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FURTHER INFORMATION REGARDING THE
METEORIC DISPLLAY OF FEBRUARY 9, 1913.

By C. A. CHANT.

ELSEWHERE in this issue is a discussion of this remarkable

phenomenon by Mr. W. F. Denning, F.R.A.S,, of Bristol,
England ; and since it was put in type fresh information has been
rece ved from two sources. _

In my original paper one of the most interesting of the
observers’ reports printed was by Colonel W. R. Winter, of
Bermuda. He has been able to collect additional facts, and has
embodied them in a letter dated November 24, which I give in
full below. Another discussion of the display appears in the
Journal of the British Astronomical Association, written by
Rev. M. Davidson, B.A., B.Sc., F.R.A.S., a well-known English
authority on these subjects ; and Mr. Denning has forwarded to
me a synopsis of this paper. It deals chiefly with mathematical
calculations of the path of the bodies, and is printed immediately
after Colonel Winter’s communication. Following this, I offer
some remarks on these two papers.

MORE NEWS OF THE METEORS FROM BERMUDA
By W. R. WINTER

[A LETTER TO THE EDITOR]

I and many others have read with much interest the reports
in your article in the JOURNAL and especially your review of
them and yvour deductions. I have been able through thisto get
more information and give a general average of the opinions
formed below :—

Appearance of the Display. The display came in sight in the
north-western sky and, to the observers south of Hamilton,
appeared to pass over or near the Bermuda Cathedral and cross
the Island to the south of south-east. To me it appeared to come
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Further Information Regarding the Meteoric Display 439

over the Cathedral and to disappear behind the crest of Milford
Hill. This would give a parallel to its track.

When first seen it was taken for a display of two arc lights
at the electric station which lies behind the Cathedral.

When these two leading bodies came to a point opposite the
observer’s station it was noted that they were flaking or emitting
sparks which accompanied them, but did not form the larger
trailers which followed, which resembled sky rockets in appear-
ance; these were apparently formed by explosions, one of which
occurred in Bermuda and was witnessed by Mr. F. Goodwin
Gosling and Mr. R. Ingham.

It is agreed that the general appearance of the display differ-
ed materially from the reports of most of the observers in Ontario.
Most of the large leading bodies had disappeared and the number
of trailers and groups had greatly increased. These groups in
some instances were very large and spread from 30° to 50°
towards the zenith, they were connected by stragglers singly and
in pairs. As they dropped behind they shortened in length and
became more red in appearance until the last were mere red
specks with a bluish flame-like appearance above them ; they also
appeared to have lost their energy and to resemble wind driven
pieces of burning brown paper.

The two leading bodies were very brilliant and resembled
arc lights and I observe that very few noticed this; Mr. W. H. -
Stevenson of Fenelon Falls, is one of the exceptions.

Time taken in passing. 1 regret that no one timed these
objects in passing. Mr. Goodwin Gosling, having watched the
leaders pass out of view behind the trees, had time to go into the
house, upstairs and to call others and even then a steady stream
was coming from the north-west sky, and it was a considerable
time before all had passed. Two minutes seems a low estimate
of the time in which they appeared to sail slowly and majestically
across the sky.

Height above forizon. 'The various angles are very conflict-
ing but there is no doubt that they were 30° from the horizon,
at least. Mr. Goodwin Gosling’s angle was carefully taken in
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440 C. A. Chant

regard to the tops of two tall trees, one behind the other, the
farther one slightly the lower. The leaders passed this gap as
shown in sketch. The lower one level with top of taller ‘ree 55

METEORS AS SEEN IN BERMUDA

feet above the height of the eye, and 93 feet base line, giving an
angle of about 30°.

Distance from Bermuda. We are agreed that these were
much nearer than 131 miles and considerably over 26 miles high.
The Royal Mail Steam Liner .47cadian arrived in Bermuda on
the 10th February and must have come a course almost parallel
to the display; it would be worth while writing the captain
about it, the watch must have seen it.

Think you will agree with me in the supposition that the
trailers had no origin separate from the main bodies and that
certainly the whole of them which passed these Islands were off
shoots from the leader’s or from leaders which had disintegrated
before reaching here.

