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different nations; in fact, we know that his Egyptian name corresponds 
to our word “ brilliant” ; but he was best known as the Roman 
Jupiter, or Greek Zeus. Had we time, it would be interesting to 
recall the various powers and characteristics attributed to this planet. 
For instance, the Babylonian priests identified Jupiter with the metal 
tin, Pliny thought him to be the origin of lightning, whilst Albert the 
Great assigned to him the colour blue, asserted that he was “ ruler over 
honour, riches, wishes and cleanliness,” and regarded him as temperate 
and benign in influence. On the whole, Jupiter appears to have borne 
a creditable reputation. In the following words, an almanack of 1368 
testifies to his innocence :—“ Jupiter is hot and moist, does good to all 
things, and hurts nothing.” Surely, this is all that could reasonably be 
expected of any planet.

Let us now see what manner of god it was that had been evolved 
by this process of time and of study. Among the Romans, Jupiter was 
supposed to care for the vintage. The Ides of the month were sacred to 
him, and he was held to be the “ spirit of oaths.” No war was under­
taken without first seeking his favour, and thanks were always returned 
to him for victory. His Hindoo name signified “ Master of the Faith.” 
The Etruscans supposed him to be the Revealer of Fate. The god Jupiter 
could claim to be descended from the more primitive Indo-European 
period, and was thus an exception to the rule that a deity common to 
Grecians and Romans must necessarily have been derived by the latter 
from the former people. The influence, however, exerted on Rome 
by the superior civilization of Greece led the Latin writers to identify 
Jupiter with Zeus. The Jupiter of worship was a Roman—the Jupiter 
of literature was half a Greek, and most of the legends attributed to him 
belong to the Hellenic race. From the Latin this deity emerged as a 
Roman-Greek, and this character may be regarded as a development of 
the original Aryan conception of God. The Graeco-Italian god was 
supposed to govern the phenomena and cyclic changes of the heavens, to 
control the light and darkness, the thunder and the rain, and, it was 
believed, could be drawn down upon Earth in the form of lightning. 
These legends and superstitions are now stories of the past; but if we 
are sometimes inclined to regret that Science, with her “ clear, cold 
light,” has dispelled much of the tradition and fable of ancient times, we 
may console ourselves with the knowledge that she is teaching us, in the 
continuity and symmetry of law, a truth more beautiful than any myth,
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Professor Barnard saw the interior satellite with the Lick telescope on 
September 15th, 1892. The period being 11h 57m 22.56s, and the rota­
tion of the planet 9h 55m 37s, Laplace’s theorem is verified. We may 
hope that the Yerkes telescope will enable the next yet undiscovered 
satellite to be seen, when Jupiter comes into a favourable position. The 
Arago medal was awarded by the Academy of Sciences, Paris, to both 
the above astronomers.

Dr. Watson described his telescopic work upon Jupiter at the oppo­
sitions of 1892 and 1893. He remarked that he could not now see the 
red-spot upon the disc.

Mr. G. E. Lumsden stated that in his 10-inch reflector, the inden­
tation caused by the red-spot in the belt was plainly visible, and drew 
on the black-board a sketch of the position of the spot.

Mrs. Savigny read a short paper in a fanciful vein, sketching the 
conditions under which the inhabitants of Jupiter, if there were any, 
would exist.

I t  was announced that at the next meeting Mr. Joseph Allen would, 
by request, read a paper on “ Force and Energy.”

SECOND MEETING.

February 6th ; Mr. Arthur Harvey presiding. An interesting let­
ter was read from Dr. Sandford Fleming, C.M.G., who had recently 
returned to Ottawa. Referring to the proposed change in Astronomical 
Time Reckoning, Dr. Fleming said that, during his sea-travelling, he 
had conferred with many captains and other sea-officers who, without 
exception, expressed themselves in favour of the change. He was glad 
to learn that there had been so many affirmative answers received from 
the scientific men to whom circulars had been sent, asking their 
opinions.

Mr. A. Elvins reported some observations of the Sun and Venus. 
The planet had been well seen, showing a thin crescent gapped along 
the terminator. I t  was mentioned by a member that an observer in 
Barbadoes had recently seen the dark body of the planet, an unusual 
observation, and corresponding to the familiar “ new Moon in the arms 
of the old.”
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short review of the subject. He held that Mr. Allen’s views of Force 
and Energy might be of service in giving general instruction, but no 
advance was made towards reaching the basis of dynamics. Mr. G. F. 
Hull, B.A., and Mr. C. A. Chant, B.A., followed; both found difficulty 
in accepting theories which were at variance with those upon which a 
great science had been built up.

Mr. A. Elvins considered that both Force and Energy were forms of 
motion, and that it was quite unnecessary to speak of them separately. 
Mr. D. G. Ross referred in very strong terms to the high standing in the 
literary and scientific world which was accorded by all to Mr. Grant Allen, 
a nd considered that it was no argument against his theories that they 
were not endorsed by certain great physicists, whose names had been 
mentioned.

Mr. J. A. Collins read the following remarks on “ Force and 
Energy ”

If it be not considered presumptive on my part to attempt a criticism 
of the dynamical theories of so distinguished and brilliant an author 
as Grant Allen, I  will endeavour to analyze one or two features of the 
argument put forward in support of his hypothesis of dynamical dualism.

Mr. Allen’s position seems to be this : that there are in the material 
universe but two forces or powers, each the opposite of the other, striving 
for the mastery; one aggregative, continually drawing together atoms, 
molecules and masses everywhere throughout the universe—the other 
seggregative, tearing asunder and dispersing in every direction with 
equal activity the handiwork of its rival. Thus, the phenomena we see 
around us every day are but incidents in the great conflict waged by 
these twin Titans, which will not cease until the weaker has yielded 
and the stronger asserted universal sway. The combatants in this dual 
struggle bear the cognomens respectively of “ Force ” and “ Energy,”— 
Force representing aggregative power and Energy seggregative power, 
an interpretation differing considerably, it will be seen, from the sense 
in which those terms are generally understood by physicists of the 
present day. Mr. Allen cites the directive difference between centri­
fugal and centripetal force in the rise and fall of a mass of iron (or other 
body) projected for a short distance from the Earth’s surface, and the 
orbital revolutions of the planets, as evidence of dual powers—that the. 
motion of a body when directed towards the Earth and the motion of the 
same body when directed away from the Earth are in every case caused
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FOURTH MEETING.

March 5th; Mr. John A. Paterson, M.A., Vice-President, in the 
chair.

Miss Annie Gentle was elected an active member of the Society.
The Society approved of the report of a committee which recom­

mended that the Sir Adam Wilson telescope be set up at No. 23 Walmer 
Road, the residence of Mr. J. A. Paterson. This site was chosen on 
the grounds of easy access, excellent horizon, and the desirability of 
having a good telescope in the western part of the city, the other parts 
being fairly well supplied with private instruments.

I t  was announced that this telescope would be available for use on 
the Tuesday evenings alternating with the regular meetings of the 
Society, and that a member of the Society would be appointed to assist 
in using it.

Mr. Harvey read a memorandum, in which he stated that the large 
sun-spot of the 16-28th of February was visible to the naked eye ; that 
during 1893 there was no month without a spot similarly visible; that 
during the first half of the year there were 225 sun-spots, and during 
the second halt 209 spots ; that those in the latter half covered a greater 
area than those of the first half; that he was inclined to the opinion 
that spots are purple in colour, and may best be photographed by 
indirect rather than direct methods—for instance, that better results 
would follow photographing fine sharp images obtained by projection.

Dr. J. C. Donaldson said he, too, had noticed colour in sun-spots, 
but had attributed it to the use of low powers on his telescope, as the 
colour seemed to disappear when high powers were substituted. He 
referred at some length to a series of difficult double-star observations he 
has been making with a view to preparing, for the use of Canadian 
amateurs, a list of test-objects for good telescopes of aperture of three 
and one-half inches and less. He dwelt upon the necessity of buying 
the very best instrument that one could afford, rather than the largest 
in size, and said he would prefer a first-class one inch and a half tele­
scope to a three-inch instrument by an inferior maker. Several severe 
tests he had made successfully had convinced him that the Canadian air 
is as clear as any and as well adapted for telescopic work.
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vicinity a haze somewhat resembling the gaseous material which forms 
the diaphanous streak in the wake of a swift meteor. If the Earth were 
being bombarded with a deluge of noxious gases, says he, how comfort­
able we may feel when we see our atmosphere so completely dissipating 
them before they can inflict death upon us.

F IFT H  MEETING.

March 19th; Mr. John A. Paterson, M.A., Vice-President, in the 
chair.

A communication was received from the Librarian of the Wisconsin 
Academy of Sciences, Arts and Letters, who made a formal application 
for a copy of the recently published “ Transactions,” and asked the 
Society to exchange with the Academy, which issues a voluminous and 
very valuable annual report.

Mr. J. A. Copland presented some notes taken from the report of 
the Ontario Minister of Education, which were very encouraging and 
suggestive of the future. The number of books taken from the various 
Free Libraries and Mechanics’ Institutes throughout the Province for 
the preceding year was given as follows :—In Science and Art, 73,170 ; 
Biography, 37,159 ; History, 58,194 ; Religion, 31,194 ; Poetry and the 
Drama, 15,228. Mr. Copland thought there was undoubted evidence 
that the study of Science was becoming more and more popular in 
Canada.

The Chairman read a series of extracts from an article by Sir Robert 
Ball, recently printed in The Fortnightly Review, entitled “ Significance 
of Carbon in the Universe,” and discussing the theory of Mr. G. John­
stone Stoney, first enunciated some thirty years ago, and which is being 
revived as one which had not been sufficiently investigated. Short 
papers on Magnetism were read by Mr. G. G. Pursey, Mr. J. A. 
Collins, and Mr. Thomas Lindsay. Some instructive experiments were 
performed by Mr. Collins, and also by Mr. A. Aronsberg, who brought 
with him a powerful magneto-machine.

Mr. Collins had constructed one apparatus for the purpose of deter­
mining how the strength of a magnet varied at short distances, and 
stated that he had found the ratio quite the reverse to what is usually
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screen ; although we have all seen this phenomenon many times, for 
none of us, I  may venture to say, has it lost or will it ever lose its 
power of fascination. Its beauty is none the less, because of the simple 
method of obtaining it. The experiment shows that white light is com­
posed of all these colours. That these colours will, when united, produce 
white light may be shown by placing in the path of the coloured rays 
this second prism similar, but oppositely situated, to the first. The 
coloured rays are united into a narrow white band. If we allow the 
coloured rays to fall upon a concave mirror or to pass through a convex 
lens and to be brought to a focus, we find them united as before. 
Causing the rays to fall upon a mirror and from it to the screen, when 
the mirror is rocked to and fro quickly, we see a long band of white 
light, with coloured ends.

These experiments show that white light is not a simple quantity 
but is composed of different parts, which give to the eye the sense of a 
number of colours, and also prove the reverse of this, that the super­
position of these colours produce white light.

There yet remains the question what is colour, and that resolves 
itself into the question what is light ? What is that wonderful agent 
which, travelling through the universe, gives warmth and life to both 
the animal and vegetable world ? Most of our light comes from the 
Sun. But how does it travel, and what is it when it arrives ? We 
might at first suppose that light consisted of material particles shot out 
from the source. This was the theory advanced and ingeniously upheld 
by Newton himself. He was able to explain many of the known proper­
ties of light, but in order to explain the law of refraction it was neces­
sary for him to suppose that the velocity of light in a dense medium 
such as water was greater than its velocity in a rare medium such as 
air. About 150 years after Newton’s time this was shown by direct 
experiment to be false ; and so the emission theory, as it was called, had 
to be abandoned.

Another theory was probably suggested by analogy. I t  was known 
that sound travelled by the particles of air giving up their motion to 
the particles next them. I t  was also known that a disturbance on the 
surface of water, caused for example by the dropping of a stone into it, 
was communicated to distant parts by the up and down motion of the 
particles of the water. Hence, it was supposed that light might be due 
to wave motion or periodic disturbance in some invisible substance.
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I t  should be remarked here that the mixture of coloured pigments is 
quite different from the mixture of colours. For instance, a mixture of 
yellow and blue pigments produces a green, while a mixture of the 
same colours in equal proportions produces white. The reason for the 
difference is seen immediately, when it is remembered that the colour of 
a pigment is due to absorption.

I t  is to be noticed that when yellow and blue-green enter the eye, 
the result is white light. But the eye is unconscious of there being 
two colours present; in other words, it is unable to pick out the parts 
producing any effect. In this it is not as sensitive an instrument as the 
ear, which, in the case of a trained musician, can pick out the several 
notes of a chord. Moreover, to the eye, the mixture of red and green 
colours is the same as the mixture of all the colours of the spectrum. 
But objectively these mixtures are entirely different. “ Each particular 
kind of yellow may be any one of an infinite combination of homo­
geneous rays.”—(Tait.) From this it would appear that, as far as the 
detection of colour is concerned, the eye is an imperfect optical instru­
ment.

We have seen that with a few colours, say red, green, and blue- 
violet, we can produce almost all others. With the same colours in pig­
ments, or with red, yellow and blue, an artist is able to produce almost any 
desirable tint. Hence, arises the notion that there are only three funda­
mental or primary colours, and that all others are but mixtures of these. 
This idea gained the assent and approval of no less an eminent physicist 
than Sir David Brewster. He maintained that there were three original 
■or fundamental kinds of light—red, yellow and blue—and in fact, 
thought that he had shown the existence in the spectrum itself of these 
three sets of rays as well as the absence of all others. In  this sense the 
notion of three primary colours is entirely erroneous. For apart from 
ourselves there is no such thing as colour, light consisting only of 
mechanical motions, vibrations of certain wave lengths ; and by hundreds 
of physicists the wave lengths of the different colours in the spectrum 
have been determined and have been found to vary continuously from 
1/35000 to 1/60000 of an inch, showing that the number of colours is 
infinite.

I f  Brewster’s theory be true, the mixture of yellow and blue lights 
should produce green (as in pigments). We have shown that in equal 
parts they have produced white. Theoretically the notion is untrue, 
and experimentally it is untrue.
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Gold and silver leaf less than .001 inch in thickness, were interposed 
between the surfaces without diminishing the force of pull of the magnet 
on its armature, but when the leaf exceeded .001 inch in thickness, the 
pull diminished in equal ratio as the distance was increased ; the same 
results were obtained when one or both poles were brought into action, 
either with permanent or electro-magnets. The surfaces experimented 
upon were carefully polished, so as to insure against the possibility of 
the iron particles' piercing the leaf; other necessary precautions being 
taken to insure success and freedom from error as far as possible.

A t the commencement of these experiments we were handicapped by 
the failure of the “ law of inverse squares ” to work out satisfactorily, 
notwithstanding that our text books and authorities informed us that 
the law of “ inverse squares ” as the ratio of magnetic stress, as regards 
distance, was conclusively established by Coulomb’s celebrated torsion 
balance experiment nearly a century ago; that is, the pull of a magnet 
upon its armature increases four-fold every time the distance separating 
them is diminished one-half, under proper conditions. When both poles 
of two magnets act upon each other the ratio is said to be “ the inverse 
cube.”

We had no idea of questioning the universal truth of this until the 
following results seemed to prove its fallacy for minute distances.

We first began by finding the pull of a magnet on its armature or 
other magnet at ¼ inch to be 1 ounce, while in contact the pull was 
14 lbs.; when the distance was worked down in the proportion of 
inverse squares from surface to surface, we found that if this law were 
true, in this case a stress of 14 lbs. should be reached when the surfaces 
were 1/60 inch apart.

