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ABST7ACT 

This r epor t ,  i s sued  by GSFCls Sounding Rocket Ins t ru -  

mentation Section, contains a l l  pe r t inen t  engineering d a t a  

on a c t u a l  f l i g h t  instrumentation and describes t h e  f l i g h t  

of two Yike Apache payloads. 

was t o  ga ther  s c i e n t i f i c  i n f o n a t i o n  on e l ec t ron  temperature 

The purpose o f  t hese  f l i g h t s  

and dens i ty ,  as w e l l  as wind p r o f i l e .  

p o r t  i s  t o  i l l u s t r a t e  t h e  function and performance of i n s t r u -  

In t en t ion  of t he  re- 

mentation supplied by t h i s  Section and not t o  present an 

analysis of e i t h e r  d a t a  o r  vehic le  performance. 
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SUMMARY 

This  r e p o r t  is one of a s e r i e s  i s sued  by t h e  Sounding 
Rocket In s t rumen ta t ion  Sec t ion .  I t  c o n t a i n s  p e r t i n e n t  eng inee r ing  
data on a c t u a l  f l i g h t  i n s t rumen ta t ion ,  and documents t h e  f l i g h t  
p r e p a r a t i o n  of Nike Apache payloads 14.194 CA and 14.195 CA. 

The purpose of t h e  f l i g h t s  was t o  g a t h e r  s c i e n t i f i c  i n f o r -  
mation on e l e c t r o n  temperature  and d e n s i t y ,  as w e l l  as wind p r o f i l e .  

I t  is t h e  i n t e n t i o n  of t h i s  r e p o r t  t o  i l l u s t r a t e  t h e  f u n c t i o n  
and performance of ins t rumenta t ion  and t e l e m e t r y  equipment and 
n o t  t o  p r e s e n t  an a n a l y s i s  of e i t h e r  s c i e n t i f i c  d a t a  o r  v e h i c l e  
performance. 
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INSTRUMENTATION REPORT FOR N I K E  APACHE 
FLIGHTS 14.194 CA and 14.195 CA 

INTRODUCTION 

The purpose of Nike Apache Payloads 14.194 CA and 14.195 CA 
w a s  t o  compare t h e  e l e c t r o n  d e n s i t y  p r o f i l e  w i t h  t he  wind p r o f i l e  
and t o  measure e l e c t r o n  temperature.  E l e c t r o n  temperature  and 
d e n s i t y  were measured by t h e  Langmuir probe technique  du r ing  t h e  
a s c e n t  p o r t i o n  of  t h e  t r a j e c t o r y ,  The wind p r o f i l e  w a s  measured 
by t h e  vapor t r a i l  technique on the  descen t  p o r t i o n  of t h e  tra- 
j e c t o r y .  

Nike Apache F l i g h t s  14.194 CA and 14.195 CA were f i r e d  from 
Wallops I s l a n d ,  V i r g i n i a ,  on 8 and 7 October 1964 r e s p e c t i v e l y .  

PERSONNEL 

D r .  L. G,  Smith and M r .  J. F. Bedinger r e p r e s e n t e d  Geophysics 
Corpora t ion  of America; Dr. Smith was r e s p o n s i b l e  f o r  t h e  t e l eme t ry  
and in s t rumen ta t ion  p o r t i o n s  of t h e  payload,  and M r .  Bedinger w a s  
r e s p o n s i b l e  for t h e  sodium and trimethylaluminum (TMA) payloads.  
Messers, R. W, Conrad and J. R. Lease, r e p r e s e n t i n g  NASA/GSFC, 
provided range suppor t .  M r .  Roger Navarro w a s  t h e  Wallops I s l a n d  
Range P r o j e c t  Engineer.  

RESPONSIBILITIES 

Sounding Rocket Ins t rumenta t ion  S e c t i o n  conducted the i n t e -  
g r a t i o n  tes ts  and provided only  f i e l d  suppor t  f o r  t h e  launchings.  

PAYLOAD 

The payload c o n s i s t e d  of experiment,  i n s t r u m e n t a t i o n ,  tele- 
m e t r y ,  an antenna s y s t e m ,  and py ro techn ics ,  a l l  of which were s u p  
p l i e d  and i n s t a l l e d  by GCA. 

