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On the Diurnal Variation of the Horizontal Needle. By JAlexander
Dallas Bache, Professor of Natural Philosophy and Chemistry in
the University of Pennsylvania. Read November 16, 1832.

Durine the month of August, and part of September, of this year,
the usual summer vacation of the University permitted my absence
from the city, and finding myself favourably situated for meteorologi-
cal observations, I undertook to observe the diurnal fluctuation of the
barometer and thermometer, and, ultimately, the hourly variation of
the horizontal needle. It was a source of great regret to me, that, in
these latter observations, I was not also furnished with a dipping
needle, or with the means of directly measuring the variation of mag-
netic intensity: the observations could all have been accomplished
with little more inconvenience than the hourly observations of the
horizontal needle gave ; and the last named subject is more interesting
than the point which I was enabled to observe. This being the case,
I had determined not to make public these observations, but to use
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2 ON THE DIURNAL VARIATION

the experience obtained when occasion might offer an opportunity of
prosecuting more extended researches. This resolution has given
way to the consideration, that magnetic phenomena have not yet been
observed with that closeness of scrutiny to which other branches of
experimental science have been subjected ; that the inconvenience of
hourly observations by day and by night have prevented many from
entering this particular field ; and, finally, that my observations appear
to warrant interesting deductions not afforded by the printed observa-
tions which I have been able to examine.

It would be out of place, in a brief essay like the present, to attempt
a sketch of the observations, either systematic or casual, made upon
the diurnal variation of the needle; the references which will be
made to other experiments, for the purpose of a comparison of results,
will supply the place of such an outline. In making such comparisons,
it is hardly necessary to observe, that I disclaim any intention of claim-
ing for my results any more weight than is due to careful and frequent
observation during the time for which they were obtained.

In the following account, I purpose, first, to givea description of the
instrument, and of its location, and of the mode of observing; next, to
present the observations; and, lastly, the conclusions which they may
warrant.

The needle was thirty-six inches long, .04 of an inch thick, broader,
in its horizontal section, at the middle than at the two ends: it was
supported by a steel pivot playing into a ruby cap, and was contained
in a prismatic box of mahogany, covered by sliding plates of glass.
The weight of the needle was three hundred and fifty-five grains. At-
tached to each end of the box was a brass arc, divided into degrees
and tenths. 'The zero of each arc, and the pivot on which the needle
rested, were in the same line ; but the point in the ruby cap, upon which
the needle rested, was found to be out of the line joining the two ends.
On which account, as well as to render the observations more accurate,
two readings were always made: one on the scale near the north pole,
the other on that near the south pole of the needle. 'The nature of the
suspension of this needle, though sufficiently delicate for the purposes
immediately in view, did not warrant my using its oscillations to
obtain the intensity; its shape and length rendering it, besides, un-
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suitable to such observations, and inducing the fear that it might be
liable to changes of magnetism, which would have been fatal to such
results.

'The relative amount of variation being the object sought, it was only
necessary that the needle box should remain in a fixed position during
the observations. Wishing, however, further to determine the mean
variation of the place of observation, I employed, for tracing a meridian
line, the best means which were at hand; namely, equal altitudes of
the sun before and after noon, as shown by the passage of the bright
image of a circular opening in a metallic plate attached to a style,
over a horizontal circle, the centre of which corresponded with the ver-
tical passing through the middle of the opening. This method is well
known, and needs no particular description here; the platform used
was of wood, the top planed and levelled by a spirit level. Only a
portion of the form was truly level, and this portion was used in
observing the altitudes. Concentric circles were drawn upon the
platform, their centre being in the vertical passing through the centre
of around hole in a copper plate attached to a style; the style was
fastened to the middle of the south side of the platform. The shadow
of the plate first fell upon the edge of the platform at 104 A.M., and
left it at 2 P.M. ; nine observations were made of the passage of the
centre of the image of the aperture over different circles, from which
the meridian line was determined. The points given by seven ob-
servations were in the line; and of those given by two others, the far-
thest departed but one minute and a half from the same line. The
limit of the error by this method is small, though much beyond that
which other methods would have furnished. I repeat, however, that
this error affects only the mean variation, and not the horary varia-
tions.

This platform, upon which the needle rested, was supported upon
three posts, about six inches high, and firmly planted ; to these it was
attached by wooden pins: the same kind of pins had been used in the
construction of the platform itself. The location of the platform was
in a garden, more than forty feet from the house, and fifteen from a
small paling which formed the inclosure. The garden was upon the
side of a hill, the ground sloping towards a meadow: a hill enclosed
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this gorge both on the east and west: behind the western hill the sun
passed about eighteen minutes before the time of sunset.

The. meridian line having been determined, the box containing the
needle was placed upon it, the zero line coinciding with the meridian ;
the points at which the edge of the box was cut by the line were
then marked, so that any change of position might be detected. A tem-
porary inclosure of shingles was next placed around and over the plat-
form, to defend both the platform and the needle from the sun and
rain.

The labour of prosecuting hourly observations, by night as well as
by day, could not well be endured by a single individual for any
number of successive days; and mine, though extending through parts
of ten days, would have met with more interruptions, but for the in-
telligent aid afforded by my friend and former pupil, John F. Frazer,
who took a share in the labour of watching. It did not take many
nights to perceive that the period from 1 A.M. to seven or eight o’clock,
did not include any remarkable points ; and when circumstances seemed
to permit it, I did not continue the observations between those hours.

