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ABSTRACT 

T h i s  r e p o r t  de sc r ibes  t h e  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 s a t e l l i t * - b o r n e  ins t rumenta t ion  system designed 

and cons t ruc t ed  a t  t he  Un ive r s i t y  of Michigan Radio Astronomy Observa- 

t o ry .  The system i s  designed t o  make r a d i o  astronomy measuremenfis a t  

e i g h t  d i s c r e t e  f requenc ies  from 50 kHz t o  3.5 MHz. These measurements 

a r e  t o  d e t e c t  So la r  and Jov ian  r a d i o  frequency b u r s t s  and t o  determine 

t h e  r e l a t i v e  average l e v e l  of cosmic background r a d i a t i o n  down t o  50 

kHz. 

Procedures used f o r  p r e f l i g h t  and i n - f l i g h t  no i se  c a l i b r a t i o n s  

a r e  discussed.  A d e s c r i p t i o n  of t h e  ground suppor t  equipment used 

f o r  p r e f l i g h t  t e s t i n g  i s  given.  

The ins t rument  was s u c c e s s f u l l y  launched aboard t h e  OW-V(E) 

s p a c e c r a f t  on 4 March 1968 i n t o  an e l l i p t i c a l  o r b i t  having t h e  

fol lowing approximate parameters:  per igee,  292 ki lometers ;  apogee, 

147,060 k i lometers ;  i n c l i n a t i o n  t o  the  equator ,  31'; per iod,  63 hours,  

25 minutes. 

The initial date. f r o m  the  ins t rument  Icoks exce l le i i t  and t he  

ins t rument  should s u c c e s s f u l l y  f u l f i l l  i t s  mission.  

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 s e p a r a t e l y .  



PREFACE 

T h i s  i s  t h e  f i n a l  t e c h n i c a l  r e p o r t  concerning t h e  ins t rumen-  

t a t i o n  des igned  and c o n s t r u c t e d  a t  t h e  U n i v e r s i t y  o f  Michigan Radio 

Astronomy Observatory  Labora to ry  f o r  making r a d i o  astronomy measurements 

a t  e i g h t  d i s c r e t e  f r e q u e n c i e s  from 50 kHz t o  3.5 MHz. The rad iomete r  

was des igned  f o r  s a t e l l i t e - b o r n e  o b s e r v a t i o n s .  The purpose o f  t h e  

measurements i s  twofold: t o  measure t h e  r e l a t i v e  average  l e v e l  of 

cosmic background r a d i a t i o n  and t o  d e t e c t  S o l a r  and J o v i a n  r a d i o  

b u r s t s  a t  t h e s e  e i g h t  f r e q u e n c i e s .  The i n s t r u m e n t  was flown aboard  t h e  

OGO-V s p a c e c r a f t  launched 4 March 1968 from t h e  E a s t e r n  T e s t  Range a t  

Cape Kennedy, F l o r i d a .  

The s c i e n t i f i c  r e s u l t s  and a s p e c t s  of  t h i s  program w i l l  be p u b l i s h -  

ed s e p a r a t e l y .  
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INSTRUMEN!l!ATION FOR RADIO ASTRONOMY MEASUREMENTS 
ABOARD THE 0 0 - V  SPACECRAFT 

I. PNTRODUCTION 

This  r e p o r t  descr ibes  the  design considerat ions and performance 

c h a r a c t e r i s t i c s  of an instrumentat ion system designed and constructed 

a t  the  Universi ty  of Michigan Radio Astronomy Observatory Laboratory 

for  s a t e l l i t e - b o r n e  radio astronomy observat ions,  These observations 

a re  c a r r i e d  ou t  a t  e igh t  d i s c r e t e  frequencies from 50 kHz t o  3.5 MHz 

(50, 100, 200, 350, 600, 900, 1800, and 3500 k ~ z )  and t h e i r  purpose i s  

t o  d e t e c t  Solar  and Jovian rad io  frequency burs t s  and t o  measure the 

r e l a t i v e  average l e v e l  of cosmic bacl:,ground r a d i a t i o n  down t o  50 kHz, 

Due t o  the wide frequency range covered by the radiometer, i t  not only 

provides c o r r e l a t i o n  with the  da ta  obtained from our e a r l i e r  radiometers 

flown on OGO spacecraf t s  I-TV; but a l s o  extends our observations down t o  

much lower frequencies .  These lower frequencies may provide areas  for  

more d e t a i l e d  observations for  f u t u r e  radiometers.  

The radiometer system, a s  shown i n  Figure 1, cons i s t s  of a  30 foot  

monopole antenna, a  s tepping superheterodyne rece iver ,  a  noise  ca l ib ra -  

to r ,  and a power suppiy. The inboard 10 f e e t  of the monopole antenna 

i s  coated with Dupont Kapton t o  i n s u l a t e  the boom from the plasma sheath 

surrounding the spacecraf t .  This requirement was necessary s ince  the 

antenna i s  shared with an e l e c t r i c  f i e l d  experiment ( ~ g g s o n ,  GSFC; E-26). 

The antenna assembly was, i n  f ac t ,  supplied by GSFC. 

The antenna i s  s e l f  -extending, r equ i r ing  only momentary ordnance 

power t o  r e l ease  i t ,  There i s  a l s o  provis ion fo r  e j e c t i n g  the antenna 

element from t h e  spacecraft i f  t h i s  becomes des i rab le  due t o  spacecraf t  

opera t ional  considerat ions,  There a r e  telemetry outputs  which i nd ica te  

the  deployment s t a t u s  and whether the  element e j e c t i o n  c i r c u i t  is armed. 

The f i r s t  s tage  i n  the rece iver  i s  a Low noise preamplif ier  having 

an unbalanced input .  There i s  a l s o  incorporated i n  t h i s  preamplif ier  

s tage  f i l t e r i n g  elements to  reduce the s u s c e p t i b i l i t y  of the  radiometer 

t o  s i g n a l s  outs id^ t h e  s igna l  passband. 



Following the  p reampl i f i e r  is a balanced diode mixer which i s  

fed from a  complex of e i g h t  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 .  The 

s e l e c t i o n  of t h e  a c t i v e  o s c i l l a t o r  i s  c o n t r o l l e d  by i n t e r n a l  l og i c ,  

t h e  i n p u t  of which i s  a  t iming pu l se  der ived  from the  s p a c e c r a f t  c lock.  

A t e lemet ry  ou tpu t  i s  provided t o  i d e n t i f y  t he  ope ra t ing  cev te r  

frequency of t h e  radiometer ,  The DC vo l t age  on the  mixer and c r y s t a l  

f i l t e r  ~ t a g e s  i s  a l s o  monitored through the  te lemet ry  system. The 

output  s f  t h e  mixer feeds  a 10.7 MHz c r y s t a l  f i l t e r  which determines t he  

I F  bandwidth. 

Af t e r  s u i t a b l e  buf fe r ing ,  t h e  ou tpu t  of t h e  c r y s t a l  f i l t e r  i s  

fed t o  a four  s t a g e  ga in -con t ro l l ed  I F  a m p l i f i e r .  Following t h e  I F  

ampl i f i e r  i s  an envelope d e t e c t o r  t he  b i a s  of which i s  temperature 

s t a b i l i z e d .  T h i s  b i a s  vo l t age  i s  f ed  t o  t h e  te lemet ry  system f o r  monitor- 

i ng  purposes,  The ou tpu t  of t h e  d e t e c t o r  feeds  an emitter fol lower  s t a g e  

which provides  t h e  AGC vo l t age  f o r  t h e  I F  a m p l i f i e r  and i s o l a t e s  t h e  

de t ec to r  from t h e  f i n a l  s i g n a l  condi t ion ing  cLrcu i t ry ,  

The f i n a l  condi t ion ing  of t h e  radiometer d a t a  c o n s i s t s  of 

e s t a b l i s h i n g  a  pos t  d e t e c t i o n  time cons tan t  of approximately 0 .21 

seconds and cons t r a in ing  the  iX output  v o i t a g e  t o  a range of  0 t o  5 .  i 
v o l t s .  This l a s t  condi t ion ing  i s  t o  achieve compliance w i t h  t h e  te lemet ry  

system requirements.  This  f i n a l  s t a g e  a l s o  prov ides  a low outpu t  impedance. 

A s o l i d - s t a t e  no i se  diode and a n  a s s o c i a t e d  ampl i f i e r  i s  incorpora ted  

i n  t he  radiometer t o  provide i n f l i g h t  c a l i b r a t i o n .  The n o i s e  c a l i b r a t o r  

provides  a whi te  no ise  source  over t h e  ope ra t ing  fxequency of  the  r a d i o -  

meter. Four l e v e l s  of  c a r i b r a t i o n  a r e  provided through t h e  use of a log ic -  

c o n t r o l l e d  a t t e n u a t o r .  The radiometer  i s  c a l i b r a t e d  approximately every 

10 minutes. The c a l i b r a t i o n  sequence i s  a l s o  c o n t r o l l e d  by t h e  r ad iome te r ' s  

i n t e r n a l  l og i c .  A t e lemet ry  ou tpu t  i s  provided which d e f i n e s  t he  c a l i b r a -  

t i o n  l e v e l s  dur ing  the  c a l i b r a t i o n  sequence. There a r e  two te lemet ry  

ou tpu ts  a s soc i a t ed  wi th  t he  n o i s e  c a l i b r a t o r  which i n d i c a t e  t h e  c u r r e n t  

through the  no i se  diode and t h e  temperature of t h e  no ise  diode.  



A v o l t a g e  r e g u l a t o r  c i r c u i t  was included i n  t h e  system t o  provide 

i s o l a t i o n  from t h e  no ise  a s s o c i a t e d  wi th  t h e  s p a c e c r a f t  power supply 

and t o  i n s u r e  s t a b l e  vo l t ages  f o r  the  c r i t i c a l  c i r c u i t s  i n  t h e  r ad io -  

meter.  Current  l i m i t i n g  was included t o  p r o t e c t  t h e  s e r i e s  r e g u l a t i n g  

element from acc iden ta l  o r  t r a n s i e n t  s h o r t s .  Extensive  f i l t e r i n g  is  

provided t o  reduce conduction of WI from the  r e g u l a t o r  c i r c u i t r y  t o  

c r i t i c a l  RE' c i r c u i t s .  A t e lemet ry  ou tpu t  i s  provided t o  monitor t h e  

r e g u l a t o r  ou tpu t  vo l t age ,  

The radiometer  has two normal modes of opera t ion :  a frequency 
+ 

sequencing mode and a  s i n g l e  frequency ope ra t ion  mode, The frequency 

s t e p p i n g  mode i s  con t ro l l ed ,  as mentioned e a r l i e r ,  by i n t e r n a l  l o g i c  

t r i g g e r e d  by a  t iming s i g n a l  from t h e  s p a c e c r a f t .  

The change from t h i s  mode t o  t he  s i n g l e  frequency mode i s  c o n t r o l l e d  

by a  ground command. The d e s i r e d  ope ra t ing  Erequency mey be s e l e c t e d  

by ground command once the  radiometer has been p laced  i n  t h e  s i n g l e  

frequency mode. A t h i r d  ground command r e t u r n s  t he  radiometer t o  t h e  

frequency s tepping  mode. 

An i n t e r n a l  f ree - running  mul t iv ib ra to r ,  normally synchronized 

w i t h  the  s p a c e c r a f t  timing s i g n a l ,  provides  t h e  radiometer  t iming i n  

t h e  event t h e  spacec ra f t  t m i n g  s i g n a l  i s  l o s t ,  The frequency of  t h i s  

m u l t i v i b r a t o r  i s  ad jus t ed  such t h a t  u se fu l  radiometer d a t a  may be 

ob ta ined  even though the  Erequency s tepping  is  no longer synchronized 

w i t h  the  te lemet ry  system, 

A b r i e f  d e s c r i p t i o n  of t h e  ground commands used by t h e  radiometer 

i s  given below: 

1. Power ON/OFF - S e l f  explanatory 

2 .  Antenna Deploy - Used i n  conjunct ion wi th  t h e  s p a c e c r a f t  

ordnance supply t o  deploy the  antenna.  

3. Enable Frequency SteppinglArm E j e c t i o n  C i r c u i t  - T h i s  command 

provides  t h e  dual  func t ion  of p l ac ing  t h e  radiometer  i n  t he  

frequency s tepping mode a s  descr ibed  above and arming the  

e j e c t i o n  c i r c u i t r y  i n  the  antenna assembly. This  e j e c t i o n  

c i r c u i t r y  i s  au tomat ica l ly  disarmed by ordnance buss turn-on.  



4. Antenna E j e c t  - Used i n  c o n j u n c t i o n  w i t h  t h e  s p a c e c r a f t  

ordnance supp ly  and t h e  preceeding command t o  e j e c t  t h e  

an tenna  element  from t h e  s p a c e c r a f t ,  The d e c i s i o n  t o  

use  t h i s  command w i l l  be based on s p a c e c r a f t  o p e r a t i o n a l  

c o n s i d e r a t i o n s .  

5 ,  D i s a b l e  Frequency S tepp ing  - T h i s  command p l a c e s  t h e  

rad iomete r  i n  t h e  s i n g l e  f requency mode o f  o p e r a t i o n .  

6. S i n g l e  Frequency S t e p  - The o p e r a t i n g  f requency of  t h e  r a d i o -  

meter w i l l  be changed by one s t e p  ( e g .  50 t o  100 k ~ o )  each 

time t h i s  command i s  s e n t .  

The ins t rument  d e s c r i b e d  was s u c c e s s f u l l y  launched aboard  t h e  

0 0 - V  s p a c e c r a f t  on 4 March 1968. P r i o r  t o  l aunch  t h i s  s p a c e c r a f t  

was o f f i c i a l l y  d e s i g n a t e d  a s  t h e  OGO-E s p a c e c r a f t  and under t h i s  

d e s i g n a t i o n ,  our  a s s i g n e d  experiment  number i s  E-20, The exper iment  

i s  mounted i n  S o l a r - O r i e n t e d  Experiment Package 1 (SOEP-1) w i t h  t h e  

antenna  e x t e n d i n g  o u t  from t h e  s p a c e c r a f t  i n  t h e  -X d i r e c t i o n  ( space -  

c r a f t  c o o r d i n a t e  system) . 



XI, DETAILED DESCRIPTION OF INSTRUMENT 

A ,  ANTENNA ASSEMBLY 

1. General Operat ion 

The antenna u n i t  c o n s i s t s  of a 30 f o o t  r o l l  of beryl l ium 

copper element wound on a spool w i th  t he  a s s o c i a t e d  support  

s t r u c t u r e .  A p l a t i n g  of s i l v e r  on top  of gold i s  depos i ted  on 

t h e  element t o  improve i t s  thermal p r o p e r t i e s .  The inboard 10 

f e e t  of the  element i s  coated w i t h  Dupont Kapton t o  i n s u l a t e  

t h e  boom from the  plasma shea th  surrounding the  s p a c e c r a f t .  The 

copper element i s  hea t  t r e a t e d  i n  such a way t h a t  i n  the  r e l axed  

s t a t e  i t  forms a c y l i n d r i c a l  tube approximately 0.50 inches i n  

d iameter ,  T h i s  m a t e r i a l  i s  backwound on the  spool wi th  the  f r e e  

end of t h e  element secured t o  a c y l i n d r i c a l  aluminum pos t .  This  

pos t  i s  the  outboard s e c t i o n  of a two-section s t r u c t u r e  which can 

be s epa ra t ed  us ing  a n  i n t e r n a l  ordnance device.  Th i s  a l lows the  

extended element t o  be e j e c t e d  from the  spacec ra f t  l e av ing  only 

t h e  support  s t r u c t u r e  on board i f  t h i s  i s  deemed d e s i r a b l e .  The 

element spool i s  he ld  i n  p l ace  by a r e s t r a i n i n g  s t r a p  which may be 

r e l e a s e d  through t h e  use uf a second ordnance device .  Microswitches 

s ense  the  p o s i t i o n  of  the  spool so  t h a t  t h e r e  i s  a p o s i t i v e  i n d i c a t i o n  

o f  antenna deployment. 

The antenna i s  s e l f - e r e c t i n g .  The e l e c t r i c a l l y  energized 

deployment squ ib  p u l l s  a p in  which r e l e a s e s  t h e  r e s t r a i n i n g  s t r a p  

and a l lows the  element t o  unwind. The spool,  by v i r t u e  of t h e  

s t o r e d  energy i n  the  element, moves outward and the  antenna e r e c t s  

a s  a c y l i n d r i c a l  boom behind t h e  spool .  The spool i s  r e l e a s e d  

au toma t i ca l ly  a t  t h e  end of t he  e r e c t i o n  process .  

The e j e c t i o n  process  i s  i n i t i a t e d  by f i r i n g  an ordnance device  

i n s i d e  t he  element support  pos t  s t8suc ture .  This  device  a l lows t h e  

c s t b o a r d  s e c t i o n  of  t h e  p o s t  t o  s e p a r a t e  and t h i s  s e c t i o n  a long  w i t h  

t h e  element i s  e j e c t e d ,  l eav ing  only the  antenna support  s t r u c t u r e  

onboar d. 



The c o n t r o l  of the  antenna deployment and e j e c t i o n  as we l l  as 

c i r c u i t r y  f o r  monitoring t h e  s t a t u s  of t he  antenna i s  housed i n  a  box 

between t h e  antenna s t r u c t u r e  and t h e  SBEP mounting s u r f a c e ,  

A d e t a i l e d  d e s c r i p t i o n  of  t h e  antenna assembly w i l l  no t  be given 

i n  t h i s  r e p o r t  as t h i s  u n i t  was furn ished  by the  F i e l d s  and Plasma 

Branch, GSFC (E-26) who shared  the  antenna wi th  us.  

2 .  Antenna Equivalent  C i r c u i t  

The equ iva l en t  c i r c u i t  f o r  t h e  monopole antenna i s  shown i n  

F igu re  2 ,  The approximate f r e e  space va lues  of R and C may be 
1 2  

A A 
c a l c u l a t e d  from: 

and 

where: 

RA = kr~eeana radia t ion r e s i s t a n c e  

C~ 
= Antenna capac i tance  

h  = Monopole l eng th  (30 f e e t )  

h = Free space wavelength 

-1 a 
6 = Free  space p e r m i t t i v i t y  (8.85 x 10 fa rads lmeter )  
0 

a  = Antenna wi re  r a d i u s  (0.25 inches)  

Using equa t ion  (1) t o  c a l c u l a t e  r a d i a t i o n  r e s i s t a n c e ,  i t  i s  

p o s s i b l e  t o  p r e d i c t  va lues  ranging from 1.37 x ohms a t  50 kHz 

t o  6 7 5  ohms a t  3.5 MHz. 

Using equa t ion  ( 2 ) )  the pred ic t ed  f r e e  space va lue  of antenna 

capac i tance  i s  approximately 72.6 p icofarads .  



C i n  t h e  antenna equ iva l en t  c i r c u i t  i s  s t r a y  capac i tance ,  Th i s  B 
s t r a y  capac i tance  is  due t o  the  proximity of grounded s u r f a c e s  t o  t h e  

antenna and t h e  s i g n a l  l eads .  During a f i n a l  q u a l i f i c a t i o n  t e s t  on t h e  

antenns,  c a r e f u l  measurements were made on the  u n i t  mounted on a f l i g h t  

SOEP.~ These measurements showed the  base  capac i tance  of t h e  antenna 

u n i t  i t s e l f  t o  be  approximately 7.5 p icofarads ,  There i s  approximately 

6 inches  of coax between t h e  antenna u n i t  and the  radiometer  i n p u t ,  

The shunt  capac i tance  of t h i s  coax c o n t r i b u t e s  an a d d i t i o n a l  7.5 pico- 

f a r a d s .  Thus the  t o t a l  CB i s  approximately 15 p icofarads .  

It should be noted t h a t  C forms a c a p a c i t i v e  vo l t age  d i v i d e r  
B 

w i t h  CA which decreases  t he  a v a i l a b l e  s i g n a l  v o l t a g e  l e v e l  a t  t h e  

i n p u t  t o  t h e  rad iometer ,  For t h i s  reason,  every e f f o r t  i n  des ign  and 

component placement was made t o  minimize t h e  va lue  of CB. 

B . RADIOMETER ELECTRONICS 

1. General Operat ion 

The system block diagram i s  shown i n  F igure  1. Th i s  diagram 

i l l u s t r a t e s  t h e  i n t e r r e l a t i o n s h i p s  between va r ious  p o r t i o n s  of the  

radiometer  e l e c t r o n i c s .  The antenna assembly was d iscussed  i n  s e c t i o n  A. 

The rece iv ing  system c o n s i s t s  of a s t epp ing  superheterodyne 

r e c e i v e r  w i th  a cen te r  frequency tunable  from 50 kHz t o  3.5 MHz i n  

e i g h t  s t e p s ,  a n o i s e  c a l i b r a t o r ,  a s s o c i a t e d  power supply, and an  antenna. 

Antenna s i g n a l s  a r e  ampl i f ied  f i r s t  by a low-noise broadband pre-  

a m p l i f i e r .  The p reampl i f i e r  i n p u t  i s  f i l t e r e d  t o  prevent  t e lemet ry  

s i g n a l s  from e n t e r i n g  t h e  rad iometer .  A low pass  f i l t e r  i n  t h e  pre-  

a m p l i f i e r  r e j e c t s  undesi red f requenc ies  above 3.5 MHz. The antenna 

and input  c i r c u i t s  a r e  untuned. However, t h e  i n p u t  c i r c u i t r y  i s  

designed t o  o b t a i n  t h e  maximum s e n s i t i v i t y  f o r  t he  untuned case .  

The preampl i f ie r  ou tpu t  i s  mixed w i t h  a c r y s t a l - c o n t r o l l e d ,  

s tepped-frequency l o c a l  o s c i l l a t o r  s i g n a l  t o  ach ieve  t h e  tun ing  i n  

8 s t e p s  a c r o s s  t h e  frequency band wi th  c e n t e r  f r equenc ie s  from 50 kHz 



t o  3.5 MHz. The IF bandwidth i s  10 kHz (6 db) and i s  determined 

by a c r y s t a l  f i l t e r  i n  t h e  mixer ou tpu t .  Frequency s t epp ing  i s  done 

i n  synchronism w i t h  t he  d a t a  system. 

The I F  ampl i f i e r  i e  ga in  c o n t r o l l e d  (AGC) w i t h  a response 

t h a t  i s  l oga r i t hmic  and has a  u s e f u l  dynamic range of  53 db, The 

ou tpu t  of t h e  second d e t e c t o r  is  f i l t e r e d  wi th  a  time cons tan t  of 

0 .21 seconds. 

An analog vo l t age  i s  generated i n  t h e  o s c i f l a t o r  c i r c u i t r y  which 

L d e n t i f i e s  the  ope ra t ing  cen te r  frequency,  

A s o l i d - s t a t e  no ise  c a l i b r a t o r  i s  switched t o  t he  p reampl i f i e r  

i n p u t  wi th  the  antenna disconnected f o r  c a l i b r a t i o n .  The antenna 

r e l a y  and the  c a l i b r a t i o n  Xevel-control l ing r e l a y s  s r e  d r iven  from 

i n t e r n a l  l o g i c .  An a,nalag vo l t age  corresponding t o  t h e  l e v e l s  of 

n o i s e  used f o r  c a l i b r a t i o n  i s  generated and f e d  t o  t he  main comnzu- 

t a t o r .  Approximately 37 seconds i s  requixed f o r  c a l i b r a t i o n ,  a f t e r  

which the  antenna i s  r e s t o r e d  t o  t h e  radiometer i n p u t .  C a l i b r a t i o n  

occurs  approximately every 10 minutes.  

F igu re  - 3 shows the  vo l t ages  o r  s i g n a l s  r equ i r ed  or expected a t  

t h e  rad iometer ' s  i n t e r f a c i n g  connectors.  

The package d i s s i p a t e s  approximately 2.1 w a t t s  over a  base  

~ l s t e  a r e a  of 49.1 square inches .  This  g i v e s  a power d e n s i t y  of 

approximately 0.04 w a t t s  per square  inch.  There a r e  no l o c a l  ho t  

s p o t s  t h a t  a r e  l i k e l y  t o  cause d i f f i c u l t y .  The o u t s i d e  of t he  b l i v e t  

i s  pa in ted  black ( t o  a i d  i n  t he  SOEP's thermal design) w i th  t he  

except ion  of  t he  basep la t e  which i s  gold p l a t e d  f o r  good e l e c t r i c a l  and 

thermal conduc t iv i ty .  See F igu res  $ and 7. 

The b l i v e t  and covers a r e  magnesium w f t h . s e l e c t i v e  go ld  p l a t i n g  

t o  improve t h e  e l e c t r i c a l  conduc t iv i ty .  

The mechanical l ayout  of t h e  radiometer package i s  shown i n  

F igu res  4 and 6. The o u t s i d e  dimensions of t h e  e l e c t r o n i c s  package 



a r e  7.25" x 7.0" x 4.8". The package mounts t o  t h e  SDEP by four  (4) 
10-32 b o l t s .  

The radiometer ope ra t e s  on a  cont in i~ous  duty  cyc l e ,  being 

turned on and o f f  only  by ground commands. The average power con- 

sumption of t he  experiniant a f t e r  antenna e r e c t i o n  i s  2.1 wa t t s .  A peak 

power of  4.5 w a t t s  i s  r equ i r ed  dur ing the  c a l i b r a t i o n  cyc le .  The power 

p r o f i l e  f o r  t h e  experiment a t  t h e  extremes of s p a c e c r a f t  buss v o l t a g e  

i s  i l l u s t r a t e d  i n  Figure  8. 

2. Timing 

The sequency of events  i n  t he  radiometer i s  i l l u s t r a t e d  i n  

Figure  7. Line A shows t h e  t r a i n  of t iming pu l se s  fu rn i shed  by the  

s p a c e c r a f t  and recurri.ng a t  1.152 second i n t e r v a l s .  This  i s  t h e  r e p e t i -  

t i o n  r a t e  of t he  da t a  system main frame a t  t h e  1 Ki lob i t / second  r a t e  

and the  pu lse  occurs  31.2 psec before  t he  f i r s t  b i t  of t he  fol lowing 

complete t e lemet ry  frame. Each pulse  causes the  radiometer  frequency 

t o  change a s  shown i n  l i n e  B The e i g h t  frequency s t e p s ,  F1 through 

~ 8 ,  c o n s t i t u t e  a subcycle of approximately 9.2 seconds. 

During each frequency s t e p  the  t h r e e  main commutator d a t a  

samples a r e  taken, t h e  f i r s t  being t he  frequency i d e n t i f i c a t i o n  vo l t age  

and the  las t  two being t h e  radiometer ou tpu t  samples. This  i s  i l l u s t r a t e d  

i n  l i n e  C .  

The subcycle r e p e a t s  cont inuously  except i n  t h e  event  of a 

ground command t o  d i s a b l e  t he  frequency s tepping .  

