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ADJUSTMENTS, ABSTRACTS, AND COMMENTS.

MAGNETIC DECLINATION.

Absolute Values—In January 1845 a series of Observations was commenced at
Toronto, for the purpose of determining the monthly values of the Declination by
means of a Declinometer, placed in a detached building appropriated to that object
only. The Declinometer was of the construction described in Captain Riddell’s
‘“ Magnetical Instructions,” page 15, having a collimator magnet of 3°85 inches in
length. The Theodolite employed to measure the angle between the zero of the
collimator scale and a fixed distant object (the west side of the lighthouse in the
harbour of Toronto, distant 3% miles nearly from the Observatory) was the original
transit theodolite of the Observatory; it was placed in the same building with the
Declinometer, but on a separate pedestal. The building was of wood, copper fastened,
and was situated in the Observatory enclosure about 20 feet S.W. of the Observatory
itself. Usually six determinations were made in each month, and at about the same
part of the month. The centre wire of the telescope was made to coincide with the
zero of the collimator scale at an instant previously arranged, so that an assistant
might at the same instant note the scale reading of the Declinometer in the Observatory ;
by this means each independent determination became referable to the mean reading
of the last-named instrument, <. e., of the differential Declinometer, in the same month.

The astronomical bearing of the west side of the lighthouse from the Theodolite was
ascertained by the mean of 16 determinations made at intervals in 1845, 1846, and
1847, to be 8. 8° 36' 7" E.

The Declinometer Observations from January 1845 to December 1851 inclusive are
given in detail in the latter part of this volume. An abstract of them is contained in
the following Table : —

Tasre I.—Monthly Determinations of the Declination from 1845 to 1851, inclusive.

Mean Reading Mean i Differences « — B. Observed Declination
DATES, Mean Observed om:fre;fo;y Monthly e dine f Mea;egi‘:)‘i:eglf; Ittl;?-ding
Declinometer. D(l‘;?f;;:g{zr. Bc. Divisions. Arc. “1;251&%3?2”
1845. o ! Se. aDiv. Sc.BDiv. ] [ 1
January . 1 285 1139 117-4 - 35 - 25 1 260 West.| January.
February 1 267 114-4 117 6 - 32 - 23 1 24-4 February.
March 1 36°3 106°5 117°3 —-10'8 — 78 1 285 March.
April 1 346 1097 116-4 - 67 — 48 1 298 April.
May . 1 348 109°8 116-0 — 62 — 4°5 1 308 May.
June 1 326 111°0 115°7 — 41 - 34 1 29-2 June.
July 1 341 1084 1153 - 69 -~ 50 1 291 July.
August . 1 342 1066 114-4 - 17-8 — 56 1 286 August.
September 1 358 106°6 113-4 — 6'8 - 49 1 309 September.
October . 1 32°6 112 8 113-3 - 05 — 04 1 32-2 October.
November 1 319 110-4 113 2 - 28 - 20 1 29°9 November.
December 1 31'7 114°0 114°5 - 05 — 04 1 31-3 December.
Means . 1 328 1103 11574 — 51 - 37 1 29°1 f
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TaBLE 1.—Monthly Determinations of the Declination from 1845 to 1851, inclusive—continued.

Mean Reading Mean Differences a — B. Obaerv:d Declination
DATES. Mﬁ:"dg.g:m?d Obszf;:}n‘f ory Mantl;l tlggadmg P Mea;egioc:gl}; %I:Ading
Declinometer. | [UCeratory | o isions. Arc. o Peclammmaten.”

1846. o 1] Se, o;)iv. Sc.pi)iv. ] 4] ]
January . . 1 32 113:7 114'8 - 1°1 - 0°8 1 31°5 West.| January.
February . 1 306 112-0 113-% ~ 17 - 12 1 29-4 February.
March . 1 292 1135 1133 + 0°2 + 01 1 291 March.
April . 1 317 110°4 127 | —23 | =17 | 1 300 April.
May. . . 1 334 1074 112:2 — 48 — 38°5 1 299 May.
June., . . 1 31‘5 1095 1133 - 38 - 27 1 28'8 June.
July . . . 1 344 109°6 1135 | —39 | —28 | 1 316 July,
August . 1 36°0 1053 112°9 - 76 — 55 1 30'5 August.
September . 1 356 1074 112-2 — 48 - 35 1 32°1 September.
October . . 1 33'8 110:2 113°1 - 2'9 - 2-1 1 317 October.
November . 1 350 1090 1128 3-8 - 249 1 32:3 November.
December 1 340 111°4 114:0 - 26 - 19 1 32-1 December.

Means . 1 33'1 110°0 113°2 — 32 - 23 1 30°8

1841.
January . . 1 330 1130 114°1 - 11 - 08 1 32:2West.| January.
February . 1 369 106°0 111-8 - 52 - 38 1 33°1 February.
March . 1 36°1 104-8 1105 - 59 -~ 41 1 32:0 March.
April . . 1 37'8 1036 110°0 [ — 6'4 | — 46 | 1 332 April.
May. . . 1 358 105° 4 1104 | =50 | —36 | 1 322 May.
June. . . 1 36°9 - 104-°1 110°4 ~ 63 — 46 1 32'3 June.
July . . . 1 36°9 1046 110°9 — 63 - 46 1 32°3 July.
August ., . 1 378 1041 111°1 - 70 - 5°1 1 3247 August.
September . 1 382 104- 2 109-8 ~ 56 - 40 1 34-2 September.
October . . 1 359 109°6 1111 - 15 - 11 1 348 October.
November . 1 379 1066 111°0 - 44 - 32 1 34-7 November.
December . 1 355 1103 1108 — 0°5 04 | 1 351 December.

Means . 1 36'5 1064 111'0 — 4°6 - 33 1 33-2

1848.
January . . 1 357 109°17 111-3 - 1'6 - 12 1 34-5West.| January.
February . 1 342 118°3 117-2 4+ 1°1 -+ 08 1 350 February.
March . . 1 38'6 111°1 1167 — 56 - 40 1 346 March.
April . 1 40°0 1107 1168 - 61 - 44 1 356 April.
May . . 1 38'6 110°0 115°6 — 5°6 - 40 1 346 May.
June. . . 1 37°0 113-4 1159 - 25 - 18 1 35-2 June.
July . . . 1 40°7 108°0 116-4 -~ 84 - 6°1 1 346 July.
August . .| 1 41'9 108°3 115°0 | — 176 | — 55 | 1 364 August.
September . 1 39717 10917 115°2 - 56 - 40 1 357 September.
October . . 1 421 107-4 114-1 - 617 — 4°8 1 373 October.
November . —_ — — — —_ 1 362 November.
December . 1 365 1116 113 6 - 20 — 14 1 351 December.

Means . 1 386 110°6 — —_ - 32 1 35°4




MAGNETIC DECLINATION. v
TaBLE I.—Monthly Determinations of the Declination from 1845 to 1851, inclusive—continued.
. Mean | Observed Declination
pates, || MemObemed | virche ¢ [Mondlylloing  Dfermemep | edeolto ﬁl‘idﬁ,j
S Ty Observatory of the Observatory
Declinometer. Declinometer. | Se. Divisions. Arc, Declinometer.

1 849- (<] ] Se. ‘})iv. Se. ﬁDiv. ! o 1
January . . 1 41'3 109°9 113°9 — 40 - 29 1 38:4West.| January.
February . 1 41-4 10968 11054 — 86 - 62 1 352 February.
March . . 1 39°1 146°9 150-1 - 32 - 23 1 36°8 March.
April . 1 40°1 143°4 1499 - 6°5 - 41 1 354 April.
May. . . 1 386 146°6 148°9 - 23 - 16 1 370 May.
June. . . 1 42-0 1420 150*3 — 83 - 59 1 36°1 June.
Juy. . .| 1 398 1443 1493 | — 50 | =37 | 1 36°1 July.
August . . 1 398 145°0 1506 - 56 - 41 1 357 August.
September . 1 39-9 1478 151°6 — 3-8 - 27 1 37-2 September.
October . . 1 41°4 14317 149-4 — 57 4-2 1 372 October.
November . 1 40-8 146°1 1492 - 31 - 2-3 1 385 November.
December . 1 366 153°3 149°8 35 + 2-5 1 39-1 December.

Means . 1 40-0 — — —_ - 31 1 36°9

1850.
January . . 1 36-0 151°2 150°5 07 + 0°5 1 36°5West.| January.
February . 1 389 148-7 150°6 - 19 - 14 1 375 February.
March . . 1 388 150°1 1505 - 04 - 03 1 385 March.
April . 1 392 3510 353°4 - 24 - 17 1 375 April.
May . . 1 42'3 3515 3588 - 73 — 52 1 371 May.
June. . . 1 38°% 359°1 3600 - 09 - 06 1 38°'1 June.
July . . 1 39'4 3599 364°4 - 4°5 - 32 1 36-2 July.
August . . 1 45-2 356°0 3634 - 74 - 53 1 399 August.
September . 1 45°0 355°4 3611 — 63 - 46 1 40-4 September.
October . . 1 414 364°6 364-4 - 02 - 0-2 1 412 October.
November . 1 440 3620 3665 - 4°5 - 33 1 40°7 November.
December . 1 41°8 3623 365°6 - 33 - 23 1 39'5 December.

Means . 1 409 — - - - 23 | 1 386

1851.
January . . 1 44-2 358°2 364-1 65 - 41 1 39°5West.| January.
February . 1 439 361-8 365°2 34 - 2'5 1 41°'4 February.
March . . 1 41°17 36217 365°5 - 2-8 - 21 1 396 March.
April . . 1 44-2 3596 36417 - 51 - 37 1 405 April.
May . . 1 44-8 3517°5 3629 — 54 - 39 1 409 May.
June. . 1 418 3621 363°2 - 11 - 08 1 41°0 June.
Juy. . . 1 43-4 357°6 362-3 - 41 — 3'4 1 400 July.
August . . 1 472 3555 3631 ] - 5°5 1 411 August.
September . 1 46°5 354-2 360-1 — 59 - 4-2 1 42-3 September.
October . . 1 44°8 3563 36017 — 4°4 - 32 1 41°6 October.
November . 1 445 3551 3613 — 62 — 4+4 1 40°1 November.
December . 1 471 3516 360°5 - 89 — 64 1 41°3 December.

Means . 1 44°6 —_ — — - 37 40°9
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Secular Change—The monthly determinations in Table I. furnish 84 equations of
the form { = /' 4 ay, in which  is the most probable value of the Declination
at the mean epoch July 1, 18483 ' the observed Declination in any other month;
a the interval in months between the date of y' and July 1, 1848, negative if that date
is earlier than July 1, 1848, positive if later; and y is the monthly secular change.
From these equations are obtained » = 1° 34'*91, the Declination at the mean epoch,
July 1, 18483 and y = 0’1627, or 12 y = 1'-952, the mean annual increase of West
Declination in the years 1845 to 1851 inclusive.

Probable Error of the Monthly Determinations in Table I.—From the 84 equations fur-
nished by Table I. we derive/', = 1°34"*9 4+ 0" 1627q, , ", = 1° 349 + 0'*1627a,,
e Py =1°34"9 4 0"+ 1627a,, as the most probable values of the Declination in
the several months from January 1845 to December 1851. From the differences
between these, and the values actually observed in those months, we obtain by the
known method + 0'-75 as the probable error of a single monthly determination;
and £0''08 as the probable error of the mean determination 1° 349 on July 1,
1848, assuming the true bearing of the west side of the lighthouse from the Theodolite
to have been S. 8° 36" 07" E., according to Captain Lefroy’s determination. The
‘“probable errors” include the irregularities produced by the magnetic disturbances.
The differences from which the probable errors have been computed include the
effects of the mean annual variation ; these have not been eliminated because, as will
presently be seen, they are so small that they may practically be disregarded.

