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XVI. On the Magnetism of Iron arising from its rotation. By
SAMUEL H_UNTER CHrisTIE, Esq. M. A. of Trinity Collqge,
Cambridge ; Fellow of the Cambridge Philosophical Society ;
of the Royal Military Academy. Communicated April 20, 18235,
by J. F. W. HerscHEL, Esq. Sec. R. S. |

Read May 12, 1825.

As the principles on which phaenomena depend can only
be discovered by a careful investigation of the circumstances
attending every new fact which presents itself, its import-
ance must not, in the first instance, be estimated by the
magnitude of the effects produced but by thelr peculiarity.
However minute may be the effects, an inquiry into the laws
which govern them, if unattended by any other, will have
this advantage, that these laws will serve as an additional
test of the correctness of the principles advanced for the ex-
planation of the more striking phanomena, firmly establish-
ing their truth, if the consequences of those principles, or
being incompatible with them, p01nt1ng out their fallacy
Thus the severest test that the principle of gravitation has
been subjected to, is the explanation of the minute irregula-
rities in the planetary motions ; -and the commdence of the
observed irregularities with those deduced from the applica-
tion of this principle would have establlshed its truth beyond
dispute, had any doubt previously remamed. In the expe-
riments which I am about to detail, the \eﬂ‘rects produced are
of this minute character; but as they point out a species of
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348 Mr. CHRISTIE on the magnetism of

action not hitherto observed, they will not, I trust, be consi-
dered unimportant.

It has been stated that different effects will be produced on
iron, as regards its polarity, when struck, twisted, filed, or
scoured in different positions, with respect to the magnetic
axis or line of the dip ; butI am notaware that it has ever been
suspected that the simple rotation of iron, in different direc-
tions, would have any effect on the manner in which the iron
influenced a magnetic needle. This I have discovered to be
the case ; and that the laws which govern this peculiar action
on the needle are so general and uniform, that I have no doubt
their causes are as steady in their operation, as those to which
the more striking phanomena of magnetism owe their origin.
On observing these magnetical pheenomena arising purely from
rotation, it appeared to me that they might possibly indicate
the cause of the earth’s magnetism ; and this was a further
inducement to me thoroughly to investigate the circumstances
connected with them. Before giving the particulars of these
phzenomena, it is necessary that I should mention how I was
first led to observe them.

For some time previous I had been engaged in making
several series of experiments, with a view to discover the
precise manner in which unmagnetised iron acts upon a mag-

netic needle. For this purpose I had made use of an iron
~ ball 13 inches in diameter, and likewise of a shell 18 inches
in diameter, and observed their effects on the needle in vari-
ous positions, as referred to certain planes passing through
its centre. 'The shell and the needle were placed in the re-
lative positions which I wished to give them, by determining
aradius and an angle on an horizontal plane, and a vertical
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ordinate. The requisite computations being necessarily
tedious, when I wished to pursue the subject further, I found
them, from their number, so laborious, that I resolved, if
possible, to supersede the necessity of them by the construc-
tion of an instrument, by which I could adjust the iron and
the needle in their proper relative positions, without any
previous computation. In this I succeeded ; but as the iron
was to be supported on an arm of brass, it became necessary
to make use of a plate of iron instead of the heavy shell of
nearly 500 lbs. weight; and in consequence of this, when I
expected that 1 had overcome the principal difficulties, 1
found they had only commenced. It is well known that
almost every mass of iron, but especially sheet iron, pos-
sesses polarity in a slight degree, and of a very variable
nature in some parts of it, whatever care may have been
taken in its manufacture ; and I soon found, to my no small
vexation, that the effects apparently produced by it in that
which I made use of were so various, that they would for a
long time baffle me in my investigations, if they did not ulti-
mately frustrate all my attempts at drawing any conclusions
from the experiments.

The instrument which I have mentioned is represented in
Plate XXV. fig. 1. The principal part consists of two
strong limbs of brass: one, SQN, a semicircle, 18 inches in
diameter, 2.15 inches: broad and .3 inch thick: the other
consists of two semicircles joined together ; S ZE N, 1.2 inches
broad and .22 thick, and its outer diameter 18 inches; s @n
.9 inch broad, .22 thick, and its inner diameter 9.2 inche.é_
SANnesand SQN are attached to each other by strong
brass pins passing from Sto s and N toz ; so that s &z will
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revolve about the axis Ss# N, while SQ N is fixed. S AN
and S QN are graduated from ZE and Q towards S and N; as
is likewise s @n from @ towards s and n. The semicircle
S QN passes freely through an opening in the support G,
but may be clamped firmly in any position by means of two
strong screws, working into the parts G, G’ from the back of
the instrument. On the chamfered edge of the opening g, in
the face of GG/, is an index showing the inclination of the
axis SN to the horizon ; and on the part K% at the foot of
the pillar, and attached to it, is an index pointing out on the
graduated circle L/, fixed on the table T ¢z, the situation of
the fixed limb S Q N with respect to the magnetic meridian.
R r is another graduated circle, fixed to the moveable limb
S Z N ; which, by the index at x on the fixed limb SQN,
shows the angle described by S Z& N from the plane of SQN.
A very strong brass pin, soldered to the foot of the pillar,
passes through the table T ¢ and a thick circle of wood, to
which the legs are attached, and has below a clamping screw,
to fix the whole firmly together in any position. The com-
pass box N'S' is fitted on to a stand fixed to the support F 'fs
which consists of two parts; f fitted to G, and F sliding on
a tube attached to f; so that the compass may be elevated
or depressed. An arm A B, to carry the circular plate of
iron C, is connected with the moveable limb S@N. The
part A a consists of two flat pieces, having the limb of the
instrument between them, so that the arm may be moved
into any position on it, and be fixed in that situation by means
of a strong screw working into the face Aa. On the cylin-
drical part Bb, a short hollow cylinder slides freely, having
2 circular rim raised .6 inch from it, to support the iron plate
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Cc at right angles to the axis of the cylinder. Over the
plate of iron is a wooden washer D d, which is pressed on it
by the screw h working on the short cylinder. The cylinder
with the plate is fixed in any position on the arm by the
clamp M m. In the part Aa of the arm are two openings
0,0, on the chamfered edges of which are indexes in a line
with the axis of the cylinder B b, so that when each points to
the same arc on the semicircles S ZE N, s @ n, the axis of the
cylinder B b is directed towards their centre, and every point
in the edge of the plate is at the same distance from that
centre. As the weight of the plate was a considerable strain
on the instrument, a scale to contain a counter-weight, was
suspended from the ceiling of the room, and the line from it
passed through a moveable pulley, attached to the arm B,
so that the weight might casily be adjusted to relieve nearly
altogether the strain of the plate on the arm in any position.
The arm was also occasionally supported, and kept steady in
its position, by a sliding rod resting on the table Tz The
compass consists of a circular box, containing a circle 6 inches
in diameter, very accurately divided into degrees, and again
into thirds of a degree ; and a very light needle, having an
agate in its centre, and its point of suspension only .07 inch
above the surface of the needle. The extremities of the
needle are brought to very fine points; so that by a little
practice, with the assistance of a convex lens, I could read off
the deviations very correctly to two minutes, being the tenth
of the divisions on the circle. To this compass I have ano-
ther needle, which has a vernier at each end ; but this being
much larger and heavier, and consequently not so sensible, 1
greatly prefer the other for all delicate experiments. In the
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experiments which I had previously made, and in those which
I proposed making with this apparatus, I conceived a sphere
to be described about the centre of the needle, referring
the situation of the iron to a plane, in which, according
to the hypothesis I had adopted, it should equally affect the
north and south ends of the needle. The line in which the
needle would place itself, if freely suspended by its centre of
gravity, I considered as the magnetic axis ; the points where
this axis cuts the sphere, the poles, the upper being the
south, and the lower the north pole ; and the great circle at
right angles to the axis, the equator, being the plane above
mentioned. The position of the iron was thus determined
by its latitude and longitude; the longitude being always
measured from the eastern intersection of the equator with
the horizon. The angle which the axis makes with the
horizon 1 considered to be, according to the most accurate
observations, very nearly 70° go".*