The c a l i b r a t i o n  cycle  c o n s i s t s  of four  subcycles  of e i g h t  

frequency s t e p s  each a s  shown i n  l i n e  B '  (same as l i n e  B bu t  drawn 

t o  a  smal le r  time s c a l e ) .  The c a l i b r a t o r  l e v e l ,  as shown i n  l i n e  D', 

i s  he ld  cons tan t  dur ing  the  f i r s t  subcycle .  Thus a l l  e i g h t  f requenc ies  

a r e  c a l i b r a t e d  a t  t he  same l e v e l .  This  i s  repea ted  f o r  t h e  remaining 

t h r e e  subcycles  a t  success ive ly  increased  c a l i b r a t o r  ou tpu t  l e v e l s .  A t  

t h e  end o f  the  36.9 second c a l i b r a t e  cycle ,  t he  c a l i b r a t o r  i s  disconnected 

and t h e  antenna i s  reconnected t o  the  radiometer i n p u t .  



The c a l i b r a t i o n  occurs only  once dur ing  a main cycle .  A main 

cyc le  c o n s i s t s  of 64 oubcycles (581.8 s e c  o r  0.83 min), of which four  

a r e  devoted t o  c a l i b r a t i o n .  This  i s  shown i n  l i n e  Duo The antenna 

i s  connected t o  t h e  radiometer f o r  t h e  remaining 60 subcycles  (approxi-  

mately 04$ of  the  time). Action of t h e  antenna r e l a y  i s  i l l u s t r a t e d  

i n  l i n e  E l t ,  

3 .  Preampl i f ie r  

3.1 System S e n s i t i v i t y  

The system ~ e n s i t i v i t y  of the  radiometer was optimized fo r  use 

with a 60 monopolpand a broadband untuned inpu t  c i r c u i t .  1 ,4)5 

The o u t l t n e  below summarizes t h e  s t e p s  followed i n  t h e  development 

of t h i s  system: 

( a )  S e l e c t i o n  of a low no i se  t r a n s i s t o r  f o r  t h e  i npu t  s t a g e .  
The2N930 was found t o  be s a t i s f a c t o r y  f o r  t h i s  a p p l i c a t i o n .  

(b )  S e l e c t i o n  of t he  b e s t  c i r c u i t  con f igu ra t ion  c o n s i s t e n t  w i th  
t h e  lowest no i se  f i g u r e  and o the r  system requirements .  The 
common c o l l e c t o r  con f igu ra t ion  was chosen f o r  t he  i npu t  s t a g e .  . 

( c )  Determination of t he  four  no ise  parameters F J %)Go, and B i b 

4,?, 8 
0 

and t h e i r  v a r i a t i o n s  wi th  ope ra t ing  p o i n t .  

(d )  Adjustment of t h e  ope ra t ing  p o i n t  f o r  t h e  minimum R G a N 0 

product ,  which i s  t h e  condi t ion  f o r  lowest  no iae  f i g u r e  
i n  t he  untuned case ,  4 

( e )  Computation of t h e  S T R  product  wi th  the  s p e c i f i e d  va lues  

of  s e r i e s  antenna capaci tance C = 110 p icofarads  and base shunt 
A I. 

c apac i tance  C = 20 p icofarads .  The fol lowing equa t ion  was used:' B 

where: 

RR = Antenna r a d i a t i o n  r e s i s t a n c e  

- n -  

 he leng th  of t he  antenna was l a t e r  shor tened t o  30 f e e t  due t o  
spacec ra f t  cons idera t ions .  The e f f e c t  of sho r t en ing  the  antenna 
on t he  system ope ra t ion  is  i n d i c a t e d  on t h e  a p p l i c a b l e  p l o t s .  



T = 290 '~  r e fe rence  temperature 
0 

T~ = E f f e c t i v e  r e c e i v e r  i npu t  n o i s e  temperature 

G = Equivalent  shunt  conductance of t he  source  
S 

B = Equivalent  shunt  susceptance of t h e  source  s 

B~ 
= Shunt susceptance due t o  C B 

Po) J$q, Bo' and G a r e  t h e  no ise  parameters of t h e  system, 
0 

( f )  Laboratory measurements of RRT using an opt imized pre -  R 
a m p l i f i e r  c i r c u i t .  Data was taken a t  s e v e r a l  f requenc ies  

4 and a t  s e v e r a l  va lues  of  CAe S e n s i t i v i t y  d a t a  on this u n i t  

us ing  CB= 20 p ico fa rads  was compared w i t h  t h a t  ob ta ined  

us ing  equa t ion  (1) and t h e  c o r r e l a t i o n  was good. 

(g)  Using t h e  va lues  of RRTR found exper imental ly  f o r  CA= 160 
p ico fa rads  and CB= 20 p icofarads ,  t h e  va lues  of TR were 

then computed by d i v i d i n g  by the  c a l c u l a t e d  va lues  of RR 

found f o r  a monopole using: 1 

where ( h / ~ )  i s  the  l e n g t h  of t he  monopole i n  vavelengths .  

This  equa t ion  i s  a c c u r a t e  w i th in  a few percen t  f o r  (h/h)< 0 . 1  

and i s  an approximation f o r  a monopole us ing  t h e  s p a c e c r a f t  

a s  a counte rpo ise ,  

( h )  The t a n g e n t i a l  temperature TT, was then found from t h e  

equat ion:  

- 
2~ value  of 60 p ico fa rads  was used f o r  C f o r  the  va lues  of T A T 

corresponding t o  t h e  30 foo t  monopole. This  corresponds q u i t e  
c l o s e l y  wi th  exper imenta l ly  determined va lues .  



where 

B = Receiver bandwidth i n  Rer tz  (lo* f o r  t h i s  radiometer)  

T = Pos t  d e t e c t i o n  f i l t e r  time cons tan t  i n  seconds (0.21 

seconds) 

The f a c t  5 i s  an  a r b i t r a r y  f a c t o r  a r i s i n g  from t h e  r a t i o  

of f requent  peak t o  rms va lue  of t he  ou tpu t ,  and i s  bast.,, ~n 

obse rva t iona l  exper ience,  

The system t a n g e n t i a l  temperature  TT, i s  shown p l o t t e d  f o r  both 

a  60 f o o t  and a 30 foo t  monopole2 on an a n t i c i p a t e d  cosmic b r igh tnes s  

background model i n  F igure  10. The d a t a  p o i n t s  a r e  those  observed i n  

UM/RAO 1'362 and 1465 rocke t  exper iments ,  
9, 10 

Fur the r  i*nc:ceases i n  system s e n s i t i v i t y  can be r e a l i z e d  by 

app rop r i a t e  averaging i n  t h e  da t a  r educ t ion  program, provided t h e  

phenomena being s tud ied  a r e  e i t h e r  s t a t i o n a r y  o r  vary ing  cons iderab ly  

slower than the  da t a  r a t e .  I f  N independent samples a r e  averaged, 

the  s e n s i t i v i t y  can be inc reased  by a f a c t o r  of . 
3.2 Preampl i f ie r  C i r c u i t  

The low no i se  p reampl i f i e r  i s  shown i n  F igures  11 and 12.  9101 
i s  a  common c o l l e c t o r  input  s t a g e  a d j u s t e d  f o r  low no i se  as d i scussed  

above. This  i s  followed by a  common emi t t e r  s tage ,  QIOg, and an e m i t t e r  

fol lower  ou tpu t  s tage ,  Q 
103' 

A l l  s t a g e s  a r e  b iased  f o r  low dc d r i f t  and 

degenerated f o r  s t a b i l i z e d  gain .  The vo l t age  ga in  of the  p reampl i f i e r  i s  

approximately 14 db. 

A Chebyshev low-pass f i l t e r  i s  incorpora ted  i n  t h e  preampl i f ie r  

between the  second and t h i r d  s t a g e s .  T h i s  f i l t e r  has an in-band r i p p l e  

of 0 .1  db, i s  3 db down a t  4.1 MHz, and i s  75 db down a t  10.7  MHz, 

The f i l t e r  s e rves  t h r e e  purposes: 

( a )  Re jec t ion  of spur ious  responses ,  no tab ly  a t  t he  IF and 
image f requenc ies .  

,I 

2~ va lue  of 60 p ico fa rads  was used f o r  C f o r  t he  va lues  of T A T 
corresponding t o  t h e  30 f o o t  monopole. This  corresponds q u i t e  
c l o s e l y  wi th  exper imenta l ly  determined va lues .  



(b) Reject ion of the  s e l f  -noise produced a t  spurious 
frequencies,  thus improving the o v e r a l l  noise  f i g u r e  
of the system. 

( c )  Suppression of r a d i a t i o n  a t  the l o c a l  o s c i l l a t o r  
frequencies (10.75 t o  14.20 MHz) from the rece iv ing  
antenna. 

'lo3 provides a low output impedance which i s  s u i t a b l e  f o r  

dr iv ing  the mixer s tage . 
The two LC f i l t e r s  on the inpu t  of the  preamplif ier  a r e  t r aps  

s e t  a t  the  two telemetry t r ansmi t t e r  f requencies ,  These prevent 

antenna pickup from the spacecraf t  t r ansmi t t e r s  from i n t e r f e r i n g  with 

the radiometer. 

The s e r i e s  input  r e s i s t o r  and s e r i e s  output inductor a r e  

add i t iona l  f i l t e r i n g  elements which were added a s  a r e s u l t  of r ad io  

frequency in te r fe rence  (RFI) t e s t s  conducted on t h e  radiometer. 

These elements markedly reduced khe s u s c e p t i b i l i t y  of the radiometer 

t o  both rad ia ted  and conducted in te r fe rence  ou t s ide  the frequencies  

of i n t e r e s t .  

4. Efixer and Crystal  F i l t e r  

The mixer, c r y s t a l  f i l t e r ,  and d r i v e r s  a r e  shown i n  Figures  

13 and 14, 

The mixer i s  a balanced diode mixer which feeds d i r e c t l y  i n t o  

a d r ive r  s tage.  The co1,lector load of the  dr iver  s tage  i s  a c r y s t a l  

f i l t e r  having a center  frequency of 10.7 MHz. This  stage,  and the  

s tage  following the f i l t e r ,  provide the  proper termination for  the  

f i l t e r  s o  t h a t  maximum f l a t n e s s  is  achieved i n  the  pass band. 

The c r y s t a l  f i l t e r  i s  the element which determines the  IF  

bandwidth. The spec i f i ca t ions  f o r  the  c r y s t a l  f i l t e r  a re  as follows: 

Center Frequency 

Bandwidth 

6 db a t t enua t ion  

60 db a t tenuat ion  

10 kHz ,t 0.5 kHz 

24 kHz 2 1.5 kHz 



Passband Ripple -- 1.0 db Maximum 

I n s e r t i o n  Loss - 2,O db Maximum 

Spurious Response Re.lection - 8 ~ .  db Minimum 

(From 1.0  MHz t o  t h e  lower 80 db po in t ,  and 
from t h e  upper 80 db po in t  t o  40 MHZ) 

The c r y s t a l  f i l t e r  s t a g e  has an e m i t t e r  fol lower  output ,  

providing a low output  impedance f o r  d r i v i n g  t h e  I F  ampl i f i e r .  This  

e l imina t e s  t he  problem o f  d r i v i n g  the  var$.a0ble i npu t  impedance of 

t h e  I F  a m p l i f i e r ,  reduces  pickup i n  t h e  I F  a ,mpl i f ie r  i npu t  cable ,  and 

s i m p l i f i e s  adjustment of t h e  matching te rmina t ion  f o r  t h e  c r y s t a l  

f i l t e r .  

5. Logic 

5.1 Genera1 Operat ion 

The b a s i c  l o g i c  used t o  genera te  the  t iming sequence i s  

i l l u s t r a t e d  i n  F igures  15, 15, and 17. A t iming pu lse  from t h e  space- 

c r a f t  ( s e e  s e c t i o n  2) e n t e r s  t h e  pu lse  d r i v e  redundancy c i r c u i t  (PDR) 

every 1,152 seconds i n  normal opera t ion .  A pu l se  s u i t a b l e  fcr d r i v i n g  

t h e  f l i p - f l o p  cha in  i s  produced a t  the  ou tpu t  of t h e  PDR a t  t h i s  r a t e .  

This  drrves two cbunt-down chains  of f i i p - f i o p s .  The Main Logic cha in  

( F F ~  t o  F F ~ )  has a  s c a l e  of 2' = 512 and d r i v e s  t h e  c a l i b r a t i o n  

sequence. F F ~  - FFa a r e  shown i n  F igures  20 and 21. The O s c i l l a t o r  

Switching cha in  has a  s c a l e  of z3 = 8 and a p p l i e s  dc power t o  t h e  l o c a l  

o s c i l l a t o r s  i n  t he  proper sequence through s u i t a b l e  s e l e c t o r  g a t e s  arid 

d r i v e r s  . 
The f l i p - f l a p s  a r e  a c  coupled and were designed t o  have good 

temperature s t a b i l i t y  and good n o i s e  immunity. 

On occasion i t  may be d e s i r e d  t o  ope ra t e  t h e  radiometer a t  a  

f i x e d  frequency for an extended per iod  of time. For t h i s  reason  a  

s tepping  d i s a b l e  r e l a y  was in t roduced  i n t o  the  system, Th i s  s i n g l e  

frequency s t e p  c i r c u i t r y  is  i l l u s t r a t e d  g r a p h i c a l l y  i n  F igure  15 and 

schemat ica l ly  i n  F igure  11. 



The s t epp ing  d i s a b l e  r e l a y  i s  a l a t c h i n g  type which r e q u i r e s  

on ly  a 50 mil l i second  pulse  t o  change s t a t e .  A ground command 

ene rg i zes  r e l a y  c o i l  L2 ( ~ i g u r e  15) which moves t h e  r e l a y  con tac t s  

t o  t h e  r i g h t  and d i s a b l e s  t he  normal frequency s t epp ing  when f i x e d  

frequency ope ra t ion  i s  des i red .  This  p laces  t h e  radiometer  i n  a 

f i x e d  tuned mode of ope ra t ion  without  d i s r u p t i n g  t h e  normal c a l i b r a t i o n  

sequence. 

The a p p r o p r i a t e  frequency of ope ra t ion  can now be ob ta ined  

through the  u s e  of another  ground command which provides  a pu l se  

i npu t  t o  t he  O s c i l l a t o r  Switching Logic, bypassing t h e  PDR c i r c u i t r y ,  

A s i n g l e  pu lse  i s  produced f o r  each ground command s e n t  s o  t h a t  

i n d i v i d u a l  f r equenc ie s  a r e  e a s i l y  s e l e c t e d .  

Another ground command i s  s e n t  which energ izes  r e l a y  c o i l  L1 

( ~ i g u r e  15) and r e t u r n s  the  i npu t  of t h e  O s c i l l a t o r  Switching Logic 

t o  t h e  output  of  the  PDR c i r c u i t  when it  i s  d e s i r e d  t o  r e t u r n  t o  t he  

normal s tepping  mode of opera t ion .  Energiz ing L 1  l a t c h e s  t h e  r e l a y  

i n  t h i ~  p o s i t i o n  and i t  w i l l  remain the re  u n t i l  another  d i s a b l i n g  

command i s  s e n t .  

5.2 P u l s e  Drive Redundancy C i r c u i t  (PDR) 

The P u l s e  Drive Redundancy (PDR) c i r c u i t  i s  shown i n  F igures  16 
and 17. I ts purpose i s  t o  mainta in  s e q u e n t i a l  ope ra t ion  of t h e  r ad io -  

meter i n  the  event  t h e  spacec ra f t  t iming pu lse  f a l l s  below spec i f ica t - ions ,  

becomes i n t e r m i t t e n t ,  o r  f a i l s  completely. The c h a r a c t e r i s t i c s  of t he  

t iming pu lse  were d i scussed  i n  s e c t i o n  2, and w i l l  no t  be r epea t ed  here .  

The f i r s t  s t a g e  of t he  PDR c i r c u i t  i s  an  e m i t t e r  fo l los~srd- , idch  
il.- ' 

4 -  ' 
i s o l a t e s  t he  Schmitt  t r i g g e r  (Q and Q )&om ?he s p a c e c r a f t  t iming 402 403 
s i g n a l .  This  i s  necessary t o  keep the  input  impedance a t  a high l e v e l  

independent of the  s t a t e  of t h e  Schmitt  t r i g g e r ,  

The Schmitt  t r i g g e r  produces an ou tpu t  pu lse  when t h e  p u l s e  l e v e l  

from t h e  e m i t t e r  fol lower  exceeds a predetermined margin. T h i s  ou tpu t  



f eeds  bo th  a f ree-running m u l t i v i b r a t o r  ( Q  404 and Q ~ ~ ~ )  and one input  

of a  two-input OR ga t e  ( D ~ ~ ~  and D ) 402 ' 

The free-running mul t iv ib ra to r  i s  synchronized by the  Schmitt  

t r i g g e r  ou tpu t  p u l s e  i n  such a  way t h a t  i t s  ou tpu t  pu l se  i s  i n  phase 

w i t h  the  Schmitt  t r i g g e r  pu l se ,  This  mult ivi l5rator ou tpu t  p u l s e  

forms t h e  o ther  i n p u t  t o  t h e  two-input OR g a t e ,  The ou tpu t  of t he  

OR gate  i s  fed  t o  both t he  Main Logic and O s c i l l a t o r  Switching Logi\c 

t iming cha ins ,  

The PDR c i r cu i t :  w i l l  produce pu lses  a t  the  f ree- running  rnulti- 

v i b r a t o r  r a t e  i n  t he  event of a f a i l u r e  of t h e  s p a c e c r a f t  t iming s i g n a l .  

T h i s  r a t e  has been s e t  a t  approximately 0 ,434 ipse  Th i s  r a t e ,  which i s  

h a l f  the  normal t iming r a t e ,  was chosen so  t h a t  of t he  four  d a t a  samples 

taken du r ing  a  frequency s t e p  a t  l e a s t  ha l f  would be usable  f o r  d a t a  

reduc t ion .  What t h i s  means i s  t h a t  a t  l e a s t  ha l f  t h e  d a t a  samples 

would have been taken a  s u f f i c i e n t  number of radiometer time cons t an t s  

a f t e r  frequency switching t o  be u s e f u l .  

5 .3  O s c i l l a t o r  Switching Logic 

The l o g i c  t h a t  determines which of the  e i g h t  o s c i l l a t o r s  i s  

ope ra t ing  a t  any given t ime i s  i l l u s t r a t e d  i n  F igures  18 and 19. The 

l o g i c  c o n s i s t s  of a th ree - s t age  counter, a  diode matr ix ,  and e i g h t  

power switclies such t h a t  only  one o s c i l l a t o r  i s  i n  ope ra t ion  a t  a  time. 

5.4 C a l i b r a t i o n  Control  

, * . ,  .. . A d e s c r i p t i o n  e m *  s f  a  c a l i b r a t i o n  cyc le  fol lows:  

( a )  Wb~n t h e  otntputs of FF6 - FF9 a r e  "true" (- 15.0 v o l t s )  t h e  

antenna r e l a y  RY (F igure  11) i s  energized and swi tches  the  radiometer 
101 

from the  ankenna t o  the  i n t e r n a l  dummy antenna. A t  t h i s  time t h e  

a t t e n u a t o r  r e l a y s  a r e  s t i l l  deenergized and no no ise  i o  i n j e c t e d  i n t o  

t h e  dummy anter.na. 

11 ( b )  When t h e  output  of F F ~  becomes true",  RY ( ~ i g u r e  27) 
702 

i s  energ ized  and p u l l s  t he  con tac t s  t o  t he  l e f t  i n j e c t i n g  a  no i se  



l e v e l  approximately 20 db above t h e  mean va lue  of TKO RYYo2 remains 

energ ized  f o r  a complete frequency s tepping  sequence s i n c e  FF1 - FF3 

must count 8 subcycles  (83 = 8) be fo re  the  s t a t e  of F F ~  w i l l  change. 

( c )  When t h e  ou tpu t  of F F ~  goes "false",  (-0 v o l t s )  the  ou tpu t  

of FF5 w i l l  go " t rue"  and energ ize  RY ( ~ i g u r e  27) .  Thus t h e  c o n t a c t s  
701 

of RY w i l l  move t o  the  l e f t  and a no ise  l e v e l  of approximately 40 db 
701 

above the  mean va lue  of T i s  i n j e c t e d  i n t o  t he  dummy antenna. R 

(d )  When the  ou tpu t  of F F ~  aga in  becomes "true", both RY 701 and 

Ky702 
w i l l  be energized and the  con tac t s  of RY w i l l  move t o  t h e  l e f t ,  

702 
1 n V t h i s  p o s i t i o n ,  a no ise  l e v e l  of approximately 65 db above t h e  mean 

va lue  of T i s  i n j e c t e d  i n t o  t h e  dummy antenna. Th i s  i s  the  h ighes t  
R 

l e v e l  of c a l i b r a t i o n .  

( e )  When t h e  output  of F F ~  goes "fa lse" ,  t h e  ou tpu t  of FF6 w i l l  

a l s o  go " f a l s e"  s i n c e  i t  w i l l  have counted t h e  four  cyc l e s  of F F ~ ,  

When t h e  ou tpu t  of FF6 goes "fa lse" ,  the  antenna r e l a y  RY i s  dc- 
101 

energ ized  and t h e  radiometer  i n p u t  i s  r e tu rned  t o  t h e  antenna. The 
I1 ou tpu t  of FF6 going f a l s e "  a l s o  means t h a t  t h e  two-input AND g a t e s  

f o r  t h e  a t t e n u a t o r  r e l a y  d r i v e r s  a r e  no longer s a t i s f i e d  and w i l l  not  

be ~ a t i s f i e d  aga tn  f o r  60 subcycles  (beginning of t he  next  c a l i b r a t i o n  

cyc l e ) .  Thus the  a t t e n u a t o r  r e l a y s  w i l l  no t  be opera ted  dur ing  t h e  

normal count ing of t h e  Main Logic cha in  u n t i l  t he  ou tpu t s  of FF6 - FF9 
a r e  aga in  a l l  "true". 

The i n p u t  t o  t he  counter  i s  t h e  output  s i g n a l  from t h e  Pu l se  

Drive Redundancy (PDR) c i r c u i t r y  under normal frequency s t epp ing  

opera t ion .  Thus t h e  frequency of ope ra t ion  of t h e  radiometer  i s  

changed every 1.152 seconds and i s  i n  synchronism w i t h  t h e  te lemet ry  

system. The PDR c i r c u i t  produces an ou tpu t  pu l se  approximately 

every  2.3 seconds to s t e p  t h e  radiometer  frequency i n  t h e  event  of  

f s i l u r e  s f  t h e  s p a c e c r a f t  t iming s i g n a l .  



The input  t o  the  O s c i l l a t o r  Switching Logic i s  a  pulse produced 

by ground command during s i n g l e  frequency opera t ion ,  

6. Local O s c i l l a t o r s  

Eight c r y s t a l  con t ro l l ed  o s c i l l a t o r s  a r e  used i n  the  r.adiometer 

with frequencies  ranging from 10.75 MHz t o  14.20 MHz ( ~ i g u r e s  22 and 23).  

The c i ~ : c u i t s  f o r  four of the  e i g h t  o s c i l l a t o r s  a r e  i l l u s t r a t e d  i n  Figure 25. 

The o the r  four  c i r c u i t s  a r e  i d e n t i c a l  with the  exceptions noted on the  

drawing. This c i r c u i t  was developed t o  r equ i re  ne i the r  induct ive  elements 

nor c r t t i c a l  adjustments. This allows a  s i n g l e  c i r c u i t  t o  be used 

with a l l  e i g h t  c r y s t a l s  with l i t t l e  or  no indiv idual  adjustment, This  a l s o  

allows the  opera t ing  frequencies  of the radiometer t o  be changed a t  

any time wi th in  the  50 KHz t o  3.5 MHz spectrum by simply changing a 

c r y s t a l .  

The c i r c u i t ,  which was designed f o r  high s t a b i l i t y  of both the  

output frequency and amplitude, c o n s i s t s  of a  s l i g h t l y  degenerated 

common emi t te r  feedback ampl i f ie r  with t h e  c r y s t a l  element i n  the  

feedback path,  This c i r c u i t  provides both low dr ive  vol tage  to  the  

c r y s t a l  and a  low output impedance with a  good waveform a t  the  emi t te r .  

This  poin t  i s  coupled through a  switching diode t o  a  common output buss. 

The o s c i l l a t o r  which i s  se lec ted  by the  l o g i c  has 3.11.2 v o l t s  

appl ied  t o  i t s  input  while a l l  t he  other o s c i l l a t o r s '  power inputs  a r e  

grounded. This  causes t h e  se lec ted  o s c i l l a t o r  t o  opera te  while the  

o thers  a r e  deenergized. 

Diode switching i s  used between the o s c i l l a t o r  c i r c u i t s  and the 

common output  buss so t h a t  the i n a c t i v e  o s c i l l a t o r  c i r c u i t s  w i l l  not  

load t h e  a c t i v e  o s c i l l a t o r  output .  Current through t h e  se lec ted  diode 

lowers i t s  dynamic impedance t o  a  low value (nominal .1~ 25-30 ohms) and 

r a i s e s  t h e  tlc l e v e l  on t h e  comrrion output bu;;r, t o  a  value of from 1.5 t o  

4.0 v o l t s  depending on t h e  c i r c u i t  se lec ted .  This w i l l  be discussed l a t e x  

under frequency i d e n t i f i c a t i o n .  Since a l l  t h e  power inputs  t o  the  o the r  

o s c i l l a t o r  c i r c u i t s  a r e  grounded, the diodes i n  these  c i r c u i t s  a r e  back- 

biased by the dc l e v e l  of the  output buss. I n  t h i s  condition,  the  



capaci ty  of each diode i s  approximately 1,s p f ,  giving a t o t a l  capacitance 

loading of approximately 1015 pf on the common output buss,  This impedance 

does not r ep resen t  an appreciable loading of t h e  buss a t  the highest  

oscillator frequency (14,2 mz), 

The power i s  switched from t h e  previously se lec ted  c i r c u i t  t o  

the  new c i r c u i t  when a new frequency i s  se lec ted  by the  logic ,  The 

r f  buildup time t o  produce a f u l l y  s t a b l e  output  i s  3 t o  8 mil l iseconds 

a f t e r  power i s  appl ied  t o  an o s c i l l a t o r  c i r c u i t ,  The o s c i l l a t o r  out- 

put decays t o  zero i n  l e s s  than 1 mill isecond when power i s  removed 

from a c i r c u i t .  This  r f  buildup time i s  i n s i g n i f i c a n t  s ince  even a t  

a 64 ki lobi t /second sample r a t e ,  18 mil l iseconds e lapses  a f t e r  switch- 

ing  and before the  f i r s t  da ta  sample i s  taken. 

An analog vol tage  s t a i r c a s e  i s  generated and f e d  t o  the  te lemetry 

system on a main commutator word (M/C 13) so t h a t  the frequency of 

operat ion of the radiometer i s  i d e n t i f i e d ,  The means of generat ing 

t h i s  s t a i r c a s e  i s  a r e s i s t o r  i n  the  o s c i l l a t o r  c i r c u i t  which is  i n  

s e r i e s  with the  output switching diode, The value of t h e  r e s i s t o r  

determines t h e  current  through the diode and thus  the  dc l e v e l  on the  

common output buss ( s e e  above). This  dc l e v e l  i s  fed t o  the  te lemetry 

and uniquely determines the frequency of operat ion.  