Annual Variation.—The hourly observations of the differential declinometer during
those years in which its indications can be shown to have been intercomparable, furnish
the most unexceptionable means for this investigation. In the first vol. of the Toronto
Observations, p. viii., the zero of the scale of the differential declinometer, or the
division of the scale corresponding to the magnetic axis of its magnet, is stated to have
been 1434, as determined by Captain Younghusband on 4th June 1841. A redeter-
mination by Captain Lefroy, in February 1849, before the declinometer was dismounted
to make room for the self-recording instruments, gave also 143-4. The declination
corresponding to the scale division 143-4 is given, for each month of the years 1845,
1846, and 1847, by the intercomparison of the mean monthly readings of the declino-
meter shown in Table I., with the most probable values of the declination corre-
sponding to the same periods, derivable from the independent monthly determinations
in the same Table by the general equation, V' = 1°34'*9 + 0'-1627 o’. The decli-
nation corresponding to the division 1434, in the different months thus obtained, is
shown in the following Table:—



MAGNETIC DECLINATION. vii

TasLe I1.
1845 1846 1847 Means Differences
MONTHS. 104 o4 1°4 1°4 amp
U / 1 1 1
January . 9-41 9-46 | 10°93 9°94=a| 4 071
February . 9-72 886 9-45 9'34=a | 4 0°11
March 9:66 874 8+617 9°'02=a | — 0°21
April . , . 9°18 8-417 8417 8l=a| — 0°52
May . 9:05 8217 8:92 8:15=a | — 0°48
June . . 9:00 9°22 9-09 9°'10=a | — 0°13
July . . . 8°88 953 961 9:34=a | 4 0°11
August . . 839 9:26 991 9°'19=a | — 0°04
September . 7+83 892 915 8'63=a | — 0°60
October . . 7-92 973 | 10°24 9:30=a | 4+ 0°0%
November . 8:02 9°68 | 10°33 9°34=a | 4+ 0°11
December. . 9-11 10:170 10°35 10°05=a | 4- 0°82
Means . . 8:85 9:24 9°59 9:23=8 —

We may derive two conclusions from this Table : 1st, that the scale division cor-
responding to the magnetic axis of the declinometer magnet underwent little if any
change during the years 1845, 1846, and 1847, and consequently that the indications
of that instrument may be regarded as intercomparable in those years; and, 2nd, that
the mean annual variation, or that which is obtained by comparing the mean monthly
readings with each other, can only be of very small amount. Of the two elements of
comparison from which the values in Table II. are derived, one, viz., the most pro-
bable monthly values of the declination, is unaffected by the irregularities of the
magnetic disturbances; whilst the other, viz.,, the mean monthly readings of the
declinometer, necessarily includes them. The small differences in the declination
values in the three first columns of Table II. are probably, for the most part, occa-
sioned by those irregularities; and the differences in the final column may not be
altogether uninfluenced by them.

We may also take from Table II. 1° 09’2 as the declination value corresponding to
the 143-4 division of the declination scale during the years 1845, 1846, and 1847.

Annual Variation at the different Observation Hours—Having shown that the observa-
tions of the differential declinometer were intercomparable during the years 1845 to
1847, and that the zero of the scale corresponded to 1° 09'*2 of west declination, we
may combine the observations in the different months and at the different hours in
those years so as to form a mean year corresponding to the middle year (January
to December 1846). This is done in Table IIL, the values inserted in this Table
being in every case a mean of the declinations observed at the specified hour and in
the specified month in the three years commencing lst January 1845 and ending
31st December 1847 :—
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TasLe I1I.

Showing the Mean ( West) Declination at every Observation Hour in every Month of the Year 1846, derived

Jrom Three Years of Hourly Observations.

Toronto Time,

Mean Declination
at each OQbserva-
tion Hour, cor-

Astronomical || January, | February.] March. April, May. June. July. August, Septemb’er October. November| December responding to the

Reckoning,
Juy Yt Freds.
1°4 1°4 1°4 1° 4 1°4 1°4 1°4+ 1°4 1°4 1°4 1°4 1°4 1°4
H. M. ' [ ] ' ' 1 [ [ [ ] [ X '
12 3 29°41| 29°90 29+50] 29°80; 30°01; 30:32| 2970, 3041} 31+13] 31-24| 30°81} 29°86 30-18 »Dga/
13 3 29:43 30°03| 29-60| 29°44| 31*06( 3086/ 29°96| 30-98| 30°44) 30-29| 31-81j 30°13 3034 —g-70
14 3 28174 29:92| 29-42| 30°26| 3124 31'02| 3068 30°99 30°47 29°74] 3168 30°65 3040 —0-44
15 3 28-84) 29-27| 29°48| 29°66| 30-54| 31-19| 30°96{ 30°59| 30°05 3017 30-87 30-17 30°15 —-0-59
16 3 28-08| 29-4'7) 29°37} 29°02| 29°76| 30-28| 30-5%7 30°70| 29°16| 29:62 31'03| 30-28 29-78 — /'244
17 3 28-72! 28- 55! 2920 28°46) 28°02| 28-28| 2875 29-33| 29°07| 29-28 30°64| 30°49 29:07 -~ 77
18 3 28-53| 28-53] 28-71| 27-72| 26°47 25-85| 26°10] 26°60| 29-94| 29-94! 30°32| 31*13 2837 — 157
19 3 2817 28°20| 28°06| 27°40| 25°44] 25°05] 24:62| 24-43| 30°61| 30-13| 29:94] 31'04 2716 - 3'29
20 3 2725 27-69| 26°93| 2739 25°47 25°14| 24°56| 24°21| 28°81; 2915 28:94| 29°85 27°12 - 297
21 3 27°:43; 28'74| 26°58| 27°94| 2764 26°65] 26°06/ 26°44; 29°99, 29-28| 29-09| 29°43 2794 - /0
22 3 28 56| 29°62 28°40| 30°16| 31°05] 29-30{ 29-07| 30:80 3275/ 30°59 30-51| 29-79 30°05 - 0 4F
23 3 30°45| 31-45 81-175| 3342 34-84| 32°'88| 32-88/ 34:49| 35-41] 33-29 32:60| 31-27 32°89 4+ ' S&
0 3 32-29| 33°0'7) 34-38| 36°08| 36°"717| 85°54| 35 66/ 37°6' 38-59 35-39 34-64| 32°88 3525 + -2,
1 3 3286 33°69] 35:94| 37-40| 37-53| 37-24; 37°13 39°10] 38-24| 38-30{ 38°16| 36°49 36°84 < 50
2 3 3248 33°37| 35-9%7 37°27| 36-98| 37°22| 37°23| 38°55| 37-83 35°75 35" 75| 34:44 36707 4+ Sl
3 3 3186/ 32-48| 35°27| 36°49| 35°72| 36:41; 36°51| 36-68| 35°86| 34:59| 34 68| 33°62 35°01 4 297
4 3 30-170] 31°65/ 33:92| 34°76| 33°89] 35-04| 35°23| 34°92| 33174 33-80| 34°07| 32-89 3310 4+ -5
5 3 29-92) 3125/ 32°91| 32°67] 32-26| 33°09| 33°31] 32-94] 3182 33°14| 33:25| 32-12 3239 -+ /0
6 3 29°58| 30°517| 31-60 31°52 3125 31°74| 32°13| 31:04) 30°170| 31-24] 32°20| 31°26 31°24 + 229
7T 3 29+10] 30°21| 30175 3052} 31'16/ 3103 31°51, 31°12| 31-14| 31-90| 3071} 3047 30°80 — o202
8 3 27+91| 29-20] 30-22| 30°38 31'23] 31°06/ 31°24| 30°80, 30 57 31-00| 3085 29°80 3035 ~ v 47
9 38 28-02) 28-80| 29°03| 29-62| 31:06| 30°26; 31°16| 28°54| 30°81| 30°18} 2930} 29-67 2970 —/-%4
10 3 28°617; 29-24| 29-°41| 30-36| 30:35| 30-23| 29-60 29-76/ 30-11} 30°27 29-81} 29-21 2975 — +29
11 3 /5 2z

28°66;, 29-43| 28°57| 29-47| 29°174| 30°13] 29°49| 29-75| 31-03| 30-78 30°15/ 29-44] 29-72

—

Means . || 29°40, 30°18} 30-62) 31-13| 31-23| 31°08| 31-00| 31-28 3201/ 31°63| 31-74{ 3112 31°04

~w

3530l 3062\ 27290 31 $4) 5 hal 37 74) Jo 72l 31 cnl 2idel 21 6d) P) el wu 23

Corrections to be applied for Secular Change to reduce to the Mean Epoch, July 1st, 1846.

1 / Il
4+0"90/40"13|+0" 57|40 41/+0°24| +-0* 08| — 0" 08| — 0" 24— 0" 41| — 0" 57| —0"73{— 0" 90

The values in the vertical column on the extreme right of this Table show the
mean declination at the different hours corresponding to the mean epoch of the
Table, July 1, 1846 ; they are the values which would have been obtained in each case
had the observations been limited to a single hour only. The values which are placed
respectively on the same horizontal line with the mean declination at each of the
hours show the mean declination at the same hour in each month. When corrections
for the secular change have been applied to these, and the differences are taken
between the mean monthly values so corrected and the mean values in the twelve
months at the same hours (in the vertical column on the extreme right), we have in
these differences the Annual Variation at each of the observation hours, as it would
have been observed if the observations in each case had been limited to that particular
hour, and if the declination at Toronto had had a constant value instead of being
affected by secular change. They are shown in Table IV,
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MAGNETIC DECLINATION.

TasLe IV.

Annual . Variation of the Declination at each of the Observation Hours.
+ denotes the North end of the needle being to the East, and — to the West of its mean or normal position in the year at the specified hour.

ix

Toronto 1845 to 1847 inclusive.

MeanTmil:;]
AI;:::?:;::: g. || January. | February. March, | ~ April. May. June. July. August. |September.| October. [November.| December,
" M. ‘ ‘ ‘ . / ' ‘ ‘ / ! ' /
12 3 }—0'13 |—0'45 |4-0°11 {—0°03 |—0°07 [—0*22 [4+0°56 {—0°05 {—0°54 |—0°49 (4010 |4-1-22
13 3 |+0-01 {—0°42 |4+0°17 |4+0°49 |—0°96 {—0°60 |+0°46 |—0°40 |4+0°31 {4+0°62 |—0°74 |4+1°11
14 3 |+4+0°76 |-0°25 |4+0°41 |—0°27 |—~1'08 {—0°70 |—0°20 |~0°35 |+0°34 |+1°23 |—0°55 |+0°65
15 3 |-+0°41 |4-0°15 {4+0°10 [4+0'08 |—-0°63 |—1*12 |—0*%73 |—0°20 |—=0"51 |4+0°55 [4+0°01 [4+0 88
16 3 |+0°80 |—0°42 |—0°16 [+0°35 |—0°22 |—0°:58 |—0°71 [—0°68 |4+1°03 {4073 |—0°52 |4-0-40
17 3 ||~0'55 |—0°21 |{—0°70 |4+0°20 [4-0°81 |{+40°71 |4+0°40 {—0°02 (4041 {+0°36 |{—0°84 |—0-52
18 3 |—1'06 {—0°89 [—0°91 |+0°24 |+1°66 {+2-44 [42°35 |+2°01 |—1°16 |—1'00 |—1-22 |—-2:46
19 3 -1'31 |-1°17 |—0°"87 [-0°05 |42'08 |4+2°63 |4+3°22 |4+3°57 |—2°44 |—~1°80 |—1:45 | —-2'38
20 3 |-1'03 |—1-30 |—0°38 |—0°68 |4-1°41 [+1-90 |}+2°64 {43°15 {—1-28 |—1°46 |—1°09 |—1-83
21. 3 |~0"39 [—1'53 {+0°79 |—0°41 |4+0°06 |+1-21 |4+1:96 {4174 |—1°64 |—0°77 |—0°42 |-059
22 3 {+0'59 {—0°30 |4+1°08 |—0°52 |—1°24 |+0°67 |41:06 [—0°51 |—2:29 |4+0°03 (40°27 |+1°16
23 3 ||41°54 |4+0°71 |4-0'57 [—-0°94 [—2°19 |~0°'07 |4+0°09 [—~1°36 {—2-11 |{4+0°17 [4+1°02 |+2 52
0 3 |4+2°06 |4+1°45|4+0-30 |—1°24 {—1°76 |[—0:37 |—0-33 [—-2°18 {—2°93 |4-0°43 |4-1-34 |43-27
1 3 |+4+3'08 +2°42 |40°33 |—0°97 {—0°93 |—0°48 |—-0°21 [—2°02 |—0°99 |—0°89 |—0°59 |+1+25
2 3 |+2'69 +1°97 |—0°47 |—1'61 {—1°14 |—1'23 [—1'08 |—2°24 [—1'35 |4+0°89 [4+1°05 |4-2°53
3 3 (+225 4180 |—0°83 [—=1°89 |—0'95 {—1°48 |—1'42 |—1°43 {—0°44 |+0°99 {+4+1°06 |42-29
4 3 (+2°10 |+1'32 [—0'79 |—1°47 |—0°43 |—1°42 |—~1°45 |—0-78 |+0°37 [4+0-47 {4036 |4-1'71
5 3 {+1-57 |[+0'41 |—1°09 [—0°69 [—0°11 {—0-78 |~0°'84 |—0°31 |{+0-98 {—0-18 |—0-13 [41°17
6 3 |+0°76 |—0°06 |—0°93 |—0°69 |—0°25 |—0°58 |—0°81 |+0°44 [+0°95 |4-0°57 |—0°23 |4-0-88
7 3 ||4+0°80 —0°14 |-0°52 [—~0°13 |—0°60 |—0°31 |—0°63 {—0°08 {4-0-07 |—0°53 |{-0°82 |+1-23
8 3 |+41'55 4043 |—0°43 |—0°43 |—~1-11 |—0°98 [—0°80 |—0°20 {+0°20 |—0°07 [40°24 |+1-46
9 3 |[+0-78 |+0°17 {4-0°10 |—0°33 |~1-60 |—0'64 |—~1'38 [41°40 [—0°'"70 |{+0:09 |41°13 |+4+0°93
10 3 |+0-18 |—0°22 |—0°23 {—~1°02 |—0°84 [—0°'56 [4+0°23 |+0°23 |+0°05 |+0°05 {4-0°67 |+1-44
11 3 |+0'16 —0°44 {4058 |—0°16 |—0°26 |—0°49 |+0°31 [+0°21 [—0°90 {—0-49 |+0°30 |41-18

Plate I. has been drawn in illustration of this Table.

