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The decay of Satellite 1965-79A took place on 1965 October 29 and 

was observed a c r o s s  Europe. 

a r e  quoted and position measures  a r e  tabulated. 

The observers '  descriptions of the decay 

The object was already self-luminous when first seen at a height 

computed as 92. 6 km; a luminous trail began to f o r m  at a height of 

91 km; and fragments were  f i r s t  seen breaking away at a height of 

about 82 km. 

The decay t ra jectory as indicated by the measures  is investigated 

with the help of an ephemeris  supplied by NORAD. 

that the observations fix the height with an uncertainty probably not 

g rea t e r  than 0. 5 km. 

It is concluded 

A rough indication of the probable impact point is given. 

vi i  
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1 THE DECAY O F  SATELLITE 1965-79A 

2 William P. Hirs t  

1. INTRODUCTION 

The decay of Satellite 1965-79A took place over Europe on 1965 

October 29. 
received f r o m  the Space Defense Center a t  ENT Airbase,  Colorado 

Springs, and Moonwatch t eams  having a chance of seeing the entry into 

the atmosphere had been alerted.  

Predictions based on the Spiral  Decay ( S .  D. )P rogram had been 

The first intimation that the entry had been successfully observed 

was a telephone cal l  f r o m  Berlin Moonwatch, and this was closely 

followed by a cable f r o m  Bochum Moonwatch. 

confirmed and amplified by letter. Written reports  were also received 

f r o m  Zurich, Rodewisch, Eilenberg, and Copenhagen Moonwatch teams 

and f rom Dr. A. V. Nielsen of the Ole Roemer Observatory a t  Aarhus 

in Denmark. La ter ,  a very  useful photograph, which unfortunately has  

insufficient contrast  for  reproduction, was supplied by Bochum 

Moonwatch. 

These reports  were 

Figure 1 is a drawing of this photograph. 

This work w a s  supported in part by Grant No. NsG 563 f rom the 
National Ae r onautic s and Space Administration.- 

Chief, Moonwatch Division, Smiths onian Astrophysical Observatory. 
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Figure 1. Drawing of the Bochum photograph. 
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All  these observers  gave detailed and graphic descriptions of what 

they had seen, and most of them made position measures  o r  naked-eye 

estimates. All agreed that it was a most  spectacular sight. 

This decay appeared to have been carefully observed over a longer 

a r c  than any previous one. I t  therefore seemed desirable to  make a 

detailed study of the observations to determine, if possible: 

A. the height of the satellite a t  various points along the t ra jectory 

(it is a l so  of interest  to know the exact height at which the luminous 

trail reported by the observers  first  began to appear, and that at which 

pieces of the satellite were first seen to be breaking away) ;  

B. 

Ephemeris  ; 

how the observations compare with the Spiral  Decay 

C. the approximate point of impact, supposing that par t  of the 

satellite survived passage through the atmosphere. 

It w a s  evident from the observations that the satellite was definitely 

lower than had been predicted, but it seemed probable that the t rack  of 

the subsatellite point w a s  pretty close to the predicted one. 

- 3  - 



2. DESCRIPTIONS 

As some of the le t te rs  received dealt with other things besides the 

observations of the entry,  they will not be quoted verbatim, summar ies  

of only the relevant portions being given. 

translated from the original German. 

South to  North. 

Where necessary,  we have 

The s i tes  a r e  taken in o rde r  f r o m  

Zurich Moonwatch (H. R. Epprecht) 

The telegram giving the prediction a r r ived  about 3 minutes before 

the satellite. The observations were  therefore made in ra ther  a hurry.  

The sky had been overcast  but c leared in places just before the 

satellite arrived. 

predicted time a t  an altitude of about 35’. 

as - 3 .  

variation in brightness w a s  detected. 

thought he saw a very shor t  one. 

