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Society, and F. G. Watson at Harvard 
Observatory, Cambridge, Mass. All 
three began solutions based upon the 
data in their hands, and in fact Smith 
actually computed a preliminary atmos­
pheric path, but after some time, as 
the number of reports was so great, all 
three men decided to send what was in 
their hands to me for a final solution. 
At an estimate, about 800 reports came 
in—far the largest number ever re­
ceived by me on one fireball. Work was 
started, then delayed, and the same 
thing happened several times, but at 
last I have taken time to make as com­
plete a solution as seems possible, and 
the results appear in this article. 

Finding the Path 

The solution of paths and orbits of 
fireballs is of course of scientific in­
terest and furnishes important data 
about our atmosphere and also enables 
one to form hypotheses dealing with 
their place and manner of origin. I have 
computed and published about 100 of 
them in the past, but for reasons to be 

The Great Fireball of 
26 July 1938 

A strongly hyperbolic orbit is derived for this body, 
indicating an origin outside the solar system. 
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set forth, the fireball of 1938 has special 
significance because it appears quite 
certain that the body had a hyperbolic 
velocity and hence must have originated 
outside our solar system. As many of 
the greatest authorities in meteoric as- 
tronomy have expressed serious doubts 
about the possibility of fireballs coming 
from outer space, a full discussion of 
this case is justified. A parabolic orbit 
was also computed as a check, and 
every care was taken in deriving the ap- 
parent velocity. 

From the immense number of re- 
ports, I had hoped that a very accurate 
path and orbit could be computed. But 
in computing the path of a fireball one 
is always handicapped by the fact that 
the object appears without warning; 
that most observers are untrained in 
estimating directions, angles, and time 
intervals; that many are in unfavorable 
locations and see but part of the path; 
and that a few are actually terrified. 
Also, many, despite carefully prepared 
questionnaires, are unable to fill them 
out intelligently, and a large percentage 
write pages without giving one useful 
fact. But all reports must be read by the 
computer and listed, and the useful data 
must be sifted from the useless. Hence, 
the task of dealing with some 800 re- 
ports is truly a very great one. 

To compute the atmospheric path, 
the angular coordinates of both begin- 
ning and end points are needed. Alti- 
tudes and azimuths are usually given 
and can be directly employed; if posi- 
tions among the stars are given (these 
are far more accurate if the person 
knows the constellations), it is necessary 
to turn the declinations and right ascen- 
sions into altitudes and azimuths before 
proceeding. Of course, the position of 
the observer and the time must be given. 
To  obtain the velocity in the atmos- 
phere, the duration must be estimated 
in seconds or fractions. Here the prob- 
able error will always be large. The 
physical aspects are also important: the 
color of the fireball, its stellar magni- 
tude, whether it had flares or  explosions 
along the path, and whether it had a 
train such as is sometimes left. This last 
is of special importance, for the drift of 
the train furnishes information about 
the winds in the upper atmosphere, 
mostly in the 104- to 80-kilometer level. 
These limits are for night trains; twilight 
and daylight trains are lower. However, 
most fireballs do not leave long-endur- 
ing trains. 

For a solution, a map of the region 
is prepared on coordinate paper; the 
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most convenient unit is 1 millimeter to 
1 minute of latitude. It is necessary to 
compute the corresponding distances 
that the circles of longitude must be 
placed apart, but this is easy; simply 
multiply your unit by the cosine of the 
latitude. Then your map shows latitude 
circles as parallel straight lines; the 
longitude circles also straight but slight- 
ly converging. The positions of observ- 
ers who have furnished angular co- 
ordinates must then be plotted. I t  is ob- 
vious that this is a tedious matter, but it 
is necessary for the best solution. If all 
stations are within one state, an auto- 
mobile map serves almost as well, but 
when the area is larger, distortions of 
azimuth lines will probably occur. Upon 
the map, the observed azimuth lines are 
then plotted; however, the longitude 
circles are used for the protractor, not 
the latitude circles, as on such a map, 
except for the central meridian. the 
circles do not intersect exactly at right 
angles, though the difference is very 
small. 

