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RELEASE NO:  70-2 

NEW TIROS SERIES LAUNCH 

A new e r a  i n  g l o b a l  w e a t h e r  p r e d i c t i o n  i s  e x p e c t e d  

t o  b e g i n  t h i s  y e a r  w i t h  t h e  l a u n c h i n g  by t h e  N a t i o n a l  

A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  o f  t h e  f i r s t  i n  a 

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

C a l l e d  TIROS-M o r  Improved TIROS O p e r a t i o n a l  

S a t e l l i t e - l  (ITOS-1) i n  o r b i t ,  t h e  s a . t e 1 l i t e  i s  s c h e d u l e d  

t o  be l aunched  no e a r l i e r  t h a n  J a n ,  1 5  from t h e  Western 

T e s t  Range, Lompoc, C a l i f .  

The l a u n c h  v e h i c l e  w i l l  be  t h e  two-s tage  Delta-N 

which w i l l  u s e ,  f o r  t h e  f i r s t  t i m e ,  s i x  s o l i d - f u e l ,  s t r a p -  

on r o c k e t s  f o r  a d d i t i o n a l  t h r u s t  a t  l i f t o f f  and a t  abou t  

46,000 f e e t .  
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The s p a c e c r a f t  w i l l  be  p l aced  i n  a c i r c u l a r ,  909- 

m i l e  a l t i t u d e  p o l a r  o r b i t ,  i n c l i n e d  78 .24  deg ree s  ( r e t r o -  

g r a d e )  t o  t h e  Equator  and w i l l  c i r c l e  t h e  E a r t h  every  115 

minu tes .  I t s  o r b i t  w i l l  be Sun-synchronous (Sun always 

a t  t h e  same ang l e  behind t h e  s p a c e c r a f t )  t o  p rov ide  maximum 

power f o r  keep ing  b a t t e r i e s  charged and f o r  i l l u m i n a t i o n  

f o r  photography.  

I n  a d d i t i o n ,  A u s t r a l i s  OSCAR-A, a  39-pound s p a c e c r a f t  

des igned  and c o n s t r u c t e d  by amateur r a d i o  o p e r a t o r s ,  has  

been accep t ed  a s  a  secondary  payload aboard  t h e  D e l t a  second 

s t a g e .  

Th i s  second-genera t ion  o p e r a t i o n a l  s p a c e c r a f t  w i l l  n o t  

on ly  more t h a n  double t h e  d a i l y  weather  coverage  now p o s s i b l e  

from t h e  c u r r e n t  s e r i e s  o f  Environmental  Survey S a t e l l i t e s  

(ESSA), bu t  a t  l e s s  c o s t ,  more e f f e c t i v e l y  and d u r i n g  a l o n g e r  

l i f e t i m e .  

It i s  capab le  o f  t a k i n g  i n f r a r e d  p i c t u r e s  o f  t h e  E a r t h ' s  

c loud  cover  a t  n i g h t  and w i l l  be a b l e  t o  t r a n s m i t  c l oud  

t o p  and s u r f a c e  t empe ra tu r e s .  
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None sf t h i s  w a s  poss ib le  with previous opera t ional  

weather s a t e l l i t e s ,  Howevek, s imztar  sensors  have been 

flown suecess fu l lg  on NASA's yesearch and development 

Nimbus weather s a % e l l i t e s ,  

With t h e  night t ime photo c a p a b i l i t y  meteorologis ts  

w i l l  be provided with cloud cover photos n igh t  and day, 

every 12 hours,  r a t h e r  than j u s t  once a day with daytime 

TV p i c t u r e s  only as i s  now t h e  case with ESSA s a t e l l i t e s .  

Athtomatjlc P i c t u r e  Transmission (APT) system s t a t i o n s ,  

relatively inexpensive ground rece iv ing  u n i t s ,  can rece ive  

t h e  n igh t  and day p i c t u r e s  a s  wel l  as t h e  cloud and su r face  

temperature da ta .  

Other experiments inc lude  a s o l a r  proton monitor f o r  

solar f l a r e  warnings and a radiometer t o  measure t h e  E a r t h ' s  

heat  balance (the mount  of hea t  r e f l e c t e d  from and absorbed 

by t h e  atmosphere), 

Another new f e a t u r e  Is t h e  a t t i t u d e  eon t ro l  system, 

Ins tead  of spinning t h e  whole spacec ra f t ,  a s  with previous 

ESSA s a t e l l i t e s ,  t h e  body of t h e  spacec ra f t  w i l l  be s t a b i l i z e d  

i n  a l l  t h r e e  axes ( p i t c h ,  yaw and r o l l )  so  t h a t  it w i l l  always 

face  t h e  Ear th .  Employing a l a r g e ,  spinning wheel and 

appropr ia te  e l e c t r o n i c  c i r c u i t r y ,  t h i s  s t a b i l i z a t i o n  system 

i s  c a l l e d  " S t a b i l i t e .  " 



Such a  sys tem h a s  d i s t i n c t  advan tages  o v e r  a  s p i n n i n g  

s a t e l l i t e .  They a r e  : 

--Sensors  w i l l  be a b l e  t o  s c a n  t h e  E a r t h  c o n s t a n t l y ,  
p r o v i d i n g  c loud  c o v e r  pho tos  and t e m p e r a t u r e  
measurements .  

--The s p a c e c r a f t ' s  a n t e n n a  w i l l  p o i n t  toward E a r t h  
a l l  t h e  t ime  p r o v i d i n g  b e t t e r  communications. 

- -Severa l  weather-measuring s e n s o r s  can  be o p e r a t e d  
s i m u l t a n e o u s l y .  

TIROS-M w i l l  weigh more t h a n  t w i c e  as much a s  p r e v i o u s  

TIROS O p e r a t i o n s  System (ToS) s a t e l l i t e s ,  6 8 2  pounds as 

opposed t o  300 pounds, and w i l l  r e t u r n  more and b e t t e r  d a t a  

t h a n  two o f  t h e  p r e s e n t  TOS o r  ESSA s a t e l l i t e s .  

I n s t e a d  o f  hav ing  t h e  former  TOS h a t b o x  shape  w i t h  

s o l a r  c e l l s  a round t h e  e x t e r i o r ,  TIROS-M i s  r e c t a n g u l a r  

o r  box-shaped w i t h  a  d e p l o y a b l e  t h r e e - p a n e l  s o l a r  a r r a y .  

With t h e  p a n e l s  u n f o l d e d  t h e  s p a c e c r a f t  measures 1 4  f e e t  

a c r o s s .  

R a t h e r  t h a n  two TOS s a t e l l i t e s  c a r r y i n g  two cameras 

each ,  two APT cameras i n  one and two Advanced Vidicon Cameras 

(AVCS) i n  t h e  o t h e r ,  t h e  new s p a c e c r a f t  w i l l  c a r r y  two of 

each w i t h  t h e  AVCS cameras b e i n g  much improved models .  I n  

a d d i t i o n ,  TIROS-M w i l l  c a r r y  redundant  two-channel  i n f r a r e d  

r a d i o m e t e r s  f o r  g l o b a l  dayt ime and n i g h t t i m e  c l o u d  cover  and 

s u r f a c e  d a t a  which can  be  t r a n s m i t t e d  t o  t h e  more t h a n  500 

APT s t a t i o n s  i n  50 c o u n t r i e s  a l o n g  w i t h  t h e  c o n v e n t i o n a l  d a y -  

t ime  APT p i c t u r e s .  



