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i. I n t r o d u c t i o n  

F o u r t e e n  C o u n t r i e s  in W e s t e r n  E u r o p e  have  shown  the  d e s i r e  
to  c o o r d i n a t e  t h e i r  e f f o r t s  in s i m u l t a n e o u s  o b s e r v a t i o n s  of s a t e l l i t e s  f o r  
the  f u r t h e r a n c e  of g e o d e s y  and a p r o g r a m m e  of o b s e r v a t i o n s  of t h e  
E c h o  1 and  2 s a t e l l i t e s  h a s  b e e n  a g r e e d  by the  W e s t e r n  E u r o p e a n  S u b -  
C o m m i s s i o n  of t h e  I n t e r n a t i o n a l  C o m m i s s i o n  f o r  A r t i f i c i a l  S a t e l l i t e s .  
The  o v e r a l l  p l a n n i n g  of  t he  p r o g r a m m e  i s  the  r e s p o n s i b i l i t y  of t he  Sub-  
C o m m i s s i o n  but  a c e r t a i n  a m o u n t  of the  o r g a n i z a t i o n  of t he  n e t w o r k  
wi l l  be  c a r r i e d  out by  the  i n s t i t u t i o n  r e s p o n s i b l e  f o r  p r e p a r i n g  and  
d i s t r i b u t i n g  the  p r e d i c t i o n s  f o r  t h e  s a t e l l i t e s .  

At  the  f i r s t  m e e t i n g  of t he  S u b - C o m m i s s i o n  in A t h e n s  in 
1965 it w a s  a g r e e d  t h a t  m e m b e ' r s  would  i n v e s t i g a t e  t he  p o s s i b i l i t y  of  
e s t a b l i s h i n g  a P r e d i c t i o n  C e n t r e  in t h e i r  r e s p e c t i v e  c o u n t r i e s .  S u b s e q u e n -  
t ly ,  t he  U . K .  r e p o r t e d  tha t  t he  R a d i o  and S p a c e  R e s e a r c h  S t a t i o n  had  
o f f e r e d  i t s  s e r v i c e s  and  t h i s  o f f e r  was  a c c e p t e d  by  the  m e m b e r s  of the  
S u b - C o m m i s s i o n .  

At  t he  s e c o n d  m e e t i n g  of t he  S u b - C o m m i s s i o n  in C o p e n h a g e n  
in May  1966 it w a s  a g r e e d  t h a t  t he  o b s e r v i n g  p r o g r a m m e  s h o u l d  b e g i n  
on A u g u s t  1s t ,  1966. T h i s  p a p e r  g i v e s  an ou t l ine  of the  o r g a n i z a t i o n  of 
s o m e  a s p e c t s  of t he  n e t w o r k ,  in p a r t i c u l a r  the  p r e p a r a t i o n  and d i s t r i -  
bu t ion  of t h e  s a t e l l i t e  p r e d i c t i o n s .  No m e n t i o n  i s  m a d e  of t he  w o r k  
which  wi l l  be  n e c e s s a r y  a f t e r  t he  p h o t o g r a p h s  h a v e  b e e n  t a k e n  e x c e p t  
fo r  t he  r e p o r t i n g  of s u c c e s s f u l  o b s e r v a t i o n s  to  t he  S u b - C o m m i s s i o n .  

2. T h e  C a m e r a  N e t w o r k  

It i s  e x p e c t e d  tha t  one  o r  m o r e  c a m e r a  s t a t i o n s  wi l l  be  
e s t a b l i s h e d  in e a c h  of  t he  fo l lowing  c o u n t r i e s  : A u s t r i a ,  B e l g i u m ,  
D e n m a r k ,  F i n l a n d ,  F r a n c e ,  G e r m a n  F e d e r a l  R e p u b l i c ,  G r e e c e ,  I t a ly ,  
the  N e t h e r l a n d s ,  N o r w a y ,  Spa in ,  S w e d e n ,  S w i t z e r l a n d  and the  U n i t ed  
K i n g d o m .  The  n e t w o r k  of  c a m e r a  s t a t i o n s  f o r  t he  W e s t e r n  E u r o p e a n  
S a t e l l i t e  T r i a n g u l a t i o n  P r o g r a m m e  l i e s  b e t w e e n  8 ~  and 2 5 ~  and  
36 ~ N and  62 ~ N a s  s h o w n  in Map 1 . S o m e  s t a t i o n s  a r e  a l r e a d y  
o p e r a t i o n a l  whi le  o t h e r s  a r e  in v a r i o u s  s t a g e s  of d e v e l o p m e n t  : t h e  
e q u i p m e n t  v a r i e s  c o n s i d e r a b l y  f r o m  one s t a t i o n  to  a n o t h e r .  

At  p r e d e t e r m i n e d  t i m e s  a s  m a n y  a s  p o s s i b l e  of the  s t a t i o n s  
wi l l  p h o t o g r a p h  a s e l e c t e d  s a t e l l i t e  a g a i n s t  t he  s t a r  b a c k g r o u n d ;  t i m i n g  
m a r k s  wi l l  be  i n t r o d u c e d  in the  f o r m  of g a p s  o r  o t h e r  d i s c o n t i n u i t i e s  
in t he  p h o t o g r a p h i c  t r a i l  of the  s a t e l l i t e .  The  p r o g r a m m e  r e q u i r e s  an  
a c c u r a c y  of t he  o r d e r  of s e c o n d s  of a r c  in a n g u l a r  m e a s u r e m e n t  and of 
a m i l l i s e c o n d  in t i m e  ; s o m e  s t a t i o n s  m a y  have  d i f f i c u l t y  in a c h i e v i n g  
t h i s  t i m i n g  a c c u r a c y  in t he  e a r l y  s t a g e s  of t h e  p r o g r a m m e .  

