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PREFACE

By CoLoNEL SABINE, R.A.

THE observations of Admiral Liwenorn, in 1786, at Reikiavik in
Iceland, confirmed by Lottin in 1836, and those made by myse‘lf
in 1823 at Fairhaven in Spitzbergen, also confirmed by the
observations of the ¢ Commission du Nord” at Magdalena Bay
in Spitzbergen, in 1839, showed that, in the high magnetic latitudes '
of the northern hemisphere, the horary variation of the magnetic
declination is subject to wide differences in respect of the turning
hours, and the direction of the movement at the same hours of local
time, from the pheenomena which in the middle latitudes of the same
hemisphere are found to prevail generally, and, with very slight
modifications, in all meridians. The progress which, since the
results of the magnetic observatories established in the last few
years have been known and discussed, has been made towards the
physical explanation of many of the magnetic phenomena, renders
it desirable that facts which at first sight, and to minds accustomed
to the comparative regularity of the diurnal variation elsewhere,
have somewhat the aspect of anomalies, should be more extensively
investigated and better understood. The differences which they
present from the ordinary march of the phenomena are far too
considerable and too consistent to be ascribed to accident: they are
obviously specialities; and the particular laws which govern them
will no doubt ultimately be found to be consistent with, and to
form, in fact, & part of, the general laws by whick the diurnal
variation in all parts of the globe shall be comprehended.

But the parts of the globe where such observations can be
made are little frequented, and are difficult of access; and the
observations canmot be effectively made without considerable
sacrifices of personal convenience. The Magnetic Survey of the
British Possessions in North America—undertaken by Her Majesty’s
Government at the recommendation of the Royal Seelety, and
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exccuted by Captain Lefroy, of the Royal Artillery—and the
expedition in search of Sir John Franklin and his companions,
under the direction of Sir John Richardson, afforded opportunities
which the zeal and public spirit of those gentlemen did not suffer to
pass unimproved.

The instruments with which the observations were made were
supplied from the establishment under my direction at Woolwich;,
and on the completion of the services, the observations were trans-
mitted to me. On application to the Treasury, a sanction was
obtained for their publication in the present form. The observations
of Captain Lefroy, both magnetical and meteorological, have been
arranged and discussed by himself, as have the meteorological observ-
ations of Sir John Richardson by himself; but on learning from Sir
John Richardson, soon after his return, that his professional duties at
Haslar would prevent him from undertaking the examination and
reduction of his magnetical observations, they were placed in the
hands of Captain Younghusband, of the Royal Artillery, then my
assistant at Woolwich, by whom that portion of the volume has been
prepared. The proof-sheets of the whole have been read and com-
pared with the original manuscripts by the non-commissioned officers
f the Royal Artillery permitted by the Master General of the
Ordnance to be employed in my office for purposes of a similar

nature.
EpwARD SABINE.

‘Woolwich, December 14th, 1854.
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MAGNETICAL AND METEOROLOGICAL OBSERVATIONS
AT

LAKE ATHABASCA AND FORT SIMPSON,

Territory of the Hudson's Bay Company.

INTRODUCTION
By Capraix J. H. LeFroy, Royal Artillery,

THE stations of magnetical observations established in North
America in the year 1840, namely, Philadelphia, Washington, and
Cambridge near Boston, in the United States; Toronto in Canada;
and Sitka in Russian America ; might all, with the exception of the
last, be comprised in a cirele of little over 200 miles radius; nor were -
any means at that time provided for attaining a knowledge of the
absolute or relative values of the magnetical elements, or of their
regular and irregular changes, in the northern parts of the British
possessions; a region of peculiar interest, as comprising hoth the
focus of maximum magnetic intensity in the northern hemisphere,
and the point or pole of vertical dip. It was the principal purpose
" of the magnetic survey of British North America, authorized by the
Government in 1841, and in part executed in the years 1843 and
1844, to supply the former deficiency; but with a view also to the
latter, I was provided, in addition to other instruments, with a
complete set of transportable magnetometers, of the construction of
Dr. Weber, as improved by Captain Riddell; and it was arranged
with the authorities of the Hudson’s Bay Company, that the excur-
sion of the first summer should terminate at Moose Factory on
Hudson’s Bay, where it was left optional with me to pass the whole
of the ensuing winter, or to return in the course of it to Canada.
The employment of these instruments in the magnetical term days,
and in the observation of disturbances, was in either case the special
duty of the time to be so employed. On arriving at the Red River
settlement, in June 1843, I found various difficulties in the way of
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an execution of this part of my instructions, and was led to believe
that their object would be better attained by wintering at some more
northern station. As Colonel Sabine, foreseeing the difficulty of
precisely defining the details of a-task which involved many con-
tingencies, had kmdly left me considerable dlscretlonm'y latitude to
be guided by circumstances, I decided on giving up the journey to
Moose Factory, for that time, and selected in its place Fort Chipewyan
on Lake Athabasca; not only the most northerly station which
could be conveniently reached in the season, but one also whose
resources would make an unexpected addition of eight persons, to
the number of its occupants, a matter of no inconvenience. I reached
this post with my assistant, Corporal William Henry, Royal Artillery,
since Adjutant of Pensioners, on the 23d September 1843. Obsery-
ations were here made every hour of the 24" from the 16th October
1843 to the 29th February following ; together with very numerous
extra observations on magnetic disturbances. On the 3d March 1844
I started, in company with the same assistant, and a party of four or
five servants of the Company,for Fort Simpson on Mackenzie’s River;
we were provided with three trainaux, each drawn by three dogs, for
the conveyance of the instruments and provisions; and a cariole, to
which a team of four dogs was allotted, was very kindly provided by
Mzr. Colin Campbell for my own use, if required. The dlsmnce,
which is about 350 geographical miles in a straight line, but consi-
derably more by the course of the Slave and Mackenzie rivers, which
is the route travelled, was accomplished in twenty-one days, including
one day of detention at Great Slave Lake; and without other hard-
ship or inconvenience than that occasioned by the severity of the cold,
which ranged on several occasions between 30° and 40° below zero
of Fahrenheit.

Fort Chipewyan is situated in latitude 58° 43’ N., longitude
7" 85’ 158" W. from Greenwich, and is distant about 1,700 geogra-
phical miles from Toronto. By the exertions of Mr. Campbell,—to
whose kindness, as well as to that of Mr. Lewis, the chief factor
vesident at Fort Simpson, and to Sir George Simpson, the Governor
of the Hudson’s Bay Company, I have to acknowledge the greatest
obligations,—a small detached log building was erected, 18 x 13 feet
in dimensions, especially for my use as an observatory ; it was begun
on the 27th September, and finished on the 13th October. No iron
was used in the construction, it was furnished with an open fire place,
and received light from three parchment windows, each having a
small panel of glass, and so disposed as to throw light on the scales of
the instruments, the arrangement of which is shown in the annexed
diagram.
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a Portable Declination Magnetometer.
b Portable Bifilar.

¢ Portable Induction Inclinometer,

d Second or spare Declinometer.

T Portable transit instrument.

t Thermometers. .

s Screen,

The Bifilar was screened from the direct action of the fire by a
leather curtain, the Inclinometer was screened by the projection of
the chimney ; the whole were mounted on firm wooden pillars dis-
connected from the floor. The internal temperature ranged from
+61°°0 on 19th October, to —1°°2 on the 22d January; we have
even the mean for 24" as high as 52°°8 on 18th October, and as
low as 15°°2 on the 8th January. The extremes of cold usually
occurred on Monday morning, the room not being occupied on thu
Sunday.

The system of relief adopted to carry out a series of hourly obser-
vations with only one assistant, was this: A obscrved from 8 ».M. to
midnight, and on retiring aroused I3, who observed froni 1 to 5 am.;
he in turn retiring, again aroused A, who resumed the observations
at 6 A.M., and so on for four hours alternately. It will not be found
that the omissions are numerous, the fatigue of this system, main-
tained for so many months, being considered. I have much pleasure
here in acknowledging the assistance rendered by Mr. T. Dyke
Boucher, the junior resident of the fort, upon several occasions. I
have before acknowledged the zeal and spirit with which Corporal
Henry devoted himself to his laborious dutics throughout the
magnetic survey.

The building given up to my use at Fort Simpson as an obser-
vatory and dwelling-room, was also a detached wooden building
on the north side of the principal house; which has since been re-
moved to a point a little further back {rom the river. It was close
to the then north-west angle of the inclosure. Care was taken to
Lecp out of it, while occupied as a sitting-room and bed-room, all
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guns, axes, and utensils of iron. The annexed diagram represents
the arrangement of the instruments :—

a Declinometer.
& Bifilar.
¢ Induction Inclinometer.

e

-

The Declination Magnet produced an effect of —0°3 div. on the
scale reading of the Bifilar, and of —1°8 div. on that of the Inclino-
meter. The Bifilar Magnet produced an effect of +1°7 div. on the
scale reading of the Inclinometer, but no sensible effect on that of
the Declinometer ; the effect of the Inclinometer Magnet was +0°6
div. on the Bifilar, and of —0°5 div. on the Declinometer.

