I t s  c h a r a c t e r i s t i c s  are as fo l lows:  

a. Output vo l tage  v a r i e s  15 m v  from no load t o  a f u l l  load cu r ren t  
of 150 me 

b. The output  changes 15 mv as t h e  input  vo l tage  v a r i e s  from +l3- t o  
+ 2 0 - ~ 0 l t s  o 

c .  For  a cons tan t  input  voltage,  t h e  output  varies less than  22 mv 
between - 1 0 ° C  and +-'jO"C. 

H. ASPECT SmSORS 

The relative angle  between the  e a r t h ' s  magnetic f i e l d  and t h e  r ad io  as- 
tronomy antenna must be known f o r  complete a n a l y s i s  and i n t e r p r e t a t i o n  of t h e  
radiometer  f l i g h t  da t a .  The s t r eng th  of  t h e  e a r t h ' s  magnetic f i e l d  may be 



ca lcu la ted6  t o  wi th in  l$ f o r  t h e  f l i g h t  t r a j e c t o r y .  
of t h e  sp in - s t ab i l i zed  payload and t h e  e a r t h ' s  magnetic f i e l d  v e c t o r  must be 
measured dur ing  the f l i g h t .  

The r e l a t i v e  o r i e n t a t i o n  

The primary aspect  system se l ec t ed  f o r  t h e  f l i g h t  i s  a t h r e e - a x i s  mag- 
netometer capable  of measuring t h e  requi red  angles  t o  w i t h i n  +?". As a back- 
up system, a d i g i t a l  s o l a r  a spec t  sensor  i s  included which measures t h e  ang le  
between t h e  payload Z-axis and t h e  sun once p e r  payload r evo lu t ion  (one meas- 
urement every seventeen seconds) .  

1. Magnetic A.spect Sensor 

The magnetic aspec t  sensor  se l ec t ed  f o r  t h i s  payload c o n s i s t s  of t h r e e  
Schonstedt Instrument Company Type RAM-? single-component magnetometers. 
Each RAM-3 cons i s t s  of  a n  e l e c t r o n i c s  package and a f i e l d  senso r  which i s  
mounted a t  t h e  end of a two-foot length  of cable .  Each e l e c t r o n i c s  package 
i s  1.75 inches i n  d i a m e t e r  and 3.00 inches long. Each f i e l d  senso r  i s  0.75 
inch  i n  d iameter  and 3.18 inches long. Each RAM-3 weighs 8 ounces. 

Figure 2 shows t h e  mounting of t h e  t h r e e  sensors  and t h e  t h r e e  e l e c t r o n i c s  
packages on "E" Deck p r i o r  t o  t h e  foam p o t t i n g .  
of t h e  interconnect  wi r ing .  

F igure  45 g ives  t h e  d e t a i l s  

The e l e c t r o n i c s  package i s  comprised of an input  vo l t age  r e g u l a t o r ,  
o s c i l l a t o r ,  and phase-sens i t ive  r e c t i f i e r .  The o s c i l l a t o r  produces a c u r r e n t  
of approximately 5.0 kHz. This  cu r ren t  i s  fed  through t h e  pr imary winding of 
t h e  sensor  t o  dr ive  c y c l i c a l l y  t h e  h i g h l y  permeable magnetic core  of t h e  
sensor  i n t o  sa tu ra t ion .  The presence o f  a magnetic f i e l d  a long  t h e  a x i s  of 
s e n s i t i v i t y  ( long  a x i s )  of  t h e  f i e l d  sensor  r e s u l t s  i n  t h e  gene ra t ion  of 
second-harmonic vol tages  i n  t h e  sp l i t - s econdary  winding of t h e  sensor .  

The second-harmonic s i g n a l  i s  fed  back t o  t h e  e l e c t r o n i c s  u n i t  where it 
i s  de t ec t ed  i n  a phase-sens i t ive  ha l f  -wave r e c t i f i e r  c i r c u i t .  For a condi- 
t i o n  of zero magnetic f i e l d  on t h e  s e n s o r ' s  a x i s  of s e n s i t i v i t y ,  t h e  output  
Dc s i g n a l  w i l l  be  t h e  nominal 2 .4-vol t  b i a s  level. For o t h e r  f i e l d  condi-  
t i o n s ,  t h e  s i g n a l  w i l l  be  less than  or g r e a t e r  t han  t h e  b i a s  level depending 
upon t h e  d i r e c t i o n  of t h e  f i e l d  wi th  r e spec t  t o  t h e  senso r  a x i s .  Ca l ib ra -  
t i o n  d a t a  i s  furnished by t h e  manufacturer f o r  each u n i t  r e l a t i n g  magnetic 
f i e l d  a long  t h e  sensor a x i s  t o  output  DC vo l t age ,  A nominal c a l i b r a t i o n  
curve i s  a s t r a i g h t  l i n e  pas s ing  through +4,80 volts f o r  a f i e l d  of 6 0 0  
mil l igauss  and 0.00 v o l t  f o r  a f i e l d  of -600 m i l l i g a u s s .  
i s  3% of f u l l  sca le .  

Nominal l i n e a r i t y  

The t h r e e  sensors  are mounted i n  a phenol ic  f i x t u r e  machined t o  a s s u r e  
t h a t  t h e  t h r e e  axes are mutual ly  perpendicular .  The f i x t u r e  i s  o r i e n t e d  on 
"E" Deck of t h e  payload wi th  t h e  X-axis p a r a l l e l  t o  t h e  r a d i o  astronomy an- 



tenna and t h e  Z-axis p a r a l l e l  t o  t h e  l o n g i t u d i n a l  a x i s  of t h e  payload. The 
Y-axis completes t h e  r ight-hand system. 
coord ina te  system and shows t h e  r e l a t i v e  o r i e n t a t i o n  between t h e  r a d i o  a s t r o n -  
omy antenna,  magnetometer axes ,  and t h e  s o l a r  a spec t  sensor .  

Figure 46 i d e n t i f i e s  t h e  rocke t  

Each RAM-3 r e q u i r e s  35 ma from a 6 . 3 - v o l t  supply.  One h i g h l y  regula ted  
and temperature  compensated supply fu rn i shes  cu r ren t  t o  all u n i t s  through 
t h r e e  sepa ra t e  f u s e s  (see Figure 44) .  
tometer  d a t a  w i l l  not be l o s t  i f  an overcur ren t  malfunct ion occurs  i n  only  
one RAM-3. 

The f u s e s  are used so t h a t  all magne- 

I n  t h e  cons t ruc t ion  and assembly of t h e  payload, nonmagnetic materials 
are used where poss ib l e .  This  i s  done t o  reduce d i s t o r t i o n s  i n  t h e  e a r t h ' s  
magnetic f i e l d  a t  t h e  sensor  loca t ion .  The payload main s t r u c t u r e  i s  made 
of ,mgnesium; t h e  e x t e r n a l  s k i n  i s  hard aluminum; hardware c o n s i s t s  of s t a i n -  
less s t ee l  nu t s  and b o l t s  and nonmagnetic connectors .  The relays and motors 
d i s t o r t  t h e  f i e l d  at  t h e  senso r s  s l i g h t l y .  The e f fec t  of t h i s  d i s t o r t i o n  was 
determined by us ing  t h e  e a r t h ' s  magnetic f i e l d  i n  a p r e f l i g h t  c a l i b r a t i o n  of 
t h e  magnetometer wi th  t h e  payload ope ra t ing  i n  t h e  f l i g h t  mode. 

2 0  Solar Aspect Sensor 

The s o l a r  a spec t  s enso r  se lec ted  f o r  t h i s  payload i s  an Adcole Corpora- 
t i o n  D i g i t a l  S o l a r  Aspect System. This  system measures t h e  ang le  of i n c i d e n t  
s u n l i g h t  wi th  r e spec t  t o  a l i n e  perpendicular  t o  t h e  senso r  face and expresses  
t h i s  ang le  as a d i g i t a l  number. In  add i t ion ,  t h e  Dc level of  t h e  output  s i g -  
n a l  i n d i c a t e s  t h e  presence of t h e  i l lumina ted  e a r t h  i n  t h e  e a r t h  t e l e scope  
f i e l d  of view. The system i s  comprised of an  e l e c t r o n i c s  package designated 
as a Model 235D s h i f t  r e g i s t e r  and a n  o p t i c a l  sensor  des igna ted  as a Model 
135 s o l a r  sensor .  
2 pounds; t h e  o p t i c a l  s enso r  occupies a volume of less t h a n  3 cubic  inches 
and weighs 4 ounces. 
payload s t r u c t u r e .  Note t h e  th ree  openings i n  t h e  o p t i c a l  sensor .  The long 
s l i t  i s  used t o  determine t h e  angle t o  t h e  sun, t h e  s h o r t  s l i t  i s  t h e  command 
eye opening, and t h e  round l e n s  i s  t h e  e a r t h  t e l e scope .  

The s h i f t  r e g i s t e r  measures 2x3-1/4x4-5/8 inches and weighs 

F igu re  2 shows t h e  s o l a r  a spec t  system mounted i n  t h e  

The accuracy and r e s o l u t i o n  of t h e  system are determined i n  t h e  o p t i c a l  
s enso ro  Light pass ing  through the long s l i t  on t h e  t o p  of  a qua r t z  block i s  
screened by a gray-coded p a t t e r n  on t h e  bottom of  t h e  block t o  e i t h e r  i l l u m i -  
na te  o r  not  i l l umina te  each of seven pho toce l l s .  The angle  of inc idence  of 
s u n l i g h t  determines which photoce l l s  are i l lumina ted .  The ou tpu t s  from t h e  
seven c e l l s  c o n s t i t u t e  a seven-bit  d i g i t a l  word. The gray-coded p a t t e r n  i s  
used so t h a t  angles  d i f f e r i n g  by o n l y  one degree d i f f e r  by on ly  one b i t  i n  
t h e  d i g i t a l  ou tput .  This  a s s u r e s  t h a t  on ly  one b i t  changes a t  a t i m e  and 
e l i m i n a t e s  t h e  p o s s i b i l i t y  of large angu la r  e r r o r s  due t o  a small e r r o r  i n  
t r a n s i t i o n  synchroniza t ion .  The b i t s  are t r a n s f e r r e d  i n  p a r a l l e l  t o  t h e  s h i f t  
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r e g i s t e r  and read ou t  s e r i a l l y  t o  t h e  t e l eme t ry  system. The gray-coded p a t -  
t e r n  and t h e  seven p h o t o c e l l s  provide 27 or 128 d i g i t a l  words which a l lows  
a coverage of 127' i n  one degree increments.  The ang le  of  coverage i s  63.5" 
each s i d e  of a l i ne  pe rpend icu la r  t o  t h e  senso r  face. The senso r  i s  o r i en ted  
i n  t h e  payload t o  g ive  maximum coverage toward t h e  t a i l  by t i l t i n g  20.5" from 
t h e  Z-axis (see Figure 47). The angle  of coverage extends from 6 = 174" 
( senso r  output  of -63.5") t o  6 = 47" ( senso r  output  of 43 .3" ) .  

The s h o r t  s l i t  i n  t h e  senso r  i s  p a r t  of t h e  command eye which gene ra t e s  
t h e  read out  t r i g g e r  f o r  t h e  a spec t  sensor .  This  t r i g g e r  causes  t h e  sun 
ang le  t o  be read out on ly  when t h e  inc iden t  r ays  are perpendicular  t o  t h e  long 
s l i t .  The angle t o  t h e  sun i s  t h e r e f o r e  read out  once p e r  r evo lu t ion  of t h e  
payload and always a t  t h e  same azimuth angle .  F igure  47 shows t h e  o r i e n t a t i o n  
of t h e  ha l f -p lane  t h e  sun must be i n  t o  t r i g g e r  t h e  sensor .  This  ha l f -p l ane  
passes  through the Z-axis and i s  a t  a n  ang le  of 247" t o  t h e  X-axis. Th i s  
ha l f -p lane  i s  a c t u a l l y  a two-degree t h i c k  wedge determined by t h e  command eye 
o p t i c s .  

The e a r t h  te lescope  has  a 1" c o n i c a l  f i e l d  of view and i s  d i r e c t e d  a t  a n  
ang le  of 6 = 120'45'. 
t h e  e a r t h  i s  not i n  t h e  f i e l d  of  view of  t h e  e a r t h  t e l e scope .  This  r e fe rence  
level drops t o  1.40 v o l t s  when t h e  i l lumina ted  e a r t h  comes i n t o  t h e  f i e l d  
of view. Such a t r a n s i t i o n  i s  shown i n  Figure 79 of t h e  sample ana log  telem- 
e t r y  record;  note  t h a t  a d e f l e c t i o n  downward on t h i s  channel  i s  a n  inc rease  
i n  vol tage .  

The senso r  output  r e fe rence  level i s  3.97 v o l t s  when 

The output  l e v e l  corresponding t o  a b i n a r y  "one" i s  4.91 v o l t s  when t h e  
e a r t h  i s  not i n  view and 2.31 v o l t s  when t h e  e a r t h  i s  i n  view. The cor- 
responding l e v e l s  f o r  a b i n a r y  "zero" are 3.11 v o l t s  f o r  t h e  e a r t h  not i n  
view and 0.37 v o l t  when t h e  e a r t h  i s  i n  view. 

The manufacturer f u r n i s h e s  a code t a b l e  shee t  which relates gray-code 
The coded ang le s  range from -63.5" t o  43 .5"  i n  one-degree output  t o  ang le .  

increments.  The b inary  word ind ica t ed  i n  F igure  79 for t h e  ang le  between t h e  
sun and sensor  i s  11101010. The f i rs t  seven b i t s  i n d i c a t e  a n  ang le  of  -25.5" 
i n  t h e  gray-code (6 = 110.5" +25.5" = 1-36'). The e i g h t h  b i t  i s  always a zero  
t o  s i g n a l  t h e  end of  t h e  word. The beginning of t h e  f i r s t  b i t  marks t h e  
p o i n t  i n  t i m e  a t  which t h e  ang le  was read .  The s h i f t  ou t  rate was chosen t o  
be 3 b i t s  p e r  second or 2.7 seconds f o r  a l l  e i g h t  b i t s .  

The solar aspect  sensor  d a t a  i s  assigned t o  t h e  7.35 kHz VCO telemetry 
channel.  
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I. LA.NGMUIR PROBE 

1. In t roduc t ion  

The Iangmuir probe experiment c o n s i s t s  of a c y l i n d r i c a l  c o l l e c t o r  u n i t  
which i s  placed o u t s i d e  t h e  payload and a n  e l e c t r o n i c  u n i t  placed w i t h i n  t h e  
payload. A photograph of t h e  two u n i t s  i s  shown i n  F igure  48. The two u n i t s  
are connected through low pass  f i l t e rs  provided i n  t h e  probe mount. The cu r -  
r e n t  t o  t h e  c y l i n d r i c a l  c o l l e c t o r  i s  measured wi th  a cu r ren t  d e t e c t o r  as i t s  
p o t e n t i a l  i s  swept through a range of nega t ive  and p o s i t i v e  va lues  wi th  re- 
spec t  t o  t h e  payload body as shown i n  F igure  49. Each volt-ampere curve ob- 
t a i n e d  dur ing  f l i g h t  i s  la ter  in t e rp re t ed  i n  terms of ionosphere e l e c t r o n  
temperature  and dens i ty .  