The rad iomete r  d a t a  w i l l  a l s o  be t aped  on t h e  space-  

c r a f t  f o r  l a t e r  r e adou t  a t  ESSA's two main d a t a  a c q u i s i t i o n  

s t a t i o n s  a t  Wallops I s l a n d ,  Va. ,  and a t  Fa i rbanks ,  Alaska .  

The AVCS t a k e s  a  s e r i e s  of  photos  which a r e  a l s o  

r eco rded  on a  s p a c e c r a f t  t a p e  r e c o r d e r  f o r  l a t e r  r e adou t  

a t  t h e  main d a t a  a c q u i s i t i o n  s t a t i o n s .  They a r e  t h e n  t r a n s -  

m i t t e d  t o  t h e  Environmental  Sc i ence  S e r v i c e s  A d m i n i s t r a t i o n ' s  

N a t i o n a l  Environmental  S a t e l l i t e  Cen te r ,  S u i t l a n d ,  Md, Th i s  

sys tem t a k e s  photos  o f  t h e  e n t i r e  E a r t h  d a i l y .  

The two daytime cameras,  APT and AVCS, w i th  a  p i c t u y e  

r e s o l u t i o n  o f  two m i l e s ,  w i l l  o p e r a t e  f o r  about  48 minu tes  

of e ach  o r b i t .  The r ad iome te r ,  w i th  a r e s o l u t i o n  o f  abou t  

two m i l e s  d u r i n g  t h e  day and f o u r  m i l e s  a t  n i g h t ,  w i l l  

o p e r a t e  f o r  71 minutes  o f  each o r b i t .  

With t h e  improved t echno logy  housed i n  one s p a c e c r a f t  

r a t h e r  t h a n  i n  two, and t h e  new s t a b i l i z a t i o n  sys tem,  t h e  

TIROS-M i s  expec ted  t o  be l o n g e r  l i v e d  a s  w e l l  a s  s u b s t a n t i a l l y  

more economical .  E a r l i e r  TOS s a t e l l i t e s  were expec ted  t o  

l a s t  about  s i x  months, b u t  most o f  them have o p e r a t e d  up t o  

a number o f  y e a r s .  
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The ITOS System i s  a j o i n t  e f f o r t  of  t h e  NASA and t h e  

Commerce Department 's  Environmental  Sc ience  S e r v i c e s  Admin- 

i s t r a t i o n .  While TIROS-M, t h e  f i r s t  o f  t h e  new s e r i e s  was 

funded by NASA, w i th  t h e  excep t ion  of  t h e  me teo ro log i ca l  

s e n s o r s ,  f u t u r e  s p a c e c r a f t  i n  t h e  ITOS s e r i e s  w i l l  be funded 

by t h e  Commerce Department. 

The c u r r e n t  c o n t r a c t  wi th  t h e  prime c o n t r a c t o r ,  

RCA Corp. ,  c a l l s  f o r  s i x  ITOS s p a c e c r a f t ,  i n c l u d i n g  TIROS-M. 

A l l  o f  t h e  ITOS s p a c e c r a f t  w i l l  be launched and checked 

ou t  i n  o r b i t  by NASA f o r  t h e  Commerce Dept.  With t h e  

excep t ion  of TIROS-M, t h e  ITOS s p a c e c r a f t  w i l l  be t u r n e d  o v e r  

t o  ESSA s h o r t l y  a f t e r  t hey  have been launched and checked 

o u t  i n  o r b i t  by NASA. 

S ince  TIROS-M i s  a  p r o t o t y p e  of a new s e r i e s ,  NASA 

w i l l  ma in t a in  c o n t r o l  of  t h e  s a t e l l i t e  i n  o r b i t  f o r  s e v e r a l  

months t o  a s s e s s  I t s  eng inee r ing  performance,  A l l  o f  t h e  

weather  d a t a  from ITOS s p a c e c r a f t ,  i n c l u d i n g  TIROS-M, w i l l  

be t r a n s m i t t e d  i n  r e a l  t ime t o  ESSA. 

This  maiden f l i g h t  o f  TIROS-=M comes almost  one decade 

a f t e r  t h e  world!s f i r s t  weather  s a t e l l i t e ,  TIROS-1, b l a s t e d  

o f f  from Cape Kennedy, F l a .  ( t h e n  Cape Canaveral )  A p r i l  1, 

1960. Meteo ro log i s t s  h a i l e d  i t  as one of  t h e  most " r e v o l u -  

t i o n a r y "  e v e n t s  i n  t h e  h i s t o r y  o f  weather  f o r e c a s t i n g .  
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Since t h a t  f z r s t  IRete0~0logica l  breakthrough, a. 

t o t a l  of l O  TIROS and 9 ESSA we&;!-rer observers  have beer, 

launched. A 1 1  have met o r  exceeded t h e i r  mission o b j e c t i v e s .  

These s a t e l l i t e s  have re turned  more than  1 1 / 4  m i l l i o n  

weather p i c t u r e s .  

Since t h e  f i r s t  ope ra t iona l  weather eye, ESSA I, was 

launched Feb. 3,  1966,  t he  world% weather has been moni- 

to red  d a i l y  by ESSA s a t e l l i t e s .  

TIROS and ESSA s a t e l l i t e s  have t racked nearly a l l  

of the  more than  400 t r o p i c a l  storms, hurr icanes  and typhoons 

recorded s ince  T I R O S  I was launched i n  1960. 

The world meteorological cornunity has c a l l e d  the  APT 

camera the  " s ing le  most s i g n i f i c a n t  con t r ibu t ion  t o  meteor- 

ology i n  the  pas t  twenty years. '" 

A number of p r i v a t e  users  i n  t h e  United S t a t e s  and 

numerous fo re ign  coun t r i e s  have b u i l t  t h e i r  own r e c e i v e r s  

and facs imi le  machines a t  cos t s  ranging Prom s e v e r a l  hundred 

t o  s e v e r a l  thousand d o l l a r s .  



Many o f  t h e  w o r l d ' s  l a r g e  a i r p o r t s  have APT p i c t u r e s  

f o r  commercial p i l o t s  t o  s t u d y  b e f o r e  a  f l i g h t .  Now, w i t h  

t h e  TIROS-M s y s t e m ,  p i l o t s  w i l l  be  a b l e  t o  s e e  w e a t h e r  condi-  

t i o n s  d u r i n g  t h e  n i g h t  as w e l l  a s  d a y l i g h t  h o u r s ,  from N e w  

York t o  London, o r  San F r a n c i s c o  t o  Tokyo. Sometime i n  t h e  

f u t u r e  i t  i s  e x p e c t e d  t h a t  p i l o t s  w i l l  be  a b l e  t o  r e c e i v e  

APT c loud  cover  pho tos  i n  f l i g h t .  