3. T h e  E c h o  1 a n d  2 S a t e l l i t e s  

T h e  p r o j e c t  h a s  b e e n  r e s t r i c t e d  to  the  o b s e r v a t i o n  of  t he  E c h o  
s a t e l l i t e s  l a r g e l y  b e c a u s e  t h e y  p e r m i t  the  s m a l l e s t  c a m e r a s  to  be u s e d .  
The  a p p a r e n t  v i s u a l  m a g n i t u d e s  of E c h o s  1 and 2 a r e  a p p r o x i m a t e l y  +1 
and +0 r e s p e c t i v e l y ,  but E c h o  1 can  v a r y  c o n s i d e r a b l y .  S h o r t  p e r i o d s  
of l o w e r  m a g n i t u d e  h a v e  b e e n  n o t i c e d  f o r  t he  E c h c  1 s a t e l l i t e  and  t h i s  
m a y  i n t r o d u c e  d i f f i c u l t i e s  fo r  s o m e  s t a t i o n s  with s m a l l  c a m e r a s ,  b e c a u s e  
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the t ra i l  may nearly disappear on the plate. These variations are 
normally of very short duration, a few seconds at most, and will only 
affect the capabilities of the smallest cameras. 

The orbit of Echo 1 varies considerably but it is essentially 
nearly circular  at about 1400 km altitude. Due to the action of solar 
radiation pressure,  however, the perigee and apogee oscillate in height 
by about 500 kin, with a period of about eleven months. The lowest 
height reached by Echo i, so far, has been about 900 krn but this will 
certainly be decreased considerably during the next few years. 

The orbit of Echo 2 is also nearly circular,  but at a height 
of about 1150 km and, like Echo I, solar radiation pressure causes the 
apogee and perigee heights to osci l la te .  For Echo 2 the, amplitude of 
the oscillations is about 150 kin. 

The orbits of Echos i and 2 are strongly affected by air  drag 
and this makes accurate prediction difficult, if not impossible , over 
long periods of t ime.  Both orbits are contracting under the action of 
air  drag and the satellites will eventually burn up in the atmosphere. 
The decay dates are impossible to predict with any accuracy because 
of the variations in atmospheric density during the solar cycle. If the 
atmospheric density were to remain as at present, the satellites would 
probably remain in orbit for at least another twenty to thirty yea r s ,  
but with the approaching sunspot maximum the atmospheric density at 
the heights -'of these two satellites may increase many t imes ,  thus 
reducing the lifetime of both objects considerably. Consequently, Echo 1 
may decay by 1969 and Echo 2 by 1980 but these are only very rough 
estimates because we do not know to what level solar activity will 
reach during the next few years. 

Bot the Echo satellites are inflated balloons and when 
approaching the decay stage they may collapse causing their stellar 
magnitudes to decrease considerably and become unsuitable objects for 
some of the cameras.  For the purposes of the triangulation programme 
it is therefore impossible to guarantee a useful life for Echo 1 beyond 
about 1968, but Echo 2 should be satisfactory for a considerably longer 
period. 

4. P r e d i c t i o n s  f o r  E c h o  I and  2 

As noted earl ier ,  the predictions will be prepared and issued 
by the Radio and Space Research Station, England. The Satellite Orbits 
Group of the Station already prepare predictions for about 50 satellites, 
including the Echos, and these predictions are distributed widely in 
Europe. 

For the triangulation programme special predictions will be 
necessary.  They will be in a form which has been adapted from that 
used successfully by the French Institut G~ographique National. This 
modified form of prediction will be as follows. 

A point for observation will be communicated to the network 
in the form of a geographic latitude, longitude, height above the ear th ' s  
surface and the time at which the satellite is predicted to pass through 
this point. Only one point per revolution will be predicted for observation 
in the first  instance. This is thought to be sufficient to begin the 
programme since both satellites will be visible from nearly all stations 
in the network when the satellites are over Europe (see Map I). 
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The predictions in the form described above will cover a 
period of two weeks at a time and will be issued two weeks before the 
time of the first observation. The last predictions will therefore be 
four weeks old and consequently it will be necessary to issue corrections. 
Tests have been carried out on the accuracy that can be obtained on 
long period predictions. For Echo I we have found that time corrections 
as large as 15 minutes have been necessary to predictions that are 
four weeks old, and for Echo 2 time corrections of about 3 minutes 
have been required. Larger corrections may be found necessary as the 
atmospheric density increase with solar activity during the next few 
years. 

The corrections to be applied to the predictions will be sent 
to the stations of the network in the form of time only. Corrections 
will be issued as frequently as is necessary to make the corrected 
prediction accurate to +_0.1 minute of time. The actual correction issued 
will give the correction to be applied on a given date together with a 
rate of change of correction. 

As well as applying the correction in time to the predictions 
it will be necessary for each station to derive a correction to allow 
for the rotation of the earth. The longitude correction in degrees may 
be obtained by dividing the time correction in minutes by 4 and this 
figure should be subtracted from the predicted longitude so that the 
longitude of the point of observation is moved to the west if the 
correction is positive and to the east if negative. The latitude and 
height of the point of observation are unchanged by the time correction. 
It is hoped that the corrected predictions will have an across track 
accuracy of about 0.5 ~ . Further details of how the time and longitude 
corrections are used and applied at the stations are given in Section 7. 