Fort Simpson is situated in latitude 61° 51’'7 N, longitude
8" & 40" W. from Greenwich, and is about 1,800 geographical
miles distant from Toronto; its distance from the Russian Observ-
atory at Sitka is about 460 miles, that of Fort Chipewyan from
the same point being 780 miles.

I have endeavoured in the following pages to pursue the com-
parison of the phenomena observed, as far as the data admitted,
through the registers of all the Magnetical Observatories in North
Anmerica ; reducing the results to a common unit, by means of the
scale co-efficients given in the respective publications of the Ob-
servatories, As the observations at Toronto have been published
since the completion of these reductions, it is necessary to observe
that the scale co-efficient of the Bifilar at Toronto, here employed,
—namely, 4 = ‘0001057 X,—was determined by an extensive series
of experiments of Deflection made in 1848, in conformity with a
circular of Instructions addressed at that time to Divectors of
Magnetical Observatories.

It has been found necessary to omit the detail of a part of the
observations on Magnetical Disturbances and Term Days, for want
of space.

J. H. Lerroy.
Woolwich, July 1854,
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The reader is requested to make the following corrections :—
Page 18. Near the foot, for fourteen-inch, read fifteen-inch.

”

”

19. Heading of Table X., for 14~inch, read 15-inch.
65. Near the foot for ERB read 9(-;

75. Near the top, after evident, insert that.

75. Near the foot, for substracted, read subtracted.
79. Line three from foot, for does, read it does.
80. Heading, insert VIIL, after the word Table.

106. Table L., heading, for extremes of each instrument, &ec., read comparison of
selected days at three stations, with reference to the degree of disturbance
which prevailed.

140. Above the centre, after or Fort Simpson, add with two exceptions, and
bracket [October 24] and [ December 8.

140, Below the centre, for all coinciding, read two of them coinciding, and bracket
[October 19].

142, Table LXV., midnight, January No. of A., for 7, read 6; at the foot, for 51,
read 50 ; in column of total, for 23, read 22. See below, p. 169. Again,
178 February No. of A., for 2, read 3 ; in column of total, for 12, read 13.

148. First line, for Table LXVIL, read Table LXVL
152, Before the Table, dele together with the values of those quantities.

153. Near the top, for but five instances, read but four instances; and dele
November 27.

167. Foot-note, for — 3°, read — 37°°8.

169. At 18? 20n, the entry of Aurora at 20" 45™ belongs to January 174,
178. February 29° O, after the entry, add, idem 1"

298, Second line, for second, read first.
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- MAGNETICAL OBSERVATIONS.

SECTION I.

MAGNETIC DECLINATION.

Deelinometer, 12th October 1843.-—The adjustment of this instru~
ment consists in levelling the base, and turning the arm which carries
the Telescope in azimuth, until the central division of the scale
coincides with its line of collimation. This being done, the value
of the ratio %‘, for the coefficient of torsion, was found to be T

whence one division of the scale==2a (1 + &) =1/700069. The

‘Magnet was 3 inches in length, and suspended by a single thread of
silk, The effect of the massive copper box in which it was suspended

was such, that the Magnet was generally at rest, and underwent
considerable changes without vibration. Increasing numbers on the

scale denote an easterly movement of the north end of the bar.

Absolute Declination. —The following observation was made with
the Collimator Magnet, c. 9. October 16th 1843, to determine a
zero value of the Declinometer seale. The portable Theodolite was
levelled, and made to coincide approximately with the magnetic axis
of the Collimator, then directed to the sun, and the transit of both
limbs observed ; after reading off the verniers, it was again directed
to the magnetic axis of the Collimator, and a series of simultaneous
readings of the scale and of the Declinometer were taken. The sun
was too low at the conclusion to allow the Theodolite to be referred
to it again.
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DEOLINATION.

‘ Mean Scale readmg of the Colhma.tor, 76 72, correepondmg to
.. 409°20 on the scale ,,of the Declinometer. Point of scale on

"~ magnetic axis, 82’06, each division is equal to 27!51, showmg &

devmtlon of the Telescope of 13'°13 to the West. -
" Mean reading of Vernietrs - - - 249°29/'83

Deviation of Telescopg to the West =~ - 13 °13

‘Reading of magnetic axis - - - 249 42°96

Reading of Sun’s centre - - - 99 9°83
Magnetlc azimuth of Sun’s centre at 3" 52™ 49¢ .

App. T. - - - 150 33 '13

. - The Sunstrue azimuth at 3h 52m 49° App. T. 122 ' 2 31

Variation East, corresponding to 409’°2 on
scale - - - - - 28 30 82

The absolute valies corresponding to the mean scale reading for
each fortmght, will be found at p. 13, Table IX, The mean of
the whole is 420°'93, and' the corrésponding absolute Declination
. 28° 42'° 6,

Diuyrnal Variation of the Declination.

Before proceeding to examine the mean diurnal curves for the
four and a half months of observation at Lake Athabasca, it will be
useful to obtain a general idea of the magnitude of the changes to™
which the Declination is liable at this station and at Fort Suixpson
The following Table has been drawn out with this view, showing the
difference between the highest and lowest homly readings, and
between the highest and 1owest readings, observed in each Gottingen
day; the latter shows the actual range of the element, the former is
requisite for comparison with other stations. The Table may be
referred to, also, for the dates of disturbances.
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.TanLE 1.

Daily Range of the Declination.

In the hourly Series. | . Observed, Range.
Date. " i
‘ Highest. | Lowest. | Highest. | Lowest. |/Hourly,
1843 : ! !
October 1 — — —_ — — -
' ) 2 - m— - by (— —
. 3 — _— - — — -
» 4 - - - - - - .
w8l = = = =] = =
» 6 - - h b - - .
» 7 - - i - - ~ 5
w8 = | = = = = | =
» 9 - - b - hon - a
”» 10 — — — — — - o
» 1 - - - - - -
O o B B I I
w B — | = = = =] =
w W = | = = = =] -
. 15| — I T — -
. 16 | 491°'6 | 405°1 | 507°9 | 852°4 86’5 155°5
” 17 | 448°3 392°3 | 466°'0 | 356°2 56°0 | 109°8.
”» 18 {. 42474 | 403°0 | 432°0.| 369°6 21°4 62°4
’ 19 ] 436°0 | 882°0 | 436°0 | 382°0 | 64'0 §4°0°
» 20 | 430°0 | 406°0 — — 24°0 e
” 21 | 426°6 | 403'0 — — 23'6 —
2 22 S. — — — — —
» 28| 422°0 | 411°0 — — 11°0 —
» 24 | 436°0 | 408°2 | 4562 | 408°2 27°8 48°0
» 25| 4798 | 406°0 | 523:4 | 396°'0 78°8 127°4
» 26 | 434°6 | 388°0 | 437°0 | 3888°0 46°'6 49°0
» 27 | 450°5 408°0 | 450°5 | 4040 42°5 46°5
» gg 42é5'0 391'0 { 458°0 | 391°0 34°0 67°0
» . — - - - -
» 30 | 490°0 | 387°5 | 490°0 | 886°0 | 102°5 104°0
s 31 | 457°8 406°0 | 470°0 | 406°0 51°8 64°0
November 1 | 423°6 | 412°0 — —_ 11'6 —
” 2| 4235 375°0 | 428'4 | 326°0 48'5 102°4
. 3| 425°0 | 408'6 | 460°2 | 359'4 16°4 100°8
’ g 4382'0 404°2 —— — 27'8 —~—
” . — S - o —
9 6| 464°0 | 410°0 | 464°0 | 4040 54°0 60°'0
2 71 422°0 | 400°2 —_— — 21°8 —
. 8| 475°4 | 407°8 | 4754 | 404°0 67°6 71°4
" 9| 422°8 415°2 | 430°0 | 415°2 7'6 |  14°8
. 10 | 423°'8 408°2 | 429°8 | 408°2 15°6 21°'6
. 11 | 420°8 | -404°0 —_— — 16°8 ‘

» 12 ! So W — ——
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DECLINATION,

Tasre L—continued.