7. IF  Amplifier and Detector 

The s p e c i f i c a t i o n s  f o r  t h e  0 0 - V  radiometer I F  ampl i f ie r  were 

def ined  as  follows: 

(a )  The ampl i f ie r  should be gain-control led (AGC) with a log- 

a r i thmic  response _+ 1 db over a 40 db range o f  input  s igna l  

and should have a 55 db useful  range. 

(b )  Maximum small s i g n a l  vol tage  gain from ampl i f ie r  inpu t  t o  

envelope detector  input  of 70 db (approximately). 

(c )  DC output range of from 0.05 v o l t s  (no s i g n a l )  to  4.9 v o l t s  

(maximum s igna l )  , 



(d )  DC ou tpu t  impedance < 1000 ohms. 

( e )  Center  frequency 10.70 MHz. 

( f )  Bandwidth = 400 t o  600 kHz between ? db po in t s .  

( g )  No-signal ou tpu t  v a r i a t i o n  < 0.06 v o l t s  f o r  a temperature 

range from -10'~ t o  +50°c. 

( h )  Dynamic temperature s t a b i l i t y  of < 3 db v a r i a t i o n  i n  i npu t  

s i g n a l  f o r  t h e  same dc ou tpu t  over a range of =loOc t o  +~O'C,  

(i) The cen te r  frequency s h i f t  wi th  both  temperature  and s i g n a l  

l e v e l  should be small enough so t h a t  t h e  gain  at 10*70 MHz 

i s  no l e s s  than  .95 maximum gain .  

Extensive  r e sea rch  was conducted t o  des ign  a n  a m p l i f i e r  which met 

a l l  of t he se  requirements.  The r e s u l t  i s  i l l u s t r a t e d  i n  F igu res  24 and 

26. 

O f  a l l  t h e  AGC p r i n c i p l e s  i n v e s t i g a t e d ,  t h e  most succes s fu l  was 

the  use  of  a v a r i a b l e  impedance element i n  t h e  e m i t t e r  c i r c u i t  of a 

common emi t t e r  ampl i f i e r .  This  a l lows  t h e  ga in  v a r i a t i o n  of t he  s t a g e  

t o  be c o n t r o l l e d  by the  e m i t t e r  c u r r e n t .  

C e r t a i n  types  of germanium diodes  show a wide v a r i a t i o n  i n  forward 

r e s i s t a n c e  wi th  diode c u r r e n t  whi le  d i sp l ay ing  a v e r y  low temperature 

c o e f f i c i e n t  of r e s i s t a n c e  wi th  vary ing  cu r r en t .  Typica l  v a l u e s  of 

forward r e s i s t a n c e  f o r  t h e  1~4.98 diode a r e  as follows: 

Diode Current  

m i  c r  oamps 

50 

100 

250 

500 

1000 

Forward Res i s tance  

ohms - 
805 
450 

198 
108 

59 



As t h e  AGC vo l t age  i s  var ied ,  a vary ing  emi t t e r  c u r r e n t  w i l l  f low 

through t h e  diode, modulating i t s  forward r e s i s t a n c e  according t o  

the  t a b l e  above, Gain v a r i a t i o n s  of over 30 db per . s t age  can be 

obta ined us ing  t h i s  method wi th  wel l  c o n t r o l l e d  logar i thmic  response 

of over 20 db per s t age .  

A fou r  s t a g e  AGC ampl i f i e r  having two v a r i a b l e  g a i n  s t ages ,  one 

of which i s  a  cascode s tage ,  was designed and b u i l t  f o r  t he  O W - V  

rad iometer ,  I n  a d d i t i o n  t o  being ga in -con t ro l l ed  i t  i s  temperature 

compensated a t  two c r i t i c a l  p o i n t s  wi th  s e n s i s t o r s .  T h i s  ampl i f i e r  

f u l f i l l s  a l l  t he  requirements  s e t  f o r t h  above a s  being necessary 

for  proper o v e r a l l  system opera t ion .  

Following t h e  four  s t a g e  IF  ampl i f i e r  i s  an envelope de tec toy ,  

the  dc b i a s  of which i s  s t a b i l i z e d  by a  t he rmis to r - sens i e to r  combina- 

t i o n .  The ou tpu t  i s  f ed  t o  an emi t t e r  fol lower  a m p l i f i e r ,  The AGC 

v q l t a g e  f o r  t h e  I F  ampl i f i e r  i s  developed i n  t h e  e m i t t e r  c i r c u i t  and 

i s  f e d  back t o  t he  f i r s t  two s t ages  of the  ampl i f i e r  f o r  gain  con t ro l .  

The'drive f o r  t h e  f i n a l  ou tpu t  d r i v e r  i s  deve1,)ped i n  t h e  same 

e m i t t e r  c i r c u i t .  The elements which determine the  p o s t  d e t e c t i o n  t ime 

cons tan t  ( T j of 0.21 secs  a r e  l oca t ed  between t h i s  e m i t t e r  fol lower  

and t h e  f i n a l  d r i v e r ,  

The radiometer  au tgu t  vo l t age  which i s  f ed  t o  t h e  te lemet ry  

system i s  developed i n  t he  e m i t t e r  c i r c u i t  of t h e  f i n a l  d r i v e r .  The 

ou tpu t  v o l t a g e  i s  cons t ra ined  t o  be between 0  and 5.1 v o l t s  by t h e  

conibination of D 207 and D208 
which determine t h e  e m i t t e r  b i a s  and 

co lkec tor  v o l t a g e  r e s p e c t i v e l y .  Th i s  c o n s t r a i n t  s a t i s f i e s  t h e  r e q u i r e -  

ment of  t h e  te lemet ry  system on the  O W  spacec ra f t .  

The ordnance c i r c u i t r y  shown i n  F igures  24 and 26 was used f o r  

the  o r i g i n a l  antenna assembly. This  c i r c u i t r y  was n o t  used f o r  t he  antenna 

assembly flown on t h e  OGO-V spacec ra f t .  ( s e e  s e c t i o n  A) 



8, I n - f l i g h t  Ca l ib ra to r  

A s o l i d  s t a t e  no i se  genera tor  i s  used s o  t h a t  t h e  radiometer  

can he c a l i b r a t e d  i n  f l i g h t  dur ing  t h e  prev ious ly  d i scussed  t iming 

sequence. This  c i r c u i t r y  i s  i l l u s t r a t e d  i n  F igu re  27 and 29. 

S o l i d  s t a te  no i se  diodes  w i th  we l l  known n o i s e  p r o p e r t i e s  were 

i n v e s t i g a t e d  f o r  use and l i f e  t e s t  d a t a  was c o l l e c t e d  on 10 u n i t s  f o r  

mare than two years .  I n  a l l  c a se s  i t  was found t h a t  t h e  no i se  proper-  

t i e s  of t h e s e  d iodes  (no i se  spectrum, abso lu t e  ou tpu t  l e v e l ,  and temper- 

a t u r e  c o e f f i c i e n t  of no ise  ou tpu t )  remained cons t an t  provided t h a t  they 

were suppl ied  from a  cons tan t  c u r r e n t  source.  I n  on ly  one case  d i d  

t h e  no i se  p r o p e r t i e s  of a  diode change dur ing  t h e  l i f e  t e s t ,  and 

t h i s  was accompanied by a c u r r e n t  change ve ry  e a r l y  i n  t h e  l i f e  t e s t ,  

The c i r c u i t  i nco rpo ra t ing  the  s o l i d  s t a t e  no i se  diode and t h e  

a s s o c i a t e d  video ampl i f i e r  was designed t o  produce a maximum RT product  
Q 0 of  approximately 2.5 x 10 $l K. The response of t h e  v ideo  a m p l i f i e r  i s  

f l a t  from 20 kHz t o  1 .2  MHz and i s  3 db down a t  approximately 4.0 MHz. 

The o v e r a l l  g a i n  uf t he  ampl i f i e r  i s  approximately 12  db. The a m p l i f i e r  

i s  temperature compensated a t  c r i t i c a l  p o i n t s  and uses  degenerate  feedback 

t o  ach ieve  a h igh  degree of ga in  s t a b i l i t y ,  

The n o i s e  spectrum of t h e  diode i s  e s s e n t i a l l y  whi te  t o  well 

beyond t h e  c u t o f f  frequency of t h e  video a m p l i f i e r  and thus  does no t  
- i n f l u e n c e  the  o v e r a l l  no ise  spectrum presen ted  t o  t he  radiometer i npu t  

du r ing  c a l i b r a t i o n .  

To monitor t h e  cu r r en t  through t h e  no i se  diode dur ing  f l i g h t ,  

s i n c e  t h i s  i s  t h e  c r i t i c a l  parameter i n  determining the  no i se  ou tpu t  

of the  diode, a s e r i e s  r e s i s t o r  provides  a  v o l t a g e  drop which i s  f ed  

t o  the  t e l eme t ry  system. This  l e v e l  i s  put  o u t  on a subcommutator 

word and provides  cont inuing informat ion on t h e  diode c u r r e n t  du r ing  

f l i g h t .  

A t empera ture -sens i t ive  network c o n s i s t i n g  of a thermis tor -  

r e s i s t o r  combination i s  incorpora ted  i n t o  t h e  no i se  ampl i f i e r  c i r c u i t r y  



t o  p r o v i d e  i n - f l i g h t  i n f o r m a t i o n  about  t h e  n o i s e  d i o d e  t empera tu re ,  

The o u t p u t  of  t h e  t h e r m i s t o r  b r i d g e  i s  p u t  on a subcommutator word, 

The c a l i b r a t i o n  f o r  t h i s  b r i d g e  i s  shown i n  F i g u r e  28, 

It shou ld  be noted  t h a t  t h e  s o l i d  s t a t e  n o i s e  d iode  i s  n o t  t h e  

pr imary  s t a n d a r d  f o r  c a l i b r a t i o n  of  t h e  r a d i o m e t e r ,  The pr imary  

s t a n d a r d  i s  a the rmion ic  d iode  n o i s e  s o u r c e  which was used d u r i n g  

t h e  l a b o r a t o r y  c a l i b r a t i o n  of  t h e  rad iomete r ,  T h i s  w i l l  be covered 

under t h e  s e c t i o n  on p r e f l i g h t  c a l i b r a t i o n .  The o n l y  purpose  of t h e  

i n - f l i g h t  c a l i b r a t o r  i s  t o  de te rmine  t h e  magnitude of  any g a i n  changes 
I 

which may occur i n  t h e  rad iomete r  d u r i n g  f l i g h t .  

A f o u r - l e v e l  c a l i b r a t i o n  i s  used t o  a c h i e v e  adequa te  c a l i b r a t i o n  

of t h e  e n t i r e  u s e f u l  dynamic range  of  t h e  rad iomete r  a t  a l l  f r e q u e n c i e s ,  

The c a l i b r a t i o n  c y c l e  c o n s i s t s  of  four  f r equency  s u b c y c l e s  ( s e e  s e c t i o n  

2 and 5.4) each having a 9 .2  second d u r a t i o n .  During t h e  f i r s t  sub- 

c y c l e  t h e  n o i s e  c a l i b r a t i o n  s i g n a l  i s  z e r o  b u t  t h e  rad iomete r  i n p u t  
fi 

i s  swi tched  from t h e  an tenna  t o  a n  i n t e r n a l  dummy antenna .  During 

t h e  second, a  low n o i s e  l e v e l  i s  a p p l i e d  t o  t h e  dummy antenna .  During 

t h e  t h i r d  and f o u r t h  subcyc les ,  s u c c e s s i v e l y  h i g h e r  n o i s e  l e v e l s  are 

a p p l i e d  t o  the  rad iomete r  i n p u t  through t h e  dummy an tenna .  A t  t h e  end 

of t h e  f o u r t h  subcyc le ,  t h e  a n t e n n a  r e l a y  r e s t o r e s  the  an tenna  t o  t h e  

r a d i o m e t e r  i n p u t  and t h e  n o i s e  a t t e n u a t o r  r e l a y s  a r e  r e s t o r e d  t o  t h e i r  

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

The n o i s e  a t t e n u a t o r  r e l a y s  a long  w i t h  t h e i r  a s s o c i a t e d  d r i v e r s  

and t h e  an tenna  r e l a y  d r i v e r  a r e  shown i n  F i g u r e  27.  The c o n t a c t s  

of t h e  two a t t e n u a t o r  r e l a y s  a r e  shown i n  t h e i r  normal p o s i t i o n s .  S i n c e  

t h e  a t t e n u a t o r  r e l a y s  a r e  n o n - l a t c h i n g  types ,  t h e  c o n t a c t s  w i l l  be  

m o v e d t o  t h e l e f t  o n l y d u r i n g  t h e t i m e t h e r e l a y c o i l s  (RY  and^^?^^) 
701 

a r e  e n e r g i z e d ,  Tke r e l a y  d r i v e r s  a r e  d r i v e n  from a two-input  AND g a t e  

s o  t h a t  t h e  a t t e n u a t o r  r e l a y s  w i l l  n o t  be  o p e r a t e d  e x c e p t  d u r i n g  t h e  

four  s u b c y c l e s  o f  i n t e r e s t ,  The i n p u t s  f o r  t h e  relay d r i v e r s  a r e  t h e  

o u t p u t s  of F F ~  - FF9 ( ~ i g u r e  20). 



Relay c o n t a c t s  which move i n  synchronism w i t h  t he  c o n t a c t s  

c a r r y i n g  t h e  c a l i b r a t i o n  no i se  l e v e l s  c a r r y  dc  v o l t a g e s  whose s tepped 

va lues ,  f e d  t o  t h e  t e lemet ry  system, i d e n t i f y  the  con tac t  p o s i t i o n s  of  

RY 
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and RY and thus  t h e  c a l i b r a t i o n  l e v e l  a t  any time dur ing  t he  
702 

c a l i b r a t i o n  cyc l e ,  Due t o  r e l a y  l i m i t a t i o n s ,  t h e  dc  l e v e l  on t h i s  

t e l eme t ry  word i s  t h e  same f o r  t h e  f i r s t  two c a l i b r a t i o n  l e v e l s  b u t  

changes f o r  t h e  remaining two, The te lemet ry  word i s  used f o r  radio-  

meter frequency i d e n t i f i c a t i o n  ( s e e  F igure  11) dur ing  normal r a d i o -  

meter ope ra t i on  ( n o t  dur ing  c a l i b r a t i o n ) ,  

9,  Voltage Regulator  

One of t h e  most important  cons ide ra t i ons  i n  t he  des ign  of a  

h igh ly  s e n s i t i v e  r a d i o  frequency radiometer  i s  t.he avoidance of r a d i o  

f requency i n t e r £  e rence  (RFI) gene ra t i ng  c i r c u i t r y .  While f i l t e r i n g  

can be used t o  adequa te ly  reduce extern,al  RFI, Cnternal ly-generated 

RFX i s  much more d i f f i c u l t  t o  e l i m i n a t e ,  It was f o r  t h i s  reason  

t h a t  a  s e r i e s  r e g u l a t o r  c i r c u i t  was chosen over a  conver te r  c i r c u i t  

f o r  supplying power t o  t h e  radiometer  from the  s p a c e c r a f t ,  

A conver te r  power supply has  t h r e e  main advantages:  

( a )  It provides  good inpu t /ou tpu t  i s o l a t i o n .  

( b )  I t  i s  e f f i c i e n t ,  

( c )  I t  can provide  a  dua l  p o l a r i t y  ou tpu t  vo l t age  higher  
t han  the  i n p u t  vo l t age .  

On t h e  o t h e r  hand, a  conver te r  has two major d isadvantages  f o r  

a s a t e l l i t e - b o r n e  r a d i o  astronomy r e c e i v e r :  

( a )  The c i r c u i t r y  i s  more complex, c a l l i n g  f o r  more 
components, which means a lower r e l i a b i l i t y  f i g u r e .  

( b )  The c i r c u i t  l ends  i t s e l f  t o  genera t ion  of l a r g e  
amounts of RFI. 

S ince  t h e  radiometer  uses s i n g l e  p o l a r i t y  low vo l t age  c i r c u i t s  

e x c l u s i v e l y ,  and c a r e f u l  des ign  can provide  adequate i npu t /ou tpu t  

i s o l a t i o n  from a  s e r i e s  r e g u l a t o r ,  a s  we l l  a s  approximately t h e  same 

e f f i c i e n c y  a s  a  conve r t e r ;  we chose t he  r e g u l a t o r  c i r c u i t ,  p r i m a r i l y  

f o r  RFI r educ t ion .  



The specix ica t ions  f o r  the s e r i e s  regula tor  a r e  a s  follows: 

Input Voltage Range 

Continuously 4-23.5 t o  4-33,? v o l t s  

I n t e r m i t t e n t l y  (up t o  10 0  t o  442 v o l t s  
minutes) 

Transient  Tolerance (10 m s  +SO v o l t s  
maximum) 

Line Regulation (23.5 t o  33.5 <O . 1% 
v o l t s )  

Load Regulation ( 0  t o  125 ma) <O . l$ 

Temperature Coeff ic ient  ( - 2 0 ' ~  < O . O I $ ~ C  
t o  +60°c) 

It should be pointed out t h a t  these r egu la t ion  f igures  a r e  not  

the a c t u a l  f i g u r e s  for  voltage regu la t ion  a t  the c i r c u i t s  s ince  a l l  

c r i t i c a l  c i r c u i t s  have temperature-compensated zener diodes on the 

c i r c u i t  boards t o  provide addi t ional  regula t ion .  Thus a  r e a l i s t i c  

f i g u r e  f o r  the r egu la t ion  a t  t h e  c r i t i c a l  c i r c u i t s  i s  0.01$ f o r  a l l  

l i n e  and load condit ions over a temperature range from - 1 0 ' ~  t o  +30°c. 

The regu la to r  c i r c u i t  i s  i l l u s t r a t e d  i n  Figures  30 and 31. 
r, c---- 

"323 
L u r m l s  a low fmpedaace path f o r  noise  on the spacecraf t  supply. 

It a l s o  f i l t e r s  out  noise  generated i n  the regula tor  and keeps i t  

from being r e f l e c t e d  unto the spacecraf t  buss. 

Q301 
and Q form a Darlington p a i r  amplifXer with Q being 

302 301 
the s e r i e s  cont ro l  element i n  the  regula tor  c i r c u i t .  The cont ro l  vol tage  

t o  the base sf Q comes from the output s f  the sensor amplif ier ,  Q - 
302 . The input  t o  t h i s  sensor ampl i f ie r  i s  the  output vol tage 

305 

Q304 
s ins ing  network cons i s t ing  of R,, , 3 ~ 9  R31~? R311' and R 313' R 309 i s  a 
s e n s i s t o r  which improves the  temperature c o e f f i c i e n t  of the  r egu la to r .  

There i s  a l s o  a s e n s i s t o r  i n  the emit te r  c i r c u i t  of Q which, i n  com- 
305 

b ina t ion  with D 302' s e t s  the operat ing po in t  f a r  t h e  f i r s t  s t age  of 

the  sensor anlplifier. Again, t h i s  sensj.stor a t  the  c r i t i c a l  f i r s t  

s t age  of t h e  amplif ier ,  increases  the temperature s t a b i l i t y  of the  



r e g u l a t o r  c i r c u i t .  % 
303' 

i n  t h e  e m i t t e r  c i r cu i t  of Q304, s e t s  t h e  

ope ra t i ng  point f o r  t h e  second s t a g e  of the  sensor  a m p l i f i e r ,  

R 312 and R314 form a  v o l t a g e  d i v i d e r  which se ::ses t h e  r e g u l a t o r  

ou tpu t  vo l t age  and feeds  t h i s  l e v e l  t o  a  subcommutatar word f o r  

monitoring purposes dur ing  f l i g h t .  

Current  l i m i t i n g  c i r c u i t r y  was incorpora ted  t o  p r o t e c t  t h e  

s e r i e s  pass  t r a n s i s t o r  from t r a n s i e n t  o r  a c c i d e n t a l  s h o r t s .  The 

c i r c u i t  c o n s i s t s  of R 304' D301' 
and Q 

303 * 
When t h e  vo l t age  drop a c r o s s  

R304 
exceeds t h e  t h r e sho ld  v o l t a g e  of D i n  s e r i e s  wi th  t h e  base- 

301 
emi t t e r  junc t ion  of Q 

303' Q303 
conducts,  lowering t h e  base d r i v e  t o  

'302 
. This  i nc rea se s  t he  c o l l e c t o r - e m i t t e r  vo l t age  drop a c r o s s  Q 

301 
and r a p i d l y  d r i v e s  t he  r e g u l a t o r  ou tpu t  v o l t a g e  t o  ze ro .  

Spec i a l  p recau t ions  were taken t o  reduce t he  conduction of RF 

no i se  from the  r e g u l a t o r  t o  t he  RF c i r c u i t s  and a l s o  between t h e  RF 

c i r c u i t s .  D was bypassed so  t h a t  any no i se  genera ted  i n  t h i s  
302 

zener would not be  in t roduced  i n t o  t he  buss  vo l tage .  

A high degree of dccoupling between c r i t i c a l  boards was accompli- 

shed by us ing LC f i l t e r  networks i n  a d d i t i o n  t o  t h e  low a c  impedauce 

presen ted  by t h e  zeners .  T h i s  e f f e c t i v e l y  i s o l a t e s  t h e  c i r c u i t s  

from each o ther  and reduces  t h e  in te rchange  of RFI. 

Also i l l u s t r a t e d  i n  F igure  31 a r e  t h e  LC l i n e  f i l t e r s .  These 

se rve  t h e  dual purpose of  reducing e x t e r n a l  RFI conducted i n t o  t h e  

experiment and reducing t h e  l e v e l  of i n t e r n a l l y - g e n e r a t e d  RFI con- 

ducted ou t  of t h e  experiment onto  t h e  s p a c e c r a f t  wir ing.  

A temperature sens ing  network c o n s i s t i n g  of R R 
302' 30.3' 

and R 
305 

was i nco rpo ra t ed  i n t o  t h e  r e g u l a t o r  c i r c u i t r y  so  t h a t  t h e  temperature  

of  t h e  s e r i e s  pass  t r a n s i s t o r  may be monitored. T h i s  monitor would 

g ive  a n  i n d i c a t i o n  of abnormal power d i s s i p a t i o n  i n  t h e  s e r i e s  t r a n -  

s i s t o r  and a l low s h u t t i n g  o f f  of  t h e  radiometer  be fo re  s e r i o u s  damage 

was dons t o  t h e  r e g u l a t o r ,  T i  : i , b r a t i on  f o r  t h i s  network i s  shown 



i n  Figure  28, The output  of the  br idge i s  fed  t o  t h e  T e s t  I n t e r -  

f ace  Connector (5-102) f o r  p r e f l i g h t  monitoring.  There i s  no 

p rov i s ion  f o r  i n - f l i g h t  monitoring of t h i s  temperature.  

C .  GROUND SUPPORT EQUIPMENT 

1. General  Operat ion 

The Ground Support Equipment (GSE) was designed t o  ope ra t e  and 

the  radiometer before ,  during, and a f t e r  va r ious  q u a l i f i c a t i o n  

t e s t s .  The GSE c o n s i s t s  of t h r ee  suitcase-mounted un i t s . l  The u n l t ~  

a r e  designated a s  follows: 

( a )  Tes t  M ~ n i t o r i n g  Unit  ( s u i t c a s e  A) 

(b) Spacecraf t  Simulator Unit ( ~ u i ~ c a s e  B) 

( c )  Stimulus Unit ( s u i t c a s e  C)  

The t h r e e  u n i t s ,  mounted i n  t h e  s u i t c a s e s ,  a r e  shown i n  F igure  32. 

Four t e s t  modes a r e  poss ib l e  wi th  t h e  GSE, The f i r s t  t e s t  mode 

monitors t he  ou tpu t  from t h e  package when the  radiometer i s  sepa ra t ed  

from t h e  s p a c e c r a f t  and no connection i s  made t o  t h e  Spacecraf t  I n t e r f a c e  

Connector. I n  t h i s  mode the  radiometer would be changing frequency a t  

i t s  i n t e r n a l  f r ee - run  r a t e  (-1 s t ep /2 ,3  s e c ) .  The monitoring mode 

r e q u i r e s  only  S u i t c a s e  A.  

The second t e s t  mode c o n s i s t s  of dynamically s t i m u l a t i n g  and 

monitoring t h e  experiment when i t  i s  completely s epa ra t ed  from t h e  

s p a c e c r a f t .  This  mode r e q u i r e s  t he  use of a l l  t h r e e  s u i t c a s e s .  

The t h i r d  t e s t  mode c o n s i s t s  of s t imu la t ing  and monitoring the  

experiment when i t  i s  i n t e g r a t e d  i n t o  t h e  s p a c e c r a f t .  T h i s  mode 

r e q u i r e s  t h e  use of Su i t ca ses  A and C. 

The f o u r t h  t e s t  mode i s  used t o  t e s t  t he  antenna ordnance devices  

and r e q u i r e s  only  the  m e  of S u i t c a s e  B. 

2. T e s t  Monitoring Unit ( s u i t c a s e  A) 

The ~ e s t  I n t e r f a c e  Connector on t h e  radiometer p rov ides  acces s  

1 The d e s c r i p t i o n s  which follow a r e  only  d e s c r i p t i o n s  of t h e  
S u i t c a s e  Units .  For d e t a i l e d  desc r ip t ions ,  a long with  d i scuss ions  of 
t h e i r  use,  r e f e r  t o  Reference 11. 



t o  t h i r t e e n  t e s t  po in t s  which a re  used t a  a s c e r t a i n  the proper 

operat ion of t h e  radiometer. The t e s t  poin ts  were se lec ted  so t h a t  

proper c i r c u i t  operat ion can be completely determined by monitoring 

DC l e v e l s  only.  Sui tcase  A contains  a  d i g i t a l  voltmeter (DVM) and 

the necessary switching t o  s e l e c t  and d isp lay  any one of t h e  t e s t  

s i g n a l s  from t h e  radiometer. It a l s o  contains  a  c a l i b r a t i o n  cont ro l  

to  d i sab le  t h e  radiometer 's  i n t e r n a l  c a l i b r a t i o n  cycle  and an a u x i l i a r y  

+ 28 v o l t  supply. 

Figure 33 i s  a  block diagram of the Test  Monitoring Unit .  

The Test  Po in t  s e l e c t o r  switch s e l e c t s  the t e s t  point  vol tage  t o  be 

appl ied  to  t h e  self-contained d i g i t a l  voltmeter. Any one of t h i r t e e n  

(13) t e s t  p o i n t s  may be selected.  

A key-lock switch a c t i v a t e s  an a u x i l i a r y  +2Q v o l t  power supply 

to  power the  experiment. 

A c a l i b r a t i o n  cont ro l  switch d isables  the experiment ' s  ca l ib ra -  

t i o n  cycle,  

The DVM switch s e l e c t s  t h e  input  t o  the DVM. I n  t h e  Test  Point 

p o s i t i o n  i t  i s  connected t o  the Test  Point se l ec to r  switch,  I n  the  

External  p o s i t i o n  i t  i s  connected t o  the  binding pos t s  on the  f r o n t  

panel.  In  t h e  S/C Voltage p~s:?rJ.t;ion i t  i s  connected t o  the 28 v o l t  

S I C  bus and reads  the vol tage appl ied to  the  experiment from e i t h e r  

Sui tcase  A, Sui tcase  B ,  or the  spacecraf t .  