The satellite emerged f r o m  behind the clouds a t  the 

The magnitude w a s  estimated 

The color was almost  white with a greenish-blue tint. No 

I saw no tail, but my father  

The speed was s o  grea t  that i t  was impossible to pick the satellite 

up with the theodolite. 

timed, owing to some trouble with the stopwatch. 

estimated when the satellite was in line between Polar i s  and a Ursae 

Majoris,  the distance f r o m  a Ursae Majoris being about 1. 3 t imes the 

distance between a and p Ursae Majoris. 

It touched ‘1 Draconis, but this position was not 

A t imed position was 

The satellite was in view for about half a minute. 

-4 -  



Eilenburg Moonwatch (E. Otto) 

When the object was first seen, the magnitude w a s  estimated as -2. 

It was greenish in color a t  f i r s t  and then changed to yellowish white and 

finally to yellow. 

visible despite the darkness;  it w a s  similar to  the vapor t r a i l  left in 

the sky by a je t  a i r c ra f t  in the daytime. 

of 2 0  to  25 min of a r c  and could still be distinguished in the telescope 

2 o r  3 minutes later. 

It left behind a continuous vapor trail that was clear ly  

The t r a i l  had an  average width 

Rodewisch Moonwatch (Prof.  E. Penzel)  

The sky had been overcast  but c leared up in the West 2 minutes 

before the predicted time. 

h m  At  17 54 UT, object 1615 w a s  seen  with the naked eye as a bright, 

s tar- l ike object of magnitude -4. 
h m s  position was made at 17 54 

An exact measurement  of t ime and 

57.3 UT. 

At this instant, I noticed the beginning of the formation of a tail. 

The object increased in brightness by about half a magnitude on approach- 

ing culmination. 

The object could be followed with the naked eye almost  to the 

Northern horizon, where it vanished into haze. 

The width of the tail was about half a degree, and toward the end of 

the period of observation, it was estimated to be 80' to 90' in length, 

becoming brighter all the time. 

No sign of breakup into fragments was observed. 
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Bochum (H. Kaminski) (Te legram)  

Color: yellow to red  

Magnitude: - 3  t o  -4 

Tail:  about 120"  long with strong afterglow 

Berl in  (H. Zimmer)  

A. Naked eye: One object. Magnitude -6 t o  -7. Color, a lmost  

white. The coma-like disk had a diameter  of about 5 min of a rc .  The 

object had a long, reddish-yellow tail of estimated length 2 0 " .  

persistent,  luminescent trail of light greenish-yellow color was observed 

along the satell i te 's  path. 

A long, 

B. Telescopic: N o  definite nucleus was seen in the coma-like disk, 

but strong, turbulent motions. We had the impression that little f lames 

erupted in the disk, and there  was a shock wave in front of the object. 

The brightness was steady and increased slowly. 

Ole Roemer Observatory (Reported by Dr.  A. V. Nielsen) 

h m s  The object was first  seen at about 17 55 3 0  UT and last seen at 
h m s  17 56 48 (estimated). 

Ob s e r ve r : 

Place of Observation: Rungsted, Denmark 

Color: A small blue-white nucleus with red-  

Svend Holm 

orange border  

Brighter than Venus at its brightest Magnitude : 

- 6 -  



The object disappeared behind a house; shortly before this,  it  was 

seen  to  pass  about 1" West of p Aurigae. 

A long t ra in  was seen  f r o m  SSW to NNE (East  of the zenith).  The 

t r a in  was lying about half a degree o r  less West of 5 Lacertae.  

Copenhagen (Reported by Dr .  N. Wieth-Knudsen) 

A. Observer:  B. Pe te r sen  

Place : Tisvildele je 

Magnitude : -1 

Color: yellow 

Size: about 10'  

Maximum altitude: about 60" 
Train 20" long; color: yellow. About 10 bright 

objects broke away f r o m  the head and 

gradually faded out. 

B. Observer:  T. S .  Pedersen 

Place: Ne j ling e 

Magnitude : -10  

Color : white 

Size : 15' 

Maximum altitude : about 80" 

Train: 15" long; color: reddish white. Ten o r  more  

bright objects broke away from the head and 

slowly faded. 

-7- 
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3 .  MEASURES 

All the reported measu res  a r e  l isted in Tables 1 and 2. Those in 

Table 2 a re  rough est imates  and were  not used in the computation. 

