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THE interest with which the comparison of the contemporaneous non-periodic
variations of the temperature in Europe and America is regarded by meteorologists
of great reputation, leads me to hope that the présent communication may not be
unacceptable to the Royal Society. The geographical situation of Toronto, both as
respects latitude and inland position, renders it a very suitable locality for such com-
parison with stations in the middle parts of Europe, where similar observations have
been made and where the conclusions to be derived from them are the subjects of
active investigation. The years over which the observations at Toronto extended,
1841 to 1852 inclusive, were years of unusual meteorological activity in Europe ; and
the period of twelve years embraced by them is one of sufficient duration to supply
a fair basis for generalisation on many of the problems which are now receiving the
attention of meteorologists.

The observations at Toronto were made at the Magnetical and Meteorological
Observatory at that station, by the detachment of the Royal Artillery by whom the
duties of the observatory were carried on, and were under the direction of Captain
RippeLr, R.A., at the commencement of the observations, of Captain YouncHUSBAND,
R.A., from February 1841 to the end of 1844, and of Captain Lerroy, R.A., from
1845 to 1852 inclusive. The latitude of the observatory is 43° 396 N., and its
longitude 79° 21"5 west of Greenwich ; the height above the surface of Lake Ontario
is 108 feet, and above the Ocean about 342 feet.

From 1841 to 1844 inclusive, the thermometer was stationed beneath a roof on
the outside of the north wall of the cbservatory. The height of the roof above the
ground was about 7 feet, and three of the sides of the space which it covered (the
observatory wall being the fourth side) were closed in by venetian-blind shutters
descending from the roof to within 4 feet of the ground. The slope of the blinds of
the shutters was such as to admit a free current of air whilst it completely screened
the thermometer from rain. The shutters and the wall were coloured' green, and
the ground beneath was a grass-plat. The thermometer was fastened to two narrow
strips of wood running horizontally from side to side of the thermometer shed, the
ball being perfectly free, and about 6 inches higher than the bottom of the venetian
blinds. The thermometer was read from the inside of the observatory through a
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142 ON THE PERIODIC AND NON-PERIODIC VARIATIONS

double window ; its distance from the outer window being about 8 or 9 inches.
From January 1845 to the end of 1852, the thermometer shed had the additional
protection of a second roof and a second enclosure of venetian blinds on three of the
sides, similar to those already described, and exterior to them at an interval of space
from one to one and a half foot. The length of the exterior shutter on the northern
side was 7 feet, and on the east and west sides 5 feet 4% inches. The thermo-
~ meter was suspended as before with the ball perfectly free, and was read from the
inside of the observatory through a window furnished with a sliding wooden shutter,
which was kept closed, except at the times required for observation.

The same thermometer was employed throughout the whole period, excepting from
March to December 1845, and in some few other occasional instances, in all of which
corrections carefully ascertained were applied to give the values which would have
been read by the thermometer usually employed. A comparison of this thermometer
with a standard thermometer by Fastri of Paris, was made at all natural temperatures
between April 1851 and February 1852, partly with the assistance of a telescope,
and partly with the eye alone. The differences between the two thermometers at
the several parts of the scale have been applied to all the observed temperatures
before they were combined in the Table given in this paper. The standard thermo-
meter by FastrE is divided & échelle arbitraire according to the method of REGNauLT.
The zero-points were determined as follows :—

, 0° Cent. 100° Cent, For 1° Cent.
1851. Data furnished by M. Fastre . . . . 1157 61770 5012
1851. By M. Izarp and Capt. LeFroy at Paris 1155 617:60 5026

Re-examination at Toronto in 1852.

Freezing-point. Boiling-point.

Barom.

mm.
January 13. 116'12 January 5. 61460 743°055 61776
14. 116°00 12. 61655 755136 617°45
22. 11630 13. 61400 740°866 61757
28. 116-22% 28. 614°10 738530 61812
28. 11610+ 212° FAHR.=617"72

116°14=32° FaHR.

whence 1° Cent.=5'0158; and 1° FAHrR.=2'7865 divisions.
This last value has been employed in the comparison in preference to the original
determination at Paris, from which however the difference is extremely slight.
During six years, ¢. e. from July 1, 1842 to June 30, 1848, the observations were
made hourly,—Sundays, Christmas Days, and Good Fridays excepted, on which days
no observations whatsoever were made. In the remaining six years, i. e. from
January 1, 1841 to June 30, 1842, and from July 1, 1848 to December 31, 1852, the
* Before boiling, 1 After boiling.
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same system was preserved in respect to days, but the hours of observation were less
frequent. The series may consequently be divided into two portions, of which the
first, or that containing the six years of hourly observation, will be first discussed.

The following Table exhibits the mean temperature at every hour in the different
months on the average of the six years.

Tasre 1.

Mean Temperature of the Air at Toronto, obtained by hourly observations from
July 1, 1842 to June 30, 1848.

Toronto Months.
astrono- Hourly

mical time.| y, Feb. | March. | April. | May. | June l July. | August.| Sept. |October.| Nov. | Dec. | Tac2ns.

Hounrs.
0. | 29-83| 25-07| 34-00| 49-53| 58-80| 6655 | 7385 | 78:30 | 63-52 | 4550 | 39-57 | 20-93 | 49-12
1. | 2833| 27-93| 3465 | 48-47| 59-72| 67-28 | 73-77| 73:07 | 64-12 | 49:93 | 39-97 | 30+65 | 49-82
2. | 2860 28-33| 35-22| 4885 | 60-07 | 6770 | 7462 | 7365 | 64:52 | 50°28 | 40-05 | 3080 | 50-22
3. | 2857 2832 35:02| 48-92| 60-13 | 6808 | 74'82| 7400 | 64-55 | 50:05 | 3988 | 30:55| 50-24
4, | 2805 | 2777 | 3455 | 4853 | 60:08 | 6832 | 74'83 | 7385 | 64-33 | 49-32 | 38:98 | 29:90 | 49-88
5. | 27-05| 26:57 | 33-80 | 47°80| 5970 | 6772 | 7437 | 7330 | 63-37 | 47-57 | 3777 | 28-95| 49-00
6. | 26-23| 2512| 32-12| 4600 | 57-95| 6642 | 7293 | 71-40 | 6070 | 45-52 | 36-95 | 28:25 | 47-47
7. | 25%0| 24113| 3065 | 4347 | 55:08| 6368 | 69+45 | 67-42 | 5800 | 44-42 | 36-38 | 27-92| 4552
8. | 2538 | 23-28| 29-68 | 4188 | 52:37| 60-38 | 6525 | 6450 | 56:72 | 43:68 | 36:07 | 27°53 | 43:89
9. | 2518 2263 | 28:68 | 40-80 | 50-62 | 58-22 | 62+88 | 62:92 | 5568 | 4292 | 35-78 | 2728 | 42-80

10. 2480 | 22°08 | 28:03 | 40:03 | 49:65| 56:88| 61:65| 61-90 | 54:62 | 42-17 | 35-43| 26-98 | 4202
11, 2448 | 2157 | 2738 | 39-53 | 4873 | 55:92| 60-47| 61-10 | 53-98 | 41-50 | 35-08 | 2687 | 41-38
12. 2380 | 2145 | 27-33| 39:37 | 47-88 | 55:37 | 59°45| 60:30 | 53:63 | 40-95 | 34-42| 26-53 | 40-87
13. 23-33 | 21°07 | 26'85| 3862 | 47:02| 5468 | 58:58 | 59:65 | 53:02 | 40-35 | 34:13 | 25°95 | 4027
14. 2325 | 2073 | 2647 | 37-95| 46:18| 53-98 | 58-02| 5897 | 5243 | 4003 | 33:85| 2558 | 39°79
15. 23:10 | 20-30 | 26-18| 37-75| 45:47| 53-20 | 5730 | 58:30 | 51:97 | 39:87 | 33:53 | 2545 | 39:37
16. 2300 | 20:00 | 25°80 | 37-32| 45°00| 52:63| 5667 | 57-92 | 51-38 | 39:57 | 33:37| 2542 | 39-01
17. 22:82| 1965 | 25°28 | 36+95| 45:05| 52:82| 5662 | 57-73 | 50-75 | 39-40 | 33+48| 25°40 | 38-83
18, 23:55| 19:08 | 25°00 | 37-08| 47:50| 5547 | 59-83 | 59-18 | 51:43 | 39:62 | 33:75| 2498 | 3971
19. 23:45| 18:95| 25°87 | 39:37| 50:48| 5828 | 6350 | 62-15 | 53-98 | 40:37 | 33:75| 24'82| 4125
20. 23:68 | 19:97 | 27+85| 41:62| 5270 | 60-62| 66-10 | 65°42 | 5673 | 4262 | 34:80 | 25:25 | 4311
21. 2465 | 22:27 | 30-02| 43:60 | 55:02| 62:50 | 68:30 | 67:92| 59-15| 4530 | 36:33 | 26°43| 45°12
22. 2588 | 24:28 | 3175 | 45°12| 56+72| 64:17| 70-00 | 69:90 | 61:12| 47:23 | 37-77 | 27°88| 4682
23. 27:05 | 2587 | 32:98 | 46:50| 57-85| 6545 | 71:55| 71:35| 62:55 | 4860 | 38-78 | 29°12| 48-14

Monthly
means.

2532 | 2327 | 29-80 | 42:63 | 52:91| 60°68 | 6599 | 65:76 | 5759 | 44:20| 36°24| 27-44 | 44-32

The hourly observations from which this Table is formed will be found in full
in the volumes of the Magnetical and Meteorological Observations at the British
Colonial Obervatories, of which Toronto was one.

The temperature at any hour, and on any day of the year, corresponding to the
mean values obtained in the six years and shown in Table I., may be computed from
them by means of Besser's well-known interpolation-formula*, which may be thus
written for the purpose :—

t,=A,+A cos a+B,sin a4A,cos2a+B,sin2a
+A, cos 3a-B,sin 3a+A, cos 4a-+ B, sin 4a
+ A, cos ba+B; sin 5a+ A4 cos 6a,
* Astron. Nach. No. 136.
U2
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in which ¢, is the temperature on x the required day, A, the mean temperature of the
year at the hour required, a=n X 30°, n denoting the number of months and parts of
a month between January 15 and @, and A, A,,.... A;, B, B,.... B;, constants derived
from the values in Table I. by the method of least squares.

The constants for each of the hours, and for the mean temperature, derived from
the six years of hourly observation, are as follows :—

TasLE I1.

Constants for the calculation of the Temperature on the several Days and Hours
from the Mean Monthly Values in six years.

Toronto
astrono- Ag. A, B,. A, B,. A, B,. Ay By Ag. B;. Ag.
mical time.
Hours' [} o o o o o o o [} o o o
0. 49°12 | —23:38 |—2°53 |4+ 060 |+ 0:29 |+ 0-62 | —1°11 |+ 0:31 |+ 0'54 |+ 0°25 |4 0-44 |-+ 0-31
1. 49°82 | —23:48 | —2°35 |4 065 |4 031 [+ 063 |—1°17 |+ 0°30 |+ 0°57 |+ 0°13 | 4-0+45 |+ 0°27
2. 50°22 | —23:65 | —2°28 |+ 073 |+ 0445 |+ 0:55 | —1°16 |+ 0°36 |+ 0:56 |+ 0°09 |+ 040 |+ 0-29
3. 5024 |—23°87 | —2°21 |4-0°85 [+ 047 |+0:59 |—1°17 |+ 035 |+ 060 |4 0°15 |+ 047 [+ 0-25
4, 4988 | —24:23 |—2°02 |+ 1°00 |+ 046 |+ 068 | —1°14 |+ 0-31 |+ 052 +0°16 |+ 0-48 + 026
5. 49:00 | —24:52 |—1+73 |—1°17 |+ 042 [+ 0-70 | —1:36 |4 0:20 | 4050 +0°16 |+ 0:48 |+ 035
6. 47°47 | —24°10 |—1°69 |4+ 156 [—0°03 |+ 0°48 |—1:43 |4 0°2]1 |4 057 |4 027 |+ 050 |4 0-35
7. 4552 | —22'54 |—2°03 |+ 1°46 [—0°41 +0°38|—1°10 | 4023 |+ 040 |+ 0-28 +0°46 |+ 0-35
8. 4389 |—20°95|—2°55 |4+0°91 | —0°31 |4+ 0°58 |—1:09 |+ 015 |4 0:27 |+ 043 |+ 0°55 |+ 035
9. 42:80 |—20°05 |—2°89 |+ 075 |—0°29 |4 0°69 | —1-20 [+ 0°15 |+ 0-30 |4 0°51 4062 |+ 0-34

10. | 42:02|—1961 |—2:97 |+ 072 |—0:33 |+ 066 [—1°30 |+ 014 |+ 0:37 |+ 052 |+ 0:60 |+ 0+34
11. | 41°38 |—19-25 |—307 |+ 068 |—0°37 |+ 0-71 | —1°42 |4 0°11 |+ 0-34 |+ 0-55 |+ 0-67 | +0°30
12. | 4087 |—19:02 |—2:93 |+ 052 |—0-21 |+ 068 | —1-40 |+ 0-02 |+ 0-17 |+ 0:51 |+ 076 [+ 0-21
13. | 4027 |—18+84 |—3:03 |4+ 052 [—0-17 |+ 063 |—1:35 |— 005 | 0-20 | + 0-58 |+ 0°81 |+ 022
14. | 3979 |—1860 |—313 |+ 058 |—0°14 |+ 059 |—1°29 |+ 002 | 0-18 |+ 0-63 |+ 0°80 |+ 0-25
15. | 39:37 |— 1838 |—320 |+ 0°47 |—0-13 |4+ 059 |—1°35 |4 014 |4 0-11 |+ 0:65 |+ 0-79 |+ 0°22
16. | 8901 |—18:11|—328 |4 050 |[—0°19 |+ 059 | —1+41 |+ 018 |4 0°15 |+ 0-69 |+ 0-75 |+ 020
17. | 38:83|—1817|—330 |-+ 060 |—048 |4+ 054 | —1°37 |+ 012 |+ 0°24 |+ 073 |+ 0-70 |+ 0-17
18. | 3971 |—19'58 |—3:05 |4+1:20 |—1+01 |+ 0465 | —1+18 |+ 031 | +-0+38 |+ 079 | +0+61 |+ 0-47
19. | 41:25|—21:48 |—2:62 |+ 1:21 |—0°92 |+ 080 |— 146 |+ 043 |+ 0°34 |+ 0+65 |+ 066 |+ 0+59
20. | 4311 |—22:63 |—2:60 |- 085 |— 049 |4+ 073 | —1+51 |+ 039 |+ 035 |+ 070 |+ 058 |+ 053
21. | 4512 |—23:05 |—2:59 |4 056 [— 013 |+ 0-69 | —1+31 |+ 034 |+ 050 |+ 053 |+ 0°42 |+ 045
22. | 4682 |—23-20 |—2:63 |+ 050 |4 007 |+ 070 |—1+20 |+ 0-24 |+ 0-54 |+ 044 |4+ 037 |+ 0-39
23, | 4814 |—23:28 |—2:63 |+ 055 [+ 022 |+ 069 | —1-17 |+ 0°29 |+ 0°54 |+ 0°34 |+ 0°40 |+ 0-32

Mean of
1};lhe 24 \L 44+32 | —21°41 | —2:64 |+ 080 |—0-12 |+ 063 | —1-28 |4+ 022 |+ 0°38 |+ 045 | 4058 |+ 0-32
ours. J

From the temperatures computed by the formula with the constants in Table II.,
corrections have been obtained to the mean temperature of the day for each of the
hours of observation throughout the year, to be employed whenever a less onerous
system than that of hourly or two-hourly (equidistant) observation is adopted, as was
the case in the second period (also of six years) at Toronto. Table III. exhibits these
corrections for every hour on every fifth day throughout the year; the corrections on
the intermediate days admitting of easy interpolation. The corrections are additive
when in the larger character, and subtractive when in the smaller.
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TasLe III.

