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PAGEOS SATELLITE 

TO GIRDLE GLOBE 

FOR EARTH MAPPING 

I A 100-foot "balloon" s a t e l l i t e ,  designed t o  ob ta in  

information f o r  p rec i s ion  mapping of t h e  Ear th ' s  sur face ,  

w i l l  be launched by t h e  National Aeroiiautics and Space 

Administration no e a r l i e r  than June 23. 

The aluminum-coated Passive Geodetic Earth-Orbiting 

Sa te l l i t e  ( s i m i l a r  t o  Echo I launched Aug, 12, 1960) 

w i l l  be photographed by  a network of 41 ground observing 

s i tes  around t h e  w o r l d .  It w i l l  be called PAGEOS I i f  

s u c c e s s f u l l y  placed i n  o r b i t  , 

A Thrust-Augmented Thor-Agena-D launch v e h i c l e  w i l l  

be used t o  boost t h e  i n f l a t a b l e  sphere s a t e l l i t e  i n t o  a 

c i r c u l a r ,  p o l a r  o rb i t  about 2pUU m i i e s  &cVe Earth. It 

w i l l  be launched i n  a sou theas t e r ly  d i r e c t i o n  from t h e  

Western T e s t  Range, C a l .  w i t h  an i n c l i n a t i o n  of about 

87 degrees t o  t h e  equator. 

- more - 6/14/66 
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PAGEOS w i l l  c a r r y  no instruments,  By r e f l e c t i n g  sun- 

l i g h t ,  t h e  sa te l l i t e  w i l l  provide an o r b i t i n g  po in t  source 

of l i g h t  t o  be photographed over a projected five-year per iod 

t o  determine t h e  loca t ion  of cont inents ,  land masses, i s l ands  

and o t h e r  such geographic points  i n  r e l a t ion tD  each other, 

I n  orbit ,  it w i l l  be as b r i g h t  as t h e  star Po la r i s .  

The photographs w i l l  be taken f r o m  pos i t i ons  i n  dark 

areas of t h e  world as  t h e  s a t e l l i t e ' s  r e f l e c t i o n  from t h e  

Sun, below t h e  horizon, is visible f o r  s eve ra l  minutes, 

The spacecraf t  w i l l  c ircle t h e  Earth a t  a v e l o c i t y  of 

13,700 m i l e s  an hour, and i ts  o r b i t a l  per iod w i l l  be about 

t h r e e  hours. I n  each 12-hour span, PAGEOS w i l l  pass  over 

every area of t h e  globe as t h e  Earth revolves on its ax i s ,  

The o r b i t a l  course of PAGEOS w i l l  provide many opportu- 

n i t i e s ,  during its five-year l i f e t i m e ,  fo r  t h e  s a t e l l i t e  t o  

be photographed simultaneously aga ins t  a s t a r  background 

by t w o  o r  more cameras located a t  s t a t i o n s  2 ,500  t o  2,800 

m i l e s  apart. 

The interconnected s e r i e s  of camera p o s i t i o r s  w i l l  

cover  t h e  e n t i r e  Ear th ' s  surface,  ena3ling s c i e n t i s t s  t o  

determine geometr ical ly  each camera p o s i t i o n  wi th in  a 

s i n g l e  re ference  system. 

- more - 
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The r e s u l t i n g  network of s p a t i a l l y - o r i e n t e d  triangles 

w i l l  be use fu l  i n  loca t ing  any poin t  on Earth, as measured 

from the  cen te r  of m a s s ,  w i t h i n  51-96 feet of its t r u e  

p o s i t  ion . 
The d i s t ance  between t w o  su r f ace  po in t s  3,000 m i l e s  

apa r t  could thus  be obtained t o  an accuracy of 32 feet. 

PAGEOS w i l l  remain i n  o r b i t  a f t e r  t h i s  series of 

Geodet'ic Measurements have been completed . 
PAGEOS is f ab r i ca t ed  of one-half - m i l  (one-half thousandth 

of an inch)-thick Mylar p l a s t i c  coated wi th  a micro-thin 

f i l m  of vapor-deposited aluminum, The metal coat ing w i l l  

r e f l e c t  sun l igh t  and r ad io  waves and w i l l  p ro t ec t  the 

s a t e l l i t e  from t h e  damaging e f f e c t  of u l t r a v i o l e t  radiation. 

It w i l l  be packed i n s i d e  a c a n i s t e r  f o r  launch, then 

w i l l  be i n f l a t e d  i n  o r b i t .  The s a t e l l i t e  weighs about 125 

pounds . 
About 10 pounds of benzoic ac id  and 20 pounds of 

anthraquinone, i n f l a t i n g  compounds, a r e  dusted e:: t h e  i n -  

s i d e  of t h e  s a t e l l i t e  be fo re  it is folded and packed i n  a 

magnesium c a n i s t e r .  

is 28 inches i n  ou t s ide  diameter, are laced toge the r  by 

Rayflex cord for  the  f l i g h t  i n t o  space. 

The two halves  of t h e  canister, which 

The canister 

assembly weighs 46 p ~ i i r i Z s .  