I n  a d d i t i o n  t o  c o n t r i b u t i n g  t o  meteorology,  TIROS 

and ESSA s a t e l l i t e s  have been ex t remely  v a l u a b l e  i n  i c e  

pack r e c o n n a i s s a n c e .  ESSA p u b l i s h e s  s e a - i c e  c h a r t s  o f  t h e  

Grea t  Lakes and o t h e r  i m p o r t a n t  sea t r a v e l  r o u t e s  a s  an  

a l d  t o  n a v i g a t o r s .  

The o p e r a t i o n a l  wea the r  s a t e l l i t e  program i s  a j o i n t  

e f f o r t  of NASA and t h e  Environmenta l  S c i e n c e  S e r v i c e s  Admin- 

i s t r a t i o n .  The D e l t a  b o o s t e r  f o r  ITOS m i s s i o n s  i s  managed 

by Goddard w h i l e  l aunch  o p e r a t i o n s  a r e  conducted  by NASA's 

Kennedy Space C e n t e r ,  F l a .  Unmanned Launch O p e r a t i o n s .  

ITOS s p a c e c r a f t ,  a s  w e l l  as t h e  e a r l i e r  19 TIROS/ESSA 

s a t e l l i t e s ,  were b u i l t  f o r  NASA by t h e  RCA Corp . ,  A s t r o  

E l e c t r o n i c s  D i v i s i o n ,  P r i n c e t o n ,  N . J .  Prime c o n t r a c t o r  f o r  

t h e  D e l t a  b o o s t e r  i s  t h e  McDonnell Douglas Corp . ,  Hunt ing ton  

Beach, C a l i f .  
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The A u s t r a l i s  OSCAR-A piggyback s a t e l l i t e  was 

b u i l t  by a group o f  amateur  r a d i o  o p e r a t o r s  a t  Melbourne 

U n i v e r s i t y  i n  A u s t r a l i a ,  g i v i n g  r i s e  t o  t h e  " A u s t r a l i s "  

p o > t i o n  o f  i t s  name. The Radio Amateur S a t e l l i t e  Corp. 

(ANSAT), a  group of Uni ted  S t a t e s  amateurs ,  i s  p r e p a r i n g  

t h e  s a t e l l i t e  f o r  l aunch ,  t e s t i n g  and q u a l i f y i n g  it  t o  comply 

w i t h  NASA r e q u i r e m e n t s .  OSCAR i s  a n  acronym f o r  O r b i t i n g  

S a ; e l l l t e  C a r r y i n g  Amateur Radio.  

A group o f  American r a d i o  o p e r a t o r s  based  on t h e  

P a c i f i c  Coast  has  s u c c e s s f u l l y  launched and o p e r a t e d  f o u r  

amateur  r a d i o  s a t e l l i t e s  s i n c e  1961 i n  a  program known a s  

P r o j e c t  OSCAR. The p r e v i o u s  f o u r  OSCAR launches  were i n  

c o n j u n c t i o n  w i t h  Department o f  Defense s p a c e c r a f t .  

The s a t e l l i t e  (OSCAR-5 i n  o r b i t )  w i l l  be  p l a c e d  i n t o  

a  910-mile o r b i t  and w i l l  be  i n c l i n e d  102 d e g r e e s  t o  t h e  

Equa to r  w i t h  a  p e r i o d  o f  about  1 1 4  m i n u t e s .  

Transmiss ion  f r e q u e n c i e s  a r e  29.45 megahertz  i n  t h e  

tell-meter band and a t  144.05 Mhz i n  t h e  two-meter band.  

A t r a n s m i t t i n g  l i f e  o f  approx imate ly  two months i s  e x p e c t e d  

from t h e  20 pounds o f  b a t t e r i e s  c a r r i e d  by t h e  s a t e l l i t e .  

END OF RELEASE; BACKGROUND INFORMATION FOLLOWS 



TIROS-M FACT SHEET 

S p a c e c r a f t  : 

S t a b i l i z a t i o n :  

Miss ion  O b j e c t i v e s :  

Primary 

Secondary 

Launch Information: 

V e h i c l e  

Complex 

Azimuth 

Date 

Window 

Orb i. t 

P e r i o d  

I n c l i n a t i o n  

Power Supply 

Box-shaped., 1 4  f e e t  wide w i t h  s o l a r  
p a n e l s  dep loyed ,  weighing 682 pounds.  

E a r t h  o r i e n t e d  and t h r e e - a x i s  
s t a b i l i z e d  t o  w i t h i n  1 degree  

Observe day and n i g h t  c loud  c o v e r  i n  
t h e  v i s i b l e  and i n f r a r e d  spec t rums  f o r  
" l i v e "  t r a n s m i s s i o n  t o  u s e r s  anywhere 
i n  t h e  wor ld ,  

Observe g l o b a l  c loud  cover  d a i l y  i n  
b o t h  t h e  v i s i b l e  and i n v i s i b l e  
( i n f e a . r e d )  spect rums a s  r e c o r d e d  i n  
t h e  s a t e l l i t e  f o r  l a t e r  p layback  and 
p r o c e s s i n g  (Advanced Vidicon Camera 
System & s c a n n i n g  ~ a d 7 o m e t e r ) -  - - - 

Gather  h e a t  b a l a n c e  d a t a  ( F l a t  P l a t e  
Radiometer )  and i d e n t i f y  p r o t o n  f l u x  
l e v e l s  a t  t h e  s p a c e c r a f t  a - l t i t u d e  
( S o l a r  P r o t o n  M o n i t o r ) .  

D e l t a  N (Two S t a g e )  w i t h  s i x  so1id.s 
s t r a p p e d  o n t o  t h e  f i r s t  s t a g e  Thor 

Western T e s t  Range, C a l i f . ,  SLC-2 West 

259 d e g r e e s  True 

No e a r l i e r  t h a n  January  15 ,  1970 

3:31 AM PST - 3 : 5 1  AM PST 

C i r c u l a r ,  909 s t a t u t e  m i l e s  

115 minu tes  

78 d e g r e e s  ( re t rogra ,d .e)  

10,000 n e g a t i v e - o n - p o s i t i v e  s o l a r  
c e l l s  mounted on t h r e e  i d e n t i c a l  
p a n e l s  3  f e e t  wide by 5  f e e t  l o n g  
p roduc ing  250 w a t t s  of ave rage  
power, 



Track ing :  

O r b i t  S i x t e e n  s t a t i o n s  i n  NASA's world- 
wide Space Track ing  and Data  
A c q u i s i t i o n  Network (STADAN) 

Data A c q u i s i t i o n  Fa i rbanks ,  Alaska (Gilmore Creek) 
F a c i l - i t i e s  and Wallops I s l a n d ,  V i r g i n i a  

Automatic P i c t u r e  More t h a n  500 independent  s t a t i o n s  
Transmiss ion  Ground i n  more t h a n  50 c o u n t r i e s  i n  every  
S t a t i o n s  c o n t i n e n t .  

S p a c e c r a f t  L i f e t i m e :  One y e a r  

S p a c e c r a f t  Management: O f f i c e  of  Space Sc ience  and 
A p p l i c a t i o n s ,  NASA Headquar te r s ,  
and t h e  Goddard Space F l i g h t  Cen t e r ,  
Greenbe l t ,  Md. 