I base this opiriién on the following points:— two leaders
only reached Bermuda; the number of trailers was enormously
increased, whereas from the fact the tail end was observed all
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Further Information Regarding the Meteoric Display 441

along the line to be dying out they should have decreased;
explosions took place at intervals, one was witnessed in Bermuda,
which threw off portions of the envelope which developed tails
of sparks ; the trailers near the large bodies had very long tails
and the others gradually' shortened up until they at last disappear-
ed ; the groups were in irregular intervals caused by the greater
or less frequency of the explosions; the explosions and the
increase in the number of trailers evidently account for the
remainder of the large bodies seen in Ontario.

This display was unlike anything we have seen before and is
not as far as I can find accounted for in any astronomical work.
We shall be pleased to get any further information that is obtain-
able. The general behavior was more like that of semi-gaseous
bodies than that of the ordinary aerolite.

THE AMERICAN METEOR DISPLAY OF FEBRUARY 9r1H, 1913.
By M. DAvVIDSON

On reading the account of this remarkable phenomenon in
the JOURNAL of the Royal Astronomical Society of Canada, I
found it difficult to account for the very long flight, at least
2400 miles, in spite of atmospheric resistance. The motion must
have been nearly horizonal ; indeed, so perfect was the adjust-
ment between the velocity of the bodies and the resistance of the
atmosphere, that they appeared to describe an orbit about the
earth’s centre.

I have given a discussion of this problem in the Britisk
Astronomical Journal for November ; a very brief summary of the
results arrived at is given below.
~ As the velocity which would cause a body near the surface
of the earth to describe a circular orbit is 493 miles a second, the
bodies must have had a velocity near this. A greater velocity
would imply an elliptic orbit, and they would rise from the surface
of the earth ; a less velocity would mean that they would slowly
descend. I assumed a velocity of 5715 miles a second when the
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442 - C. A. Chant

motion was parallel to the surface of the earth, and found that in
describing half their journey, 1200 miles, with this velocity, they
would rise 17 miles. If the velocity gradually fell from 5-15 to
4-93 miles a second, the latter being attained when half the journey
was completed, the rise would be half of this, that is, 85 miles

In traversing-the second half of their path, I assumed tha¢ th

velocity was gradually decreasing from 493 miies a second, thc
result being a slow drop towards the earth’s surface of about 8
miles, this descent continuing until they were dissipated by the
atmosphere or struck the sea farther on in their flight.

The next question to decide was that of the height above
the surface of the earth. TUsing the most reliable results of
atmoshperic resistance to the flight of projectiles, I found that a
body of diameter 100 feet and of density about 6, would be
required to start at a height of 34 miles, rising to about 43 miles
towards the middle part of its flight, and then sinking as the
velocity decreased from 4°93 miles a second. With bodies 10
feet in diameter, the figures are 45 miles and 54 miles ; those
intermediate in size would demand heights lying between 34 miles
and 45 miles at the beginning. A flight much below 34 miles,
even for the largest body, would be stopped by the resistance of
the air before it could move 2400 miles, uuless the velocity were
considerably above 5 miles a second, and in that case it would
rise very much from the earth’s surface. An explanation of the
ability of the various bodies to move so far may be found in the
fact that they were at various heights, a fact attested by some of
the observers ; the smaller bodies which described the whole dis-
tance of 2400 miles or more were probably higher than the larger
ones. 'Those which were not may have been amongst those
described as ‘“ snuffed out’’. As atmospheric resistance increases
relatively with a decrease in the diameter, it seems necessary to
place the smaller ones which traversed the whole distance higher
than those which were greater. Since a great number entered
our atmosphere, there is every probability that some of these
would be included amongst the fortunate ones which were of the
requisite dimensions for their height to perform the long path.
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Further Information Regarding the Meteoric Display 443

I find it difficult to accept the upper limit of the estimate of their
velocity given in the JOURNAL for May-June, 10 miles a second.

The height given in one part, 26 miles, is not, I think, so near
the truth as that given in another part, Table III, about 34 miles.

Even this may be too low, and T am disposed to believe that they.
were much higher than this. Professor Chant has reduced the
elevations by about one half, for reasons of which an explanation

1s given ; without such reductions the height would be some-
where near 70 miles. It agrees more easily with the effects of
atmospheric resistance to take an average height somewhere be-

tween 34 and 70 miles, probably near 45 miles.