A few trials enabled me to determine that the space between the
tenths on the scale was readily divisible by the eye into fourths, with
accuracy as to the nearest quarter, both by my assistant and myself:
the observed variation was therefore thus registered, and the limit of
accuracy of one reading was one minute and a quarter. The observa-
tions have been turned into minutes and decimals of a minute. To
show the errors of reading, no better test can be had than to compare
the differences of two readings of both the north and south pole, when
either one was at or near the same position. As the most unfavourable
specimen of such readings, may be taken the time of the first twenty-
four hours, when the observers were the least practised: such a spe-
cimen is given in the first table, and it is to be understood that the
observations of subsequent days presented much smaller errors of ob-
servation, than the average of those there recorded. The observations
were begun a few hours before noon, and each table comprehends
twelve hours of two successive days.

The temperature of the air was noted at the same time with the
variation ; the place of the thermometer was in the shade near the
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house, unless when specially noted to give the temperature of the
needle itself. I regretted not having at command instruments to notice
both these points at the same time ; as the case was, I endeavoured to
vary the observations, so as to procure, by separate observation, the
same results as far as practicable. 'The character of the weather, the
prevailing clouds, &c., were noted in the column of remarks. Ob-
servations were made also upon the barometer and dew point, which
I may make the subject of a separate communication to the society.

In the table, under the column for the hour, M. is used to signify
noon, and m. midnight. The days of the month are in the column
of remarks.

TABLE I
Variation. ffer-
Mo thme. [N Fole Wi S Pols B looer |\ Mtayy | Fapk: | State of the Weathor and Remarks.
Deg. Min. {Deg. Min. Deg. Min. | Deg. Aug. 29th.
12 M. |3 29.6|3 257|393 27.6 | 743 %Cumulu& Moon near first
quarter.
1 PM.| 3 283} 3 250 3.3|83 26.61| 76%
2 PM.! 3 2513 24.2|0.9| 3 24.6 | 78%
3 PM.| 3 2353 21.8|1.713 22.6 | 784! Cumulus. Clear before sun.
1 Sun striking on end of needle.
43 P.M.| 3 226 | 3 21.8 | 0.8 | 3 22.2 g Furtherﬁovering e,
52 P.M.| 3 21.8| 3 21.0| 0.8| 3 21.4 |76
63 P.M.| 3 20.2 13 17.3| 2.9 | 3 18.7 Sun sets at 6 h. 33 m.
7 PM.| 38 20213 17.3|2.9 |3 18.7 | 74| Clear.
8 PM. 3 22,63 21.s|0.8}83 2221|171 Clear.
9 PM.| 3 28.3{3 27.2 1.1 | 3 27.7 Clear.
10 PM.| 3 27.5|3 26.4| 1.1 |3 26.9|69%| Clear.
11 PM.| 3 2753 26.4| 1.1 |3 26.9 | 68%| Clear.
12 m. 3 28.3]3 27.2 118 27.7]| 66%| Clear.
1 AM. 3 28.3|3 27.2 1.1 {83 27.7| 66% Clear. Aug SOthk.)
Clear. Needle vibrating.
2 AM.|3 26.7|3 257|1.0|3 26.2 § Observation not goo o8
3 AM. 3 2353 22.6|0.9|3 230 662 Hazy.
4 AM,) 3 21.0{3 20.3(0.7]| 3 20.6| 66% Clear.
5 AM., 3 21.0| 3 20.3)0.7! 3 20.6 | 66% Dense fog.
53 AM. 3 21.0{3 20.3|0.7|3 20.6 | 66| Dense fog. Time of sunrise.
6 AM)|3 21.8|3 21.0|08]|3 21.4| 66 Fog less dense.
74 AM.| 3 21.8 | 3 21.0 | 0.8 | 3 21.4 | 673 | Foggy.
83 AM.| 3 20.2 |3 19.6 | 0.6 { 3 19.9 Foggy.
9 AM. 3 2103 189|213 19.9 | 704 | Fog clearing off.
10 AM. 3 25,93 24.2 | 1.7|3 25.0 |72 | Cumulus. Sunout. Foggone.
11 AM.,) 3 2593 250093 254 | 774| Cumulus.
12 M. 3 27.5|3 250 2.5{3 26.2 |78} Cumulus.

YOL. Y.—B
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The greatest difference of the numbers of the second and third
column in the foregoing table is at the beginning, as might have been
expected, where it amounts to nearly four minutes, and shows that the
first two observations are of little value; the greatest subsequent varia-
tion from the mean difference is about one minute and a half.

To have a perspicuous view of the results of the observations for
every twenty-four hours, I traced, at the close of each series, a curve,
the ordinates of which represented the variation, and the equidistant
abscisse the hours. By writing, at the side of each ordinate, the
remarks on the weather, the view was rendered more complete. To
compare the progress of the variation with that of the temperature, a
curve was traced below the former, in which the ordinates represented
the temperatures. The crude observations suggested by the visible
representation of the day’s results, given in chart No. 1, (see Plate 1.*)
are not here added; it may not be amiss, however, to state, that my
object at this time in tracing the curve of temperature, as well as that
of variation, was to ascertain whether the directive force underwent
correlative changes with the temperature, as the intensities were sup-
posed to do by M. Kupffer from his first experiments.*

Two maxima of westerly variation,and two minima were distinctly
seen in this day’s results. The first maximum was at noon day; the
second between midnight and 1 A.M. The first minimum was be-
tween 6% and 7 in the afternoon, and the second between 81 and 9 in
the morning. There is, on the contrary, but one tide of temperature,
rising until between 2 and 3 in the afternoon, descending with vari-
able rapidity until 6 in the morning, half an hour after sunrise. The
descent of the curve is interrupted by the fog, and it was not unnatural
to suppose this to have its effect on the hour of the minimum. The
hour of evening minimum variation differs, it will be observed, from
that obtained by Canton and Gilpin, suggesting a close attention to
the results furnished by the subsequent observations.