Were the observations perfect, all 
azimuth lines for the sub-beginning point 
B1 would intersect in a point; the same 
would be true for the sub-end point, El. 
In practice, we find the wildest devia- 
tions, due both to poor estimates and 
to the observers' not seeing the real ends 
of the path but intermediate points. 

The computer then has to decide 

Table 1. Data on the atmospheric path and orbit 
tions were carried out with four-place logarithm! 

where within this area is the point in 
question. Each case has to be settled 
on its merits, so no rigid rule can be 
given. But it is obvious that more weight 
must be given to reports which indicate 
that the observer has some knowledge 
of the heavens and to those from ob- 
servers who use a compass or other 
mechanical aids, to determine directions. 
But even here we often run into a dif- 
ficulty as to the compass directions, for 
many forget to tell whether the local 
deviation has been allowed for. Since 
the deviation is often greater than lo0,  
this is serious. 

Path through the Atmosphere 

The azimuth of the path of the 1938 
fireball could be found with considerable 
certainty because, to ten observers in 
New Jersey or west of New York City, 
the path appeared vertical; this meant 
they were in its plane. This permitted a 
much better selection of the subpoints 
31 and EI than could have been made 
otherwise. These two points having been 
chosen, the heights, as determined by 
each observer, could be determined by 
measuring his distance from the two 
points and multiplying by the tangent 
of the altitude, with curvature correc- 
tion added to the observed altitude. 
This correction is nearly one half the 

(American Meteor Society No. 2279). The calcula- 
3 to minutes of arc. 

Date 
Sidereal time at B 
Began over B1 
Point over C1 
End over El 

Projected length of BIEI  
Projected length of ClEl 
Length of BE 
Length of CE 
Duration for C E  
Velocity over CE, observed ( W )  
Velocity over CE, geocentric (rl) 

Orbital velocity, parabolic (v) 
Orbital velocity, hyperbolic (v) 
Radiant uncorrected 
Curvature correction 

Zenith correction, parabolic 
Zenith correction, hyperbolic 
Radiant P (parabolic) 
Radiant H (hyperbolic) 
Radiant P 
Radiant H 
Radiant P 
Radiant H 

Semimajor axis 
Eccentricitv 
Per~helion distance 
Longitude ascending node 
Longitude perihelion 
Inclination 

1938, July 26.88 G.M.T. (26 July, 9:02 P.M., E.S.T.) 
261 " 54' 

X = 7 5 " 4 4 ' ; +  = 40" O f a t 6 9  km 
X = 74" 34'; + = 41" 20' at 60 km 
X = 72" 42'; 4 = 43" 18' at 45 km 

441 km 
258 km 
443 km 
260 km 
9.71 sec 

26.8 km /sec 
24.5 km/sec 
41.4 km /sec 
52.7 km /sec 

a = 34.5"; h = 3.3' 
f 1.2" 

Atmospkeric path 
15.6' 

-5.0' 
a = 34.5"; h = -11.2' 
a = 34.5"; k = -0.6' 
a = 208.6"; 6 = -46.2" 
a = 216.5"; 6 = -37.3' 
X = 224.2"; = -32.0' 
X = 226.6"; f i  = -21.6O 

Heliocerzrric orbit 
Parabolic Hyperbolic 

m 0.86 A.U. 
1.00 2.17 
1.012 A.U. 1.007 A.U. 

303.5" 303.5' 
310.5' 311.5' 

10.sO 10" 



distance measured in minutes of arc- 
one good reason why that was chosen 
as the unit for our chart. However, 
many reports indicated that the first 
and last point seen by the observer 
were far from the true ends. Hence, a 
vertical diagram was drawn, with the 
projected path horizontal, and points 
where the separate azimuth lines cut 
this path were determined, and then 
the heights of the points on the path 
were calculated in same manner. In 
this way, not only are the end points 
B and E shown on the diagram, but 
many intermediate points are shown 
as well. The computer draws a line 
which will best satisfy all these points, 
as a wide scatter from a straight line 
must be expected. 