As I shall have frequently to refer to different adjustments

# In 1818 Captains KaTer and Samine found the dip to be 70° 34 in the
Regent’s Park ; and in 1819, in the same place, Captain SasiNe found it to be
70°33'.27. Since making the greater part of these experiments, I have had oppor-
tunities of observing the dip at this place. With a very good instrument, by
T. Jowzs of Charing Cross, having a 7-inch needle, consisting of two circular arcs,
on Captain KATER’s construction, the mean of 4o observations, 10 with the face of
the instrument east, 10 with the face west, and the same with the poles reversed,
gave the dip 70° 15.25 on the 23d December, 1821, between the hours of 1 and
4 P. M. the observations being made in my garden. With another instrument, also
By T. JowEs, having an 8-inch rectangular needle, the mean of 40 observations
made in my garden, (about a mile from the former place of observation) near noon
on the gth and 6th May, 1824, gave 70°06.5 for the dip. With the same instru-
ment, but using a needle on MEYER’s construction, the mean of 40 observations
near noon on the 8th May, 1824, gave the dip on the same spot 70° 10'.5.
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of the instrument, I will here briefly notice their effects. The
angle which the axis SN, fig. 1. makes with the horizon
H O, being 70° 80/, if SQN is in the magnetic meridian, and
the compass is adjusted, so as to have its centre in the centre
of the instrument, SN will be the magnetic axis, and the
centre of the plate, as there represented, would, by the rota-
tion of the limb S A N, describe a parallel of latitude, its
longitude being indicated on the circle R7: and if the in-
dexes at o, o' be brought to coincide with ZE, @, the centre of
the plate would then describe the equator. If the limb SQN
be slided through G G’ until the index there coincide with
19° 30, from Q towards S, and the indexes o, @ be made to
coincide with Z @, as represented in Fig. 2, the centre of the
plate, by the revolution of the limb, would describe a secon-
dary both to the meridian and equator, and its latitude would
be indicated on the circle R7. If the point Q, Fig. 1, or zero
on the limb S Q N, be brought to coincide with the index at
g, and the instrument make a quarter of a revolution about
G I, so that the index at K may point to 90°, the centre of
the plate would describe the meridian when the indexes at
0, 0' coincide with ZE, @ ; and the latitude would be deter-
mined from the degrees indicated on Rr. This is repre-
sented Fig. 3, where the contrary side of the instrument to
that seen in Fig. 1, 2, is placed in front, in order to show
the situations of the screws, which clamp the arm A B and
the limb SQN in their respective situations. Thus, by a
proper adjustment of the indexes at K, g, o, 0', the centre of
the plate may be made to describe any circle of the sphere.
After making a very few sets of experiments with this
instrument, I found that it was necessary to attend very par-
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ticularly to the situation of certain points on the iron plate
with respect to the limb, since, with one point coinciding
with it, the deviation of the needle, when the centre of the
plate was on the meridian, would be easterly, and with
another point coinciding, westerly ; whereas had the iron
possessed no partial magnetism, which was the case I wished
to investigate, there would have been no deviation when its
centre was on the meridian. My first object was to find
what points on the plate must coincide with the limb, in
order that the plate, when its centre was on the meridian,
should cause no deviation in the needle; and it was in my
attempts to effect this, which at first sight appears sufficiently
easy, that I discovered the leading feature in all the phee-
nomena which I am about to describe.

General description of the phenomena arising from the rotation of
an iron plate.

In order to find the points which I have mentioned, 1
adjusted the instrument so that the plane of the fixed limb
was exactly in the magnetic meridian, and then brought the
other limb into the same plane : the centre of the plate was
then on the magnetic meridian, and its plane perpendicular
to that plane, as represented in Fig. 1. Inow made the
plate revolve in its own plane about the axis B b, and noted
very carefully its effect on the needle. In doing this I found
that if I placed the plate on the arm, so that a certain point,
¢ for instance, coincided with the plane of the limb, the
deviation was different when the same point, by the revolu-
tion of the plate, coincided with the limb again. As it ap-
peared by this that the revolution of the plate had an effect
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upon the needle, independent of the partial magnetism of
particular points, I considered that if the plate were made to
revolve the contrary way, the deviation ought to be on the
opposite side, and this I found to be the case. I will illustrate
this by the observations made when I first noticed the effect.
The plate was divided at every go° of its circumference
(Fig. 4.) by lines drawn through the centre, and being placed
on the arm, so that o° coincided with the upper part of the
limb, the north end of the needle pointed 10’ east; but when
this point again coincided with the limb, by the upper edge
of the plate revolving from west to east, the needle pointed
30’ east : making the plate revolve the contrary way, that is,
its upper edge from east to west, when o° coincided with the
limb, the north end of the needle pointed 28 west: so that
there was a difference of 58, when every point of the plate
had the same position with respect to the needle, according
as the plate was brought into that position by revolving from
west to east, or from east to west. As this appeared extra-
ordinary, I made repeatéd observations at the time, to ascer-
tain that the effect was independent of any accidental
circumstances, and found that the results always accorded
with the first, the difference caused by the rotation of the
plate being however greater or less according to the position
of the plate.

Having fully satisfied myself that, in whatever manner
the rotation of the plate might cause this difference, such was
really the effect, [ next endeavoured to ascertain the nature
and degree of the difference, according to the different situa-
tions of the centre of the plate. For this purpose I made a
great variety of experiments, of which I shall not however

MDCCCXXYV. 3 A
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here give the details, as I afterwards repeated them in a more
convenient manner, and with greater precision; but shall
merely point out the nature of them in general, and the con-
clusions which I at the time drew from them. The instru-
ment being adjusted, and the arm fixed so that the centre of
the plate was in the position which I required, I made the
plate revolve so that its upper edge moved from west to east,
and noted the greatest and least deviation of the north end
of the fn‘éedle I then made the corresponding observations
when "the plate revolved in the contrary direction: a mean
of the differences between the two gréatest and between the
two least I considered as the effect produced on the needle
by the rotation of the plate in opposite directions. Repeating
these in a variety of positions, I found that when the centre
of the plate was in the magnetic meridian, its plane being
always a tangent to the sphere circumscribed about the
centre of the needle, the deviation of the needle caused by
the rotation of the plate in its plane was the greatest when
the centre of the plate was in the equator, and that it de-
creased from there towards the poles, where it was nothing ; *
that when its centre was on the equator, this deviation was
the .greatest when the centre of the plate was on the me-.
ridian, or in longitude 90°, and decreased to nothing in the
east and west points, or when the longitude of the plate was
0° or 180°; and that when the centre of the plate was in the