Knowing that such a gap as this could not possibly exist under the 
conditions, we figured the distance from the centres of mass of armature 
and poles of magnet without finding agreement with fact, also from the 
different molecular strata of armature and poles, regarding each molecule 
as a point in itself—as suggested by Sylvanus Thompson—but found all 
these methods, when worked out by “ inverse squares,” to give impossible 
results.

By the interposition of gold and silver leaf, as described above, we 
ascertained the actual distance between the two surfaces to be .001 inch, 
agreeing with the result calculated by simple proportion, inversely as 
the distance from surface to surface. When .001 inch was taken as
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zero of distance or starting point to measure from, the magnetic stress 
was found to reduce in simple proportion as the distance was increased. 
When a film .002 inch thick was interposed, forcing the armature twice 
as far away, the pull dropped one half. When two films were inter­
posed, doubling this distance, the pull dropped one-half again, and so on 
until ¼ inch was reached, after passing which point the ratio of stress 
seemed to gradually merge into 3rds as distance increased, and at about 
¾ inch the ratio of inverse squares was asserted, and held true as far 
as could be determined from that point outward. Very thin tissue 
paper, 1/900 inch thick, which appeared fuzzy, resembling fungous growth 
under the microscope, was placed between a magnet pulling 5 lbs. and 
its armature; the paper was then placed under the microscope, and 
showed a very slight depression of the tops of the fuzzy surface of the 
paper where the armature had pressed i t ; the same paper was then 
carefully placed on a polished metal block and a similar block of 5 lbs. 
weight gently placed upon it, and examination with the microscope then 
showed the fuzzy surface to be flattened out, proving that the surfaces 
in the latter case were closer together than in the former.

Gold and silver fibres were used for testing the distances inside •001 
inch, and layers of smooth, hard paper, of uniform thickness, preferably 
of 1/500 inch, were used for distances outside this point as far as fa inch, 
where brass plates of known thickness were substituted. Like results were 
arrived at with either electro or permanent magnets, large and small, 
flat, rounded, pointed, thick, broad or thin, with single or double poles, 
end on or broadside : the shape seeming only to aff ect the extent of the 
field of any given ratio of stress.

The torsion balance was also appealed to, and appeared to confirm 
these results both as regards attraction and repulsion. In  this case 
well tested rubber strand was substituted for wire or fibre, which would 
not stand the excessive strain of torsion necessary for testing this point, 
10,000° of torsion being sometimes used. The needles were suspended 
as well as being centrally pivoted to keep them in the true axis of 
rotation; the needles used with this torsion balance were of all shapes 
and dimensions.

We found that without making allowance for the .001 inch spoken 
of, no proper ratio of any kind could be satisfactorily worked out for 
minute distances. We found it impossible to find the ratio unless .001 
inch was a factor of the thickness of the films used for measuring the
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NIN TH MEETING.

May 15th; Mr. John A. Paterson, M.A., in the chair.
Among communications received were fraternal letters from The 

Leeds Astronomical Society, and Rev. Walter Sidgreaves, Director of 
the Stonyhurst Observatory.

Mr. Cleveland Abbe wrote as follows :—

W a s h in g t o n , D.C., May 12, 1894.
To the President of the Toronto Astronomical and Physical Society :

D e a r  S i r ,— I  have the honour to acknowledge the receipt of the 
recent volume of your Transactions, containing numerous papers on 
subjects in which I  am much interested. I  have particularly to con­
gratulate the Society on the continued activity of the venerable Mr. 
Elvins, with whom my correspondence began in 1870, and on the 
activity in auroral studies of Mr. Carpmael, Mr. Harvey, and many 
others. As the aurora is evidently the optical result of electric dis­
charges, and as its observation is much interfered with by daylight, 
moonlight, and the various avocations of the voluntary meteorological 
observers, I  take the liberty of urging that the Society initiate a special 
movement toward the systematic observation of atmospheric electricity, 
telegraphic earth currents and telephonic phenomena. As Canada has 
always been conspicuous for its auroral phenomena, and contains within 
its borders the North Magnetic Pole, and has, moreover, the terminals of 
both the Atlantic and the Pacific Ocean cables, I  think both Europe and 
America may reasonably combine with the Government of the Dominion 
in perfecting the great work in terrestrial magnetism that was initiated 
by the establishment of the Toronto Observatory.

I  have elsewhere indicated my conviction (American Meteorolo­
gical Journal, ix., p. 333), that a complete electric observatory should 
have the means of measuring the differences of potential in its immediate 
neighbourhood in three directions at right-angles to each other both in 
the atmosphere and in the Earth ; several such observatories, within a 
hundred miles of each other, would not be too much in order to do the 
work thoroughly. The general direction of such work should be in the 
hands of a board whose members represent respectively practical mag­
netics, electrical engineering, theoretical electricity, and terrestrial
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p.m. (Toronto mean time), the magnets became considerably disturbed, 
slow waves of disturbance being registered, the declination magnet 
tending East, attended by a diminution of the horizontal force. On the 
21st there was a moderate disturbance until 7 p.m., when it increased, but 
after 9 p.m. the magnets became much quieter. A t 5.15 p.m. of the 22nd 
the initiative movements to a large storm appeared, the magnets being 
suddenly deflected ; but it was not until about 10 p.m. that the full force 
was felt, which continued throughout the night of the 22nd and early 
morning hours of the 23rd, becoming one of the most important mag­
netic storms that we have had for some time. Between 10 p.m. and 
midnight of the 22nd the storm was at its worst; for about an hour after 
midnight a lull set in, but after 1 a.m. it burst out afresh, and main­
tained its activity until the afternoon of the 23rd, appearing again dur­
ing the evening, and continuing up to 1 a.m. of the 24th as even a more 
important disturbance than that on the night of the 22nd. On the 
25th, after 5 a.m., another large storm set in and continued up to the 
afternoon of the 25th ; it was particularly active between 5.45 and 8 
a.m. After 10 p.m. of the 28th the magnets again became considerably 
•disturbed, and continued so up to midnight.

Some large changes took place during these storms. On the night of 
the 22nd the declination magnet altered 1° 35' in about 15 minutes 
of tim e; and the range from 10.33 p.m. of the 22nd to 1.05, a.m. of the 
23rd was 1° 55'. The horizontal force changed from 10.37 p.m. to 0.57 
a.m. of the 23rd .0078 C.G.S., and from the afternoon of the 23rd to 
9.48 p.m. the force changed .0089 C.G.S. Both components were above 
their normal until 5 p.m., when a rapid diminution set in. After 2 
a.m. of the 24th the force magnets became very steady. Some extremely 
rapid oscillations of the V.F. magnet were recorded a little before 10 
p.m. of the 23rd. A fall of this component amounting to .012792 C.G.S. 
in a short time was well marked. The change of declination on this 
night was 2° 21' from 9.35 to 9.50 p.m. On the 25th, at 6 a.m., the 
declination magnet was vibrating rapidly and considerably West of its 
mean position, attended by a considerable fall of both forces. A marked 
Easterly sweep of the declination magnet took place at 6.50 a.m., when, 
a t the same time, both forces commenced to rise. The disturbance on 
the 28th was particularly active about 10.45 a.m. Both forces during 
the afternoon were above their normal, and previous to 4 p.m. they com­
menced to fall.
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Mr. Cleveland Abbe, of Washington, D.C., wrote:---.
“  W e a t h e r  B u r e a u , W a s h in g t o n , May 23, 1894.

“ I  am sorry to see that Mr. Carpmael is now suffering from ill-health 
to such an extent as to be obliged to take an extended trip to Europe. 
But I  doubt not that his interviews with foreign scientists and Govern­
ment officials will result to the advantage of terrestrial magnetism.

“ The Astronomical and Physical Society has taken an important 
step in appointing a Committee, with Mr. Stupart as Chairman, to  
enquire into the best means of promoting the investigation of terrestrial 
magnetism and earth currents. This is a matter that has been near to 
the hearts of many scientists for the past fifty years, and the whole his­
tory of the movements in this direction has, 1 think, but one result, viz., 
that the governments and large commercial companies that own the 
telegraph lines and cables must be willing to co-operate with the elec­
trical experts in carrying out some pre-arranged programme.”

The Librarian presented a valuable memoir received from the 
Observatory of the Roman College, and containing the results of 
exhaustive observations of the prominences on the Sun’s limb.

Miss A. A. Gray read the following paper on

THE SOLAR PARALLAX AND SUN’S DISTANCE,

contributed by J. Morrison, M.A., M.B., Ph.D., Washington, D. C., an 
honourary member.

Of all the numerous astronomical problems which have engaged the 
attention of astronomers and mathematicians for ages, none is of more 
importance than that of the solar parallax, or the determination of the 
Sun’s mean distance. I t  is, in fact, the great fundamental problem of 
astronomy; it is the “ yard-measure,” so to speak, or the astronomical 
unit by which we express the dimensions of the solar system and the 
sidereal heavens. Thus, when it is stated in our Nautical Almanacs 
that the distance of a planet from the Sun or from the Earth is, for 
instance, 1.345, we mean that the distance in question is 1.345 times the 
Earth’s mean distance from the Sun, whatever that may be.

I f  two observers were to view the Sun at the same instant from any 
two points—say the northern point of Spitzbergen and the southern 
point of Tasmania—they would refer the Sun to different positions on 
the celestial sphere, and the angular displacement is the parallax due to 
these points of observation. The solar parallax is the angle which the
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unfortunately the results arrived at by other astronomers were so dis­
cordant as to cast distrust on all the values thus obtained. From the 
transit of 1769, Euler obtained a parallax of 8".8, which is identical with 
that of Short, but Hornsby, Lalande, Maskelyne (Astronomer-Royal of 
England), Pingre, Lexell, Wallot and Hell (the last remarkable for his 
peculiar name and for the notoriety he acquired at the time by reason 
of his supposed falsification of his observations at Wardhoes, Norway), 
deduced parallaxes varying from 8".813 to 8".53. From the transit of 
1761, Encke obtained a parallax of 8".551, and from that of 1769, one 
of 8".5776, and from both transits combined, 8".571. The second value, 
viz., 8".5776, was generally received by astronomers until about thirty 
years ago, when it was discovered to be quite too small; it makes the 
Sun’s mean distance about ninety-five millions of miles.

The results derived from the transits of Venus have not hitherto 
proved as satisfactory as was at first anticipated. This is due to several 
causes. Three methods of observation are employed, viz. : 1st. The 
transit is observed from points differing widely in latitude so as to 
shorten or lengthen the duration of the transit as much as possible. 
2nd. By observing from points differing very widely in longitude so as 
to accelerate, or retard, as much as possible the time of internal or 
external contact, In both of these methods the observations have to be 
made when the Sun has a tolerably low altitude, but this of itself would 
not present any great difficulty were it not attended by a far more 
serious one, viz., the “ black drop,” the cause of which has yet to be 
explained. A short time before apparent contact the limbs of Venus 
and the Sun appear to unite by a ligament or band, which renders it 
impossible to determine the exact time of apparent geometrical contact. 
3rd. There is also the photographic or American method, which is almost 
free from these disadvantages, but at the same time we are by no means 
certain that the photographs remain for any length of time unchanged 
under all atmospheric conditions. For these reasons the results obtained 
from the transits of Venus are unsatisfactory, and this method will no 
doubt be abandoned in future.

In the theory of the Moon’s motion there occurs a term whose co­
efficient is the ratio of the solar and lunar parallaxes, and since the 
latter is known with great exactness, the former can be found when the 
numerical value of the coefficient becomes known. Meyer was the first 
to put this method in practice, and obtained a parallax of 8".6. In

The Astronomical and Physical Society o f Toronto. 41

6



'2)9�� ���� ����-������ !�*����� ���������� ����� 8��0�� -�� ���� ����� ��������
���� ��� ���� ����� ������"� 40�+���0��� 2K"7,� ���� ������ 2K"7,("� ������
8��0������� ���� @��;�� ��� -�� ���� ������� ���� ���� ������� ;��� ���� �� ;�����
�-��������� ���� ����� -�� ���� ��0����� *������=� ��� <���� �+���� �����*���"�
�� � '255� ����������� -�� ���*����+� ���� �-���8������� ��� <���� ����� � ��
���� ��*�����&���� ��*�� ;���� ������ ����� ��� �0��*��� ��0��� �� 8��0�� ���
(K"),2�� ���� �������� -�� ���*����+������-���8������� ����� � ��<������ ;����
������ ��� �0��*��� �-������� 2K"3(3"� ����%������ �������&�8�������� �����
�0�� ��� ������������� �=*�������� ��� ������� 0����� ���� �������� ��� !��0R
�������&�������� ��� �-���8��<�����0���+� ���� �**�������� ��� '29(� ���� '23)��
���� ����� ���� �-���8������� ������ ����� ���� ������ ����� ��� ���-���+���
<���"������ $�����+�����  "�"��!��0�������&������� ����  �"�&�0����-�������
�� *������=� ��� 2K"9(3�� ��8��0�� ������������ ���� �����"� ����� ;��� ���� ������
�����*����� ���������� ����� ��*������� >0������� -�� ��� ��������� �������R
���"� �0-��>0����������������� ���� ���$�����+����� ��*�����+����� �-���R
8������� ����� ��� ������� %*������ �;������ ���� $�����+�����  "�"�� ���0����
�� *������=� ��� 2K"29'3�� ���� ���+0����� �������� ��������� ������������
0���+� ���� �-���8������� ����� ��� ������� ��-����� �"F"�� %*������ �;������
���� $�����+�����  "�"�� �-������� �� *������=� ��� 2K"662"� 4�� ���*����+�
���� �-���8������� ���<���� ������ �� ���� ��*�� ���&������*�� ����$�������:�
��;��� �0��������� ;���� ������ ���&����;����� ���������� ������� ��� ��+������
����8��� �� *������=� ���2K"(95������$�����@���0���+����� �-���8������� �����
� �� ���� ��*�� ���� ������ � �� ��"� ������-0�+�� �0������ ���0���� 2K"(79�� -����
��� ;����� ���� ��;� ��+������ ��� ���������-��� ���� ���+��� -0�� � �� �� ��� �����
H'275� ���� '273I� ;���� 8���� +��������� ����*����� ��*����������� ����� ;����
��� ������� ;���� ������ 8��0��� ���0���� ����� ������������ ��������������"�
�-�0�� ����� ������ ������ ��� ���� ����� ������+0������ ��������������� ���
������� ������� !�B�������� ������������ ����/���� !0--��@�� ������=��0�R
��8�� ����������� ����� ���� *����������� ���>0������ ��� ���� <����� ;���� ����
8��;� ������0���+� ���� ������ *������="� ���� ������ ��0��� �� 8��0�� ��� 2K"(3��
;����� ;��� ���� ��8����� ������ ���*���� ��� ���� ��+����� ��0������ ��������
���� ���� ������� ��������������������*��P� �����������0���+��;������������
����� ��� ����� �-������� �;�� ���������� 8��0���� 8�S"�� 2K"(6� ���� 2K"('3(�� ;�����
���� ����� ��0��� 2K"2')5����8��0�� ��� ��������������������-0����;������������
8���� ���0����"� ��8����������������������������������������8��-����������
��0�� ��;��@��� ��� '26,�� -�� ��*�����+� ���� ����� ��� ���� ������ ��� ����R
������-�� ���� ������� ��� ���� ����� ���B��0������*����� ;���� ���� ����+��S���
����� ��� ���� �0��� �-������� �� 8��0�� ��� 2K"69�� ���� ��� ���� ����� ����

9,� The Astronomical and Physical Society o f Toronto.