In the hourly Series, Observed. Range,.
Date. i ;
Highest. | Lowest. | Highest. | Lowest. | Hourly. | Total
1843 : e o o
November 13 | 438:0 | 402°6 | 438°0 | 402°6 35°4 | 854
© 4 14| 42670 | 407°0 | 432°6 | 349°0 19°0 83°6
» 15 | 438°2 | 470°'2 — —_ 23°0 | —
»n . 16| 440°0 | 408°0 | 440°0 | 403'0 32°0 37°0
» 17 | 422°0 | 412°0 —_ —_ 10°0 —
» 18 | 421°1 | 405°0 —~— — 1671 —
”» 19 S. — - - — b
P 20 | 433°0 | 413°4 —_ -— 19°6. -—
», 21 | 422°0 | 411°‘8 — -_— 10°2 —
» 22 | 436°5 | 411°8 —_— — 24°7 —_—
”» 23 | 422°0 | 412°5 — —_ 9°6 —_—
» 24 | 436°2 | 408°2 | 444°0 | 408°'2 28°0 36°8
» 25 | 420°2 | 412°8 | 422°0 | 412°8 74 9°2
» 26| 8 — - — — —
» 27 428°0 | 414'0 — —_ 90 —
» 28 | 430°0 | 408°0 — —_— 22°4 —
» 29| 425°5 | 401°6 - — 23°9 —
» 30| 434°0 | 409°0 | 434'0 | 404°0 25°0 30°0
December 1 | 430°8 | 390°0 | 453'2 | 324°0 40°8 | 129°2
». 2 45SO‘1 414°2 | 484'0 | 4142 85°9 69°8
» 3 . L —_ —_— —_ —
T 4 422'0 412'8 —— L 9'2 -
» 5| 427°0 | 405°0 | 439°'0 | 394°4 22°0 45°0
» 6] 436°5 | 411'8 | 450°0 | 411°8 24°7 38°2
» 7] 421°5 | 413°9 — — 76 -—
» 8| 464°2 | 396°0 | 464'2 | 396°0 68°2 68°2
2’ 9| 424°0 | 406°4 —_ — 176 —
IT] 10 So — — — — —
.o 11 | 427°0 | 405°0 — —_ 22°0 —_
9 12 | 428°4 | 410°4 — — 28°0 _
» 13 | 428°'2 | 416°2 —_— — 12°0 r—
» 14| 434°0 | 42276 —_ —_— 11°4 —
) 15 | 431°0 | 416°4 — —_— 14°6 —
” 16 | 428°2 | 415°0 — — 13°2 —
» 17 S. — —~ — — —_
» 18 | 429°5 | 4134 — — 16°1 —_
» 19 | 451°5°) 416°8 | 452°0 | 416°8 347 35°2
» 20 | 438°2 | 408°0 | 458°2 | 408°0 30°2 30°2
» 21 | 426°0 | 410°0 | 426°3 | 4078 1670 18°5
2 22 | 425°6 | 410°6 — —_— 15°0 —_—
,, 23 | 422°8 | 414°0 — —_— 88 —
» 24 S. —_ -— — - —_
» 25 | Christmas Day. — —_ — —_
» 26 | 429'5 | 4160 — — 1575 —_
» 27| 447°0 | 406°8 | 4540 | 406°8 40°2 472
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Taste L—continued.

In the hourly Series. Observed,
. Date. '
Highest. | Lowest. | Highest. | Lowest.
1843« ‘ ! C
December 28 | 477°8 | 400°4 | 477°'8 | 400°4 774 774
, 29| 438'5 | 412°0 | 438'5 | 368'0 | 26°5 | 70°5
» 30 | 433°4 | 411°8 — — 21°6 —
) 31 S. — —_ — — —_
'1844 : . .
January 1| — _— - | — C— L
" 2| 443°0 | 4144 —_ —_— 28°6 —
9 3| 429°5 | 419°0 } — —_— 105, _— .
» 4| 460°0 | 384°0 | 470°0 | 384'0 | 76°0 86°0. ¢
- 51| 497°2 | 408'4 | 500°0 | 4084 88°8 91°6 '
- ? 45q2'0 392°0 | 458°0 | 392°0 60°0 66°0
” N - _-— — - -
”» 8| 436°4 | 408°0 | 447°'8 | 408°0 28°4 39°8
» 9| 436'5 | 416°0 —_— — | 20°5 —
» 10| 443°8 | 405°0 — — 38°8 —_—
» 11 | 436°0 | 416°0 —_ — 20°0 -
» 12 | 450°8 | 417°2 —_— — 83°'6 —
e 13 | 434°0 | 420°2 —_— — 13°8 —
” 14 . S. — —— — — —
w . 16| 434°0 | 419°0 — — 15°0 —
» 16 | 433'0 | 418°9 —_ —_— 141 —_
»» 17 | 438°0 | 4122 | 438°0 | 412°2 25°8 25°8
» 18 | 440°0 | 420°0 — — 20°0 —
»” 19| 448°0 | 423°0 | 454°0 | 423°0 250 81°0
» 20 ) 434°0 | 414'8 — — 19°2 —_—
. 21 S. e — — — —
» 22 | 444°2 | 406°0 — -_— 38°2 —
» 23 | 436°5 | 420°0 — - 165 o~
» 24| 48074 | 413'8 | 515°0 | 3792 66°6 | 135°8
» 25| 551°0 | 419°0 | 551°0 | 41670 | 132°0 | 136°0.
9 26 | 443°0 | 414°0 —_— — 29°0 —
» 27| 436°0 | 418°2 | 445°0 | 418°2 17°8 26°8
” 28 S. — —_ o - —
» 29 | 434°4 | 410°4 —_ — 24°0 —
» 30 | 432°0 | 413°0 — et 19°0 —
” 31| 432°2 | 394°4 — o 37°8 s
February 1| 476°0 | 411°4 | 486°7 | 341°0 64°6 | 145°7
2 2| 43970 | 373°0 | 439°0 | 3873°0 66°0 .| 66°0
» i 42SS‘O 89670 —_ —_ 382°0 —
»” . b — and — —
» 51 449°6 | 399°1 | 504°'4 | 348°0 50 5 | 1566’4
» 6| 437°8 | 409°0 | 442°6 | 398'6 28°8 | 44°0
» 7| 4390 | 410°2 —_ — 28°8 —
» 8| 450°6 | 408°6 | 4590 | 408°6 42°0 50°4
» 9| 428°6 | 417°9 o — 10°7 —
» 10| 451°5 | 417°0 s — 34’5 s
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TABLE L—continued, :
Y, C .In the hourly Series, |~ Observed, ' * Range, K
: © Date. - ) . N B
Cok Highest. Lowest. | Highest. | Lowest. | -Houtly. Total, :
- 1844 0 ‘ R ' o )
' February 11 S. | - — — — —
oy 12-]17486°0 | 416°0 — — 26°0 — v
18 434°4 | 4172 | — — 172 | —
» 14 | 431°0 | 4105 — — 20°6 —
, 15| 4860 | 4140 | — —_ 220 | —
" 16 | 436°0 | 413'8 -_— —_— 22°2 —
» 17 ] 438°2 | 414'6 —_— — 23°6 —
» 18 So — — u— — —
» 19 | 436°4 | 417'8 — — 186 —
’» 20 | . 429°8 | 416°6 — st 13°2 —
» 21| 439°6 | 410°0 | — —_ 296 | —
s 22 | 435°2 415°5 — —_— 19°7 —
s 23 | 430'4 | 412°8 | 434°0 | 412°8 17°6 21°2
9 24 435‘0 422°0 | 440°6 | 417°0 13°0 23°6
9 25 i — — o I ——
’ 26 | 444°0 | 419°0 | 444°0 | 419°0 25'0 25°0
9 27 | 440°0 | 418°4 - — 21°6 —
» 28 | 437°7 | 401°0 - —_— 386°7 —
» 20 | 447°'8 | 413°0 — — 34°8 —
Fort Simpson, Mackenzie's River. Y
April 1| 498°0 | 420°2 | — —_— 778 | -
”» 2| §42°'1 431°8 | 608°0 | 401'4 | 110°38 206°6
» 8| 650°0 | 438°8 | §72°0 | 424°2 111°2 147°8
» 4| 499'6 | 429°2 —_— ~— 70°4 —
’» 5 Good F‘ridﬂ;y- o —— — ———
” 6| 475°0 | 430°0.f — — 45°0 —
”» 7 S' —— # — m— —— —
»” 8| 462°8 | 426°0 | — — 36°8 —
w - 9| 5054 | 452°07] — — 534 | — ‘
» 10| 506°0 | 4500 | 548°0 | 450°0 56°0 98°'0
, 11| 480°0 | 456°0 | — — 240 | —
» 12 | 477°0 | 460°5 — — 16°5 —_—
1 13 | 490°8 | 448°0 — — 42°8 —
. 14| S — —_ — — _
» 15| 558°0 | 442°0 | 584°0 | 442°0 | 116°0 142°0
” 16 | 509°7 430°2 | 600°'3 390°2 76°5 210°1
» 17 | 883°5 43370 | 880°0 | 433°0 | 150°5 447°0
» 18 | 493°0 | 468°0 — —_— 25°0 —
) ” 19 | 499°5 473°0 — — 26°5 —
» 20| 516°0 | 474°6 | 530°0 | 474°6 41°4 55°4
oozl s | — | — | = | = | —
» 22| 4018 | 364'4 | — — | 8ra| —
, 28| 422°0 | 369°2 — — 52°8 —_
241 402°2 374°0 { 416°'6 374°0 28°3 42'6