The c i r c u i t  diagram f o r  Sui tcase  A i s  shown i n  Figure 34. 

3. Spacecraf t  ,Simulator Unit ( su i t case  B )  

The Spacecraf t  Simulator Unit supol ies  a l l  s igna l s  and power 

normally suppl ied t o  t h e  radiometer by the spacecraf t .  

Figure 35 i s  a  block diagram of the  Spacecraft  Simulator Unit. . 

This un i t  furn ishes  the  4-28 v o l t  power fo r  t h e  radiometer e l ec t ron ics ,  

the  +28 volt power f o r  the ordnance c i r c u i t  and the 50 millisecond 

impulse commands. 



Operat ing t h e  AC key lock  switch a p p l i e s  power t o  t h e  a d j u s t a b l e  

power supply and t o  t h e  power supp l i e s  (ffiv, -6V, +18V, and + 2 8 ~ )  

which a r e  r equ i r ed  f o r  the  s u i t c a s e  e l e c t r o n i c s .  The E l e c t r o n i c s  On 

swi tch  i i m u l a t e s  t h e  radiometer e l e c t r o n i c s  on-off command. 

The 50 mi l l i second  commands a r e  s e n t  by grounding the' command 

l e a d  s e l e c t e d  by t h e  Impulse Command S e l e c t  swi tch f o r  50 m i l l i -  

seconds.  The grounding ope ra t ion  i s  accomplished by the  Impulse 

Command r e l a y  i n  t h e  fol lowing manner. The Reset  pushbutton r e s e t s  

t h e  two f l i p - f l o p s  arming t h e  Command pushbutton. Two lamp d r i v e r s  

ope ra t e  from the  f l i p - f l o p s  and i n d i c a t e  t h i s  cond i t i on  by tu rn ing  

t h e  Reset  l i g h t  on and the  Command l i g h t  o f f .  P re s s ing  t h e  Command 

push-button causes F l ip -F lop  2 t o  go t o  t h e  s e t  s t a t e  which s t a r t s  

t h e  50 mi l l i second  One Shot and t u r n s  the  Reset  l i g h t  o f f .  The One 

Shot pu lse  ou tpu t  causes  the  Relay Driver t o  pul.1 i n  t h e  Impulse 

Command r e l a y  for  50 mi l l i seconds  which grounds t h e  app rop r i a t e  command 

l i n e .  The Impulse Command r e l a y  i n  r e u t r n i n g  t o  t h e  deenergized s t a t e  

s e t s  Fl ip-Flop 1 which i n  t u r n  causes  the  Command l i g h t  t o  come on. When 

t h i s  l i g h t  comes on, t he  opera tor  i,s c e r t a i n  t h a t  t h e  Impulse Command 

r e l a y  has opera ted  proper ly .  F l ip -F lop  2 a c t s  as a  c i r c u i t  lock-out  

and a s s u r e s  t h e  ope ra to r  t h a t  only  one command w i l l  be s e n t  each t ime 

he completes the  Reset-Command sequence. 

The pu l se  Generator has  two r e p e t i t i o n  r a t e s  ( ,868 pps and 8.68 
pps) ,  an a d j u s t a b l e  pu lse  width  of 10 - 30 microseconds, and an a d j u s t -  

a b l e  output  of  0 - 18 v o l t s .  The p u l s e  s imula tes  t h e  s p a c e c r a f t  t iming 

s i g n a l .  

The Ordnance Power key lock switch a c t u a t e s  t h e  Squib Power r e l ay ,  

t he  Ordnance Power r e l a y  and completes the  3-2817 I n t e r l o c k  C i r c u i t  f o r  

t he  Impulse Command r e l a y .  The Squib Power r e l a y  p l a c e s  a f i x e d  

one ampere l o a d  on t h e  power supply and s h o r t s  ou t  t he  i n t e r n a l  charging 

r e s i s t o r .  The Ordnance Power r e l a y  s imula tes  t h e  Ordnance Power On 

command and makes ordnance power a v a i l a b l e  a t  t he  radiometer package. 

The 4-28~ I n t e r l o c k  c i r c u i t  i n h i b i t s  t h e  Impulse Command r e l a y  i n  t h e  



Squib  T e s t  and Antenna Deploy command p o s l t i o n s  u n t i l  t h e  Ordnance 

Power key l o c k  swi tch  i s  a c t u a t e d .  

The Squib  F i r e  r e l a y  i s  a c t u a t e d  f o r  50 m i l l i s e c o n d s  when tlhe 

Squib  T e s t  command i s  s e n t .  T h i s  r e l a y  a p p l i e s  t h e  ordnance power 

t o  t h e  Squib T e s t  j ack  f o r  50 m i l l i s e c o n d s  o n l y ,  

The c i r c u i t  diagram f o r  t h e  S u i t c a s e  B u n i t  i s  shown i n  

F i g u r e  36. 

4. St imulua  Unit  ( s u i t c a s e  C )  

S u i t c a s e  C c o n t a i n s  t h e  t empera tu re  l i m i t e d  d iode ,  t h e  v ideo  

a m p l i f i e r ,  and t h e  a s s o c i a t e d  power s u p p l i e s  which comprise a n o i s e  

s o u r c e  f o r  s i m u l a t i n g  t h e  cosmic n o i s e  i n p u t  t o  t h e  r a d i o m e t e r .  The 

s u i t c a s e  a l s o  c o n t a i n s  a H-P 651A T e s t  O s c i l l a t o r  f o r  measuring t h e  

g a i n  of  t h e  v i d e o  a m p l i f i e r .  

F i g u r e  37 i s  a b lock  diagram of t h e  S t i m u l u s  Uni t .  The n o i s e  

s o u r c e  c o n s i s t s  of a  t empera tu re  l i m i t e d  d iode  fo l lowed by a  f o u r  

s t a g e  v i d e o  a m p l i f i e r .  A v o l t a g e  which i s  p r o p o r t i o n a l  t o  t h e  n o i s e  

d iode  emiss ion  c u r r e n t  i s  a v a i l a b l e  a t  a f r o n t  p a n e l  jack .  A connec- 

t i o n  may be made between t h i s  j a c k  and t h e  E x t e r n a l  I n p u t  t o  t h e  DVM 

i n  S u i t c a s e  A t o  a l low t h e  d iode  c u r r e n t  t o  b e  a d j u s t e d  w i t h  g r e a t e r  

a c c u r a c y  t h a n  p o s s i b l e  u s i n g  t h e  p a n e l  meter i n  S u i t c a s e  C. The 

v a l u e  o f  d iode  c u r r e n t  is  s e t  by a d j u s t i n g  t h e  d iode  f i l a m e n t  v o l t a g e  

f u r n i s h e d  by t h e  r e g u l a t e d  f i l a m e n t  supply .  

The n o i s e  d iode  B+ supp ly  f u r n i s h e s  power t o  t h e  d iode  p l a t e  

c i r c u i t  and t o  t h e  o p e r a t i o n a l  a m p l i f i e r  i n  t h e  f i l a m e n t  v o l t a g e  

r e g u l a t o r .  

The v i d e o  a m p l i f i e r  power supp ly  f u r n i s h e s  +18 v o l e s  f o r  oper-  

a t i o n  o f  t h e  v i d e o  a m p l i f i e r .  

The i s o l a t i o n  t r ans fo rmer  and f i l t e r s  p rov ide  115 VAC, 0.7 

amperes, 60 Hz power f o r  e x t e r n a l  use .  



The H-P 65PA Test O s c i l l a t o r  i s  ex te rna l ly  connected f o r  c a l i -  

b ra t ion  purposes, 

The c i r c u i t  diagram fo r  the Sui tcase  C un i t  i s  shown i n  Figure 

38. The c i r c u i t  diagram f o r  the  video ampl i f ie r  i n  t he  notse 

c a l i b r a t i o n  source i s  shown i n  Figure 39, 



PREFLIGHT CALIBRATION 

A. GENERAL 

The p r e f l i g h t  c a l i b r a t i o n  of OGO-V(E) radiometer  can be 

d iv ided  i n t o  t h r e e  ca t ego r i e s :  12 

( a )  Determination of the  i npu t  impedance of t he  radiometer 

a t  t h e  e i g h t  ope ra t ing  f requenc ies .  

( b )  Determination of t he  parameters  which d e f i n e  t h e  no ise  

f i g u r e  of t h e  radiometer a t  t h e  e i g h t  ope ra t ing  frequen- 

c i e s ,  

( c )  Measurement of the  o v e r a l l  system response over t h e  

a n t i c i p a t e d  temperature and i n p u t  s i g n a l  ope ra t ing  

ranges .  

T h e  f i r s t  two s e r i e s  of measurements were conducted a t  room 

temperature wi th  t h e  da t a  recorded by hand. The l a s t  s e r i e s  of 

measurements were  made us ing  the  UM/RAO Data Logger f a c i l i t y .  This  

f a c i l i t y  n o t  only allowed automat ic  c o n t r o l  of the  radiometer bu t  a l s o  

produced a computer-compatible d i g i t a l  magnetic t ape .  

The tape  was precessed on t h e  U l / M O  S c i e n t i f i c  Data Systems 

(SDS) 930 Computer and produced both d i g i t a l  p r i n t o u t  and Calcomp 

p l o t s  of t h e  system response curve. 

The f i r s t  c a l i b r a t i o n  of t he  f l i g h t  u n i t  radiometer was conducted 

15 August 1966. The f i n a l  c a l i b r a t i o n  p r i o r  t o  launch was conducted 

25 September 1967. 

B. INPUT IMPEDANCE MEASUREMJ3NTS 

The equipment se tup  f o r  t h e  determinat ion of  t he  radiometer ' s 

i n p u t  i.mpedance i s  shown i n  F igure  40. The genera tor  was ad jus ted  f o r  

a n  input  s i g n a l  of approximately 10 m i l l i v o l t s  r m s  a t  t h e  radiometer .  

The br idge  was then  ad jus t ed  f o r  a n u l l  a s  i n d i c a t e d  on t h e  Kei th ley  

meter and t h e  impedance i n d i c a t e d  on t h e  b r idge  noted.  This  measure- 

ment was r epea t ed  f o r  each of t h e  e i g h t  ope ra t ing  f requenc ies  of t h e  

radiometer .  



The components of t he  i npu t  impedance of t h e  rsdiometer  a t  t h e  

e i g h t  f requenc ies  a r e  shown i n  Table 1. 

C. DETERMXNATION OF NOISE PARAMETERS 

The four  no i se  parameters, Fo, %, Bo, and Go, were determined 

a t  each of t h e  e i g h t  ope ra t ing  f requenc ies  of  t he  radiometer'. 4.~6 

D. OVERALL SYSTEM RESPONSE CALIBRATTON 

1. General 

It was known from our exper ience wi th  e a r l i e r  radiometers  

t h a t  a l a r g e  e f f o r t  was Fnvolved i n  ob ia in ing  adequate p r e f l i g h t  

c a l i b r a t i o n .  Therefore,  we approached the  c a l i b r a t i o n  program 

through a s tudy  t o  determine t h e  f e a s i b i l i t y  of us ing  the  

UM/RAO Data Logger f a c i l i t y  f o r  the  system response c a l i b r a t i o n .  

,We used t h e  prototype ra,diometer t o  r e s o l v e  t h e  i n t e r f a c i n g  problems 

and t o  prove the  f e a s i b i l i t y  and d e s i r a b i l i t y  of us ing  the  f a c i l i t y  

f o r  t h i s  program. 

It became immediately ev iden t  from t h e  pre l iminary  t e s t s  

t h a t  the  man-hours of e f f o r t  r equ i r ed  f o r  t h e  c a l i b r a t i o n  program 

would be d r a s t i c a l l y  reduced. I n  add i t i on ,  t h r e e  major advantages 

a r e  o f f e r e d  us ing  t h e  Data Logger over record ing  t h e  d a t a  by hand: 

( a )  A l a r g e  amount of human e r r o r  i s  removed. This  i s  

because human ope ra to r s  a r e  not  r equ i r ed  t o  make many 

t ed ious  measurements and r eco rd  l a r g e  vo1,umes of da t a .  

( b )  A much l a r g e r  volume of data can be taken,  a l lowing 

averaging of t h e  samples. This  a l lows more accuracy 

i n  ehe d a t a  recorded i n  a no isy  environment. 

( c )  The f a c t  t h a t  t h e  ou tpu t  of t he  f a c i l i t y  i s  a d i g i t a l  

t ape  a l lows the  d a t a  t o  be processed immediately us ing 

computer programs t o  produce p l o t s  of t h e  system response.  

This  type of p r e s e n t a t i o n  a l lows r a p i d  eva lua t ion  of t h e  

adequacy of t he  c a l i b r a t i o n  procedure.  



The t o t a l  t h e  r equ i r ed  t o  record  e leven  parameters, a t  

100 d i f f e r e n t  n o i s e  and aupply vo l t age  cond i t i ons  f o r  each of 

seventeen temperatures  was approximately 25 hours.  T h i s  d i d  

n o t  i nc lude  the  time f o r  t h e  temperature chamber t o  s t a b i l i z e ,  

The s t a b i l i z a t i o n  time was approximately one hour f o r  each 

temperature ,  The c a l i b r a t i o n  program was completed i n  40 man-hours. 

T h i s  i s  l e s s  t han  25$ of t he  normal time r e q u i r e d  t o  do a similar 

task by hand, based on our exper ience wi th  e a r l i e r  rad iometers ,  

Th i s ,  i n  a d d i t i o n  t o  t h e  o the r  advantages l i s t e d  above, r ep re sen ted  

a s i g n i f i c a n t  improvement over s i m i l a r  programs on o the r  rad iometers ,  

2 ,  T e s t  S e t u ~  

A block diagram of t he  s e tup  i s  shown i n  F igure  41. 

The Data Logger f a c i l i t y  c o n s i s t s  of a SDS Model MU31-1  

Mul t ip lexer ,  a SDS Model A D ~ o - 1 4  Analog-to-Digital  Converter,  an  

Ampex Model TMk113-~ Digi ta l .  Tape Handling System and 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  cons t ruc ted  i n  t h e  UM/RAO Laboratory 

from Computer Control  Company 1 MHz l o g i c  modules. 

The m i ~ l t i p l e x e r  has 16 i n p u t  channels w i th  an  inpu t  impedance 

of approximately 100 Ml. The maximum switching r a t e  f o r  t h i s  model 

i s  15 kHz, The accep tab le  i n p u t  vo l t age  range i s  between & 10  v o l t s ,  

The A-D conver te r  conver t s  each sample t o  a t h i r t e e n  b i t  

p l t l s  s i g n  b i t  d i g i t a l  r e p r e s e n t a t i o n .  T td r t een  b i t s  provide a 

r e s o l u t i o n  of b e t t e r  than one p a r t  i n  e i g h t  thousand. The con- 

v e r s i o n  r a t e  f o r  t h i s  model i s  13,300 samples per  second, The 

Converter  a l s o  i nc ludes  sample and hold c i r c u i t r y  which provides  

a sample a p e r a t u r e  of l e s s  t han  1 microsecond. 

The TM4113-~ Tape Handling System i s  designed t o  read  and 

w r i t e  t a p e s  t h a t  a r e  compatible w i th  t h e  UM/RAO SDS 930 Computer. 

It can be opera ted  a t  t ape  d e n s i t i e s  of e i t h e r  200 o r  556 c h a r a c t e r s  

pe r  inch  and t a p e  speeds of e i t h e r  30 or  60 inches  per  second. It 



uses  24.00 foo t  r e e l s  of 1/2 inch magnetic t ape ,  

I n  a d d i t i o n  t o  t h e  sequencing and c o n t r o l  c i r c u i t r y  provided 

f o r  c o n t r o l  of t h e  Data Logger f a c i l i t y ,  con t ro l  c i r c u i t r y  was 

b u i l t  t o  au toma t i ca l ly  sequence the  radiometer through i t s  e i g h t  

f requency s t eps .  This  c i r c u i t r y  stepped the  radiometer and then 

provided a de lay  of approximately one second before  the  radiometer 

d a t a  was recorded.  This  de lay  al lowed the  radiometer ou tpu t  t o  f u l l y  

s t a b i l i z e  before  i t  was sampled. 

The Data Logger f a c i l i t y  i s  shown i n  F igure  42. 

The temperature chamber used f o r  t he  c a l i b r a t i o n  was an 

Assoc ia ted  Tes t ing  Labora tor ies  Model SLHU-1-LC-1. This  chamber i s  

capable  of providing any temperature between -75 and i -220 '~  wi th  a 

temperature  c o n t r o l  of _+ 1.1'~ a f t e r  s t a b i l i z a t i o n .  

The e x t e r n a l  no i se  source used fo r  t he  c a l i b r a t i o n  was a 

broadband no ise  source  designed and cons t ruc ted  a t  t h e  UM/R4Q 

Laboratory.  
11 

T h i s  genera tor  i s  s i m i l a r  i n  design t o  t he  S u i t c a s e  

C Unit.  

The output  of t h e  no ise  genera tor  was fed  thrcugh a Weinsehe? 

Model 6 4 ~  p r e c i s i o n  a t t e n u a t o r  which allowed t h e  a t t e n u a t i o n  of the  

n o i s e  s i g n a l  t o  be s e t  t o  1 db wi th  a p rec i s ion  of _C .03 db. 

The ground support  equipment (GSE) used was a Su i t ca se  B Unit 

which provided power and t h e  necessary impulse commands t o  e x e r c i s e  

t h e  radiometer.  A complete d e s c r i p t i o n  of t h i s  u n i t  and i t s  ope ra t ion  

can be found i n  r e f e r e n c e  9. 

The junc t ion  box was b u i l t  t o  provide an i n t e r f a c e  between 

t h e  cab le  t o  t h e  T e s t  I n t e r f a c e  Connector on t h e  radiometer and 

t h e  i npu t  cab le s  t o  the  Data Logger F a c i l i t y .  This  box con ta ins  

s c a l i n g  r e s i s t o r  s t s i n g s  and the  necessary  i n t e r f a c i n g  connectors ,  

The junc t ion  box a l s ~  contained a means of de fea t ing  t h e  normal 

c a l i b r a t i o n  sequence i n  t he  radiometer so t h a t  t he  radiometer d i d  

n o t  go i n t o  t he  c a l i b r a t i o n  cyc le  dur ing the  t e s t .  Th i s  allowed 



t h e  c a l i b r a t i o n  as w e l l  as t h e  f requency s t e p p i n g  t o  be c o n t r o l l e d  

e x t e r n a l l y .  

Radiometer  C o n f i ~ u ~ a t i o n  - 
For  a l l  o f  t h e  c a l i b r a t i o n  runs ,  t h e  rad iomete r  was k e p t  

i n  t h e  manual Erequency s t e p p i n g  mode w i t h  t h e  i n t e r n a l  c a l i b r a -  

t i o n  sequencing d i s a b l e d ,  The s t e p p i n g  of  t h e  rad iomete r  c i r c u i t r y  

was c o n t r o l l e d  by a  swi tch  c l o s u r e  whose t iming  was de termined i n  

$be c o n t r o l  l o g i c  c i r c u i t r y  of t h e  Data Logger. T h i s  c i r c u i t r y  

changed t h e  rad iomete r  Erequency, provided a d e l a y  of approx imate ly  

one second and t h e n  i n i t i a t e d  t h e  sequence t o  write t h e  d a t a  samples 

on  t h e  magnet ic  t a p e .  

The c o n t r o l  of  t h e  rad iomete r  Is i n t e r n a l  c a l i b r a t i o n  c y c l e  

was accomplished w i t h  a s w i t c h  on t h e  j u n c t i o n  box which grounded 

t h e  o u t p u t  of  FFJ of t h e  Main Log ic  cha in .  T h i s  wa's done through 

t h e  T e s t  I n t e r f a c e  Connector on t h e  rad iomete r .  Only when t h e  s w i t c h  

was "open" could  t iming  p u l s e s  from S u i t c a s e  B cause  t h e  Main L o g i c  

c h a i n  t o  count .  There fo re ,  i t  was p o s s i b l e  t o  s t o p  a t  any l e v e l  of  

t h e  i n t e r n a l  c a l i b r a t i o n  f o r  a n  extended p e r i o d  of  t ime. It was a l s o  

p o s s i b l e  t o  keep t h e  rad iomete r  from going through i t s  i n t e r n a l  

c a l i b r a t i o n  by use  o f  t h e  same s w i t c h ,  T h i s  a l lowed use  of  t h e  

e x t e r n a l  c a l i b r a t i o n  source  f o r  n o i s e  i n j e c t i o n .  

The rad iomete r  i n p u t  c o n d i t i o n s  f o r  which d a t a  was r e c o r d e d  

a r e  l i s t e d  i n  T a b l e  2 .  

4. C a l i b r a t i o n  Resui ts  

A s  mentioned e a r l i e r ,  t h e  o u t p u t  o f  t h e  Data Logger f a c i l i t y  

i s  a d i g i t a l  t ape .  T h i s  t a p e  was p rocessed  a f t e r  each t empera tu re  

r u n  a s  a check on  t h e  c a l i b r a t i o n  procedure .  The average  t ime  from 

t h e  end o f  t h e  t empera tu re  r u n  t o  d i g i t a l  p r i n t o u t  f o r  t h e  complete 

r u n  was approx imate ly  30 minutes.  An example of  t h e  d i g i t a l  p r i n t o u t  

i s  shown i n  F i g u r e  43. 



The p l o t t i n g  of the  da ta  was normally not  done u n t i l  a  s u f f i c i e n t  

number of temperatures had been run t o  show temperature v a r i a t i o n s  

i n  the system response* I f  i t  were des i red  t o  p l o t  the da ta  immedi- 

a t e l y ,  a turn-around time comparable with the  time f o r  d i g i t a l  p r i n t -  

out  was possible .  

The da ta  p l o t t i n g  was done on a  Ca l i fo rn ia  Computer Products 

( ~ a l c o r n ~ )  p l o t t e r .  This device was dr iven  by a c o n t r o l l e r  designed 

and constructed a t  the  UM/RAO which in te r faced  with the SDS 930 com- 

pu te r ,  

An example of a  Calcomp p l o t  of the  radiometer c a l i b r a t i o n  d a t a  

i s  shown i n  Figure 44, 



IV . RELIABILITY A S S M C E  B R O G M  

A .  COMPONENT SELECTION 

I n  genera l ,  a l l  con~ponents used i n  t h e  radiometer were chosen 

 fro^ devices  which had been prev io l ,~s ly  q u a l i f i e d  f o r  space a p p l i c a t i o n .  

The devices were chosen from t h e  1'::eferred P a r t s  L i s t s  (PPL) prepared 

by Goddard Space F l i g h t  Center ,  Marshall  Space F l i g h t  Center ,  and t h e  

J e t  Propuls ion Laboratory wherever p o s s i b l e ,  The only except ions  t o  

the  use  of t h e s e  l i s t s  were i n  a r e a s  where s t r i c t  adherence t o  t h e  l i s t s  

would have adverse ly  a f f e c t e d  t h e  system opera t ion .  

An a t tempt  was made t o  se leck  dev ices  which ha+ ?teen q u a l i f i e d  

t o  a M i l i t a r y  S p e c i f i c a t i o n  when i t  wa,s not  p o s s i b l e  t o  use a device 

from t h e  PPL. 

I n  two a r e a s  where i t  was necessary t o  use  devices  which 

n e i t h e r  appeared on t h e  PPL o r  had been q u a l i f i e d  t o  a M i l i t a r y  

Spet$ificat.l.on, sc reen ing  s p e c i f i c a t i o n s  were w r i t t e n  t o  which a l l  

the  devices  used were sub jec ted .  These s p e c i f i c a t i o n s  were w r i t t e n  

a f t e r  many conversa t ions  wi th  t h e  people r e spons ib l e  f o r  t h e  p repa ra t ion  

of ttl.2 PPE, 

The number of d i f f e r e n t  device  types  was r e d u c ~ d  a s  much a s  

p o s s i b l e  t o  f a c : t l i t a t e  procurenent  arid t o  s imp l i fy  t h e  r e l i a b i l i t y  

sc reen ing  requirements ,  

1. General 

Documented t e s t  d a t a  is  a v a i l a b l e  on p r a c t i c a l l y  a l l  e l e c t r o n i c  

components which demonstrates 100$ screen ing  2s necessary on the 

devices  t o  a s s u r e  a highly r e l i a b l e  part. This  philosophy of 100$ 

screen ing  was followled throughout our r e l i a b i l i t y  assurance program. 

Screening s p e c i f i c a t i o n s  were w r i t t e n  f o r  a l l  t h e  semiconductors 

as w e l l  as f o r  t h e  oscillator c r y s t a l s ,  crystrkl f i l t e r s ,  and relays 



following i n i t i a l  component se lec t ion ,  Tr ips  were then taken t o  a l l  

manufacturers from whom we an t i c ipa ted  or contemplated procuring t h e  

devices ,  We discussed our screening requirements with them and i n  

some cases modified our requirements, 

Following these  t r i p s ,  we se lec ted  the  manufacturers 'from "horn 

we would purchase the  devices and held another s e r i e s  of d iscuss ions  

t o  f i n a l i z e  our requirements, A f i n a l  screening s p e c i f i c a t i o n  was 

prepared i n  view of t h e  se lec ted  manufacturers' in-house spec i f i ca t ions .  

A l ist  of these  spec i f i ca t ions  is  given i n  Appendix A, along with a 

t y p i c a l  spec i f i ca t ion ,  i n  t h i s  case f o r  a s i l i c o n  t r a n s i s t o r ,  

2. Vendor Screening 

A summary of t h e  screening procedures used by t h e  vendors f o r  

the var ious  devices i s  given below: 

(a) S i l i c o n  Trans i s to r  

1. Viaual inspec,ti.cn on a sample b a s i s  

2, High Temperature s torage  

3 Temperature cycl ing 

4. Constant acce le ra t ion  

5, Gross l eak  t e s t  

6. Helium leak t e s t  

7 ,  Burn-in 

8, X-ray inspect ion 

(b)  S i l i c o n  Computer Diode 

1, High temperature s torage  

2, Thermal sheck 

3. Visual i n s p e c t i  on 

4. Burn-in 

( c) Germanium Diode 

1, Thermal Shock 

2, Constant acce le ra t ion  

. Vl,rtual f nspection 

4. Reverse b ias  a t  elevated temperature 



( d )  S i l i c o n  Reference Diodes 

1, Visual  inspect ion  

2. High temperature stora~,ge 

3,  Thermal ~ h s c k  

4, Gmstant  acce le ra t ion  

$. Cross leak t e ~ t  

6. Helium leak  tes t  

7, Burn-in 

8, X-ray inspect ion  

( e )  O s c i l l a t o r  Crys ta l  

1, Vibratioi  a  sample b a s i s  

2. Visual  inspect ion  

(f) Crys ta l  F i l t e r  

1, Vibrat ion on a sample b a s i s  

2, E l e c t r i c a l  measurements 

3. Visual. inspect ion  

(g) Relay 

1. High temperature bake 

2. Visual inspect ion  

3, E l e c t r i c a l  measurements 

4, Operating l i f e  t e s t  on a sample b a s i s  

( h )  E l e c t r o l y t i z  Capacitor 

1, Leak t e s t  

2, Shock and v i b r a t i o n  tes t  

3. Thermal shock 

4. L i f e  t e s t  

5. DC leakage 

6 .  Capacitance 

7, Diss ipa t ion  f a c t o r  

8, Visual inspect ion  

9. X-ray inspect ion  

(i) Ceramic Capacitor 

1, Leak t e s t  

2.' F lash  t e s t  



3.  Burn-in 

4. Visual  inspect ion 

( j) Mete1 Film Resis tor  

1, Vibrat ion 

2. Tilerma1 shock 

3. Noise screening 

The t e s t s  indica ted  were performed i n  the  sequence shown and 

on e 1 0 6  b a s i s  except where noted. 