The numbers in the first column a r e  f o r  reference and a r e  in order  

f r o m  South to North along the t ra jectory in each table: 

(1 )  i s  the position of r\ Draconis; 
appears  to be the more  probable identification. 

( l a )  is  that of 8 Draconis, which 

( 6 )  and (7 )  were measured by the author on the photograph f r o m  

Bochum. 

to pas s  through the position reported by Bochum (5).  

Backward extension of the t r a i l  in the photograph showed it 

(10)  is the position of 5 Lacertae ,  no adjustment being made f o r  

the " less  than 1/2" West' '  reported. 

(1 1 ) was computed by converting the position of p Aurigae t o  
altitude and azimuth, subtracting 1" f r o m  the azimuth and converting 

back to r i g h t  ascension and declination. 

- 8-  
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4. T,rIE HEIGETS 

If the orbit  plane can be taken as known, the eas i e s t  way to  determine 

the height of the satell i te f r o m  an observation is to find the point of 

intersection of the direction of the satellite, a s  seen by the observer ,  
3 with the orbi t  plane. This was one of the methods used by Solomon. 

The situation he re  is, however, ra ther  different f r o m  that with 

In his case,  the satell i te was observed 

It 

which Solomon had to deal. 

only over a short  distance and was then more  than 100 k m  high. 

could therefore be assumed to be moving in a geocentric plane without 

significant err  or. 

That may not be s o  in  the present case,  since the observed a r c  
was some 600 miles  long and the heights (as will shortly appear)  were  

less .  

To get  some idea of the reliability of the observations and the order  

of magnitude of the heights, a simple graphical method was first employed. 

Space Defense Center very  kindly supplied a copy of the S .  D. Ephemeris ,  

computed at intervals of 1 minute. 

to about five significant f igures,  is given in Table 3. 

The relevant part of this, rounded off 

The rectangular 

Solomon, L. H. , Observation of the GT-5 rocket-body reentry-prel iminary 
analysis,  Smithsonian Astrophysical Observatory Special Report No. 191, 
1965, page 4, T b. 

3 
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coordinates and velocity components in the las t  six columns a r e  re fer red  

to the usual fixed geocentric equatorial axes:  Z toward the North Pole, 

X toward the equinox of date, and Y toward right ascension 6 hours. 

The latitudes, longitudes, and heights a r e  geodetic. 

The geodetic positions of the observing s i tes  were  plotted on a 

large-scale  conical projection chart (Figure 2 )  together with the t rack  

of the subsatellite point f rom the ephemeris.  Observations (1) through 

(1 1 ) were converted to altitude and azimuth where necessary,  by use of 

roughly interpolated t imes where no observed t imes were available. 

Lines were then drawn in these azimuths from the s i tes  to intersect  

the track. 

The grea t  c i rc le  distance (r f r o m  si te  to intersection, together 

with the altitude E, then gives the approximate height h by the formula: 

p cos E 
p t  h = c o s ( E t u )  ' 

where p is the radius of the ear th  a t  the latitude of the site. 

Measurement of the positions of the intersections along the t rack 

relative to the points plotted f rom the ephemeris gives the computed 

t imes  of the observations, assuming the azimuths to be ideally accurate. 

Table 4 gives the resul ts .  

The heights derived f r o m  observations ( 3 )  through (8) fall into a 

reasonable sequence, in view of the roughness of the method, although 

they a r e  systematically lower  than those predicted. 

observations, ( l ) ,  ( Z ) ,  ( l o ) ,  and ( l l ) ,  a r e  more e r r a t i c ,  as would be 

expected; (9)  a l so  fails  to fall into line. 

The naked-eye 
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Figure 2. Subsatellite track. 
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The times observed at positions ( 2 )  and (8 )  agree  with the computed 

times, while those of ( 3 ) ,  (4), and ( 9 )  all have residuals  of about -10 

sec. 