# I should here mention, that, from the nature of my instrument, I could not
make observations at the north pole; but as the results, as far as I could observe,
were of the same nature on this side of the equator as on the south side, I think I
am warranted in concluding, that a¢ the nortk pole the results would likewise be of
the same nature as at the south pole.
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secondary both to the equator and meridian, the rotation of
the plate, whatever might be its latitude, caused no deviation
of the needle. In these experiments, the plate which I made
use of was a circular one 17.88 inches in diameter, and .o99
inch in thickness, weighing 112 oz. The further I had pursued
this inquiry, the more I was disposed to attribute the effects
I have mentioned to a general magnetic action, arising in a
peculiar manner from the rotation of the iron; and my next
experiments were with the view of ascertaining how far this
idea was correct. As similar results might not be obtained
with any other plate, I next made use of a plate 12.13 inches
in diameter and .o7s inch in thickness, weighing 38.75 oz.,
and with it obtained results precisely of the same nature,
though considerably less in quantity. Another objection
which occurred to me was this—that the iron being evidently
slightly polarised in particular points, the effect might be
supposed to arise from an impulse given to the needle by
the motion of these points in a particular direction, and that
the directive power of the needle not immediately over-
coming the slight friction on the pivot, a deviation might
thus arise from the rotation of the plate. Had this, however,
been the cause of the deviations, I should have expected that,
when the centre of the plate was in the meridian, the greatest
effect would be produced with the plate parallel to the
horizon, and its centre vertical to that of the needle; ,‘but I
had seen that the greatest deviation took place when the
centre of the plate was in the equator, its plane being per-
pendicular to it; and the deviation arising from the rotation,’
when the plate was parallel to the horizon, was not a fifth '
of the deviation when the plate was perpendicular to that
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plane. Besides it was manifest that if this were the cause,
any other impulse would have a similar effect. I therefore
made the needle revolve first in one direction and then in
that opposite, by means of a small bar magnet, and invariably
found that it settled at the same point, in whichever direction
the impulse was first given, and the results obtained by the
rotation of the plate were in these cases of the same nature as
before. It was also evident, that if the deviations I have
mentioned arose from this circumstance, the needle being
agitated after any particular point of the plate was brought
to the limb of the instrument, it ought to settle in the same
direction, whether that point were brought into this position
by revolving from east to west or from west to east; but this,
except in the cases I have mentioned, where the rotation pro-
duced no deviation, was not found to take place. In order
wholly to obviate this objection, in all my future experi-
ments, after any point had been brought to the limb of the
instrument, 1 agitated the needle, and let it settle before I
noted the deviation.

- Description of particular experiments.

As T had found in my first experiments that I could obtain
the nature of the deviation caused by the rotation by noting
the greatest and least deviations when the plate was made
to revolve in contrary directions, but that the quantity of
that deviation could not by this means be determined with
any degree of precision, I resolved to make my future ob-
servations differently. The method I adopted, when the
change in the deviation from one point of the plate to another
was considerable, was this: the plate being placed in any
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required position, I made it revolve once, for example, the
upper edge from east to west, without noting the deviations,
bringing the point marked o° to coincide with the line indi-
cating the position for observation; from hence I continued
the revolution of the plate until the point marked go°
coincided with the same line, and, after slightly agitating the
needle, noted the deviation; and in the same manner were
the points 60°, 90°, 120°, 150°, 180°, 210°, 240°, 270°, 300°,
330° g60° or o° brought successively to coincide, and the
deviations noted. I now made the plate revolve once from
west to east, without noting the deviations, bringing o° or
860° to coincide with the same line, and then brought in
succession 830°, 300°, 270°, 240°, 210°, 180°, 150°, 120°, 90°,
60°, 80°, o° to coincide, noting the deviations as before. The
sum of the first set divided by 12, I considered as the mean
deviation, when the plate revolved from east to west; and
the sum of the others divided by 12, as the mean deviation,
when the plate revolved from west to east: their difference
was the mean effect of the rofation in contrary directions.
This I call the Deviation due to Rotation; and to distinguish
it from the deviation caused simply by the position of the
iron, I call this last the Absolute Deviation. When the change
in the deviation from one point of the plate to another was
not so considerable, I made the observations only for the
points 0°, 90°, 180°, 270° on the plate.

I now proceed to the detail of the experiments, and the
conclusions I draw from them. In those which I shall first
describe, the centre of the plate was always in the magnetic
meridian ; its plane was perpendicular to the meridian, and a
tangent to the sphere, whose centre was the centre of the.
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needle; and the plate revolved, as in all other cases, in
its own plane: they are a repetition of those by which I
first discovered several of the facts I have mentioned, but
made for the purpose of determining more precisely the
deviation caused by the rotation. In making these, the in-
strument was adjusted so that the index at g, fig. 1, pointed
to o°, that at K to 90°, 'and those at o, o' to Zero; so that
SN was horizontal and pointed east and west, as represented
in fig. s.

- In the following table, the numbers in the first column
indicate the points of the plate which coincided with the plane
of the meridian nearest the south, or upper pole of the
sphere, when the several directions of the north end of the
needle in the same lines with them were observed; the
latitudes and longitudes are those of the centre of the plate
as referred to the centre of the needle, the longitudes being
measured from east through north; the letters at the tops of
the columns indicate the direction in which the edge of the
plate, nearest the south pole of the sphere, moved; the
mean deviation of the needle, when the plate revolved in this
direction, is placed in the line below the other deviations;
the direction in which the deviation due to rotation took place,
in the following line; and the whole deviation, arising from
making the plate revolve in opposite directions, below this :
the deviations observed always refer to the north end of the
needle. The distance of the centre of the plate from that of
the needle was 9.75 inches; the diameter of the plate, 17.88
inches ; thickness, .099 inch; weight, 112 0z.: so that its
specific gravity appeared to be 7826. This plate I call
No. I.



361

"URIPLISW WIdYINOS 33 yiim a3e(d ayy wo spurod oy Jo 2ouspIIUId 3y3 03 Surpuedsariod asoyy are SUOTIEIASD 3Y3 319} 1
S[Pa3U Y3 JO JEY3 03 [EINIAA AIJUID S PUE [EIUOZLIOY seA 3e[d a3 Jo sued oy uonisod Sy} Uy +
"J[PI3U 213 JO IBY3 SB SUI] [PIUOZLIOY SUILS Y} UF A1JUID SIT PUE “TedIa4 semaze[d ay3 Jo sued oy suonisod 959Y3 UT o

’ X a% 0 2.9¢ .1 lz 1 z uonEI0I 03
81 ol f91 0 /95 60 /97 o 19%0 ~To 16¥ o1 anp uoperad(y

TOIN |[MOIN|MOIN| TN [0 NIMOIN| O N | MO N|MO3N (T03N|TOIN| MOIN [mo3N| go3 N | - vonem

-9P Jo uonoau(J|

A9z oM E1S of m Sz ojm ¥go o|m6T oML O T¥60 of m LE ojp F6¥ ol Lk ol HEE of pm FS omio 1/ gigh o o UOB

T ~2IA3D umspy

A¥y o M¥E o] Mmoo 1My o |mgo 1jEzr o For 1l Foz of mof 1| 0o ofTor 1| mor olmbr 1 q9€ o] olz

M¥z ol mzh1| "zoo ggr o [F9E o M9t Of M9Z | MIT I| M 8O IFOE OTOS O M gE olmez o gz 1 ‘og1

u.>>u,. of mzf 1f ggr o FVE omzy ojmor 1| m8S o mob 1| F9r o|FFS 1Mzz o] m gh 1{mzz of q9z 1 o6

LAREN -]

q8f 1 mwuo Mmoo 1} mzholghr omby o] goo 1| F¥r of moS olgtt olgtE of mHS olpmoo z Mzi o o
4 f o 1 o sﬁo.\o. ’ ’ LA | ', 0 r © ] [N 1 9

from its rotation.

