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There has been considerable inferest in the matter of determining

the probable point of impact of artificisl satellites, (See Science, 126,

Fo. 3287, December 27, 1957). We are conducting a study of the behavior
of satellites as they re-enter the atmosphere during the finasl phase of
their lifetimes, and in this connection we heave examined the data on
Satellite 1557 Alphe 1, the carrier rocket which accompanied Sputnik T,
Our calculaticns lesd us t0 the conclusion that 1937 Alpha 1 fell on
December 1 at 0845 GMT, approximetely 8 hours efter the last redsr obser-
vation made on it in the United States. We plece the probable point of
impect at latitude 45° N. and longitude 106° E., in Outer Mongolia. The
result of our investigation is shown in Figure 1, which represents the
trajectory of 1957 Alpha 1 during its final pass over the northern hemi-
sphere. The probable impact point is marked by a circle in Figure I,
and the uncertainty in the impact point by hesvy lines to either side
cf this eirele.
The analysis is based on seversl cbservations of the altitude of the
satellite during the lest 5 days of its lifetime. These altitudes were
deduced from radar dats on 1957 Alphs 1 obtained by: (a) the Lincoln

Iabmratoryl on Hovember 27 at 2153 GMT, November 29 at 2137 GMT, and
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November %0 at 1044 GM and 2114 GMT; (b) the Stanford Research Institute®
on December 1 at 0011 GMT; snd (c¢) the staff of the Royal Radar Establish-
ment® at Malvern, England on December 1 at 0828 GMT,

The altitudes chtained from these radar sightings are indicated in
Figuwre 2. Figure 2 also shows the calculsted eltitudes, determined by us
Trom a nmeerical integration of the sstellite eguations of motion start-
ing with orbital data provided by the Smithsonian Astrophysical Uhserva-
tory for the date of November 11, 1557. The calcﬁlated altitudes in
Figure 2 are seen to be in good zgreement with the chserved altitudes
For all passes.

The penultimate measurement shown in Figure 2 was taken on the Stan-
ford radar during the final passs of the satellite over the United States.
The last measurement in Figure 2 is thet of the RRE radar at Malvern, ob-
tained, as glready noted, at 0823 GMT. It is interesting to note thet
even if beoth of these date are cmitted, the comparlson of the remaining
cbeervations with our calculated altitudes indicates that the satellite
States, nor in fact for several passes thersafter. For if we assume Lne
last pass in the lifetime of the satellite toc be that in which it croassed
the western United States, the caleulated saltitudes then fall on the dmshed
curve of Figure 2. The differences between this curve gnd the data are
well cutside the probable errors for the observations. In our view Fig-
ure 2 provides conclusive evidence that the satellite continued con Tor ap-

proximately 8 hours beycond the pass over the west coast of the United States.
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The last datum point in Figure 2 is sn altitude of 71 miles, cbtained
by the RRE reder, Thils observation is criticzl for the unembiguous deter-
mination cof the impact peint. An altitude a3 low zs (1 miles indicates
that at the time of the passage over Malvern the rocket had entered on the
finsl dive of its re-entry inte the stmosphere. The detailed numericsl
integreticons then indicate that ithe rocket continued on past Malvern for
64° in the plame of the orbit before striking the Earth. This figure of
649 15 subject to an uncertsinty of * 15°, corresponding to the probable
error in the sltitude of the REE obszervations, and to an uncerteinty of
+ 150, corresponding to an assumed varistion in the gdrag coefficient by
a fector of 2. The combined uncertainty is shown by the heavy line in
Figure 1, as menticned above,

In the finsl phase of the re-entry the rocket probably disintegrated
into elements of differing drag coefficlent, whose impscts would be. strewn
over an arc length of the satellite trajectory spproximetsly egual to the

uncerteinty in impact shown in Figure 1.



Figure 1. Folar projection of the northern hemisphere showing the tra-
dectory of Satellite 19%7 Alpha 1 during ite finasl pass. The
calculated impact point is indicated by a circle at latitude
459 N. and longitude 106° E, The prcbabdle error in the impact
point due to uncertainties in (1) the altitude over Malvern,

Englend end (ii} the drag coefficient is indicated with heavy

lines to elther side of this circle.

Figure 2, Comparison of chserved and celculasted altitudes during the
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Tinel deys of Satellite 1957 Alpha 1; ILdincoln Iaboratory;
Stanford Research Institute; Foyal Radar Establish-
ment {Malvern, England). The solid curve indicates the
caleulated altitudes. The dashed curve represents the
calculated altitudes on the sssumption that the satellite

fell during its last pass over the United States.
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