In the following tables the mean of the observed variations shown
by the north and south pole of the needle is given. The hours from

* Recherches sur les Variations de la durée Moyenne des oscillations horizontales de I’ai-
guille aimenté, &c. A. T. Kupffer, Annales de Chim. et de Phys. vol. 35 (1827).
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noon to midnight of the 30th of August are in one column; and in
the parallel column, those from midnight to noon of the 31st.

TABLE II
Hour. 1\}7 aPrioaitai%. Temp. Remarks. Hour. l“{ aIr’ioal'go\I’lV. Temp Remarks.
Deg. Min. | Deg. Deg. Min. | Deg.
12 M. 3 26.2 | 784 Aug. 30. Clear.|12 m. 3 26.9 | 713 Aug. 31. Fog,.
{ Fog. Thermom.
Sun under cloud. | hungnearneedle
1 P.M, 3 25.81] 808 Sky generally|l 1 A.M.| 3 25.4 | 708 |{ box. Temp. the
clear. same as before
| removal.
2 P.M. 3 258 | 793 Clear. 2 A.M., 3 23.8| 713
3 P.M. 3 27.0{ 80 Clear. 3 AM.| 3 22.2 | 71§
43 P.M.| 3 23.9 | 813 | Clear. 4 AM. 3 22.2 | 71%
5 AM.)| 3 210} 713
55 P.M.| 3 23.9 | 794 | Clear. 55 A.M. 3 20.3 | 724 |Hazy.
6 AM. 3 20.7 | 723
63 P.M.| 3 21.9 | 757 Clear. 63 AM.,| 3 19.9 | 72 [Mist.
7 P.M., 3 19.9 | 735 | Clear. 73 AM. 3 18.7 | 72%
8§ P.M.| 3 26.2| 73 Sky cloudless. 8 AM. 3 19.1
9 P.M.| 3 28.5 | 718 | Sky cloudless. 9 AM., 3 18.7 | 773
_ Sun gleams out.
10 P.M.| 3 28.5| 705 | Sky cloudless. |10 A.M.| 3 19.9 | 778 ; Therm.remov-
Stars not visible S ed tot hogiex.nu-
11 P.M. 3 26.9 | 703 % through fogf11 A.M. 3 23.5 | 803 g e
113 P.M.| 3 712 Wind variable. AM Variation greater
M| 3 26.9 | 713 113 A.M. § har ot 1.
12 m. |3 269|713 12 M. |3 26.3|813 gc"g“;ﬁ:zilycilgz

The curves in No. 2, Plate I.*, are those of the variation and tem-
We see that the general featuresare

perature from the table just given.

the same, but the details vary very much. We may trace the causes
of these variations in the curves of temperature, though the knowledge
which we possess on the subject of the variation of the needle does not
permit us to doso for it. Both days were clear about noon, with flying
clouds (cumulus); the second was a day of settled weather succeeding
the first, and the maximum temperature was higher ; but about noon
in No. 2, the sun was frequently obscured by clouds, and the hour
of maximum was removed to between 4 and 5 P.M. No. 1 was de-
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scending to the sunrise minimum, when the observation at 3 A.M. showed
a rise of temperature, and a haze is noted at the same time; No. 2
in like manner is descending to the same minimum, when,at between
10 and 11 P.M,, an irregular rise commences, and a fog is noted,
varying only in density, until late in the morning : this fog checked
more or less completely the powerful radiation from the earth, which
was going on before the screen of fog was interposed between the earth
and sky.
It is worthy of note, that in No. 1, at the observation preceding the
remark «hazy,” we find the memorandum, ¢ needle vibrating.”

TABLE IIIL
Hour. |N. Pole W.|Temp. Remarks. Hour. | N. Pole W.|Temp. Remarks.
Deg. Min. | Deg. Deg. Min. | Deg.
12 M. |3 26.3 {813 Aug. 3l. Sept. 1.
1 PM,| 3 254 83
Showercomesup,
lasts4m. ;recom-
2 P.M.] 3 26.5 | 842 mences at 2h.
11m. and rains
[ until 2h, 27m.
Ceases to rain for|
23 P.M.| 3 10.7 | 843 an instant, then
recommences.
3 P.M. 3 258} 82%| Sunout.
4 P.M. 3 23.8 | 85%| Sununderacloud.
e o sae || (Smoniescond
54 P.M.| 3 10.3 | 793 | Rain just begun.
Heavy part of]
6 P.M.| 3 14.3 | 78% gust has passed.
Thunder to S.E.
I Needlevibrating,.
3 32.0 No rain. Much
7 P°M'§3 36.8§ 773 \ thunder and
L lightning.
Raining steadily.
8 P.M.| 3 32.41} 78% Gust has entire-| 8 A.M.| 3 23.8 | 712 | Clear.
ly passed. Cloudy. Therm.
Not raining. 9 AM,|3 18.3 | 64 placed in com-
o P.M/|3 317|773 { Clondy. D e b,
Cumulus.  Sky
10 P.M, 3 32.0| 75 Cloudy. 10 AM.| 3 19.1 | 65 generally clear.
11 P.M.| 3 26.5| 75 | Raining slightly.|11 AM.| 3 19.9
Approximate
12 m |3 26271 P%ff,‘j]‘ll{} ‘%‘,ea"' 12 M. |3 20.4|67 |3 calculated from
< thatat 124 P.M.
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The meteorological phenomena of this day were particularly inter-
esting, and will be referred to in detail : the curves of observations
are on No. 3, Plate I.*  The variation evidently diminishing at mid-
night, and the sky being clear, the observations were intermitted until
8 A.M. Great pains were bestowed in noting the fluctuations before,
during, and after the shower and the gust in the afternoon ; the
periods of change being seized for observation.

