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might be undertaken, to promote the common objects they had in view 
—the great work of popularizing science in Canada. (Applause.)

1 lie Secretary réad an official communication from the Director of 
the Observatory of the Vatican at Rome, announcing the death of the 
Very Rev. Father Denza. Mr. Arthur Harvey addressed the meeting 
a some length in review of the life-work of the astronomer and physicist 
It had been his privilege to enjoy a personal acquaintance with Father 
Denza, and he spokt i the highest terms of the genial personality of 
the distinguished priest, while all the world knew of the researches made 
by him in the domain of solar physics-researches most valuable, and 
which had thrown great light upon many important questions in the 
new astronomy. Shortly before his decease, Father Denza had given 
ns assent to the proposed change in astronomical time reckoning, 

indeed, had been almost his last official*act.
On motion of Mr! Harvey, seconded by Mr. G. Z 

resolution was adopted conveying to the Roman College 
of the Society’s sympathy with the scientific world 
by the death of Father Denza.

Mr. W. B. Musson

the Mas le 
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tion by prope 
that there 
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nebulae ; how 
regarding the 
mysterious be 

It is

E. Lumsden, a 
an expression 

in the loss sustained

reported the progress of the Library Committee 
in the work of preparing a descriptive index of the contents of the 
-Library shelves ; a full report would be presented in the

lhe chairman then announced that 
several members

near future.
papers had been prepared by 

the general subject of “ Star Clusters and Nebulæ ” 
and called upon Mrs. A. G. Savigny, who read some notes on the telescopic 
study of the nebulæ, and the pleasure to be derived from it. Many of 
the objects within the power of a small instrument

on

, , , , , were described, as
also the results of the labours expended upon the research by the great
astronomers at large telescopes. Referring to the probable future of 
such objects as the great nebula in Andromeda, Mrs. Savigny quoted 
the opinion of Miss A. M. Clerke, “Even though stars without excep­
tion have sprung from nebulæ, it does not follow that nebulæ without 
exception grow into stars;” instead of becoming ultimately a gigantic 
sun a great nebula might be reasonably expected to form the beginning 
of what would be evolved into a cluster of stars.

Continuing, Mrs. Savigny said:-As we return to the exploration 
of the depths of space, sparkling with countless 
to Him “ who telleth the number of the stars and calleth them all by 
their names,” we feel that some definite plan must have been formed in

see

suns—countless, save a mai 
problem, nor i 
a stern rebuki
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dwell upon the picture of a vast mass of
When we allow our minds to

!^nly Seem,8,at first A as if the limptett 'theory

called into sud enexistence by the power behind all law. 
But there

accept th,„ ^ tti

somehow that such vast bodies must have been evolved frc.n more simple 
forms, although we must ultimately arrive at a form so simple that it 
con c of necessity only have been either specially created or co-existent 
with eternity, whatever meaning we give to that expression.

In the effort to trace back from the nebulæ, or, indeed, in any effort 
to explain phenomena, we want to traverse the shortest, least encumbered 
route. The moment we have a complication we may reject the whole 
evidence, for it cannot be true. Nature’s method 
simplicity. The nebulæ, then, 
will answer

are

is a synonym for 
waiting to be interrogated. They 

any question put to them, therefore man’s ingenuity is to 
e employed in asking the proper questions. One has been answered 

and the message is brought to us from the nebulæ that they are composed 
very largely of hydrogen gas; and it is the self-same hydrogen that we 
have around us and experiment with in the laboratory, 
of years of light travel, there is the 
seem as if there

are

Distant hundreds 
same hydrogen ; and truly it does 

was once a connection between all the bodies in the 
universe. Either that or the matter composing them has been evolved 
from a simpler form, which is all pervading. So far 
the thing there does not as we can guess at

seem to be any room for a third explanation.
Either all the bodies in the universe were once connected as one mass, 

tilling eternity, we may so express it, or a process of evolution has been 
going on in different parts of the universe, but with 
because the same primal form 
there is no

the same results, 
was everywhere. It may be said that

, . Way m whlch either of those propositions can be proved
therefore it is a waste of time to consider them. Suppose that to be
true it has not deterred and will not deter philosophers from keeping 
on trying. It would be a pity, indeed, if what is truly within the 
domain of physics, though far down we confess, should be abandoned
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and time fer discussion freely given to the metaphysician, who h.-, for
*°rnn.dS 0t ^ *** * the world without
to stand upon, trying to embrace phenomena 
phenomena.

5cal problem, 
iur members 
t be learned 
ur minds to 
ispended in 
plest theory 
into sudden

S
Ï

a place 
while in the vortex of

The student of nature will try to trace the origin of the nebuhe -
he°cTll • f? Cr°" W“S that " "eb“'“ “ ‘he resulting body Jtoï 

the collision of two suns in space. Whether this be true 7
leaves us to account for the existence of
resolves itself into this : whence
bodies that people space 1
oath^TJ certa‘nlr.a etopendous problem, yet an answer to it may be 
gathered from chem.cal philosophy, though no one will be in any way
th?wil ‘7 , “ ‘he hm 01 *re indisputably from
the will of one law-giver, and a, these laws within our experience may be 
treated as a unit, namely motion, it seems to follow that matter to which 
notion is imparted is a unit; that no form of matter known in chemh

range °four -~yhvr„r:ü:;n
existe, and is the medium pervading the interstellar 
medium by which or through which energy acts.

Mr. Arthur Harvey followed with 
the nebulae :—
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s, moving in all directions, 
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absorbed or dissipated, others 
mighty aggregations, the nuclefof 
of new views of nebulæ

go on from star 
new stars.

to star and may become 
Prof. Lockyer in his list 

expresses it thus, in his 8th claim : “Space is

Mr. G 
January ; 
one occasii 
of the disc 
time since 
February, 
having obs
31st.

Mr. T. I 
occasions r 
known tha 
given in ou 
telescope tl 
ever, in the 
Almanac a 
that the pre 
telescope, 
remembered 

The chai 
for inspectic 
he had obtai 
is a typical c 
Inte. ior coli 
there was 
graphite. 1 
Hakes, but c 
metal consist 
cobalt. Thi 
Jjoint, Mr. H 
readily settle 
that if showe 
Sun, while i 
Sun, the dar 
Winnebago t 
met the genei 
orbit.

a cosmical plenum.”
befiSTd in ”'y 'Tr ““ the ,ms0n "e "«uld »»t see these aerolites 
before they came within the range of the Earth’s attraction
of their small size; they did not reflect was because
added flint tit a , enough light to be visible, but I
beat^aniM l T“°n °‘ ‘”y C0Miderabb aggregation would reflect 
heat and light enough to make it visible to us us a comet, while as to
wiZl,1"** t”i! d“tant bodl®,> the condensation upon the solid nucleus
make Z vtfolet'str1”!8 ^ *

r 8ta;ay k •*»-■-1 wiltt fa“ily- 'rhe ”ext Probl™> “ hew they die. 
first t • xv y!r hlS SeCOnd claim agrees with me and says : “ The 
tot stage m the development of cosmical bodies is not a mass of hot

lfoh’t and h t™ meteorites.” He appears, however, to say that
g t and heat are not developed until there is a collision of swarms

eviduence mmt decMe “-a poiat. I see as yet no 
g nnd for thinking that nebula, are in process of condensation or dis-
dished’ r a"y,neCeSa“y f0r aaPPoaing **» swarms of meteorites to have 
cond ^ ? T “ n°m; °nce ,i«l“ "P the nucleus—once bring the 
would ? dl 6 POmt “ Wllicb light wou,d he emitted, and the heat 
Z I* ."' Wh°le °f a aiagk swarm, and cause it to 
wouldT b lancy- The Particles »“ ‘he farther side of the nucleus
”lld be .h”rry.mg‘°wa* “■ »”d ‘""«rds us ; those on the hither side 
would be hurrying towards it and from us. Hence may arise the diver- 
sion of the spectroscopic lines.

a i

SECOND MEETING.
February 5th ; Mr. Arthur Harvey, F.R.S.C., in the chair.

AlmalTo7rw01lWa5 rCad fr°m the S"PO™tendent of the Nautical 
Almanac Office W^hmgton, covering the transmission of copies of the
almanac, for which the thanks of the Society were due. A letter was 
dso read from Mr. David E. Hadden of Alta, Iowa, inferring to the very 
general interest being taken inpopnlar science. -V
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i may become 
yer in his list
ii : “ Space is r.tr.'—~

one occasion there had b 
of the disc. Mr. Elvins called

during 
not yet passed. On 

belt of spots from the east to the west limb

* 7, a “ be™ (,,lalled' Several member, reported
Imvmg observed , very beautiful pameieue on the eveniug of

Mr. T. Lindsay referred to a question which had been asked on several 
occasions regard,ng the phenomena of Jupiter's satellites. It was wel 
known that the eclipses, occultations and transits of these holies are 

f. °"r astl'°Pomical almanacs, but it is not stated what kind of
telescope the observer is supposed to use. There will be found how" 
ever, m the append* to the earlier volumes of the Greenwich Nautical 

Imanac a full account of the best method of observing, and it is stated
t^r,::;0-:n,e fn fr o,kervaticm ^

eT" A In was thought, had never ken altered, and should be 
embered by those w,shi„g to verify prediction by observation.

The chairman read some notes on meteoric showers, and 
tor inspection a fragment of the now
he had obtained through the kindnes 
is a

een a

hese aerolites 
i was because 
visible, but I 
would reflect 

, while as to 
solid nucleus 
it enough to 
îod by which 
ode in which 
>w they die. 
says : “The 
mass of hot 
, to say that 
swarms, 
i as yet no 
tion or dis- 
rites to have 
a bring the 
•nd the heat 
cause it to 
the nucleus 
hither side 

e the diver-

a
>,

rem

presented
historic Winnebago meteor which

typical chondrite, porous, crust ra,h"cr "ilif""'*'’6 ^ ^

Inte, 'or colour is opaque black, not shining, 
grey, spotted with brown. On one broken surface

"raphito The me, Mack subst,,,,ce "'hich ™>uld mark paper, probably

Hakes but cl, b , ? “ exceedi,,8|y «mall globules and thinHakes, but contributes to the mass 45 per cent, of its weight Tl
meta, consist, of 93 per cent, iron, 6 per cent, nickel, Id “tr cent

. M T^S St0ne fel1 1,1 the daytime, and commenting upon this 
l*oint Mr. Harvey showed that in considering meteoric showers we niav

‘that f T the dlreCti°n in Which they are moving when we remember 
that if showers are met in the daytime they must be coming from the

Sun th ^ V 6J U8,1 ^ night the direction must be towards the 
•un, the darkened hemisphere of the Earth being in the path The
Winnebago meteor had passed perihelion some weeks before the Earth 
Z e general 8hOWer’ and ^ the outgoing pi!: oft:

there was a scum of a

cobalt.
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e Nautical 
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third meeting.
February 19th ; the Vice-President, Mr. John A 

the chair.
Mr. T. W.

I
Paterson, M.A., in March 

in the chair 
The assi 

the Tramai 
The frontisj 
President, 
giving the di 
station of th 

Mr. W. : 
by Mr. J. 
Among thes< 
Isthmus of I 
since the 16 
that the 
extremely rai 

Dr. J. C. 
Mercury witl 
the 4th, 5th, 
occasions, moi 
on the 16th. 
record of nak 

Mr. A. F.

Gibson, of the Bureau of Mines, Toronto, 
active member of the Society.

A communication

was elected an

was read from John Hoskn, LL.D., Q.C., thanking 

on n I6 1?ranaD ,er!0rted the receiPt of two very old and rare volumes

:f r ^:;;rred;„rd by Mr- °-H-RobinBon- -—«-*■
Several members had been interested in observ-ig Mercury at the 

recent elongation. Miss A. A. Gray had found no difficulty in getting 
several news of the planet without optical aid, and described also im 
appearance as observed in a three-inch telescope. In reporting some
ÎutToT tf the r8 rtC°’ Mr- Pureey introduced the much
McTf 7 r “n a° " the ’,,0tS ‘re elevation“ -n- depressions.
n ovfth.t ” 60 “ Very simPle priment tending to
prove that a sunspot ts not an elevation. He stated that if a black
mark be made upon a white globe, and the apparatus viewed at some dis-
Z21,1 But »! '?: * “,7Cbed ” will in every case be the

But as a matter of fact * notch on the Sun’s limb is extremely 
rare, notwithstanding that so many observers have most carefully noJd

re commg round of a spot by the rotation of the Sun. Mr Miller 
held, that if the spots were indeed elevations above the Sun's photo- 
sphere, then in all cases the “ notch ” would be P
the Mr' :4rth0r farvey ,ead' by npnninl request, a popular account of I 
the work recently accomplished by Lord Raleigh and Prof. Ramsay
w nch had resulted in the discovery of argon, the new constituent of 
atmospheric air. The paper included a brief but instructive sketch of 
the woik ol all the great chemists, since the time o Cavendish and 
enabled those who had not read the details of the work done, to’very 
thoroughly grasp the state of chemical science in the present day. Mr 
Haney was requested to favour the Society still further with 
review of such work

the Society, in the

acc

seen.
of which the f 

Among cel 
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FOURTH MEETING.

March 5th ; the Vice-President, Mr. 
in the chair.

The assistant-secretary and editor laid upon the table copies of 
the Transact™ for 1894. These were distributed to the members. 
The frontispiece to the volume was an excellent likeness of the late 
President. The report of the Earth Current Committee 
giving the details of the disturbances noted 
station of the Commercial Cable Company.
v Mr' T’ m ^U8S°n rCad SOme extracts fi™ Press reports forwarded 
by Mr. J. Todhunter, relating to parhelia and related phenomena.

mong these was an account of a lunar rainbow seen in January on the 
Isthmus of Panama, and which, it was stated, was the first seen there 
since the 16th century. Some discussion following, Mr. Harvey said 
that the account was probably correct, as such phenomena would be 
extremely rare in the tropics.

Dr. J. C Donaldson, «-riling from Fergus, reported having observed
, °^T "d on flve <,v“i"Ss during February, namely,
.he 4th, 6th, 11th 14th and 16th. It was quite easy on the first throe 
occasions, more difficult on the 14th, and required considerable attention 
on the 16th. Mr. G. E. Lumsden referred to the above 
record of naked eye observations of the planet.

Mr. A. F. Miller then read

•son, M.A., in
John A. Paterson, M.A.,

ras elected an

• C., thanking 
nt, Mr. Chas. V

was appended, 
at the Canso, Nova Scotia,

il.

•are volumes 
n the thanks

rcury at the 
by in getting 
bed also its 
orting some 
ed the much 
depressions, 
t tending to 
if a black 

at some dis- 
• case be the 
i extremely 
ifully noted 
Mr. Miller 
un’s photo-

as an excellent

a paper on

THE SPECTRA OF THE NEBULÆ,

of which the following is the full text :__
Among celestial objects which darliest attractedaccount of 

f. Ramsay, 
itituent of 
e sketch of 
idish, and 
e, to very 
day. Mr. 
a popular 
argon.

... the notice of tele­
scopic observers, it ,s not surprising to find star clusters holding a
prominent place; for, however serious the defects of the astronomical 
telescope in its primitive forms, its immensely exalted light-grasp 
compared with the unaided eye, gave a peculiar charm and significance 
to those investigations conducted with its aid, whereby the numerous 
whiteish cloud-like streams and patches, known for ages as fixed markings 
upon the celestial vault, but hitherto unexplained, or their nature at 
best but vaguely conjectured, were now triumphantly resolved into 
stellar groups. Such surprising results naturally led 
that the irresolvable nebulous

as
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to the inference 
masses, which by the use of small tele
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T>
«copes were being discovered in 
increase of

reflectors gauged many of their 
aiming at the construction of vet 
to the confidence he felt that by their 
b® resolved ; since in each

an the nebulae, 
physical cone 
almost necess 
prisms ; and 
the coincides 
was referred, 
ray in the co 
course, errom 
nitrogen is n 
himself the fi 
very natural!; 
means ; and h 
himself with 
present hour, i 
viz., that whiL 
sented, the ch 
clearly associa 
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Space fort 
researches of I 
the unknown 
compared with 
the nebulae in 
unsatisfactory ; 
were in their 
could hardly hi 
none of the imj 
escaped the not 

Of course 
tinuous spectra 
them to be, stai 
confirms the ho 

Other uebu

! :1

was
His powerful 

reason for 
colossal instruments is traceable 

means still fainter

secret recesses ; and his chief
more

groups would 
j saw a

nebulous
g»laxy, differing only became of its remoteness, from the star oirdle f 
the nearer heavens,—the familiar Milky Way From his d *7 ,

Md trod the toward,dZ tX

in the erection

of this famous engine of research’was Jh d Z"„ h T
cotsorn that the mode in which he treated the

—ad ZZ^J^u^ =7 *

Kosse thought he saw as a mass of stars 
beheld in uebulæ

mass he was persuaded he

depths was

trapezium
„ . Theorists, whose fancy had
bery nnst, the matrix from which 

systems might be evolved, were silenced : 
hands with pious credulity, gazed in 
of creative

a
suns and their 

and scientific research, linking

raindly extended by Vogel and other investigates As m n

Dr. Huggins s work, from the very outset he did every thing i„ tb Zlt 
thorough manner. Not merely did he discover the
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e nebulae, but went on to identify the elementary character and 

physical condition of the gaseous constituents. His instrument 
almost necessarily, of his own design, with a dispersive power of 
prisms ; and using the comparison method h detected with certainty 
the coincidence of two hydrogen lines ; while he brighter nebular line 
was referred, in default of better agreement, to a closely adjacent green 
ray in the complex nitrogen spectrum. The latter conclusion was, of 
course, erroneous, since, so far as our present knowledge extends, 
nitrogen is not a constituent of the nebulae. But Dr. Huggins was 
himself the first to recognize and correct an error into which he had 
very naturally been betrayed by the inadequacy of his instrumental 
means; and his subsequent conclusion, reached after he had 
himself with instruments of

was,
two

equipped
greater dispersion, has held good to the 

present hour, despite much opposition and effort to prove the contrary ; 
viz., t at while in the gaseous nebulae the hydrogen series is fully repre­
sented, the chief nebular line (À 5007-05) and a series of other lines
clearly associated with it, originate in matter unknown to terrestrial 
chemistry. *

Space forbids more than the merest reference to the interesting 
researches of Huggins, while engaged in investigations on the origin of 
the unknown nebular lines. The displacement of the chief one, as 
compared with the nitrogen line, was for a while referred to motion of 
the nebulae in the line of sight; but this theory was soon abandoned as 
unsatisfactory ; and necessarily so, since the hydrogen lines also seen, 
We,'e, “ t*1611" normal Portions. Then, too, all the nebulae observed 
could hardly have the same proper motion. It must suffice to say that 

of the important points in the chain of reasoning appear to have 
escaped the notice of this careful investigator.

Of course not all nebulous-looking celestial objects give diseon- 
muous spectra. Many are truly what Herschel and Rosse believed 

them to be, star-clusters; and the prismatic analysis of their light only 
confirms the honest judgment of these great telescopic observers.

Other nebulae again are in part gaseous ; and still others,

none

while

* This was„ . A ritten before Crookes had D-ade public his determination of the
wave-lengths of the chief lines in the “ blue ” spectrum of argon. The exact

'irrr,subjec, of a note read before the Society on a subsequent occasion.
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eemiugly not gaseous at all, are as surely not genuinely stellar. Such I wife> are aiuon 

may be instanced in the great Andromeda nebula : Its curiously
has lone destltute of- or much reduced in, the red extremity, 1 vations- are evi

, ,eQ a Sp6C roscoPlc enigma ; the.doubtful maxima which some 1 known accurac
observers declare they have recognized, being hesitatingly accepted or I One of the

throuJTthe The stellar nucleus, which in 1885 shone forth ; of gaseous neb
its nehnl P * °,.t 6 maSS’ ahared aI1 tfie prismatic singularity of ' refer to the ide 
It the t ! 8Ur;°UndlngS (as 1 am *,ad say I was able to notice \ Dr. Copeland, < 

advance ^ pieSent’ the hlShest authorities are disinclined to SC0Pe o{ special
h ypotheses as to the composition or character of this singula^ Orion nebula ,

tem umque, o ject. For neither in spectral peculiarity nor in i sodium pair. ]
situated17 t °Uthr d°eS * Stand al0ne : The «mall nebula 80 M : that known as 

, U1 C°rpi°’ las a similar prismatic constitution, and, like its I l,ow a well est 

great congener, was the seat of a luminous outbreak (in 860) closely 
resembling that which disturbed the great Andromedean yortex,\wen^

a case I minations of w

important link j 
line stars, and t 
such peculiar t

composition of nebulae by aid of the I tlevel<>ped, and i
p:,,, ....... ,same meM1“ 1,18 »™l«l for their discovery. Prof. 1 suRg«sti"g » dir
a number’ of""? T"8 * sPt'ctro“°iiic ocular, has detected quite 1 evoIution might 

stall ■ + 1J a'“‘ ar^' ucltulæ otherwise quite indistinguishable from * ant observation 
stellar points. He was led to this mode of sweeping by observing ha

™atances auch bodies had been recognized on the plates „f I investigates ha
the Draper Memorial, owing to their having recorded themselve! thereon I noticed a consi,

method. ’ Pe and a S° has 8ucees9<ully employed the

live years later.
Not merely have we learned the 

prism, but the

other nebulae ;

visual region of 
I indicates the for 
I the vast expanse 

Having spoki 
here to insert th< 

I wave-lengths ha 
I Rowland’s scale :

same

When astronomers all the 
Huggins’s memorable discovery, 
attention

world over, ever since the time of j

...... -r =£? I
been recorded. The latest respite, tobuZeTby Dr^ScTeber'Tve^no I

lXrepÎtVe,iT'theP”i,i0m"f ^ 1,ave b“u accurately f 

ei mined. Photography has largely supplemented visual observation
n these researches ; and to this fact is traceable, in very greatTenure

the remarkable success just mentioned. Nor can we^otice without
^ensure that the venerable pioneer „f nebular «peetrZÎ i, J

, ' dmg m th,s new direction. The photographs of nebular s JcL ■ 
takeu as many as thirteen years ago by D,-® Huggins and his X'
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(Helium)..........
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Neiiular line...J f(h/3) . . . . . . .

(H>)
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ely stellar. Such I w|fe> are amonS the best that have yet been secured ; while their deter- 
da : Its curiously j «“nations of wave-length based upon their negatives or on visual obser 
ihe red extremity, 1 vat,ons- are everywhere accepted with that confidence to which the well- 
xima which some 1 known accuracy of the observers entitles them.
igly accepted, or I 0ne of the most important discoveries yet made in the spectroscopy 

1885 shone forth I of gaseous «ebulæ was achieved by Dr. Ralph Copeland in 1887 I 
tic singularity of j ™fer to the identification of the line D„ X 5876 as a nebular constituent, 
is able to notice ■ Hr. Copeland, who was then working at Dun Echt with 
ire disinclined to 1 SC0Pe of specially suitable construction, noticed in the spectrum of the 
of this singular, 1 0rion nebula a bne slightly more refrangible than the characteristic 
culiarity nor in 1 s°dluni Pair- His inference that the ray in question was coincident with 
all nebula 80 M 1that kno’vu as the helium line, received speedy confirmation •

now a well established fact. This valuable research has supplied 
m I860), closely 1 “«portant link in the chain binding together the nebulæ, gas-stars bright- 
1 Vortex> twenty- 1 I,n€; stars, and temporary stars ; and points towards a possible kinship of 

sue i peculiar bodies with the chromospheric envelopes of more fully 
I* by aid of the j ' (:veloPed, and therefore (from our standpoint), more normal suns ; thus 
scovery. Prof. suggesting a direction along which the rather doubtful course of stellar
detected quite evolution might be assumed to travel. I hasten to add that the import-
lguishable from ant observation just cited has been repeated in the case of several

other nebulæ ; and the line D, is now always sought in these spectra by 
investigators having sufficiently powerful appliances. Copeland has also 
noticed a considerable amount of continuous spectrum in the central 
visual region of the prismatic band. This is of interest too, as it clearly 

I indicates the formation of solidifying particles, or perhaps masses, amid 
I the vasfc expanse of highly attenuated nebulous material.

! the time of 1 Having spoken at such length of the nebular spectral lines I 
md increasing fl 616 ti°insert the positions of the chief ones in the visual region. The 

■ wave-lengths have been determined by Keeler, and are based 
M Rowland s scale :

\

a new spectro

and is
-ion, and, like its

an

L
r

observing that 
n the plates of
nselves thereon 
haracteristic of 1 
)yed the same

venture

Î to learn that, 
my lines have 
einer, give no 
een accurately 
il observation 3 
?reat measure, 
otice without 
pectroscopy is 
bular spectra, ' 
nd his gifted

on

Name of Line. A in /t /*. Remarks.

| Rarely seen ; only three recorded instances: - 
i The Orion nebula nut one.
/ Invisible or faint in all but very large instru 
l ments.

C (Ha) ................ .

(Helium)..........
Ch’- f Nebular line. 
Neimlar line...
Em .....................;;

(H>)................................

6563 05

5876-

5007-05 
4959 02 
4861 05 
4340-66 Extremely faint in all but large instruments.
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t this juncture, I will just mention, that, owing probably to the 

essays of sensational writers on science, some errors relative to the origin 
of the chief nebular line have insinuated themselves into a few older works 
pu i porting to deal with astronomical spectroscopy. In this way we some­
times meet with the statement that the chief nebular line is coincident 
with the solar coronal line commonly known as 1474 K; with a bright 1 
line in the aurora, and with a suppositious line in the spectrum of the I 
zodiacal light. These statements, which almost 
the manner indicated, had

but that was 
account for e\ 
heat underthi 
to the daring j 
of coronium, < 
a chain of rea 
than the

1 so do meteori 
sented by eve 
nesinm seemed 
nothing could 
Haine of burni 
results ; and t 
triumphant co 
the somewhat 
These results 1 
scarcely adequ 
feel justified in 
opinion of theii 
bold enough to 
scientific bitte 
Huggins, who$ 

_ Lockyer, fortui 
Spectroscopist 
whole question 
of his great En 
out an investi": 
accuracy than f 
conclusions to 
Prof. Keeler’s e 
grasp of the gr< 
gate by the aid 
never before em 
that the nebula: 
fluting, and pro 
by grave errors 
absolute positior 
ance, he proceet:

vagi,
certainly originated in 

no true observational basis whatever, and 
consequently not entitled to serious regard. The
nations of the wave lengths of the chie nebular
said at X 5007-05 on Rowland’s scale. With equal certainty the
nal line 1474 K is known to lie at X 5316-89 ; this is
line, its most refrangible member having coincidence with 
while the others

are
most careful determi-

>, as I have
coro- 

really a triple 
a line of iron,

of unknown origin. The chief auroral line has a 
well determined position at A 6571. As for the zodiacal light, as all 
careful observers are well aware, its spectrum is a laint and very partial « 
continuous one, having no bright lines whatever. Before quitting the I 
select of the auroral spectrum, I briefly remind you that the researches I 
of Vogel appear to identify all its rays with lines in the air-spectrum 

I have très,«seed on your time, perhaps unnecessarily, in pointing 
out the errors to which I have just referred. Curiously, an error in 
connection with nebular spectroscopy led to the most importent discovery 
winch has yet been made in that branch of astro-physics. With a brief 
notice of this I will close my pa,ier. You are all doubtless familiar with 
the theoretical principles of Lockyer's meteoric hypothesis, 
known English physicist has for many years assiduously laboured to 
propagate a Co,mica] theory, partially original, but also largely derived 
fiom sources to which he has not always accorded whatever credit may 
1* their due in this connection. The theoretical part has been supple 
"lented by a very great amount of fine experimental and observational 
’1°. .v 18 °"n i and als0 by no small percentage of bold assertion. To 
state the position very hriefly : Everything celestial and terrestrial was 
originally of meteoric origin ; comets, nebula, and even stars, were now 
oi had been at some period of their evolutionary development, made up 
of meteorites more or less closely associated ; and this, w- were taught 
obviated ah difficulties and explained the most incomprehensible phe­
nomena. True, the explanation seemed itself to require explanation •
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lint that was a mere detail. Clashing meteoric stones could be made to 
account for everything ; the very chemical elements melted with fervent

lum, or of the perilous stuff nebulæ are made of. As links ir, 
a chain of reasoning, too often oracularly vague, what could better suit 

.an the vague and ill-defined nebulæ? They contain hydrogen and
S° 0 meteontes- J™, a prominent meteoric constituent, is unrepre­
sented by even one of its all but countless lines ; but the case of mag­
nesium seemed more hopeful. True, with the electric spark, or arc spectrum 
nothing could be proven ; their evidence was all against theory ; but the
r<Zu ancUhe ?!' °f magnesium yielded more pliable

suits and the scientmc world was duly apprised of the complete and
triumphant coincidence of the nebular line and a band characterized by

somewhat poetical designation of “ the last magnesium fluting’’
hese results had been arrived at by experiments conducted with means

fed' iuJtifi rUate t0 a616'6 H fundamental flnestion, and physicists did not 
justified in according them that hearty acceptance to which in the

opinion of their originator, they were entitled. A few indeed
.oh! enough to deny flatly the asserted coincidence; and more or less

• cientific bitterness seemed likely to follow. At this juncture Dr
Huggins whose results had entirely differed from those obtained bv
Lockyer, fortunately invoked the aid of Professor James Keeler then
Spectroscope in the Lick Observatory, and referred to his judgment the

-ole question at issue. Acceding with graceful alacrity to the request
of his great English confrère, Prof. Keeler, in 1890 and 1891 carried
out an investigation no less remarkable for the refinement of its scientific 
accuracy than for the singular, and in 
conclusions to which it led.

;

were

laboured to 
gely derived 
* credit many respects the unexpected, 

p„.f tv- j , | , 1 cannot detain you while describing
Prof. Keeler s elaborate study of nebular spectra, which the vast lieht°
grasp of the great lack refractor permitted him in manv cases to inve°sti
f 6 ’[ the a,d °f the <l'ff™ction spectrometer, a form of instrument 
never before employerl in work of this kind. He was sneedilv 
that the nebular lines had no relationship whatever with the magnesium 
noting, and proved conclusively that Lockyer's observations were vitiated 
by grave errors which rendered confidence in them impossible But „„ ,i 
absolu te positions of the chief nebular lines were of fundamental import' 
.nice, he proceeded to determine there with the most extreme accuracy •

may 
been supple- 
abservational
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were taught, 
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Jxnd while thus engaged, reached the surprising result that the wave-lengths 
as obtained by the diffraction spectrometer (the most exact of all methods), 
had slight but perfectly obvious differences in the case of different objects. 
Cleared from all displacements due to terrestrial motions and motion of the 
solar system in the direction of the apex of the Sun’s way, (effects which had 
to be carefully considered and allowed for in an investigation so delicate), 
there was still an outstanding displacement affecting not "ne line only, 
but all the lines in each spectrum, and in equal proportion. The conclu­
sion was inevitable, nor did Prof. Keeler hesitate one moment in assigning 
it to its proper cause. The shift was due to motion of the nebulce in the 
line of si y lit. By means of many observations on nebulæ in widely 
different regions of the heavens, which of course might, and must 
reasonably be assumed to be, moving in all possible directions as regards 
the observer, the mean wave-lengths or scale positions of the chief 
nebular lines were determined ; thus furnishing datum-points from which 
displacements in any particular case might be measured, and the velocity 
of the corresponding motion inferred. Subsequently, comparisons with 
the fixed lines of hydrogen were employed to confirm the results of the 
other method. From the displacements thus observed, a number of 
velocities have been computed, but I will only trouble you with two or 
three results as instances of the rest.

the seeming 
that contras 
ance of that

A simila 
opposite side 
movements o
their 
means be

The sped 
have receivec 
the question 
quite recently 
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nuclei of plan 
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crossed the s 
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lines, and this 
stars, but othe 
indeed, similar 
cant.
Scheiner, shou] 
vatiou ; and al 
unanswerable s 

And now yi 
humble amateu 
a character tha 
ablest trained o 
with the most p

success
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The velocity is stated in kilo­
metres, and the — and -f signs imply respectively motions of approach 
and of recession.

Orion ; + 17-7 
N.G. C. 6790 ; + 48-4 
G.C. 4628 ; — 49-7

Note. -A kilometre = 1000 metres, = ££ mile.
In the case of an object so prodigious as the Orion nubula must 

unquestionably be, it might reasonably be asked whether motion in the 
line of sight detected in one region was shared by other portions of the 
vast structure. This point was not overlooked by Prof. Keeler while 
conducting his research on the position and character of the lines; and 
with a view of solving the problem which such a question presents, he 
made a number of careful measurements designed to detect changes of 
wave-length due to this cause. The results, however, were purely nega­
tive, as it was found that, except from a very limited area, the nebular 
light was so faint as to be lost in the

The 1

process of dispersion. Curiously 
enough, the characteristic spectrum was obtained undiminished from

3

I

H
-'*

.
-

I

*



/■l. <

ito.
The Astronomical and Physical Society of Toronto. 

the sccinmgly dark abyss surrounding the trapezium, thus indicating
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A similar search., , made ^or shifting of the lines obtained from
pposite sides of several planetary nebuhe ; the object being to detect 

emen s of rotation. These experiments were also fruitless, though 
their successful accomplishment within the near 
means be regarded as either impossible or improbable.

The spectral characteristics of the stars i 
have received

was

future should by no

iyed in the great nebula
the .......... , r" 0f a‘.tent!on' “ bei"'5 e-P«=ted that thus

-, 0 lelr actufd position in space might be settled Tilltht T^ 11,6 b“'a,,Ce °f «"“» to favour the Z Z
these bod,es were really placed within the nebulous matter • the
researches of Huggins, Vogel and others indicating that the spectra of

wi* Z,rr„ T’ K Tlea8t’ C0Ulainad *"»I» of li”es coincident
involl T ™ D:bu,a: a|>ectrum- This view, while not unreasonable,
must ho • 1^CU ty that the comPonents of the multiple 0 Orionis 
must be assigned to a spectral class of their own, since 
stellar bodies

inv(
no

other truly
I n.,pl • f i °n leCOrd show the nel>ular lines ; though the star-like
I o J“»ti„nsnîT "fb,Ulœ qUite *>■ Keeler, in his earlier

crossed the t, f" ‘he nebular lines brightest "'«re they
Z 1 TT ! “Ubs«l"0"% he reached the conclusion

I that the involved stars had
thus, so far

no

lspectra with dark, not bright, lines : and 
as his results extended, they 

within the nebula at all. 
lines of the

were not necessarily situated 
He adds, however, that many of the bright 

line. , , „ ■gaSe0"8 malter ”emed t0 ho coincident with dark stellar
Stars but oth C0Unte,l'“l tin« W“-ed to affect not merely the included 
ste, but other and quite dvstant ones in the same constellation, where
c,t ' Thé Th V ''T1™1 ïC"'iaritf h” '°"g bem ™>i«:

1,6 Photographic evidence obtained by Huggins, Vo-el and 
Schemer, should not be too readily discredited in favour of visual olset
ration; and at any time the earlier conclusion may be confirmed with 
unanswerable assurance.

nubula must 
lotion in the 
rtions of the 
Ceeler while 
e lines ; and 
presents, he 

; changes of 
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the nebular 

Curiously 
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And now you may not unnaturally ask me what is the portion of the 
humble amateur telescopist in investigation, and researches of so difficult
abttTrate ath y **,%*'“ UWerraostthe *ill and patience of the 
éi h .he 77 °f Europe ™d United States, though armed

most powerful and perfect instruments the world has yet seen )
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I answer that if he cannot repeat tlie observations, he may and should 
understand them ; and his lot, however lowly, will be brightened and 
cheered by the thought that an Almighty Power is working everywhere, 
even upon the confines of the universe, so far as we can judge of them, 
according to laws which are present and in operation here on this little 
terrestrial speck where his lot is cast. He thus learns to regard calmly 
waning years, decreasing bodily energy, or the loss of opportunity, 
views the genesis of universes of suns, and in the truest 
and immortality brought to light. But to fully appreciate that of which 
he hears or reads, he should behold for himself some of these wonders ; 
for despite much that may be urged to the contrary, seeing and believing 
will always be closely associated in the human mind.
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Having then
adapted a simple spectrum ocular to his telescope, he readily notes the 
nebular line in such a familiar object ps the Ring-nebula in Lyra, or 
another of the same class. But for larger nebula) a slit-spectroscope 
becomes necessary, together with a certain degree of skill in its use. 
hollow me then in fancy for a few moments while, as an amateur, I 
show you by description, a few of the wonders an amateur’s small 
instruments are capable of revealing. Suppose you stand beside 
my small observatory on a clear cold winter’s night, such as best suits 
for viewing the Orion nebula. The observers should be warmly clad, but 
the hands are uncovered despite the frosty and nipping air, for 
with mittens catches no mice, similarly a gloved spectroscopist catches 
fe lines. A small telespectroscope is adjusted to the eye end of the 
telescope, the slit being carefully set parallel to the diurnal motion, and 
the focus adjusted for greatest distinctness in the region of the green and 
blue. The finder

me in

as a cat

to bring the object upon the slit, which already 
has been placed by mechanical adjustment in the principal focus of the 
objective. Bringing the eye to the ocular, at once three beautiful gas­
lines shine out ; the brightest, and the fainter one which lies close to its 

refrangible edge, are the nebula lines at A 5007 and A 4959, and 
of unknown origin ; the blue-green line at A 4861 is H/9, correspond­

ing with the solar line F., and is the line chiefly employed for comparison
experiments by the visual method. Hp is invisible in so small an instru­
ment.

serves

more
are

Some glimpses of Copeland’s continuous spectrum are also caught 
delicate glow intertwined about the bright discontinuous maxima. 

But now what beautiful sparkling rays are these, which, shooting up, 
cross the gaseous spectrum at right angles 1 They are the continuous

as a

v



spectra of the trapezium stars The stellar images, being points, are 
elongated by the prism-system into true geometrical lines, in which 
the eye can distinguish only the terminal colours, but no spectral details ; 
though such exist, and have been brought out in the photographic plates 
of Huggins and Vogel, who find numerous fine bright lines close to the 
widened star spectra, while similar fine lines are incorporated therein. A 
cylindrical lens over the ocular, though it spreads out the stellar streaks 
reveals nothing of these delicate rays, which indeed, have only been seen 
by means of large instruments, or on the photographic plate ; and with 

modest appliances our expectations must be proportionally moderate 
A spectrum ocular would probably show bright lines if such exist in these 
stars, were it not that the series of nebular images in light of the chief 
nebular lines overlap and hide every thing else. Withdrawing the 
cylindrical le s we again see the crossing lines held steady by the 
driving-clock and the observer’s practiced hand. A hydrogen tubfe 
before the reflecting prism sends in comparison rays, which, properly 
subdued, do not obliterate the nebulous lines, and a coincidence with H/S 
is noted. A faint sodium flame gives an idea of the location of D ; but 
here our opt; tl power again proves inadequate ; and possibly the line 
itself is variable in brightness. The complex nitrogen spectrum has, as 
H nggins early felt, nothing in common with the other visible lines. The 
observation is finished so far as our means will allow ; and I fancy I hear 
you breathe a sigh of relief as we cap our small object glass and hasten 
to the fireside. Yet if our frames be somewhat chilled, our hearts are 
warmed with enthusiasm and renewed admiration for the grandest 
branch of the grandest science. Our minds are refreshed, and for a while 
toil and care are forgotten. However sceptical, we cannot look 
the still progressing work o the Great Architect of the universe 
wthout admiration and awe. As if by some subtle response of our 
inmost souls to an invisible power, our lips unbidden repeat the poetry 
of ancient days, old but still new, true to-day as thousands of yeais 
ago, sublime as any utterance the ear of man has ever heard The 
heavens declare the glory of God, and the firmament showeth his handv- 
work Day unto day uttereth speech, and night unto night showeth
knowJedge There ,s no speech or language where their voice is 
heard. Their line is
the end of the world.

our
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^gone out through all the earth and their words to

The Astronomical and Physical Society of Toronto. 19

/

l

4*v 1 »

4*-

r

id
id
e,
»,
le
ly
le

Ee
:h

' ;
»g
in

ie
ir
ie
e.
I

11
n
;s
it
it
is
e
d
d

y
e
>-
s
d
I-
n
i-
t
i.

H

/

*«

M
l



\

»

-«■

J
/

\
\

20 The Astronomical and Physical Society of Toronto.

FIFTH MEETING.

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

Mrs. J. Fletcher, of Toronto, was elected an active member of the
Society.

Communications were read from Dr. J. Morrison, Dr. M. A. Veeder, 
and Mr. S. W. Burnham.

Several members and correspondents had forwarded notes of obser­
vations made on the occasion of

THE LUNAR ECLIPSE, MARCH 10.

The chairman reported the work done at the Wilson telescope, and, 
referring to the distinctness with which? the Moon could be seen when 
entirely in the shadow, quoted several authorities as to the conditions 
which might result in the total disappearance of the Moon. “ If the 
region oi the atmosphere through which the solar rays pass be every­
where deeply loaded with vapours, the red rays will be almost totally 
absorbed, as well as the blue, and the illumination of the Moon will be 
too feeble to render her surface visible.” Mr. D. G. Ross stated that
this view had been accepted by many well-known observers.

Mr. Thos. Lindsay stated that on the occasion of the eclipse a small 
party hud assembled on the grounds adjoining the Mail and Empire 
building, and had enjoyed witnessing the phenomenon in Mr. James 
Foster’s three-inch Bardou telescope. Times of immersions of several 
lunar features were noted accurately, and also occultations of some faint 
stars in the Moon’s path. The very general interest taken was very 
encouraging to those who had endeavoured to bring before the popular 
mind the fa ;t that celdstial phenomena were worthy of observation and 
study.

Mr. Arthur Harvey,' who presented coloured drawing of the 
eclipsed M'wi, said :—“ The eclipse was punctually on time, though no 
eye could see to the minute when the Moon swept into the penumbra, 
which has no definite edge. As this light shade covered the maria it 
caused a smoky look, which prepared the observer for the appearance of 
the shadow proper. This was at first of the colour of soot, a simple 
blackness, enough to blot out the lunar features, though some of the 
bright spots were visible where the gloom had completely covered them.
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When about a third of the surface 
was

covered by the shadow proper, I 
called away, and only returned to my post when totality had set in. 

A more wonderfully beautiful sight could not be imagined, 
edge of the Moon was of a beautiful blue, below and 
the loveliest tint of rose, then followed 
darkest parts of which

was

The upper 
on each side was

yellow, a copper colour, the 
bronze. Though several eclipses 

memory, none so beautiful is among them. The colours of the 
were in a manner reproduced, which leads me to think that the 
of the unusual colour were

were recur to 
sunset 
causes

in the cold upper air.”
Rev. C. H. Shortt, M.A., referring to the beauty of the Moon’s 

appearance, thought that some of the colours might be due to contrast, 
rather than* to a physical cause.

Miss A. A. Gray and Mr. C. T. Gilbert reported having observed 
several occultations of faint stars in the Moon’s path during totality. 
Similar observations were reported by members of the Meaford Astroi 
nomical Society.

Mr. A. F. Miller reported his spectroscopic observations with 
telespectroscope and four-inch refractor :__

The Moon’s spectrum was very bright and distinct, being visible from 
beyond A to beyond H,. The lines in the red were very faint ; the lines 
most distinctly seen being those in the green, blue and violet. On 
shifting the slit to fall on the darkened part, strong, general and selective 
absorption was evident. The violet end disappeared, and the blu 
shadowed and rendered faint. The darker red region also became very 
faint, while from A to F many dark bands appeared, evidently telluric 
absorption lines. When the slit was placed on the darkest smoke- 
coloured regions of the disc, the spectrum became very faint and 
tracted in length. In the green illuminated region the centre of 
spectrum wa- brightest. It was possible to compare the spectrum of the 
obscured region with that of the still illuminated portion, which showed 
the shadowing and the absorption bands fairly in comparison; but owing 
to the ill-defined edge of the shadow and its rapid motion, the 
parison spectra could not be maintained long side by side.