EXPERIMENTATION 

Both payloads ( see  F igures  1 through 51, s u p p l i e d  by GCA, 
c o n s i s t e d  of t w o  p r i n c i p a l  s ec t ions .  The Langmuir probe,  magneto- 
meter, and baroswitch were loca ted  i n  t h e  c o n i c a l  nose cone and a 
14-inch c y l i n c r i c a l  sec t ion .  Quadraloop antennas and an exp los ive  
u m b i l i c a l  w e r e  mounted on t h e  c y l i n d r i c a l  ex tens ion .  

Vapor experiments  were contained i n  s e p a r a t e  c y l i n d r i c a l  car+ 
isters. The sodium c a n i s t e r ,  housing t h e  s o l i d  sodium chemicals, 
w a s  14-3/8 i nches  long ,  whereas t h e  l i q u i d  trimethylaluminum (TMA) 
c a n i s t e r  w a s  18-5/8 inches  long.  Each experiment (sodium and TMA) 

1 
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Figure 1 .  Instrumentation Sections for Payloads 14.195CA 
or 14.195CA Assembled for Flight. 
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BAROSWITC H 

PU LLAWAY 
C ON N ECT OR 

Figure 2. Exposed Payload showing instrumentation, Experiment, and Telemetry. 
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Figure 3. Typical Payload with Nose Cone detached. 
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Figure 4. Base of Payload. 
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Figure 5 .  Base of Payload rotated 180". 
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con ta ined  its own 11-inch in s t rumen ta t ion  c a n i s t e r ,  housing ex- 
per iment  timers and exp los ive  umbi l ica ls .  The sodium experiment 
w a s  con ta ined  i n  Nike Apache 14.194 CA and w a s  i d e n t i c a l  t o  many 
previous  sodium vapor payloads ,  whereas t h e  TMA payload , des igna ted  
Nike Apache 14.195 CAY w a s  be ing  launched f o r  t h e  f i r s t  t i m e .  

TELEMETRY 

The t e l e m e t r y  t r a n s m i t t e r  used w a s  a Telemet, 2-wat t ,  FM/FM 
c-rrier w i t h  an  RF l i n k  of 244.3 mcs. 

Data c h a n n e l  a l l o c a t i o n s  f o r  both payloads w e r e  as fo l lows:  

FUNCTION FREQ DEVI ATION I R I G  
(Kcs) (%I CHANNEL 

40.0 k 15 C *Langmuir Probe 

10 .5  k 7 1/2 1 2  **Lateral Magnetometer and 
Baroswitch 

* A 500-cps s i g n a l ,  equa l  to about t w o  p e r c e n t  of band edge 
v o l t a g e ,  w a s  mixed w i t h  t h e  probe sweep d a t a ,  and had t h e  
appearance of in te rmodula t ion .  

** Baroswitch o p e r a t i o n  w a s  added to  magnetometer d a t a  caus ing  a 
DC o f f s e t  when t h e  s p i t c h  c losed  a t  75,000 f e e t .  

Telemeter v ideo  d e v i a t i o n  f o r  payload 14.194 CA w a s  measured 
a t  k130 kcs  peak and f o r  payload 14.195 CAY w a s  measured as +125 
kcs  peak. When t h e  VCO's  are se t  up f o r  approximately equa l  s i g n a l -  
t o -no i se  r a t i o s ,  t h e  40-kcs VCO dev ia t ed  t h e  transmitter k112 kcs  
and t h e  10.5-kcs VCO d e v i a t e d  the transmitter a t  +38 kcs.  I n s t a n -  
taneous  peak t r a n s m i t t e r  d e v i a t i o n  o c c a s s i o n a l l y  exceeded t h e  a fo re -  
mentioned va lues  whenever t h e  mixed s i g n a l s  w e r e  a t  the  same maximum 
s imul taneous ly .  N o  v ideo  d i s t o r t i o n  w a s  noted on e i t h e r  payload. 