Corrections for every Fifth Day of the Year, to be applied to the Temperature observed at Toronto at any of
the hours of Mean Astronomical Time, in order to give the Mean Temperature of the Day.
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First Part, January to June. The corrections in the smaller type are subtractive ; in the larger type additive.

Days of
themonth.

Hours of Mean Astronomical Time.

2h, \ 3n. \ 4n,

5h,

e

8, \ on, ] 100,

11k,

12h,

March.

May. April.

June.
———

(4

{14

19
24

11

{16

21
26
31

rb
10
15
20
25
L30

10
15
20
25
L30

5
[10
15

20
25
130

on, ‘ 1h,

5

Subtractive.

23h,

Additive.

13n, I 140, |15, f16h.‘ 17h.| 18,

19n. ' 20n, \ 21n, \ 99n,

1v

Subtract-
ive.

2'4
2°5
2°6
2'8
30

33
35
38
3'9
41

42
42
42
42
42
42
43

4’5
46
49
51
5'4
5'6

57
59
59
59
59
58

58
58
59
60
61
63

28
2'9
30
31
34
37

4'1
43
47
48
50

49
50
49
48
48
49
51

53
5'5
58
61
64
66

67
6'8
6'8
68
6'7
66

66
66
66
67
6'9
7°2

31
31
33
34
37
40

44
47
51
53
5’5

5'5
5'5
5'5
54
5'4
54
55

5'7
59
62
(1
68
7'0

71
7'2
72
7'1
7'
69

6'9
69
70
7'2
7°5
78

30
31
32
34
38
41

4's
48
50
52
5'4

53
53
52
52
52
5'3
54

57
60
63
66
68
7°1

72
7'3
7'2
72
72
72

72
7'3
7'4
7°6
7'8
81

24
2°5
27
2'9
3'3
36

39
42
45
47
4'8

48
48
48
47
48
49
50

53
5'6
5'9
6°2
65
68

70
7'1
72
7'3
73
73

7'4
75
76
7'9
80
33

s
1'6
17
1'9
2'1

2°4

2'7
30
33
3's
38

3'9
3'9
3'9
40
40
41
43

4's
48
52
56
5'9
62

65
67
68

69
68

70
7'
7'2
73
7'7

07
o8
0’9
0'9
I'2

'3

;5
16
18
2'0

2°1

22
2'3
2°3
2°3
2'1
2'3
2°4

2'7
30
34
37
40
44

46
49
50
54
5'5
5'5

56
57
57
59
62
64

0’4
o'2
o'4
o4
o4
o5

06
07
09
0’9

I'1

1'0

[}
o8
o7
o7
o6

06
07
o8
)
13
15

17
2°0
2'2
24
2'5
26

27
2°9
3
31
33
34

[eX¢]
[oX¢]
o1
o'0
oo

[eX{¢]

[e)e)
[eXe)
[eXe)
oo

o'1

o1

[e)e)

00

02
03
05

06
07
07
0-8
08
0-8

07
06
05
04
0-4
03

03
02
03
0-3
0-4
0-4

01
01
01
0-2
02
0-4

05
06
06
07
0-8

09
09
111
11

13
14

16
17
1-8
2-0
2-1
2:1

2:2
22
23
23
2-3
2:3

23
2:3
2:5
2:5
27
2-8

05
05
05
06
07
0-8

09
111
1-2
13
14

15
16
17
18
19
20
21

23
2:5
26
27
29
30

31
31
33
33
34
35

36
36
3-8
39
40
41

Q

07
0-8
0-8
1-0
11
12

14
16
17
19
20

21
2:2
2-4
2:4
25
2:6
27

2-8
30
31
33
35
37

39
40
42
43
44
44

45
46
4-8
49
51
52

14
15
15
16
1-6
17

16
1-8
18
19
2:0

21
2-3
24
2:5
2:5
2:6
27

2-8
30
33
35
39
42

46
48
50
51
52
52

52
52
53
55
57
59

19
20
2-0
20
20
20

2-0
2-1
22
2:3
24

2:6
27
29
29
30
30
33

35
37
40
44
48
51

55
57
59
59
60
59

59
59
60
62
64
67

21
21
21
21
21
22

2:3
25
2:5
27
2-8

29
31
32
33
34
36

a.
[

40
43
47
51
55
59

63
65
67
67
68
67

56
66
67
68
70
73

31
22
22
23
24
25

26
27
30
31
33

35
35
36
36
36
38
39

41
45
49
53
59
64

69
72
74
75
75
75

75
74
75
77
78
80

92
23
23
24
26
27

30
31
33
35
36

38
3-8
39
40
40
41
43

45
49
53
58
64
69

73
76
79
80
80
80

8:0
79
80
82
84
87

Q

24
2:5
27
2-8
30

32
34
37
3-8
4-0

42
43
44
45
46
47
48

50
53
57
61
60
68

64
77
78
79
79
78

78
79
79
81
83
86

]

18
17
1-8
20
23
2-8

33
38
42
45
47

48
48
48
48
48
49
50

52
54
55
57
57

57

57
55
54
52
51
51

51
51
52
53
55
56

19
18
149
21
25
30

35
40
43
46
4-6

45
44
42
39
36
36
35

34
34
33
31
30
29

27
25
2-4
23
2:3
2:3

244
24
2:4
24
2:3

16
16
16
18
21
2:5

2-8
32
33
34
32

30
2:7
23
19
17
14
12

12
11
10
09
0-8
07

05
03
0-2
01
01
01

01
00
0-1
0-1
00

07
07
07
07
0-8
09

10
10
10
09
06

04
0-2

o's
o'
06
06
o6
06

o7
o8
10
12

14

16
17

2:3

[e{e]

o'
0’2
0’4
o5
06

o7
o8

10

'3
16

18
2'0
2°1
2'0
22

2°1

2'0

1'9

18
18
19

18
1’9
2'0
2'0

2°1

22
23
2'5
27
30
32

35
37
38
3'9
39
3'8

37
3'6
35
3’5
3’5

36

16
17
17
18
!’9
2°0

22
2°4
26
2'7
2°9

30
31
31
32
32
33
33

35
36
3'9
41
43
46

47
4'9
4'9
50
50
4'9

48
48
48
4'8
49
50
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Tasre III.

Second Part, July to December. The corrections in the smaller type are subtractive ; in the larger type additive.

(Continued.)

Days of
themonth.

Hours of Mean Astronomical Time,

On,

1b,

B

3n, | o, 1 5h,

6h,

1' 8h, [ 9,

10n,

11%,

—

2n,

=

13k,

14h.‘ 15h.' 16"‘, 17

18h, [ 190

200,

21h,

238,123k,

July.

November.

December.

August.

September.

10
15
20
25
L30

rd
10
15
20
25
L30

rb
10
15
20
25

October.

A

L30

r5
10
15
20
25
L30

r 5
10
15

A
o
<

25
k30

rd
10
15
20
25
L30

Subtractive.

Additive.

Subtractive.

67
69
70
7'0
7'0

69
6'6
65
63
62
6°1

60
59
5'9
59
59
58

57
56
53
50
47
43

3’9
36
3’3
31
2'9
2'8

27
2°5
25
24
24
2°3

7'4

7'8
7'8
7'9
7'9

77
74
73
7°0
68
67

6°6
6'5
65
65
65
64

62
60
57
5'4
50
46

4'3
3'9
37
3’5
34
3%

33
32
32
31
30
2'9

81
84
86
87
88
87

81
7°9
7°6
7°3
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The temperatures at the several hours of the day and on the several days of
the year, computed in the manner which has been described, furnish data for
the delineation of the Chrono-Isothermal Lines in Plate X. figs. 1 and 2. The
representation in this Plate of the phenomena of the temperature at Toronto is on
the same principle which has long been used in maps of the magnetic isogonic,
isoclinal, and isodynamic lines, in which three variables are comprehended, of which
one, the magnetical element, is dependent upon the other two, viz. the geographical
latitude and longitude. The principle is also the same as that adopted in ordinary
isothermal maps; but, whereas in those maps the two variables upon which the
meteorological variation is dependent are the geographical latitude and longitude,
in the present case the two variables are the hour of the day and the day of the year.
The variation of the temperature is here referred to #ime and not to space. This
difference is intended to be conveyed by the term Chrono-Isothermals as applicable
to lines of the present description, whilst those of the more customary form might
not inappropriately be termed, for contradistinction, as suggested to me by Mr.
WaearstoNE, Topo-Isothermals. Representations of the Chrono-Isothermals in
different localities might materially facilitate the comparison of the phenomena of
the temperature in different parts of the globe ; and if similar plates were constructed
for each of the meteorological elements at the same locality, they might be useful
for intercomparison, and for illustrating the mutual dependence of the elements on
each other, to those who prefer a representation to the eye to the instruction con-
veyed by tabular abstracts. In fig.1 the isothermals are represented which are
comprised between the mean temperature of the year and the Aighest isothermal ; in
fig. 2 between the mean temperature and the lowest isothermal. In fig. 1, conse-
quently, the isothermals increase in value from the circumference to the centre;
whilst in fig. 2 they decrease from the circumference to the centre. To avoid too
great a multiplicity of lines only every alternate degree (the even degrees of FAHREN-
HEIT's scale) are drawn. Figs. 1 and 2 are so arranged on the Plate that the summer
and winter solstices (marked by a dotted line) are in the same vertical. The ab-
normal character of the winter temperature of the North American Continent is
strikingly manifested in this Plate.

From the temperatures computed from the six years of observation and represented
~ in the plate, we learn many facts regarding the temperature at Toronto, which are
interesting in themselves, and may become particularly so in their comparison with
the phenomena in other parts of the globe. Amongst these may be noticed the
following :—The mean annual range, or the difference between the mean temperatures
of the coldest and hottest months (February and July), is 42°7. The warmest day of
the year is July 28, being thirty-seven days after the summer solstice. The coldest
day is February 14, being fifty-five days after the winter solstice. The mean
temperature of the year is passed through on April 19 and October 15. The warmest
and coldest days, and the days on which the mean temperature is passed through,
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deduced by a similar process at Konigsberg by BesskL, at Paris, Turin and Paduva by
Kiwmrz, at Berlin by MipLer, and at Prague by Frirsca and JELINEK, are collected
by the last-named meteorologist in his memoir * On the daily march of the principal
meteorological elements deduced from hourly observations at the Prague Observa-
tory,” published in the Transactions of the Imperial Academy of Sciences at Vienna

in 1850, and are as follows :—
Days on which the mean temp.
of the year is passed through.
Maximum. Minimum. A

Konigsberg . . . . August 1 January 9 {April 21 October 20
Berlin (18 years) . . July 18 January 19 April 19 October 21
Berlin (92 years) . . July 22 January 12 April 17 October 16
Prague (8 to 9 years) . July 24 January 26 April 16  October 20
Prague (76 years) . . July 23 January 19 April 15  October 18
Paris . . . . . . July 28 January 15 April 18 October 19
Turin . . . . . . July 27 January 3 April 18 October 26
Padua . . . . . . July 26 January 15 April 20  October 15

These may be compared with the corresponding epochs at Toronto, as derived
respectively from the six-years and the twelve-years series discussed in this paper :

Toronto (1842, 5 to 1848,5) July 28 February 14 April 19  October 15
Toronto (1841 to 1852) July 28 February 12 April 25 October 17

The anomalous character of the North American winter, so visible in the Chrono-
Isothermal Plate, is also marked by the very late occurrence of the epoch of the
mintmum temperature, and the great dissimilarity in that respect from all the other
stations. The systematic character of this anomaly is further shown by the fact, that
every hour in the twenty-four has its minimum temperature between the 7th and 17th
of February; the minimum occurs earliest, viz. on the 7th of February, at the hour
of 2 p.m.; the minima of the hours of the night, or from 9 p.m. to 7 a.m. inclusive,
fall the latest, viz. on the 15th, 16th and 17th of February; those of the intermediate
hours on the intermediate days and in regular progression. The hours from 6 a.m. to
9 ».M. inclusive, or those of the day, have their maximum temperature between the
20th and 30th of July; those of the might, or from 11 p.m. to 5 a.M. inclusive, from
the 3rd to the 12th of August. The portion of the twenty-four hours which is
warmer than the mean temperature of the day varies considerably at different
seasons ; in part of November there are fourteen of the observation hours colder, and
only ten warmer than the mean temperature of the day; in the greater part of July
twelve of the observation hours are celder and twelve warmer; and in all the rest of
the year thirteen hours colder and eleven warmer. Thisis seen in detail in Table III. ;
the dark lines which separate the additive from the subtractive corrections pass
between the hours which are above and those which are below the mean temperature
on every fifth day of the year. On the average of the whole year the mean tempe-
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rature is passed through about 8" 31™a.m., and 7' 44™p.m., making intervals of
11h 13m and 12 47, The hours from 9 p.M. to 7 .M. inclusive are throughout the
year colder than the mean temperature of the day; those from 10 a.M. to 7 p.M. are
throughout the year warmer than the mean temperature of the day; 8 and 9 a.m.,
and 8 p.M., are sometimes warmer and sometimes colder than the mean temperature ;
8 A.M. is colder except for about three weeks in July, and 9 A.m. is warmer except
from November 20 to March 11; 8 p.m. is colder from the middle of March till late
in November, and either coincides with the mean temperature, or is slightly warmer
during the remainder of the year.

The hours of highest and lowest temperature on every fifth day of the year, and
the amount by which the temperature at those hours exceeds or falls short of the
mean temperature of the day, may be examined in detail in Table III. From the third
week of September until April, 2 p.m. is the warmest hour, with the exception of some
days in January and February, when 3 p.m. is warmer ; from April to the middle of
May, and again from the end of July to the middle of September, 3 p.m. is the warmest
hour ; and from the middle of May to the middle of July, 4 p.m. The coldest hour
from the latter part of April to the end of June, and again from the end of October
to late in November, is 4 a.M.; from the middle of July to the middle of October,
in January, and for a short time in the middle of April, it is 5 a.m.; from the latter
end of February to early in April it is 6 a.m.; and generally in December and
February 7 .M. The range from the minimum to the maximum in the day is greatest
in July (18>2), and least at the end of December (5>2). The daily range has but
one maximum in the year, which is in July ; not as at Prague, where June and July
have a less range than the months immediately preceding and following them, and
where consequently there are two maxima; a phenomenon attributed to the greater
prevalence of clouds in June and July.