!�B�������� ;����� ����������� ����0��� @��;� ��� -�0����� ����8��� ������
8��0���� ���� ����� ���� ������� ��� ���� *���������� ��� <����� ��� 2K"277�P� ����
���2K"235� ����� ���� ������� ��� ���� ����� ���B��0������� ���� ��� 2K"23(� �����
���� ���0����8���������� ���B��0��� ���0����+� ����� ���� �-���8������� ��� ')7�
�����"� �� � '276�� ������ ������ ��������������� ��� ���� *������=� �����8��
�������� 8�S"�� ���������� �"� /"� ������� ��� 	=������ ��+������ ��� ��8����+�
!�B������E��8��0��� ���0���� ����� ���� *��������������>0������ ��� ���� <���E��
�������� ���� ���������+� ��� ������ ����� -�� ���� �������� ����8��� 2K"('�� ��
���0������ ���)K")9� ����� !�B������E�� 8��0�"� ���������� ������ ����� �����R
�0����� ���� �������� ��� B��0�� ��� '67(�� 0���+� ����� ���0����� ����� ���
��+����� ���� ������� ���� �-������� 2K"('�� �� 8��0�� ���������� ;���� ���� *��R
�����+�� ���� ���0��S��� ��*�����+� ���� �-���8������� ��� <���� ����� ���
������+��� ������� ���� %*������ �;������ �0���+� ���� ��8�0��-��� �**��������
��� '27,�� ����8��� 2K"26"

�� � '27,�� ��0��0���� ��� ������� ����������� �=*������������ ���� 8��������
��� ��+���� ����� ���-����+� ��� ;���� ���� 8��0�� ��� ���� �-���������� ��0��� ��
*������=� ��� 2K"27"� ���� ��� '269�� ����0�� ����� ��� ������� ��*������ ����� �=R
*�������� 0����� ����� ��8�0��-��� ������������ ����� ���-����+� ���� ���0���
;���� �����-������������ ���08����-������� 2K"259"� ������ ������ �����;�����
��� ��*������ ���� �=*�������� 0����� ������ ����� ��8�0��-��� ����0���������
���� ���0���� ��*������=����2K"2)P� ;����� ��� ��������������H'266I� !�������
����&����� -�� ���� ��0����� *������=� ��� ���� *������ /0���� �-������� 2K"673�P�
���� ������ ����� ���� ��������� ��������� ��� ���� �������� ��� B��0�� ��� '269��
��0��� 2K"6 7�P� ���� ������� ����� ���� �=������� ��������� ��� ���� ����� ���������
2K"22��;����� ���� ��������� �-���8�������+�8�� 2K"257�� ���� ���;����� ���0����
����8���� ����������"

����� ���� ����������� �-���8������� ������������������ '269��  �"� �0;�����
��� &�������� �-������� 2K"266� ] � )K")95�� ���� ����� ����� ��� '22,�� ���
���0���� 2K"26(� ] � )K")56�� -���� ��� ;����� ������� 8���� ���������-��� �����
������ ����8��� -�� ������ ������ ���� ���� ��������� �����������"

C0���� ���������� ���������� ���@������ ��� ���� ��8��� 	-���8������ ���
$�����+����� ���� ����� ��� �=��0���8�� ��������� ����� ���� ������*������=�
���� ���� ���� �������� ����������� ���� ���� ���0���� ��8��0�� ��� 2K"2)()3�� ;����
�� *��-�-��� ������ �������� )K"))376�� ����� ;����� ��� �����;�� ����� ���� �����
��������� ����� ���� � ����� ��� ���� �0����� (,�6(7�())� �������;���� ��*��-�-���
������ �������;��� ��� �����3(�6))� �����"� ���� ������������� ��� ���� � ����E��
��-��� ��� ������ ��� -�� )")'766')�� ���� ���������� ;�� ���� 5�'',�7))� ������
������� ���� �0�� ��� ��� �-�0�� ���� '��� ��� /��0���� ����� ;�� ���� ��� ���� '��

(��� �	����������� ���� ���	����� �������� �)�(������� � 95



44 The Astronomical and Physical Society o f Toronto.

July. Assuming our theory of aberration to be true (about which 
there is some doubt), Professor Harkness finds that light requires 4 9 8  
seconds to travel from the Sun to the Earth, and therefore the velocity 
of light is 186,337 miles per second.

Professor Harkness’s results and methods have not been very gener­
ally accepted by astronomers. His method of treating the subject aims 
at a consistent adjustment of all the so-called “ related constants,” more 
or less connected with the solar parallax, rather than at the absolute 
determination of any one of them or of the parallax itself. Still it must 
be admitted that his value of the parallax is a close approximation, to 
say the least.

There remains, now, only one method by which we can ever hope to 
arrive at an accurate value of the solar parallax, viz., that of the light 
equation, as it is called, or the method by the velocity of light in con­
nection with the constant of aberration. To show the relation that 
exists between the velocity of light and the aberration constant, let a 
denote the Earth’s mean distance from Sun, or the semi-major axis of 
the elliptic o rb it; v the true velocity of the Earth in its orbit at any 
time t ; φ the angle which the Earth’s radius-vector makes with the 
tangent or direction of motion ; T  the periodic time ; H  the area of the 
whole ellipse or orbit, and h the area described by the radius vector in 
the time t, we shall then have

( 1 )

and by the theory of curves

the equation of the ellipse,

 2!

( 3)
(4)
(5 ) and

We also have

By the theory of elliptic motion we have also

substituting in (3) we get by the aid of (1)
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the solar spectrum and the revelations of the spectroscope. A small 
direct vision instrument, brought by Dr. A. D. Watson, gave excellent 
definition of the lines of lithium, magnesium and sodium in the flame of 
a  Bunsen burner, readily improvised, thus showing that elaborate appa­
ratus is not always necessary to give a popular illustration of the spectral 
lines of the various elements.

Mr. C. A. Chant, B.A., and Mr. A. Elvins discussed particularly the 
cause of the dark lines in the spectrum of the Sun, the latter holding 
that the usual explanation does not go far enough towards giving a clear 
idea of what really does take place. The continuous spectrum gives out 
light of all wave lengths, the vapours of different elements absorb the rays 
which they themselves emit, and therefore, instead of a bright we have 
a  dark image of the slit imprinted on the spectrum at a particular wave 
length. Mr. Elvins thought the vibrations under these circumstances 
might be doubled in frequency, and therefore being too rapid to affect 
the eye, might be found by the aid of photography in the ultra-violet 
region of the spectrum.

Mr. Chant dissented from this view as being contrary to the mathe­
matical theory of harmonic wave motion. He reviewed briefly the 
writings of Tyndall on this subject, and held that the energy apparently 
lost by the extinction of light was simply transformed into heat.

TWELFTH MEETING.

June 26th ; Mr. A. Sinclair, M. A., occupied the chair.
Mr. S. J. Saunders, B.A., of Clinton, N.Y., was elected an associate 

member, and Mr. P. H. Sims, of Toronto, an active member of the 
Society.

At a previous meeting Mr. Arthur Harvey had asked whether a 
complete explanation could be given of the fact that the month of May 
had been unusually cool and rainy, while the Sun and Earth were in 
the same positions in relation to each other as in other years at the 
same time. To this question Mr. A. Elvins replied as follows :—

“ To me this is an important question. The Earth is in the same 
part of its orbit which it occupied at the same date on former years, its 
axis has the same inclination to its orbit as previously, the Sun seems to
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this temperature nitrous-oxide liquefies, and, itself boiled in vacuo, lowers 
the temperature and liquefies ethyline, which in turn runs down the 
thermometer to —229 degrees. At this point pressure is resorted to, and 
the pressure of 1,500 lbs. to the inch (100 atmospheres), forces oxygen 
into a liquid state. The evaporation of liquid oxygen, also in vacuo, 
liquefies, under pressure, air and nitrogen, while these again, worked 
upon in double receivers by powerful air-pumps, will produce solid 
nitrogen. This was first shown in January of this year 1894. Liquid 
oxygen is 900 times less in volume than the gas at ordinary tempera­
tures—blue in colour, because it stops many red, yellow and orange rays. 
That is apparently why the sky is blue. Like the gas it is magnetic, 
springs from a cup of rock-salt to the poles of an electro-magnet when 
the circuit is turned on, and stays there pending its rapid evaporation. 
Nitrogen seems to be an inert body, with no striking qualities, good to 
be a diluter or absorbent of the more energetic oxygen. Hydrogen 
remains now the only body unsubdued by cold and pressure, so a 
hydrogen thermometer is used to indicate these extremely low tempera­
tures. If hydrogen be, as Faraday thought, a metal, water is a metallic 
oxide, and it is remarkable how easily this oxide liquefies, while oxygen 
only becomes fluid under the severest compulsion, and hydrogen resists 
it with success.

Gases contract for each degree of temperature. What is to hap­
pen when a temperature of -  460 degrees is reached ? A t present it seems 
below the limit of possibility. All gases will liquefy and solidify before 
this is obtained, so the method of successive reductions above described 
must fail to achieve such a minimum. But if this absolute zero is reached, 
will matter vanish through the total deprivation of heat ? Heat is the 
life of matter ; the more heat the more energetic the molecules. Metals 
become stiffer and tougher under cold—remarkably so at Professor 
Dewar’s low temperatures—become better conductors of electrical cur­
rents ; but chemical affinity is diminished so that alloys do not behave 
in the same way as pure metals, while carbon and some other substances 
act quite differently. We know from the everyday experience of the 
incandescent electric light that heat increases the conductivity of car­
bon, while it reduces that of metals—a corollary of which property of 
the latter it seems to be that iron at 1,400 degrees is not magnetic at 
a ll; nickel at 340 degrees is also inert to the strongest magnets. If  the 
Sun is a magnetic centre at all, it is not because of its iron or other
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FOURTEENTH MEETING.

July 24th ; Rev. G. H. Shortt, M.A., in the chair.
Rev. A. U. DePencier and Mr. W. A. Campbell, both of Toronto, 

were elected active members. On the subject of Earth Current observa­
tions, a letter was read from Mr. Otto J. Klotz, who wrote from Fort 
Wrangell, Alaska. Mr. Arthur Cottam, F.R.A.S., London, forwarded 
some sheets of star maps, showing the general style of his admirable 
“ Star Atlas.” These were much admired, especially for the large 
amount of detail shown.

Rev. D. J. Caswell, Ph.B., President of The Meaford Astronomical 
Society, wrote an interesting account of the formation of that Associa­
tion, which, it was gratifying to learn, held regular meetings for the 
purpose of hearing lectures, etc., on scientific subjects.

Mr. Caswell reported also an interesting observation as follows :—
In conversation with two young ladies who have attended our 

meetings as visitors, and who knew I would be interested, I  learned 
that they had observed in daylight a large meteor. As I  had read in 
the Toronto Mail that a meteor had been observed at the Island and 
at Kew Beach, the day and hour being given, I  asked the young ladies 
to try to recall the circumstances of what they had observed. I  learned 
that it was seen by them on Tuesday, 3rd July, about seven o’clock in 
the evening, and was due south. They remembered the circumstances, 
as they were going to play tennis at that hour, and they joked about 
it, saying that it “ must be one of the rockets coming down.” A 
display of fireworks had been given the previous evening in celebration 
of Dominion Day. I  have no doubt their description was perfectly 
correct and it corresponds with that reported in the Mail of July 5th 
and 6th.

Mr. R. F. Stupart, acting-director of the Magnetic Observatory, 
Toronto, then read the following paper on

THE DEVELOPMENT AND PROGRESS OF AREAS OF DEPRESSION.

The phenomena of weather changes and of storms have in all ages 
and in all civilized countries attracted the attention of intelligent and 
thinking men. The importance of a knowledge of the laws which 
govern and regulate, not only those more destructive motions of the
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solar heat than that surrounding it, but why in some cases a small 
depression, having been formed, should continue to develop until the 
barometer falls an inch or more below the normal, is a more complex 
study. I t  is a matter of fact that, during the first stages of the forma­
tion of a storm centre, abnormal pressure and temperature will be found 
to prevail at varying distances from the district where the depression 
first appears ; there is generally an area of high pressure, accompanied 
by abnormally low temperature to the West and North of it, while East 
and South of it is another high area attended by much higher tempera­
ture. Such a distribution of pressure naturally causes an inflowing 
of the air on all sides towards the region of lesser pressure; these 
currents as they move are deflected to the right, owing to the rotation 
of the Earth, and thus approach the centre spirally ; they will also have 
a tendency to rise, owing to becoming lighter through expansion ; this 
rising up causes still further expansion and dynamic cooling, which in 
turn causes condensation of a portion of their moisture, forming clouds 
and subsequently rain, the heat thereby liberated tending to retard the 
cooling, which goes on at a slower rate than were no moisture condensed.

I t  is obvious that the upward movement of the air produced by this 
sequence of events will take place to the greatest extent in the direction 
from which come the warmest and moistest winds, while on the opposite 
side the colder and drier winds will tend to cause a recovery of pressure.

Excessive rainfall generally accompanies the rapid development of a 
storm centre. In America the rain area frequently extends from 500 
to 600 miles in advance of the actual centre, being heaviest, however, 
in its immediate neighbourhood.

Temperature is evidently also an important factor in the develop­
ment, as we find in practice that depressions do not usually develop 
unless there is a good deal of difference between the temperature in 
advance and in the rear of them.

Now, the development of a depression clearly shows that the upward 
movement near the centre is in excess of the horizontal inflow towards 
it, for notwithstanding the enormous quantity of air brought towards 
the centre by the inblowing winds, the barometer continues falling. 
The updraught must, on reaching the upper limits of the storm-whirl, 
spread out laterally, and probably tends to reinforce the high pressure 
areas on all sides, but during continued development (at all events in 
the middle latitudes), it seems to help that in the rear to the greatest
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North-westerly and Westerly winds over Canada from Manitoba to the 
Gulf of St. Lawrence ; along the Eastern slope of the Rocky Mountains 
they are generally Northerly; but as we cross to the Pacific Coast the 
barometric gradient alters its direction in a way to produce a prevalence 
of Easterly to Southerly winds near the British Columbia coast, and as 
we go still further West, we find in crossing the Pacific, South of latitude 
50 degrees, a prevalence of South-westerly winds blowing from a sub­
tropical belt of high pressure towards the low to the Northward.

Now, the normal low pressure area over the North Pacific is a region 
frequently traversed by barometric depression or storm centres, many of 
which move to the coast of California or British Columbia and thence 
force their way into the continent, temporarily displacing the high pres­
sure there prevalent. I t  is when one of these areas of depression is 
forcing its way inland over Northern British Columbia that the winter 
chinook is felt in Alberta. Then is Alberta within the South-west baro­
metric gradient in connection with the storm centre, and Southerly to 
Westerly winds are blowing over British Columbia. These winds blow­
ing off the sea are moist; they ascend the mountain slopes and are 
gradually deprived of their moisture, rain or snow falling on the moun­
tain sides ; this condensation of moisture sets free latent heat, which 
retards the dynamic cooling, due to diminished pressure ; and afterwards, 
as the dry air descends the Eastern slopes, it dynamically regains heat, 
and the result is a mild, dry wind over the Alberta prairies.