One further point should be noticed. The two Rodewisch measures ,  

made f r o m  E a s t  of the t rack,  indicate ra ther  g rea t e r  heights than the 

three Bochum measures ,  made f r o m  the West. 

plotted t rack l ies  too far  to the West, as would be the case  i f  the 

ephemeris  t imes were  systematically late. 

This suggests that the 

At this point, it must  be frankly admitted that we have probably 

obtained all the information we could expect f r o m  observations of this 

standard of accuracy. However, as this was the f i r s t  t ime a satellite 

had been visually observed and i ts  positions measured over such a long 

a r c  s o  close to the decay point, and a s  the observers  took s o  much 

trouble to  obtain those measures ,  I thought that I should t r y  to get a s  

much information as possible f r o m  them. 

Before we proceed to accurate  numerical  work, we must  sett le the 

question about the t imes.  

Too much significance should not be attached to the agreement of 

positions (2)  and (8) with the ephemeris  t imes:  the la t ter  could easily be 

in e r r o r  by much more  than 1 0  sec.  

is some indication that they a r e  in e r r o r .  

of the two Berlin measu res  disagree with each other and cannot be 

reconciled by any reasonable assumption about the position of the track. 

Finally, the Zurich observations were made in a g rea t  h u r r y  ( a t  

3 minutes' notice!). 

In fact, as we have just  seen, there  

Next observe that the t imes  

-16-  



On the other hand, there is no obvious reason to question the 

reliabil i ty of the Bochum and Rodewisch t imes.  

t o  accept these a s  approximately co r rec t  and to  "anchor" the computed 

t imes to  them. Times a re ,  of course, needed to compute the coordinates 

of the observers  relative to fixed axes. 

I therefore decided 

-1 7- 



5. THE ENTRY TRAJECTORY 

If the trajectory of the entering satell i te l ies in a fixed geocentric 

plane, the computation of the heights indicated by the measures  presents  

no difficulty. 

In actual fact, a s  it descends through the atmosphere,  the satell i te 
I departs f rom its almost  fixed plane, finally moving in a plane defined 

by the small  c i rc le  of the impact latitude. W e  have to decide whether 

the departure will be large enough to  have a significant effect over the 

observed arc .  This can best  be seen in polar coordinates. 

F r o m  the rectangular coordinates, we have: 

t a n A  = Y 
x ’  

2 tan D = , 
d m  

I 
where A and D a r e  the geocentric R. A .  and Dec. 

R. A. in a plane, we have 

Writing A’ for  the 

s in  (A’ - 5 2 )  = cot i tan D . 

Let the plane be defined by 

a x t b y t z = O  . 

-1 8- 



Differentiating with respect  to time and solving the resulting equation 

simultaneously with (5) for a and b, we get 

Then 

y i  - 32 
x3 - By a =  , 

zk - ix b =  x3 - By 

a 
tan S2 = - 5  J 

tan i = 4 a T  . 

(7) 

(9 )  

Taking the plane defined by the vector velocity and radius when 

the height (see Table 3)  is 90. 73 k m  (nearsthe beginning of the observed 

arc) ,  we find: 

a = -3.3236 ; (1 0 )  

Table 5, computed f r o m  data in  Table 3, shows that a t  a height of 

79. 08 km (near the end of the observed a rc ) ,  A - A' amounts to  only 

a little over 1 min of a r c .  

-1 9- 
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If the departure f r o m  the plane is about the same in the observed 

t ra jectory,  where the above heights a r e  reached at lower latitudes, we 

can ignore it. The simple calculation in the Appendix justifies that 

as sumption. 