2 *  C y l i n d r i c a l  Co l l ec to r  Unit 

The c y l i n d r i c a l  c o l l e c t o r  uni t  c o n s i s t s  of a c o l l e c t o r  e l ec t rode ,  a 
guard e l ec t rode ,  and a probe mount. The c o l l e c t o r  e l e c t r o d e  i s  made of s t a i n -  
less s t ee l  and i s  about 9 inches long wi th  a diameter  of  0.022 inch.  The 
guard e l e c t r o d e  i s  made of s t a i n l e s s  s t ee l  tub ing  (O.D. 0.065 inch  and I . D .  
0.042 i n c h ) .  It i s  concen t r i c  with t h e  c o l l e c t o r  e l e c t r o d e  and i n s u l a t e d  
from it wi th  Teflon tubing.  The guard e l e c t r o d e  i s  d r i v e n  wi th  t h e  same 
v o l t a g e  as t h e  c o l l e c t o r  and serves  a twofold purpose: 

a .  P laces  t h e  c o l l e c t o r  beyond t h e  shea th  of t h e  payload sk in ,  and 

b. he lps  t o  maintain a continuous shea th  at t h e  co l lec tor -guard  
boundary. 

The c o l l e c t o r  and t h e  guard e l ec t rodes  are t i e d  t o  a connector  wi th  a s p e c i a l l y  
designed concen t r i c  sp r ing  arrangement t h a t  permi ts  f o l d i n g  of t h e  assembly 
t o  any d e s i r e d  p o s i t i o n  f o r  stowing and deployment a t  nose cone e j e c t i o n .  

The probe mount provides  space f o r  two low pass  f i l t e r s ,  one f o r  t h e  
c o l l e c t o r ,  t h e  o t h e r  f o r  t h e  guard, and a connector  f o r  t h e  c o l l e c t o r  and 
guard elements. 
fe rence ,  induced i n  t h e  c o l l e c t o r  u n i t ,  t o  t h e  e l e c t r o n i c  u n i t .  

The f i l t e r  prevents  t h e  conduction of  r a d i o  frequency i n t e r -  

3 0  E l e c t r o n i c  Unit  

The e l e c t r o n i c  u n i t  c o n s i s t s  of p o s i t i v e  and negat ive  vo l t age  r egu la to r s ,  
a l i n e a r  vo l t age  (AV) sweep generator ,  a p a i r  of d u a l  range c u r r e n t  d e t e c t o r s ,  
and system l o g i c  t o  c o n t r o l  t h e  d e t e c t o r  s e n s i t i v i t y  and o t h e r  func t ions .  
F igure  30 i s  t h e  schematic diagram of t h e  system and shows t h e  interconnec-  
t i o n s  between t h e  u n i t s .  
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Since t h e  system i s  not s e n s i t i v e  t o  input  vo l tage  change, a simple 
series r e g u l a t o r  was s u f f i c i e n t  t o  overcome t h e  change of rocket  b a t t e r y  
vo l t age  . 

P o s i t i v e  - Input vo l tage :  +16 t o  +20 v o l t s  
Output Voltage: +l3 v o l t s  
Regulation : k 2% 

Negative - Input vo l tage :  -30 t o  -36 v o l t s  
Output vo l tage :  -28 v o l t s  
Regu l a  t i o  n : f 2% 

because o A. u n i  junct ion-type ramp vol tage  genera tor7  i s  usel i t s  s i m -  
p l i c i t y ;  t h e  schematic diagram i s  shown i n  F igure  51. The l i n e a r i t y  r e q u i r e -  
ment over  t h e  temperature range (0" t o  9 0 ° C )  i s  sat isf ied by temperature  
compensation wi th  two the rmis to r s .  The des i r ed  negat ive  s t a r t i n g  vo l t age  i s  
obta ined  by a combination of a Zener diode and a diode.  P o s i t i v e  vo l t age  i s  
determined by t h e  u n i  junct ion7 t r a n s i s t o r  vVCc, Figure 51. 

H i  AV - Magnitude: (+ )  4.8 v o l t s  ( - )  3 . 2 1  v o l t s  
Slope : 30.8 v/sec 
L inea r i ty  : 
Output impedance: 2Kn 

< +l$ from a best  s t r a i g h t  l i n e  

Lo AV - Magnitude: (+) 2.4 v o l t s  ( - )  1.6 v o l t s  
Slope : 15.4 V/sec 

To f u l f i l l  the requirement of t h e  Langmuir probe experiment (namely, 

The d e t e c t o r  u t i l i z e s  t h e  

A cur ren t  range of 0.02 t o  6 microamperes was chosen t o  en- 

f l o a t i n g  input  conf igura t ion  as i l l u s t r a t e d  i n  F igure  49) a DC a m p l i f i e r  em- 
ploying a r i n g  modulator8 was used, F igure  5 2 *  
diode r i n g  modulator, modulator d r i v e r ,  a n  AC (carr ier)  ampl i f i e r ,  and a 
demodulator. 
compass t h e  charged p a r t i c l e  cu r ren t  range expected i n  t h i s  experiment.  This  
cu r ren t  range was covered i n  f o u r  s t e p s .  Detec tor  No. l m e a s u r e s  0.02 and 
0.8 microampere f u l l  s c a l e  and Detec tor  No. 2 measures 0 .1  and 6 microampere 
f u l l  s c a l e .  This s e n s i t i v i t y  arrangement permi ts  a c e r t a i n  amount o f  u s e f u l  
d a t a  even i f  one of t h e  two d e t e c t o r s  f a i l s .  

The d e t e c t o r  input  impedance i s  dominated by a shunt r e s i s t a n c e  a c r o s s  
t h e  r i n g  modulator. 
a n  a s t a b l e  mul t iv ib ra to r  producing a 2 kHz square wave. 
c a r r i e r  frequency, 2 kHz was chosen because t h e  peak response of t h e  modulator 
t ransformer  near  t h i s  f requency r e s u l t s  i n  maximum s e n s i t i v i t y  o f  t h e  modu- 
l a t o r .  The frequency response of t h e  d e t e c t o r  i s  l i m i t e d  p r i m a r i l y  by t h e  
low pass  LC f i l t e r  at t h e  demodulator. The f i l t e r  des ign  i s  a compromise be- 
tween a low c a r r i e r  r i p p l e  component on t h e  output  and fas t  response t o  i n -  
put  c u r r e n t .  

The d r i v i n g  frequency of t h e  modulator i s  obta ined  by 
To e l i m i n a t e  t h e  
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The d e t e c t o r s  have t h e  following c h a r a c t e r i s t i c s  : 

Detec tor  N o .  1 - Range: 0.02 and 0.8 yA f u l l  s c a l e  

< 16 KR 0.8 PA 
Input  impedance: < 120 KR 0.02 yA 

output  : 0 t o  5 v o l t s  
Output impedance: < 1.5 KR 

Detec tor  No. 2 - Range: 0.1 and 6 yA f u l l  s c a l e  

< 3 KR f o r  6 yA 
Input  impedance: < 27 KR f o r  0 .1  PA 

output  : 0 t o  5 v o l t s  
Output impedance: < 1.5 KR 

The l o g i c  c i r c u i t s  were designed t o  c a r r y  out  t h e  fol lowing ope ra t ions  
based on AV per iod,  F igures  53 and  54. 

a. 

b .  

C .  

d. 

e .  

Pulse  amplifier-AV r e t r a c e  i s  app l i ed  t o  t h e  pu l se  a m p l i f i e r  and 
and ampl i f ied  pu l se  i s  appl ied t o  f l i p - f l o p  No. 1. 

Hi-Lo AV-Hi-Lo AV switching i s  performed by r e l a y  6 which i s  ope- 
r a t ed  by f l i p - f l o p  No. 1. Therefore  t h e  AV a l t e r n a t e s  between H i  
and Lo AV. F l i p - f l o p  No. 1 d r i v e s  f l i p - f l o p  No. 2. 

Range switch-Range 1 and range 2 of both d e t e c t o r s  are determined 
by  r e l a y s  3 and 4, operated by f l i p - f l o p  No. 2; relay 3 f o r  d e t e c t o r  
No. 1 and r e l a y  4 f o r  de t ec to r  No. 2. To balance t h e  input  cur -  
r e n t ,  r e l a y  3 i s  "on" when r e l a y  4 i s  ' 'off" and v i c e  versa. Since 
f l i p - f l o p  No. 1 d r i v e s  f l i p - f l o p  No. 2, a measurement of c u r r e n t  
wi th  H i  and Lo AV i s  made i n  each range. F l i p - f l o p  No. 2 d r i v e s  
f l i p - f l o p  No. 3.  

Detec tor  switch-Selection of  d e t e c t o r  f o r  t h e  c o l l e c t o r  c u r r e n t  
measurement i s  done by r e l a y  2, input  s e l e c t i o n ,  and r e l a y  5 ,  out-  
pu t  s e l e c t i o n ,  both operated by f l i p - f l o p  No. 3. A.gain t o  balance 
t h e  input  cu r ren t ,  re lays  2 and 5 are a l t e r n a t e d .  The change of  
d e t e c t o r s  occurs  a f t e r  making a measurement wi th  range 1 and range 
2 of a d e t e c t o r .  

Calibration-A Shockley d iode  timer wi th  a f ree  running per iod  of 
about 50 seconds i s  synchronized by f l i p - f l o p  No. 3. This  i n s u r e s  
t h a t  t h e  c a l i b r a t i o n  i s  synchronized wi th  t h e  AV. The t i m e r  t r i g g e r s  
a 2.2-second monostable m u l t i v i b r a t o r  which a l lows  s u f f i c i e n t  t i m e  
t o  c a l i b r a t e  4 ranges with H i  and Lo AV. Figure 55 shows t h e  system 
output  wi th  a dummy res i s t ance  of  22 megohm. 
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4. C a l i b r a t i o n  

I n  gene ra l ,  it i s  d i f f i c u l t  t o  ground c a l i b r a t e  a Langmuir probe s i n c e  
s imula t ion  of condi t ions found i n  t h e  ionosphere i s  not  poss ib l e .  Therefore ,  
an i n - f l i g h t  c a l i b r a t i o n  of t h e  cu r ren t  d e t e c t o r s  i s  made by p e r i o d i c a l l y  
(approximately every 50 seconds) d i sconnec t ing  t h e  d e t e c t o r s  from t h e  c o l l e c -  
t o r  and s u b s t i t u t i n g  a known r e s i s t o r  ( c a l i b r a t i o n  r e s i s t o r ) ,  a p p r o p r i a t e  i n  
va lue  f o r  t h e  s e n s i t i v i t y  of t h e  a s soc ia t ed  d e t e c t o r s .  C a l i b r a t i o n  takes 
about 2.2 seconds t o  cover  a l l  f o u r  ranges wi th  H i  and Lo AV. The accuracy  
of t h e  d e t e c t o r  c a l i b r a t i o n  i s  l imi t ed  by t h e  knowledge of exac t  va lues  of 
c a l i b r a t i o n  r e s i s t o r s  and t h e  s lope  of t h e  AV gene ra to r .  Therefore,  t h e  ca l i -  
b r a t i o n  r e s i s t o r s  a re  known t o  kl'$ of t h e i r  va lues  and t h e  t o t a l  change of 
t h e  AV s lope  i s  kept under ?l$ from a best s t r a i g h t  l i n e  over  t h e  temperature  
range 0" t o  50°C. 

The output  of t h e  AV gene ra to r  i s  monitored through t h e  commutator and 
t h e  AV s lope  can be computed throughout t h e  f l i g h t  i f  it i s  requi red .  Fig-  
ure  56 shows t y p i c a l  d e t e c t o r  c a l i b r a t i o n  waveforms. 

J.  PREFLIGHT MONITOR SYSTEM 

P r e f l i g h t  t e s t  p o i n t  monitor ing and remote c o n t r o l  of t h e  complete pay- 
load i s  accomplished via a twelve lead p u l l - o f f  p lug  c a b l e  between t h e  pay- 
load and a remote c o n t r o l  box. The twelve leads and t h e i r  f u n c t i o n s  are 
i d e n t i f i e d  i n  Table 11. F l i g h t  batteries can be monitored and charged, a l l  
payload equipment can be turned on and o f f  and t h e  payload checked f o r  proper  
ope ra t ion  by use  of t h e  p u l l - o f f  cab le  and t h e  remote c o n t r o l  box. This  i s  
a g r e a t  convenience dur ing  t h e  f i r i n g  countdown because any o p e r a t i o n a l  de- 
l ays  can be managed without  d i f f i c u l t y .  Normally, t h e  t o t a l  payload power i s  
suppl ied e x t e r n a l l y  u n t i l  j u s t  before  rocke t  f i r i n g ,  a t  which t i m e  t h e  system 
i s  switched t o  i n t e r n a l  b a t t e r y  power and t h e  p u l l - o f f  p lug  i s  removed. 

Three Ledex s tepping switches designated "RECEIVER, I t  "TRANSMITTER, It and 
"MONITOR" i n  Figure 57 execute  a l l  remote c o n t r o l  and monitor  func t ions .  
These switches can be energized on ly  by switched e x t e r n a l  power from t h e  re- 
mote con-f;rol box. The switches a r e  stepped i n d i v i d u a l l y  one s t e p  a t  a t i m e  
by p r e s s i n g  one of t h e  t h r e e  push bu t ton  switches loca ted  on t h e  remote 
c o n t r o l  box. 
payload in te rconnec t ions  shown i n  F igure  58,  
c o n t r o l  Ledexes a re  wired as 6 - p o s i t i o n  switches.  
power t o  t h e  var ious p o r t i o n s  of t h e  payload. 
as a 3-pole,  12-posi t ion switch which al lows 36 t e s t  p o i n t s  t o  be remotely 
monitored. The monitored func t ions  are t a b u l a t e d  i n  Table 111. 

The c o n t r o l  box i s  connected via t h e  p u l l - o f f  cable and t h e  
Both r e c e i v e r  and t r a n s m i t t e r  

They are used t o  apply  
The monitor  Ledex i s  wired 

The Ledex switches may be stepped i n  one d i r e c t i o n  only.  The t u r n  on 
sequence was c a r e f u l l y  arranged so t h a t  c e r t a i n  s e c t i o n s  of t h e  payload could 



I .  be operated normally while  o t h e r  por t ions  of t h e  payload were s t i l l  o f f .  The 
t u r n  on Ledexes can be stepped t o  any combination of t h e i r  s i x  p o s i t i o n s  and 
on ly  t h o s e  func t ions  i d e n t i f i e d  i n  Tables  I V  and V w i l l  have power app l i ed .  
This  f e a t u r e  g r e a t l y  s impl i f i ed  payload check out by making it p o s s i b l e  t o  
o p e r a t e  t h e  radiometers  wi th  t h e  t r a n s m i t t e r  and t imer o f f ,  e tc .  

Monitor Ledex outputs  A ,  B, and C are connected t o  t h r e e  vol tmeters  i n  
t h e  remote c o n t r o l  box via t h e  pul l -of f  cable, 
loca ted  a t  t h e  t e s t  po in t  so  t h e  th ree  meters are au tomat i ca l ly  on t h e  proper  
range of 5 v o l t s  o r  50 v o l t s  f u l l  scale. 
vided. The meter readings  f o r  normal ope ra t ions  are known by t h e  remote con- 
t r o l  o p e r a t o r  and thus  any possible  malfunct ion can be noted and diagnosed. 
The monitor  Ledex has  a f o u r t h  output which i s  connected t o  a sepa ra t e  meter 
i n  t h e  remote c o n t r o l  box t o  i n d i c a t e  which monitor  Ledex p o s i t i o n  has  been 
s e l e c t e d .  
t h a t  t h e  pane l  meters A, B, and C could be disconnected and t h e  output  monitor 
l i n e s  switched t o  a d i g i t a l  voltmeter.  This  f e a t u r e  a l lows  a l l  monitor 
vo l t ages  t o  be read very  accu ra t e ly  over  a hard l i n e .  