The t e s t s  t o  be performed were se lec ted  a f t e r  ~ o ~ i v e r s a t i o n s  

with the  manufacturers and persons concerned with r e l i a b i l i t y  a t  

B e l l  Telephone Laboratories,  Hughes A i r c r a f t ,  General Dynamics, GSFC, 

WFC, and JPL . 
The b a s i s  f o r  acceptance or  r e j e c t i o n  of a device was the  

incremental change i n  one or more c r i t i c a l  parameters before and 

a f t e r  a burn-in or operat ing l i f e  t e s t .  The only exceptions t o  t h i s  

c r i t e r i a  were the e l e c t r o l y t i c  capaci tor  and the  metal f i l m  r e s i s t o r .  

The manufacturers s f  these devices had developed t e s t s  which s a t i s f i e d  

o the r  space programs and these t e s t s  were used i n  l i e u  of operat ing 

l i f e  test screening. 

3. UM/RAO Screening 
I 

Incoming inspect ion was performed on the  devices on a 1 0 6  bas i s .  

This  cons is ted  of a v e r i f i c a t i o n  measu~ernent of the  c r i t i c a l  parameters 

i n  t h e  determination of t h e  r e l i a ' b i l i t y  of the device f o r  those devices 

which had been screened by t h e  vecdor. These parameters were t h e  same 

those spec i f i ed  i n  the  vendor 's  screening spec i f i ca t ion .  

There were four  "devices which were not  screened by the  vendor: 

a medium-power s i l i c o n  t r a n s i s t d r ,  a low-current r egu la to r  diode, a 

s e r i e s  of inductors ,  and e transformer. In-house screening was performed 

on these  devices and congu ted  of the  following t e s t s :  



(a )  Medium-power s i l i c o n  t r a n s i s t o r  

1. High temperature s torage  

2. Burn-in 

3. E l e c t r i c a l  measurements 

4. Visual inspect ion  

( b )  Low-current s i l i c o n  reference diode 

1. High temperature s torage  

2. Burn-in 

3 E l e c t r i c a l  measurements 

4. Visual inspect ion  

( c )  Inductor 

1. Thertual Shsek 

2. E l e c t r i c a l  measurements 

3. Visual inspect ion  

( d )  Trans former 

1. Thermal shock 

2. E l e c t r i c a l  measurements 

3. Visual inspect ion  

The 10@ incoming inspection proved t o  be the  n ~ s t  effectfirre 

screening procedure of a l l  i n  t h a t  i t  revealed many poss ib le  prolalern 

a r e a s  with t h e  devices and r e s u l t e d  i n  the upgrading of a number of 
a. 

devices by t h e  vendors, This e f f o r t  was aided g r e a t l y  by the  ass lo tance  

of t h e  Fa i lu re  Analysis Laboratory a t  GSFC. They provided us with both 

the personnel and f a c i l i t i e s  t o  perform d e t a i l e d  inspect ions  of some 

devices.  The r e s u l t  of these inspect ions  werc improved devices From 

the vendors, 

C DOCUMENTAT ION 

1. Screening Data 

Pr io r  t o  and subsequent t o  burn-in or  operat ing l i f e  t e s t s ,  

e l e c t r i c a l  measurer-:ents were made on a l l  the  semiconductor devices. 

It was a requirement of the  screening s p e c i f i c a t i o n s  t h a t  t h i s  da ta  



be t r a n s m i t t e d  as p a r t  of t h e  device  ordo2 t o  t h e  UM/RAO Laboratory.  

Using t h i s  d a t a  a s  i npu t  t o  a s t a t i s t i c a l  a n a l y s i s  program 

developed a t  the  Laboratory,  a p r e f e r e n t i a l  l i s t i n g  of t he  i n d i v i d u a l  

dev ices  was obtained.  These l i s t i n g s  were used t o  s e l e c t  devices  t o  

be included i n  t he  radiometer and those  t o  be r e t a i n e d  as spares .  It 

should be r e a l i z e d  t h a t  a l l  t h e  devices  used i n  t h i s  a n a l y s i s  had 

a l r e a d y  passed our sc reen ing  s p e c i f i c a t i o n s .  

2. S e r i a l i z a t i o n  

During incoming inspec t ion ,  a l l  components were ass igned a UM/RAO 

p a r t  number. This  s e r i a l  number preserved t h e  component number ass igned  

'by t h e  vendor s o  t h a t  complete t r a c e a b i l i t y  of t h e  i n d i v i d u a l  component 

was poss ib l e .  

A l l  t e s t  d a t a  taken by UM/RAO personnel  on a component was 

recorded i n  a Component Data Log (CDL). This  l o g  contained t h e  

m o v e r n ~ ~ t  of  a l l  components from t h e  time they were rece ived  u n t i l  

t h e i r  i nco rpo ra t ion  i n t o  the  radiometer  package. It a l s o  contained 

any subsequent movemenL of t h e  component i n  t h e  event  i t  was l a t e r  

removed isom the rndiometer f o r  any reaso: vhatever. 

D. COMPONENT CONTROL 
.) 

Following incoming in spec t ion ,  a l l  components were placed i n  

a locked s t o r a g e  a r ea .  No component l e f t  t h i s  a r e a  wi thout  a n o t a t i o n  

i n  t h e  CDL as t o  i t s  d e s t i n a t i o n  and use. I f  t h e  component were l a t e r  

r e tu rned ,  a n o t a t i o n  was made of  i t s  h i s t o r y  whi le  out: of  s to rage .  

I n  t h e  event  t h a t  t h e  device  had been sub jec t ed  t o  unusual s t r e s s e s  

wh i l e  ou t  of s to rage ,  i t  was r e tu rned  t o  incoming in spec t ion  t o  determine 

whether i t s  e l e c t r i c a l  c h a r a c t e r i s t i c s  had been a l t e r e d .  The r e s u l t s  

of t h i s  i n spec t ion  a s  wel l  as a d e s c r i p t i o n  of t he  s t r e s s e s  which 

n e c e s s i t a t e d  t h e  i n spec t ion  were recorded i n  t h e  CDL. 



E , CONSTRUCTION PRACTICES 

A l l  construct ion of the  f l i g h t  radiometers was ca r r i ed  out  

i n  t h e  UM/RAO Laboratory c lean  room by NASA - q u a l i f i e d  personnel. 

The work of these  personnel was inspected by q u a l i f i e d  inspectore 

and recorded i n  construct ion logs,  

Upon completion of an individual  board, i t  was thoroughly 

t e s t ed  and canformal coated before being placed i n  s torage  t o  await  

f i n a l  zonstruct ion.  The boards were s to red  i n  the  same locked a r e a  

a s  the  components and t h e i r  movement i n  and out of t h i s  a r e a  was 

recorded i n  a log  similar i xn  nature t o  t h e  CDL. 

F. FAILURE ANALYSIS 

During preliminary construct ion,  four (4) component f a i l u r e s  

occurred. The f a i l e d  components were s e n t  t o  t h e  F a i l u r e  Analysis 

Laboratory a t  GSFC. The r e s u l t s  of t h e i r  inves t iga t ions  were as 

follows: 

( 1 )  F a i l u r e  of a s i l i c o n  computer diode - open 

The cause of the  f a i l u r e  was mechanical, perhaps caused 

(by a f a u l t y  bonding procedure. A l l  of the  remaining 

devices i n  the  l o t  were examined fo r  s imi la r  f a u l t s  and 

none were found, The f a i l u r e  was c l a s s i f i e d  as an i s o l a t e d  

case, a t  l e a s t  a s  f a r  a s  our l o t  i s  concerned. 

F a i l u r e  of a DC r e l a y  - open c i r c u i t  on NC contac t  s e t  

The cause of the  f a i l u r e  was extreme p i t t i n g  of the contac t  

s e t .  P i t t i n g  was a l s o  observed on t h e  other  contac ts  i n  

the  same re lay .  Since our app l i ca t ion  of t h i s  r e l a y  i s  

under dry c i r c u i t  conditions,  t h i s  f a i l u r e  was not explainable .  

S ix  (6) add i t iona l  r e l a y s  from the  same l o t  were sent  t o  the  

GSFC F a i l u r e  Analysis Laboratory for  t h e i r  inves t iga t ion .  

Their t e s t i n g  of the  r e l ays  revealed t h a t  the  amount of wiping 

a c t i o n  on t h ~  contac ts  v a r i e s  between r e l a y s  and t h i s  may 

cont r ibute  t o  the  f a i l u r e .  However, since our appl ica t ion  



i s  v e r y  low c u r r e n t ,  t h e  r e l a y  should  n o t  d i s p l a y  

t h e  f a i l u r e  mode we observed.  The f a i l u r e  was 

a t t r i b u t e d  t o  a  manufactur ing  f law. A l l  t h e  

remaining r e l a y s  from t h e  same l o t  were o p e r a t e d  

f o r  approximately 10,000 c y c l e s  and t h e i r  c o n t a c t  

c h a r a c t e r i s t i c s  measured a g a i n .  None d i s p l a y e d  

any c o n t a c t  r e s i s t a n c e  degrada t ion .  

F a i l u r e  of two (2 )  i n d u c t o r s  - open 

The cause  of  t h e  f a i l u r e  was de termined t o  be  a  

mechanical  f a i l u r e  of t h e  bonding of  t h e  l e a d  i n  t h e  

f e r r i t e  c o r e .  T h i s  a l lowed t h e  l e a d  t o  r o c k  under 

normal hand l ing  c o n d i t i o n s  and f r a c t u r e d  t h e  l e a d  t o  

t h e  c o i l  wi re .  It was s t r o n g l y  recommended by t h e  

Fai l .ure  A n a l y s i s  L a b o r a t o r y  t h a t . w e  n o t  u s e  t h i s  t y p e  

i n d u c t o r  f o r  space  a p p l i c a t i o n s .  We a c c e p t e d  t h e i r  

recommendation and r e p l a c e d  a l l  of our  f l i g h t  i n d u c t o r s  

w i t h  a n o t h e r  type  which had been q u a l i f i e d  t o  a  M i l i t t t r y  

S p e c i f i c a t i o n  i n c l u d i n g  a l e a d  p u l l  t e s t .  



V, INTERFERENCE TESTS 

A .  INITIAL INTERFERENCE TEST 

1. Genera l  

I n  l i n e  w i t h  the  c o n t i n u i n g  work by t h e  EMC group a t  TRW 

Systems t o  r educe  t h e  e x i s t i n g  i n t e r f e r e n c e  l e v e l s  on t h e  OGO 

s p a c e c r a f t ,  a  t e s t  was conducted u s i n g  t h e  UM/RAO E-20 p r o t o t y p e  

r a d i o m e t e r  t o  a s c e r t a i n  i t s  s u s c e p t i b i . l i t y  t o  s p u r i o u s  s i g n a l s .  14 

S p r u i o u s  s i g n a l s  a r e  d e f i n e d  as be ing  any f requency  t o  which t h e  

r a d i o m e t e r  i s  n o t  tuned. 

I n  o r d e r  t h a t  t h e  EMC group cou ld  g a t h e r  a s  much i n f o r m a t i o n  

as p o s s i b l e  on as many exper iments  as p o s s i b l e  w i t h i n  t h e  r e s t r i c -  

t i o n s  of time and budget,  t h e y  a r b i t r a r i l y  d i v i d e d  t h e  exper iments  

i n t o  i n t e r f e r e n c e  g e n e r a t o r s  and s u s c e p t i b l e  expe i imen ts .  The E-20 

r a d i o m e t e r  was s e l e c t e d  a s  one of  t h e  most s u s c e p t i b l e  exper iments  

and  the  f o l l o w i n g  t e s t s  were performed on it: 

( a )  Audio Frequency ( A F )  Conducted - 30 Hz t o  50 KHz. 

( b )  Radio Frequency (KF) Conducted - 50 KHz t o  65 MHz, 1362 2 MHz, 
400 _+ 4 MHz. 

(c )  Radio Frequency Rad ia ted  - 1 5  KHz t o  65 MHz, 136 _+ 2 MHz, 
400 _+ 4 MHz. 

( d )  T r a n s i e n t  Conducted - 50 v o l t ,  2 p s e c  p u l s e .  

2. T e s t  S e t u ~  

F i g u r e s  45 through 48 show t h e  t e s t  s e t u p s  f o r  variour,; p o r t i o n s  

o f  t h e  tests .  

/ 3. ,Radiometer C o n f i g u r a t i o n  

F o r  a l l  tests  excep t  t h e  second h a l f  o f  t h e  RF Rad ia ted  test ,  

t he  i n p u t  of  t h e  rad iomete r  was t e rmina ted  i n  a dummy an tenna  a s  

shown i n  F i g u r e  49. 

F o r  t h e  400 MHz s e c t i o n  o f  the  RF Conducted t e s t ,  t h e  s i g n a l  

was f e d  d i r e c t l y  i n t o  t h e  dummy antenna .  



4, Tes t  Resul t s  

Figures  50 and 5 1  show the  threshold l e v e l s  fox t h e  AF conducted 

in te r fe rence  t e s t .  These vol tage l e v e l s  were superimprssed on thc 28 
v o l t  power l i n e  and caused a  40 m i l l i v o l t  increase  in t he  radiometer 

output above the quiescent  l e v e l ,  

Table 3 shows the r e s u l t s  of the RF conducted in te r fe rence  

t e s t .  Again the vol tage l e v e l s  shown give a  40 mil l i ,vol t  increase  

i n  the radiometer output above the  quiescent  l e v e l ,  The vol tage 

was superimposed on the 28 v o l t  power through use of a  break-out 

bl>x/ isolat ion transformer combFnation i n  the power l i n e .  The lone 

exception t o  t h i s  configurat ion i s  the  40 MHz vol tage  which was in-  

jec ted  through a dummy antenna d i r e c t l y  i n t o  the radiometer. 

The RF rad ia ted  in te r fe rence  t e s t  da ta  i s  not reproduced here. 

The reason for  t h i s  i s  t h a t  any rad ia ted  t e s t  conducted i n  an enclosed 

shielded room is  extremely suspect. One can measure r ad ia ted  power 

but  meaningful f i e l d  s t r eng th  measurements a r e  impossible, The i n t e r -  

f e r i n g  frequencies  a re  e s s e n t i a l l y  the same a s  those revealed i n  the 

RF conducted in te r fe rence  t e s t .  

The Transient  conducted in te r fe rence  t e s t  produced no response 

i n  the radiometer. 

It was obvious from t h i s  t e s t  t h a t  add i t iona l  low pass f i l t e r -  

ing  i n  the  radiometer was highly des i rab le ,  

B ,  LABORATORY TEST 

1. General 

A s  a r e s u l t  of the  Radio Frequency In te r fe rence  (RFX) tes's 
14 made a t  TRW Systems, an inves t iga t ion  was conducted a t  the RAO 

Laboratory t o  determine poss ib le  means of reducing the  s u s c e p t i b i l i t y  

of the radiometer t o  spurious (ou t s ide  50 KHz t o  3.5 MHz passbands') 

s igna l s .  15 



From t h e  pa tsern  of the  spurious responses seen on the  i n i t i a l  

measurements made on the unmodified radiometer, i t  appeared t h a t  

harmonics of the l o c a l  o s c i l l a t o r  frequencies,  generated i n  the  mixer 

c i r c u i t ,  were being fed  back t o  the preampl i f ie r ,  There they were 

mixing with t h e  spurious s igna l s ,  producing frequency compoqents i n  

the s i g n a l  passband of the radiometer. 

Assuming t h i s  t o  be the  in ter ference  mechanism, a two-step 

approach was taken t o  c o r r e c t  the condi t ion,  F i r s t ,  a series impedance 

element was added t o  the  preamplif ier  input.  When the  optimum value 

for  t h i s  element was determined, a s e r i e s  impedance element was added 

to t h e  mixer c i r c u i t  input ,  This was t o  reduce the  s igna l  fed back 

from the  mixer to  the  preamplif ier ,  

When t h e  f i n a l  f i l t e r  configurat ion was chosen, the susceptR- 

b i l i t y  t e s t  was rerun w i t h  t h e  radiometer i n  t h e  3.5 MHz channel. 

T h i s  was t o  confirm the  ef fec t iveness  of the f i l t e r ,  The r e s u l t s  a r e  

shown i n  Table 4. 

Fina l ly ,  a t e s t  was run  t o  deterri~ine t h e  degradation i n  radio-  

meter s e n s i t i v i t y  a s  a r e s u l t  of the s e r i e s  input  element. The results 

a re  shown i n  Table 5, 

C COMPARATIVE SUSCEPTIBILITY TESTS 

1. General 

These t e s t s  were run t o  clemonstrate the improvement i n  RFI 

r s j e c t i o n  of the  f l i g h t  u n i t  radiometer a s  a, r e s u l t  of the  f i l t e r i n g  

incorporated.16 The unmodified prototype radiometer was used f o r  

co~nparison. 

The f i r s t  s e r i e s  of t e s t s  were conducted i n j e c t i n g  the  s igna l  

d i r e c t l y  i n t o  the radiometer input  through a dummy antenna. The 

frequency range covered was 10.7 MHz t o  400 MHz. 

The next  s e r i e s  of t e s t s  were the  RF conducted in te r fe rence  

t e s t s .  They =ere conducted i n  the same manner as the  o r i g i n a l  RF 

conducted in te r fe rence  t e s t .  l4 They covered t h e  frequency range of 

60 kHz t o  400 Mlz. 



The l a s t  s e r i e s  of t e s t s  were the  AF conducted in te r fe rence  

tests .  Again, they were conducte4 s i m i l a r i l y  t o  the  f i r s t  t e s t .  The 

frequency range was 50 Hz t o  60 kHz. 

2. Tes t  Setups 

(a )  Direct  Input RFI S u s c e p t i b i l i t y  Tes t  

The t e s t  setup for  t h i s  s e r i e s  of t e s t s  was e s s e n t i a l l y  

the Game as  t h a t  used i n  the  UM/RAO Laboratory f o r  the  

f i l t e r  inves t iga t ions  l5 and i s  shown i n  Figure 52. 

( b )  RP Conducted In ter ference  Tes t  

The t e s t  setup fo r  t h i s  s e r i e s  of t e s t s  i s  i l l u s t r a t e d  

i n  Figure 46. 

( c )  AJ? Conducted In ter ference  Tes t  

The t e s t  setup f u r  t h i s  s e r i e s  of t e s t s  i s  i l l u s t r a t e d  

i n  Figure 45. 

3. Radiometer Conf ipura t ion  

For a l l  t h e  t e s t  runs,  both the  prototype and flf.ght u n i t  

radiometers were operated a t  3.5 MHz with t h e i r  inpu t s  terminated 

i n  a  dummy antenna. 

4, Tes t  Resul ts  

( a )  Direc t  Input RFI S u s c e p t i b i l i t y  Tes t  

If harmonics of the  l o c a l  o s c i l l a t o r  frequency were causing 

the problem, a s  theorized, spurious responses should appear 

approximately every 7 MHz with the  radiometers operat ing 

a t  3.5 MHz, 

The r e s u l t s  of the t e s z  a r e  shown i n  Table 6, 

The improvement on RFI r e j e c t i o n  i n  the  f l i g h t  un i t  over 

the prototype ran  between 10 and 36 db f o r  a l l  spurious 

response f r e q ~ z n c i e s .  The r e j e c t i o n  of both u n i t s  t o  136 
MHz was equal (no response f o r  -1.0 v o l t  r m s  input)  but  the  



f l i g h t  u n i t  e x h i b i t e d  no response a t  400 MHz wi th  a 1.0 

v o l t  rms input .  Th i s  was an improvement of >4.5 db over 

t h e  pro to type ,  The a c t u a l  improvement was unmeasureable 

a s  1,0 v o l t s  rms i s  t h e  maximum output  c a p a b i l i t y  of 

t h e  s i g n a l  gene ra to r  used. 

The f i l t e r i n g  i n  t h e  f l i g h t  u n i t  made a s i g n i f i c a n t  

improvement bn t h e  r educ t ion  of d i r e c t  coupled i n t e r -  

fe rence ,  It should be noted t h a t  t h i s  i s  the  most 

s i g n i f i c a n t  i n t e r f e r e n c e  mode when t h e  antenna i s  

connected t o  t h e  radiometer ,  

- ( b )  RF Conducted I n t e r f e r e n c e  Tes t  

The r e s u l t s  of t h e  RF conducted i n t e r f e r e n c e  t e s t  a r e  

no t  as conc lus ive  as those  f o r  t h e  d i r e c t  coupled 

i n t e r f e r e n c e .  Both r e s u l t s  a r e  shown i n  Table 6, 

The d i f f e r e n c e  between t h e  u n i t s  r a n  between a 6 db 

degradatioi!, i n  r e j e c t i o n  i n  t h e  f l i g h t  u n i t  t o  n 21.6 

db improvement, However, t he  number of f requenc ies  on 

which degrada t ion  occurred is r e l a t i v e l y  small (<lo$) 

with t h e  aversge ixprovement running 4 4  db. The 

evidence i s  no t  conc lus ive  bu t  i t  appears  t h a t  t he  

f i l . t e r i n g  made a n  improvement i n  conducted i n t e r f e r e n c e  

r e j e c t i o n ,  

Nei ther  u n i t  e x h i b i t e d  any response a t  136 o r  400 MHz 

wi th  approximately 1 , O  v o l t  rrns s i g n a l  imposed on t h e  28 

v o l  t power 1 i n e  . 
( c )  Audio Frequency Conducted I n t e r f e r e n c e  T e s t  

The r e j e c t i o n  f i g u r e s  f o r  both u n i t s  were e s s e n t i a l l y  t h e  

same and i d e n t i c a l  wi th  those  i l l u s t r a t e d  i n  F igu res  50 

and 51. 



D, INTEGRATED SPACECRAFT INTERFERENCE (MALIBu) TEST 

l o  General 

During t h e  Malibu t e s t ,  an  a t tempt  was made t o  d i v i d e  t h e  

composite i n t e r f e r e n c e  s i g n a l s  which we observed on t h e  observa tory  

i n t o  t h r e e  components: 

( a )  Background S i g n a l s  

These s t g n a l s  o r i g i n a t e  from sources  o u t s i d e  t h e  s p a c e c r a f t  

environment. They may be p re sen t  i n  t h e  s p a c e c r a f t  

environment through r a d i a t i o n  o r  d i r e c t  connection (e.g., 

GSE c a b l e s ) .  

( b )  S i g n a l s  generated by t h e  s p a c e c r a f t  subsystems. 

( c )  S i g n a l s  generated by o ther  experiments. 

From t h i s  s e r i e s  of t e s t s ,  we at tempted t o  e v a l u a t e  t h e  e f f e c t  

on t h e  radiometer  of  s i g n a l s  from group ( b )  and ( c )  i n  t h e  presence 

of t h e  background s i g n a l s .  

Two major r e s t r i c t i o n s  were placed on t h e  t e s t s ;  one due t o  

t h e  phys i ca l  r e s t r i c t i o n s  of  t h e  t e s t  s i t e ,  and t h e  o t h e r  due t o  

the t e r r e s t r i a l  no i se  environment. 

(a )  The s o l a r  a r r a y  paddles  were not on t h e  s p a c e c r a f t .  There 

was no t  enough room a t  t h e  Malibu t e s t  s i t e  t o  deploy t h e  

paddles  s o  dummy s t u b  paddles were used t o  s imu la t e  t h e  

a c t u a l  paddles.  Other dev ia t ions  from t h o  normal observa- 

t o r y  con f igu ra t ion  were used bu t  t h e  dummy paddles  were 

t h e  most s i g n i f i c a n t  from our t e s t  s tandpoin t .  

( b )  We could only  use a 5 f o o t  antenna on the  radiometer  

i n s t e a d  of  t h e  f u l l  l e n g t h  antenna.  T h i s  was due t o  t h e  

high background no i se  l e v e l  which would have s a t u r a t e d  

t h e  radiometer wi th  a longer  antenna. 



2. T e s t  Setup 

The t e s t  s e t u p  was b a s i c a l l y  t h e  f u l l y  ope ra t iona l  observa tory  

wi th  two n o t a b l e  except ions:  

( a )  The s o l a r  a r r a y  paddles were no t  on the  s p a c e c r a f t  as noted 

above. Th i s  meant t h a t  no charge c u r r e n t  was flowing 

through t h e  a r r a y  harness ,  This  c u r r e n t  can c o n t r i b u t e  

s i g n i f i c a n t l y  t o  t h e  R F I  which our  radiometer s e e s ,  

( b )  The A t t i t u d e  Control  System (ACS) could no t  be exerc i sed .  

Th i s  was due t o  t h e  high i n t e r f e r e n c e  l e v e l s  in t roduced 

by the  GSE cab le s  t o  s t i m u l a t e  t h e  ACS. 

3. Radiometer Conf ipura t ion  

For t h e  f i r s t  s e r i e s  of t e s t s ,  t h e  radiometer was locked i n  

C a l i b r a t e  Level  1. This  connects  t h e  p reampl i f i e r  i npu t  t o  a dummy 

antenna i n t e r n a l  t o  t he  radiometer package. 

For t h e  second s e r i e s  of t e s t s ,  a 5 f o o t  antenna was connected 

t~ radiometer output .  

For bo th  of t he se  s e r i e s  of t e s t s ,  t he  radiometer was s tepping  

i n  t h e  normal manner. 

4. T e s t  R e s u l t s  

( a )  Conducted q F I  T e s t  

No s i g n i f i c a n t  i n t e r f e r e n c e  was seen  dur ing  t h e  tests run 

with  the  radiometer  connected t o  an  i n t e r n a l  dummy antenna. 

( b )  Radiated RFI T e s t  

No d e f i n i t i v e  t e s t s  could be run on the  no i se  con t r ibu ted  

by s p a c e c r a f t  subsystems f o r  a  number of reasons:  

( 1 )  The on ly  method of d a t a  r e t r i e v a l  was through the  

s p a c e c r a f t  d a t a  handling system. This  meant t h a t  

t h i s  system had t o  be  o p e r a t i o n a l  a t  a l l  t' ~ m e s  . 
(2 )  A s  mentioned e a r l i e r ,  t h e  ACS system could no t  be 

s t imula ted .  This  was due t o  t h e  high n o i s e  l e v e l  



introduced when the  ACS GSE cables  were connected. 