»



nmmwmom‘

TABLE I.-—econtznued%{‘
1 In the‘hourly‘Serie;. o Obsei'véd. - Bange.’
Date. - C ' . o : .
Highest, | Lowest. | Highest, Lowegt. . Hourly. Total.. .
: ‘1844: - | . ‘ ‘ — ! !
©April - 25| 526°2 | 857°8 | 584'0 | 885°'7 | 16819 248 3
o 26 | 470°0 | 308°4 | 470°0 | 308°4 | 161°6 |. 161’ 6; o
w27 4lé)'6 362°4 | 426°'9 | 362°'4 57°2 | 64"‘5"
» 28 . — e —_— = L
»' 20 509°0 |. 879°2 | 520°0 | 363°2 | 129°8 | 156'8 RN
e 30 | 458°0 | 346°9 | 631'2 | 346°9 -| 111°1 | 184°3
May . 1| 413°5 | 872°0 | 438'6 | 872°0 | 416 | 66°6 ,
. » 2| 420°0 | 380°2 ‘| 420°0 | 360°0 39°8 ‘60°0 ;
9 3| 458°0 | 386°0 | 5134 | 886°0 | .72°0 | 127°4 |
» 4 41:'8‘- 372°0 | 464'3 | 872°0 43°8 92°8
» 5 . — — —_ o e
! 6| 426°0 | 390°8 — —_— 35°2 l—
% 7| 424°6 | 874°0 | 430°0 | 373°6 | 50'6 1 66°4 ;
», 8| 438°0 | 373°6 —_— — 64°4 —
' ‘9| 459°0 | 390°2 — — 68'8 o—
» 10 | 434°0 | 3936 —_— — 40°4 —
» i1 435°2 | 380°2 —_— — 55°0 s
9 12 ) S- — — henuad — o—
» 13 | 428°0 | 388°0 | 428°0 | 375°9 40°0 62°1
- 14 | 446°0 | 392°0 | 461°2 | 392°0 54'0 69,%5;;
» 15 | 438°8 | 402°0 —— — 36°8 -
» 16 | 46474 | 406°4 | 454°4 | 406°4 48°0 48°0
2 17 | 431°0 | 406°0 — — 25°0 —
» 18 | 432°0 | 403°2 — — 28°8 —
» 19 S. — — — — —
» 20 430°0 | 407°4 — — 22°6 | e
. 21 | 441°8 | 4032 — — 386 |
» 22| 534°0 | 890°2 | 554°0 | 3870°0 | 143°8 18470
» 23 | 465°0 | 3884°4 | 541°6. | 388°2 80°6 | 153°4
“ 24 | 448°0 | 404°0 | 494°0 | 402°0 44'0 72'0
» 28 Incomplete - | 462°1 | 410°0 —_ 52°1

Since the date of these observations, a considerable extension has
been given to our knowledge of the occasional amount of irregular or
disturbed movements, by the remarkable disturbances of 1847 and

- 1848, 1In those years a range exceeding 4° was three times recorded
at Toronto; but from 1840 to 1847, the greatest range of Declination
attained at this station in any one disturbance, was 2° 15/, and if
we compare the above ranges at Lake Athabasca and Fort Simpson
with those of the same season at Toronto, it will be obvious that

- their magnitude increases in a much higher ratio than that of the
mverse proportion of the Horizontal Force at these stations, which
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. lsaS 7: 4 nearly. There were 116 ‘days of observation 4t Lake
Athabastd between ' 16th" Octcber 1843 and 29th February 1844;"
.~ having 23d December for their middle period. There ‘were 46 days

of hourly observation at Fort Simpson, between 1st April and 25th '

May, . having 27th April -for their mean period. . By classifying the
' ranges according to magnitude, we have the following results:—
‘ .- t C

i

o

.TABLE IIT

\

Daily Change

Lake A,thaﬁasca.

Fort Simpgoﬁ. .

of . L
o Hourly - Hourl Hourly Hourly |

Declination, Observ;tgms. and extg’a. Observations. | and extra. |
’Less,than 100 - - 7 6 0 ‘ 0
o0 10— 15 - - 16 17 . 0 0
15— 20" - - 19 13 1 1
20— 25" - - 21 20 2 2
25'— 380" - - 16 12 5 4
30— 85’ - - 8 6 0 0
35— 40" - - 6 10 g 5
40" — 45 - - 4 2 4
45— 500 - - 2 4 2 2
50'— 55’ - - 4 2 4 8.
~.. 58— 60’ . - - 1 0 3 3
#oo— 65 - - 2 3 1 3
es— 100 - - 4 5 1 3
70— 75" - - 1 2 2 .2
75— 80 - - 2 1 2 1
80— 90' - - 2 2 1 0
90'—100' - - 0 1 0 2
100'—110" - - 1 4 (4] 0
- 11001200 - - 0 0 * 0
2°--3° = - 1 7 5 6
8°—4° 10" | - 0 0 0 4
Above T7° - - 0 .0 0 1

The greatest range in any one day during the winter at Lake
Athabasca was 2° 35/, on the 16th October 1843; and the greatest
during the spring at Fort Simpson was 7° 27/, on the 16th April
1844. Upon the last occasion, however, the actual difference of scale
reading observed was 8° 10’, the westerly extreme falling on April
164 19" 50™, and the easterly on April 179 1" 24™; this is believed
to be the greatest range hitherto recorded. During the same geason
the distribution at the three permanent Observatories in America was

as follows :—
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. TABLE III
—
B 16th Oct,'1845—25th Feb, 1844. | .April—May 1844.

'| Philadelphia, | Toronto, | Sitka. | Philadelphia. | Toronto. | Sitka.

Lessthan10'- | 208 | 94 | 81 | 23 8 6
 10'—15" . - 13 - 19 29 22 132 31
15—200 -| " 0 1 12 6 5 | 18

- 20—25' - . 0 2 4.1 1 3 . 3-

. 25830 - ‘1 1 31 0 1 0
More than 30| = 0 1 | .38 1 2 3

117 118 | 182 58 | 51 | el

' The means of all the daily ranges during the above periods by
the regular hourly observations, that is to say, the square roots of the
mean of their squares are:—(1.) For the winter, 7/°77 at Phila-
delphia, 9’°56 at Toronto, 11’°64 at Sitka, and 33’8 at Lake
Athabasca : (2.) For the spring, 12/°32 at Philadelphia, 15’ 17 at
Toronto, 18/°40 at Sitka, and 75*'6 at Fort Simpson. For thq
several months again, we have the means as follows :— .

TasrLe IV. o

L. Athabasca.

Fort Simpson.

Philadelphia, To‘ronto.‘ Sitka.

! ’ ' ’ ’

1843. October (the whole) - 8°74 10°44 | 12°63 | - —

‘ 5 (16th to 31s0) 8°08 9'70 | 1250 | 53°81
November - 7°15 844 9°80 27°32
December - - 7°34 8°07 | 10°39 30°30

1844, Januvary - - 6°72 838 | 10°44 30°85
February - - 864 12°25 | 14°33 32°03
March - - 13°47 1694 | 21°02 —
April - - 12°90 15762 | 21°19 85°95
May - - 11°72 1473 15719 57°10
June - - 12°14 13°75 | 15°35 —
July - - 12°85 14°27 | 15°65 e
August - - 15°01 15°95 | 22°93 —
September - - 14°50 1969 | 18°25 —

The observations were made at the same moment of time, at all
the stations ; the difference in the number of days arises from the Sun-
day being a day of observation at the Russian stations. There is no
marked preponderance of number under any one daily range at Lake
Athabasca between 13’ and 29/, and these two values include half the
days of observation.
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It A pea,rs, then; that durmg the winter under companao"’“"‘”
movement of the Declination Magnet, obigérved hourly,- -exceeded 157,

" in the proportion of fifteen days to each hundred at Phﬂadelphxa," '
~seventeen days to each hundred at Toronto, ‘and. exactly the same at -

- Sitka, but on elghty days of each hundred at Lake -Athabasca. -

- During April and May they exceeded 30 in the proportion of about.

two to a hundred 'at Philadelphia, four to a hundred at Toronto)

five to a hundred at Sitka, but of eighty-five to a hundred at Fort, -

' " Simpson, showing an increase in the liability to disturbancé at these . -
stations, which it appears difficult to attribute to the merely negatlve ‘

influence of a diminished directive power in the magnet.