Meter range r e s i s t o r s  are 

A manual p o l a r i t y  switch i s  pro-  

Addi t iona l  switching was provided a t  t h e  remote c o n t r o l  box so 

Two o t h e r  meters i n  t h e  remote c o n t r o l  box i n d i c a t e  t h e  -34-volt  and 
+lb-vol t  e x t e r n a l  supply c u r r e n t  t o  t h e  payload a t  a l l  times. This  cu r ren t  
i s  furn ished  by independent ly  c o n t r o l l a b l e  power supp l i e s  e x t e r n a l  t o  t h e  
c o n t r o l  box. A photograph of t h e  remote c o n t r o l  box i s  shown i n  Figure 59. 

Nine tes t  monitor po in t s  a r e  t h e r m i s t o r  s i g n a l s  i n d i c a t i n g  t h e  tempera- 
t u r e  a t  va r ious  loca t ions  wi th in  t h e  payload. It i s  p o s s i b l e  t o  monitor  any 
payload temperature  r i s e  du r ing  long o p e r a t i o n a l  ho lds  i n  t h e  rocke t  f i r i n g  
countdown. 
182 watts i n  t h e  payload when the bat ter ies  are f u l l y  charged and a l l  power 
i s  suppl ied e x t e r n a l l y .  During f l i g h t  t h e  d i s s i p a t i o n  drops t o  approximately 
160 watts. 
tempera ture  r i s e  t o  a s a t i s f a c t o r y  degree.  However, t h e  f i b e r g l a s s  nose cone 
i s  a n  e x c e l l e n t  thermal  i n s u l a t o r  and f u l l  power ope ra t ion  p r i o r  t o  t akeof f  
cannot be maintained i n d e f i n i t e l y .  

The temperature  r i s e  i s  caused by t h e  d i s s i p a t i o n  of approximately 

The payload normally has  enough thermal  c a p a c i t y  t o  l i m i t  t h e  

P r i o r  t o  removal of t h e  pul l -of f  plug, it i s  mandatory t h a t  a l l  c o n t r o l  
Ledexes be set  i n  t h e i r  p rope r  pos i t i ons .  The r e c e i v e r  and t r a n s m i t t e r  
Ledexes must be i n  p o s i t i o n  6 and t h e  monitor Ledex must be i n  p o s i t i o n  12. 
A safety p rov i s ion  has  been incorporated i n  t h e  Ledex wir ing  c i r c u i t  t o  p re -  
vent  a c c i d e n t a l  i n c o r r e c t  pos i t i on ing  of t h e  Ledexes. One switch s e c t i o n  on 
each Ledex c l o s e s  on ly  when t h e  Ledex i s  i n  t h e  " f l i g h t "  p o s i t i o n .  
swi tch  c i r c u i t s  are wired i n  s e r i e s  wi th  a supply vol tage  t o  t h e  monitor 
Ledex p o s i t i o n  12. 
ou tput  meter A, i n  p o s i t i o n  12, he can be assured  t h a t  a l l  c o n t r o l  Ledexes 
are p rope r ly  s e t .  

A l l  t h r e e  

If t h e  ope ra to r  observes  a -34-volt  reading  on t h e  monitor 



Diodes are placed i n  series wi th  t h e  two b a t t e r y  charging l i n e s  t o  p re -  
vent  s h o r t  c i r c u i t s  a t  t h e  pu l l -o f f  plug connector  from discharg ing  t h e  b a t t e r y  
pack. P l ac ing  a ground on e i t h e r  l i n e  a t  t h i s  connector  merely reverse biases 
t h e  diode and no c u r r e n t  can flow. 

K .  TELEMETERING SYSTEM 

1. General Operat i o n  

The te lemeter ing  system adopted f o r  th i s :  experiment i s  a s tandard  FM/FM 
system which conforms t o  I R I G  s p e c i f i c a t i o n s .  
240.2 MHz with  a power output  of 2 watts, nominal. 
channel  s i g n a l s  a r e  summed i n  a r e s i s t i v e  network and c o n s t i t u t e  t h e  t r a n s -  
mitter modulation inpu t .  The t r a n s m i t t e r  RF output  drives a t u r n s t i l e  antenna 
designed t o  have a nea r  optimum r a d i a t i o n  p a t t e r n  for t h e  expected rocke t  
t r a j e c t o r y .  Each of t h e  te lemeter ing  subsec t ions  i s  descr ibed  i n  d e t a i l b e -  
low e 

The FM t r a n s m i t t e r  ope ra t e s  a t  
Eleven FM s u b c a r r i e r  

2. Subca r r i e r  O s c i l l a t o r s  

Eleven vol tage con t ro l l ed  s u b c a r r i e r  o s c i l l a t o r s  (EO) are used i n  t h i s  
system. Table V I  i d e n t i f i e s  t h e  'VCO model number, t h e  I R I G  bands used, t h e  
maximum i n t e l l i g e n c e  frequency and t h e  d a t a  assignments.  The V C O ' s  were 
purchased from the E l e c t r o  Mechanical Research Corporat ion.  

F ive  of  t h e  VCO's  a r e  mounted on "C" Deck and in te rconnec ted  as shown 
i n  F igure  25. A photograph of t h e  mounting s t r u c t u r e  i s  shown i n  F igure  60 
p r i o r  t o  t h e  foam p o t t i n g  opera t ion .  The remaining s i x  V C O ' s  are mounted 
on "E" Deck and t h e i r  a s soc ia t ed  in te rconnec t  w i r ing  i s  shown i n  F igure  61. 
Each VCO i s  designed t o  accept  a n  input  vo l t age  of 0 t o  i-5 v o l t s ,  DC. The 
upper modulating frequency l i m i t  of each VCO i s  dependent on i t s  output  c a r -  
rier c e n t e r  frequency. Modulation ( i . e . ,  d e v i a t i o n )  l i n e a r i t y  of  t h e  EMR 
Type 184C VCO i s  0.1% o r  bet ter ,  about t h e  b e s t  s t r a i g h t  l i n e  f o r  57.546 de- 
v i a t i o n ,  and 0.25$ f o r  515% dev ia t ion .  
Type 213B VCO i s  0.2% o r  b e t t e r ,  about t h e  b e s t  s t r a i g h t  l i n e  f o r  +7.5$ 
dev ia t ion .  Inpu t  and output  impedance i s  5OOK ohms and 5 K  ohms, r e spec t ive ly ,  
f o r  a l l  u n i t s .  The output  carrier level i s  a d j u s t a b l e  from 0 t o  2 v o l t s  r m s  
f o r  t h e  213B u n i t s  and from 0 t o  5 v o l t s  r m s  f o r  t h e  184C u n i t s .  Input  power 
requi red  i s  4.5 ma a t  t9 v o l t s  r egu la t ed .  Each VCO i s  s e p a r a t e l y  fused  SO 
t h a t  a f a i l u r e  i n  one VCO w i l l  not a f fec t  t h e  o t h e r  t e n .  

Modulation l i n e a r i t y  f o r  t h e  EMR 

All e leven  VCO ou tpu t s  a r e  summed i n  a r e s i s t i v e  network shown i n  Fig-  
T h i s  network i s  designed so t h a t  each VCO works i n t o  a 47K u res  25 and 61. 

ohm load and t h e  nominal r e s i s t a n c e  from t h e  sum junc t ion  t o  ground i s  5 K  



ohms. Subca r r i e r  preemphasis i s  used t o  achieve  equal s igna l - to -no i se  r a t i o  
f o r  each channel  a t  t h e  t e l eme t ry  receiver output .  The s u b c a r r i e r  vo l t age  
levels f o r  preemphasis were computed on t h e  b a s i s  of having t h e  t r a n s m i t t e r  
dev ia t ion  vary  as t h e  3/2 power of t h e  VCO c e n t e r  frequency. 
c a r r i e r  level used was 40 m i l l i v o l t s  r m s  which corresponds t o  a t r a n s m i t t e r  
d e v i a t i o n  of k6.9 kHz. 
ments t o  in su re  t h a t  a l l  d a t a  channels had equa l  s igna l - to -no i se  r a t i o s .  

The minimum sub- 

These l e v e l s  were confirmed by dropout tes t  measure- 

3. Input  S igna l  Limit ing 

Input  vo l tage  levels t o  t h e  VCO's  were l imi ted  t o  -0.5 t o  9 . 5  v o l t s  DC 
by a s i g n a l  l i m i t i n g  c i r c u i t  f o r  each VCO input  t o  prevent  a VCO from being 
devia ted  out  of i t s  frequency band and causing i n t e r f e r e n c e  t o  a n  ad jacen t  
channel .  Although a l l  experiments are designed t o  have a s i g n a l  ou tput  volt- 
age  i n  t h e  0- t o  +-vol t  range, these l i m i t i n g  c i r c u i t s  are considered de- 
s i r a b l e  s a f e t y  f e a t u r e s  i n  t h e  event t h a t  a p o r t i o n  of t h e  payload should mal-  
f u n c t i o n  dur ing  f l i g h t .  The l imi t ing  c i r c u i t  c o n s i s t s  of a series r e s i s t o r  
followed by two biased s i l i c o n  junct ion diodes as shown i n  F igu res  25 and 61. 
The negat ive  l i m i t  d iode i s  biased a t  zero v o l t s .  The p o s i t i v e  l i m i t  d iode  
i s  biased a t  9 . 0  v o l t s  der ived from t h e  +-vol t  regula ted  supply.  

4. Commutator 

A 28-channel, 2-pole, 28 sample p e r  second p e r  po le ,  motor d r i v e n  commu- 
t a t o r  i s  used t o  t ime-mult iplex data  onto  t h e  14.5 kHz and 22 kHz s u b c a r r i e r s .  
The commutator i s  a Datametr ics  Type 914 employing break-before-make con- 
t a c t s  and conforms t o  t h e  I R I G  standard9 f o r  automatic  decommutation. The 36 
a d d i t i o n a l  data channels provided by t h e  use of t h i s  commutator permit  backup 
of a l l  continuous channels aga ins t  VCO f a i l u r e ;  t ransmiss ion  of much opera-  
t i o n a l  d a t a  such as instrument temperature,  b a t t e r y  condi t ion ,  vo l tage  levels, 
an tenna  deployment length,  e tc . ;  and provide t h e  prime d a t a  channel  for t h e  
3 -ax i s  magnetometer. A photograph of t h e  lx3-9/32 x 3-17/32-inch, 11-ounce 
u n i t  i s  shown i n  Figure 62. The motor draws a nominal 75 ma a t  28 v o l t s .  

The commutator channel  assignments are shown i n  F igure  63. The f i r s t  
28 p i n s  on J1 and 52 i n d i c a t e  t h e  d a t a  func t ion  being sampled and t h e  sampling 
o rde r .  P i n  1 i s  sampled f i r s t ,  then p i n  2, e tc .  Each d a t a  channel  i s  sampled 
f o r  16.5 mil l i seconds .  
d u r a t i o n  i s  used t o  sepa ra t e  d a t a  channels .  The synchroniza t ion  bar occurs  
between d a t a  channels  Nos. 28 and 1. The synchronizat ion b a r  has  a d u r a t i o n  
of 49 mi l l i seconds  and i s  e a s i l y  i d e n t i f i e d  on t h e  data records .  
ch ron iza t ion  bar i s  a l s o  used as one po in t  i n  t h e  vol tage  c a l i b r a t i o n  of t h e  
VCO s i n c e  it i s  t i e d  t o  t h e  +4.623-v01t c a l i b r a t i o n  level. Commutator chan- 
n e l s  1, 2, and 3 are t i e d  t o  t h e  o t h e r  t h r e e  vo l t age  c a l i b r a t i o n  levels and 
t h u s  complete t h e  f o u r - s t e p  c a l i b r a t i o n  of t h e  commutated channels once every  
second. A sample of t h e  commutated ana log  d a t a  record i s  shown i n  F igure  78. 

A negative 0.25-volt  p e d e s t a l  of 9.5 mi l l i s econds  

The syn- 
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Cross-s t rapping i s  employed on t h e  22 kHz VCO commutator s e c t i o n  t o  pro-  
v ide  4 samples per second p e r  a x i s  f o r  t h e  magnetometer d a t a  and  2 samples 
p e r  second f o r  the antenna impedance backup d a t a .  

5. Transmi t t e r  

Telemetry s i g n a l  s t r e n g t h  data from our  prev ious  rocket-borne expe r i -  
ment 3 aboard a Journeyman D-8 veh ic l e  f i r e d  from Wallops I s l and  confirmed o u r  

c a l c u l a t i o n s  t h a t  2 watts of  r a d i a t e d  power would provide  adequate  s i g n a l  
s t r e n g t h  dur ing  the f l i g h t .  Calcu la t ions  showed t h a t  f o r  a rocket  antenna 
wi th  a n  i s o t r o p i c  r a d i a t i o n  p a t t e r n ,  a ground s t a t i o n  antenna wi th  l5-db g a i n  
and a receiver with a no i se  f i g u r e  of 4 db, t h e  poores t  s igna l - to -no i se  r a t i o  
would be approximately a t  apogee where t h e  margin of safety would be 12-6 db. 
Calcu la t ions  a l s o  showed t h a t  t e l eme te r ing  s i g n a l s  dur ing  t h e  last  100 miles 
of a l t i t u d e  on the down l e g  of t h e  t r a j e c t o r y  would not be received because 
of hor izon  cu to f f .  It was t h e r e f o r e  requested t h a t  t h e  NASA Bermuda t r a c k i n g  
s t a t i o n  be ope ra t iona l  so t h a t  t h e  data obtained dur ing  t h e  ionosphere 
bottom-side breakthrough could be recovered. 

The te lemeter ing  t r a n s m i t t e r  s e l ec t ed  f o r  t h i s  payload i s  a Conic Corpora- 
t i o n  Model CTM-201, t r u e  FM t r a n s m i t t e r ,  ope ra t ing  a t  240.2 MHz. 
state u n i t  has  a measured output  of 2 .8  watts i n t o  a 50-ohm load and a nom- 
i n a l  c a r r i e r  dev ia t ion  of + l25  kHz f o r  a O.723-volt r m s  modulating s i g n a l .  
I ts  spur ious  output i s  a t  least  60 db down wi th  r e spec t  t o  t h e  carr ier .  It 
weighs 13 ounces and draws 550 mil l iamperes  from a 28-vol t  supply.  The 
3-1/4 x 2-1/4 x 2-inch u n i t  i s  shown i n  Figure 62. Since t h e  t r a n s m i t t e r  re- 
q u i r e s  a n  input  vol tage between -24 and -30 v o l t s ,  a n  emi t t e r - fo l lower  regu- 
l a t o r  i s  used between t h e  b a t t e r y  pack and t r a n s m i t t e r  t o  m a i n t a i n  t h e  supply 
vo l t age  i n  t h i s  range. 
maintains  a n  output vo l tage  between -27.5 and -28.7 v o l t s  f o r  i npu t  excurs ions  
between -32 and -45 v o l t s .  

This  s o l i d  

The r e g u l a t o r  schematic i s  shown i n  F igure  38 and 

6 .  Telemetering Antenna 

I d e a l l y ,  t he  t e l eme te r ing  antenna r a d i a t i o n  p a t t e r n  should be symmetrical  
about t h e  payload s p i n  a x i s ,  and have i t s  major lobe d i r e c t e d  t o  t h e  rear of 
t h e  veh ic l e .  Since t h e  p r o t e c t i v e  f i b e r g l a s s  nose cone i s  e j e c t e d ,  t h e  an-  
tenna  must be mounted beneath t h e  nose cone and should be  capable  of r a d i a t -  
i ng  dur ing  t h e  powered p o r t i o n  of t h e  f l i g h t  when t h e  nose cone i s  i n  p l ace .  