5. Camera Station Numbers and Names 

A 5-digit number and a 5-1etter name has been given to each 
station expecting to participate in the programme of Echo observations. 
The style of the number and name is 

AABBB CCCCC 

where AA is a number which signifies the country in which the camera 
station is situated. These numbers are 

C o u n t r y  AA 

Au s t r i a  01 

B e l g i u m  02 

D e n m a r k  03 

F i n l a n d  04 

F r a n c e  05 

G e r m a n  F e d e r a l  R e p u b l i c  06 

G r e e c e  07 

I t a l y  08 

N e t h e r l a n d s  09 
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Count  r y  AA 

N o r w a y  14 

Spa in  10 

S w e d e n  11 

S w i t z e r l a n d  12 

U n i t e d  K i n g d o m  13 

BBB i s  a n u m b e r  w h i c h  i d e n t i f i e s  the  c a m e r a  s t a t i o n  wi th in  t he  c o u n t r y  
C C C C C  i s  t h e  5 - l e t t e r  n a m e  of t he  s t a t i o n  and  i s  n o r m a l l y  an 
a b b r e v i a t i o n  of the  n a m e  of t h e  t own  which  a p p e a r s  in t he  p o s t a l  
a d d r e s s  of t h e  s t a t i o n .  

T h e  n u m b e r s  and n a m e s  of s o m e  of t h e  c a m e r a  s t a t i o n s  
e x p e c t i n g  to  p a r t i c i p a t e  in t he  p r o g r a m m e  a r e  g i v e n  b e l o w  : 

Country Location of Station Station 
Camera Station Number Name 

AUSTRIA 

BELGIUM 

DENMARK 

FRANCE 

GERMAN FEDERAL 
REPUBLIC 

GREECE 

ITALY 

NETHERLANDS 

SPAIN 

SWEDEN 

SWITZERLAND 

UNITED KINGDOM 

G r a z  01001 G R A Z A  

B r u s s e l s  02001 B R X O R  
B r u s s e l s  02002 BRXIG 

C o p e n h a g e n  03001 C O P H N  

Meudon  05001 MEUDN 
S t r a s b o u r g  05002 STRBG 
B o r d e a u x  05003 B R D U X  
N i c e  (Meudon)  05004 N I C E M  
P r o v e n c e  (IGN) 05005 GOULT 

Munich 06001 MUNCH 
Bochum 06002 BOCHM 
Berlin 06003 BERLN 
Braunsweig 06004 BRNSG 
Frankfurt 06005 FRNFT 
Karlsruhe 06006 KLSRH 
Berlin 06007 BERLA 
Meppen 0600 8 ME PPN 

Athens 07001 ATHNS 

Trieste 08001 TRSTE 

Del f t  09001 D E L F T  

San F e r n a n d o  10001 S N F E R  

U p p s a l a  11001 U P S L A  
Lov5  11002 LOVOA 

Z i m m e r w a l d  12001 Z M W L D  

E d i n b u r g h  13001 EDNBG 
M a l v e r n  13002 M L V R N  
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Each number and name is unique to the location of the camera at the 
beginning of its participation in the programme of observations. If, 
subsequently, the camera is moved a new number and name will be 
issued. 

6. Format o f  P r e d i c t i o n  M e s s a g e  

T h e  f o l l o w i n g  f o r m a t  wi l l  be  u s e d  f o r  t he  c o m m u n i c a t i o n  of 
p r e d i c t i o n s .  

SSNNN 

YMMDD H H m m m  

* * , l o , , .  . . . * * . ,  

~ 1 7 6 1 7 6  . . . . J . ~  

w h e r e  SS 

NNN 

Y 

MM 

DD 

HH 

m m m  

a 

llll 

n n n n n  

hhhh 

K 

allll nrmnn hhhhK 

�9 . . .  , , . . ~  . ~  

�9 . , ,  ~ 1 7 6 1 7 6  . , . ~ 1 7 6  

satellite, 01 for Echo i, 02 for Echo 2 

prediction serial number for the satellite concerned 

last digit of year 

month of year 

day of month 

hours, U.T. 

minutes and tenths of minutes U.T. (the last digit 
will normally be zero) 

sign of latitude, 0 positive, 1 negative 

geographic latitude of sub-satellite point in degrees, 
tenths and hundredths of a degree 

longitude east of Greenwich of sub-satellite point in 
degrees, tenths and hundredths of a degree 

height of satellite in kilometres 

a number which indicates the angle between the 
northern meridian through the sub-satellite point and 
the projection of the velocity vector of the satellite on 
the earth's surface. If ~ is this angle (measured from 
north through east) then 

K = 1 i f  0 d e g s  ~< ~ < 45 d e g s  

K = 2 " 45 " ~ r < 90 " 

K = 3 " 90 " ~< ~ < 135 " 

K = 4 " 135 " ~< ~ < 180 " 

K = 5 " 180 " ~< ~ < 225 " 

K = 6 " 225 " ~ 0 < 270 " 

K = 7 " 270 " ~ 9 < 3 1 5  " 

K = 8 " 315 " ~< D < 360 
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F o r  t h e  E c h o  1 and  2 s a t e l l i t e s  K wi l l  on ly  be  1, 2, 3 o r  4 b e c a u s e  
t h e s e  s a t e l l i t e s  a l w a y s  h a v e  a p o s i t i v e  w e s t  to  e a s t  c o m p o n e n t  of 
v e l o c i t y .  