The next Table contains the hourly means of. all the observatxons)

during the winter period, with the exception of six days which are
omitted at Lake Athabasca as incomplete, namely, October 20th,
November 3d and 4th, January 2d, 9th, and 27th. Each Value at

this station i Is, therefore, the mean of 110 observativns at the same }

hour. Smce the principal novelty of these means consists in thelr
maxima being found at a period of the 24 which is not marked by a

similar inflexion at any other station, they are, in the same Table,

compared with the means forlthe corresponding periods at the other
three American stations, '

TaBLE V.

Mean Diurnal Curves of Declination at all the American Stations, Jor

the Period included between the 1st or 16th October 1843 and '
the 29th February 1844 ; together with the Difference of each

hourly Value from the Mean of the whole ; expressed in are.

‘Local . Athabasca, Sitka,* Toronto, Philadelphia,
Mean -

Time. Scale. Diff. Seale. Diff, Scale. “Diff. Seale. Diff.

; ’ ' I} )

Sidn, | 419707 [~1°86 | 429°48 [+0°92 | 126°51 [+0°86 | 547'52 {+0°88
13 419°89 (=154 | 42942 |+0°89 | 126°25 |+0°17 | 547°12 [+0°19
14 421°83 [+0°90 | 430°08 |+1'26 | 126°02 {+0°'01 546°98 [+0°18
15 422°'54 |+ 1°61 480°06 |+1°25 | 126°50 {+0°85 | 547°46 {+0°85
164 | 426°76 {+35°83 | 430°20 |+1°82 [ 126°91 [+0°65 | 547°66 |+0°54
17 429°20 {+8°28 | 430°54 |+1'51 127°09 [+0°78 | 548°00 |+0°59
18 426°81 (+5°84 | 430°74 |+1°'68 127°80 |+0°98 | 548°82 |+0°98
19 426°49 {+5°56 | 481°08 (+2°81 128°14 |+ 1°54 | 550°98 {+1°95
20 424°83 '{+8°90 | 480°90 {+1°71 128°74 {+1°97 | 551'88 {+2°18
21 424°69 {+3°76 | 449°50 [+0°98 1 128°71 {+1°95 | 550°82 {+1°88
22 422°26 |+1'83 | 426°82 |~0'55 | 126°98 |+0'70 | 547°80 |+0°28
23 41795 |—~2°98 | 424°92 |~1°60 | 124'32 |—1'22 | 543°82 |—~1°30

* In every instance in whlch the observations at Sitka are referred to, the mean for the
month of November 1843, as given in the Annuaire Mugnetique, &c., has been corrected by
adding 23°2 div. to each scale reading of Declination from 14 0t to 14¢ 108 Gott., being the
difference between the means for the 24t before and after the last-named hour. This
difference is permanent, and appears due to some accidental cause, although no explanation
of it is given.

t Ot Géttingen mean time at Lake Athabasca,
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TABLE V.—-eéontinued. S

,T;me. “Sedle, | Ditt | Seale. | DIf | Seale. | DI |- Seale Diff.

o oo ! ‘ ' o . -
Noon 417°00 |—~3°93 423814 {—2°59 12227 |—~2"70" | 540°92 |—2°62
- 416°04 |—~4'89 422°'82 |—2°77 121°89 |—3°338 °| 540°14 |—2'97
415°72 |—~5'21 422° 52 |—2°93 121'83 |—~8'02 541°02 |—2'57
416°74-|—4°19 424°10 |—1'95 128:00 |=-2°17 542°50 |—-1°90
417°70 |~8'28 425°22 {~1'44 | 124°17 |-1"82 543°90 |—1"27
418°05 |—~2°'88 426° 58 {—0'68 12523 {—0°56 545'42 {—0"57
419:13 |—~1'80 42744 {—0'20 12632 14+0°22 546'62 |~0°03
419'61 |{—~1'82 426°64 |~0'65 12678 {+0'52 547" 58 |+0°40
‘. 41975 {—~1°18 428°44 |+0°29 .| 127°84 {+0'96 548'56 |+0'84
-9 420°01 | —-0 g2 | 428°52 |+0°89 127°87 {+1°84 549°10 |+1°10
10 420°70 -~0°28 428*86 |+ 058 127°88 | +1°85 548'94 |4+ 1°02
-11 420° 90 '[~0'08 429°44 14+0°90 126°87 |+0°62 548°14 |+ 0°65

@ 3 Oren W A Ng

420" 97 2781 | 12601 | | 546°69

The observations were taken 5™ before the hours named at Lake
.. Athabasca, 28™ after the hours named at Sltka, 3™ after at Toronto, .
and 19™ after at Philadelphia.

It appears that the mean diurnal changes of Declination at Lake
Athabasca follow the same law as at all the other stations, so far as
 relates to ‘the principal minimum or westerly extreme of the 24",
-which occurs at 2 P.M.; from this hour the Declination continues to

* increase until 11 PM.; it shows a westerly tendency at midnight and

1 A, after which it increases again, at first slowly, but ‘between
3% and 4" A, with rapidity, until it attains its maximum or easterly
extreme between 4" and 7" AM., after which it begins a westerly
* course, conducting to the minimum at 2 .M. This occurrence of a

" strongly marked maximum at the earlier hours of the morning has

not been observed at, any other station.*
It has been shown by Colonel Sabine, from the observations at
Toronto, that no continuance of observation will give a strictly

* ‘A second Declinometer, having a Magnet of only two inches in length, was observed

~ from the leth December to the 29th February. The means by 58 complete days of .

observatwn in this penod are given below :

.. Athabasca, - Sitka.* . | Toronto. I,’hiladéfpﬁi&"l

TaBrLe VI
LT [Midot] 18 | 14 | 15 | 16 | . | 18 | 1o | . | 2 | %2 | e | Mmoo
-
o - | 228'89 | 228'53 | 232+00 | 93828 | 23646 | 230-20 | 935-03 | 295°77 | 234y | 93408 | 25105 | 226y |
7 I3 ’ 7 ! 1 1 ! 1 ! ’ !
noe| =148 | —1'82 | +1'74 | +2'93 | +6°11 | +8'04 | 4558 | +5°42 | +4°52 | +4°63 | +070 | ~3°58
Noon.| 1 | @ 3. 6 | 5 8. 7. 8. o | 10. | 1. |Mean.
o - | 22607 | 224ty | 223°63 | 225750 | 22681 | 22728 | 228°52 | 22940 | 220703 | 22030 | 220°24 | 25080 | 23034
! 1 ‘l ’ . ’ ! + ’ ’ [ !
grenee»—;;-zs BB | =612 | =476 | ~5'54 | =307 | +2:03 | =005 | ~0'67 [ =006 | —1°11 | +0°45
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normal curve, or one wholly free from the eﬁ'e(.ts of - dlsturbance,
since thg disturbing cauges are not entlrely irregular in their ‘action, .
but have a preponderating influence in one direstion. It will-be '
‘shown below that this remark applies equally at the stations.under "
considération, consequently the foregoing mean cannot be reO’a.rded
a8 a true representation of the normal curve at Lake Athabasca.f'
This can only be obtained by some selection of undisturbed days,’
and the next Table. has been formed as an approximation to it. It
contains the mean by all those days on which no extra observations
‘were made, assuming that circumstance to be a proof of the absence -
of any decided disturbance. They amount to 46, and the mean of.
the same 46 days at Toronto, which have been formed'into a similar .
abstract, furnishes a direct comparison of the mean diurnal
movement, unmﬂuenced by disturbance, or nearly so, at these two
stations.