HOIM I MOIT | MOIT| 03 M [HOIMMOITTOIM | Mord ?Oummggmsg.gsm\g.gm q0I M

anp uonelaa(g

‘g0 o1 3T 1] °g,0f cOL BT [IN,00 o6€ 1% "N oS¥ 38T | "N 0f b1 3T | *N ,0f 61 JeT: 60 “JBT
"006 *3uory . ‘olz ‘3uoy | ' .oow,.mnoq 006 “uory ‘0Lz ZuoT #6506 “Suoy| -0 muo.mcoq
e | Lt | ase Sreo | tita | ozgga | goby | wmea

“Krevoiyeg TOIN | Mot N[mosNjgor Nl 7oy N | m o2 N | m o N [ o3 N 03 N| M 03 N.{F 03 N| M 03 N Lop Jo wonsamqy

iron arising

Moz o moz o mzromE6z omSE o|gor ol Zgo olm Ezb olm EgS ofgEE o;ﬁmm olm § 95 olmst o MzZo 1 .m_Sv.“mwS

492 0 H8Z of H9E o H9I ojM9I _B.on.o f8S ol goro >>n.v,~32 o/ gof 1° M 9o olgoz 1| moz o olz

MVYS o m¥So m¥ro mzo iimgoojge¥ ol mbz o mIra \5,,9 1791 o g¥s o] mo¥olgro o mob 1 og1

M9 1 Mmgo Il m9o | Mzz rjgzz ojgerin mbo 1 m¥S 1} gho ojgte mzf o B,wou.&.vmo Mor z o6
ary

o O
[eXe)

abro @rro @9z o gor O/M8T LMOE o T 95 O T8O O MO0 tare m v ot 1 m.«\o_w o

403 | MO | T3 | MO IMOIFTOIM HOM| MOIT|MOIT [HOIMETI M| MoIT [gos m| m o1 g

S O3 MS 03 SIS 013 M|S OIP F . . a1e[d a3
. uo syurog

15 006 1T ‘§,0f oL 3T | g5 ey ‘S 0S¥ 3o 'S Of 61 3eT | *§,0f 61 T *g0 ‘Ie

° +.oo.w *3uory wolz *3uo *606 *Juory *.oonou *3uog .ooom ‘Buorg .oom...M:oA

T 0N a)d  “a4ayds ayp 07 yuaFuny v suvyd sy puv ‘uvpriow syouSow syz wr sV 2.43u92
s usym ‘uop fo ogopd uppmourd v fo woryeion ayy fig pasnvo ‘appasu syouSvw v fo suoymadp ayy fo apquy, ‘I



362 M. CHRISTIE on the magnetism of

From these observations it appears, that when the centre
of the plate was in the pole of the magnetic sphere, its plane
being parallel to the equator, the position of the needle, for
any situation of the several points of the plate, was the same
whether they were brought into that situation by the plate
revolving from east through south to west, or from west
through south to east ; that is, that the deviation due to rotation
was nothing :

That the deviation due to rotation increased from this point
towards the equator, where it was the greatest :

And that the horizontal needle was affected by the rotation
of the plate, not according to the situation of the centre of the
plate as regarded the poles and equator of the horizontal
needle, but as regarded the poles and equator of an ima-
ginary dipping needle passing through the centre of the
horizontal needle.

This last is not so evident, from the circumstance of the
deviation being nothing when the centre of the plate was in
the pole of the dipping needle, and a maximum when in the
equator, as from its being very nearly equal at equal distances
on each side of the pole, and also of the equator, that is, at
very unequal distances from the axis of the horizontal
needle ; and from the deviations at equal distances from the
axis of the horizontal needle being very unequal. For if we
compare the deviation due to rotation in lat. 70° 30'S, long. 90°,
with that in lat. 70° 80'S, long. 270°, the difference is only
1'; in the first case, the centre of the plate was at the dis-
tance of 90° from the axis of the horizontal needle, and its
plane parallel to it ; and in the other at the distance of 51°,
and its plane making an angle of 39° with this axis. Again,
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in the four corresponding situations of lat. 19° g0/, the mean
deviation due to rotation is 1° g2’, and none of the deviations
differ from this by more than 5/, although in two cases the
centre of the plate was in the axis of the horizontal needle,
and its plane perpendicular to it, and in the two others the
centre of the plate was at the distance of 39° from ‘this axis,
and its plane made an angle of 51° with it. The mean of the
deviations due to rotation in the three* corresponding situa-
tions of lat. 45° is 49, from which none of the deviations
differ by g, notwithstanding the difference in the situations
of the centre and plane of the plate, in these cases, with re-
spect to the axis of the horizontal needle. In long. g9o° lat.
45°S, the centre of the plate was 64° 3o’ above the horizontal
axis, and its plane made an angle of 25° go’ with it; in long.
90° lat. 45° N, it made an angle of 64° 30’ at 25° 30’ below it ;
and in long. 270° lat. 45°S, it was in a position above it
similar to the last. Any doubt, however, on the subject
will be removed, if we compare the deviation in long. 90°
lat. 39° N with that in long. 270° lat, o ; the one deviation
being nearly double of the other, although the centre of the
plate was at the distance of 19° 80’ from the axis of the
horizontal needle, and its plane made an angle of 70° 30
with it in both cases. The difference is even more striking,
if we compare the deviation in lat. 70° 30’ S, long. 270°, with
that in Jat. 31° 80’S, long. 90°, the centre of the plate being
in each case at the distance of 51° from the axis of the hori-
zontal needle, and its plane making an angle of g39° with it.

# The nature of the instrument would not admit of observations being made so
near to the north pole in long. 270°as lat. 45°, or so near as lat. 70° 30’ on the other
side of the support G L,
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The differences which we have noticed in the deviations ob-
served at the same distance from the equator, is not more
than I have found to arise from a slight change in the adjust-
ment of the centre of the needle to the centre of the instru-
ment, the plate remaining in the same position. These
errors of adjustment I found it almost impossible to avoid,
owing probably in a great measure to the magnetic centre of
the needle not being in the centre of suspension; and it was
to counteract their effects, that I generally made observa-
tions on contrary sides of the centre.

With respect to the direction in which the deviation due to
rotation took place, it appears, that the rotation of the plate
always caused the north end of the needle to move in the
same direction as the edge of the plate nearest the south pole
of the magnetic sphere : so that the deviation of the north end
of the needle was in the direction in which the south edge of
the plate moved, and that of the south end of the needle in the
direction in which the north edge moved, referring the edges
to the poles of the sphere.

Having ascertained, that when the centre of the plate was
in the pole, and its plane parallel to the equator, the deviation
due to rotation was nothing ; and some of the first experiments
which I had made having indicated that this was also the
case when the centre of the plate was in the secondary to the
equator and meridian, and its plane, as before, a tangent to
the sphere, I wished to ascertain whether such were really
the fact. The experiments, the results of which are given
in the following table, left no doubt in my mind on the sub-
ject. In making them, the instrument was adjusted, so that
the index at K (Fig. 1) pointed to zero, that at G to 19° go’
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from Q towards S, and those at 0,0’ to zero on the limb
S@N, as in Fig.2. The deviations for the several points of
the plate are those observed when these points coincided
with the southern or upper part of the secondary to the
equator and meridian; and the direction of rotation is, as
before, that of the edge of the plate nearest to the south pole

- of the sphere.

II. Table of the deviations of a magneti'c needle caused by the
rotation of a circular plate of iron, when its centre was in the

- secondary to the equator and meridian, and its plane a tangent

to the sphere : the distance as before 9.75 inches. Plate No. I.