E x a m p l e  : 

01004  
60921 23470 04121 02105 14212 
60922 01530  04704  35872 14373 

T h i s  p r e d i c t i o n  s t a t e s  t h a t  on S e p t e m b e r  21s t  1966 at  2 3 4 7 . 0  U . T .  
E c h o  1 w i l l  h a v e  a g e o g r a p h i c  l a t i t u d e  of 4 1 . 2 1  d e g r e e s  n o r t h ,  a 
l o n g i t u d e  of 2 1 . 0 5  d e g r e e s  e a s t ,  a h e i g h t  of 1421 k m  and  w i l l  be  
t r a v e l l i n g  in  a d i r e c t i o n  w h i c h  m a k e s  a n  a n g l e  of b e t w e e n  45 a n d  90 
d e g r e e s  w i t h  t h e  n o r t h e r n  m e r i d i a n  t h r o u g h  t h e  s u b - s a t e l l i t e  p o i n t .  T h e  
s e c o n d  p r e d i c t i o n  s t a t e s  t h a t  on  S e p t e m b e r  22nd  1966 a t  0 1 5 3 . 0  U . T .  
E c h o  1 w i l l  h a v e  a g e o g r a p h i c  l a t i t u d e  of 4 7 . 0 4  d e g r e e s  n o r t h ,  a 
l o n g i t u d e  of 3 5 8 . 7 2  d e g r e e s  e a s t ,  a h e i g h t  of 1437 k m  and  w i l l  b e  
t r a v e l l i n g  in  a d i r e c t i o n  w h i c h  m a k e s  a n  a n g l e  of b e t w e e n  90 a n d  135 
d e g r e e s  w i th  t h e  n o r t h e r n  m e r i d i a n  t h r o u g h  t h e  s u b - s a t e l l i t e  p o i n t .  T h e  
s e r i a l  n u m b e r  of t he  p r e d i c t i o n  m e s s a g e  i s  4. 

T h e  h e i g h t  (h) of t h e  s a t e l l i t e  g i v e n  in t h e  p r e d i c t i o n  m e s s a g e  
w i l l  b e  c a l c u l a t e d  f r o m  t h e  g e o c e n t r i c  d i s t a n c e  ( r )  and  t h e  r a d i u s  of 
t h e  e a r t h  (Re)  by  t h e  f o l l o w i n g  e q u a t i o n .  

h = r - Rr (I) 

w h e r e  R~ = 6 3 7 8 . 1 7  ( 0 . 9 9 8 3 2  + 0 . 0 0 1 6 8  c o s  2 ~ ' ) k m  (2) 

w h e r e  ~ '  i s  t he  g e o g r a p h i c  l a t i t u d e .  

T h e  g e o c e n t r i c  l a t i t u d e  q i s  r e l a t e d  to  G' by  

~' = ~ + Ii.59' sin 2~ (3) 

It is important to note that h is not in a direction perpendi- 
cular to the earth's surface at the sub-satellite point. However, the 
difference between the direction of the satellite and the geodetic vertical 
at the sub-satellite point will never exceed ii. 59 minutes of arc. (See 
equation 3). 

7. Format of Correction Messages 

The following format will be used for the communication of 
the corrections to the predictions. 

SSNNN 

Y M M D D  

w h e r e  

RRRRR 

R R R R R  

H H m m m  x T T T T  y t t t J  

SS s a t e l l i t e ,  01 f o r  E c h o  1, 02 fo r  E c h o  2 

NNN p r e d i c t i o n  s e r i a l  n u m b e r  f o r  t h e  s a t e l l i t e  c o n c e r n e d  

p r e d i c t i o n  c o r r e c t i o n  s e r i a l  n u m b e r  f o r  t h e  s a t e l l i t e  
c o n c e r n e d  
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Y 

M M  

DD  

HH 

m m m  

X 

T T T T  

Y 

t i t  

J 

last digit of year 

month of year 

day of month Epoch of time 
correction 

hours, U.T. 

minutes and tenths of minutes, U.T. 

sign of time correction, 0 positive, 1 negative 

time correction at epoch in hundredths of minutes 

sign of rate of change of time correction, 0 positive, 
1 negative, 

rate of change of zime correction in hundredths of 
minutes per day 

last digit of sum of all previous numbers in message 
(check-sum) 

E x a m p l e  : 

0 1 0 0 4  0 0 0 1 8  
6 0 9 2 0  0 5 3 0 0  0 1 4 1 3  0 1 2 8 9  

T h i s  c o r r e c t i o n  s t a t e s  t h a t  on  S e p t e m b e r  2 0 t h  1966  a t  0 5 3 0  U . T .  the 
correction for Echo 1 to be applied to the predictions with serial 
number 4 was plus 14.13 minutes of time and that the rate of change of 
the time correction was plus 1.28 minutes per day. The check-sum of 
the message is 9 (the sum of all the preceeding individual numbers in 
the message is 59, so the ckeck-sum figure is 9). 

The serial number of the prediction correction message is 18. 
The time correction, 5 t ,  in minutes to be applied at the 

observing station to any particular predicted time given in the prediction 
message is 

w h e r e  c i s  t h e  t i m e  
c o r r e c t i o n ;  

5t = c + bc (4) 

correction in minutes at the epoch of the time 

d is the rate of change of time correction in minutes per day; 

b is the elapsed time, expressed in days, between the epoch of 
the time correction and the particular predicted time given in the 
prediction message. 