TABLE IV.
Hour. |N. Pole W.|Temp. Remarks. Hour. |N. Pole W.|Temp. Remarks.
Deg. Min. | Deg. Deg. Min. | Deg.
¢ *| Sept. 1. 12 m. | 5349 |58 %%’f&'}dfs ot
Clear.  Therm. €ss night.
123 P.M.| 3 21.0 | 673 % on the platform||125 A.M. Cloudless.
with needle.
1 P.M. 1 A.M.| 3 33.2] 58 Cloudless.
13 P.M.| 3 21.9 | 68 Clear. 13 A.M.
2 P.M. 2 A.M. 3 32.0| 56 Cloudless.
2 PM| 3 21.4 | 70 Stratus to west. || 23 A.M.
3 P.M.| 3 22.2 | 693 | Clear. 3 AM., 3 32.0]| 48 Cloudless.
4 P.M. 4 A.M. 3 32.0 ] 47 Cloudless.
5 P.M.| 3 22.6 Clear. 5 A.M. 3 31.7 | 463 | Cloudless.
53 P.M. 53 AM. 3 32.0 | 44 Cloudless.
6 P.M.| 3 151 ] 69 Clear. 6 AM)] 3 30.8 | 47 Clear.
63 P.M. Sun sets. 63 A.M.| 3 21.9 ] 48 Clear.
7 P.M.| 3 14.7] 674 | Cloudless. 7 A.M.
7% P.M. ol A 73 AM. 3 19.1 | 58 Clear.
N oudless. Moon
8 P.M.| 3 16.0 | 623 in first quarter,| © A-M{ 8 12.6 | 61 | Clear.
st P.M. 82 AM. 3 10.6 | 64 Clear.
9 P.M.,| 3 28.5 Cloudless. 9 AM. 3 12.6 | 66 Clear.
10 P.M.| 3 28.9 | 60 Cloudless. 10 AM.| 3 18.5| 72 Clear.
11 P.M.| 3 34.9 | 59% ggﬁglzgs’;ﬁgm 11 AM.|3 15176 | Clear.
113 A.M.| 3 12.7 | 76 Clear.

The weather of the first part of this twenty-four hours was slightly
affected by the storm of the day before; there was a stratus to the west
at 24 in the afternoon, which, when it disappeared, left a cloudless
day, succeeded by a perfectly clear and still night. The thermometer
was, throughout the observations, placed in the inclosure containing

VOL. V.—C
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the platform, and half hourly observations were resorted to about some
of the times remarked by former observations as containing maxima or
minima of variation.
The curves given by these observations are traced on No. 4, Plate I.*
The free radiation of heat during the night from the earth, caused a
great depression in the temperature of the air near to it, the sunrise
minimum of the thermometer being as low as 44°, the maximum of
the day having been 693°.

TABLE V.
Hour. | N. Pole W.|Temp. Remarks. Hour. |N. Pole W. |Temp. Remarks.
Deg. Min. | Deg. Deg. Min. | Deg.
12 M. |3 18776 Sept. 2. Clear. Sept. 3.
122 P.M.| 3 19.9 | 7753 | Clear.
1 P.M.| 3 25.4 | 803]| Clear.
13 P.M.| 3 25.4 | 80 Clear.
2 P.M,| 3 254 81 Clear.
24 P.M.,| 3 26.9 { 793| Clear.
3 P.M. 3 26.9 | 795| Clear.
32 P.M.| 3 26.9 | 793 | Clear.
4 P.M.| 3 26.9| 793 Clear.
5 P.M.| 3 25.4| 76 Clear.
6 P.M. 3 23.0| 70 Clear.
l’ Sun sets. Sky
generally clear.
63 P.M. 3 23.0 ' Cirrus and light
L cumulus.
7 P.M.| 3 25.4| 63 Clear.
Cloudy. Moon { Therm. near
wading through house. Cloudy.
s P.M| 3 20.3 |60 [§ FAOIME MIOUBN 5 A M| 3 26.2 | 64 { nouse. Cloudy.
mulus. | stratus.
o P.M|3 20.3|58 | Cloudy. 9 AM.)3 21.9| 64 {C{\(Idey' Wind
10 P.M| 3 27.7 | 58 Cé‘;‘;‘::. more 1o AM. 3 22.6 Cloudy.
Moon dips be-
11 P.M.| 3 26.2 58 hind hill. 11 AM.| 3 23.0 65% Cloudy.
12 M. | 3 22.6 | 653 Raining.




OF THE HORIZONTAL NEEDLE.

11

The night maximum having decidedly passed before 11 P.M., the
observations were not made after that hour during the night. The
curves of variation and temperature are traced on No. 5, Plate IL.*

TABLE VI
Hour. |N.Pole W. |Temp. Remarks, Hour. |N.Pole W.|T mp Remarks.
Deg. Min. | Deg. Deg. Min. | Deg.
12 M. | 3 22.6 | 653 | Sept.3. Raining|12 m. 3 30.1 | 603 | Sept. 4.
Rain ceased. Raining fast.
1 P.M.| 3 23.0} 6532 Rain  recom- || 1 A.M.| 3 29.3 | 603 Wind draws
menced. more to south.
Not raining,.
[2]
2 P.M.|3 26.9 | 66 g Nimbus igh.
33 P.M.| 3 26.9| 642 Not raining,.
5 P.M.| 3 26.2 | 66
6 P.M.| 3 21.9]| 65
63 P.M.| 3 23.4 | 65
75 P.M.| 3 24.6 | 64
8 P.M. 8 AM. 3 16.0| 645 | Nimbus.
83 P.M. 3 26.2 ] 63 8% A.M.
93 P.M.| 3 24.6 | 63 9% A.M.| 3 16.8 | 665 | Drizzle.
108 P.M. 3 27.7 | 62 §SI’SghtF§a’"'W‘"d 108 A.M.
11 P.M. 11 AM. 3 18.3 | 673 | Slight rain.
Slight rain.
Clouds lighter
1
12 m. |3 30.1] 603 12 M. |38 21068} |3 ponCh BN
servation.

