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hours in which no observers can see the stars, except in oriental coun-
tries. Japan lies just in the midway, so that we are responsible for
this kind of connection of sky-watching.
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THE METEORIC PROCESSION OF FEBRUARY 9, 1913.

By WILLIAM H. PICKERING.

Part III.

In our last paper it was shown that the meteoric procession was ob-
served from the steamer Newlands, in latitude — 3° 20’, longitude
32° 30" W, at a distance of 4353 miles from the Ontario Station, at
142375 G. M. T. The procession passed the Ontario Station at 14*
05=.5. From this we deduced, if apparent time was employed, that
this distance was traversed by the iron meteor in 28™ at a mean speed
of 2.59 miles per second, and that the head of the procession of mete-
ors required 32™ to reach the Newlands. Its mean speed would there-
fore be only 2.27 miles per second. This seemed unlikely. We also
saw that the meteors were observed from the steamer Bellusia, in
latitude 4 16° 39', longitude 50° 15" W. In the original reference it
is stated that a formal report was drawn up, and signed by the captain
and one of the other officers of that ship, and forwarded to the Hydro-
graphic Office in New York. I therefore wrote Professor Marvin of
the Weather Bureau to inquire if a copy of this report could be
secured. He replied that the Hydrographic Office reported that no
such paper had been received, but that an examination of several
hundred reports from different vessels covering the date in question
had been made and had shown that the meteors had been seen from
three of them. The descriptions given in these reports are so interest-
ing that T will quote them here.

British Steamship “Tennyson.” About 9* 50™ observed myriads of
stars, large and small, passing from North to South, mostly reddish
in colour and travelling in long line like meteoric showers. The
illumination lasted about a minute and a half.

British Steamship “Custodian.” At 10" 00™ observed what appeared
to be a small burning cloud bearing W. by N., out of which burst
several pieces of flery matter travelling right across the heavens to
the S. E.

Spanish Steamship “Manuel Calvo.” At 11 p. M. (approximation)
phenomenon rapturous atmospherical of stars to walk off, W constella-
tion Orion towards Sur slowly, like only procession or suite, excepcion-
ally clear.

The Tennyson was almost directly under the track, lying but 11
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miles to the northeast of it. The other ships were also to the north-
east, the Custodian at a distance of 186 miles, and the Calvo at a
distance of 235. The officer of the last named, it will be noticed, is
one of the very few observers who reported the direction of the
meteors in the sky. His statement may be translated as follows: “The
meteors appeared in the region lying to the west of Orion, and were
moving slowly towards the south.” This statement gives a correct
description of the course of the meteors as seen from the location of
his vessel. We thus have reports of the meteors from five different
steamships.

When it came to an examination of the times recorded, however,
it appeared that they were quite irreconcilable. The report from the
Newlands appears to have been carefully made, the Local Time is
given to minutes, and is followed by the letters A.T.S., which would
appear to imply that Apparent Time of the ship was used. This last
statement is most important, since some ships use Mean and some
Apparent Time, and the difference in February amounted to 14.5
minutes. Nevertheless if Apparent Time was really used it was cer-
tainly wrong, as it gives an impossible speed for the meteors. Since
the meteors kept at a nearly uniform height for a distance of over 60°,
their mean speed must necessarily have been about 5 miles per second.
Anything much higher or much lower, such as 4 or 6 miles is certainly
incorrect. On the other hand if the Newlands used Mean Time, and
the interval elapsed since the meteors left Canada was 17.5 minutes,
then the speed comes out 4.1 miles per second for the stony meteors.
For the iron meteors, making the assumptions adopted in our last
paper, the interval is 13.5 minutes, and the speed 5.4 miles. It is of
course possible that only the iron meteors survived the long journey.
An interval of 14.5 minutes gives a mean speed of just 5.00 miles,
The theoretical speed for a satellite moving in a circular orbit 35 miles
above the surface of the earth is 4.89 miles per second.

Tabulating the results for the five vessels, we find by Table I that
the first three lines give the name of the ship and its latitude and
longitude. The next line gives the distance in miles from the Ontario
station to that portion of the meteor track which lay nearest to the
ship. The next gives the recorded time and then the correction for the
longitude to reduce to Greenwich. The last line gives the observed
Greenwich Mean Time of the passage of the meteors, making no al-
lowance for Apparent Time. The time of the appearance as given by
the first four ships appears to be hopelessly inaccurate although for the
Custodian and Bellusia their statements can' be materially improved
by adding 14.5 minutes, on the assumption that they used Apparent
Time. It probably never occured to any of their officers that such an
observation could be of any astronomical value.
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k( TABLE L.

%\1: TiMmE OBSERVATIONS.