I t  will easily be understood from this that the character of the sea­
sons in the far West must depend greatly on the track that storm 
centres take in passing into the Continent from the ocean ; in some sea­
sons the majority of them pass over Northern British Columbia, and 
then is there a marked persistence of the mild South-westerly winds in 
A lberta; in other years the majority pass into the Continent further 
South, perhaps only a few moving North of the latitude of Calgary, then 
is Alberta favoured with but a small quantity of balmy breezes.

When a storm centre passes over Washington or Oregon States and 
thence perhaps East or South-east, Alberta and the Territories, in lieu of 
the mild South-wester, experience bitter North and North-east winds, 
and perhaps a snowfall, and at times even Vancouver Island itself is sub­
jected to a Northerly gale with snow.

Yet another example. The average track of depressions lies to the 
North of the British Isles; the result is a preponderance of South­
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clusions as to the figure of the Earth, the causes of atmospheric and 
oceanic circulation, and the correct theory of the Earth’s magnetism.

Looking at Mars, we now see a great white patch around his Southern 
pole, and a similar appearance would present itself to an astronomer 
who from Mars would turn a telescope upon the Earth when our South 
pole is turned to him. I t  would even be larger in proportion, and 
would certainly not be reduced to the small size to which, in October, 
the Martian ice-cap will, after a full twelve-months’ summer, be brought 
down.

Our Antarctic regions were first described for us by Captain Cook, 
the great navigator, who was acquainted with Simcoe, the first Governor 
of Upper Canada, and whose name survives in Cook’s Bay, of Lake 
Simcoe, fifty miles from the good city of Toronto. He twice crossed 
the Antarctic circle, and once reached latitude 71° 15', where he found 
ice barring his way, and said he believed no higher Southern latitude 
would ever be attained.

In 1823, however, Captain James Weddell sailed to 74° 15', in 
latitude 34° 17' West, where he found a sea clear of field ice, with 
only three icebergs in view, plenty of whales, petrels and other living 
things—and this after going through 120 miles of water with (at least 
on one occasion) “ not a particle of ice of any description visible.”

Most of our knowledge is, however, derived from the voyage of Sir 
James Clark Ross, with the “ Erebus” and “ Terror,” he having spent 
the years between 1839 and 1842 in the survey of the regions around 
the South magnetic pole.

The “ Challenger,” in 1874, ran down to just within the circle—the 
only steam vessel which has ever been there.

In 1892-3 Norway and Scotland sent out a whaling fleet, with a 
small scientific staff, who have added something to the common stock of 
information.

The great chain of the Andes, broken across by the ocean at Cape 
Horn, rises again above the sea in the South Shetland Islands. Then, 
also in the range, we get Joinville Island, Palmer Land and Trinity 
Land, and next—still just without the Antarctic Circle—Graham’s Land, 
which may be the Northern apex of a Southern continent, only 10° of 
latitude from South America. Here our Southward journey stops. 
Turning Westward we skirt a formidable ice barrier, from 62° West 
longitude to 170° East longitude, where in latitude 78° Ross found
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Earth. Around the South Pole of the Earth, and from 5° to 8° from it, 
Dr. Murray draws an isobar for February of 29.50 inches. Ten degrees 
from the Pole he marks 29.40 ; fifteen degrees, 29.30 ; twenty degrees, 
2 9 .10; and around the Antarctic Circle, 29. In all this region we 
should then have Southerly winds. Mr. Bruce and Dr. Donald’s experi­
ence in the Dundee whalers confirms this view. But, a few degrees 
further North, we get into the prevailing low pressure, and as far as 40° 
latitude we have strong westerly gales all around the globe. This little 
ray of light on the possible cause of the narrow belts observed around the 
Martian Poles, is the only one our very imperfect knowledge of our own 
Antarctica helps to reflect on the other planet, except that the glittering 
brightness and crystalline appearance of snow-covered mountains which 
Boss alludes to may explain the strange brightness of some of the spots 
—bright white upon white—which have been observed on Mars. We 
may, perhaps, get move reflected information in return.

The cooling process is supposed to have gone farther in Mars than 
in the Earth, but the phenomena of the melting of the ice around his 
poles—the fact that the greater part of it is regularly thawed away each 
season, shoves that his ice, whether it be ice formed from water or from 
some other liquid, cannot have any enormous thickness—not by any 
chance a depth of miles. And we begin to question from this analogy 
whether there was ever a depth of ice upon the Earth which it took 
miles to measure. Certainly it does not seem to be the case now, 
notwithstanding the evident fact that Antarctica is going through a 
glacial period. There, indeed, we may learn what an ice-cap really is— 
such as they say existed hereabouts. In Alaska and in Greenland we 
have plenty of mountain glaciers, but no true ice-cap. Our North Atlantic 
icebergs announce their origin by their appearance ; they are pinnacled 
like the Alps, most irregular in outline. They come from glaciers 
which discharge from valleys into the sea direct. The Southern bergs 
are, however, quite different.

Ross says (January 21st, 1841), “ The land ice, although not more 
than five or six feet above the surface, and therefore probably not more 
than forty feet in thickness, blends so imperceptibly with the snow which 
descends from the mountains at this part and extends far into the sea, 
that it was almost impossible to form any idea of the exact position of 
the coast line.” Again, near Mount Erebus (January 28th):—“ As we 
approached the land, we perceived a low white line extending * *
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��� ;����� ��� �������� ��� ���� ��0��;���"� ^� ^� ��8��+� ������� ����+�����
�0���0�� ;���� ��� ���� ��� *��������� ������ ;������ �� ��������� ��� 0*;����� ���
'))� ������� -�� ������ ;�� ��0��� ��� ������ ���������+� ��� ��� ����������� �=�����
��� ��� ���� ���������"� ^� ^� $�� ��0����� ��� 9')� �������"� ���
���*����0��� ��� 5))� �������� ;��� 59",[�� ���� � �� '3)� �������� 55[��
����� ��� ���� �0������ -���+� 5'[�� ���� ���� ���� ,2["� �0������ �"� -�� �"��
',� ������ *��� ����"� ��� +����� �� ��*��� ��� ;����� ������� ��� ����8�� ����
�0**�������� ����� ���� -���� �0++������ ��� ����� +����� ����� ��� ���� -���+�
������� 0*��� �� ���+�� ��� ���@�� ���� ��� ���;� ����� ���� �0���� ��+�� ��� ����
����� ��0��� ���� -�� ������+� 0*��� ���� +��0��"1� ��� ���� ������� ��+������
��� ������ . ;�� ��8�� ;��������� ���� ������� ��+����� *�;��� ��� ���� ���� ���
-���@��+� 0*� ����� ���� ��� �=�����8�� ������ ��� ����� �;����� ��� �� ���� � �����
����@"� �̂ ^� ����� ���� �=������������ -������� ��� ����� ��� *��-�-��� ����
����� �� ���0����� ����� �������@������ ��0����� ���� 0��0�������� ��� ���� ;�8���
���� �����+����� ������8��������#� ��� ��� �� ��+���� ���� ;������0�� �-O����� ����
-������ �������+� ;�� ��0��� ��8�� ���0+��� ��� ��� ������8��"1� � � ��;� �����
������H/��0���� 5'��I� ����� ��;���8����� ���-��+��P� ����� ;���� �������� �������
��-0���� ������ *��������� ����� ��� ���� ��*�� *����*���0�� ��� �8���� *����� ����
����� '3)� ��� ,))� ����� ��+�"� ����� ���� �8��������-���� ��������� ����� ����
-�������� ���� ���� +��0����� ��� �� -��@�� ��=��� ������ ����� ���� ��+�� ��� ����
-������"� ��0����+�� ��� �����-��@�+�8�� ,3)� ��������� ��� ����'�3))� ����"

 �"� <0������ ��� ���� .��������+���1� �����#A.����� �������� ���;�;�����
����� ��� ���� ���*��� ��� ���� ��0������ ���+��� ������+����� ��������� ��� B��R
������ !����� �������� ��� ���� ��;��� �������� ��� ���� ����������� ;����� �����
���0�0����� ��� 8���� 0��0�����+� ������� ���� *������� �0������� ��� ����� ���
����@������ ���� 0���������� �����+����� +������� ��� ���:��*� ���*0����� �0�� �8���
���� ���� ��;� ������ ����� ���� ������� ������+� ������ ���� ��0�� ���:-�������� ��
������� *��*�����0���� ;���� ��� ����� *��-�-��� ����� '�,))� ��� '�3))� ����� ��
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����@����"� ^� ^� $���� ���� ����������� ��� ����� +����� ����*��+� +������
���� *0����� ����� ��*���� ��� �-�0�� ,))� ��� 9))� ��������� ���+�� ���������� ����
-��@������������������;��������������:������-���*��*�����0�����:������� ����R
S�������:������������ ��-��:��**��� ���-��+�� ��� ���� ���������� ���� ��0������
	������� ;����� ���� -�� ������������+���� ����0�0����������� ����� '3)� ��� ,))�
����� ��� ���+���� �-�8�� ���� ���� �0�����"1

 �"�  ������� ������� : �����8��1� �����#A.���������0������+���������������
��� �������*������� ��*����� ����� ������ ������� ������� ���� ����� *��-�����
��� ��+���� ��� ����� ������ ��>0���� ���0����"� � � ������� ;���� ��� ������� ��;R
�8���� ����� ����� ��� ������ ;�� ��;� ���0��� ����� *���0���� �� -��+� ����������
��=��� ��� ��8����� ����� ��� ���+��"1

��������:��**��� ��+0��� ��� ���� ��0������ ���-��+��� ;����� ���0���� �����
�� � � ��8��� �0������ ��� ���� ���:��*�� ��� ���� ���� ����� *����� ��� ;����� ����������
+�������� ������������ ������� ����"� ���������� ���������� ��������������"� �����
��� ��8����-��� ����S�����P� �������� ���� ��� ���� ���0��� ����� -��;���� �����;�
8������������ ���� ������� ���� ���� ��� ��*����� ���8������ ��;�� ����*� ���*����
��� � ������� �0�����**��+� ���� ������ ��� ���� ������ *��+����� ��� ��8����� ������ ����
;����� ����� �0������+� �������������� ��� �*�����0*� ����� -���@�� ;���� *�����+�
�8��� �� ���+��� ���� -���@��+� ����� ��*������ ��������� ������>0���� ����+��� ���
���*����0��� ��@�� ��� ��������A��� �=*���� ���� ��=�� ���� ��� ��+��� ;����
���������-��� �����"� $������� ��� ��8��� ��� ���� ;���� �� +������� ��8������
���;����� ���>0���� ��>0�������� ���� ��� ���� -�� �����  �"� <0����� ��� 0��0���
��*������� -�� ���� ��������� ��� +����������� ����A��;� -�+�����+� ��� -��>0��R
������� ��� ��8��+�-���� �������� ��� �-�0��� �=������"� ������ ���� ��8��-����
��� ��8������ ��� ���� ���� �0������� ��� ������ �8��� ��8��� ��0����"� � � � �������
������ ����� �������	��.)���� ���	� ������ �)���� ������ ��� ���� ����&��		�� )���� �
��������� ���,����.����� ��� ���	/ � �� ��� ��� -�+��� ��� ����� ;����� ��� ��;� ����
���0�0�����+�0*� ��� ���� *����-��� ������ ��� ����@������ ;����� ����� ��;��� ����
� � ��0����������� ����8�� ������� ��� ;����� �������0+�� ���:�������� ;����������
�0-�������� ;����8��� �=����� ���� -�� �0�� ��� �0������� ��� ������ ��� �0���
���������"� � � � ������� ��� ���� ������ ����� ��� �0��� ����@����� ��� �*�@��� ���
-�� ���� �����  �"� ������ �=������� ����� �� ��� ��� ���� ���� ��� �;����� ������ ���
����@����� ���� -�� �������� ���� ������ ��0��� ���� �� ����� -�� �0**������ ���� -����
;�0���������������������������������������+����*����0������������0���-���;�
��"� � � ����� ���;:��*� ������ ��� ���@� ��� �� ���*����0��� ����� �� ��+���� -���;�
���� ����S��+� *������ ���� +�������� ����@����� ��� ���� ������� ;�0��� ���� -��
��@���� ��� �=����� '�7))� ��� '�2))� ����"� �0����� ������ ��� ����� ��;�8���� �0���
��� �� � �� ;����� ;��@��;� ��� �=���� ��� ���� ��0���� *�������� ���� �=���������
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����� ����������+� ���������������� ���� ���� ���� ����� �0��� �����;���� ��� ����
-���� ��0������ ��� ���� ���� *��������� ��� ����������� ��+�������� ���� ��8�:�
�������0��� ��+���;���� -�� ����;�� ��� ���� ��������� ��� �0�����������+������:�
������ ���� � � -����8�� �� ��� �0��� ;���� ��8�� ��� -�� ��������"� � � � ���� ��;����
������� ��� ��� �������-��� �� � �� ����� ������ ����@�� ���0��� ��8�� ��8��� ��� ��
����� ��� ����:��0��� ������ �������������0�� ������ ��� ����"� � � � *�������� ���R
�������� ���� ��0������ ������ ���� ����@�������� ��� ���:��*� ��� ,�)))� �����H�����
�-�0�� ���:������ ��� �� ����I�� ��� ��� ������ ����� ��������8�-��� ����� ���� �0���
���:��*����� ���� ����� ��� ��8�� ��8���������� *���� ��� �������������� ���� ����
������ ��� �0��*�� ���0��� ��8�� ��8���� ������� ����*��������� ��� +��8����
���� ������� �� +��������� ��8��� ��0����"� ���� ��0�� �=*��������� ��� ���:��*�
����������� ������� ���� ��������� ���� -�� ��0��� >0���� ���������� ����� ����
�������� ;����� *����0����� +����������� ;���� ���0���� ���������� �����0����"