Before s e l e c t i n g  t h e  t e l eme te r ing  antenna, s e v e r a l  b a s i c a l l y  d i f f e r e n t  

The d e -  

A normal t u r n s t i l e  i s  simply a p a i r  of d i p o l e s  pos i t i oned  pe rpend icu la r  

des igns  were constructed and r a d i a t i o n  p a t t e r n s  were measured on a f u l l  s i z e  
mock-up of t h e  payload wi th  t h e  r a d i o  astronomy antennas  i n  p l ace .  
s i g n  f i n a l l y  chosen i s  a modified t u r n s t i l e  antenna shown fo lded  i n  F igure  
2. 

34 



t o  each o t h e r  and d r iven  90" out  of phase.  
he re  c o n s i s t s  of 4 monopoles posi t ioned every  90" around a n  8- inch diameter  
cy l inde r .  
t h e  phase inc reas ing  f o r  each element counterclockwise as viewed from t h e  
t a i l  of t h e  rocke t .  This  s e l ec t ion  of e l e c t r i c a l  phasing produces r i g h t -  
hand c i r c u l a r  p o l a r i z a t i o n .  

The modified t u r n s t i l e  shown 

Each monopole i s  phased 90" from t h e  a d j o i n i n g  monopole, wi th  

Each monopole i s  approximately h/4 u n i t s  long, The length  i s  trimmed 
u n t i l  t h e  real  p a r t  of t h e  monopole impedance equals t h e  70 ohm impedance 
of t h e  phasing harness .  A t  t h e  output of t h e  summing junc t ion ,  a s ing le - s tub  
matching cab le  i s  used t o  t ransform t h e  impedance t o  50 ohms. 
( b )  i l l u s t r a t e s  d e t a i l s  of t h e  phasing network. 

F igure  64(a),  

The monopoles are f ab r i ca t ed  of 10 m i l  tempered be ry l l i um copper s t r i p s ,  
w i th  a s l i g h t  concavi ty  perpendicular  t o  t h e  long dimension. This  shape i s  
similar t o  t h a t  used i n  f l e x i b l e  s t ee l  t a p e  measuring r u l e s .  Therefore ,  t h e  
elements are s u f f i c i e n t l y  s t i f f  t o  be  s e l f - e r e c t i n g  and t o  remain e r e c t e d .  

Nose cone e j e c t i o n  i n i t i a t e s  t e l eme te r ing  antenna deployment by means 
of t h e  assembly shown i n  F igure  6 5 .  
payload, t h e  monopole t i p s  are folded upward and secured under a phenol ic  
p lug .  The p lug  i s  he ld  i n  p l ace  temporar i ly  by a long threaded rod,  The 
rod p r o j e c t s  through t h e  c e n t r a l  hole  i n  t h e  nose cone e j e c t i o n  s p r i n g  as- 
sembly as t h e  nose cone i s  lowered i n  p l a c e  over  t h e  payload. I n  t h i s  pos i -  
t i o n  t h e  monopole t i p s  are pressed a g a i n s t  c o n t a c t s  on t h e  i n n e r  su r face  of  
t h e  plug support .  The 4 con tac t s  connect 1500 ohm te rmina t ing  r e s i s t o r s  t o  
t h e  ends of t h e  monopoles so t h a t  t h e  t r a n s m i t t e r  remains terminated wi th  50 
ohms ?20$ when t h e  t e l eme te r ing  antenna i s  undeployed. I n  t h i s  p o s i t i o n  t h e  
r a d i a t i o n  p a t t e r n  i s  not i d e a l ,  but it i s  adequate f o r  t h e  i n i t i a l  p o r t i o n  
of t h e  f l i g h t .  After t h e  e j e c t i o n  sp r ing  assembly i s  cocked and sea ted  
p r o p e r l y  on t o p  of t h e  phenol ic  p lug ,  t h e  long threaded rod must be unscrewed 
and removed, During nose cone e jec t ion ,  t h e  sp r ing  loaded pheol ic  p lug  i s  
e j e c t e d .  A s  soon as t h e  nose cone clears t h e  t o p  of t h e  payload, t h e  telem- 
e t e r i n g  monopoles sp r ing  i n t o  t h e i r  s t a b l e  p o s i t i o n  which i s  i n  a p lane  pe r -  
pend icu la r  t o  t h e  payload s p i n  ax isD 
a c t u a t e s  a switch which s i g n a l s  nose cone e j e c t i o n  via t h e  low frequency com- 
mutated channel  of t h e  t e l eme t ry  system. 

When t h e  nose cone i s  i n s t a l l e d  on t h e  

Release of t h e  phenol ic  plug a l s o  

Measured r a d i a t i o n  p a t t e r n s  obtained from a f u l l - s c a l e  model of  t h e  pay- 
load wi th  r a d i o  astronomy antennas deployed are shown i n  F igures  66 and 67. 
Since t h e  antenna t e s t  range used was less t h a n  i d e a l ,  t h e  p a t t e r n s  and mag- 
n i tudes  shown are probably not p r e c i s e l y  c o r r e c t .  Enough work was done wi th  
va r ious  antennas,  however, t o  provide reasonable  confidence i n  t h e  r e s u l t s .  
On each p o l a r  p a t t e r n ,  t h e  0 db re ference  corresponds t o  t h e  maximum s i g n a l  
rece ived  from a h/2 d i p o l e  antenna t r a n s m i t t i n g  a n  e q u a l  amount of power. 
viewed from t h e  ground, t h e  t ransmit ted , s i g n a l  i s  r i g h t  -hand c i r c u l a r l y  pola-  
r i z e d  which complies wi th  t h e  standard p o l a r i z a t i o n  of most ground s t a t i o n  
h e l i c a l  antennas.  

A s  

35 



7. Equipment Temperature Monitor 

The va r ious  sec t ions  of t h e  payload are designed t o  be as i n s e n s i t i v e  
as p o s s i b l e  t o  temperature v a r i a t i o n .  However, f o r  completeness t h e  p re -  
f l i g h t  c a l i b r a t i o n  o f  t h e  payload inc ludes  equipment temperature  a t  va r ious  
loca t ions  as a var iab le  and t h e s e  same temperatures  are monitored dur ing  
f l i g h t .  

The temperature a t  each of e i g h t  l oca t ions  i n  t h e  payload i s  measured 
once p e r  second and relayed t o  ground via t h e  14.5 kHz VCO commutated chan- 
ne l .  The thermis tor  l oca t ions  and commutator d a t a  channels  are i d e n t i f i e d  
i n  Figure 63.  Each YSI p r e c i s i o n  the rmis to r  ( P a r t  Number 44005) i s  connected 
i n  series wi th  a 14.02K ohm r e s i s t o r  t o  t h e  +g-volt  regula ted  bus. This  com- 
b i n a t i o n  forms a vol tage  d iv ide r ,  t h e  r a t i o  of which v a r i e s  as t h e  r e s i s t a n c e  
of t h e  the rmis to r  varies. 
a t  25"C, 2,417 ohms a t  3 0 ° C  and 1,959 ohms a t  35°C. The vol tage  a t  t h e  junc- 
t i o n  of t h e  r e s i s t o r  and the rmis to r  i s  t h e  te lemetered d a t a .  A p r e f l i g h t  
c a l i b r a t i o n  curve was prepared r e l a t i n g  temperature  t o  te lemetered vol tage .  

A t y p i c a l  t he rmis to r  has  a r e s i s t a n c e  of 5,000 ohms 

The equipment temperature  i s  expected t o  inc rease  monotonical ly  dur ing  
f l i g h t .  The temperature a t  l i f t o f f  i s  determined by t h e  length  of t i m e  t h e  
payload i s  operated a t  f u l l  power p r i o r  t o  launch and t h e  ambient temperature  
a t  t h e  launch s i t e .  

L. MECHANICAL DETAILS OF STRUCTURF: 

Figure 68 i s  a s c a l e  drawing of t h e  ins t rumenta t ion  rack s t r u c t u r e .  It 
i s  f a b r i c a t e d  of magnesium p l a t e s  and hollow tube  v e r t i c a l  members, most of 
which are h e l i a r c  welded i n  p lace .  One pos t  between t h e  "B" and "C" Deck i s  
removable and t h e  "D" Deck i s  completely bo l t ed  i n  p lace .  This  cons t ruc t ion  
technique requi res  t h a t  a l l  mounting ho le s  i n  Decks "A" and "B" be  completed 
be fo re  welding. Additions o r  modi f ica t ions  are d i f f i c u l t ,  bu t  not  impossible  
because t h e  space between p l a t e s  A ,  B, and C does permit  t h e  e n t r y  and use  
of hand t o o l s  and r i g h t  angle e l e c t r i c  d r i l l s .  

A 0.042-inch t h i c k  aluminum o u t e r  s k i n  i s  b o l t e d  t o  each  deck w i t h  24 
f l a t - h e a d  screws per deck. This  type  cons t ruc t ion  i s  v e r y  s t i f f .  

Placement of subassemblies i s  determined by  cons ide ra t ion  of e l e c t r i c a l ,  
mechanical, a c c e s s i b i l i t y ,  thermal ,  and v e h i c l e  s p i n  and balance requirements .  
The placement of major subassemblies i s  shown i n  F igure  2 where t h e  o u t e r  
aluminum s k i n  has  been removed f o r  c l a r i t y .  I n  t h e  f i n a l  conf igu ra t ion ,  on ly  
0.88 pound of lead had t o  be added t o  comply wi th  t h e  1 ounce-inch s t a t i c  and 
20 ounce-inch squared dynamic balance l i m i t s  f o r  t h e  Argo D-8  veh ic l e .  



M. DECK LAYOUT AND INTERCONNECT WIRING 

Deck l o c a t i o n  and in te rconnec t ions  of a l l  subsec t ions  of t h e  payload are 
shown i n  F igure  58. 
of t h e  ins t rumenta t ion  rack .  It is mounted on t o p  of  t h e  drum-shaped exten-  
s i o n  tube .  The ex tens ion  sec t ion  i n  t u r n  i s  bo l t ed  t o  t h e  t h r u s t  f a c e  of 
t h e  fou r th - s t age  rocket  motor. The ex tens ion  s e c t i o n  con ta ins  b a t t e r i e s  and 
timers used t o  a c t u a t e  t h e  nose cone release and v e h i c l e  desp in  mechanisms. 
A p l a n  view of t h e  l o c a t i o n  of a l l  major assemblies  i s  shown t o  t h e  l e f t  of 
t h e  in te rconnec t ions  f o r  each deck. Each t e r m i n a l  shown i n  a box i s  access-  
i b l e  f o r  disconnect  or check. The des igna t ion  on t h e  l i n e s  t o  each t e rmina l  
refers t o  t h e  d e s t i n a t i o n  of  t h a t  l i n e .  There are two main ver t ica l  cab le  
runs  wi th  branches a t  each deck. Coaxial  cab le s  are shown on ly  a t  t h e i r  
t e rmina t ion  p o i n t s .  Extensive use i s  made of b a r r i e r  s t r i p  type  t e rmina l s .  
Although t h i s  adds s l i g h t l y  t o  the o v e r a l l  payload weight,  t h e  problems of 
t e s t i n g ,  i n t e r f e r e n c e  t r a c i n g ,  c a l i b r a t i o n  and t r o u b l e  shoot ing are g r e a t l y  
reduced ., Wiring used throughout i s  s i lver  p l a t ed ,  h igh  s t r and  count,  wi th  
s p i r a l  wrapped Teflon i n s u l a t i o n .  

The "A" Deck shown a t  t h e  t o p  of F igure  58 i s  t h e  base  
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111. PAYLOAD PREFLIGHT CALIBRATION 

A. SUMMARY 

Since p rec i se  measurement of t h e  abso lu te  cosmic noise  background t e m -  
pe ra tu re  i s  des i red ,  many p r e f l i g h t  c a l i b r a t i o n s  and measurments are requi red  
t o  document system performance under normal and abnormal condi t ions  The 
primary p r e f l i g h t  c a l i b r a t i o n s  c o n s i s t  of measuring t h e  radiometer  ou tput  f o r  
var ious  inpu t s  from t h e  l abora to ry  s tandard noise  gene ra to r  ( temperature  
l i m i t e d  thermionic d i o d e )  and are used t o  i n t e r p r e t  t h e  f l i g h t  d a t a .  
o t h e r  measurements are intended t o  a i d  i n  monitor ing performance and recover-  
i ng  as much usable informat ion  as p o s s i b l e  i f  a malfunct ion such as a change 
i n  supply vol tage  o r  ambient temperature  occurs  i n  t h e  system dur ing  f l i g h t .  
The fol lowing i s  a t y p i c a l  l i s t  of p r e f l i g h t  c a l i b r a t i o n s  and measurements, 
some of which a r e  descr ibed  i n  d e t a i l  l a t e r  i n  t h i s  s e c t i o n :  

The 

1. 

2 a  

3. 

4. 

5 .  

6 .  

7. 

8. 

Measure i n s e r t i o n  loss and input  impedance of  f l i g h t  dummy antenna 
matching t ransformer  a t  0.75> 1.225, and 2.00 MHz. 

Measure t h e  va lue  o f  f l i g h t  radiometer  dummy antenna CA c a p a c i t o r s  

Measure s t r a y  (base) c a p a c i t y  and r e s i s t a n c e  t o  ground of  t h e  
DeHavilland antennas and a s soc ia t ed  wi r ing  Inc lude  c o r r e c t i o n  f o r  
change i n  s t ray capac i tance  caused by antenna deployment dur ing  
f l i g h t  e 

Measure and ad  j u s t  f l i g h t  radiometer  dummy antenna shunt c a p a c i t o r s  
t o  match I t e m  3 above. 

Measure radiometer dummy antenna-preamplif  i e r  vo l t age  t r a n s f e r  func- 
t i o n  versus antenna CA, RA, and ambient tempera ture  a t  0.75, 1.225, 
and 2.00 MHz. 

Ca l ib ra t e  antenna impedance measurement c i r c u i t  f o r  va r ious  combina- 
t i o n s  of RA and XA. 
range f r o m  negat ive  values  corresponding t o  108 pf t o  p o s i t i v e  va lues  
corresponding t o  1 mi l l ihen ry .  

Let RA range from 0 t o  1,000 ohms. Let XA 

Determine temperature  c o e f f i c i e n t  and supply  vo l t age  s e n s i t i v i t y  of 
Item 6 above. 

Noise c a l i b r a t e  each radiometer  through t h e  f l i g h t  radiometer  dummy 
antenna . 
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9 .  Determine temperature  c o e f f i c i e n t  of I t e m  8 above. 

10. Measure each radiometer no ise  bandwidth. 

11. CW c a l i b r a t e  each radiometer through rocket  dummy antenna.  

12. Repeat Item 8 and vary  f i lament  vo l tage  by +2-1/2$ and +5$. 

13. Repeat I t e m  8 and vary  t200 v o l t  B+ vo l t age  by 210%. 

14. Repeat Item 8 and vary  t l 3 O  v o l t  B+ vol tage  by +5$ and 210%. - 

13. C a l i b r a t e  the rmis to r  c i r c u i t s .  

16L6. Measure t h e  f l i g h t  noise g e n e r a t o r o u t p u t  l e v e l  a t  t h e  t h r e e  radiom- 
e t e r  f requencies .  