- more - 
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A t  launch, t h e  c a n i s t e r  containing t h e  folded sphere 

is mounted on an aluminum adapter a top t h e  launch vehic le ,  

and enclosed by a hea t  s h i e l d  as it t r a v e l s  through t h e  

atmosphere. 

Tota l  weight of t h e  spacecraf t  system, including t h e  

i n f l a t a b l e  sphere,  i n f l a t i o n  powders, c a n i s t e r  assembly, 

and adapter  for mounting t h e  c a n i s t e r  t o  the launch vehic le ,  

is about 247 pounds. 

As t h e  launch veh ic l e  reaches o r b i t a l  ve loc i ty ,  t h e  

canister is automatical ly  e jec ted .  The t w o  halves are 

separa ted  by an explosive device placed around i ts  laced 

middle, permi t t ing  t h e  folded sa te l l i t e  t o  i n f l a t e  t o  

s p h e r i c a l  shape. 

The i n f l a t i o n  process is accomplished as t h e  benzoic 

ac id  and t h e  anthraquinone tu rn  t o  gas and expand i n  t h e  

solar beak, si5& 3:. the expansion of t h e  s m a l l  amount of 

r e s i d u a l  a i r  i n s i d e  t h e  sphere. 

- m o r e  - 



- 5 -  

The i n f l a t i o n  gases w i l l  leak out  during t h e  first t w o  

weeks i n  orbi t ,  when PAGEOS t r a v e l s  i n  continuous sun l igh t ,  

b u t  t h e  s a t e l l i t e  is designed t o  r e t a i n  i t s  s p h e r i c a l  shape 

for  the dura t ion  of t h e  miss ion .  

The PAGEOS p r o j e c t ,  one phase of t h e  U.S, National 

Geodetic S a t e l l i t e  Program, w i l l  mark t h e  f i r s t  use  of an 

o r b i t i n g  s a t e l l i t e  employing t h e  p r i n c i p l e s  of geometry t o  

map t h e  Ear th ' s  su r f ace  completely, 

A prime ob jec t ive  of t h e  program is t o  encourage i n t e r -  

n a t i o n a l  p a r t i c i p a t i o n  i n  ground-based observat ions,  data 

acqu i s i t i on ,  and data analysis .  A "PAGEOS Experimenter's 

Information Manual" w i l l  be published t o  provide t h e  in- 

f o r n a t f m  required for  p a r t i c i p a t i o n  i n  t h e  worldwide 

observat ion p r o j e c t ,  

The U.S. National Geodetic Sa te l l i t e  Program is based 

on recommendations of the Geodetic Satel l i te  Policy Board 

composed of r ep resen ta t ives  of NASA, Department of Defense, 

and Department of Comm?rce. The three agencies aLc --- - - < n ~ i ? a l  PA*---- 

p a r t i c i p a n t s  i n  t h e  program along w i t h  the  w o r l d  s c i e n t i f i c  

community. NASA has o v e r a l l  management r e s p o n s i b i l i t y ,  

- more - 



I 
- 6 -  

The program involves t w o  types of geodesy; 1, 

t h e  geometric, which concerns t h e  use of PAGEOS t o  map 

L A A S  Earth's su r face  wi th in  a three-dimensional re ference  

system, and 2. t h e  gravimetr ic ,  measurement of v a r i a t i o n s  

i n  t h e  Earth 's  g r a v i t a t i o n a l  f i e l d ,  

A-L 

Launch of t h e  f irst  geodetic s a t e l l i t e  i n  t h e  program, 

Explorer XXIX (GEOS-I), took place NOV. 6, 1965, 

from t h e  Eastern T e s t  Range a t  Cape Kennedy, The second 

GEOS sate1li te)similar t o  t h e  f i r s t ,  is scheduled for  

launch i n  1967 t o  make d e t a i l e d  s t u d i e s  of t he  g r a v i t a t i o n a l  

f i e l d  of t h e  Earth,  It w i l l  support geometric observat ions 

f r o m  cameraspaced about i , O O c )  - 1,203 m i l e s  a q a r t ,  enabling 

an evalua t ion  of i t s  f i v e  qeodetic instrumentation svs- 

t e m s  .) 

NASA's O f f i c e  of Space Science and Applications has 

prime r e s p o n s i b i l i t y  f o r  t h e  U.S. Geodetic S a t e l l i t e  Program. 

The Department of Defense, (U.S. Army Corps of % , - k ~ e r s ,  

Army Map Service) and t h e  Department of Commerce (Environmental 

Science Services  Administration's Coast and Geodetic Survey) 

are respons ib le  for  t h e  t racking  network, 

- m o r e  - 
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The PAGEOS p r o j e c t  is  managed by NASA's Langley 

Research Center ,  Hmpton, Va. 8 with da t a  a c a u i s i t i o n  

unde r  Goddard Space Plight Center, G r e e n b e l t ,  Md. Lewis 

Research Center, Cleveland is i n  charge of t h e  launch vehic le ,  

with launch management under t h e  Kennedy Space Center 's  Un- 

manned Launch Operations (ULO) o The 6569th Aero-Space T e s t  

Wing of t h e  V.S. A i r  Force w i l l  conduct t h e  launch under 

t h e  d i r e c t i o n  of ULO. 