����E� ��*� �������� �0��� ����� <0����E�"� � �� +�8��� ������ ������ ����
���� ������ ���;�� -0�� �� ��;� ������ ��� �����"� <0����� ��������� ������ -��
������� ������� ���� ����0��� ���� � ���������� ��� ���� �**��8��� �����+��*����
;��"� 40�� ;���� ����������� ��� ��+����� ����������� ;���� ���� -����� ����0����
��� ���+������ ������� ;�������� ���� ��0��� -�� *0������ ������ ��� ��� ����+0����
���*��=�� ;���� ��8����� ��0������ ���+��� ��� �*0��� ������� ������ ���+��� ;����
�����������*����*�����������������Q� $����������� ���+���� ;����0�� 8��������
��� ������������� �� ���;���� ���� ��;�� ������8������� ;����� ;���� +�8�� �����
���0������ ��������� �����"� ��0�����������+�� -������������ ���������������
8���� ������� ���;������ ���� � � ��� ���� �0**���� ����� ���0��� ��� �8���8����+ �� � �P�
������ ���� ���� �0��� ��8�� �0�;����� ����� ��� ������ 0����� ��� �������� ���� *�����
� ��;����� ���*����0��� �-�0*����������� ���� �=����"� ��� �������+������*�����
����0��� ��8�� 0*��� ���� ���� ������ ���� ����� ��������"� ������� �0��� ��8��
����**������� ���� �8��� ���� ���:-������ �0��� -�� ��������� ��� �����*������
���� ��������� ��� ������"� $���� ���� ���:������� ������ �� �����0��� ;����� ������
����������� ����� �-�8�� ���� ���� ���0+�� ��� ���@� ����� ��� ���� -������� ����
;����� ���� ;������ -������ ������ ��� ;����� ���� *���������� *�������� ���� ��R
������� ���� ���� �������� ����� �;��"�  �"� <0����� ����@������ ����S��������
����������� �**�������� ��� ������ ��0������ ���:������� ���� ���:-��+����� �0�� ���
. ����� ��������� ������+� ���� ��+�������� ;����� +�� ��� ����0+��0�� ���� ���R
��*�P� ��� ���� ���*��� *����� ��� ���� -��+�� ������ ������� ���� ���� ����@��� �����
;�����"1� �0����� �"�<0����� ;�0�����:;���������� ������ ��8����� ����8����0��
����� ��� ;�����"� $�� ���� �������� ������� ������� -�� �0������8�� ���;�������
���:��0����� ����������� ;���� ������ ���� ���� � �� ���� -����������� ������+� ����
��+�������"� ��������������� ���0���� � � �0++����� ���� ���������*����� ���������
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���:��*� ���� -���� ��0������ ����� ���� ����� ���� ;����� ���� ��;��� ���� -�������
�-������ -�� ���� ���;� ��8������ �8��� ���� ������ ������� ���� 0**��� ������� ����
������ ���������������-�����>0�������;�����"� �0��� ;���� � ����+������������R
��*� ��� ��������� ��+������ ���"� � � � ;��� ���� ������� ����0+��0��� ���� ���� ���
*������� ���� ;��@� ��� ����� ;����� ���� ����� ;��� �-�8��;�����-0�� -���;� ��"�
4������0�� ������ ;���� ���� !�0�������� � ����P� *����*�� ���� ����+�������
;���� �-�8�� ���� ���"� ���� ����� ��� ����� *���� ��� ���� ���������� ;���-���;�
���� ��8��"� ���� ���� �=������� �8��� ���� ��+������ � �� ��;� ���;�� ���� ��+���
��� ���� ������� ��� �� ������� ���� ��� ������ -0�� ��� 3))� ��� '�)))� ����� ��� ����@R
����"� �� �8������� ������ ��0��� ��� -�� ����"� � � � ;�0��� �������� ����� ���� ����
��@�� ���� � ��������� ������� ���� ��8���� ;�0��� ���;������ 0����� ��� ��� �0�����
����"� ���� ��8������ ;�0��� -�� 8���� ���+���� ���� ��;���� ����+� ���� 8��R
������ ��8���0*� ����� ��� ������� ����"� %����� ���� ����� *����������� ������
;�0��� -����*�������� ;���������������������-�0������ ;����� ����-�������;���
�������� ;������ ���0*��� ��"� ��;� �����;���� ����;�� ����0��� ���� ����-��0R
���0���� ��8��� ��������������� ����0���=�����8������������-�0����� �����Q

�� � ���������+� ���� ���+���� ��� ��� ���������� �=*��������� ��� ��0�������
�0��� *��-����� ��� ����� ���0���� ���� ��� �0��� -�� ����������� ����� ���� ���R
*����0������ *��-�-����0��� �����0������� ����� � �����������"� <�"�4�0����
��� ���� .�4�������1� ��������� ����� ����� ���� ���+0���� �8������� ��� ���� ���R
*����0���� ���  ����-���� /��0���� ���� ��-�0����� ;����� +�8�� ������ ���
5'"'9[�� 5'"')[�� ,("73[�� ���� ��@���� . ��+��� ���� ����� ��������� ��������
0��������������0+��0�� ���� �����Q F� ��� ��0-�� ��� ��� �� �����+� ����+���������
����0�@��;��� ���� ��� ���� -����0��� 8����������0��� �8��� ��� ������� �� ������+�
��� �� ������-��� ��������� ���� �-���8�����"� 40�� ������ ���� ������S��� ����
���+���� ����������:*��@������ ���0+������:�����������;�0��� ��8����� -��������
����� ��� ��+����� ��� �0��������H;����� ��� ��*�������� ������� ��� �������� ���@I�
;���� ���*��8���� ���� 8�������� ������;�0��� -�� ��� ���@� ���8��0���������� ����
������ ���� ������� ;�0���������� ��� �� *��8���+�� ��� *��8���� ���� >0���"
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70 The Astronomical and Physical Society of Toronto.

SIXTEENTH MEETING.

August 21st; Mr. E. A. Meredith, LL.D., in the chair.
Mr. J. Maughan, of Toronto, was elected an active member of the 

Society.
The Librarian reported the receipt of the Proceedings of the Insti­

tute of Nova Scotia, and was instructed to place that Society upon the 
list of exchanges. Mr. J. R. Collins presented some copies of a photo­
graph of the full Moon, taken on August 16th at the Wilson telescope. 
The prints had been made by Mr. W. B. Musson. During a general 
discussion on the subject of electric phenomena, Rev. C. H. Shortt de­
scribed a case of lightning stroke in which it seems the lightning had 
ascended. Some of the members had met with similar cases, but rarely.

Mr. Z. M. Collins described some experiments he had recently made 
with magnetized steel discs, and presented photographs of the lines of 
force. His method of preparing these was simply to place sensitized 
paper over the disc, sprinkle steel tilings upon it, and then expose to 
direct sun-light, the action of which upon the paper was marked where 
the tilings were absent. As a result of noting the lines of force, Mr. 
Collins thought it was an error to speak of the pole of a magnetized 
sphere as being localized. Each hemisphere is a pole, and the magnet­
ism equally distributed around it. What is commonly called the pole is 
merely the centre of the field.

The following paper by Mr. W. E. Denning, F.R.A.S., of Bristol,. 
England, a corresponding member of the Society, on

COMETS OF SHORT PERIOD,

was read by Rev. C. H. Shortt, M.A.
The remarkable increase effected by new discoveries, during the last 

ten years, in the Jovian family of Comets must have been noticed by 
everyone interested in this branch of Astronomy. Between 1884 and 
1894 our knowledge of these bodies has been enriched to the extent of 
ten new members as follows :—
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The fact that the perihelia in nearly all cases lie outside the Earth 
enables these Comets to be often well observed in a quarter of the sky 
opposite to the Sun’s place. Whenever the perihelion of one of these 
bodies occurs at a time when the Earth is on the same side of the Sun 
it will be comparably near the Earth and projected on a region of dark 
sky so that it is presented under the best conditions. This is really 
a fortunate circumstance, for some of the short-period Comets are really 
faint and difficult objects, and can only be picked up when the condi­
tions are highly favourable.

From the numerous and interesting results accumulated during the 
last decade, we may expect that the immediate future w ill yield a plen­
tiful harvest of new discoveries of Comets belonging to Jupiter’s family.
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SEVENTEENTH MEETING.

September 11th; Mr. E. A. Meredith, LL.D., in the chair.
A communication was received from the Honourary Secretary of the 

Royal Society of Canada, conveying the information that upon the list 
of the associates of that body, the Astronomical and Physical Society of 
Toronto had been placed, and would be called upon to take part in all 
meetings of the Royal Society.

Dr. Francois Terby, of Louvain, Belgium, was elected a corresponding 
member of the Society.

Moved by Mr. J. Todhunter and seconded by Mr. A. Harvey, and 
Resolved, that the next meeting of this Society take into consideration 
the advisability and practicability of erecting an astronomical observatory 
in the city of Toronto and maintaining the same by public or private 
enterprise or both. Carried.

A member read a letter from Mr. J. Connon of Elora, giving some 
valuable hints to the amateur engaged in lunar photography. Refer­
ring to the difficulty of getting a sharp image, Mr. Connon said :— 
“ The better way is not to use an eyepiece at all, but when you enlarge 
for photographing use what is called by photographers a ‘ half-size por­
trait lens.’ This is a style of lens not much used now-a-days in ordinary 
work, and can be found in any gallery. With this you can get a per-



fectly flat image, and if it is a good lens, and clear, the focus will be 
very fine in quality.”

Mr. Thomas Lindsay reported having made a series of observations 
with a telescope by Bardou, of Paris, recently imported by Mr. James 
Foster. Of 3-inch aperture and bearing easily a power of 150, the 
instrument had performed extremely well. The definition was particu­
larly sharp, many objects being well seen that are considered severe 
tests for the aperture. Mr. Foster had kindly offered to place the tele­
scope at the service of the members on any special occasions when inter­
esting phenomena might be observed. The mounting was admirably 
adapted for field observations.

Mr Elvins reported having observed quite successfully the spectrum 
of the lightning flash on the night of September 2nd. The literature on 
this subject is not extensive, but it seems that other observers have 
noted bright lines in the spectrum. Mr. Elvins succeeded in seeing the 
flash in the spectroscope fully forty times, with the constant result of a 
continuous spectrum, no bright lines being seen ; the colours were clear 
and distinct from the red to the violet. As the spectrum of an incan­
descent solid, or of a gas at very high pressure, is continuous, the ques­
tion is an open one as to why it was continuous in this case. Without 
pressing any explanation, Mr. Elvins thought that the particles of the 
dust and smoke-laden atmosphere might be rendered incandescent by the 
lightning, and so produce a spectrum without bright lines.

The following notes on

THE FORM OF THE AURORA

were received from Mr. J. Van Sommer, writing from Southampton, on 
the Lake Huron shore, where he had made many observations :—

Allowing for the streamers, an aurora is always seen in the form of 
a crescent or semi circle, the highest point due North from the spec­
tator. I  am not aware that it is ever seen edgeways, as if it were facing 
East or West. That being so, we arrive at the conclusion that the 
crown of the aurora follows a circle round the North Pole. All sides 
may not be equally illumined at the same time, but the shape would be 
that of a “ band.” The centre of the auroral band of light under the 
North Star would then be nearest to us, and the sides East and West 
further away. The greatest height due North would be due to the 
nearest distance, and the lower and less distinct appearance of the sides

The Astronomical and Physical Society o f Toronto. 73

10



;�0��� -�� �0�� ��� ����+������� ��������"� ��� ���� ������ *����� ��� ��+���� ���
���� ���*�� ;�� �0��� ������� ��� �� ��� ���� ��������� ��� ����:����0���� ������
��� ;�� ���� ���� ��� �0�� ��� ��;� ��� �**����� ���0�� ���� ���� ��� ��� ���0��� ���*��
���� ��+��� *���������P� ����� ���� ���� �0����� ��� ���� �� ����:������� ���� 0*���
�� -����� -0�� �� *������� ����� ���*����� ������"

��=��� ��� ��+���� ��� ���� *�������� ��� ���� ��+��� ���� ���������� ��� ���R
*����� ;���� ���� � ����E���0�����"� � � ��� ���� ����@� ���� ��+��� ��������� �����
���� � ����E���0������ ��;����� ����S�����"� ��� �������� ������+�����������������
;�0��� �������� �;��� ����� �� �*�������"� ��;�� ��� ���� -���� ��� ��� �0�����
;���� ����� �;����� ��� ��=��� ������ ������� ��� �� �*�������� ����� ����
���;��� ����-���� ���0��� �**���� ���� -��+�����"� ���� ��+��� ;�0��� ��� ��"�
���� ���������� �������+� 0*� ���� �;��� ����� ���� �*��������� ��������+� ���
���� �������� ��;�� ��� *���*����8��� ;�0��� ���@� -���� �������� ���� ������� � ��
������ *������ ����� ��� ������ -���"� 40�� ��� �� � ������ ��� ������ ���� �� ��	�� �	 �
���� ��	�/ � ���� ���;�� ��� ���� �0����� ���� ����� ��� ���� ���������� ���� ����
-��+������ ���� ���+����� ������+�0����� ���� �����0����� ����� ������ ��8������
��� ��;����� ��� �**�������+�0�"� � � ����@�� ����������� �� ��� ���� �0������ ��+���
����� ���� �������� ����� ���� � ����E�� �0������� -0�� ����� ��*����� �-�8�� ����
������� ���� ���� ���������� ������ �0��*�������� ;���� ���� � ����E�� �0������� ����
��+��� -���+� �*����� �0�� ��� ���� ����� ;���P� ��� ������ ����� ���� ����� ����
*�������� ��� ��� �0����� ��� ����� ��� ��� �*��� 0�-������� �=������+� �8��� ����
��������� ���� ��0������ ��+����� ��� ���� �����"� ����� ��� ���� ����� ���*�� � �
���� ����@� �������� ��� ��*�-��� ��� +�8��+� ���� ����� ���� �**�������� ��� ����
�0����� ��� �;�� ��� ����� �*��������� ;����8��� ����� ���� -�"� ���� ������
����� ;�0���+�8�� ���������� �**��������� ��� �*��������� � �� ���������� *������
��� ���� ����� ����"� 	����0����� ���� ��+��� ���� -��-��+����� ��� ���� ����������
��� �������"� � � ������ �����-�� ��������� ��� ;�0��� �����;� ����� ;�����0��� ���@�
���� ���� ��0��� ��� ���� �0����� �0������ ��� ���� ������� ;����8��� ����� ��0���
���� -��� ��*������������ ��� ���� -���� �0++������������ �**���� ���� ���**���� ���
��������� �����8���"

<�"� /"� ������*������� ����� ���� �����;��+� *�*��� ��

�� �� ��4%!��� �F�	������� 	� � !�� �!���"

������ ���� !0���� ������� ;��� ���*������ ����+��8���� ����-������� ��� ��
��;���� ����0��8������ !��������-�+������ �����������������+������*0-���������
���� ���� ��8���������� ������������� �������� ���� *�������� ���������� ����
����� ������ ���� ����� ��� ��;���"� �� � '6(7� �**������ ���� ��	����� �� �
�����/ � ���� ��=��� ���� ����� 8��0��� ��� ���� +����� ;��@� ��� ������M��

69� (��� �	����������� ���� ���	����� �������� � )�(�������



Celeste. A t the end of that volume he propounds what is commonly 
known as his Nebular Hypothesis, but more properly his Atmospheric 
Hypothesis, though he, himself, gives it no name. In  that hypothesis 
La Place seeks to account, not for the origin of the whole universe, nor 
for the Sun even, the centre of our own system, but merely for the 
planets, satellites and comets accompanying him. And first of all, he 
postulates the Sun as already formed, somehow or other—nearly spherical 
in shape, rotating on an axis, and surrounded, not by a nebulous mass— 
but by an atmosphere, extending farther than the present bounds of the 
solar system. This atmosphere he conceives to be rotating along with 
that central mass, the Sun, but more slowly, and to derive its rotatory 
motion from him—to be so rare that he is solid in comparison, and in 
mass to be but a very small fraction of his mass.

La Place’s idea of the probably prior condition of the Sun he gives 
in three sentences. What he means by an atmosphere he thus defines : 
“ A thin, transparent, compressible and elastic fluid, surrounding a 
planet while being supported on it, is what we call an atmosphere.” 
His hypothesis is founded on certain propositions demonstrated in his 
Mecanique Celeste, especially in the second volume. He therein 
shows that such an atmosphere surrounding the Sun as supposed, 
could not extend indefinitely, but must have had certain limits. And 
that its form must have been an ellipsoid of revolution, with its shortest 
axis coinciding with the axis of rotation, and which ellipsoid became 
more and more oblate as more and more rotatory motion was given it by 
the central mass. He then demonstrates by a set of the most elegant 
equations, that when the equatorial and polar diameters became in 
proportion to each other as 3 to 2, the particles along the equator lost 
all weight, and the great spheroid had reached its centrifugal limit. 
Soon after this the contiguous inner parts, still being attracted Sun­
ward, would break away, leaving the outer belt as a great ring revolving 
around the Sun and his remaining atmosphere. Call this ring the 
embryotic mass of the outermost primary planet, say that of Neptune, 
and his initial career as a separate identity is begun.