1.7. Confirm t h e  c a l i b r a t i o n  of  t h e  s o l a r  a spec t  sensor .  

18. C a l i b r a t e  t h e  magnetic aspec t  s enso r  wi th  payload opera t ing .  

lgO Measure l i n e a r i t y  of the e leven  t e l eme te r ing  s u b c a r r i e r  o s c i l l a t o r s  

20e C a l i b r a t e  t h e  antenna length sensor .  

21. Measure t h e  abso lu te  value of t h e  i n - f l i g h t  t e l eme te r ing  c a l i b r a t o r  
vo l t age .  

22. Measure p reampl i f i e r  noise parameters (Go,  Bo, Rn, and Fm). 

23. Measure spur ious  responses of radiometers .  

24. Measure each radiometer c e n t e r  frequency, l o c a l  o s c i l l a t o r  f r e -  
quency and IF  frequency. 

25. Determine t h e  vol tage  d iv ide r  r a t i o  f o r  t h e  fo l lowing  t e l eme t ry  
inpu t s  : 

( a )  -34 v o l t  W/monitor 

( b )  +14 v o l t  TM/monitor 

( c )  +130 v o l t  TM/monitor 

( d )  +200 v o l t  TM/monitor 

( e )  -25.2 v o l t  m/rnonitor 



( f )  -23 v o l t  TM/monitor 

( g )  +9 v o l t  m/moni to r  

( h )  +12 v o l t  !I'M/monitor 

( i )  n o i s e  gene ra to r  c u r r e n t  

( j )  6.3 v o l t  m/moni tor  

Accurately measure t h e  fol lowing vol tage  l e v e l s  : 

( a )  c a l i b r a t i o n  l e v e l  No. 2, i . e . ,  1.530 v o l t s  

( b )  c a l i b r a t i o n  l e v e l  N o .  3, i . e . ,  3.059 v o l t s  

( c )  c a l i b r a t i o n  l e v e l  N o .  4, i . e . ,  4.623 v o l t s  

( d )  o s c i l l a t o r  No. 1 (0.75 MHz) output  TM monitor  

( e )  o s c i l l a t o r  No. 2 (1.225 MHz) output  TM monitor  

26. 

magnetometer b i a s  

+130 v o l t  supply 

+200 vo It supply 

-25 2 v o l t  f i l ament  supply 

-23 v o l t  supply 

+9 v o l t  supply 

+12 v o l t  antenna power supply 

6 . 3  v o l t  supply 

pedes ta l  vo l tage  (commutator) 

27. Ca l ib ra t e  Langmuir probe. 

28. 

29. Measure t h e  p lug- in  c a p a c i t o r s  and r e s i s t o r s  used i n  t h e  c a l i b r a -  

Measure t h e  va lue  of t h e  i n - f l i g h t  antenna Z c a l i b r a t i n g  c a p a c i t o r .  

t i o n  of t h e  antenna impedance system. 
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30. Calibrate t h e  noise  diode c u r r e n t  monitor c i r c u i t .  

B.  RADIOMETER PREFLIGHT CALIBRATION 

1. General Operation 

The c a l i b r a t i o n  curve f o r  the radiometer  s h i f t s  s l i g h t l y  i f  e i t h e r  supply 
vo l t ages  or ambient temperature  i s  changed. This  s h i f t  may be thought of as 
occurr ing  from an  o v e r a l l  gain-bandwidth change i n  t h e  radiometer  p l u s  a DC 
o f f s e t  i n  t h e  zero s i g n a l  output  l e v e l  of t h e  receiver. ,  The magnitude of  t h e  
s h i f t  i s  e a s i l y  measured by applying a known no i se  s i g n a l  l e v e l  t o  t h e  input  
and monitoring t h e  ou tpu t ,  A new response curve may then  be simply generated 
from t h e  p r e f l i g h t  re ference  curve by making proper  allowance f o r  t h e  ga in -  
bandwidth change, and t h e  DC s h i f t .  
so t h a t  changes i n  e i t h e r  ga in  and/or bandwidth w i l l  be accounted f o r  wi th-  
ou t  needing t o  know which has changed. 

Ca l ib ra t ions  are made wi th  "white" noise,  

2. Laboratory Measurements 

A l l  l abo ra to ry  p r e f l i g h t  radiometer response c a l i b r a t i o n s  are performed 
wi th  a wideband random noise  genera tor  designed and b u i l t  i n  t h i s  labora tory .  
The noise  gene ra to r  c i r c u i t  shown i n  F igure  69  uses a temperature  l imi t ed  
thermionic  diode as a noise  source followed by a s table  wideband a m p l i f i e r .  
Amplif ier  g a i n  i s  measured and adjusted i f  necessary wi th  a c c u r a t e  s t e p  a t -  
t e n u a t o r s  before  each c a l i b r a t i o n  i s  undertaken. This  i s  done a t  each of 
t h e  t h r e e  radiometer  ope ra t ing  frequencies .  The r e s u l t a n t  a c c u r a t e l y  known 
no i se  energy i s  con t ro l l ed  by cascaded s t e p  a t t e n u a t o r s  which feed t h e  rocke t  
dummy antenna inpu t .  This  c a l i b r a t i o n  scheme thus  r e q u i r e s  on ly  a cons tan t  
ou tput  no ise  gene ra to r  and s tab le ,  a c c u r a t e  s t e p  a t t e n u a t o r s  Since t h e  
d iode  c u r r e n t  can be  measured with h igh  p r e c i s i o n  and a11 o t h e r  measurements 
r e q u i r e  on ly  t h e  use of pass ive  a t t enua to r s ,  it i s  be l ieved  t h a t  a minimum 
amount of sys temat ic  c a l i b r a t i o n  u n c e r t a i n t y  i s  introduced e 

The c a l i b r a t i o n s  are performed by coupl ing t h e  l abora to ry  noise  gene ra to r  
ou tput  i n t o  t h e  p reampl i f i e r  v i a  a dummy antenna u n i t  shown schemat ica l ly  i n  
F igure  9 .  The dummy antenna contains  a t ransformer  t o  match t h e  single-ended 
noise  s i g n a l  t o  t h e  balanced input of  t h e  p reampl i f i e r .  The dummy antenna 
was designed t o  accept  p lug- in  capac i to r s  so t h a t  va r ious  va lues  of  antenna 
capac i tance ,  CA ( source  reac tance) ,  can be used dur ing  c a l i b r a t i o n .  
same dummy antenna i s  flown and i s  used t o  i n j e c t  t h e  i n - f l i g h t  no ise  c a l i -  
b r a t i o n  l e v e l .  The dummy antenna a l s o  conta ins  c a p a c i t o r s  t o  s imula te  t h e  
base (stray) capac i tance  i n  t h e  antenna c i r c u i t .  F igure  l O ( a )  i s  a p i c t u r e  
of t h e  antenna switch box showing t h e  radiometer  dummy antenna on t h e  l e f t  
s ide .  

This  



During labora tory  c a l i b r a t i o n ,  many va lues  of source impedance are i n -  
s e r t e d  i n  t h e  dummy antenna t o  s imula te  t h e  impedance changes which occur  
when t h e  antenna i s  immersed i n  t h e  ionosphere.  

Considerable d a t a  are a l s o  taken  f o r  many combinations of supply  v o l t -  
age and ambient temperature.  These a d d i t i o n a l  data are used t o  check t h e  
v a l i d i t y  of t h e  gain-bandwidth c o r r e c t i o n  procedure descr ibed  below. 

3 .  Gain-Bandwidth Correc t ion  

During f l i g h t ,  a dummy antenna s imula t ing  t h e  nominal f ree  space antenna 
impedance i s  connected t o  t h e  p reampl i f i e r  i npu t .  
t hen  recorded: (1) wi th  t h e  dummy antenna pass ive  ("no noise") ;  ( 2 )  w i th  a 
known amount of noise i n j e c t e d  from a reference  noise  source.  The changes i n  
t h e s e  recorded rece iver  ou tputs ,  compared wi th  t h e i r  va lues  measured dur ing  
l abora to ry  c a l i b r a t i o n ,  permit c o r r e c t i o n  f o r  changes i n  radiometer  ga in -  
bandwidth c h a r a c t e r i s t i c s .  

The r e c e i v e r  ou tput  i s  

The antenna i s  represented by a n  impedance RA+jXA t o g e t h e r  wi th  a n  
imaginary generator ,  VA as shown i n  F igure  70. For t h e  purpose of t h e s e  c a l -  
cu la t ions ,  antenna base capac i ty ,  C B ~  i s  assumed t o  be p a r t  of t h e  radiometer  
and i s  included i n  XLe 
antenna by inc ident  waves p l u s  t h e  e f f e c t s  of  no i se  i n  t h e  r e c e i v e r ,  which 
i s  otherwise regarded as noise- f ree .  Thus: 

- 

This  gene ra to r  inc ludes  t h e  s i g n a l  induced i n  t h e  

where 

TA = antenna temperature  

TR = equivalent  r e c e i v e r  no i se  temperature .  

For given radiometer condi t ions ,  t h e  output, eo, i s  a f u n c t i o n  p u r e l y  of 
t h e  equiva len t  vol tage vL developed a t  t h e  input  t e rmina l s ,  r e g a r d l e s s  of t h e  
antenna impedance. 
t h e  antenna impedance: 

The vol tage  7; i s  r e l a t e d  t o  3 by a n  expres s ion  involv ing  

where 
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The antenna impedance affects two q u a n t i t i e s  which c o n t r i b u t e  t o  E: 
vol tage  t r a n s f e r  f a c t o r  q,; (ii) t h e  r e c e i v e r  temperature ,  TR, which i s  i n -  
cluded i n  t h e  vol tage  V A ~  
t h e  q u a n t i t y  U, where 

(i) t h e  

Thus, t h e  receiver o.utput i s  p u r e l y  a func t ion  of  

U ( 4 )  

This  has  been verified experimental ly  f o r  many d i f f e r e n t  source impedances. 
A t y p i c a l  r e fe rence  curve of  eo vs. U i s  shown i n  F igure  71. 

The ou tpu t s  eOl and eo2 corresponding t o  "no noise"  and "noise" condi- 
t i o n s  of t h e  dummy antenna are used as t h e  r e fe rence  r e c e i v e r  ou tpu t s  f o r  
comparison wi th  t h e  i n - f l i g h t  c a l i b r a t i o n  ou tpu t s .  Note t h a t  t h e  input  U1 
under "no noise"  cond i t ions  i s  not zero,  but  r e p r e s e n t s  t h e  e f f e c t s  of  re- 
c e i v e r  no i se  only.  

By a lengthy  series of labora tory  measurements it i s  found t h a t  i f  t h e  
radiometer  response curve changes, f o r  example due t o  changes i n  supply v o l t -  
ages  or i n  environmental  temperature,  a simple procedure w i l l  c o r r e c t  f o r  
t h i s  over  wide  ranges of t h e  input q u a n t i t y  U. It i s  found t h a t  t h e  new re- 
sponse curve may be derived from t h e  re ference  curve by means of success ive  
s h i f t s  h o r i z o n t a l l y  and v e r t i c a l l y .  
change i n  o v e r a l l  "gain" ( s i n c e  the  s c a l e  i s  loga r i thmic )  and a DC s h i f t .  
These changes may be denoted by: 

These correspond r e s p e c t i v e l y  t o  a 

A&/&o = f r a c t i o n a l  g a i n  change 

AV = DC s h i f t  i n  eo 

During t h e  actual f l i g h t ,  two poin ts  on t h e  response curve are  given once 
eve ry  90 seconds by t h e  g a i n  c a l i b r a t i o n  procedure,  s o  t h a t  t h e  two param- 
eters Aa/B0 and AV may be deduced and t h e  complete response curve i s  deter-  
mined. A computer program has been developed t o  c a r r y  out  t h i s  procedure,  
and it conver t s  any output  reading, eo, i n t o  t h e  equiva len t  i n p u t ,  U. Actua l  
curves  of radiometer  ou tput  vs. the func t ion  U are shown i n  F igures  72, 73, 
and 74. 

To o b t a i n  TARA from t h i s  value of U by a s o l u t i o n  of (4), it i s  neces- 
sary t o  c a r r y  ou t  t h e  ca l cu la t ion :  
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Both < and TRRA depend on t h e  antenna impedance, which i s  measured f r e q u e n t l y  
i n  f l i g h t .  
( 3 ) l .  This  impedance i s  measured a c c u r a t e l y  i n  t h e  l abora to ry ,  and, f o r  a 
g iven  antenna impedance, a: can be ca l cu la t ed  t o  w i t h i n  a f e w  m i l l i b e l s  (1 
m i l l i b e l  = 10-3 be l  = LO-* d e c i b e l ) .  

CX: a l so  depends o n  t h e  radiometer  input  impedance RL+jXL [Eg. 

TRRA, i s  obtained from t h e  noise  parameters ,  a l s o  measured a c c u r a t e l y  i n  
t h e  labora tory :  

where 

- antenna conductance G A = - -  RA 

R i + X i  

BA = - -  -'A - antenna susceptance 
RZ+X$ 

To = 290'K 

Tm, Rn, Go, Bo are t h e  noise   parameter^.^ By means of (6 )  w e  can c a l -  
c u l a t e  TR t o  a n  accuracy of a f e w  m i l l i b e l s  (whi le  TR i s  dependent on RA, it 
should be pointed ou t  t h a t  when RA << XA and GA << Go, which i s  t h e  case  of 
g r e a t e s t  i n t e r e s t  t o  us ,  t h e  product  TRRA i s  almost independent of RA and so 
can be estimated a c c u r a t e l y  without  accu ra t e  knowledge of RA).  Thus, for an-  
tenna  temperatures comparable t o  r e c e i v e r  no i se  temperature ,  w e  can so lve  ( 5 )  
t o  y i e l d  TARA accura te  t o  about  5 m i l l i b e l s  (about 1.3%). 
measurements, i n  f a c t ,  TA >> TR, so t h e  c o r r e c t i o n  f o r  r e c e i v e r  no i se  i s  small, 

For most of o u r  

4. Tests of Gain-Bandwidth Correc t ion  Procedure 

Many labora tory  t es t s  were made wi th  d e l i b e r a t e l y  va r i ed  supply  vo l t ages  
and environmental  temperatures  The effective antenna temperature  was sup- 
p l i e d  by means of a c o n t r o l l e d ,  a c c u r a t e l y  known, variable no i se  gene ra to r  
d r i v i n g  t h e  dummy antenna and eo was measured ove r  a w i d e  range o f  TARA. The 
noise  gene ra to r  c i r c u i t  i s  shown i n  Figure 69. From t h e  va lues  of eol and 
eo2 under t e s t  condi t ions ,  .Ay/ao and .AT were c a l c u l a t e d .  and TRRA were 
ca l cu la t ed  from (3)  and  ( 6 )  us ing  t h e  known va lue  of source impedance, 
RA+jxA. The v a l u e  Of TARA for each eo was then  es t imated  us ing  t h e  co r rec -  
t i o n  procedure described above app l i ed  t o  t h e  s tandard  r e fe rence  response 
curve,  and t h i s  es t imate  was compared wi th  t h e  a c c u r a t e l y  known, t r u e  va lue  
of TARA. 
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Under c e r t a i n  l abora to ry  t e s t  cond i t ions ,  va lues  AB/,& as high  as 2.4 
0 

and AV g r e a t e r  t han  0.8 v o l t  occur. 
10 m i l l i b e l s  (2.5%) i n  t h e  range of 3x16 t o  lo7 "KoR even i n  t h i s  extreme 
case  ( t h e  range of TARA of s p e c i a l  i n t e r e s t  t o  us i s  approximately 10 6 t o  

LO7 o K o R ) .  For less extreme changes i n  t h e  radiometer ,  t h e  range of TARA 
over  which w e  can c o r r e c t  t o  t h i s  accuracy  i s  much g r e a t e r .  