The PAGEOS spacec ra f t  w a s  constructed by t h e  G. T. 

Sch j e ldah l  C o  . , Northf ie ld ,  Minn. and t h e  Goodyear Aerospace 

Corp., Akron, Ohio f ab r i ca t ed  t h e  c a n i s t e r  assembly and adapter.  

Douglas A i r c r a f t  Co., Santa Monica, Cal i f  . b u i l t  t h e  

first s t a q e  Thor booster .  The Agena-D upper stage was b u i l t  

by t h e  Lockheed Miss i le  and Space Co., Sunnyvale, C a l i f  . 

(END OF GENERAL RELEASP,; BACKGROUND INFORMATION FOLLOWSj 

- more - 
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PAGEOS BACKGROUND 

I n  August 1964, NASA approved a Passive Geodetic Earth- 
Orbithg Sate l l i t e  (PAGEOS) p ro j ec t ,  proposed by t h e  Langley 
Research Center, Hampton, Vi rg in ia  as part of t h e  U,S. 
National Geodetic S a t e l l i t e  Program. 
t o  Echo I (a 100-foot bal loon developed by Langley and 
launched August 12 ,  1960) w a s  proposed f o r  t h e  PAGEOS geodet ic  
s tudy program. 

A s a t e l l i t e  s imi la r  

This recommendation w a s  based on t h e  successfu l  ex- 
perience of t h e  United S t a t e s  i n  t h e  use of Echo I for  
var ious s c i e n t i f i c  purposes . 

Echo I proved it w a s  f e a s i b l e  t o  use a s a t e l l i t e  as 
a pass ive  r e f l e c t o r  communications system on a global  basis. 
I n  i t s  six-year l i f e t i m e  so f a r ,  Echo I has been used t o  
ob ta in  basic information on t h e  c h a r a c t e r i s t i c s  of space. 
I n  addi t ion  it has been successfu l ly  employed for  geodet ic  
t r i a n g u l a t i o n  measurements by t h e  United States and fore ign  
count r ies .  

Studies  conducted i n  1964 i n d i c a t e  t h a t  Echo I is s t i l l  
e s s e n t i a l l y  sphe r i ca l  and t h a t  i t s  very t h i n  coa t ing  of vapor- 
deposi ted aluminum has re ta ined  a high degree of r e f l e c t i v i t y ,  
b u t  it cannot be used f o r  t h e  PAGEOS pro jec t .  
t h e  o r b i t a l  i n c l i n a t i o n  is too  low t o  cover t h e  network of 
t r a c k i n g  s t a t i o n s  near po lar  l a t i t u d e s  and its a l t i t u d e  is 
t o o  low t o  span t h e  dis tances  across  cont inents  and oceans -- 
a c a p a b i l i t y  required f o r  worldwide geodet ic  appl ica t ions .  

S c i e n t i s t s  say 

PAGEOS I n f l a t i o n  

The sphere w i l l  be i n  continuous sun l igh t  f o r  t h e  first 
14 days o r  longer,  t o  insure  t he  e f f e c t i v e  operat ion of t h e  
i n f l a t i o n  system. 

- more - 
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Sunlight p lays  an important p a r t  i n  t h e  i n f l a t i o n  of 
t h e  sphere. The benzoic ac id  i n f l a t i o n  powder t u r n s  i n t o  
gas a t  a temperature of about 115 degrees F. Unless i n  
sun l igh t ,  t h e  temperature of t h e  s a t e l l i t e  w i l l  be w e l l  
b e l o w  t h i s  value,  
temperature w i l l  average &ou t  240 degrees F. 

I n  continuous sun l igh t  t h e  sphere 's  

M o s t  of t h e  benzoic acid is expected to l eak  ou t  of 
t h e  i n f l a t e d  s a t e l l i t e  i n  a fed hours, leaving t h e  less 
v o l a t i l e  anthraquinone t o  sus t a in  a s m a l l  p o s i t i v e  pressure  
f o r  about t w o  weeks a f t e r  t h i s  t i m e  it too w i l l  have escaped. 
The leakage p red ic t ions  a r e  based on t h e  r e s u l t s ,  as estimated 
by s c i e n t i s t s ,  of t h e  bombardment of t h e  s a t e l l i t e  by meteoroids, 

Even though t h e  i n f l a t i o n  gases leak  out  during t h e  f i r s t  
t w o  weeks, t h e  s a t e l l i t e  is designed t o  r e t a i n  i t s  sphe r i ca l  
shape a t  l e a s t  f o r  t he  durat ion of t h e  present  f ive-year 
s c i e n t i f i c  mission. 

Photosrammetric Observations 

As PAGEOS orbits 2600 miles above t h e  Ear th  it w i l l  
appear f r o m  the ground as  a fast-moving s t a r  a s  t h e  sun 
beyond t h e  horizon r e f l e c t s  on t h e  sphere ' s  mirror- l ike 
surface aga ins t  t h e  dark sky. 