It will be noted that Colonel Winter insists that the appear-
ance of the display, at Bermuda was quite different from that
when over Ontario. This was suggested to me on receiving
Colonel Winters sketch, which was reproduced along with his
report. In Ontario the bodies were arranged in distinct groups,
while at Bermuda there were two brilliant ones leading a large
number of bodies distributed fairly regularly in a long train
behind. Many of the larger bodies may have broken up into
smaller ones. From several places in Ontario observations of
explosions and descriptions were reported.

The new evidence regarding the height of the meteors is
interesting and important. To determine the height we must
know, of course, the elevation above the horizon and the distance,
from the observer, of the trace on the earth. Now the latter I
think is the best determined feature of the phenomenon. Its
location in central Ontairo is in error hardly more than or
three miles, and I think it hardly more than ten miles out
of its true position at Pense in Saskatchewan. A combina-
tion of these maximum errors would not make a change in the
location of the easterly end of the observed path of more than 15
miles, that is the trace was not less than 116 miles from Bermuda.
Of course, this assumes that the bodies were travelling over a
great circle on the surface of the earth. Colonel Winter’s new
determination of the altitude is about 3014%, which, when cor-

© The Royal Astronomical Society of Canada ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1913JRASC...7..438C

RASC..2 77 7438C)

)

444 C. A. Chant

rected for curvature of the earth, will be about 32°, and taking
131 miles as the distance of the trace the height deduced is 81
miles.

In view of the discussion which has arisen regarding the
height, T have recently examined my data again, and the accom-
panying table embodies the results reached.

HEIGHT OF THE METEORS

Dist. Altitude Aititude
p - | .
face Tﬁ}‘;?e Given \Red. 1121 Cg:‘l.r‘f,c-)r Height Red. 1/3 Cgll;.ni;(‘)r Height
miles 5 o o , |miles o o , | miles
Aylmer 62 65 324 | 33 23| 41 43 | 43 53| 60
Barrie 66 45 22% | 23 27| 28 30 |30 57| 39
Barrie 66 | sc | 25 |25 571 32 | 33 |33 57| 44
Brighton 97 30 15 16 23| 28 20 |21 23| 38
Campbellford 111 |<30 15 | 16 35| 33 19 | 20 35| 42
Campbellford 1tI low | down
Coboconk 106 20 Io | IT 31| 21 13 |14 31| 28
Cobourg 81 45 224 | 23 39| 36 30 |31 9| 49
Coldwater 86 45 22% | 23 44| 38 30 |31 14| 52
Dresden 102 45 224 | 23 59| 45 30 |31 29| 62
Dutton 78 45 224 1 23 37| 34 30 |31 7| 47
Edgar 72 223 11§ | 12 32 16 15 16 2| 21
LElmvale 72 45 225 | 23 32| 32 30 |31 2| 43
Fenelon Falls 102 [|<<45 21 22 .27 | 42 28 | 29 27 57
TFullarton 30 6751 34 |34 26| 21 45 |45 26| 31
Georgetown 17 60 30 | 30 1§ 10 40 | 40 1Ij 14
London 57 75 37% | 38 19| 45 50 | 50 49| 79
Magnetawan 143 20 1o |12 3| 30 13 15 31 39
Milliken 42 50 25 |25 36| 20 33 |33 36| 28
Muncey 7L 60 30 |31 I | 42 40 | 41 1 62
Painswick 64 30 15 15 55 19 20 |20 55| 24
Parry Sound 115 36 18 |19 39| 41 24 |25 39| 55
Petterlaw 72 75 373 | 38 32| 57 50 |51 2| 89
Peterborough a7 25 123 | 13 53| 24 17 18 23| 32
Port Sidney 108 low | down
Richard’s Ldg. 82 675 | 34 |35 10 57 45 |46 10| &
Rodney 93 45 22% {23 50| 41 30 |31 20| 57
Sheridan 17 75 37% 1 37 45 13 50 | 50 15 20
Toronto 30 65 324 | 32 56| 20 43 |43 26 | 29
Toronto 30 55 27% | 27 56 16 37 | 37 26| 23
Toronto 30 60 30 | 30 26 18 40 | 40 26 | 26
Trenton o4 | 30 Is 16 29 | 31 20 | 21 29 | 41
Trout Creek 167 low | down
Udora 73 45 223 | 23 33| 32 30 131 3| 44
Warsaw 106 low | down
Average 3170 T 436
miles miles
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When preparing my original paper the estimates of the
altitude of the bodies seemed to be so discordant that I thought
it better to depend on three particular observations which appear-

ed to be especially worthy of confidence and which agreed closely

with each other. ‘These led to a height of 26 miles. Two or
three other observers who reported to me personally and whom
I questioned closely gave results a little higher but appearing to
me to corroborate strongly my deduced result.