We can estimate t h e  va lue  of TARA w i t h i n  

The a c t u a l  i n - f l i g h t  performance showed r e l a t i v e l y  minor changes from 
l a b o r a t o r y  c a l i b r a t i o n ,  and co r rec t ions  should be ve ry  a c c u r a t e .  

C PREFLIGHT ANTENNA IMPEDANCE MEASURING C I R C U I T  CALIBRA.TION 

The antenna impedance measuring c i r c u i t  i s  c a l i b r a t e d  i n  t h e  l abora to ry  
by measuring i t s  output  waveforms when a c c u r a t e l y  known c a l i b r a t i o n  impedances 
are connected t o  t h e  inpu t .  By analyzing t h e  v a r i a t i o n s  i n  t h e  output  wave- 
forms as t h e  c a l i b r a t i n g  impedance i s  va r i ed ,  a complete e lec t r ica l  equiva- 
l e n t  c i r c u i t  i s  determined f o r  the antenna impedance measuring c i r c u i t .  The 
waveform a n a l y s i s  i s  performed on a n  IBM 7090 computer us ing  a least  square 
e r r o r  curve f i t t i n g  technique.  The computer i s  a l s o  used f o r  f l i g h t  data re- 
duc t ion  t o  so lve  f o r  t h e  va lue  of impedance p resen t  a t  t h e  input  t e rmina l s ,  
g iven  t h e  equat ion  based on t h i s  equiva len t  c i r c u i t  and t h e  measured output  
waveforms. 

The p r e f l i g h t  c a l i b r a t i o n  i s  done a t  several con t ro l l ed  ambient tempera- 
t u r e s  and supply vo l t ages  so t h a t  t h e i r  effect  on elements i n  t h e  equ iva len t  
c i r c u i t  may be determined. 

The c a l i b r a t i o n  r e s i s t o r s  and c a p a c i t o r s  are mounted on sepa ra t e  p lug- in  
u n i t s  t o  f a c i l i t a t e  changing t h e  va lue  of r e s i s t a n c e  or reactance dur ing  
c a l i b r a t i o n .  
i n  r e l a t i o n  t o  ground t o  simulate t h e  actual antenna impedance. Ten re- 
ac t ance  p lug - in  u n i t s  and e i g h t  r e s i s t a n c e  p lug- in  u n i t s  are used i n  a l l  
combinations t o  produce e i g h t y  values of c a l i b r a t i n g  impedance. Induct ive  
r eac t ance  as w e l l  as c a p a c i t i v e  reactance i s  used. Values f o r  R are between 
0 and 500 ohms. 
w i t h  induc to r s  on them are t o  simulate a negat ive  antenna capac i tance .  

As shown i n  Figure 8, t h e  c a l i b r a t i n g  impedances are balanced 

Values f o r  C a r e  between 0 and 215 p f .  The p lug- in  boards 

The output  waveforms were recorded on magnetic t a p e  dur ing  c a l i b r a t i o n  
These t a p e s  were then  d i g i t i z e d  a l o n g  wi th  va r ious  housekeeping func t ions .  

and p u t  i n  t h e  proper  format f o r  computer process ing .  

Proper  i n t e r p r e t a t i o n  of the antenna impedance measurement dur ing  f l i g h t  
r e q u i r e s  t h a t  p roper  allowance be made f o r  t h e  antenna base impedance ( s t r a y  
capac i t ance  t o  ground).  
t h e  p r e f l i g h t  c a l i b r a t i o n .  

This base impedance was a c c u r a t e l y  measured dur ing  
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D. ANTENNA LENGTH SENSOR CALIBRATION 

The antenna length  sensors  are c a l i b r a t e d  by deploying each antenna e le-  
ment i n  a ca l ib ra t ed  t r a c k .  A s  t h e  t i p  of t h e  antenna element reaches a 
l eng th  mark, t h e  vol tage  ou t  of t h e  l eng th  sensor i s  recorded. The curve re- 
l a t i n g  output  vol tage t o  antenna length  i s  th8n drawn. 

E. SOUR ASPECT SENSOR CALIBRATION 

The s o l a r  aspect senso r  output  i s  d i g i t a l .  The p r e f l i g h t  c a l i b r a t i o n  
c o n s i s t s  of  o r i e n t a t i n g  t h e  sensor  a t  known ang les  t o  t h e  sun and checking 
t h e  readout w i th  t h a t  stated by t h e  manufacturer.  The complete f i e l d  of  view 
of 1-28' i n  1' increments was checked and confirmed. 
instrument  a t  t r a n s i t i o n  f o r  a one b i t  change i n  t h e  d i g i t a l  ou tput  i s  40.25'. 
Resolut ion i s  1'. 

The accuracy of t h e  

F MAGNETOMETER CALIBRATION 

The magnetic a spec t  sensor  i s  requi red  t o  measure t h e  ang le  between t h e  
r a d i o  astronomy antenna and t h e  e a r t h ' s  magnetic f i e l d  t o  5 3 " .  

The manufacturer of t h e  magnetic a spec t  sensor  suppl ied a complete ca l i -  
b r a t i o n  curve f o r  each a x i s .  Since t h e  payload a l ters  t h e  magnetic f i e l d  a t  
t h e  sensor  loca t ion ,  it i s  necessary  t o  determine two c o r r e c t i o n  f a c t o r s  f o r  
each a x i s .  These f a c t o r s  c o n s i s t  of a s h i f t  i n  t h e  c a l i b r a t i o n  curve due t o  
a r e s i d u a l  magnetic f i e l d  and a m u l t i p l i c a t i v e  s c a l e  f a c t o r  related t o  f i e l d  
d i s t o r t  i on .  

These f a c t o r s  were determined by p l ac ing  t h e  complete ope ra t ing  payload 
a t  a l o c a t i o n  where t h e  e a r t h ' s  magnetic f i e l d  was a c c u r a t e l y  known. Using 
a nonmagnetic f i x t u r e ,  t h e  payload was then  pos i t ioned  i n  108 known o r i e n t a -  
t i o n s .  The magnetometer output  was recorded f o r  each o r i e n t a t i o n .  A least  
square e r r o r  technique (a program f o r  t h e  IBM 7090 computer) was then  used t o  
determine t h e  two c o r r e c t i o n  f a c t o r s  f o r  each a x i s .  

G. SALT MINE SELF-INTEKFEmNCE CHECKS 

Laboratory t e s t i n g  t h e  radiometers  f o r  self  - in t e r f e rence  i s  d i f f i c u l t ,  
if not impossible ,  because t h e  r a d i o  astronomy measurement f requencies  are 
sub jec t  t o  a h igh  l e v e l  of man-made i n t e r f e r e n c e ,  Two of t h e  measurement f r e -  
quencies  f a l l  i n  the  AM broadcast  band; o t h e r  i n t e r f e r e n c e  i s  caused by au to -  
mobile i g n i t i o n ,  diathermy machines and o t h e r  such equipment 
t h e  ionosphere a c t s  as a s h i e l d  t o  prevent  e a r t h  no i se  a t  t h e s e  f r equenc ie s  
from i n t e r f e r i n g  with t h e  instrument .  The l eng th  of t h e  extended r a d i o  

During f l i g h t  



astronomy antennas (71.5 f e e t  t i p - t o - t i p )  prec ludes  t h e  use of  a screen  r m m ,  
so  o t h e r  r ad io  q u i e t  l o c a t i o n s  were inves t iga t ed .  

I n t e r f e r e n c e  measurements made i n  s e c t i o n s  of t h e  I n t e r n a t i o n a l  S a l t  
Mine, 1200 fee t  under D e t r o i t ,  Michigan, showed t h a t  t h e  mine i s  very  q u i e t  
i n  t h e  p o r t i o n  of t h e  r a d i o  frequency spectrum used and makes a n  e x c e l l e n t  
"screen room." 
te lephone cab le s  proved t o  be the q u i e t e s t ,  and t h e r e f o r e  most s u i t a b l e  f o r  
o u r  use.  The I n t e r n a t i o n a l  Salt Mine Company was most coopera t ive  and allowed 
u s  f r e e  access  t o  t h e  mine f o r  s e l f - i n t e r f e r e n c e  checks on t h e  payload. 

The po r t ions  of the  mine t h a t  con ta in  no power l i n e s  o r  

During t e s t i n g ,  b a t t e r y  powered tes t  equipment was used exc lus ive ly .  The 
t e s t s  measured both  conducted and r a d i a t e d  noise  from t h e  payload with t h e  
an tenna  completely extended. Power was app l i ed  t o  se l ec t ed  po r t ions  of t h e  
payload t o  i d e n t i f y  con t r ibu t ions  t o  t h e  t o t a l  no ise  l e v e l  by s p e c i f i c  u n i t ,  
i . e o ,  vol tage  r e g u l a t o r s ,  DC-DC conver te rs ,  commutator motor, and s o l a r  
a spec t  sensor .  

I n  a l l ,  t h r e e  t r i p s  were made t o  t h e  sal t  m i n e  t o  eva lua te  t h e  e f f e c -  
t i v e n e s s  of c o r r e c t i v e  f i l t e r i n g  a c t i o n s .  Se l f  - i n t e r f e r e n c e  was reduced t o  
a n  i n s i g n i f i c a n t  l e v e l .  
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I V .  THE UNIVERSITY OF MICHIGAN T E W T E R I N G  GROUND STATION 

A complete te lemeter ing  ground s t a t i o n  has been assembled f o r  t h i s  ex- 
periment * It provides a means t o  perform p r e f l i g h t  system checks and p o s t -  
f l i g h t  d a t a  reduct ion.  This  s t a t i o n  i s  used as a backup ground s t a t i o n  for 
i n - f l i g h t  d a t a  recording wi th  real  t i m e  readout i f  requi red .  A photograph 
of t h e  te lemeter ing  ground s t a t i o n  i s  shown i n  Figure 75. The t a p e  r eco rde r  
rack con ta ins  t h e  main i t e m s  of t h e  FM/FM te l eme te r ing  s t a t i o n .  Below t h e  
Ampex Model CP-100 t a p e  r eco rde r  i s  a Nems-Clarke Model 1432 phase lock FM 
r e c e i v e r .  Below it i s  a bank of s i x  EMR Model 167-01 phase lock s u b c a r r i e r  
d i sc r imina to r s  ., An in te rconnec t  and c o n t r o l  pane l  i s  below t h e  d i s c r i m i n a t o r s ,  
followed by a Nems-Clarke Model 200-3 spectrum d i s p l a y  u n i t  f o r  t h e  FM re- 
ce ive r .  
l a t o r  wi th  mixer ampl i f i e r s  for t h e  t a p e  speed compensation system. To t h e  
l e f t  of t h e  rack  i s  a CEC Model 5-124 d i r e c t  record ing  osc i l l og raph  wi th  
seven galvanometers f o r  quick readout information.  A Tektronix Model 533 
osc i l l o scope  f o r  waveform monitor ing completes t h e  t e l eme te r ing  ground sta- 
t ion .  

The bottom pane l  con ta ins  a n  EMR Model 1 0 1 - A  c r y s t a l  r e f e rence  o s c i l -  

For  te lemet ry  r ecep t ion  and record ing ,  t h e  ground s t a t i o n  i s  arranged as 
shown i n  F igure  76. I n  gene ra l ,  t h i s  i s  t y p i c a l  of a h igh  p r e c i s i o n  system 
wi th  e x t r a  f e a t u r e s  added t o  opt imize i t s  performance f o r  t h i s  a p p l i c a t i o n .  
Following s i g n a l  cap ture  by t h e  right-hand h e l i c a l  antenna wi th  a g a i n  of  
20 db, t h e  s i g n a l  i s  amplif ied by a 33 db ga in ,  5 db no i se  f i g u r e  preampli-  
f i e r  a t  t h e  antenna s i t e .  The h igh  g a i n  antenna and p reampl i f i e r  are re- 
quired f o r  f l i g h t  d a t a  a c q u i s i t i o n  only., The ampl i f ied  s i g n a l  e n t e r s  t h e  re- 
c e i v e r  and i s  demodulated. The r e s u l t i n g  composite s u b c a r r i e r  s i g n a l  i s  f e d  
t o  a mixer a m p l i f i e r  where a p r e c i s i o n  100 kHz s i n e  wave i s  added t o  t h e  sub- 
carriers.  In t roduct ion  of t h e  100 kHz s i g n a l  provides  a r e fe rence  frequency 
f o r  t h e  t ape  speed compensation channel  which i s  used dur ing  t a p e  playback., 
The mixer output  goes t o  two d i r e c t  channels  on t h e  7-channel t a p e  
recorder .  The d i r e c t  channels  have a frequency response from 200 Hz t o  100 
kHz a t  a t a p e  speed of 30 inches  p e r  second. This  speed a l lows  approximately 
34 minutes of  uninterrupted record ing  t i m e .  
c lude  t h e  loss of d a t a  i f  one channel  f a i l s  dur ing  record ing .  From t h e  re- 
ceiver, t h e  s i g n a l  a l s o  goes t o  t h e  s u b c a r r i e r  d i sc r imina to r s .  Each d i s -  
c r imina to r  has  an input  band-pass f i l t e r  t o  s e l e c t  t h e  appropr i a t e  channel  
as shown. The d i sc r imina to r  output  i s  a r e p l i c a  of t h e  corresponding pay- 
load te lemeter ing  input  vo l tage  and i s  recorded on t h e  d i r e c t  readout  re-  
cord ing  osc i l lograph .  
output  on t h e  FM channels of t h e  t a p e  r eco rde r  which have a frequency response 
from 0 t o  10 mz. 

Two channels  are used t o  p re -  

P rov i s ions  are a l s o  made t o  record  t h e  d iscr imina ted  

The r ece ive r  s i g n a l  s t r e n g t h  information i s  d isp layed  on a meter a t  t h e  
antenna l o c a t i o n  so t h a t  t h e  ope ra to r  can manually t r a c k  t h e  payload by pos i -  
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t i o n i n g  for maximum s i g n a l  s t rength .  
s t r e n g t h  on an  FM tape  channel .  

Provis ions  are made t o  record s i g n a l  

Voice comments desc r ib ing  the t e s t  condi t ions  under which t h e  data were 
taken  are recorded on a s e p a r a t e  t r a c k  and are a g r e a t  a i d  i n  l o c a t i n g  spe- 
c i f i c  s e c t i o n s  of d a t a  on t h e  tape.  

The o v e r a l l  c i r c u i t  f o r  t h e  te lemeter ing  ground s t a t i o n  i s  shown i n  
F igure  77 when used dur ing  f l i g h t  as a backup ground s t a t i o n ,  
second r ece iv ing  channel  a long  with a le f t -hand  h e l i c a l  antenna has  been 
added t o  a s s u r e  a c q u i s i t i o n  of the best poss ib l e  d a t a  even i f  t h e  payload 
were t o  tumble dur ing  f l i g h t .  