TasLe VIL
Locéi L. Athabasca, Toronto. | Local L. At?labasés. Toronto,
Mean Mean

- Time:| setle, | Diff | Seale. | D | T | Scale, | Diff | Scale. | Dif:

14 !/ ’ 4

Midn. | 420°85 |~0-91 | 416°36 |+06°06 | Noon | 418°68|—3"08 | 412°87 |—2"46
18 | 421°68 |~0°08 | 416'84 |+0'04 417°21 | —4° 55 [411° 97 |~8°11
14 | 421°87 |~0'39 | 416°27 |—0'01 417°81|—8"95 |412°24 |—~2° 92
15 | 422°92 [+1°16 | 416'77 |+0°35 418'44|—3°82 | 418°65|—100
16 | 424°91 |+8°15 | 417°55 |+0°92 419°39|—2'87 |414°85|~1'08
17 | 425°57 |+8°81 | 417°81 |+1°10 419°90|~1"86 | 415°89|—0"28
18 | 425°31 |+8°55 | 41748 |+ 087 420°80 |~ 1°46 | 41658 |+ 0° 22
19 | 425°57 |+3°81 | 418'05 |+1°98 428°88|—0"88 | 416°82 |+ 0°39
20 | 425°36 |+8°60 | 41872 |+1°76 420°93|—0" 8 [417°38 |+0°79
21 | 425740 |+8°64 | 418'60 |+1°67 420" 98 |—0"78 |417°60|+0°95'
22 | 424°04 |4+2°85 | 417°11 |+0°60 422°25|+0°49 |418°06 |+1'28
23 | 420°65 |—1°11 | 414'85 |—1°03 421°91|+0°15 |417°11 |+0°60

O W0 b D~

—

421'76 416°29

- It appears]tha,t a partial rejection of the more disturbed days at
Lake Athabasca has the effect of throwing back the hour of greatest
westerly deviation to 1 P.M., but occasions very little change, and
none of a systematic character, in the mid-day or afternoon branches
of the curve. The principal effect is shown in the reduction of the
daily variation between midnight and 10 AM. The maximum at
5 A.M. disappears, and in its place we have a mnearly uniform value
prevailing from 5" to 9" A.M. constituting the easterly extreme of the
24", but materially less in amount than the corresponding value
before the rejection, thus proving the unusual maximum in-question
to be the effect of disturbance. The inferior maximum at 11 P.M. is
thrown back to 10 P.M., but the succeeding minimum is scarcely
affected. The mean curve given by the corresponding 46 days at
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. Toronto dlﬁ‘ei's 50 - httle from that. of the whole period,- that when.
drawn on a scale of 10’ to ome mch they can. scarcely ‘be -
 distinguished. - ‘

- Proceeding now to the observatlons at Fort Sxmpson, we find the
same peculiarity in a more marked degree, as may be expected from
. the greater magnitude of the daily ranges observed at this station.
The incomplete days here are not omitted, as they form rather too
large a proportion of the whole to be passed over. There were 46
dayS' of observation, of which number twelve are imperfect. The

omissions occur as follows, at
o* Gott. or 152 of Table VIII 5

1 ! » 16 2» . 6
2 17 » 2
3 » 1 » 1

consequently, the two first alone can be materially affected, and at
twenty of the twenty-four hours the means are strictly comparable.
In’one of the cases at each of the above-named hours an observa-
tion taken lafe has been employed.
Tasre VIIL
Mean Diurnal Curves of Declination at all the American Stations for
April and May 1844, together with the Difference of each hourly
Value from the Mean of the whole ; expressed in are.

Local Fort Simpson. Sitka. Toronto. i’hiladelpkiia.

Mean .
Time, | Seale. Diff. Secale, Diff, Scale. |, Diff, Scale, Diff.

1 t ' Lo

Midn, | 885°31 |— 524 | 432°80 |+1'901 126°17 1+1°18 | 552°95 [+0°91
13 387°98 {— 2°60 | 438°15 |+2°10 | 126°84 |+1°26 | 553'10 {+0'98
14 894°54 |+ 3°96 | 433°05 |+2°04 | 126°40 (+1°30 | 552'70 |+0'79
15% | 899°05 |+ 8°47 | 488°85 1+2°22 | 126°67 |+1°49 | 552'90 | +0'88
16 402°64 [+12°'06 | 432°80 |+1°'91 126°89 |+1°65 | 55385 |+1°09
17 410°47 [+19°89 | 435°25 [+8°27 | 127°67 |+2°21 555710 |+1°88
18 410790 |+20°82 | 436°40 |+3°91 129°19 |[+8°31 557°50 {+2'97
19 412°49 [+21°91 | 438°15 |+4°88 129°70 |+8°68 | 558 45 |+3"40
20 408°98 [+ 18°40 | 489°85 (+5'55 | 1830°40 [+4°18 | 558°50 |+8°42
21 401°86 |+11°28 | 437°95 |+4°77 129°21 14333 | 556°00 {+2'29
22 895°22 {+ 4'64 | 483°45 |+2°27 | 12545 |+0'61 551°80 1+0°16
23 388°72 {— 1°86 | 42905 |{~0"17 | 121'60 |—2'16 | 546°65 |—1'95
Noon | 88502 |-~ 5'56 | 424°15 |—2'89 | 118°45 [—4'44 | 542°55 |—3°'81

1 382°31 [~ 8'27 | 421°45 |[—~4'38 | 117°05 {—5°45 | 540'85 |—4'57
2 880°03 |~10"55 | 418°85 |~5'83 | 116’88 |—5°57 | 541°25 |—4"40
3 880°01 |—~10"57 | 418750 |—6°02 | 11814 |—4'66 | 542'70 |—8'29
4 $80°70 {-~ 9°88 | 419°80 |~5'57 | 120°07 |—8°27 | 546'05 {—2'22
5 87985 [~11°23 | 420°80 |—~4'74 | 122°16 |—~1'76 | 548°85 |—0'95
6 879°61 {—10°97 | 424'55 |—2'66 |, 12819 |—~1°02 | 549'40 |—0'70
7 382°63 |— 7°95 | 426°65 |—~1"50 | 124°33 |—0°"19 | 551'70 |+0"384
8 380°23 |—~10°85 | 427°80 |—1'14 | 124'42 |—~0'13 | 551'10 {+0'07
9 881°58 |— 9'00 | 428°Q05 {—0°"72 125°76 |+0°84 | 552°45 {+0°68
10 881713 |~ 945 | 429'60 {+0°14 | 127°83 {4+1'97 | 554°15 |+1'45
11 383°07 |— 7°51 | 430740 |+0"58 | 12677 |+1'56 | 553'65 |+1°23
Means - | 890’ 58 429°85 124'60 550" 95

* Ob of Gottingen mean time at Fort Simpson,
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‘The observations at Fort Sxmpson were made 15™ after the hour
named, the rest as before stated. ,
Tt will be seen that'a remarkable difference exists in the amount
of . the 'daily movement at Fort Simpson and Lake Athabasca,

‘although the diurnal law is nearly the same. It is difficult to atéri-' =

‘bute this altogether to change of locality, which in this case involves
but a slight change of magnetical position*; we are therefore led to
connect it with the advance of the season. On referring to the
~Table, it will be seen that the westerly extreme at 2 .M., which is
so' well marked at Toronto and the lower stations, is here prolonged
for nearly four hours, during which space the magnet does not
sensibly deviate from it. After 7 P.M. it returns to the eastward,
but so gradually as not to attain its mean, or zero value, before
2 A.M. instead of 8 P.M., as at Toronto. Then commences a sudden
and rapid increase, leading to a maximum at 7 A.M., after which a
steady and rapid westerly movement takes place, which attains its
limit, as already stated, at or about 2 p.M., and amounts to the very
large mean quantity of 32’. The sun was above the horizon 15" 44™
on the middle date at this station, and 5® 56 on the middle date at
Lake Athabasca, which correspond to 13" 48™ and 8" 44™ on the
same dates at Toronto respectlvely Notwithstanding this great
difference in the length of the daj in December and April, it will be
observed that the magnet in its regular westerly movement from
7 AM. to 2 .M. cuts the line of mean at or near the same hour in
both periods, as it does also on its return at night towards its
easterly extreme. When referred to the westerly limit, or lowest
mean value, as zero, instead of to the mean of the whole twenty-four
hours, the diurnal changes at Lake Athabasca for the afternoon
branch do not exceed, but, upon the whole, rather fall short of those
at Toronto, and at Fort Simpson they are less than those at Toronto
for ten hours following that epoch, namely from 3" to 12" inclusive.
It is the nocturnal branch at both stations which occasions the great
apparent excess of their diurnal changes above the changes at
Toronto.

The persistency of the magnet at its westerly extreme, in April
and May, is strongly contrasted with a similar persistency at its
easterly extreme, which appears to be one of the principal
characteristics of the curve at Lake Athabasca in the winter, We
see by Table IV. that when free from the effect of disturbances, the
easterly. maximum is maintained from 5" to 9 A.M., which suggests
the inference that the effect of the advance of the season on the

* The Horizontal Force is 2°02 at Lake Athabasca, and 195 at Fort Simpson; the
inclination is 81° 37° ¢ and 81° 52'* 3, the total force 13°92 and 13° 84, at the same stations
respectively.
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dmly curve is analagous to that of the. sun’s dmrnal progress, the ‘
increased power of the sun being attended by a determination of the

' north end of the magnet to the west, its diminished power by a
determmatxon of the same end to the east.