As t h e  s a t e l l i t e  becomes v i s i b l e  t o  a t  l e a s t  t w o  of 
t h e  widely separated camera s t a t i o n s  around t h e  world, 
simultaneous photographs w i l l  be made aga ins t  a s t a r  back- 
ground, The reflected sunl ight  from the  s a t e l l i t e ' s  sur -  
f a c e  produces a po in t  image on t h e  photographs s i m i l a r  t o  
t h e  s t a r  images i n  t h e  background, 

Using geuturtrie tzthniques, a space-oriented t r i a n g u l a r  
p l ane  is formed by t h e  camera s t a t i o n s  and t h e  sa te i i i t e .  
On a subsequent pass ,  s i m i l a r  photographs a r e  made and t h e  
base l i n e  of t h e  t r i a n g l e  i s  determined. A s  o t h e r  camera 
s t a t i o n s  are brought i n t o  use, add i t iona l  base  l i n e s  a r e  
computed. They then, form a network of t r i a n g l e s  covering 
t h e  e n t i r e  su r face  of t h e  Earth, 

- more - 
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The 69 t r iangles  which w i l l  be produced during t h e  f ive -  
year  mapping experiment w i l l  reveal  t h e  shape of t h e  Earth. 
To e s t a b l i s h  t h e  s i z e  of t h e  globe, t h e  lengths  of one of 
t h e  base  l i n e s  of s e v e r a l  of t h e  t r i a n g l e s  is measured by 
conventional ground-based techniques. 
l engths  a r e  e s t ab l i shed ,  t h e  dimensions of a l l  o the r  base 
l i n e s  can be computed, r e s u l t i n g  i n  a m o r e  accura te  de t e r -  
mination of t h e  s i z e  and shape of t h e  Earth. 

Once seve ra l  base 

I n f l a t a b l e  Sphere A s s e m b l y  

The PAGEOS f a b r i c a t i o n  process is s i m i l a r  t o  t h a t  
devised for  Echo I. 

PAGEOS i s  constructed of 84 gores o r  panels  of Mylar 
p l a s t i c  f i l m ,  .0005 (one-half thousandth) of an inch th i ck .  
P r i o r  t o  fdb r i ca t ion  of t h e  sphere, t h e  gores a r e  coated on 
t h e  o u t s i d e  with approximately 2,200 angstroms of vapor- 
deposi ted aluminum, (An angstrom, a u n i t  used i n  measuring 
t h e  wave length of l i g h t ,  is t h e  basis f o r  measuring t h e  
th i ckness  of t h e  aluminum f i lm  because t h e  depos i t  is so 
t h i n )  . 

I n  t h e  s a t e l l i t e  f ab r i ca t ion  process,  the gores--each 
of which is about 45 inches w i d e  a t  t h e  "equator" and de- 
creases to a p o i n t  a t  t he  "poles"--are sealed toge ther  on 
the i n s i d e  by inch-wide adhesive t a p e  made of  t h e  same 
p l i a b l e  p l a s t i c  mater ia l .  The gore ends a r e  joined by 
p o l e  caps which complete t h e  sphe r i ca l  shape. 

The completed sphere is packaged i n t o  t h e  c a n i s t e r  
following s c i e n t i f i c a l l y  developed fo ld ing  techniques. 
The i n i t i a l  fo lds ,  called p l e a t  folds, a r e  made i n  t h e  
d i r e c t i o n  of  t h e  gore seams. 

Before t h e  l a s t  gore-to-gore seal ,  following completion 
of t h e  p l e a t  fo lds ,  t h e  i n f l a t i o n  powders ( t e n  pounds of  
benzoic  ac id  and 20 pounds of anthraquinone) are dusted i n t o  
t h e  sphere along t h e  lengths  of t h e  gores. Then t h e  sa te l l i t e  
is  folded accordion-fashion across  t h e  gore seams, r e s u l t i n g  
i n  a gene ra l ly  s p h e r i c a l  s t ack  which is c a r e f u l l y  hand-packed 
i n t o  t h e  c a n i s t e r .  

The volume of t h e  sphere when folded in s ide  t h e  c a n i s t e r  
i s  f i v e  cub ic  feet as empared to 524,000 cubic f e e t  and a 
s u r f a c e  a r e a  of 31,000 square f e e t  when i n f l a t e d  i n  orbit. 

- more - 
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Spacecraft  Sys t e m  

Total  weight of t h e  spacecraf t  system is about 247 
pcunds, This includes 1 2 5  pounds for  t h e  i n f l a t a b l e  sphere: 
30 pounds of i n f l a t i o n  powder c m t a i n e d  with in  t h e  sphere 
a t  launch: 40 pounds of t h e  canister,  lacing,  and t h e  explosive 
device which w i l l  s epa ra t e  t h e  t w o  halves i n  o r b i t ;  and 52 
pounds f o r  t h e  cone-shaped aluminum adapter  f o r  mounting t h e  
c a n i s t e r  t o  t h e  launch vehicle .  