Payload 14.194 CA G - t i m e r  w a s  programmed t o  release the  sodium 
vapor a t  T +180 seconds.  Payload 14.195 CA G - t i m e r  w a s  programmed 
t o  release t h e  TMA vapor a t  T +251 seconds.  I n  both payloads ,  re- 
dundant G - t i m e r s  w e r e  f l o w n ,  ad jus t ed  t o  o p e r a t e  10  seconds a f t e r  
t h e  pr imary G - t i m e r .  (NOTE: The t e l eme t ry  s i g n a l  w a s  expected t o  
be l o s t  while  sodium vapor w a s  being e j e c t e d  from t h e  payload.)  
This  r e s u l t s  from the  metall ic p o r t i o n  of t h e  sodium vapor c louding  
and/or c o a t i n g  t h e  Quadraloop antenna d u r i n g  vapor r e l e a s e .  

ANTENNA SYSTEM 

Two Quadraloop an tennas  were mounted on t h e  14-inch c y l i n d e r  
and were used t o  r a d i a t e  te lemetered  informat ion  t o  the  ground 
s t a t  i o n s  7 



PYROTECHNICS 

Figures  6 and 7 i l l u s t r a t e  t h e  o v e r a l l  w i r i n g  diagrams f o r  
bo th  t h e  sodium and TMA payloads.  Contained w i t h i n  t h e s e  sche- 
ma t i c s  a r e  t h e  pyrotechL:ics used i n  t h e s e  payloads.  The vapor 
payloads were cons idered  t o  be very  dangerous py ro techn ics  and 
had t o  be handled w i t h  extreme cau t ion .  

MECHANICAL LAYOUT 

Payload c o n f i g u r a t i o n  for Nike Apaches 14.194 CA and 14.195 
CA are i l l u s t r a t e d  i n  F igu res  8 and 9, r e s p e c t i v e l y .  Note t h a t  
t h e  only  phys ica l  d i f f e r e n c e  between t h e  two c o n f i g u r a t i o n s  is 
t h a t  t he  TMA c a n i s t e r  is  4-1/4 inches  longer  than  the  sodium 
c a n i s t e r .  

INTEGRATION 

T e l e m e t r y  i n t e g r a t i o n  checks and tests f o r  both payloads 
were conducted a t  GSFC's B e l t s v i l l e  f a c i l i t y .  I n  a d d i t i o n ,  t he  
pyro technic  c i r c u i t s  were checked. A l l  checks and tes ts  w e r e  
normal w i t h  no mal func t ions  or problems. 

Following a s u c c e s s f u l  i n t e g r a t i o n  on 25 September, t h e  pay- 
load  w a s  packed and t r a n s p o r t e d  t o  t h e  Wallops I s l a n d  laurich 
f ac i 1 i t y  . 
FIELD OPERATIONS 

I 
R. W. Conrad and J. R. Lease a r r i v e d  a t  Wallops I s l a n d  on 

Tuesday, 29 September 1964. T e l e m e t r y  payloads f o r  Nike Apaches 
14.194 CA and 14.195 CA were checked o u t  u s i n g  GSFC T e l e m e t r y  
S t a t i o n  A. A l l  tests were s a t i s f a c t o r y .  

The TMA vapor d i d  no t  a r r i v e  u n t i l  l a t e  i n  t h e  a f t e rnoon  on 
Wednesday, 30 September, too l a t e  f o r  a t w i l i g h t  launch. Nike 
Apache 14.194 CA w a s  scheduled t o  be launched f i r s t ,  a l though 
GCA d e s i r e d  t o  launch t h e  TMA experiment f i r s t  s i n c e  i t  w a s  un- 
t r i ed .  D r .  Davis scheduled t w o  of h i s  payloads ,  14.158 GE and 
14.159 GE, t o  be launched 10 minutes a f t e r  t h e  vapor Nike Apaches, 
t o  s t u d y  p o s s i b l e  c o r r e l a t i o n  between wind and magnetic f i e l d ,  
(For informat ion  p e r t a i n i n g  t o  Nike Apache F l i g h t s  14.158 GE and 
14.159 GE, r e f e r  t o  Ins t rumen ta t ion  Report  X-671-64-302.) 

P o s s i b i l i t y  of an evening launch w a s  c a n c e l l e d  a t  t he  1300Q 
weather b r i e f i n g  due t o  l o w  c louds  ove r  camera s t a t i o n s  (Dover, 
Delaware; Andrews AFB, Maryland; Dam Neck, V i r g i n i a ,  and A.P. 