This table will be found interesting, as showing the effect of asteady

rain upon the variation.

The maximum being passed at 1 A.M., the

observations were discontinued until 8 in the morning. The results
are traced on No. 6, Plate II.*¥* The thermometer was not in the
needle inclosure, but in a fair exposure on the outside of the house.
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TABLE VIIL
Hour. |N. Pole W. |Temp. Remarks. Hour. |N. Pole W.| Temp. Remarks.
Deg. Min. | Deg. Deg. Min. | Deg.
Sent. 4 Sept. 5.
12 M. |3 21.0 |68} %GP{I " 12 m. |3 26.9 |69 Fog less dense.
entie ram. Wind N. of W.
( Needle vibrating
Not raining,. | slightly. Fog
1 PM.]3 214 69: Nimbus.g 1 AM/3 26.2 |68 more dense. Air
2 P.M.| : almost still.
Sun gleams out.
25 P.M.| 3 21.8 | 711 Nimbus. Cumu-
lus. Wind S.W.
4 PM.|3 25874 C:}'::;g_‘;i‘ratuscu'
5 P.M.| 3 25.8 | 731 | Cumulus.
Cumulus.  Sun
P-M| 3 24.6 § sets in clouds.
7 PM.| 3 255 | 68 §C$§l€ier§1umums o
Clear Foe col- Needlevibrating.
8 P.M. 3 25.5 | 68 g o inroller | 8 A-M/| 8 24.9 | 6253 Cloudless. Wind
eeling ¥ N. W.
9 P.M.|3 26.6 | 65 | Fogin valley. || 9 AM. 3 20.3| 63 gcéﬁi‘:uﬁles“e’a“y'
10 P.M.| 3 26.6 | 68 Fﬁo‘i‘:’]“jg;cmed 10 AM.| 3 22.2| 64 | Clear generally.
11 P.M.|3 26.2 | 68 gDﬁ’::filf‘;gt'ov&,“d 11 AM.| 3 24.3 | 643 | Clear generally.
. Fog less dense. . | ¢ Scattered cumu-
12 m. |3 26969 B IN Ele M. |3 246 | 658 glus'

The weather was very unsettled during
there was a rain, then the sky cleared ; a fog, which occupied the former
part of the night, was dispersed before 8 o’clock in the evening. The
wind, at first S. E., shifted to S. W., gradually drew more to the W.
and N., and finally settled at N. W. The thermometer was observed

on the outside of the house.

are traced on No. 7, Plate IL.*
The weather now became settled, and the observations for every
hour are given in the following table.

these twenty-four hours;

The curves of variation and temperature
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TABLE VIII.
Hour. [N. Pole W. Temp. Remarks, Hour. |N. Pole W.| Temp. Remarks.
Deg. Min. | Deg. Deg. Min. | Deg.
Sept. 5. Sept. 6.
12 M. 3 24.6 | 653 |< Scattered Cumu-{|12 m. 3 34.9 | 54 {Clear
lus. Wind N.W. ' )
1 P.M.|3 55|66 | Ditto. 1 AM/|3 301 |53 C;gaghalﬁleig‘;e(t‘;f
2 P.M.| 3 258 661 Ditto. 2 AM. 3 31.7 | 523
Cloudless. Therm.
3 P.M.| 3 25.8 ] 67%| Ditto. 3 A.M. 3 82.8 | 453 in inclosure
with needle box.
4 PM.| 3 26.5| 68 Ditto, 4 AM.| 3 32.8 | 443
43 P.M.| 3 26.2 | 672 | Ditto. 5 AM,| 3 31.7 | 44
, ‘Wind has lulled. 1
65P.M| 3 21.0 | 64 |3 g i el 6 A 8 80.5 | 474
7 P.M.| 3 19.9 | 632 7 AM. 3 21.7 ]| 55
Therm. removed
8 P.M. 3 258 603! Cloudless. 8§ AM,| 3 21.4] 62 to house, where
it stood at 591.
8% P.M. 82 A M. 3 22.2 i
9 P.M.| 3 26.2| 57 | Cloudless. 9 AM. 3 21.0 | 602 Sl:lgs’)‘t haze (stra-
10 P.M.| 3 26.2 | 57 Cloudless. 10 AM. 3 21.7 | 62 Ditto.
11 P.M.| 3 s2.1 | 55y |§Seattered cumu-yy, ) gy 63
lusto S.
12 m. |3 34.9 |54 | Clear. 12 M. |3 22.2]64 %Slt:‘s‘t“swig(‘;'{’,{i_'

From 3 until 8 A.M. the thermometer was in the inclosure with

the needle. On its removal to the house, it fell 23° below its tem-
perature at the former station.

These curves are given in No. 8, Plate IL.*
The afternoon of September 6th was clear, with occasional cirrus

and collecting cumulus; dew was deposited immediately at sun set,
and a dense fog occupied a part of the morning of the 7th. It was
proposed to make at least one day’s observations with the needle
exposed to the direct action of the sun, and by mistake the covering
was removed before twelve o’clock on the 7th, as will be seen by the
remark in the subjoined table. The curve (No. 9, Plate IIL*) repre-

senting the observations of this day, terminates at the observation for
9% A.M.