It may be desirable to add a few words on the assistance to observers of tables
which furnish corrections to the mean temperature of the day for every hour of every
day in the year, such as Table III. Besides their direct use at the station itself,
they have a useful bearing, within a reasonable distance from the station, on the
selection of observation hours in the many cases in which it may not be possible to
observe at hourly or two-hourly intervals, by affording a ready means of estimating
the amount of error to which a deduction from any limited combination of hours is
subject. If we desire for example to seek the observation hours within the command
of a single observer, which may give the best approximation to the mean temperature
of the day, and to that of the month, and of the year, as well as to the climatic
difference (i. e. the difference between the hottest and the coldest months), we find,
that of homonymous hours, the best pairs at Toronto are 9"—9* and 10"—10*, 10"—10"
being the better of the two; but that 8—8", which is a combination frequently
adopted by observers, does not suit so well at Toronto as either 9"—9" or 10*—10".
The average errors in the different months, when the temperature is inferred from

MDCCCLIIL. X
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observations at 9"—9" or 10"—10" instead of from hourly observations, are shown on
the average of six years to be as follows :—the sign + denoting that the mean daily
temperature in the month is given too high, and — that it is given too low, by the
mean of the two compared with the mean of the twenty-four observations.

9h—9b 10b—100
’ 4 A} ( A N
January —04  July —04 January 00 July —02
February —0-8 August —03 February —0°1 August 401
March —05 September —0-2 March 401 September 403
April —04 October —0°1 ‘April —01. October 405
May —01 November —0°:2 May +03 November 404
June —03 December —06 June —02 December 00
Mean of the year —0°36 Mean of the year 009
Difference of the hottest and coldest months:
Too great by 0%4 Too great by 0°15

For the purpose of combining with an approximate mean temperature of the day,
an approximation also to the hottest and coldest hours of the day, and to the hours
of maximum and minimum of other meteorological elements, ¢hree equidistant obser-
vations are frequently adopted in preference to a binary system, and the hours of
6 A.M., 2 .M. and 10 p.m. appear to be usually preferred. These hours are still within
the command of a single observer, though we often find substituted for them the
non-equidistant hours of 7 A.m., 2 .M. and 9 p.m., doubtless because they suit better
the convenience of observers. On comparing the mean temperatures in the different
months derived from 6", 2", 10", or 7", 2, 9% with the full complement of twenty-
four hours, we find that the approximation to the mean temperature obtained by
7h, 24, 91 is not quite so good as by 6%, 2, 10"; and that either of the triplets give a
less correct mean temperature than 10h—10": 61, 2, 91 would appear a more suitable
combination as far as regards approximation to the mean temperat ure.

6 a.m., 2 .M., 10 P.M. 7AM., 2P.M., 9P.M.
r A B r A ™
January +03 July —06 January +0-4 July +1°0
February —0-1 August  —09 February 00 August 405
March —04 September —0°7 March 401 September 405
April —06 October —0-2 April +04 October 403
May —0'5 November 40-2 May 408 November -+0-3
June —07 December 01 June -+07 December 40-2
Mean of the year —0°34 Mean of the year 4043
Difference of the hottest and the coldest months :
Too small by 0°4 Too great by 1°0

Three equidistant observations in the twenty-four hours are the utmost that can
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be perseveringly maintained by a single observer. When there are two or more
observers, there is no difficulty in multiplying the times of observation so as to com-
prehend all the objects that may be desired, each in the manner and by the means
which are most suitable to it and will be most satisfactory. But as the work of
observation at by far the greater number of meteorological stations is usually carried
out by a single observer, and as this is likely to be always the case, it should be a
primary object with meteorologists who are furnished with sufficient means, to form
tables of corrections to the mean daily temperature for every hour of the day, upon
the basis of a sufficient number of years of observation, to be used at the respective
localities, or within the distances to which such tables may be severally applicable,
by persons whose means or convenience may restrict them in respect to the number
and choice of hours of observation. With such a table, similar to Table III. of this
paper, the choice is disembarrassed of its chief difficulty, that of selecting hours
which by their combination will give an approximate mean temperature for the
several months and for the year; and the observer is left free to give a preference,
independent of such consideration, either to the hours when the phenomena change
least rapidly, and when consequently small irregularities in the times of observation
will be least injurious, or to the hours which will furnish the best approximation
to the daily maxima and minima of the meteorological elements generally, viz. of the
temperature, the tension of vapour, the pressure of the gaseous atmosphere, and the
force of the wind; or to the hours which will have the most effective bearing upon
other points of meteorological or climatic interest, to which the observer’s attention
may be directed.

The equation of the mean annual variation of the temperature, in the form most
convenient for use, deduced from the twelve monthly meauns in the lowest horizontal
line of Table I., is as follows :—

t,=-+44°32 —21%57 sin (a+82° 58')+0°81 sin (2a+4-278° 32')
— 1%43sin (3a¢+333° 48') 4044 sin (4a+430° 04')
+ 0°73sin (5a+37° 48')4032 cos 6a,
in which a=nX 30°, n denoting the number of months and parts of a month between
January 15th and .
The equation of the mean diurnal variation of the temperature deduced from the
twenty-four hourly means in the last vertical column of Table I. is—
t,=+44>32 45513 sin (a+53° 40') 4082 sin (2a+59° 08))
—0%48sin (3a-+41° 41') — 006 sin (4a+51° 23')
4004 sin (5a4-20° 35'),
in which a=nXx 15°, n being the number of hours and parts of an hour between «,

and O hours or astronomical mean noon.

I now proceed to the second portion of the series, or to the six years in which the
X 2



152 ON THE PERIODIC AND NON-PERIODIC VARIATIONS

observations were for the most part made on a less perfect system than that of
twelve or twenty-four equidistant observations in the twenty-four hours. The hours
of observation during this portion of the series were as follows :—

January 1841 to June 1842 inclusive ; two-hourly equidistant.

July 1848 to December 1848 inclusive; 2, 3, 4, 9, 10, 11, 17, 19, 21, 22.

1849. January to December inclusive; 1,2, 3, 5, 6, 9, 10, 11, 18, 19, 20, 22.

1850. January to April inclusive; hourly.

1850. May to June inclusive; 2, 3, 10, 11, 18, 19.

1850. July and August; hourly.

1850. September to December inclusive; two-hourly equidistant.

1851. January to April inclusive; two-hourly equidistant.

1851. May to December inclusive; 2, 4, 10, 12, 18, 20.

1852. January to December inclusive; 2, 4, 10, 12, 18, 20.

Whenever the observations during these six years were either hourly, or two-
hourly and equidistant, a mean of the observations simply, without corrections
applied to any of them, has been taken as the mean temperature of the day. In all
the other cases corrections taken from Table III. have been applied individually to
the observations at the hours to which they refer, and the mean temperature of the
day has been computed from the mean of the observations so corrected.

Having thus obtained the mean daily temperatures during the second period of six
years, we have the mean monthly temperatures derived from the twelve years as
follows :—

January . 2497  April . 4114  July . . 6641  October . 4493
February . 2340 May . 5118 August. , 66'16 November. 3651
March. . 3023 June . 6105 September 5802 December. 2675

Mean of the whole 44°23,

Employing these values, we obtain the formula representing the mean annual variation
of the temperature at Toronto as follows :— .
t,=-44>23—21°81 sin (a481° 27')+1%06 sin (2a471° 32
— 0%80sin (3a+347° 42')+0°22 sin (4a-+37° 27')
+ 0°88sin (5a+50° 41")+0°325 cos 6a,
a=nX30°; n being reckoned as before from January 15th.

Table IV. (pages 154 to 159 inclusive) exhibits in column 1 the mean temperature
of every day of the year, computed by the preceding formula; and in columns 2 to 13,
under the respective years 1841 to 1852, the differences of the mean temperatures
actually observed on each day from the mean of the twelve years computed as
described and shown in column 1. These “ differences” are the non-periodic varia-
tions of each day, on the assumption that the monthly means of twelve years furnish
a sufficient basis for the deduction of approximate normal values; which is certainly
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true within the limits which are at present required for the comparison of the non-
periodic variations in Europe and America. The observed temperatures themselves
may be obtained, if they are required, by adding or subtracting (as the case may be)
from the mean daily temperature in column 1, the difference which stands on the
same horizontal line with the day, and in the same vertical line with the year. The
final column (14) shows for each day the average non-periodic variation in twelve
years. We may learn, consequently, from this column, the average non-periodic
variation in twelve years of any particular day of the year which may be surmised
to be subject to some special physical peculiarity, causing it to be warmer or colder
than the general progression of the temperature in the part of the year to which it
belongs. An example of its application may be given by the reply which the values
in this column furnish to the question*, whether the three days of May (the 11th,
12th, and 13th), which MipLer has stated to be characterized, on the average of
eighty-six years of observation at Berlin, by a depression exceeding 2° Fanr. when
compared with the general march of the temperature at that season, undergo a
similar depression in North America. On a reference to the month of May in
Table IV., it is seen in column 14 that on the average of the twelve years from
1841 to 1852, the 11th of May was 0°1 below, and on the 12th and 13th of May
respectively 3°1 and 2°4 above the general mean of the temperature in those years.
It may be seen also that the average non-periodic variation in the five days from the
8th to the 12th of May inclusive, is in the same twelve years 1>1 above, and in the
five days from the 13th to the 17th inclusive 1°0 above, the general mean of the
temperature. The meteorological observations at Toronto during these twelve years
do not therefore support the supposition that the depression of temperature on the
11th, 12th and 13th of May, observed at Berlin, is a general and periodically recur-
ring phenomenon over the whole globe; such as would be occasioned by a partial
obscuration of the sun’s disc by the intervention of a periodical stream of agérolites ;
but they tend rather to indicate that the depression chserved in Europe may have
been a partial phenomenon, having a local cause.

The not unfrequent occurrence of differences of large amount on single days, shown
in columns 2 to 13, is an indication of the great variability of the climate of Toronto
in regard to temperature ; and the still remaining cccasional magnitude of the daily
averages in column 14, shows that the influence of non-periodic variations is by no
means extinguished in the means of twelve years.

* Kosmos, Bd. 1. S. 407. Anm. 56.
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TaBLe IV.—Non-Periodic Variations of the Temperature at Toronto, from January

1841 to December 1852 inclusive.

&::igxgeelge Difference on each day of the twelve years from the temperature derived from the monthly means. Mean
the monthly daily dif-
| 1841. | 1s42. | 1843. | 1844, | 1845. | 1846. | 1847. | 1848. | 1849, | 18s0. | 1s51. | 1ss2. | Fevenee

1. @) (3) (4.) (. (6. (7)) (8. @) | o) | auvy | a2y | a3y | q4)

(1] 252 |— 96 |+ 82 |Sunday.| — 01 |+ 99 |+ 85 |+ 98 | +190 | —11-2 | — 87 | — 20 |+ 04 | +27
2 252 | — 96 |Sunday.| — 13 |+ 81 |+ 54 |+ 90| +102 |Sunday.| —260 | — 51 | — 38 | — 23| —0

3 25'1 |Sunday.| — 96 | —147 |+ 74 | +124 | + 78 Sunday. 4115 | =170 | — 27 | — 95 | — 21| —17

4 251 | —184 | — 37 |— 72| — 26 | +102 Sunday. +117 | — 11 | — 64 | — 39 | —110 Sunday.| —3-2

5 251 | — 48 | —115 | + 33 | — 48 |Sunday.| + 48 | +102 | — 01 | — 41 | — 42 Sunday. — 14| —1:3

6 251 | +115 |4+ 76 | +118 |+ 16 | — 71 |+ 81 |+ 64 |—134 | — 65 Sunday. + 25 |~ 47| +16

7| 251 | +106 | + 02 | +13-4 |Sunday.| — 14 | +103 | — 46 | — 3-3 |Sunday.| + 45 | — 31 | —158 | 411

8 251 | — 34|+ 25 |Sunday. —100 | + 44 | + 69| —154 |4+ 46 | — 17 |+ 31 |+ 14| — 33| —10

9 251 | — 22 |Sunday.| + 29 | — 17 |+ 72 |+ 39 | — 94 |Sunday.| —154 | + 80 | +11:8 | + 2:2 | +0-7

10 { 251 |Sunday.|— 09 |+ 78 | — 44 |+ 36 | + 47 |Sunday.| —21:83 | —278 | + 07 |+ 91 |— 38| —32

11 250 |+ 53 |4+ 57|+ 56 |— 59 |+ 10 |Sunday.| —14+4 | — 6°1 | —26°6 | +12:0 | + 7-1 [Sunday.| —1°6

12| 250 |+ 44 |— 17|+ 74| +4+103 |Sunday.| — 40 | — 81 |— 11 | — 7:3 | + 51 |Sunday.| —100 | —0°5

13| 250 |+ 01 |— 66|+ 20|+ 55 |— 82 |— 38|+ 76 |+113 | +10°1 |Sunday.| + 57 | —147 | +08

.| 14 250 |+ 37 |+ 97 {— 13 |Sonday.|— 75 | + 31 | +11:8 | 4137 |Sunday.| — 7'3 | +123 | — 10 | +3-7
%’ 15 250 |+ 65 00 Sunday. 4+ 76 |+ 47 | +103 | +150 | +153 | + 28 |+ 60 | +109 | —21°5 | +52
§< 16 249 | 4112 |Sunday.| — 16 | +125 |— 07 | — 07 | — 1:0 |Sunday.| — 58 | + 97 | +118 | — 85 | +27
.gi; 17 249 |Sunday.| + 91 [+ 14 |+ 29 | — 53 | —164 Sunday.| + 23 | — 48 | +10:2 | — 72 | —184 —2:6
18 249 | —225 | +101 | +111 | — 08 | —10°2 |Sunday.| + 37 | — 80 | —14'2 | + 49 | —15'2 |Sunday.| —4'1

19 248 | —154 | +128 | +146 | — 94 Sunday. —147 | =162 | — 49 | —10°7 | + 23 Sunday. —236 | —6°5

20 248 | — 01 | +104 | +133 | —147 |+ 21 | — 52 | — 91 | +121 | — 04 Sunday. + 72| —243| —08

21 247 |+ 47 |+ 13 | +188 |Sunday.| + 63 | — 7-3 | —16'8 | + 66 |Sunday.| +11'1 | + 58 | —145 | +1+6
22 247 |+ 08 | —12:3 |Sunday.|=— 19 |+ 15 —136 | — 99 | — 24 | — 55 |+ 52| 4103 | —17:0 | —4-1
23 246 | 4+ 46 Sunday. + 91 | +127 |+ 82 |— 90 | + 25 |Sunday.| 4+ 04 |+ 65 |+ 83 |— 71| +36
24 245 |Sunday.| — 32 | + 74 | —10-5 | +10-7 | + 4-1 |Sunday.| + 30 |+ 77 | 4116 | + 88 |+ 14 | +4-1
25| 245 |+ 48 |4 91| —101 | —258 | — 04 |Sunday.| + 05 | +116 | +11:5 | +124 | + 66 |Sunday.| 420
26 244 |+ 58 |+ 56| — 78| —25% Sunday.| + 81 |+ 11 | +14°1 | + 33 | + 90 |Sunday.| — 64 | +07

27 243 | +1056 | — 30 |+ 31 | —247 |+ 91 | — 03| —145 | +130 | — 24 Sunday.| — 37 | — 1:3 | —0-4