Mr. G. E. Lumsden presented the following notes 
March 10th, 1895. The total eclipse of the Moon this evening was 

well observed. The sky, which during the earlier half of the day had 
been cloudy with snow-falls, cleared off towards night and permitted all 
the phases of the eclipse to be observed in
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to be desired, if one may omit reference to the temperature, which 
steadily falling and, during the night hours, reached the zero point. Obser­
vations were made with the naked eye, opera glass, a two-inch telescope, 
and a pocket spectroscope. So far as could be detected, the penumbral 
eclipse of the Moon was so slight as to be incapable of estimation ; 
possibly the only standard of comparison, 
the full Moon itself shining under normal conditions, 
mencement of the total phase, interest continually deepened. The actual 
instant of beginning could not be definitely decided, but once the dark­
ening of the Moon’s limb was noted, every minute seemed to add to the 
area undergoing eclipse. As the shadow wore on, the lunar areas most 
affected appeared to be those depressed regions usually called “seas.” 
The higher levels took on and preserved throughout a bright copper hue, 
which, in places, somewhat resembled the metal when burnished. One 
most persistent feature was the brilliant bright line which bounded the 
limb where first it entered the Earth’s shadow. The contrast between 
this sharply defined line and the neighbouring portions of the lunar land­
scape was, perhaps, more perceptible to the naked eye than in the 
telescope. Indeed, the beauty of the eclipse suffered nothing by naked 
eye observation, with the possible exception afforded by the lovely tints 
which formed the terminator or are of the advancing shadow. Though 
strongly suffused by greenish and bluish tones, there seemed to be pre­
sent many of the scintillations of the opal, due probably to the frost 
particles floating in the upper atmosphere. As the eclipse became 
total, and the Moon was shorn of her light, surrounding stars, hitherto 
invisible, appeared in the telescope ; of these, seven or eight were in the 
telescopic field and close to the Moon. Though most of the last men­
tioned were about to be occulted, they are not found in the almanacs, so 
that it may be assumed they were of magnitudes less than of the sixth. 
When completely in the shadow, the phenomenon presented by the full 
round lunar orb, still easdy visible, surrounded by bright stars, and itself 
marked by variegated tints, was something not to be forgotten. The 
effect was greatly heightened by the entire absence of moonlight and, 
consequently, of the shadows on the Earth to which one is accustomed. 
About 9.50, as the neighbouring stars were beginning to be perceptible 
in the telescope, my attention was caught by a bright point of light 
which seemed to be hanging centrally upon the western limb of the 
Moon. After some seconds’ observation, this object began to flicker.
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It then seemed to enter the lunar disc, only to disappear install tune- 
'*«s y. I could not explain this until some minutes later, when the 
"'me ol,ject was re-observed, this time a little further down the limb 
, ®. mystery was now explained by the fact that a star had passed 
nehind the edge of the Moon. About the same moment that this star 
occulted, I noticed what seemed to be a light a little to the ri«ht and 
below the centre of the Moon, as inverted in the telescope. This stellar 
point was very puzzling, and, for want of higher magnifying power 
was difficult to identify on the disc, though reference was immediately 

maps. The object seemed to be situated exactly on the point 
of the tongue of darkened landscape projecting northwards into Sinus 
/ttstuum, in the vicinity of Eratosthenes. This bright point was observed 
steadily for some minutes. Presently, however, it became unsteady and 
began to disappear and to re-appear at longer and 
I inally, it flickered and went out almost at the 
I have been at a loss to

on

was

had to

still longer intervals.
moment of total eclipse, 

account for this, but of one thing I am confident,
and that is a light was there.

Among other reports of general interest, Mr. Ltimsden 
notes upon a

read some

PARHELION, MARCH 14,

which he had observed at 6 p ni., and which, though rather poorly 
defined, was noteworthy because of the very peculiar cloud formation 
prevailing at the time. While the extreme northern and southern portions * 
o t îe s -y were filled with confused and broken cloud-masses, there was a 
clear belt, some thirty or forty degrees in width, extending from the west­
ward, where the Sun was setting, immediately over the observer’s head 
to the eastern horizon. Stretched throughout along the centre of this 
belt, but diametrically across it, lay a series of very similar convoluted 
orms at, apparently, equal distances from each other. Those torpedo- 

8 *“ped’ cy,intlrical clouds, for they w-;re invariably thickest in the middle 
and tapered gradually to more or less blunted ends, pointed north and 
south. I hose from the point overhead and towards the western horizon, 

most perfect in shape and were peculiarly beautiful and graceful*, 

around their edges by the setting Sun, which 
Srey tones deepening to ruddy tints along their 

OUlt ™eS; Some of the Petties t effects were to be noticed in those clouds 
which had a rolled-up appearance, as if they had been the sport of 

e wind, which, at the time of observation, was only a gentle breeze.
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was read by Mr. A. Elvina. The following is a brief synopsis :-It was 
held that the Sun’s energy is the great source of terrestrial heat, and 
that as the Earth’s axial rotation and annual revolution cause all por­
tions of the surface to be presented alternately to the Sun, the solar
energy is distributed pretty evenly over it ; also that the immense 
amount of solar energy converted into heat at the Earth’s surface keeps 
the temperature from lowering as a whole, so that the heat o the Earth 
may remain constant or possibly may increase. Mr. Elvins referred to 
the fact that different geological strata expand differently with the same 
degree of heat ; sandstone, for instance, expanding much more than 
marble. The strata are in some cases of great thickness, and the weight 
must be enormous. As a result of this difference of expansion, the fric­
tion produces great heat at the junction of two strata, 
of a stratum when

The expansion
covering a large area®causes crumpling of the rock 

beds, and mountains are the result.
The greater expansion of underlying stratum sometimes ruptures 

the less expansive rock lying on the surface, causing fissures, through 
which water sometimes finds its way to the heated rock beneath, where 
it is converted into steam. Explosions occur, causing earthquake shocks 
and sometimes the fused matter and steam force a vent, and a volcano is 
the result. Mr. Elvins contended that solar energy converted into heat

an

EARTHQUAKE AND VOLCANIC PHENOMENA

L>4 I he A stronoi nical and Physical Society of Toronto.

In a few of them might be seen convolutions, rendering them not unlike 
objects formed of wrappings. These clouds were noticed by many passers 
on the street and, by some of them, compared to a numerous fleet of 
large white torpedo boats lying side by side, at regular intervals, ami 
anchored in mid-air. Mr. Lumsden counted fifty-eight of these forms. 
In half an hour most of them had yielded to the effects of the breeze 
and. beside drifting southerly, had become more or less ragged along 
their outlines and, in some cases, broken up. Two or three, howevef 
preserved their first observed shape for a few minutes longer. Miss 
<jray said she had observed the clouds, and with others, had been murh 
interested m their striking appearance. Mr. R. F. Stupart, Director 
of the Observatory, stated that the clouds had been described to him by 
several persons who had seen them and were curious to know how they 
had been caused.

A paper on
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and that

it rem"ted "ever «* » '««tmg fowl get cooler whilst
l' jrr* “ * sp,t “ of « -or should we expect the Earth 
to cool 08 whilst it totaled on its axis, turning its different part, regn-
. y sunward. The solar heat, combined with the heat produced by the 

fall of meteoric matter on the Earth, and the impact of ether waves on 
ery side of it, is, in Mr. Bivins' opinion, causing a rise in the Earth’s 

emperature, and the consequent excision of its rocky strata 
•earthquakes and volcanic action.

25
-at the Earth’s surface would not

causes

SIXTH MEETING.

April 2nd ; Mr. A. Elvins in the chair.
Mi. J. h. Parkyn, of 1 oronto, was elected an active member of the

Society.
M A\h7n?mfRMr' °' f TLnmsde"' seco“*«l by Rev. 0. H. Short*, 
M.A., the B,ght Reverend J. A. Newnham, D.D., of Moose Factory
Bishop of the Anglican Diocese of Moosonee, was duly elected 
ponding member of the Society.
Dr t„Lrde: “a il ''i1111 l,een bh privilege, in another place, to hear 
in thl , meteorological conditions which, especially

in neighbourhood of St. James’ Bay! 
These descriptions included accounts of auroras, some of which had been
rather remarkable. Not infrequently, displays lasting through several 
nights are witnessed, the supposition being that they really L active

mfd n 7 d"nn* time’ but’ 88 8"itable instruments for detecting 
evidence of tins are not yet in the country, the fact cannot be * 
fished. As a rule, the

a corres-

, estab-
i i • , Hurorae belong to the ordinary type, the whitish

glow being, however, intensified to a degree far in exciss of ihat to wlith 

we in southern Canada, are accustomed. The light, which is said to be 
at times, quite equal to that of the full Moon, is often 
feature of which it is His Lordship’s intention to take 
during the coming winter, to ascertain whether 
photographed by its means. At times, the skies 
the splendidly lined fan-like streamers, or
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nJÎ VZ'stron^ydS;,";, ^'bhÜ “"t''”'0'7 m0ti<,,\,nd ** tints, 

everywhere apparent over thp • 1 +?’ °W’ »leen> white, and red,
prospects of success ace not «ssurédît k TTÏ ‘TV’"* Th°“gh «“ •
occasion offers, to expose some very rapid'dry Ï' T‘“j?0"’ "S S|l<id"1 
ascertaining whether an, of the auroral ,ff„ ? he '""T0* of
photography. Dr Newnl i i ffect8 can be reproduced by
or rustling sound as8ociated*b' T *“ hmrd ^ crepitating 
described it as being quite disùc7„t timr^nett ""T'f a"d
reported, is confirmatory of Humboldt who ,1 6nSltyof the aurora» 
by him, on the 7th of January 1831 ’ u U,ln^ “«aurora witnessed 
and of Bravais who states that in F' *° ,,rinted cha, acters,

t» - —ï::;rÆ. tr '■ - -such noteworthy observations as hé was able ..
this 

account of 
—s residence

journey,ngs through his vast Diocese in 
S of his office.

to time,

the performanci

appearance of the sL^TudiLg" oveTa ^riodrfT ^ ‘h<i 7””1"0 

conclusion to which he was l P iod of three months. One
altogether over some twelve months‘^ring
taken, was that in all cases when a s.,ot i l A * had been
preceded by facula. So regular! v had M T* °V'‘' U,e disC “ is
been found possible to predict th/ bee" observed Hat it had
the date of return by^otatiom ^ cegardles, of

Mr. Arthur Harvey drew 
Sicily and thei-rva, theear^r^^ 77 “ ^ ^

as the time to expect the same.
Mr. J. Van Soi

a new or full Moon

then read the followingnmer
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NOTES ON AURORAL DISPLAYS :
27

ARE THEY DUE TO SOLAR RADIAL 

CURRENTS 1
ELECTRIC

suffldeX» S°me lf7‘ °‘ ‘he a'lr0m With ',hioh we «•= not at present 
y acquainted, but which are mere matters of enquiry and im .

3d nThlTr kn°WMge 0f *h0se "Meh we can find out
„rob !m ° ,hy "r “ ,'ight direction to"ardS the dilution „f the 

is, one of natures most attractive displays. Every 
ready to watcli that soundless movement of X
from an unknown

Someof the questions As in tfae novthern regi0ns where

Wur h d6 ri20,‘ Wi"ter “ a"rora “ — any time in 2
ui.puyyt;2i;tt,:;::g;;t,rrshow - --“
2 wes,"„7^rVed ’ , <2) Wlm we see “ ‘".ora at any certain longi- 
lougitlde eastWarif ' “7 0"e ‘° be “ ti'« corresponding

does itTravTeast 7 ^ th" ''°'e’ WMcb 'V"y

ifonsTre0"6 “ ** S°Uth “ ‘be ^”2*77^ fite que'-' 

(es22ly t74"”26’ °f ear'y ‘o'"1*»”, '"it on the answers
Lading-P ’’ depenl1 *° ‘ 1"r*e ™y theory we may

one is
rapidly scintillating fire

source in the northern heavens.

of the light they would other-

of land co T6"5"®681611 that the auroral Ueht is teen over large tracts 
of and containing mineral deposits, which may be several degrees south
1 Melth ' H 7 ”n<l that “ tb" ““ tone the dls.Iy 

°"tl,e, corresponding and opposite side of the He, 
say that the layers of mineral in New
suggested, or in our own North-West, as another writer has proposed 

d nothing to do w,th producing the display. If we further find that 
there is a correspondence in time between a _
one in the south, I cannot see that the question 
phenomena

was
we can safely 

York state, as I have seen it

display at the north and 
to the origin of the

as to whether it 
or not, but that its appearance at the two

proof that iT"l ’ T always bUt 80metimes. would be sufficient 
H>of hat ,t was magnetic and further still that it was due to .

gnat1" Curren‘ P”8'"» «-rough the Earth-and further still, that if

as
can remain any longer open to controversy 

is due to a magnetic current 
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there was this current passing through the Earth, the 
current must be somewhere outside our globe.

First of all I ask your admission to what seems to me to be simply a 
se.ent,fic truism, namely, that if these currents are passing through 
Earth from pole to pole their terminals are outside our globe This 
seems asnnple a mission, but once admit the theory, onceLmit wb.“

" Tarr^eToZ^TwCl^^TretZe^tT11great electric line are w-e, with what undiscovered couZy'does^Ms
keenHl”^ ‘Tt™’ Wbere “ the dynamo that for ever
keeps this line of unknown length in use? I will say here that this
paper is more for the purpose of helping on to discovery, than of bring-
le",^yo^:m ^ 10 bring ^ ^ "■« **•*«• I

terminals of the

our

we

our

the ST8 h disphy the magnetic needl" of “ is uncertain and

“ lt!o» “lT 7 7 n.iS> “ We migbt «V. tha‘ *• electrictension fo, the time being becomes relaxed, the current is either
unshed, or like the tide in a river, is flowing in against the stream.

a small piece of steel you can deflect the needle of a compass a
certain number of points cast or west, but take away the counter attrac
wM, whi h 9 y retUmS 1 but durinS an electric disturbance,
with which an aurora is generally in connection, and which is always
present dining an aurora, the needle can be turned much more, and its 
return is slow and uncertain, or rather inexact.

The idea has been

With

, . expressed that during an aurora there is a rush of
electricity upward from our Earth,-in fact, it is described as if the 
northern magnetic circle or pole was in a state of magnetic ebullition
llf 7f m u ,y' " tMs were so’ the natural result to to
wo Id b °'» *°U d be’ tbat tbe electric terisioni as we have called it 
that , . e.Stl'°”ger’ “ “ state of abnormal activity. We And, however’ 

this is not so ; on the contrary, it is confused, so we do not see that 
any addition to the strength of these streams 

through our Earth, during
there is

of electricity
an aurora.

,The “0rmal Stat,6 °f the electric 8tream is probably the usual rapid 
flashing stream, and its direction northward and onwai

Observers believe they have established the
fact that the aurora
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is mme or less penodical-about every seventeen days or twenty-three 

ays. What is periodical is always dependent on outside causes, so if 
the aurora is periodical it would lead us without any doubts to look for 
the cause off the globe.

I throw myself on the mercy of the Society, which I know they are 
ready to accord to all suggestions, however wild, and venture to make 
the toLowing suggestion as to the cause of auroral displays ; it is this 

That there is a stream of electricity passing through our Earth from 
pole to pole, originating from sc-ae mighty outside influence, and that 
the immediate cause of the aurora is some intervening body along this 
electric circle, as for instance a nebulous meteoric cloud 
circling perhaps around us outside the Moon, or between 
Sun, where

or shower, 
us and the 

other body that deflects, or 
. , our magnetic current, and that while this

temporary break, or partial divergence of our current is takitw place 
the consequent scintillation of the electric current is seen in the ratified 
space at our poles, due to this disturbance along the electric circuit.

The arc seems

know they do exist ; 
causes counter attraction to

we or some

. the natural line of galvanic electricity, the direct line
is the me of magnetic attraction. If you place a card on a horseshoe 
magnet and spnnkle iron filings on it, and gently tap the card, so as to 
make the tilings move, they arrange themselves in direct lines between 
pole and pole, and also in radial lines on either side forming circles 
between pole and pole ; it is these radial lines that I wish you to study 
You might find that they possess different qualities.

By the kindness of the University authorities I have lately made 
some experiments with these radial lines.

If you take a vacuum glass of some size and place it on the plate of 
an exhaust pump, and have a covered rod inserted through the top 
attaching the wires from a coil to the rod and plate, when the current is 
urned on there will be a diffused line of the electric light from the rod 

he pkte But if you insert the end of the rod in a glass cup, lined 
wi h tm fml or half filled with water, when the current is turned on

wm rue whi,e the o,,*r curvcd ,""w

plate below. The

the direct

a cascade of electric streams to the
streame f . , • fom of the lines l,roves that these outside
streams of electric energy do not seek the shortest
point, but that their direction of movement is
current is reversed, the electric fluid does

route from point to 
a curve or circle. If the 

no longer rise in the form of
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’'“-t:=î=ïr=î=t:ssrt
a ci

present I can
An electric current, then, through space would be

T? ." 18 j" » d'ok. Once admit this idea to
electric current passing tl,rough space, and through

Z a ‘he 0tlw eud »f vast electric
Know that if you revolve a
from it, you start an electric

an arc ; all move-
your mind, of 

our Earth, and we
an

Now we 
iron axle, but isolated

„ , ' ™ Wheel, and if the ^
Will levolve as we see in the electric motors
ably take the form of
axle.

arc.
steel wheel round an

current
s to

magnets the axle 
The current would prob- 

escaped from the ends of thean arc as soon as it

If we hadcurves forming a'send circled d"d th radial
end is negative “ e"‘' °f the “xle “ other. One
ew,.ic entent tl,erc ™st w“ui™

do tïaU^it^Xto hav“' - «

current, or to have lire either without starting an electric
electricity, the amount of elect i “ WlU immediately produce
of heat in the Suu, its rapid revohit/”*^ prodllced by the production 
produce wonderful currents of tl !°n’ a"( °Ut rap'd movement, must 

The motion would •“ ** **" ^ ^
the poles or axle of the Sun. A,° the lie 1, ,t ‘ “““ “ fr0m

the force of attraction reaches us in d 77 “ ‘he Sun-
not [lossible that these great -uilvanic ci 1 “7 108 lr0m tlle Su“. is it
planets as well ? Might Hot'll ne es a s0 reach us, and the other

we receive the effectt I** ^ ^ m™”8 which
Might not their „The toLTl™ °t .di8t"rt»”cce in the Sun , 
equator, as if between the points ’fl’ iZ^ S“”'8

«he paZur'Lrdknow" L ** "T” ** and in
light passing from point to noint°° 7 ■ “ thefe 18 shown the electric
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SEVENTH MEETING.
April 16th ; the Vice-President, Mr. John A 

chair.

T read f'0m Winterhalter, Nava,
Watcp, Washington, and fro,,, Dr. Francois Terh,, Lon -ain,

i ' Glay reatJ a letter received from the
class of Wellesley school, asking for the pleasure of
elescope. Several members agreed to assist Miss 

instruments at the service of the school 
It was moved by Mr A. 1 

Resolved, Th t this Society dee

Paterson, M.A., in the

e pupils of the senior 
an evening at the 

Gray and place their 
the first suitable occasion, 

seconded by Mr. A. F. Miller
on

:: .il h^hre: J:;r u7 :twr:::,t:FœB;EF=
Mr MUIerlLlj T PrlVileged t0 «W their acquaintance 
Pleasant meeting, rvhichld

The Astronomical and Physical Society of Toronto.
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in the electric stream. This motive power was the object of „ exneri

buvn the iar«ewi-«|^ »«>> .el,,
trato this motion i, anoZr l^thjfwl7omml71e

-—-

power, it must have a direct effect 
regulate it or be the cause of it.

The three conclusions which these theories 
That the Si

current is a motive 
the motion of the Earth, perhapson

. seem to lead to are :
•it ritriif , , !S t le C6ntve of elecfcric currents, extending in circles

° 'g eS to lts e9uator. and reaching to the planets; 
that they are either a direct 

and position ;
And that these

cause, or are regulators of, our motion 

cause of the auroral lightcurrents are the 
the two magnetic poles of our Earth seen at

it was left 
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existence at Mr. Purse/, house, and to the kindly hospitality of Mn 
Pursey, who had always taken very great pleasure in Jaking welcome 
hose who met together for recreative study. The Chairman, in tender-

Z Chr77 l ° S0Cie‘y 40 Mr- P“re=y. Paid a high tribute to
Christ tan h“ d=CeMed ""=• *»d to her zeal in the 
Christian work in which she had been long engaged.

Dr. J. C. Donaldson, of Fergus, on the°subject of double-star

mySe3Ti„ehS’thWr0te *he 8Vening °f April 10th 1 observed with
dlciltl n i0emin0rllm' 1 f°«»d this star sufficiently

*en n ali77e, . °f "V Si*», although it is
" a)h!‘°f 8tBrSa‘ P*ge 281 ofvoL I„ Pcp.Ua,- Agronomy,

ZirZurZnv' , “ 3h,Ch g,aK- In the «—h edition of 
A t:inl:...reqmre " Pre“y ,air 3dMh tol^pa -how the come, to

W. NhG^rjd:- ‘he f°ll0WinS COmmUniCati°"' rece'ved fmm Mr.

Glasson Dock, Lancaster, England, 5th April 
otlTw p%*‘ra' SotiaV< Camda .-

ra-ïE";-=rF'""--~

tim! h”,” hÜ,rj„tk, thfe *b°h6 !im” an'1 lhe 24'h»"r ■oetho-l of recording the 

the system throughout in my Title Table
menu*"1°° °> «■- book with oomph.

HZTyT r^7i ÙZ" dt°° “■ te*° w0^'” ”*y

said, the note as to the action of th F i 1th Way‘ Seein«> theref°re, as I 
for possiblv it hr 1 ? ench Bureau> 1 was much interested in itr • r" — ‘h« ‘im. When tÏ

world. 1 24 h0Ur d-F W.11 be the ..me .11 over the civilized

as a

, 1895.

a copy in

my success, though I have adopted 
Nautical Almanac during the wholeand
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Trusting you will excuse the liberty I tak 

asked, or, if more convenient to 
journal of Transactions.

and oblige me with the information 
you and to be found therein, a copy of your

e

I am, dear sir, yours faithfully,
W. Nelson Greenwood,

F. Imp. Inst.; F. R. Met. Soc.; etc.

« COM ofZsori r 7U”ted.t° ^ ‘° Mr' Gre="""«i. forwarding 
a copy of the Society a Transactions and expressing the hope that Mr
Greenwood wonid fa.onr the Society with a paper thegeLÎlkct
) he unification of time at his earliest convenience

of tb!snttF',filler 7d the f°llOWin§ n°teS 0,1 the coincidence of some 
f the spectral lines of argon with lines in the spectra of the

«

gaseous

th,“Pr0ll L>°oke?’ F R'S'’ havin8 published hie determinations of 
the wave-lengths of thirty-nine lines in the blue spectrum and wenty

1 *• po«ittn:2s

by prof. D,.. Schrrr,:^rventy-flre nei,ui,r iines

Blue Argon. Red Argon.
A Nebulæ.a Remarks.

5007 5007 05 (The chief nebular line.) 

(Second nebular line.)
5 nebulae.518-58 5183496-55 4959 02 5

439-95 4390
3 1C

436-9 4363-8
5 <<

425-95 425-95 4265 2 <<

416-45 4167
1 <«

415-95 415-95 4154
I u

410-5 4101 -85
5 it

394-85 3959
1 ii

386-85 3868
4 it

376-6 3768
1 ii

372-98 3727 I •I
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In «'uses wln-ro the coincidence is very done, though not exact,
|«avisons of .-dative intensities of the lines would be of value. Crookes 
«.ves the intensity, hut this print is wanting in the table compiled by
k , lluw,'v,,r' tl'" owinplou* eoineidenoe of the chief nebular line
««..I t lm very near ooi„eide..ee of the seeoml nebular line, are, to say the 

«his, Hg i v Hignitieant. It must also lie remembered that Professor 
Itamsay has publish.h1 a brief not,, that he has fourni associate.! with 
argon (m a ini.... .. terin«««l deveite) another gas, the spectrum of
whiehis a line at 1 5876, coincident with l>„ or the characteristic line 
ol lieliiini.

com-

Only one line in the red spectrum approximates in position to 
a nebular line, not already matched in the blue argon spectrum. Taking 
into account the «lillerenve of physical condition under which the blue 
,...«! ml spectra are produced, the .-««suit can hardly but be considered 

signilicant. indication of the existence of a higher teni|a,rature in the 
neb,die than has been hitherto assumed. The blue argon e.wtrum is 
produced by a very intense ami hot spark of relatively high E. M. F. 
ami negative in origin ; the veil argon spectrum is produced by a positive 
spark ol considerably lower intensity ami temperature.

Mr. Arthur Harvey then mid, by request, a popular account of the 
recent discovery of helium, to which Mr. Miller had referred, reviewing 
the work of Prof. Uamuay mid Mr. William Crookes, which had résulté,I 
in the dent mention of the hitherto hypothetical element 
atmosphere of the Sun. The work of M. 
reviewed, aid

as a

in the upper 
Herthelot also was briefly 

account given of the experiments which led him to 
conjecture that the enigma of the 
it to be

an

may be sol veil by consiilcring 
a fluorescence produce,I by argon or its congeners, under the 

influence of electrical discharges developed in the atmosphere 
certain physical auditions.

It was announced that

aurora

under

the first favourable occasion for observation 
a special meeting would lie held for the purpose of testing in actual 
work an eight inch reflecting telescope which Messrs. J. R and Z. M. 
i ollins had recently constructed.

on
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i
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EIGHTH MEETING.

the diair ^ * th° Vice"l>rti8idtmt’ Mr. John A. Paterson, M.A., in

Mr. O. E. Luinsden 
the Astronomical and

was appointed to act delegate representing
, Vhyeical Society at tlia annual meeting of the
Itnyal Society of (lunula, to In, held in Ottawa, May 15th, and to 
present a report of work done during the year 1894.

A letter from Rev. W. G. Hanna, Ph.D., of Uxbridge, was received ; 
was decided to forward to Dr. Hanna the publications of the Society 

thus far issued, and to request him to consider whether 
Society could be established in his locality.

T'm that he had received from the Astronomical
• ' uety of the Pacific, to whom sincere thanks were due, several back 
numbers of its publications, thus completing all the volumes to date.

Mr. A. P. Miller read the following notes of observations

as

a branch of the

Mkrometriral: Measures of large oval-shapedTpoUn^nearing 

west limb, Suns north hemisph ®
p™bra. “ CM' = 26 06- - 12,100 miles.
Penumbra - 3-493' = 55-76" = 25,500 “
projecting tongue in Umbra = 0'415f = 6'33" -

ere.

3,100 “

° , , - f "f tho Sl"“l,mb = say i of circumference, 4 prin-
r';' #,‘d roveral The largest was arborescent, another
pi ai-liko, and one a pointed flame. Heights 20,000 to 28,000 
Jiuvs of 11 and 1), were very bright.

Mr. Arthur Harvey read the following

The

notes on

TI1K BEHAVIOUR OF MINERALS AT VERY HIGH TEMPERATURES.

dpEEtErEHEsZ'ublm? -n some inspects the materials of which aerolites consist 
home of these bodies, ns you ara aware, are almost altogether composed 

‘“ok”llk‘ous ii-on, others have small particles of such iron diLmi 
nated through olivine, angite and the like, thirty to forty p

er cent, of

y
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their mass being silica, a fourth 
I took among others 
iron

as much alumina and 
specimen of quartz (silica) with small 

pyrites thickly scattered through it, about half the 
quartz and half pyrites.

The principle of this furnace is that the electrical impulse proceeds 
through water to the negative pole, and an ,ro i, feJed whT^ 

mineral at this negative pole is brought to the surface of the water 
etween the water and the mineral there is consequently an intensely 

heated layer of vapor of water, or, perhaps, of the electrolysed gases 
whmh arena constituents. In other words, the mineral is sm3Td 

y an intensely heated gaseous envelope, which in a flash melts its 
surface; a condihon which somewhat resembles that which obtains
ir/iuTr, W,th ‘ Ve,Mi* °f ‘"‘«y or forty miles aseZ 

ashes into the tenuous upper air and incandesces by friction
mineral immediately sputter, off glowing particles, and one understands
how trails are formed. Piece, crack off or scale away-the brighZs

° I8'fc.!S dazzlin8’ an<1 when the specimen, after a few seconds, is
7 (1(X) "f '| l0','| ^ "lfloence of the heat> «Will is, perhaps, 6,000° or 

’ ., , t le m,st "I”” tbe surface much resembles that upon
meteorites while, where crystals of quartz have split off, them are
pi mgs w ne i are like those invariably seen on aerolites. There is also 
an appearance something like what is called the flow, though as the 
rash through the air cannot be reproduced in the experiment, the simi­
le,itj may be merely accidental. The experiment is highly interesting 

ml is instructive. The constituents of meteorites differ, and the difler 
ence in their visible colour doubtless results from this fact. The colon,a
— °Wnm f heat var>r ve'y strikingly as one selects speci-
mens with quartz or with spar, also with various metallic constituents

Mr announced that he had been in communication with
S- “• ®bearmen, of Brantford, a corresponding member of the 

Society with reference to the work of the latter in telesco,ie construction 
and had received from Mr. Shearmen some note, on

little magnesia, 
crystals of 

mass being
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photoTHE OBLIQUE CASSEGRAIN

which were then read, as follows
arvT™rn.‘ P"bliC”ti0n in the MonU» No,i” <* R. A. S.,Ja„u- 
ary, 1895, of a paper by Dr. A. A. Common, entitled “ Preliminary

6 °n H m°d,fied (°bli<lue) form of Cassegrain telescope,” has caused
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agnesia. 
pstals of 
is being

to look up some of my own experiments in this direction, made so long 
ago as 1878. I convinced myself by certain experiments that an oblique 
Cassegrain was possible by properly adjusting and proportioning the 
mirrors. I also saw the advantages to be gained by using a Cassegrain 
reflector with the convex mirror so placed as not to obstruct the incident 
rays, by having mirrors tilted. Being convinced that it could be v.
I wrote to Prof. Newcomb to know whether the plan was in actual 

■or not. He replied as follows :—

iroceeds 
iere the 
! water, 
densely 
d gases 
winded 
elts its 
obtains 
second 

i. The 
rstands 
?htness 
>nds. is 
000° or 
t upon 
ire are 
is also 
as the 
e simi- 
resting 
difler- 

iolours 
i speci- 
sents.
. with 
)f the 
action

done,
use

Washington, D.C., August 19, 1878.

Your plan for mounting reflecting telescopes is entirely inadmissible for the 
reason that an accurate image cannot be formed when the reflected rays are thrown 
so far to one side The Herschel form of reflector is now entirely disused, owing 
to the impossibility of obtaining a good image by that method.

Yours respectfully,

Dear Sir,

S. Newcomb.

As my experiments had led me to expect at least a partial success, 
I tried the plan ; and, after various trials found, as Dr. Common hJ 
recently done, that the astigmatism of the image from the 
mirror can, at certain 
matism of the small

concave
gles, be almost eliminated by the opposite astig- 

couvex. I have not retained the sizes of the 
mirrors, but they would very closely approach the proportions given by 
Dr. Common, who finds good results to follow the use of a focal length
of large mirror 10, aperture being 1, with radius of curvature of small 
convex three-fourths that of the

an

E

concave and distance from the large 
muTor two-thirds of focal length. The angle between the first central 
incident and reflected ray is 5°30', between the second 12°30'. Dr. Com­
mon’s five-foot mirror thus fitted up gave fairly good definition of the 
Moon, but the stars showed trails. With the aperture reduced to thirty 
inches, however, the stars seemed round with low powers, but not quite 
so with a power of 1100. The Moon was very well defined and Jupiter 
was well seen in a quite dark field. With a speculum of one foot 
diameter and focus equivalent to eighty feet, he obtained 
photographs of the Moon in two seconds.

Both the data regarding the proportions of the combinations and 
niy original copy of the letter to Prof. Newcomb have been lost : but 
through the kindness of the distinguished Superintendent of the 
American Nautical Almanac I
1878. I give it here not simply to

very beautiful

Janu- 
linary 
ed me enabled to reproduce my letter of 

assert a
am

claim to the invention (an

&>
J
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ttr ~

ceive, lies having noToki, kTsTha" 1

—* »* - »* i t-ow e: L^r.:r„r;:rr valuob,e ^1
Very respectfully,

con-

Thomas S. H. Shearmen.
Prof. Newcomb, in 

fol tows :—
sending the above copy of my letter, writes

as

Nautical Almanac Office, Naval Obs
ERVATORY,

d«a. a»,. reply to ym„TZZZl“T”;Dc-April 5th'im-
leT„r;r: snyo"in ^ lee °°.py °f

the distortion produced by the obliquity of the rays from the first as to correct
one.

Yours very respectfully,
S. Newcomb.

With îeference to Prof. Newcomb’s remark that my letter of 1878
™,r *» *• adjustment of the JTtÜÏ"

, ? say (what I have already mentioned) that that letter was written
mply to tod out whether the oblique plan was in use or not. The

ten ThaUh n,,rr0,7Were ™te,ed letter w„ writ-
ten. That there was anything new in thus adjusting the mirrors did

not

.‘58 The Astronomical and Physical Society of Toronto.
altogether hopeless and useless task in this age !) but 
invention can he hid away and apparently lost. to show how an

[copy.]
Belleville, Ontario, Canada, August 12th,

Prof S. Newcomb : 1878.
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!iow an

occur to me at that time, as a remark in that once popular work The 
Practical Astronomer of Dr. Thomas Dick had led 
principle of thus eliminating astigmatism 
found a reference to

me to believe that the
was not new. In that work I 

experiments that Dr. Dick had made. In 
account of the fitting up of a Herschelian of short focal length, he says :
“ 1 hai1 80me Sround fo* expecting success in this attempt from several 
experiments I had previously made, particularly from 
tions made in the construction of astronomical 
tendency to correct the aberrations

!1878. some an

1 to me,

some modifica- 
eyepieces, which have a 

°f the rays of light ivhen they proceed 
somewhat obliquely from a Jens or speculum.” The italics are mine.

He further

.r

says : “ The principal nicety in the construction of this 
instrument (the short-focus Herschelian) consists in the adjustment and 
proper direction of the eye tube. There is only one position in which 
vision will be perfectly distinct. * * * This position must be ulti­
mately determined by experiment when viewing terrestrial objects. A 
person unacquainted with this construction of the telescope would 
hi OSj ,tind lt difficult> 1,1 the first instance, to make this adjust: 
were it at any time deranged, through accident or otherwise, I 
make the adjustment anew in the course of a minute or two.”

necessary to offer excuses for referring to the 
now almost forgotten work of Dr. Dick. This is the work that helped 
to shape Prof. Barnard’s career in life ; and has not Dr. Common (in 
The Observatory, November, 1888), said that Dr. Dick’s “charming 
works are not held in such repute as they deserve, or, at any rate, do 
not seem to be read as they ought to be?” But I am digressing as I 
merely wished to explain that experiment having shown me that° 
tain construction of the reflector was possible, I followed the 
Dr. Dick to “
the construction.

Perhaps one reason why this construction did not then receive general 
consideration was that the time had not come for the employment of 
such large images in photography as the recent improvements in plates 
and processes have rendered possible.

In conclusion, I trust that these remarks and 
viewed in a proper light and received in the 
made.

iking a 
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Addendum:—The publication of Dr. Common’s 
instrumental i. , . . paper has been

in bringing out considerable information regarding obliquenot
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reflectors. Since writing the preceding note attention has been called 
to the fact that such instruments were constructed many years ago in 
iermajiy and elsewhere ; and,in a letter to the English Mechanic, Prof

, R. Brooks, of Geneva, N. Y„ describes a reflector on this plan which 
he devised in 1884.

Such information had not reached 
experiments were made in 1878.
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NINTH MEETING.

May 14th ; Mr. A. El vins in the chair.
An abstract of the Society’s work in 1894, to be presented to the 

Royal society of Canada, was read by Mr. G. E. Lumsden and adopted 
A short report from the earth-current committee *as read by Mr. Lind­
say, who stated that Mr. R. F. Stupart, Director of the Toronto Mag­
netic Observatory, was still engaged in comparing the records from 
Canso with his own observations at Toronto. Mr. S. S. Dickenson 
Superintendent of the Commercial Cable Company’s station, had been
requested to send the siphon record of the earth-currents and had replied 
as follows :— r

“ I am delighted that the earth-current

Ma
or sus 
4tb in 
ocular 
took o 
with t 
the tw 
for sha 
were t 
from o 
IV. wa 
and th, 
make a 
person 
vation ; 
but it 
Jupiter 
five day

Oth, 
and Mr. 
his belit 
magneti 
Toronto 
the Sun:

Mr. 
visit of 1 
resolutio

»

in

readings are proving of « 
vice to you and shall be glad to receive a copy of the paper thereon 
soon as published. When earth-currents become so strong as to prevent

! ser-
as

rking we put the cables direct to ground so as to guard against 
damage to our apparatus. I have known extremely strong earth-currents 
to fuse the signal coil and break down the insulation of condensers 
employed in cable working. I shall, however, comply with your request 
tor the siphon record whenever it is practicable.”

The chairman called attention to the great fall in temperature 
between May 12th and 14th, and noted that on this occasion the theory 
had been borne out, that there is such a fall generally in Europe and 
America on the dates named. Occasional references had been made by
Dr. E. A. Meredith to this theory and also by the Chief of the Weather 
Bureau at Washington.

Some extracts from notes by Dr. J. C. Donaldson 
observations of a
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i

I
:
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DARK SPOT on JUPITER.

41?en called 
"s ago in 
lie, Prof, 
an which

with power 130 I th JU'^' °" the evenin§ the 4th instant
belt onhenkL wf “W “ da,k Sp0t °D the lowest- northern 
belt ot the planet, but strange to say I could not see this spot with any

my other eyepieces, and suspect it may have been an ocular illusion •
but, on the other hand, the spot seemed, when I looked with the 130 eye’
pjee to change its position to correspond apparently with the revolution
of he planet on its axis. On the whole, I am a little puzzled aoout 2
and am rather inclined yet to the ocular illusion theory, but I would
lloki Tl lf any °f the °ther members of the Society happened 
looking at Jupiter on the evening in question.

Ma, 10th : In m, letter of the 6th instant I mentioned having seen
« suspected seeing a dark spot on one of Jupiter's belt, on evenfuToi

Lmngthe 130 eyepiece, b„t thought it might have been an
«ular illusion. Last evening (the 9th instant) about 7.35 K. S. T I
took out my glass again to have another look at Jupiter's moons when
with the same power 130 I saw a black spot nearly central on «tch of
the two largest belts of the planet, which might easily have been mistaken

I “ ,“''OW satellites in transit ; but, of course, no shadows of satellites
were then in transit; satellites I„ II. and III. being not far d^

and the two spots were still visible on the belts of tte^ZZThuJto 
make assurance doubly sure, I replaced the 130 eyepiece and .noth 
person who was present had a look a, the belts and confirmed my „fe” 
vation ira all respects. No doubt these spots have been seen hi nth 
but it may be well to remember that they will a<*ain \m
Jupiter in the early evening of the 14th instant, being an interval of 

ve days, or about twelve revolutions of the planet.
Other reports of observations were received from Mr J Cl Ru * 

Z^nh^r, to ^ P'— tho lattr!^
belief that the facula, were more directly connected with terrestrial 

ToT, 1 "’ere the 8p0tS' He llescribed the method in „se at tht
xttrby Mr-F' l- B,ake' -sketeh

• w S°°T- E; L"m”le" th™ the meeting on the proposed
vis, of the British Association for the Advancement of ScienTt
resolution had been introduced in the Provincial Parliament to contribute 
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a certain sum towards the expenses o the Association, provided that 
he meeting of 1897 should he held in Toronto, and this had been sup­

ported in a most hearty and public spirited manner. As there was 
every probability that the invitation to visit Toronto would be accepted 
it would be wise to spread as widely as possible a knowledge of what 
the Association had done, and to so arouse public sentiment that a 
hearty reception would be accorded.

The resolution had been moved by the Honourary President of the 
Society, Hon. G. W. Ross, LL.D., Minister of Education, and who had 
acceded to the request of the Society that the text of his address to the
Legislature be read to the meeting and published in the Transactions for 
the current year.

Mr. Lumsden then read :—

The British Association for the Advancement of Science 
the oldest and most influential of all the associations of 
in the British Empire, if not in the world.
Presidents the most eminent 
which the British

is one of 
a similar nature 

It has numbered among its 
men in literature and in art and science 

race has produced. Its sessions have been presided 
over by men of royal blood, by Premiers of the British House of Com­
mons, and by philosophers none the less noble although less favoured by 
the accident of birth and opportunity.

In 1884 this association held its meeting in Montreal, under the Pre­
sidency of Lord Rayleigh, whose address on the uses of electricity for 
motive purposes was regarded as one of the most suggestive papers ever 
submitted to the association. Sir William Thompson, now Lord Kelvin 
delivered a very powerful address on the relation of chemistry to com­
merce and the industrial arts ; and he was ably supported in the views 
which he presented by Sir Henry Roscoe, who, as a writer of text-books 
on this subject, is well known in Canada. Sir Lyon Playfair, a very 
warm patron of technical education, as well as a leader in the politics of 
England, was also present. The geological section was represented by 
Sir William Dawson and by Sterry Hunt, both Canadians of great dis­
tinction ; the ethnological section by Sir Daniel Wilson, whose connection 
with the University of Toronto will not be soon forgotten by the people 
of Canada. The geographical discoveries of the da\ discussed byv were

address by the hon. g. w. RC}SS, LL.D., ON THE VISIT OF THE 
ASSOCIATION.
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ivided that 

been rup- 
there was 

e accepted, 
e of what 
Hit that a

Sii-J. H. Lefroy ; mechanical science by Sir F. J. Bramwell 
tural chemistry by Sir J. B. Lawes and Dr. Gilbert, 
tinguished Americans also assisted in giving interest to the
by reading important papers connected with American 
The

; agricul- 
Sèveral dis-
proceedings 

institutions.
mention of such distinguished gentlemen as I have named 

would give character to the association, no matter what were its scope 
and purpose. When 1 say, however, that it extends its investigations to 
every department of science, and when I say that its aim is to be p 
tical and instructive, to teach lessons in political 
the masses, in

mere

ent of the 
cl who had 
ess to the 
actions for

rac-
economy which touch 

sanitary matters which improve the public health, in 
physics which are calculated to lighten the labour of the working classes, 
in the higher departments of science, such as astronomy and*biology * 
which elevate the taste and widen our knowledge of the mysteries°of 
nature, I have said all that is necessary to commend to this House the 
object of my resolution from a scientific point of view.

There are two

IE BRITISH

or three other considerations, however, which should
is one of 

lar nature 
among its 
id science 
i presided 
e of Com- 
voured by

not be lost sight of.
(1) A meeting of so many distinguished men, closely identified with 

the best thought of Great Britain, would undoubtedly quicken in 
Canadians that spirit of scientific research which 
the advancement of civilization the world over during the century. To 
many the nineteenth century is regarded as chiefly a century of inven­
tion. To a certain extent this is true, but with equal truth it may be 
said to be particularly a century of scientific inquiry and research No 
other century has given us so much profound philosophy; „o other 
century has applied the scientific spirit so extensively or so fully to every 
department of activity. This is the case with every question to which 
the human mind has applied its powers. The scientific spirit in 
theology has given us the higher criticism ; in literature it has given us 
a new inspiration ; in philosophy it has given us the theory of evolution ; 
in physics it has given us electricity in its application to light, heat and 
power The diffusion of this spirit among the people of Canada would 
certainly be an epoch in our history, and would quicken and inspire 
many of our people to pursue those lines of research which have been 
such a powerful stimulus to the educational forces of the world, and 
trora which such extraordinary results have followed.

many
has dene so much for

mr the Pre­
tricity for 
ipers ever 
d Kelvin, 
y to com- 
the views 
ext-books 
r, a very 
lolitics of 
ented by 
»reat dis- 
innection 
ie people 
ussed by

t

4*5

' - i!

\

t

\

»

l

\

/
s*) f

■

."V

a.
 

î . 
-jj

.



44 The Astronomical and Physical Society of Toronto. 

THE BONDS OF EMPIRE.
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of el i! M “ 8 . ’ m my own "Pi™"", strengthen the bonde
ot empire. My honourable friend from South Toronto,
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which 
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Mr. Howland, has 
subject a very^valuable volume 

r> • , , . read wlthout having a wider conception of his duties
eent of I'mti, ‘’’T, T° C°me “ contoct «*•> those who live at the 
Z 7 , ” T rMpOMibk in “W res,«eta for the evolu-
■on of those forces which in more than a scientific sense prevent its

pZr’o7th»tSiVe t° “"I 7Pk of “ higher conception of the
P er of that empire and of the relations which exist between its 
ital iorces and the extremities, 

of Canada holds

no one can

central
As a part of that empire the Dominion 
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(3) A meeting such as is proposed would widen the mental horizon

naiThTri. T1^ g-'eat danger of colonists everywhere is to become
strult f CO,1Centration of enei>gy imposed upon us by the
stiuggle for existence has naturally prevented us from observing as fully
as we might the great scientific movements of the day. It may not be
our fault that we occupy our time with matters of'business a'dwit^

ails ot government which necessarily have this narrowing effect, but
we certainly would be to blame if we neglected any reasonable
by which such tendencies could be corrected. A meeting of the British
association will give us such an opportunity, and will no doubt lift us to
a higher altitude, where, in the clearer atmosphere of scientific thought
we may be able to unite our feelings and our sympathies with the thought
of others who are recognized leaders in their respective departments

(4) An advantage of meeting the living exponents of the best
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tific thought of the world should not be underrated. Naturally a great 
deal of intend attaches to the person and habits of every man who has 
made a name for himself in any department of activity. Many of 
would g,ve much to see such an exponent of educational opinion as Sir 
Lyon Playfair, others such a President o the association as Lord Salis- 
Jury. To know these men personally is to take a special interest in the 
work m which they are engaged. Every article they may write in a 
magazine or every discovery they may make would have thereafter a 
personal interest to us. The influence of their addresses 
through the press the remotest hamlet and school house in the country 
and thereafter every Canadian who is of a scientific turn of mind would 

™ h* department with greater enthusiasm because of having 
worked side by side with a master spirit at the British Association in * 
similar department of thought.
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J commend, therefore, to the House this resolution 
national purpose it will serve, of the stimulus it will give to scientific 
inquiry and of the breadth and freedom of investigation which it will 
necessarily assist in developing among the people of Canada

The resolution was supported by Mr. Howland, who, in a few well- 
chesen words, bore his testimony to the work of the British Association 
and of the eminent men enrolled among its membeiship. Mr. Haycock,
.. ,,ha f ° t ie Patrons> approved heartily of the resolution 
the Minister of Education.
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tenth meeting.
May 28th ; Mr. A. P. Miller occupied the chair.
A cordial letter was read from Prof. J. McK. Candi, editor of

24th‘W’ T. t rf8"*' iD the COl0m"8 °f th-t journal, issue of May 
PhW , t h, , lhe °r,gm and Progress of the Astronomical and 

ysical Society of Toronto, in the hope that it would be of interest to
ThL JT"'6 gT”"y thr,”«h0,,‘ America a”d influence
Others to form similar societies in other places. The thanks of the
.tr^Lrrof-cat,ei1 f°r the iibarai *p- «■- *»

The Secretary was directed to forward

,v

a set of the Society’s Trans-
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actwns to Columbia College, New York, a request for the volumes 
having been received from the librarian of that institution.