The dark vertical lines show

the comparative magnitude of the Annual Variation at the different hours, the scale
being an inch to one minute of declination: the small cross lines with the names of
the months annexed mark the position which the several months occupy in the respec-
tive ranges. The Annual Variation at each hour is projected independently of the
other hours, and with reference only to its own mean or normal point, viz., the mean
declination in the year at that particular hour: the dotted horizontal line passes
through and marks these normal points.

Diurnal Variation—Table V. exhibits the Diurnal Variation in each. month of the
year derived from the monthly means of the hourly observations from July 1842 to
June 1848 inclusive; in computing the mean Diurnal Variation in each month corres-
ponding to the observations of all these years, the months of August, September, and
December 1847, and February and May 1848, have been omitted on account of the
" excessive disturbances which prevailed in those months. Table VI. exhibits in one
view the mean Diurnal Variation in each month of the year derived from the results in
Table V.; and Table VII. exhibits the mean hourly position of the magnet in each
month of the year relatively to its mean position in that month.



X ADJUSTMENTS, ABSTRACTS, AND COMMENTS.

TasLe V.

Diurnal Variation of the Declination in the several Months, from July 1842 to June 1848, inclusive.
The lowest Monthly Mean occurring at any observation hour is taken as the Zero for the

Lool monomical )| gn 1t on 3 a» 5 6" o g g 108
1 1 [} 1 1] I ! 1 ] I ]

1843 205 0-66 0°00 0°36 1+41 2:16 3:10 3°22 3:60 455 4-18

é 1844 085 0°00 0-08 0-80 1°33 2*38 291 369 3-76 409 4-94

= 1845 0°00 0-47 0-78 1-34 2+39 3-°54 410 4+20 4-78 569 311

Z 1846 1-21 0:00 051 1-10 238 331 3°44 4-14 548 4176 4+94

.: 1847 0-99 0°:00 0:32 1-04 220 248 280 344 5°07 4°58 4-28

1848 2-15 0-92 0:00 0-60 097 183 306 4-117 5°94 5°56 568

Reduced Means | 0°93 0°06 0-00 059 1°50 2-34 295 3'53 449 459 4-45

. 1843 0-89 000 008 076 1°38 2:61 285 395 425 374 4°44

: 1844 014 0°00 0-72 1'54 2:76 2:61 3:93 3°59 4-37 4°55 563

= 1845 074 0°00 056 1-76 2°86 3:04 398 4°52 5°46 5°61 4-57

2 1846 0-90 0°00 0-01 078 161 1:73 1-82 244 405 4°43 318

é: 1847 0-21 0°00 0-40 1-12 1°66 251 359 351 400 4-65 5-02

18482 439 242 072 000 1-88 2:07 2°61 326 4-417 1-19 7-35

Reduced Means 0°23 0°00 0°00 0°84 1+70 2°16 2-88 325 4-08 4:25 4-34

1843 204 027 0°00 0-:89 166 281 3°66 4+43 564 583 6°50

o 1844 0-72 0°00 001 0:95 1-67 3°15 3-30 4:96 6:93 658 6°99

S 1845 1°42 017 0-00 0817 1°91 3:30 450 571 562 6°89 6°42

5 1846 1:66 011 0°00 0-23 2:53 318 4-09 563 593 6°53 6°02

18447 1°91 0°00 0-23 1-23 2:16 2:95 4-16 460 596 7:61 7°50

1848 1:41 0:00 0°29 0-41 1°48 2-43 3-71 346 401 7:05 6-42

Reduced Means|| 1-44 0-01 000 067 178 2:88 391 4'M 5:59 6°6" 6°55

1843 1°12 0:00 0-07 1'12 2:36 321 4°94 574 7217 6179 7-36

3 1844 0-82 004 0:00 1:02 224 352 4-21 4-75 5-84 654 727

5 1845 1°85 0°00 0°04 0°82 2:50 515 6°38 6°63 7-09 709 7-87

.é 1846 1-38 0°00 019 0-41 241 3:01 4-97 681 6°12 7549 8:03

1847 0°172 0°00 016 150 3-01 606 6°33 7°20 7-87 8:73 527

1848 1°61 0-07 0°00 075 3-07 3:80 4-27 596 7:63 7-18 708

Reduced Means | 1°23 0-00 0°06 0-92 2:58 4-11 5+16 6-16 6°95 729 713

1843 || 075 | 0-01 | 0:00 | 0792 | 243 | 427 | 551 | 5°21 | 556 | 6:09 | 6°57

1844 | 1:44 | 021 | 000 | 0°80 | 237 | 410 | 4°89 | 6:00 | 504 | 629 | 78l

5 ) 1845 || 017 | 000 | 079 | 240 | 441 | 6°18 | 670 | 676 | 6°65 | 629 | 641

S | 1846 || 1-02 | 0700 | 0'51 | 1'61 | 3-34 | 4°66 | 5'89 | 6°44 | 638 | 7°61 | 9°12

l 1847 || 1-11 | 000 | 0°3¢ | 1-41 | 317 | 50l | 627 | 594 | 5:89 | 5°56 | 6-04

1848+ | 264 | 0°00 | 009 | 194 | 373 | 639 | 728 | 1°20 | 826 | 895 | 859
Reduced Means|| 086 | 000 | 0°29 | 139 | 3-10 | 4'80 | 5°81 | 603 | 586 | 6'33 | T-15

1843 0-172 0°00 0-22 0-82 2-58 3°173 4-30 4°86 4-69 5170 5+72

. 1844 1-09 0°00 053 1:55 306 4:65 5:43 5°83 623 6°34 6°38

2 1845 129 0°00 0°'06 0:95 2'68 473 588 6°02 5-98 6°58 6-09

= 1846 2:72 0°35 000 0°63 1°41 3+68 571 6-81 652 8°61 8°31

1847 1-43 000 0°36 1-28 2817 4°42 5+29 6-19 644 6°13 7-04

1848 202 0°66 0-00 1-43 3:60 5-89 7-10 7-95 776 762 7-41

Reduced Means|| 1°-37 0°00 002 0-94 2:53 4+35 5°45 6°11 6°10 6° 66 6°66

® Omitted in the Means, on account of the unusual magnitude of the disturbance.




DIURNAL VARIATION OF THE DECLINATION.

TaBLe V.
Diurnal Variation of the Declination in the several Months, from July 1842 to June 1848, inclusive.
Month, and corresponds to the extreme Westerly position of the North end of the Magnet.

xi

11° 128 13" 14 15 16" g 18" 190 | 200 | e1r | a2v | 23 | Nonhy

U U 1 ! 1 1 1 ] ] 1 1 1 ' 1
407 | 361 | 298 | 2-91| 2'88| 345| 339 | 2°31| 4-03| 5°40| 6°26| 5°96| 4°06 | 3-22
364 | 354 | 336 | 3°11| 361| 372 | 314| 352 | 386 | 469 | 4-82| 375 | 253 | 3-01
426 | 339 | 4-14 | 4°21| 3-92| 526 | 4°18| 472 | 5-28 | 5°45| 4:34| 359 | 118 | 357
465 | 4°06 | 354 | 4-47| 4°15| 487 | 4°45| 4'27| 4'58| 6°07| 6:25| 511 | 311 319
4:18 | 342 | 3-08 | 4°16| 450 | 470 | 4°27| 4'51 | 4-68| 5°81| 6°17| 4°69| 2:85 | 3:51
561 | 6:00 | 5°44 | 4-98| 6°23| 6°81| 623 | 5°99| 6°22| 830 | 9:63| 768 586 | 4-83
412 | 312 | 348 | 369 3-93| 4'52| 4-00| 3°94| 4'50| 5'54| 5°96| 4°85| 3:00 [ 337
5°13 | 4°18 | 283 | 3-94| 305 4°23| 479 | 5°02| 5-49| 6-29| 578 | 4°35| 2:03 || 3-42
350 | 4°43 | 374 | 359 | 426 | 4-40| 5°24| 4°94| 5'54| 5-91 | 5°39| 3°75| 160 || 359
421 | 479 | 367 | 351 | 445| 3°95| 467 | 549 | 540 | 5'48| 558 | 4-64| 271 | 3-82
370 | 350 | 293 | 4-18| 3-93| 4°24| 44| 4°55| 5°09| 6°11 | 451 | 401 | 256 || 3°15
4'91 | 314 | 4'42 | 3'66 | 4°90| 4°49| 601 | 545 | 6°01| 6°44 | 477 | 357 | 1°48 || 3°58
815 | 82 | 666 | 4'33| 5:92| 458 | 5°94| 6-52 | 5-85| 850 |10°87 | 9:44 | 726 || 552
3:94 | 3°66 | 3°17 | 343 | 377 | 3°91| 474 | 474 | 516 | 570 | 4'86 | 371 | 173 | 316
5°90 | 541 | 5°44 | 5°36| 570 | 5-72| 6-07| 680 | 7°86 | 9:12| 857 | 6°71| 440 | 4-87
626 | 4°04 | 6°65 | 6°10| 4'50 | 6°25| 632 6°08| 741 | 776 | 749 | 560 | 325 | 4°71
621 | 592 | 595 | 5-92| 6:02| 665| 6:31| 7-19| 8-28| 9-14| 893 | 717 | 4°07| 5°18
661 | 6°61 | 632 | 655] 6°22| 6'57| 6°30| 668 | 782| 891 | 9:15| 7-18| 3°88 | 5-20
961 | 7°15 | 707 | 7-41| 7-49| 682 47°95| 8:12| 7°89| 9-32|10°41 | 860 | 4°96 | 5°91
833 | 813 | 767 | 865| 868| 868| 7°05| 8°29| 966 |11°36 | 10°94 | 7°93 | 5°05| 5°88
706 | 6°12 | 6'42 | 6°58| 6°35| 669} 658 | %7-12| 806 9°18| 9:16| 7°11| 4'18 | 5°20
643 | 738 | 6713 | 721 | 6'55| 8:00| 859 | 9-94|10°83 | 10°50 | 8°06| 5°70| 3°60 | 5°81
766 | 632 | 621 | 47-33| %753 7-57| 6:°86| 7°50| 7-48| 867 | 8°10| 5'66| 2713 | 5-24
755 | 7-31 | 730 | 71747 | 7°69| M-80| 8'46| 9+67|10°29 | 10°75 | 10°34 | 810 | 5°08 | 639
7-88 | 757 | 728 | 1'50| 7-62| 8-06| 851 9-19| 9-82| 936 | 862| 6:77| 3:70| 595
839 | %787 | 922 | 6°48| 7°96| 9-23| 9-85|10°20| 9-92| 9:°95| 9:45| 6°84 | 3°18 | 6-48
715 | 7-91 | 815 | 9-15|10°26| 9+57| 830 | 9:72 | 10°54 | 1050 | 9:19 | 7-60 { 4°08 || 6-42
759 | 738 | 7-48 | 750 47-92| 837| 841| 935 919 | 9-94| 894| 676 | 3°71| 6°03
675 | 6:24 | 596 | 609 6°20| 6:50| 8:03| 9:47|10°49 |10°89 | 9+38 | 621 | 3-24 | 553
6:62 | 7°09 | 7-45 | 6:42| 660 | 6-88| 871 10°27 | 11-02 | 1085 | 971 | 6:71| 4°08 || 5-89
697 | 657 | 730 | 649 | 763 | 849| 9:59| 1147 | 12-46 | 1253 | 10°22 | 6:30 | 2°64 || 6°48
940 | 926 | 832 | 6°97| 6°84| 7-04| 9-10]| 10°58 | 1239 | 12-28 | 1001 | 7-02| 3-14 | 6°63
6°94 | 676 | 3'84 | 543 | 6'53| 7-79| 9°86 | 11-17|11°43 | 1140 | 9:46 | 6°15| 230 | 583
878 | 8-89 | 837 | 81| 9:°07| 9°74]12:77| 13-31 | 15°06 | 14°24 | 12:99 | 9-06 | 5°87 | 800
7-31 | 714 | 653 | 6-24| 6:712| 7-30| 9-02|10°55 | 11+52 [ 1155 | 9-72 | 6-44 | 3:04 || 6°03
562 | 5:88 | 577 | 540 | 6°20| 6°95| 805 10°28 | 11-39 | 10°43 | 8'59 | 5°85| 3-14 || 5-29
735 | 661 | 6°85 | 47-28| 6:99| 827| 973 | 11°33|12:23 | 12:08 | 10°41 | 742 | 367 || 630
631 | 613 | 6°45 | 6°67| 6°28| 7-44| 9-53| 11°50 | 12:58 | 12:45 | 10-81 | 767 3°91 | 6°17
813 | %749 | 6°85 | 6:33| 6:04| 5°99| 870 | 11+51 | 12°11 | 11-79 | 10°57 | 8°46 | 507 || 6-41
7-31 | 756 | 6°23 | 6-04| 6°93| 7-84 | 9°04 | 11'56 | 12-29 | 12:46 | 10°79 | 8°08 | 4-47| 6°31
7-54 | n-95 | 7°85 | 752 | 7-34| 829|10°16 | 1290 | 14-46 | 14:36 | 13:07 | 9:54 | 5°00 || 1739
687 | 677 | 650 | 6°37| 6°36| 7-29| 9:03|11-34 | 12-34 | 12:09 | 1054 | 7167 | 4°04 || 614