Canis ter  A s s e m b l y  

The c a n i s t e r  halves are machined from magnesium forgings,  
wi th  an i n s i d e  dimension of 26% inches i n  diameter and an 
ou t s ide  dimension of about 28  inches. Af te r  t h e  f o l d e r  
sphere is packaged in s ide  t h e  c a n i s t e r ,  it i s  laced toge ther  
with Rayflex cord. A shaped charge is t h e  explosive device 
used t o  c u t  t h e  l ac ing  and a t  t h e  same t i m e  provide t h e  
propuls ive force t o  sepa ra t e  t h e  c a n i s t e r  halves a t  t h e  
desired t i m e  i n  f l i g h t .  

The assembled c a n i s t e r  is  placed atop t h e  adapter f o r  
mounting t o  t h e  launch vehicle .  The PAGEOS adapter provides 
t r a n s i t i o n  support  from t h e  approximate 10-inch c a n i s t e r  
mounting base  a t  t h e  t o p  of t h e  adapter  t o  t h e  60-inch-tnrxst 
f ace  cf  t h e  Agena-D. 

Thermal con t ro l  coatings a r e  c a r e f u l l y  applied t o  t h e  
exterior su r face  of t h e  c a n i s t e r  and adapter i n  s c i e n t i f i c a l l y  
designed pa t t e rns .  
levels  C?E t h e  i n t e r i o r  within prescr ibed l i m i t s  whi le  t h e  
spacec ra f t  is t r a v e l i n g  outs ide  tZc E=rr+h's dense atmosphere 
and before t h e  s a t e l l i t e  is i n f l a t e d  i n  o r b i t .  

These coatings maintain t h e  temperature 

The ?airing which encloses t h e  spacecraf t  a t  launch 
s h i e l d s  it from aerodyriamic heat ing damage during ascent  
through t h e  atmosphere; t h e  thermal con t ro l  system provides 
p ro tec t ion  a f t e r  t h e  f a i r i n g  is e jec ted  and t h e  spacecraf t  
is exposed t o  t h e  varying heat and cold--depending on i t s  
p o s i t i o n  i n  f l i g h t  i n  r e l a t i o n  t o  t h e  Sun. 

- more - 
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One of t h e  coat ings used is w h i t e  enamel p a i n t ,  appl ied 
t o  con t ro l  abso rp t iv i ty  on t h e  s i d e  f ac ing  t h e  Sun. The 
o the r ,  aluminum-coated adhesive tape,  con t ro l s  the emittance 
of hea t .  

‘Phelmnal con t ro l  on t h e  c a n i s t e r  prevents excessive 
heat ing,  which affects t h e  satel l i te  infhrrtion rate,  and 
excessive cold a reas ,  which a f f e c t  t h e  performance of t h e  
batteries i n  t h e  c a n i s t e r  assenibly. 

On t h e  adapter ,  thermal con t ro l  p r o t e c t s  t h e  e l e c t r o n i c  
equipment located i n  t h i s  area.  

The i n t e r n a l  p re s su re  and ex te rna l  c a n i s t e r  temperatures 
w i l l  be monitored f r o m  f i n a l  assembly u n t i l  c a n i s t e r  i n - f l i gh t  
e j e c t i o n  , 

Department of Commerce - Department of Defense P a r t i c i p a t i o n  

Using PAGEOS as a beacon i n  t h e  sky, teams f r o m  t h e  
Coast and Geodetic Survey and the  U.S. Army Map Service w i l l  
extend p r e c i s e  geodet ic  surveys across  con t inen ta l  and i n t e r -  
con t inen ta l  d i s t ances  t o  measure t h e  s ize  and shape of t h e  
Earth m o r e  accura te ly  than ever before .  

Eight teams of t h e  Coast and Geodetic Survey and four 
of t h e  Armv - Map Service w i l l  t r a i n  h ighly-sens i t ive  BC-4 
cameras, housed i n  po r t ab le  observator ies ,  on t h e  s a t e l l i t e  
as it passes  i n  orbit  2,600 m i l e s  about t h e  Earth. 

By simultaneous observations of t h e  s a t e l l i t e  aga ins t  
a s t a r  background, t h e s e  teams w i l l  determine t h e  angles 
between ad3acerli s t z t i m ~ -  t h u s  forming a world-wide sa te l l i t e  
t r i a n g u l a t i o n  network of known geometric angles ef scze 40 
s t a t i o n s ,  each permanently marked, Thus, through camera 
observa t ion  alone, t h e  d i r e c t i o n s  between a l l  s t a t i o n s  of 
t h e  netowrk w i l l  be p r e c i s e l y  determined. 

The p resen t  system of s a t e l l i t e  t r i a n g u l a t i o n  has an 
accuracy of one t o  400#000. Using PAGWS, it is hoped t o  
improve Earth measurements t o  an accuracy better than  one 
to 500,000, T h i s  means a measurement w h i c h  is off by only 
one  foot i n  500,000 feet. 

- more - 
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The 1 2  BC-4 s a t e l l i t e  t r i a n g u l a t i o n  teams w i l l  each be 
composed of four  t o  e igh t  men. 
when the  r e f l e c t i o n  of t h e  Sun's rays from t h e  pass ive  
s a t e l l i t e  can be observed. 