;‘35 Ship Tennyson M. Calvo Custodian Bellusia Newlands
Latitude -+36° 15 -+34° 300 +31° 51 +16° 39"  — 3° 20
Longitude 68° 10 60° 21 58° 30" 50° 15 32° 30
Distance 787 1188 1391 2542 4353
Time Recorded o" 50™ 11 oo™ 10" oo™ 10" 30™ 12 13™
Longitude 4 327 4 014 3 540 3 210 2 100
G.M.T. 14 227 15 014 13 54.0 13 51.0 14 23.0

If we had had a single trustworthy observation from the 20,000,000
people who might have observed the meteors in our eastern staies,
and had had one from the island of Bermuda, we should have been in
a position not only to compute the velocity, but also the size of the
meteors with some accuracy. As it is, it is only possible to say that
they must have been travelling at a speed of about 5 miles per second,
and have been at least several feet in diameter. It will be recalled that
in our first paper we estimated the diameter of the iron meteors at 28
inches.

Looking at this question now from another point of view, we may
consider that any meteor that enters our atmosphere and passes within
50 miles of the earth’s surface will be captured, and thus become a
meteorite. Let us pass a plane through the earth’s centre and per-
pendicular to the track of a number of meteors, then to every 40
meteors striking the earth directly, one will enter the atmosphere and
strike the plane within 50 miles of the earth’s surface. Schreibers
estimates that 700 meteors reach the surface of the earth every year,
of which perhaps 3 will be found. Reichenbach places the number at
3000 to 4000. These must all be comparatively slowly moving bodies,
like those of the Canadian procession, since the cometary meteors are
with a few exceptions burned up in the upper regions of our at-
mosphere. '

Taking even the lower estimate as correct, there must be some 20
meteors every year passing tangent to the earth’s surface, and moving
at a proper speed to duplicate more or less the Canadian shower. Half
of these would pass in the day time, but instead of there being ten a
year, or a thousand a century, many of which would certainly be
observed, the Canadian procession, considering its brightness and
length of path, is absolutely unique in modern times. No other meteor
has been traced one quarter as far, and luminous processions are ex-
tremely rare. It is therefore clear that the individuals composing it
must have been of exceptional size. A procession of 3-foot meteors
does not by any means seem impossible, especially since during the
latter half of their course they must have been continually reduced in
size, and by the time that they fell into the sea have been no larger
than some of those exhibited at the present day in our collections.

Three observers in Ontario estimated the brightness of the brighter
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and leading meteors in terms of the planet Venus. Their average dis-
tance from the course was 120 miles. One made the meteors slightly
brighter, another equal to Venus, and the third a little fainter. A
fourth observer estimated their apparent diameter at 2, which might
mean about the same thing. The brighter meteors that immediately
followed them according to four observers, at a mean distance of 70
miles, were as bright as bright stars, the meteors that followed these
gradually faded out to invisibility.

Let us now see what was the cross section of the meteor stream
when it passed over Canada. Two observers in Toronto, at a horizon-
tal distance of 35 miles estimated its width at 4°. Another observer
at Aylmer, distance 60 miles, estimated it at 10°, while one at Warsaw,
distance 115 miles, stated that it was 10° or less. In Figure 1 let W 4
represent a plane tangent to the earth’s surface at 7, and let W, T, O,
and A represent the towns of Warsaw, Toronto, the meteor track, and
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Figure 1.

Aylmer respectively, the first and last being slightly below the plane
as shown, to allow for the curvature of the earth’s surface. We will
lay off T P approximately parallel to the earth’s axis, though not ex-
actly in the plane of the paper, and M O to represent the height of the
leading and brightest meteor. This we have assumed to be the lowest,
since meteors higher up would be less heated. Drawing lines from M
to the points W, T, and A4, and laying off angles from these points of
10°, 4°, and 10° respectively, we find that the angle 10° from Warsaw
appears to be too large. If we made it 4° instead, we shall find a
dotted area enclosed by the lines from all these stations, which should
represent a section through the stream containing most of the meteors
low enough in Ontario to be rendered luminous at a speed of 5.0 miles
per second. The dotted line shows that the central plane of this area
was in general perpendicular to the earth’s axis.

None but the highest flying stony meteors were likely to have
reached the Newlands, and these would have been faint in Canada.
The brilliant ones which formed the head of the procession there, must
have fallen in fragments along their course over Canada and the
United States, and it seems a little odd that none of the pieces were
found. Itis probable that in the earlier part of their course only small
pieces reached the ground. The larger ones now lie forever buried at
the bottom of the Atlantic.
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We are now prepared to discuss the deflection of the meteors from
the path of a great circle, due to the westerly wind, caused by the
rotation of the earth on its axis. We will consider merely the extreme
case of the meteor being acted on transversely by the full force of the
equatorial wind during the whole time of its passage from Ontario to
the Newlands, or during 900 seconds. We shall assume the velocity
of this wind to be 1000 miles per hour, or 1467 feet per second. Its
effect will be proportional to the surface, and inversely as the volume,
or finally, inversely as the diameter. The pressure R expressed in
pounds equals 0.00,020,9 = 72 2* / 2048, when r is the radius in feet,
v the velocity in feet per second, and 2048 a constant to reduce the
pressure at sea level to that at a height of 35 miles. We thus find that
the pressure exerted on a 3-foot meteor would be 1.55 Ibs. The mass
in pounds m of a stony meteor is equal to 916 #®. By the ordinary law
of accelerated motion, the displacement /, expressed in miles, equals
gt* R /2 X 5280 m, whence the maximum displacement from the path
of a great circle for a meteor of this size will be only 1.24 miles.