Communications weré read from Rev. W. G. Hanna, of Uxbridge 
in reference to the prospects for forming a branch society in that town,’ 

id fiom Dr. Sand tord Fleming, C.M.G., with regard to the work of 
the Committee on the Unification of Time.

Mjss A. A Gray reported having spent an evening at the telescope 
with the pupils of Wellesley School, who were much interested in 
observations ot Jupiter and Saturn. With the assistance of another 
member, she had arranged to give the senior classes of the public schools 
as many opportunities as possible to engage in practical telescopic work. 
The general interest taken and the order that prevailed during the 
observations had been very encouraging. Several members repeated
with ZZl^2Gl'Ay ^ thiS WO,k WhiCh ^ in

... M‘‘ P: Sl,a,'hllg ,ead some extracts from an article in the Belle- 
ville W, copied from some American source and dealing most extrava­
gantly w.tli theories recently announced concerning Mars. The object 
in reading was to show how much is to be done in order to disabuse the 
ay mind of certain ideas regarding the power of the telescope and the 

work of astronomers. When articles like the one in question

would h 17Î '!°te °r C°mme,,t by reP»table journals, many readers
d b q,“te llke1^ t0 ac1uire ideas regarding astronomy so utterly 

e.roneous that the labours of others striving to make popular the 
beauties of the sublime science might be well nigh fruitless *
his attention* n “ °f the°,ieS re8aidinS Mars, stated that

attention had been directed to a simple phenomenon, readily observed
any day in winter, and which threw as much light upon the origin of
the surface markings as any other of the now multitudinous theories
During the. recent cold spell a circular vessel containing water had been
exposed to the night air, and in the morning ice crystals had shot from

sides, some towards the centre and some as chords, forming a net-
work over the surface. A very careful drawing of the resulting appeai -

lad bee" made> and laid by the side of the Lowell drawings of the
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Martian surface, when there was a remarkable Similarity observed at 
once. Mr. El vins wished it understood that he did not advance any 
theory regarding the planet’s surface ; the drawing was presented merely 
to show how much care should be exercised before forming any decided 
opinions on Martian phenomena.

On motion of Mr. Arthur Harvey, seconded by Mr. T. Lindsay it 
was resolved to reorganize the Opera-glass section, which had not held 
meetings for some time past, and to meet for active work on alternate 
Tuesday evenings at the residence of the Vice-President, Mr. John A 
Paterson, 23 Walmer Road,

47I

This was carried unanimously. After i 
best manner of conducting the meetings, it was suggested by Mr 
Harvey that no director be formally appointed, but that the member
who took charge on one evening should name his successor for the next 
ihis was agreed to.

Notes of observation

some discussion as to the
;<

I
Mr. A Elvins. The latter presented a drawing‘of a^ui^ptTgroup 

which had just passed the central meridian of the disc. He had also 
examined the records of the Toronto Observatory with a view to deter­
mining whether any magnetic disturbances had been coincident with the 
recent marked fall in temperature. The curve had been normal • there 
was in this case nothing to indicate a connection between the temper­
ature curve and the fluctuations of the magnetic needle. In view of the 
fact that all conditions should be studied in the effort to reach the basis 
of meteorological science, Mr. Elvins thought this worthy of record.

The Chairman having inferred to the recent work of Prof. J. E 
Keeler at Allegheny, an interesting discussion rose regarding the signifi­
cance of the result reached by the distinguished observer in his spectro­
scopic study of Saturn’s ring. It had been demonstrated experimentally 
that the inner part of the ring revolves more rapidly than the outer, thus 
supporting and confirming the theory announced in 1859 by Clerk-Max 
well, that the rings are composed of solid independent bodies, meteorites 
as it were Mr. Harvey read some notes from a popular description of 
1 ro . Keeler s work published in SciW, illustrating by diagrams the 
method employed. The classic mathematical 
physicist and the refinement of Prof. Keeler’s work 
would be ever remembered together.

Mr. J Phillips announced that he would shortly present a paper 
dealing with the bearing of these results on the nebular hypothesis.
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lit Rheieleventh meeting.

Jr 111,11 the ViCeP"“Went- Mr- A. Paterson, M.A., in the

observing weather.Tod'ivemnepor'ts^'Jtek °' the ™7 fav0“rabfe 

presented. A meeting „f the 0,L.g,,M '"C W°rk’ etC'

?r‘ r °f ** Chai™»'-. chiefly for the 
details of the work which it was intended to take

Ltir^ThT/rtrr, w:rh ,?re - -= « »telescope whenever practicable' MlTp t *° make °f the Wihon 
«fe z. Collins had recently ^ ! Paterson stated that Messrs. J.
new flat of silver-on-glass Tim,'** ® metalllc mirror and adjusted a 
all that could be desired, t ^ °rmance of the instrument was now

te1^h!1:s:;~;hd:;,;i o,,vr bken at ih
thought might tossibly be a",,1, * * e»°rthem pole, which he
foil aperture of the objective, with a power o »"“?!' f ^ 
the planet was found thus tn \ *• , dUU* T*ie glai® around
the oljective Remitted very e, JL't^a"’ ^ ^ *""* "f 

colour^,'melm.ïlnrLTr'tÎaVi';g *“ ‘ «range.»t .hout ,0 p„a^:nrxx^:irtothe horil

appeared to become incandescent as ' “ 6
explosion.
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Rhea and Titan (the latter the brightest of all and 
good three-inch. He called attention also to t e fa 
to Titan were all discovered by Cassini in the 17th century.'^m 
invention ot the achromatic telescope which we have now.

Lumsden then addressed the meeting with reference to 
the advisability of forming a section of the Society for the special study 
of the Moon. He had prepared a large outline map of the lunar surface, 
and described the several interesting objects which appear day after day 
as the Moon’s age progresses; many of these might be studied advan­
tageously with telescopes of moderate power only. The work of a Lunar 
section such as might be formed without impairing in any way the work 
ot the Society as a whole, was briefly outlined; this would consist of 
systematic observations whenever practicable, throughout each lunation • 
the becoming better acquainted with the special features of the surface’ 
the nomenclature in common use, and careful searching for small details 
which have not yet been generally noted. The work of the section
might also include photographing the Moon and making drawings of 
special features. °

easy object), in aan

Mr. Geo. E.

Dr. J. J. Wadsworth, of Sin,cue, who was present, called special 
attention to the extreme beauty of the telescopic appearance of the 
Moon. We ,peak of the grandeur of terrestrial scenery, where nature 
lias been lavish of her gifts, but the eye can be impressed will, only a 
very small part ot the Karth’s surface at once; we direct the telescope 
to the surface of our satellite, and the view is incomparably grander 
presenting on what is really vast scale compared with the limit of 
vision on the Earth, mountain and valley, great plains and ocean floors, 
nits, craters, and inimen.se boulders, on a. , world which has done its work
history'*8 iUViti“g Study re»avdin8 itti origin and true

The discussion becoming general, many interesting points 
brought to notice. A drawing of the full Moon, made some years ivm 
by the late Mr. S B. Roberts, of Mimico, was el,own. and nincl, admired. 
Mr. Elvins wished observers to note one peculiarity of the lunar surface 
which was to him very suggestive. Adjoining the maria are frequently 
found circular plains, which in many places have the mountains 
rounding them apparently broken down; and where 
at all, it is always on the side next the mare.
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meet on the
It was finally decided to 

Walnier Road, when details 
be discussed.

following Tuesday at 23 
regarding the forming of a section would dm

noi
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twelfth meeting.

June 25th ; Dr. Larratt W. Smith OOP • i 
After the reading of conies ofZr Q' ? ’ P,e8ldent> In the chair, 

work of the Committee on Tirne-Rock?^^64" with the
of the Toronto Observatory, was elected1"8’ '' ' F‘ St"Plt,'t, Director
taking the seat rendered 

Reference
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peo]

a member of that Committee vacant by the decease of Mr Chas Carl ,

- ,wi L„:r:r î!brzr:te,y,‘fter,,,côv,rati°" -
®vine paid a high tribute to Z T T"™7 Mr. A.
pleasure of =orr,!n„„din‘ fa ’ WUh Wh"m lle l'«d
on tho subject of pZnZ^LT^'T' ^ Kirklroo'1’» researches 

were most valuable so much ' a", i"' °n tlie orblts °f the asteroids 
temporaries as “thé Kepler oftl,e“l9th cmt!^" referra'' ‘° by C0""
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drawings having been published in several journals devoted to astro­
nomical work.

51uesday at 23 
section would

Referring to observations of the Sun, Mr. Puvsey stated that an 
interesting group of spots on the disc between June 9th...... and 17th 1
presented all the various changes of accretion and disintegration,
observe which it is generally necessary to study the solar surface 
very long time.

The President gave a brief account of a journey recently made to 
rfonda, and described the zodiacal light as seen in the South, 
been gratified to find

for a

the chair, 
ion with the 
irt, Director 
Committee, 
Carpmael.

sus- 
f Riverside, 
the first to 
on in 1890, 
>• Mr. A. 
sd had the 
researches 

e asteroids 
by his con-

He had
very wide-spread knowledge of astronomy 

people whom he had visited, especially among American ladies.
An interesting letter was read from Dr. J. J. Wadsworth, of Simcoe 

who had forwarded by request a photograph of his 12-inch reflecting 
telescope. This was much admired, particularly as the instrument had 
been constructed by thç Doctor himself. The Secretary 
to communicate with Dr. Wadsworth and ask him

among

id had

whs requested
...... use his reflector

specially in examining the more minute details of the lunar surface.
Dr. A. D. Watson read 8°me notes on astronomical inaccuracies to 

be found in the works of novelists and poets. Examples were gi-en 
from Shelley and Coleridge to show that even the greatest had made 

which might easily have been avoided, though it was not claimed 
that the beauty of these great poets’ writings 
mistakes of this kind.

errors

was really marred by

earranging 
> resen ted a 
iety being

THIRTEENTH MEETING.

July 9th ; the Vice-President, Mr. John A. Paterson, M.A., in the

the Toronto Observatory, was 
active member of the Society. The Secretary read a most 

cordial letter from Dr. Isaac Roberts, F.R.A.S., who had replied to a 
very interesting question which had been raised as to possible changes 
in the structure of the nebulæ. Photographs of the great nebulæ in 
Andromeda and m Orion, with an interval of 
times when they we 
be found of changes 
period.

unie notes 
îod w*hich 
logue had 
Y subjects, 
iystem to 
e Library

chair.
Mr. F. L. Blake, chief observer at 

elected an

!d that he 
red by a 
reported 

observed,

seven years between the 
taken, had been examined, but no evidence could 
iving taken place in the nebulosity during that
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Ullt- Au mtvrvstmg letter was aim, read from Mr. XV. 
‘'Cods, Eng., who had forwarded

tii
tin
sinD. Barbour,

■ i . . copies of the Transactions of the
int lf r" .Tl"'“ were ««bnquently read will, much

: !‘ T,™* gn‘l,fy'"8 «...... . the success which the Society
Th |T “ “ *° Wi,ll'n th« uir* of students of astronomy

J L ÎTT7Ï tin, receipt of......onograph on timcmcasui
■d, by M. do .................. .. President of the Geographical Society of

ex
lio
(")

so
vei
skj
twi

•d met at the 1 oronto Observatory „„ J„|v 2nd, and had spent
Zft dlT",8 Sr?'al W set „p „„ tile adjoining

W',,le th8''Tge tole8COPe'of “» Observatory had been also placed 
t the service ol the meeting I,y the kindness of Mr. It. p Stunart A

r. . . - * ■; v:rM co,,diii"n p-‘ „• ,he Z ; j'7" ''7”'™ l,y Mr .. ................ the time was so largely taken „p j„
observation that the reatling of the pajier was postponed until „ f„t„ " 
regular meeting of the Society.

The following notes of

pla
the
la)a most
I a

of i 
of t
see I

covi
all.
( )bs 
as tOUSERVATIONS OF SATUUN

were received from Dr. J. J. Wadsworth of Simcoe:- 
I began observing Saturn this 

inch reflector.

som 
on t 
out! 
a so 
of tl 
seen 
Elvi 
twi© 
di,it(

year, 1895, on April 4th, with 12.1-
... 1, n0tes 0,1 him 0,1 sevon evenings in April, three in 

y, and nine in June. Will give the substance of what I have seen ■ 
1. The Cassini division has been steadily «ten on the anew, and on 

several occasions nearly up to the globe ; but not 
between us and the glohe. 2. The shadow of the ring on the globe to 
he south of the ring has been very distinct during the month o°f June 
n the early part of the month the eastern end of Ihis shadow was much 

Wider than the central part, which seemed strange. On April 4th f saw 
a distinct dark line to the north side of the ring ; was it the shadow, or
iZZr"”?’ °r ï°‘ 1 , U re*clled acrom «le gicla, just below the ring 
It glow fainter after May 2nd. 3. The shadow of the globe on life 
rings has been clearly visible. It is growing wider and has 
outline, the cause of which I cannot imagine. The concavity points to
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tlm mst> causing the ring to look like a blunted horn, where it meets 
the shadow. The outline of 
should he

is valuable 
listers and 

Barbour, 
ms of the 
with much 
he Society 
stronomy. 
3-measure 
Society of

a sphere projected obliquely on a plane 
the outside, approximating to a straight line in 

extreme projection. Yet to me and to two others this shadow is clearly 
hollowed out. 4. I see the following belts on the north half of Saturn : 
(") equatorial belt ; (6) dark belt ; (c) another bright belt
so clear as (a) ; (d) north polar dark shading. 5. The crape ring is

dusky-reddish shading, plain in the vertex of the 
sky lime, and extending about one-third of the way to the globe. On 
two occasions lately 1 have seen a faint line across the body of the 
planet immediately north of the bright inner ring. This 1 believe to be 
the crajie ring, as seen between us and the planet. 6. As to satellites, 
Iapetus, Titan, lilies, and Dione are often seen ; and other stellar points 
I am not sure of, fixed stars being numerous in the neighbourhood.

Accompanying Dr. Wadsworth’s notes

convex on

, not

very plainly seen as a

ived from 
members 

nt a most 
adjoining 
so placed 
part. A 
>on:” had 
tin up in 
a future

t very beautiful drawing
of Saturn, made by Miss Eva M. Brook, of Simcoe, to whom the thanks 
of the Society were due. The concave outline of the shadow 
seen in the drawing,

Mr. G. G. Pursey presented a series of drawings of sun-spot groups 
covering the period of the last three months, eighty-four observations in 
all. Mr. R. F. Stupart stated that the magnetic records of the Toronto 
Observatory had shown no unusual disturbance since last November ; 

the Sun had been fairly active for some time past, it was thought by 
of the members present that this would tend to furnish evidence 

the negative side of the much disputed theory as to whether solar 
outbursts and magnetic storms 
a solar halo which he had observed

was a

plainlywas

as

some
Oil

ith 12£- 
three in 
/e seen : 
and on 
of ring 
globe to 
f June, 
is much 
li I saw 
dow, or 
ie ring, 
on the 
:oncave 
ints to

coincident. Mr. A. Harvey described 
July 5th. Referring to the

of these phenomena, Mr. Stupart said that they were most frequently 
seen when an area of low pressure was passing over the Ohio valley. Mr. 
El vins called attention to what he considered a noteworthy fact, that 
twice during the present year a very hot wave had been followed imme­
diately by a sudden fall in temperature.

Mr. Tlios. Lindsay then read the introductory chapter

are
on cause

V,.

to an

HISTORICAL SKETCH OF THE GREENWICH NAUTICAL ALMANAC.

A complete history of The Greenwich Nautical Almanac would be a 
work requiring nearly as much research as was expended upon James 
Grant’s great classic The History of Physical Astronomy. That work

/ 4
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astronomy ” began, for 
a science of itself, and is largely a 

, . , astronomy. As the nautical almanac ;s eon
LTltTsa W,tl,fthi8 “"bjeCt' “ f0ll°"S ‘"8‘ “ be necessa,: ;» 
ook up the same reference as Grant consulted, if one wished to trace

e work and all the particulars of its compilation from its inception
Grant has given .11 hi, references in copious foot notes, so that the

Iready paved for the second historian. But it would be also necessary
* refer continually to copies of the almanac itself year by year So
that, m short, It would be impossible to write a full history of the gre!"
book unless one were able to spend month after month in In,Hand wh

th: °-?r That beins the ^ y
than k 1 „ 01 th,S sketcl' "ill ever write anything moil
Aan a sketch. But as all these years have passed without anything^
l7wmr:f0Vhei“Ubj,Ct' “ iS possible that evef a I 

account will be of interest to some. It cannot be to everyone, because
can sn, T “ T°“y “ <livHed iDt0 80 ”“™y branches that

and Mh 7 “ ; T generaUy chMses his particular line of and follows it out, perhaps becoming
recognized as such by those whom he 
departments.

Ii
i completed before what 

example, before solar physics became 
history of mathematical

was we call the “new
hand
astre

I
that
read
Britt
liters
“Ah
from
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Norm 
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been e 
Then 
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‘ Euglar 
archies 
fascina 
Englar 
diffider 
humble 
ask yoi 
may ag

no man 
—' work

authority in that branch and 
regards as authorities in other

an

The sketch which is here presented has 
the reading of it most excellent feature •
done to anybody. aJ” ^ i^ZŒT^ ^

» CW pages to-night. I would hardly wish to inflict the whole store
y°“' * f°"e "'ti"* 1 il bo loft off and taken up some other time 

«0 hllin half an hour. And even if it is never to be rLd, effo t wifl
y^ara hatilTd1’ l ^ ^ ^ 1 -ad for Zy
y ars hat is, to describe in popular language what has been to me ever
since I first opened it, the most interesting book in the world. What

y be learned from its pages by the student, and how intensely inter
«ting the apparently dry columns of figures can be made I ho^o
Ireno'ints" °H°rtU|!,,ty °f Sl,0Wi"S- not ki"g specially concerned with 
those point, in this chanter. I will just throw out one hint to all who

-theV^nL'Z1"8 astr°nom7 in - *-

one
: : can

I Ü.

I:y
■
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I f| |
If .SI :J
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hands of every learner who wishes to study what 
astronomy,” as distinguished from astronomical physics.

f said that the history of the aim 
that to be the

we call the “old

was still unwritten ; I believe 
case, but anyone interested specially in the subject might

^ Wlth adTVanta»e the »*ticle “Almanac” in the Encyclopedia 
Britannica. It is not a long one, but many references are given to 
literature bear,ng on the subject generally. A series of articles 

Almanacs” ,s also now running in Popular Astronomy. The works 
from which has been gathered what follows here are, Grant’s History of
Physical Astronomy and copies of the almanac, such as I have been able 
to procure.

anac

on

If we ask a student of history to give his opinion as to the time when 
England began to be a mighty nation he will 
particular trend of his own ideas according to the

Za"s' „ 0n/;,'"stjn admi,ati”" ^ 4rofhlvX‘Tgtirtion
the deeds of the Norman barons in 
the Conquest

answer

, and
particular, will quickly reply that

• -- -,> JZXXSt
I .t',e 7,rt"“ m"n P«*ess, will go a little farther hack and
declare that the day, of Alfred the Great marked the commencement of 
he gieatnea, of h„ country, and to the haughty defendant of the 

Norman will reply as did the sturdy English farmer, “ if your ancestors 
;l,d come over with the Conqueror, they found mine here when they 
landed. Still another, versed in the history of the dorious Em-lish
TjZr'lr t',mt th" °f g00d <3uee" B«a -arks the era of all 

s, the day, when Shakespeare wrote,-in the language that had
eVOlVed°Ut °f."e mixture of Anglo-Saxon and Norman French, 

the . , r’ *“ * stronS democratic tendencies, will affirm that in
the moment when Cromwell told someone to -• take away that bauble ” 
England mas great, but that she lapsed into the common rut of mom 
archical institutions at the Restoration. In fact, no two students of the
Z:2S ! °f Engli,h hist"r-V wi" "Sre= as to the date when 
Eng and s present greatness began. It is, therefore, with a great deal of
mmlTr “ U"T‘"rg"”S to a,'«ue the P"int at all, that le give our 
humble opinion the matter. We do not wish to discuss it merely
ask you to receive it and think over it at leisure. Possibly then you
may agree that this British Empire of ours, this empire upon which 7.

was

Then some

1

began, for 
is largely a 
iac is con­
ecessary to 
id to trace 
inception, 

it the way 
) necessary 
year. So 

f the great 
land, with 
extremely 
iiing more 
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n a short 
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of work 
anch and 
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feature ; 
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Earth from the among the nations of the
"avetothe F„„i; h FV* Pres8> 8™dest of inventi
* e t0 the E,'g,,sh People the noblest of
Hihle—The Greenwich Xautical
when she begins to extend her
Earth ;

ons,
its productions—next to the 

Almanac. A nation becomes great
commerce to the farthest regions of the 

i .. she ca,mot 1,0 tins with |»rfect satisfaction until she either has

°7 0ne "7‘ *» d“"" * the sea in ships to bring them he ’ 

«I jople, is demanded. Tids is thTml

cannot

Our country was not the Brst reach the point when true „re.t 
we have delmcd it, could he claimed The meat alma,™ f

rauce, the Connaissance des Temvs has > , ‘
lfi7<) tv* p i , ernps, has an unbroken record since, , .hn«'“n<1 ‘he hght did not come until 1707
at the political, literary and scientific world at that time

.■allied in that quarter some 
naged m converting the benighted heathen

FF “ ^r^-ei:. tn 
r ™ --—-tttxxsszi. nBarns was a„ nrcliin at school ; Walter Scott ’ ”
yet seen the light. Adam Smith 
foundation of

ness, as

A brief glance 
will show how

seven

ory

were
In the world of letters

most loved of all, had not 
was busy at the work which laid 

a new science; Blackstone had published his Comme,,-the

f
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3 most det«.o- 
ations of the 
f inventions, 
•next to the 
moines great 
ïions of the 
“ either has 
, Moon and 
"om Africa ;
; he cannot 
he trackless 
die astrono-

taries ; Edmnnd Burke was in the prime of life ; Robertson was enured
Tn hlS g,'eat lhstory °f Charles the Twelfth ; the gentle Cowper 
enjoying a lucid interval in the household of the Unwin

v , , 1 this in the history of England’s literature
England was ready for something even nobler than poetry, and

the records of science and see how the world stood in 1767 because 
while a nation s literature is its own, science is universal. On the Con 
ment, Euler, Lagrange, and Laplace, lived and worked. Laplace was

produce^01"!" T’ °f the that ultimately
produced the Mécanique Celeste. In the domain of pure mathematic*
we may mention the name of Lambert, of Belgium, who had presented

the Belgian Academy of Sciences a rigorous demonstration that the
rrr;:: diam;ter ;î a cir;le are inc°mn—^e, settling

ever, the thud great problem of antiquity. So that up to this time 

the date of the * ^ q"ad,'ature 0 the circle, but since about
flit;! K "aUtiCal alMan“C **

Newton had passed into immortality forty yearn before. The world 
had been m possession of his Pnneipia for twice that time and what 
now cal Ithe Newtonian philosophy had been established firmly and for
„«ee r, 'r USkelyn°' 6fth royal, had been two yell

dice, and for four years had published the SrilM Mariner's Guide the
ei unner of the great work we are about to describe. Tobias MayeV

clo!r,l7”y’ C0"'’t''UCted ,able8 of *e Muon which allowed of a very
ment 7 °*. lonSitn<lei »»<« for which the British govern
ment subsequently paid a very substantial reward.

J’he achromatic telescope had succeeded the
telescopes, and Herschel, settled in England,
what he might accomplish with the great ’reflector. The
iad just awarded the sum of £20,000 to John Harri

his invention of the chronometer, which,
voyages, had been found to be all that ’
instrument was known, and the
opticians of the day. The time, then,
cation of a great national ephemeris.

Though I hope to be able to extract from such works us I have 

access to, a general outline of the rise and growth of TL, Z 7 
Alma,me. I fear I can tell but little of the lives of the men wlTZim'

was
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“ I want a hero------- ”
Express surprise and he will tell you : « Yes, all types of character am 

represen e in fiction ; what with Dickens and Scott and Thackeray as 
masters and a whole host of followers, the entire field is covered ” Well

™Zr°Z,z?’it hr,,ot Zan to ■» —bright®,;come, Of the held ww.de open for whonwoever wishes to explore.

not „dtobl. forT, [?Cter 60 ,0U'"' ‘he Almanac office is
not ..«table for hct.o It ,s not like the Foreign office or the Seal™-.
wax office, and so on. Well, I fancy it is a trifle
that gets into the>t de siècle novel.
and the dramatist to educate the
morals ;

superior to the style 
But it is the duty of the novelist

tll„v , . « . , public’ t0 keeP «P the standard of
they debase their talents when they seek to lower it. 

give us good healthy reading and 
other trash out of the field.

Let them
how quickly we will sweep all the 

They act as if we wanted their vile stuff ; 
. . . . musfc vead something and have no choice but

what is given us. But I do not lay all the blame

see

we do not, but we
to take 

on the novelist : the
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piled it certainly nothing of their inner live.. Even of the wlll>
from,tbli2d0rr,n0? iD ‘t Ve,y ,lay- thm i- "0‘1-ing to be learned 
rom published literature; they have, in fact, been entirely forgotten bv

historians, by sketch writes, by novelists, by everybody. ' Yet I have I

th?-g°of“Z a T0Uld be-'U8t - iittl" interesting to learn some.
or2,° n T, r r enSaged in t,W«rn„ng intricate algebraic
Z hen S WO'ki"g da'V- Wta* eff“‘ d°“ « have
fZ t ; r to make tllem narrow-minded or the contrary f
Freni what ranks generally are they recruited I Do they lose Zl
can let frf? T*"''6 roadi"g’ °'' d° the-v * “> - soon a, they
can »et free from the unceasing figuring that occupies the day ! Can

lTtart withl“TfT Y r‘7 “"d romir'Ce in ^ «'nested man , ‘"‘‘l1 ’ If til«y do, they have not been treated fairly, for as I
ÜZ* 6 roTCer “d the P°el have forgotten their existence if

ovehsVj;:; «7of 1 wimt f*r *«* *•»«> h„„,e do» Zpresent i„ IfZ f 7 SUbjeCt f°r * ! “Mr. So and So is at
present in Africa looking up material for a new work : his last h id an
enormous sale, half cloth so much, paper edition very cheap,” etc.
his innocence, he has passed the almanac office a
remains unconscious of the
is to be found 1

Bless
thousand times, and yet 

vast mine of material for character work that
Byre,, snug in ££* lUiMi"g- ^ —t ,s

\
\
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historian and writer of biography must bear their share also. They too 
have ignored these men all through the century ; Grenville Murray has 
given us what he calls “Social Photographs,” picturing various depart­
ments of the civil service, not a word about the almanac department. 
All our great political leaders have been held up to nature, and the 
minutest details of their lives given us, but not a line about the almanac 
computer. “ He is only a secondary kind of character.” Is he indeed ? 
If every one may speak for himself, let me say here: 1 once had the 
distinguished honour of seeing Mr. Gladstone and Lord Rosebery riding 
together in a carriage (it was on the occasion of one of their triumphal 
entries into Edinburgh). They were bowing right and left to the people 
—I was one of the people. But I do not claim any superiority 
ladies and gentlemen here assembled because I had the honour of bein<r 
bowed to by these great politicians, nor am I specially conceited because 

once spoke to a man who had been intimate with the Prince of 
Wales. I could mention a score o books clearly outlining a system 
o government which would render entirely unnecessary anything like a 
politician or a royal prince. But I cannot see how man of the present 
age could enjoy life either on its practical or its «esthetic side without 

e assistance of the Nautical Almanac in some shape or other, per naps 
for practical life not so elaborate as we have it, but to meet the 
of the beautiful in life

over the

wants
we cannot have it elaborate enough. And 1 do

and would be proud to know some of them, who have 
Mecte as their life work the unceasing, severe, wearying task of 
figuring out for us the paths of the orbs in space. I am aware the com­
puter is but following out what was given to the world by the greatest 
genius of all history and a few brilliant minds i 
iato the light of day that mighty instrument of 
mathematical analysis,” which had lain hidden 
geometric truths. I am

admire those men

succeeding, who dragged 
research the “modern

among a few simple 
aware that the almanac computer need not be 

a genius, unless we accept literally Carlyle’s definition, “ Hard work is 
genius. But I am also aware that we accord a high place to the legis­
lator and no legislator has ever improved upon the laws of Moses. We 
give high place to sanitary engineers, but Moses 
quick to appeal for aid to the doctor of 
the less because he is not

was the first ; 
medicine, and praise him 

a hnlliant experimenter or discoverer : it is 
enough for us if he is pretty well up in what a few great investigate,a 
have discovered in the past.

we are
none
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However, as it is, unless 
the spot, we

go to England specially to learn _
i...e ,,»own::stTebr,itx°ut the compi,m °f the ain,anac-

ing a

we uj>on
meridit 
of anot 
point c 
the he; 
struetet 
century 
publish 
but for 
reckon! 
bring tc 
said, To 
must no 
in the v 
ancient 
length f 
there is 
his dash 
the worl 

New 
ad van ta j 
the celes 
perfect t 
the poss< 
<pialitied 
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manhood 
Royal, bi 
trions me 
may be ]< 
book hac 
proposed 
determini 
astronom 
authority 
tion, we I 
tor comm 
mari8 Ma 
phases, as

I
s some one may take it up, of wcav- 

romance around those computing rooms. The writer of the future 
may even run in a serio-comic situation 
clerk . , uow and then—just fancy a
chair T“”*, 7,earjr With his dV’a ffingi'-g Mm»lf into a
cnair, or, as it would be m a novel, “
upholstered ottoman.”

iesting his tired frame on a richly

lo him, his wife, “You look worn out to-day, dear.”
Yes, that confounded Venus bothered 

“ Indeed*! ”
“Yes; Jupiter and Mars 

nt her like the mischief.”
“ Oh ! that Venus ! ”

will h^h.’ !l ”°«"iT What dM ™" ““Pilose I meant i And Mercury 
1» into the field to morrow to make matters worse,”—and so on.

But one must have talent to write novels. A member of this 
hoc ety Whose opm.on we value very much and to whom t was speaking 

lack °» literature on this subject, suggested that I take the matter 
up myself. Well, of course it is not want of talent that would keen
from wntmg a never not at all ! hut I have an unfortunate failing for

i; «°wnte a,,ytbin$ ti,at is - » i m„,t keep

Proceeding now with strict recital :-We learn that the light reached 
England in 176,. The Nautical Almanac for that year came from the 
pnn mg press in 1765, necessarily in advance, that navigators might 

data from which to determine positions at sea, though their voy­
ages might be prolonged to be two or three years from home 
comrnon in those «lays. For four years prior to 1767 the British sailor

NevRM1 IT,1" °f the Rrki8h Mariner’° Guid*’ Published by 
Nevil Maskelyne, and he it was who brought to the notice of Parliament
the necessity tor issuing annually under the authority of the Commis­
sioners of Longitude, an astronomical ephemeris. The grert problem of 
the preceding part of the century had been to find a method by which 
the navigator could readily determine his longitude. It need scarcely 

.<) said that there was no difficulty about latitude. Almanacs giving 
the Sun s decimation had been common enough since Kepler’s time and 

iere were extant several star catalogues ; but to observe a star on the

at the office all day.”me

were on the same side of the Sun, pulling

me

was
L
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le almanac. [ 
it up, of weav­

er of the future 
—just fancy a 
himself into a 
me on a richly

meridian of one place and know how long since it was on the meridian 
of another place, this was not so easy. Galileo had been the first to 
point out that there was one series of signals constantly recurring in 
the heavens, the configurations of Jupiter's satellites, and had con­
structed tables of these. Cassini towards the end of the seventeenth 
century had improved upon all who preceded him in this respect, and 
published an almanac which to

I

ii
a certain extent was useful for explorers, 
value to the navigator. Tn fact “dead 

reckoning ” was the best kind of calculation which the sailor could 
bring to his aid until about the date of the almanac, when, as has been 
said, lobias Mayer had given to the world his tables of the Moon. It 
must not be overlooked, however, that there 
in the world long before almanacs 
ancient world

;e all day.”

Sun, pulling
were some great navigators 

were printed ; and the maps of the 
are pretty accurate when we remember that the unit of 

length for the géographe,- »„ simply „ day's march. As for Columbus 
there is all the more credit to ........ . a sailor, considering that he made
lus dash for America even before Copernicus had given his theory to 
the world. J

And Mercury 
and so on.
mber of this 
was speaking 
ke the matter 
ould keep me 
ite failing for 

1 must keep

Newton hud made lunar tables possible, and had pointed out the 
advantage to be gained by considering the Moon as the minute-hand of 
the ce estn, clock ; so it had long been the great aim of astronomers to 
pel feet the lunar theory. Mayer died in 1762, and his tables beino in 
the possession of tbe British Government, there was no man so well 
qualibed as Nevil Maskelyue to put them to practical use. This meat 
astronomer was born in 1732, and was a student of the stars from early 
manhood. In 1765 he succeeded Bradley in the position of Astronomer 

oya, eing t e fifth to hold that office. Maskelvne is one of the illus­
trious men connected with the If a,.Heal Almanac about whom somethin- 
may be learned It would be a pity, indeed, if the founder of the great 
book had been forgotten. It should be remembered that it was he who 
proposed to the Royal Society the historic Schohallien experiment to 
determine the mean density of the Earth, and also that he was the first 
astronomer to mark observations to tenths of 
authority in England on matters 
tion, we find him 
for common

-

light reached 
ime from the 
gators might 
gh their voy- 
ii home 
British sailor 
mblished by 
: Parliament 
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t problem of 
»d by which 
eed scarcely 
nacs giving 
’s time, and 
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was

a second. The recognized 
connected with astronomy and naviga- 

correcting those who, undertaking to publish almanacs
, „ USe’Were not vefy caieful of their figures. In the Gentle­

mans Magazine for 1767, he calls attention
phases, as given in the Stationer's Almanack,

to the fact that the Moon’s 
grossly erroneous, andare
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that it would not avail to plead they were no* intended for the current 
year, because an almanac 
which it was dated.
f* i Maskelyne, as the chief computer of the Nautical Almanac, and the 
responsible head of the Royal Observatory, acted under the direction of 
the Commissioners of Longitude, and laboured for nearly fifty years 
We hope to find much information regarding his personality, as we pro­
ceed with the examination of his works, the monuments of his genius. 

Mr. Lindsay here brought the introductory chapter to a close, and
stated Ins intention of presenting a continuation of the subject in the 
near future.
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was supposed to be compiled for the year in

I

FOURTEENTH MEETING.

July 23rd ; the Vice-President, Mr. John A. Paterson, M.A., in thechair.
Letters were read from the Director of the Greenwich Observatory ; 

from Dr. J. J. Wadsworth, of Simcoe, and from Mr. G. F. Townsend, of 
Austin, Texas. From the last named were received two very tine 
photographs of the lightning flash taken during a storm on the night of 
May 5th, at Austin. These were much admired, and formed a valuable 
addition to the Society’s album of photos.

It was moved by Mr. J. Todhunter, seconded by Mr. A. El vins, 
that the following named gentlemen be added to the Committee 
appointed to consider the establishment of a popular observatory in 
Toronto : Mr. A. Harvey, Mr. R. F. Stupart, Dr. Larratt W. Smith, 
Mr. J. A, Paterson and Mr. G. E. Lumsden.

M

This was carried.
It was moved by Mr. Pursey, seconded by Mr. El vins, and resolved, 

that the Society express its sympathy with the family of Miss Bambridge,
• in the loss sustamed by the death of a brother in British Columbia.

Mr. E. A. Meredith, LL.D., read some notes on

Tin: CHEMISTRY OF STEEL MAKING

As illustrated in the recently discovered, “ Doherty Process,” now in 
operation at Sarnia, where he had an opportunity of investigating it 
Iron masters and authorities in chemical science regarded this as” an 
epoch making discovery, and the methods employed as being as much
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>r the current 
r the year in

superior to the Bessemer system as the latter was to the methods in 
common use when it was given to the world in 1857. 
system, two distinct and separate processes are necessary to convert the 
pig-iron into steel. The first is to melt the iron in a furnace, and when 
melted, air and steam are forced into the molten mass of metal, in 
order to burn out the carbon, sulphur, and other impurities in the 
n-on The second step is to pour this molten mass, now converted into 
malleable iron, into another furnace, called the converter, where it is 
mixed with a certain proportion of fused carbonized iron 
manganese in the form of ferro-manganese, and converted 
By the Doherty process, 
single furnace, and

Ü
In the Bessemer

anac, and the 
ie direction of 
y fifty years, 
ty, as we pro- 
his genius.

1 a close, and 
subject in the

acontaining 
into steel.

on the other hand, the steel is produced by a 
. . more clieal>l.y than malleable iron by the old method

A pipe containing air meet, a pipe containing steam (regulated by a 
cock), just before they enter the furnace; the result is that hydrogen 
gas is set free, which, in combustion, gives out 
the metal very rapidly, at the rate of about
By the intensity of the heat also, the impurities, 
they are called, the 
The molten

I

intense heat, fusing 
one ton in fifteen minutes, 

or mineral poisons, as 
manganese, phosphorus, and sulphur are burned out. 

mass, freed from all these impurities, is poured 
white stream, at the rate of forty pounds in twelve seconds. The metal 
when poured into the ladles, throws up innumerable jets of flame’ 

sed by the burning of the carbon, and must be allowed to cool for 
some seconds before being poured into the moulds. Dr. Meredith stated 
that the inventor of the process claims that the steel so produced is 
harder and more ductile, and in other respects superior to that produced 
in ie ori mary way, while it is very much cheaper, as the quantity of 
fuel used is only one-tenth of that required in the old method.
M AAtep,the mading1°f Dr Meredith’8 notes> the chairman called upon 

- A. Elv.ns to read the paper which had been prepared for the Lunar 
hect,on meeting, but which it had been decided to receive at a general 
meeting as it was, in chief part, an introduction to the studv "of the 
Moon which several members desired to take up.

of W*. which was illustrated by 
„ , ,“r;. Mvms ““ drawings, some photographs from the
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THE MOON’S PRESENT CONDITION.
’I

I am glad that a few of our members intend to form a section for tlm 
study of the Moon’s surface. man

your
extei
ent «
plain
deep
Show
Serer
Of co
rising
the S
must
those
round
minat
itself.
point
that p
is an i
seek t<
be glai
thougl
tions.
on the
called i
torius,
in man
on the
would

As in the case of most amateurs it was
about the first object which attracted, . ,ny attention, and it has lost none
of its charms during the many years that have passed, since I was first 
struck with the grand scenery of its mountains, and the quiet appearance 
of its mighty plains ; indeed the interest
observe in its present condition some evidence of great changes which 
must have taken place in the ages long gone by.

Turn your telescopes on the Moon

grows on me, as I think I can

now as it is at its full •
parts of dazzling bright ess, other spaces much darker.

We know that our satellite is seen by reflected sunlight •
quantity of light which falls on one part must be about the same as that 
w hich falls on

you see
: some

the

another part ; let us examine these bright parts and see 
We shall hiive a far better view of these bright spots 

at the first or second quarter than at full Moon ; the Sun is just rising 
on its central meridian and any elevations 
terminator) will cast shadows 
will have shadows

what they are.

this part (called the 
the sidefrom the Sun, while hollows 

on the side nearest the Sun.

near
on

. ... A little after first
quarter we see a bright marking running not far from north and south, 
extending quite a distance on the surface of the Moon, 
that on the side facing the Sun it is very bright, 
it is dark. The dark portions look like shadows c 
is this the case, 
the surface ?

:

We easily see 
while on the opposite 

s cast by the bright ridge ; 
these dark spaces real differences in the colour of 

On the following night we will get an unmistakeable 
a iswer to our question. We now see that the sunlight stretches far out 
into what was quite dark last evening, and what we rightly suspected to be 
shadows are now much shorter, and we feel sure that the bright line is 
rea y a in ge of mountains, and the dark portion joining the bright hills 
are truly shadows thrown by those hills on the plains below. This con­
clusion will find corroboration as we see the shadows grow shorter and 
shorter every night, until the Sun shines down 
hills at full Moon, and then we fail

or are
il

III,v
I Cfil

perpendicularly on the

proof tba, JU. ndgels
ook after the Sun has passed the Moon’s meridian (about the third 

quarter) and you will see the hills and shadows again, and 
reversed ; the shadows cover the side which 
quarter, and the side which

time til 
action < 
still vis 
again, v 
covered 
are sevi

f *1
■
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now they are 
was bright at the first

was then in darkness is bright now.
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l his range of mountains, the lunar Apennines, is

extended dark «paces wind, we tirât observed. These have a very differ­
ent appearance from the n,contains, they are for the most part flat 
plains, broken here and there by isolated hills 
deep cavities. You will have examples of both
Showers (Mare Imbrium) ; Bessel an,I Minin, in the adjoining sea of 
Serentty are -Iso of this class. Why are those extended plain, To dark ?

course the hill, might be expected to be brighter when the Sun is 
using on them, but we see the plains less bright 
the Sun easts

example ofancrion for the 
teurs it was 
as lost none 
b I was first 
appearance 
think I can 
inges which

and in some places by 
on the Hour of the sea of

ill ; you see

_ even at the full, when 
shadows. Something in the nature of the mare itself 

most absorb part of the light. Again I am sure you will he struck by 
th.ise great ring-plains, some more than 100 mile, in diameter 
rounded by high circular hills.

light ; the 
ame as that 
rts and see 
jright spots 
just rising 
(called the 
ile hollows 
after first 
and south, 

i easily see 
ie opposite 
ight ridge ; 
ie colour of 
uistakeable 
hes far out 
ected to be 
ight line is 
Bright hills 

This con- 
horter and 
irly on the 
But all the 
listed; you 
b the third 
v they are 
; the first

no

sur-
You will

minator about the first and third quarter ; 
itself. At the full Moot 
point near the southern limb of the

large group on the ter- 
each of these is a study in 

many bright rays which

see a

i we see converge at a
that nninf /TI\ , M°°n and sl)read outwards from
, l,omt (Tycho) over „ large |mrt of the lunar surface ; what they are

*" U"8olved Troblemi jt wil1 •» ™= of the questions which von will

cease description hut did time permit I would 
,, ... , . tliese llnes- I wisli to direct your attention to
tin gh tÜ1 re " *° Cl"'nses wl,icl' l,av« struck me during my observa- 
tion h There are several instances in which circular walled plabis occur 
on the borders ol the dark spaces which I think have properly been 
called seas Le Mourner on the border of the sea of Serenity, and Fracas 
tonus, on the sea of Nectar, are of this class. Now in both these caeJâTd 
m many others the wall has been in part broken down, and the breakage is 
on the side which eute,a the sea, or seem, on the sea bottom, where “ 
would have been washed by the tide, and waves if thev ever existed

«Jrr,r"the co”v“on u,at
rZoflr r rte''’ ‘l,e Walled P,ai“s <">"■ broken down by the
ac on of the tides, and that the debris scattered (being in some cases
still visible) where strewed by the water action in ages long pT 'Aen

earn, we see some walled plains and craters which seem to be partly
covered by some deposit ; in the Mare Humorum and near Bulllldu!

e Severn cases ol this kind ; to me they have always conveyed the

seek to answer, 
be glad to continue

I must
on

'
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impression of gigantic submerged ring plains, and 
also submerged.

craters of smaller size, on an 
axis c 
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If we have been merely viewing the effects of water action, nothin» is 
more natural than for us to inquire what has become of the water?

As to the origin of the features which we observe, I do not think we 
have any certain knowledge. Several theories have been published, but 
the one most generally entertained is what we may call the volcanic. This 
tieory regards the mountain ridges and ring-plains, craters, etc, as the 
result of earthquake and volcanic action in past ages, 
lunar features certainly have this 
treated and sustained in an able

:

ji
Many of the 

appearance, and this view is fully 
paper (in the June number of the publi- 

catmns of the A. S. of the P.) by Prcf. Suess, an eminent Austrian geolo­
gist. 1 his paper should be carefully read. A notlier, which we may call 
the meteortc theory, presented in a paper read and lately published by 
U. It. Gilbert of the American Geodetic Survey, who made 
tive study of the subject. He regards the chief features 
surface as the result of the

1

an exhaus- 
of the lunar

meteoric bodies,
once surrounded the Earth, into one mass, and holds 

the lunar walled plains, craters, etc., to be the result of the heat produced 
y t ie impact ot these masses when they struck the surface. This theory, 

strange as it may appear, is supported by close reasoning and a mass of 
experiments, which though not demonstrating the theory should be 
fully studied as you follow your work in the lunar section.

The Moon having been formed, it must be studied in relation to the 
modifications resulting from the existence of great tidal action. The 
great mass of the Earth would produce tides in any body not perfectly 
rigid. Air and water would produce results which may still 
if either or both of those ever existed there.