They w i l l  opera te  a t  n ight  

Each team w i l l  probably have t o  remain a t  a s t a t i o n  
from 6 t o  18 months. 
on v i r t u a l l y  uninhabited is lands,  i n  t h e  d e s e r t ,  i n  t h e  
t r o p i c s ,  and i n  t h e  f r i g i d  w a s t e s  of t h e  A r c t i c  and Antarct ic .  
A s  each p a r t y  completes i t s  operation, it w i l l  move on t o  an- 
o t h e r  s i te  each t i m e  leaving behind a permanent survey mark. 
Three or fou r  teams w i l l  be s t a t ioned  i n  Antarc t ica  during 
t h e  f i n a l  year  of t h e  program. 

They w i l l  opera te  on every cont inent ,  

The Coast and Geodetic Survey w i l l  ob t a in  observat ions 
which w i l l  enable geodes is t s  t o  reduce and analyze data 
which w i l l  r e s u l t  i n  t h e  establishment of t h e  world-wide 
geodet ic  n e t  accurate  t o  within one p a r t  i n  500,000 and 
t y i n g  toge ther  major da ta .  (A datum is a mathematical base 
which enables surveyors t o  def ine  p r e c i s e  hor izonta l  and 
v e r t i c a l  pos i t i ons  on Ear th) .  

Sa te l l i t e  geodesy w i l l  allow world-wide pos i t i ons  t o  
be re f ined  t o  a s t i l l  higher  degree as t h e  globe is measured 
on a t o t a l  scale r a t h e r  than  by local increments. Using 
sa te l l i t es ,  s c i e n t i s t s  have already been able t o  determine 
the  p o l a r  f l a t t e n i n g  of t h e  Earth with a prec is ion  about 
10 t i m e s  t h a t  of earlier determinations. 

Descr ipt ion of P r inc ipa l  Inves t iqa tors '  Roles f o r  PAGEOS 

The following P r inc ipa l  Inves t iga tors  have been assigned 
f o r  t h e  PAGEOS Pro jec t  : 

C a p t .  L. W. Swanson ( R e t , )  - USC & GS; ESSA, Slept. ~2 
Commerce 

Dr, Ivan I. Mueller - G e o d e t i c  Sciences Dept., Ohio 
State  Universi ty  

D r .  Charles Lundquist. - Assis tan t  Director, Smithsonian 
Astrophysical Observatory. 

- more - 



. 8 

0 - 14 - 
The roles of each of these  inves t iga tors  and t h e i r  

organizat ions are summarized as  follows : 

Captain Swanson, Project Manager of USC & G S  Geodetic 
S a t e l l i t e  Program, d i r e c t s  t n e  agency's p a r t i c i p a t i o n  in t h e  
National Geodetic S a t e l l i t e s  Program. USC & GS is  responsible  
f o r  e s t ab l i sh ing  geodet ic  cont ro l  throughout t h e  U,S.  and i t s  
~ O S S ~ S S ~ ~ ~ S ,  and is involved i n  e s t ab l i sh ing  world-wide geodet ic  
con t ro l  t o  a i d  i n  def in ing  the  shape of geoid and r e l a t e d  sci- 
e n t i f i c  i nves t iga t ions  of t h e  Program, USC & G S  p a r t i c i p a t i o n  
i n  t h e  PAGEOS Projec t  is sponsored by  t h e  Department of Defense. 

D r .  Mueller is Associate Professor of Ohio State 
I Univers i ty ' s  Department of Geodetic Science. Under NASA 

sponsorship,  D r .  Muelier is responsible  f c r  ana lys i s  of 
PAGEOS and o t h e r  s a t e l l i t e  d a t a  t o  d e f i n e  a un i f i ed  world 
geodet ic  system, H i s  inves t iga t ions  f o r  the  PAGEOS Projec t  
w i l l  include an ana lys i s  of t h e  r e l a t ionsh ips  of t h e  e x i s t i n g  
p r i n c i p a l  geodet ic  datum used by var ious na t ions  and t h e  
u n i f i c a t i o n  of t h e s e  data t o  a world-wide geodet ic  system 
t o  provide a common reference  network t o  which a l l  geodet ic  
and topographic data can be related. 

I 

D r .  Lundquist d i r e c t s  t h e  Smithsonian Astrophysical 
Observatory's  p a r t i c i p a t i o n  i n  t h e  National Geodetic S a t e l l i t e  
Program. Under NASA sponsorship, D r .  Lundquist w i l l  be re- 
spons ib le  for  obta in ing  PAGEOS observations with t h e  Baker 
Nunn cameras and f o r  analyzing o ther  observat ional  d a t a  obtained 
by t h e  USC & GS and in t e rna t iona l  observers f o r  t w o  purposes: 
1. To determine t h e  pos i t i on  fo r  t h e  1 2  Baker-Nunn s t a t i o n s  
i n  a common coordinate  system. 2. To determine r e l a t ionsh ips  
of the  geodetic d a t a  involved, from knowledge acquired of 
s t a t i o n  pos i t ions ,  var ious geodetic da t a ,  and d i r e c t  pos i t i ons  
der ived f r o m  s a t e l l i t e  analyses.  