On the shrinking away of the inner atmosphere the ellipsoid is more 
spherical in shape than before, its equatorial diameter having just been 
shortened. But, as it keeps on condensing and gaining in rotatory 
motion, it grows more and more oblate as before, until the 3 to 2 centri­
fugal limit is again reached. Then another belt or ring is in like 
manner left behind—call this the making of the future Uranian system.
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In this manner proceeds La Place, from differentiation to integration 
or vice versa, and from one equation to another, until the whole mechan­
ism of the heavens is revealed in one great mathematical poem, matchless 
for its elegance, beauty of style, and power of convincing all who stop 
to read. On such basis is the La Placean hypothesis founded.

The Kantian or real nebular hypothesis was thought out and pub­
lished by Immanuel Kant when La Place was but six years old and 
Herschell (afterwards Sir William) only seventeen. Kant, in his 
Natural History o f the Heavens, seeks to account for the origin of the 
whole universe, and supposes the substance of the Sun and planets, for 
instance, to have been at first so diffused as to fill a space greater than 
that now occupied by the solar system. La Place begins with the Sun 
already formed and rotating, and surrounded as at present by a trans­
parent atmosphere, but extending farther. The Kantian and La Placean 
hypotheses bear much the same relation to each other that the Cartesian 
and Newtonian philosophies do—the former emanating from the inner 
consciousness of Des Cartes, the latter founded on experiment and 
geometry. Yet, strange to say, through some misconception, the 
Kantian hypothesis is generally attributed to La Place by all English- 
speaking people who know anything about it, but not by the F rench or 
Germans.

In setting out La Place seeks to account for these five phenomena 
which the solar system presents, to which there was only one known 
exception in his time, viz., the Uranian moon system.

Here are the five phenomena:—(1) The motions of the planets in 
the same direction and nearly in the same plane. (2) The motions of 
the satellites in the same direction as the planets. (3) The rotations of 
all and of the Sun in the same direction as their projectile movements, 
and in planes that differ but little from each other. (4) The nearly 
circular orbits of all the planets and of their satellites. (5) And finally, 
the great eccentricity of the orbits of the comets, although their inclina­
tions and directions seem as if left to chance.

In laying down his own hypothesis, La Place first refutes that of 
Buffon, which was older than Kant’s, and which La Place says was the 
only attempt at a cosmogony he knew of being made since the estab­
lishment of the Copernican system. This statement plainly shows that 
he never heard even of Kant’s speculation, though thought by many 
to be its author. But in proceeding with his own hypothesis La Place
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system is now known to present, unless “ the volcanic theory of planetary 
projection ” does. Let us briefly apply this theory to Phobos and see 
how it fits in there. That little satellite revolves round Mars, 4,000 
miles from his surface and 6,100 from his centre, in 7h. 39 min. Con­
ceive Mars’ atmosphere extending 4,000 miles in height around him, 
resting upon him and rotating along with him, just as La Place supposes. 
Then, instead of that tiny planet being detached in a gaseous ring, 
let us suppose it to be projected from Mars himself in a molten mass by 
volcanic eruption, and projected with such force as to drive it through 
the atmosphere and out into the non-resisting medium beyond. What 
would be the future career of that projectile ?

Generally speaking, it would of course fall down again upon Mars 
after its projectile force was spent. Or, if its initial velocity were great 
enough to carry it off beyond the influence of the Martian system, it 
would evidently go on and never return. Ultimately it would likely 
fall into the Sun, find itself an orbit around him, or wander off into 
stellar space. But let us bear in mind the projectile, after clearing the 
Martian atmosphere, must not necessarily either quit the Martian system 
or return to Mars. I t  might and likely would take a medium course. 
I f  its velocity or direction, then, were not such as to enable it to find a 
permanent orbit, it would sweep round for a while, but its recapture by 
Mars would only be a question of time. If, on the other hand, by 
design or chance, its velocity then were about the square root of half 
the square of the speed that would drive it off for ever—and if the 
direction of its course, or, which is the same thing, if the tangent to its 
trajectory there and then, made a right angle or nearly that with its 
radius vector—its trajectory just then would merge into a circular 
path, with Mars in its centre, or into a slightly eccentric curve, with 
Mars in one of the foci. And the said tangent to the trajectory would 
be tangent also to the circular or elliptic path at that point, the common 
point of contact where both curves would unite. The projectile would 
therefore leave, as it were, the trajectory leading from Mars all the way 
up through his atmosphere, would enter the circular or elliptic path just 
found, would take possession of the same as its orbit, and begin as a 
new-born satellite, its course of perpetual revolutions therein, round and 
round its primary and parent planet—Mars ! Its period of revolution 
would depend entirely on its distance from its primary, and not on the 
time of Mars’ rotation on his axis. I t  might be longer, shorter, or
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precisely equal to his rotation time. If shot out from Mars’ equatorial 
regions it would revolve around those regions ; if from a high latitude, 
over that latitude crossways it would revolve. If projected from either 
pole or very near there, it would likely depart for ever or return soon. 
Its orbital motion, whether direct or retrograde, would depend on 
which latitude projected from, North or South, and on the hour of the 
Martian day when projected.

Let any one interested in this matter apply this theory to every 
satellite in the system, leaving Neptune’s for the last, before falling in  
with o r  falling o u t  with the theory. No one need attempt this unless 
he can " pocket ” his prejudices and preconceived notions for a while— 
a mental feat which but few are able to perform, though most people 
think they can. Sir John Hershell truly says : “ On beginning a new 
enquiry we have not only much to learn, but much to unlearn, the 
latter often the more difficult.”
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EIGHTEENTH MEETING.

September 18th; Rev. C. H. Shortt, M.A., in the chair.
After some discussion, it was moved by Mr. Arthur Harvey, seconded 

by Mr. G. E. Lumsden, That the proposal to establish a popular obser­
vatory be referred to the Council, with a recommendation to take imme­
diate action. Carried.

The Librarian reported having received from Mr. E. Stanton, of 
Toronto, two prints of photographs of the lightning flash. I t was inter­
esting to note that in one of the prints a distinct loop could be seen in 
the streak.

Miss Katharine E. Yale, an associate member, who had recently 
removed to Davenport, Iowa, had been requested to favour the Society 
with any items of interest pertaining to the advancement of science in 
her locality. Miss Yale had forwarded the following account of a visit to

THE CHAMBERLIN OBSERVATORY, 

which was received and read :—
The Chamberlin Observatory has just been erected, by the munifi­

cence of one of the citizens of Denver, the Hon. H. B. Chamberlin, 
and has cost, altogether, nearly $60,000. I t  is a beautiful building,
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which is of the highest order of mechanical excellence. I t  is astonishing 
how easily the great bulky t hing is moved about,—rapidly, noiselessly,— 
and objects so quickly and easily found. All this heavy machinery is 
poised most accurately and solidly upon a 320-ton pedestal of the tough­
est Colorado sandstone, and anchored to it by steel bolts nine feet long, 
three inches in diameter, while the pedestal itself rests upon the bed 
rock.

I  cannot speak too highly of the kindness and courtesy of the 
Director, Dr. Howe, and his assistants, in showing me everything that 
laid within their power the evening I  went there. I t  is by far the 
finest telescope in the West, excepting, of course, the great Lick teles­
cope, and I  shall always look back with delight at the exquisite pleasure 
I  felt on observing the beauty of the Heavens in one of the most beau­
tiful of modern telescopes.

The Observatory is easily reached by electric car from Denver, and 
Dr. Howe kindly gives up two evenings a week to visitors, for he 
desires to make the telescope a factor in the educational life of the 
people of Denver, not only by original research done with it, but also 
by the direct instruction, and astronomical enlightenment, which will 
come to those who choose to avail themselves of the opportunity of using 
the instrument. Dr. Howe is most accurate in his methods, and patiently 
describes everything to the smallest detail, so that “ he who runs may 
read,” and the most ignorant cannot fail to learn much of that most 
beautiful and noble of sciences, Modern Astronomy.

Mr. G. E. Lumsden read the following paper on

SPECTROSCOPIC BINARY STARS,

contributed by Mr. J. E. Gore, F .R.A.S., M.R.I.A., etc., of Ballysodare, 
Ireland, a corresponding member of the Society.

The term “ Spectroscopic Binary ” has been given to those remark­
able and interesting stars which spectroscopic observation have shown 
to consist of two components so close together that the highest powers of 
our largest telescopes fail to show them as anything but single stars. 
The doubling of the spectral lines in some of these objects indicates that 
the components are both bright bodies, but in the case of Algol as the 
lines are merely shifted from their normal position, not doubled, it 
seems that one of the components is a dark body. In either case, the 
motion in the line of sight can be measured by the spectroscope, and 
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hence we can calculate the actual dimensions of the system in miles, and 
its mass in terms of the Sun’s mass, although the star’s distance from 
the Earth is unknown.

Judging, however, from the light of the star and the character of 
its spectrum, we can make an estimate of its probable distance from the 
Earth.

Let us first take the case of Algol. The spectrum of this famous 
variable star is, according to the Draper Catalogue, of the first or Sirian 
type (A). I t may, therefore, be comparable with Sirius in density and 
intrinsic brightness of surface. Assuming the mass of Sirius at 2.2 times 
the mass of the Sun, as found by Dr. Auwers, and that of the bright 
component of Algol at 4/9 of the Sun’s mass, as given by Dr. Vogel, I  
find that, for the same distance, Sirius would be about 2.8 times brighter 
than Algol. But the Oxford photometric measures show that Sirius is 
about 22 times brighter than Algol, from which it follows—since light 
varies inversely as the square of the distance—that Algol is 2 77 times 
further from us than Sirius. Assuming the parallax of Sirius at 0".39, 
this would give for the parallax of Algol 0".14, or a light journey of 
about 23 years. From the dimensions of the system, as given by Vogel, 
this parallax would give an apparent distance between the components 
of less than 1/200th of a second of arc, a quantity much too small to be 
visible in the largest telescopes, or probably in any telescope which men 
can ever construct. From a consideration of irregularities in the pro­
per motion of Algol and in the period of its light changes, Dr. Chandler 
infers the existence of a third dark body, and a parallax of 0".07. As 
this is exactly one-half the parallax found above, it implies a distance 
just double of what I  have estimated, and would, of course, indicate 
that Algol is intrinsically four times brighter than Sirius. This greater 
brilliancy would suggest greater heat, and would agree with its small 
density, which—from its diameter in miles, as given by Vogel—I find 
to be only one-third of that of water.

Let us now consider the case of β Aurigae, which the spectroscopic 
observations show to be a close binary with a period of about four days, 
and a distance between the components of about eight millions of miles. 
This period and distance imply that the mass of the system is about five 
times the mass of the Sun. As in this case the spectral lines are doubled 
and not merely shifted, as in the case of Algol, we may conclude that 
both the components are bright bodies, and we may not be far wrong
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tive parallax, which would imply that its parallax is too small to be 
measurable. Still the above results would seem to indicate that its 
parallax might be measurable by the photographic method.

We now come to ζ Ursae Majoris (Mizar), which has also a spectrum 
of the Sirian type, and for which the spectroscopic measures indicate a 
period of about 104 days, and a combined mass equal to about 40 times 
the mass of the Sun. Proceeding as before, we find that the light of 
Mizar would be, for the same distance 2(20/22)2/3, or 8.712 times that of 
Sirius. But the Oxford photometric measures show that Sirius is 3.04 
magnitudes, or 16.45 times brighter than Mizar. Hence, the distance of 
Mizar should be √(16.45 x 8.712), or nearly 12 times the distance of 
Sirius. This gives for the parallax of Mizar 0.39/12 = 0".032. Klinkerfues 
found a parallax of 0.0429" to 0.0477", which does not differ very widely 
from the above result. As the velocity of the orbital motion shown by 
the spectroscope indicates a distance between the components of about 
143,000,000 of miles, or about one and one-half times the Sun’s distance 
from the Earth, the maximum distance between the components would 
be 0".032 x 1½, or about 0".048, a quantity beyond the reach of our 
present telescopes.

I t  should be mentioned that in the case of β Aurigae, Spica, and 
Z Ursae Majoris, as there is no variation of light, as in Algol, the plane 
of the orbit is probably inclined to the line of sight. This would have 
the effect of increasing the computed mass of the system and thus 
diminishing the calculated parallax. As the above calculations are 
made on the assumption that the orbital plane passes through the Earth, 
it follows that the computed parallaxes are a maximum, and that these 
remarkable objects may be really farther from the Earth than even the 
minute parallaxes found above would indicate. A s the parallaxes of the 
nearest stars, such as a Centauri, 61 Cygni, and some others, are con­
siderably greater than those found above, it would seem that our solar 
system is not situated in a region of close binaries, and that these won­
derful objects lie beyond our immediate neighbourhood. I t  is also 
remarkable that they have all spectra of the first, or Sirian type, includ­
ing the Algol variables whose spectra have been examined.

By the aid of the parallaxes found above we can compare the relative 
brightness of the Sun compared with that of the spectroscopic binaries. 
Assuming that the Sun is 26½ magnitudes brighter than an average 
star of the first magnitude, and taking the parallax of Algol at 0".07, I
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find that the Sun placed at the distance indicated by this parallax would 
be reduced to a star of 6.85 magnitude, that is 4.45 (6.85—2.40) magni­
tudes fainter than Algol, which implies that Algol is sixty times brighter 
than our Sun. Placed at the distance indicated by t he parallax of 0".061 
found for β Aurigae, the Sun would be reduced to a star of 7.15 magni­
tude, or 5.21 magnitudes (7.15 — 1.94) fainter than β Aurigae, which 
implies that β Aurigae is 121 times brighter than the Sun. In the case 
of Spica we have the Sun reduced to a star of 5.4 magnitude, or 5.44 
magnitudes fainter than Spica, indicating that Spica is 150 times brighter 
than the Sun, although the mass of Spica is only 2.6 times the Sun’s 
mass. Finally, in the case of ζ Ursae Majoris, we have the Sun reduced 
to a star of 8.54 or 6.45 magnitudes (8.54 — 2.09) fainter than Mizar, 
which indicates that Mizar is no less than 380 times brighter than the 
Sun! These results show the great relative brilliancy of stars with a 
spectrum of the first or Sirian type when compared with that of the Sun, 
a  conclusion which has already been arrived at from other considerations.

NINETEENTH MEETING.

October 2nd; Mr. John A. Paterson, M.A., Vice-President, in the 
chair.

The Librarian reported the receipt of several volumes donated by 
Lady Wilson, and which were a valuable addition to the Library. The 
Secretary was directed to convey to Lady Wilson the thanks of the 
Society. The third volume of the Lick Observatory reports was received 
and was particularly admired. Mr. A. Elvins presented some drawings 
of the planet Mars which he had made at the telescope of the Toronto 
Observatory. He had not been able to see the rectilinear markings, but 
his drawings showed the varying colours of the different parts of the 
surface very clearly.

Mr. Thomas Lindsay then read a paper on

THE TRANSIT OP MERCURY OF NOVEMBER 10, 1894.

After briefly sketching the history of the transits as observed since 
Kepler’s time, and illustrating the conditions under which the pheno­
menon is possible, the calculations for Toronto were given as follows :—

To determine the moment of contact we must apply to the true posi­
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Adopting the usual notation we have: For Toronto,
φ' =  43° 28' 6", ρ =  9.9993104, ρ cos φ  sin h =  — .20838 

of the radius of disc, and in seconds of arc
(.20838) (4".1) =  0".854 =  — ξ .