c 2



xii ADJUSTMENTS, ABSTRACTS, AND COMMENTS.

TaBLE V.—Diurnal Variation of the Declination in the several

Local Aqgit;;):omical} ot 1h gh gh 4h 5h 6t 7 gh gh 10k
1 ' ] - 1 ] ] [} _.T 1 1 _;

1842 165 0°63 0°00 1'10 2-22 4-00 5-19 5-99 8-37 6-89 7+82

1843 166 0°00 0-51 1:23 236 4-44 571 5°89 5-69 7-05 729

] 1844 1°74 030 0:00 1-04 2:66 4+04 5-22 5175 568 5 58 6°72

,: 1845 2-38 0°30 000 1-02 2-51 4:29 6°06 7-07 6°53 703 8:03

1846 1:95 0:68 0-04 0°00 0°84 261 388 526 643 6°65 7:25

1847 1:05 000 0-66 1-84 3-37 553 6°10 554 5°76 525 8-36

Reduced Means || 1°:54 0-12 0:00 0-84 2-13 3-96 516 5172 621 6°21 738

1842 040 0°00 1-27 3:07 519 618 7-03 6°63 7:96 7.4 7:43

& 1843 0-84 0°00 0:60 259 4-54 6°09 6°84 6:84 7-05 6°94 6°76

3 1844 113 0°00 0°'84 2:71 4°24 507 755 750 834 713 8-18

3 1845 0°91 000 098 2:87 501 6116 8+10 8°39 7-61 959 9-17

< 1846 193 0-30 0-00 1-55 3-11 4-87 7-42 7+15 875 11°88 10-11

18472 1°75 0°00 096 314 5+35 7-15 8:98 8170 8-817 1053 9-70

Reduced Means|| 0°98 0:00 0-°68 2+50 4-36 5:91 7+33 724 7-88 8:66 8- 217

& 1842 0°53 0°00 0°549 2:69 384 527 5+45 6:61 7+54 6°89 6:51

© 1843 000 0-15 130 2°58 4-40 531 543 572 6°63 8:06 7:09

; 1844 0°00 0°76 1-41 3-82 622 6°93 712 752 879 9-98 8-97

o) 1845 0°00 0-57 179 3:29 550 6-89 7-30 7-31 765 850 9:04

o 1846 0-00 012 0°'68 2°48 3°83 569 765 749 719 625 7-52

w 18472 0-19 0°60 0°00 260 5-41 7:93 8°96 778 9+43 8+81 9°10

Reduced Means 000 0°21 1'04 2°86 4-65 5°91 6°54 682 7:45 7:83 712

1842 0°43 0°00 017 016 2°12 288 381 5-02 522 567 6°36

:ﬂ; 1843 0°51 0°00 0-17 0°95 1-80 271 3-32 389 4°53 515 4+57

I~ 1844 0-17 0°00 0-71 2117 3°26 413 411 471 502 5-906 5+417

§ 1845 0°00 0-05 0°59 1°54 1-92 2-56 3-24 355 4-14 486 456

o 1846 085 0°00 005 1:57 2-81 2°94 527 524 627 807 7:85

1847 0-817 0-19 000 1:03 1-79 3-00 5-70 3-44 453 4°49 4-93

Reduced Means 0°43 0-00 024 130 224 301 4°20 427 4-91 566 555

. 1842 0-33 0°'00 0'50 2°06 2°80 3:26 4-92 519 5-175 574 5°83

El 1843 0°60 0°00 0°66 147 2+35 2-82 3-817 4'47 4-62 5-23 4-27

; ) 1844 0°30 0°00 053 1-66 2+58 3-54 424 4-98 551 6°13 567

2 1845 0-40 0°00 0°56 1-70 2°7 3°42 413 504 5-00 568 553

:2 1846 1-92 024 0-00 0°86 1-417 3:06 311 5°89 5+11 5-93 5-37

18417 1'56 033 0°00 1-21 1-44 1'62 400 47 519 8:35 7-53

Reduced Means 076 000 0-29 140 213 2°86 3'96 4-97 5-11 609 561

, (1842 | 076 | 0:00 | 027 | 078 | 1-04 | 253 | 3-50 | 3'85 | 429 | 448 | 472

g 1843 1°14 0°03 000 1-11 1-85 3°33 3°:80 3°66 4-24 4-43 406

g 1844 119 014 0°00 087 1-99 2+83 3°61 462 4-56 505 584

B 1845 0-98 0°00 019 095 2:05 265 3-34 4-25 427 4-46 4-43

s 1846 1°25 032 0:00 0-51 1-25 2+45 2-69 3-94 513 5:09 594

18472 501 329 2:35 3°55 3:92 4-44 6:07 6-27 7:09 7+35 7°92

Reduced Means 097 0-01 0°00 075 143 2:617 330 3-97 4-41 4-61 4-91

™ Omitted in the Means, on account of the unusual magnitude of the disturbance.



Months, from July 1842 to June 1848, inclusive—continued.

DIURNAL VARIATION OF THE DECLINATION.

xiii

! Monthl
11 12" 13 148 | 15t 16" | 11t 18 19" | 20 | 21 22" | 23v || ey
U ! 1 i ! ! 1 I 1 l ! U t 1
7°64 | 864 | 6°27 | 5°8l| 636 | 6°14 | 9:34 | 954 | 11-09 | 12°28 | 1071 | 7-90 | 505 || 628
7-30 | 17-81 | 7-33 | 7°20| 7-28| 8-01 | 823|10°66 | 11°66|11:28 | 986 | 6-95| 4-13 | 6-23
7°03 | 7°56 | 7-55 | 6°53| 6°34| 7°61| 8172|1020 11°96 | 12-14 | 10747 | T-14| 395 | 607
8:04 | 7-93 | 8-22 | 786 | 7-20| 7:78 | 9-42 | 11°41 | 1305 | 13-51 | 12-51 | 9:40 | 5°37 || 696
7% | 7+65 | 7'24 | 5°86 | 5-10 | 5°83 [ 8:45| 9:99 | 1172 [ 1177 [ 10-17 | 811 | 4-41 | 582
815 | 719 | 7°08 | 667 | 7-22| 7-08 | 8:28 | 1272 |13-81 | 13°49 | 10°57 | 7-67 | 3:96 | 658
745 | 710 | 1°08 | 646 6-38| 6°88 | 854 | 1055 | 12:02 | 12:21 | 10°51 | 7T-66 | 4°28 | 6°12
862 | 778 | 6°68 | 6°91| 7-22| 833 | 9-52 | 11'53 | 13-18 | 1240 | 9-90 | 5'55 | 1°80 | 6°75
6:84 | 6°42 | 6°78 | 7-16| 7°15| 7°75| 892 | 11'20 | 12:85 | 12°50 | 1041 | 6°58 | 373 | 6°56
7°90 | 870 | 831 | 7:50| 7-03| 813 | 9-22|12-29 | 13-28 | 13-14 | 10°70 | 678 | 3-00 | 7-09
9:68 | 8:18 | 813 | 756 | 9:09 | 7-93 | 9:68 | 12°47 | 14°20 | 14-84 | 11-95 | 7-69 | 355 | 7°68
9:20 | 833 | 6°11 | 714 | 6°92| 6°14 | 7-08 | 10°13 | 12°49 | 12'81 | 11:26 | 7°46 | 451 | 6:94
948 | 972 |10°42 | 9:94 | 9-86 | 11-45 | 12:87 | 15°23 | 17°67 | 17°34 | 15-11 | 1008 | 6-07 | 9-18
839 | 17°82 | 7-14 | 7°19| 7°42| "7-60| 8:82 | 11°46 | 13°14 | 13:08 | 10°78 | 675 | 3:26 | 6-94
6:80 | 7°04 | 7-19 | 6°45 | 8:43| 818 | 7°73| 9:92|11:22 |10°19 | 8:38 | 554 | 2:15 | 606
638 | 7-29 | 7°66 | 7-00 | 7-07| 7-27, 711 | 9:20 1089 {10°40 | 831 | 5-13| 2:52 & 5-97
7-67 | 914 | 758 | 8°23| 851 | 810 804 10°87 | 11°69 (1063 | 8:85| 498 1-88 | 6:99
775 | 778 | 7-05 | 7-06 | 8:03| 9-37| 960 | 10°11 | 1073 | 9:62 | 7-82| 4:71| 1-94 | 6:64
704 | 633 | 7-28 | 878 8:03| 937 9-23 80l | 981 | 8§82 §0L| 473| 164 608
8:00 | 949 1081 | 874 | 977 | 975 993 ] 8705 3631105 1015 | 820 6°15 | 726
7°02 | 4741 | 7-24 | 7-39| 790 | 835, 823, 9°51|10°76 | 982 | 8:16| 491 | 1-92 | 624
6-11 | 4°22 | 4°03 | 348 | 4°15 4°90| 4°68| 5'45| 7-04| 836 | 764 | 528 | 2:45 | 4-18
440 | 3'74 | 4'27 | 4°28| 4'35 4°63 | 4°42| 4°10| 584 6'34| 6°62| 4°80| 225 365
5°54 | 535 | 519 | 4'82] 4°36 540 | 561 | 540 | 5'66 | 6°84 | 6°60 | 4°57| 2°10 | 4-30
4:30 | 468 | 5°02 | 5°34| 565 6°09| 572 | 4°84| 509 | 5799 | 4:92 | 354 | 1-51| 372
7°56 | 6:70 | 6°19 | 5°21| 520 6°08| 6:27| 591 | 5°50 | 620 | 6°49| 5°33 | 2-89 | 4-81
313 | 284 | 586 | 817| 6°55 6°88| 808 | 7°36| 6°97| 8°28| 864 730 3'64| 475
5:23 | 4°55 | 5°05 | 5°18| 5°00; 562 | 576 547 598| 6°96| 6°78| 5°10| 243 | 4-20
573 | 531 | 417 | 3'86{ 456 | 5'02| 5°91 | 5°03| 534 | 6°02| 5°85 | 3:93{ 195/ 4-13
4°63 | 346 | 3:27 | 3-29| 3-39| 4:07| 4°30 | 4°69| 508 560| 5°38| 3:77| 156 | 345
471 | 389 | 354 | 334 | 4:39| 3-41| 4°35| 375 | 5°53 | 5°87| 571 | 4'36 | 1-59 | 373
481 | 452 | 420 | 3:77| 450 | 3:62 | 556 | 4°82| 6°25 | 6°84| 6°00 | 4-15| 148 3-95
5°15 | 5°20 | 376 | 3-47| 4'81| 5°25| 4°38| 5°44 | 5°66 | 6°02 | 672 | 550 | 365 4:08
7'44 | 568 | 4°46 | 5°57| 5°93| 5°87| 5°97| 6°65| 6:13 | 813 | 7-81| 666 | 4-90 | 488
5°32 | 459 | 381 | 3'79| 451 | 445| 499 | 4°97| 557 6°32| 6°16| 4°64| 243 || 395
379 | 3-38 | 2'94 | 2-24 | 3:10 | 3-53 | 548 382/ 4'00 | 483 | 537 467 261 3:20
366 | 338 | 294 | 248 | 2:86| 3-15| 3°50| 4-11| 408 | 4°03 | 4:25| 4-07| 268 || 304
498 | 423 | 3°62 | 2°86( 314 | 3'80| 3°62| 4°03| 442 | 4°45| 517! 450 | 2-57 | 3-42
479 | 4'56 | 373 | 3:10| 3'86| 3:60 ' 3:31| 3-08| 347 | 3-72| 427! 3-32| 2:47| 3-12
473 [ 4°19 | 363 | 3°94 | 4:09 | 441 | 365 | 4°26| 4°72| 5°22| 6°26 | 5°45| 3°29 | 3-60
806 | 756 | 815 | 6°91 | 7-43| 7-05| 0°00| 3°35| 4°58 | 7°38 | 7°04| 774| 632 | 5°78
4-30 | 386 | 328 | 2°83| 3'32| 3°61| 3°82| 377 | 4°05| 4'36 | 4'97| 4'31| 263 3-19




xiv ADJUSTMENTS, ABSTRACTS, AND COMMENTS.