The longitude correction, 5k,  to be added to any particular 
predicted longitude nnnnn given in the prediction message (Section 6) is 

5)~ = - 1 St, degrees (5) 
4 

Equation 5 is only approximate because it assumes that the orbital 
planes of the satellites do not precess and that the earth rotates exactly 
360 ~ in one solar day. More accurate forms of this equation are 
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(a) f o r  E c h o  1 

(b) f o r  E c h o  2 

~ t  
5k = _ / 3 . 9 5  d e g r e e s  (6) 

~t  
5k = - / 3 . 9 8  d e g r e e s  (7) 

H o w e v e r ,  e v e n  f o r  v e r y  l a r g e  t i m e  c o r r e c t i o n s  e q u a t i o n  5 s h o u l d  
p r o v i d e  a l o n g i t u d e  c o r r e c t i o n  a c c u r a t e  to  a b o u t  0 . 1  d e g r e e s  f o r  E c h o  1 
a n d  a t  l e a s t  0 . 0 5  d e g r e e s  f o r  E c h o  2. B e c a u s e  of i t s  s i m p l i c i t y  i t  i s  
t h e r e f o r e  s u g g e s t e d  t h a t  t h e  o b s e r v i n g  s t a t i o n s  u s e  e q u a t i o n  5 w h e n e v e r  
p o s s i b l e  u n l e s s  t h e  h i g h e s t  a c c u r a c y  i s  r e q u i r e d .  A s s u m i n g  t h e  l o n g i t u d e  
c o r r e c t i o n  i s  k n o w n  a c c u r a t e l y  t h e  c o r r e c t e d  l o n g i t u d e  of t h e  po in t  of 
o b s e r v a t i o n  i s  e x p e c t e d  to h a v e  a n  a c c u r a c y  of at  l e a s t  0 . 1  d e g r e e s .  

8. C o m m u n i c a t i o n  o f  P r e d i c t i o n s  a n d  C o r r e c t i o n s  

T h e  m e t h o d  of c o m m u n i c a t i o n  of t he  p r e d i c t i o n  m e s s a g e s  
f r o m  t h e  R a d i o  and  S p a c e  R e s e a r c h  S t a t i o n  ( R . S . R . S . )  to  t h e  s t a t i o n s  
of t h e  n e t w o r k  wi l l  be  b y  a i r m a i l .  A s s u m i n g  a t r a v e l  t i m e  of s e v e n  
d a y s  t h e  p r e d i c t i o n s  w i l l  r e a c h  t h e  t r a c k i n g  s t a t i o n s  one  w e e k  b e f o r e  
t h e  d a t e  of t h e  f i r s t  p r e d i c t i o n .  

T h e  c o r r e c t i o n  m e s s a g e s  w i l l  be  s e n t  b y  p u b l i c  t e l e x  f r o m  
R . S . R . S .  to  a c o m m u n i c a t i o n  c e n t r e  in  e a c h  p a r t i c i p a t i n g  c o u n t r y  f o r  
r e l a y  b y  t e l e x  o r  t e l e p h o n e  to t he  o b s e r v i n g  s t a t i o n s  in  t h a t  c o u n t r y .  
In o r d e r  to  a v o i d  d e l a y  it  i s  s u g g e s t e d  t h a t  w h e r e  p o s s i b l e  t h e  
c o m m u n i c a t i o n s  c e n t r e  s h o u l d  i t s e l f  be  a p a r t i c i p a t i n g  c a m e r a  s t a t i o n  of 
t he  n e t w o r k .  

9. C o m p u t a t i o n  o f  t h e  P r e d i c t i o n s  a n d  C o r r e c t i o n s  

C u r r e n t  o r b i t a l  e l e m e n t s  of t h e  E c h o  1 and  2 s a t e l l i t e s  and  
t h e i r  e x p e c t e d  f u t u r e  v a r i a t i o n s  wi l l  b e  u s e d  a s  the  b a s i s  f o r  c o m p u t i n g  
t he  p r e d i c t i o n s .  It i s  h o p e d  to a l l o w ,  a t  l e a s t  to  s o m e  e x t e n t ,  f o r  t h e  
p e r t u r b i n g  e f f e c t s  of a i r  d r a g  and  s o l a r  r a d i a t i o n  p r e s s u r e  on t h e  o r b i t s .  

A c o m p u t e r  p r o g r a m  h a s  b e e n  p r e p a r e d  w h i c h  s e l e c t s  a l l  
p a s s e s  of t h e  s a t e l l i t e  w h i c h  c r o s s  E u r o p e  d u r i n g  t h e  h o u r s  od d a r k n e s s  
and  l i e  b e t w e e n  t he  l o n g i t u d e s  of 2 4 ~  and  4 2 ~  and  l a t i t u d e s  3 0 ~  a n d  
7 8 ~  T h e  p r o g r a m  p r o v i d e s  the  g e o g r a p h i c  l a t i t u d e  and  l o n g i t u d e  of 
t he  s a t e l l i t e ,  i t s  d i s t a n c e  f r o m  t he  e a r t h ' s  s u r f a c e  a l o n g  t he  g e o c e n t r i c  
r a d i u s  v e c t o r  f o r  e v e r y  m i n u t e  of t i m e  w h i l s t  o v e r  E u r o p e .  At  e a c h  
p o s i t i o n  a c h e c k  wi l l  be  a p p l i e d  to  s e e  i f  t he  s a t e l l i t e  i s  i l l u m i n a t e d  b y  
t he  s u n  a n d  t h e r e f o r e  o b s e r v a b l e .  