Variation of ξ in one minute =
(7.63992) ρ cos φ' cos h =  .00303 
( .00303) (4".1) =  0".0124 =  +  ξ' 

ρ cos φ' sin δ cos h =  .20617 
ρ sin φ' cos δ =  .65686

.86303 =  3".538 =  +  η.
Variation of η in one minute =

(7.63992) ξ sin δ = .00027 =  0".0011
Mercury’s Decl..................... . 17° 19' 21".9
Sun’s Decl............................... 17° 16' 53".9

Co-ordinate of planet South , 2' 28"
H . M. SEC.

Mercury’s R. A.................. ... 15 4 22.19
Sun’s R. A.......................... . .  15 3 14.47

reduced to arc of great circle 969".72 =  +  χ  =  co-ordinate of Mercury 
East.

From the elements we have
Variation of y  in one minute =  2".45 =  +  y' , 
Variation of χ in one minute =  5 ".64 =  — 

Then the position of the planet is determined by
χ — ξ =  970".574 =  m sin M  
y  — η =  151".538 =  m cos M  

and in one minute of time
χ ' -  ξ' =  -  5".6524 =  n  sin N  
y' — η' =  +  2".4489 =  n  cos N

f rom which we deduce
(M  -  N ) =  14° 33' 19"; log m 12.992266; log n  10.789564 . 
Putting L  for sum of semi-diameters 976".8, we have 

m sin (M  — N)sin φ φ =  14° 38' 23".

=  +  η.

=  148" =  -  y

1 7.72

L
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Then the moment of contact, n  being one minute motion, is given 
by the correction

m cos (M  — N ) L  cos φ ------- ----------- --------- -----  =  55.8sec.n n
added to assumed time.

Therefore Greenwich mean time of first contact at Toronto is 
3h. 55m. 43.4sec. Eastern standard time is 10h. 55m. 43.4sec.

For first internal contact we have L' =  difference of semi-dia­
meters =  967", φ =  14° 47' 42", and the correction to assumed time is 
2m. 34.2 sec. Therefore Eastern standard time first internal contact is 
10h. 57m. 21.8sec. a.m.

For last contact we assume 2h. 20m. after conjunction, at which 
time we have

ξ =  2".647 ξ' =  0".005
η =  3".086 η' =  0".003
y =  634".7 y' =  2".45
χ =  754".23 χ' =  -  5".64
φ =  16° 33' 19",

and the correction becomes 1m. 18sec. to be subtracted
(2h. 20m. — 1m. 18sec.) +  6h. 54m. 47sec. =  9h. 13m. 29sec.

Greenwich mean time ; or Eastern standard time of last contact, 
4h. 13m. 29sec. p. m.

Last internal contact occurs 4b. 11h. 50sec. p.m.
Mr. Lindsay then reviewed the chapter in Newcomb & Holden’s 

“ Astronomy ” on the solar parallax as determined from observations of 
the transit of an inferior planet, and sketched the method by which the 
final equations are reached, involving the errors of the ephemeris and 
the Sun’s parallax.

TW ENTIETH MEETING.

October 16th; Mr. E. A. Meredith, LL.D., in the chair.
Miss May Bambridge was elected an active member of the Society. 

On motion of Mr. G. E. Lumsden and Mr. Thomas Lindsay, The Meaford 
Astronomical Society was formally enrolled as a body in affiliation with 
the Astronomical and Physical Society of Toronto under the terms and 
conditions proposed by the Council and accepted by the Meaford Society.
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Mr. Thomas Lindsay then read the following paper

ON A LENS FOR ADAPTING A VISUALLY CORRECTED REFRACTING TELE­

SCOPE TO PHOTOGRAPHIC OBSERVATIONS WITH THE SPECTROSCOPE,

by Professor James E. Keeler, D.Sc., of Allegheny, Pa., Director of the 
Allegheny Observatory, and a corresponding member of the Society.

Everyone who has any familiarity whatever with the telescope knows 
that the so-called achromatic objective is by no means exactly what its 
name implies. The differently coloured rays from a star are not accu­
rately united in a single point, as they would be by a parabolic reflector, 
but are converged to different foci, distributed along the axis over a line 
of considerable length. The lenses of a visual telescope are so figured 
that the brightest rays are brought as nearly as possible to the same 
focus, while in the photographic telescope the rays united are those which 
most actively affect the ordinary dry-plate. Every visual objective made 
of two lenses has a minimum focus for the brightest rays of the spectrum 
in the yellow or greenish-yellow (the position of the minimum varies 
somewhat for different instruments), the focus of all other rays being 
outside this point. The most widely aberrant rays are the violet, which 
do not greatly affect the eye.

Thus the image of a star formed by the brighter rays is surrounded 
by a violet halo of outstanding colour, well known to all observers with 
the telescope. I t  is not specially conspicuous with small instruments, 
but becomes positively offensive in one of the great refractors of modem 
times, at least to perceptions which have not become blunted by custom. 
The observer who habitually uses one of these great telescopes learns to 
disregard the secondary spectrum, and after a while is hardly aware of 
its existence, but the colours around a bright object are invariably noticed 
at once by the novice, who expresses his admiration for what the astrono­
mer regards as a defect. A well-known observer once remarked to me, 
while we were testing a remarkably fine reflector by Brashear, that if he 
should accustom himself to the use of such an instrument he would never 
be able to tolerate the images seen in a refractor.

To diminish the effect of chromatic aberration, the astronomers of 
the seventeenth century gave their single objectives a very great focal 
length. In our modern great telescopes we notice a tendency of the 
opticians to revert to this practice, as the focal length of such a telescope 
is generally something like nineteen or twenty times the aperture 
instead of fifteen times, which is the usual ratio for small instruments
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The distribution of foci in the axis of a telescope is best illustrated by 
the “ colour-curve,” which is a curve representing the focal length of 
the objective as a function of the wave-length of light. I t can be com­
puted if the constants of the objective are known with sufficient exact­
ness (which is seldom the case), or it may be determined by observation 
with a spectroscope. In  No. 9 of the Publications of the Astronomical 
Society o f the Pacific, I  gave a popular account of the latter method, and 
its application to the case of the Lick telescope. Figure 1 is the colour- 
curve platted from the data there published. The objective is supposed 
to be about 57 feet distant, directly below the curve, so that the lowest 
point of the curve represents the minimum focus. I t  will be noticed 
that the minimum focus falls at about X 5650, that the B  and F  lines of 
the spectrum are united, and that the focus for the extreme violet rays 
is some eight centimetres or more than three inches beyond that of the 
D line.

The colour-curve of any other modern telescope would be quite 
similar to that shown in the figure; the difference would be mainly in 
the scale, or in the lengths of the ordinates, which would be pretty 
nearly proportional to the length of the telescope. The observer, having 
continually in mind the form of the colour-curve, can readily understand 
all phenomena depending upon the chromatic aberration of his objective, 
and in the case of a large telescope they are sometimes curious and 
interesting.

Large telescopes are sometimes provided with a third lens, called a 
photographic corrector, which is placed over the visual objective to adapt 
it to photographic purposes. The colour-curve of the combination has a 
minimum near the hydrogen line Hγ, where the photographic action is 
greatest. At the same time the focal length of the telescope is consider­
ably shortened.

However annoying the chromatic aberration of a great telescope may 
be in visual observation, it is found to be still more objectionable when 
the attempt is made to photograph the upper part of a star spectrum 
with a spectroscope adjusted in the focal “ plane” of the telescope. The 
difficulty then encountered will be readily understood from a considera­
tion of the colour-curve. To take the case of the Lick telescope, suppose 
that the slit of the spectroscope is in the focus for the Hγ rays. I t  is 
then 36.8 millimetres beyond the focus for Hβ and 33.3 millimetres 
inside the focus for Hδ. The cone of rays corresponding to the former
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surface being turned toward the objective. A little consideration will 
show that the effect of such a shell is in the proper direction, and it 
might answer for a small telescope, but the thickness of glass required 
in the case of a large telescope would be too great. I  have seen the 
suggestion somewhere that a plate of glass of sufficient thickness would 
effect the desired change, but this is evidently a mistake, for the action 
of such a plate is just the reverse of what is necessary.

Although in what follows I  have employed the approximate formulae 
for lenses, in which the thickness of the glass and the spherical aberra­
tion are neglected, the results are quite sufficiently accurate for the 
purpose, which is to determine the best general form of correcting lens. 
I t  would hardly be worth while to make a more accurate computa­
tion, since this would in any case have to be repeated for the special 
kinds of glass used, and for the particular telescope under consideration. 
I  have chosen for illustration the case of the Lick telescope, because its 
colour-curve is known. The other data required are the refractive 
indices of crown and flint-glass, and these I  have taken (to four decimal 
places) from the tables of Hopkinson. The “ dense flint ” of the tables 
is nearly the same as the glass of a prism in my possession, which is 
only slightly coloured. The following table contains all the necessary 
data. In  the column under “ colour-curve ” are given the distances in 
metres of the different foci of the great telescope from a point on the 
axis one metre above the focus for the F  line :—
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Hard Crown. Dense Flint. Distance of Focus 
from Lens.

B 1.5136 1.6157
m.

1.0000
C 1.5146 1.6175 0.9939
D2 1.5171 1.6224 0.9886
E 1. 5203 1.6289 0.9905
b4 1.5210 1.6302 0.9914

F 1.5231 1.6347 1.0000
Hγ 1. 5280 1.6453 1.0368
h 1.5309 1.6518 1.0701

The lens may be placed in the cone of rays at any convenient point. 
We shall first suppose that it is placed one metre above the focus for the 
F  line, in which case its aperture must be (at least) 53mm.
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In  order to make the spectrum of a star linear at �W/ which is 
the line most used for photographic determinations of motions in the 
line of sight, it will probably be sufficient to unite the rays 2 �K�WU and 
��K�RU at least we are not likely to find a more promising condition in 
the beginning. The problem is, therefore, to find a lens which, placed 
one metre above the focus for the 2  line, will unite the rays 2  and �  at 
some point on the axis.

Let us first take the case of a single lens. Since the �  rays must be 
deviated more than the 2  rays in order that both may meet at the same 
point, the lens must be convex; further, since it is desirable to produce 
this dispersive effect with the least change of refraction, the lens should 
preferably be of flint-glass. The formulae, which are only first approxi­
mations, tell us nothing about the 	����  of the lens, or relation between 
the radii of its surfaces. I t  is, however, easy to see, on general prin­
ciples, that the best form is very nearly a plano-convex lens, with the 
curved surface turned toward the objective.

Let �  be the distance from the lens at which the two rays are united, 
  and  � the distances from the lens of the foci for 2  and �  respectively, 
as given in the table. I f  the point whose distance is �  is regarded as a 
source of light, the 2  and �  rays, after refraction by the lens, would 
appear to diverge from points whose distances are respectively   and  ��  
Hence, �  and   are conjugate foci for the 2  rays, and �  and  � are con­
jugate foci for the �  rays.

The general equation connecting the conjugate foci of a thin lens, the 
refractive index, and the radii of the surfaces, is

in which all lines measured from the lens toward the source of light (at 
�/  in this case toward the focus of the objective) are positive.*

If  the lens is plano-convex, r  =  ∞, and the formula becomes

I f  the symbols in this formula are regarded as referring to the 2  line, we 
may write for the �  line,

* According to this convention, the focal length of a convex lens is negative.
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merit is impracticable, for the following reasons :—In the first place, the 
focus of the telescope is shortened about 0.7 metre, which would make 
the focal plane inaccessible, with the ordinary construction of the eye 
end of a telescope tube. In any case, the change of focus would be 
extremely inconvenient. In the second place, the convergence of the 
cone of rays would be increased from 1 :19  to 1 : 5.53, which would 
necessarily also be the ratio of the aperture of the collimator to its focal 
length. With a given effective aperture the collimator would, therefore, 
have to be very short, a construction which is very disadvantageous in 
every respect; it would, moreover, be difficult or impossible to make a 
sufficiently good collimator lens with such a very large angular aperture.

A correcting lens placed two metres above the focal plane of the 
great objective would have an aperture of 105.3mm.; its focal length 
would be l .591m., and it would shorten the focal length of the telescope 
by 1.114 metres. The ratio of aperture to length of the transmitted 
cone of rays would be 1 : 8.42. A lens of the same kind placed close to 
the telescope objective becomes the ordinary photographic corrector. 
The greatest shortening of the focus is then produced ; at the same time 
the angle of the convergent cone of rays is the least possible.

It appears, therefore, that a single correcting lens is not a practical 
arrangement; a little consideration will show, however, that the diffi­
culties which have been pointed out can be obviated, to some extent a t 
least, by the use of a double lens. If the curvature of the convex flint 
lens is increased, and the excess of dispersive effect neutralized by a 
concave lens of crown glass, the superior refractive power of the latter 
will give the combination a greater focal length than that of the equally 
dispersive single lens, and it will, therefore, not converge the rays so 
strongly. Whether this principle of construction can be carried so far 
as to leave the focal length of the telescope unchanged is a question we 
may now seek to determine. As before, we shall regard the compound 
lens as placed one metre above the focal plane for the F  line, and use 
formulae which hold only to the first approximation.

For thin lenses in contact, the relation between the conjugate foci 
and the focal lengths of the lenses is expressed by the equation

In  this and in the following formulae, quantities relating to the 
crown lens will be indicated by the subscript 1, those relating to the 
flint lens by the subscript 2.
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X1 =  1.5231, ΔX1=  .0078,   =  1.0000 for the inline. 
X2 =  1.6347, ΔX2� �  .0171,  � P  1.0701 for the �  line.

becomes

from which

13

)1 � P� S  0 .18365 metres 
)2  =  — 0.18365 “

�  is the distance of the point at which the F  and �  rays are united by 
the lens, and hence is the same for both. The total effect of the change 
in the refractive indices is, therefore,

If the symbols in the formula relate to the 2  line, the change of  /  
to satisfy the conditions for the proposed lens, must be equal to the 
difference between the ordinates at �  and 2  in the colour-curve of the 
objective.

From the table of data we take

=  — 0.06551, and substituting these values the conditionAlso,

I f  we wish to determine the lens so that the position of the focus for 
the F �line shall remain unchanged, then for these rays the lens must act 
like a thin glass plate, and we have the further condition ) 1� P  — ) 2� � 
Combining this with the preceding one,
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If we make the flint lens double convex with equal radii, and the 
inner surface of the crown lens to tit the flint, the radius of each of these 
surfaces will be 0.233 metres, and the radius of the back concave surface 
of the crown lens 0 .163 metres. Such a lens would be perfectly easy to 
make. The surfaces in contact could be cemented to diminish loss of 
light by reflection, and a lighter flint could be used than that chosen for 
illustration. W ith the flint lens turned toward the objective, the lens 
would, moreover, have very little spherical aberration, although deter­
mined by these approximate formulae.