28 243 |+ 40 | 4120 | — 0°3 |Sunday.| +11°4 | 4+ 98 | — 75 |+ 7:1 |Sunday.| + 28 | + 89 |+ 87 | +57
29 | 242 |+ 84 |4+162 |Sunday.| —2009 | + 05 | 4117 |+ 23 |+ 56 |+ 96 | + 06 | —22'5 | +104 | +20
30 24°1 | + 4+5 |Sunday.| + 60 | —154 | — 83| 4+123 | — 90 Snnday. —102 | + 24 | —256 |+ 10 | —4-2
|31 24:0 |Sunday.| + 82 | + 64 | —18-9 | —181 | — 9-1 [Sanday.| 4+ 82 | —147 | + 92 | —103 | — 02 | —3'9
(1 239 | —100 | + 71 | —185 | — 53 | —20°6 |Sunday.| + 63 |+ 09 |+ 44 |+ 35| — 19 Sunday.| —2-9
2 239 | — 07 | 4145 | — 93 | — 23 |Sunday.| + 47 | +14'2 | + 89 |+ 62 | + 56 |Sunday.| + 0-2 | +4-2

3 238 | — 66 | 4183 | — 08 | — 53 | — 32| +117 |+ 23 |+ 89 | — 45 Sunday.| 4 55 | 4+ 56 | 429

4| 237 | — 08 |+107 | + 11 [Sunday.| — 7-3 | +11°3 | — 7°9 | +10-9 |Sunday.| —16:3 | + 81 | +136 | +2:3

5 236 |+ 43|+ 76 Sunday.| + 97 | =113 | 4103 | — 73 |+ 23 |— 87 | —141 [+ 16 |+ 93| 403

6 236 | + 58 Sunday. —149 | + 58 | —124 |4+ 88 |— 37 Sunday. + 22| — 21| =129 |+ 81 | —15

7 23:5 |Sunday.| + 63| —121|— 14| — 61|+ 79 Sunday. — 19 | —128 | + 83| —109 | + 56 | —1+7

8 235 |+ 28 |—149 | —12:7 | — 12 | —11*7 |Sunday.| + 91 |4+ 01 |4+ 12 | +12:9 | —187 Sunday.| —3+3

9 234 |+ 43| — 05 |— 97 | —126 Sunday. —133 |+ 55 |+ 68 | — 79| +119 Sunday. +100 | —0°5

10 234 | —104 |+ 74|+ 48| — 23|+ 62| —136 |+ 12 | —114 | — 14 Sunday. + 32| +11'6 | —04

11 234 |{—18'9 | 4124 | — 42 |Sunday.| + 74 | — 86 | — 60 | =130 [Sunday.| + 57 | — 87 | +108 | —2'3

12 234 | —171 | 4+ 57 Sunday. + 50| — 76| — 76| — 60| — 55 |—175 + 37|+ 12| — 38| —45

%’a 13 234 | — 92 |Sunday.| — 90 | + 94 | —16'7 | + 37 | — 2'5 |Sunday.|—102 | + 42 | + 96 | — 51 | —26
5)14 | 254 |Sunday| — 80 | —155 | — 1'6 | 4+ 34 | + 45 |Sunday.| + 65 | =191 | 4 42 | 4144 | — 86 | —2:0
"=< 15 234 | — 54 |4 01 |—137 |+ 66 |+128 Sunday.| — 18 | + 1:7 | —215 | — 93 | +15°0 Sunday. —15
g 16 235 |+ 47| — 40| —200 | + 62 Sunday. — 08 | — 48 |4+ 50 | —206 | + 16 Sunday. — 64 | —39
17 235 |+ 05| —113 | —200 | — 78 | +114 | — 13 |+ 05 | + 47 |—16'5 Sunday.| + 63 | —114 | —41

18 236 |4+ 40 |+ 71 | —184 Sunday. + 90— 81|+ 55|+ 78 [Sunday.| + 88 | + 40 | —21:0 | —0-1

19 237 | — 11 | — 56 Sunday.| + 97 | +11-4 | 4+ 04 |+ 61 | 4121 | —198 | — 80 | +104 | —174 | —0-2

20 | 238 |4 72 |Sunday.| — 94 | +14°4 | 4149 | 4 25 | — 2:3 |Sunday.|— 62 | + 98 | +14:5 | —13+7 | +3-2

21 239 |Sunday.| + 01 | — 32 | +11-5 | 4+15°4 | + 19 |Sunday.| 4148 |+ 37 | + 39 | +113 + 16 | +61
22 240 | 4136 | — 09 | —11-8 | +11-8 | +13*7 Sunday.| — 99 | +105 | 4 65 | —12:0 | 4126 Sunday.| + 3+4
23 241 | —114 | 4 46 | —148 | + 15 Suuday. — 56 | =175 4 58 |+ 82| — 35 Sunday. + 72 | —2%

24 243 | — 34 |+ 58|~ 33| — 94 |+137|—128 | — 67 | — 1:2 | 4+ 93 Sunday. +111 |+ 97 | +1-2

25 245 |+ 59 |4+ 17|+ 36 Sunday.| 4180 | —17°4 | — 7°6 | — 7-4 |Sunday.| +10'8 | + 60 | + 34 | 1-1+7

26 | 247 |+ 74|+ 91 [Sunday.|+ 94 |+ 91 | —254 |+ 02 |+ 25 | +100 | +139 | +11:0 | — 72 | +36

27 | 249 |+ 96 |Sunday.]— 25 |+ 49 |+ 59 | —164 | + 42 Sunday.| + 98 |+ 74 |+ 92 | — 58| 426
128 | 251 |Sunday.|+10:0 |— 47 |+ 66 |+ 51 | — 98 |Sunday.| + 54 | 4117 |+ 94 | — 3:0 | + 25 | +33
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TasLe IV. (Continued.)
Daily tem-

perature de- Difference on each day of the twelve years from the temperature derived from the monthly means. M
rived from Y eaq
the monthly| dally dif-
el 1841, | 1842, | 1843. | 1844, | 1845. | 1846. | 1847. | 1848, | 1849. | 1s50. | 1851, | 1832, | feremee:
(L) 2.) 3.) 4.) (5.) (6.) (7.) (8.) 9.) (10.) (1L) (12) (13.) (14.)
(1| 254 |+ 37 |+11-8|—107 | +153 | +11-3 |Sunday.| — 07 | —13-2 | + 08 |+ 59 |+ 21 | — &1 | +105
2| 256 | — 74 | +151 | —144 |+ 92 |Sunday.| — 84 | — 17 |— 90 | — 25 | + 41 |Sunday.| —127 | —2-8
3| 259 | — 24 |+175 | —10-8 |Sunday.| + 40 | — 38 |+ 11 |— 52 | — 52 |Sunday.| — 4-0 | —13:0 | —g2-2
4| 262 |— 89| +127 | =112 |— 87 |+ 96|+ 81 | — 23 |— 73 |Sunday.| — 30 | + 49 | — 53 | —1-0
5| 264 |— 66|+ 39 [Sunday.| + 37 |+ 92|+ 85 |— 10 |Sunday.| + 53 | + 63 |+ 31 |+ 10 | +33
6| 267 |— 25 |Sunday.| —141 |+ 59 |+ 71 | — 52 |+ 56 [— 30 |+ 77 |+ 77 | — 06 | — 73 | +01
7 270 |Sunday.| + 33 | —131 | + 82 | 118 | — 14 Sunday.| + 93 | +100 | + 61 | — 26 Sunday.| +3-5
8 274 | — 65|+ 73 |— 28| +108 | 4185 |Sunday.,| — 15 |+ 96 |+ 28 | — 1:3 | — 35 |+ 50 | 440
9| 277 |— 03 |+130 | — 36 |+ 31 |Sunday.| + 52 | — 55 |— 28|+ 33|+ 27 Sunday.| +10°0 | +2'5
10 | 280 |— 89 |+ 83|+ 44 |Sunday.|+ 45|+ 49|+ 04 |— 58|+ 28 |Sunday.| + 38 |+ 10 | +1+5
11| 284 |— 97 |— 36 | — 20 | +104 | + 46 | + 63 | —131 | — 04 |Sunday.| — 32 |+ 67 | + 48 | +0°1
12 287 | — 17 | — 41 [Sunday.| +11°4 | + 7-3 | +11-1 | —12'8 |Sunday.| + 24 | + 01 | — 4:8 | +10-2 +19
13 2941 | — 15 |Sunday.| — 33 |+ 92|+ 77 | +101 | —104 |\— 92 |+ 73 |+ 77 |+ 30| 4+11:0 | +2:9
14 295 |Sunday.| 4+ 23 |— 54 |+ 12 |+ 1:3 | + 52 |Sunday.| —202 | 4+ 35 | + 9:3 | — 0-6 |Sunday.| —0-4
S115| 299 |—153 |4+ 41 |— 96 |+ 36 | —11-7 |Sunday.| —12:8 | —188 | + 83 | + 37 | 4100 | + 41 | —3-1
H< 16 3002 | —1385 |+ 93 |— 93|+ 34 |Sunday.| — 20 |—130 |— 58 |+ 74|+ 18 Sunday.| + 24 | —1°9
B [17| 306 | —15'0 | +147 | — 58 |Sunday.| — 1:5 | — 31 | — 1:4 | — 78 | 4+ 01 |Sunday.| + 81 |+ 75 | —0-9
18 310 |— 32|+ 597 |— 883 |—153 | — 75|+ 33|+ 25 |— 17 |Sunday.| + 04 |+ 23| — 66| —26
19 | 314 |+ 76 | +169 |Sunday.| — 46 | — 95 | + 62 | + 06 |Sunday.|+ 12 | — 76 | — 28 | =104 | —¢-2
20 | 318 |+134 |Sunday.|— 93 |— 56| — 32|+ 74|+ 36 |+ 39|+ 76| —131 |+ 109 |—151 | —0-8
|21 | 3822 |Sunday.| — 16 | — 98 | - 82 |GoodFriday| 4- 0+6 |Sunday.| + 7:3 | + 49 6:3 | + 149 |Sunday.| —1-3
22| 326 |+ 38|+ 01 |—115 | — 54 |+ 25 |Sunday.| — 08 [+ 19 00 |+ 05 |+ 36 | — 80 | —1-2
23| 329 |+ 49|+ 02 |—203|— 60 |Sunday.| 4+ 66 |+ 31 |+ 14 |+ 91 | — 1:6 |Sunday.| — 60 | —0-9
24| 333 |+ 73 |+ 20 |—150 |Sunday.| — 01 |+ 65 |+ 03 | + 31 |+ 17 |Sunday.| + 64 | — 53 | 107
25 337 | + 4'9 |GoodFriday| —12°7 | + 60 | + 43 |+ 51 | + 42 | + 6°1 |Sunday.| —10°1 | — 28 | — 77 | —0-3
26 | 341 |+ 82|+ 60 |Sunday.| + 40 | +106 | + 4-7 | — 3:0 |Sunday.| — 46 | — 82 |+ 83 | — 13 | 425
27 | 345 |+ 37 |Sunday.|— 7:0 | — 1°5 | 4103 | + 40 | —12:8 | — 02 | — 46 | — 49 | 4164 | — 31 0-0
28 348 |Sunday.| — 08 | — 40 | + 36 |+ 87 | + 1:0 |Sunday.| + 46 |+ 5'5 | — 2:1 | — 08 |Sunday. 4147
29| 852 | — 51 |+ 28 |— 74 |— 77 | 4146 |Sunday.| — 18 | + 82 | + 55 [GoodFriduy| + 40 | — 1:0 | 411
30 356 | —138 | +10°2 | —10°1 | —14+8 |Sunday.| — 09 | —123 | + 42 |4+ 84 | — 17 Sunday. — 73| —3838
¥3] 360 | — 36 | — 88 |—104 Sunday. +185 | — 07 | —17-4 | 4109 | 4+ 35 Sunday. + 17| — 20| —0°8
(1] 363 |+ 27 |— 06| — 93| — 36|+ 02— 17 | — 95 | — 30 |Sunday.| + 13 | + 35 | — 4-3 | —2-2
2| 367 |— 17 | +17°5 |Sunday.| + 29 | 4+ 1:9 | — 16 |GoodFridaySunday.| + 14 | + 45 | + 66 | — 81 | +2:6
3 37°1 | + 1-:3 |Sunday.| — 7-2 +146 | — 35|+ 11 |— 15 |+ 74|+ 86 |+ 80|+ 16 |— 95 +1-9
4| 374 |Sunday 00 | — 46 | +118 | — 15 | + 54 |Sunday.| + 34 |+ 69 | + 31 | — 4-2 |Sunday.| +23
5| 3878 |— 21 |+ 26 | — 30 |GoodFriday| —10*7 |Sunday.| + 05 | — 20 | — 09 |— 16 | — 19 | — 62 | —2:5
6 381 — 21 |+ 35| — 40| — 04 Sunday + 86 | + 54 4+ 3+0 |Good Friday| — 1+4 Sunday. — 58| 408
7| 385 |— 30 |+ 26 | — 24 |Sunday.| —136 | + 95 |+ 60 |+ 09 | +11-5 |Sunday.| + 10 | — 64 | +06
8 388 | — 141 |— 32|+ 30 |+125 | —136 | — 36 |+ 65 |+ 60 Sunday. —131 | 4+ 32| — 43| —07
9 391 |GoodFriday] — 0°2 |Sunday.| + 92 | — 38 | — 04 | 4+ 09 |Sunday.| + 27 | —104 | + 07 | — 34 | —05
10 395 | —12+7 |Sunday.| — 8:0 | +11°4 | 4 14 |GoodFriday| + 20 | +15°3 | + 60 | — 7-4 | — 3-2 34 | +06
11 398 |Sunday.| + 98 | — 03 | +106 | — 49 | + 24 |Sunday.|+ 65 | — 38 | —10'3 | — 82 Sunday. +0-2
12 402 | — 51 00 |+ 09 |+142 |+ 03 |Sunday.|+ 01 |+ 72 |— 39| — 41 | — 80 |— 03 + 01
13| 405 |— 29 |— 32 |— 1:2 | +17°0 |Sunday.| — 89 |— 07 | — 21 | — 26 | — 93 |Sunday.| — 28 | —1+7
14 408 | — 85 | — 1°3 |Good Friday Sunday + 65| — 29| — 1'7 |+ 02 —167 Sunday. — 1.6 + 03] —29
H)15 | 411 |— 70 | — 32 |+ 51 |+111 | 4 94 | — 95 | — 86 |+ 80 |Sunday.| — 95 | — 1:9 | + 25 | —0-4
ZV16| 415 |— 02| — 28 |Sunday.|+ 94 |+ 13 | — 31 | — 65 |Sunday. — 99 | —14:3 | 4 34 | 4 20 | —e1
17| 418 |+ 68 Sunday. + 02| — 18|+ 01 |+ 67 | —118 | — 22 | — 33 | —149 [+ 08 |+ 27 | —15
18 | 421 |Sunday.|— 24 |— 65 | — 32|+ 20 |4 89 |Sunday.| —11-8 | — 58 | — 9:6 |GoodFriday Sunday.| —3+6
19| 424 |— 38 [+ 16 |— 29 [+ 1 00 |Sunday.| — 51 | — 95 | — 41 | — 26 | — 34 | + 46 | — 22
20 428 | —114 |+ 52 |— 1:2 | + 56 |Sunday.| + 83 |— 01 | — 16 | — 83 | — 51 Sunday.| + 1:3 | —07
21 431 | — 47 | 4119 { + 49 Sunday. — 13 | +14'3 | +12°4 |Good Friday| — 75 Sunday. — 20 |+ 45 +3‘6
22 | 434 |— 24 |+183 |+ 48 |+ 65|+ 42|+ 31 |— 06 |+ 02 |Sunday.| + 63 |4+ 37 | — 27| +38
23 437 |+ 24 | — 1 Sundav +11-4 -|-11’6 4+ 94 | — 71 Sunday. — 29 |— 89 + 48 | —10°0 | 409
24 | 440 |+ 7-3 |Sunday.|+ 58 | +113 | 4120 |4+ 783 |— 52 |— 69 | — 63 |— 16 | + 57 | — 55 | 422
25 | 444 |Sunday.| + 31 |4+ 23 |4 57| — 12| — 24 |Sunday.| — 45 | — 07 | + 29 |+ 55 |Sunday.| + 12
26 | 447 |4+ 44 |+ 11 |+ 62 | — 24 | + 39 |Sunday.| + 61 | — 62 | — 86 |+ 44 |+ 05| — 59 | +0-3
27 450 | — 42 | — 42 |+ 28 |— 52 |Sunday.|+ 40 | — 82 |~— 177 | — 71 | + 81 |Sunday.| — 64 | —2:2
28 454 | — 05 | — 42 |+ 97 |Sunday.| + 75 |+ 71 |— 87 |— 16 |+ 25 Sunday.| — 15 | — 63 | +04
29 457 |— 25 | — 17 |— 80|+ 23 |+ 73|+ 20 |— 75 |— 28 |Sunday.| — 25 | — 04 | — 23| —15
(30 | 460 |+ 06 |+ 26 |Sunday.|+ 63 |+ 73 |+ 6:0 | — 77 |Sunday.| + 21 |+ 27 |— 21 |— 15 | +1:6
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ON THE PERIODIC AND NON-PERIODIC VARIATIONS