Long. o°. Long. 180°. Long. o°. Long. 180° | Long. o°. Long. 180°,
Points on | Lat. 0% Lat. o°. Lat. 45°S. | Lat. 4508. Lat. 45°N. | Lat. 45°N.
the Plate. |
StoN|NtoS NtoS |[Sto N|StoN/NtoS|NtoSStoN|StoN|NtoS§ NtoSlStoN
SR A ° o s __Jlo + 10 , _i® o 4 o , o v o 4
o o o6E o o6E|o 26 W |0 24W|7 24W|7 22W|6 48 E6 48 E|7 o8 E7 10E(732 W |7 32 W
90 o0 14 Elo 14Ejo 40 W |o 40W|7 40 |7 40 6581‘6 56 |7 18 |7 20 |8 oo ’7 58
180 o o04Eo.0gElo 32 W o 32W|6 52 |6 54 }5 58 |6 0o |6 26 626“6 52 6 52
270 0 04Wio 04Wjo 20 W |o 20W|6 28 |6 28 |5 48 |5 48 [6 08 [6 08 6 30 6 28
i |° 5 o520 298 Wlo 29Wl7 a6W) o6W)6 23 i6 2356 45 Bl 467 131 Wy 12 W)
. e d - N . 7 7 .
Dovixtion Cue o° oo’ o° oo’ L o° oo 0° oo’ o° ot/ , o° or'

- From these observations, combined with the preceding, we
may infer, that if the centre of the plate were made to de-
scribe any parallel of latitude, the deviation due to rotation
would be nothing when the longitude was o° or 180° and a
maximum when the longitude was 90° or 270° which is
precisely the reverse of the absolute deviations that would be
produced by the plate describing the parallel of latitude.
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The next experiments which I made, were with the view
of determining whether the rofation of the plate would pro-
duce any deviation, when its plane coincided with the equator.
For this purpose an axis was fixed perpendicularly on the
arm of the instrument in such a manner, that, when the
plate revolved on it, its plane was parallel to the limb. This
is represented in fig. 5: ABis the arm, on the cylindrical
part of which, Bb, is fixed perpendicularly to it the axis V v,
on which the plate of iron, C¢, here seen edgewise, revolves.
A, a, are the two flat pieces, having an opening between
them for the limb of the instrument; Z is the clamping
screw, and Y y the circular rim to support the iron plate,
which are not seen in fig. 1. .

In order to make these observations, it was necessary to
adjust the whole instrument twice ; since the deviations for
the longitudes 90° and 270° could not be observed with the
same adjustment as those for the longitudes o° and 180°.
For the longitudes 90° and 270°, the axis of the instrument
was horizontal and pointed east and west, as in fig. 3, and
the moveable limb E AW revolved on the axis until its plane,
and therefore also that of the iron plate, made an angle of
90° go’ with the horizon, rising towards the north; so that
the compass being elevated until the centre of the needle was
in the plane of the plate, the plate was then in the equator.
For the other longitudes, the axis of the instrument was
inclined to the horizon at an angle of 19° 30, and in the
plane of the meridian, as in fig. 2, and the moveable limb
adjusted at right angles to the fixed one: the compass was
then elevated to coincide with the plane of the plate.

In these experiments the distance of the centre of the iron
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from the centre of the needle was 13.2 inches; but as its
'édge was only 4.26 inches distant, the differences between
the deviations corresponding to the several points on the
plate were greatly increased ; and therefore, to obviate any
inaccuracies that might arise, from the points not being
brought into precisely the same situation when the plate
revolved in the opposite directions, I increased the number
of observations, making twenty-four for each position,
namely, twelve points on the plate, as I have before de-
scribed, the deviation for any point being observed when
that point coincided with the line joining the centre of the
plate and needle. The letters at the tops of the columns
indicate the direction of rotation of the inner edge of the
plate, or that nearest the centre of the needle.
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These observations show very clearly, that when the centre
of the plate is in the equator, and its plane also coincides with
the plane of the equator, the deviation due to rotation is always
nothing, since the small differences to be observed here in
the revolutions in opposite directions are only such as may
justly be attributed to slight errors in the adjustments of the
centre of the needle or of the plane of the plate, which are
almost unavoidable. With regard to the several deviations
in the different columns, I should notice, that they are not
those actually observed, but derived from them by subtract-
ing the same number from all the deviaticns observed in two
corresponding columns, so that they indicate the same dif-
ference of deviations in the two revolutions as those actually
observed, and therefore give the same deviation due to rotation.
The necessity of this reduction arose from the circumstance
of my having to adjust the compass to the proper height, so
that its centre might be in the plane of the plate, while it was
under the influence of the partial magnetism of particular
points in the plate; and having done this, when zero of the
compass was brought to coincide with the point of the needle

~it was not necessarily in the magnetic meridian, since the
needle was under the influence of this partial magnetism ;
“and as I' wished the deviations to be those from the meridian,
I reduced the observed deviations as I have mentioned.

Being convinced that the rotation of the plate in the plane
of the equator caused no deviation of the needle,.I proceeded
to determine the effects produced by its rotation in other
planes. In the first set of observations which I made, the
centre of the plate was in the meridian, and its plane perpen-
dicular to the plane of the meridian and passing through the
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centre of the needle. Before however making these, to
avoid the necessity of moving the compass as in the last, I
made a slight alteration in the instrument. Instead of having
the axis on which the plate revolved perpendicular to the
arm, and the plate consequently parallel to the limb, this
axis was inclined in such a manner that the plane of the plate
passed through the axis of the instrument, as represented
fig. 635 so that the axis of the instrument being horizontal,
and passing through the centre of the needle perpendicularly
to the meridian, as in fig. 3, when the arm of the instrument
was adjusted to zero on the limb, the revolution of the limb
caused the centre of the plate to describe the magnetic
meridian, and at the same time the plane of the plate always
passed through the centre of the needle. The distance be-
tween the centre of the plate and that of the needle was as in
the last 13.2 inches. The observations are given in the fol-
lowing table, where the letters above the columns indicate
the direction of rotation of the plate’s inner edge.



IV. Table of the deviation of a magnetic needle, caused by the rotation of a circular plate of iro

the meridian, and its plane in the plane of a secondary to the meridian.
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Here we find, directly contrary to what took place when the
plane of the plate was a tangent to the sphere, that the devi-
ation due to rotation increases from the equator to the pole
where it is a maximum. In this case, however; as in the
other, the deviations are very nearly equal at equal distances
on each side of the equator; so that, as before, it appears
that the horizontal needle was affected by the rotation of the
plate, not according to the situation of the centre of the plate
with respect to the poles and equater of the horizontal
needle, but with respect to the poles and equator of an ima-
ginary dipping needle passing through the centre of the
horizontal needle.

With regard to the direction of the deviation due to rota-
tion, it appears, that when the centre of the plate had north
latitude, the north end of the needle deviated 7n the direciion
of the motion of the plate’s inner edge; and when it had south
latitude, the north end deviated in a contrary direction to that of
the inner edge of the plate, and therefore the south end devi-
ated in the direction of the inner edge: so that, the end of the
needle of the same name as the latitude, always deviated in the
direction of the motion of the plate’s inner edge. :

Let us compare this with the inference we have drawn
from the observations in Table I. viz. that when the centre
of the plate is in the meridian, and its plane a tangent to the
sphere, the north end of the needle, by the rotation of the
plate, deviates in the direction of the motion of the south
edge, and the south end in the direction of the north edge of
the plate ; that is, either end of the needle deviates in a direc-
tion contrary to that of the motion of the edge of the plate
nearest to the pole of the sphere of the same name as that
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end. Now, if from the position which the plate had in the
last experiments, namely, its plane passing through the cen-
tre of the needle, it be conceived to revolve about its dia-
meter, which is perpendicular to the plane of the meridian,
until its plane be a tangent to the sphere, the direction of the
revolution about this diameter being of the inner edge towards
the pole of the same name as the latitude of the plate’s centre,
the inner edge will become the edge of the same name as the
end of the needle, which, in its first position, according to
our inference from the last observations, deviated in the
direction of its rotation ; but according to the inference drawn
from Table I. the end of the needle of the same name as this
edge will,in the new position, deviate in a direction contrary
to that of its rotation ; so that the rotation of the plate being
in the same direction in both positions, the deviations by rota-
tion will be in contrary directions in the two cases: and con-
sequently, between the two positions, the plane of the plate
must have passed through one in which the rotation would:
produce no deviation. If we conceive the plate to come into:
the position of the tangent plane by revolving about its dia-
meter in the opposite direction, that is, by the inner edge
moving towards the pole of a contrary name to the latitude,
the inner edge will become the edge of the contrary name
to the end of the needle, which in the first position, deviated
in the direction of its rotation ; and therefore that end of the
needle will still continue to deviate in the same direction ;
that is, the direction of the rotation being the same in the
two positions, the deviation by rotation will be in the same
direction in both cases; and consequently, between the two
positions, either there is no position of the plane of the plate
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in which the rotation will produce no deviation, or there are
two, or some even number of such positions.