The glacial theory I have long thought the possible existence of 
me and snow may have had much to do with the present condition of the 
Moon s surface, and this question has been ably stated, illustrated 
defended in papers by our fellow-member, 8. E. Peal, of Asam, India 
>ut as his views are so very similar to my own I shall not refer to them 

here, only to state that his paper “ Lunar Surfaceing,” is bound up in our
10th volume of Monographs, which I hope you will read carefully, and 
you will be well repaid.

In whatever manner the Moon’s

which he thinks
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axis in much shorter time than it revolved around the Earth. C... 
axis of rotation might be somewhat inclined to the plane of its orbit. 
Under such conditions there could be no reason why the Moon should not 
have had an atmosphere, and oceans, lakes and rivers, as we have on ishe 
Earth. This state of things I think really existed, and if I am right, if 
it possessed large seas there must have been enormous tides. In conse­
quence of the Earth’s greater mass, its lifting power on the Moon’s sur­
face would be much greater than the Moon’s power to raise a tide on the 
Earth. Sir Robert Ball in his very interesting book Time and Tide 
has shown clearly that our tides serve as a break to retard the Earth’s 
rotation, and most certainly the lunar tides would have had 
effect on the r

on an
The

a similar
ate of the Moon, causing it to rotate more and more slowly, 

until at last its rotation in relation to the Earth ceased and in relation to 
space the revolution and rotation were completed in the same time Such 
is the present state of the Moon. If a rigid bar 
the body of the Moon and

were thrust through 
end ot‘ it brought to the Earth that end 

would be at the centre of the Moon’s orbit, and the Moon 
have the same

one

. would always
side turned earthwards, (libration only excepted), which is 

known to be the fact. During the period in which it rotated more 
rapidly than it revolved in its orbit, the great tides in its seas and oceans 
would doubtless make sad havoc with the rocks forming its 
The rocks on the sea of Showers at the foot of the Apennines (which 

doubtless the shore of that sea) are just what we would expect to 
find there as a result of tidal action, and the breaking i 
mountains cn the side next the sea would be 
Moon’s enormous tides.

sea-shores.

were

of the ring 
a natural result of the 

But as soon as the time of the Moon’s rotation
an extent as to cause the times of rotation and 

revolution to be equal, the lunar tides would no longer pass around the 
Moon but would remain stationary, and if the Moon became stationary 
or ceased to revolve in its orbit, the raised water or tide would exist at 
the point nearest to the Earth.

WII

was retarded to such

. . But the Moon has not ceased its
onward motion it still moves onwards in its
hemisphere earthwards all the time.

orbit, keeping the same

This motion would cause a centrifugal tendency in the atmosphere 
and waters of the Moon, which passing backward would form a high 
ide, opposite the one tide raised earthward by the Earth’s attraction • 

the plus of atmosphere and waters raise,1 on the radial line of th ’ 
orbit would leave a minus of atmosphere and water at right angles to th
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line joining the Earth and Moon. The atmosphere and water wonid 
thus accumulate toward the Earth and on the more distant point, and 
be greatly reduced or removed altogether from the sides, or from points 
a right angles to the radius of the lunar orbit. This removal £ the 

atmosphere would lower the temperature of the Moon's surface 
moisture in the remaining atmosphere would be thrown 
and the waters

At
the pied tl

, down as snow,
,, , . surface would be changed into ice. The oceans

would be converted into vast icefields, glaciers would gradually form on 
o highlands and pass downward into the plains below, so that what 

waa formerly fertile and full of life has now become a barren waste, a 
world covered with ice and snow.

Th
Espin, 
Wolsin 
cal Soc 
Mr. W

In studying the lunar surface you will be reading a history of great 
events long past, and multitudes of questions will be presented to your 
minds, some of which you may solve, others never. I can only 
you that you have entered on « very interesting study, and I think 
will beneve me when I say that I wish you many happy hours, and an 
increase of the pleasure which your studies in the past have given you

Before I close I must ask you to read carefully Sir Robert Ball’s inter­
esting work Time and Tide; it opens up many questions full of inter­
est and will enable you to see the cause
and Moon by tidal action. Gilbert’s paper on the cosmogony which 
you will find m tour Library should be read with care; and the 
papers of S. E. Peal, on the glacial theory of the lunar surface 
suggestive, and must by no means be 
studies of the Moon.
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Addendum .—We may reasonably ask, how is it possible that the 
Moon ever rotated more rapidly than it does now ? 1 see a difficulty here
1 11 hadK alway8,been a satelJite of Earth, but perhaps it may not have 
a ways been such. In the distant past it may have revolved as a primary
planet around the Sun, in an orbit differing but little from the Earth’s 
orbit, its motion is such that at present its orbit always presents its

side to the Sun, and I think Proctor suggested when here that it 
might be treated as a primary to advantage 
br so distant from the Earth that the latter
domine the time of it, rotation. But some perturbation acting just 
at the critical moment, might have brought it to the point where it,
projectile force wa, balanced by the Earth', attraction, and so it might 
hâve taken its present orbit around
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FIFTEENTH MEETING.

August 6th ; the Vice-President, Mr. John A. 
pied the chair. Paterson, M.A., occ li­

the following communicationssi
Ï ‘r““m‘“in* *he f« tor affilia,*d men,be,ship ; from
Mr. W. N. Greenwood, of Lancaster, England, who wrote a, follows:

The

Glasson Dock, Lancaster,
13th July, 1895.

>ry of great 
ted to your 
3uly assure Th‘ SecrHary< Astronomical and Physical Society, Toronto, Canada . 

Dear Sir,—think you 
n s, and an 
given you. 
Hall’s inter- 
ill of inter-

Long ere this, I expected to lie in

ttien answer to the three or four question, asked ,h„ i. dCTStl 
Please, therefore, consider that I have the matter in hand and T heart Td 
accept my apology for any seeming delay in acknowledging
Unification’of Thne ’ ^ “ re*lue#t'n8 my opinion

answer

both Earth 
ony which 
; and the
e are very 
? out your

your kindness and 
on such a subject as the

e that the 
culty here, 
y not have 
a primary 
ie Earth’s 
’esents its 
ere that it 
ould then 
■ol it and 
cting just 
where its 
it might

it my*hanks also- for the eopy of your Journal so kindly sent I find
tofee m" 8 “d ™til ' f“161 my obligation to ,o„, thmi.r,,

Yours faithfully,
H. Nelson Greenwood.

. ' n' Elv'"8 pre8ented a drawing of a part of the lunar surface • he
chosen the sea of Nectar as illustrating another example of what

b™k d t0 a the evidence 0f the acti0" of water in past ages in 
breakdown the wall of a ring plain. Mr. (i. 0. p,J
having observed on August 5th, between forty and fifty snL
Sun s disc. He thought these had chiefly broken
Sun turned towards the Earth. 7

•had noted among them some five

on the
out on the side of the 

Mr. Miller had observed these also, but 
or six which had come round the
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limb by rotation. Mr. Miller had also observed on the evening of 
August 5th, a very brilliant meteor, giving the appearance of a trans­
lucent glowing cloud rather than hat of a solid 
descence. He estimated the dia 
utes of arc.
A returns.

to incan-
to have been bout fifteen min- 

The meteor had passed between Y and d Ursa Majoris and

Mr. Phillips then read some notes on the law of the “ conservation 
of areas,” and maintained that there was no evidence that this had been 
followed in the evolution of the solar system, as it must have been if the 
nebular hypothesis were correct. Mr. Phillips held that the equations 
which apparently prove that the Sun rotated in the same time 
planet now revolves when it

as a given
was extended out to the latter’s orbit,

the question. He
are

entirely useless and have bearing whatever
instanced particularly the Earth and Moon system and said that no 
matter what value be given to1 the rotation of the Earth at present we 
have always the same result at the distance of the Moon. He held 

îerefore that there is no real connection at all between the axial rota­
tion of the Earth and the sidereal revolution of the Moon, 
sion became general and several members took part ; the views of 
authoritative writers on this question were read adverse to Mr. Phillips
The latter stated, however, that these authors were most certainly in 
error.

no on

The discus- 
some

SIXTEENTH MEETING.

August 20th ; Rev. C. H. Shortt, M.A., occupied the chair.
It was moved by Mr. Andrew Bivins, seconded 

Harvey, F.R.S.C., and
Resdved, That as some mark of the appreciation of this Society of 

the original work done and of the important results obtained by him in 
the field of spectroscopy, Protl James Edwin Keeler, D. Sc of 
Allegheny, Pa., be and is hereby elected an honourary member of this 
Society in the room and stead of Prof. Daniel Kirkwood, LL.D. 
deceased. This was carried unanimously.

On instructing the Secretary to enrol Prof. Keeler as an honourary 
member, the Chairman stated that the Society would bo highly honoured

by Mr. Arthur
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evening of 
of a trans- 

d to incan- 
fifteen min- 
Vlajoris and

hy havin? sllcl) a distinguished astronomer so intimately connected with 
it, one who had 
hers.

on many occasions shown the utmost courtesy to its mem-

A letter was read <rum Mr. H. C. Howard, of Winnipeg, making in­
quiries regarding the work of the Society, etc. The Secretary was instruc­
ted to forward to Mr. Howard a copy of the Society’s last publication, 
and to request him to endeavour to form a branch of the Society in his 
locality. Mr. Thos. Lindsay stated that he had during the past week 
received a visit from Mr. W. J. L. McKay, of Orangeville, and in company 
with him had called upon several of the members and also at the Toronto 
Observatory. Mr. F. L. Blake, Chief Observer, had very kindly placed 
the large telescope at the service of his visitors. Excellent views of 
\ en us were obtained, at 3 o’clock in the af ternoon.

Miser va lion 
is had been 
been if the 
e equations 
s as a given 
s orbit, are 
ation. He 
id that no 
present we 

He held, 
axial rota- 
I'he discus­
es of some 
r. Phillips, 
irtainly in

A power of 500
was used with very fair success ; a power of 300 gave a most satisfactory 
view of the planet, surface markings being clearly

M". McKay was elected an associate member of the Society.
Several members reported having observed the l’erseid Meteors, be­

tween August 10th-13th. The display had not been particularly notice­
able but some very tine meteors had been seen by Mr. W. B. Musson on 
the evening of August 10th. Mr. Pursey reported that the solar surface 
was less active than it had been earlier in the month. Two groups 
near the middle of the disc, four or five spots in each, faculté not 
conspicuous.

seen.

were
very

Mr. Harvey read some interesting notes the rings of Saturn. 
He had studied the drawing made by Miss Brook at Dr. Wadsworth’s 
12-inch reflector and had also observed with his 
having faintly glimpsed the

on

own 3-inch refractor, 
outline of the shadow of the ball 

upon the ring. By a series of diagrams and a model Mr. Harvey 
demonstrated that, granting the accuracy of the drawing, a section of 
Saturn’s ring must be either lenticular or elliptical—the ellipse having 
its major axis perhaps eight or ten times a long as the minor. It was 
shown from the principles of projection th t if the rings were flat the 
edge of the shadow would, in effect, be elliptical, with curvature toward 
the planet. Following Prof. Keeler’s confirmation of the theoretical 
proof that the rings are composed of solid bodies, the inner moving 
faster than the outer, this observation of the shadow and the deduction 
therefrom appeared to reveal an interesting fact.

concave

Arthur

Society of 
iy him in 
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SEVENTEENTH MEETING.

September 3rd ; Rev. C. H. Short* M.A., in the chair.
En. rC't ,,ad lr0,“ 11,6 editor ot knowledge, London,
" =■’ h*d k|"“ll)' forwarded specimen copies of the periodical to 

the members of t|le Society. Special attention was called to the plate, 
reproducing Dr. Heberts photographs of the sidereal heavens.

JamesE Kr2rn-ng S”retary the f°ll°”'i"8 ^ from Prof.

reflect 
featui 
had h 
thoug 
style $ 
work 
B. Mv 
engage 
throuj 
time aAu.kohmny Observatory, Allegheny, Pa., Aug 24

th"
•er« my heartfelt thanks, and the assurance of y the

honor they have done

riHrSSS?-:
probably be printed in the Astronomische Nachrxchten in defencTof "''I

=—SF asssS
tzitj th?h"- ,7 r™
telluric band, of water vapour about whJZm

connection with the spectrum of Mars. At the next opposition of Mars T “ 
questions relating to the bands of water vapour in its spectrum 
p o ography. Unfortunately Mars was out of reach before 
egan. I he observations, however, to be of real value as 

of an atmosphere, will probably have to be made in

, 1895. 
and Physical Mi
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the sp<
16,240
bridge
measui
object
reflectc

and

mem-
niy sincere appreciation of theme.

Mr. 
the Joi 
ous rep 
Office f 
meris-pi 
Reckon

the
be settled by 

my experiments 
test of the existence 

some more favoured climate. 
Yours very sincerely,

can My ] 
of the 25 
appointee 
of Toron 
arranged 
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Lordship 
ment. T 
United Si

James E. Keeler.
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reflector had been„ very s"ccess£ully used in the observation of lunar
features. A copy of the work on the Moon by Mr. T Eiger F R A S 
had been shown to the members and much admired. The’maps'were 
t ought to be of greater excellence than any yet published, while the 
s yle and arrangement of the text were such as to commend the whole 
work at once to the amateur and the more advanced student. Mr W 
B. Musson, referring to the work on the Moon which amateurs might 
engage in, pointed out the advantages to be gained, as he had learned 
through experience, by studying a small portion of the lunar di 
time and not attempting

Mr. A. F. Miller read

, London, 
riodical to 
the plates

rom Prof.

sc at one
until that had been thoroughly learned.

... , , , 801116 notes on observations of the Sun and
especially of the large spot then upon the solar disc. On September 1 st 
the spot har been well seen with the eye unaided. The umbra measured 
16 240 nu es in length, by 10,680 in width. A peculiarity was a bright 
ridge extending partially across the middle of the umbra. This 

measured 6,500 miles in length by 4,000 in width. A drawing of this
objec was shown by Mr. Lumsden, who had also observed it in his 
reflector.

24, 1895. 

d Physirnl
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THE UNIFICATION OF TIME.

*?r: Lumaden addres«ed the Society in review of the work of
the Joint-Committee on the Unification of Time and presented the vari- 

leports wh.ch had been received through the Governor-General’s 
lhce from the Colonial Secretary, embodying the re,,lies of the Ephe- 

mens-publishing nations interested in the proposed change in Time

ous

periments
excellent
ie disper- 
i) and the 
principal 
:h said in 
•s all the 
îttled by
•eriments
existence
limate.

[copy.]

United States of America.

Washington, 26th October, 1894.
of t^T\7With referenCe t0 Your Lordship’s circular-despatch of this series
aPpdntSnbvUïhenc co^ of » Memorial from a Joint-Committee,
ppointed by 1 he Canadian Institute and The Astronomical a 

of loronto, advocating that the Astronomical 
arranged everywhere to commence 
take effect on

nd Physical Society 
and Nautical Days should he

Lordship th

United States Naval Observatory are adverse to the Canadian proposition and he
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furnished me with a copy of their report, which I have the honour to enclose 
herewith to Your Lordship. I have, etc., then i 

concei(Sgd.) VV. E. Goschen.
The Earl of Kimberly, 8.

existii
depan

etc., etc., etc., etc.

I[enclosure.]

United States’ Naval Observatory,
Washington, 16th October, 1804.

1. In compliance with the Bureau’s second endorsement of the 8th instant 
covering a Memorial relative to the Astronomical Day, transmitted through 
regular official channels from a Joint-Committee appointed by The Canadian 
Institute and The Astronomical and Physical Society of Toronto, we have the 
honour to submit the following report :_

2 The Memorial, in question, proposes the Unification of the Astronomical, 
Nautical and Civil Days by making them all commence at midnight. This pro­
posal was originally made by The Washington International Meridian Conference 
of 1884, and was, subsequently, very carefully considered by the official astrono­
mers of the leading countries which publish astronomical ephemerides, but the 
general consensus of opinion 
were taken to bring it about.

3. The present practice of counting astronomical mean time from noon, or, in 
other words, from the transit of the Run across the meridian is in exact conformity 
with the practice of counting sidéral time from the transit of the vernal equinox 
across the meridian, and both systems have been adopted because of their superior 
convenience for astronomical purposes. The resulting advantage will not be less 
important in the future than in the past, and to make any change in either system 
would only introduce needless incongruity.

4. The change recommended by the Joint-Committee would necessarily 
involve the ephemerides in other systematic changes relating to sidéral and solar 
time, respecting which the Memorial makes no suggestions, but which 
would be very difficult to effect without causing confusion.

5. As the astronomical observations and ephemerides made prior to the year 
1900 must continue to be used for many centuries, the proposed change would 
greatly complicate the work of astronomers by compelling the constant employ­
ment of two different systems of counting «lays, viz., one for all observations prior 
to 1900, and another for all observations subsequent to that date.

6. All navigators are now accustomed to nautical almanacs in which the hours 
are reckoned from noon, and the introduction of new ones in which the reckoning 
was from midnight would be so confusing to them that it would probably 
many errors in the determinations of the positions of ships.

7. We believe the Memorialists
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, we think
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Mymistaken in supposing that the proposed 
change offers any advantages sufficient to compensate, for all these inconveniences. 
The use of astronomical time is confined to astronomical work, and cannot possibly 
affect the people at large because they have
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r to enclose
then make a change which will inflict permanent inconvenience upon those most 
concerned without benefit to others ?

8. In view of the above facts, we are decidedly opposed to any change in the 
existing mode of reckoning astronomical time, and, therefore, recommend that 
departure be made from the present system.

Goschen.

no
i

(Sgd.1) F. V. McNair,
Captain U. S. N., .Superintendent of the Naval Observatory. 

(Sgd.) S. Newcomb,
Professor of Mathematics U. S. N., Director of the Nautical Almanac.

(Sgd.) Wm, Harknkrh,
Professor of Mathematics U. S. N., Astronomical Director of the Naval Observatory.

ini I

ier, 1894.

8th instant, 
ihrough the 
e Canadian 
ve have the EH 8[copy.]

Spain.tronomical, 
This pro- 

Conference 
ial astrono- 
les, but the 
lat no steps

Madrid, 10th November, 1894.
My Lord,—With reference to the circular from Your Lordship’s department 

o the 22nd September, I have the honour to transmit herewith translation of a 
note from the Spanish Government, stating that they are prepared to adopt the 
scheme for the Unification of the Astronomical and Nautical Days in 1901, if it 
appears that the majority of nations who publish astronomical ephemeride’s 
desirous of the change. I have, etc.,

,3
51

are :loon, or, in 
conformity 
nal equinox 
eir superior 
not be less 
her system

(Sgd.) H. Drummond Wolff.
Karl of Kimberly, K.G.,

etc., etc., etc., etc.
[enclosure.]
Ministkrio de Estado, 7th November, 1894.

' our Excellency,—I have the honour to inform Your Excellency in answer 
to a despatch from the Embassy, dated 25th September last, in regard to the 
Unification of Nautical and Astronomical Days, that my colleague, the Minister of 
Marine to whom I referred the matter, without for his part proposing or desiring

IT*", u rge’ iS qUite prepaml for hi8 Government to accept the change in 
1901 if before 1896 it is shown that the majority of the ephemerides’ offices which 
regularly issue nautical almanacs

His Excellency Sir H. Drummond Wolff.

necessarily 
d and solar 
, we think,

to the year 
uige would 
lit employ­
ions prior

in favour of it. I have, etc., 
(Sgd.)

are
Alexander Groizard.

l the hours 
: reckoning 
ably cause

[copy.]
France.

Paris, October 16th, 1894.
My Lord,-I have the honour to inform Your Lordship that I have addressed 

note to the French Government in the terms of Your Lordship’s despatch, 
circular of this senes of September 22nd, and that the matter has been referred to 
the Ministers of Marine and Public Instruction. I have, etc.,

To Her Majesty’s Principal Secretary of State for Foreign Affairs.
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No official

fTsc 'ZlTm * Mr' Lume"v » r• it.o.v., lead the tollowiiiflr suimnarv
lenirtli taT 10 "L1finiatry ',y th6 B,lre"u »f Longitude published at 
length m Cosmos, February 2nd, 1895 :—

den’s 
of the

1.

1. Hie Bure,,, thinks that a, the Lords of the Admiralty observe, 
Urn retorm wou d not he efficacious without an understanding among ti e 
t,over,,,,,enta which publish the principal ephemerides.

1 , *-aroasidering that the unification of time will not be
p ete nut,! the Civ,I Day is reckoned from 0 to 34 o’clock, a, is done in
Alette ^ “■ re,0m Wi" “ “ -k earliest

In the body of the Report, which is interesting and exhaustive, the
of Green88-*! ^ vV l C°Hnai*mnce ll*° Temps, the Nautical Almanacs 

. eenwich and Washington, and the Berliner Jahrbuch were to adopt
to f n th°n tmie 8imUltrtneOU8,y’ a11 ot,-ei' publications would have

coni-

Sonie members of the Bureau 
be run, and the

were disposed to advise that all risks

£ ^rghr:rt:^r^7r:rùttoo comnderablc, as ,»sterity ought not to have the trouble of making 
.cct'ons lor each country in reducing astronomical observations.
Th. the time would come when the reform would be made they did

not doubt, for the demand for it Imcome, more and more imperative 
every day, and it cannot ^

new

come too soon.

[copy.]

Hungary.

Vienna, 22nd May, 1895. 
inst 1 I I, *L' ^ lth r0ference to 'ny ,le8Paltih of this series No. 23, of the 3rd 

further nom 11 2™ T *° y°“r Lord,hiP translation, of a
proved .«.‘gmnatioo the Astronomic., ban,ire,'with cXu.£. Î

Edmond Monson.(Sgd.)
Her Majesty’s Principal Secretary of State for Foreign Affairs.
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[copy.J

77
Hr. Lums- 
; summary 
Wished at

Fokkjgn OmcK, 28th May, 1895.
. v S,RriT,di[e?C<1 by the Secretttry ,,f State for Foreign Affaira to transmit 
to you, to be laid before the Secretary of State for the
marhed in the margin fro,n Her Majesty’s Ambassador at Vienna, on I 
of ‘he Unification of the Astronomical, Nautical and Civil Days. It is 
that this despatch may be forwarded in due

Colonics, a despatch as 
the subjectpie of the 

lie begin-
mj nested 

to the Admiralty. I am, etc.,
K. Grky.

course
(Sgd.)The Under Secretary of State, Colonial Office.

observe, 
imong the [copy.]

IF*"'nino Strkkt, Kith June, 1895.
My Lord,-I have the honour to transmit to you for the information of yourbe coin- 

s done in 
8 earliest

The Officer administering the Government of Canada. Ml'A‘>K <f°r th® S‘ °f N-1,stive, t lie 
ilmanacs 
to adopt 

>uld ha ve

( Endoxurt.*. )
[copy. ]

STS?????

I he Canadian Institute and of I he Astronomical Society, respecting the U 
of the Astronomical and Nautical with Civil Day :

all risks 
nips, but 
vouId be 
making

u ideation

iPUttrg anfen,V° the m,meroU8 and often 8«-rious mistakes, caused by the 
threefold system of reckoning the Civil, Astronomical and Nautical Day and to
this end, moves that, from January 1st, 1901, the Astronomical Dayf like the 
Cm Day, should begin at midnight. This concession on the part of astronomers 
should find a response the adoption of the system numbering the hours from 0
ApS’aUt 1893 TmI r ' T'* ^ The Com™«on, on

pri -1st 1893 put tl question to a large number of astronomers all over the
world, whether they were ready or not to accept this alteration. Of these 108
answered “Ye.," and « “ No." Unfavourable answers rcc,iveil

»'ld forlugol. The Sub-Commission appoint b, 
the Hurd Section of the Hungarian Acmlemy of Science fully .hare, the view 
nken by the Commi.aion of Toronto, and deems it advisable that from the first 

day of nett century there should be a unification of th. Civil, Astronomical and 
Nautical Day, which, however, would make it necessary for the Nautical Alman- 
«es, and all such year-books published for nautical 
accordingly.

ns.
they did 
perative

, 1895.
the 3rd 

ions of a 
i to the 
Days. I

purposes, to reckon the day
INSON.

(Sgd.) Nicolaus Konkoly. 
Dr. Gustav Kondor. 
August Hkllrr.
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[copy.]

ex ract ^rom the protocol of the sitting held by the Third
‘ ectlon the Hungarian Academy of Science on February 18 1895 •_“ 6 The
proposal made to the Academy by The Canadian Institute, and referred to its 
1 turd Section, respecting the unification of time reckoning, has been dealt with by 
the Sub-Coramission appointed to consider it, whose report was read out. The 
Section adopts this report unanimously, and presents it to the General Assembly.”

Translation of an

date 
ernn 
Nau 
of tl 
cal a 

t beiti 
Lore 
Mex 
Seen 
ad vo

i,

[copy. ]
, .. v . , . May 16th, 1895.
In continuation of their note of the 18th ult., the Ministry for Foieign Affairs 

has the honour to transmit to Sir E. Monson, translation of the report of The 
Hungarian Academy of Science respecting the Memorandum of the Committee of 
The Canadian Institute and of The Astronomical and Physical Society of Toronto 
dealing with the Unification of Time reckoning.

His Excellency Sir E. Monson, G.C.M.G. (Sgd.) CziRAKI.
The

[COPY. ]

Translation of an extract from the protocol of the sitting held by the General 
Assembly of the Hungarian Academy of Science, on March 19th, 1895 “ 72. The
third Section moves the acceptance of the innovation proposed by The Canadian 
Institute and The Astronomical and Physical Society of Toronto, whereby the 
Day, Civil, Astronomical and Nautical, should begin at Midnight from January 
1st, 1901, onward, and also that ue hours of the day should be numbered from 
0 to 24. ” This motion passed.

on tl 
copy 
you ' 
Joint 
Socie 
nonii 
at M

[copy. ] 

Brazil.

Downing Street, 15th March, 1895.
My Lord,—I have the honour to transmit to Your Lordship, for communica­

tion to your Government, with reference to previous correspondence,
• under mentioned document. I nave, etc.,

His 1

a copy of the

(Sgd.) MiniR. H. Meade, for the S. of S.
The Officer Administering the Government of Canada.

I[ENCLOSURE.]
whicl 
note i 
The J 
the C 
as fai 
the pi 
the m 
the fh

Rio de Janiero, 30th January, 1895.
My Lord,—With reference to Your Lordship’s circular-despatch of this series 

of the 22nd of September last, on the subject of the arrangement of Astronomical 
and Nautical Days during the next century, I have the honour to report that I 
have been informed, by the Minister of Foreign Affairs, that the vazilian Govern­
ment have decided to adhere to the proposed arrangement, whici they will adopt 
in all publications of a scientific or techn'cal nature from the 1st of January 1901 
I have, etc.,

The Earl of Kimberly, K.G., etc., etc., etc., etc. ^ George Greville. To th
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[copy.]

Mexico.

79
1

he Third 
“6. The 
ed to its 
t with by 
ut. The 
sembly.”

Mexico, 23rd January, 1895.
My Lord, On receipt of Y our Lordship's despatch-circular of this a___

dated 22nd of September last, II. M. Charge d’Affaires invited the Mexican Gov­
ernment to state their views as to the desirability of the Astronomical and 
Nautical Days being arranged to

series

at Mean Midnight from the first day 
of the next century, as advocated by The Canadian Institute and The Astronomi­
cal and Physical Society of Toronto, copy of the Memorial of the Joint-Committee 

• being annexed for their information. I have now the honour to forward to Your 
Lordship copy and translation of a note • hich I have received in reply from the 
Mexican Minister for Foreign Affairs, informing me that in the opinion of the 
Secretary for War and Marine, no objection exists to the adoption of the course 
advocated by the J oint-Committee above referred to. I have, etc.,

commence
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n Affairs 
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llki. (Sgd.) Henry Mevill Bering. I
The Earl of Kimberly, K.G. !
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Foreign Office, Mexico, January 19th, 1895.
M. le Ministre,—With reference to the note which I sent to your Legation 

on the 9th of November last, I have the honour to forward to Your Excellency 
copy of a communication from the Department of War and Marine, from which 
you will observe that it finds

I

I
»

!

1difficulty in approving the proposal made by the 
Joint-Committee of The Canadian Institute and The Astronomical and Physical 
•society of Toronto, which has for its object the abolition of the present Astro­
nomical Day, arranging for it to commence, from the first day of the next century, 
at Mean Midnight in all parts of the world. I avail myself, etc.,

(Sgd.) Ion. Mariscal.

no
i

I
t
i

His Excellency, Henry Nevill Bering, 
etc., etc., etc., etc.

1895. 
iiunica- 
r of the

Mexico, January 16th, 1895.
Ministry of War and Marine, Mexico, Department of Special Staff Corps 

Fifth Section, No. 16, 719.
In reply to your courteous despatch, dated the 10th of November last, in 

which you state that Her British Majesty’s Consul sent to your Department a 
note enclosing a Memorial of the Joint-Committee of The Canadian Institute and 
The Astronomical and Physical Society of Toronto, advocating the Unification of 
•he Civil, Astronomical and Nautical Days, I have the honour to inform you that, 
as far as this Department is concerned, no objection exists to the approval of 
the proposal for the said unification in the terms suggested, already approved by 
the majority of astronomers of the various nations of the world, to take effect on 
the first day of the coming century.

To the Minister for Foreign Affairs, Mexico.
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A lengthy reply had also hern received from the Government of 
Austria, reviewing the proposal, ami finally agreeing to follow the 
sample of the Lords Commissioners of the Admiralty regarding tie

face ( 
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Mr. Lumsden then stated that the '.ext of the Third 
Joint-Committee would be read at the

Mr. Arthur Harvey, F.R.S.C., then read the following pa, 

CONTRAST BETWEEN LUNAR AND TERRESTRIAL

Report of the 
next meeting of the Society.

ier on
THE

FEATURES.

Until we disprove the conclusions of Laplace, which thus 
the only theory which satisfies the conditions observed 
universe we shall do well to keep our speculations within the bounds of 
us neJi.ar ypothesis, viz. : that the Sun’s atmosphere once extended to 

the orbit of the furthest planet, and that as this gaseous agglomeration 
rotated, and the central parts of it contracted, successive spherical shells 
were under the influence of centrifugal force thrown off or left behind— 
equator,ally placed with respect to their parent Sun. They did not 
maintain themsolves as rings, but, in due course, became condensed into 
the several planets, in whose case the process was repeated on a smaller 
scale, the most perfect of the secondary systems being the microcosm of 
Saturn, a belted orb which is ringed with 
circling satellites.

Car present 
in the celestial

W
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substa
Moon
all the
down
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Co<Lacl, shell generally produced one planet, but that interior to Jupi­
ter broke under his influence into hundreds of planetoids, and when the 
ring was thrown off which has become our dwelling, either two centres 
of a traction were set up in close proximity, or, as Laplace believed, the 
Earth, yet nebulous, separated into two. Twin planets thus came into 
being, lerra and Luna, with present diameters of 7,926 
respectively.

If the Moon
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and 2,160 miles

w*”r*e(* off by the Earth, her materials, drawn from 
the outer layers of a condensing body, would be comparatively light. If 
she was formed about an independent centre of attraction, it was the 
feebler one so that the particles directed to it by gravity would be the 
lightest and least numerous. Either view is consonant with the fact 
that the density of the Moon is only 0 63 to the Earth’s unity, while 
0165 represents the force of gravity upon its surface, compared with 
unity for the Earth ; little more than half what that force is at the
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face of Mars. A much smaller portion of its core than of the Earth s 
may consist of metals.

In consequence of Prof. Keeler’s spectroscopic confirmation of 
Maxwell’s mathematical proof that Saturn’s rings are not coherent, 
and that their parts revolve with different velocities (the outw ones 
the slower), nebulæ will soon be subjected to new discussio 
successive births and the order of them will be questioned. The rota­
tion of the whole, as cue coherent though vaporous body, may prove 
to be an unnecessary and erroneous assumption. It may be found 
that instead of a slowly turning Sun of enormous size, increasing in 
velocity as he contracted, there was first formed within a spiral nebula 

nail body with a rapid gyration, becoming slower as it drew in matter, 
harmoniously sorting into a concordant family of planets what 
beyond its power to absorb.

We can well suppose that the Sun-nebula was glowing throughout 
when it gave off these shells, and that as each planet had its birth, in 
substance blazed out as new stars are known to do. The Earth and the

81

The
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Moon were then radiant with independent light and heat, though, like 
all the other planets save, perhaps, Jupiter, they have long since settled 
down to a dull existence, with merely reflected splendour. Radiation 
into space has cooled their surfaces, though, at first, they, perhaps, had 
photospheres and chromospheres like the Sun’s.

Cooling, on the Moon, would cause slag to form upon its surface, and 
the action of currents in the melted fiery mass would make such scoria» 
collect in the region of the poles. The aggregation of ice in the polar 
districts of the Earth is quite analogous. Examine the Moon through 
any glass, and resist if you can the impression that you are looking at 
a quantity of such floes, which have drifted together to form extensive 
rough and broken surfaces. The greatest collection is at the south, but 
Neison correctly speaks of the region about Timceus, near the northern 
pole, as “a wild labyrinthical mass of mountains.”

driven together, huge mountains might well be heaped up, and at 
such junctions, presenting the lines of least resistance to eruptive forces, 
volcanoes would develop, if at all. But it should not be assumed that 
lunar craters were ever volcanoes similar to those which now exist upon 
the Earth. Their great size and the regularity of their circular outlines 
forbid the idea. They are divided, it is true, into walled plains, ring 
plains, crater plains and craters, but the division is very arbitrary. The
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walled plains, which differ, indeed, but little from small maria, are from 
40 to 150 miles across, the ring plains from 20 to 60, the crater plains a 
few miles less, and the craters from 4 to 12, but, in Nelson’s language, 
“ no

•dep
of t
so t

distinct line of separation is possible.” Then we have craterlets 
and crater pits. If all or many of these were caused by eruptive forces, 
there must have been great collections of the vapors of metals and other 
elements pent up under the stiffening surface, which raised it in huge 
dome-like shapes to burst like other bubb'es—the sides remaining like 
circular walls, the centres falling back and remelting at a lov.er level. 
8uch a process, repeated at the same vent, would give rise to the terrac­
ing observed within some

the
the
Thi
is 1<
as s 
flui<craters, and the lava would congeal into a 

smooth floor, far below, when the eruptions had subsided. This mai
conge­

lation, proceeding from the edges towards the centre, might well leave 
room there for the egress of enough material tc form the mamil/œ 
often noted. If such vapors fo\ind their way out without a violent 
outburst, the consequent subsidence would form circular pits, without 
walls, or with walls of slight and gentl1 elevations, where the edge of the 
abortive volcano had been.
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The expansive force of pent up vapors 
must be as violent upon the Moon as here. It is irrespective of gravity, 
nay, we may well conceive that, exerted in such a way, it would lack 
the corrective forces of gravity and air-pressure which hero exist. 
Under several thousand feet of crust it would have enormous power, and 
the crust being lighter than that of the Earth, volcanoes on the Moon 
would be larger than they could be here, not only in proportion but in 
actual size.

As a variation of this theory 
meeting at the surface the cold of space, might condense and build up 
the walls we see, which would be circular, for in the absence of air 
wind-influence would carry off the products of condensation, which would 
fall with great regularity as to distance around the central duct. In 
the later stages of the existence of such a lunar volcano, these conden­
sing vapors would form the mamil/œ or central mounds which exist in 
most of them.

It is evident that some craters, with more or less distorted outlines, 
are more ancient than others, 
after the crust had become well solidified, and those we see upon the low 
lying plains or maria are perhaps the most recent of them all. They 
are surely of later date than the maria.
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The maria are badly miscalled. They seem to be comparatively flat 
•depressed surfaces of rock, and it is quite intelligible that, as the cooling 
of the Moon’s surface proceeded, some shrinkage in its bulk would occur* 
so that the spaces last left fluid would sink a little lower in level than 
the shores. These fiery pools, however, as the centuries stole on, lost 
the heat of youth and solidified also, as our Kilauea might do now. 
This derives some probability from the fact that in most craters the floor 
is lower than the surrounding level. Chacornac is reported by Neison 
as saying that the surface of the great grey maria appears to have been
fluid long after the principal formations of the Moon had become per- 
inanently rigid.

If recent deductions from the kinetic theory of gases, as to the 
ultimate velocity of their molecules, are well founded, there can never 
have been air on the moon, like ours, and hardly water. Free hydrogen 
leaves even the Earth, for gravity here is not strong enough to 
the velocity with which its molecules are credited. Fiee oxygen and 
nitrogen would leave the Moon. This decides adversely the “possible 
existence of an air lik ours-a mixture of oxygen and nitrogen with a 
little argon, helium a d carbon dioxide. As hydrogen has been seized 
by oxygen on the Earth before escaping, to form water, so oxygen might 
possibly be seized by carbon on the Moon, and give us an envelope of 
carbon dioxide. Jut no evidence of it is established, nor can the 
writer see the least sign of water. The first thing to examine is the 
testimony afforded by the Moon’s superficies. Now terrestrial valleys 
begin with babbling brooks, narrow and shallow, they receive many 
branches, they widen and deepen, and finally debouch into the ocean, 
with broad estuaries, on each side of which there are oitefi noble cliffs! 
Lunar valleys are not infrequent. Loewy and Puiseux describe several, 
«.g., the valley of the Alps to the west of Plato—that which extends 
south-east of Rlieita-those between Herschel and Hipparchus and 
between Bode and Ukert—all these being among the deepest. But they 
m no respect resemble terrestrial valleys. They are almost straight, have 
no branches, maintain about the same breadth, and seem to be equally 
depressed from one end to the other. No place can be seen where the 
products of erosion have been deposited, nor are they anywhere 
partially filled up with alluvium ; with high powers they seem to have a 
flat floor, “as if the crust had been cracked to the depth where, the 
interior was fluid, and this had afterwards solidified.”
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celestial photographers find that many lunar valleys are roughly parallel, 
such as the three which touch the southern edges of Arzachel, Alba- 
tegnius and Ptolemy, and the two others which touch the craters of 
Reaumur and Flammarion. Another system, at an angle of about 70“ 
with the above, is formed by valleys which are tangential to both sides 
of Albiitegnius and Alphonsus, and the rampart of Ptolemy to the north­
east, and stretch towards Moesting. The circle of Albategnius is thus 
inscribed in a parallelogram of valleys, and even the sharper angles of 
the parallelogram are cut by fairly visible clefts which make it look like 
a regular hexagon. The vast depression which Tycho occupies has the 
well defined form of a parallelogram. In the northern regions Endoxus 
is enclosed between four rectilinear furrows—two being similar in direc­
tion to the valley of the Alps—and examples could be multiplied. 
These cracks lead one to think of cleavage planes in a sort of rough 
crystallization and probably result’ from contraction of the superficial 
layers. In all this, one is forced to observe how unlike it is to a water- 
worn surface, for these valleys or clefts, sometimes called rills, stride 

mountain and plain with a directness quite unlike the course of a 
tortuous terrestrial river. They never extend from mountain top, down 
widening valleys, in a tortuous course, to end in
Messrs. Loewy and Pui eux are very valuable, for their photographic 
appliances are almost perfect. 1 o photograph the Moon, one must not 
only have a telescope mounted on principles like the usual equatorial^, 
but the movement must be adjustable to the varying inclination of the 
Moon s orbit to the ecliptic, and the clock so set as to suit the eastward 
motion of the Moon among the stars. It requires the best skill of the 
mathematiqian and the instrument maker combined to meet these require­
ments, but, notwithstanding the rapidity of
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our sensitive plates, only 
when they are fulfilled can the perfectly sharp negatives be taken which 
are necessary to show the minute features 
selenography must henceforth depend. Such plates are now examined 
with high powers, or are many times enlarged by photographic methods, 
or are thrown upon screens by enlarging lanterns, and the French 
observers named think they have about reached the limit when the 
roughness of the granular surface of a plate becomes the chief obstacle 
to further distinctness of small features. This roughness of grain it ia 
which mars to some extent the well-known photographic enlargements 
of Wein ek from Lick Observatory negatives.
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quantity of fluid. I have observed such clefts, and since seeing his 
remark have re observed them. They
not convey to me the idea of water courses at all. 
they end are probably among the oldest, for they 
and with that distortion the ravines 
are nearly as wide as the craters, and 

The first

> are not numerous, a id they do 
The craters in which

are the most distorted, 
may be connected. These clefts 

broad at their beginning, 
solidification of the Earth mav have exhibited 

not dissimilar to those

are i

phenomena

eied the primitives, oxygen has rusted the crust for enormous de
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wave, rain and ice action has profouudl 
It is, however, interesting to note that in 
have cleaned off

I
I

places where glacial processes 
everything down to the primitive rocks, traces of melt, 

mg and re-melting, of the forming of domes and bosses, and of the
cracking of toe surface in the early youth of our world have been 
revealed.

l
I

Writing of the Rainy lake region of Ontario, Prof. A. P. Coleman, 
Geolog,st to the Ontario Bureau of Mines, sa>s in this year’s report Z- 

Ihe statements of Lawson regarding the eruptive relationship of the 
gneisses to the Huroman rocks above have been fully borne out by our 
investigations in the region ; and we must suppose that by the deposit 
of perhaps ten miles thickness of Couchiching and Keewatin rocks com­
bined the isogeotherms or levels of equal temperature gradually ascended 
towards their normal distance from the surface, and as a result the once 
solid Laurent,an was brought into a condition of igneo-aqueous fusion 
or sem,-fusion-welling up at some points and at others allowing the 
schists resting upon them to sink into sharp anticlinal folds. That fra»- 
ments of the solid schists were thus broken loose and floated 
that apophyses, irregular veins of molten 
fissures of the rocks above, 
canoeing among the islands
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matter, were injected into 

any one may satisfy himself by a day’s 
the eastern part of Rainy lake.”

In another part of his report he speaks of “ Laurentian gneisses, 
fluid enough to carry off blocks of the already solid green schist,” of « a
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layer of Huronian, lifted on the shoulders of the upswelling gneiss or 
gianite * * in part dissolved and lost to view in the molten rock
beneath ”

becan 
comle 
6rst a 
in lig 
ible.

> “ granite bosses, many of them come up through the
Lauientian granitoid gneiss * * an oval patch more than ten miles
long * * on Bat lake,”—the roots, according to Lawson, of an old
volcano. Tl

Now, as the oldest rocks we know upon the Earth are these gneisses, 
with their early derivatives, pyroxenic rocks and granites, through which 
traps or diabasic (sometimes called basaltic) rocks have been forced up 
in dykes, it is not unnatural to suppose that most lunar rocks are similar 
to them, and resemble the forms familiar in the northern lake regions 
of Canada, and in the boulders which bestrew the whole of

.To those who are intimately acquainted with the great regions north 
and west of our great lakes, where there are hundreds of square miles 
of exposed primitive rocks, the volcanic cracks and dykes and dioritio 
overflows and veins and faultings will at once disclose analogies to the 
lunar surfaces, in some cases very striking. Here, however, the simi- 
laiity appears to end ; that is, at the period of first transition from a fluid 
to a solid state.
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It is not easy to conceive of the processes which followed the solidi­
fication of a planet without air pressure or water currents. There could 
bç no rains, no winds, none of the great chemical changes due to 
hydrogen or oxygen, no consuming fire or darkening smoke. As the 
Moon’s surface hardened into stone, so it remained without any of the 
numerous changes we observe on Earth, due to erosion, sub-aerial action 
and vegetation. There could be shales, limestones, freestones, 
sands or clays. Here we have always had oxygen to unite with carbon, 
aud water or vapour of water to dissolve calcium. This has given us our 
enormous supplies of limestones, including chalk and marble, and the 
removal of the carbon dioxide by union with lime has made life possible 
here in its present forms. The only changes on the Moon would be 
these due to expansion from internal or from solar heat, followed by 
contraction through its loss. The former cause is, however, alone suffi­
cient to account for the contortions of the lunar surface. It is just 
conceivable that calcium and some other metals, once vaporized, now 

portions of the lunar primitives with dust, and that in the deeper 
valleys and maria some sulphur, or perhaps carbon, may have combined 
therewith, not because they settled there from an atmosphere, bu4j,
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because they issued as vapours from these localities, and were at once 
condensed. This, as well as differences in the composition of the rock 
first solidified, and that which congealed Inter, may cause the variations 
in light-reflecting power, or shade, or even in colour, which are discern­
ible. The differences in colour, by the way, are, perhaps, illusory.

The constancy of these features is another evidence of the absence of
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l the 
ni les 
i old

%

V

water. If there were any upon the suiface, it would, during the lunar 
night, be ice or snow, for all authorities agree that the temperature must 
run down to —200° centigrade, or thereabouts. “ Our atmosphere,” says 
Prof. Hallock, of Columbia College (Science, August. 1895), “acts like 
valve, transmitting in almost undiminished strength the short, quick 
waves
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of energy radiated to us from the Sun, but refusing, absolutely, to 
retain the long, slow waves in which the Earth tries to radiate the
energy back into space ; without this atmosphere we should all have been 
frozen long ago.” This is a conclusion reached by Lord Rosse and others, 
many years since, but the language indicates its recent confirmation by 
means of the bolometer. Notwithstanding this, thc.e might be some 
melting during the fourteen days of continuous sunshine—some change 
from a uniformly white hue to a mottled shade, some variation of 
brilliancy. But as the surface shows at the beginning of the long 1 
day, so in its broad features it continues through noon and evening, the 
only apparent change being in the slowly increasing or decreasing length 
of the black shadows of the tremendous cliffs. The only escape from 
this argument is the admission that what was water is now quite con­
tinuously frozen. But if so, it seems that its existence as water must 
have been too brief to produce any noticeable elfects. Subjected to the 
cold of space, it must have congealed almost as soon as formed.
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our But, says one of our most original thinkers, there has been water, 

now absorbed in the Moon’s interior. His lively imagination and
sea of Fecundity 

dashed through the seas of Tranquillity and Seienity into those of Mists 
and Showers and Little Storms, and so around the sphere, returning 
through more southern maria into the Moon’s cavernous inside. May 
one suggest as a slight obstacle the varying levels of these plains, for the 
sea of Serenity is much deeper than that of Tranquillity, and somewhat 
below the lake of dreams. The mare Frigoris is high, Imbrium is low.