Launch Veh i c l e :  

Management 

Opera t ions  

Prime C o n t r a c t o r s :  

S p a c e c r a f t  

Launch Veh i c l e  

Goddard Space F l i g h t  Cen t e r  

NASA/Kennedy Space Cen te r  
Unmanned Launch Ope ra t i ons  

RCA Corpora t ion ,  As t ro  E l e c t r o n i c s  
D i v i s i o n  

McDonnell/Douglas Corp. 



THE SPACECRAFT 

Major features of the spacecraft are the equipment 
module (main body), the deployable three-panel solar array, 
and the momentum flywheel. The base of the main body is ap- 
proximately 40 inches x 4 0  inches and the overall height of 
the body is a proximately 48 inches. Total weight is ap- 
proximately 6E2 pounds. 

The solar array consists of three panels, each indepen- 
dently hinged to the main body of the spacecraft with a total 
array area of 48 square feet. Each panel measures 36.4 inches 
x 63.8 inches. 

In the launch configuration, the panels are folded and 
held against the sides of the equipment module. Following 
the initial orientation maneuver, squib-actuated pin pullers 
are fired, allowing spring-loaded actuators to deploy each 
panel so that its surface is perpendicular to the spacecraft 
pitch axis. 

Dynamics Control Subsystem 

Four major dynamics control devices are incorporated in 
the spacecraft: a quarter-orbit magnetic attitude control 
CQOMAC) coil, a magnetic bias control (MBC) coil, a pitch 
control loop (two devices operate by establishing magnetic 
fields which interact with the magnetic field of the Earth 
to produce a torque on the spacecraft. The torque, in turn, 
causes the spacecraftto. precess or change its orbital path 
slightly to the west each day. 

The QOMAC system is used to postition the spin axis 
(pitch axis) of the spacecraft so that it will be perpendicular 
to the plane of the orbit. The MBC coil is used to reduce the 
residual magnetic dipole moment of the spacecraft and retain 
the necessary dipole moment to precess the spacecraft approx- 
imately one degree pey day for the required Sun-synchronism. 

The pitch control loop consists of a momentum flywheel, 
a flywheel- drive motor, a scanning mirror, pitch and roll 
sensors, two momentum coils, and associated electronics. The 
flywheel, operating in the mission mode at a noniri-nal spped 
of 150 rpm, provides gyroscopic stiffness to the spacecraft 
and serves as a source and sink of pitch momentum. Trhough 
the action of the pitch control loop, the spacecraft sensors 
are continuously maintained in alignment with the local ver- 
tical. The momentum coils provide fine wheelspeed momentum 
control about the spacecraft pitch axis. 





The spacecraft uses five attitude sensors: a digital 
solar-aspect sensor (DSAS), two pitch horizon sensors, and 
two roll horizon sensors, The DSAS is used during the ini- 
tial orientation maneuver; it derives its scanning from the 
spin of the spacecraft, 

After the initial orientation maneuver, sensing is ac- 
complished by the pitch horizon and roll horizon sensors which 
view the Earth via a scanning mirror located on the momentum 
flywheel, 

Antennas 

The spacecraft carries four antennas: a command and 
beacon antenna, two real-time antennas, and a play-back (S- 
band) antenna, The command and beacon antenna, a single whip, 
is utilized on both the command link and the beacon and tele- 
metry link, gach real-time antenna consists of two half-wave 
dipoles installed at the extremity of one of the solar panels. 
The S-Band antenna, a crossed dipole above a ground plane, is 
designed to glve right-hand circular polarization over the re- 
quired cone of coverage, 

Power Subsystem 

The power su.bsystem converts solar energy into electrical 
power for delivery to all the electrical equipment of the 
spacecraft. It comprises a solar array, power supply elec- 
tronics, batteries, and shunt dissipators. 

During the daytime portion of the orbit, the array sup- 
plies power for tile spacecraft subsystems and for charging 
the batteries, 'The charging rate of the batteries is regulated 
by a charge controller, Array power, in excess of spacecraft 
requirements, is dissipated in the shunt dissipators. The 
batteries supply power during the nighttime portion of the 
orbit and when spacecraft demands exceed the power available 
from the solar array, 

Thermal Control Su.bsvstem 

The thermal control subsystem is composed of a geometrically 
variable absorption surface (thermal fence) on the upper face of 
the spacecraft, variable emittance surfaces on both the AVCS and 
APT equipment panels (the variable feature provided by louver- 
type active controllers), and a fixed radiator on the space- 
craft basepl-ate, 

m ihe remaining surfaces of the spacecraft. or equipment 
module are covered with multifoil-layer insulation blankets. 
The thermal fence is designed to absorb more solar energy at 
higher Sun angles. 



This d-esign compensates for the reduction in spacecraft 
electrical power level caused by the increasing Sun angle, 

Accelerometer Subsystem 

The accelerometer subsystem consists of two servo-type 
accelerometers and a control unit. It provid-es measurements 
of the g-levels induced in the spacecraft during the launch 
maneuv?r, from liftoff to spacecraft/launch separation, These 
data are transmitted to the ground station via the beacon link. 
The accelerations are sensed in only one directlon in each of 
two axes. It is anticipated that the direction of measurement 
may be alternated on succeeding ITOS spacecraft, 

Tiros-M Weather Measuring Sensors 

'Jihe primary meteorological sensors include two Advanced 
Vidicon Camera System (AVCS) cameras for storing pictures of 
the world's weather; two Automatic Picture Transmission (APT) 
cameras for direct readout at small ground stations; and two 
scanning radiometers (infrared) for sending direct APT pictures 
as we31 as recording the entire Earth's weather at nighttime 
for playback later. 

Secondary meteorological sensors are a Flat Plate Radio- 
meter (FPR) arid a Solar Proton Monitor (SPM). These sensors 
have tieen designed to gather Earth-heat-balance data and to 
measurle proton flux levels at the satellite altitude. 

Primary Meteorological Sensors 

Advanced Vidlcon Camera Subsystem (AVCS) 

The AVCS takes a series of wide-angle, high resolution 
televj.si.cn pictures of the Earth and its cloud cover, stores 
these pictures on one of two satellite borne tape recorders, 
and, on command, transmits the video signal to a ground station, 

Picture-taking operations of the AVCS are controlled by a 
program of instructions transmitted to the satellite by a 
Commal-~d and Data Acquisition (CDA) station. 

A complete picture sequence lasts approximately 48 minutes, 
during which 11 pictures (or frames) are taken at intervals of 
260 scconds and stored on the selected tape recorder. When 
the last picture in the sequence is taken and recorded, the 
cornmalld subsystem provides a "power off" signal for the AVCS. 



A "power on" command and the picture-taking sequence are 
repeated during succeedfng orbits until the active programmer 
is either reloaded or turned off. The repeat time is deter- 
mined by the data loaded into the programmer and normally is 
the time of one orbital revolution. 

Consequently, successive orbit picture sequences start 
at appr>oximately the same latitude as the first, but are dis- 
placed in longitude by approximately 28.5 degrees a,t the 
Equator. 

This displacement produces a slight lateral overlap in 
coverage at the Equator. The amount of lateral overlap in- 
creases with increasing latitude. 