A l l  observat ions of PAGEOS w i l l  be reduced by t h e  ob- 
eL--"- liig Qyjc;l,LLFy - --- - .. _- zzd trzzsaitted t o  the Geodetic S a t e l l i t e s  

D a t a  Service a t  NASA's  Goddard Space F l i g h t  Center,  G r e e n b e l t ,  
M d .  The  D a t a  Serv ice  w i l l  s t o r e  a l l  observat ional  d a t a  and 
disseminate  them t o  t h e  Principal  Inves t iga to r s  and o t h e r  
q u a l i f i e d  s c i e n t i s t s  on request.  Data f r o m  PAGEOS and f r o m  
other geodetic a c t i v e  satel l i tes  (GEOS-I etc.) 8 also s to red  
and disseminated by GSDS, w i l l  be used by the Pr inc ipa l  In- 
v e s t i g a t o r s  t o  f u l f i l l  object ives  of t h e  program. 

- more - 
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Launch Vehicle 

The PAGEOS launch veh ic l e  is a t h r u s t  augmented Thor 
(TAT) boos te r  w i t h  t h ree  Tx33-52 so l id  rocket motors, an 
Agena-D second s t a g e  and t h e  PAGEOS spacecraf t .  

The TAT is pr imar i ly  aluminum m d  needs no tank p res su r i -  
z a t i o n  t o  be self-supporting. Its engines include a Rocket- 
dyne main turbopump-fed l i q u i d  propel lan t  engine, t w o  Rocket- 
dyne l i q u i d  p rope l l an t  1000-pound-thrust v e r n i e r  engines and 
t h r e e  j e t t i s o n a b l e  Thiokol s o l i d  rocket  motors. Liquid pro- 
p e l l a n t s  are R J - 1  hydrocarbon f u e l  (35,213 pounds) and l i q u i d  
oxygen (67,600 pounds) . 

The main engine can be gimbaled i n  f l i g h t  f o r  con t ro l  
i n  p i t c h  and yaw while  t h e  ve rn ie r  gimballing provides r o l l  
and a t t i t u d e  cont ro l .  The Thiokol s o l i d  p rope l l an t  motors 
have 53,425 pounds of t h r u s t  w i t h  a t o t a l  burn t i m e  of a 
l i t t l e  m o r e  than 40 seconds during the i n i t i a l  boost  stage 
of t h e  PAGEOS f l i g h t .  

The Agena upper stage has telemetry, guidance and 
electrical power components mounted i n  module form t o  
s impl i fy  checkout and on-the-pad serv ic ing .  

The Agena's engine is a dua l - s t a r t  B e l l  Aerosystems 
model 8096 designed f o r  240 seconds of operat ion a t  high 
a l t i t u d e s  and 16,000 pounds of t h r u s t .  The p rope l l an t s  are 
s t o r a b l e  unsymmetrical dimethylhydrazine (UDMH) f u e l  and 
i n h i b i t e d  red fuming n i t r i c  acid ( IRFNA) ox id izer .  Pro- 
p e l l a n t  s to rage  tanks a r e  pressurized with helium t o  ensure 
proper  pump operat ion . 

A t  the end of t h e  propel lan t  tanks are s c m p  t o  contain 
t h e  p rope l l an t  during we igh t l e s s  coas t ing  periods.  The 
sumps conta in  a f i n e  mesh screen permi t t ing  propel lan t  flows 
i n t o  the sump during engine burn and i n h i b i t i n g  a r e t u r n  
flow during t h e  weight less  coast ing phases of Agena f l i gh t .  
These sumps e l imina te  t h e  need f o r  u l l a g e  rockets.  

- more - 
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F l i s h t  Sequence 

The TAT rises v e r t i c a l l y  from Space Launch Conplex 
75-1-1 a t  t h e  Western T e s t  Range f o r  about 2 seconds be fo re  
beginning a programmed r o l l  t o  t h e  f l i g h t  azimuth and p i t ch ing  
over t o  t h e  PAGEOS t r a j e c t o r y .  The t h r e e  strap-on motors 
burn &eut 40 seconds wi th  f u l l  t h r u s t  and a r e  j e t t i s o n e d  
65 seconds a f t e r  l i f t o f f .  

TAT main engine cu tof f  (MECO) occurs when t h e  veh ic l e  
reaches its proper a l t i t u d e  and v e l o c i t y  (some 150 seconds 
a f t e r  launch) . Thor ve rn ie r  engine cu tof f  (VECO) , some nine  
seconds a f t e r  MECO, s i g n a l s  t h e  s t a r t  of t h e  separa t ion  
sequence. 

About 14 seconds a f t e r  separat ion,  Agena pit.ches down 
t o  prepare f o r  i t s  f i r s t  burn, beginning abou t  three minutes 
a f t e r  l i f t o f f .  The engine hydraulic system con t ro l s  t h e  
v e h i c l e  i n  p i t c h  and yaw while r o l l  remains under pneumatic 
control during t h e  burn. The clamshel l -s tyle  p r o t e c t i v e  
shroud is e j ec t ed  during f i rs t  burn a t  about T p lus  194 
seconds . 