I have not been able to determine in all cases experimen-
tally the situation of the'plane in which the deviation due-to
rotation vanishes, or whether there may be more than one
plane in which this takes place; but all the observations
which I have made, confirm me in the opinion which I formed
on comparing the preceding results, that when the centre of
the plate is in the meridian, there is only one plane between
the tangent plane and the plane passing through the centre
of the needle in which the deviation due to rotation vanishes,
and that that plane is parallel to the equator. '

Another conclusion which we may draw from these expe-
riments compared with those in Table I. is this, that when
the centre of the plate is in the meridian, and its plane per-
pendicular both to the mefidian and equator, then, supposing
the plate always to revolve in the same direction, the devi-
ation will always be in one direction, in whatever point of
the meridian the centre of the plate may be; for when the
centre of the plate is in longitude 90°, latitude o, Table I.
the plane of the plate has this position, and also when in lati-
tude 90° S. and 9o° N. Table IV. and with the same direc-
tion of rotation, the deviation will be in one direction in these
two cases.

As I had already found, that, when the centre of the plate
was in the secondary to the equator and meridian, and its
plane a tangent to the sphere, the rotation caused no devi-
ation of the horizontal needle ; it appeared to me, that there
ought to be no deviation due to rotation when the plane of the
plate was in any other plane perpendicular to this secondary.
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To ascertain how far my views were correct, or otherwise,
I adjusted the plate on the arm as in fig. 6. the same as in
the last experiments, and the instrument as in fig. 2 : so that
the axis Z£Q being in the plane of the meridian and inclined
" to the horizon at an angle of 19° 30, the centre and plane of
-the plate were, during the revolution of the limb, always in
“the position I required. The distance between the centres of
the needle and plate was as before 13.2 inches. The follow-
ing Table exhibits the observations which I'made ; the letters
at the tops of the columns indicate the direction of rotation
of the plate’s inner edge ; and the numbers in the first column,
the points on the plate which coincided with the plane of the
~secondary, when the several directions of the north end of
the needle in the same lines with them were observed. The
- observations were made at every 10° of latitude, as in some
_ cases there was an indication of deviation due to rotation.
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f iron when its centre was in the secondary to the equator and meridian,
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Although the deviations due to rotation are here in some
cases greater than might perhaps on a first view be expected,
if in the position in which I have supposed the plate, its
rotation would really produce no deviation, yet the differ-
ences are not in any case more than may, I consider, be
fairly attributed to errors in the adjustments, That the
deviations, when the plate revolved from south to north, had
a tendency most generally to be greater than when it re-
volved in a contrary direction, as is evident by referring to
the Table, appears at first sight more unfavourable to my
opinion than the magnitude of the difference ; but on further
consideration, I think that this will be allowed rather to point
out the source of the errors in the results, than the incorrect-
ness of my views, and that these errors arose from the plane
of the plate not being in those cases perpendicular to the
plane of the secondary to the equator and meridian. The
proximity of the edge of the iron to the ends of the neeédle,
varying from 5.16 inches to 4.27 inches at the south end,
and from .16 inches to 5.92 inches at the north end, I con-
sidered to be another source of error ;. the inequalities arising
from the effects of particular points near the edges of the
iron on the ends of the needle being the more sensible when
the distances are small. - All my observations were made as
near to the centre of the needle as the instrument would
admit, in order that the effects of the rotation, since they
were in many cases extremely small, might be the more
sensible ; and by this means I discovered the nature of the
effects produced on the needle by the rotation ot the plate;
but I am fully convinced, that for the purpose of comparing
the results of observation with the conclusions from theory,
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it is always desirable, that the observations should be made
when the iron is at such a distance from the centre of the
needle, that the effects of particular points, near its edges, on
the ends of the needle are nearly insensible. Taking these
circumstances into consideration, I was quite satisfied from
these experiments, that, if the centre of the plate be in the
secondary to the equator and meridian, and its. plane per-
pendicular to the plane of that circle, the rotation of the
plate will produce no effect on the absolute deviations caused
by the mass.

In order to determine what effects Would be produced by
the rotation of the plate when its centre was in the secondary
to the equator and meridian, and its plane in the plane of this
circle, the instrument was adjusted as in fig. 1. the index at
g pointing to 70° g0'; the limb SAN was then placed at
right angles to SQN, and the arm A B attached to it with
the iron plate on the axis as in fig. 5; and that the centre of
the needle might be in the plane of the plate, the compass
box was moved in the direction of the meridian.

Some of my first observations were made with the centre
of the plate in the equator, and I immediately found, that the
deviation due to rotation, instead of being o, as in the cases
when the plate revolved in the planes at right angles to its
present position, was here considerable ; and also that, that of
the south end of the needle was in the direction of the upper, or
south edge of the plate, contrary to what had been observed
in the same plane at the pole (Table IV. lat. 90°). This in-
dicated that there must be, at least, one point in this circle
on each side of the pole, where the deviation due to rotation
was 0; and to determine nearly the latitude of this point, I
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made observations at every 10° degrees of latitude on each
side of the south pole. Before, however, giving these obser-
vations, it is necessary that I should state the kind of reliance
Tplace on them as forming a complete set. In order to make
the observations near the pole, it was necessary to adjust the
instrument as in fig. 8. and after having made the complete
set, I suspected that, in the change from the one adjustment
to the other, the centre of the plate had been nearer to that
of the needle in making the observations near the equator,
than those near the pole ; and that consequently, the deviations
due to rotation in the former” case, were proportionally too
great. [ was confirmed in this suspicion on comparing these
observations with those which I had, in the first instance,
made in lat o® and in lat. 9o°; and still further on comparing
them with others, which I subsequently made at the several
distances 15, 17, 19, 20 inches; in the corresponding situ-
ations. For example, in my first observations, the deviations
due to rotation in lat. o°, long. 0°, and in lat. o° long. 180°
were 3° 10, and 8° 14/, giving a mean g° 12’ in lato; and in
lat. 90 S, 1° 31’; when the centres of the plate and needle
had been carefully adjusted to the same distance 13.2 inches,
in the two cases; whereas the corresponding deviations in
the table are 3°.44' and 1° 29'; and, by subsequent obser-
vations, I found the sum of the deviations at the distances
15, 17, 19 and 2o inches to be in these two cases, 7° 20’ and
8° 32/, to which g° 12’ and 1° 81’ are very nearly propor-
tional. As however these differences do not in the least
affect the conclusions which I at the time drew from this set
of observation, and they were all made immediately follow-
each other, I prefer giving them as a complete set for the
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purpose of illustration ; they are contained in the following
Table. The numbers in the first column indicate the points
on the plate which coincided with the line joining the centres
of the plate and needle, when the several observations of
the directions of the north end of the needle were made. Of
the letters at the tops of the columns, the upper ones indicate
the direction of rotation of the south, or upper edge of the
plate, with respect to the points in the horizon; and the
Jlower ones, the direction of the inner edge, or that nearest the
axis, with regard to the poles of the sphere; the letters at
the bottoms of the columns indicate the direction of the devi-
ation of the south end of the needle due to rotation.
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It appears, from these observations, that, when the plate
revolves in the plane of a secondary to the equator and
meridian,

1st. The deviation due to rotation is a maximum when the
centre of the plate is in the equator.
2d. It decreases as the plate approaches the pole, and is o
between the latitudes 50° and 60°, apparently very nearly at
55°; and from this point it increases till it attains a maximum
in a contrary direction at the pole.
3d. At the south pole and on each side down to the lati-
tude 55°, the deviation of the south end of the needle, due to
rotation, is in the direction of the north, or lower edge of the
plate: or, from the south pole down to the latitude 55°, the
south end of the needle moves towards the plate, when the
inner edge of the plate moves from the south pole, and from
the plate when the inner edge moves towards the south pole.
4th. From the equator towards either pole as far nearly
as the latitude 55°, the south end of the needle moves in the
_direction of the south edge of the plate; that is, it moves
towards the plate when the inner edge of the plate moves
towards the south pole, and from the plate, when that edge
moves from the south pole; also the north end of the needle
“moves towards the plate, when the nner edge moves towards
the north pole, and from the plate, when that edge moves
from the north pole. Consequently towards whichever pole
the inner edge moves, the corresponding end of the needle
will move towards the plate from the equator to the latitude
of 55° nearly, and the contrary will take place from the lati-
tude 55° to the pole.
The observations which I made with the plate on the north
MDCCCXXV. 3D
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side of the equator, though not so multiplied as those on
‘the south, were sufficient to show, that the deviations due to
rotation observed the same laws on that side of the equator
as I had noticed on the south side.