The overlap of successive pictures along the orbital 
track is a function of the fixed picture-taking rate and is 
about 50 percent. 

Automatic Picture Transmission (APT) Camera Subsystem 

The APT camera subsystem, like the AVCS camera subsystem, 
is used to take up to 11 wide-a.ngle TV pictures of the Earth 
and its cloud cover during the daylight portion of the satel- 
lite orbit. However, a basic difference between the APT and 
AVCS camera subsystem is that the APT subsystem always trans- 
mits television data directly as the pictures are being taken 
(in real time) whereas the AVCS subsystem normally records the 
TV pictures for later playback. 

Like the AVCS cameras, the APT camera subsystem also has 
a picture resolution of two miles. It is controlled by ground- 
initiated commands that are transmitted to the satellite from 
the CDA stations and are processed and stored by the satellite's 
command subsystem, The program of commands directs the APT 
camera subsystem to start taking a sequence of pictures at a 
predetermined point in orbit. 

A full APT picture sequence contains 11 pictures. They 
are taken at 260-second intervals. Any of the 11 pictures may 
be omitted by programming so that a sequence may contain from 
one to 11 pictures, and the pictures taken may be located at 
any desired positions in the sequence. Once the sequence is 
initiated, the camera will take pictures under satellite com- 
mand until the pr>ogrammed picture sequence has been taken. 
These pictures are transmitted to APT field stations within 
cornniunications range of the satellite by a transmitter in the 
real-time data link. 



The sequence is repeated automatically during each orbit 
of the satellite until the command subsystem is turned off or 
programmed otherwise by a CDA station. 

The APT camera employs a high-persistency vidicon that 
provides a 600x800-scan-line image. Use of this vidicon per- 
mits narrow band transmission of the video signal which, in 
turn, allows the use of relatively simple equipment at the 
APT field stations. 

Scanning Radiometer Subsystem 

The scanning radiometer (SR), or infrared subsystem, 
measures emitted radiation from the Earth during orbit day and 
night and measures reflected radiation from the Earth during 
daytime. The data obtained is transmitted in real time to 
local user stations and is also recorded for later playback 
to the CDA stations. Daytime resolution is 2 miles and 4 
miles at nighttime. 

The scanning radiometer, a meteorological instrument 
built especially for use on the ITOS satellite, is unique in 
sensing two spectral regions and in its high spatial resolu- 
tion. The radiometer measures reflected radriation from the 
Earth in the 0.52- to 0.73- micron region (visible) durinp 
daytime and emitted radiation from the Earth in the 10.5- to 
12.5- micron region (infrared) during day and night, 

The subsystem permits determination of the surface tem- 
peratures of ground, sea, or cloud tops viewed by the radio- 
meter. Sensitivity in the 10.5- to 12.5- micron spectral region 
permits surface temperatures to be determined in daylight as 
well as at night, since reflected solar radiation in this wave- 
length region is small compared with emitted radiance. The 
visible measurement of reflected solar radiation has a higher 
calibration accuracy capability than television camera systems 
presently in use and is not subject to shading which occurs in 
the vidicon camera systems. 

The SR subsystem consists of two scanning radiometers, a 
dual SR processor and two scanning radiometer recorders (SR 
recorders). 

Each radiometer and tape recorder can be turned on or 
off by command from a CDA station. Each half of the SR pro- 
cessor is associated wi.th one radiometer and is powered when 
that radiometer is powered. The radiometers are mounted on 
the satellite structure in a manner to provide them with 
maximum sun shielding and to permit a scan of approximately 
150 degrees without obstruction. 



A s  t h e  s p a c e c r a f t  p r o c e e d s  a l o n g  i t s  o r b i t ,  t h e  r a d i o -  
m e t e r  s c a n s  t h e  E a r t h ' s  s u r f a c e  from h o r i z o n  t o  h o r i z o n ,  
p e r p e n d i c u l a r  t o  t h e  o r b i t a l  p l a n e .  The r a d i o m e t e r  s c a n s  
t h e  E a r t h  by means of  a c o n t i n u o u s l y  r o t a t i n g  m i r r o r ,  whicll 
i s  i n c l i n e d  45 d e g r e e s  t o  i t s  a x i s  of  r o t a t i o n  ( p a r a l l e l  t o  
t h e  s a t e l l i t e ' s  v e l o c i t y  v e c t o r . )  

Secondary Env i ronmenta l  Sensor  Devices  

S o l a r  P r o t o n  Moni tor  

The S o l a r  P r o t o n  Monitor  (SPM) i s  d e s i g n e d  t o  measure  
t h e  p r o t o n  f l u x e s  e n c o u n t e r e d  i n  t h e  ITOS o r b i t  and t o  con- 
v e r t  t h e s e  measurements  t o  a f l o a t i n g  p o i n t  b i n a r y  code  f o r  
r e c o r d i n g  and subsequen t  p l a y b a c k  and t r a n s m i s s i o n  t o  ground 
s t a t i o n s .  The SPM equipment on t h e  s a t e l l i t e  c o n s i s t s  o f  a 
s e n s o r  a s sembly ,  a n  e l e c t r o n i c s  a s sembly ,  and a n  e l e c t r i c a l  
h a r n e s s .  

The s o l a r  p r o t o n  m o n i t o r  w i l l  p r o v i d e  warn ings  o f  s o l a r  
p r o t o n  s t o r m s ,  which a r e  c u r r e n t l y  used  i n  s e v e r a l  ways. I l igh 
a l t i t u d e  u s e r s ,  such  a s  s u p e r s o n i c  t r a n s p o r t s  and manned space -  
c r a f t ,  make p r o v l s i o n s  f o r  t h e  p r o t e c t i o n  o f  p e r s o n n e l  on t h e  
basis  of t h i s  dz ta .  

S o l a r  p r o t o n  s t o r m s  a f f e c t  r a d i o  f r e q u e n c y  l i n k s  (VLF 
t h r o u g h  HF), and s i n c e  s a t e l l i t e  warn ings  o f t e n  p r e c e d e  
i o n o s p h e r i c  d i s t u r b a n c e s ,  a l t e r n a t e  r a d i o  p a t h s  o r  f r e q u e n -  
c i e s  a r e  o f t e n  s e l e c t e d  i n  advance .  

The ITOS SPM d a t a  w i l l  be  c o r r e l a t e d  w i t h  d a t a  from o t h e r  
s a t e l l i t e s  ( s u c h  a s  t h e  IMP and P i o n e e r ) ,  r o c k e t  p r o b e s ,  w i t h  
ground based  o p t i c a l / r a d i o  s i g h t i n g s .  

The long- te rm g o a l  o f  t h i s  d a t a - g a t h e r i n g  and c o r r e l a t i o n  
a c t i v i t y  i s  t h e  b e t t e r  u n d e r s t a n d i n g  o f  t h e  i n t e r a c t i o n  between 
s o l a r  r a d i a t i o n  and t h e  E a r t h ' s  envi ronment  by p r o v i d i n g  a 
s y s t e m a t i c  m o n i t o r i n g  o f  t h e  p r o t o n  f l u x e s  o v e r  an e x t e n d e d  
p e r i o d  o f  t i m e ,  e s p e c i a l l y  d u r i n g  t h e  c u r r e n t  s o l a r  c y c l e .  