Agena’s engine burns u n t i l  it has increased t h e  v e h i c l e ’ s  
The Agena v e l o c i t y  meter then  shu t s  v e l o c i t y  some ll,OOO mph. 

t h e  engine o f f  about 417 seconds i n t o  t h e  PAGEOS f l i g h t .  

Agena, car ry ing  i t s  now unshrouded PAGEOS payload, 
coas t s  from f i r s t -bu rn  cutoff  a l t i t u d e  around 110 m i l e s  t o  
i t s  o r b i t a l  a l t i t u d e  of 2600 m i l e s .  About 73 minutes af ter  
l i f t o f f ,  preparat ions for  second burn begin.  This second 
burn i s  s h o r t ,  about 11 seconds, ending when t h e  v e l o c i t y  
has increased some 1740 mph. 

Agena/PAGEOS a t  t h i s  po in t  is i n  +.he 2600-mile-high 
c i r c u l a r  o r b i t  required f o r  t h e  spacecraf t ,  One hour anii 
15 minutes a f t e r  l i f t o f f ,  a spr ing-e jec t  ion mechanism places  
t h e  payload c a n i s t e r  i n  orbi t  ahead of Agena. Two seconds 
l a t e r ,  Agena begins t o  tumble t o  preclude t h e  p o s s i b i l i t y  
of t h e  empty Agena h i t t i n g  t h e  c a n i s t e r  and spacecraf t .  

An explosive device around t h e  middle of t h e  c a n i s t e r  

to i n f l a t e  i n  o r b i t .  This occurs one hour, 15 minutes and 
45 seconds a f t e r  l i f t o f f .  BASE% begins t o  i n f l a t e  some 85 
secoilds after t h e  c a n i s t e r  is ejected.  A t  t h i s  po in t ,  PAGEOS 
s h o u l d  be 650 f e e t  from Ageria. 

sepa ra t e s  t h e  container  halves,  leaving t h e  folded sphere 

- more - 
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The Agena-D, which w i l l  follow t h e  s a t e l l i t e  c lose ly  
during t h e  f i r s t  few o r b i t s ,  is equipped with a Minitrack 
beacon. Its signals (136.050 m c )  w i l l  assist i n  determining 
t h e  sphere ' s  i n i t i a l  orbit. This  ca l cu la t ion  is based on 
known a t t i t u d e  and tisparation v e l o c i t i e s  between veh ic l e  and 
spacec ra f t  canister. 

Launch Vehicle Stat is t ics  

Height TAT/Agena/PAGEOS 85 f e e t  

Weight TAT/Agena/PAGEOS 15,253 pound8 

TAT Booster A- 

Height 

D i a m e t e r  

Weight 

Propulsion 

Propel lan ts  

Thrt2w t 

P r i m e  
Contractor  

56 f e e t  20 feet 

8 feet 5 -feet 

Rocketdyne main one B e l l  8096 main 
engine, two Mcket- engine 
dyne ve rn ie r s ,  t h r e e  
Thiokol s t rap-on  s o l i d  
rocket motors 

R J - 1  hydrocarbon f u e l  MMH f u e l  and IRFNA 
and LOX 

332,275 pounds a t  
 ILL^^^^, - ' eL-&e 160.275 pounds 
of  which a re  t h e  t h r e e  
strap-on s o l i d  motors 

16,000 pound6 a t  a l t i t u d e  

Douglas Aircraft Co., Lockheed Mirriler & 
Santa Monica, C a l i f .  Space Co., Sunnyvale, C a l d  

- more - 
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L i f t o f f  

Solid booster eiitoff 

E j e c t  s o l i d  motors 

Thor main engine cutof f  (MECO) 

Thor vernier engine cuto f f  (VECO) 

ThodAgena separation 

Start  Agena first burn 

J e t t i s o n  shroud 

End Agena first burn 

Start  Agena second burn 

End Agena second burn 

Separate PAGEOS spacecraft 

0 

43 Sec. 

6 5  'I 

150 

158 'I 

162 I' 

185 'I 

194 'I 

417 'I 

4355 

4366 'I 

4462 'I 
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THE PAGEOS PROGRAM TEAM 

NASA H e a d q u a r t e r s  - 
O f f i c e  of Space Science and 

A p p l i c a t i o n s  

Jerome D. Rosenberg 
J. B. Mahon 

Lancrlev R esearch C e n t e r  

D e w e y  L. Clemmons, Jr, 
B e r t  C .  D e i s  

Lewis R e s e a r c h  C e n t e  r 

€I. Warren Plohr 
D. Lewis  

Goddard mace F l i s h t  C e n t e r  

J. B. Z e g a l i a  

mace center 

3, 2, Schwartz 

PAGEOS Program Manager 
A g e n a  Program Manager 

PAGEOS Project Manager 
A s s i s t a n t  Project Manager 

A g e n a  Project Manager 
PAGEOS V e h i c l e  Engineer 

Tracking and D a t a  System 
Manager 

A c t i n g  Manager, Unmanned Launch 
Operations, Western Tes t  Range 
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