These noise l e v e l s  masked any n o i ~ e  which may have 

been generated i n  the ACS system, 

( 3 )  The normal power system configurat ion was not used 

due t o  the absense of the so la r  a r r a y  gaddaLes.. The 

batteries were charged through ex te rna l  chargers,  

Thus normal charge cycl ing e f f e c t s  could not be 

evaluated,  

(4)  In  order to  d i sab le  the 2461 Hz synchronization s igna l ,  

a long cable was necessary,  The pickup on t h i s  cable  

was so high a s  t o  mask any changes i n  the spacecraf t  

environment due t o  the absense of the 2461 Hz s igna l .  

I n  the a rea  of experiment-generated in ter ference ,  the  t e s t s  

were more conclusive,  It was poss ib le  t o  i s o l a t e  th ree  (3) major 

con t r ibu to r s  t o  the RFI which the radiometer encountered on the 

observatory. These experimenters were contacted and discussions 

were held a s  t o  poss ib le  means of reducing, the in te r fe rence  l eve l s .  

As a r e s u l t  of the Malibu t e s t ,  changes were made i n  the  configure- 

t ions  of all .  t h r e e  of these major offenders,  e i t h e r  i n  the experiment 

i t s e l f  or  the npacecraft  harnessing t o  the  experiment. 

After  a thorough analys is  of the t e s t  r e s u l t s ,  a memo was w r i t t e n  

t o  TRW Systems ou t l in ing  our csnc'lusions a s  t o  in te r fe rence  sources 

and our recommendations fo r  so lu t ions  to  the  problem, We a l s o  requested 

add i t iona l  RFI t e s t i n g  when the spacecraf t  was i n  f u l l  f l i g h t  configura- 

t i o n  and a l l  experiments were i n  final fb,ight configurat ion.  

E. HIGH-BAY TEST 

1. General 

A t  our F ina l  Experiment Checks a t  TRW, we requested a spec ia l  

i n t e r f e r e n c e  t e s t  with the spacecraf t  i n  f u l l  f l i g h t  configuration. 

The spacecraf t  had the  so la r  a r rays  i n s t a l l e d  and a11 of the  modifi- 

ca t ions  t o  experiments and spacecraf t  t h a t  were a r e s u l t  of the  Malibu 



t e s t  were incorporated.  Also a t  t h i s  time, a t e s t  matrix was run 

on a l l  experiments with s i x  (6)  experiments chosen a s  being most 

suscept ib le  t o  in ter ference .  These s i x  experiments were provided 

with continuous da ta  while the  other  experiments were being turned 

on and o f f .  O u r  experiment was run continuously and t h i a  data ,  

along w i t h  the  data  from our spec ia l  t e s t ,  was used t o  evaluate  the 

improvement i n  the spacecraf t  environment s ince  the  Malibu t e s t .  

The t e s t  setup was the  f l igh t - ready  observatory i n  the  folded 

configurat ion.  This meant t h a t  the s o l a r  a r rays  a s  well  a s  a l l  booms 

were folded i n  t h e i r  launch configurat ion.  

The observatory was s e t  up i n  the high-bay a rea  of the  M 1  

bui lding a t  TKW Systems. 

3. Radiometer Configuration 

The radiometer was placed i n  the normal frequency s tepping mode. 

A dumsy antenna was i n s t a l l e d  on the ex te rna l  antenna terminal block 

for t h e  spec ia l  t e s t ,  The undeployed externa l  antenna was used during 

the in te r fe rence  matrix t e s t .  

4. a t  Resul t s  

The r e s u l t s  of the spec ia l  in t e r fe rence  t e s t  e s s e n t i a l l y  con- 

firmed the r e s u l t s  of the conducted in te r fe rence  t e s t  a t  Malibu. 

However, the re  was a  s i g n i f i c a n t l y  lower average l e v e l  on a l l  f r e -  

quencies over t h a t  seen a t  Malibu. This  may be a t t r i b u t a b l e  t o  the 

f i n a l  grounding configurat ion on the spacec ra f t  which was much b e t t e r  

than t h e  grounding arrangements a t  Malibu, 

The only other  de tec tab le  chan,ges i n  our radiometer output were 

caused by experiments 24 and 27. The l e v e l  on our 50 KHz channel 

decreased approximately 0.4 v o l t s  when E-24 was turned on and an 

add i t iona l  0.8 v o l t s  when E-27 was turned on. The exact cause fo r  

t h i s  was not determined but the s i t u a t i o n  will.  be examined again  



during an  o r b i t a l  in t e r fe rence  t e s t .  

During the in te r fe rence  matrix t e s t  no s i g n i f i c a n t  d i f f e rences  

from our spec ia l  t e s t  were de tec ted  except t h a t  the  average l e v e l s  

were higher.  This  5,s a t t r i b u t a b l e  t o  the  f a c t  t h a t  the input  of 

the radiometer was connected t o  the  undeployed ex te rna l  antenna, 

It would appiear from these  t e s t s  t h a t  the  o v e r a l l  spacec ra f t  

environment is much b e t t e r  khan t h a t  observed a t  Malibu and t h a t  

the spacecraf t  as a whole i s  q u i e t e r  than previous OGOs a s  determined 

by our e a r l i e r  experiments. 



VI, CORRECTXVE ACTIONS 

A, GENERAL 

The radiometer e l e c t r o n i c s  package experienced on ly  one 

f a i l u r e  dur ing  t h e  environmental t e s t i n g ,  Th i s  f a i l u r e  occurred 

i n  the  pro to type  package dur ing q u a l i f i c a t i o n  l e v e l  t e s t i n g ,  

There  were t h r e e  a d d i t i o n a l  anomalies i n  t h e  ope ra t ion  of  

t h e  system but  they  were l a t e r  proven t o  be a t t r i b u t a b l e  t o  

c a b l i n g  between the radiometer e l e c t r o n i c s  and t h e  antenna assembly 

and/or t h e  antenna assemkcly i t s e l f ,  

The radiometer  e l e c t r o n i c s  f a i l u r e  w i l l  be d i scussed  i n  some 

d e t a i l  b u t  t he  f a i l u r e s  a s s o c i a t e d  wi th  t h e  antenna assembly w i l l  

on ly  be o u t l i n e d  wi th  app rop r i a t e  r e f e r e n c e s  t o  f a i l u r e  r e p o r t s  

and/or a p p l i c a b l e  memos, The reason  f o r  t h i s  i s  t h a t  t h e  antenna 

aswembly was furn ished  by GSFC. 

B , PROTOTYPE RADIOMETER FAILURE 

On 8 January 1967, t h e  pro to type  radiometer  f a i l e d  dur ing  

q u a l i f i c a t i o n  l e v e l  v i b r a t i o n  t e s t i n g  a t  TRW Systems, The pro to type  
..-- w a r r  -.. ~ u ~ ~ r ' b c u  *-4....a i n  the SGEP eontafirlcr and was; beirig sub jec t ed  t o  random 

v i b r a t i o n  when t h e  f a i l u r e  occurred,  

The radiometer was r e tu rned  t o  t he  UM/RAO Laboratory where i t  

was discovered t h a t  the  wi re  c a r r y i n g  4-28 v o l t s  t o  t h e  p reampl i f i e r  

board was broken. It was decided t h a t  t h e  probable  cause  of  t h e  

f a i l u r e  was inadequate  s t r e s s  r e l i e f  on t h i s  wire .  

The remaining wi re s  i n  t h e  pro to type  package and t h e  two 

f l i g h t  packages were a l l  checked f o r  t h e  problem and some rework 

was done to  provide more stress r e l i e f  on a few wires. The i n t e r n a l  

wore bundles  in a l l  t h e  packages were secured wi th  RTV t o  r e s t r i c t  

t h e i r  motion. 

The p ro to type  radiometer was re tu rned  t o  TRW Systems and 

s u c c e s s f u l l y  completed q u a l i f i c a t i o n  l e v e l  v i b r a t i o n  t e s t i n g  on 8 
February 1967. 



C , ADDZTXONAL ACTIONS 

1. On 8 December 1967, a f a i l u r e  r epor t  was w r i t t e n  aga ins t  

the F l i g h t  Unit  2 radiometer following the  7 day thermal vacuum IST. 18 

The a ingle  frequency stepping was observed t o  be e r r a t i c  a t  t h a t  Cime. 

The problem was l a t e r  discovered t o  e x i s t  i n  the i n t e r f a c e  

cabl ing  between the  radiometer e l ec t ron ics  package and the  antenna 

assembly, A memo was w r i t t e n  on the f a i l u r e  and the  problem was 

corrected.  

2. On 18 January 1968, two f a i l u r e  repor ts19  were w r i t t e n  

aga ins t  t h e  F l i g h t  Unit 1 antenna assembly. The problem was 

corrected by GSFC personnel. 

3. On 21 February 1968, an anomaly was observed i n  the  

monitor word from the F l i g h t  Unit 1 antenna assembly, The problem 

was t raced t o  a cabl ing i n t e r f a c e  problem and GSFC personnel cor rec ted  

the anomaly, A memo was w r i t t e n  on the  problem and i t s  so lu t ion .  20 



APPENDIX A 

COMPONENT SCREENING SPECIFICATIONS 

The f o l l o w i n g  i s  a l i s t  of t h e  s c r e e n i n g  specifications 

p r e p a r e d  by t h e  U n i v e r s i t y  o f  Michigan Radio Astronomy 0bser .vatory 

L a b o r a t o r y  t o  govern  t h e  s e l e c t i o n  and t e s t  p rocedures  of  manufactur-  

e r a  s u p p l y i n g  d e v i c e s  f o r  t h e  OGO-E radioriwter e l e c t r o n i c s  package. 

CR-101A 

CR-102 

D- 1O1A 

D- 102 

D R - 1 0 1  

DR- 102 

RL- 101 

T-101 

'XI-102 

QUARTZ CRYSTAL UNIT, GLASS ENCLOSED) HI-REL 

SCREENING, SPECIFICATION FOR 

CRYSTAL FILTER UNIT, HI-REL SCREENING, 

SPECIFICATION FOR 

S ILICON COMPONENT DIODE, HI-REL SCREENING, 

SPECIFICATION FOR 

GERMANIUM COMPONENT DIODE, HI-REL SCREENING, 

SPECIFICATION FOR 

SILICON REFERENCE DIODE, HI-REL SCREENING, 

SPECIFICATION FOR 

SILICON REFERENCE DIODE, LOW CURRENT, HI-REL 

SCREENING, SPECIFICATION FOR 

RELAY, DC, HERMETICALLY SEALED) HI-RE& 

SCREENING, SPECIFICATION FOR 

SILICON TRANSISTOR, HI-REL SCREENING, 

SPECIFICATION FOR 

SILICON TRANSISTOR, MEDIUM POWER, HI-REL 

SCREENING, SPECIFICATION FOR 

The Eo l lowi r~g  i s  a copy of  S p e c i f i c a t i o n  T-101 f o r  t h r e e  (3) 
s i l i c o n  low power t r a n s i s t o r s .  The format used f o r  t h i s  s p e c i f i c a t i o n  

was similar t o  t h a t  used on t h e  o t h e r  s p e c i f i c a t i o n s ,  



SCOPE AND PURPOSE 

Scope - This s p e c i f i c a t i o n  covers s p e c i f i c  screening requi re-  
ments f o r  high r e l i a b i l i t y  e i l i c o ~ k  t r a n s i s t o r s  t o  be used by 
The University of Michigan, Radio Astronomy Observatory f o r  
space app l i ca t ions ,  

Purpose The purpose of t h i s  spec i f i ca t ion  i s  t o  s e t  f o r t h  
the  screening requirements f o r  devices procured t o  t h i s  
document, 

APPL XCABLE DOCUMENTS 

Spec i f i ca t ions  

MIL-S- 19500C SEMXCONDUCTOR DEVICES, GENERAL 
SPECIFICATION FOR 

The appl icable  m i l i t a r y  s p e c i f i c a t i o n  f o r  the device procured 
( i f  any),  The UM/RAO drawing which *applies t o  the device t o  
be procured, 

T I  QRAS No. 925 RADIOGRAPHIC INSPECTION 
OF SEMICONDUCTOR DEVLCES 

Standards 

M m - 7 5 0  TEST METHODS FOR SEMICONDUCTOR 
DIFVXCES 

General Requirements - Devices procured t o  t h i s  document  hall 
be the product of good engineering p rac t i ces  and r i g i d  process  
cont ro l ,  Where a m i l i t a r y  s p e c i f i c a t i o n  e x i s t s  f o r  the  device 
t o  be procured, the  suppl ie r  w i l l  s e l e c t  the device from a l o t  
of  Mil-tyge devices and w i l l  submit a c e r t i f i c a t e  of compliance 
s t a t i n g  t h a t  the  device conforms t o  a l l  requirements of t he  
appl icable  m i l i t a r y  s p e c i f i c a t i o n  with t h e  exception of t h e  
marking, Where no m i l i t a r y  s p e c i f i c a t i o n  e x i s t 8  f o r  the  device, 
t h e  UMIRAO w i l l  supply a  s p e c i f i c a t i o n  t o  the  suppl ie r  and a 
wr i t t en  c e r t i f i c a t e  of compliance t o  t h a t  s p e c i f i c a t i o n  w i l l  
be required,  I n  e i t h e r  case, the  e l e c t r i c a l  c h a r a c t e r i s t i c s  
of the device must conform t o  the  appl icable  UM/UO drawing 
and where c o n f l i c t  e x i s t s ,  t he  drawing requirements w i l l  govern. 



3.2 Detail Requirements 

3.2.1 Visual In spec t ion  - Viauak in spec t ion  on a sample b a s i s  i n  
accordance wi th  T e s t  Method 2071 of  MIL-STD-750, 

2 Environmental Condi t ioning 

3.2.2.1 High Temperature S t a b i l i z a t i o n  - lo@ of t h e  device  s h a l l  be 
sub jec t ed  t o  a +300 21o0C s t a b i l i z a t i o n  bake f o r  a minimum 
pe r iod  of 24 hours. 

3.2.2,2 Tatnperature Cycl inq - 10@ of  t h e  dev ices  s h a l l  be  sub jec t ed  
t o  temperature c y c l i n g  under the  fo l lowing  cond i t i ons ,  

a, 10 cyc l e s  min?,n.a 
b ,  Maximum temperature  i - 2 0 0 O C ,  minimum temperature - 6 5 ' ~  
c ,  Minimum time a t  temperature  extremes, 15 minutes 

3.2.2.3 Constant  Acce l e ra t ion  - 100$ of the  dev ices  s h a l l  be sub jec t ed  
t o  a minimum cons t an t  a c c e l e r a t i o n  i n  t h e  Y p lane  on ly  of  
25,000 U i n  accordance wi th  T e s t  Method 200k of  MIL-STD-750. 

3.2.2.4 Helium Leak T e s t  - 100% of t h e  dev ices  s h a l l  be sub jqc ted  t o  
a helium l e z k  t e s t  i n  which the  maximum a l lowable  l e a k  r a t e  
s h a l l  be 5 x 1 0 ' ~ c c / s e c .  Any devices  which f a i l  t o  meet t h i s  
requirement s h a l l  be  removed from t h e  l o t ,  

3.2.2.5 Gross Leak T e s t  - 10@ of t h e  deviceo s h a l l  be  immersed i n  a 
s u i t a b l e  l i q u i d  a t  a temperature of  approximately + 9$0°6 and 
h e l d  fo r  a minimum of  l 5  seconds. Any device  e x h i b i t i n g  bubble 
l e a k s  w i l l  be removed from t h e  l o t .  

3.2.3 Burn-In 

3.2.3.1 Procedure - 10@ of t h e  dev ices  s h a l l  be opera ted  f o r  a minimum 
p e r i o d  of 168 hours under t h e  fol lowing condi t ions :  

b. S u f f i c i e n t  power a p p l i e d  t o  t h e  dev ice  s o  t h a t  i t  i s  
ope ra t ing  a t  maximum d i s s i p a t i o n  cond i t i ons  f o r  a 25OC 
f r e e - a i r  temperature.  

3.2.3.2 Data C o l l e c t i o n  - P r i o r  t o  burn-in, t h e  i n d i v i d u a l  d e ~ i c e s  
w i l l  be i d e n t i f i e d  and i n i t i a l  measurements s h a l l  be made and 
recorded.  The parameters  t o  be measured w i l l  be s p e c i f i e d  
i n  Appendix A. Subsequent t o  burn-in, end p o i n t  measurements 
w i l l  be made on t h e  same parameters  and recorded.  Any f a i l u r e s  
which occur dur ing  burn- in  w i l l  be recorded and t h e  parameter 
f a i l u r e  mode of  dev ices  whkch f a i l  t h e  A c r i t e r i a  s t a t e d .  



3.2.3.3 F a i l u r e  C r i t e r i a  

~ E S  
- Measured under the  condi t ions s p e c i f i e d  i n  Appendix A. 

Any change exceeding 50$ of the i n i t i a l  va lue  o r  5 na., which- 
ever is  g rea te r  or which exceeds the  i n i t i a l  l i m i t  s h a l l  be 
cause fo r  r e j e c t i o n ,  

%E - Measured under the  condi t ions s p e c i f i e d  i n  Appendix A. 

Any change which exceeds 15$ of the  i n i t i a l  value o r  which 
exceeds t h e  i n i t i a l  l i m i t s  s h a l l  be cause f o r  r e j e c t i o n ,  

vCE(sa t . )  - Measured under t h e  conditions s p e c i f i e d  i n  

Appendix A. Any change which exceeds 15$ of the i n i t i a l  value 
o r  60mv, whichever i s  g rea te r ,  or  which exceeds the  i n i t i a l  
l i m i t s  s h a l l  be cause f o r  r e j e c t i o n ,  

3.2.4 X-Ray Inspect ion - 100$ of the  devices s h a l l  be examined 
under two-view x-ray according t o  Texas Instruments QRAS 
NO. 925 

Devices showing any of the  de fec t s  ou t l ined  i n  s e c t i o n  6.2 
of the above document s h a l l  be r e j e c t e d  from the l o t .  

3 . 2 . 5  Sequence of Screening - The screening procedures s h a l l  be 
performed on the devices i n  the following sequences: 

a ,  Visual Inspect ion 
b, LFgh Temperature S t a b i l i z a t i o n  
c. TeOmperature Cycling 
d, Constant Acceleration 
e. Helium Leak Test  
f .  Gross Leak Test 
g, Burn-in 
h. X-Ray Inspect ion 

The X-Ray inspect ion  s h a l l  be the  l a s t  screening procedure 
performed on the devices. However, a t  the  manufacturer's 
d i sc re t ion ,  a q u a l i t y  cont ro l  sample may be withdrawn from 
the  l o t  f o r  f i n a l  e l e c t r i c a l  t e s t i n g .  

Any of the  above screening procedures which a r e  p a r t  of the  
manufacturer 's  normal process control ,  and whieh f u l f i l l  
the  requirements of the  appropr ia te  paragraph, may be omitted,  
A w r i t t e n  statement of such omissj,ons s h a l l  be included with 
the  order.  



3.2.6 Data Transmi t t a l  - A l l  d a t a  procured under paragraph 3.2.3.2 
s h a l l  be considered a s  p a r t  of t h e  o r d e r  and will be t r a n s m i t t e d  
w i t h  t he  shipment o f  devices .  The form i n  which t h e  d a t a  
s h a l l  be t r ansmi t t ed  s h a l l  be  s p e c i f i e d  i n  Appendix B, 

4.0 QU& XTY ASSURANCE 

4.1 R e s p o n s i b i l i t y  f o r  Performance of  Screening zind Inspec t ions  
Unless otherwise  s p e c i f i e d ,  t h e  s u p p l i e r  s h a l l  be  r e s p o n s i b l e  
f o r  per Eormance of a l l  sc reen ing  and i n s p e c t i o n  requirements  
p r i o r  t o  submissi.on f o r  UM/RAO i nepec t ion  and acceptance.  
The UM/TUO r e se rves  t h e  r i g h t  t o  perform any of  t h e  s p e c i f i e d  
i n s p e c t i o n s  where i t  i s  deemed necessary  t o  i n s u r e  t h a t  t h e  
p a r t s  and s e r v i c e s  conform t o  t h e  requirements  of t h i s  
document, 

4.2 T e s t  Equi,pment and Inspec t ion  F a c i l i t i e s  - T e s t  equipment and 
i n s p e c t i o n  f a c i l i t i e s  s h a l l  be of  s u f f i c i e n t  q u a l i t y ,  accuracy,  
and q u a n t i t y  t o  perform the  r equ i r ed  in spec t ions .  The s u p p l i e r ' s  
c o n s t r u c t i o n  techniques,  inspections, q u a l i t y  c o n t r o l  measures, 
e t c . ,  s h a l l  be s u b j e c t  t o  i n spec t ion  by r e p r e s e n t a t i v e s  of t h e  
UM/RAO, Wri t t en  n o t i f i c a t i o n  of any such i n s p e c t i o n  s h a l l  be  
g iven  i n  advance, 

4.3 Frequency of  Screening and Inspec t ion-  Unless o therwise  spec i -  
f i e d ,  sc reen ing  and i n s p e c t i o n  s h a l l  be performed on a11 
f i n i s h e d  dev ices  on a 106 b a s i s .  

4.4 Packaging and Del ivery of F in i shed  Devices - The f i n i s h e d  
dev ices  s h a l l  be packaged and shipped i n  a manner s p e c i f i c a l l y  
designed t o  minimize p o s s i b l e  damage t o  t h e  dev ices ,  



TEST CONDITIONS AND REQUXREMNTS 

Parameter Test  Conditions Range Max, Deviation 
Mine Max. from initial 

LO na. +50$ or 5 na. - 
whichever i s  
g rea te r .  

10 na. 

1. OV - +15$ or 60 mv, 
whichever i s  
g rea te r .  

*These parameters must be measured with a pulse dura t ion  5 300 microsesonds 
and a duty cycle j 2$. 



APPENDIX B 

INTERFACE SPECIFICAT IONS 

'The following s p e c i f i c a t i o n s  a r e  excerpts  from the  OGO-E 

Experiment I n t e r f a ~ o  Spec i f i ca t ion  D-13356, Revision D and a r e  

only those sectiolr~s which p e r t a i n  to  t h e  UM./RAO experiment, 

I. MECHANICAL INTERFACE 

A,  SIZE 

The maximum s i z e  for  a s ing le  SOEP s h a l l  be 12.5 by 12.5 

by 12.5 inches including a l l  e l e c t r i c a l  connectors and thermal 

cont ro l  provis ions.  

B , ASSEMBLY DIMENS IONS 

Within t h e  above s t a t e d  l i m i t s ,  t h e  experimenter s h a l l  choose 

the dimensions f o r  each experiment assembly. Unless otherwise 

spec i f ied ,  ex te rna l  dimensions s h a l l  riot exceed these l i m i t s  by more 

than 0.030 inch. 

1. GSFC s h a l l  have the  r e s p o n s i b i l i t y  f o r  the  con t ro l  of 

weight budget f o r  OGO experiments. 

2, The weight of each experiment assembly s h a l l  be assigned 

by GSFC t o  the experimenter sub jec t  t o  t h e  following r e s t r i c t i o n s :  

a. The t o t a l  weight a t tached t o  each SOEP s h a l l  no t  

exceed 15.6 pounds. 

b, The t o t a l  weight of a l l  experiments contained i n  the  

two SOEPs s h a l l  no t  d i f f e r  by more than 2.0 pounds. 

I f  the  weight d i f ference  exceeds t h i s  value, then b a l l a s t  

may be required.  The weight of such b a l l a s t  s h a l l  be 

considered experiment weight. 



D ,  MOUNTING PROVISIONS 

1, Mounting f langes  w i l l  be provided fo r  the mounting of 

appendage conta,iners,  A l l  appendage mounted experiments s h a l l  be 

designed t o  a t t a c h  t o  the  proper flange. 

2. The experimenter s h a l l  provide d r i l l  templates for  a l l  

experiment assemblies t o  GSFC or TRW, 

3. Experiments w i l l  be mounted to  the  observatory by means 

of 10-32 screws, The attachment hole s i z e  i n  the  experiment assembly 

s h a l l  be ,201 2 ,010 inch diameter. 

E , MOVING PARTS 

The t o t a l  angular momentum of moving p a r t s  of a l l  experi-  

ments s h a l l  not exceed .05 pound-foot-second, 

F, LOCATION OF ELECTRICAL CONNECTORS 

E l e c t r i c a l  connectors on appendage mounted zxper iment 

conta iners  s h a l l  be located i n  a reas  designated on the  appl icable  

i n t e r f a c e  drawings. 

G. MAGNETIC MATERIALS 

The use of magnetic mater ia l s  s h a l l  be avoided unless required 

i n  the operat ion of the experiment. 

H. EJECTED MATERIAL 

1. Approval f o r  e j e c t i o n  of any por t ion  of an experiment or 

gases  used t o  opera te  or  deploy a por t ion  of an experiment must be 

obtained from GSFC. 

2, No mater ia l  may be e j ec ted  or extended from any e x p e r i m n t  

u n t i l  a l l  appendages have been f u l l y  deployed. 
, 

3 .  The r e l a t i v e  v e l o c i t y  of mater ial  e j ec ted  from any por t ion  

of the observatory must be s u f f i c i e n t  t o  avoid e i t h e r  an immediate 

delayed s t r i k i n g  of any o ther  por t ion  of the observatory.  



4, The s h o r t  term change i n  t he  angular  momentum about t h e  

c e n t e r  of g r a v i t y  of t he  observa tory  induced by an e j e c t e d  component 

s h a l l  be l e s s  than .05 l b - f t - s e c ,  

5, A l l  p rov i s ions  except  f o r  commands f o r  e j e c t i o n  o r  ex tens ion  

of p o r t i a n s  of an experiment sIia11 be provided by the  experiinenter.  

I, EXTENDED PORTIONS OF EXPERIMENTS 

1, Pro t rud ing  p a r t s  of experiments s h a l l  be approved by GSFC 

and TRW, 

2, The l o c a t i o n  and s i z e  of a l l  p ro t rus ions  of any p o r t i o n  

of a n  experiment assembly o u t s i d e  the  space normally ass igned  t o  

experirnenta s h a l l  be approved by GSFC and TRW. 

3. A l l  p o r t i o n s  of experiments which extend beyond t h e  space 

normally ass igned  t o  experiments s h a l l  not  i n c r e a s e  the  moment of 

i n e r t i a  of t h e  observa tory  about i t s  cen te r  of g r a v i t y  by more than  
2 1 s l u g  f o o t  , 

4. Extended p o r t i o n s  of  experiments s h a l l  n o t  c o n t a c t  any 

p a r r i a n  of t he  observa tory  before ,  dur ing  or  a f t e r  deployment. 

5. Extended p o r t i o n s  of experiments s h a l l  no t  shadow t h e  

s o l a r  c e l l s ,  sun senso r s  o r  hor izon scanners  t o  such an  extend as t o  

s i g n i f i c a n t l y  degrade t h e i r  performance, 

ELECTRICAL INTERFACES 

A ,  TOTAL EXPERIMENT POWER 

The experiments can u t i l i z e  an average power of 50 w a t t s  and 

a peak power of 80 watts from the s p a c e c r a f t  power system, T h i s  power 

s h a l l  be composed of:  

1. 40 watts cont inuous a v a i l a b l e  power 

2 .  40 watts a v a i l a b l e  t o  f i v e  high power experiments on a 

25 pe rcen t  du ty  cyc l e  f o r  s u n l i t  p o r t i o n s  of t h e  o r b i t  f o r  pe r iods  

having a maximum d u r a t i o n  of $ minutes. The programming wi l l  no t  

exceed two 5 minute d i scha rges  pe r  30 minute charging per iod.  