I H i l l ,  V i r g i n i a ;  see F igure  10.) 
, 
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Figure 8. Nike Apache Flight 
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Figure 9. Nike Apache Flight 14.195CA Payload Configuration 
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Launching of t he  coord ina ted  Nike Apaches, rescheduled  fo r  
t h e  fo l lowing  morning, w a s  c a n c e l l e d  a t  t h e  2000Q weather b r i e f -  
i n g ,  a l s o  f o r  excess ive  cloud coverage. Thursday n ight -Fr iday  
morning launches were probable  and scheduled. 

These launchings w e r e  c a n c e l l e d  a t  Thursday 's  1400Q weather 
b r i e f i n g .  The TMA payload a r r i v e d  t h i s  d a t e  and w a s  then scheduled 
f o r  launching be fo re  the  sodium payload, 

A p r a c t i c e  countdown w a s  s t a r t ed  a t  1400Q on F r iday ,  2 O c t o -  
ber. The countdown proceeded through t h e  h o r i z o n t a l  checks be fo re  
be ing  scrubbed a t  1600Q due t o  weather cond i t ions .  

Launches were at tempted and c a n c e l l e d  on October 3, 4, 5, 
and 6 due t o  weather problems. 

Wednesday (7 October ) ,  morning launch w a s  c a n c e l l e d  due t o  
c loud coverage a t  t h e  camera s i t e s ,  a t  T -5 minutes .  A l l  checks 
on Nike Apaches 14.195 CA and 14.158 GE (accompanying) were com- 
p l e  ted.  

Countdown f o r  an evening launch on Wednesday commenced and 
F l i g h t  14.195 CA w a s  launched a t  1904Q. Pre l imina ry  a n a l y s i s  
of da ta  r ece ived  i n d i c a t e d  t h a t  t h e  data w a s  good (according t o  
D r .  Smith of GCA). Accompanying experiment  aboard Nike Apache 
14.158 GE w a s  unsuccessfu l  as t h e  rocke t ' s  second s t a g e  d i d  no t  
i g n i t e .  

Sodium vapor F l i g h t  14.194 CA w a s  launched on Thursday, 8 
October a t  0623Q. Telemetry l e v e l  w a s  good u n t i l  sodium release, 
r e s u l t i n g  i n  a l o s s  of s i g n a l  f o r  1 minute 48 seconds.  Accompany 
i n g  Nike Apache F l i g h t  14.158 GE w a s  launched as scheduled.  

HORIZONTAL AND VERTICAL CHECKOUT PROCEDURES 
* , i  a- 

Ins t rumenta t ion  pre-checks and h o r i z o n t a l  and v e r t i c a l  tests 
were conducted a t  Wallops I s l and .  No major problems were encoun- 
tered. However, s i n c e  accompanying Nike Apache's 14.158 GE and 
14.159 GE were t o  be f i r e d  t e n  minutes  behind t h e s e  payloads (re-  
s p e c t i v e l y ) ,  s p e c i a l  checkout procedures  were r e q u i r e d  t o  ensu re  
no i n t e r f e r e n c e  between payloads when ope ra t ed  from the  same laqrc?i 
area. This w a s  n e c e s s a r y  s i n c e  t h e  DOVAP a i r b o r n e  u n i t s  r e q u i r e d  
a long warm-up t i m e ,  n e c e s s i t a t i n g  t h a t  t hey  be ON and o p e r a t i n g  
when t h e  f irst  payloads were launched. Transmi t ted  carr ier  f r e -  
q u e n c i e s ,  and t h e i r  harmonics (DOVAP 36.8/73.6 m c s ,  t e l e m e t r y  240.2 
mcs), d i f f e r e d  enough s o  t h a t  no i n t e r f e r e n c e  w a s  noted. 

Hor i zon ta l  and v e r t i c a l  c o n f i g u r a t i o n s  are shown i n  F igu res  
11 and 12.  