There was an added fact which helped 
greatly in determining the slope of the 
true path: 28 observers in New England 
saw the path parallel to the horizon or 
with a very small slope. By knowing 
the distance of these observers from 
the sub-points, or knowing where their 
azimuth lines cut the projected path, it 
is quite possible to calculate the true 
slope, once we have calculated the end 
height EIE, which is almost always more 
readily determined. These determina- 
tions were added to the chart, and the 
atmospheric path arrived at was based 
upon all the data mentioned. As a re- 
sult, much confidence can be had in the 
calculated direction of motion of the 
fireball, and, when this is corrected for 
curvature it gives at once the position 
of the apparent radiant in the sky. From 
the paucity of observations of the exact 
beginning point B, this point is known 
with far less certainty, and hence knowl- 
edge of the length of the path also suf- 
fers. Again, however, we were fortunate 
in that most observers near New York 
City did not see the fireball until it was 
past the west point, and under or near 

Ursa Major. Since they used stars in 
this constellation as references, we were 
able to determine an intermediate point 
CI,  which is much better known than 
B1, the true sub-beginning point. In fact, 
the distance CIEI is the projection of 
the path as seen by the majority of the 
observers, particularly of those who 
gave estimates of duration. Hence, it 
seems wise to use CE instead of BE in 
determining the observed velocity. This, 
incidentally, gives a minimum value for 
the latter, a point of great importance 
as will be seen later. The adopted C1C 
is based upon 39 reports, EIE upon 41. 

There were 183 duration estimates in 
all. As those under 4.0 seconds were 
obviously too small and the six over 43 
seconds were much too long, we used 
145, which gave the mean as 9.71 
seconds. This gives an observed velocity 
of 26.8 km/sec. When corrected for the 
earth's attraction, this value drops to 
24.5 km/sec, the true geocentric veloc- 
ity. 

The fireball did not leave an enduring 
train, but it did flare up or burst at least 
four times. Doubtless many of the dis- 
crepancies in the reports arose from 
observers' taking the last bursting point 
as the true end point. There is no doubt 
but that the fireball showed a definite 
disk to observers who were anywhere 
near the path; estimates of the diameter 
ran from 3 to 30 minutes of arc, or the 
diameter of the moon. It was also very 
brilliant, growing in brightness at each 
flare, though it is almost impossible to 
give a definite figure in stellar mapni- 
tudes. The color was reported by sev- 
eral hundred observers; it was probably 
blue-white for most of its path, reddish 
near the end, but this latter observation 
may be due to most observers' having 
seen it then at a greater distance and a 
lower altitude. Some report a slight 
curving after the last explosion, but it is 

impossible to allow for this in comput- 
ing. Fragments or sparks certainly fell 
near the end. Its considerable height 
and rather large velocity make it im- 
probable that it furnished any meteor- 
ites. Data on path and orbit are given 
in Table 1. 

In further considering the observed 
velocity, which helps so greatly in de- 
termining the true heliocentric velocity, 
we find that the approximate deviation 
from the 9.71 seconds adopted for the 
duration is * 4.4 seconds. A rough ap- 
proximation for u, the geocentric veloc- 
ity, when parabolic velocity is assumed. 
gives about 10 km/sec. This is two and 
one-half times smaller than the derived 
value. Even were we to add the 4.4 to 
the 9.71 seconds, this would make w, 
the observed velocity we use, still 18 + 
km/sec, and u about 2 km/sec less. As 
for the duration, 33 of the reported 
values are within less than 1.0 second 
of the 9.71 seconds adopted, and of all 
the 145, 3 to 2 are smaller than 9.71. 
Also, if it were assumed that the whole 
path BE was observed by all 145 ob- 
servers, this would give us a far greater 
velocity; hence, the assumption that CE 
was the part of the path observed by t'he 
average observer tends to lessen the 
velocity, though it is known that some 
saw more-and of course some must 
have seen less. 

In conclusion, there seems no reason- 
able doubt that in this case we had a 
fireball with a large hyperbolic velocity. 
While I have computed other orbits with 
the same implications, never before have 
the data been so numerous and so de- 
cisive (I). 

Note 

This work would have been impossible but 
for the time and trouble spent by the three 
workers mentioned in the opening paragraph, 
who collected and partly digested the data. 
I am most grateful to them and also to the 
many hundreds of observers who reported. 
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