Comparmg together the means of the four Amemcan statlons for
the two periods under discussion, we find that besides the different
amount of ;the daily changes shown, they have peculiarities of a
systematxc character, which is apparent more partxcularlyun those of
the gpring months, but not so_ decidedly in either group as in those
of the bifilar. Referring first to the curves for April ; and May, it
appears that tbe magnet attains its daily limit to the. ‘westward at
nearly the same hour at Toronto and Philadelphia, namely, 2 P.M.
or thereabouts, and then commences an immediate return towards
its mean position ; it reaches the same limit about half-past three at
Sitka, and its return is more gradual. It would appear from the
general character of the curve at Fort Simpson that its turning hour
is there as late as 5 or 6 .M., and the return is effected still more
~slowly. ' The hour of attaining the easterly limit does not appear
te vary much. The number of hours at which the magnet is to the
eastward of its mean position is, however, considerably less at the
more northern than at the southern stations, which results from
the easterly tendencies during the night having the effect of raising -
the mean scale reading, and throwing the readings in the latter hours
of the afternoon and evening relatively to the westward. The numbers
for the winter group are sixteen at Philadelphia, seventeen at Toronto,
fourteen at Sitka, and nine at Liake Athabasca; for the spring group,
sixteen, fourteen, thirteen, and nine respectively.

The mean scale readings at both stations show an increase oi
Easterly Declmatlon, whlch was slight in the winter months, and‘r
very rapid in the spring. Taking the means for each fortnight, and
veferring them to absolute values, we have the following series.
The‘approximate means for the same periods at Sitka, are inserted
for comparison.

TasLE 1X.

) Sitka. Lake Athabasca.
1 scale division = 0/* 553,

1843. Qct. 16 to Oct. 21 -
Oct. 22 to Nov. 4 -
Nov. 5 to Nov. 19 -
Nov. 20 to Dec. 3 -
Dec. 4 to Dec. 17 -
Dec. 18 to Dec. 31 -

1844. Jan. 1 to Jan. 15
Jan, 16 to Jan. 29 -

° !/

- - - | 414°24=28 35’8 E.

- - - | 415°84=28 87°4

- - - | 416°61=28 382
42794 417°58=28 39°2
423°02 419°28=28 40'9
42774 421°26=28 42°9
42754 425°71=28 473
424°25 427°32=28 48'9

3
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R ' TasrLe IX.—continued. - ‘

Sitka. ‘ Lake Atha}msea.‘ )

RN IR ]
420°69 | 423'32=28 44'9 E.
423°47 | 424'63=28 46°2
426°95 Fort Simpson.
427°84 .
431°93 | 858'14=36 53'1E.*

1844. Jan. 80 to Feb. 12 -
Feb. 18 to Feb. 28 -
Feb. 26 to Mar. 10 -
Mar. 11 to Mar, 24 -
* Mar. 25 to April 7 -

Apnl 8 to April 21 - 429°44 385'92=37 269
Mpnl 22 to May 5 - 43158 400°'33=387 418
6 to Muy 19 - 43317 418°21=87 592

' May 20 to June 2 - 431°69 ‘ :

The regular character of the progression makes it difficult to
attribute the -easterly movement, from October 16th to the end of
January, to any accidental or instrumental cause, still more so the
much more rapid movement in April and May ; the latter is the more
difficult to account for, as the effect of Disturbances at Fort Simpson
in those months appears to have been less exclusively easterly than
during the previous period at T:ake Athabasca. The means at Sitka,
which are derived for the present comparison from the three equi-
distant observations of 0%, 8", and 16", Gétt., show no similar tendency
from November to January, and but a shght one from February to
May. We have, however, a similar result from the observations of
Sir John Franklin at Great Bear Lake in 1826, which give the mean
Declination in February 38°41’°6, and in March 38°50'°2 E.
As no observations were made by Sir J. Franklin at those hours of
the night which are now shown to include, in these latitudes, the
extreme easterly movements, the difference in this case is probably
within the truth. The effect of Disturbances being greater in March
than in February, would have increased the relative easterly value of
the former month.

In all the foregoing tables, the movements of a three inch-magnet
at one station have been regarded as comparable with those of a
fourteen-inch magnet at the other, without consideration of the
difference of their size and weight. It appears, however, from a com-
parison of the mean diurnal curves, deduced from observations of two
magnets of these dimensions respectively at Toronto, that there is a
slight and apparently specific difference between them., The
diurnal variation by the small bar is greatest from 8 p.m. to 5 AM.,
and least from 6 AM. to 8 P.M., with an exception at 1 P.M. only ; that
is to say, the Declination by the larger magnet is slightly more

* The regular division is continued at Sitka; at Fort Simpson the fortnights are taken
from April 1st to 14th, and so on,
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easterly during the day, and less easterly during the night, than the
Declinatin by the smaller bar, and this peculiarity presents itself in
every month, but the amount is not sufficient to affect any of the

foregoing conclusions.

A difference of a similar nature is observable

between the mean diurnal curves by two bifilar magnets of corres-
ponding dimensions.

TaBLE X,

Comparison of the Diurnal Variation of Declination from the Register
of a large and small Declinometer at Toronto in 1847,

Mean 14-Inch Magnet. 8-Inch Magnet.

Time. June, July. Aug. Mean. June. July. Aug. Mean.
h ' ' ’ / ’ ' ] '
16 [41°53|40°40(4+2°27 {4140 |+1°53|40°51|4+2°40 +1°48
17 |+2°78|4+1°60({+3'68 |42°64 +2°80|4+1°83 4404 |4+2°89
18 |45°25 +6°04]|46°05 |45°78 |[4+5°05|+5°77|+6°08 |4+5'63
19 |+6°98 |4 7°17[4+8°47 |+7°21 |4+6°73|4+6°67 |+7°95 +6°'78
20 (46°16 /4693|4815 |+7°08 |+5°88 4674|4775 {+6°79
21 [4+4°49[4+4'99(|4+5°92 | +5°18 |+4°34 +4°61|4+5°55 [+4°83
22 (4177 (41°01|40°89 |4+1°49 [+1°62 +1°00|40°'68 |[4+4°10
28 |~1'89|—2'01|—38°12 |—2'84 |—~1'89|—2°80|—8°15 |—2°61

Noon (—4°87 (—5'61|—7"48 |—5'97 |—5°05|—5'64|—"7'36 |—6°02
1 |—6°381|—6"78~9°20 |—7'43 |—6°39|—6"34|—8°95 [—7°23
2 |—5°95|—5'93|—8°28 |—6'70 |—6°08|—6'15|—8°28 |—6°84
3 |—58'02|—4'76{—6'05 |—5°28 —5°19|—4'97 |—6°50 |—5'55
4 |—3°43|—3°03(—3"84 |—3°43 |—3°65|—8°20|—4'06 |—3°'64
5 |—1°88|—0°'97|—2"08 |—1°63 |—2°05|—1°02|—2°'21 |—1°76
6 |—1°02|—0'29|—0°20 |—0°50 |—1°10{—0°86|=-0'83 {—0°'60
7 |=0°11|=—0°74|—0"48 |—0°43 |—0"15|—0°78|—0'42 |—0"43
8 |[40°14|—0'27|—0°32 |—0°15 [+0°43|—0°08|—0"18 +0°06
9 |—0°17|—0°59 (4135 |+0°20 |+0°12|—0'30|41"'71 +4+0°51
10 |40°74(+1'36|4+0°52 (4087 |+1°08 41754075 |+1°19

11 [41°00(41°10{40°29 |40°80 |4+1°20 +1°39|4+0°68 |4+1°09

Midn. |41°25]|4+0°82{+4+0°53 |4+0°'87 +1°49 |41°07|40°78 |+1°10
13 |[—0°07|~0'05|+1°24 |+0°87 +0°29|4+0°10(41°45 {4+0°61
14 |—0°26 (—~0°13|+0°76 |4+0°12 |—0°05 |+0°03 4086 {4+0'28
16 |—0°07|+0'54|4+0°68 [4+0°38 |+0°05 +0°59(40°81 |40°48

o2
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SECTION II.
BIFILAR MAGNETOMETER.

The instrument employed was a small transportable bifilar, pro-
vided with a hollow 8 0-inch magnet, weighing 207 grains. The
reading telescope was carried by an arm connected with the base of
the instrument, so that the copper box and suspension apparatus
turned with the telescope. The azimuth circle read by verniers to
-single minutes, the torsion circle to 5/°0. The suspension silk was
about 9 inches long. The arc value of each division of the scale
attached to the telescope was 2°0.

Adjustment, 13th October 1843.—(1.) The reading telescope was
brought to the magnetic meridian by attaching the magnet to an
unifilar suspension and bringing the central division of the scale
(210) to the wire. The azimuth circle read 302° 55, declination
428, whence 302° 45’ corresponds to the scale reading 418°0 found
at the next step.