During e c l i p s e  per iods  t h e r e  w i l l  be no more than  two 5 minute d i scharge  

per iods .  

B POWER ZNPUTS 

1. The observt!tsrir.y 11y3t~q v o l t a g e  w i l l  be 28 +5*5 v o l t s .  -4.5 
Power i n p u t s  t h e  ekperPrirgnc,,s o d l l  be unregulated and unf $1 t e r e d ,  

A l l  e x p e z $ m s f l ~  s h a l l  be capable  of ope ra t ing  s a t i s f a c t o r i l y  w i th in  

t h e i r  own s p e c i f i c a t i o n s  f o r  any system power aupply v o l t a g e  between 

4-23.? and 3 3 . 5  v o l t s  dc. 

2. The dc  i n t e r n a l  impedance of  t h e  power supply w i l l  be 

l e s s  t han  1.8 ohms f o r  experiments mounted on t h e  end of a long boom, 

and l e s s  than 1.5 ohms f o r  a l l  o t h e r  experiment l o c a t i o n s .  This  i m -  

pedance w i l l  i n c r e a s e  t o  4.5 and 4.0 ohms r e s p e c t i v e l y  a t  a frequency 

of 50 kRz, 

3. An unshie lded twis ted  p a i r  w i l l  be used f o r  the '+28  v o l t  

dc and r e t u r n .  A sh i e lded  cab le  may be used f o r  t he se  l i n e g  upon 

coo rd ina t ion  w i t h  GSFC and TRW. 

4. A l l  power t o  each experiment w i l l  be through command 

switches  and f m e s  provided as p a r t  of t h e  s p a c e c r a f t ,  

5. One s h o t  s o l i d  s t a t e  f u s e s  w i l l  be inc luded  as p a r t  of 

t he  s p a c e c r a f t  i n  a l l  experiment-power l i n e s  t o  au toma t i ca l ly  c u t  o f f  

power permanently t o  an experiment i f  it  draws a c u r r e n t  exceeding 

0.5, I, o r  3 amps dc depending upon t h e  s p e c i f i c  power requirements  

of t h e  experiment. 

6. The maximum c u r r e n t  drawn by an  OGO experiment s h a l l  no t  

exceed t h e  fol lowing va lues  un le s s  us ing  high c u r r e n t  r o l a y s  o r  

experiment ordnance command, i n  which case  t h e  maximum c u r r e n t  s h a l l  

b e  10 amps. 



Mazcimum Current Duration 
~ m i l l i s e c o n d s )  

5 
200 

s teady s t a t e  

Current 
( amperes) 

7. Ripple Limits 

a. A l l  experiments s h a l l  be capable of opera t ing  satis- 

f a c t o r i l y  within t h e i r  own specif icatLons when the  input  power 

includes open c i r c u i t  noise  of 450 m i l l i v o l t s  peak or l e s s ,  a t  any 

frequency between 10 Ha and 50 kHz. 

b. No experiment s h a l l  feed back onto the  power input  l i n e  

pe r iod ic  e l e c t r i c a l  noise  with a peak t o  peak amplitude i n  excess 

of 20 m i l l i v o l t s  a t  any frequency g rea te r  than 10 Hz f o r  more than 

onehhalf second i n t e r v a l s .  I n  addi t ion ,  no measurable i n t e r f e r e n c e  

s h a l l  be generated i.n the  145 t o  155 MHz frequency range. 

8. Experiments shal l -  not  generate  conducted o r  r ad ia ted  

i n t e r f e r e n c e  which w i l l  cause adverse e f f e c t s  on other  experiments 

or spacec ra f t  subsystems during any opera t ing  modes, A l l  experiments 

s h a l l  be designed and fabr i ca ted  i n  accordance with Paragraph 3.2 of 

MIL-1-26600. Compliance wi th  t h i s  requirement w i l l  be v e r i f i e d  during 

experiment i n t e g r a t i o n  and t e s t  i n  the  spacecraf t .  For maximum assur-  

ance of noninterference on the  spacecraf t ,  experiments should demonstrate 

compliance with Paragraphs 4.3.1, 4.3.2, and 4.3.4 of MIL-1-26600. 

R e s p o n s i b l i l i t y  for  co r rec t ive  a c t i o n  which may r e s u l t  from t h i s  

requirement w i l l  r e s t  with t h e  organiza t ion  supplying t h e  non-conform- 

ing  experiment, 

9. Experiments s h a l l  not  be damaged and t h e i r  func t iona l  

performance s h a l l  not  be permanently impaired o r  degraded as a r e s u l t  



of appl ied  vol tage  t r a n s i e n t s  of any peak amplitude up to  3.50 v o l t s  

dc f o r  a dura t ion  of 10 mill iseconds or l e s s ,  

10. Experiments s h a l l  not  be damaged ( t h e i r  q u a n t i t a t i v e  

performance may be out  of tolerance)  by a p p l i c a t i o n  of any supply 

vol tage  from 0 t o  4-42 v o l t s  dc. Maximum dura t ion  fo r  vol tages  between 

+33,5 and -4-42 v o l t s  s h a l l  be 10 minutes, 

C, COMMANDS 

1, A t o t a l  of 146 commands w i l l  be provided a s  p a r t  of the  

spacecraf t  f o r  use by the experiments. These commands w i l l  be 

a v a i l a b l e  t o  the  experiment a s  follows: 

a. 50 commands - power ON 

b, f j ~  commands - power OFF 

c. 46 commands - impulse 

2. A l l  power t o  experiments w i l l  be supplied through 

command r e l a y s ,  The power cont ro l  w i l l  be a magnetic l a t ch ing  r e l a y  

t h a t  can be co~manded i n t o  e i t h e r  the  QN or  OFF  p o s i t i o n  by a  s h o r t  

dura t ion  pulse,  and requ i res  no addi t ional  power t o  remain i n  the  

command p o s i t i a n ,  The r e l a y  contact  r a t i n g s  w i l l  be 28 v o l t s  dc, 2  

amperes r e s i s t i v e ,  1 ampere induct ive,  I f  r e l a y  contac ts  a r e  closed, 

perak cur ren t  pulses  of 3 ,5  amps or  l e s s  can be accommodated f o r  per iods 

of' 1 second o r  l e s s ,  The r e l a y s  have a contac t  bounce period of 

approximately 1 mill isecond, The r e l a y  c h a t t e r  during the  i n i t i a l  1 

mill isecond has a  somewhat random frequency. Except f o r  t h i s  per iod 

the impulse i s  a  good square wave, I n  the  ON condition,  the experiment 

w i l l  be provided wi th  the  spacecraf t  b a t t e r y  vol tage.  I n  the OFF 

condi t ion  the  experiment w i l l  be provided with an open c i r c u i t  of 100 

Megohms, The r e l a y  contac ts  w i l l  be double pole, double throw and 

w i l l  be p a r a l l e l e d  f o r  r e l i a b i l i t y .  

3.  For ty-s ix  impulse commands w i l l  be provided. Relay contac ts  

w i l l  be closed f o r  50 t o  65 mill iseconds by an impulse command, 



Grounding of t h e  command l i n e  through the  r e l a y  c o n t a c t s  w i l l  be  

provided. upon a c t i v a t i o n  of an  impulse command. Power i n p u t  f o r  

t h i s  command w i l l  be through the  experiment power i n p u t  r e l a y  and 

fuse .  The r e l a y  con tac t  r a t i n g s  w i l l  be  28 v o l t s  dc, 2 amperes 

r e s i s t i v e ,  1 ampere induc t ive .  The r e l a y s  w i l l  have a maximum 

con tac t  bounce per iod of 3 mil l i seconds .  

4. Cur ren t  pu l se s  of 10 amperes maximum f o r  a d u r a t i o n  of 

50 mi l l i s econds  o r  l e s s  w i l l  be a v a i l a b l e  through use  of t h e  exper i -  

ment ordnance c i r c u i t .  D e t a i l s  of  t h e  implementation s h a l l  be coor- 

d ina t ed  wi th  GSFC and TRV, 

1. Timing s i g n a l s  wi th  the  fol lowing c h a r a c t e r i s t i c s  may 

be supp l i ed  t o  a maximum of 15 experiments: 

a ,  Frequencies  ava i l ab l e :  3555.6, 222.22, 13.889) 
0.86806, 0.054250, and 0.0033906 pps 

b. Accuracy of f requenc ies :  

One p a r t  i n  lo6 f o r  one year  

One p a r t  i n  10' f o r  one hour 

c.  True amplitude: 3.7 23 v o l t s  

d. F a l s e  amplitude: 0 21.5 v o l t s  

e. Pu lse  width a t  50 percen t  ampli tude po in t s :  
20 f 6 microseconds 

f .  R i se  time; 10 t o  90 percen t  ampli tude po in t s :  
5 microseconds 

g. F a i l  t ime; 90 t o  10 pe rcen t  ampli tude po in t s :  
15 microseconds 

h. Timing p u l s e s  w i l l  be synchronous w i t h  te lemet ry  i n  
t h e  followin,g manner a t  t h e  1 kbps r a t e :  

A 3555.6 pps pu l se  w i l l  occur 78.0 microseconds be fo re  
t he  f i r s t  b i t  of tire fol lowing complete t e lemet ry  frame. 

A 222.22 pps pu l se  w i l l  occur 62.4 microseconds be fo re  
t he  f i r s t  b i t  of t he  fol lowing complete t e lemet ry  frame. 

A '13.889 pps pu l se  w i l l  occur 4.6.8 microsecands be fo re  
the  f i r s t  b i t  of t h e  fol lowing complete t e lemet ry  frame. 



A 0.86806 pps pulsc  w i l l  occur 31.2 microseconds before 
the  f i r s t  b i t  of the following complete te lemetry frame. 

A 0.05425 pps pulsc  w i l l  occur 15.6 microseconds bafore 
the f i r s t  b i t  of the  following complete te lemetry frame. 

A 0*00339 pps pulse  w i l l  occur 0 mi,croseconds before t h e  
f i r s t  b i t  of the  followi,ng complete te lemetry frame. 

2 .  With the  experiment power ON or  OFF, the experiment input  

r e s i s t a n c e  for  timing s i g n a l s  s h a l l  be 20,000 + 4,000 ohms re turned  

t o  ground, The capaci t ive  load of the  experiment s h a l l  be l e s s  than 

25 picofarads.  

3.  The timing s i g n a l s  w i l l  be d i s t r i b u t e d  throughout the  

spacecraf t ,  a s  necessary, through miniature  coaxial  cable.  The cable  

s h i e l d  s h a l l  be connected t o  chass i s  ground a t  both the  source and 

load end of the cable. The maximum cable  capaci ty  w i l l  be l e s s  than 

625 picofarads.  The timing s i g n a l  r e t u r n  s h a l l  be through c i r c u i t  

ground, 

4. Noise de l ivered  t o  the  experiment on the  timing s i g n a l  

l i n e s  w i l l  be l e s s  than 300 m i l l i v o l t s  peak t o  peak fcr a l l  frequen- 

c i e s  from 10 Hz t o  50 kHz measured a t  t h e  spacecraft/experiment 

interface connector. 

5. The maximum amplitude of noise  fed back on a timing s igna l  

l i n e  from any experiment s h a l l  be l e s s  than 20 m i l l i v o l t s  peak t o  

peak measured a t  the  spacecraft/experiment i n t e r f a c e  connector. 

6. The  timing s i g n a l  c i r c u i t r y  of the  spacecraf t  s h a l l  not  

have a f a u l t  vol tage imposed upon i t  by an experiment i n  excess of 

t h e  va lues  l i s t e d  below: 

a. 0 without s e r i e s  r e s i s t a n c e  i n  the  experiment 

b. 0 C Vf < + 33.5 v o l t s  with 10,000 ohms minimum 

s e r i e s  r e s i s t a n c e  i n  the  experiment. 

Timing signals t o  o ther  experiments may be outs ide  s p e c i f i -  

c a t i o n  limits under t h i s  condition.  Operation w i l l  be r e s to red  upon 



removal of f a u l t .  TIlese vol tages  w i l l  be measured a t  the  experiment/ 

spacecraf t  i n t e r f a c e  connector. 

E, CONNECTORS 

1. The standard connactor i n s t a l l e d  i n  an experiment assembly 

which e l e c t r i c a l l y  couples an experiment t o  the  spacecraf t /observatory 

s h a l l  be a male s t r a i g h t  p in  connector se lec ted  from t h e  CINCH DM s e r i e s .  

C I N C H  DM s e r i e s  ronnectors  with high vol tage  or  coaxial  pins  may be 

used provided t h a t  GSFC and TRW a r e  n o t i f i e d  a t  l e a s t  s i x  months p r i o r  

t o  spacecraf t  i n t e g r a t i o n  to  permit procurement of the  proper space- 

c r a 2 t  connectors. The use of two ident ic21 ex te rna l  connectors on one 

experiment assembly should be avoided. A connector designation, 

spec i f i ed  by GSFC or TRW s h a l l  be permanently marked near each 

connector i n  each kxperiment assembly i n  a loca t ion  which i s  v i s i b l e  

when the  assembly i s  mounted i n  the observatory,  

2. Contact: i n s u l a t i o n  s h a l l  be unmilled d i a l l y l g ' . a l a t e  with 

g l a s s  f i b e r  f i l l e r  or with acid-leached asbes tos  f i l l e r .  

3. The connector case s h a l l  be f ab r i ca ted  of non-magnetic brass .  

4. Connector p in  assignments may be chosen by the  experimenter. 

Pins  should be appropr ia te ly  se lec ted ,  however, t o  allow twisted p a i r s  

of wires  t o  be routed on adjacent  p ins  and t o  allow s i g n a l s  suscep t ib le  

t o  noise  t o  be i s o l a t e d  from those which a r e  p a r t i c u l a r l y  noisy.  

5. Experimenters a r e  requested t o  include t e s t  connectors 

which provide access  f o r  troubleshooting t o  appropr ia te  c i r c u i t  po in t s  

wi th in  t h e i r  experimental devices.  

6. Co,iiectors contained i n  th.e experiments s h a l l  be secured 

w i t h  CANNON screw locking mechanism No. 20418-2, non-magnetic. 

7. Cadmium p la ted  connectors s h a l l  not be used on any OGO 

experiment. 



ILL , TELENETRY INTERFACE 

A. GENERAL 

The wideband te lemetry  system w i l l  i nc lude  two i d e n t i c a l  

equipment groups, des ignated equipment group 1 ( E G ~ )  and equipment 

group 2 ( E G ~ ) ,  Each equipment group c o n s i s t s  of a n  ana log  data 

handl ing assembly (ADHA) and a d i g i t a l  d a t a  handl ing assembly 

(DDHA). Under normal condi t ions ,  E G 1  w i l l  be a s s igned  t o  t h e  

handl ing  of r e a l  t ime te lemet ry  d a t a  and EG2 t o  t h e  handl ing o f  

recorded d a t a ,  However, t h e  two systems a r e  i d e n t i c a l  and t h e i r  

func t ions  may be in terchanged by ground command, 

B ANALOG EXPERIMENTS 

1, The analog output  s i g n a l  s h a l l  be p o s i t i v e  only  and s h a l l  

l i e  i n  the  0 t o  -4- 5.1 v o l t  range. 

2. The analog experiment output  impedance s h a l l  be chosen 

by t h e  experimenter i n  such a manner t h a t  t h e  t o t a l  e r r o r  i n  d i g i t i -  

z a t i o n  caused by t h e  input  impedance of t h e  ADHA i s  l e s s  than 2 

m i l l i v o l t s  f o r  8 b i t  q u a n t i z a t i o n  accuracy,  l e s s  t han  22 m i l l i v o l t s  

f o r  7 b i t  q u a ~ ~ t i z a t i o n  accuracy, o r  less  than  62 m i l l i v o l t s  f o r  6 
b i t  q u a n t i z a t i o n  accuracy,  The app rop r i a t e  formulas f o r  de te rmina t ion  

of t h i s  e r r o r  a r e  i n  Paragraph 3 .3 ,1 .2 ,2  of D-13356, Revis ion D bu t  

axle not  r epea t ed  here .  

3. A s i n g l e  analog d a t a  output  l i n e  t o  each equipment group 

s h a l l  be used for  each analog d a t a  ou tpu t .  I f  t he  same d a t a  can be 

sampled s imul taneously  by both equipment groups, t h e  two ou tpu t  l i n e s  

should be i s o l a t e d  from each o t h e r  such t h a t  when one ou tpu t  i s  loaded 

by a c u r r e n t  of 6 mill iamperes,  the o t h e r  ou tpu t  p o t e n t i a l  s h a l l  not  

change by more than 2 m i l l i v o l t s ,  

If a s i n g l e  d a t a  output  l i n e  i s  connected t o  bo th  equipment 

groups, t h e  d a t a  may be inaccu ra t e  i f  t h e  output  i s  sampled sirnultan- 

eous ly  by bo th  equipment groups. S ince  on OW-E t h e  equipment groups 

a r e  synchronized, t h e  p r o b a b i l i t y  and p r e d i c t a b i l i t y  of t h i s  occurrence 



i s  g r e a t e r .  

4. The anal,og da t a  w i l l  be sampled f o r  a convers ion t ime no t  

t o  exceed 65 microseconds. 

5. The ana log  experiment s h a l l  be a b l e  t o  ~ccommodate a c u r r e n t  

o f  a t  l e a s t  10 microamperes a t  t h e  time of comparison without  s u f f e r i n g  

deg rada t ion  i n  c a l i b r a t i o n  o r  performance. 

6 &  Analog, da t a  ou tpu t  s i g n a l s  w i l l ,  be t r a n s m i t t e d  from t h e  

experiment t o  t h e  ADHA on min ia ture  coax ia l  cable .  The coax ia l  s h i e l d  

skiall not  be connected t o  t h e  experiment. The analog s i g n a l  r e t u r n  

s h a l l  be through c i r c u i t  ground. The maximum cab le  capac i tance  w i l l  

b e  (550 9 7 5 ~ )  p icofarads  where N i s  t h e  number of words t o  which t h e  

ou tpu t  is  connected. 
/ 

7. Maximum permiss ib le  dc f a u l t  v o l t a g e  a p p l i e d  t o  an  analog 

d a t a  ou tpu t  l i n e  s h a l l  be between 3. 33.5 and - 33.5 v a l t s .  

THERMAL INTERFACE 

A.  EXPECTED TWERATURES 

1. The r e s p o n s i b i l i t y  f o r  t h e  thermal c o n t r o l  t o  mainta in  a 

SOEP b a s e p l a t e  temperature of  approximately + 20 $. lo°C s h a l l  r e s t  

w i t h  GSFC. The c o n t r o l  w i l l  be pass ive .  

2. The SOEP experiments s h a l l  be capable  of o p e r a t i n g  over a 

i,emperature range of - 20 t o  + 60°C. 

3. A l l  experiments s h a l l  be capable  of s t o r a g e  (non-operat ing a t  

tempera tures  of - 37 t o  + 60°C. 

B . EXPERLMENT T H E W  DESIGN REQUIREMENTS 

1. The i n t e r n a l  c o n s t r u c t i o n  s h a l l  be such t h a t  a l l  major h e a t  

g e n e r a t i n g  components a r e  coupled t o  t h e  experiment mounting base  and 

cover  through adequate h e a t  conducting pa ths .  The experiment cover 

s h a l l  be coupled t o  t h e  mounting base through adequate h e a t  conduction 

p a t h s  and be cons t ruc ted  of a m a t e r i a l  ( o r  m a t e r i a l s )  t h a t  enab les  t h e  



cover t o  be a t  s u b s t a n t i a l l y  the  same temperature as the  mounting base .  

2. The e x t e r n a l  mounting s u r f a c e s  of a11 experiment assemblies  

s h a l l  be e l e c t r i c a l l y  conducting, 

3. Exte rna l  s u r f a c e s  wi th  t he  except ion of t h e  mounting base 

s h a l l  be  t r e a t e d  o r  coated t o  have an emit tance of no t  l e s s  t han  0.72 

a t  a temperature of 18 '~ .  A s u i t a b l e  coa t ing  of metal s u r f a c e s  i s  

" C a t - a - ~ a c "  No, 463-1-8, manufactured by the  Finch P a i n t  and Varnish 

Company, Torrance,  C a l i f o r n i a .  

4. The bottom of t he  mounting base s h a l l  have a s u r f a c e  f i n i s h  

of 64 microinches root-mean-squared o r  b e t t e r  and s h a l l  be f l a t  w i t h i n  

0.008 inch  i n  a 8 inch  length  ( o r  p ropor t iona l  va lues  f o r  o t h e r  a c t u a l  

base  dimensions).  

V, MISCELLANEOUS REQUIREMENTS 

A .  The experimenter s h a l l  des ign each experiment assembly s o  as 

t o  minimize t h e  escape of gases .  

B.  M a t e r i a l s  s e l e c t e d  f o r  use i n  the  observa tory  s h a l l  be 

s u f f i c i e n t l y  r e s i s t a n t  t o  t he  a n t i c i p a t e d  r a d i a t i o n  environment t o  

t h e i r  necessary p r o p e r t i e s  f o r  a per iod  of one yea r .  

C.  Magnetic F i e l d :  

1. A l l  experiments s h a l l  be designed s o  a s  t o  minimize t h e  

permanent, induced, and t r a n s i e n t  magnetic f i e l d  e f f e c t s  seen by a 

magnetometer experiment,  A s  a des ign goal  the  magnetic f i e l d  of an 

experiment assembly s h a l l  be l e s s  than  100 gamma a t  a d i s t a n c e  of 1 

foo t  

2. Magnetic s h i e l d i n g  m a t e r i a l s  s h a l l  not  be inc luded  i n  

any experiment i n  o rde r  t o  reduce the  magnetic f i s l d .  

3. Nei ther  t h e  experiment assembly nor any of i t s  component 

p a r t s  s h a l l  be d e l i b e r a t e l y  demagnetized i n  o rder  t o  reduce t h e  magnetic 

f i e l d .  



APPENDIX C 

ENVIRONMEN'I!AL TEST SPECIFICATIONS 

The fo l lowing  i s  a s p e c i f i c a t i o n  f o r  a l l  environmental t e s t i n g  

performed on the  f l i g h t  model payload by NASA. 

A. TEST FACILITIES 

I.. General  

The appa ra tus  used i n  conducting t e s t s  s h a l l  be capable  of 

producing and mainta ining t h e  t e s t  cond i t i ons  r equ i r ed ,  wi th  t h e  exper* 

iment under t e s t  i n s t a l l e d  on o r  i n  t h e  appara tus  and o p e r a t i n g  o r  non- 

opera t ing ,  as r equ i r ed .  Changes i n  t e s t  appara tus  cond i t i ons  from t h e  

nominal cond i t i ons  s p e c i f i e d  by t h e  app rop r i a t e  t e s t  procedures s h a l l  

no t  exceed t h e  a p p l i c a b l e  t e s t  procedure requirements  o r  t h e  r e q u i r e -  

ments of S e c t i o n  4 of t h i s  s p e c i f i c a t i o n ,  whichever l i m i t s .  

2. Standard Condi t ions  f o r  T e s t  Area 

( a )  Temperature 

( b )  R e l a t i v e  Humidity 

( c )  Barometr ic  P re s su re  

25 2 3 ° C  
55$ o r  l e s s  

Room ambient 

( ~ e r f o r m a n c e  d a t a  t o  be c o r r e c t e d  t o  760 mm ]Kg i f  
s o  s p e c i f i e d  i n  t h e  a p p l i c a b l e  experiment t e s t  
procedure) 

3. Measurements 

A l l  measurements s h a l l  be made wi th  ins t ruments  the  accuracy of 

which conforms t o  accep tab le  s t anda rds  and which a r e  appropmiate f o r  

t h e  parameters measured and t h e  environmental cond i t i ons  concerned. 

The accuracy of t h e s e  ins t ruments  s h a l l  be v e r i f i e d  p r i o r  t o  conduct 

of t e s t .  Documentation s p e c i f y i n g  ins t rument  accuracy,  c a l i b r a t i o n  

per iods ,  c a l i b r a t i o n  f a c i l i t i e s ,  and t h e  procedure used t o  c o n t r o l  

ins t rument  c e r t i f i c a t i o n  s h a l l  be produced on r e q u e s t .  



4, Tolerances 

The maximum allowable to lerances  f o r  t e s t  condi t ions s h e l l  be as 

follows, unless  otherwise spec i f i ed  by the appl icable  t e s t  sec t ion  i n  

t h e  environmental t e s t  s p e c i f i c a t i o n  or t e s t  procedure: 

( a )  Temperature - + 2 ' ~  (exclus ive  o f  accuracy 
of instruments) 

(b)  Vibra t ion  Amplitude - + I@ 
( c )  Vibra t ion  Frequency - t #  
( d )  Addit ional  Tolerances Additional to lerances  

s h a l l  be spec i f i ed ,  

5. Vacuum Gages 

Absolute pressure s h a l l  be indica ted  by a vacuum gage. The gage 

s h a l l  be loca ted  such t h a t  the environment being sensed i s  rep resen ta t ive  

of t h e  chamber t e s t  space. 

B. TEST SEQUENCE 

1. Magnetic 

A t  t h e  s t a r t  of the environmental exposure sequence, the  experi-  

ment s h a l l  be checked fo r  permanent, induced, and s t r a y  e f f e c t  et a 

d i s t ance  of a t  l e a s t  th ree  times the  maximum l i n e a r  dimension of tEse 

amsembly. The inverse  cube law s h a l l  be appl ied  fo r  ex t rapo la t ion  ta 

a d is tance  of one foot .  If the ext rapola t ion  f o r  each s f  these  f i e l d s  

i s  equal  t o  100 gamma or l e s s ,  no f u r t h e r  t e s t i n g  s h a l l  be requi red  

u n t i l  completion of the environmental t e s t  sequence. Where t h i s  value 

i s  exceeded, t h e  t e s t  s h a l l  be continued by measuring the  magnetic 

f i e l d  a t  a d i s t ance  of approximately s i x  times the aforementioned d i s -  

tance,  I f  t h e  ext rapola t ion  f o r  permanent or  induced magnetic f i e l d  

again exceeds the 100 gamma value, the  experiment s h a l l  be exposed t o  

a dc magnetic f i e l d  represent ing  the  maximum f i e l d  i t  i s  l i k e l y  t o  

experience during i t s  l i f e t i m e  (25 gauss unless  otherwise determined). 

After t h i s  exposure, the experiment permanent magnetic f i e l d  s h a l l  be 

measured and t h e  experiment de-magnetized t o  i t s  i n i t i a l  s ta te  or  l e s s .  



2. Weight and C*enter of Gravi ty 

The weight and ?,enter of g rav i ty  of each experiment assembly 

s h a l l  ba determined cor rec t  t~ the  u n i t s  spec i f i ed  below. 