TasLe IV. (Continued.)
Daily tem-
Pf;zt&lgolﬁ Difference on each day of the twelve years from the temperature derived from the monthly means. Mean
the monthly daily dif-
mean of the| ference.
12 years. 1841 1842. 1843. 1844, 1845. 1846. 1847. 1848. 1849. 1850. 1851, 1852,
) (@) (3. () ) 6y | o) (8) ©) | aoy | av | azy | a3) | a4)
(1| 464 | — 3-2 |Sunday.| — 79 | +116 |+ §:3 |+ 7-5 [Notobs — 87 | — 39 |— %9 |— 66 |— 69 | —0-6
2| 467 |Sunday.| — 11 | — 60 | +127 |+ 1'3 | + 7-3 |Sunday.| + 06 | — 79 | — 42 | — 94 |Sunday.| —07
3| 470 | —146 |+ 06 | — 21 |+ 85 |+ 69 |Sunday.Not obs.| + 54 | — 72 | — 02 | — 87 | — 06 | —12
4| 474 | — 87| — 25| — 67|+ 23 |Sunday.| + 74 |— 10 |+ 6:0.{ — 06 | — 1°9 |Sunday.| — 46 | —1-0
51 477 |— 71 | + 15 | — 7'3 |Sunday.|— 69 |+ 78 |— 03 | 4128 | —10-2 [Sunday.| — 58 |+ 42 | —1°1
6 480 | — 58 |+ 42 | — 15|+ 26| — 32 |4+ 23|+ 13| +147 Sunday.| — 56 | — 54 |4+ 61| 409
7 484 | — 64 | — 48 Sunday.| + 78 | — 83 |+ 44|+ 77 |Sunday.| — 59 | — 21 | — 11 |4+ 80 | —01
8| 487 | — 27 |Sunday.| — 24 |+ 63| — 59 |4+ 86 |+ 64 |+ 20 | — 36|+ 03|+ 37 | +101 | +21
9| 491 |Sunday.| — 68 |+ 07 |+ 10 | — 12 |+ 52 Sunday.| + 31 |— 29 | — 76 | +10'5 |Sunday.| +0-2
10 494 | — 16 |4 61 |4+ 13| — 25|+ 19 Sunday.| + 68 |+ 11 |— 43| — 86 |4+ 22 |— 24 0:0
11 498 |4+ 48 | — 37|+ 34|+ 90 Sunday.| — 81 |+ 75 | — 20 | — 51 | — 74 Sunday.| + 05 | —0°1
12 501 | — 20| — 27|+ 63 Sunday. +147 | — 02 | 4100 | — 53 | — 34 |Sunday.| 4+ 99 | + 41 | +31
13 505 | — 51 |— 69 |+ 89 |— 71 |+121 |+ 89 |4 67 | —108 Sunday.| + 70 | 4103 | + 28 | +24
14} 508 | — 68 | — 67 |Sunday.| — 08 | + 7:9 | +11°2 | + 2'8 |Sunday.| — 40 | — 03 | + 06 | + 25 | +06
g 015 | 512 | — 441 |Sunday.| +11-5 | + 36 [ —107 |+ 11 |+ 75 |— 20 |— 36 |+ 53 | — 08 | — 1:3 | +06
S< 16 | 515 |Sunday. + 18 |+ 13 |+ 3-0 | —10°3 | + 29 |Sunday.|— 03 | + 10 | + 47 | + 57 |Sunday.| +1°1
Bl17| 5149 |+ 31 |4 03| — 64 |+ 17 | — 0-3 |Sunday.| + 58 |+ 24 |4+ 14| — 73 | + 52 | — 50 | 401
18| 522 |+ 11 | 4+ 82 36 | — 16 |Sunday.| — 51 |+ 63 |+ 86 |+ 19 | — 7-5 |Sunday.| — 69 | 401
19 | 525 |— 483 |— 66 | — 33 [Sunday.| + 39 |— 65 |+ 68 |+ 99 | + 2:0 |Sunday.|— 06 | — 69 | —06
20 529 |+ 144 | — 93 |— 02 |— 53 |— 59 |+ 12 |+ 1'2 | 4+ 97 |Sunday.| —158 | + 73 | —118 | —2°5
21 532 | + 52 | — 23 |Sunday.| —125 | — 27 | —10°2 | + 1'7 |Sunday.| + 57 | — 96 | + 15 | — 04 | —2-4
22 | 536 |+ 36 |Sunday.| — 15 | — 63 | —10:3 | — 1-8 [+ 61 |4 35 | — 1:0 | — 80 |+ 03 | + 29 | —1'1
23 539 |Sunday.| — 16 | — 35 |+ 16 | — 31 | + 52 |Sunday.| 4+ 27 |— 06 | — 29 | — 87 Sunday.| —1-2
24 542 |4+ 83 | — 32| — 01|+ 55 |—108 |Sunday.| 4 27 |+ 67 | —117 | + 34 | — 71 |+ 75 +0-1
25| 546 |+ 60 | — 26 | — 1-3 | 4114 |Sunday.| 4113 |+ 01 |+ 70 | — 92 | — 07 Sunday.| — 15 | +2°1
26 549 |+ 43| — 17 | — 20 |Sunday.| + 73 | +118 | — 83 | + 16 | — 48 Sunday.| + 27 | — 43 | +07
27 552 |+ 36 | — 58 |— 39 |+ 72|+ 54 |+125 | — 30 | + 25 |Sunday.| —17:0 | + 04 | — 37 | —02
28 556 | + 86 | — 39 |Sunday.| + 42 |— 27 |+ 73|+ 72 |Sunday.| — 12 | + 80 |+ 22| — 05 | +29
29 | 559 |+ 06 |Sunday.| — 27 |+ 16 | —183 |+ 85 [+ 12 |+ 744 | — 24 [+ 31 | — 66 | + 54 | —02
30 | 56-2 |Sunday.| — 62 | —13'6 | + 1-3 | —12'4 | + 87 |Sunday.| — 16 | — 47 | — 86 | — 40 |Sunday.| —4'6
31 565 |+ 07| — 22| —162 | — 19 | — 31 Sunday.| —104 | — 79 | — 30 | — 82 |4+ 09 | — 29 | —49
1 569 |+ 37| — 34 |—168 |+ 29 Sunday.| + 80 | — 26 | — 42 | — 22 | — 41 Sunday.| — 20 [ —2:1
2 572 |+ 69 |4+ 12 | —138 |Sunday.| + 51 |+ 27 |— 28 |+ 56 | — 03 Sunday 20 | +103 | +1:3
3| 575 | — 10 |— 13|— 96 |— 44 |+ 54 |+ 54 |— 17|+ 66 [Sunday.| + 42 | — 71 | + 35 00
4 578 |+ 95 |+ 08 Sunday.| — 24 |+ 65 |+ 35 | — 6°6 Sunday.| 4+ 16 | + 64 | — 32 | — 70 | +0-9
5 581 | +12+7 |Sunday.| —111 |4+ 18 | — 16 | — 583 | — 54| — 15| — 42 |+ 56 |— 54 | — 50| —22
6 | 584 |Sunday.| —126 | —11-3 | 4 34 |— 66 | — 79 |Sunday.| — 84 | — 17 | +12'9 | — 54 |Sunday.| —4-2
7 587 | 4116 | — 88 |— 71 | — 46 | — 51 Sunday. + 12| — 36 |— 13 |+130 |— 18| — 19| —0°8
8 590 | +138 | —107 | — 55| — 69 Sunday.| — 29 | — 18| — 08 | — 55 |+ 73 Sunday.| — 17 | —1°5
9 594 |+ 68 | — 40 |+ 31 |Sunday.| +102 | — 10 | 4 74|+ 62 | — 36 Sunday.| — 59 | — 19| 417
10 597 | +108 | —179 | —12:1 | — 104/ + 67 | + 40 | + 21 |+ 47 Sunday — 43| — 297 | =117 | —2'8
11| 599 |+ 60 | —23-2 [Sunday.|— 78 |+ 36 | + 02 | — 35 |Sunday.| — 26 | — 37 | — 21 |— 59 | —39
12 602 | — 64 Sunday — 32| — 47|+ 49| — 30| — 25|—1006|— 70|+ 63| — 30| — 45| —31
13 | 605 |Sunday.| — 75 |— 22 |— 30 |+ 26 | — 1-2 |Sunday.| — 80 | — 0-8 | + 40 | — 41 |Sunday.| —2-2
.14 608 | — 07| — 64 |— 33 |— 02 + 39 Sunday. —148 | — 50 | + 01 |+ 42 |— 19 |4 95| —13
gJ15 ] 611 |— 42| — 29| 86|+ 03 |Sunday.| + 77 | —120 | +168 | 4 38 | — 12 Sunday.| +13:2 | +13
B5Y16 | 613 | — 15 |— 07 | — 49 |Sunday.| — 87 | + 09 | —106 | +141 | + 30 |Sunday.| — 39 | +129 | +0-1
17| 616 | — 27 | — 52| — 35 |+ 21 |— 74 | + 48 | — 63 | +107 |Sunday.| + 13 | — 48 | + 64 | —04
18 | 6119 | — 28 |+ 0-3 [Sunday.| + 82 | — 4-3 |+ 71 | — 24 |Sunday.| + 48 |+ 99 | — 38 | + 51 | 422
19 621 | + 04 Sunday. — 37|+ 50— 26|+ 73|— 51|+ 61|+ 92 |411°0 + 1.2 | 4 04| +27
20 62-4 Sunday.| — 67 | + 31 |— 08 |+ 16 | — 62 |Sunday.| + 15 | +12:2 | + 84 |+ 28 Sunday.| 418
21 626 |+ 23| — 20|+ 62— 24 |+ 04 Sunday.| — 82 | — 07 | +12°0 | + 48 | + 0-2 + 05 | +16
22 629 |+ 771 — 13|+ 64 |— 30 Sunday — 29 | — 40({+4+ 114+ 81 |4 03 Sunday.| — 25 | 4140
23 | 631 | + 72 | — 65 |+ 42 |Sunday.| + 55 |+ 36 | — 07 [+ 10 | + 50 |Sunday.|+ 02 | — 46 | 415
24| 633 |+ 35— 50|+ 25|+ 39|+ 56|+ 65|+ 16|+ 03 Sunday.| — 06 [ — 147 | — 87 | 407
25| 635 |+ 30 |— 7.2 |Sunday.| 4+ 6:2 | — 60 | + 88 |+ 19 |Sunday.| + 33 | — 41 |4+ 05 | — 57 | 401
26 | 638 |4 59 |Sunday.|+ 35 |— 09 | — 37 |+ 61 |4 56 |+ 59 | + 49 | — 03 |4 40 |+ 01 | +2:8
27 | 640 |Sunday.| — 25 |+ 72 |— 34 | — 02 |+ 14 |Sunday.| + 63 | + 68 | — 34 | + 03 Sunday.| 414
28 642 |+ 75| — 34 + 39 |— 42| — 75 |Sunday.| + 16 |+ 15 |+ 21 |+ 03 + 1'3 | — 11 | 402
29 644 [ 4+143|— 33|+ 30 |— 33 Sunday.| + 51 {— 10 [+ 02 |+ 29 | + 42 Sunday.| — 11 | 421
30 645 {4+ 62|+ 13 |4+ 58 Sunday.| — 98 | + 81 |— 17 |+ 42|+ 50 Sunday.| + 28 | — 08 | +2°1
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PB:;LYI:: - Difference on each day of the twelve years from the temperature derived from the monthly means. Mean
the monhly daily dif-
e 1841, | 1842. | 1843. | 1844, | 1845. | 1846. | 1847. | 1848. | 1849, | 1ss0. | 1s51. | 1ss2. | Ference

@ | @ | @) @ | Gy | ) | @y | 6y | @) | @y | avy | az2) | @3) | a4)