The deviation due to the rotation of the plate, when its cen-
tre is in the secondary to the equator and meridian, having
a peculiar character, namely, two greater maxima when the
centre is in the equator, two less maxima, in a contrary
direction, when the centre is in either pole, and four points
where it vanishes, I consider to be particularly well adapted
for forming an estimate of the correctness of any theory
which may be adopted for the explanation of the phanomena
in general ; since the theory must be perfectly compatible
with these peculiarities, before it can be applied to the expla-
nation of the less marked phaenomena.

As it appeared from these observations, that the point
where the deviation due to rotation vanishes, is not far from
lat. 55°, the complement of which, 85°, is nearly half the angle
of the dip, I wished to ascertain whether the deviation were
really o in latitude 54° 45', which I considered to be correctly
the complement of half the dip 70° 30, although I could not
see how the angle which the plane makes with the horizon
could have an influence on an angle in the plane itself. The
following observations show, that in this instance the devi-
ation due to rotation vanishes, or nearly so, when the polar
distance of the centre of the plate is equal to half the angle
which the dipping needle makes with the horizon. Whether
this coincidence is purely accidental, or is a necessary conse-
quence of the manner in which the effect is produced, must
remain doubtful, until it can be shown how the action takes
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place; it, however, led me to ascertain precisely the point at
which the deviation due to rotation vanishes

VIL Table‘q/' the deviations of a magnetic needle caused by the rotation
of a circular plate of iron when the centre and plane of the plate were

in the secondary to the meridian and equator, and its centre in latitude
54° 45,

Lat. 54° 45’ S. Lat. 54° 45t N.

Long. 180°. Long. o°® Long. 180°. Long. o°,

Upper Edge. | Eto W | WtoE |{WtoE | Eto W| WtoE |[Eto W| Eto W| WtoE

4 ‘ o/ o ° o o 1 o ¢
o 20 42E 20 42 E| 20 44W| 20 44W| 21 36W| 21 40W| 19 56E | 19 56E
30 2030 [ 2032 | 1950 |19 50 | 21 10 |21 10 | 20 18 | zo 20
6o 19 54 |19 56 |19 30 {19 28 | 20 50 |20 50 |20 44 | 20 44
90 19 18 | 19 20 | 20 25 |20 24 | 2016 |20 18 |20 56 | 20 58
120 19 50 | 19 52 | 20 50 |20 46 | 20 24 |20 22 | 2048 | 20 50
150 19 38 119 38 | 21 42 | 21 46 |19 52 |19 50 | 20 34 | zo 36
180 2016 20 16 | 22 22 |22 24 |19 46 |19 44 | 19 50 19 §0

210 21 30 |21 26 | 2222 | 2220 |1924 |1920 |19 40 |19 40
240 2z 32 | 22 32 | 21 34 | 2134 | 1928 |1928 |1909 |19 o8
270 22 26 | 22 28 | 2042 | 2042 | 2028 |2030 |19 58 19 00
300 22 02 | 22 04 | 20 30 |20 30 |21 10 |21 10 {1938 |19 38
330 21 26 | 21 26 |20 36 | 2036 |2112 |21 18 {20 00 | 20 Oz

Mean . '
Deviations. | 20 50%| 20 51 | 20 553 20 55%| 20 28 | 20 28%| 20 0z} 20 o33

Deviation due — o° oo’ -+ o° 00’}

n = 0° oo}’ —o° o1’
to rotation.,

General law of the deviation due to rotation deduced Jrom the
experiments,

Having now ascertained the nature of the effects produced
on the horizontal needle by the rotation of the plate in diffe-
rent planes, I endeavoured to discover some general law, ac-
cording to which the direction of the deviation depended on
the direction of the rotation of the plate ; so that the situation
of the centre of the plate, the plane in which it revolved, and
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the direction of rotation being giveh, we might point out
immediately the direction in which the deviation would take
place.
On comparing together all the facts which I have detailed,
I found that this might be effected in the following manner.
I refer the deviations of the horizontal needle to the devia-
tions of magnetic particles in the direction of the dip, or to
those of a dipping needle passing through its centre ; so that,
in whatever direction this imaginary dipping needle would
deviate by the action of the iron, the horizontal needle would
deviate in such a manner as to be in the same vertical plane
with it: thus, when the north end of the horizontal needle
deviates towards the west, and consequently the south end
towards the east, I consider that it has obeyed the deviation
of the axis of the imaginary dipping needle, whose northern
extremity has deviated towards the west and its southern
towards the east; so that the western side of the equator of
this dipping needle has deviated towards the south pole of
the sphere, and its eastern side towards the north pole. It
would follow from this, that if the north and south sides of
the equator of the dipping needle (referring to these points
in the hOI‘IZOIl) deviated towards the poles, no corresponding
deviation would be observed in the horizontal needle; the
effect, in this case, taking place in the meridian, would only
be observable in the angle which the dipping needle made
with the horizon. As it is not my intention at present to
advance any hypothesis on the subject, I wish this to be con-
sidered only as a method of connecting all the phznomena
under one general view. Assuming it then for this purpose,
it will be found that the deviations of the horizontal needle due
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to rotation are always such as would be produced by the sides
of the equator of this imaginary dipping needle deviating in direc-
lions contrary to the directions in which the edges of the plate
move, that edge of the plate nearest to either edge of the
equator producing the greatest effect on it. By referring to
the particular laws which I deduced at the time of making
the experiments in different planes, it will be seen that they
are all comprised under this general law; but this will be
rendered more evident by taking an instance.

When the centre of the plate is in the meridian, and its
plane a tangent to the sphere, the eastern side of the equator
of the imaginary dipping needle, according to the above law,
will deviate in a direction contrary to that of the motion of
the eastern edge of the plate, and consequently the northern
extremity of the axis will deviate in a contrary direction to
that of the motion of the plate’s northern edge, or it will
deviate in the direction in which the southern edge of the
plate moves. Hence the horizontal needle obeying the
deviations of this dipping needle, the deviations of its north
end due to the rotation of the plate will be in the direction in
which the south edge of the plate moves, which is the law
deduced from the experiments, Table I.

Experiments with the dipping needle.

Having found, in all the experiments which I have de-
scribed, that the effects produced on the horizontal needle
depended on the situation of the plate with respect to the
axis and equator of an imaginary dipping needle passing
through the centre of the horizontal needle, my next experi-
ments were undertaken with the view of ascertaining whether
the effects produced by the rotation of the plate on the dipping
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needle itself corresponded with those which I had observed
on the horizontal needle. In making these it was necessary
to adjust the dipping needle on a stand detached from the
instrument, on the arm of which the iron plate revolved, on
account of the diameter of the case of the dipping needle
being greater than the distance sz (fig. 1). It was there-
fore only in particular positions that I could observe the
deviation caused by the rotation of the plate. This however
was of the less importance, since, as I expected that the de-
viations of the dipping needle would be less than those of the
horizontal needle nearly in the ratio of sin. 19° 80’ to 1, it
was only in the cases in which they were the greatest that I
was likely to have been able to observe them.