The second and las t  columns in Table 5 will be explained later. 
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6. CALCUIATION O F  THE HEIGHTS 

We define the following symbols: 

a, 6 :  

1, m, n: 
x, Y, z: 
x, Y Y  Z: 

r: 

P: 

h: 
R: 
7: 

9, H: 

Then 

measured  R. A. and Dec. corrected to equinox of date 

direction cosines of observed position 

geocentric coordinates of observer  

geocentric coordinates of satell i te 

radius vector of satell i te 

radius of ear th  along radius  vector 

height, defined as r - p 

range f r o m  observer  to satell i te 

local s iderea l  t ime 

geodetic latitude and height above s e a  level of observer.  

x = p C O S  9’ C O S  7 

Y = p cos +’ sin T 

Z = p sin +’ 
, 

and p 

Ephemeris and Nautical Almanac with arguments + and H. 

cos +’ and p sin +’ a r e  computed f r o m  Table VI1 in The American 

We have 

R C O S  6  COS^ = R 1 = x  - X  

R C O S  6 s i n a  = R m =  y -  y 

R s in  6 = R n = z - Z  

-22-  



Substituting f o r  x, y, z in equation (5)  and solving f o r  R, we have 

ax t bY t Z 
a1 t b m t  n ' 

R =  - 

Then 

x = R1 t X,  etc. , (1 7) 

(1 8) 
2 2  r 2 = x 2 t y  t z  , 

(Note: Substituting R f r o m  (16) in (17), we get the equivalent of Solomon's 

equations on page 15 of Special Report 191. 

misprints  in the third of these equations. 

brackets  should be minus signs. ) 

He points out that there  are 

The plus signs inside the 

The above coordinates a r e  re fer red  to  fixed axes. 

We a r e  now faced with a difficulty. To compute X,  Y, Z, f r o m  

(14), we need the t imes and, a s  explained in Section 4, we have to use 

computed times. These a r e  obtained as follows: 

The last column in Table 5 gives the geocentric angle 8 between 

the satellite and the node at 1-minute intervals,  which a r e  numbered 

fo r  reference in the second column. 

with sufficient accuracy, that d0/dt is a function of height alone, then 

comparison of 8 computed from the observations with 8 f r o m  the table 

at corresponding heights will  give us  the time intervals. 

t imes  then follow by "anchoring" these to  the accepted t ime of 

observation (4). 

If we assume,  as we probably can 

The required 

- 2 3 -  



The trouble is  that, in order  t o  compute 8 f r o m  the observations 

, by the formula 

have now been adjusted to make the residual of position (4) zero. 

. 

Z s in  8 = r s in  i ' 

we need z, which is a function of X ,  Y ,  Z.  W e  therefore  have to proceed 

by successive approximations. This is done graphically. W e  first plot 

8 and h f r o m  Table 5 against the minute numbers in column 2 (Figure 3 ) .  

W e  then add 9. 4 s e c  to the computed t imes in Table 4 and use the 

prel iminary times s o  obtained to compute X ,  Y, Z and hence 8 and h 

for the observations. 

overlay on Figure 3 against the preliminary time intervals ,  and the 

overlay is moved along the t ime axis  until the best  fit with the h curve 

is found. 

The values of h a r e  plotted on a t ransparent  

-24-  
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Figure 3. Naked-eye estimates:  -0- o r  (n. e.  ); telescopic 

o r  photographic: 0 . 
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The fi t  of the heights computed f r o m  the telescopic measu res  is 

now very close except for  position (9). Of the naked-eye est imates ,  

(1 1 ) a3w fits nuite Y well, a s  does ( l a )  (e Draconis). Position (2) is a 

very  rough est imate  and could easily be in e r r o r  by a couple of degrees.  

Position (IO) is not that  of the satell i te itself but of the trail left 

behind. Even so ,  there  seems  to be something wrong here.  We shall  

d i scuss  this and position (9)  later.  
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7. COMPARISON WITH THE EPHEMERIS 

To allow a final comparison with the observations, the S. D. 

Ephemeris  is adjusted a s  follows: 

Starting with the plane defined by equations (1 2 )  and (1 3 ) ,  we compute 

A and 8 for  a s e r i e s  of values of D. The t imes  a r e  then computed a s  

i ~ ~ __ ~ ~ _ _  ~ ~~ 

The observations disagree with the ephemeris  mainly by placing the 

satellite lower. 

plane, it  can be made to represent  the heights computed f r o m  the more  

reliable observations by rotating it backward in that plane. 