(1| 647 | +30 |— 56 | +10-4 | +41 |— 83 |+ 55 |+ 13 | — 85 |Sunday.| +31 | —do |— 77| —06
2| 649 | —51 |— 56 |Sunday.| +14 |— 72 |4+ 18 | + 31 |Sunday.|— 37 | +35 | —73 |— 61| —25
3 651 —5'4 |Sunday.|— 75 | —64 |— 78 | — 19 |+ 59 | — 56 | — 27 | +50 —80 | — 60 | —37
4| 652 |Sunday.|— 33 |— 27| —96 |— 82 |+ 29 |Sunday.| — 44 | — 07 | +49 | —28 |Sunday.| —26
5| 653 | 4283 |— 79 |— 52| —54 |— 25 |Sunday.|+ 68 | — 27 |— 18 | +47 | —06 | — 20| —13
6| 655 | —49 | —101 |— 09 | +41 |Sunday.|+ 41 |+ 36 | — 11 |4+ 01| +1-3 Sunday.| + 20 | —0-2
7| 656 | —46 | — 56 | — 03 |Sunday.|+ 55 |+ 11 |+ 59 |— 41 |+ 40 |Sunday.| —4:0 |+ 73 | +0'5
8| 657 | —13 |— 55 |+ 46| —31 |+ 48 |4+ 29 |+ 79 | — 84 [Sunday.| —25 | —52 | +102 | +04
9| 659 | —1:4 | — 62 |Sunday.| +20 |— 32 |+ 67 | + 76 |Sunday.|+ 66 | —2:2 | +05 |+ 36 | +14
10 660 —5-1 Sunday. — 40| +28 |— 05| +125 |+ 64| — 26 | +108 | —05 | —2:0 + 60 | 422
11 661 |Sunday.| — 35 | —10-7 | +11 |4 71 |+ 89 |Sunday.|+ 09 | 4107 | +30 | —39 Sunday.| +1+5
12| 662 | —09 |+ 24 |— 64| 417 | +158 |Sunday.| + 81 |+ 21 | 4126 | +66 | —20 |— 38 | +33
13 663 +32 |+ 47| — 32| +11 Sunday — 30 |+ 40 |+ 52| 4121 | +12 Sunday.| — 28 | 42-2
14| 663 | +63 |+ 20 |+ 27 |Sunday.|+ 97 | —102 | — 36 |+ 42 | — 46 |Sunday.| 423 |+ 08 | +1-0
3 15 664 —20 |— 14 |— 12| —31 |+ 82 |— 92|+ 12 |— 05 |Sunday., -84 —06 | — 07| —0°1
'E< 16 665 —59 |+ 01 Sunday. —35 | +167 | — 83 |+ 70 |Sunday.| — 16 | +6°8 +61 | — 15| 410
|17 666 —4+4 |Sunday.| + 11 —26 |+ 70 |— 52|+ 80 |— 26 |4+ 08| +52 +62 |+ 26| +15
18 | 666 |Sunday.|+ 54 |+ 52| +1:1 |— 05| — 1'8 |Sunday.| + 29 |+ 36 | —22 | —1'5 Sunday.| +1-4
19 | 667 | 417 |+ 48 |— 69| +02 |— 25 |Sunday.| +106 |+ 30 |+ 72| —09 | —33 | — 56 | +0°8
20 | 6677 | +06 |— 60 | — 94 | —1-7 |Sunday.|+ 59 |+ 70 |+ 65 | + 25| +30 |Sunday.| + 24 | 411
21 667 | +44 |- 69 | — 43 |Sunday.| + 64 | + .26 | + 60 | + 39 | — 04 |Sunday.] —2:2 | 4100 | 419
22 66-8 +87 |+ 03|+ 03| +39 |+ 08| — 11|+ 02 | — 36 |Sunday.| +3-2 —02 |+ 80| 419
23| 668 | +71 |+ 45 |Sunday.| +12 | — 47 |+ 48 | — 30 [Sunday.| — 17 | 426 | 429 |+ 23| +16
24 | 668 | +4-3 |Sunday.| + 01 | —19 | — 68 | — 08 | — 29 |+ 03 |+ 23 | +82 | —0:9 | — 12 | 401
25| 669 Sunday.| — 69 | — 25 | —39 |— 21 |+ 48 |Sunday.| — 31 00 | —1-1 | +28 |Sunday.| —1-3
26 66-9 —38 |+ 48|+ 07| —50 |+ 08 Sun(lay. —125 | — 02 | 4+ 31 | —75 +49 |4+ 08| —14
27 66+9 —40 |+ 40 |— 18| —28 Sumlay. — 07 | —108 | — 13 | — 46 | —71 Sunday. — 39| —33
28| 669 | —95 | — 26 | + 3-9 |Sunday.|— 38 |+ 21 |— 85 | — 16 | — 27 |Sunday.| —0-¢ | — 01| —23
29 669 —47 |4+ 39| — 71| 436 | — 52|+ 85| — 26 | — 32 |Sunday.| +46 —52 |+ 60| —0-1
30 | 669 | —88 | — 57 |Sunday.| +24 | —114 |+ 80 | — 7°5 |Sunday.| + 46 | +11 | —53 | — 06 | —2-3
31 66-9 | —s4 Sunday.| — 56 | +53 | — 79|+ 10 | — 59 00 | — 60| 4+19 —42 | —10°5 | —3*7
1 66:9 |Sunday.|—110 | — 82 | +1-2 | — 78 | + 20 |Sunday.|— 59 | — 39 [+ 30| —51 Sunday.| —4-0
2 66°8 —42 | — 77| — 65| —13 | — 54 Sunday.| — 40 |— 13 | — 04 |4 31| —25 |— 94 | —36
3. 66°8 +12 | — 77 |— 21| —37 |Sunday.| + 32 | — 36 |4+ 12 |+ 30 |+ 18 Sunday. — 58| —13
4 66°8 +03 | — 45 |+ 14 Sunday. — 02 |+ 84 |— 06 |+ 02| — 18 Sunday.| —44 |— 29 | —04
5| 668 | —146 |4+ 02 |+ 20| —3:0 |4+ 14 | +11:6 | + 05 | — 30 |Sunday.|+ 62 | —2:9 | — 40 | +07
6| 668 | —38 | — 38 [Sunday.| —4'2 |+ 15 |+ 61 |+ 22 |Sunday.| 4+ 03 |+ 52 | —02 | — 45 | —0°1
7 66-7 —35 Sunday. 4+ 25| —04 |+ 52 |+ 59| — 23 | — 19| — 18 |4 66| +24 | + 02| +12
8 | 667 |Sunday.|— 10 | — 07 | +32 |+ 24 |+ 04 |Sunday.|— 01 | — 07 | + 33 | —2-4 |Sunday.| +0-5
9 666 —18 |— 37 |— 24| +31 |+ 58 Slmday. +11+4 |+ 51 |+ 08 |4 41| —37 | — 10 | +16
10 | 666 | —38 | — 26 |+ 08| —33 |Sunday.| + 05 |+ 36 |+ 74 | — 72 | — 04 |Sunday.| — 28 | —0'8
11| 665 | —81 | — 15|+ 11 |Sunday.|+ 21 |— 26 |— 10 |+ 69 | — 46 |Sunday.| —13 | — 33 | —12
12 664 —59 |4+ 17|+ 39| —81 | — 05|+ 58|+ 119 |+ 63 Sunday.| 4+ 67| +21 | — 1'3 | +11
13| 663 | —1-7 |+ 03 |Sunday.| —43 | — 33 |+ 66 | + 42 [Sunday.| — 05 | — 26 | 4+26 |+ 02 | +02
14 66-3 —52 |Sunday.| + 22| —21 | — 21 |+ 32 |+ 49 |4+113 | — 33 |— 22| —73 |+ 27| 402
"z; 15| 66-2 |Sunday. + 16 |— 22| +05 |4+ 01 |4 66 |Sunday.| + 67 | — 43 | — 5°5 | —8'8 |Sunday.| —06
End 16 66°1 | +19 |+ 35 |+ 36| +47 |+ 29 Sunday.|+ 70 |+ 48 |— 19 |— 59| —67 | — 86 | 405
é’ 17| 660 | +40 [+ 39|+ 20| +10- |Sunday., — 27 |+ 07 |— 26 | + 06 | — 71 |Sunday.| — 44 | —0'5
18 | 659 | +43 |+ 23 |— 32 |Sunday.|+ 63 |— 87 |— 91|+ 01 |+ 39 |Sunday.| —60 00 | —1°0
19 658 —14 |— 15| — 45| +48 |+ 11| — 26 | — 81 |— 03 Sunday. — 21| —63 |+ 53| —14
20 | 656 | —0'8 | — 53 |Sunday.| —26 |+ 44— 22 |— 47 (Sunday.| 4+ 29 | — 36| —43 |4 25| —12
21 655 +1+3 |Sunday.| — 43 | —47 |4+ 69 |+ 20| — 23 |— 20|+ 38 |— 28| +05 |+ 33| +02
22 | 654 |Sunday.|— 27 |— 30| +02 |4 31 |— 05 |Sunday.| + 12 |+ 09 | — 16 | +2'7 |Sunday. 00
23 652 —65 |— 02| — 22| —30 |4+ 72 |Sunday.| — 57 |+ 46 |+ 27 |+ 12| 421 [+ 78| 407
24 650 | —56 |+ 18 |— 31 | —6'5 |Sunday. — 46 | — 36 |+ 33 |+ 26 |+ 19 Sunday.| + 7:2 | —07
25| 648 | —26 |+ 66 | — 05 |Sunday.| + 40 |+ 04 |— 29 |4+ 31 |+ 48 |Sunday.| —08 |4+ 64 | +1:9
26| 646 | —27 |+ 68|+ 48| —67 |+ 30|+ 1'8 |+ 16 |+ 27 |Sunday.|— 39| —87 |+ 66 | +04
27| 644 | —09 |+ 60 |Sunday.| —74 |— 36 |+ 32 |— 63 |Sunday.| + 42 |— 98| —93 | — 10 | —2'5
28.| 64-2 +1°4 |Sunday.| + 37 | —57 |— 1'6 |+ 37 |— 38 |+ 57 |— 25 |— 27| —55 |~ 31| —09
29 639 [Sunday.|+ 17 | 4+ 31 | —47 |+ 62|+ 24 Sunddy + 38|+ 42|+ 01| —1-3 [Sunday.| +1:7
30 637 —06 |— 11 |4+ 69| —16 |+ 33 |Sur nday.| — 09 | + 60 |4+ 67 |+ 41| +53 | — 10| +25
31 634 | —02 |+ 43 | 4101 | +1'5 |Sunday.| + 80 | — 89 |+ 64 | — 58 |+ 73 [Sunday.| + 29 | 426
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ON THE PERIODIC AND NON-PERIODIC VARIATIONS

TasLe IV. (Continued.)