F l a t  P l a t e  Radiometer  - 

The f l a t  p l a t e  r a d i o m e t e r  (FPR)  measures  t h e  amount o f  
h e a t  b e i n g  r a d i a t e d  i n t o  s p a c e  by t h e  E a r t h  and i s  employed 
t o  c o n t i n u e  t h e  program o f  m e n s u r a t i o n  o f  t h e  E a r t h ' s  h e a t  
b a l a n c e  i n i t i a t e d  on t h e  TOS s p a c e c r a f t  program. 



By knowing t h e  s o l a r  i n p u t  ( b e l i e v e d  t o  be  a c o n s t a n t )  
t o  t h e  E a r t h ,  t h e  amount o f  h e a t  a b s o r b e d  by  t h e  E a r t h  may 
be  d e t e r m i n e d .  One o f  t h e  FPR program o b j e c t i v e s  i s  t o  
d e t e r m i n e  t h e  long- te rm h e a t  changes ,  t h u s  d e t e r m i n i n g  
whe the r  t h e  E a r t h  i s  g e t t i n g  warmer o r  c o o l e r .  

The FPR, housed  i n  a s i n g l e  e n c l o s u r e  o f  honeycomb 
m a t e r i a l ,  i n c l u d e s  t h e  f o u r  s e n s o r s ,  e l e c t r o n i c s ,  and means 
f o r  c a l i b r a t i o n  o f  one p a i r  o f  s e n s o r s .  

The FPR c o n s i s t s  o f  two p o r t i o n s ,  t h e  e l e c t r o n i c s  
package and  t h e  s e n s o r  head .  The head  c o n s i s t s  o f  t h e  f o u r  
r a d i o m e t e r s ,  t h e  r a d i a t i v e  e q u i l i b r i u m  (RE) c o o l i n g  m i r r o r ,  
t h e  motor  which d r i v e s  t h e  t h e r m a l  f eedback  (TF) s e n s o r s ,  
t h e  TF h e m i s p h e r e s ,  and t h e  s e n s o r s  t o  t e l e m e t e r  t h e  mount 
and hemisphere  t e m p e r a t u r e s .  

The f l a t  p l a t e  r a d i o m e t e r  i s  mounted on  t h e  E a r t h -  
f a c i n g  s u r f a c e  o f  t h e  s a t e l l i t e  and i s  p a r t i a l l y  cove red  
w i t h  a  t h e r m a l  b l a n k e t .  





ESSA. -. .. USE - - -- OF - IMPROVED - .. - - TIROS -- OPERATIONAL SATELLITES 

The TIROS-M s p a c e c r a f t  i s  a, p r o t o t y p e  o f  t h e  I~riproved 
TIROS O p e r a t i o n a l  S a t e l l i t e  (ITOS), which w i l l  become t h e  
v e h i c l e  f o r  t h e  Env i ronmenta l  S c i e n c e  S e r v i c e s  Admin i s t r a -  
t i o n ' s  o p e r a t i o n a l  w e a t h e r  s a t e l l i t e  sys t em.  

TIROS-M and t h e  f i r s t  t h r e e  s p a c e c r a f t  i n  t h e  ITOS s e r i e s  
w i l l  i n c l u d e  t h e  f o l l o w i n g  s e n s o r s :  1) two Advanced V i d i c o n  
Camera Systems (AVCS); 2 )  two Automatic  P i c t u r e  T r a n s m i s s i o n  
(APT) sys t ems ;  3)  two d u a l - c h a n n e l  Scann ing  Radiometer  s y s t e m s ;  
4 )  a  l o w - r e s o l u t i o n  F l a t  P l a t e  Radiometer ;  and 5 )  a  S o l a r  
P r o t o n  Moni to r .  

The new s a t e l l i t e  combines i n  one v e h i c l e  t h e  Automat ic  
P i c t u r e  Transmiss ion  and t h e  g l o b a l  p i c t u r e  s t o r a g e  capa-  
b i l i t i e s  t h a t  r e q u i r e  t h e  l a u n c h  of s e p a r a t e  s p a c e c r a f t  i n  
t h e  p r e s e n t  o p e r a t i o n a l  sys t em.  Thus, f ewer  l a u n c h e s  w i l l  be  
needed t o  keep  t h e  sys t em i n  o p e r a t i o n .  

A s  i n  t h e  c u r r e n t  o p e r a t i o n a l  sys t em,  t h e  g l o b a l  d a t a  f o r  
a n a l y s i s  by w e a t h e r  c e n t e r s ,  p r o v i d e d  by t h e  Advanced Vid icon  
Camera Sys tems,  w i l l  be  r e c o r d e d  on magnet ic  t a p e  f o r  t r a n s -  
m i s s i o n  t o  a n  ESSA Command and Data A c q u i s i t i o n  s t a t i o n ,  and  
r e l a y  t o  t h e  ESSA N a t i o n a l  Envi ronmenta l  S a t e l l i t e  C e n t e r ;  
t h e  APT p i c t u r e s  w i l l  be  t r a n s m i t t e d  d i r e c t l y  t o  ground r e -  
c e i v i n g  s t a t i o n s .  

The Scann ing  Radiometer  sys t ems  w i l l  p r o v i d e  d a t a  i n  
b o t h  v i s i b l e  and i n f r a r e d  c h a n n e l s .  The i n f r a r e d  d a t a  -- 
t h e  f i r s t  t o  be a v a i l a b l e  on an  o p e r a t i o n a l  b a s i s  -- can  
p r o v i d e  c l o u d  p i c t u r e s  a t  n i g h t  a s  w e l l  as d u r i n g  t h e  day .  

The a d d i t i o n  of  n i g h t t i m e  o b s e r v a t i o n s  t o  t h e  o p e r a t i o n a l  
s y s t e m  w i l l  e x t e n d  s a t e l l i t e  cove rage  o f  t h e  E a r t h ' s  w e a t h e r  
t o  a t r u l y  g l o b a l  b a s i s .  Because t h e  AVCS and APT camera 
sys t ems  pho tograph  on ly  i n  d a y l i g h . t ,  t h e  e x i s t i n g  s p a c e c r a f t  
have n o t  f u r n i s h e d  i n f o r m a t i o n  on a r e a s  i n  p o l a r  d a r k n e s s .  
With n i g h t t i m e  p i c t u r e  c o v e r a g e ,  t h e  e n t i r e  E a r t h  w i l l  be 
o b s e r v e d  t w i c e  e a c h  day by b o t h  s t o r e d  and d i r e c t  r e a d o u t  
s y s t e m s .  