TasLe VL
Ezhibits in one view the Mean Diurnal Variation in each Month of the Year, derived from the results in
Table V.
tomodem g [ p 2| a2 e fe oo e |0
1 { 4 I / / / { ¢ L ’ /

January . 0°93 | 0°06 | 0°00 | 059 | 1°50 | 234 | 2°95 | 353 | 4°49 | 4°59 | 4°45 | 4*12
February. . | 0°23|0°00 | 0°00 | 0°84 | 1:70 | 2°16 | 2-88 | 3°25 | 4°08 | 4°25 | 4'34 | 3-94
March . . | 1°44|0°01|0°00 | 067 |1-78 | 2:88 | 3°91 |{ 4°71 | 5°59 | 6°67 | 6°55 | 7°06
April . 1°23 { 0°00 | 0°06 | 0°92 | 2:58 [ 4°11 | 516 [ 6°16 | 6°95 | 729 | 7°13 | 7-59
May . 0°86 | 0°00 | 0°29 | 1°39 | 310 { 4°80 | 5°81 { 603 | 5°86 | 6°33 | 7*15 | 731
June . 1°37 1 0°00 | 002 | 0°94 | 253 | 4°35 | 5°45 | 6°11 | 6°10 | 6-66 | 6-66 | 6°87
July . 1'54 | 0°12 { 0°00 | 084 | 213 { 3°96 | 5°16 | 5°72 | 621 | 6°21 | 7-38 | 7°45
August . 0:98 | 0°00 | 0°68 | 250 | 436 | 5°91 | 733 | 7°24 | 788 | 8-66 [ 8+27 | 839
September 0°00 | 021 | 1-04 | 2°86 | 4°65 | 5°91 [ 6°54 | 6:82 | 7+45 [ 7-83 | 7°72 | 7-02
October . 1043|000 | 024 |1:30| 224|301 | 4:20 427|491 | 566 | 5-55 | 5°23
November . | 076 {0:00|0°29| 1:40 | 2-13 | 2°86 | 3°96 | 497 |5°11 | 6:09 | 5°61 | 532
December . | 0°97 | 0°01 | 0°00 | 0°75 | 1-93 { 267 | 3°30 | 397 | 4-41 | 4*61 | 4'91 | 430

Toronto Mean } 128 13k 14k 15h 16h 17t 18" 19 20" 91k 22b 28"

Astron. Time.

G i ¢ i i / ? i i ‘ / /
January . .| 372|348 |3°69 |3°93 [ 4°52 | 4°00 | 3-94 | 4°50 | 554 | 596 | 485 | 309
February. .| 366 |3-17 | 343 |3:97 391 | 4'74 | 4°74 | 5°16 | 570 | 4°86 | 3*71 | 1173
March . .| 6-°12|6°42|6°58 | 635|669 | 6°58 | 7°12 | 8-06 | 9:18 | 9°16 | 7°11 | 4-18
April. . . ]'%738)|%:48|7%7°50|17-92|8-37|8°41 |9°35|9:70 | 9:94 | 894 | 6°176 | 3:71
May . . . |7-14!6°53|6°24|6°72|17:30 | 9:02 110°55 [11-52 11-55 | 9:72 | 6°44 | 3:04
June . . .| 6°77|6°50|6°37|6:36|17°29 | 9°03 |11°34 [12-34 {12-09 {10'54 | 7°67 | 4:04
July . . . ]%770|%7-08 | 6:46 | 638 | 6:88 | 8-54 (1055 |12°02 |12°21 [10°51 | 7°66 | 4°28
August . .| 782|714 7°19 | 742 |7°60 | 8-82 {11°46 [13-14 [13:08 (10°78 | 6*75 | 326
September . | 7-41 | 7°24 | 71°89 | 7°90 | 835 | 823 | 951 [10°76 | 982 | 816 | 491 } 192
October . . | 4°55 [ 505 5°18 | 500 | 5°62 | 5°76 | b 47 | 5°98 | 696 { 6°'718 | 5°10 | 2°43
November . | 4°59 | 8:81 | 3°79 | 4°51 { 4°45 | 4°99 | 4°97 | 5°5'7 | 6:32 | 616 | 4°64 | 2°43
December . | 386 | 3-28 | 2°83 | 3:32 | 3°61 | 382 | 3°77 | 4°05 | 436 | 4°97 | 4°31 | 2°63




HOURLY POSITION OF THE MAGNET.

TaBLE

VII.

Xxv

Exzhibits the Mean Hourly Position of the Magnet in each Month of the Year, relatively to its general
Mean Position in the Month ; the sign + implies that the North end of the Magnet is to the East, and
— to the west of the Mean Position in the Month.

Toronto Mean

Oh

lh

2h

Astron, Time. } 3 ¢ 5" 6" ™ 8 o 10* e

] l q ‘ i 1 ] '] 7 ] 1 7
January . . |—2°44/-3-31/—3°37—278/—1+87|—1-03{—0-42{+0° 16{4+112{+1+22/+1-08/+0-175
February . ~2°93—351|—316|—2°32|— 146/ —1-00|— 0°28/-+0°09|+0" 9241+ 09|+1° 18/+-0-78
March —316{—5°19{—5°20|—4°53/— 342/ —2-32|— 129/ —0- 49|+0° 39|+ 1 -47|+ 1354186
April . . |=4°80/—603{—597|—5°11|—3"45[—1-92(—0-8%7|+0°13/+ 092+ 12641 10|+ 156
May . . |=5°17)—6"03|—5°74|—4'64/—2:93|—1°23/~0°22] 0:00,—0°174-0-30|+1°12{+1-28
June . . |=4"717~6"14/—6"12{—5°20|— 361/~ 1 79| — 069~ 0 03| — 0 04|4-0- 52|+ 052/ +-0°73
July . + |—4°58=6°00~ 612/ —5°28/~8-99|— 216/ — 0° 96/~ 0 40|+0° 09/-+-0- 09| +1- 26| +1- 33
August « |—5°96|—6"94|—6°26/ —4°44(— 258/ —1°03/4-0-39|+030/4-0°94/+-1-72|+1-33+1 45
September ~6°24/—6°03|—5°20/—3°38/— 159/ —0°33{4-030|+0 58+ 1-21{ 4159|148/ 4078
October ~377|—4°20/—3"96/—2°90|—1-96/—1°19] 0°00{4+0°07|+0"71|4-146|+1°35|+103
November . —3°19—3-95—3+66/—2°55/— 182/ —1°09+0°01|+102/+1°16/4-2- 14|41 66/1-37
December —2°22/—-3°18/—38°19 —2-44{—~1°46|—0°52/+0° 11|+0°78/+1°22 +1-42{+1 72 +1-11
Toronto Mean 1| 19n | 33 | 14 | 15% | 16° | 17 | 18" | 19® | 20* | o1o | 290 | o3

Astron. Time. |

4 4 '] 4 4 ] ¢ / / /{ i ‘¢
January + |40°35(4+0°11|4-0°32|4-0" 56|41 15/+-0 63|+0° 57|+ 113|421 +2+ 59+ 1 - 48| —0- 28
February . . |40°50/4-0°01|+0°27|40-61/4-0* 7541+ 58|+ 1+ 58|+ 2° 00|+2* 54| - 1- 70|40+ 55|— 1 - 43
March + [+0°92/4+1-22\4138/4115/4-1-49/+1-38/+1°92/ 286! +3 98|+ 3+96|+1-91/—1 -02
April . +1-85{4+145/41°47/4-1+89|4-2+84/4-2+ 38/ 4332+ 3+ 76|43 91{+2°91|+0- 73| —2- 32
May . +1°114+0°50|+0°21}4-0* 69|+ 1*31|+2-99| 4452|4549\ +5 52| +3- 69|40+ 41| — 2+ 99
June . « {+0°63/4+0°36|40" 23|40 22|+ 1° 15|42 89|+5°20|+6* 20| 4-5° 95| +-4 40|41 - 53| — 2- 10
July . +158/4-0°96/+0"84(4-026/4-0 1642 42|44+ 43|45 90|46 09| 4439|4154 — 1 - 84
August + |40°88|4-020|+0°25|+0"48|-+0° 66|+ 188/ 445216 - 20|46 14|+3-84| —0- 19| — 3- 68
September . |+-1°17/+1°00|41°15/41*66{+211|+1°99| 4327|4452/ 4358/ +1+92| — 1 -33| — 4+ 32
October +0°35(+0°85/+0°984-0° 80|+ 1 *42|+-1°56|+1+ 27|41 784276+ 2 58 +-0° 90| — 1+ 77
November +0°64|—0°14/—0°16(4-0°56{-+0°50{+1-04(+1° 02|+ 1°62|+2°37|+2- 21|+0-69| — 1° 51
December., . |4-0°67/40°09|—0"36/4-0°13|+0424-063|+0+58/4-0°86|4-117|+1+78+1°12/—0°56




xvi ADJUSTMENTS, ABSTRACTS, AND COMMENTS.

Corrections to Monthly Mean Values for the dyferent Observation Hours.—Table VII.
furnishes corrections to be applied in each month to the Mean of the Observations
taken at Toronto at any one of the observation hours in that month. By this table
the Mean Declination, as it would have been obtained (according to the results of six
years of hourly observation) by twenty-four observations at equal intervals in each
day, may be assigned for the Mean of Observations taken at one only of the observation
hours. The Declinations being West, the corrections must be applied with the same
signs as those in the Table.

Remarks on the Annual and Diurnal Variations.—1It is well known that in the middle
latitudes, geographical and magnetical, of both hemispheres, the north end of the
magnet, in its mean diurnal course, has its extreme east and west positions about the
hours of 7 or 8 A m. and of 1 or 2 p.m.; having in the northern hemisphere its eastern
extreme at the earlier hour, and its western extreme at the later hour, and in the
southern hemisphere conversely, its western extreme at the earlier or forenoon hour,
and its eastern at the later or afternoon hour. The Abstracts in the first volumes of
the Toronto and Hobarton Observations respectively, have shown that the mean
diurnal variation at those stations is in conformity with this law ; the precise epoch of
both extremes is somewhat earlier at Toronto than at Hobarton; but passing by for
the moment this small difference, we may state in general terms that the principal fea-
tures of the mean diurnal variation at Toronto and Hobarton consist in the north end
of the magnet being at about 7 or 8 A.M. at its greatest eastern extreme at Toronto
and western at Hobarton, and at about 1 or 2 p.M. its greatest western extreme at
Toronto and eastern at Hobarton ; the north end of the magnet being thus at opposite
extremes of its diurnal course at the same hours of local time in opposite hemispheres.
Let us now direct our attention to the Annual Variations at these hours respectively,
taking first the forenoon period, or 7 to 8 A.m.

We find at Toronto at this hour an annual variation, of which the principal feature
is, that at the northern solstice the north end of the magnet is at the eastern extreme
of a periodical movement, which, apart from, and independently of, all other move-
ments whatsoever, has its opposite or western extreme at the period of the southern
solstice, and returns into itself at the next return of the northern solstice. It is, there-
fore, strictly an Annual Variation, or a variation whose period is a year. Its amount
at the hour of 7 to 8 A.m. is at Toronto about five minutes of Declination.