F r o m  e a c h  o b s e r v a b l e  p a s s  one  p o s i t i o n  w i l l  be  s e l e c t e d  f o r  
s i m u l t a n e o u s  o b s e r v a t i o n  by  t he  n e t w o r k  and  t h i s  p o s i t i o n  wi l l  c o n s t i t u t e  
t h e  p r e d i c t i o n  f o r  t h a t  p a s s .  

On  m a n y  p a s s e s  t he  s a t e l l i t e s  m a y  be  v i s i b l e  f o r  t e n  m i n u t e s  
o r  m o r e  a n d  d u r i n g  t he  e a r l y  s t a g e s  of t he  p r o j e c t  t h e  s e l e c t i o n  of t h e  
p o i n t  of o b s e r v a t i o n  w i l l  no t  be  v e r y  i m p o r t a n t .  H o w e v e r ,  a s  t h e  p r o j e c t  
d e v e l o p s  t h e  po in t  of o b s e r v a t i o n  w i l l  h a v e  to  be  s e l e c t e d  a c c o r d i n g  to  
t h e  d i s t r i b u t i o n  a c r o s s  E u r o p e  of t he  s u c c e s s f u l  s i m u l t a n e o u s  o b s e r v a t i o n s  
a l r e a d y  o b t a i n e d .  It  i s  t h e r e f o r e  n e c e s s a r y  t h a t  t h e  R . S . R . S .  be  
i n f o r m e d  of a l l  s u c c e s s f u l  o b s e r v a t i o n s  of t he  s a t e l l i t e s  a n d  it  i s  
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r e q u e s t e d  tha t  an " O b s e r v a t i o n  R e p o r t "  ( see  p a r a .  12) be s en t  o n c e  p e r  
week  to  t he  S u b - C o m m i s s i o n ,  who wi l l  t h e n  i n f o r m  R . S . R . S .  

The  c o r r e c t i o n s  to the  p r e d i c t i o n s  wi l l  be  c o m p u t e d  f r o m  the  
m o s t  r e c e n t  o b s e r v a t i o n s  of  t he  s a t e l l i t e s  and a r r a n g e m e n t s  h a v e  
a l r e a d y  b e e n  m a d e  f o r  r e g u l a r  o b s e r v a t i o n s  of both  o b j e c t s  to  be s e n t  
by o t h e r  o b s e r v e r s  to  t he  R . S . R . S .  

10. S e l e c t i o n  o f  S a t e l l i t e  P o s i t i o n s  f o r  S i m u l t a n e o u s  

O b s e r v a t i o n .  

The  c o m p u t e r  p r o g r a m  a l r e a d y  d e s c r i b e d  wi l l  p r o v i d e  the  
p o s i t i o n  of t he  s a t e l l i t e  o v e r  E u r o p e  at  m i n u t e  i n t e r v a l s  on a l l  v i s i b l e  
t r a n s i t s .  In o r d e r  to  a s s i s t  in t he  c h o i c e  of the  p o s i t i o n  f o r  o b s e r v a t i o n  
a g r i d  wi l l  be  e s t a b l i s h e d  o v e r  E u r o p e  with i n t e r v a l s  of 4 d e g r e e s  in 
l a t i t ude  and 6 d e g r e e s  in l ong i tude  e x t e n d i n g  f r o m  30~ N to 7 8 ~  in 
l a t i t ude  and f r o m  2 4 ~  to  4 2 ~  in l ong i tude .  E a c h  i n t e r s e c t i o n  on t h e  
g r i d  wi l l  be  n u m b e r e d  a s  shown  in Map 2. When a point  fo r  o b s e r v a t i o n  
has  b e e n  s e l e c t e d  it wi l l  be a l l o t t e d  to  the  i n t e r s e c t i o n  c l o s e s t  to  i t .  
F o r  e x a m p l e ,  if a s e l e c t e d  point  of o b s e r v a t i o n  i s  4 5 ~  and 2 ~  t h e n  
it wi l l  be  a l l o t t e d  to  i n t e r s e c t i o n  n u m b e r  61 ( s e e  Map 2). S i m i l a r l y ,  
e a c h  s u c c e s s f u l  s i m u l t a n e o u s  o b s e r v a t i o n  of the  s a t e l l i t e  can  be a l l o t t e d  
to a n u m b e r e d  poin t  of i n t e r s e c t i o n  on the  g r i d  and a s  the  p r o g r a m m e  
p r o g r e s s e s  t h i s  g r i d  wi l l  h e l p  d e t e r m i n e  the  s e l e c t i o n  of p o s i t i o n s  f o r  
f u tu r e  o b s e r v a t i o n s .  

11. T h e  W o r k  o f  t h e  C a m e r a  S t a t i o n  o n  r e c e i p t  o f  t h e  

P r e d i c t i o n s  

At  l e a s t  one  w e e k  b e f o r e  any  g iven  da te  the  c a m e r a  s t a t i o n  
wi l l  r e c e i v e  by a i r m a i l  the  p r e d i c t i o n s  f o r  tha t  da te  ( see  S e c t i o n s  6 
and 8). F r o m  the  p r e d i c t i o n s  the  c a m e r a  s t a t i o n  c a n  p r e p a r e  t h e i r  own 
p r o g r a m m e  of w o r k  f o r  t he  two w e e k  p e r i o d  c o v e r e d  by  the  p r e d i c t i o n s .  
F o r  e x a m p l e ,  t h e y  c a n  d e t e r m i n e  f r o m  the  p r e d i c t i o n s  w h e t h e r  e i t h e r  
o r  both  of the  s a t e l l i t e s  a r e  v i s i b l e  and at  what  t i m e  of n igh t  t h e y  m a y  
be e x p e c t e d  to  m a k e  o b s e r v a t i o n s .  