Note t h a t  a 

Not shown i s  t h e  c i r c u i t  used f o r  automatic  t h r e e - s t e p  c a l i b r a t i o n  of 
t h e  d i r e c t  (FM) channels of t h e  tape r eco rde r .  C a l i b r a t i o n  of t h e  FM chan- 
n e l s  i s  des i r ab le  because t h e s e  channels do  not have playback t a p e  speed 
compensation. Any d r i f t  caused by speed v a r i a t i o n  cannot be separa ted  from 
a s i g n a l  level  change without r e so r t  t o  a c a l i b r a t i o n  procedure such as 
t h i s .  Since t h e  d i s c r i m i n a t o r s '  ou tputs  va ry  from -2.5 v o l t s  t o  +2.5 v o l t s  
f o r  0 t o  + -vo l t  v a r i a t i o n s  i n  the rocke t  payload, -2.5, 0, and +2.5-vol t  
c a l i b r a t i o n  levels are programmed au tomat i ca l ly  f o r  two seconds once every  
two minutes by a ground s t a t i o n  FM channel  c a l i b r a t o r  u n i t .  I n  a d d i t i o n  t o  
t h e  automatic  c a l i b r a t i o n  sequence, a manual switch a l lows  a d d i t i o n a l  c a l i -  
b r a t i o n s  t o  be made a t  any o t h e r  t i m e .  This  switch does not affect  t h e  
automatic  two-minute c a l i b r a t i o n  cycle  

The t a p e  r eco rde r  and d i sc r imina to r s  are a l s o  used for t a p e  playback. 
A s  F igure  77 i n d i c a t e s ,  t h e  cable  pa tch  pane l  i s  arranged t o  t r a n s f e r  t h e  
played-back composite s i g n a l  containing t h e  100 kRz r e fe rence  s i g n a l  from 
t h e  s i g n a l  d e l a y  l i n e  i n t o  t h e  d iscr imina tors  for demodulation. I n  t h i s  
mode, t h e  normal tun ing  u n i t s  for channel  6 d i s c r i m i n a t o r  are removed and 100 
kHz u n i t s  are s u b s t i t u t e d .  If there  are any t a p e  speed v a r i a t i o n s  t h e y  cause 
a s t e a d y - s t a t e  o f f  set or f l u c t u a t i o n  i n  t h e  190 kKz d i s c r i m i n a t o r  ou tpu t .  
Th i s  e r r o r  s i g n a l  i s  i n s e r t e d  a t  t h e  proper  p o i n t  i n  each of t h e  o t h e r  d i s -  
c r imina to r s .  Cance l la t ion  of output v a r i a t i o n s  due t o  t a p e  speed changes 
i s  t h u s  accomplished. The composite s i g n a l  t o  t h e  100 kHz channel  does not 
p a s s  through t h e  s i g n a l  d e l a y  un i t .  I n  t h i s  way, t h e  proper  t i m e  delay be- 
tween t h e  t a p e  speed e r r o r  s i g n a l  and t h e  o t h e r  d i s c r i m i n a t o r  ou tputs  i s  
m a h t a i n e d  When p rope r ly  ad jus ted ,  t h i s  technique produces a r educ t ion  of 
a least 100:l i n  t a p e  r eco rde r  f l u t t e r  and wow compared t o  a n  uncompensated 
system. 

F igures  78 and 79 show a sec t ion  of  a t y p i c a l  o s c i l l o g r a p h  record ing  of 
t h e  d i sc r imina to r  ou tputs .  Each osc i l l og raph  t r a c e  corresponds t o  t h e  input  
of a K O ,  except f o r  re ference  t r a c e s  a t  t h e  t o p  and bottom and a 36-b i t  
ser ia l  decimal t i m e  code t r a c e  derived from t h e  Nat iona l  Bureau of Standards 
WWV T i m e  s i g n a l .  The i n - f l i g h t  four -s tep  VCO c a l i b r a t i o n  sequence used i n  
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conjunct ion  w i t h  t h e  re ference  t r a c e s  provides  a means of determining t h e  
a c t u a l  vo l t ages  represented by t h e  var ious  t r a c e s .  
determined from t h e  v e r t i c a l  "1-second" l i n e s  or t h e  36-bit t ime code. 

Event t iming may be 

The osc i l lograph  records  provide a v i s u a l  means of checking payload 
ope ra t ions ,  provides cor robora t ive  information f o r  computer -d ig i ta l  reduc- 
t i o n  of t h e  da t a  and provides  prime data f o r  t h e  solar aspec t  channel.  
F i n a l  p r e c i s e  data reduct ion  i s  done from t h e  f l i g h t  magnetic t a p e ,  via a n  
ana log - to -d ig i t a l  conve r t e r  and a n  IBM 7090 Computer. 



V. DATA. FOIIMA.TING EQUIPMENT 

Information c o l l e c t e d  by the  11.03 rocket  experiment i s  prepared f o r  s c i -  
e n t i f i c  s tudy  and a n a l y s i s  by a process of d a t a  reduct ion .  A d e t a i l e d  d i s -  
cuss ion  of t h e  d a t a  process ing  procedures and t h e  r e s u l t s  of t h e  s c i e n t i f i c  
a n a l y s i s  w i l l  be given i n  a separa te  document. The fol lowing d i scuss ion  i s  
concerned wi th  on ly  t h e  prel iminary s t e p s  i n  t h e  d a t a  process ing  and t h e  
s p e c i a l  d a t a  logging equipment used t o  prepare  t h e  t e l eme t ry  d a t a  for com- 
p u t e r  i npu t .  

The t e l eme t ry  d a t a  recorded during t h e  rocket  f l i g h t  by t h e  ground s t a t i o n  
t a p e  r eco rde r  i s  d i g i t i z e d  and rerecorded on computer compatible magnetic t a p e  
b y  t h e  d a t a  formating equipment. 
e n t r y  of t h e  payload information i n t o  a d i g i t a l  computer f o r  process ing ,  
equipment z o n s i s t s  o f ;  a S c i e n t i f i c  Data Systems Model MU31-1 Mult ip lexer  
and Model AD20-14 Analog-to-Dfgital  Zonverter;  an  Ampex Model TM4113-D 
D i g i t a l  Tape Handling System; a n d  s p e c i a l  sequence and c o n t r o l  c i r c u i t r y  
sssembled from Computer Cont ro l  Company 1 MHz l o g i c  modules. A photograph 
of t h e  d a t a  logger  and ground s t a t i o n  i s  shown i n  Figure 800 

The d i g i t a l  t a p e s  are then  a v a i l a b l e  f o r  
The 

The SDS Model MU31-1 Mult iplexer  has  16 input  channels .  The maximum 
switching rate i s  15 kHz. The mul t ip lexer  i s  connected f o r  t h e  d i g i t i z i n g  
cf t h e  lle03 rocke t  d a t a  so t h a t  channel 0 i s  sampled 2500 times p e r  second, 
channel 1 i s  sampled 1250 times per second, channels 2 through 7 are each 
sampled 156 times p e r  second and channels 8 through 15 are each sampled 39 
times p e r  second. 

The SDS Model AD20-14 Analog-to-Digi ta l  Converter provides  d i g i t a l  samples 
wi th  a r e s o l u t i o n  of 15 b i t s  p lus  s i g n .  It has  a Conversion ra te  of 13,300 
samples p e r  second ., 
ho ld  c i r c u i t r y  which provides  a sample a p e r t u r e  of less than  1 microsecond, 

The ana log - to -d ig i t a l  conve r t e r  a l s o  inc ludes  sample and 

The TM4113-D Tape Handling System i s  designed t o  read and write t a p e s  
It can be operated a t  t a p e  t h a t  are compatible w i t h  t h e  IBM7090 Computer. 

d e n s i t i e s  of e i t h e r  200 o r  556 charac te rs  p e r  inch and t a p e  speeds of  e i t h e r  
50 o r  60 inches  p e r  second. 
tape, A 2400-foot r e e l  of t a p e  provides a record ing  per iod of about 16 min- 
u t e s  a t  low speed. 

It uses 2400-foot reels of 1 / 2  inch magnetic 

The data formater  i s  used with t h e  t e l eme t ry  ground s t a t i o n .  F igure  81 
i s  a block diagram showing t h e  connections of major components. The telem- 
e t ry  t a p e s  are played back through t h e  ground s t a t i o n  and t h e  analog s i g n a l s  
from t h e  d i sc r imina to r s  routed t o  t h e  var ious  inpu t s  of t h e  mul t ip l exe r .  
The mul t ip l exe r  i npu t s  are sampled i n  a f i x e d  sequence b u t  not a l l  channels  



are sampled a t  the same rate. The sampling rate of each channel  i s  s e l e c t e d  
so t h e r e  w i l l  be s u f f i c i e n t  d i g i t a l  samples t o  preserve  t h e  i n t e l l i g e n c e  of 
t h e  a s s o c i a t e d  analog s i g n a l .  The ga in  of t h e  d i s c r i m i n a t o r s  i s  ad jus t ed  t o  
provide a n  output s i g n a l  amplitude o f  -1-8 v o l t s  t o  -8 v o l t s .  The d a t a  formater  
conver t s  t h e s e  t o  d i g i t a l  samples wi th  a r e s o l u t i o n  of more t h a n  1 p a r t  i n  
8000. Gain and o f f s e t  of t h e  ground s t a t i o n  and d a t a  formater  e l e c t r o n i c s  
are not s i g n i f i c a n t  i n  t h e  d a t a  a n a l y s i s  because a l l  d a t a  can be r e sca l ed  
us ing  t h e  i n - f l i g h t  VCO c a l i b r a t i o n  vol tages .  

A s p e c i a l  f e a t u r e  of t h e  d a t a  formater  provides  a means of synchronizing 
t h e  d a t a  sample t i m e s  w i th  t h e  100 kHz t a p e  speed compensation s i g n a l  and 
in t roducing  range t i m e  i n t o  t h e  computer format records .  The 100 kHz s i g n a l  
i s  used as t h e  bas ic  sampling frequency source.  The r e l a t i v e  t iming  of  sam- 
p l e s  with respect  t o  one ano the r  can be determined wi th  t h e  same accuracy  as 
t h e  frequency of t h e  o r i g i n a l  c lock s fgna l .  The accuracy  i s  independent of  
t h e  ground s t a t i o n  t a p e  r eco rde r  speed changes and/or  t h e  d i g i t a l  t a p e  re- 
corder  speed v a r i a t i o n s .  The 100 kRz s i g n a l  i s  routed t o  t h e  c o n t r o l  l o g i c  
via a s p e c i a l  t rack ing  m u l t i v i b r a t o r  c i r c u i t .  If any "drop-outs" of t h e  
100 kHz clock s i g n a l  are encountered, t h e  m u l t i v i b r a t o r  w i l l  cont inue  t o  
supply clock s i g n a l s  w i t h i n  2 o r  3 percent  of 100 kHz. 

Range t i m e  i s  put  on t h e  d i g i t a l  magnetic t a p e  records  e s s e n t i a l l y  un- 
The I R I G  format i s  decoded by a s p e c i a l  computer program as one processed.  

s t e p  i n  t h e  computer d a t a  process ing .  

Two passes  of t h e  telemetry t a p e s  are requi red  t o  d i g i t i z e  t h e  recorded 
information.  
p e r  second and data are recorded wi th  a d e n s i t y  of  356 t a p e  c h a r a c t e r s  p e r  
inch.  
p e r  inch .  
of each r ee l  of t e l eme t ry  t a p e .  The sampling frequency of t h e  d a t a  logger  
could be doubled by  changing t o  a d i g i t a l  t a p e  r eco rde r  speed of 60 inches  
p e r  second, bu t  t h i s  a l s o  doubles t h e  r a t i o  o f  d i g i t a l - t o - t e l e m e t r y  t a p e s ,  
and i s  not necessary t o  preserve  t h e  i n t e l l i g e n c e  of t h e  ana log  s i g n a l s .  

The d i g i t a l  t a p e  r eco rde r  i s  operated a t  a speed of 30 inches 

This  corresponds t o  a sample d e n s i t y  of more t h a n  185 analog  samples 
Approximately 2 reels of d i g i t a l  t a p e  are obtained from each pass  



V I  a PAYLOAD ENVIRONMENTAL TEST REQUIREMMENTS 

It i s  s tandard p r a c t i c e  t o  s u b j e c t  rocket  payloads t o  a series of r i g o r -  
ous t es t s  t o  determine func t iona l  r e l i a b i l i t y  of a l l  components and cons t ruc-  
t i o n  techniques.  
t h e  a b i l i t y  of t h e  des ign  t o  meet a l l  performance requirements  without harm- 
f u l  degrada t ion  a t  t h e  expected f l i g h t  l e v e l s .  

The f l i g h t  u n i t  i s  subjected t o  t es t s  which demonstrate 

The requi red  t e s t  f a c i l i t i e s  a v a i l a b l e  a t  GSFC and t h e  t es t s  prescr ibed  
by NASA f o r  The Un ive r s i ty  of Michigan Radio Astronomy Observatory Cosmic 
Noise Rocket Payload designated NASA 11.05 a r e  i temized i n  t h e  Appendix. 
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V I 1  a VEHICLE DESCRIPTION AND PFtEDICTED PERFORMANCE 

The Argo D-8 v e h i c l e  shown i n  Figure 3 i s  a fou r - s t age  s o l i d  p r o p e l l a n t  
sounding rocket  designed t o  be f i r e d  from a zero length  launcher ,  The f i r s t  
t h r e e  s t ages  a r e  f i n  s t a b i l i z e d  and t h e  fou r th - s t age  i s  s p i n  s t a b i l i z e d .  
The maximum s p i n  r a t e  i s  7 r evo lu t ions  p e r  second. With a t o t a l  payload 
weight of 140 pounds, t h e  p red ic t ed  peak a l t i t u d e  i s  approximately 994 naut-  
i c a l  miles for an 80" launch angle .  
s t a g e  Sergeant with two Recru i t  boos t e r  rocke t s  a t t ached  t o  t h e  s i d e s .  The 
boos te r  rocke t s  give a high i n i t i a l  a c c e l e r a t i o n  t o  b u i l d  up t h e  v e l o c i t y  
immediately after release from t h e  launcher .  Each Recru i t  burns f o r  l m 8  
seconds and has  a t h r u s t  of 38,000 pounds. The second-stage i s  a Lance which 
i g n i t e s  a f te r  a 10-second f i r s t - s t a g e  coas t  i n t e r v a l .  The t h i r d - s t a g e  is an-  
o t h e r  Lance rocket .  I t s  f i n s  are canted so t h a t  a t  burnout t h e  v e h i c l e  s p i n  
rate i s  increased t o  approximately 7 rps f o r  fou r th - s t age  s p i n  s t a b i l i z a t i o n .  
The fou r th - s t age  i s  a n  Al ta i r  6 which i g n i t e s  a f t e r  a 13-second t h i r d - s t a g e  
coas t  i n t e r v a l .  
f l i g h t .  
mechanism i s  deployed t o  desp in  t h e  v e h i c l e  t o  0.34 rps. 
f u r t h e r  despun by t h e  e r e c t i o n  of t h e  r a d i o  astronomy antenna.  The antenna 
s tar ts  deploying a t  184 seconds and e r e c t i o n  i s  complete a t  294 seconds, a t  
which t i m e  t h e  payload s p i n  ra te  i s  0.059 rps. 

The v e h i c l e  s t a g i n g  c o n s i s t s  of a f i r s t -  

The fou r th - s t age  remains a t t a c h e d  t o  t h e  payload throughout  t h e  
A t  180 seconds t h e  nose cone i s  sp r ing  e j e c t e d  and a "yo-yo" desp in  

The payload is 

Table VI1 presents  a sumnary of  t h e  rocke t  p red ic t ed  performance, and 
sequence of events .  
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APPENDIX. ENVIRONMENTAL TESTS 

The fol lowing i s  a desc r ip t ion  of  t h e  environmental  t e s t  program re- 
qui red  by NASA f o r  t h e  f l i g h t  model payload. 
D - 8  (Journeyman). 