If now we turn our attention to Hobarton at the same hour of local time, we find an
Annual variation existing there also, which in character and amount is almost precisely
the same as that which has been described at Toronto. Inthe mean Diurnal Variation
at these stations, as already mentioned, 7 or 8 A.M. is the local hour for the extreme
easterly elongation at Toronto, and westerly at Hobarton ; but such inversion does not
take place in the Annual Variation. On the contrary, at Hobarton as well as at
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Toronto, the period of the northern solstice is that of the eastern extreme in the annual
variation which the north end of the magnet undergoes, whilst the southern solstice
is in like manner at both stations the period of the western extreme of the annual
variation. >

If from Toronto and Hobarton we pass to the consideration of the phenomena at St.
Helena, a station differing widely, both geographically and magnetically, from either
of the others, and, as situated within the tropics, partaking but very slightly in those
climatic peculiarities of season by which extra-tropical stations are affected, we find
at the same hour of 7 to 8 A.M. an annual variation almost precisely similar in cha-
racter and amount to the phenomena described at Toronto and Hobarton. The
northern solstice is here also the epoch of greatest eastern elongation, and the southern
solstice that of greatest western elongation in the annual variation which the direction
of the north end of the magnet undergoes. The amount of the periodical movement
is also about five minutes of declination.

The Cape of Good Hope presents likewise at the same hour phenomena of annual
variation which are almost precisely similar to those described at the three pre-
ceding stations. A plate has been engraved in the Philosophical Transactions for
1851, Art. XXVIII,, in which this accordant annual variation at the four stations can

be examined in greater detail than it is here described.

- So far, then, as these four stations, so widely separated from each other, and so
diversely situated, justify a generalisation, we may arrive at the conclusion that at the
local hour of 7 to 8 a.m. the magnetic declination is everywhere subject to a variation of
‘which the period is a year, and which is everywhere similar in character and amount,
consisting of a movement of the north end of the magnet from east to west between the
northern and the southern solstice, and a return from west to east between the
southern and northern solstice, the amplitude of the variation being about 5 minutes
of arc. ’

Such is the first and leading view of the phenomena of the annual variation at the
hour of 7 to 8 A.M.; they are, as we have seen, sensibly the same in character and
numerical amount at all the stations which form the basis of the generalisation.

When we follow the annual variation (still at the same hour) into further details—
into those, for example, which mark the periods of the year which are the turning periods
of the variation—we find a no less remarkable accordance. The turning periods are
not, as many might be disposed to anticipate, those months in which the temperature
at the surface of our planet, or of the subsoil, or of the atmosphere (as far as we
possess the means of judging of the temperature of the atmosphere) attains its
maximum and minimum. Stations so diversely situated would indeed present in
these respects thermic conditions of great variety ; whereas uniformity in the epoch of

the turning periods is a not less conspicuous feature in the annual variation than is
d
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similarity in character and numerical value. At all the stations the solstices are the
turning periods of the annual variation at the hour of which we are treating. At each
of the four stations we find the two months which precede and the two months
which follow the northern solstice congregated together near one extremity of the
annual range, whilst the two months which precede and the two which follow the
southern solstice, are in like manner congregated near the other extremity of the
range, the intermediate months ranging intermediately ; whilst from the observations at
St. Helena and the Cape of Good Hope, where, by reason of the diminished occurrence
and amount of the so-called irregular disturbances, we are able from observations of a
definite duration to obtain a more precise insight into the march of the phenomena,
we find that we can trace the epoch of the passage through the mean position (or the
position which is a mean between the extremes of the annual variation) almost to the
very day of the equinox.

If then we permit ourselves to imagine the annual variation at 7 or 8 A.m. to be
represented, as it is represented in Plate I., by a dark vertical line of about five inches
in length, corresponding to the same number of minutes of declination, and if we
further imagine this line, having the several months marked upon it in their respective
places, to be incapable of inversion, but capable of being moved upwards and down-
wards in a vertical direction, so that at one station it may be altogether above a
horizontal line indicating the mean declination, or mean position of the north end of
the magnet in all the months and at all the hours, whilst at a second station at the
same hour it may be altogether below a mean declination line, and at a third and
fourth station it may be intersected in its length by the mean declination line, we at
once figure to ourselves the combined phenomena of the annual and diurnal varia-
tions at Toronto, Hobarton, St. Helena, and the Cape at the hour of 7 to 8 a.m.,
local time, at each of the stations. At Toronto, in the northern hemisphere,
the vertical line of annual variation is in its whole length above, or to the east* of
the horizontal line which marks the mean declination; so that in every month of
the year the declination at the hour of 7 to 8 A.M. is to the east of the mean declina-
tion at all the hours and in all the months. At Hobarton, in the southern hemisphere,
the vertical line of the annual variation is, on the other hand, in its whole length
below, or to the west of the horizontal line which marks the mean declination ; so that
in every month of the year the declination at the hour of 7 to 8 a.m. is to the west of
the mean declination. At St. Helena and the Cape, which in one sense at least may
be classed together as magnetically equatorial stations, the position of the vertical line of
annual variation, in reference to that of the line of mean declination, is nearly midway
between the extreme positions which it occupies at Toronto and Hobarton. It is

* In the plates in these volumes illustrating the periodical variations of the declination, the upper part of
the plate always represents the East, and the lower the West.
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crossed and nearly bisected by the line of mean declination, so that at St. Helena and
the Cape, during the months when the sun is north of the equator, the direction of the
north end of the magnet is to the east, and during the months when he is to the south
of the equator, to the west of the line of mean declination.

It is the existence of an annual variation everywhere of some minutes in amount,
which chiefly prevents the realization in nature of the & priort supposition, that the
horary variation, or the horary departure of the direction of the magnet from its
mean direction in the 24 hours, would vanish in the equatorial regions, or in passing
from the northern to the southern magnetic hemisphere. It is indeed possible (not at
all hours, but still keeping to the hour of 7 to 8 A.m., as compared with the mean
declination at all the hours and in all the months), so to group the phenomena as to
afford on the mean of the whole year an apparent realization of the above supposition ;
but it would be merely apparent and illusive, having no true conformity with the
reasonings on which such a supposition was propounded by the eminent persons by
whom it was not unnaturally entertained previous to the evidence which a complete
system of observation, such as we now possess, was alone adequate to afford. Such
an illusory disappearance at St. Helena of the horary variation would be obtained by
combining the opposite variations at 7 or 8 ao.M. of the two six-monthly periods into a
mean, in which the opposite signs by which they are characterized in the different
months would nearly counterbalance each other in their sum. But the only periods
of the year in which the diurnal or horary variation at that hour does actually dis-
appear are at the equinoxes, when the sun is passing from the one hemisphere to the
other, and when the magnetic direction, in the course of its annual variation from east
to west, or vice versd, coincides with the direction which is the mean declination of all
the months and of all the hours.

If we now direct our attention to the hour of 1 to 2 p.m., the hour at which the
north end of the magnet is at the western extreme of its diurnal range at Toronto, and
at the eastern extreme at Hobarton, we find that at this hour also there is in the annual
variation no inversion in the opposite hemispheres. The months adjacent to the one
solstice are near one and the same extreme of the annual range at Toronto and
Hobarton; and the months adjacent to the other solstice are near the opposite
extreme alike at both these stations. The order of the months in the annual range is
indeed different at 1 to 2 p.m. from what it was at 7 to 8 a.M., the deflection being at
1 to 2 p.m. to the west at the northern solstice, and to the east at the southern solstice.
But the point under present consideration is the comparison of the two stations at one
and the same hour ; and in this respect we find the phenomena shown by the annual
and diurnal variationsat 1 to 2 p.M. analogous to that which has been described at 7 to
8 A.M. in presenting an opposite deflection at Toronto and Hobarton in the diurnal
variation, and a similar deflection in the annual variation. The annual variation is

obviously connected with, and dependent on, the earth’s position in its orbit relatively
d 2
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to the sun around which it revolves, as the diurnal variation is connected with and
dependent on the rotation of the earth on its axis, by which each meridian successively
passes through every angle of inclination to the sun in the round of 24 hours.

The seven figures in Plate I1. have been drawn to illustrate the principal points of this
discussion. In fig. 1 the combined annual and diurpal variations at Toronto are repre-
sented during the hours of the day, being the hours when the phenomena of both are most
marked. The red lines show the actual march of the declination in the months of May,
June, July and August, relatively to the mean declination in all the months and all the
hours represented by the horizontal line M M, and are projected from the data in
Table VII.; the blue lines show in like manner the march of the declination in the
months of November, December, January and February, at the respective hours rela-
tively to the same line, and taken from the same table. It is here seen that the months of
May, June, July and August,—being the two months immediately preceding and the
two months immediately following the northern solstice,—are almost identical with
each other, and can scarcely be distinguished apart; whilst on the other hand,
November, December, January, and February—the two months immediately pre-
ceding and the two months immediately following the southern solstice—differ greatly
from the former, but closely resemble each other. The slightly darkened portions
of the verticals at each hour show the annual variation at the several hours. The
positions which the months intermediate between the two solstitial groups hold in the
annual range are omitted in this plate, to avoid the multiplicity of lines, but they may
be referred to in the corresponding projections in Plate I. Asa consequence of the
diurnal variation, the annual variations in the hours of the forenoon are found at
Toronto, when exhibited in their true declination values, above, or to the east of the
line M M, and in the hours of the afternoon, below, or to the west of the same line. The
scale in this figure is half an inch to one minute of declination. In fig. 2 the pheno-
mena at Toronto are again represented, but in smaller dimension, for the purpose of
being seen in comparison with the corresponding phenomena at St Helena, the Cape,
and Hobarton, severally exhibited in figs. 3, 4, and 5. In figs. 2, 3, 4, and 5 the two
solstitial groups in each figure are represented by a single line, their components
being, in fact, scarcely separable on so small a scale. The group of the northern
solstice is in each figure characterised by the red colour, and the southern solstitial
group by blue. It is seen that at the hour of 7 to 8 Am. (19" to 20") the red lines are
uppermost at all the stations, and the annual variation at that hour shown by the
dotted verticals is everywhere nearly of the same amount. At 1 to 2 p.m. the blue
~line is in like manner uppermost at all the stations, and the dotted verticals vary but
little in magnitude. At 7 to 8 A.M. (19" to 20") the dotted vertical showing the annual
variation is, at Toronto, in its whole length above, or to the east of the line of mean
declination M M ; at St. Helena and the Cape it is crossed and nearly bisected by that
line, and at Hobarton it is in its whole length below, or to the west of M M. At
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VARIATION OF THE DIURNAL RANGE. xxi

Toronto 7 to 8 A.M. is the hour at which the north end of the magnet, in its diurnal
range, is in all the months of the year at the extreme east of its diurnal range, whilst
at Hobarton, at the same hour (or nearly so, rather later at Hobarton), it is at the
extreme west of its diurnal range; but at both stations the northern solstitial group
is at the eastern, and the southern solstitial group at the western extreme of the
annual range. At 1 to 2 p.M. the analogy of the phenomena of the annual and diurnal
variation is maintained, but all is in the converse order.

Figures 6 and 7 are introduced for the purpose of showing the precise epoch when
the diurnal variation undergoes that portion of its semi-annual change which is due
to the annual variation. They represent respectively the phenomena at St. Helena
and at the Cape of Good Hope. The two projections which are coloured red in each
figure exhibit the diurnal variations in the two fortnights which precede the September
equinox, and the two projections coloured blue the two fortnights which follow the
equinox. The projections preceding the equinox correspond with each other in the
character of their diurnal variation, as do the fortnights following the equinox ; but
the two fortnights which precede are altogether distinct in character from the two
which follow the equinox; a distinction which is due to the change in the annual
variation which is there seen to take place precisely at the equinox itself The last
fortnight in August and the first fortnight in September are scarcely distinguishable
from the northern solstitial group (May to August, inclusive) in figs. 3 and 4 ; and
the two fortnights in October are in like manner scarcely distinguishable from the
southern solstitial group (November to February, inclusive) in the same figures. The
epoch of change is coincident with the sun’s passage of the Equator.