14 



FIRING DATA 

Associated Niks Apache F l i g h t s  14.158 GE and 14.159 GE, 
c a r r y i n g  magnetometer experiments ,  w e r e  flown i n  conjunct ion  w i t h  
t h e  Nike Apache probe-vapor F l i g h t s  14.194 CA and 14.195 CA. 
These concur ren t  launchings checked f o r  p o s s i b l e  c o r r e l a t i o n  of 
wind d a t a  wi th  maynetic f i e l d  da ta .  The comparison f l i g h t s  w e r e  
scheduled t e n  minutes a p a r t .  

Nike Apache F l i g h t  14.195 CA, c a r r y i n g  t h e  TMA, was launched 
on 7 October 1964 a t  2304-1-002 w i t h  t e l e m e t r y  s p l a s h  a t  2310+48Z. 
Sodium vapor Nike Apache F l i g h t  14.194 CA w a s  launched on 8 Octo- 
be r  1964 a t  1023-1-002 with  t e l e m e t r y  s p l a s h  a t  1029+362. 

Nike Apache 14.195 CA payload experienced no t e l e m e t r y  drop- 
ou t s .  Telemetry from t h e  Nike Apache 14.194 CA payload w a s  very 
weak between T 93 x i n u t e s  50 seconds and T 95 minutes 38 seconds,  
cor responding  t o  the  sodium vapor relensc per iod .  Sp la sh  occurred  
a t  6 minutes 36 seconds.  

Data was recorded by Wallops I s l a n d  Main B a s e  t e l eme t ry  s ta -  
t i o n s  and GSFC ground s t a t i o n s  A and C. Recorded d a t a  ( t a p e s )  have 
been s e n t  t o  R. W. Conrad a t  GSFC's B e l t s v i l l e  f a c i l i t y .  

CONCLUSION 

Ins t rumen ta t ion  and rocke t  performance f o r  bo th  f l i g h t s  were 
s a t i s f a c t o r y .  Pre l iminary  i n d i c a t i o n s  were t h a t  t h e  Langmuir probe 
ope ra t ed  p rope r ly  and should y i e l d  good e l e c t r o n  temperature  and 
d e n s i t y  d a t a .  

For F l i g h t  14.194 CA, t h e  sodium vapor ,  r e l e a s e d  n e a r  apogee, 
formed an oblong,  glowing, pinkish-orange c loud ,  w e l l  de f ined  
a g a i n s t  a c l o u d l e s s  sky ( a t  Wallops I s l a n d ) ,  w i t h  o n l y  s l i g h t  i l l u -  
mina t ion  from t h e  moon i n  i t s  c r e s c e n t  phase. The vapor cloud, i t s  
shape a l t e r e d  by t h e  e f f e c t s  of upper a i r  winds,  remained v i s i b l e  
a t  Wallops I s l a n d  f o r  more than  10 minutes.  O p t i c a l  condi t i i>ns 
were good a t  t h r e e  of t h e  f o u r  o p t i c a l  s t a t i o n s  l o c a t e d  w i t h i n  a 
100-mile r a d i u s  of Wallops I s l a n d ,  w i th  only t h e  Dam Neck Naval 
T ra in ing  S t a t i o n  (Vi rg in i a )  s i t e  r e p o r t i n g  obscur ing  c loud  cover .  

The TMA, r e l e a s e d  dur ing  the  descen t  p o r t i o n  of F l i g h t  14.195 
CA,  formed a c o n i c a l ,  glowing, b lu ish-green  c loud ,  s h a r p l y  de f ined  
a g a i n s t  a c l o u d l e s s  sky ( a t  Wallops I s l a n d ) ,  w i t h  on ly  s l i g h t  il- 
luminat ion  from the  moon i n  i t s  c r e s c e n t  phase. The vapor ,  chang- 
i n g  shape i n  response t o  upper a i r  winds,  w a s  v i s i b l e  a t  Wallops 
I s l a n d  f o r  more than  15 n i n u t e s .  O p t i c a l  c o n d i t i o n s  were good a t  
t h r e e  of t h e  f o u r  o p t i c a l  s t a t i o n s ,  with only  the  Dam Neck T r a i n -  
i n g  S t a t i o n  (Vi rg in i a )  s i t e  r e p o r t i n g  obscur ing  cloud coverage. 
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Figure 12. Nike Apache Flight 14.195 GE i n  the Vertical Position 
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