In  order to find the form of the colour-curve when this lens is placed 
in position, we first require the focal lengths of each lens of the combi­
nation for different rays of the spectrum,—or rather the reciprocals of 
the focal lengths, which are most conveniently obtained by means of the 
relation

LINE. V 1
V

1
f 1

1
f 2

1
u

U

B 1.0000 1.0000 5.3464 —5.2821 0.9357 1.0687
C 0.9939 1.0061 5.3567 —5.2976 0.9470 1.0560
D 2 0.9886 1-0115 5.3827 —5.3396 0.9684 1.0326
E 0.9905 1.0096 5.4160 —5.3954 0 .9890 1.0111
b4 0 .9914 1.0087 5.4234 —5.4065 0.9918 1.0083
F 1.0000 1.0000 5.4452 —5.4452 1.0000 1.0000
H γ 1. 0368 0.9645 5.4962 —5.5361 1.0044 0.9956
h 1.0701 0 .9345 5.5264 —5.5919 1.0000 1.0000

From the last column of this table the colour-curve shown in Figure 
3 has been platted. I t  is obviously much better adapted to photographic

where u1, f 1 are respectively the refractive index and focal length for the 
F  line, and u, f  the corresponding values for any other line. For any 
one line of the spectrum we then substitute the values so found, together 
with the value of v for the same line, as given in the table of data, in the 
equation

and find u, which is the distance at which the same rays are united after 
passing through the lens. The following table contains the results :—
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included views of the Moon in different phases, views of sun-spots and 
faculae, and of many of the nebulae and star clusters. A most interesting 
feature was the exhibition side by side of a photograph of the Sun’s corona 
as seen at total eclipse, and a drawing of the same. A photograph of 
the solar prominences, made at the Kenwood Observatory by Professor 
Hale, was much admired ; this was taken without an eclipse, and was 
considered a very great triumph for the distinguished observer. Draw­
ings and photographs of the Saturnian system were also highly appre­
ciated. A vote of thanks was tendered Mr. Howell, who had always 
been most painstaking in collecting and reproducing whatever could be 
made an interesting subject for exhibition.

The A stronom ical an d  P hysica l Society o f  Toronto.� %)%

TWENTY-SECOND MEETING.

November 13th; Mr. John A. Paterson, M.A., Vice-President, in 
the chair.

Mr. John Bertram, of Toronto, was elected an active member of 
the Society.

The Committee appointed to prepare a memorial to the late President 
reported as follows :—

To th e  V ice-P resident  and M embers of T h e  A stronomical and 
P hysical Society of T oronto.

Your Special Committee appointed to consider the action proper to 
be taken with respect to the death of the President of your Society, 
begs leave to report as follows :

Your Committee would recommend that the following resolution be 
inscribed on the minutes of your Society :

Resolved, that The Astronomical and Physical Society of Toronto has 
learned with deep sorrow of the untimely death of its President, Mr. 
Charles Carpmael, M.A., F.R.A.S., Director of the Toronto Observatory 
and Superintendent of the Meteorological Service of Canada, and, in 
common with other scientific bodies, deplores the loss thus sustained ; 
that this Society desires to pay a tribute to the memory of one who, 
apart from the obligations he conferred upon it as a whole, endeared 
himself to many of its members by the willingness he always displayed
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preferable to that of the limb on account of its tremulous motion. The 
following is the result for October 18th, 1894, giving clock time of 
transit of centre of planet, the instrumental errors in azimuth, collima- 
tion and level being allowed for.

H . M. SEC.

15 21 55.80
16 6.80 clock fast.

15 5 49.00 R. A. of Mercury by observation.
15 5 49.33 R. A. of Mercury by Almanac.

0.33 difference.
November 10th, 1894.—Transit of Mercury across the meridian

while on the face of the Sun.
1st Limb. 2nd Limb.

H. M. SEC. H. M. SEC.

15 20 34.91. 15 20 35.75.
Mean of the two gives—

H . M. SEC.

15 20 35.33 centre of Mercury.
—0.77 instrumental corrections for azimuth, collima- 

------------------ - [tion and level.
15 20 34.56

— 16 26.43 clock error.

15 4 8. 13 R. A. of Mercury by observation.
15 4 7.956 R. A. of Mercury by Almanac.

0 .174 difference.
The above transit was the mean of 9 wires on each limb. The clock 

error for observations may be taken as correct within the limits of 
±  0.025 sec.

Reports of observations from other stations were encouraging. Mr. 
David B. Hadden, of Alta, Iowa, reported as follows :—

Mercury’s transit across the disc of the Sun was fairly well observed 
in Alta. The morning of the 10th opened with the sky entirely over­
cast, with light snow falling and a very strong cold wind blowing from 
the North-west; about 9 a.m. the sky partly cleared, so that the Sun 
could be seen at intervals, but the air was filled with flying frost
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Mr. A. Elvins reported recent observations of Mars. He had been 
able to note the formation of the snow-cap about the North Pole of the 
planet. Mr. M. Winger, of Cleveland, Ohio, forwarded some interesting 
notes on observations of the unilluminated part of the disc of Venus, 
early in the year.

Mr. Lindsay, by request, then read the following paper, contributed 
by Mr. S. E. Peal, F.R.G.S., of Sibsagar, Asam, India, a corresponding 
member of the Society,
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CRATERS.

Soon after the appearance of Professor Weinck’s enlargements of 
the “ Lick Photographs ” of Lunar Craters, speculation was rife as to 
the nature of the fine linear markings seen on many of them. For a 
short time the view was hazarded by some, that they might possibly be 
due to imperfections in the photographic film. Others, again, suggested 
that they might be the relics or markings of former river beds.

A t the present time neither of these views appears to have found 
favour with astronomers ; their nature appears so far to be unknown, 
though it is generally conceded that they are real markings in, or on, the 
Lunar surface.

On examining the photographs carefully with the aid of a large hand 
lens, we find that there are several singular features held in common, 
and very noteworthy in regard to these fine linear markings—features, 
too, which can be grouped under quite distinct headings.

Firstly, there seems to be fairly good proof that most of them are 
fissures, cracks or crevasses, in the outer crust, whatever its nature may 
be, and this is demonstrated by the fact that the light and shade (reveal­
ing them) fall so consistently in the same general direction, as that of 
the light falling on the main “ crater” or “ walled plain,” near which, or 
on which they lie. If  in a percentage of them the direction of incident 
light appeared to be reversed, this test, of course, would not hold good ; 
but, in the great majority of cases, the light falling on these finer lines 
so closely coincides with that falling on the main crater, that it becomes 
obvious to us that they are real fissures or crevasses in the surface, and 
hence may be valuable aids in elucidating the nature of that surface.

Secondly, a very general feature in regard to these fine linear mark­
ings or fissures, is the fact that they pass over the outer detail quite
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As on our Earth so on the Moon, the ocean floors appear to be the 
sites of slow, permanent subsidence. On or around the lunar “ seas,” 
especially marked in the cases of Serenitatis and Humorum, we see the 
proofs of this subsidence in the vast tangential crevasses called “ clefts.”

On the great incline S.W. border of Serenitatis we see the proofs of 
the movement of the surface layers down the incline in the great clefts 
near Plinius and Dawes. They are huge gapes or crevasses, and the 
direction of movement is obvious—it is necessarily at right angles to the 
line of fracture.

But what does all this teach us, or suggest, in relation to the exten­
sive series of minute fissures over the region from Petavius down to 
Langrenus ? Simply this, that over a vast area, and quite regardless of 
the outer features, there is a slow drift or movement of the surface 
layers in one general direction, at right angles to the fissures, and 
secondly, that this movement is not due to lateral compression, but to 
its opposite, i.e., extension, and hence is a result of gravitation, as in 
the “ crevasses” of terrestrial glaciers.

% % ) � The Astronom ical a n d  P hysica l Society o f  Toronto.

TWENTY-FOURTH MEETING.

December 11th ; the President, Dr. Larratt W, Smith, Q.C., in the 
chair.

Mr. R. Tyson, of Toronto, was elected an active member of the 
Society.

Circular No. 41, from the Wolsingham Observatory, was read, 
announcing the discovery of a very red 8th mag. I V. Type star, not in 
D. M. Position, R. A. 17h. 54.3m.; Decl. +  58° 14' (1900).

The subject of the possibility of there being forms of life on other 
planets having occasioned considerable discussion in the periodicals of 
the day, the chairman was requested to read the exhaustive article by 
Sir Robert Ball, published in the Fortnightly Review, and dealing with 
this question. The paper was discussed by several members present. 
Mr. John A. Paterson agreeing with the writer on many points, outlined 
the reasons, apart from the purely physical, for believing that the uni­
verse really teems with life. Mr. Elvins and Mr. Lindsay took excep­
tion to the view that upon large planets pigmy forms must exist and on
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vector describes equal areas in equal times. The true place of such a 
body at any time is easily found by applying the elliptic inequality or 
“ equation of the centre” to its mean place, or that which it would have 
if it moved uniformly with its mean motion in a circle whose radius is 
equal to the semi major axis of its orbit. When another body is added 
to the system, the equable description of areas no longer exists; each 
body disturbs the motion of the other, and the computation of the true 
place of either becomes a problem of prodigious difficulty—it is, in fact, 
“ the famous problem of three bodies ” which has severely taxed the 
analytical skill of mathematicians since the discovery of the law of 
universal gravitation. The computation of perturbations, even in its 
most simple form, finds no place in our ordinary treatises on general 
or practical astronomy ; in fact, we must refer to the writings of the 
most distinguished votaries of astronomical science for a full development 
of the subject—to the works of La Place, La Grange, Euler, Le Verrier, 
Hansen, Pontecoulant, and other eminent continental mathematicians— 
works which are rarely accessible to the ordinary astronomer. In  this 
short, but very imperfect article, we purpose to develop some of the more 
important formulae for the computation of special perturbations and to 
make an application of them in the case of one of the secondary planets, 
and in order, too, that the article may be as complete in itself as prac­
ticable, we shall first deduce from elementary principles, the general 
formulae of both disturbed and undisturbed motion.

Take any fixed plane passing through the centre of gravity of the 
Sun, as the plane of reference, the centre of gravity of the Sun as the 
origin, x, y, z, the co-ordinates of a planet or comet, r its radius vector, 
k2 the mass of the Sun, and mk2 the mass of the planet—m will then be 
the ratio of the planet’s mass to that of the Sun, and let x', y', z' , r', and 
m'k2 denote similar quantities for a second planet: x", y", z", r", and 
m "h2 those of a third, and so on. Again, let ξ, η and ζ be the co-ordi­
nates of the centre of gravity of the Sun referred to any fixed point in 
space, the co-ordinate planes of the latter system being parallel to those

of x, y  and z, respectively. The attraction of m on the Sun will be

��

and, if we resolve th is  force along the axes, we shall have the three 
components,
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6 THE ASTRONOMICAL, CIVIL, AND NAUTICAL DAYS.

Name.

Galle, Dr. Andreas 
Galle, Dr. J. G .. . .
Gaudibert, C. M__
Gautier, R..............
Gedeonow, D .........
Geelmuyden, Dr. H. 
Giacomelli, Dr. Fr.. 
Giovannozzi, Dr. G.
Glauser, J ................
Gogow, Prof. Cons.. 
Gonzales, Jose M ..
Gore, J. Ellard.......
Gruss, Prof. Dr. G .

Hadden, David E.. 
Hall, Maxwell... . . .
Hanig, Dr. C .......
Hartwig, Dr. Ernest 
Harzer, Prof. Dr.

Paul....................
Hastings, Chas.......
Haywood, John...
Hess, F...................
Holden, Dr. E. S.

Hopkins, B. J .........
Horr, Dr. Asa.. . . .  
Hoxie, Capt. R. L . .

Jacoby, Harold__
Johnson, Rev. S. J.. 
Johnston, Alex.......

Kammerman, A .. . . 
Kirk, Ed. Bruce.. . .  
Knobel, Ed. B.......

Knopf, Dr. O tto.. . .

Kobold, Dr. H.......
Kortazzi, J .............
Kreutz, Prof. Dr. II. 
Krone, Herman. . .. 
Krueger, Prof. Dr. A. 
Klistner, Dr. F . . .

Laughton, J. K .. . . .

Ledger, Rev. E .. . . 
Legge, Dr. Alf. di..
Lehmann, P............
Leite, Duarte. . . . . .
Lenahan, Henry A. .
Lewis, Thomasi___
Lindelof, Dr. L__

Lohse, Dr. O .........
Lorentzen, Dr. G ...

Mayer, Lt. Chas. . . 
Mazelle, Edouard.. .

Observatory, Etc.

Royal Institute of Geology.. University Observatory. . . . .Private Observatory.................Geneva Observatory.................Astro-Physical Observatory . University Observatory.. . . .Capitol Observatory____. . . .Ximenian Observatory.. . . . .Railway Engineer.. . . . . . . . .University Observatory..........Flammarion Observatory. . .Private Observatory.......... . .Imperial Observatory............

Place.

Potsdam. . .BreslauVaisonGeneva. . . .Tashkend .Christiania.RomeFlorence . .  Zurich Bucharest . Bogota . . .  Ballysodare Prague.........

Country. Ans.

Germany . . . . . .Germany...............P aris ......................Switzerland..........Russia..................Norway.......... ......Italy ....................Italy ....................Switzerland ____Roumania............Colom bia............Ireland .................Bohemia...............

No.No.Yes.No.Yes.No.Yes.Yes.Yes.Yes.Yes,Yes.No.Private Observatory..............Government Meteorologist..Hamburg Observatory............C. Rameis Observatory. . . . .
Alta, Iowa. . . . . .Montego Bay. . . .Hamburg...............Bamberg, Bavaria

United States.. .Jam aica.................Germany . . . . . . .Germany...............
Yes. Yes. No. No.Ducal Observatory.................Yale University Observatory Otterbein ObservatoryPrivate Observatory...............Lick Observatory.....................Private Observatory...............Private Observatory ............Field Observatory......................

Gotha ....................New Haven, Conn Westerville, Ohio Fort Dodge, Iowa Mount Hamilton,C al.......................London ............Dubuque, Iowa Willets Pt., N .Y .

Germany ____ ___United States . .  . United States. . . United States...United States. . .England.................United States. . . United States. .

No.Yes.Yes.Yes.No.Yes.Yes.Yes.Columbia College ObservatoryPrivate Observatory..................McGill University.................... New York............Bridport.................Montreal............... United States. England. Canada............... No.Yes.Yes.Geneva Observatory.................Private Observatory.................Late President Royal Astro­nomical Society.Grand Ducal Observatory. . .University Observatory..........Naval Observatory....................Royal Observatory . . . . . ___Royal Technical School____Royal Observatory....................
"  "

Geneva....................Barrhead...............London . . . ____Jena, Saxe Wei­mar. . . . . . . .Strasbourg............Nicolaieff............K ie l.........................Dresden...............K ie l ........................Bonn : ....................

Switzerland Scotland .
England .......Germany.............Germany............Russia..................Germany............Germany............Germany............Germany.............Royal Naval College Obser­vatory .........................................Gresham College Observatory Capitol Observatory. . . . . . . .Royal Observatory...................Polytechnical Academy..........Sydney Observatory.................Royal Observatory....................Counsellor of State...............Astro-Physical Observatory. Rameis Observatory................

Greenwich. . . . . .London ................Rome......................Berlin......................Porto......................Sydney....................Greenwich . . . .  Helsingfors, Fin-la n d ............Potsdam.................Bamberg............ ..

England. EnglandItaly____Germany Portugal Australia England.Russia . . Germany GermanyPrivate Observatory ............  ParenzoMarine Observatory.................  Trieste AustriaAustria

No.Yes.Yes.Yes. No. Yes. No. Yes. No. No.
Yes.Yes.Yes.No.No.Yes.Yes.Yes.Yes.No.
No.Yes,
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