In dealing with the estimates of altitude made in the ordin-
ary way, that is, without some definite method of measuring the
angle, I reduced them, for reasons given in my paper, by about
one-half. Mr. Denning states that he has found it more accurate
to deduct one-third.

In the table I give all these ordinary estimates sent in with
the exception of two, one of which was evidently too high and
the other too low, and neither of which was made by the person
who reported to me, In the first column is the name of the
observer’s station; in the second, its distance from the trace on
the earth ; in the third, the observer’s estimate of the altitude;
in the fourth, this estimate reduced by one-half ; in the fifth, this
reduced value corrected for the curvature of the earth; in the
sixth, the height deduced from this corrected altitude; in the
seventh, the original altitude reduced by omne-third; in the
eighth, this value corrected for curvature ; and in the ninth, the
height deduced from it. It will be seen that the heights vary
between wide limits, the average of the 31 values being 311 miles
in the first case and 43'6 miles in the second.

Both Mr. Denning and Mr. Davidson think my former
estimate of 26 miles considerably too low, and though I have
much hesitation in differing from their views I am inclined not
to go far above this value. I would take the mean of 26, 31'1
and 436, or 34 miles, as a probable value.

It is true that this height is exceptionally low, but there are
other exceptional features, too, — the general appearances, the
length of path and the velocity. In the case of the great fire-
ball of September 5, 1868, the length of the path was 1200 miles,
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446 C. A. Chant

but the height at the beginning was 250 miles, at the end 85
and the velocity was 28 miles per second. Mr. Davidson shows
that the larger the body the less may be the height, though
for the largest body the height could not be much below 34
miles. I believe the bodies generally were more than 100 feet in
diameter,

It occurred to me when considering Mr. Denning’s paper
that perhaps one reason why the bodies were so generally
observed in Ontario was that they were nearest the earth then.
Assuming, then, that the bodies moved in a conic section and
that the perihelion was above the point where the trace cut the
80th meridian I proposed to determine the height the bodies
would have when off Bermuda, 17° along in their path, taking
different velocities at perihelion. This was done at my request
by Mr. I. R. Pounder, B.A., of the University of Toronto.
Assuming the distance from the earth’s surface at perihelion to
be 26 miles, the perihelion velocity for a body moving in a par-
abola to be 6°94 miles per second, and neglecting atmospheric
resistance, the results came out as follows : —

Peri. Vel. Ht. at
in miles a . e Bermuda
miles | e
per. sec. i in miles
825 | 4792 1°8318 142
8 . 6020 1°6621 138
6°94 | ... I 115
6 2842 0°4917 84
58 6567 0'393° .

Dr. R. K. Young, of Ottawa, using slightly  different con-
stants, obtained heights at Bermuda, in the first four cases, 146,
142, 118, 87 miles respectively. If we takethe perihelion height
as 34 miles, the heights at Bermuda would be increased about 8
miles.

From Colonel Winter’s latest estimates of altitude the height
at Bermuda is 81 miles, to produce which, on the above
hypothesis a velocity of about 5°92 miles per second would be
required. With a perihelion height of 34 miles the velocity
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THE NEW GREAT REFLECTOR FOR CANADA

Journal of the Royal Astionomical Sociely of Canada, 1913
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would be slightly under 58 miles per second. However, taking
into account the atmospheric resistance the perihelion velocity
must be somewhat greater, probably between 6 and 65 miles per
second.

Acting on Colonel Winter’s suggestion I have communicated
with the company operating the S. S. Arcadian, and hope to hear
from the captain in due time. Reports from steamships beyond
the Bermudas at the time would be even more interesting.
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