( l a )  ( i f  this is the co r rec t  identification of the s t a r )  and ( 1 1 )  do seem 

to suggest that the h graph ought to be more  strongly curved, but not 

much significance can be attached to this. 

If we consider the predicted t ra jec tory  a s  lying in a 

Measures  

The S. D. Ephemeris  is computed by numerical  integration using 

a method s imilar  to Cowell's method for  special  perturbations. 

starts f r o m  a given position and vector velocity, and the accelerations 

a r e  functions of the position and velocity, depending on the gravitational 

f ield and the assumed density distribution of the atmosphere.  

ment with observation can thus be due ei ther  to e r r o r s  in the start ing 

data o r  to  incorrect acceleration functions. This differs f r o m  the 

ordinary astronomical case in which the la t ter  a r e  not in doubt. 

It 

Disagree- 

Loosely speaking, a wrong atmospheric density distribution w i l l  

change the shape of the t ra jectory,  while wrong start ing data w i l l  shift 

it bodily. 

of the observed a rc .  

conclusions can be drawn. 

It is a pity that we do not have accurate  measu res  a t  the ends 

In the absence of such measures ,  no positive 
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before,  and values of h f r o m  Figure 3 a r e  used to  compute the c o r r e -  

sponding values of r. 

d rag  of the rotating atmosphere.  

Table 5 is used to co r rec t  the values of A for  the 

The ephemeris  in Table 7 is constructed by interpolation and con- 

vers ion of polar to rectangular coordinates. 

The residuals in Table 8 a r e  computed relative to  the neares t  point 

on the t rack  a s  seen by the observer,  thus throwing the maximum possible 

residual into the time. The resultant c ros s - t r ack  residual is represented 

by AN. 
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8. DISCUSSION O F  THE RESIDUALS 

Zurich 

These were naked-eye observations, made a t  ve ry  shor t  notice, 

and there  was a lot of cloud. 

Position (1) was reported a s  a coincidence with q Draconis, but the 

predicted track passed near ly  4" away f r o m  that s t a r .  

close to 0 Draconis, however, and in view of the conditions and the 

agreement with la ter  observations, it s eems  probable that this is the 

s t a r  the observers saw. 

I t  passed very 

As  noted before, position (2)  was a very rough estimate.  

Rodewisch and Bochum 

All these observations agree  very  well with the adjusted ephemeris ;  

remarkably well, in fact, for  such a large,  bright, and fast-moving 

object. 

Berlin 

The observer estimated the probable e r r o r  of position (8) as half 

a degree,  which agrees  with the residual. 

even more  accurate,  but i t  s eems  that a mistake of some so r t  must 

have been made, possibly in reading a circle.  

He thought position (9 )  was 

1 - 3 2 -  



Note that, in addition to making two measu res  with an  altaz-mounted 

telescope in l e s s  than half a minute, he a l so  took some time to study the 

appearance of the object, of which he gave a detailed description; and, 

according to his own estimate,  the object was in view for  little more  than 

a minute all told. 

under such conditions. Doubtless this a l so  accounts for the evident 

time e r r o r .  

This is very fast working and it is easy  to make slips 

Rungs ted 

The observer  noted that the object passed "about 1' West of p 
The residual  makes it half a degree,  which is satisfactory Aurigae. I '  

for  a naked-eye observation at low altitude (position (1 1 )). 

The large residual  (near ly  10' ) of position (10)  is not easy  to 

account for. It was,  of course,  the trail and not the satell i te that was 

observed, and some drift  i s  possible, but hardly s o  much. If this was 

another misidentification, the only star that seems to f i t  is + Andromedae, 

which is half a magnitude fainter than 5 Lacertae.  

did pas s  West of 5 Lacertae,  position (11) would surely have had a much 

l a rge r  residual;  and position (11), re fe r red  to a bright and easily r ec -  

ognized star, s eems  the more  reliable of the two. 

If the object really 
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9. THE IMPACT POINT 

The only reliable way to find the impact point - assuming that the 

satell i te was not totally destroyed in the atmosphere - would be to use 

the S. D. Program, start ing with coordinates selected f r o m  Table 7. 