VOL- Vu"""D
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ON THE DIURNAL VARIATION

TABLE IX.
Hour. |N. Pole W, |Temp. Remarks. Hour. |N. Pole W.[Temp. Remarks.
Deg. Min. | Deg. Deg. Min. | Deg.
Sept. 6.
12 M. |3 22.2 | 64 |<Stratus, Cumu-i12 m, | 3 26.6 | 54 | Sept. 7.
lus. Wind W.
1 P.M.| 3 22.6 | 65 1 AM.| 3 26.2 ] 53
2 P.M.} 3 22.6 | 66
3 PM. 3 22.6 | 67
4 P.M.| 3 22.6
Low stratus driv-
53P.M.| 3 21.0 | 67 |§Dark cumulo o ) il 041 | 54 | ing fr E. High
stratus to W, £
cumulusfr.S. W,
6 P.M.| 3 21.4 | 643 Cirrus.
1 Dew deposited at
63 P.M.| 3 23.0 | 622 g et
73P.M.| 3 23.0 | 58 {CII‘I‘US. Rare Cu-
mulus.
8 P.M. 8 AM.| 3 22.2 | 60 | Dense fog.
9 P.M.| 3 26.6 | 54 | Cloudless. 9 AM. 3 23.3 |64 %Fog has  disap-
peared.
\Clear. Cumulus
93 P.M. 93 A.M.| 3 23.5 3 sometimes over
[ sun
Roof removed,
yariation dimin-
93 P.M 91 AM| 2 57.8 J Bshed ’g‘g“}g’é
i increased again
[ to257.8.
10 P.M.| 3 26.6 | 54 10 A.M.| 2 58.2 | 663
11 P.M.| 3 26.6 | 52 Very slight haze.|11 A.M.| 8 16.0 | 67
Cumulo-stratus to
12 m. 3 26.6 | 54 W. Wind draw-{|12 M. 3 33.2 | 69 Vibrating,
ing to S. of W.

On the removal of the covering from the needie, much water was
evaporated from the bottom and sides of the box, collecting in drops on
the glass at the N. and S. ends of the box; this was wiped off as it

collected, by removing the glass.

and its rapid increase, are points worthy of remark.
The remaining observations were made with the sun upon the
needle,a thermometer being inclosed in the box so as to have, hourly,

the temperature of the needle.

The sudden diminution of variation,

A day intervened between the last

observations and those in the table which follows; during that day the
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box became thoroughly dry, and at night the needle was covered over
to prevent a reduction of temperature which would have produced a
deposit of dew upon it. The effects shown in the following table are
therefore due to comparatively sudden variations of temperature.*

The broken lines representing the observations will be found on
No. 10, Plate IIL.*

TABLE X.
Hour. N. Pole W. Temp. Remarks.
Deg. Min. Deg. g
1 ept. 8.
73 AM. 8 17.5 Chla):r. Needle covered.
83 A.M. 3 '06.0 Needle uncovered.
93 A.M. 3 13.5 Hazy. Cumulus. 1
Vibrating between 3° 20°.6 and 3° 23'.8.
10 AM. 8 22.2 94 ’I‘herm.gin needle box,
11 A.M. 3 39.6 104 Scattered cumulus.
Vibrating between 3° 38'.3 and 3° 26'.2.
12 M. 3 32.2 Scattered cumulus. Sun occasionally
clouded.
1 P.M. 3 38.3 97 Ditto.
2 P.M. 2 59.2 94
3 P.M. 2 59.2 86 Sun under a cloud.
4 P.M. 2 59.2 82 Cloudy.
63 P.M. 2 26.0 67 Sun has set clear.
8 P.M. 2 44.9 60 Cumulus. Cumulo-stratus.
10 P.M. 2 52.0 54

The first conclusion which I would draw from a review of the
entire series of observations is, that fhere were, for the time embraced by
them, two maxima and two minima of westerly variation, within every
twenty-four hours. 'Thisfact is distinetly shown in each of the curves,
and will be pointed out particularly by endeavouring to determine the
hours of maximum and minimum variation.

This result agrees with that obtained by Mr Canton, from his ex-
tended series of observations, and subsequently by Mr Gilpin. Col.
Beaufoy, still later (1813 to 1822), had evidence of the occurrence of
the same maxima and minima, though he seems not to have been able
to fix the time of the evening minimum.

* Very little consideration will serve to show that these effects cannot be ranked with those
recorded by Mr Fox in the Philosophical Magazine for October 1833.
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The observations of Capt. Parry and Lieut. Foster at Port Bowen,
are of the more interest, that, from the peculiarity of their situation,
there was but one point of maximum and one of minimum variation
during twenty-four hours. These observations were made nearly
every hour of the dey and night. The latitude of Port Bowen is
73° 14’ N., and the variation of the needle 124° W.

As far as the observations of Lieut. Hood, at Fort Enterprize, war-
rant any conclusion, it is coincident with that just noticed ; the point
of maximum easterly variation and that of minimum easterly varia-
tion are clearly shown in his observations. Fort Enterprize is in lati-
tude 64° 28’ N., and the mean variation is about 36° 24’ E.

The second conclusion which the foregoing observations seem to me
to warrant is, that, through the irregularities which they present, there
is shown a general horary variation as the primary phenomenon and
the effects of meteorological changes as modifying causes; often over-
coming the diurnal variation, and impressing their own alterations
upon the variation of the needle.

To examine the first part of this deduction, I will follow, in their
general features, the several curves traced to represent the observations,
omitting No. 3 on account of its peculiarities.