Again, if there was ever water in these connected basins, driven bv 
the fearful tides that must have prevailed, there must have been well-
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A worn and continuous channels, and we should not look in vain for strik­
ing evidences of erosion. Our friend thinks the not infrequent breaking 
away of crater walls on the side towards the mare is such evidence, and 
he gives some beautiful illustrative drawings. I am surprised that so 
careful an observer and close a reasoner does not perceive that chc 
breaking away is too complete, it proves too much. Where 
ring beside a mure is broken, scarcely a trace of it remains, according to 
his di awings, and in cases none—no islets, reefs or ruins to mark the 
site of the old precipice walls. It is as if the tide had sunk and been 
engulfed in the lake of fire around it, or as if it had melted away 
pletely, like so much wax. This total disappearance can better be 
accounted for by re-fusion and by settlement before renewed solidifi­
cation. If it be argued that a tidal drag must have existed to bring the 
Moon to a rotation period equal to that of its revolution around the 

of gravity of the Earth and itself,

the
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a crater-

: com-

common centre proof may well be 
demanded that no other reason accounts for this, and the enquiry made 
why a water drag need be imported into this question without 
evidence of water? Moreover, it is not reasonable to suppose that 
water should have existed, to bring about exact concordance, and should 
then have mysteriously vanished. A finished work is not in accordance 
with the methods of nature, which
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to keep no Tabbath. Such 
retardation as the tidal-drag hypothesis demands would be still progres­
sing, the rotation period would be tending towards identity with the 
period of revolution, but that approach, though getting closer and closer, 
would not be finally accomplished, or evolution is a myth. The Earth 
may be twirling with less velocity than in the Silurian or Archaean days, 
but it can never stop until its dissolution, and an ending nobody can 
better comprehend than a beginning.

seems

Another feature on the Moon which seems different from anything 
Earth is the streak system. Broad bright streaks diverge from at 

least seven principal points, of which Tycho is easily the chief. There 
numerous minor streak-centres too. The points from which these 

rays diverge are usually craters, and the lines are, like the clefts, almost 
always straight, while they hold their course without respect to other 
features, such as plains or mountains. No conjectures as to their nature 
have yet been made that satisfy the mind, and observers are still puzzled 
by them.
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the Mare Serenitatis, which is often supposed to be a prolongation of a 
notable bright ’ay which extends from Tycho northward and is lost 
among or under the mountains which border the

f

mare, to reappear on
reaching it. It u y as well be thought to begin at Thales and 
southward across the mare, to be stopped by the Hcemus mountains. It 
must be scrutin:zed at the lunar sunrise, noon, and sunset, and prefer­
ably during our afternoons. When the glare is thus diminished and the 
seeing good, it seems to be a ridge or shout'1 sr at the junction of two 
slightly inclined surfaces. A few other streaks have been examined 
and seem to catch some light as the terminator advances, but 
get no further : other streaks

run

If

V

even so, we
not similar in this particular. Mr. 

are the results of organized 
labour, but we may be very sure these on the Moon are not, though we 
might as well say they arc roads as call the Martian marks canals.

are
Percival Lowell says the streaks in Mars

It is quite interesting to note the analogy between the erasers and 
streaks of the Moon and the f

and canals of Mars. Have they a 
one of these glooes throw light 

upon the other and lead to a rational conjecture as to the nature of their 
features ? The curious thing about the Martian canals is that 

they extend straight from start to finish, and that, wherever they intersect, 
round spots are found, which Mr. Lowell calls oases. He says (Atlantic 
Monthly for August, 1895) : “ Dotted over all the so-called continent of 
Mars are an innumerable number of dark circular nr ovate spots. * *
Of them indeed

oases
similar origin and raison d'etre / Will

common

%the
iser,
irth

the forty lakes, found by Prof. W. H. Pickering. 
There appears to be no spot that has not two or more canals running to 
it * * apparently no canal junction is without its spot. The
majority are 120 to 150 miles in diameter, some smaller ones not more 
than 75 miles across, or less. That all

are

ays,
can

are fundamentally of a kind is 
hinted at by their shape and emphasized by their character. The Solis 
Lacus is an oval spot in latitude 28° S. A cordon of canals surrounds 
it to the north. Upon the cordon

ling 
l at 
icre beaded a number of spots.” Do 

we not think at once of Tycho and the lunar craters and ring plains t 
The association will not be welcome to the advocates of the irrigation 
theory for Mars.

are
iese
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I do not know if the author of The Time Machine, that ingenious 
romance which carries us forward by successive stages towards the era 
when he supposes the Earth will be a dying planet, drew from lunar 
studies his idea of the subterranean race with which at one of his far

nre
:led

ises

12

\r

\\



DO The Astronomical and Physical Society of Toronto. I

distant period, he |«oples this world. The French astronome,, above 
named speak of the numerous small sink-holes on the Moon, almost or 
quite destitute of ramparts, arranged in lines, 
that the intermediate walls 
looking like beads

map
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often so close together 
no longer apparent, and, indeed, often 

. rosary- A tine example of this can be seen,
they say, forming a common tangent to the interior rim of Alma-mn and 

ategnms and another, a row of them, tangential to the exteriors of 
Ptolemy and Albategnius. Sometimes, they continue, the connecting 
p ain between these pits remains firm, but their perfect alignment leads 
one to suspect some invisible connection. Such caverns, left by retreat­
ing fires, might exist, there being no water to fill them 
destruction, but as for

are
on a

up or cause their 
a population, with bodies at all similar to ours, it 

can only exist in the imagination of a novelist, though more cavities are 
visi .Je the higher the powers used and when the seeing happens to be 
very good. The telescopes now tpade show those 
city block. Sir William Herschel felt 
inhabitants

no larger than a 
quite convinced there

the Moon. He also believed there were active volcanoes. 
Astronomy and physics have made 
he was

were
on

great strides since his day. Yet if 
wrong, it was only in part, and the idea which has received 

extended credence that the Moon is a lifeless, worn-out body is not onlv 
repugnant but without any foundation in reason.

Prof. Goldwin Smithw says: “ Our satellite is either a miscarriage or
a wreck. The notion is built upon pessimism and implies analogies 
which are quite fanciful. One of the noblest features of astronomy is 
that it shows how infinitely varied are the processes of nature in the 
heavens. Everywhere 
“ fixed,”

now recognize motion, the stars are no longer 
and motion implies life. The fires of Luna may still be at work 

within, and changes on her surface as important as those upon the 
Earth’s may be in progress. No notice of them being given by flame or 
smoke or steam, which without air cannot exist, makes it very difficult 
to observe any, but Schroeter saw near Cassini, on the night side of the 
Moon, a brilliant white spot as large as a 5th magnitude star, which 
as ted for 15 minutes, and similar appearances have since been observed 

m the same region. Linné, a spot on the Mare Serenitatis, has been 
thought variable, while Schmidt once announced its disappearance- 
Some drawings show it, others do not. Prof. Pickering finds chang 
in the shade of several other patches on this plain.
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map of the Moon th« illustrions Dr. Weinek of Prague is compil­
ing, 14 feet in diameter, will have impressed upon it by photography 

e outlines of all the lunar features which the grain of the gelatine 
upon a carefully made plate will allow to be distinctly marked. Thee 
photographs will tell the tale with a hundred fold the fullness and 
accuracy of a draughtsman. We may thereby be enabled to detect 
some seismic changes, but it will require close scrutiny, for, short of the 
clouds of dust and vapours and flames, how many of the changes made 
upon the Earth by earthquakes and, ty volcanic eruptions could be
observed by the best of our astronomers if they had their finest instru­
ments upon he Moon 1 The

even

, . photographs show numerous small
craterlctsjust outside the wall of the loftiest large craters. It would
seem that there, as upon the earth, eruptive forces found their easiest 
vent at such lofty elevations rather than at the lower levels of the crater 

oors. The detection of colour-changes seems less easy, for they are very 
slight. Most observers agree that there is a change on the floor of ' 
Plato, from steel gray at one period of the lunation to dark gray at 
another, and this is difficult to account for except by an actual variation 
of Us surface. There is said to be a pale green tint about the Mare 
Seremtatis in certain lights, but it is confessedly hard to see, and I have 
looked for it in vain. Perhaps the imagination of 
peculiar incidence of the light at certain angles may account for both 
these changes. The concordance of a multiplicity of observers at differ­
ent seasons and places, and of persons using reflectors as well as those who 
have refractors, is desirable, that a recognized conclusion

It may be noted here that upon general principles we should not 
expect so much variety in lunar as in terrestrial features; the lar-est 
continent or island, or body of water must, celeri. parilm,, be the most 
divers,hed in all respects ; the largest river valley must have the richest 
fauna and flora; and so our larger planet should bear the palm from its
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But, says a veteran observer, it may be that air if 
exists on the further side of the Moon.

red not water still
. , T° this two answers may at

once be given. While the greater part of the farther side 
revealed to

sen
is neverce-

us, we do, under favourable conditions of libration 
eighteen per cent, of it, for 0.59 of the surface of the Moon is visible 
at one time or another. The Leibnitz mountains, S.W. of Tycho, which
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year and reported to this Society as being 30,000 feet in height, were 
barely raceable, a week ago, in Mr. Lumsden's fine reflector, and though 
owing to the leas diameter and greater curvature of the surface of the 
Moon, a lunar mount,m would disap,mar from view in a less distance 
than one of the same height upon the Earth, this will give an adequate 
idea of the great extent of the other side we do really!*,. And! a! 

area of nearly one-fifth of that other side does not differ from this, a,
rimUar too'”S ""'h that ™e good reason why the other four-fifths’
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Then, there is still some doubt as to the form of the Moon. It may 
e88-sh«pe,l, a, eminent mathematicians have believed, as Schiaparelli 

says Mercury nq as at least one of Jupiter's satellites is reported to have

tolerT’ 1, 77”' B,,t the °«ntre of gravity cannot bo much
urther from the Earth than the centre of form, and if it is nearer even

by so little as 15 miles, as Newton calculated, the 
is that if there
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necessary consequence
, an atmospheio, or water, there would be more on

side than on the other. No, it is not on the invisible side that we 
place the features which woqld render possible biological co nditions 

like ours; we must, at once, admit that there everything is and alwZ 
has been very different, and that vital forces there are clothed with quite 
other envelopes than ours, possessing totally diveme characteristics,

“a — Z-™-’ VÆ
to guess at their attributes. As we have no ideas that do not spring 
from experience, we are blocked as to a foundation even in fancy abouf

life unl Z 7 “re like them,elves- ‘"'««-le. But if them be no 
life upon the Moon, we must conclude that she is in no sense an inde-
pendent centre, but exists for the benefit of the Earth alone and is

toTurd”6 0rg',n8’ “S mUCh “ idj"nct 10 “ M a of feathem 
to a bird, r. wing case to a beetle, a thorn to a rose. We should be
driven to work at the question what she has done or will accomplish for
déleZr . the Earth' T° ““'’P0* her “ «xisting for the
delectation of us poor incidental mortals seems ubsuid. But it is as well
J" iV0,d TnUT 0n theM W« «--not measure the infill

by LZter wZ 8 r/ time’the AImi*',ty by f0r“' the absolute 
by matter With.n our lim.ts there is ample scope for research into
tompmheS ““ ^ ^ — “d ** - - '-n to '

were

can

A
obser
Satur
treate
alway
tions
be safi

parts, powers and senses.

R<
receiv 
Toron 
also r 
Astror 
trosco 
vation 
was tli 
ci pal f 
spectn 
the un 
son wi 
minati

4

?

^
—

=

a

s
«

1-

:-------"

ÎT*

■

%

*

X

t



f

The Astronomical and Physical Society of Toronto. 93
were
ough EIGHTEENTH MEETING.x
P the

September 17th ; the Vice-President, Mr. John A. Paterson, M.A., 
occupied the chair.

ance 
uate 
f an

Mr. E. F. Churchill was duly elected an active member of the
Society.

s, as 
i are A cordial letter was reu ved from Mr. W. F. King, C.E., correspond­

ing member of the Society, and who had been engaged on the Inter­
national Boundary Commission in Alaska. Mr. King promised to 
prepare a paper on instrumental woik at the earliest opportunity. 
Referring to the work of the Boundary Commission, Mr. Lindsay said it 

well known that special instruments for use in photogrammetry 
had been devised by Surveyor-General Deville ; he called attention to 
the fact also that the work of constructing the instruments had been 
entrusted to a fellow-member, Mr. James Foster, who, it 
encouraging to note, had received orders from several foreign govern­
ments for instruments of the same design, since Mr. Deville’s methods 
had been made public.

A short note was read from the Editor of Science, referring to the 
observation reported by Dr. Wadsworth of the concave outline of 
Saturn s shadow on the ring. After naming several writers who had 
treated this subject, it was said the apparent outline of the shadow will 
always be greatly influenced by various optical illusions, and observa­
tions made with ordinary telescopes under ordinary conditions 
be safely relied on.
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cannot>ut
no Repor ts of observations of the lurar eclipse, September 3-4, were 

received from several members who hi d observed the phenomenon in 
Toronto ; fr om Mr. D. E. Hadden, of Alta, Iowa, a full account 
also received, and which

do­
is

wasin
subsequently published in Topular 

Astronomy. Mr. A. F. Miller presented the following notes : “Spec­
troscopic work was commenced September 3rd, 23h. 15m., and all obser­
vations were repeated and confirmed by Mr. C. A. Chant : 
was the same as on former occasions •

was
be
or
he

The method 
an image of the Moon in the prin­

cipal focus being received on the slit-plate of a small direct-vision tele­
spectroscope, and held there by the clock movement. The spectrum of 
the uneclipsed part of the lunar surface thus was available for compari- 

wiih that of the darkened region. Occasionally as an aid to deter­
mination of positions when the light had become very faint, the flame of
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alcohol containing a sodium salt was employed for reference. There was 
no marked selective absorption in the lines, nor were any new lines 
produced by the advance of the shadow ; but the blue end of the spec­
trum was almost entirely deficient ; the blue-green, green and yellow 
parts became so faint as to be quite invisible as colours though seen as 
light ; the red end only remaining bright enough to a tied the eye as a 
colour-sensation, but in this respect it was very distinct and specially 
struck Mr. Chant’s eye. The appearance of the spectrum was similar 
in general absorption efleets to what would be produced had the light 
passed through smoked or neutral-tint glass ; the characteristic lines 
noted in connection with the eclipse of 1895, March 10, were not seen at 
all on this occasion.”

The Chairman then called upon Dr. McCallum, President of The 
Canadian Institute, who was present by special invitation, to address 
the society on the subject of the proposed visit of the British Association 
in 1897. Dr. McCallum stated that the meeting would certainly be
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CJheld in Toronto, and that it would be necessary to arouse as much 

enthusiasm as possible throughout Canada, so that the fullest success 
might be attained. He pointed out the many advantages that would 

from the presence, in Canada, of such a body as the British Asso-

Ke
Tor

accrue
dation, and hoped that The Astronomical and Physical Society would 
do its utmost to make the visit a memorable one for the distinguished

I mit
thr<
Aui
cert

visitors. The Chairman assured Dr. McCallum that the Society would 
take part in all committee work which the general committee might 
decide upon undertaking.j
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NINETEENTH MEETING.

October 1st; the Vice-President, E. A. Meredith, LL.D., in the
chair.

The following named ladies and gentlemen were duly elected active 
members of the Society Miss Jessie Campbell, Mrs. J. E. White, Miss 
Workman, Miss Field, Mr. Hugh Caldwell, all of Toronto.

The Corresponding Secretary read the following

MINUTES OF A MEETING OF THE JOINT COMMITTEE

OF TIME :—

/
ON THE UNIFICATION

Pursuant to call, a special meeting of the Joint-Committee of The 
Canadian Institute and of The Astronomical and Physical Society of 
Toronto on the Unification of Astronomical, Civil and Nautical Time, 
was held at The Canadian Institute on the afternoon of the 25th of 
September instant. The members present were Dr. Sand ford Fleming, 
C.M.G., etc., in the chair, and Messrs. Arthur Harvey, F.R.S.C., G. 
Kennedy, LL.D, G. E. Lumsden and R. F. Stupart, Director of the 
Toronto Observatory.

The Chairman submitted a draft of the Third Report of the Com­
mittee and of a letter intended to

of The 
address 
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success 
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« >
the transmission of the Report

through the office of His Excellency the Governor-General to the H 
Authorities. The drafts

cover
ome

read and discussed, clause by clause, and 
certain amendments made, whereupon,

It was moved by Dr. Kennedy, seconded by Mr. Stupart, That the 
Third Report of the Joint-Committee

were

on the Unification of Time, 
now read, be adopted and be transmitted to the Home Authorities for 
their consideration. Carried.

as

(The Committee then adjourned sine die.
Sandford Fleming,

Chairman of the Committee.
Toronto, 26th September, 1895.

The text of the Report referred to was then read, as follows :— JaUNIFICATION OF ASTRONOMICAL, CIVIL AND NAUTICAL TIME—THIRD REPORT.

Toronto, September 21st, 1895.
The Joint-Committee of The Canadian Institute and of The Astronomical 

and Physical Society of Toronto on the Unification of Astronomical, Civil and 
Nautical Time, as recommended by The Washington Conference, 1884, respectfully 
reports : —

i
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The several communication^ on this subject which have been transmitted by 
the Home Government to the Governor-General of Canada and by His Excellency 
submitted to the Institute and to The Astronomical and Physical Society, have 
been referred by them for an expression of opinion by the Joint-Committee.

The fundamental object of The International Conference summoned by the 
Government of the United States in 1884, was to consider and to recommend a 
more satisfactory mode of reckoning time, and to endeavour to establish an inter­
national system for its unification on a broad and scientific basis.

The correspondence before the Joint-Commii t has direct reference to that 
branch of the general system of Time-reform which forms the subject of the Sixth 
Resolution of The Washington Conference of 1884.
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It has been generally recognized that mariners, together with the interests of 

commerce which they represent, would especially benefit by the adoption of the 
Sixth Resolution of The Washington Conference. In considering the subject on 
previous occasions, the Joint-Committee therefore assumed that mariners the world 
over would favour the adaptation of the Navtical Almanac to one uniform reckon­
ing of time at sea, and that it would be1 in all respects advantageous to have the 
time-reckoning at sea in complete harmony with the time-reckoning on land. It 

only with respect to the views that astronomers might entertain that the Joint-

! • char
exprg

ii

Was
Grea
have
recei
mem
prop
the a
been
with
ingtl
State
comp
active
Sociel
Congi
Act o
1884.
the G
Astroi
repres
the Ui
systen
certaii
its firs
Congri
Chicag
force t

was
Committee had doubts, inasmuch as the universal adoption of the recommendation of 
The Washington Conference in all matters relating to navigation would practically 
abolish “ Astronomical Time ” as it is now defined. In order to obtain the views 
of astronomers on this point, the Joint-Committee sent circulars to every known 
astronomer in all parts of the world whose address could be found. Nearly one 
thousand circulars were so forwarded, and replies were asked to the following

I ! Question :—“ Is it desirable, all interests considered, that on and after the 1st 
day of January, 1901, the Astronomical Day should everywhere begin at mean 
midnight ? ”

The replies received, classified according to countries, were to the following 
effect :—Austria, Australia, Belgium, Canada, Columbia, England, France, 
Greece, Italy, Ireland, Jamaica, Madagascar, Mexico, Roumania, Russia, Scot­
land, Spain and the United States of America, eighteen countries in all, were in 
favour of the proposal ; Germany, Holland, Norway and Portugal, four countries 
in all, were unfavourable to the change.

The replies received were not so numerous as the Joint-Committee expected, 
and it is difficult for the Committee to determine whether those who did not reply 
were influenced by indifference, or were prepared to acquiesce in the change 
recommended by The Washington Conference. It is, perhaps, not unreasonable 
to infer that all who were strongly opposed to the proposed change would have 
embraced the opportunity pre ented them of giving expression to their views. 
Krom the large number appealed to, 171 replies were received, 108 in favour of 
and 63 against the proposal. The result of this appeal to astronomers was referred 
to in the Second Report of the Joint-Committee, dated 10th May, 1894. This 
Report was communicated to His Excellency the Governor-General for transmis­
sion to the British Government, by whom it was referred to the Science and Art
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id by
lency
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actum Th® British Government thereupon instructed Her Majesty’s représenta- 
es to ascertain the views of the Foreign Governments to which each was accred- 

ited, with regard to the proposed change.
The nations publishing ephemerides are, including Great Britain, nine in

G"“ Briw"’ M“ic“'

Of these nine Powers, six have formally given their assent to the proposed
Ixpnr£») di«»« 8 *h"e' Wb‘,e ‘hey h*V” "*"iM ““»*• -.ve not

The six nations formally assenting to the adoption of the recommendation of The 
Washington Conference on the 1st of January, 1901, are :-Austria, Brazil, France 
Great Britain Mexico and Spain. Of the remaining three, Germany and Portugal
received^ "° re^ A communication has been
received from the Secretary of State at Washington, simply stating “ that the
members o. the United States’Naval Observatory are adverse to the ‘Canadian 
proposition, as they see fit to term it, and, at the
the adverse report. This is the only report of a negative character which haa 
been received, and it is the more surprising as this report is entirely at variance 
with the portion taken by the United States throughout the movement for reform-
s i V,me'ref0,!lng, the WOrM durinS the la-t fifteen years. The United 
States have, indeed, taken a prominent part in the movement. Two Societies
comprising in their ranks some of the most eminent scientists of the country have 
actively promoted it from the commencement-The American Metrological 
Society and The American Society of Civil Engineers. Moreover, both Houses of 
Congress have taken joint action in the matter. It was under the provisions of an

f PreSident a88embled The International Conference of 
1884. At that Conference, ,t was the five distinguished delegates nominated by 
the Government of the United States who introduced the proposal respecting th 
Astronomical Day, a proposal which was carried without a dissenting voice by the 
representatives of the twenty-five nations constituting the Conference. It is to 
the United States we trace some of the first steps taken to establish an acceptable 
system of reform in the reckoning of time adaptable to the whole world It is 
oertoinly to them that we owe the first national recognition of the movement and 
its first application to every-day life, that is to say, the Joint-Resolution passed by 
Congress m July, 1^2 and the action of the gathering of Railway Managers insr r“kMi-8 -*

With all the facts before us, it is impossible to consider that the adverse 
report signed by three officials of the United States’ Naval Observatory fairly 
represents the mind of the United States Government, of Congress, or of the people 
of the United States. Ihe objections brought forward in this P P
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<late and at various times have been answered—by the Bureau des Longitudes of 
France in an official report (vide Cosmos, February 3rd, 189-5) endorsed by the 
French Government, May 6th, 1895 ;—by the reports of the Joint-Committee of 
April 21st, 1893, and May 10th, 1894, copies of which have been transmitted to 
the Home Authorities ; by the Astronomer Royal in a report to the Trustees of 
Greenwich Observatory which points out that the proposal can be easily intro­
duced and with decided advantage to observers ;—by a former Superintendent of 
the United States’ Naval Observatory, Commodore Franklin, December 11th, 1884, 
in a communication transmitted to Congress with other documents by the Secre­
tary of State for the Navy, February 17th, 1885.

These several documents amply refute all the objections to the proposal and 
render any discussion of them in this report unnecessary. Their best answer is in 
the fact that the Governments of six ephemerides-publishing nations, comprising 
some of the most conservative countries in the world, have, under the advice of 
their ablest men, recognized the advantages of the proposal and have assented to 
it being carried into effect. The attitude assumed by the United States’ Naval 
Observatory is so decidedly different from that of a few years back that the sole 
explanation which can be made is that the personnel of the Observatory has 
changed.
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Immediately after The Washington Conference of 1884, Commodore Franklin, 
the head of the United States’ Naval Observatory, desiring to give effect, without 
delay, to the resolutions passed, issued instructions to the Observator:<*8 of the 
United States to bring Astronomical Time into agreement with Civil Time. This 
otlicer was supported by three-fourths of the leading astronomers of the United 
States, who, doubtless, felt with him that it would be becoming on the part of the 
nation which had assembled the Conference to be the first to accept and give prac­
tical effect to its wise recommendations. There was one exception, however, 
Professor Simon Newcomb, who raised strong objections to any departure from the 
old system. This gentleman, whose name is attached to the adverse report of 
recent date, as Professor of Mathematics, U.S.N., and Director of the Nautical 
Almanac, did not, in objecting to the instructions of Commodore Franklin, express 
his adverse opinion on the general question for the first time. In 1882, two years 
before The Washington Conference, The American Society of Civil Engineers 

• formulated a scheme of Time-reform, which, in its essential featuies, has come into 
use not only throughout the North American Continent, but also over large parts 
of Europe, Asia and Australia. In order to ascertain the views of scientific and 
practical men, this Society sent out circulars asking an expression of opinion 
respecting the proposed measure. A scries of questions were drawn up and 
answers to them were respectfully invited. Among the many replies received and 
placed on record in the publications of that Society there is one from Mr. Simon 
Newcomb, whose words read strangely in the general record of assent and approval 
with which the measure was welcomed throughout the United States and^Canada. 
They are given in the appendix to this Report.

The publications of The American Society of Civil Engineers affirm L.hat replies 
were received from all parts of the United States and Canada and that 97 per cent, 
expressed opinions diametrically opposed to those of Mr. Newcomb. The unani-
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land and water thronghont the United States-the men who in 1883 adopted the
Prof N Tlme.Sy8,tem- We have in 8ti11 more marked contrast to the views of

f. Newcomb the spirit which moved the highest constituted authorities 
the ‘ enate and the House of Representatives, in passing a joint-resolution request­
ing the Pres,,lent of the United States to assemble representatives from every 
civilized nation to consider the very questions which find so little favour with Mr 
Newcomb These remarks go to prove that this gentleman holds conservative 

lews in the matter of Time-reform peculiarly his own and that it is impossible to 
accept a report expressing his opinions on this question as representing the voice 
of the United States. The evidence shows that the United States stands in the 
front rank in support of this important movement, and with respect to the pro­
posed change in the Astronomical Day, a letter from the Secretary of the Navy to 
Congress dated February 17th, 1885, brings out thè fact that although the execu- 
tmn of the order was subsequently deferred until a general agreement could be

C<V Genera 0rtler was aetually issued on December 4th, 1884, by the head 
of the Naval Observatory, to begin the Astronomical Day at midnight in 
dance with the recommendation of The Washington Conference of that — 
loreover, it may be added that the recommendations of The Washington Confer

were endorsed by the President of the United States in his message to Con­
gress of January 9th, 1883.

In view of the facts narrated, the Joint-Committee respectfully conceives that 
it is fully warranted in the opinion that the United States, as a nation, may be 
truly considered to be one of the nine ephemerides-publishing nations in favour of 
the proposal to bring the Astronomical Day into agreement with the Civil Day.

In a question of this kind, perfect unanimity is scarcely to be hoped for 
nevertheless the Joint-Committee submits that the evidence establishes that there 
is so general an agreement among the nations as will admit of concerted action
!p,re^rd,t0 the ™trod«ction of the change proposed in the Sixth Resolution of 
i he \\ ashmgton Conference.

The Joint-Committee, in conclusion, respectfully expresses the hope that in
W1., , llth Paragraph of the letterof th« Admiralty of January 5th, 

1888 the Lords Commissioners will be pleased to sanction such alterations in the 
Xautxca Almanac as may be necessary to establish the change to the new reckon-
ing;.°nxtThe fir8‘ day °f the comin8 century. It is scarcely necessary to add that 
as the A autxcal Almanac is usually prepared four or five years in advance, it is 
important that a definite decision should not be long delayed.

All of which is respectfully submitted.
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On behalf of the Joint-Committee.
Sandfokd Fleming,

Chairman.
replies 
r cent, 
unani-

h
m

h
m

m
m

m
m

m
si

X

¥

4



t
\l

»100 The Astronomical and Physical Society of Toronto.

APPENDIX.

Replies of Mr. Simon Newcomb, Washington, to Queries issued by the 
Special Committee on Standard Time of The American Society of Civil Engi-

(Extract Jrom the Publications oj the Society. )
Question 3. Do you consider it advisable to secure a Time system for thin 

country (the United States), which would commend itself to other nations and be 
adopted by them ultimately ?

Answer (by M*. Newcomb).—No. We don’t care for other nations ; nan’t 
help them, and they can’t help us.

Question 4. Does it (the scheme for regulating Time), seem to possess any 
features which generally commend themselves to your judgment ?

Answer (by Mr. Simon Newcomb).—A capital plan for use during the millen­
nium. Too perfect for the present state of humanity. See no more reason for 
considering Europe in the matter than for considering the inhabitants of the 
planet Mars.

After the reading of the above, Mr. Harvey stated that the Report 
had been adopted by The Canadian Institute. It was thereupon moved 
by Mr. G. E. Lumsden, seconded by Mr. T. Lindsay, that the Third 
Report of the Joint-Committee meeting be adopted, and embodied in 
the Transactions of the Society. Carried.

In accordance with the resolution of the Joint-Committee the Third 
Report was subsequently forwarded to the Lords Commissioners of the 
Admiralty through the office of His Excellency the Governor-General.

A report of the work of the Lunar section was received from Mr. 
Harvey, and a series of sketches of the solar disc from Mr. G. G. Pursey.

Mr. J. A. Paterson read some notes from a number of Science 
Siftings, bearing upon the origin of the Moon and indirectly upon the 
nebular hypothesis.

A short discussion followed, in which Mr. Harvey and Mr. J. R. 
Collins took part. The former referred to the address of the President 
of the British Association, in which it had been stated that 
researches in thermo-dynamics proved the nebular hypothesis, as out­
lined by La Place, to be untenable. Mr. Paterson and Mr. Lindsay 
dissented from this view.

The Assistant Secretary presented an exhaustive pape

SOLAR OBSERVATIONS,

contributed by Mr. D. E. Hadden, of Alta, Iowa. The following is a. 
synopsis :
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Systematic observations of the Sun’s surfiic« »»» k

,=h:;rr: ;e mi" « »«» *». -a kept, l>,; l.
.pots in these groups, and the number of facuL 2 ,hdr Lw™

- - —«! -^vTir --
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Mr. Hadden had also forwarded minute descriptions of many remark 
able outbursts of sun-spots during recent years.* These were compared 
with notes which Mr. El vins and Mr. Pursey had made on the same- 
occasions. The comparisons were found particularly interesting.

* A detailed account of these has since been published in the Publication* of 
The Astronomical Society of the Pacific, December, 189.r>.

\
Months. 1891. 1892. 1893. 1895.
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MAXIMUM DAILY NUMBER OF SUN-SPOT GROUPS.
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TWENTIETH MEETING.
(,

October 15th ; the Vice-President, Mr. John A. Paterson, M.A., in 
the chair.

Mr. C' as. P. Sparling, Recording Secretary, addressed the Society ... 
the subject of a change in the place of meeting. A cordial letter had 
been received from Dr. J. O. Orr, Chairman of the Technical School 
Board, inviting the Society to make use of the building and the adjoin­
ing lawn, and to hold all regular meetings in the board 
meetings could be held in what

on

room. Special 
was set apart as an electrical-room, 

and which contained apparatus for illustrating lectures in physics. 
On motion of Dr. E. A. Meredith, seconded by Mr. Thomas Lindsay, it 
was decided to accept the invitation and to remove the effects of the 
Society at once. The motion was coupled with an expression of the 
Society’s appreciation of the kindness of the Young Women’s Christi 
Guild, in whose rooms the meetings had been held since 18t#3. 
was carried unanimously.

Mr. Arthur Harvey reported his observations of Venus.

an
This

He had
endeavoured, but with success, to make out irregularities on the termi­
nator. This was, however, much less sharply defined than the 
edge, and though this is freely accounted for by the twilight belt 
edge of the sunrise curve, due to the vaporous atmosphere of Venus, it 
is possible that the shadows of eminences on her surface, and other 
surface features there, may contribute to this effect, which'is noticeable 
on the Moon though without an atmosphere of similar nature. Some 
discussion arising regarding the visibility of the unilluminated portion of 
the planet’s disc, Mr. Lindsay stated that this subject had occupied the 
attention of several members of the Britkh Astronomical Association, 
and paj»ers on the subject 
Society.

outer 
on the

embodied in the publications of thatwere

Mi. A. El vins and Mr. G. E. Lumsden had observed the 
display of September 12th. Mr. R. F. Stupart showed charts of 
magnetic curves, while the aurora had been in 
the disturbance had not been specially marked.

Mr. Lindsay reported some observations made with

auroral
the

progress. In this case

an eight-inch
reflector recently figured and silvered by the Messrs. Collins, 
telescope was the property of Mr. E. W. Syer, of Chicago, and was to 
lie mounted at Niagara-on-the-Lake for use during the summer months.

The
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The mirror performed exceedingly well on many difficult objects, 
especially the ring-nebula in Lyra. It was thought to be a matter of 
congratulation that this instrument 
service in Canada.

Mr. J. Phillips then read

THE RINGS OF SATURN AND THE NEBULAR HYPOTHESIS.
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This pajier shewed, from Mr. Phillips’ standpoint, that La Place 
founded his hypothesis chiefly on the Saturnian ring-system. That only 
for this system he would, most likely, never have propounded his 
hypothesis ; that in view of all the facts then known, the hypothesis 
was sound when framed ; but that, from discoveries since made, it is • 
proven to be untenable from La Place’s own demonstrations.

The following is a part of Mr. Phillips’ paper, beginning with
extract out of many translated from La Place :__

“ We s«PPOse according to this hypothesis, that the inner ring of 
Saturn being very near the planet, the duration of its rotation ought to 
exceed only by a very little that of the rotation of Saturn. In consider­
ing how small is the difference observed between these durations, it is 
difficult not to admit that the atmosphere of Saturn extended out to its 
rings, and that they have been formed by the condensation of its lay 
—Mécanique Céleste, vol. 5, book 4, chap. 3.

Such were some of the chief grounds on which were founded the cele­
brated La Placean hypothesis, by one of the very greatest of all the g 
continental mathematicians of the latter half of the last century, the 
greatest the world ever saw, called forth by the exigency and demand of 
the times. One hundred and thirty or forty years ago, be it 
bered, all classes of most of continental Europe, fr

one J
whic
Emn

1
rotat 
less, 
obsei 
was 1 
minu 
untei 
be let 
culati

ers.”

reafc

T
remém­

ora the prince to the 
peasant, were on the qui vive about the solar system and the laws that 
govern it. Here were some of the questions that solutions were called 
for :—
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“ Is gravity a law of the universe, and, if so, does it vary precisely 
as the inverse square ! ”

“ Were Jupiter and Saturn perpetually receding from each other!” 
And above all, “ Was our Moon being precipitated down upon us !”

Fi om the earliest historic times the Moon has been drawing 
and nearer the Earth, and her lunations growing shorter and shorter. 
Was this acceleration perpetual ! Was it owing to a resisting medium, or
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ested in those ail absorbing topics. Governments vied with each other

New m“Znof !7 8li"e<1 “ ^ P^mathematioal sciencese! f comPutat,0“ »ere devised, the inhnitesimal calculas
extended the geometric method was superseded by the analytic on the 
continent and astronomy took such a bound forward as i/nvTr d d
before and is never likely re do again in so brief , period. How ,,,'h 
interest wn awakened in Newton's teaching after Starring dormant for 

fifty years does not matter now ; awakened it was.
Near the close of the century La Place published his hypothesis about

his. which accords with theory.'' He had no mean, oMn n^ £ 

observation in what time the inner ring rotated, but felt convhcedTt 
was between the 0 427 and 0 438 of a day, leaving only about

. , , „ margln of time; otherwise his hypothesis
unrenaWe-for, “ The duration of a planet's rotation,” says he, «
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This is an absolute rule in mechanics, and there was not one known 
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upon each and every one of them. Nor is this all, for we know 
l>esides that the whole system known as the “ inner ring ” a hundred 
years ago—instead of rotating more slowly than the planet, as the 
hypothesis calls for, rotates much faster. The meteorites composing the 
outer edge of it revolve in about the same time as the planet rotates ; 
those of its middle, an hour and three-quarters faster ; those composing 
its inner edge, in nearly three hours (2 9133 hrs.) less time. Again, the 
inside edge of the dusky ring, extending to within 5,900 miles of 
Saturn’s surface, rotates in less than half the time the ball of the planet 
takes to turn upon its axis !
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Had La Place found all this out a hundred years ago, he would have 
popped his hypothesis into the fire instead of sending it to the printer. 
1 an any one doubt this for a moment after reading his own preceding 
words—to which ten times more might be added of the same import ? 
If there is any one thing more than Another La Place insists upon, or that 
the science of mechanics calls for—whether it be a satellite or ring 
revolving about a planet, or a planet round the Sun (the revolving body 
being cast off by the centrifugal force of the rotating one)—it is that the 
planet or Sun must turn on its axis with a greater angular velocity than 
the revolving body it casts off by its rotary force, can sweep in a closed 
orbit around it. Every mechanic, every wood-mail that ever ground an 
axe, every boy that ever turned the stone for him, knows that jets, 
drops, or specks of water thrown from the face of a rapidly turning 
grindstone are thrown with less velocity, certainly not with greater, 
than the circumference

ing
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6or face of the stone whirls round. They 
left behind because they cannot keep up with its angular velocity. It 
is, therefore, physically impossible for either of the two inside rings of 
Saturn to have originated according to the La Placean hypothesis.

Yet, when first framed, the evidence in its favour was all but over­
whelming. Only one valid objection could be urged against it then__
and that was the Uranean moon system. Newton in his day had not 
much stronger grounds for laying down his theory of gravitation. 
Indeed there was a
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numerical verifications. Newton failed at first, owing to the 
measure of the Earth he applied. La Place from theory computed the 
|>eriod of rotation of the outer section of the ring system, which 
afterwards verified by observation. Both theories had almost
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Ola,rant declared gravity inadequate to account for‘the progression of 
the lunar apsidea It looked like having to lapse back i„L tie days of 
darkness before Newton, time. It was only a 'passing cloud though.
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To those who feel the loss of the La Placean cosmogony I have -, 
crumb of comfort to offer. If that is not the true theory some other is 
whether yet discovered or no. And the detection that one is not ' 
be the harbinger of another that is.

In a couple of years or so from this, if life, health and
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h°ld °U„t’ * mLay offer a theory of the planetary system, by which the 
origin of all the planets, primary and secondary, and the zone of plane­
toids, including the Saturnian ring-system, will be accounted for by 
one general law, in perfect accordance with the 
philosophy.
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October 29th ; Mr. Arthur Harvey, F.R.S.C., occupied the chair, 
the meeting was held in the board

School, College street, opposite McCaul street. There was „ llr„e 
attendance of members and friends, who wished to become acquainted 
with the new location. The Board of Management had set apart a 
to serve as a Library, and for the storing of apparatus, etc., 
promised to do all in its power to further the Society’s interests 

. A communication was read from Dr. M. A. Veeder, of Lyons N Y 
in which he stated that he was obliged, for several reasons, to give up 
active work in auroral research. The Corresponding Secretary was 
requested to convey to Dr. Veeder the Society's appreciation of hi, 
labours, and to express the hope that he might still 
continue work which had been so productive in the past.

Among other exchanges, the Librarian

loi
room of the Toronto Technical

room 
and had
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see his way to for

. reported having received
several copies of the Journal of the Astronomical Society of Wales an 
association recently formed, but already evincing great activity in ’the 
work of popularizing astronomical studies. The current number of 
J opular Astronomy was also laid on the table. Mr. Lindsay gave a 
short resume of the matter contained therein, and referred especially to 
the articles^ by Dr. J. Morrison, formerly of Toronto, on the “Solar
.phemeiis. It was stated that the articles contained information 

which was not to be found in
amateur usually meets with.

Some questions which had been proposed at a previous meeting 
discussed. A member had asked what 
which the companion to Sirius could be 
îeplied that he had made the observation in 
the companion had been well
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the auroras ” was also discussed, and 
the subject, were read.

Ipera-glass and Lunar Sections could be held on 
W„lljr ; there was a good horizon for observation 
the proximity „f the building to the Observato 
All present expressed themselves

notes by Dr. Veeder, bearing onsomeme-
by
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of the Technical School 

regular and 
meetings of the 

the grounds very 
on all quarters, and 

ry was also an advantage, 
being much pleased with the
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SOME NOTES ON CELESTIALar PHOTOGRAPHY
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in announcing to The Academy of Sciences the improvements affected by 
Niepce and Daguerre, expressed the opinion that it would yet be possible 
“ to make the Sun and Moon record their own features by photography.”

Though thus encouraged by Arago, Daguerre appears to have failed 
signally in solar photography, his pictures being very faint and devoid 
of detail. With regard to the Moon, however, better, and perhaps the 
earliest, success was attained on this continent by Prof J W Draper 
an enthusiastic English physicist, who had become connected with the 
University of the City of New York. For some years, Draper had been 
at work along lines similar to those being followed up in Europe, and 
as a result of his experiments, had himself introduced some improve­
ments. It is claimed for him that so early as 1834 he had attempted to 
p otograph the lines in the solar spectrum by using paper which had 
been coated with bromide of silver. He failed, but in 1843, by employ­
ing daguerreotype plates, he made “photographs of the diffraction 
spectrum by a grating, both by reflection and transmission.” By 1840 
Draper had succeeded in taking a picture of the Moon, with respect to 
which, in one ot his papers, he says that he met with no difficulty
“ bey0,ul thilfc wllich arises from her motion,” practically, it may be 
observed, the only difficulty met with even yet. Of course, in his dav 
the difficulty was vastly greater, because the exposures were very long, 
lo-day, the Moon may be photographed in a fraction of a second. In 
Draper’s day the exposures lasted twenty minutes, 
also very small, being only
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magnifying power. That Draper was far in advance of 

most of his fellows, was proved by the exhibition before you two years 
ago of a copy of the first portrait of a human face taken by sunlight 
lhe subject of the picture was Miss Draper, the Professor’s sister, who 
sat as still as she could before the camera for ninety seconds The 
•exposure was made on the roof of a flat building so as to get the full 
benefit of the sunshine, and Miss Draper’s face was dusted over with 
white powder in order that, in impressing the sensitive plate, the Sun 
should be assisted in every way possible. It was my privilege to see the 
original daguerreotype at Chicago in 1893, where its authenticity 
vouched for by Sir William John Herschell, who, on a search, suggested 
in that year by the University of New York, found it among the papers 
o Sir John Herschell, his father, to whom it had been sent by Draper
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On the 2nd of April, 1845, Foucault and Fizeau succeeded in 
taking a daguerreotype of the Sun, which was reproduced, as a very fine 
pae m Aragos Popular Astronomy. In 1850, the ingenious Bond 

mg the fifteen-inch 'ef,actor of Harvard College, secured the first 
real,y valuable photograph of the lunar surface. Some of Bond’s 
-daguerreotypes were shown in England in 1850 and in 1851, and were 
so good that “they took the scientific world by storm,” the language
US® . 7. I' H- Russe11’ F R S-» to whose paper on this subject I 
indebted for some o the facts here enumerated. Thereupon, many 
Enghsh amateur astronomers made attempts to photograph the Moon.

these Mr. De la Rue was at once the most energetic and the most 
successful, though perhaps the first good daguerreotypes that would bear 
examination under a powerful microscope, were taken by Mr. Dancer, 

n the 17th of July, 1850, Bond, at Harvard, assisted by Whipple, took 
he first known daguerreotype of a star. The subject chosen was Vega 

l ,U b|msb-white star in Lyra. The time of exposure is not
known, but it is on record that Polaris, a star of the second magnitude 
made no impression on the sensitized plate no matter how long an 
exposuie was given, and that the bright, easily separated, yellowish-

In 1^58, Luther of Koemgsberg, showed De la Rue a daguerreotym of 
the total solar eclipse of 1851, taken by Busch with a heliometer. Not- 
withstandmg great d.fficulties. De la Rue, in 1852, eventually succeeded 
in obtaining some good lunar images about one inch and one-quarter in 
dmmeter. Others in England who worked with much zeal were Ruther- 
o.d, Reade, Phillips, Bates and Hartnup. In 1854, Hartnup obtained 

ten collodion pictures of the Moon nearly one inch and one-half in 
< .«meter. Iron, these he made, on glass, copies, enlarged, some of 
them, to four and one-half inches, which, in turn, were used to throw 
n screen faithful images of the Moon eight feet in diameter. On the 
- th of April, 1854, Sir John He.schell, in the interest of science, sug­
gested a daily photographing of the Sun, and the Royal Society entrusted 
the work to De là Rue, for whom a special photo-heliograph was made

the °ptlC,an- 1Iavin8’ l,y 1«57, secured a proper driving-clock, 
Delà Rue succeeded in eclipsing all previous efforts wheresoever made 
nnd in producing lunar pl.otograpl which “ must still be classed 
good, because, though but one in i and one-tenth in diamete-, they 
Lore magnification sufficient to show the existence of any object on the
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Moon if it were two miles square. Having seen Lord Rosse’s great 
telescope in 1857, Dr. Henry Draper, the worthy son of a worthy father, 
determined to construct a large reflector and to use it for astronomical 
photography. With a silver-on-glass mirror, made and mounted by him­
self, he, in the course of several years, took fifteen hundred photographs 
of the Moon, one of the best of which, made September 3rd, 1863, 
though but one and one-tenth inches in diameter, was successfully 
enlarged to three feet.