FIO23PA S 227307 “443P!

Since the display lasted at least 300 seconds when seen in Canada,
the procession must have been about 1500 miles in length, and as it was
divided into six to ten groups, these groups must have been 150 to 250
miles apart. It seems plausible that each group may have consisted of
a single meteor before entering our atmosphere, so that we had in
consequence a line of these bodies at that time following one another
in their course around the sun. Many people were able to watch a
single meteor for from 30 to 40 seconds,—the observer at Hespeler said
85. This was corroborated by the observer at Rydal Bank. At a speed
of 5 miles per second this would carry the meteor 425 miles, and this
figure is confirmed by the statement made at the beginning of our
second paper, that the meteors were visible throughout a band of
country 450 miles in width. If the incandescent material brushed off
the meteors moved very slowly through the atmosphere, in order to
furnish a tail 15 to 20 miles in length, such as we found in our second
paper, it would have to remain visible for from 3 to 4 seconds. If it
moved faster, it would need to be visible somewhat longer. The tails
were sometimes seen to break into 3 or 4 parts, doubtless due to an
intermittent action in the brushing off of the surface.

The descriptions by different observers in Canada, even when they
saw the meteors in the same portion of their course, differ as we have
seen considerably among themselves. In general however they agree
that the colour of the leaders was reddish yellow, while that of the
fainter followers was red. Those which had tails resembled rockets,
and were mistaken for rockets at first by some. Some said they all had
tails. Some did not notice the tails at all, or said that only two or
three possessed them. The leader or group of leaders was surrounded
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by a bright glow as large or larger than the full moon. Several ob-
servers, like the one at Appin, saw it throw out balls of fire like a
rocket, others saw it explode and break in pieces, some watching at the
same time saw nothing of the sort. Some of the smaller meteors as seen
by two observers in Toronto had a quivering or wavy motion. But the
feature of all others that seemed most to impress nearly all the observ-
ers was the slowness and stateliness of the motion of the whole pro-
cession as it glided across the sky. Whether it was more impressive
when close at hand in Ontario, or at a distance of over sixty miles in
Bermuda, where the meteors were hotter and brighter, we cannot of
course determine from the accounts, but it must have been a wonderful
sight when it crossed the New Jersey coast, and made its way out to
sea across the Atlantic.

We learn from the Weather Bureau that while it was partially
cloudy in western New York, Pennsylvania, and in Maryland at eight
o’clock on the evening of February 9, the sky was practically clear in
all other regions where the meteors were visible. Therefore many
people must have had the pleasure of seeing them, even if no descrip-
tion of any value was obtained from America.

Although doubtless very unusual, it seems that these phenomena
are not unique. It appears that at Khairpur, India, at 5 A. M. on
September 23, 1873, a meteoric fall occurred, which was ushered in
by a cluster of meteors coming also frem the west. Each meteor ex-
ceeded a first magnitude star in brightness, and they were furnished
with tails from 3° to 5° in length. The observer’s first thought was
that he was watching a rocket. The motion was not rapid but steady.
The larger fragments were followed by innumerable smaller ones, and
the former were enclosed in a brilliant sheath of fiery red. The train
continued visible for three-quarters of an hour after the meteors had
passed, and the disappearance of the meteors, which gradually faded
out of sight, was followed by a loud report like thunder. A number
of stones fell, of which the largest found weighed only 10 pounds.
(Meteorites, Farrington p. 9.)

Going back in the centuries to the year 1029, we find that at Cairo
“in the month Redjeb (i. e. August) many stars passed, with a great
noise, and a brilliant light.” (Chambers’ Astronomy 1889, 616.) This
statement clearly cannot have referred to the ordinary August meteors
which never reach a sufficiently low level in our atmosphere to make
any sound. Moreover, it is likely that in 900 years their node would
have so shifted, that at that time the shower would not have occurred
in the month of August. We should like very much to know more
about this remarkable procession, for such it undoubtedly was, at what
hour of the night it passed, and in what direction it was travelling.
All records however are now hopelessly lost, and we can only say that

_ fortunately the account is a little more complete, than that given by
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