1. The variation is at its maximum during the day, at or near the
hour of highest temperature. The greatest difference between these
times is two hours and a half. But the day maximum seems subject
to great changes of position ; in one case occurring at noon, in another
not until 5 P.M. 'These deductions are shown in the tabular view
which follows. '

Nug::ﬁ;or gg';: ‘?zfx‘ri?x/{?:ril.. HE:]‘:morf[‘-elr\:;?i' General character of the weather.
No.1. |12 M. 23 P.M. %1\4;;::*;1:15 before noon, and clear just before
No.2. | 3 P.M. 43 P.M. Clear, with floating clouds.
No.4. | 3to5 PM. | 25 P.M. Generally clear, follows unsettled weather.
. ionarv fi 1
No. 5. 23 04 P.M.| 2 P.M. Clear. Nged]e stationary from 2% to 4
P.M. No proper maximum.
No. 6. 2 to 33 P.M.| 23 to 4 P.M.] Raininginthe morning. Weather variable,
No. 7. 43 P.M. 4 P.M. Cloudy. Weather variable.
No.s8. | 4 P.M. 32 P.M. Clear.
No. o. lto4P.M. | 4 P.M. Cloudy. ,The obserw’at!on of the needle
at 4 P.M. was uncertain.
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2. The westerly variation decreases from this variable maximum to
a minimum, which is near the hour of sunset. The time of this
minimum is included within the narrow limits of 5§ and 7 o’clock.*

Number of Curve. Hou‘rlgfilg{iigrilx‘num Hour of Sunset. Remarks.
H. Min. H. Min, .
No. 1. 6 45 PM. | 6 33 P.M. Clear in the afternoon and at sunset.
No. 2. 7 00 P.M. { 6 32 P.M. Sun sets clear.
No. 4. 7 00 PM. | 6 29 P.M. Sun sets clear.
No. 5. 6 20 P.M. | 6 28 P.M. Cirrus.
No. 6. 6 00 PM. | 6 27 P.M. Cloudy. Weather variable.
No. 7. 6 00 P.M. | 6 26 P.M. Sun sets in clouds.
No. 8. 6 45 P.M 6 24 P.M. Sgg s5eéls clear. Sinks below hill at
No. 9. 545 P.M 6 23 P.M. Sun sets in clouds.
Sun sets clear. The hour of minimum
No. 10 716 PM. | 6 21 P.M. is calculated, the observations show
that it was after 6%h.

3. The variation increases from the minimum just determined to a
variable maximum which is reached at or about midnight. On the
nights when the weather was not variable, this appears, from the fol-
lowing table, to be true.

Number of Curve. Hou{]ziil;/{aii;::num Remarks. 3
H. Min.
No. 1. 12 40 A.M. | Clear.
No. 2. 9 25 P.M. | Succeeded by a fog.
No. 4. 11 10 P.M. | Clear.
No. 5. 8 15 P.M. | Cloudy. Clouds increase in density after this hour.
No. 6. 12 00 m. Raining before and after this hour.
No. 7. 12 00 m. Fog.
No. 8. 11 40 P.M. | Clear.
No. 9. Stationary from 9 until 12.

4. From this maximum there is a descent, more or less irregular,
to a morning minimum, between 8 and 9 o’clock.

* This places the evening minimum at a much earlier hour than that given by other ob-
servers, and from results which I have obtained since, in the city of Philadelphia, I am
inclined to suppose it to have resulted from some peculiarity in the locality or season.

YOL. V.—E
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Number of Curve,Ho% of mitimam Remarks.
H. Min.

No. 1. 8 52 Fog clearing away.

No. 2. 9 00 Fog not breaking until near ten.

No. 3. 9 00 Cloudy.

No. 4 {8 30 Clear. The curve seems to indicate that the true
t 8 02 minimum was earlier than 8 h. 30 m. or at 8 h. 2m.

No. 5. 9 00 Cloudy.

No. 6 s 00 Nimbus. There is a doubt if the true minimum was
C § observed.

No. 7. 9 00 Cloudless.

No. 8. 9 00 Slight haziness.

No. 9. 8 00 Dense fog, which entirely disappeared before 9 o’clock.

It cannot be affirmed that this minimum was not placed at this particu-
lar hour, by the effect of the weather, for there are but two observations
when the weather was clear, and but three when it was steady, in one
of which (No. 6) the minimum may have occurred before any obser-
vation was made. It agrees, however, with the recorded observations -
of others. 'The observed minima did not depart in any two observa-
tions more than one hour from each other.

In order to determine these points still more unexceptionably, and
with the further view of observing the effect of meteorological causes,
I have taken the mean of the results of eight of the days of observa-
tion, including No. 8, for each hour. 'They are givenin the following
table ; and curve No. 11, Plate IIL.* is traced from them. 'Thelast co-
lumn of the table shows the number of observations from which each
mean has been deduced, giving, therefore, the relative authority of each.

When the observations were made at the half hours, the mean of
half an hour before and half an hour after was taken, as the number
for the variation or temperature at the hour. A similar calculation
was made for the variation at any particular hour, when no observa-
tion had been made, whenever the interval between two observations
did not exceed an hour and a half. The mean temperature of the
day having varied considerably in the changes of weather, it was
thought more correct to enter into the columns of temperature, at the
several hours on which observations were not made, an average of the
next preceding and succeeding observation, whenever the intervals
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were considerable. After making this correction, the daily maximum
appears to be nearly at the hour on which it occured in clear weather.

Table of Mean Variation and Temperature from noon of August 29th to noon of September 7th, 1832.

Hour. |N. Pole W, No: of | Tomp- | No. of | pronr, I, Pole W | Ng: of | Temp- | No. of
Deg. Min. Deg. Deg. Min. Deg.