It is possible to  get a rough position, however, without going to s o  

much trouble. 

selected height to impact w i l l  be much the same a s  that predicted in 

the S. D. Ephemeris.  If we now make the fur ther  assumption, which 

is, however, only very approximately t rue,  that the displacement in 

R. A. due to atmospheric rotation is the same in both cases ,  the 

procedure is obvious. 

We assume that the length of the t ra jectory f r o m  some 

Starting a t  a height of 79. 08 km, we find the length of the subsatellite 

t rack  to impact to be 7' 39 '  (geocentric). Table 3 shows that f r o m  a 

height of about 19 km, the satell i te w i l l  fall almost vertically, and a t  

this point, the departure  f r o m  the plane is 45' of R. A. (Table 5). The 

t ime taken to drop f r o m  79. 08 k m  to 19. 52 k m  is 4 minutes. 

Using these figures to extrapolate the ephemeris  in Table 7 and 

converting t o  geodetic latitude and longitude, we find that the object 

would be fall ing vertically a t  19. 52 k m  near:  

longitude 21 ' 57' E a s t  

latitude 63' 30 '  North 

at 18 01 04 UT. h m s  

-34- 
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This point is just  off the coast  of Finland, not f a r  f rom the town of 

V a a s a .  

Since the above was written, I have heard  that NORAD, using 

prel iminary coordinates I sent them,have computed the impact point as :  

longitude 19.'9 Eas t  

latitude 62: 2 North . 

This was not computed by the S. D. Program,  which, it appears,  

cannot be s ta r ted  at a point s o  near to  decay, but by another program 

specially designed for  such cases .  

This impact point is about 100 miles  up range f rom the one I 
indicated. 

mine on an  approximate method, s o  perhaps the t rue impact point (if 

any) is somewhere between the two. 

B othnia. 

NORAD's figures a r e  based on preliminary coordinates and 

If so, it is at sea,  in the Gulf of 
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10. CONCLUSIONS 

(A) The formation of a luminous t r a i l  commenced a t  a height of 91 km. 

(B)  Fragments were f i r s t  seen breaking away at about 82 km. 

(C) The S. D. Ephemeris  represents  the variation of height with t ime 
a s  closely a s  the observations were  accurate  enough to determine. 

(D) While the S. D. Ephemeris  gave the t ime over a given point accurate  

to about 10  sec,  impact probably occurred some 4 1 / 2  minutes ea r l i e r  

than predicted. 
The more reliable measures  were  able to fix the height with an 

uncertainty probably not grea te r  than 0. 5 km. 
(E) 
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APPENDIX 

EFFECT O F  ROTATING ATMOSPHERE 

Let  the components of the velocity v of the satell i te be 

i., r 6 ,  rtL cos (p . 

Then 

2 .2 2 . 2  2. 2 2 v = r  t r d  t r a  cos  + . 

(A-1) 

(A-2) 

In a nonrotating atmosphere,  the acceleration due to a i r  drag is 

2 
+ = - F v  , 04-31 

where F can be  taken to be independent of v. 

The eastward component of the acceleration is 

If we take the f i r s t  two t e r m s  of Taylor 's  Ser ies  

1 2 
2 r A a c o s ( p  = r & c o s + A t  - - F r v & c o s + A t  , 

o r  
1 2 A = A A t  - ~ F v i A t  . 

(A-4) 

(A-5) 

A-1 



In an atmosphere rotating with angular velocity u, the components 

of the velocity V relative to the atmosphere a re :  

and 

v2 = i.' t r2 ii2 t r 2 (ci - w 1 2  cos 2 + 

We have 

Aa = tr At - -F 1 V(& - W )  At 2 . 
r 2 

Hence, 

A a  - P a  = - 1 F (h(v  - V) t Vu} At 2 
r 2 

If tr >> w then V = v and 

1 2 Aa - P a - - F v v w A t  , r 2 

(A-7 )  

(A-8)  

(A-9) 

(A-1 0 )  

which is independent of +. Obviously, this approximation does not 

hold unless tL- >> w . 
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