In the meantime Bond, who had persisted in his stellar work, L__ 
ceeded in 1857 in photographing, in two seconds, Mizar, one of the 

ponents of Zeta Ursse Majoris, and in eight seconds, Alcor, the other 
component which is green in colour. Both these intervals of two and 
of eight seconds respectively, are each fifty-three times as long as the 
periods now required to photograph the same stars with rapid dry-plates. 
Lord Rosse himself tried celestial photography with his six feet reflector, 
but his efforts, for want of a driving-clock, could not have been success­
ful ; at least no photographs taken by him were ever published. About 
this time it occurred to Bond that the photographic method could be 
employed for determining and classifying the magnitudes of the stars. 
As a result of his experimental work, he came to the conclusion that 
the photographic magnitudes of stars increase by equal areas for equal 
increases in times of exposure, which is said to be also true o eye- 
estimates. In 1860 and 1863, De la Rue succeeded in photographing 
sun-spots on a scale of three feet and of thirteen feet respectively. In 
1858, Mr. Underwood exhibited what

sue-

com

claimed to be the first photo­
graph of a comet, being that of Donati, taken in seven seconds with a 
small portrait-lens, which gave an image about one inch in length. In 
1861, De la Rue disputed the accuracy of the claim, alleging that all of 
his own attempts to photograph the comet of 1861, as well as that of 
Donati, had failed, though he had 
portrait-lens, and had given exposures
1860, De la Rue met with most gratifying success in photographing at 
Rivabellosa, in Spain, the total eclipse of that year. De la Rue took 
two photographs, which not only showed the red prominences, but 
proved that the prominences do not belong to the Moon.
Secchi’s photographs, taken at a point 240 miles from Rivabellosa, 
firmed those of De la Rue, thus setting forever at rest “ a much vexed 
question of those days.” On the 27th of February, 1863, Dr. Wm.

was

employed both a telescope and a 
long as fifteen minutes. Inas
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Huggins obtained a photograph of the spectrum of Sirius, but from 
instrumental inadequacy, got no indication of lines, though the spectrum 
‘‘ was tolerably well defined at the edges.” In 18(14, Rutherford, of 
Harvard, figured the first telescopic objective intended for photographic 
purposes, and with it succeeded in getting on his plates in three minutes 
impressions made by stars of the ninth magnitude. On the 11th of 
January, 1869, Janssen pointed out that it was possible to isolate any 
part of a spectrum by placing a second slit near the eye-piece —“ 
idea which underlies some of the most remarkable results of the ’present 
day ; ’ but which lay dormant until 1892. In 1870, by using an open 
slit on the spectroscope, Prof. C. A. Young photographed the solar 
prominences. In 1872, Draper having made a 24 inch reflecting tele­
scope, photographed the spectrum of Vega, “showing four strong lines.” 
In the same year. Dr. Ellery, of Melbourne, produced 
graph of the Moon “ seen up to that date.” 
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Iu 1873, Sir George Airy 

a general request that during the approaching transit of 
Venus photography should be employed for determining the position of 
the planet on the solar disc. The results, however, were not „s success­
ful as had been hoped for. The year 1876 was made notable bv Huggins 
who, after many expert ents, announced his preference for dry-plates 
which, ha,l been introduced in 1871, and, as a result, the use of the 
collodion process in astronomical photography was gradually relinquished. 
One decided advantage derived from the adoption of the dry-plate 
the acquired ability on the part of the photographer to extend his 
exposures, necessarily short with the wet-plate process, to hours, and 

to days, did the faintness of any gi

wasIn
loto- 
;h a even object require it. Huggins 

able to photograph the spectrum of Vega, and to discover that 
of the seven lines recorded, two coincided with 
important a lvance in knowledge. ~
discovery of oxygen in the Sun. In the same year, Janssen got solar 
images twelve inches in diameter, which displayed, in sharp detail 
spots, willow-leaves, rice-grains, and a fine phot,.spheric net-work-an 
advance due to the use of an improved flashing shutter, which permitted 

. an exl,0sui e as short as the one two-thousandth part of a second. In
1878, Draper, during a total eclipse of the Sun, photographed the 
spectrum of the solar corona. In 1879, Huggins reported that he had 

l impressions of the spectra of Sirius, Vega, A ret urns, Betelgeux, 
Capella, Rigel, and of Alpha and Beta Pegasi, and of Alpha Herculis
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°f V;nU"’ *,ar» J"l>ifr, and suggestod photogroph, for t|„ ,|i„. 
cover, of nr,able ah,™. In 1881, Dr. H. C. Vogel, of iLlin, photo

£1^7' re n"'iW "’,ymn ; “» «P"»™...... . ,h,
Oro t helml, ra Orion, and Fl„g, ;i„a, Dm,» and Janawn, imlo,
dentlv, ». «rerun, of Comet 6 of that year. In 1882, Hoggins and
Draper secured ..........bettor pliotogmph, of ,]„ „f 5™ Orion
JNebula, and, l,y using absorbing media, Huggi
graphing the solar
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. corona without an eclipse. In 1883, Dr E C

1 lekering designed a very ingrnione atar-camera for the pur,»» of 
ma mg r.-gu nr comparison, of alar magnitude* In 1881, the worlby 
brothem; Henry, of Pari», while photegmphing the an.all at,,, in ,he 
ecliptic found upon their plates the trails of
photography I,an hern ancoemfull, retorted to na „ me,,,,, of di,covering 
these mite planet,, of winch nmro than four hundred „„ „„w known 
0 exiat. In 188.1, the llenrya, .with a larger camera, d«covered the 

nebula surrounding the star Mnia in the Pleiades.
in getting ,,,, their platen ah,re of the seventeenth magnitude—that is
.tara wind, have never been seen by the human eye, though ............I by’
the moat powerful telescope, of the nge, thus i„co„t,,t„hly proving ,be 
superiority of photography over visual work in 
In the

asteroids, and since then

They even succeeded

some fields of research 
same year, the value of Pickering', .tellur negatives wa, shown 

by lie convincing proof they afforded of ,|,e variability ,,f the new star 
to tint Or,on Conatellation which had hern discovered by Mr J hilar,! 
Gom An examination of the plate, at the Observatory reveal,ul the 
tact that the star, as a much fainter object, however, I,ad I,eon photo 
graphed at Harvard five weeks before naked eye discovery. the 
15th „t March, 1885, Trombolt, at Chriatwnia, photographed „ very 
hnlhaot anmra. I„ 886, Dr. Pritchard, at Oxford, sttccowfolly J
tl,e phot,«repine method to the deter...... .. of.....all.,,, .elco.mg 61
Cvgiii for the purp ne. In the same year, Dr. Isaac Roberts, who had ° 
mmuently successful in faint object photography, discovered 
Mata nebula
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which lias progressed far towards completion. Continuing our record, it 
may be mentioned that Huggins was the first to use the spectroscope 
for determining the motion of stars in the line of sight, as was Pmf. J. 
E. Keeler to determine that of certain nebulae, and, later, the composi­

te first, however, to employ photo­
graphy to record spectra in older to determine star motions in the line 
of sight. Fifty-one stars were selected for this purpose, and their 
motions satisfactorily decided. On the 29th of December, 
Roberts surprised the scientific world by his fam 
Great Nebula in Andromeda, which showed its 
character.

ejien- 
s and 
Irion 
lioto-

tion of Saturn’s rings. Vogel was

s c.
1883,

photograph of the 
extent and complex 

Under the supervision of Pickering, and as the result of the 
munificence of Mrs. Henry Draper, now a widow, and of Miss C. W. 
Bruce, all the spectra of slurs above the eleventh magnitude are being 
photogiaphed by Harvard astronomers for future reference. Already, 
as depending upon these plates, it has been discovered by two of the 
many ladies employed on the computing and mea-uring stafv of the 
Observatory, that the stars Mizar and Beta Aurigæ belong to a hitherto 
unknown class of binary systems. These suns, even in the most power­
ful telescopes, appear as single stars, yet they are really composed of 
two, each major, or primary, star having in rapid revolution around it 
companion whose existence had
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previously been suspected. Thesenot
solar systems are situated at a vast distance from us. The smallei 
for they are suns,

* suns,
close to the larger ones that, at their respective 

distances, no telescope ever likely to be constructed will reveal them 
separate stars. If you 
the diameter of the full M

are so
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k off into thirty equal parts a line equal to 

M-en from the Earth, you will, roughly
If you sub-divide any of these 

minutes of arc into sixty equal parts, you will have sixty seconds of arc. 
You will then perceive that one second of arc is 

When tw «
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speaking, have thirty minutes of'ery 

bed 
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arc.

a very minute quantity 
suns are said to be separated by one-half of a 

second of arc, it is meant that in a telescope sufficiently powerful there 
may be seen between them a space of black sky one-half of a second of 

in width. Stars separated by less than one-tenth of a second remain 
as single stars in all but the best telescopes in existence. There is, there­
fore, no hope that any instrument will ever be equal to dividing visually 
Mizar and Beta Aurigæ, because their .spectra show them to be 
ate I from each of their companions, that is 
distance so infinitesimal
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. But for photography, which enables the astronomer to record and 
measure the spectra of the stars, this discovery might never have been 
made. But time presses, and we must pass on, tho-gh much could he said 
of the photographic achievements of able

arc «xp< 
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men like Holden, Deslandres, 

Lockyer, Seabrooke, Russell, Gill, Burnham, Schaeberle, Barnard, 
Brooke, Lohse, Zenger, Ricco, Gothard and others whose 
occur to you, their work having been more modern than that of those 
astronomers to whom previous reference has been made. Still, special 
mention must not be omitted of the original and valuable work of Dr. 
G. E. Hale, of Chicago, who has been appointed to be the Director of 
the new Yerkes’ Observatory near Lake Geneva. Dr. Hale has been 
able, largely by means of ingenious devices of his own invention, to 
photogiaph, for the first time, all of the visible solar phenomena, includ­
ing the faculæ on

►names will
»

U
R
*

I

I
the central portions of the Suns disc. Being yet a 

young man, with opportunities Which seldom fall to the lot of young 
men, Dr. Hale, has, no doubt, before him a long and useful

A fundamental point to be settled with regard to the effectiveness 
of any photographic telescope is to determine its light-gathering p 
The rapidity of the action of an object-glass, or of a mirror, for photo­
graphing a luminous surface depends, all other things being equal, on the 
square of the ratio of its aperture to its focus. A small lens of very 
short focus will photograph a much fainter surface than a large telescope 
can. \\ ith faint stars, it an enlarging lens be inserted between the 
focus and the photographic plate, still better definition will be secured.

important than focal length, which 
is of little consequence, the magnification depending on the eye-piece. In 
the case of a photographic telescope, the main question is one of focus, 
the aperture having nothing to do with the result ; if, for instance, the 
aperture were to be made twice as large, other things being equal, the 
operator would simply give a much shorter exposure. It has been found 
by a study of the faint stars lying within the Hnyghenian region of the 
nebula of Orion, that, for a region of this brightness, a photographic 
telescope whose focal length is sixteen feet, whatever its aperture, is 
equal to a visual telescope of eight inches’ diameter, whatever its focal 
length. Outside of this region, and within that portion of the nebula 
that can be readily seen, the photographic instrument is equal to a visual 
telescope whose aperture is fifteen in.-hes. Against a perfectly black 
background of sky, a photographic refracting telescope with two hours'
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■exposure should be nearly equal to a visual telescope of the same size. 
For stars, however, the rule is modified by the character of the image to 
be obtained. In general, with any form of telescope, apertures being 
equal, it is found that the shorter the focus the fainter the stars that can 
be photogiaphed. btars surrounded by a nebula form an exception. 
With a rapid doublet and an hour’s exposure, the light of a bright 
nebula completely obliterates all the stars found withi.u it. The light 
•of a nebula is diminished in proportion to the square of the focus of the 
lens, while the brightness of the stars decreases much more slowly. 
Therefore, by giving a somewhat longer exposure, the star images will 
be as bright as before and the nebula fainter. With the focus sufficiently 
long, .’tars could be photographed at mid-day.

In a masterly discussion of the whole subject (see Annals, Harvard 
Observatory, Vol. XXXII., Part I.), Prof. W. H. Pickering, to whom I 
am largely indebted for the information collated here, explains that 
three kinds of telescopes may be employed in photography, viz., the 
refractor, the reflector and the doublet. The doublet, he says, is, in 
fact, a very large camera with lenses ground to curves like those of the 
portrait-lenses found formerly in photograph galleries, but now largely 
displaced by those of the rapid rectilinear varieties. Each of these 
photographic telescopes has its own field of work in which it would be 
useless to attempt to supplant it with either of the others. The refrac­
tor gives the best definition and has a moderately sized field of two or 
three degrees, depending upon the character of the definition demanded. 
Having a smaller angular aperture, it is particularly adapted to the 
photographing of the bodies composing the solar system, certain bright 
star-clusters and nebula* and widely separated double-stars. The plates 
taken by it are also best adapted for the 
Reflectors and doublets
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measurement of position, 
be made with large angular apertures and 

are, therefore, well suited for photographing faint objects of all kinds. 
The field of a reflector never exceeds one degree unless the angular aper­
ture of the telescope is very small. On the other hand, a doublet has a 
very large field and gives good definition over a circle seven degrees in 

■diameter,or throughout a square measuring five degrees on each side. For 
many purposes, a doublet will give sufficient definition over a field ten 
degrees square. In a word, for bright objects and sharp definition, use a 
refractor; for ordinary nebulas and faint stars, use a reflector ; for the faint­
est and very large nebulae, and for charting use a doublet, and for
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the very largest nebulae, use a small doublet with a wide angular aperture 
and, at the same time, a large field. With respect to the light-gathering 
power of a telescope, there is one correction which must not be over­
looked, viz., the correction dependent upon the absorption of the glass 
ot winch the objective in a refractor, or the metallic surface forming the 
minor in a reflector is made. Visually, absorption is matter of small 
account; photographically, it is of great moment. A refractor of, say 
fifteen inches, if made of perfectly colourless glass, transmits about forty 
per cent, of the actinic energy it receives, but if either of the lenses 
orming the objective shows a small tinge of yellow, it will transmit 

A doublet transmits still less, say about twenty-five 
Here large reflectors have the advantage, silver-on-glass 

reflecting about fifty per cent, of all the actinic energy which strikes it. 
lo a certain degree, however, the absorption even in the case of the 
reflector depends upon the colour of the light reflected.

A photographic telescope intended for the most difficult classes of 
work necessitating long exposures, must not only be constructed according 
to the best models, but must be mounted in the most rigid manner 

• p0Sfqble’ 8,1,1 be dri'en by a clock of the highest excellence.
writings of those who have done such wo.k and have used such apparatus, 
some i ea may be gained respecting the extreme accuracy with which 

e mechanical adjustments must be made, and the care with which they 
must be employed. For instance, in a telescope of sixteen feet focal 
length, a second of arc is rather loss than 001 of 
quite invisible to the naked 
plate must not shift from
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one side to the other from its true position, 
nnn„ , . If an enlarging lens be in use, a shift of
OOOo of an inch will be evident, and probably one of -0002 would be 

noticeable. While this must be the rule in special work on the Moon 
an other bright surfaces, like accuracy is not required in the case of 
Hint objects, such as stars where a slight elongation is not objectionable, 

it is only by this elongation that stellar impressions, ii 
be distinguished from the minute imperfections in 

plate. Even when these telescoj 
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driven by the finest clocks yet 

t îe operator is obliged to attend them during every second 
exposures are being m .de. For reasons that cannot be 

explained here, it has so far been found to be impossibl- to construct a 
clock which, under all circumstances, will drive, for hours at a time a
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telescope with the perfect accuracy that would render it independent of 
human supervision. The motion which must he counteracted by the 
clock, is that due to the rotation of the Earth on her axis. It is this 
motion, of which we are entirely insensible, which causes the Sun, Moon 
and stars to move apparently towards the West. The Earth carries 
everything on her surface in the opposite direction, or towards the East, 
at a speed varying as the distance from the equator, where every object 
is continuously moving at a velocity exceeding one thousand miles 
hour, or about eighteen miles a minute. This real motion, of which 
arc not sensible, creates in the heavens an apparent motion of which the 
astronomer, and particularly, the astronomical photographer must take 
account every instant he is at work. The duty of the driving-clock is 
to move the telescope with the stars at a rate so exact that to”any one 
looking into the instrument the stars stand perfectly still hour after 
hour. It is to this duty, which at present the astronomer must share, 
that Prof. Pickering alludes when he speaks of the necessity of keeping 
the photographic image always falling exactly upon the same spot. And 
this it is, which, while it makes celestial photography so arduous, renders 
the work of the successful photographer glorious and valuable, having 
regard to the purposes of future measurements and comparisons.

There r.re in this city two equatorially mounted clock-driven 
ing telescopes which can and have been
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employed for the purposes of 

astronomical photography of the more difficult kinds. But for the major­
ity of our members such instruments of precision are beyond their reach. 
For this reason, some of the special pleasures associated with the art are 
denied to some of us, but, happily, this denial is not so sweeping that 
we must be deprived entirely of a share in this work. With any tele­
scope howsoever mounted, very good photographs of the Sun and Moon
■nay be taken, the requisite exposures being practically instantaneous. 
If the images are

cal
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m
of small they can be enlarged by processes familiar to 

anyone conversant with photography in any of its branches. It is very 
easy to adapt to the eye-end of any telescope a light-tight box made of 
sheet-metal or wood, or even of paste-board, which, for one’s first lessons, 
may be used as a camera in which to expose sensitive plates, which 
be had of all sizes and speeds and at very small cost. Indeed, after 
gains some experience, these very facilities will be found 
adequate for work of a character
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,

iI madê, in »uple of hours, of sheet-copper. It is very light and can in a 
moment be attached to the eye-end of a reflecting telescope With it 
very fan- photographs of the Sun and Moon have been taken. Similar x 
simple but none the leas effective, cameras have been made for other 
elescop,s m this city and some very creditable negatives have been 

developed from the plates exposed in them. There is 
pleasure of taking instantaneous views of the Sun

l'y "T'"' 0f * d,,zen or 80 '"«mbe,* of the
ouety. To tins pleasure may be added the delight attaching to the

development of one’s plates and the printing of pictures from them*
And now that facilities for making lantern-slides 

<*f us, there is still another pleasure to be 
namely, the exhibition of slides, 
described
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With appliances such as have been 
the planets and the bright stars

77..7rrt,ieü k™87,Î8 , ”'nrS’ °fV"“ n,b"k' *»J «van of comet, having been 
' ' ! ' "r""'"-V l'ortr«|t-c„r,„T„H similar to those found in studio,

scattered throughout the country. The lenses and focal lengths of these
cameras are extremely we.........pted to sever,......... interest”» varieZ
Of photographic work. Nay, even the one and a-h.lf inch len. belougiôg 
to » Cheap oil-projectmg lantern, such a, are used at magic-lantern 
entertainments, have Wen found to be capable of photographing object,
of d*!Ty°sth7 |ll",7''a|'hiC **'leSl'0pe' "'°”»11 il «•« "-any thousands 
, . ' eh lenses have even made discoveries which would never

......... l"“l discovery depended upon a telescope, or an ordinarv
telescopic cannera In proof of this, it may la- mentioned that in ,89a 

• . . Pickenng, with a small portrait-camera, like (hat described
discovered the Greater Orion Nebula, which is vastly larger th^gb 
muter than the - Great Nebula," with which astronome,* bavÜw 

n familiar. n 1894, Barnard, who had not heard of Pickering’s dis* 
iy, independently found the same nebula on a plate he chaifceil to

L7mf”,7rrraTh mdd Witl‘ * Che"P oi,1lro>cti"g le-, such 
fei rpd to. This discovery was the result of

such a “ toy-lens ” could do.
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to three seconds, that portion of her surface illuminated by Earth- 
shine being well brought out. By means of this lens, costing but a few 
dollars, clouds in the Milky Way have been photographed in ten to 
fifteen minutes and the Great Nebula in Orion has made a good impres­
sion on a plate in less than one hour. With it, too, Barnard last summer 
proved the existence in Scorpio of a hitherto unsuspected nebula, occupy- 
ing a region of the heavens upon which telescopes have been turned for 
generations, but without revealing its presence.

•one

:

,

i'the
not
the

: 1the But photography is a useful assistant not only to the astronomer 
but to the meteorologist, as I am 
of the Toronto Observatory, or any member of his staff, will demonstrate 
to any one who cares to examine into this branch of scientific work. 
1 he instruments of which a photographic record of changes is kept at 
the Observatory are the barometer, dry and wet-bulb thermometers, 
declinometer, and horizontal and vertical-force magnetometers. In each 
of these instruments the principle developed is the same, viz., the action 
of light on photographic paper wound around a cylinder, which revolves 
by clock-work once in twenty-four hours. In the case of the barometer, 
the light from a gas-jet shines through the slit between the top of the 
barometer-case and the mercury in the tube and passes thence to the 
•cylinder. In the case of the thermometei-s, a ray of light is passed 
through an air-speck in the mercurial column of a specially prepared 
thermometer, and is reflected back on the cylinder, which is placed 
within the building. In the case of each of the magnetometers, a slit of 
light is passed through a lens on to two mirrors, one of which is attached 
to the magnet and the other to the base of the instrument, and thence, 
after being brought to a focus by being passed through a semi-cylindrical 
lens, the two rays fall on the cylinder—the ray from the stationary 
mirror affording a base-line. In order to have a time-scale, an automatic 
cut-off of the light acts every two hours, and the accuracy of the time- 
scale is dependent on the bargraph-clock, which, by means of an electric 
attachment, cuts off the light.

>m. ■Mr. R. F. Stupart, the Directorsure Imy
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When one glances over the field of astronomical photography and 

like Roberts, Common, Russell, Ellery, the Henrys, Barnard, 
Pickering, and many others who, regardless of exposures during the long 
vigils of the night, often sharpened by bitter cold, and with their

t sees men
>

I
eyes

glued to the finders of their instruments, compelled, as second after 
. *e<xmd grows into weary hour after weary hour, to stand or sit, some
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exposing for the terminator. On stars, 
rates <-f speed us the faintness of the object increases.

use rapid plates, selecting higher 
For the Moon,

the most popular object for the amateur, one authority recommends that 
the photographs be taken in the principal focus of the telescope and 
be enlarged, though he cautions the astronomer that the grains of silver 
in the films, fine as they are, are still sufficiently coarse to give trouble 
on enlargement. A grain of silver measures about the one two-thous­
andth of an inch, which is equal to the 07 of a second of arc, or to the 
08 of an English mile on the lunar sut .'ace as seen in the Lick teles-

had
IOW
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rn,

cojkj. In passing, it may be said that a trained eye can see with a high 
power on this telescope, extremely sma'l but well-defined crater-pits bet­
ter than, with the present coarseness of the silver-grains, they can be 
photographed. Still, there

be photographed better with an aperture of eight inches of this tele­
scope than they can be seen with the whole thirty-six inches of aperture. 
Speaking of the performance of this telescope on the Moon, it is inter­
esting to know that, when observing under favourable conditions, the 
view is “ sublimity itself.” Under exceptional aspects when the highest 
powers may be used, the lunar scenery is fascinating in the extreme. 
“ You seem,” Barnard says, “ to be suspended only a short distance 
above the mouths of the stupendous craters. The dreadful feeling lo 
itself unconsciously upon you that you may at any moment lose your 
hold on Larth and be dashed to pieces within their yawning 
depths.” These realistic effects cannot as yet be brought out in the 
photogiaphic plate, but the future may have surprises for us even here.

Ihe writer desires to express his obligations to the following gentle­
men, who most cheerfully complied with his request for the information 
they have communicated so clearly and succinctly. The observatories 
are placed in alphabetical order.
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1h tAt Greenwich the stellar photographs (those intended for the catalogu 
well as those for the chart)

h e as
developed with eikonogen, using Dr. Amlressen’s 

cartridges. The only departure front the original formula being that the mixed 
developer is used at half strength, each cartridge being dissolved in seven ounces of 
water, preferably distilled. As the catalogue plates are exposed long enough to 
contain all stars down to the 11th magnitude under good average conditions of 
•ky, and as any plate may contain stars varying by five or six magnitudes, the 
brighter stars will necessarily be over-exposed and must be left
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Harvard College Observatory.

The plates generally used here for celestial photography are the most sensitive 
(No. 26 + ) made by the M. A. Seed Dry Plate Vo., of St. Louis. We have recently 
obtained some of these plates numbered 27, and presumably still more sensitive. 
For the work done here, long exposures are usually required. Short exposures 
can be made, without running the risk of shaking the telescope, by a screen held 
before the object-glass, or by turning the dome, if it runs smoothly enough to 
occasion no tremor.

The following developer is used In 384 oz. water dissolve 12 oz. sulphite of 
soda and 12 oz. carbonate of soda (use 6 ,oz. of carbonate when the so-called 
granular carbonate is used). In 16£ oz. alcohol dissolve 3 oz. salicylic acid and 
add to the first solution. Shake, or stir, until thoroughly mixed. This forms the 
liquid portion of the developer and may be kept indefinitely, being drawn off and 
used without dilution. When ready to develop, draw off the required amount of 
the solution and add pyrogallic acid in the dry form in the proportion of about 
1 gramme to every 4 liq. oz. of solution. Edward C. Pickering.
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Lick Observatory.
tThe specific objects sought in development vary in different cases. In stellar 

photography there is practically no limit to the exposure which may be given— 
the longer the exposure the fainter and more numerous the stars photographed, 
and the development is expected to bring out the faintest objects possible! 
Development should here be continued to the point of fogging, or even a little 
beyond, to be certain of having reached the limit. The fog may be either chemical 
or due to diffused light. In the latter case, not uncommon with very long expo­
sures, developer of only moderate strength should be used at the outset, to avoid 
immediate fog ; the stars should be developed first ; the strength may be increased 
from time to time as needed. I think it is well to continue development for

through the glass, begins to turn dark, 
photographed the very bright objects are neces­

sarily over-exposed ; the details in bright nebulae are “ burnt out,” and there is no 
adequate remedy. Where particular details

X

some
little time after the back of the film, 
Where faint stars or nebulae are

seen

sought, and the subject presents 
strong contrasts, it is well, if pyro be used, to begin with somewhat dilute 
developer, gradually add the alkali... solution until the details

are

are sufficiently
visible, then add pyro in the same manner until enough density is attained for 
printing or other use. It is always safe to commence with developer of only 
moderate strength, and then modify it according to the needs of the case, 
some practice one acquires a sort of intuition an to what to do, and it is difficult 
to formulate definite rules. Practical acquaintance with the behaviour of some 
particular developer made after a certain formula) counts for a good deal. 
In a general way I regard the “rushing” of plates in development as of doubtful 
utility; a moderate amount of “coaxing " may be lesorted to with good result, 
especially in cases of under-exposure. To obtain a specific effect both exposure and 
development ne, d to be considered. For general work 1 like a plate so fully 
exposed that the normal developer, instead of driviny,

After

to allow the imageseems

I
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to come lip in i comfortable, leisurely sort of way. Where considerable crispness of 
definition is desired the exposure should be so short that the requisite detail and 
density are to be had by a tittle coaxiig, with strong developer. I am becoming 
impressed with this point in the course of my experiments in making enlargements 
from our Moon negatives. In making direct photographs of the Moon for scientific 
purposes the terminator is, of course, chiefly considered. Theoretically, it is
possible to expose and develop for a given effect upon a particular region, but I 
regard that as hardly practicable as there are so many factors of uncertainty, 
«.</., the illumination of the region, the atmospheric absorption of light at differ­
ent altitudes and different times, the strength and temperature of the developer, 
the rapidity of development, and the final density of deposit. The only way to 
get everything possible out of such a subject is to make a series of exposures, of 
different tunes, as we do here, and develop until the terminator in general is judged 
to be about right. The rapidity of plates has its effect upon the result, the slower 
plates giving the stronger contrast. For the Moon we use the most rapid plates 
obtainable to avoid, as far as possible, any motion of the image on the plate. The 
results at the terminator are
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quite satisfactory, but the pi ites could hardly be 
expected to give much contrast in the more brilliantly-lighted portions of the 
disc. On one occa-ion we used some very slow plates (Carbutt A) on the full 
Moon, as an experiment, and brought out, in strong contrast, the bright streaks 
radiating from 1 ycho. The merits of different developing agents are worth con­
sidering, but in this matter I have had but limited experience. For general 
negative work I doubt if anything better than pyro is to be had ; it is prompt in 
action, fairly elastic in application to different exposure-times, and gives fine 
printing qualities. Unfortunately it is said todepo it the silver in co trser granules 
than some other agents -an objectionable feature in the

1
whiu 
the \

»

1ease of negatives to be 
enlarged from The hydrokinnne developer, described in our Vol. Ill, is very 
convenient to use, “keeps” well, is applicable to nil extremely wide range of 
exposures, and gives a good colour for transparencies and lantern-slides, but is prone 
to give a chem'cal fog. For this reason I am inclined to discontinue its us -, but 
have not fixed upon its successor. At present 1 am experimenting with the 
agent, glycin, which seems to promise well. It has one good quality at least, it 
does not easily fog the plate. The solution does not keep well, and so should be 
made in small quantities. As to the Sun, it is our exjierience in using the photo­
heliograph of 40 feet focus, that only very slow plates will give the needed contrast, 
and that only with extremely short exposure—so short as to need considerable 
coaxing to bring the images to the required point. We generally use Carbutt A. 
•So many unkn >wn factors enter into the problem of development that it is not 
easy to for nul ite very definite rules. Much experimental work will be needed 
before this can be done.
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1 employ a developer which differs a little acce ding to the purpose in view. 
For stellar plates, which require a decided contrast between whites and blacks, I 
use the following formula :—

Solution A.—Water, 1,000 gr.; Oxalate of Potash, 400 gr.
Solution B.—Water, 1,000 gr.; pure Sulphate of Iron, 300 gr.
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When ready to develop, I pour one part of Solution B into three parts of Solution 
, n.l if the temperature does not exceed 1(>° Centigrade (tiO° j^r ) I leave the 

of A L'-H ,e m,XtUre/or at leaat thirty minutes. For lunar plates, I .nix five parts 
sulphite rn;8’ nv1Ch / i“,‘1 8CVeral tlr°p8 of a Hve P®r cent, solution of

::;“::£Trv7;=
p -'CJhL oT,, : ,m,m"r ™ * "«y be j thc

l, zi LLiPa::eun2:zi‘z: tt *- - •«■-» -
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I would like to add the developing formula used at lids Observatory 
thetVrld0ne ,n'1 1,10,1 uiaguetic olwervatorie, in
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1. Developer : Saturated solution neutral oxalate of potash .............

“ sulphate of iron.........................
M) grains to oz. solution of bromide of potassium 

or ammonium

be 4 os.
1 oz.ry

of
ne 6 drops.Also drachm of citric acid to each pint of iron 

0 . 0 , . solution to keep it from oxidizing.
2. Fixtng Solution -'—Hypo.-sulphate soda, 1 part to 6 of
3. Clearly Solution Sulphuric acid, 1 part to 80 water
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le The paper was followed hy a special exhibition, with 

enter,,.«II,les comprising a series selected from the-Society’s collection • 
th„t, s„ loaned hy a New York Urn, ; seven loaned hy' Mr. John fi’

Mr J It ■ •b Conuo", an experienced plmtog.aphrr ut Elor», Ont. 
M • J. U. Colli,m took charge of the stereopticon in a very efficient 
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the wet-process. Mr. Lewis’ collection included a slide of Holmes’ 
Comet and of the Andromeda Nebula made by attaching an ordinary 
camera to a telescope and keeping the latter in motion for half an hour 
by a slow motion by hand ; one of the Orion Nebula ; two showing 
star-trails at the pole and at the equator ; one of Gale’s Comet, and two, 
one enlarged, of the bright meteor photographed by Mr. Lewis, January 
13th, 1893, with his camera which has a 3^-inch lens of 13 inches’ 
focus. The very fine slide from the original meteor-negative was pre­
sented by Mr. Lewis to the Society.
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TWENTY-THIRD MEETING. at!
11

disNovember 26th ; this was an open meeting, held in the Physical 
lecture room of the University of Toronto, the Vice-President, Mr. 
John A. Paterson, piesiding.

The attendance of members and their friends was very large, special 
invitations having been issued and the announcement made that the 
third of a series of popular lectures would be delivered by Mr. C. A. 
Chant, B.A., Lecturer in Physics, and that he would conduct several of 
the classic experiments of Hertz.

The usual routine business of the Society’s meetings was suspended 
after the reading of the minutes, and the Chairman, having acknowl­
edged the kindness of Prof. Loudon, President of the University, in 
placing the building at the service of the Society, introduced the audience 
to Mr. Chant, saying that he could not introduce Mr. Chant to the 
audience when the former was in “ his own den, his own lair.”

The following is the full text of the lecture :—

ELECTRICAL RADIATION.

With radiant light and radiant heat we have long been acquainted, 
but to most of you present, I doubt not, radiant electricity is a veri­
table stranger. Only in recent years has he appeared openly amongst 
us ; but his growth has been almost phenomenal, and now he is a well- 
developed youth. In almost all the latest works on electricity you can 
learn about his appearance and his doings.

And yet, this branch of electrical science did not grow up with such
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wonderfu! suddenness after all. Fully fifty years must we look back ta 
its beginning. At that time the great Faraday was 

nature with a penetration little short of intuition. He held 
near another magnet, or near some bits of iron, and even 
me es apart their mutual attraction or repulsion could be 
one elected body was observed to influence another some distance 

y. He also discoi ered that when a current of electricity in nrm i

SSE» Fweed which he drew up, but a most valuable fish.* Many a time also

-
attracts another.
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brain of the mathematician 
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gauzy garments woven in the subtle 
—often, truly, of surpassing beauty, if 

. , the 8leat investigator demanded
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polished to reflect light ; but no result came from these experiments. 
About the same time, his attempts to connect magnetism with gravity 
were unsuccessful.

To determine the part in the action played by the medium, Faraday 
placed various substances between mutually attracting or repelling bodies. 
By this means electrical and magnetic actions were very greatly modi­
fied, but by no means which the experimenter’s fertile mind could sug­
gest was the behaviour of the force of gravitation altered in the slightest 
degree. From these experiments arose two sets of fundamental con­
stants which are ever recurring in electrical theory, and which are now 
usually represented by the letters K and y. Suppose we have two small 
bodies similarly electrified and separated by an air space. The force

th
nn
res
lar
Fa* pei
vol
ma
e,nc

th n
mac

between them will be numerically represented by =^- where q,q' are the

quantities of electricity on the bodies and r is the distance between 
them. Now immerse the bodies, charged as before, in coal oil, or par­
affin, or any other non-conductor ; the force of repulsion is altered and
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mat
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med
is equal to ——,—that is, it is only one-Kth part of what it was in

have 
men 
A qi 
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air. This quantity K is usually called the specific inductive capacity of 
the insulator, or the dielectric constant. The values of K for many 
substances have been determined, and some are as follows :

Substance.
Glass, plate ...................
Glass, extra dense flint
Paraffin ........................
Sulphur ........................
Mica.............................
Itesin .............................
Petroleum ....................
Carbon bisulphide... .
Distilled water ............

The other quantity, y, can be defined in a similar way, though
that is not the usual method. If two magnet poles of equal strength,
m, be placed a distance, r, apart, the stress between them will be

1 Wl* . . , ,
—- —, where y is the magnetic permeability of the medium in which

the poles are placed. The only substances whose magnetic permeabilities 
differ much from their values in air are iron and its compounds, and in 
good wrought iron the value of y sometimes rises to 3,000.

In Faraday’s footsteps followed James Clerk-Maxwell, but where
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the former was somewhat deficient the latter was strou» namelv in 
im.themat.oal power and training. After carefully studying I'urjL’a 
,cl,es, Maxwell set to work to translate them into mathematil 
anguage. Though great difficulty was experienced in dealing with

XtedtehT k ,"':iZed mathemlZ

vo Ite rt WOt' M'd toaUy iD 1873 8»™ “ -«rid hi, two lar 
volumes The work was a masterpiece, and has proved the epoch
making book on the subject. The third edition was published in 892 
and is more studied now than ever before. ’

There is not

S<‘

, a contilluous consistent development of a single theorv
made te wlld tee7d IhIUm“’ COnfaaion bei"« dl>« *> tto attempt 
made te weld the old theories to new ideas. Maxwell applied the laws
his theoTvtelte “T" 1the electra ra“8“o«o Sold, and on pushing 
his theory to its logical conclusion he reached some very remarkable
thathT“7 eq"“tl0"s- 0n interpreting them he deduced the result

propagated through any

the quantities I

are
medium with a velocity, v= ~ where K and /i are
have already defined. Now there
nmna nno „ , two systems of electrical measure-

it, one called the electrostatic, the other the electromagnetic method
fi™ ’ -7 CaD be deli"ed by both methods, and Maxwdl
either showed that the quantity e should numerically be equal to the 

number obtained on dividing the electromagnetic unit quantity b, 7 
« ectiostatic unit. Forthwith experiments were devised^to mea'sure this 
ratio (which is, as we saw, the speed with which electric and magnetic 
effects are transmitted), and the astonishing result was reached 2t
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luminiferous ether, it . ,, already filled with the

hardly philosophical to postulate
was

was
a new!..

It.
I

■

i

nts.
vity

day
lies.
odi-
mg-
test
:on-
iow
mil
irce

the

een
iar-
ind

in

/

'X

}

oo
*

M
l

*<

■Si4 Ü 
-5 

.1.2
Z

o
c

te
s =

s



I T\t

t
132 The Astronomical and Physical Society of Toronto.

V
medium to transmit the new effects, and so the natural conclusion t(y 
arrive at was that electric and magnetic actions are transmitted precise­
ly as light, and by the same medium ; in fact that the only difference is 
in the wave-length. 1 hat is how the electromagnetic theory of light 

• ft was first published thirty years ago ; now it has been com­
pletely verified, and is almost universally accepted in the scientific world.

Thus far theory led ; how to test it was now the problem. If these 
disturbances are

Ja
!. a !

* >

th
raarose
to
en
ac

propagated through air and other insulators, 
means should be possible for their detection. Light waves are evident 
from the manner they affect the retina j heat waves, impinging upon 
ordinary matter, exhibit well-known heat effects ; but how can electric 
waves be made to manifest themselves 1

some be
a l
se]

de:1Some seven or eight years ago intense interest was aroused in the 
subject by the announcement by Heinrich Hertz, a young German pro­
fessor, that he had actually observed and measured these electric 
No experimental work was ever received with more enthusiasm, and 
though the gifted worker died

Th
thi

waves. en<
rec

New Year’s Day, 1894, at the early 
age of 37, he carried with him to his grave the honor and admiration of 
every nation.

Hertz demonstrated experimentally that electrical energy is trans­
mitted precisely as Maxwell predicted. He determined the best methods 
for producing and measuring the effect, measured the velocity of pro­
pagation, calculated the wave-lengths which he used, and in fact clearly 
identified electrical with the other forms of radiation.

on

In 1886, when experimenting with some apparatus which he was 
using for lecture purposes, he happened to notice a spark where he had 
not expected it, and at once a method for investigating electrical oscil- 
latir is was suggested to him. For his first radiator he used two metal 
plates, 40 cms. square, from each of which

circ
(wh
radi
this

ran a wire terminating in a 
nob. (Fig. I.) These were then attached to the secondary of an
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Fig. 1. tpc°'
Hertz's Original Radiator.

induction coil, which caused sparks to pass from one knob to the other. 
In 1853 Lord Kelvin had shown mathematically that when a Leyden';
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there but it behaves as does water in a trough when one end is quickly 
ra,sed or lowered. In this case the liquid rushes to one end, then back 
o the other end, and after several motions back and forth equilibrium 

ensues So it is with the jar; there is a series of motions to and fro 
across the spark-gap ; each time the electrification leaps across, a spark 

eing produced. Four years later, Feddersen analysed the discharge in 
a rotating mirror and confirmed Kelvin’s deduction. The sparks were 
separated, but by not more than a millionth of a second.

Now the arrangement adopted by Hertz is quite analogous to a Ley­
den Jar, each plate and its knob corresponding to a coating of the jar. 
These very rapid oscillations set the surrounding ether in vibration and 

is motion is radiated in every direction. To receive this radiant 
energy he used a wire ending in knobs, and bent either in the form of a 
rectangle or of a circle. (Figs. 2 and 3.) Hertz found that when his

O ©■

‘35 c rn s-

Figs 2 & 3.
Circular Receiver.

circle had a diameter of 35
Rectangular Receiver.

.... cms- a sPark would pass between the knobs
(which were pretty close together), even when held some feet from the 
radiator. The radiator sent out the energy of undulatory motion, and 
this manifested itself in the shape of a minute electric spark.

I just said that the circle’s diameter was 35 cms., and in every 
instance, for the best effects, the receiver had to be of definite dimen­
sions, the rule being that the little sparks which occur across its air 
space must succeed each other at the same rate as do those of the 
radiator. In other words, the times for an oscillation in each must be 
the same. Perhaps I can best illustrate this from acoustics. I have 
here three tuning-forks. The first and second each give 1,024 vibrations 
per second the third 1,016. When I vibrate the first I find the second, 
•even though some distance away, responds ; but no matter how vigor-
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ously I vibrate the first or second, no motion is appreciable in the third. 
This seems to indicate that a single swing or a single wave is ineffectual ; 
but when a whole series of properly-timed waves beat against the second 
fork their efforts are added together, and finally elicit a decided response 
from the unison fork. It is quite the same with the radiator and 
receiver. The impulses from the former arrive at the proper times to 
increase the disturbance in the receiver until at hst the rush of 
electricity is violent enough to make it leap 
the spark.

over tne gap and exhibit

The simplest method of showing this unison phenomenon is due to 
Prof. Oliver Lodge. Indeed I may say that nearly all the experi­
ments I have to show to-night are due to this same physicist. 
At the time of Hertz’s discovery he was engaged in researches 
which would probably have led him to the same result. Let us. 
take two similar Leyden jars (Fig. 4). From the outside coating of 
one a wire, ending in a knob, is bent round until its knob almost 
touches that running up from the inside coating. The second jar

/-Tftf

?
1

Fig 4.
Lodge’s Synchronized Leyden Jars.

has its coatings joined by a wire, whose length can be varied by means 
of a slider. I this is moved so that the jars are synchronized, when a 
spark is produced in the first there is a strong oscillation in the second • 
its electricity tends to overflow, but of course in ordinary cases cannot 
do so. Now let a piece of tin-foil lead from the inside almost to the 
outside ; the overflow at once occurs, and the spark is seen. Some of 
you might suspect that the action here is due to ordinary electrostatic 
or electromagnetic induction, but this cannot be so, as a slight motion 
of the slider either way destroys the action. By doing this the jars 
thrown out of tune.
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The only method of detecting these electrical surgings which I have 
so far mentioned is that of observing a spark ; but in various ways has 
t ns same result been reached. Vacuum tubes can be illuminated • 
wires raised almost infinitesimally, though measurably, in temperature ; 
an exceedingly sensitive galvanometer can be affected ; thermo-electric 
phenomena have been shown ; a suitable electrometer ha0 been used • 
but the most sensitive and most convenient of all is the simplest as well.’

his is also due to Lodge. He discovered that electrical waves have a 
peculiar effect on two conductors touching loosely ; these are made to 
cohere s ightly. As an experiment he cut the wire connecting an elec­
tric bell with its battery, and then put a knob on each end of the 
severed wire. These were then placed so close together that a very 
s lght current would flow, but not enough to ring the bell. Then on 
p acing them in the path of electric waves, they were found to cohere so 
distinctly that enough current would flow to work the bell. The waves 
improved the bad contact. Now a tube o iron borings or turnings 
contains a great many bad contacts, and, as in the other case, the waves 
cause a minute coherence, and the electrical resistance of the tube is 
decidedly lowered. The best way to show this is to join in circuit a 
tube of turnings, a voltaic cell and a galvanometer of moderate sensi­
bility. (See Fig. 8.) The resistance of the tube
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ordinary condition very little current,ttt
Pass and the galvanometer 

needle is but slightly deflected ; out when the coherence takes place the 
current increases and deflects the galvanometer much more.
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tapping the till* the turning, are reduced to their original condition 
aga.„ ready for actio,,. This method of detecting the pretence of elec’ 

waves la the one I propose to show you to-nmlit
Let me describe my apparatus. First of all lake the radiator. It 

consists of a 5-mch brass sphere, with 
(Figs. 5, 9.) These latte 
coil, which will

a small knob on each side of it. 
r are attached to the secondary of an induction

Perhflns r , , ,C*US° Sparks to Pilss between the knobs and the sphere. 
pei haps I had better explain more fully the action of this part of the

isPduea ather t J" SeVeral,^ a*ted beHe that electrical action 
is due rather to strains and stresses of the medium than to th

2, m °r °n the C°ndnct0r> hut as this view is so new, and also

13 the mi,,d'1 sh‘" ^—- »e «id

e presence

t„Jren I” |,rira'7 °f the » interrupted positive elec

o one knoh °" 7 7'*’ °“ tbe «'her; or the potentialOf one knob „ raised, that of the other is lowered. At once by
electrostatic induction the distribution on the sphere is altered positive
ru; mg to the left (Fig 5), negative to the right. Then t’he^rk

oriZl Î rSeS 7 W°k to I*™1-» equilibrium, but go past their 
° position, and the distribution is reversed. (Fie 6 ) Then 

another back rush ensues and the hrst distribution is priced. TMs 
apid motion continues until the energy is dissipated. By this

rZ7 n 6, y °n ‘he sPh‘" r",he, to ar.d fro from pole to pole.< IT T 7" a'e 8ulflcientlJ' <l"kk to set in motion the surrounding
wl'Jmt l°nCe,Send’ °“‘ 11,6 ■" every direction. If we

id. to make this radiation more definite indirection and increase its 
r»wer, we inclose it in a copper hat and thus project the beam out from 
the opening. For most experiments it is 
cod and its battery in a metal-lined box 
front of it, and lead the wires into the latt ’

means

convenient to put the 
screw the copper hat on thr 

er through glass tubes. (Fig. 7.)

more

v.—~

Radiator within copper hat on outside of tin-lined bo
LJ Fig.7

* ; coil Within the box.
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1371 condition, 

nee of elec-

second. It will l,e seen how great is the discrepancy between
and those of light. To affect the retina the latter must have a 

frequency of at least 400 millions of millions. To produce these the 
sphere would have to he of atomic dimensions-and vet all these 

ave been shown by actual experiment to travel at the same rate ! 
o receive the radiation, I use a tube almost filled with iron 

mgs, placed at the back of another copper hat (Figs. 8, 9). It will be 
seen hat these copper hats take the place of piabolic mirrors il Li 

uiy ig i experiments. My most sensitive tube is about seven inches
f d h“lf 7 mch m dlumeter- is «lied with turnings made from 

cast non, the shavings being rather thin and curled 
fine filings was quite unsuccessful.