Weight 

Center of Gravity 

0.01 pound or 0.5% of the  
t o t a l  weight (whichever i s  
g e a t e r )  

The mass propert?? determinations a r e  included a s  p a r t  of the  

environmental exposures t o  e f f e c t  design cont ro l .  These measurements 

s h a l l  be repeated i f  the experiment i s  modified during t h e  t e s t  program. 

3. Leak Detectiog 

A l l  experiment assemblies designed t o  hermetical ly  sealed must 

have provis ion fo r  demonstrating kf t e s t i n g  the e f fec t iveness  of the 

s e a l  and s h a l l  be subjected t o  a l eak  de tec t ion  t e s t .  

This sec t ion  i s  not appl icable  t o  the  UMdRAO E-20 experiment. 

4, Vibrat ion 

The experiment (o r  appendage container  with experiments) s h a l l  

be a t tached t o  the v i b r a t i o n  generator v i a  a r i g i d  f i x t u r e .  Attachment 

s h a l l  s imulate  the a c t u a l  attachment of the  experiment t o  the observatory 

s t ruc tu re .  

The opera t ional  condi t ion of t h e  exper ilnent during t h i s  t e s t  s h a l l  

be r ep resen ta t ive  of t h a t  during the  launch phase: normally nanoperative. 

However, i t  i s  recommended t h a t  the  experiment performance be checked 

between axes a s  a minimum and, i f  opera t ion  of the experiment does not  

change i t s  s e n s i t i v i t y  t o  v ib ra t ion ,  the  experiment may be operated 

during the  t e s t  a t  the  d i s c r e t i o n  of the experimenter, 

Each experiment package s h a l l  be subjected t o  v i b r a t i o n  along 

t h r e e  orthogonal axes i n  confo~mance with t h e  schedule below, The 

o r i e n t a t i o n  f o r  appendage-mounted experiments s h a l l  be with the  

long i tud ina l  a x i s  perpendicular t o  the  plane of the  mounting in te r face .  



4.1 Sinusoidal-swept Frequency 

The appl ied frequency s h a l l  be swept from the lowest t o  the  

h ighes t  frequency once fo r  each range, Time r a t e  of change of 

frequency s h a l l  be proport ional  t o  frequency a t  the r a t e  of 4 octaves/  

minute ( t o t a l  t e s t  time each axis :  1.9 minutes). 

Axis - 

Longitudinal ( Y )  

La terna l  (x, 2) 

Frequency Range Input  Control 
(HZ) ( s t a t e d )  

10 - 22 0.33" constant  d i sp l .  
(D.A.) 

22 - 50 8 (0 t o  ~eak) 

50 - 400 2.7 ( 0  t o  peak) 

400- 2000 5 ( 0  t o  peak) 

10 - 14 0.33" constant  d i s p l .  
(D.A.) 

14 - $0 3.3 ( 0  t o  peak) 

50 - 400 2 ( 0  t o  peak) 

400- 2000 5 ( 0  t o  peak) 

4.2 Random Motion Vibrat ion 

Gaussian random v i b r a t i o n  s h a l l  be appl ied with the  "g-peaks" 

cl ipped a t  th ree  times the root-mean-square acce le ra t ion  s p e c i f i e d  

i n  t h e  schedule, With the experiment i n s t a l l e d ,  the  cont ro l  acce le r -  

ometer response s h a l l  be equalized such that the s p e c i f i e d  power 

s p e c t r a l  s e n s i t y  (PSD) values a r e  within + 3 db throughout the  frequency 

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 

r a t e  of 40 dbloctave or  g rea te r .  The following t e s t s  s h a l l  be conducted 

f o r  a l l  experiments i n  each of the  orthogonal axes specified i n  Sect ion  4.1. 

Frequency Range 
(HZ) 

20 - 500 

PSD Level 
( ga /HZ) 

Accelerat ion 
(s-rms) 

. 044 5.3 ( f o r  20 - 
2000 Hz f req-  

.044 with 12 db/ uency range) 
octave r o l l - o f f  

Tota l  t e s t  time each axis:  2  minutes. 



5, Thermal-Vacuum 

For a l l  t e s t s ,  chamber p re s su re  s h a l l  be maintained a t  5 x log6 
mm Hg o r  l e s s ,  Ln general ,  t h e  experiment s h a l l  be opera ted  only  a f t e r  

t h e s e  cond i t i ons  a r e  reached,  

Cont ro l  temperature f o r  t he se  t e s t s  s h a l l  be t he  expekiment base  

p l a t e  (mounting base) temperature.  I f  t h e  experiment i s  n o t  being t e s t e d  

i n  i t s  o r b i t a l  con ta iner ,  methods s h a l l  be dev ised  f o r  mainta ining t h e  

surrounding temperature equa l  t o  t h e  c o n t r o l  t e s t  temperature.  

S t a b i l i z a t i o n  s h a l l  be considered achieved when no r e f e r e n c e  

thermocouple v a r i e s  by more than 1°C per  hour,  

A l l  appendage-mounted experiment assemblies  s h a l l  be opera ted  

dur ing  t h e  temperature soak cond i t i ons  l i s t e d  below: 

( a )  Experiment b a s e p l a t e  temperature maintained a t  O'C f o r  a t  
l e a s t  12 hours a f t e r  s t a b i l i z a t i o n .  

( b )  Experiment b a s e p l a t e  temperature maintained a t  -I- 4 0 ' ~  f o r  
a t  l e a s t  12  hours a f t e r  s t a b i l i z a t i o n .  

NOTE: The a c t u a l  t e s t  temperatures  f o r  t h e  OGO-V radiometer 
were - l0'C and + 5 0 ' ~ .  Thi s  was per our r e q u e s t  t o  
give added assurance  of t h e  o p e r a t i o n a l  c a p a b i l i t y  of 
the  experiment, 
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Frequency 

50 KHZ 

100 

200 

350 

600 

900 

1.8 MHz 

3.5 

TABLE 1 

RADIOMETER INPVT IMPEDANCE 

R = Resistive component of preamplifier input impedance 
s 

C = Capacitive component of preamplifier input impedance 
s 



TABLE 2 

RADIOMETER CALIBRATION INPUT CONDITIONS 

Stimulus Input  Level S/C Voltage 

I n t e r n a l  

External 

C a l .  1 

C a l .  LC 

*n i s  the  number of db below a reference  noise l eve l .  n i s  
approximately 80. 



TABLE 3 
Radiometer 
Frequency 

INITIAL RF CONDUCTED INTERFERENCE TEST RESULTS 

Inter Eer  ing  50  HZ loo ICHZ 200 kHz 350 HZ 600 MZ 900 UZ 1800  HZ 3500   HZ 

Frequency 

175 
200 
225 
300 
350 
360 
400 
450 

I 500 
600 
875 
goo 

1000 
1167 
1500 

3500 
3550 198.0 
3600 

10.7 MHz 8.8 
21 , l  2*T 
21.5 
22*0 
22.3 
23.2 
24*95 
32.0 
32.4 
32.5 
34.0 
35.8 

* Only measured on 100 kHz radiometer channel 
1 These l e v e l s  i n j e c t e d  i n t o  t h e  dummy antenna on t h e  radiometer i n p u t  cause a 40 m i l l i v o l t  

i n c r e a s e  i n  t h e  radiometer ou tpu t  above t h e  qu ie scen t  l e v e l ,  



TABLE 4 

RFI FILTEX EFFECTIVENESS 

FREQUENCY -. 

10.66 MHz 

17.6 
24.8 

31.8 

38.8 

45.8 
52.8 

59.8 
67.1 

73.8 
81.2 
88.2 

95.5 
102.4 
1 0 9 ~ 6  
216.4 
123.6 
130.6 
!137.6 
1 9 . 6  . a  

151.6 
158.6 
166.0 

173 9 0 

THRESHOLD RESPONSE 
Or iainal Filter 



TABLE 4 continued 

Notes: 
Zquipment : 

1, HP 608C Signa l  Generator 
2. HP 355A Attenuator  
3. HE 355D Attenua tor  
4. Simpson 260 Multimeter 

1. These s i g n a l  l e v e l s  i n j e c t e d  i n t o  the  dummy antenna 
on t h e  radiometer i npu t  cause a 40 m i l l i v o l t  i n c r e a s e  
i n  radiometer  ou tpu t  above the  qu ie scen t  l e v e l .  

2. T h i s  p a t t e r n  cont inues  wi th  a gradua l ly  decreas ing  
s u s c e p t i b i l i t y  t o  399.0 MHz. 



FREQUENCY 

50 kHz 

100 

200 

350 
600 

900 

1800 

3500 

RADIOMETER SENSITIVITY WITSH FILTER 

THRESHOLD RESPONSE 
Or ig ina l  F i l t e r  

Notes: 

1. Equipment: 

a.  fif/MO Laboratory Standard Nsise Generator 
b. Non-Linear Systems 2917 D i g i t a l  Voltmeter 
c. Weinschel 64A Attenuator 

DEGRADAT XON 

2 .  This va lue  of  a t t enua t ion  with 15 milliamperes of diode 
current  i n  the Standard Noise Generator causes a 40 
m i l l i v o l t  increase i n  the  radiometer output above the 
quiescent  leve l .  



TABLE 6 

COMPARATLVE SUSCEPTIBILITY TEST RESULTS 

Tnter f er ing D i r e c t  fnput Conducted 
Fr eq . mv (rms) mv (rms) 
(MHz) Pro to  FU- 1 ~ r d t o  FU- 1 



TABLE 6 cont inued 

f n t  er f e r i n g  D i r e c t  Input  Conducted 
F r  eq . mv (rms) nw (rms) 
&Hz) Pro to  FU- 1 Proto  FU- 1 

Condit ions:  

I. 6 0 8 ~  Generator 30$ 1000 Hz Modulation 

2 .  Radiometer on 3.5 MHz Channel 

3. Level  shown caused 40 mv i n c r e a s e  i n  radiometer ou tpu t ,  

Notes: 

% h i s  n o t a t i o n  means the  f u l l  ou tpu t  c a p a b i l i t y  of t h e  608D 
Generator was used ( - 1 . 0 ~  rms) but  not  measured. 



30 FOOT 
MONOPOLE 

I RADIOMETER 
DATA 

0 

ANTENNA 
DEPLOY AND 

EJECT 

DETECTOR 
0 

I t El AS 

I DEPLOY 
MONITOR 

FJECT ARM o-& 

28 VDC 
VOLTAGE REG. 

REG, VOLTAGE > FROM SLC CURRENT LIMITER 

1. System Block Diagram 

I 
I 
I 
1 CAL, , 

LEVEL . 
MONITOR 

O MONITOR 
4 - L E V E L  

ATTENUATOR 4 

I 
I 
I 
I 

11 - 
4 

NOISE 
DIODE 

CALIBRATOR 

THERMISTOR, TEMP, 
L 

CAL. LEVEL FREQ, IDENTITY 
* 

MIXERQ 

PREAMP 
t 

LOW PASS 
FI LT  ER 

? . 
v - 

1 I SELECTOR 
I ZENER 

AGC IF GATES 
AMP DET 6 DRIVERS 

TIMING PULSE -- 
>FROM s/c 

MIXER 
e 

4C- 

XTAL FILTER COMPLEX 

CRYSTAL 
OSCILLATOR 

4 

- 



r"i- cA = ANTENNA CAPACITANCE 

RA = RADIATION RESISTANCE 

f l y  CB = EQUIVALENT STRAY CAPACITANCE 
CB 

2 vA = 4 K T A  R,Af 
A 
w 0 

ANTENNA EQUIVALENT CIRCUIT 

2. Antenna Equivalent Circu i t  



BNTENNA RF 
CONNECTOR 

SIC INTERFACE I TEST W ? E F t F K E  

J C  177 
IC 116 
IC 311 

ldlC77.125: YC17,90.116 

IC 174 
MIC 13. SIC 89 

I 
I 

1 

SIC 59 

TEMP l (NOISE 0IM)E) 
SIC 58 ElEClOR BtAS 

SIC a_$ 
SIC 4 0  
SIC 3 3  - 

OESTRUCT ARM 

i"""""----I 
DBM-W-NM Dm-25P-NM 

3. Radiometer Subassembly System Diagram 



2 5 0  

MIXER TEST OUTPUT 

MIXER e CRYSTQL FILTER --- -------. ------- --- 
---Q-------@-------Q---_1 

NOISE CAL $ RELAY DRIVERS ,=. .- - - - - - - - - - :II@I::::I:e ------- @--- 
OSC. SWITCHIKG LOGIC -- 

TEST INTERFACE --- ------- 
CANNON DBM-25s ---@-------@~II----@~-- 

MAIN LOGIC ----- ---@I------@~~-----BI~Z 

ANTENNA ORDNANCE 
: CANNON DEM-SS 

- *X 

C.201 DIA. 4 -MTG. HOLES 
TOP VIEW 

. 3 9 0  DIA. C'TB'R 2.812 DEEP 

NOTE : I. RECUIRES 4 X I O - 3 2  BOLTS 
TO FASTEN PACKAGE TO BASEPLATE. 

ALL DIMENSIONS PLUS OR MINUS 
UNLESS OTHERWISE SPECIFIED 

35-66 FULL RADIO ASTRONOMY LABORATORY 

CRw"O 07110 
DEPARmENT O F  ELECTRICAL ENGINEERING 

DEPARTUENT O F  ASTRONOMY 
DRAWN 

mv GL  THE UNIVERSIT7 O F  MtCHIGAN. ANN ARBOR LIICHIGAN 

,AM, E - 2 0  EXPERlMENT 
SOEP- I  (OGO-El OUTLINE DRAWING 

I I A N/A DRAWING 
/ 

CHIHIE 2 *$ No. 
805,006-00 

4. Radiometer Mechanical Layout 
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i i NOTES: 

0 U , - w J - l - u U  
TIME (9,216 SEC INCREMENTS -ARBITRARY ORIGIN) 

I. S/C VOLTAGE 

i i 23.5 

28,O 

4 

- 
3 
I- 
I- s - 
e 3 -  u 

a 

2 

LQAD PROFILE FOR E-20 RADIOMETER ELECTROIUICS 

AVG POWER (wat ts)  

1,689 

2 . 0 4 0  

8. Power P r o f i l e  

I 
- I -] 2, THE ENABLE-DISABLE IMPULSE 

i i 
i - 

i 

3 3.5 

COMMANDS WILL ADD A 5 0  MILLI- 
SEC. PULSE OF POWER OF THE 
FOLLOWING VALUES: 

23.5V - 0.875 W 
28.0V - 1,0701V 
33,5V - 1,785W 

THE ANTICIPATE9 FREQUENCY OF 

2.475 

I- - 

- USE OF THESE COMMANDS IS 

I- r- SUFFICIENTLY LOW TtIAT THE 
AVFRAGE POWER AS GIVEN IN 

----- 

NOTE I IS ESSENTIALLY UNAF- 
FEC'I'ED, 

I 
I 
I ------------- 

J : -!--I I 1 I 



TIME- 

A .  SIC  TIMING PULSES A h h h k h h k 

I I I I I _ I  
I IUBCYCLE = 8 STEPS = 9.216 sec. 

I 

B. FREQUENCY STEPS 

C. DATA SAMPLING PULSES 

B'FREQUENCY STEPS 

TIME SCALE CHANGE -- 

D' CALlBRPaKDR LEVELS 

k 

f 
A 

\ 

TIME SCALE CHANGE *p J 

O" CALIBRATOR LEVELS 
OFF INTERVAL = 60 SUBCYCLES ----'4 d 

-4 I CAL. CYCLE = 4 SUBCYCLES 

E" ANTENNA RELAY 

b- I MAlW CYCLE = 64 SUBCYCLES = 589.8 sec. -I 
9 ,  Timing Diagram 



1 .o 
F (MHz) 

10. System Tangential. Temperature 



3. RY,OZ. SLIIDC. POTTER AND BRUMFIELD RELAY 

tt-- ,,, PREAMP AND 
1 I ...'=Yw. 1 OGO-E GRClllNn COMMANDS 

I I I I ".,X.(.L DRAWING 

NO. 
C55.008-00 

C"...S. I 

11. Preamplifier and Ground Command Circuits 





FREO. LOCAL 
R F  IOENTITY OSC 

INPUT OUTPUT INPUT 

NOTES: - 
I. TBOI, TBOZ; 01-878-03 ALAOOIN TRANSFORMER 

Z CBo7, C814, CBI9; 5.5-18~1, 538-001-COPO-92P ERlE TPSAMERS 

3. CB08 ,C81., : SELECTED CAPACITORS (NOMINAL VALUE-ISpll 

4. D801-DBo2 ; 0803-080Q ARE MATCHED PAIRS. 

5. CB18:301-N750 ERIE TNPERATURE COMPEWSATING CAPACITOR. 

I.-".& DRAWING --. I - I - - I  as? ,, C55-005-00 I 

14. Mixer and Crystal Filter Circuits 



TIMING 
PUL-sE >-I=[ ENABLE Dl SABLE 
INPUT FREQUENCY FREQUENCY 

STE PPl NG STEPPING SINGLE 

dvvrb 
FREQUENCY 

.--< STEP 
L2 

15. Logic Block Diagram 



l e v  
POWER OUTPkT TO I F  t4' 

RETUSH TOFF4 h 

U V  

I - NOTE: I 
THE FOLLOWING CONSECUTIVELY NUMBERED 
CROUPS OF COMPONENTS ARE IDENTICAL: 

1 I I ADDED IF AMP FILTER 16-24 1 OUU I I R A D I O  ASTRONOMY IABORliTORY .--- I I 
ODED V ~ W  m ~417. ~ 4 1 6  WAS I-e aL1I-zWTCY rLcCm-*: .-cLC;ltlC 

2 k g , .  m D A R T W L m O t C  Y W I  

3 ~REUOVED L403. C422 
D..- 4 " I T.B. TWL U~(WLIIZ~OFYIQ~OAK U*UDOh I 

1 .  Pulse Drive Redcndancy and FF-1,-2,-3 Circuits 

- 

- - . -.- . -- 

4 R416 FROM 114W NIIIE PULSE DRlVE REDUNDANCY 

I I 10. 
A - S - ~ .  OGO-E AND FF-4-2.-3 
rmn.c DRAWlNG 

I C"...0. 1 DL- 
.m.l 

C55-004-00 





GROUPS OF COMPONENTS ARE IDENTICAL. 

R60, -RS06 - 'WG 
R607- RSIZ ~ z 7 -  C620 
R6,3 - R618 

-- - 
POWER 
RETURN 

19. 0scillato:r Switching Logic Circuits 



20. Main Logic Circuits  







SWITCHED 
*IN INPUTS 

osc IBV POWER 
OUTWT RETURN-& 1 

O S C  7 I O S C  3 

NOTES: - 
I THE FCLLOWING CONSECUTIVELY NUMBERED 

GROUPS OF CDMPONENTS ARE IOENTICBU 

R 3 ~ ~ - R 9 0 4  C 9 ~ 5 - % 0 8  0901-0904 

Rsos-Rsoa Csos-c91r 

R909-R312 '313 -'916 D 9 ~ l - 0 3 0 4  

R913-R916 C917-C92~  

R917 -R920 C921-C9~4  

Csrs -csza  

3 ClRCWT BOARDS 9 AN0 10 ARE IDENTICAL 
WITH THE FOLLOWING EXCEFTIONS: 
4 THE FILTER (Lgo1 a QZgI OCCURS ON 

BOARS 3 W L Y  AND IS USED ON BOTH 
B01RDS. 

EL BOAflD I 0  CONTAINS OSCILLATOFS 1-4 _ C COMPONENT NUMBERS ARE IN l W 0  SERIES. 

a Rma-3.76% 

!7,0n-7.15 K 
-5.49K 

R102~84.lzK 

E. RIOOP-1.5s 

2. CgO1 -CgO4, SELECTEO CAPACITORS 
'FINAL SELECTEO VALUE Q 7 p l l  

RADIO ASTRONOMY UBORAIURY 
D C r A r m L M  W P_TCTII*CU Ln-t-mna 

D v A m W M  W? 
mr uwm- or rMlsUL AU b.wa Y I C ) ( ~ ~ U  ..". 

P 

0.- 5-7-65 
,o. ,,, 060-E NAME LOCAL OSCILLATORS --- 

rmn.' - DRAWING 
C " U I  ,*= -.v ,&yF C55,002-01 

25. Local Oscillator Circuits 



I0.7Mch INPUT 
FROM MIXER 

Dm.  LEVEL 
I F  ZENER MOMTOR 

(2 )  

RAO!OMETER I8V POWER 
OUTPUT RETURN + l a v  

ANTENNA MONITOR DEPLOY OUTPUT r l  @ I 

ZENER @ 

ORD. POWER 
RETURN 

*zav 

I 
SHIELD 

GRCl CMLl 1 
(ANT. OEPLO") 

I 
5-103A 

NOTES: 

L RY2rn: BR-7X-300-D3 BABMCK RELAY 

2 Czos. CZII. C218: 55-18~1.  538-OM-COPO-92P 

ERlE TRIMMERS. 

3. R~,,: 50011 TI. TM-118 SENSISTOR 

R=~'- loon TS TM-IA SENSSTOR 

Rm: 1.8% T\ TM-UE SENSISTMI 

4. C202. CZlo.f CZI7: 301-N750 
ERlE TEMPERATURE CWPENSATING 
CAPACITORS. 

26. IF Amplifier and Detector Circu i t s  



NOISE DlODC 
CURRENT MONITOR 

NMSE DIODE 
TEH?. MONITOR 

I I 1 CHANGED FROM BOARD 3 TO 7 1 6-22 1 Y-U ! I RADIO ASTRONOMY UBORATORY 

27. Noise Calibrator and Relay Driver Circuits 



5.0 4 .O 3.0 2 ,O 

THERPdISTOR NETWORK OUTPUT (VOLTS) 

28. Temperature Sensor Calibration 









( ALL DIMENSIONS PLUS OR MINUS URLESS OTHERWISE SPECIFIED I 
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33. Suitcase A Block Diagram 



34. Suitcase A Circuit Diagram 
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T 
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KEY LOCK 
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+ISV OUT -- ~NDICAT~R SWITCH 

SUITCASE CKT +6V OUT 
+i8V- PULSE 

POWER SUPPLY GENERATOR * PULSE OUTPUT 
-6V OUT 
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I 

35. Suitcase B Block Diagram 
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36. Suitcase 3 Circuit  Diagram 
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37. Suitcase C Block ~ i i ~ r a r n  
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38. Suitcase C Circuit Diagram 
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39. Suitcase C Noise Amplifier 



MIXER 
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40. Input Impedance Measurement Setup 

1 

10.7 MHr KEITHLEY 
AMPLIFIER RMS METER 
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HP - 6 0 6  BRIDGE 

- - 
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BREADBOARD 

- - - - 

- _ - 

-0 

E - 2 0  A - 



3 - C  LOGIC 

SPECIAL SEQUENCE 

r 

! - - - -  - 

I 

DIGITAL TAPE 
HANDLING 

TAPE CONTROL 
LOGIC 

(3-C LOGIC 
ELEMENTS 

TEMPERATURE 
CHAMBER - - -1 

i 

I 

41. Calibration Setup Block Diagram 
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I , 

I I I 





503-E CALISRATI9N CATA 

INPUT TAPE NU'IBER 2826 - 
T Y P  * -20 DEGREES C 

F I L E  N8 = 1 

FREO 
[KHI REC 

SPPLY 
V9LT 

REG 
M5K 

DIBOE 
CJRR 

OETR 
B I A S  

4.8901 
4.8647 
4.8658 
4.8625 
4.8658 
4.8625 
4.8592 
4.8691 
4.8691 
4.8779 
4.8636 
4.8625 
4.8724 
4.8724 
4.8570 
4.8713 
4.8713 
4.8625 
4.8669 
4.8669 
4.8702 
4.8570 
4.8669 
4.8603 
4.8647 
4.8680 
4.3658 
4.8636 
4.9746 
4.8680 
4.8680 
4.8614 
4.8636 
4.8702 
4.8702 
4.8691 
4.8757 
4.8504 
4.~8702 
4.8691 
4.9088 
4.8945 
4r8768 
4.8779 
4 8890 
4.8846 
4.8846 

ANT 
DEPLY 

3.9951 
3.9742 
3 * 9808 
3.9808 
3.9852 
3.9841 
3.9307 
3.9907 
3.9830 
3.9929 
3.9830 
3.9808 
3.9885 
3.9863 
3.9797 
3.3841 
3-9863 
3.9830 
3.9841 
3.9874 
3.9863 
3.9764 
3.9819 
3.9830 
3.9775 
3.9830 
3.9819 
3.9830 
3.9885 
3.9874 
3.9830 
309918 
3.9797 
3.9841 
3.9841 
3.9808 
4.0018 
309742 
3.9863 
3.3885 
4.0210 
4.0128 
3.9885 
3.9929 
4.0040 
4.0073 
4.0029 

REG 
TEYP 

4.7189 
4.7165 
4.7195 
4.7173 
4.7189 
4.7169 
4.7175 
4.7181 
4.7193 
4.7183 
4.7165 
4.7165 
4.7154 
4.7162 
4.7131 
4.7145 
4,7101 
4.7049 
4.7043 
4.7043 
4.7038 
406999 
4.7015 
4.6991 
4.6983 
4.6943 
4.6047 
4.6920 
4.6941 
4.6897 
4.6859 
4.6856 
4.6813 
4.6788 
4.6788 
4.6739 
4.6767 
4.6714 
4.6705 
4.6718 
4.6918 
4.b887 
4.6916 
4.6895 
4.6921 
4 6922 
4 6929 

IFAMP 
ZENES 

15.0931 
15.0369 
15.0413 
15.0292 
15.0248 
1500501 
15.0501 
15.0457 
15.0567 15.0391 

15.0479 
15.0253 
15.0501 
15.0501 
15.0303 
15.0479 
15.0523 
15.0325 
15.0259 
15.0314 
15.0391 
15.0093 
15.0501 
15.0226 
15.0325 
15.0281 
15.0281 
15.0435 
15.0479 
15.0182 
15.0325 15.0226 

15.0336 
15.0071 
15.0303 15.0336 

15.0501 
15.0259 
15.0270 
1500501 15*0810 

150072i: 15.0655 

15.0435 
15.0567 
15.0523 
15.0744 

43. Calibration Digital Printout 
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44. Calibration Response Plot 
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45. Audio Frequency Conducted Interference Test Setup 

46. Radio Frequency Conducted Interference Test Setup 
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I) 
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A 
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0 
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47. Radio Frequency Radiated In riference Test Setup 
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48. Transient Conducted Interference Test Setup 
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GSE 
6 
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h 
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INPUT OUTPUT 

49. Radiometer Input Termination 





AUDIO FREOUENCY INTERFERENCE SUSCEPTIBILITY (CONDUCTED) 

(1800 1 3 5 0 0  kHz RADIOMETER CHANNELS) 

5 10 15 2 0  2 5  3 0  35  4 0 4 5  50 

frequency (kM) 

51. AF Conducted Inter ference  S u s c e p t i b i l i t y  (1.8 and 3.5 MHZ) 



52. RFI Suscept ib i l i t y  Measurement Setup 

r 
HP 

608C 
; SIG. GEN. 

53. Radiometer S e n s i t i v i t y  Measurement Setup 
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ANTENNA - 

3 
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BOARD 

C 
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DVM 
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