Daily tem-
p:;?t&l;:o(:lxe; Difference on each day of the twelve years from the temperature derived from the monthly means. Mean
the f‘nonthly daily dif-
e 1841 | 1842, 1843, | 1844. | 1845. | 1846. | 1847. I 1848. | 1849. | 1850. | 1851. | 1852, | ference.
(1) (2.) 3. (4) (5.) (6.) (7) (8.) 9. 10) | au) | 2y | @13) | q4)
(1| 631 |4 41 (4107 |+ &5 |Sunday.|+ 67 | +168 |+ 52 |+ D8 | — 61 Sunday.| + 08 | + 78 | +4d-2
21 628 |4 70 |4 06|+ 97 |+ 42 |+ 20 |+116 |+ 02 |+ 1°0 |Sunday.| — 36 | + 17 |+ 88 | +39
8| 625 |4+ 57| — 60 |Sunday. + 04 |+ 46 |+ 83 |+ 05 |Sunday.| — 22 | — 05 | 00 |+ 18 | +1-3
4| 622 |+ 46 Sunday.| + 75 | — 15 |+ 24 | +108 | — 58 |+ 79 | 4- 37 + 27 |+ 14 |— 25| 428
5 61-9 Sunday.| — 27 |+ 1'3 |— 32 | — 38 |+ 97 Sunday.| + 10 |+ 69 | — 24 | + 54 Sunday.| +1-4
6 615 |4+ 69 | — 10 + 46 |+ 01 | — 23 Sunday.| — 29 | — 40 | — 54 | — 37 + 63 |+ 49 | 403
7] 612 | 4 81 |4 20 + 49 |+ 02 |Sunday.| +12:5 |+ 17 | — 09 | —11:0 | — 0+7 Sunday.| + 45 | 21
8 608 | + 84 | — 63 + I'1 (Sunday.| — 89 |4+ 14 [+ 39 |+ 20 | —10-0 Sunday.| +10:1 | + 388 | +06
9 604 |4 94| 81| — 77 |4 37| — 36|+ 03 |— 77 | — 47 [Sunday.| — 26 |+ 92 |+ 71 | —0-4
10 [ 601 |+ 82 | — 37 Sunday.| + 45 | — 67 | + 38 | — 52 |Sunday.| — 3'5 | — 28 | +137 |+ 90 | +17
597 | — 35 |Sunday.| — 86 |+ 45 | — 82 | +107 | — 46 | — 14 | — 05 | — 57 | +133 |+ 47 | 401
121 593 |Sunday.|— 09 | — 79 |+ 27 |— 74 | + 93 Sunday.| — 71 | 4+ 23 | —11'6 | 4156 |Sunday.| —0-6
L1138 589 | — 32 |— 14 |— 17 |4+ 07 | — 87 |Sunday.| — 96 |— 59 |+ 31 | — 82 | — 30 | —11-5 —40
8114 584 | — 39 | — 04 | — 26 + 70 Sunday. +147 | —127 | — 33 |+ 41 | — 8% Sunday.] — 90 | —1-5
B 18| 580 |4+ 30 |+ 18 |+ 30 [Sunday.— 10 | — 12 | — 93 | — 86 | + 50 |Sunday. —108 | — 94 | _oy
Y 16 576 |+ 57 | — 25 + 35 |+ 81 |— 92 |+ 1'5|— 54 |— 69 Sunday.| — 21 | — 70 | — 89 | —2-1
S'117| 571 |+ 38 |— 35 |Sunday.| +10:9 | + 14 | + 12 | + 1-2 Sunday.| + 47 |+ 28 |— 52 | — 59 | +1-1
18| 567 | — 67 Sunday.| + 58 |+ .19 | 4+ 35 |+ 20 |+ 14 | — 01 | — 10 | + 29 + 14 | — 01| 410
19 | 562 |Sunday | —10-0 |+ 29 + 87 |— 13 |4+ 69 |Sunday.| + 31 | — 40 | — 30 | + 59 Sunday.| 410
20 | 557 |+ 43 |— 22 |+ 49| +139 | — 36 Sunday.| — 08 | — 41 |4+ 07 | — 22 |+ 97 | — 28 | +1:6
21 552 |+ 80 | —1k4 | 4122 |+ 28 Sunday.| — 36 | — 19 | — 95 |+ 46 | + 17 Sunday.| 4+ 55 | +08
22 | 547 | 41141 | —176 | — 01 Sunday.| — 60 | — 09 | — 2-3 | —14:3 | + 76 |Sunday.| — 27 | — 17 — 27
23 543 | 4+ 74| —105 | +114 | — 59 | — 51 | 4+102 |+ 57 | — 49 Sunday. +125 | + 44 | — 43| +19
24 538 |+ 63| — 70 Sunday.| — 54 | — 61 |+ 49 |+ 01 Sunday. + 03|+ 83|—105 |+ 09| —08
25 533 |+ 43 Sunday.| — 01 | — 72 | — 34 | — 15 | — 06 | — 37 |4+ 69| — 22| — 46 | + 20 —09
26 | 528 |Sunday.|— 36 |— 90 | — 98 | — 31 |+ 03 Sunday.| —14'2 | — 37 | — 20 | + 3-8 |Sunday.| —46
27| 523 | — 26 |4+ 63 | —116 | —11-9 | — 35 Sunday.| 4+ 72 | — 52 | — 48 00| — 77 |— 57| —36
28| 519 | — 20 |4 52— 72| — 86 Sunday.| + 12 | — 28 | — 80 |+ 59 | — 11 Sunday.| — 4:0 | —2-1
29 5144 | — 41 | 4+ 61 + 01 Sunday +121 + 93 | — 49 | — 07 | + 28 Sunday.| 4+ 1:2 | — 7:3 | 414
(30| 809 | — 53 |+ 53 |+ 31| — 54 |+ 67| +109 | — 21 | — 80 |Sunday.| — 51 | — 22 | — 05 | —02
(1] 505 |— 91|+ 538 Sunday.| — 62 | —= 02 | — 05 | — 47 |Sunday.| — 19 | + 11 | — 32 |+ 30 | —1+6
2 500 | — 67 Sunday. + 20 |+ 44 |+ 49| — 41 |— 20|— 19 |— 50 | — 66 + 34 |4+ 96 | —02
3| 496 |Sunday.| — 1'8 | — 30 |+ 13 |+ 32 | — 21 Sunday.| + 50 | — 05 | — 3+4 | + 27 |Sunday.| +0-2
4 491 | — 46 | — 51 | — 3% + 1'2 | + 25 |Sunday.| + 60 |+ 47 |4+ 16 |4+ 25 | — 12 + 59 | +09
5 487 | — 27 |— 48 |+ 08 | — 09 Sunday.| 4+ 37 | +107 |+ 40 | — 13 | + 22 Sunday.| + 26 | +14
6| 483 | — 22| — 37 |4 80 |Sunday.| — 69 [+ 74 |+ 88 |+ 03 | — 09 Sunday.| + 2:0 | + 90 | 422
7| 4719 000 |+ 67 |4 51 | =101 |+ 19 | +153 | + 78 | + 33 |Sunday.| —102 | + 59 | + 67 | 1-2:9
8 475 | — 22 |+ 63 Sunday.| 4+ 48 | + 76 | +11°5 | + 58 Sunday. — I'4 |+ 09 |+ 80 |+ 92 +50
9| 471 | — 16 |Sunday.| — 35 |+ 77 |+ 84 |+ 53 |+ 40 + 51|+ 36 |+ 74 |+ 83 + 61| 446
10 | 467 Sunday.| + 140 | — 07 |4 15 | +104 | — 60 Sunday.| — 18 | — 22 |+ 78 |+ 91 Sunday.| 4 2-1
111 463 | + 51 |+ 93 |4 31 |— 43 |+ 61 |Sunday.| — 28 | — 61 |+ 01 |+ 77 | £11:0 | + 3¢ +30
12 46°0 | — 24 |+ 08 | — 31 |— 20 |Sunday.| +103 | — 2:9 | — 39 + 20 | — 17 Sunday.| + 15 | —0°1
13 456 | — 41 0:0 | — 7°4 |Sunday.| 4+ 45 | — 01 | — 6°1 | — 17 | — 4°1 Sunday.| + 97 | — 44 | —1-4
S| 14| 453 1+ 28 |+ 10 | — 85 |4 25— 36 | — 09 | —108 | + 52 |Sunday.| — 63 |+ 23 | — 17 | —1.7
8|15 | 449 |4 22| — 147 [Sunday.| + 02 | — 99 | — 08 | — 45 Sunday.| + 48 | — 20 | — 42 | — 60 | —2-2
'2< 16 | 446 | — 6-8 |Sunday.|— 85 | — 16 |— 63 |+ 50 |+ 53 | +106 | + 87 | + 87 | — 80 | — 80 +04
8|17 | 443 |Sunday.| — 01 |— 50 | — 20 | — 30 | —11°0 |Sunday.| — 87 + 61 | +107 | — 1:3 |Sunday.| —1+7
18 441 | — 85 |— 58 |— 34 [+ 01 |+ 38 Sunday.| + 89 | — 92 | — 04 | — 1-2 86 | +11°2 | 404
19 438 | — 36| — 51 |— 36 |— 61 Sunday.| — 11 | — 09 | — 33 | — 37 | — 24 Sunday — 04| —-30
20 | 436 | — 42 62 | + 89 |Sunday.| — 99 | — 34 | — 23 | — 14 | — 27 |Sunday + 97 | — 17| —13
21 433 | — 45| — 08 | — 11 | — 1099 | —147 | — 50 | — 22 | — 33 Sunday. + 02 |+ 16 |+ 51 | —24
22 | 430 | — 76 | 4+ 3% [Sunday.|+ 05 | —120 | —12:0 | — 4+4 Sunday.| + 60 | + 56 | — 27 | + 21 | _21
23 428 | — 90 Sunday.| —104 |+ 01 | — 1'2 | — 64 | — 08 | — 07 |+ 28 |4 20 |— 22|~ 26| _26
24 425 |Sunday.| 4+ 84 | — 66 |+ 54 |+ 19 | — 3.4 Sunday.| + 53 | — 23 | — 10 | + 3-1 Sunday.| 4+1-2
25 423 | —11'2 | — 14 | — 55 + 72 |+ 26 Sunday.| — 35 |4+ 22 |+ 33| — 31 |— 64 + 28| —1:2
26 420 | — 37 |— 14 |— 73 |+ 06 Sunday.| 4+ 71 | —154 | — 04 + 35 | — 29 Sunday. — 29| —23
27| 418 | — 99 | — 46 | —10-8 Sunday.| + 6°0 |+ 10 | —116 | + 30 | + 2-4 Sunday.| — 98 | + 56 | —29
28 415 | — 52 |+ 22 | — 66 | —13'5 + 74| — 81 |— 72 |4+ 74 Sunday. 4+ 29| — 16 | +111 | —1-0
29 413 | ++ 30 | + 24 Sunday.| —125 | +128 | — 10 | — 1-5 Sunday.| + 71 | — 82 |+ 81 | + 62 +16
30 410 | + 85 Sunday. — 91 | —107 | +11°1 | — 54 | + 14 + 97 |— 39 | — 41 | +104 | + 54 +1:2
31 408 (Sunday.| — 14 | — 77 | —109 | +11-9 | — 51 Sunday.| + 21 | —10'9 | + 31 | 4 14 Sunday.| —1:9
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Tasie IV. (Continued.)
Daily tem-
gﬁzzau?; fnex ) Difference on each day of the twelve years from the temperature derived from the monthly means. Mean
the monthly daily dif-
ey | 1841. | 1842, | 1843. | 1844, | 1845. | 1846, | 1847. | 1848. | 1s40. | 1850. | 1s51. | 1852, | ference
1) @) () () (5. (6.) A (8.) @) | oy | auy | a2y | as) | (4)
(1| 405 | 4132 |+ 39 |— 44 | — 23 |+ 78 |Sunday.| +101 | — 17 | — %0 |+ 68 |+ 35 |+ 35 | +53
2| 403 |+ 66 |— 05 |— 53 | — 15 |Sunday.| + 98 | +116 | — 47 | + 12 |+ 54 |Sunday.|+ 31 | +26
3 400 {4+ 24 | — 49 |— 90 fbunday + 15|+ 7%7|4+108 | — 03 |+ 69 Sunday. — 43 |4 05 411
4 398 | — 32 | — 46 |—128 |+ 05|+ 15|+ 49 |+ 36|+ 33 Sunday. +104 | — 81 |+ 12| —03
5 395 |— 22 |+ 03 Sunday. + 04 | + 20 00 | — 09 Sunday +138 | +148 | —110 | — 03| +1-7
6 392 | — 62 Sunday.| — 94 | — 02 |+ 24 |+ 20 | — 62| — 28| +126 |+ 42 |— 79|+ 18 | —09O
7| 390 |Sunday.|+ 54 |— 52|+ 39 |+ 07 |+ 76 |Sunday.|— 87 |+101 | — 47 | — 19 |Sunday.| +0°8
8 387 | — 07|+ 04 |— 56| — 44 |— 51 Sunday. + 94 | — 86 |+ 52| — 17|+ 05— 09| —10
9 384 |— 11 | — 21 |— 32| — 45 Sunday. +136 |+ 79 | —163 |+ 62 | — 31 Sunday. — 30| —06
10 381 |+ 08 |— 18 | — 1'3 |Sunday.| + 1'1 | +14:2 | — 05 —126 | + 92 Sunday.| — 65— 36| —0°1
11| 378 |+ 43 |+ 31 |— 31 |+ 32 |+ 02 | +122 |~ 1'8 |~ 90 |Sunday.| — 0-5 | —140 | + 11 | —0-4
12 375 |+ 37 |+ 13 Sundd,y + 48| — 16|+ 92 |— 07 Sunday. + 51|+ 14 |— 68|+ 04| +17
.13 3872 |+ 09 |Sunday.|— 95 |— 37 |+ 70|+ 87|+ 08 |— 41|+ 90 |— 08| — 56| — 43| —01
E 14 | 369 |Sunday.|+ 07 | —118 |— 29 |+ 47 | + 7'5 |Sunday.| — 02 | + 64 |+ 31 | — 50 {Sunday.| +0-3
S< 15 35 | — 64— 31 |— 09 |— 03 + 23 Sunday. + 06|+ 09|+ 08|+ 61| — 38| — 42| —07
2)16| 362 |— 18 | — 1-2 |+ 27 |+ 32 |Sunday.| + 84 |+ 66 |+ 06 |+ 48 | — 21 |Sunday.| — 45 | +1-7
= |17 | 358 |— 45 |+ 22|+ 40 |Sunday.| + 96 | +-10:3 | +11-7 | — 21 | + 48 |Sunday.| — 40 | — 45 | +2'8
18 3556 | — 71 | —140 |+ 47 |— 59 | +143 | +105 |+ 79 | — 49 Sunday. + 04| — 51 |— 12 0-0
19 351 | — 49 | — 68 Sunday.| + 02 | + 46 | + 41 | — 84 Sunday. +105 |+ 14 | — 31 | — 16 | —04
20 348 | — 16 Sunday + 36|+ 07|+ 89|+ 35| — 81 |— 25|+ 99 |+ 19|+ 14|+ 03} +16
21 344 |Sunday.| — 85 | + 44 |+ 24 |— 11 |+ 61 |Sunday.|— 08 |+ 78 | — 60 | + 3'8 |Sunday.| +0-9
22 341 |+ 86 | — 41 |— 27 |+ 73|+ 03 Sunday. + 74| — 02| 4+116 | — 68| — 31 |— 07| +16
23 337 |+ 14 00 |+ 56 |4+ 48 |Sunday.| + 12 | +152 |+ 10 |+ 72 |— 18 Sunday. — 58| +28
24 333 [+ 06 | — 43|+ 6 Sunday. — 84 |4+ 07 |4+117 |+ 90|+ 85 Sunday. — 49 | — 76| +12
25 330 |— 52| — 51 |4+ 09 |—123 |+ 19| —128 |+ 38 |+ 13 Sundcl.y. + 38| — 35|+ 35| —2:2
26 326 | —107 | — 79 Sunday. — 59| — 16 | — 72 | — 87 Sunday.| + 77 |+ 88 |— 63|+ 74| —29
27 32:2 | — 89 Sunday. —12:0 | =157 | —1456 | — 02 | — 39 | — 22 |+ 27 | +115 |+ 18 |+ 27 | —35
28 | 3149 |Sunday.| —129 | — 60 | —11:3 | —181 | + 62 |Sunday.| 4+ 70 | — 1:3 | + 43 | + 3'3 |Sunday.| —3-2
29 315 | —134 | —114 | — 15 | — 09 | —119 Sunday.| —17°9 | + 93 |+ 03 |+ 51 |4 34 |+ 14| —3
(30| 311 |— 156 |— 52 |— 44|+ 36 |Sunday.| — 74 |— 59 |— 20 |+ 37 |+ 56 |Sunday.| + 39 | —1'0
M1 308 |+ 31 |— 57 |— 02 |Sunday.| —121 | — 35 |+ 61 | — 36 | — 94 |Sunday.| — 92 | + 47| —30
2 305 |+ 47 |+ 15 |— 03 |— 13 |—223|+106 | + 44 | + 64 Sul)dzly. + 12 | — 79 |+ 43| +01,
3 30°1 |+ 95 | + 61 |Sunday.| + 27 |— 98 |+ 03 |+ 05 |Sunday.|— 01 |+ 97 | — 56 | +10:5 | +24
4 298 | + 56 Sunday. + 54|+ 51 |— 36|+ 24| — 03|+ 48|+ 41 |+ 52| — 38| +4+113 | +33
5 294 Sunday.| — 41 | — 95 |+ 43 |— 65 | + 20 [Sunday.| + 02 |+ 53 |+ 24 | — 6+0 |Sunday.| —1+3
6 291 [+ 04| —102|— 05|+ 66 | — 6°1 Sunday.| + 20 | — 13 |— 30 | + 06 | + 03| +145 | +03
7 287 |+ 22| — 31 |4+ 11 |+ 9% Sunday. + 97 |+ 62|+ 41 |— 44 |— 65 Sunday.| +19°0 | +3°8
8 286 | +107 | + 40 | + 15 |Sunday.|+ 07 |+ 65 | + 31 | +12:2 | — 41 |Sunday.| + 93 | 4105 | +5°4
9 282 |+125|— 01 |— 03 |+ 01 |+ 06 |+ 33| +1387 | + 45 [Sunday.| — 29 | + 12 | + 84 | +37
10 | 279 | 4131 | — 86 |Sunday.| — 11 | —138 |+ 1:9 | + 145 |Sunday.| + 06 | —102 | + 06 | + 57 | +0-3
11 277 |+ 97 Sunday + 49 |+ 19 | —225 | — 17 |+ 50 |+ 18 | — 45 0:0 64| + 57| —06
12| 274 |Sunday.| + 30 | —16°0 |+ 73 | —12:0 | — 9°0 |Sunday.| + 07 | — 3'5 | —10*5 | + 33 |Sunday.| —4°1
13 272 | +116 | — 39 | — 31 |+ 70 | + 01 Sunday.| + 63|+ 48|+ 11 | =167 | =163 | + 12 | —07
14| 2770 | +132 | — 16 |+ 79 |+ 56 |Sunday.| —10-7 |+ 60 | +10:6 |4+ 51 | — 41 |Sunday.| + 05 | +33
2115 268 |+ 75 — 147 | + 76 |Sunday.| + 25| —113 | — 1-2 | + 68 |+ 70 |Sunday.| —12:3 | + 0:7 | +0'6
§<16| 266 |— 46| — 53 |+ 59 |— 77 |+ 17 | — 37 | — 88 | +12:8 |Sunday.| + 27 | —21'8 [ + 95 | —18
8|17 26°4 | —129 | — 09 |Sunday.| — 9'3 | + 84 | — 51 | — 54 Sunday. + 33 |— 98| —21'56 | 4 11| —52
/R |[18 262 | —10°5 Suuday. 4+ 43 |— 78|+ 22| — 02|+ 06| +112 | — 11 |— 84 |—101|— 02| —1'8
19 26°1 Sunday. 4+ 11 |+ 52 |— 90 | —161 | 4+ 40 Sunday.| +11°4 | 4102 | —11'1 | — 52 Sunday.| —1-1
20 250 | —112 | — 18 |+ 95 | — 77 | —144 Sunday —140 [ — 05 |4+119 | — 39 | —105 | — 03 | —39
21 258 | —179 | + 68 | + 87 |+ 19 |Sunday.| — 42 | — 63 | —10-7 | + 20 | + 48 |Sunday.| — 91 | —2°4
22 257 | — 85 | —152 | + 88 |Sunday.| —11*56 | — 53 | — 49 | —17:0 |+ 04 Sunday.| —12:2 | — 15 —6+7
23 256 |+ 80| —124 |4 80 |+ 04| — 49 |— 98 | — 27 | — 66 |Sunday.| —14:9 | —10°5 | + 74 | —35
24 255 | — 04 | — 76 |Sunday.| + 60 | — 18 | + 74 | — 53 |Sunday.| — 48 | —18'5 | — 21 | +135 | —1+4
25 254 | Xmas day | Xmas day. | Xmas day. | Xmas day. | Xmas day. | Xmas day. | Xmas day. | Xmas day. | Xmas day. | Xmas day. | Xmas day. | Xmas day
26 | 25'3 |Sunday.| + 53 | +121 | 4+104 | —104 | + 26 |Sunday.| — 42 | —128 | + 32 | —24'4 |Sunday.| —2-0
27 253 |+ 14| 4+ 25{411'2 | — 51 | — 10 |Sunday.| — 51 |+ 32 |— 02 | 4+ 1'8 | — 01 |4+ 55| +1:3
28 252 |+ 55 |4+ 141 |+ 59 |— 24 |Sunday.| + 40 |+ 95 |+ 15 |— 13 | — 95 |Sunday.} + 68 | 21
29 252 |+ 34|+ 744 |+ 17 |Sunday.| + 85 |+ 39 | +155 |+ 17 | — 05 |Sunday.] +11-4 | + 21 | +5°
30 252 |+ 69| — 36 |4+ 11 |4+ 93| — 20 |+114 | 4175 |+ 16 Sunday.| —20:0 | 4140 | 4+ 35 + 36
31 252 | — 17| — 97 Sumlay. + 83| — 34 |4+125 | +186 Sunday.| —10-3 | —11:0 | + 76| — 1’8 409