The galvanometer consists of a flat coil, C (Fig. 8), of fine wire with
a magnetized needle suspended above it by a silk fibre. The coil is 
wound with three

diator. It 
side of it. 

i induction 
the sphere, 
art of the 
ical action 
e presence 
r, and also 
on the old

thesewaves

waves

turn-

itive elec- 
potential 
once, by 

I, positive 
the spark 
past their 
>.) Then 
id. This 
iis means 
e to pole, 
rounding 
i. If we 
;rease its 
out from 
) put the 
't on thr 
(Fig. 7.)

up. One tilled with

_ . ounces of number 32 (B. & S.) copper wire the™,emf ab°Ut 2:500 t“r™ »>' it. When a current traverses the ctil the 
needle above is deflected, and to render these deflexions
a , a small mirror M, is fastened above the needle, and a beam of light 
projected by the electric lantern against it, is reflected upon the wall’

l

ivisible to you

l
r
i

it!6 ai i
i

t
Fig. 8

Arrangement of various parts of Receiver and Galvanometer, and connections.
tht°waU0"TlWhT' the "eedle deltoctod’ tl,e iight-spot will travel on 
the wall. The galvanometer coil is screwed to the top of a box on the
ms.de and below it m the box is a single voltaic cell, Zf__in this case a
^ cellThe coil the cell, and the tube of turnings, T, are joineZ a
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single circuit. As the electric waves will run along a wire whenever 
they can (the wire behaving towards them like a speaking-tube to sound­
waves), and as they cannot pass through a metallic conductor, the 
necting wires IF, IF, and also the coil of the galvanometer, 
protected by metal coverings. The coil and battery are in a copper 
box ; the connecting wires are simply incandescent lamp cord wrapped 
with tin-foil, and then over-wound with rubber tape to keep the foil in 
place. With this arrangement, if the galvanometer is aflected, this 
disturbance must come from within the receiving copper hat.

Let us now try some experiments.
the two coils J have and allow the energy to radiate freely in every 
direction. The receiver being placed a few feet away, the galvanometer 
responds readily. (Fig. 9.) On tapping the tube, the galvanometer 
needle goes back to its former position. For more powerful effects I 
shall use the larger coil which is within the tin-lined box, and whose 
secondary is connected to the radiator in the copper hat. (Figs. 7, 10.) 
Now the effect is decided even when the radiator and receiver are at 
opposite sides of the room. Prof. Lodge obtained marked effects at a 
distance of forty yards. If I hold a sheet of metal over the radiator or 
receiver the energy is stopped ; it cannot go through a conductor. An 
ordinary electrical gas-lighter (which is simply a small static machine) 
can drive the spot across the scale. But observe that the waves escape
through the ebonite handle; this end, as you see, must be held towards 
the receiver.

con- 
are all

First, I shall use the smaller of

Now turn the receiver away so that direct 
When I hold a metallic sheet (in this 
better reflector), at the proper angle, the 
receiver, upon the turnings, and at 
room

waves cannot enter it.
brass, though copper is a 

waves are reflected into the 
drive the light spot across the 

1 Almost any anSIe of incidence is successful in this experiment. 
A glass plate or a board has no appreciable effect as a reflector.

Refraction experiments are interesting. In them, however, the 
effect is not so marked as in direct transmission or reflection. ’ My 
refracting prism is of rooting pitch. The angles are 45°, 60°, 75°, and 
the largest side is about eighteen inches square. The pitch 
a wooden box and the latter then removed, 
radiation by putting a diaphragm with a 6-inch hole 
hat, and turn the receiver until the light-spot

c.ise
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was cast in 
I shut off part of the 
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stance. Now, putting the prism in the path of the rays, so as to use 
e hugest angle, .. e galvanometer responds and drives the spot almost 

across the room. (Fig. 10.) This effect is not so easily exhibited as in ' 
optics, owing to the greater wave-length.

Let us 
vibrations are 
the nature of the 
find the emitted

now try polarization. A ray is plane-polarized when the 
continually in a single plane. In the

source, namely, a row of sparks, you would 
rays polarizeu. Such they are. If I hold a «rid of 

copper wires (see Fig. 10) so that the wires are parallel to the spark-line 
the spot moves but little, the waves cannot get through. But «s I rotate 
the grid in its own plane the effect is more noticeable until when the 
wires are vertical the spot moves farthest. If I take two grids and cross 
them the screening is almost perfect. I turn them until the wires make 
an angle of 45" with the spark line and the tube in the receiver ■ 
removing one grid the spot moves some distance ; 
other the spot goes clear across the room, 
similar to the

present case, from
expect to

on
on taking away the 

This experiment is precisely
. . m °Ptics in which two crossed tourmaline

extinguish the light. In my experiment the grids 
wooden frames, 14 inches

one
plates 

simply square 
with parallel copper wires about f inch

are
across,

apart strung on them.
Many other researches and experiments have been made in this 

fasmnating branch of science, but I have not time at present to refer to
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Fm. 10.—Apparatus arranged to show refraction through pitch prism.
I olarizing grids hanging on galvanometer table in front.

I hope I have in a general way shown that electrical radiation is a 
reality, and that it follows laws similar to those in optics. I hope, too, 
that I have in some imperfect manner shown the probability that all 

those so-called forces acting at a distance are really some peculiar action 
handed on by that invisible and unweighable, ever-present substance 
which fills

“ The lucid interspace of world and world,”

The marvellous properties of this 
remarkable medium are now receiving the most careful attention of 
workeis all over the globe, and when the man of science contemplates 
how the forces of heat, light, electricity, magnetism, gravitation, and the 
rest are all due to its mysterious behaviour, the stupendousness and the 
intricacy of the mechanism of the universe almost overawe him. With 
the late Laureate he will conclude :

and which is called the ether.

‘ ‘ To those still-working energies 
I spy nor term nor bound. ”

Mr. Chant concluded amid enthusiastic applause. All present had 
entered most heartily and sympathetically into the spirit of the work, 
while experiment after experiment successfully illustrated the subject. 
The apparatus proved to be most complete, reflecting the highest credit 
upon the lecturer and his assistant, Mr. Plaskett. Mr. W. A. Douglas, 
K.A., moved a cordial vote of thanks to Mr. Chant and Mr. Plaskett. 
He referred to the enormous strides which electrical science had made
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The Astronomical and Physical Society of Toronto.« 141
during the past score of years, and voiced the opinion of the audience 
when he stated that he was proud to have had an opportunity of hearing 
m Toronto such a lucid exposition of a most difficult subject. Mr 
Thomas Davies, member of the City Council of Toronto, seconded the 
vote of thanks, and added on behalf of the visitors of the evening that 
the Society s efforts to popularize scientific study were most thoroughly 
appreciated. ° J

I

l!■ i
The thanks of the audience 

added his own
tendered by the Chairman, who 

personal acknowledgment of the pleasure he had derived 
from the lecture. In reply, Mr. Chant stated that he appreciated the 
good will of the ladies and gentlemen present, and would be glad to pre­
pare on some future date a lecture on similar lines.
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TWENTY-FOURTH MEETING.

December 10th ; the Vice-President, Mr. John A. 
occupied the chair.

Paterson, M.A., I

A letter was read from the Secretary of The Astronomical 
of Wales, cordially inviting correspondence

Society
_ - on subjects relating to

astronomy ; Dr. M. A. Veeder wrote to thank the Society for the good
wishes expressed, but stating that he would be unable to change his 
decision in regard to giving up his auroral researches.

It had been announced that members interested in lunar observations 
would bring to the meeting any drawings that had been recently made 
Several were received. Miss Eva M. Brook, of Simcoe, forwarded two 
sketches of the Mare Crisium, made at Dr. Wadsworth’s large reflector 
The Doctor, who was present, read some interesting notes on lunar study, 
and emphasized what had been frequently pointed out, that the skilful 
artist can represent what the photographic plate cannot show, for various 
reasons. Particular attention was also called to the fact that neither 
sensitized plate nor artist’s pencil can show what the eye sees, even in a 
small telescope, when directed to the Moon. Some very valuable hints 
to the amateur were given, after which the lantern was used to project 

a series of photographic slides, illustrating the lunar 
aC M t> n lnterestms letter was also received from Mr. H. B. Witton, 

•x-M.P., of HamUton, who had long taken a very active interest ià
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telescopic observation, as well as drawing, in connection with the Moon 
He had very kindly forwarded a set of the Rutherford photos, taken as 
early as in the fifties, showing the Moon at various ages in the lunation • 
these were handed round for inspection, and were much admired A 
eopy of the first map made by Beer and Maëdler was also received from 
Mr. Witton, and a photograph of a map he had himself drawn, 
latter was projected on the screen, and comparisons made between 
drawings and the earlier sketches. "
were observed, Mr. Elvins stated that it was always necessary to 
sider just how the sunlight is falling on the Moon when drawing 
compared ; under different illumination an object will appear surpris­
ingly different in aspect. The thanks of the Society were due to Mr 
Witton for the pains he haJ taken to make the subject interesting.

Mr. J. A. Copland then presented the following notes
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I 'll THE CANALS OF MARS.

Some time ago astronomers were astonished, and disappointed it may 
be added, when they heard Piof. W. W. Campbell’s announcement that 
he had demonstrated by careful study with the spectroscope at the Lick 
Observatory that no water-vapour exists in the atmosphere of the planet 
Mars. “ Surely there is some mistake ! ’’ was the common ejaculation in 
astronomical circles ; but as the statement comes from what is supposed 
to be the first observatory in the world, it was deemed in 
that this decision should be taken
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as conclusive. A rtist astronomer 
Brett had maintained that Mars appeared to him as an arid ball, and 
Prof. Campbell’s announcement seemed to confirm that hypothesis. ’ 

Long has it been axiomatic that “doctors differ ” ; so may it be said 
of astronomers, for now M. Janssen has informed the French Academy 
of Sciences that, through the spectroscope’s aid, he has determined 
conclusively that there is water-vapour in the Martian atmosphere. 
Observations made by other astronomers point to the same conclusion 
Thus it is in order for Prof. W. W. Campbell to explain his ,,oaition ; 
he is a clever and pains-taking scientist, therefore is his deduction the 
more remarkable. There apparently is one thing clear, and that is 
that moisture is not distributed
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Earth. Large portions of
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distance to be spanned by our sight Then again, two of these canals 
may be running parallel, though miles apart, thus giving the doubling 
impression. One gentleman who is taking great interest in the planet 
Mars is Mr. Percival Lowell. It was he who recently endowed and has

d erected in Arizona an observatory, under the management of com­
petent astronomers, purposely to observe the planet namesake of the 
go of war. He argues convincingly in several articles he has written 
that here are evidences of intelligent life upon yonder other world; 
that the broad physical conditions of Mars are not by any means antag­
onistic tc life in some form ; that, there being an apparent dearth of
-, U.P°" th® P1“et’8 SUrface> if beings of sufficient intelligence
inhabit it, they would have to resort to irrigation to support life; that 

lere turns out to be a net-work of markings covering the disc precisely 
counterparting what a system of irrigation would look like ; that there 
are spots placed where we should expect to find the land thus artificially 
fertilized, and behaving as such constructed oases should.

All these phenomena, so concisely set forth by Mr. Lowell, can be 
anything but mere coincidences, signifying nothing. Undoubtedly, 
under the conditions, any Martian life must be markedly different from 
what we here have. Considered from a Martian view point, there may 
be nothing extraordinary or in any wise malformed or incongruous. We 
recollect that life suits itself to conditions; never conditions to life 
What are the Martian conditions? Regularly every season the polar 
ice and snow caps there melt under the Sun’s rays, and the water begins 
to How toward the equator, so rapidly that in a few days there is a com­
plete metamorphosis of the planet’s face. Much of the inter-polar region 
is red coloured and arid ; but bye-and-bye those “ canals ” and “ lakes ” 
show out, appearing more and more prominent lines and dots to our 
vision, because they are bordered and surrounded with growing verdure. 
Scarcity of water, or lack of proper natural distribution of that 
requisite to life, is a condition which
as a fundamental truth when an aua.ysis o Martian phenomena is 
sought. Those canals and storage basins or reservoirs, as we see them, 
and measured by terrestrial standards, are stupendous affairs, and would 
involve herculean, almost superhuman, labour in their construction
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when we admit that those so-called narrow water-ways and artificial 
lakes have been constructed for irrigation purposes, and when we take 
into account the wide difference between Martian and terrestrial gravi­
tation, the task of digging those canals and of constructing those 
reservoirs cannot seem so disproportionate. Of course, if the systems of 
canals have been contrived for irrigating the country through which 
they pass, it is plain that those lines which we see and call canals 
really not the canals at all, but the fertile strips of land concurring with 
them. Safely may it be surmised that the canals proper are never seen 
in the telescope, so hair-like roust they appear in contrast to the green- 
clad land through the middle of which they pass. There are plenty of 
analogies on Earth to prove that such must be the case. Looking from 
a height over irrigated land we see the verdure, but not the canals which 
cause it to flourish.

t
are

Cl

h

ci
inExamining further, we must fail to discover what manner of inhabi-
Sitants there are- on Mars, where the conditions are so different from ours. 

That very fact of so wide a variance existing between Martian and 
terrestrial gravity reaches farther in its effect than might be at 
supposed. As Mr. Lowell recalls in

once
one of his articles, gravity on the 

surface of Mars is only a little more than one-third what it is on the 
surface of the Earth. This would work in two ways to very different 
conditions of existence from those to which we are accustomed. To 
begin with, three times as much wo”k, 1as for example in digging a 
canal, could be done with the same expenditure of muscular force. If 
we were transported to Mars we should be pleasingly surprised to find 
all our manual labour suddenly lightened three fold. But, indirectly, 
there might result a yet greater gain to our capabilities ; for if nature 
chose she could there afford to build her inhabitants on three times the- 
scale she does on Earth without their ever finding it out except by inter­
planetary comparison. There may be nothing 
but at all events the subject is an enticing one to all of us.

2-

pr<
in these thoughts,new of
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The Assistant-Secretary then announced that he had received from 
Mr. W. N. Greenwood, of Lancaster, Eng., an exhaustive paper on the 
subject of
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42 ^fessiou^™88^8 n0t following their

*!' Br‘t‘ah shipmasters, steam (186,252 tons)
“ sailing (36,467 tons)

coasting (1,676 tons) .. 
sailing & steam (25,117 t’s)

pro-
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3214 <<
1444 Foreign
44

243
233 3
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4
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THE UNIFICATION OF TIME,*

extracts from which were read.
Mr. Greenwood had addressedmasters «ml mi , . • certain gestions to British ship-

time aLTon„ , 7’ 7 ',|,i"i0"S reg"rdinS »f reckoning
a,Ui lon8't-Je.,. Question No. 3 of the circular read ,n> follows J

mean midnight ?
A large number of the circulars had 

had been received from 
The

been distributed, and repliei 
. two societies and 243 individuals.

. , Shipmasters' Society, London, 1,033 members „„d 200 
«nates, had replied “Yes.” The Manchester Geographical Society 850 
membeis, had reserved opinion, but added a note ”t„ the edhct thai 2 

°C'®y ""“W “">at Probably be favourable to the proposition.

replies received from individuals

asso-

Replies Received from Opinion
Reserved.

Yeas. Nays.

* Subsequently forwarded to Dr. Sandford Fleming C M fi 
preparation of a further report on the general subject. * ' to be used in the

19
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TWENTY-FIFTH meeting.
December 23rd ; the Vice-President, 

occupied the chair.
Mr. John A. Paterson, M.A.,

Her. Canon Macnab and Mr. L Laurance, of Toronto, 
elected active members of the Society.

The Corresponding Secretary read a letter received from Prof E C
Pickering, of Harvard Observatory, covering the transmission of two 
photographs o star clu
the Society’s collection.

were duly

. These were a most valuable addition to

The Chairman having cal'ed for nominations for the various offices 
held during the ensuing year, Mr. T. Lindsay state,I that, at the

0 0 àld'iî v' TU'y heM’ ti,e Praiid™«. Dr. La,r„tt W. Smith. 

f,■' t V'c'-P'“'<lo"t, Dr. E. A. Meredith, had expressed their 
re to Withdraw from active official duties, and had requested that 

then names be not brought forward in nomination for 1896.

ment'of aC ' 'T*”’ ** ^ "'°'"d ll'« “.'point-. a Co"""ltle“ 10 Prepare a resolution conveying the Society's
appreciation of the services of the retiring President and Vice-President

Mr. Lindsay gave notice that he^i^n amendnm,, the co„.tit„Z“

ex-Vice-Presidents of the Society to hold seats in council.

Nominations for the various offices were then received.

asked'1 ntr,COnClUSi,°" 1 ^ 'mai,KSS ot the Mr. M. Turnbullasked permission to address the Society on the subject of a popular
tCLm iH WhiCh 1,6 h,d We" *'»»>» -u-h interested.

lbull I,KvmS beei1 «equested to proceed, exhibited some dia- 
gi ams illustrating in mmute detail a method of mounting a huge reflect, 
ing telescope winch was a modification of Dr. Henry Draper’s method

/;.gdVe eSt‘mateS °f the cost of constructing an observatory, exclusive 
of the site winch he thought might be g.anted by the city. It
special; °r • TinS Mr* TuV,,bu11’ t0 ref'er his Paper to the committee
dir^xcr^r ti,is “ w"idi “ --

was
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The Astronomical 

The following pap
and Physical Society of Toronto.

then presented by Mr. J. R. Collins 

theories of universal gravitation.

•aw„utTh,tn.”,ztrx tlm Md °f p^=.i

and the discovery of tl t' th® Ca"Se of umve,Sid gravitation 
Which it is enabled to leZT f ** ^ °r th™gh
sun from son tste^» fr! > ?te,Iite fl™ P'ima^

cules, masses and whirling WOTwtmJneIe,:yWheiT t;g,ltenmg atoms’ mole- 
ceaseless as time. ’ gmp St,0ngei’ tl'»" steel and as

The great Newton

147
ev was

—W exist», and to dij,“ tZ ratio ”"C'' ",

ance separating bodies from each ml .. i 10n’ as regavds the tr­
action aside from this (excent h"-1 'U gravit^’8 c,iuse. and mode of
great first cose) „2 ÎZL .jTZ '7?* “ »*“* °f «- 

depths of the mysterious. ! am' StlH ren,uin hidden in the
■expanse of the all-pervadim'étherS’'” U,alulate ,mnoticed upon the 
this question, physicists nmtl en V " ^ ™ attention
— give........ ,1 time and TÏ

«core have been advanced 1. f on‘ Theories by thements of the ^ Ho^ «r oT7 * 'T ^ ^

live and illustrate the different lines of tl ‘^'üiT 1,,fiP,Jl.0M8 aild I,,struc-
to discover these hidden springs of nature" ' ItTTl ^ the endeaVOUr 
paper to briefly review if r 1 S 116 l'urP°se of this

advanced, and elZI l II 1 at-Tu^TT t ^ 
the question may be conditioned. ^ ^ P°m'S Wlth wh,ch

It seems questionable whether the ancients 
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earth in the region of earth, air in the region of air, water in the region 
of water, and fire in the region of fire. The Stoics, Epicureans and 
Peripatetics, held that bodies tend towards the centre of the universe, 
the lighter giving place to the heavy. Archimedes’ discovery that a 
body loses a portion of its weight, when submerged in water, equal to 
the weight of the water displaced, says Whewell, only added confusion 
into the opinions of philosophers. Plutarch endeavoured to introduce 
ai lltt,e var,ety into the Ptolemaic theory, by pointing out that the 
Earth attracts earthly things, the Moon lunar things, the Sun sunly 
things, and so on. The motions of the heavenly bodies now assignable 
to the ceaseless tug of gravity, were then supposed to be due to the 
efforts of spirits whose révérai duties consisted in safely, regularly and 
steadily carrying the planets across the sky, or in some cases towing 
them across in row boats, or again driving them in chariots of gold, with 
fiery foaming steeds, across the azure blue, and in other
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I 4 ways, as imag­

ination might suggest. At as late a date as A.D. 1510 even Copernicus, 
immortal founder of the system of astronomy that bears his name' 
attributed the motion of the planets to attending spirits, who, he sup’- 
posed, guided them in their periodic rounds. The indefatigable Kepler 
in 1595 considered orbital motions due to a tremendous whirlpool of 
some sort of transparent fluid circling around the Sun, in whose current 
the planets became entangled and were carried or floated around the 
Sun, like a boat in a stream.
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diIn 1G00 Wm. Gilbert, the pioneer in the field of magnetic and electric 
research and the first to conceive and demonstrate the Earth to be itself 
a magnet, contended gravity between the Earth and the Moon, to be due 
to positive and negative magnetism residing in both, one force attracting 
and the other repelling ; in this way reaching out great curved arms, 
which keep the distance constant.

Descartes, 1630, though he knew more of the laws of motion than 
st of his predecessors, supposed the planets to be carried around the 

Sun in his vortice, or whirlpool of ether, which ether consisted of fine 
particles worn from the corners of atoms of matter ; these atoms being, 

he considered, originally of all angular shapes, were deprived of their 
sharp corners and fine points by incessant collisions, as they clashed 
together in the vortices of the Sun, the Moon, or the Earth ; all space 
being filled with such vortices or whirls of splintered atom dust, rolling 
and tumbling over each other, the greater carrying the less around with
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lpool of 
current 
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them, and 10 this way determining their motion in the great maelstrom 
o the universe, throwing heavy portions to the centre of the eddies 
forming planets and holding them together. The pressure produced in 
this way was, according to Descartes, the cause of gravity; reminding 
us of Addison’s lines, wherein we may behold a picture of “ the war of 
elements, the wreck of matter and the crash of worlds.”

Jeremiah Horrocks, 1635, the first observer of the transit of Venus 
seems to have been one of the first to recognize the necessity of 
central force, continually urging bodies together, in order 
orbital motions, but hç had 
died at the early age of twenty-th

In 1650 Gassendi, who had done much for astronomy and physics, 
while adopting the atomic theory of Democrites—viewing the universe 
as a shower of atoms moving in every direction-yet maintained the 
revolution of the planets to be due to certain fibres 
Sun, the action of which

some 
to explain

opportunity of developing this idea, as heno
ree.

extending from the 
was similar to that of the muscles of animals, 

time, 1650, Borelli, one of the first to recognize the 
parabolic paths of comets, expressed the conviction that planetary 
motions were due to “a fountain of virtue” springing in some way frotn 
the Sun, that compelled them to attend him, and likened this virtue to 
something resembling magnetism.

About the same

Dr. Robert Hook, 1670, who claimed priority to Newton, in the 
discovery and demonstration of universal gravitation, when experimenting 
with waves on the surface of water, noticed that light bodies floating 
thereon, approached and collected at the centre of disturbance, when the 
.qmd was agitated with a small paddle ; he suggested something like 

this as the cause of gravity, but did not follow up the experiments by 
investigating the effect of waves on submerged bodies.

Leibnitz, 1675, who also claimed

electric 
>e itself 
' be due 
racting 
i arms,

, , , . Newton’s work on the
calculus, supposed the particles of the Earth to have separate motions, 
which produce collisions, propagating an agitation in the ether radiating 
in all directions and by the rotation of the Sun on its axis, with ite
rec l inear action on the Earth, arises and is maintained, the motion of 
the Earth around the Sun.
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In 1692 Newton announced his discovery that 
matter in the universe attracts every other particle, with a force directly 
“ toe mass and inversely as the square of the distance between them 
Though the attraction of the Sun, according to the square of the dis-
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tanct*, was divined 
was

by Bullialdus, Hooke, Halley and others 
the first to prove it. Newton speculated 

cause of gravity, but
than to make suggestions, 
very dense within and

Newton
to some extent, as to the 

’ formulated any theory on the subject, further 
One suggestion was that if the ether was 

near bodies, and became less dense as it proceeded 
as gravity might follow. And a-iin if rb„ 

reverse w„, the cue, „„d the ether in near the surface oiCiee 
rare, and became dense as it proceeded outward 
sufficient to produce the effects of gravity
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whatever is not deduced from the phenomena is 
thesis . . . To us it is enough that gravity does really exist, and 
according to the laws which we have explained.’

“ Afterward, as if driven hack from every assault to the only retreat, 
winch in earlier years he had stigmatized as ‘so great an absurdity ’ that 

competent thinker could ‘ever fall into it,’ he despairingly asks: 
Have not the small particles of bodies certain powers, virtues 

by Which they act at a distance? . . . What I call “attraction” may 
W Performe(1 by impulse, or by some other means unknown to me. I 

that word here to signify only in general any force by which bodies 
tend toward one another, whotsoever he the cause.’* And beyond this 
point, no human research has since been able to penetrate. This last
and presumably deliberate judgment of Newton is
later than the inconsiderate 
which have been

to be called an hvpo-
act

no

or forces,

use
—this 
letters 
if of a 
ays in 
lential 
or the 
would

a quarter of a century 
utterances of his third ‘ I3cntley letter ’ 

so eagerly seized upon by every speculative writer 
intent on propounding new theories of the universe.”

Cotes, in the preface to the 2nd edition of the Principia, 1712, 
gravity is unquestionably an attribute of matter.

In 1707 Villemot propounded a theory of gravity, founded 
Cartesian vortices ; he claimed that there would be greater 
the outside of such vortices than towards the
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centre, and, as a conse­
quence, all bodies floating therein would be urged to the several 

Bernoulli, 1734, maintained to the last the truth of 
hypothesis, with modifications of his

centres, 
the Cartesian

own, and pretended to apply 
mathematical calculations to his principles, regarding gravity as due to a 
central torrent continually flung from the circumference of vortices
towards the centre, and so urging bodies in the same direction. 1750- 
lie Sage, the eminent French-Swiss physicist and mathematician, put forth 
a theory of gravity that has been' pronounced by Prof. Tait as the most 
plausible attempt hitherto made to solve this problem. Le Sage sup 
posed that there exists throughout the universe an infinite number of 
small particles, moving through space in straight lines in every possible 
direction, with a velocity greater than light, perpetually colliding and 
rebounding, forming groups or bunches in places; such groups might 
become the basis of matter ; these groups or other bodies immersed in 
this universal storm-cloud would receive
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from all sides by the little pellets which 
every direction in 
immersed in such

were supposed to swarm in from 
an infinite, never-ceasing shower. A single body

• . a sea of flying particles, receiving an equal number of
impacts on every part of iu surface, would remata 
two or more bodies were to exist in such a 
other, with missiles hurled at them from 
each would shield the other from th

<30

rei

stationary ; but if 
sea, at a distance from each

ati
lik

every poasible direction, then 
, . , blows falling upon the surfaces oppo-

■ to the sides facing each other, and as the bodies would receive ^he 
greater impact upon their unshielded sides, they would be driven in 

wards each other, the amount of shielding increasing as they approach 
erse y as the square of the distance diminished—exactly the ratio 

w.th which gravity is known to act. For more than fifty years did Le Sa»e 
unwavering faith proclaim his doctrine and urge upon his conte,Î, 

poianes its adoption but without success. His hypothesis was really a 
er elaboration of the atomic theory of Leucippus, the Greek phi! 

osop e the 6th century, B.C., and adopted by Democrites, Epicun.s 
1 Lucretius, and m modern times by Gassendi. Le Sage developed 

the gravitational part of the theory which had never occurred to his 
predecessors. Clerk-Maxwell says of this view : “The rate at which 

ie energy of the corpuscles is spent, in order to maintain the <navi 
mg pioperty of a sin0ie pound, is at least millions of millions of foot 

pounds per second ; and if any appreciable fraction of this energy is 
communicated to the body against which they strike, in the form ofheat 
the amount of heat so generated would, in a few seconds, raise it and

n e..nia"ner the whole materiftI universe, to a white heat.” Further 
oie, the atoms or bodies against which they strike would have to l„ 
P~ cage-like in structure to an extent in order L a„ow
urticent quantities of these pellets to go through a second body and 
nfluence a third, to the same extent as if the force did ^

the second at all. Further objections also exist.

ether1,1 L, Tfl t0 pr6SSUre of so™ kind in the
ether. In 1816 John Herepath, of Bristol, Eng., accepted Newton’s

suggestion of the ether becoming rare in and near bodies and
becoming more dense as it proceeded outward ; giving heat as the
o such expansion. He also supposed that hard, inelastic
collision, would rebound without loss of energy.

In 1848 the great Faraday made experiments with a helix of onn, 
wu-ea-c a galvanometer, for the pnrpoee of testing whether g2L
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•could or could not be transformed into electric energy, but with negative 
results.
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In 1840 Mosotti supposed the particles of matter to float in an 
atmosphere of ether, each kind attracting its opposite and repelling its 
like. Mosotti has, in this way, deduced from this mutual action gravi­
tation and the molecular forces. Clausius and Redthenbacher have since 
endeavoured to explain the other energies by supposing matter and 
matter to attract each other, also matter and ether, but ether and ether 
to repel their like. In 1858 J. J. Waterson, in the Philosophical 
Magazine, supposes all material atoms driven together by a perpetual 
inrush of energy from every direction, this energy is regarded as a 
function of space, is infinite in extent, producing gravity.

Prof. James Challis, of the University of Cambridge, and Director 
of Cambridge Observatory, till his death in 1882, devoted much of his 
time and untiring energy to the elucidation of this subject ; he investi­
gated the mathematical theory of the effect of waves of condensation and 
rarefaction in the ether, and concluded that the effect would he 
to attract or

/

repel the body to the centre of disturbance, according as 
the wave’s length is very great or very small, compared with the dimen­
sions of the body submerged therein. Practical illustrations of thr 
effects of waves have been given by Guyot, Schellback and Thomson. 
When a tuning fork is vibrated light body, the body is attracted 
towards the fork. Lord Kelvin has shown that this is explained upon 
the principle that, in fluid motion, the average pressure is least where the 
average energy of motion is greatest. J. S. Stewart Glennie, 1865, 
supposed gravity to be due to a mutual repulsion of atoms in the ether. 
In the same year, the brothers Keller propounded before the French 
Academy of Sciences,

near a

theory differing but little from that pre­
sented by Dr. Hooke, nearly two centuries earlier. Kelvin showed, in 
1878, that if space be supposed filled with an incompressible fluid, and all 
material bodies continually generating and-emitting this fluid at a constant 
rate, the fluid flowing off to infinity, or if all matter be supposed to absorb 
such a fluid, flowing in continually from infinite space, attraction of gravity 
would result. ”
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Dr. James Croll, author of Stellar Evolution, considers gravity in all 
probability, to be of the nature of an impact or pressure. Either 
position, he says is purely hypothetical, and he asks ; why 
it to be a force, without calling in the aid of corpuscles,

sup- 
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or a medium
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f.ll.ng space 1 In discussing the merits „£ pressure or ,«ruction Orel. 
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Clerk-Maxwell observes that electric and magnetic action are explained 
by assuming tens,on in the ether along the line, of force, acconZL 
with pressure in all directions at right angles to those lines. Giavita 
tion, he says, could be explained by assuming a reversed action • that k 
” ‘'°"» ">e of force, and Zeimon at right angle ’to him’
He was not, however, able to imagine any physical
Of stress. “It is easy,” he remarks, « 
stress that would be required 
at the surface of the earth, 
weight on the square inch 
sion of the
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cause for such a state 
to calculate the amount of this 

to account for the actual effects of gravity 
It would require a pressure of 37,000 tons 

vertical direction, combined with a ten- 
same numerical value in all horizontal direction, ; the stale 

of stress, therefore, which we must suppose to exist in thk invisible 
medium, „ thousand, of tons greater than the strongest steel
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he regards the action as action at a distance.

In John Hopkins University circular for 1894, A. S. McKenzie 
claims to have Pleasured the gravitational attraction of a crv.pd along 
v. ous axes, to determine whether it would vary, as do the velocity ei­
ght, conductivity and other physical quantities ; hi, results, however 

show no such variation. ’
Mr. J. H. Kedzie, of Qhicago, a corres|ionding member of 

Society, has suggested that gravity may be due to vibra,ions in the 
ether caused by other forms of energy which have lost their motion 
«cross the line of propagation, and have been converted into direct 
backward and forward thrusts. Mr. Klvins also has propounded a 
theory somewhat similar to that of Le Sage, though differing in this 
respect, that he holds, we believe, that the collisions of the 
would produce vibrations similar to that of

our

corpuscles
a solid.
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Pi of. llios. Preston, 1890, in Theories of Heat, suggests that ether 
vortices, not forming rings, or closed curves, may abut upon the surfaces 
of particles of matter, and form vortex filaments constituting Faraday 
tubes of force, connecting every particle reciprocally with each other ; 
when the pai tides are far apart, the filaments would be drawn out and 
weakened, but when they are near each other, the filaments would 
thicken and exert a pressure—equivalent to gravity—inversely as the 
squaie of the distance. Dr. C. V. Burton, in Philosophical Magazine, 

ebruaiy, 18J2, contends that it the ether were subjected to an enormous 
strain, and the strain were to be then removed, it would take a “ perma­
nent set” forming “strain-figures.” This theory supposes molecules not 
to be of definite size, but that in the ether surrounding each “ molecular 
centre,” there are stresses and strains which grow continually less, as 
distance increases, but which never absolutely vanish. Either gravita­
tive attraction or repulsion might result from a general application of 
Dr. Burton’s theory, but by making a plausible assumption in regard to 
the nature of the strain-figures, the force acting between particles of 
matter would always be attractive.
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Prof. Tait in 1892, says : “ Many attempts, often extremely ingenious, 
but all alike fruitless, have been made to explain gravitation; such 
failures, however, in the eyes of a genuine scientific man are only an
encouragement to persevere ; and the very remarkable success which has 
attended Clerk-Maxwell’s attempt to explain electric and magnetic phe­
nomena by means of the luminiferous medium, renders it at least prob­
able, that the properties of the ether will some day explain gravitation, 
possibly inertia also. Mere speculation of course is of use in science, only 
in so far as it originates or directs enquiry. So that we must be content 
simply to express the idea that the ether may be the one material sub­
stance m the universe, gross matter simply being differentiated portions of 
it, denser or less dense than the rest ; perhaps mere cavities or bubbles." 
This latter statement has reference to the views of Helmholtz and Lord 
Kelvin now generally accepted by physicists as the most plausible 
explanation of the nature of ether and matter that has yet been made, 
viz that the universe consists of a single elastic, negatively compressible 
fluid, without grained structure, a single huge soft or elastic atom without 
parts, one in the same
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minute vortices be set up in the form of rings, in this single large soft 
atom, the rotary motion would stiffen them, and in a perfectly friction­
less substance Helmholtz has mathematically shown, these minute 
vortex rings would be as indestructible as the hard Lucretian atom, and 
furthermore would possess the property of elasticity, which the former 
must lack ; it was because of this lack chiefly, Kelvin informs us, that 
he was led to look for some other kind of atom. These vortices, it will 
be noticed, do not resemble the Cartesian vortice or whirlpool in any 
way, but consist of small closed rings, rotating in the manner that a 
rubber ring rolls as it is forced over an umbrella handle, continually 
rolling inside out.* If this huge universal atom be drawn or strained 
outward in every direction equally, a rigidity will be assumed analogous 
to a solid, directly as the strain. The dimensions of this system might 
be infinite or it might be finite, as we choose ; but there is one thing 
there appears to be no escape from : whatever the nature and structure 
of the ether may be it is not perfectly frictionless, for although the truth 
of the conservation of energy cannot be questioned, yet the fact of the 
degradation of energy is equally plain. At every change of energy from 
one form to another, which is continually going on, a determinate per­
centage is converted into a form of heat that cannot be reconverted into 
any other form, and consequently unless the tendencies of the forces of 
nature be reversed, all other forms of energy must eventually assume this 
special form in final equilibrium, and end in universal night. Prof. 
Peddie says on this point : “ Examples of the degradation of energy are 
everywhere seen in nature ; the optical image of a body is less distinct 
than the object itself, because some of the so-called radiant energy is 
absorbed by the reflector, and takes the form of heat ; the vibrations of 
a tuning fork die down because the energy is communicated to the sur­
rounding air, but they also diminish because of the production of heat 
from molecular friction in the vibrating body itself ; the stilling of storms 
is accompanied by dissipation of energy, and possibly starlight is weak­
ened by its passage through the ether ; indeed, no instance of transfor­
mation of energy can be pointed out, in which there is not also dissipation 
•of energy.” However, as our philosophers inform us, this state of things 
will not be brought about for a few million years yet to come, we need 
not be unduly worried about the outlook.
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That the ether exists, there be no question, and that its structure 
displays the nature of a pseudo-solid, seems demonstrated beyond dispute. 
We endeavour to emphasize these facts as to the nature of matter and 
ether, because no theory of gravity

can

be tenable which ignores the 
nature and conditions of the medium through which or by which it acts. 
The vibrations of light, radiant heat and electricity are found to travel 
at the enormous rate of 180,000 miles per second, such vibrations being 
across the line of propagation, and of the nature of a solid, 
known form of matter can transmit vibrations at a fraction of such a 
speed, there must be a medium around and through all matter at suffi­
cient tension to transmit these vibrations, necessitating a strain of thou­
sands of tons to the square inch. But, it may be asked, what could be 
the physical cause of such a strain 1 It is well known that when a limp 
cotton disc is mounted on an axis and revolved rapidly it will stiffen out 
and become quite rigid, so much so that when the rotary motion is great 
the disc becomes rigid enough to cut into a plate of steel thrust against 
its edge. If a body resembling a Helmholtz-Thomson universe atom, of 
finite dimensions and possessing inertia, be rotated in a direction, say, 
towards the north and south, it would gradually assume the form of 
disc, which would continue to thin and spread out indefinitely while the 
motion is continued. But suppose when it is given the rotary motion 
north and south, it be given also a rotary motion east and west at the 
same time, then the body will assume and maintain a spherical, lenticular 
or pseudo spherical form, depending upon the proportion the compounded 
angular rotary motions bear to each other. If both motions were equal 
a sphere would result ; if unequal, some other form would be determined, 
and at the same time a continuous strain would be exerted and be dis­
tributed equally throughout the mass in every direction. If this rotary 
motion were great the strain would be in like proportion, and the media 
would assume the rigidity of a solid, or pseudo-solid. In this way any 
proportion of tension might be accounted for and be perpetuated in an
ether of this description under such conditions. [Experiment__*]

Paradoxical though it may seem, bodies consisting of grorps or 
tangles of vortex rings of this media, they themselves, stiffened by their 

rotation into extreme rigidity of material atoms, could travel through

can

1

As no

a

own

An apparatus, consisting of a ball through which were thrust cotton fibres, 
was here introduced and set in rapid motion ; the rigidity due to great velocity 

thus demonstrated—compounded rotary motions producing a sphere.
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such a solid without any appreciable friction. Prof. Oliver Lodge 
tinued his experiments in ,1892, 1893 and 1894 to detect a possible drag 
exerted by matter as it passes through the ether. He has been able to 
rotate two discs of tough steel, a yard in diameter and one inch apart, on 
the same axes, 3,000 revolutions per minute, in the same and in opposite 
directions, and examined a beam of light passed between them, without 
obtaining any evidence of a drag in the ether, which should have shown 
itself if it existed. An oblate spheroid of wrought iron weighing a ton and 
magnetized by a current sent through a wire wound around it in a deep 
groove, was also rotated without effect. Lodge has also determined by 
experiment that moving bodies carry toe ether along with them in their 
interstices, but that the ether outside their surfaces remains relatively 
stationary.

We. usually speak of the material universe as being infinite. But 
why should it be sol If matter is finite it cannot be infinite; for 
condition is the opposite of and denies the other. It is a contradiction 
of terms to speak of an infinite collection of finitudes. We use words 
and terms in an absolute and relative sense, and if this be marked there 
need be no confusion of thought. Space relative, is distance between 
extended points ; space absolute is that which remains when everything 
(ether and all) is removed ; and what remains 1 why, nothing but void, 
absolute no-thing. Where does nothing end ? It cannot end ; having no 
parts it is simply absolute infinite void. Space absolute cannot, there­
fore, be spoken of as finite, but space relative has a limit, and within a finite 
universe, without curved straight lines or any appeal t,o transcendental 
geometry whatever for its postulates. Lord Kelvin informs us that by 
three processes of determination he has been able to prove atoms and 
molecules to be of definite size and dimensions, in figures like these: 
“ If a speck that floats in the sunbeam be divided under the microscope 
of highest power into 30,000 equal parts, then each of the parts will 
contain at least 60,000,000 molecules, and every molecule will contain 
from two to one hundred atoms.” If this be so, what must be the 
ber of atoms contained by this world of ours ! The number undoubtedly 
must be great—past enumeration. But who will say for this reason that 
the world is infinite 1 And so apply this principle to the starry hosts t 
They may number millions upon millions, and their exact enumeration 
may never be made, but vastness of measure and quantity do not 
sarily indicate infinity.
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If gravity be a form of energy in any way resembling the f-.rms with 
which we are acquainted, it would seem that it would require time to 
be transmitted from one body to another ; all the theories mentioned 
here, and any other attempting a physical explanation, require a “time 
propagation” for gravity. Most of our astronomical authorities have 
assumed, however, that the action must be absolutely instantaneous, and 
it it were ot! erwise, it would bring ruin to our solar system in short 
order. The reasons given for assuming this result are briefly, the 
aberration argument ; the difference of effect when a body approaches 
and recedes from an attracting centre ; and finally the fact that no 
allowance for time is made in the computations when gravity is reckoned 
with the usual mathematical formula.

■
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We are told that if gravitation took time to act, within the solar 
system, an aberration effect would ensue, the result of which—according 
to La Place—would ultimately be to draw a planet onto the surface of 
its primary ; or, as is
throw it further and further
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generally stated, an aberration effect would 
MW»y, as shown in the diagram below. 

Strange as it may seem, the mathematical calculations La Place 
in Mécanique Celeste to

now

applied
approaching body are now applied to a 

receding body. If a force emanate outward from the Sun at S with 
say the velocity of light, along the line A, towaids the Earth 
orbit at position 1, the force acting along this line would 
Earth until she had arrived

an

in her
not reach the

at position 2, eight minutes afterwards • 
consequently the pull of the Sun upon the Earth would be along the 
line C towards the aberration point D, instead of along the line ° 
the Sun’s centre, and the continual addition to the tangential in this 
way, must throw the Earth further and further from the Hun; but as 
no such orbital change occurs, the force in action 
be of such a nature

B to
>

must, therefore, 
as to occupy no time in traversing the intervening

space.
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The above, with diagram, is the substance of the “aberration
” argu­

ment as stated by Proctor in Flowers of the Sky, Herschel’s Familiar
Lectures, Arago’s Astronomy, Old and New Astronomy, and other works 
of a more technical nature.

we
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ing

Now, it appears to me that a radiating energy (or force) acting from 
a centre, such as “S,” must dart out rays (vibrations or stresses) equally 
m every direction at the same time—if gravity be considered 
emanating force it cannot do else than this—so
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l that the energy, or force, 

must move outward along the lines “ A ” and “B" together, and alon» 
every possible radiant path also, with the same velocity ; thi being so° 
when the Earth is at “ 2 ” it will *
along the radiant “ B,” while the force

11 iF ; i i .| 1 h i, i
B-1 ii ?1

■ i
crossi 'n*;:

r h i ■
:

moving along the line ‘ A ” will 
pass onward in its path without influencing the Earth, at that instant, 
in the least, because the Earth would not be there to receive it; but the 
force moving along “B” will meet and intercept the Earth as she crosses 
its path at *• 2,” and so in like manner will every other ray crossed, in 
succession pull the Earth in a straight line for the Sun’s centre, and not 
to the aberration point shown in the diagram. Furthermore, the aber 
ration of light is simply and purely an optical illusion, the displacement 
of the path of the light ray is only an apparent, and not a real, displace­
ment, and as gravity would not be subject to optical effects, even this 
apparent displacement could not occur. So that whether gravity be 
instantaneous or take time to leap across the chasm, the result would be 
the same.
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II As regards the reaction of the Earth upon the Sun the same would 
apply ; tV, Sun would be drawn towards position “ 1 ” instead of to 
position “ 2, but the lag in that case being a constant “ 
blotted out and treated as if it were at “ 1.”