The Scann ing  Radiometer  d a t a  can  be b r o a d c a s t  d i r e c t l y  
th rough  t h e  Automatic P i c t u r e  Transmiss ion  s y s t e m ,  and a t  
t h e  same t ime  r e c o r d e d  s i m u l t a n e o u s l y  f o r  l a t e r  r e a d o u t  t o  
ESSA Command and Data A c q u i s i t i o n  s t a t i o n s .  The i n f r a r e d  d a t a  
f rom t h e  SR sys tem can b e  b r o a d c a s t  c o n t i n u o u s l y  f o r  r e c e p t i o n  
by  APT s t a t i o n s  d u r i n g  t h e  a p p r o x i m a t e l y  70-minute n i g h t t i m e  
p o r t i o n  o f  e a c h  o r b i t .  E i t h e r  i n f r a , r e d  o r  v i s i b l e  d a t a  c a n  
be  b r o a d c a s t  c o n t i n u o u s l y ,  i n  p l a c e  of  APT p i c t u r e s ,  d u r i n g  



t h e  45-minute d a y l i g h t  p o r t i o n  of  ea.ch o r b i t .  However, i t  i s  
p l a n n e d  i n i t i a l l y  t o  t r a n s m i t  v i s i b l e  c h a n n e l  r a d i o m e t e r  d a t a  
f o r  94 of t h e  102 seconds  between APT p i c t u r e  t r a n s m i s s i o n s  
d u r i n g  t h e  dayt ime p o r t i o n  o f  t h e  o r b i t .  The r a d i o m e t e r  d a t a  
w i l l  c o v e r  an  a r e a  n e a r  t h e  c e n t e r  o f  t h e  n e x t  APT pho tograph  
t o  be  b r o a d c a s t .  

The i n f r a r e d  c h a n n e l  of  t h e  Scann ing  Radiometer  p r o v i d e s  
t e m p e r a t u r e  measurements  a t  t h e  s u r f a c e  i n  c l e a r  a i r ,  o r  a t  
t h e  t o p s  o f  c l o u d s .  I t s  s i g n a l s  can  b e  f e d  i n t o  a computer  
t o  c o n v e r t  t h e  c l o u d  t o p  t e m p e r a t u r e s  i n t o  c l o u d  t o p  h e i g h t s  
and  t o  p r e p a r e  a  map o f  c loud- top  topography .  S a t e l l i t e  p i c t u r e s  
a r e  f r e q u e n t l y  used  t o  e s t i m a t e  winds ,  e s p e c i a l l y  f o r  r e g i o n s  
where l i t t l e  u p p e r - a i r  i n f o r m a t i o n  i s  a v a i l a b l e ,  by measur ing  
t h e  mot ion  o f  t h e  c l o u d s  i n  s u c c e s s i v e  s a t e l l i t e  p i c t u r e s  o f  
t h e  same a r e a .  It i s  f r e q u e n t l y  d i f f i c u l t  o r  i m p o s s i b l e  t o  
d e t e r m i n e  t h e  h e i g h t  o f  c l o u d  t o p s  from t h e  s a t e l l i t e  photo-  
g r a p h s  a l o n e ,  a n d - i n  t h e s e  c a s e s -  t h e  a l t i t u d e  o f  t h e  d e r i v e d  
wind i s  d o u b t f u l .  I n f o r m a t i o n  on t h e  t e m p e r a t u r e ,  and by 
i n f e r e n c e  t h e  h e i g h t ,  of c l o u d  t o p s  w i l l  e l i m i n a t e  t h i s  
d i f f i c u l t y ,  ands p r o v i d e  m e t e o r o l o g i s t s  w i t h  b e t t e r  i n f o r m a t i o n  
on wind a t  v a r i o u s  l e v e l s  o f  t h e  a tmosphere .  

I n  a d d i t i o n ,  t h e  r a d i o m e t e r s  w i l l  p r o v i d e  s u r f a c e  
t e m p e r a t u r e  r e a d i n g s  n e c e s s a r y  f o r  computa t ion  of  a t m o s p h e r i c  
t e m p e r a t u r e  p r o f i l e s  f rom sound ings  made by t h e  S a t e l l i t e  
I n f r a r e d  S p e c t r o m e t e r  aboa rd  Ninibus 111. 

The l o w - r e s o l u t i o n  F l a t  P l a t e  Radiometer  sys t em i s  
similar  t o  t h o s e  i n c l u d e d  i n  t h e  ESSA AVCS s p a c e c r a f t  and w i l l  
c o n t i n u e  g a t h e r i n g  d a t a  on t h e  E a r t h ' s  h e a t  b a l a n c e .  

The a d d j t i o n  of t h e  S o l a r  P r o t o n  Moni tor  i n  TIROS-M 
and t h e  ITOS s e r i e s  p r e s a g e s  t h e  expans ion  o f  t h e  e n v i r o n -  
men ta l  s e n s i n g  c a p a b i l i t i e s  p l a n n e d  f o r  f u t u r e  o p e r a t i o n a l  
s a t e l l i t e s  I n  t h e  ESSA s e r i e s ,  The S o l a r  P r o t o n  Moni tor  w i l l  
coun t  t h e  e n e r g e t i c  p a r t i c l e s  e n c o u n t e r e d  i n  o r b i t .  I ts  
f u n c t i o n  i s  t o  d e t e c t  t h e  a r r i v a l  of  e n e r g e t i c  s o l a r  p r o t o n s  
in t h e  v i c i n i t y  of  E a r t h ,  Tape-recorded d a t a  w i l l  be r e l a y e d  
v i a  an  ESSA Command and Data  A c q u i s i t i o n  s t a t i o n  t o  t h e  
N a t i o n a l  Env i ronmenta l  S a t e l l i t e  C e n t e r  f o r  p r o c e s s i n g  and  
c a l i b r a t i o n .  The i n f o r m a t i o n  w i l l  be  used  by ESSAfs Space 
D i s t u r b a n c e s  L a b o r a t o r y  i n  Bou lde r ,  C o l o . ,  f o r  d e t e c t i o n  and  
warn ing  o f  s o l a r  s t o r m s .  

The ITOS s p a c e c r a f t ,  u n l i k e  t h e  e x i s t i n g  o p e r a t i o n a l  
s a t e l l i t e s ,  i s  Large enough t o  h o l d  a d d i t i o n a l  e n v i r o n m e n t a l  
sensors, Among t h o s e  p lanned  f o r  l a t e r  s p a c e c r a f t  ape v e r t i c a l  
terripera,ture p r ~ f i l e  s o u n d e r s  -- s i m i l a r  t o  the S a t e l l i t e  
l n f r a r e d  S p e c t r o m e t e r  -- t o  o b t a i n  g l o b a l  t e m p e r a t u r e  d a t a  
f o r  use  i n  numerical. w e a t h e r  p r e d i c t i o n  programs.  



DELTA LAUNCH VEHICLE 

The TIROS-M miss ion  w i l l  be t h e  76 th  f l i g h t  f o r  t h e  
workhorse D e l t a  launch v e h i c l e .  O f  t h e  p rev ious  75 launchings ,  
70 s u c c e s s f u l l y  o r b i t e d  t h e i r  s p a c e c r a f t .  

Delta. i s  managed f o r  NASA's O f f i c e  o f  Space Science and 
App l i ca t i ons  by t h e  Goddard Space F l i g h t  Cente r ,  Greenbe l t ,  
Md, Launch o p e r a t i o n s  a r e  conducted b y  t h e  Kennedy Space 
C e n t e r ' s  Unmanned Launch Operat ions .  The McDonnell Douglas 
Corp., Huntington Beach, C a l i f . ,  i s  D e l t a  prime c o n t r a c t o r .  