Variation of the Diurnal Range.—Table VIII. shows the inequality, or variation in
the amount, of the mean diurnal range of the declination in different years, and in
different seasons of those years. The general tables, in which the observations of the
declination are recorded, exhibit the mean diurnal variation for every month; the
extreme east and west positions of the magnet occurring at any two hours in the
monthly means indicate the average magnitude, or the range, of the diurnal variation
in that month. Table VIII. shows the means of the average magnitudes or ranges in
the four months constituting the respective seasons, and in the twelve months con-
stituting the year, from 1841 to 1851, inclusive. It will be remembered that up to
the end of June, 1842, the observations were made only at the even hours of Gottingen
time, which were also even hours of Toronto time; and that from July 1842 to
June 1848, inclusive, they were made hourly. Irom July 1848 to December 1851 the
number of observation hours was much reduced, and was occasionally varied ; but they
were always arranged with a view to include, as far as could conveniently be done, the
hours of maximum and minimum declination depending upon the diurnal variation.
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TasrLe VIIL
Mean Magnitude of the Diurnal Range of the Declination from 1841 to 1851 inclusive.

Winter, SXS&%’:d Summer.
YEARS. M?}’l‘é of YEARS,
1%3:::1‘)}::,’ l\‘c{a;ﬁllx, May, June, whole Year,
Februnsy. | Outober. | Y Aueest
’ ‘ / '
1841 6°67 9-46 12-38 9:50 1841
1842 567 887 11-48 867 1842
1843 5° 64 9-36 1170 890 1843
1844 570 874 12-17 8-817 1844
1845 573 9°15 13-36 941 1845
1846 6°33 9-21 12-27 9-27 1846
1847 728 10-08 13-84 10°40 1847
1848 9°48 11-04 15-82 12-11 1848
1849 8-25 12°25 14-80 11-717 1849
1850 §:01 10°90 13-74 10-88 1850
1851 7-01 10-82 12-61 10°15 1851

Analysis of the larger Disturbances of the Declination.—For the purpose of investi-
gating the laws which regulate the occurrence of the class of magnetic disturbances
of the declination which are called in the Royal Society’s Instructions the ¢ Irregular
Variations,” all the observations taken in the seven and a-half years from January 1841
to July 1848 inclusive (two-hourly to June 30th, 1842, and hourly from July Ist,
1842, to June 30th, 1848), which differed to an amount of five scale divisions, or 3'*6
of declination, from the mean or normal position of the magnet in the same month and
at the same hour, were separated from the remainder of the observations, and have
been submitted to an examination of which the results are contained in the following
pages. The number of observations thus separated amounted in the seven and a-half
years to 5,322 ; the number of observations from which they were taken was, in the
same period, 50,097 ; the disturbed observations consequently averaged 1 in 94 of
the whole number. The ratio in different years varied considerably, as will be seen

by the following Table :—
TasLe IX.

Ratio of ‘ Ratio of

Number N“:;‘.ber the Disturted | Number Nug}ber the Disturbed
Disturbed | Ubservations || YEARS. Disturbed | OPseryations

Observations. ] Observations.

_ whole number. ,‘ whole number.

YEARS.

ol o
Observations. Observations.

1841 3,606 570 1 6-3 ! 1845 7,455 567 1:13°1
[ 1842 5,635 606 I: 93| 1846 7,464 | 1,031 1: 72
1843 7,463 472 1:15°8 ‘ 1847 7,212 941 1: 71
1844 7,482 596 1:12°6 | 1848 3,720 538 1: 69

The column of ratios shows that 1843, 1844, and 1845, were years in which the
proportion of observations affected by a certain amount of disturbance was much
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smaller than the preceding years 1841 and 1842, or than the following years 1846,
1847, and 1848.

Table X. shows the aggregate values of the disturbed observations in the different
years in scale divisions, one scale division = 0''721 of declination. The values in this
"Table respectively divided by the numbers in Table IX. show the average value of a dis-
turbed observation in each of the years. It is seen by this Table that the average
values were, generally speaking, highest in the years when the number of observations
affected by a certain definite amount of disturbance was greatest; 1844 is the most
marked exception.

TazsLe X,
Aggregate Values and Average Values of the Disturbed Observations in the different Years.
Aggx‘eg;ttial Value Averagfe Value ] Aggregfa:]? Value Averagfe Value
YEARS. Iligtutrbid Disgu:bed ‘YEARS. Di:mrbeed Disgug)ed
Observations. Observations. Observations. Observations.
Se. Div. Sc. Div, Sc. Div. Se. Div.
1841 50135 88 1845 4584°6 81
1842 49515 82 1846 92314 8:9
1843 3671°8 7-8 1847 102963 109
1844 5345°9 9-0 1848 5261-4 98

Table XI. exhibits the disturbed observations in different years, divided into their
easterly and westerly components, both of numbers and aggregate values; as well as
the average value of an easterly and of a westerly disturbance in each year.

TasLe XI.

EASTERLY. WESTERLY. AVERAGE VALUES.
YEARS, ~{  YEARS.

Numbers. Values. | Numbers. Values. Easterly, Wester}y.

Sec. Div. Se. Div. Sc. Div. Se. Div.
1841 282 25864 288 242791 92 8- 184)
1842 327 2700-8 279 2250-17 83, 81 1842
1843 268 21006 204 1571+2 78 YR 1843
1844 3217 2999°1 269 23468 9-2 8+1 1844
1845 298 2442°8 269 2141-8 8:2 8:0 1845
1846 5417 506817 484 | 4162-17 9-3 86 1846
1847 532 50204 409 5275-9 94 12-9 18417
1848 288 | 3030°3 250 22311 105 89 1848
Sums . | 2,871 [25049°1 || 2,452 [22407-3 | 719 | 71°3 | Sums.

The average values of an easterly and a westerly disturbed observation appear, on
the mean of the eight years, to be nearly equal. The average value of an easterly
disturbance was somewhat higher than that of a westerly disturbance in all the years
except 1847, when the average value of a westerly exceeded, by a considerable amount,
that of an easterly disturbed observation.
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The numbers and aggregate values of the easterly disturbances preponderate in the
mean of all the years, as well as in each separate year, except 1841, when there was
a slight excess in the number of westerly disturbances, and 1847, when there
was a slight excess in the aggregate values of the westerly disturbances. The ratio of
easterly to westerly numbers and values in the 7} years is, of numbers 1:17 to 1,
and of values 1'16 to 1.

The numbers and aggregate values in Tables IX. and X. are not strictly inter-
comparable in the several years, because in 1841, and in the first six months of 1842,
the observations were two-hourly, whilst in all the other years they were hourly,
and in 1848 because the observations, although hourly, include only the first six
months of that year. To render the whole intercomparable at once by the eye, the
numbers and aggregate values in 1841 and 1848 require to be doubled, and those
of 1842 to be augmented in the proportion of 4 to 3: this is done in Table XII.

Tase XII.
YEARS. Numbers. Values. YEARS. Numbers. Values.
Sc. Div. Sc. Div.
1841 1,140 100270 1845 5617 45846
1842 808 66020 1846 1,031 92314
1843 472 36718 1847 941 10296°3
1844 596 5345°9 1848 1,076 10522-8

1843 is the year of minimum and 1848 of maximum disturbance, both in numbers
and values; and between those years there is an approximate progression. If we take
the means of the numbers and of the values in the years 1843 to 1848, inclusive, as
the respective units, we obtain the ratios of the numbers and aggregate values in the

several years as follows :-—

Tasre XIII.
Numbers. Values, Numbers. Values,
Se. Div. Sec. Div,
Units « 7805 | 7275-5 || Units . « .« | 7805 | 72755
1841 1:46 1:38 1845 073 0°63
. Ji1s42 | 1°04 | 001 . Jis46 | 1-32 | 1-27
Ratios 11643 | 061 | 0-50 | R2H0891ga7 | 191 | 1-22
1844 0-76 0-73 1848 1:38 145

Tables XIV. and XV. show the numbers and aggregate values of the disturbed
observations, distributed into the several months of their occurrence.
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TasLe X1V.
Number of the Disturbed Observations in different Months.

MONTHS. 1841 1842 1843 1844 1845 1846 1847 1848 Sums.
January 24 217 13 19 56 35 24 79 271
February . 43 58 25 26 40 25 54 99 370
March 35 31 29 63 32 53 5 112 430
April . 35 33 55 70 58 64 120 94 529
May 51 21 50 42 36 96 65 106 4617
June . 50 31 34 25 28 116 52 48 390
July 86 119 82 46 45 129 67 — 574
August . 2 60 48 80 72 166 81 —_ 579
September 58 82 64 78 79 156 137 — 654
October 46 64 39 56 47 117 84 — 453
November 35 56 17 54 32 53 90 — 337
December 35 18 17 317 42 21 92 — 262

Sums . 570 606 473 596 567 1,031 941 538 5,322

TasLe XV.
Aggregate Values of the Disturbed Observations in different Months.
MONTHS. 1841 1842 1843 1844 1845 1846 1847 1848 Sums,
Se. Div. Se. Div. Sc. Div. Sc. Div. Se. Div. Sc. Div, Sc. Div. Se. Div. Sc. Div.
January 1942 | 2195 | 117-3 | 146-2 | 472-1| 313'2 | 188°1| 687'6 | 2338‘2
February . 384°8 4431 252-1 238°3 2934 226°4 453°8 | 11914 3483°9
March 3086 2118 216-1 6566 241°1 494-2 790-3 | 10006 3919-9
April . 2862 317°5 4606 681°6 4065 593-0 | 12984 | 11319 517517
May 3876 142-7 3643 | 355°3 244-°2 712 0 7179 9399 39239
June . 3726 3075 251°8 163°3 199-17 940'5 | 396°3 | 310°0{ 29467
July 683°2 | 109917 670-2 | 3538 | 349°6 | 1102°3 | 610°6 — 48694
August 699-2 | 5040 334°9 | 616°2| 6269 | 1544-1 66017 —_ 49860
September 6261 6239 45817 1847 675°0 | 1480°9 | 1758°4 — 6408-3
October 41178 458°1 2973 547-2 |- 436°7 | 1070°17 | 1220°0 — 44478
November 3257 500°4 1225 4894 2716 5072 832°8 — 30556
December, 326°9 122-9 1254 308°3 361-8 186°9 | 1369°0 —_ 2801°0
Sums . 5013-5 | 4951°5 | 3671-8 | 53459 | 4584°6 | 9231-4 |10296-3 | 52614 | 483564

As the numbers and values in 1841, and in the first six months of 1842, in Tables
XIV. and XV., are derived from two-hourly observations, the mean monthly numbers
and values in the months from January to June, inclusive, are obtained by dividing the
monthly sums by 7, and those from July to December, inclusive, by dividing the
monthly sums by 6-5. The respective quotients are shown in Table X VL.

TasLe XVI.

Mean Monthly Numbers and Values of the Disturbed Observations.

MONTHS. Numbers. Values. MONTHS. Numbers. Values.

Sc. Div. Sc. Div.

January . ., | 39°6 334-0 || July . 883 749°1

February . 529 497-17 | August 891 7671

March . 61°4 560°0 || September . | 1006 9859

April . 756 739°4 | October .| 69°7 684-3

May . 6617 560°6 | November . 51°8 470-1
June . 5517 421+0 | December 403 4309 |
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If the mean of the twelve monthly numbers (66) and of the twelve monthly values
(600 - 0 sc. div™) are taken as units, the ratios in the several months are obtained as
follows :—

TasLe XVIIL

MONTHS. Numbers, Values, MONTHS. Numbers. Values.
January . .| 060 | 0°56 ||July . . .| 134 | 1'25
February . . | 0°80 0-83 August . . 1:35 1-28
March . .| 0°93 0:93 || September .| 1-53 1:64
Aprit . . . 1-15 1-23 October . . 1-05 1-14
May . . .| 1°00 093 || November .| 078 0-78
June . . .| 0-84 0:70 || December . { 0°61 0-72

April and September are the months of maxima, December or January, and June
those of minima, both in numbers and values. The September maximum is higher
than the April maximum ; and the December or January minimum is lower than the
June minimum. The maxima occur about the time of the equinoxes; the minima
about the solstices.

Table XVIII. exhibits the mean monthly numbers and aggregate values in the
different months, separated into their easterly and westerly components.

TasLe XVIIIL

EASTERLY. WESTERLY. EASTERLY. ‘WESTERLY.
MONTHS., MONTHS,

Numbers. Values. Numbers. Values. Numbers. Values, Numbers. Values.

Sc. Div. Se. Div. Se. Div. Se. Div.