12 M. 3 23.3 9 71.2 9 12 m. 3 29.3 8 63.0 8
1P.M. | 3241 9 72.6 9 1 AM. | 3 28.3 7 61.6 7
2PM. | 3245 9 73.5 9 2 AM. | 3 28.4 4 60.1 3
3P.M. | 3 24.9 9 73.5 7 3AM, |3 275 4 57.8 4
4PM. | 3 24.7 9 74.0 6 4 AM. | 3 26.9 4 57.4 4
5P.M. | 3 24.4 8 73.5 6 5AM. | 3 26.2 4 57.0 4
6 P.M. | 3 20.5 9 70.5 8 6 AM. | 3 25.1 4 58.3 4
7P.M. | 3 22.8 9 68.7 9 7AM. | 3 20.7 4 63.3 4
8§P.M. | 3254 9 66.3 9 8 AM. | 3 20.7 9 65.4 8
9 P.M. | 3 27.8 9 64.5 7 9 AM. | 3 19.2 9 66.2 9

10 P.M. | 3 27.8 9 63.7 9 10 A.M. | 3 20.2 8 67.9 7

11 P.M. | 3 28.3 9 63.2 9 11 AM.| 3 21.4 7 67.7 8

The two tides of variation appear distinctly from the mean results,
and with but slight irregularities in their increase or decrease. 'The day
maximum is at 3 P.M. The evening minimum at 7, or with pro-
bably more truth, as shown by the dotted lines in No. 11, Plate III.*,
at 6h. 26 m. The night maximum is at midnight. The morning
minimum at 9 o’clock.

The mean variation, according to this table, for the place of obser-
vation, is 3° 24/.7.

The greatest observed variation 3° 34'.9, and the least 3° 10'.6 in-
cluding all the curves traced. 'The first of these is the midnight
maximum of No. 8, and the second the morning minimum of No. 4.
The latitude of the place, which was about one mile from the village of
West Chester, is about 39° 58, and its longitude about 21 miles west
from Philadelphia.

The effect of ordinary meteorological phenomena upon the variation
was first noticed, I believe, by Mr Christie, who gives a table illustra-
tive of the effect produced by the occurrence of a rain ; he has not, that
I am aware, followed up the observation to which I allude. Lieut.
Foster infers that ordinary meteorological phenomena do not affect the
variation of the needle; a result which the different nature of the
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instruments used or the localities of observation may perhaps be found
to explain. In regard to the latter point, there was of course a marked
difference in the nature of the meteorological phenomena at the two
places. In the whole of the abstract of the meteorological observa-
tions given by Lieut. Foster, there is no record of rain, and no notice
of thunder storms, while my results, obtained during part of the last
month of summer and of the first of autumn, were diversified by
steady rains, showers, fogs, &ec.

In showing the effects of meteorological phenomena on the varia-
tion, I purpose to appeal to the direct evidence afforded by curve No.
3 (Plate I.*); the peculiarities of the other curves may afford collateral
testimony, but comparatively of less value. The morning of August
31st was clear with flying white clouds ; towards two o’clock a dark cloud
came up from the westward and a shower fell ; this was not accom-
panied by thunder or lightning, and soon passed over. Just at the
beginning of this shower the variation was 3° 26'.5 W., and as soon
as it had ceased, the needle was again observed and was found but
3°10.7 W. Insaying thatthere wasno extraordinary electrical excite-
ment during this shower, I do not mean to assert that the changes of
the variation were not due to the usual electrical changes which al-
ways attend such phenomena. Being unprovided with means of esti-
mating electrical changes, I only refer to the visible indications of
lightning. The sun now shone out, and at 3 P.M. the variation had
increased to 3° 25.8. 'Towards 4 P.M. clouds kegan to gather, and
at 5 h. 20 m. black clouds to the N. W. indicated an approaching gust.
At the moment the rain commenced the needle was noted, the varia-
tion had decreased, between 5 h. 30 m., the time of the last observa-
tion, and 5 h. 48 m., 13 minutes. The rain was violent, accompa-
nied by thunderand lightning. At 7 P.M. the rain had ceased, and the
gust had passed to the eastward, the needle vibrated violently between
3° 32 W.and 3° 377 W. Such irregularities are conclusive as to the
influence of the phenomena attending a shower and a gust. The va-
riations noticed will be seen, from curve No. 3, to precede the effects
preduced on the thermometer; after a general coincidence, the curves
depart from each other, the curve of variation rising abruptly, and that
of temperature but slightly.



OF THE HORIZONTAL NEEDLE. 21

The ill sustained nightly maximum of No. 2 was accompanied by
a fog ; so was the variable nightly part of curve No. 7, where a fog
began to collect at eight in the evening. The nightly rise of curves
No. 5 and No. 9, ceased with the coming up of clouds and of haze.
The well sustained height of No. 2 was during a clear night, as was
the case with No. 4.

The steady rain of Sept. 3d and 4th, does not seem materially to
have affected the regularity of the curve.

In conclusion, I would make two brief remarks. 'The first relates
to the observation of two tides of variation while there is but one of
temperature. 'This would seem to be adverse to the supposed influ-
ence of heat were it not that we find the same agent producing two
fluctuations of the barometer ; when we shall be as well acquainted
with the effects of local and of general variation of temperature upon
the magnet, as we are of its effects upon atmospheric air, the question
will be near to its solution.

The second remark relates to the effect of the electrical changes in
the atmosphere, or of changes of temperature upon the needle; the
meteorological phenomena noticed to affect the variation, probably act
through, if they are not produced by one or both of these changes.
The experiments of Cavallo have shown, at least with regard to the
parts of the atmosphere not very far from the earth’s surface, that
there is perpetual electrical excitement, and frequent change. If his
experiments had led to any conclusions other than the most general,
they might perbaps have thrown light upon our subject. Where
so much yet remains to be known, even the imperfect labour here pre-
sented may not be without its fruits.

VOL. V.—F