The launch veh ic l e  was a n  A.rgo 

A .  TEST FACILITIES 

1. General 

The appara tus  used i n  conducting t e s t s  s h a l l  be capable  of producing 
and maintaining t h e  tes t  condi t ions requi red ,  wi th  t h e  equipment under tes t  
i n s t a l l e d  in/on t h e  appara tus  and ope ra t ing  o r  nonoperating as requi red .  
Changes i n  t e s t  appara tus  condi t ions may be t h e  maximum permit ted by t h e  
t es t  appara tus ,  bu t  s h a l l  not exceed t h e  a p p l i c a b l e  equipment s p e c i f i c a -  
t i o n  requirements 

2. Volume 

The volume of t h e  t e s t  f a c i l i t i e s  s h a l l  be such t h a t  t h e  bulk of t h e  
equipment under tes t  s h a l l  not interfere wi th  t h e  genera t ion  and maintenance 
of t e s t .  

3 *  Heat Source 

The h e a t  source of t h e  test  f a c i l i t i e s  s h a l l  be so loca ted  t h a t  r a d i a n t  
h e a t  s h a l l  not f a l l  d i r e c t l y  on the equipment under t e s t ,  except where ap-  
p l i c a t i o n  of r a d i a n t  h e a t  i s  one of t h e  test  cond i t ions .  

4. Standard Condit ions f o r  Test Area 

Normally checkout w i l l  be  conducted at room-ambient condi t ions  e Rever- 
s i o n  t o  s tandard cond i t ions  w i l l  be requi red  on ly  i n  t h e  case of equipment 
malfunct ion o r  unresolved quest ionable  ope ra t ion .  For  t h i s  condi t ion ,  s tand-  
a r d  cond i t ions  are def ined  as follows: 

a. Temperature 25 +3"C (77" k5"F) 

b.  Re la t ive  humidity:  55% o r  less 



c.  Barometric p re s su re :  l o c a l  ambient 

5 .  Measurements 

All measurements s h a l l  be made wi th  ins t ruments  whose accuracy  conforms 
t o  accep tab le  labora tory  s tandards ,  and which are appropr i a t e  f o r  messure- 
rnent of t h e  environmental  cond i t ion  concerned. If tes ts  are conducted ou t -  
s i d e  of GSFC f a c i l i t i e s ,  t h e  accuracy of t h e  instruments  and test  equipment 
s h a l l  be v e r i f i e d  before  t e s t ,  a f t e r  t e s t ,  and p e r i o d i c a l l y  as requi red  by 
GSFC . 

6 Tolerances 

The maximum al lowable t o l e r a n c e s  on t e s t  cond i t ions  s h a l l  be as fo l lows:  

a .  Temperature +2"C ( 3 , 6 ' ~ )  

b ., Vibrat ion ampli tude : 410% 

c.  Vibration frequency:  52% 

d .  Addi t iona l  t o l e r a n c e s :  a d d i t i o n a l  t o l e r a n c e  s h a l l  be as s p e c i f i e d .  

7. Vacuum Gauge 

The vacuum s h a l l  be ind ica t ed  by a vacuum gauge, t h e  sens ing  element of 
which i s  loca ted  wi th in  t h e  chamber t e s t  space.  The gauge s h a l l  measure t h e  
vacuum as it e x i s t s  at t h e  payload. 

Be TEST SEQUENCE 

1. Dynamic Balance 

Although not a n  environmental  t es t ,  ba lanc ing  i s  necessary  f o r  a s p i n  
s t a b i l i z e d  payload and s h a l l  be performed p r i o r  t o  exposure t o  environmental  
tes ts .  Balancing is chosen as t h e  f i r s t  ope ra t ion  so t h a t  t h e  adhesion and 
effect  of t h e  balance weights  on payload ope ra t ion  may be eva lua ted  du r ing  
t h e  course  of t h e  tests.  

The payload, while  nonoperat ive,  s h a l l  be balanced about  t h e  t h r u s t  a x i s  
i n  accordance w i t h  t h e  fol lowing:  



0 2 

S t a t i c  Balance 
( oz . - i n .  ) 

Envelope of acceptab le  payload 
balance r e s t r a i n t s  i n  r e l a t i o n  
t o  C . G .  of payload 

The payload and  t h e  fou r th  s tage s h a l l  be balanced as a composite u n i t  
upon completion of all environmental t e s t s .  

2 0  Spin T e s t  

The sp in  tes t  w i l l  demonstrate t he  a b i l i t y  of t h e  e l e c t r o n i c s  and pay- 
load s t r u c t u r e  t o  withstand t h e  spin f o r c e s  experienced during f l i g h t .  

Before exposure t o  sp in ,  t he  payload s h a l l  be v i s u a l l y  examined and  
f u n c t i o n a l l y  t e s t e d  t o  a s su re  cor rec t  performance. 

3 0  Thermal Vacuum Test  

This  t e s t  w i l l  demonstrate the  a b i l i t y  of t h e  e l e c t r o n i c s  and payload 
s t r u c t u r e  t o  withstand both f l i g h t  temperatures  and p res su re .  

Tes t  Procedure.  -Before exposure t o  thermal  vacuum v i s u a l l y  examine and - 
f u n c t i o n a l l y  tes t  t h e  payload t o  a s s u r e  c o r r e c t  performance. 

With t h e  payload i n  t h e  nonoperative condi t ion  s lowly pump t h e  chamber 
down t o  mm Hg and le t  t h e  payload outgas .  Back f i l l  t h e  chamber wi th  
d r y  n i t rogen  

With t h e  payload i n  t h e  f l i g h t  ope ra t ive  cond i t ion ,  pump t h e  chamber 
down r a p i d l y  ( t o  mm Hg) and hold f o r  30 minutes. 
t a i n  t h e  c o n t r o l  t he rmis to r  located on t h e  payload sk in  a t  100°F. F i l l  t h e  
chamber wi th  d r y  n i t rogen  and r e tu rn  t o  atmospheric p re s su re .  

During t h e  t e s t  m a i n -  

A.fter exposure t o  t h e  thermal vacuum, v i s u a l l y  examine and f u n c t i o n a l l y  
t e s t  t h e  payload t o  a s s u r e  cor rec t  performance. 
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4. Vibra t ion  Tests  

a .  S inusoida l  Swept Frequency Test. -The v i b r a t i o n  tes t s  g iven  h e r e i n  
are intended t o  provide assurance t h a t  t h e  payload w i l l  su rv ive  t h e  expected 
f l i g h t  environment and are a p p l i c a b l e  t o  t h e  complete payload i n  i t s  powered 
f l i g h t  conf igura t ion .  The v i b r a t i o n  t es t s  are based p r i n c i p a l l y  on t h e  e x c i t a -  
t i o n s  genera ted  by use of t h e  I ' A l t a i r  6 rocket  motor. The v i b r a t i o n  e x c i t a -  
t i o n  s h a l l  be appl ied a t  t h e  i n t e r s t a g e  connect ion between t h e  f i n a l  s t a g e  
and t h e  payload. I n  e s t a b l i s h i n g  t h e  tes t  l e v e l s  some allowance has  been 
made f o r  e x c i t a t i o n  generated by earlier s t a g e s ,  aerodynamic d i s tu rbances  and 
handl ing t r anspora t ion  e f f e c t s .  The resonance t e s t  i s  requi red  because of 
unique resonant  burning observed i n  t h e  f o u r t h - s t a g e  rocke t  motor. 

Before exposure t o  v i b r a t i o n ,  t h e  payload s h a l l  be v i s u a l l y  examined 
and f u n c t i o n a l l y  t e s t e d  t o  a s s u r e  c o r r e c t  performance. 

The payload, whi le  i n  o p e r a t i o n a l  cond i t ion  normal t o  powered f l i g h t ,  
s h a l l  be exposed t o  t h e  fol lowing v i b r a t i o n  levels: 



F l i g h t  Unit  : 

Direct i o n  Range, Durat ion,  

S inusoida l  Swept Frequency Test Schedule 
Freg uency Test 

Acce lerat i o n  
N g ,  0-to-peak CPS - Min 

Thrust  10 -5 0 0.6 1.5 
(z-z a x i s )  50-500 0.8 7.0 

500-2000 0.5 14.0 
2000-3000 - 0.1 36.0 

T o t a l  2.0 

L a t e r a l  A 
(x-x a x i s )  

L a t e r a l  B 
(-Y-Y a x i s )  

10-50 0.6 
50-500 0.8 

500-2000 0.5 
0.1 

Total 2.0 
- 2000-3000 

10 -5 0 

500-2000 
50-500 

2000-3000 

0.6 
0.8 
0.5 
0.1 

T o t a l  2.0 
- 

0.6 
1.4 
2.8 
11.0 

0.6 
1.4 
2.8  
11.0 

Sweep Rate: 4 octavesJminute 

F l i g h t  Unit : Random Motion Vibration Test Schedule 
Frequency Spec t ra  1 

Direct ion  Band, Dens it y , g - r m s  
CPS g+Ps 

Thrus t  a x i s  20-2000 03 7.7 

Transverse axes  20-2000 03 7.7 

Duration: 2 minutes each d i r e c t i o n  
T o t a l  t i m e :  6 minutes 

Con t ro l  acce lerometer  response s h a l l  be equal ized  wi th  peak-notch f i l t e r i z a -  
t i o n  such t h a t  t h e  spec i f i ed  PSD va lues  are w i t h i n  23 db everywhere i n  the 
f requency band. The f i l t e r  r o l l - o f f  c h a r a c t e r i s t i c  above 2000 Hz s h a l l  be 
a t  a rate o f  40 db/octave o r  g rea t e r .  

b .  Combustion Resonance Test.-The apparent  weight of t h e  f l i g h t  pay- 
The amplitude va lues  given below are based 
- 

load may be measured a t  600 Hz .  
on an  apparent  weight of 7 pounds at t h i s  frequency. Correc t ion  of t h e  
ampli tude i n  inve r se  propor t ion  t o  t h e  a c t u a l  apparent  weight should be made, 
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bu t  i n  no case  s h a l l  t h e  ampli tudes be g r e a t e r  t han  those  given.  An a l t e r n a t e  
method may be subs t i t u t ed  wherein v i b r a t i o n  f o r c e  i s  programmed i n t o  t h e  pay- 
load between 550 and 650 Hz a t  +bo0 pound f o r c e  t h r u s t  d i r e c t i o n  and +67 pound 
f o r c e  t r a n s v e r s e  d i r e c t i o n  i f  a s u i t a b l e  f o r c e  c o n t r o l  i s  employed. 

F l i g h t  Unit  : Combustion Resonance Vibra t ion  Test Schedule 

Direc t  i on  
Frequency, 

Hz 
Accelera t ion ,  g 

0- to  -peak 

T e s t  
Durat Ton, 

sec  

Thrust  a x i s  550-650 33.0 15 

Transverse axes  550-650 9.5 15* 

Sweep rate 1 octave/minute 
"15 seconds each a x i s .  

After exposure t o  v i b r a t i o n ,  t h e  payload s h a l l  be v i s u a l l y  examined and 
f u n c t i o n a l l y  t e s t ed  t o  a s s u r e  c o r r e c t  performance 
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TABLE I 

COMPUTER CONTROL LEVELS AND CORRESPONDING PAYLOAD MODE 

Voltage Level Payload Mode 
0.5 A.nt. Z ca l .  750 kHz 

1.0 Ant. Z meas. 750 kHz 

1.5 Ant. Z cal .  1225 kHz 

2.0 Ant. Z meas. 1225 kHz 

2.5 Radiometer TARA 

3.0 Radiometer no noise  c a l .  

4.0 Radiometer no ise  c a l .  

4.5 Radiometer VCO c a l .  

5.0 General VCO cal. 
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TABLE I V  

CIRCUITS ENERGIZED BY THE RECEIVER TURN ON U D E X  

Switch P o s i t i o n  

1 

C i r c u i t s  Energized 

A l l  power o f f  

2 -  A B C D E  

3 

4 

A B C D E F  

A B C D E F G  

5 A. B C D E F G H J 

6 A - C D E F G H J K  

D e  s i a n a t  i on  

A 

B 

C 

D 

E 

F 

C i r c u i t  and Connection 

-34~ t o  r e c e i v e r  f i lament  p r e r e g u l a t o r  

-34V t o  noise  diode oven 

+14V t o  +gV r e g u l a t o r  and timer 

-34~ t o  antenna Z c i r c u i t  

+9V t o  antenna Z VCO d r i v e r  (connected 
d i r e c t l y  t o  +9V r e g . )  

-34~ t o  r e c e i v e r  conve r t e r  p r e r e g u l a t o r  
(+130V and +2OOV) 

+200V t o  preamp. 

+14V to t r a n s f e r  relay 

-34~ supply t o  t i m e r  

Master on i n t e r l o c k  connect ion 



TABLE V 

CIRCUITS ENERGIZED BY THE TRANSMITTER TURN ON LEDEX 

Switch Pos i t i on  

1 

2 

3 

4 

5 

6 

Designat i o n  

C i r c u i t s  Energized 

All power off 

L 

L M N  

L M N P  

L M N P Q  

L M N P Q R S  

C i r c u i t  and Connection 

+9V r e g u l a t o r  t o  VCO's  and 5 V  l i m i t e r  c i r c u i t  

- 3 4 ~  t o  t r a n s m i t t e r  r e g u l a t o r  

- 3 4 ~  t o  commutator motor 

1 4 V  t o  magnetometer reg .  

-34V and +14V t o  Langmuir Probe 

+14V t o  a spec t  s enso r  

Master on i n t e r l o c k  connect ion 
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Figure 2. Payload except skin, nose cone, and extension section. 



Figure 3 .  Rocket with payload on launch pad. 
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Figure 7. Equivalent c i r cu i t  of radio astronomy antenna. 
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Figure 10. Preamplifier first stage. 
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Figure 12, Prototype preamplifier gain vs. frequency (CA = 51.3 pf). 



ANTENNA REACTANCE NORMALIZED TO CAe 51.3pF 

Figure 13. Radiometer premplifier self noise vs. source reactance. 
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Figure 16 - Receiver construction. 
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Figure 17. Simpl i f ied  antenna impedance measurement c i r c u i t .  
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Figure 19. Sweep generator board. 
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Figure 20. Sweep generator housing. 
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Figure 26. Basic antenna t i m e r .  
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Figure 29. Timer  subassembly, 
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Figure 32. K O  cal ibrator .  

w UNIVERSITY OF M I C H I G A N  
OCKET 11.03 UR 

- -------- 

Figure 33. KO calibrator and antenna Z sweep supply. 



Figure 34. Battery box. 
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Figure 33. Receiver E-to-DC converter. 
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Figure 42. -23 volt  regulator. 

Figure 43. -23 volt regulator. 
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Figure 46. Rocket coord ina te  system. 
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Figure 48. Iangmuir probe. 
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Figure 49. Langmuir probe experiment. 
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Figure 55. Output waveforms with dummy resistance, Iangmuir probe. 

Figure 56. Ca l ib ra t ion  waveforms, Iangmuir probe. 
Rd = 22 Meg. 
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Figure 59. Remote control  box and operator. 



Figure 60. VCO chassis "C" Deck. 
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Figure 62. Commutator. 
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Figure 74, 2000 kHz radiometer dynamic response.  
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Figure 80. Data logger equipment. 
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