January .| 196 175°8 | 20-0 158°2 || July . .| 500 435°1 { 38'3 | 314°0
February . | 26-7 261°5 | 26°2 236°2 || August. . | 48°6 4417 | 40°5 3254
March . . | 32'8 | 3134 | 28'6 | 246°6 | September . | 582 | 522-8 | 42-4 | 463°1
April . .| 40°9 | 394-2| 347 | 345°2 || October .| 360 | 3597 | 33-7 | 324°6
May . .| 360 301°9 | 30°7 2587 || November . | 25°8 2265 | 260 243°6
June . .| 339 268:3 | 21°8 1527 || December . | 18°3 159°4 | 22-0 | 271'5

If the means of the twelve monthly numbers (35°6 and 30-4) and of the twelve
monthly values (3217 and 2783 sc. div™) are taken as units, the ratios in the several
months are obtained as follows :—

Tasr XIX.
EASTERLY, WESTERLY. ] EASTERLY. WESTERLY.
MONTHS. MONTHS.

Numbers, Values. Numbers. Values. | Numbers. Values. Numbers. Values.
January .| 0°55 0°55 066 0-57 | July . .| 1-40 135 1-26 113
February .| 0°75 0-81 086 0°85 | August. . | 1-37 137 1-33 1-17
March . . 0-92 097 0-94 0-89 | September . 163 1-63 1-39 1:66
April . .| 1°15 | 1°23 | 114 | 1-24 | October . | 1-01 1-12 | 1°11 | 119
May . .| 1°01 0-94 101 0-93 || November . | 0-173 0-70 085 0-88
June . . 0-95 0°83 0-72 0°55 December . 0-51 050 072 0-98
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It is seen by Table XIX. that both the easterly and the westerly disturbances follow
the same general law as that derived from their conjoint consideration in the remarks
" on Table XVIIL. ; the equinoxes are the epochs of maximum and the solstices of
minimum, both of numbers and values.

Table XX. shows the ratios of the easterly to the westerly numbers and values of
the disturbed observations, the westerly numbers and values in each month being taken
as the units.

TasLe XX.

Ratios of Easterly to Westerly Disturbances in the several Months.
MONTHS. Numbers, Values, MON;[‘HS. Numbers. Values.
January . .| 0°98 1411 || July 1-31 1-39
February . 1-02 1-11 August 1-20 1:36
March . 1°15 1-27 September 1-37 113
April . . 1°18 114 || October . 1:07 1-11
May . . 1°117 1°17 || November 099 0-93
June . 1°56 1176 December 0-83 059

The preponderance of easterly over westerly disturbances is greatest in June and
least in December ; generally speaking, there is a progressive increase in the numbers
and values of easterly disturbances, compared with westerly, from December to June,
and a progressive decrease from June to December. The mean ratios in the months of
November, December, and January are in numbers 094, and in values 0°84; in the
months of May, June, and July, in numbers 1 - 32, and in values 1-39.

The average value of a disturbed observation in each of the months is as follows :—

TasLe XXI.
MONTHS, Average Values. MONTHS. Average Values.

Sc. Div. Sec. Div.
January 8-4 July . 85
February . 9-4 August 86
March 9-1 September 9:8
April . . 9-8 October 9-8
May . 8-4 November 91
June . -6 December . 10-9

The average value of a disturbed observation is less in June than in the other months,
~and generally less in May, June, and July, than at other periods of the year.

The average values of the easterly and westerly constituents, viewed separately,
show each a similar influence of the period of the year to that which is presented by
them when viewed conjointly. The range of the average values of the easterly is
considerably greater, and appears move irregular, than that of the westerly disturbed
observations. '

e 2
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The numbers and values of the easterly and westerly constituents of the disturbed
observations distributed into the %ours of their respective occurrence are as follows :—

Tasre XXII.
Number of Easterly and of Westerly Disturbed Observations at the several Hours.
Toronto EASTERLY. WESTERLY.
Astron.
Time. | 1842 1843|1844 | 1845|1846 | 1847 | 1848 | Means. || 1842 | 1843 | 1844 | 1845 | 1846 1847 | 1848 | Means,
18 |11 |12/14 10|20} 14| 12| 16 101218 | 15| 24|11 |13 | 17
19 9(14| 8111918 10| 15 9| 5171412312115} 117
20 8| 4 5|10]|20|22|13| 14 9| 61617262816 20
21 10| 8| 8| 8116(22 15| 14 ‘7113114116 28|25}115| 20
22 51 7t 1lwo(17729| 9| 14 7113|16|18 |23 |28 }13| 20
23 51 9111{11 18|18 |11 | 14 7111141425 2215 17
0 6| 9| 5| 515|114 9| 10 1115101711423 9] 15
1 5/ 9} 6} 6|13j10|10) 10 5112121110 16 | 11 13
2 3| 1| 5 4| 812110 8| 811} 8| 5|15|14| 11
3 3{ 3 4] 1| 6|15 8 7 511013 |12 | 17{14 |14 | 14
4 3| 4| 5| 3|16 12 2112} 8|12 (18|18 {10 15
5 6| 3| 7] 51513 6| 510 5120]|21} 9| 13
6 711041104 7({18{23; 4| 13 5/ 61 7| 6120(16| 6 11
¢ 8121913321812 19 71 8] 8} T|18;11| 6 10
8 |18/23(23[(19|33|27 10| 25 7| 5] 5| 61614 | 4 9
9 |16|28|31{27;37[33|20]| 32 1| 1| 4| 4{20/10} 7 8
10 |16 |22 |356)28)37)29)12| 30 51 3] 4) 119 4 17
1 [ 1413(29(15|36 37|20 27 3 51 91 122 6 9
12 {14 ({17|25(24 (35|29 |19| 27 10 8{10{10]16 14| 3| 11
13 [11 171918132 |34 {17 25 9|11 | 8| 9(23|18| 9| 14
14 10|14 |14 |15|29|27 12| 20 | 14|10 10| 15|21 }22 15| 18
15 6| 8|11{19(2 {2 |16 19 11| 7118|1726 ;17 9} 17
16 | 11|10 (12(12]27 (26|15} 19 13(10{16 | 17|26 20|15 | 19
17 [10{11}14}17 22|26 12| 19 13 |14 116 | 17 {24 {11 |12 | 18
Means| 9| 11 | 141223 |22 12| 17 8 91111 })20}17 |10, 14

Tables XXII. and XXIII. comprise the disturbed observations occurring in the
hourly series from July 1, 1842, to June 30, 1848; consequently in each of the
years 1842 and 1848 the observations of six months only are included.
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TasLe XXIII.

xxix

Aggregate Values of the Easterly and Westerly Disturbed Observations at the several Hours, in

Scale Divisions.

’lxsr;nto EASTERLY. WESTERLY.

Tim'::.h 1842 | 1843 | 1844 | 1845 | 1846 | 1847 | 1848 | Means. || 1842 | 1843 | 1844 | 1845 | 1846 | 1847 | 1848 | Means,
18 | 68-4) 86°5 98 3| 67°1/158'9|112-9| 84-1|112-7| 74-1:116-6/189°3/119°9|255°53363|116° 712014
19 | 64-9| 85-4| 55°6] 65°4/135°1|121-6| 73°3|100°2|| 90-9| 48°9(186°1{110°6|285°8/7155°5|151°3|271"5
20 | 52°9] 24 8| 33°5 69-3/121:41163-2(100-8] 94°3|| 86-3| 52°1]146° 51687321 3/464° 4173 0/235° 4
21 | 59°8| 56°5 47°1| 44°1|102°4/148-9{124+0| 97°1|| 65-4|106-8|112-2|144°8|319°4/384°5|183°2/1219'4
22 | 33-5| 47-0] 45°1) 57-6105-2(199-8] 67-3{ 92-6| 60-1| 87°9/128-0|159°1/196°0(281°6/128:9,173°6
23 | 32:2| 55°2| 810 69-6/111 -2{173-4| 81:2(100° 6| 66-0| 6681072121 3|185°9|184"'7|104- 6/139 4
0| 859 52-8 34°3| 33°6] 95-4|101°6| 67°5 702 73-8| 96°9| 74°9/1346| 99°0/180°7| 80°7|123°4
1| 39-3 49-1) 39°9 34-0/ 81'8/107-4] 61+4] 68 8| 32-7| 86°9| 825/ 73'3} 68°0/106°0| 885 8917
21308 6°17 30°6] 24-8| 54:4| 82-0, 90-1| 53-2|| 51-9| 59-6{102'5| 54°5| 52-2/116-7|105°8| 905
3246 15-5 25°8] 5-4| 44-1{124-4] 63'9; 50°5| 317 69-9 94-6| 74°1{115-7/104°8/111-3/100*4
4| 38-2 24 5 34-9 19:1j111-2| 98-3| 74-7] 66°8|| 11-1{103-1} 637} 88°6/132°-2{139-7| 7171017
5 | 42°0| 24°6| 65°6| 34-1{115-9{115°9] 55*3| 75°6| 39°7| 55-2| 78-5| 33-1|158°3{153°6| 72*5 986
6 { 56-0] 98-4| 79°0| 51-9;211-7319°1| 29-8{141°0f{ 26-1{ 60°8| 52:4| 41°6{146°1/145°3} 42-9| 85'9
7| 172°9 86:6|155°3/114-8|388°2|171-2101°0(181°7| 44-4| 72:2| 205/ 50°7|]125°8| 90°6| 54°4| 76°4
8 |185°0/214-7|289°0|152-9|341 3|306 6|129-81269°9|| 45°6| 41-2| 35-6| 43-2|106°1{109°0| 27 % 68°1
9 [117-11240°8/326°9303°6/4939/355°8/388-4/371+1|] 8-5/ 5°6] 24°7 36°0[{136°1| 94°4| 48°3) 58°9
10 |154°5/206°1/402°4/254°3410°2/333°5/118°81313-3|| 35-4| 19-9| 26°1| 33-2]140°1}141-3| 34-4| 717
11 [159-9|134°5,232°3{140°4(327°3|388°1(215-9266°4|| 24-9| 38-2| 92-3] 6°9(126°6| 69°0| 44°0/ 67°0
12 [155°0/118°5/223°4|185 9|342-8[259°0/214°3|249-8)| 68-17| 22-2/122-3| 68°1/137-7|203 8] 29-5/108+17
13 | 82-9130°1j1935/171-5336°6327°7191-1/2389|| 88°17| 17-9 71°'5| 74°5/228-12393|127°8/1513
14 | 84-0[108-4{1420/136-1{269°3/295°3|165°2/200°1({127 3} 648/ 81°9(119°1]172°4/213'6/129-9/151"5
15 | 59+6| 67-7128:0/154 172365226 8/222-17|182- 17| 90°4| 45-4(142-4[123-3/209"9{168°7| 75°17|142°6
16 | 80°1] 84°5/132°1/123°3295°5/2547|190°1{193°4/|116-4] 52-4/1471-9({129°3/223"7|212 7126 17|168"2
17 [103°4] 81-7/104°0/1293/178°4/233°2/119°6/158°3)|116°3/119°9;1632/132° 71220 °8/379°%7/101 * 42057

Means| 76°3| 87-5[125°0/101-8|211°2/209°2/126°3(|1562|| 61°5| 655 97°8| 89°2(173:5219-8| 93°0/133"4




XX ADJUSTMENTS, ABSTRACTS, AND COMMENTS.

TasLe XXIV.

Ratios of the Easterly and Westerly Numbers and Values at the different Hours to the Mean Hourly
Numbers and Values taken as the respective Units.

Toronto EASTERLY. i WESTERLY. Toronto
Ast] ical Astronomical
Time. Numbers. l Values. ‘ Numbers. Values. Time.
h. h.
18 0-93 072 1:24 1-51 18
19 088 0°64 1-24 2:03 19
20 081 060 1°46 1-76 20
21 0-81 0°62 1-46 1'64 21
22 0°81 0°59 1-46 1°-30 22
23 0-81 0°64 1-24 1:04 23
0 0°58 0°44 1:09 0-93 0
1 0°58 044 0-95 067 1
2 0-41 0°34 0°80 068 2
3 0-41 0°32 1:02 0175 3
4 0-47 0°43 1:09 076 4
5 0:52 0°48 095 074 5
6 0176 0°90 0°80 0-64 6
7 1-10 1°16 0-13 057 T
8 1-45 1°73 0°66 051 8
9 186 2-38 0°58 0-44 9
10 174 2°00 0-51 0°54 10
11 1°57 171 0°66 0°50 11
12 157 1°60 0-80 0-81 12
13 145 153 1:02 113 13
14 116 1-28 1-31 1-14 14
15 1-10 1-17 1-24 1-°07 15
16 1-10 1-24 1-39 126 16
17 1-10 1-01 1-31 1+54 17

When we examine the ratios presented in this table we at once perceive that the
occurrence of easterly and westerly disturbances, and their distribution in the several
hours, are regulated by different laws. The easterly are below the average both in
number and value during the hours of the day, or from