(2.) The magnet was next attached to a bifilar suspension of
waxed silk, the north end pointing to the north, and the torsion
circle turned until the same division was on the wire, showing the
plane of detorsion to coincide with the meridian. At the first trial
the force of torsion was too great, the interval of the threads was in
consequence reduced ; this, however, altered the position of the plane
of detorsion, and it appears that in adjusting it afresh to the
meridian, the telescope was inadvertently moved 34’ to the west, the
next reading of the horizontal circles being 302° 11’ instead of
302° 45’. 'The plane of detorsion, therefore, instead of being in the
meridian, was in such a position as to deflect the magnet 34’ to the
westward, or rather, correcting for a small change of declination,
33/°2 to the westward. If (u) and (») be the angles at which the
magnetic force and the force of torsion act on the magnet, we have
sin v

S and in the present case

. . R
in every position of equilibrium G~ @

F
= 0°86, and v = 33°2, hence v = 28°4, and the angle

u + v = 61/°6, being the angle by which the plane of detorsion
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differed from the meridian to the westward. The reading of the
torsion circle was 58° 50', whence the true position of the plane of
detorsion was 58° 50’ + 1° 1/°6 = 59° 51’* 6, which is the datum em-
ployed. Declination 418°0 scale reading of bifilar 209°6 (for 210).

(3.) The telescope was now turned 90° in azimuth, from the
assumed meridian, or 90° 33'°2 from the true one; the division of
the scale at right angles to it was therefore 2266 instead of 210,
and the torsion circle being turned until the scale read 208, the
magnet was carried 37'°2 beyond the position intended, namely, that
at right angles with the magnetic meridian, The torsion circle read
0° 15’ Declination 416 °5.
S22 we have therefore u = 90° 372
sin ¥

instead of 90°, which somewhat diminishes the sensibility of the

adjustment, but is otherwise unimportant. » = 59°51°"6 — 0° 15’ =

59° 36'°6, also @ = 20, whence the value of one division of the

scale in parts of the Horizontal Force was

k = a cotan v = "0003432.

Increasing numbers denote increasing Horizontal Force.

It appears that the scale readings decreased regularly until
January, showing the north end of the magnet to be carried from
the meridian to the south of west; the readings increase again in
February, and this circumstance, coupled with that of a contrary
change in the inclinometer scale readings, makes it appear that in
part, at least, the effect was due to a real increase of Inclination and
decrease of Horizontal Force in the winter months, having respec-
tively their maximum and minimum in the latter portion of the

- month of January. Mixed up with this periodical change there is
probably also a loss of magnetic moment in the bifilar bar, and an
increase of permanent magnetism in the soft iron bar of the
inclinometer, The fortnightly mean scale readings of both instru-
ments are collected in the following table. Dr. Lloyd having shown
that any three equi-distant observations give, very nearly, the true
mean of the twenty-four hours, that principle has been applied in the
present and all the similar tables, to obtain true mean scale readings
for days on which one or more observations were omitted, by the
simple proceeding of omitting, also, the corresponding readings of
the imperfect triplet or triplets, and taking a mean of the remainder
or perfect triplets.

. F
In the equation {x =
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TasLE X1
Fortnightly Mean Scale Readings of the Bifilar and Inclinometer at
Lake Athabasca.

o, Bifilar. Tnclino-
Date. Period. mmeter-
Observed.| Temp. (Corrected.| Angle u, |cOTTected.

<] o 7

247°32|51'07(254°39| 89 04 | —-
232°01|43°68 23460 89 44 —_
210°78/43°63|213°31| 90 27 |120°12
183°9341°64185°08 | 91 23 |139°55
174°17(41°83|175°10| 91 43 [161°80
171°41|87°19(169°46 | 91 54 |169°80
152°72|30°90|146°32 | 92 41 |194°'65
140°67(25°51|130°29 | 93 13 | 20974
144°94|41°76 | 146°17 | 92 41 {195°'83
174°20144°871177°63 | 91 88 |197°14

91 34

1843 | Oct. 15 to Oct. 22
» | Oct. 23 to Nov. 5
» | Nov. 6 to Nov. 19
ss | Nov. 20 to Dec. 8.
» | Dec. 4 to Dec. 17

» | Dec. 18 to Deec. 31

1844 | Jan. 1 to Jan. 15
5 | Jan. 16 to Jan. 29
5 | Jan. 30 to Feb. 12
»» | Feb. 18 to Feb. 27

3 f ¢« 3 L 1 1 L L 1

The first fortnight has only half weight.

The coefficient of Temperature of the bifilar magnet was ascer-
tained after its return to Toronto, in January 1845. A series of
deflections on different days gave the following results :—

January 8, 1845, ¢ = 070003128

10 *0003009
u o, "0001784
14, 0001941
17, "0001818

The mean of the whole is 0°0002336. The mode of proceedmg
was the same in each case. The temperature of the magnet was
raised at once from the lowest to the highest point, being about 40°
Fahr. and 90° respectively, and three sets of readings taken at each,
with an interval of 5™ between them, the bar being previously
allowed 15™ to acquire the temperaturc of the surrounding water;
the Declination and Horizontal Force were also observed at the same
time. As the two first of the above values differ materially from
the rest, the experiment was repeated in 1848 under similar arrange-
ments, except that the change of temperature at each alternation
was from 40° to 60° and no higher temperature was employed, the
intervals were also reduced to 4 minutes between each set, and 10
minutes between each alternation :

March 4, ¢ = 070002472
6 ‘0002138
7 "0002874
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The mean of these is 0° 0002495, not materially di{ferent from the
former value. Lastly, the mean of both sets is,
| g = 0°0002396
And adopting this value, we have the ratio %,or the change in scale
divisions for a change of temperature of 1° Fahr. = 0°70. .The
whole of the readings in the abstracts have been reduced to the

umform temperature of 40° with an apprommate coefﬁclent g =

0° 66, which occasions, however, an error of only 2 1 divigions a.t the
extreme temperature recorded, a quantity so small, as compared with
the extent of other changes, that it has not been thought necessary
to correct the work. The more accurate coefficient has been em-
ployed below in deducing the mean diurnal curve, and in correcting
the observations on term day, and disturbances.

4

HorizontaL FoRCE.

In Absolute Measure. —The observations of the Absolute Horizontal
Force made at Lake Athabasca and Fort Simpson have been
published in detail by Colonel Sabine (Contributions to Terrestial
Magnetism, No. VIL), but it may be convenient to repeat the par-
ticulars here. Six deflecting magnets, varying in length from 3°6
inches to 20 inches, were employed at both stations; two of these,
- Nos. 30 and 31, of three inches in length, were considered the
standard bars, and the others employed for verification. The whole
of the magnets were suspended for vibration by a silk fibre attached
directly to the bar, without the addition of any stirrup; bars 30 and
31 were also vibrated in a stirrup, the weight of which was. 322
grains, thus giving a second and independent value of the term m X.
The amount of inertia of each suspension was found by vibrating the
‘magnet with and without the addition of carefully turned brass
rings, according to the method recommended by Dr. Lamont. The
following are the mean values:— ,

‘ ‘ Bar 30. Bar 31.

Log. = 2 for vibration without the stirrup 1°33408 1°33952

Log. = 2% for vibration in the stirrup 1'50167 1°50521

The observation at Lake Athabasca was commenced on the
138th Octcber, shortly after completing the adjustment of the bifilar
already described; the experiments of deflection with four bars were
completed on that day, and with the other two on the following
day. The bars were vibrated without the stirrup on the 14th, and
with it on the 20th, each experiment being connected with scale

readings of the bifilar, The observation was 1epeated in March
1844,
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The mean value by the other four bars in October was
X = 2030

which agrees nearly with the mean deduced from the observations of
Bars 30 and 31 ; but it has not been employed, as three of them were
corrected with an assumed coefficient of temperature, and the value
of the moment of inertia employed has not been so well determined
as that for the standard magnets.

The value of the Absolute Horizontal Force was found to be
’ X=2'040
by the standard bars in July 1844, being an increase of 0'0088X, or
15 of its whole amount, over the value found in October and March,
which may probably be attributed to a real increase of that element
in the summer months,

Since the publication of the preceding observations by Colonel
Sabine, Captain Younghusband has succeeded in obtaining a satis-

factory determination of the value of the ratio Amm for Bar 30, the

previous results having been obtained without any correction for the
change in the induced magnetism of the bars under the different
circumstances of vibration and deflection. Five experiments made
at Woolwich in May 1847 gave the following results : —

Amy — 000042

mO

0°00048

0°00037

0°00042

0700056
mean of the whole, 0°00045. Assuming the magnetic moment of
the bar itself at the period of these experiments to have been nearly
the same as in June 1846, when the absolute intensity was deter-
mined last with it at Woolwich, we have the means of reducing this
value of the correction to the value applicable at the northern
station.

Am _Am, A,
m — m, A4

where 4, = the ratio-yx— at Wo