A n y  t i m e  d u r i n g  the  p r e d i c t i o n  p e r i o d  the  c a m e r a  s t a t i o n  m a y  
r e c e i v e  c o r r e c t i o n s  to t he  p r e d i c t i o n s  by t e l e x  d i r e c t l y  f r o m  R . S . R . S .  
(or by t e l e p h o n e  o r  o t h e r  m e a n s  f r o m  t h e i r  n a t i o n a l  c o m m u n i c a t i o n s  
c e n t r e )  in t he  f o r m  a l r e a d y  d e s c r i b e d  ( see  S e c t i o n s  7 and 8). 

F r o m  the  c o r r e c t i o n s  i s s u e d  b y R .  S . R . S .  t he  c a m e r a  s t a t i o n  
wi l l  be  a b l e  to  c a l c u l a t e  the  t i m e  c o r r e c t i o n  to  be ap p l i ed  to t h e  
p a r t i c u l a r  t r a n s i t  t h e y  a r e  i n t e n d i n g  to  o b s e r v e ;  f r o m  t h e  t i m e  c o r r e c t i o n  
the  l o n g i t u d e  c o r r e c t i o n  can  be d e t e r m i n e d  and t h u s  the  c o r r e c t e d  
p o s i t i o n  of  t he  s a t e l l i t e  wi l l  be  known ( see  S e c t i o n  7) .  The  c a m e r a  
s t a t i o n  i s  t h e n  in a p o s i t i o n  to  d e t e r m i n e  the  a z i m u t h  and e l e v a t i o n  of 
the  s a t e l l i t e ,  

It i s  i m p o r t a n t  to  r e m e m b e r  t ha t  s i m u l t a n e i t y  wi l l  be o b t a i n e d  
if  two o r  m o r e  s t a t i o n s  o b s e r v e  the  s a t e l l i t e  a s  it p a s s e s  t h r o u g h ,  o r  
c l o s e  to ,  a g i v e n  p o s i t i o n  in s p a c e .  T h u s ,  a f t e r  t he  c a m e r a  h a s  b e e n  
se t  - u p  on t h e  a p p r o p r i a t e  a z i m u t h  and e l e v a t i o n ,  the  o b s e r v a t i o n  
c o m m e n c e s  when  the  s a t e l l i t e  e n t e r s  t he  f ie ld  of v i e w  of the  c a m e r a  
and no__Jt at  t he  t i m e  the  s a t e l l i t e  i s  e x p e c t e d  to  p a s s  t h r o u g h  the  c e n t r e  
of the  f i e l d .  The  o b s e r v a t i o n  e n d s ,  of c o u r s e ,  when the  s a t e l l i t e  
l e a v e s  the  f i e ld  of t he  c a m e r a .  
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12. W e e k l y  O b s e r v a t i o n  R e p o r t  

T w o  c o p i e s  of a W e e k l y  O b s e r v a t i o n  R e p o r t  shou ld  be s e n t  to  
t he  S u b - C o m m i s s i o n  f r o m  e a c h  c a m e r a  s t a t i o n  e v e r y  w e e k  t h a t  t he  
s t a t i o n  i s  in o p e r a t i o n .  If f o r  any  r e a s o n  the  s t a t i o n  i s  to  be shu t  down 
f o r  a p e r i o d  it wi l l  be  s u f f i c i e n t  to  s e n d  one r e p o r t  of t h i s  and no m o r e  
r e p o r t s  w i l l  be  e x p e c t e d  un t i l  a f t e r  t he  da t e  of t he  c a m e r a  s t a t i o n ' s  
r e -  o p e n i n g .  If no da t e  of r e -  o p e n i n g  i s  g i v e n ,  h o w e v e r ,  it  wi l l  be  
e s s e n t i a l  to  a d v i s e  t he  S u b - C o m m i s s i o n  i m m e d i a t e l y  t h i s  h a p p e n s  a s  
t he  s t a t i o n  wi l l  o t h e r w i s e  be i g n o r e d  when  c o n s i d e r i n g  the  p o s s i b i l i t y  of 
s i m u l t a n e o u s  e v e n t s  wi th  o t h e r  s t a t i o n s .  

The  p r o f o r m a  of the  W e e k l y  O b s e r v a t i o n  R e p o r t  wi l l  be  a s  
f o l l o w s  : 

WESTERN EUROPEAN SATELLITE TRIANGULATION PROGRAMME 

W E E K L Y  OBSERVATION R E P O R T  

(Month  and  Y e a r )  ( C a m e r a  S ta t ion  N u m b e r  
and  Name}  

Satellite Day 
U , T .  of O b s e r v a t i o n  

F r o m  To 

I 
V i s i -  P l a t e  
b i l i ty  Qua l i t y  

R e m a r k s  by  O b s e r v i n g  
S t a t i o n  

(Leave)  
(Blank) 

VISIBILITY CODE : 

1 = C L E A R  (5th m a g n i t u d e  s t a r s  v i s i b l e )  
2 = LIGHT H A Z E  (up to  4th m a g n i t u d e )  
3 = M O D E R A T E  H A Z E  (up to  3 rd  m a g n i t u d e )  
4 = H E A V Y  H A Z E  (up to  2nd m a g n i t u d e )  