Y2
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With a view of assisting the inquiry whether non-periodic variations of a uniform
character manifest a tendency to recur at the same epochs in different years, the
daily averages in column 14 of Table IV. have been collected in Table V. into
“five-day means,” each of the five-day means thus represented being the average
non-periodic variation in those five-days in twelve years. And for the purpose of
supplying a more satisfactory indication of the degree of variability to which the
temperature of any single day is subject at different seasons, than can be obtained
by the mere inspection of the differences in columns 2 to 13 of Table IV., the
“probable daily non-periodic variation” in colamn 3 of Table V. has been computed
for each of the five-day periods, upon the same principle and by the same process
that the “probable error” of each of several partial results is derived from their
mutual differences ; whilst in column 2 is shown the probable non-periodic variation
corresponding to the averages of five days in twelve years contained in column 1,
" bearing a similar analogy to the probable error of the arithmetical mean of a series
of partial results.

TasLE V.
Non-peri- | Probable Non-peri- | Probable
odic varia- | non-peri- | Probable odic varia- | non-peri- | Probable
tions in | odic varia- daily tions in | odic varia-| daily
Five-day periods. twelve years tion in the | non-peri- Five-day periods. twelveyears| tion in the | non-peri-
averaged in|averages of | odic varia- averaged in |averages of | odic varia-
five-day |five days in| tion. five-day |five days in| tion.
means. | Column 1. means. | Column 1.
(1) (2) (3.) 1) (@) (3.
Jan. 3 to 7 inclusive, —-6'7 i6-8 +58 July 3 to 7 inclusive —1'5- i6'5 +34
8 to 12. -1 *o9 | *62 8 to 12. +18 | *+o6 | La2
13 to 17. +20 | *os | *61 13 to 17. +1-1 +05 | T35
18 to 22. —28 | T11 a2 18 to 22. +14 | £04 | E31
23 to 27. +20 *o9 | x67 23 to 27. ~09 | o4 | *30
28 to Feb. 1. —07 | X100 | 73 28 to Aug. 2. —27 | o5 | *37
Feb. 2to 6. +16 | +08 | 60 [Aug 3to 7. 000 | X044 | k26
7 to 11. —16 +09 +63 8 to 12. +02 | F0-4 +28
12 to 16. —2:9 | Fo09 +67 | 13 to 17. 00 | +04 *30
17 to 21. +1-0 +1-0 +7-0 18 to 22. —0-7 +04 2
22 to 26. +15 +09 +69 23 to 27. 0+0 +04 +33
27 to March 3. —144 | 08 | *58 28 to Sept. 2. +23 | X05 | 136
Mar. 4to 8. +20 | +07 | *50 ||Sept. 3to 7. +16 | +05 | =34
9 to 13. +18 | *+o06 | +46 8 to 12. +03 | +07 | *47
14 to 18. —18 +0-8 +56 13 to 17. —1-8 406 +43
19 to 23. —09 +07 | 50 18 to 22. +0-3 +0-6 +42
24 to 28. +09 +06 + 45 23 to 27. —16 406 + 44
29 to April 2. —06 +0-7 +53 28 to Oct. 2. —05 405 +37
Apr. 3to 7. +06 | +06 | £40 | Oct. 3to 7. +15 +05 +36
8 to 12. —0°1 +0-7 +4-7 8 to 12. +29 +0°5 +39
13 to 17. —17 +06 +46 13 to 17. —18 +05 +39
18 to 22. +0-2 +06 + 44 18 to 22. —17 +05 +39
23 to 27. +0-5 +06 +4-2 23 to 27, —16 +0-5 +39
28 to May 2. —02 +05 +40 28 to Nov. 2. +1-0 +06 +49
May 3to 7. —05 +06 +43 || Nov. 3to 7. +0°5 +06 +4-3
8 to 12. +1-1 +05 +39 8 to 12. —0°1 +06 + 41
13 to 17. +1°0 +06 +4+0 13 to 17. +08 +0°5 +36
18 to 22. —13 +06 +4-3 18 to 22. +0-7 +0-6 +4-2
23 to 27. +0-3 +06 +4-3 23 to 27. —09 +0-7 +49
28 to June 2. —12 +06 +46 28 to Dec. 2. —21 +0-7 +53
June 3to 7. —08 406 +44 | Dec. 3to 7. +17 406 +44
8 to 12. —19 +0-7 +50 8 to 12. +09 +08 +55
13 to 17. —05 +06 +46 13 to 17. —08 +0-8 +58
18 to 22. +1°9 +05 +36 18 to 22. —32 +0-8 +6-0
23 to 27. +1-3 + 04 +31 23 to 28. —07 +09 +58
28 to July 2. +03 +0-4 +35 29 to Jan. 2. +2:4 +0°8 461
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If we collect the values in column 3 of Table V. into monthly averages, and
arrange the months in meteorological seasons, we obtain thereby the following
comparison of the probable variability of the daily temperature at different seasons :—

Winter. Spring. Summer. Autumn.
December . 56 March . . . 51 June . ... 40 September . 42
January .. 66 April . ... 46 July. .. .. 35 October. . . 4:0
February . . 66 May. . . .. 42  August . .. 30  November . 44
Means . .. 6'3 46 3'5 4-2

Whence we learn that during the winter months the temperature of a day is as likely
to differ from its mean or normal state 6°3 or more, as it is to differ less than that
amount. Regarding 6™3 therefore as the index of variability in the winter months,
the index in the spring months is 46, in the summer months 3*5, and in autumn 4°2.
The probable variability is a maximum in the last half of January and first half of
February, and a minimum in August; it is progressive from the maximum to the
minimum and from the minimum to the maximum, and its amount is about twice as
great at the maximum as at the minimum.

The principal variations from the general progression shown in the five-day averages
of the twelve years, accompanied in each case by the “ probable variability,” are as
follows :— ‘

January 18 to 22 inclusive —2:8 +1°1
February 12 to 16 inclusive . —29 =409
August 28 to September 2 inclusive 423 405
October 8 to 12 inclusive .o +29 405
November 28 to December 2 inclusive —2:1 407
December 18 to 22 inclusive . . =32 408
December 29 to January 2 inclusive . . 424 4-0'8

Of these, more than half, four, occur in the winter season, two in the autumn, and
one in the summer. Their connexion with particular winds and with other meteoro-
logical circumstances will be more properly examined in the general discussion of
the meteorological observations at Toronto in the volumes of that observatory; but
it has appeared desirable to bring into immediate notice the principal instances,
furnished by the five-day means in twelve years, of such more considerable departures
from the regular progression of the temperature, as may be supposed to indicate in
some degree a tendency to periodical recurrence.

For the convenience of those who study monthly averages, the mean temperatures
of every month in each of the twelve years bave been collected in Table VI., together
with the average temperature of each month in the whole period. By the comparison
of these numbers, the amount by which the temperature of any particular month
during the twelve years exceeded or fell short of the average may at once be seen.
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February and March appear to be months most liable to extreme variations; July
and August the least so ; the probable variability of the several months is as follows :—

January +2:7 April  + 1-9 July . . + 'l October +14
February +2'6 May . +1'8 August . +1-2 November. +21
March +2'8 June. +20 September +1°8 December . +25

The mean annual temperature derived from the whole body of the observations in
twelve years is 44>23; and on the supposition that no constant errors, instrumental
or observational, or occasioned by insufficient protection or defective exposure of the
thermometer, are involved, and that the variations of the temperature in different
years may be regarded strictly as accidental oscillations around a mean value, and of
equally probable occurrence in every year, the probable error of this result is +-0°18.
The probable variability of a single year is 4-063 ; showing that there is an equal
probability that the mean temperature of any one year will fall within the limits of
43°60 and 4486, as that it will exceed those limits; a conclusion which perhaps
would scarcely have been anticipated considering the great range of the thermometer .
in the course of the year, and the magnitude of the non-periodic variations in short
intervals. The climate of Toronto presents a remarkable combination of great
regularity in the annual temperature with great variability occurring in the course
of the year. The mean temperatures of the several years differed from the average
mean temperature as follows :—

1841. —0-31 1844. 4025 1847. —0'53 1850. 022
1842. —0-27 1845. 4035 1848. 4085 1851, —025
1843. —1-88 1846. 4213 1849. —0-14 1852. —039

The excess of cold in 1843 (1°88) was due chiefly to the occurrence of very low
temperatures in February and March of that year; the excess of heat in 1846 (2°13)
was more generally diffused throughout the year, all the months excepting February
and October being above their average. A

Table VI. exhibits also the normal temperatures of the different months in the
geographical latitude, 43° 40'N., in which Toronto is situated, taken from Dove’s
‘Verbreitung der Wiirme,” Berlin, 1852 ; as well as the ¢ Thermic Anomaly,’ or differ-
ences between these normal values and the temperatures observed at Toronto. It
appears from this comparison that every month of the year at Toronto is colder than
the normal temperature of the parallel in which it is situated, the mean annual
temperature being nearly 7° below the normal. The thermic anomaly is least in
July and August (between 2° and 3°) and greatest in February, when it exceeds 11°.
Its sudden increase in October and decrease in November are deserving of notice.
In viewing the bearing of the thermic anomaly at Toronto on the more general
question of the thermic anomaly in the part of North America in which it is situated,
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it is necessary to bear in mind that the thermometer at Toronto was about 342 feet
above the sea-level, equivalent, as usually estimated, to a diminution of rather more
than 1° of FaHr. on account of vertical elevation. Dove’s normal temperatures are
all reduced to the sea-level, and when the monthly temperatures at Toronto have
undergone the same reduction, the thermic anomaly indicated by them is diminished
to about 1° in July and August, but in February still reaches the large amount of 10°;
in both respects therefore confirming DovEe’s conclusion, that the summers of North
America are not warmer than is due to their latitude, whilst the winters are much
colder.

TasLe VI.

Showing the mean monthly and annual temperatures in each of the twelve years
from 1841 to 1852 inclusive, and the average monthly and annual temperatures in
the whole period. Also the mean or normal temperature of the several months in the
latitude of 43° 40' N., taken from Dovg’s ¢ Verbreitung der Wirme,” and the ¢ Thermic
Anomaly,” shown by the observations at Toronto.

Mean
Years. |January. Feb, | March.| April. | May. | June, | July. |August.| Sept. | Oct. | Nov. | Dec. i‘e";;‘g
rature.

o o o Q ) <} o o o

1841, | 256 | 234 | 277 | 392 | 505 | 65:6 | 650 | 64-4 | 613 | 416 | 35-0 | 28-7 | 4393
1842, | 27°9 | 26:9 | 358 | 431 | 491 | 556 | 647 | 657 | 557 | 451 | 333 | 247 | 4396
1843, | 287 | 145 | 213 | 40:9 | 49:1 |'584 | 645 | 664 | 59°1 | 41-8 | 335 | 30°0 | 4235
1844. | 202 | 260 | 31:3 | 47-5 | 536 | 599 | 66:0 | 643 | 586 | 433 | 349 | 282 | 44-48
1845. | 265 | 260 | 354 | 421 | 496 | 610 | 66-2 | 67-9 | 56:0 | 464 | 368 | 21-1 | 4458
1846, | 267 | 204 | 33-1 | 44-0 | 555 | 633 | 680 | 684 | 636 | 446 | 413 | 27-5 | 4636
1847. | 238 | 2145 | 262 | 392 | 544 | 584 | 68:0 | 651 | 556 | 440 | 386 | 301 | 43-70
1848, | 287 | 266 | 286 | 41:3 | 541 | 62:9 | 655 | 692 | 542 | 463 | 345 | 29:1 | 4508
1849. | 185 | 195 | 335 | 390 | 48:0 | 63-2 | 684 | 663 | 582 | 453 | 426 | 26:5 | 44-09
1850. | 297 | 260 | 29-8 | 379 | 476 | 643 | 689 | 668 | 565 | 454 | 388 | 2147 | 4445
1851, | 255 | 276 | 32-4 | 41-3 | 51:3 | 592 | 65:0 | 636 | 60:0 | 474 | 32.9 | 215 | 43-98
1852. | 184 | 234 | 277 | 38-2 | 514 | 60-8 | 66:8 | 659 | 575 | 48:0 | 360 | 31-9 | 43-84

1}”;’;‘;}};‘} 2497 | 23-40| 30-23 | 41-14| 5118 | 61-05 | 6641 | 66-16 | 58:02 | 44:93 | 3651 | 2675 | 44-23

Normal
tempera-
tures in 328 | 347 | 401 502 | 58'1 | 646 687 | 685 | 615 | 538 432 | 36°0 | 51+0
latitude J

43°40’N.

1¢Thermic
Anomaly’ ]

—78|—-113—-99 | —91 | —-69 | —35 |—23 | —23 | —35|—89 | —67 | —92 | —6-8

at
Toronto. J

]

Plate XI. represents the five-day means in the twelve years, both as computed from
the monthly means, and as given by the actual averages of every five days; the
darker line shows the computed and the fainter line the observed five-day means.
The darker line consequently shows the mean march of the temperature, the fainter
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line its actual march, and their difference the non-periodic variations for intervals of
five days. The monthly means are distinguished by a small circle drawn around the
point which marks the temperature; they are connected by faintly dotted vertical
lines with the monthly means (similarly distinguished) of the normal temperatures of
the latitude of Toronto, derived by Dove from the mean monthly temperatures of
thirty-six equidistant points in each of the parallels of 40° and 50° as shown by his
isothermal maps. The normal temperature corresponds to the level of the sea; the
temperatures at Toronto -are those given directly by the observations, uncorrected
for the elevation, which, as already stated, is about 342 feet above the sea.
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