Th is  D e l t a  76/TIROS-M miss ion w i l l  mark ano the r  f i r s t  i n  , 

D e l t a ' s  h i s t o r y ,  For t h e  f i r s t  t ime ,  s i x  s o l i d  b o o s t e r s  w i l l  
be s t r apped  on to  t h e  f i r s t  s t a g e  Thor. Three of t h e s e  w i l l  
i g n i t e  whi le  ~ e l t a  i s  s t i l l  on t h e  launch pad, whi le  t h e  o t h e r  
t h r e e  w i l l  " l i g h t - o f f "  a t  a l t i t u d e  some 38 seconds a f t e r  l i f t -  
o f f  and about  46,000 f e e t  above t h e  launch s i t e .  

The t h r e e  e x t r a  s o l i d s  a r e  need,ed t o  p l a c e  t h e  h e a v i e r  
TIROS-M/XTOS s p a c e c r a f t  i n t o  900-mile-high o r b i t ,  

- -. - 

Following a r e  t h e  g e n e r a l  c h a r a c t e r i s t i c s  of t h e  t h r e e -  
s t a g e  v e h i c l e  f o r  t h e  TIROS-M miss ion:  

T o t a l  Height :  106 f e e t  

Tota.1 Weight : 225,000 pounds 

Maximum Diameter 
( F i r s t  S t a g e ) :  

8 f e e t  

F i r s t  S tage  Thrus t  325,000 pounds ( i n c l u d e s  
(average ) : s o l i d s )  

(L iqu id  Only) :  Modified A i r  Force  Thor, produced 
b y  McDonnell-Dougla,~ Corp.; engines  by Rocketdyne D i v i s i o n  of 
North American Rockwell. 

Height  : 75 f e e t  

Diameter: 8 f e e t  

P r o p e l l a n t s  : RP-1 kerosene f o r  t h e  f u e l  and 
- l i q u i d  oxygen (LOX) f o r  t h e  

o x i d i z e r .  

Thrus t  : 172,000 pounds 



Weight : 186,000 pounds 

Burning t ime:  3  min. 4 1  sec .  

Strap-on S o l i d s :  Three Cas tor  I and t h r e e  Cas to r  I1 r o c k e t s  
produced by t h e  Thiokol Chemical Corp. 

Height  : 24 f e e t  

Diameter: 

P r o p e l l a n t s  : 

Weight : 

Burning t ime:  

31 i n c h e s  

S o l i d  

9,200 pounds (Cas to r - I )  
9,900 pounds (Castor-11) 

40 s ec .  (Cas to r - I )  
39 s e c .  (cas to r -11)  

Second S tage :  Produced by t h e  McDonnell Douglas Corp. u t i l i z i n g  
t h e  Aero j e t  General  Corp., p ropu l s ion  system; major c o n t r a c t o r s  
f o r  t h e  a u t o p i l o t  i nc lude  Minneapolis--Honeywell, I nc . ,  Texas 
Ins t rument3,  I n c . ,  and E l e c t r o - s o l i d s  Corp. 

Height : 1 3  f e e t  

Diameter: 4 f e e t  7 i nches  

P r o p e l l a n t s  : Liquid ,  Unsymmetrical Dimethyl 
~ ~ d r o z i n e  (UDMH) f o r  tEe f u e l  - 
and I n h i b i t e d  Red Fuming N i t r i c  
~cid-(IRFNA) f o r  tEe ox idxzer .  - 

Thrus t  : 7,800 pounds 

Weight : 13,000 pounds 

Burning t ime:  F i r s t  burn - 6 min. 4 s e c .  
Second burn - 1 3  s e c .  
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TIROS-M PROJECT TEAM 

NASA HEADQUARTERS 

D r .  John E. Naugle A s s o c i a t e  A d m i n i s t r a t o r  f o r  Space 
S c i e n c e  and A p p l i c a t i o n s  

D r .  John M. DeNoyer D i r e c t o r ,  E a r t h  O b s e r v a t i o n s  Programs 
Michael  L. Garbacz Program Manager, O p e r a t i o n a l  

M e t e o r o l o g i c a l  S a t e l l i t e s  
Joseph  B. Mahon D i r e c t o r ,  Launch V e h i c l e  and 

P r o p u l s i o n  Programs 
I. T.  Gi l lam D e l t a  Program Manager 

GODDARD SPACE FLIGHT CENTER 

D r .  John F. C l a r k  
Herber t  I. B u t l e r  
W i l l i a m  W.  Jones  
C h a r l e s  M. Hunter  
Rober t  R .  Golden 
John J .  Over 
Wil l iam S c h i n d l e r  

KENNEDY SPACE CENTER 

D r .  Kurt H. Debus 
Rober t  H. G r a y  

W .  C .  Thacker  
Henry R .  Van Goey 

INDUSTRY 

Abraham Schnapf 

D i r e c t o r  
Ch ie f ,  O p e r a t i o n a l  S a t e l l i t e s  O f f i c e  
TOS (TIROS-M) P r o j e c t  Manager 
TOS (TIROS-M) S p a c e c r a f t  Manager 
Head, F l i g h t  O p e r a t i o n s  
Head, T e c h n i c a l  S t a f f  
D e l t a  P r o j e c t  Manager 

D i r e c t o r  
A s s i s t a n t  D i r e c t o r  f o r  Unmanned 

Launch O p e r a t i o n s  
D e l t a  O p e r a t i o n s  Manager, WTR 
C h i e f ,  KSC Unmanned Launch 

O p e r a t i o n s ,  WTR 

D e l t a  P r o j e c t  Manager 
McDonnell Douglas Corp. 
McDonnell Douglas A s t r o n a u t i c s  Co. 
Hunt ington Beach, C a l i f .  

TIROS/ESSA P r o j e c t  Manager 
RCA C o r p o r a t i o n  
A s t r o - E l e c t r o n i c s  D i v i s i o n  
P r i n c e t o n ,  N .  J .  



COMPANY 

PRIME CONTRACTORS 

RESPONSIBILITY 

RCA Corporation Spacecraft Cameras 
Astro-Electronics Division Realtime transmitters 
Princeton, N. J. Dynamics Systems including 

momentum wheel (Pitch control 
subsystem) 

Command and Control 
Spacecraft integration and test 
and launch support 

McDonnell-Douglas Corp. Delta Launch Vehicle 
Huntington Beach, Calif. 

MAJOR SUB-CONTRACTORS 

Santa Barbara Research 
Center 
Subsidiary of Hughes 
Aircraft Co. 
Santa. Barbara, Calif. 

Teledyne 

RCA 
Camden, N. J. 

Gulton 
'. ; 

Texas Instruments 
Dallas, Texas 

General Electric Co. 

Fairchild-Hiller 

University of Wisconsin 
Madison 

Johns Hopkins University 
Applied Physics Laboratory 
Baltimore 

Scanning Radiometers 

S-Band transmitters 
Subcarrier oscillators 
Telemetry commutators 

Beacon transmitters 

DC-DC converters 

Solar cells 

Battery cells 

Integrated Circuits 

Flat Plate Radiometer (FPR) 

Solar Proton Monitor 