P L A T E  Q U A L I T Y  CODE : 

1 = E X C E L L E N T  
2 = A V E R A G E  
3 = POOR 
4 = U N U S A B L E  

13. F o r m a t  o f  R e p o r t s  o n  O b s e r v e d  E r r o r s  in  t h e  

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

At  t he  s e c o n d  m e e t i n g  of the  W e s t  E u r o p e a n  S u b - C o m m i s s i o n  
in C o p e n h a g e n  d u r i n g  May 1966 s o m e  c a m e r a  s t a t i o n s  o f f e r e d  to  s e n d  
by pub l i c  t e l e x  to  R . S . R . S .  e r r o r s ,  a s  d e t e r m i n e d  by  t h e i r  o b s e r v a t i o n s  
of t h e  s a t e l l i t e s ,  in the  p r e d i c t e d  t i m e s  g iven  in t he  p r e d i c t i o n  m e s s a g e s  
(S ec t i on  6). It i s  r e q u e s t e d  tha t  t he  fo l lowing  c o d e  be u s e d .  

E R R O R  SSNNN AJkBBB CCCCC 

YMMDD H H m m m  x e e e e  
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where 

ERROR 

SS 

NNN 

AABBB 

CCCCC 

Y 

MM 

DD 

HH 

mmm 

X 

e e e e  

E x a m p l e  : 

i s  t h e  i d e n t i f y i n g  n a m e  of m e s s a g e  

s a t e l l i t e ,  01 f o r  ]Echo 1, 02 f o r  E c h o  2 

p r e d i c t i o n  s e r i a l  n u m b e r  f o r  t h e  s a t e l l i t e  c o n c e r n e d  

s t a t i o n  n u m b e r  

s t a t i o n  name 

l a s t  d ig i t  of y e a r  

m o n t h  of y e a r  

d a y  of m o n t h  

h o u r s ,  U . T .  

m i n u t e s  and  t e n t h s  of m i n u t e s  U . T .  

s i g n  of p r e d i c t i o n  e r r o r .  0 p o s i t i v e ,  1 n e g a t i v e  
( e r r o r  -- o b s e r v e d  t i m e  - p r e d i c t e d  t i m e ) *  

e r r o r  in  p r e d i c t i o n s  in h u n d r e d t h s  of m i n u t e s  

F o r  A t t e n t i o n  S a t e l l i t e  O r b i t s  G r o u p  

E R R O R  02008 07001 A T H N S  

61105 21380 10262 

T h i s  m e s s a g e s  s t a t e s  t h a t  c a m e r a  s t a t i o n  07001 ,  A t h e n s ,  o b s e r v e d  t h e  
e r r o r  in  t h e  p r e d i c t i o n s  f o r  E c h o  2 wi th  s e r i a l  n u m b e r  8 to  be  m i n u s  
2 . 6 2  m i n u t e s  a t  2138  U . T .  on N o v e m b e r  5th 1966. In o t h e r  w o r d s ,  t h e  
s a t e l l i t e  a r r i v e d  e a r l i e r  t h a n  would  h a v e  b e e n  e x p e c t e d  f r o m  t h e  
p r e d i c t i o n  m e s s a g e .  

14. A d d r e s s e s ,  T e l e p h o n e  a n d  P u b l i c  T e l e x  N u m b e r s  

(a) C o r r e s p o n d e n c e  r e l a t i n g  to  s a t e l l i t e  p r e d i c t i o n s  and  c o r r e c t i o n  
m e s s a g e s  

By  p o s t ,  

A d d r e s s  to  : The Director, 
Radio and Space Research Station, 
Ditton Park, 
Slough (Bucks), 
England 

The phrase "For the attention of Mr. D. E. Smith, Satellite Orbits 
Group" should be included on the envelope and enclosure. 

By public telex : 

Head each message "For attention Satellite Orbits Group" 

* T h e  o b s e r v e d  t i m e  i s  d e f i n e d  a s  t h e  t i m e  a t  w h i c h  t h e  s a t e l l i t e  p a s s e s  

c l o s e s t  t o  t h e  p r e d i c t e d  p o s i t i o n  a f t e r  a l l  c o  r e c t l o n s  h a v e  b e e n  a p p l i e d  

(See Sections 6 and 7). The predicted time is that ~iven in the prediction 

message (Section 6) before any corrections have been applied. 
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D.E. SMITH 

The telex number of R.S.R.S. is 84369 and the Answer-back 
Code is RADSEARCH SLGH 

By telephone : 

The telephone number is Slough 24411, Extension 238 
(D. E. Smith) 

(b) All other correspondence, including Weekly Observation 
Reports, should be addressed to : 

The W. European Sub-Commission for Artificial Satellites, 
Geodetic Office, 
Survey Production Centre, 
Elmwood Avenue, 
Feltham, 
Middlesex, 
England 

The telephone number is Feltham 3622, Extension 103 
(J, A. Weightman) 
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MAP I 

S ta t i ons  p a r t i c i p a t i n g  in the  Wes te rn  Eu ropean  Sate l l i te  

T r i a n g u l a t i o n  P rog ramme b e g i n n i n g  on1 Aug 1966 

a n d  Con tours  of Sa te l l i t e  V is ib i l i t y  

z ~ o~ 10o 140 180 220 260 30 a 
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MAP 2 
Western European Sate l l i te  Tr iangulat ion 

Observat ion Grid 

o~ 

0 ~ 1'2o 
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