As regards the second argument against a time propagation of gravity 
namely, the difference of effect experienced during the approach and 
recession of a gravitating body, such as a comet, to and from the centre 
of attraction :—
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If the force exerted upon the body were o the nature o an impact 

pressure from without, this argument might apply ; but 
i the force be of the nature of a strain or stress, penetrating the 
body in question, without friction, it is difficult to see how the motion 
of the body can modify or intensify the effect of such a strain one 
or the other ; whether it crossed
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uWZ’it°!e„l l'TSt °f 7 °ne Wave or vib»*'0n, the stress exerted 
i-ftl e att w u6Pe "* *°lely "P°" «» distance ae,,,ln>t-
*Î ,g Cent'eS- Which may be considered ns stationery or in
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taneous action t» practically the same. This does not prove that
fhTsuc r»n7'me ‘r “Ct’ h'“ “ d0es Sl,OW that mg,usent alleging 
thst SUC|, „„ assumption necessarily introduces an element of instability
blZk thaTefcf u T0"8 r* “ Pe'sisted remain a stumbling
S,'bjL. y P“ 'nvestigation at the very threshold of the

That gravity can be of the nature of a mechanical pressure seems
h~rWmd "0tked that if » -.'hem, whenZlgX

t e equator as Jupiter ,s, were subjected to equal pressure from every

out imo ?1! 'T 8 fr0'" ",e form ot “ Where, continue to flatten
into» disc one molecule it, thickness, on account of greater surface

Zld be s t PfT"'° : t,,e SideS th™ ‘h» edge. Attraction, thougÎ» 

would be satisfactory here, on the other hand, implies an action not easy
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to explain in other respecta. 
To sumas fit due ,7’ thC ,dm'eren,t ‘heeries of gravitation may be classed

of r;r°' ", 7 a°ti0n; <2> imP'mt of particles, a.
a gas, (3) pressure ,n a liquid (negative or positive) and Carte i«„ 

vortices ; (4) waves in a liquid ; (5) vibrations in 
trom centres of force, and between a solid ; (6', action 

matter and ether : (7) alti ction
necessary property of matter-action at a distance ; ,8) p -ess, re 
tension in a practical solid, or pseudo-solid.
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must he a subject or object of possible knowledge. Want of progress in 
the investigation, is

The words of Prof. Tait

th
valid argument against its possible solution, 

again appropriate here, “ Failure in the 
eves of a genuine scientific man, is only an encouragement to persevere.”

Any satisfactory theory must, however, successfully meet the require­
ments with which the subject is conditioned, namely, (n) the energy 
must be such as can be transmitted by a solid, or pseudo-solid, and (6) 
penetrate all bodies without dimunition of force, (c) must be a radiant 
and continuous (d) diminishing in intensity as the square of the distance. 
Though the cause of gravitation remains still unknown, it may not always 
be so. Of the great generalization itself, I cannot do better than close 
with the words of Prof. Taylor, “ But as yet, this grand generalization 
of universal gravitation, after two centuries of busy thought and daring 
speculation, still remains the largest, clearest, surest, yet attained by 
man ; and with each revolving year, new demonstrations of its absolute 
precision, and of its universal dominion, serve only to fill the mind with 
added wonder, and with added confidence in the stability, and the 
supremacy of the power, in which has been found, ‘no variableness, 
neither shadow of turning, but which, the 
forever.
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!§ I I» January 7th, 1«96 ; the Vice-President, Mr. John A. Paterson, 
M.A., occupied the chair.

After the reading of the minutes of the previous meeting, reports 
from the various officers were received.
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'h Ii ' Mr. Chus. P. Sparling, Recording Secretary, reported that there had 

been held during 1895 twenty-four regular meetings of the Society, with 
an average attendance of about thirty members, and two open meetings, 
to which the public had been invited. All arrangements in regard to 
the removal of the Society’s effects to the Technical School building had 
been satisfactorily completed. Mr. G. G. Pursey, Librarian, presented 
a list of donations to the Library during 1895. This included a number 
of valuable works on
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Dr. Larratt W. Smith, Q.C., to whom the thanks of the Society 
specially due. The various observatories and scientific bodies which in
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t-rwitrit td 8̂bLfor;,r:i"g °f ti,eir »"b,i~-
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upon their regular exchange lists.
1'7Mmw't** tlmt th"balance <* «

ufficient to meet the expenses now being incurred in 
it the publication of the Transactions 

income of the Society was, howevèr, still too small 
expenditure which had b 
the strictest

16.3

y would be placed

hand „um 
connection

for 1895 ; the 
to warrant certain 

recommended by the Council. It was with
motion the ^C°n°m^ ^ that ^ necessary expenses could be met. On 
motion, the Treasurer, report, being duly certified, was adopted.

J. he election of officers foi* ..., _ ,1
Ztlr J hW8:"H“"- ,>'“i<lent’ H°" O. W.PC^LL.Ditliw

Her™, «ml M," R : Vice Pre8''le“t«, Mr. Arthur
T i " R" F' Stlipai t ’ ( orre-spcmling Secretary, Mr G E
L. u,«,eni Recording Secretary, Mr. Charles P. Sparling T„
mLj! P ; . Mr- W- B Musson; Assistant Librarian*
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in our pursuits, but, moreover, n special meed of praise for the munificence of his 
gift to our Library, thus giving tangible proof of an earnest devotion to the cause 
of science and an earnest desire'for the advancement of our knowledge therein. It 
has l>ecn our loss that the infirmities of years have prevented him from more fre­
quently discharging his duties among us as our presiding officer. We, however, 
confidently expect to retain the benefit of Dr. Smith’s counsel in the direction of 
our affairs, and it is our hope that He that doeth all things well will so tenderly 
guide our retiring President that his life will yet grow richer in happy years and 
brighter yet as it moves onward from the mere discoveries of human experience to 
that revelation of divine good that 
with him it grows late and dark.
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iii'i every useful life. May it he long erecrowns

II •i The resolution was adopted and the Recording Secretary instructed 
to inscribe the same upon the minutes of the Society.

It was moved by Mr. Chas. P. Sparling, seconded by Mr. A. Elvins, 
Keso/red, That we, the officers and members of The Astronomical and Physical 

Society, of Toronto, hereby offer our thanks to our retiring Vice-President, E. A. 
Meredith, LL.D., for the uniform and kindly interest he has always exhibited to 
us in our meetings and pursuits. It bus been most gratifying to us all to have 
enjoyed the distinction of ranking amongst our officers the name of Dr. Meredith. 
Although he retires from our list as Vice-President,
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I l|| we yet confidently trust to 

retain the benefit of his counsel in the direction of our affairs. If a man will but 
keep bis light shining, the Almighty will put it where it can be seen, 
earnestly hope that our retiring Vice-President, full of years and rich in life’s 
experience and of mature scholarship as he is, will be helped to keep his light 
shining, and we know that it will be seen ever lustrous and clear for the good and 
the right and the true.
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i' The resolution wasT, adopted and the Recording Secretary instructed 

to inscribe the same upon the minutes of the Society.
B If1 I 1 : Mr. R. I*. Stupart, Director of the Toronto Magnetic Observatory, 

presented the following
By ,

il
, i, , ,

«i 1 REPORT OF THE EAIITH CURRENT COMMITTEE.

During the past year, through the courtesy of Mr. S. S. Dickenson, 
Superintendent of the Commercial Cable Company at Canso, N. S.» 
returns showing the direction and voltage of Earth Currents measured 
at 5 a.m. each day on the Company’s cables, have been received at 
Toronto. These readings are likely to prove most useful and valuable ; 
they have been charted, the ordinates used being the current expressed 
in volts and time. On the same paper have been charted curves showing 
the daily mean values of the vertical and horizontal magnetic components 
at Toronto Observatory. A comparison of the curve formed from the 
Earth Currents, measured on a cable running eastward from Canso to.
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286 1 “
284- 9 “
285- 4 “ 
284-9 “ 
284-9 “

+ 0-20 . 
+ 4 02

1-62
+ 1-20 
+ 0-62 
+ 0-38

0-45
+ 9-76 
+ 20-32

1-36
+ 1 83 
+ 243 
+ 0 55 
+ 610 
+ 4-83 
+ 0-22

0-48
+ 1-54

0-37
315

+ 1-22 
+ 1 02 

. ' + 9-80 
+ 0-50 
+ 0-20 
+ 2-23 
+ 1.50

the? ""<,u“ed that meeting, to bo held Jan.
Slot, the President would read a review of astronomical progress during

e pas year, and the proceedings were brought to a close by ad- 
lournment 3
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Ireland, with the magnetic components, is especially interesting 
there ,» often a marked similarity in the curves, indicaUng pretty cleàrly 
Umt there ,s a Cm,, connection between the two phenonl»; doubtless 
ha, we , continuous record jf the Earth Current» the comparison would 
b« still move interesting, and the connection more evident.

are given the values of the E. C. readings

as

In the accompanying tabl 
for the month of April, toget 
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Oil

pui[Address delivered before the Astronomical and Physical Society of 
l oi onto in the Lecture Room of the Technical School, January 21st, 
1896, by the President, Mr. John A. Paterson, M.A.~\

en-
ina
pro
res

THE PROGRESS OF ASTRONOMY IN 1895.

I wish to thank you very earnestly for the distinguished honour you 
have conferred upon me in placing me in the Presidential chair. With 
much diffidence, I accept the distinction, for it is one worthier of an abler 
man, but the hesitancy which almost overpowers
the conviction that you do not expect too much from me, and 1 know 
that the members ot the Council who surround me are so earnest and so 
capable, that I am assured of a most vigorous support in the discharge of 
my duties. But I wish you to know that although my heart is stirred 
with that conviction, yet I purpose to do all that lies within the circum­
ference of my power to cope with all the responsibilities involved in and 
chargeable upon the office. You
your search for her will meet with more success than you have met with 
in your search for a President.

This country is not old enough nor large enough yet, to possess any 
number of men of leisure possessing cultured surroundings and scientific 
aspirations. We are all busy 
on the one hand, avoid frittering away energies in too many pursuits, 
and thus, by too great expansion and consequent rarefaction, diminish 
kinetic energy according to a well understood physical law which has 
also its counterpart in the domain of intellect, yet, on the other hand, a 
change of pursuit is beneficial, and tends to develop a fully rounded man 
and make his nature, so to speak, spherical and not eccentrical. As 
Longfellow, in his Table Talk, puts it : “As turning the logs will make 
a dull tire burn, so changes of study a dull brain.”

To wrest from thv book and volume of the sky its secret and to read * 
its mystery, is a problem that for centuries has strained the highest 
powers of human intelligence. The solution of that problem has been 
in progress since our great ancestor gazed for the first time on the gloom 
that deepened from the purple twilight and in the mellowing shade h» 
first beheld the radiant rulers of the night.
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Discovery commenced as a very feeble rill, and as cent,nies rolled 
oil swelled into a mightier and swifter
purity of Truth has been fouled 
error, which have often blotted 
man

current, although the silver
many times by muddy torrents of

0l,t the efforts of nature to reveal to 
the teachings she would have him learn. r

progress periods of hybernation, during which
rested from its lalmurs to gather strength for some greater achievement. 
Kepler, toiling with laborious induction, died twelve years before Newton 
was born, and reached the meridian of his glory well nigh three-quarters 
of a century before the great English philosopher invented his calcula, 
and taught the ages the secret of the universe by a rigid deduction from 
the one greu general principle of gravitation. Nature, ever since prime
whLrüül l, 81 a “0“e- '“"l *» reveal the Let
which holds the universe in its power, and to teach the law which has in
Its keeping the earthward fluttering of the linnet’s feather, as well a, the 
ceaseless swing through the infinitude of space of the mighty Siri 
Newton farst interpreted the striving, that Nature was making to teach 
and read her symbols to the world of philosophy, and the era of Physical 
Astronomy dawned. And then followed n 3
2T1?» '2 f'0n®,thro"*h nebulous shroud had been flashing 

gna s to the Earth telling her of his nature and of her genesis. Every
ray o light was a messenger bearing symbols of scientific truth : but

"°\?rCOuld "°t. re*< ‘I'e message until Fraunhofler, and 
Kirschoff and Huggins, and Doppler, and Young, received the beam 
through the spectroscope and read the story the Sun wished to tell 
And soon too, Arcturus and the rest of the starry host gave up their 
secrete ; their structure was examined, and as a musician by his tuning.
fee orTrL r '"‘"'‘I0' “ n0te’ s° ll'« npectroscopist by the da* 
line or the bright-line analyses the constitution of the most distant 
derer that hovers on the

ety of 
I 21st,
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very confines of visibility. And so the work 
goes on, and Smence plants her foot still further and further onwa.,1 
ever onward, and slowly conquers the desert of the unknown but the 
knowable and transforms it by her wondrous culture into smiling fer­
tility--. hand-breadth only it may be in a whole century-but 
hand-breadths make a s]iace which lessens the vast unknown 
been my great privilege on two previous occasions to review si 
advancement of astronomic science in 1893 
is behind us—it is a thing of old, but its
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und Physics will live with those of previous years, and so we push out 
into the dim twilight, to he succeeded by the clearer day. What, then, 
has 1895 accomplished for us in our pursuits 1 What pawn of victory 
can it sound 1 What conquest has it made 1

in*
sit
pn
inThe past year has added than ordinary share to the world’s 

observatories. The Universities of Pennsylvania, Minnesota and Ohio, 
and the Oise School of Applied Science (Cleveland), are having huge 
telescopes built. At Flower Farm, near Philadelphia, the first°of the 
new buildings to be erected at a cost of $50,£00, has been commenced ; 
this is to be equipped with an 18-inch refractor, with an objective 
by Blashaar‘ Dr VVolf> at the University of Heidelberg, has mounted 
t wo astrophotographic doublets made also by Brashear, each sixteen inches 
clear aperture. The Willard lens of the Lick Observatory, which has 
produced such matchless photographs of nebulæ and comets and the 
Milky Way, is only six inches in diameter. We all expect great results 
from the new Heidelberg doublets.
1895 been even built

a more br$
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'ii,
A Solar Physics Observatory has ir.

“ Iniiiil s ct,ral strand ” (if, indeed, that is a 
correct expression at 7,700 feet above the

i »-' « h! 'i* Oil appii
. level), in the Madras

1 residency, under the best atmospheric conditions beneath that star- 
gemmed sky, whereto the old Fire Worshippers centuries ago lifted devout 
eyes from their Zend A vesta, and there traced the footsteps of their 
deity in the ever circling stars. The superb gift of Mr. Edward Crossley, 
F.R.A.S., and .1\ for Halifax, England, to t e Lick Observatory has 
arrived, and is jinjr placed in position. This giant reflector is in dia­
meter thirty-six inches, its mirrors and finer mechanical parts weigh 
more than one and a-lialf tons, the mounting seven and and a-half tons 
and the larger part of the dome twenty-three and a half tons. This giant 
light gatherer will make Mount Hamilton the most famous spot in the 
world for its aggregation of magnificent instruments. This is truly a 
great international courtesy, and proves surely the uplifting power of 
science. When England gives one of her greatest instruments to help 
America conquer the depths of space and pluck from the heart of the far, 
far distant nebula that faintly gleams on the confines of space the secret 
of her nature, let not the nations wrangle ov^r a few miserable acres of 
swamp land in South America. The aspirations of science are loftier than 
those of politics. Were those who guide the destinies of nations to sit at 
the feet of Philosophy and become scientific, they might become high- 
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The Astronomical

Mr~' equi|,",e,,tl 1 hetM"k mjselfof that Univer

Sc „■ r, rrr'r-4 c“nnot5'tt ,or ^ „„„pu he « .im take her true place among her sister, on tin, continent, share 
>n the triumph, of astronomic progress, help to bend down |„.e‘the
«•«trite h ,TW °f k"°wWse ",at hW“its «"P in the tenement, and 
Ü'Î T," tl,,e eV"" “W* k”ka of discover, and

leviathan tl ■ no»,, this part of in, review, let me tell you of the
eviathan that „ expected a, the Pari, Imposition „f 1900

the abyss of space with a 48 inch objective, 
images of objects under view will fall 
observers will
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l out 
then, 
story

irld’s 
)hio, 
huge 
; the 
ced ; 
utive 
nted 
iches 
i has

'

to gaze into 
It is to be so arranged that 

on a screen, so that a number of 
see at the same time. What this will cost is not ,et 
not ,mg „ too costly in the search for truth. I notice in

whereby a star""“.rU;,ne"Vn,Vented * M' U»™». called the ccelostat, 
the n , the Wl,ole stel1" 'suit present, a steady image for
nLlël'T8, 0lWr™tim- A P'«n mirror is mounted on an a," 
P allel to a line joining the celestial poles, and by clock-work the whole 
apparatus is rotated in forty-eight h

There is a

recorded, but 
passing a new

the
ui Its 

is in 
is a 
dras 
î tar- 
rout 
heir
'ley,

ours.
. very popular impression that astronomers at large obser

vatones sjlend their time in sitting in turn at the eye end ofThrirTn
th™™e"‘S’ *nd hve laboriou“ nig''t in seeking to discover some new

be.an„„d thëeeëdC'ÛntrA';hen,"n8 St Paul's tim« i « if indeed the 
Z " . end'a" 01 astiunomic effort was to ferret about in the skv

nd find out some new comet, or planet, or satellite, or star. But the fact

a puL,;^JrfT,al aSt,'°n0n,erS eri=a»e in that work, and such 
Ti e T Vr , astronomers and the smaller observatories
The Lick Observatory, for instance, devotes about one twenty-fifth of

lookinT8’ Bnd TUCh 'eSS t,mn 0,16 twfcnty-fifth of its equipment in
could”* M nCW ° >JVCtS' 8,10,1 an exPensive equipment as it possesses 
ould not be perpetually employed in such uncertain work. Nearly all

Of theTPeCted C°met", HaVe bee" discove,ed h7 Private astronomers 
the hve new stars discovered since I860, three are to be credited

184V f eUrS ’ ° Ve SeVe" •SateIlites of our s°l'ir system discovered since
inde d T’ WePi C°Vered bv “ private observer at Liverpool, although 
indeed for such research a large telescope is peculiarly fitted The
sweeping for var.able stars is nearly all done by amateurs The inquiry

en is pertinent-,f the greater part of this success is due to private
erpnse, what is left for professionals with their splendid observa.

ones equipped w,th the finest and mightiest instruments endowed by
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princely munificence or under government patronage 1 Prof. W. W. 
Campbell tells us what such scientific work really is. It begins just 
when the new object is discovered ; it consists in the collection of facts 
and numerical results, and their arrangement in such a form that the 
general principle and laws of the science become apparent. The nucleus 
of their work is not “ discovery,” but it is “ investigation.” 
laboured to construct a theory of organic life from 
research of

oi
in
th
be
th

As Darwin 
a vast inductive

every form of life that existed, and by comparison of 
all grades and varieties sought to evolve some great and universal 
law, so the astronomer seeks f rom a laborious research into the inorganic 
life of the universe, tracing the flight and watching the movements 
of sun, planet and satellite, comet, meteor, nebula and cluster, to con­
struct one vast and pervading theory that will dominate as a mighty 
law of which even that of gravitation may be merely a sub-section. °A11 
the facts of their nature, their whence and their whither, their present 
and their future, all the essentials of their being the professional astro­
nomer, with unstinted struggle and unbaffled skill, labours to conquer. 
Nor is it to be supposed that a big telescope is all that is wanted. It 
is, no doubt, an important matter to use a large objective, but it is of more 
importance to have a keen eye at the eyepiece, and behind that again a 
large brain that can interpret what the eye sees. Great results can flow 
from the little end of

Ai
dit
un
is
cle
to
ke|
of
vac
El)
the
inci
seal
rar<
froi
phelittle telescope, provided a mathematicaleven a

astronomer is there, and not a mere observer. La Places, Herchells, 
Struves and Bessels are wanted more in the world of astronomic science, 
very much, indeed, more than Lick or Yerkes, or the most renowned 
artificers, although all these have built the ladder by which the 
scientific astronomer has scaled the heights of 
makes the astronomer ; man may make an observer. Bessel said, “ a 
practical astronomer could make observations of value if he had

the
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God alonesuccess.

only a
cart wheel and a gun barrel.” The profoundest discoveries excite little 
popular attention, but if comet is discovered, then every newspaper 
heralds it, and the world ruled by reporterdom is all agog with amaze, 
and the fortunate discoverer becomes digito monstratus, “ pointed at with 
the finger.” There is, indeed, a popular superstition about the superiority 
of large instruments, but there is at hand an effective commentary on that 
for Schiaparelli discovered the peculiar configurations on Mars which 
îe calls canals with eight and one-third inches, while the great Wash­

ington refractor of twenty-six inches had failed to reveal them.
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one thing to see and another thing to perceive what you see. Further­
more, there is a limit to telescopic power even were there no limit to 
the size of an objective o the strength and steadiness of its mounting 
because we live at the ottom of an ocean 
through what is often 
As we increase the ma 
distort! ve

of atmosphere and look 
of disturbing billows, 

power, we proportionately increase the 
power of the boiling, quivering fluid in which 

immersed, and through which we have to look, 
is disturbed in this

heaving, whirling mass

we aie 
When the atmosphere

. , , , way' w,llch may> indeed, happen apparently in the
o eurent and calmest night, scrutinizing planets in detail is like trvin-

rea a page of line print through au opera glass, when the print is 
kept dancing „p and down rapidly and irregularly. The »« pin. «/*» 
of telescopic work would be in a condition where we could set it up i« 

and dispense with the embarrassment of lungs ; then what an 
Ulysium of telescopic joy we would have, because 'indeed we would be 
then m the Elys,an fields. The result of this terrestrial atmospheric 

inconvenience ,« that the giant telescops can give their best results in 
searching out minute configurations of planetary or lunar detail only at 
rare intervals of time, and so the Lick observers am forced to wander

i"atru,,,e,,t a,,d ,uit «- «—

vacuo

e problem ot the Sun and its nature has made progress during 
the l«at year. This globe ot darning gas has had volumes written 

, and theories of its nature am in number '< thick as autumnal leaves
Mailer r 7 m Vallo'ub'-“‘i'’ ootil one would almost re-echo 

acbeth, who, when oppressed with dismay at the approach of
Birnani wood, said, “ I g,„ to he aweary of the sun.” 
of the Sun s rotation has been 
Sporer, of the

on

The period
variously estimated. Prof. F. W. G 

, Astro-Physical Observatory at Potsdam, attained great 
Mleb ty by lus determination of the rotation period, and by his 
investigations relating to the law of the retardation of this rotation 
dependent on latitude. Duner solved the 
troscopic observations. same problem from spec-
aratouotr to demonstrate iXm. ^"oTl l/LlZ 

by observations of the faculæ. It was 
terrestrial phenomena and

favourite theory that 
sun-spots were closely connected, but

once a
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Dr" Tjew,s Swift haR suggested that the true connection is between 
phenomena and the faculæ. Mr. H Ebart has sunk 

t > speak, below the photosph 
The scientific world i

these
his thermometer, 

and finds that it records 40,000° C. 
making preparation for that sublimest and 

rarest of astronomical spectacles, the total eclipse of the Sun, which is 
timed for August 9th, 1896. The line of totality crosses the coast of 
Norway and the region of thj Varanger Fjord is the objective point of 
the eclipse expedition organized by the British Astronomical Association, 
and there, right in the home of the north wind, scientists will establish 
themselves and during that critical period of totality, with telescope and 
spectroscope and every available weapon from the arsenal of science, 
will attack the mystery of the corona and compel her to let go her secret 
Already observers are rehearsing for this great event, dividing an 
imaginary corona amongst themselves, and testing their capacity at rapid 
draughting, for Dame Nature is not, in this regard, generous, and offers 
her students a fleeting glimpse of this most wondrous sight for only 106 
seconds. Other observers are prepared to search yet again for Vulcan 
the supposed intra-Mercurial planet, and others yet for a comet winch 
may be in conjunction.

so ere
in now

l>

In 1868, when the spectroscope was first directed upon a solar 
eclipse, the famous D-3 line, the bright yellow line near the D lines of 
sodium, was first seen in the prominences. It has no corresponding 
dark line in the ordinary solar spectrum. Frankland gave to the unknown 
substance to which this line was ascribed the name of helium, as if it 
were indigenous, so to speak, to the Sun. After this, D-3 was detected 
in the stellar spectra, but it was not found in any part of the Earth, 
which was strange, and could not be accounted for if indeed the Earth is 
a child of the Sun, and not an aggregation of independent materials. If 
the nebular hypothesis is true, the Earth should show its kinship to the 
Sun by distinct marks of inheritance, and amongst others helium, unless, 
indeed, all the helium that ever was in the Earth became free, and its 
molecules having a velocity of more than seven miles a second, had left 
the Earth to seek some body of greater gravitating power. And thus 
the inquiry rested until Lord Rayleigh and Prof. Ramsay announced 
the discovery of a new substance in o .r atmosphere. They had noticed 
that the density of nitrogen taken from the air differs about one-half 
pei cent, from the density of nitrogen obtained in any other way. This 

■element, that so strangely affected atmospheric nitrogen and gave it a
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distinctive character, they separated by the action of magnesium, and a 
new gas was evolved whose density was fifty per ;ent. greater than 
nitrogen. This they called argon, because “it did no work,” although, 
indeed, that negative character could not have been attached to these 
indefatigable chemists. Last March, Prof. Ramsay, seeking 
tain if this youngest born of scientific discovery could combine 
anything else, was examining the rare earth found in Norway kno 
cléveite. When treated with weak sulphuric acid it gave off argon, 
associated with something else, which he described as “ a gas which has 
not yet l eer. separated." It was submitted to Prof. Crookes, and it 

proved to be helium imprisoned in the cléveite, and thus helium is 
now a misnomer, and the Earth bears another possession from her great 
Sun-mother, although it is of such a light and frivolous character that if 
released from its rocky prison it will fly Sun-wards and seek 
to nestle in the bosom of that fiery power that gave it birth.
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MERCURY.1
This nearest attendant on fhe monarch of 

density measured
our system has had his 

during 1895. He is neither too swift nor too 
small to escape the grasp of the calculus and the probing of the astrono­
mer s staff. Through a rigid demonstration, based on the perturbations 
of Encke’s comet, the density of Mercury has been found to be 3*7 (water 
being 1). The Earth is the densest body in our system.
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VENUS.

on the rotation period of our evening 
and morning star, and has evolved a new result of 23h. 57' 8", not 
differing much from that of our own daily movement ; but this is several 
minutes slower in time than the formerly accepted results.

MARS.

When Mars comes to be reviewed

Herr Bremner has been at work

1 do it with hesitancy, knowing 
how easily we turn from the firm ground of scientific investigation to the 
slippery path of romantic story. The popular humour delights in phil­
osophy decked with the charm of conjecture. Anything which is 
ceivable may be interesting, but science is founded upon the rock of 
evidence. Even an astronomer may say “ it can be stated without fear 
of refutation that such and such a proposition is true.” A new theory
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of cosmogony might be built upon such a basis, and lecture halls would 
ring with plaudits at the unfolding thereof, notwithstanding the warning 
“that the assertion which outstrips evidence is not only a blunder but a 
crime.” Bacon truly said in his essay on Truth, “The mixture of a lie 
doth ever add pleasure," by which he meant not a lie in malice, but 
any bold statement that was fleeter of foot than evidence, 
stration is un 
can till a

Rigid demon-
popular, but any astronomer of reputation and of ready wit 

lecture hall if he proposes to discuss the altitude of the Martian 
inhaoitant ; or it he will tell us how to construct

Ik
!!' some mighty triangle 

or pentagon on the Desert of Sahara, light it with miles of electric 
lights, and then watch for results from our neighbour Mars. This was 
exactly what happened with Mr. Lowell, of Flagstaff Observatory. 
Huntington Hall, at Boston, was tilled, every seat and all the standing 
room, when he gave his four lectures on the planet Mars. He is 
very famous astronomer, and writes most charmingly in the Atlantic 
Monthly, and when he speaks he will be listened to eagerly and 
what he writes will be read by the magazine-loving public from 
cottage to boudoir. We have all heard the story of the canals, 
they are now accepted as indubitable by the scientific world, 
more is now added, 
tian people, it seems, is
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Much
The great and absorbing question with the Mar­

the water question. Worlds, like individuals, 
not gifted with perpetual youth ; they are born, spend a hot and 

feverish infancy, grow cooler with advancing years, attain an early, 
youthful vigour, and are fitted for the abode of life. As they advance’ 
in life, higher types of inhabitants are evolved ; they then grow old and 
commence to droop with the cold, until they reach senility, and then 
come decay and death, after millions of revolving ages. Mars, it 
seems, is far advanced in its life ; its mountains are all levelled, its water 
has nearly all evaporated, its inhabitants
selves by a gigantic international system of irrigation. They have dug 
a network of canals, and so catch the annual meltings of the polar ice­
cap ; oases are formed at the junctions, and there the strong-minded and 
mighty limbed Martian most do congregate, and admire their ingenious 
hydrographic system. The silver thread of the actual aqucducHs not 
visible, but what are seen
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It is proved by strict mathematical reasoning that 
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ild that the task of excavating these wonderful ditches is easy. One Ma,
rr g':0d :'S ti,t? C,li”- Ufc k moreover, further adl^: 
tile ai ts and sciences are thousands of years older than here on Earth
and the powers ol nature being better understood, more gigantic result,! 
«an be produced. Steam and electrical machinery are long out of date 
«ml are kept m museum, as relics of, gone civilisation, and so the rein’ 
.J '"" ‘° 6 "’|0S‘ f!rv'd "-agination, and the grandest results flow

■ c mis’ T T “ <l"0ted’ -Peaking on the idea that the canals are the work of intelligent beings: «I should carefully
,w's':i r, TV f™>; oombating this supposition, which involves '

P S n 1 y. But Schiaparelli was speaking ns a philosopher, and was 
not lecturing to a Boston audience, or writing for the Atlantic 
01 he would have put it positively and not negatively. The Lick Obser!
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ut nammon 18 not ho exciting as that at Flagstaff
see, no doubt, but f“ '

Lick Observatory during the years lb88 to 1895, 
goes to confirm the 
described. It is

d
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at thed
. so far as I know, which 

very positive and strong conclusions which
Ar T „ 'l ,,0int to be noted* th«t the conclusion reached by 

i. Lowell at the end of Ins work, agree remarkably with the facts he
to prove before Ins observatory was established at all.” Conjec­

ture however ,s often the pilot of discovery. Let us suspend judgment 
until we hear from the Yerkes’ telescope at Lake Geneva, .. 
working under the best atmospheric conditions next sprit.» 
projected monster at Paris in 1900 verities, if it 
cipations. We may add that

li I
are

I
1 set out 1

i
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4near Chicago, 

or until the 
will, Mr. Lowell’s anti- 

to explain the mysterious gemination, or
Lx, . ,r n. 80 far has defied most laboured efforts of the
hlugstaff Observatory. It is from no desire to depreciate Mr. Lowell’, 
delightful conjectures that I call to mind that most Mnnclmnsen-lik. 
story which an Amène,,,, newspaper scribe boldly fabricated, that the 
ne work on the Mart,an disc was fashioned in the form of the Hebrew 
letters signifying “ Shaddai ” or God ; and 
signalling to us the

*
4
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so the Martian jieople

... , name that was kuown throughout the universe, and
were calling for a similar sign of recognition. Among 
startling hypotheses which

were

many other
thus aroused, it must be that the Hebrew

characters and language are well-known to the .......bitante of our fiery
neighbour. But this o,„-l,erode Herod ; even Boston Las not hem, able
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to reach this wondrous height, and we feel oppressed with the most 
poignant grief when we consider how many men have lived in past ages 
and died at last in ignorance of this great discovery.

THE MOON.

Our satellite was twice totally eclipsed in 1895—in March and Sep­
tember. There is little real scientific value in lunar eclipses. They are 
extremely interesting and attract popular attention to what has been 
justly called the “ Queen of Sciences.” The shifting shades of colour 

beautiful object of study. The theory has been advanced that 
the Moon is self-luminous from the intense and constant heat that is 
being poured upon it, and that it has risen in colour to a dull red and 
so the disc is not absolutely blotted out by the Earth’s shadow. But on 
the other hand the delicate observations made by Lord Rosse and Lang­
ley with the thermopyle show that the heat diminishes in

■ f!*i
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#5 hi an eclipse

almost as rapidly as the light does, and so the heat we receive is almost 
entirely reflected.
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THE PLANETOIDS.

f
E J hi
En'Ui

fi
t<The roll-call of these pygmy children of the Sun continues to grow. 

IJp to the end of 1895 about 420; ai
discovered, but they do not 

always answer obediently to their names or to their distinctive numbers 
(for they have not all been honoured by names), as if the belt they move 
in were a sort of celestial penitentiary. One named Œtbra, discovered 
m 1875, has never been seen since, and seven more of the group are at 
present lost. Re-discovery would be interesting if they still exist in 
space ; the photographic plate will be able to execute a writ of capias 
ad respondendum upon them. It is worthy of note that the greatest 
density of the system of planetoids occurs just where Bode’s law fixes 
the missing planet between Mars and Jupiter. One of those pocket 
woild discoveries of 1895, Ottilia by name, has a period just one-half 
that of Jupiter, so that by Kepler’s third law Ottilia’s mean distance 
from the Sun must be Jupiter’s mean distante divided by the . 
Barnard has been measuring the diameter of the four first discovered of 
this family, viz. :-Ceres, Pallas, Juno, and Vesta. One finds no relation 
between their size and their brightness, as, for instance, Vesta is only 
half of Ceres in diameter but has an albedo four times
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SATURN.
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This planet has bee,., much studied since 

gained the Adams prize for his proof that 
revolving meteors which 
tions of Prof. Keeler,
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scientists that Cleveland’s 
instantaneousness.

message acted with sufficient responsive

NOVA CARINÆ.

A new star flashed her glory in the firmament in 1895 ; not one 
that had always existed and has just been observed, but one of the class 
that comes into existence suddenly, increases in radiance, and then 
melts into obscurity. To Mrs. Fleming, of Harvard Observatory, is due 
this discovery. Photographic plates (of which there are two kinds, spec­
trum and chart plates) of the heavens are taken by the large photo­
graphing telescope at the Harvard Annex Observatory in Arequipa, 
Peru, and despatched to Prof. Pickering at Cambridge, who deputes the 
task of their careful examination to Mrs. Fleming, assisted by a corps of 
ten or twelve young ladies, working in a small brick building, where 
already have been stored tons of plates. Thus a new star was discov­
ered in the constellation Carina, Which is above the horizon at Arequipa, 
whose latitude is about 17° south. The Nova was first seen at Cam­
bridge on the photographic plate, where Carina is never visible, and thus 

y of light wrote upon the photographic film the record of either the 
collision of two bodies or of two meteoric
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swarms rushing through a
nebula or of some magnificent volcanic outburst; and 
•nighty and most subtle power of nature became vassal to the human 
intellect, and, at the bidding of the scientist, at last reveals secrets 
that long have eluded the keenest intelligence. The spectra of these 
Novae of Carina, Norma and Auriga are remarkably alike. Nova 
Carina is the fifteenth Nova that has been discovered in the last 
thousand years.

The international photographic charting of the heavens goes on apace. 
Three or four observatories have already furnished their share.

The Royal Astronomical Society held a meeting on the 14th of Juno 
last at London, and there Miss Alice Everett, M.A., one of the Secre­
taries of the British Astronomical Association, read a paper on the binary 
star z Leonis. This binary has a period of about one and three-quarters 
centuries. I note this as being the first paper read by a woman before 
the Royal Astronomical Society. The British Astronomical Association 
has not only a lady Secretary, but also a lady Editor, Miss Russell, and 
another lady, Miss Brown, who is Director of the Sun observing section. 
That distinguished astronomer, Miss Agnes M. Clerke, is also a member 
of its Council.
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Chandler's discovery of variation in latitude of points on the Earth’*
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variables, and three nebulæ. Prof., Daniel Kirkwood, the Dean o?
American astronomers, 1ms also been added to the death roll ; he is best 
known by Ins researches on the planetoids. He suggested the theory

.e°r 8tireamS We, e the resuIt of tl,e breaking up of comets, and 
langed himse f under the banner of those who opposed La Place’s
nebular hypothesis. But before closing, I cannot forbear to speak of 
Thomas Henry Huxley, the great English apostle of evolution. He 
was not an astronomer in the narrow sense, but a physical philosopher 
of the highest type as a physicist ; time forbids me to speak of 1ns great­
ness as a scholar, scientist, and man of culture. He was, moreover — 
what scientific men are not always, yea, indeed, very seldom are-a 
master hand in the use of the English language, a forceful platform 
speakei, gifted with an elegant diction. His thoroughness as a student 
is illustrated by one of Ins maxims: “Know a thing directly, and do 
not assume that you know more of it by knowing around it*” 
strange sadness oppresses one reflecting upon his death, not only because 
he died but because he died as he did. Those who wrote hi, epitaph
understood him best, or at least thought they did, and this is what 
they wrote :—
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h i it“ And if there be no meeting past the grave, 
If all is silence, darkness, yet ’tis rest ;
He not afraid ye waiting hearts that weep, 
For God still giveth His beloved sleep,
And if an endless sleep H - wills,-so best.”
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“ And if endless sleep,” why “ endless ” ? Is this the end of all 
evolutionary philosophy? Does the summit of human glory and 
scholarly renown wide as the world, crash into such a pit of dark 
despair ? 1 stand appalled ! Let me turn from this sad, sad dirge, to 
the glorious requiem sung by the last Laureate for himself:—

“ Sunset and evening star,
And one clear call for 
And may there be no moaning of the bar 
When 1 put out to
Twilight and evening bell,
And after that the dark,
And may there be no sadness of farewell,
When 1 embark.
Vor though from out this bourne of time and place 
The flood may bear me far,
I hope to see my Pilot face to face,
When I have crost the bar.”
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best And •here is another yet clearer evangel :_

Life is real, life is earnest,
And the grave is not its goal ; 

Dust thou art, to dust returnest, 
Was not spoken of the soul.”
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* The Meaford Astronomieal Society.
The Meaford Astronomical Society began from an informal gathering 

of friends interested in the study of astronomy at the house of Mrs. H. 
Manley the present Vice-President. This meeting was held on the 10th 
November, 1893. The better part of the evening was taken up in dis­
cussing the subject of astronomy, remarking on its gigantic outlines, etc. 
Officers were then chosen, and a rough programme of the future lines of 
study sketched in, the President volunteei 
the fundamental principles of the science, 
to mention here that, during 
with one

a series of notes on 
>t be out of place 

than two years of this Society’s life, 
exception, (caused by removal from the town), the officers 

remain unchanged, and that the interest of the members has increased 
instead of abating, and despite the inclemency of the weather last 
winter the meetings were well attended.

more

• iw

The members were encouraged to attempt writing short accounts of 
the planets and various heavenly bodies, these papers being read at the 
semi-monthly meetings. Others again undertook to collect newspaper 

' chPpmgS 00 the same interesting subject ; several of the members kept a 
daily account of the temperature, rainfall (if any), noticed 
appearance in the heavens, such

any unusual 
meteors, northern lights, etc., thus 

ating great general interest from the records of their note books. Dis­
cussion was freely indulged in, numerous questions asked and answered 
by the President. These meetings proving so enjoyable, a good deal of 
curiosity (on what was an entirely new subject to most persons in this 
little town) was aroused ; this led to the members being allowed to 
bring any friend or friends they chose. This privilege has never been 
abused, and the meetings though rather more formal than the first 
gathering have been without a single exception remarkable for their 
pleasantness and the very friendly feeling existing among the members.

The next step was to subscribe to some good serial, and on the 
5th February it was decided to select Popular Astronomy for that 
purpose. This periodical has afforded so much satisfaction that its 
advent is eagerly looked forward to and it is carefully read and preserved.
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On Mardi 2nd, a short address was read to the President and a small 
telescope presented to him memento and token of the Society’s 
appreciation of his kindness. It was also mooted for the first time that 
it might be possible to have our Society affiliated with the Astronomical 
and Physical Society of Toronto. Thi i idea took root, and it was a proud 
day for us when the affiliation was a fait accompli.

The benefits arising from this affiliation have far exceeded 
expectations, and to members of the Toronto Society we have been 
indebted for numerous kindnesses and many most interesting letters and 
papers ; tliore is a general feeling of disappointment if we have no com­
munications from them for several weeks.

as a

our

On tine nights, when the sky clear, the Society spent soue time 
out of doors, and learned, under the direction of the President, the 
various constellations. The President having discontinued his notes, 
substituted a series of short lectures, frequently accompanied by charts 
illustrating tne subject under discussion. These 
esting, particularly 
tion.

was

were found very inter­
sun-spots, which excited a good deal of atten-one on

At a meeting on the 10th August, 1894, a Committee appointed at 
a former meeting brought forward a form of Constitution and By-laws, 
which are similar to those of the Toronto Society, with one or two modi­
fications, and which adopted and ordered to be printed.

An eclipse of the Moon being expected on September 14th, there 
was an informal gathering of members and friends on the wharf, where 
an excellent view of her Lunar Majesty was obtained. This was quite 
an event in the annals of the Society, and led to a great wish of the 
members to own a medium-sized telescope.

From time to time the Meaford members have taken advantage of 
their affiliation and visited the rooms of the Toronto Astronomical 
Society and have always been most kindly received. One of 
bers, Mr. S. D. Caswell, having removed to Toronto, often sends us 
accounts of the meetings in that city. These letters have been read 
with much pleasure. The Meaford Society resolved, on October 5th, 
1894, to make a vigorous effort and raise funds to purchase a telescope.’ 
A committee with two ladies (and what can they not accomplish) was 
formed to interview the members, urging them to a special effort in that 
direction, and a fund was soon provided for the purpose. Through 
correspondence with Mr. A. Elvins, it was learned that object-glasses,

were

our mem-

i

V

ki V

y <r

M
s 

ss

t«



5
ill by Vion Frères, of Paris, could be obtained from M 

of Yonge street, Toronto. A selection 
lenses

essrs. Michael Bros., 
accordingly made and the 

were mounted by Mr. J. R. Collins, of Toronto. About Novem­
ber 1st the telescope vas received, and Mr. J. G. Sin», D.L.S. of 

eaford, having kindly interested himself in preparing a tripod stand 
the instrument was finally completed and ready for work. For almost 
t , months afterwards, on account of cloudy or stormy weather 
it was almost impossible to make any observations. However, dnring 
the winter, at intervals, observations were made and the telescope gave
Tf? MtereSt/nd Plea8me in revealing the system of Jupiter, features 
ot the Moon, double stars, nebulæ,

In December, Miss Paul kindly donated a copy of the Marvel» of 
Astronomy. In January some correspondence was carried 
a suitable text book for beginners, and after some delay ten copies were 
ordered of Mrs. Giberne’s Sun, Moon and Stars, which, being read 
from time to time at the meetings, led to discussions and gave greater 
interest to those who were new to the science. This text book is still 
in use, and is found most valuable because of its familiar illustrations 
rather than dry lists of statistics. The following papers have been pre­
pared and read at our meetings Saturn,” by Mrs. Ki. ton ; « Transits 
of Venus, with illustrations, by Mr. J. G. Sing, D.L.S.; “Spectrum 
Analysis and “The New Element, Argon,” by Mr. G. G. Albery. 

he President contributed several papers : “ The Sun,” « Sun-spots ” 
The Sun’s Heat,” “Meteors,” “ The Planet Mars,” “ Jupiter’”
Astronomical Fictions,” and “ Retrograde Movements of the Planets ” 
ith diagrams. ’

Several papers by Dr. Veeder, of Lyons, N.Y., were read as received 
and al 10 some interesting papers from Mr. Thomas Lindsay, of Toronto 
revewms the astronomical work of the day, which were afterwardi 
published m the Meaford Mirror under the head of “ Scientific Notes ”
• been always kind,y ported by the local press, and
m the Meaford Mirror, besides the “ Scientific Notes,” published at 
siderable length, we have also been obliged by seeing the notices of our 
meetings, with date and place given. The meetings are held in the 
Town Clerk s office and in private residences alternately, invitations for 
the latter often coming in several weeks in advance. At the private resi­
dences our Society has always been made most welcome, and, after the 
business is completed, we have been most hospitably entertained and
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î efreshments served, and the meetings have been of a social as well as of 
a scientific character. ,

One interesting meeting held at the Rectory, the residence of the 
President, will be one long to be remembered. It was held on June 7th, 
1895, and when the members arrived the President had the telescope ready 
for observations. Attention was called to the remarkably favourable 
positions of the principal members of our solar system, and then 
after another of the planets

one
carefully scrutinized, to the delight of 

all present. Mercury’s crescent phase was distinctly seen, as well as 
that of Venus, in the western sky. Not far distant was observed the 
planet Mars. Jupiter and his moons were also visible, although too low 
in the West to be seen very favourably. And then, towards the South, 
we had the pleasure of seeing Saturn, with his rings glowing with yellow 
light. As these were observed for the first time by many of the 
bers, one can well imagine the pleasure expressed at being at length 
able to verify what had been only heretofore seen in books on 
astronomy.

was

mem-

We are now entering on the third year of our organization 
society of amateurs in the science, and it may be truthfully said, that 
while some have become discouraged, and unable to read or keep up 
their attendance, the members generally are as enthusiastic as ever, and 
look forward to the coming year with the full purpose of pursuing the 
study of their favourite science with increased pleasure.
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