As the dipping needle, when in the position of the dip,
could only vibrate in the plane of the meridian, no effect
corresponding to the deviations of the horizontal needle could
be observed, either when the centre of the plate was in the
intersection of the meridian and equator, and its plane per-
pendicular to the planes of these circles, or when the centre
of the plate was in the secondary to the meridian and equator,
and its plane in the plane of this secondary. In order there-
fore to ascertain the deviations of a needle suspended freely
by its centre of gravity, corresponding to those of an hori~
zontal needle, when the plate had those positions, and which
I considered to be the principal points to be determined, it
was necessary to observe the effect produced on the dipping
needle when the centre of the plate was in the equator and
exactly east or west of the centre of the needle, and its plane
parallel to the plane of vibration of the needle; and also
when its centre and plane were in the plane of vibration.

In making these observations, the instrument was adjusted



iron arising from its rofation. 385

asin fig. 1, the compass being however removed ; the indexes
at o, o were brought to /E, @, on the moveable limb, and
that limb was placed at right angles to the fixed limb, so that
the plane of the plate was parallel to the magnetic meridian.
The dipping needle was then placed as nearly as possible in
the required position, and the levels being carefully adjusted,
the needle was made to vibrate freely and left to settle. After
the plate had been made to revolve several times in the same
direction, the point marked o was brought to coincide with
the upper part of a line parallel to the magnetic axis, and
passing through the centre of the plate. The needle was
then slightly agitated, or made to vibrate through a small
arc; and when it settled, the dip was noted both at the upper
and lower extremity, or the south and north end of the
needle. This was repeated for the points marked 60, 120,
180, 240, g300. The plate was now made to revolve in the
contrary direction, and similar observations made of the dip
of the needle when the several points 300, 240, 180, 120, 60,
o, coincided with the upper part of the line parallel to the
magnetic axis. Continuing the revolution of the plate in this
direction, a second set of observations of the dip ‘were made
for the several points from goo to o. After this, the plate
was again made to revolve in its first direction, and a second
set of observations made of the dip for the points from o to
800. I considered the mean of all the observations in the
two sets, when the plate revolved from o to 300, as the mean
dip when the plate revolved in this direction; the mean of
all the observations in the two sets, when the plate revolved
from go0o to o, as the mean dip when the plate revolved in
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this direction; and the difference between these mean dips as
the deviation due to the rotation of the plate.

As I had experienced that the dipping needle, even when
of the best construction, was an instrument from which accu-~
rate results could only be obtained by taking a mean of a
great number of observations, I was aware that, by making
only two for each point of the plate, I was liable to an error
in the observations for each point taken separately, but this
I considered would be counteracted in taking the mean for
all the points; so that the mean results could not err far
from the truth. The dipping needle which I made use of
was a very good instrument, by JonEs, of Charing Cross: the
needle, made according to Captain KATER’s construction, con-
sisted of two arcs of a circle; its length was 7 inches. The
plate was the same I had used in the experiments with the
horizontal needle.

For the better distinguishing of the edges of the plate and
the direction of its rotation, I conceive two planes” at right
angles to each other to pass through its centre; one, the
plane of the equator or a plane parallel to it, which I call the
equatorial plane ; the other, the plane of the secondary to the
equator and meridian, or a plane parallel to this secondary,
which I call the plane of or parallel to the axis. The inter-
sections of the first plane with the edges of the plate, I call
the equatorial north and south edges; and the intersections
of the second, the polar north and south edges.

In the following table, the numbers in the first column in-
dicate the point on the plate which was in the polar south;
the inclinations of the needle corresponding to these positions
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of the plate are in the following columns, which are in pairs,
the one showing the inclination indicated by the southern
extremity of the needle, the other, that by the northern.
Above the pairs of columns, is indicated the direction in which
the upper or polar south edge of the plate revolved, with re-
ference to the points in the equator, and also the direction in
which the equatorial south edge of the plate revolved with
reference to the polar points in the plane of the axis. Under
the columns, are the mean inclinations of the needle when
the plate revolved in opposite directions, and below these, the
mean deviation due to rotation.

VIIL. Table of the inclinations of the dipping needle when the centre of the plate
was in longitude 0°, Zatitude 0°, and its plane parallel to the meridian ; so that
the axis of rotation of the plate was the same as the axis of vibration of the
needle : the distance of the centre of the plate from that of the needle being
9.5 inches. Plate No. 1.

Polar South edge of the Platc to Equatorial North, Polar South edge of the Plate to Equatorial South,

Points on the Equatonal South cdge to Polar South. Equatorial South edge to Polat North,
Plate coincid-
ing with the First Set. Seeond Set. First Set. Second Set.

Polar South,

S. end. N. end. S. end, N. end. S. end. N. end. S. end, N. end.

o ’ o ’ o ’ o ’ o ’ o 2 o ’ [e] 7
o 70 30 70 43 70 30 70 20 71 40 71 35 71 .25 71 20
6o 70 10 70 25 70 3¢ 70 20 71 4% 71 40 71 03 71 oo
120 70 4% 71 o0 70 25 70 1§ 71 25 71 20 71 0§ 71 00
180 70 40 70 §§ 70 2§ 70 20 71 00 70 §5% 72 00 70 55§
240 70 §% 71 10 70 40 70 30 71 30 71 20 71 20 71 1§
300 71 0§ 71 20 70 45§ 70 35 71 30 72 ©0 71 o5 71 o0

Mean dip. 78° 38’ 71° 18

Mean deviation due to rotation. 0% 40’

From these observations it appears that, in this position of
the plate, the deviation of the upper, or south end of the needle,
MDCCCXXYV. s E
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due to rotation, was in the direction in which the north or lower
edge of the plate revolved, and the deviation of the north or
Jower end of the needle, in the direction of the rotation of the
upper or south edge of the plate. It would follow from this,
that if a needle could be suspended freely by its centre of
gravity, and the centre of the plate were in longitude 90°,
latitude o°, and its plane at right angles to the meridian;
then also, the deviation of the south end of the needle due to
rotation, would be in the direction of the north or Jower edge
of the plate, and the deviation of the north end, in the direc-
tion in which the south or upper edge revolved; which are
precisely the directions of the deviations of the horizontal
needle in this position of the plate. (See Table I.)

The law which I have shown to obtain in all the experi-
ments on the horizontal needle, viz. that the sides of the
equator of the imaginary dipping needle always deviated in
directions contrary to those in which the corresponding edges
of the plate moved, I had derived previously to having an
opportunity of making any experiments with the dipping
needle: a comparison of the above results with this law will
more fully illustrate its nature, and at the same time show
their perfect accordance. In making this comparison, it is
necessary to notice that, an Zncrease of the dip of the needle,
corresponds to a deviation of the southern edge of its equator
towards the south pole, and of the northern edge towards the
north pole ; and on the contrary, a diminution of the dip cor-
responds to a deviation of the southern edge of the equator
towards the north pole, and of the northern edge towards the
south pole. Now, when the equatorial south edge of the
plate revolved towards the polar south, and consequently the
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equatorial north edge towards the polar north, the inclination
of the needle was diminished by the rotation ; that is, the south
edge of its equator deviated towards the north pole, and the
north edge of its equator towards the south pole; or the edges
of the equator, by the rotation of the plate, deviated in directions
contrary to those in which the edges of the plate moved. The
same conclusion evidently follows from the observations
when the equatorial south edge of the plate revolved towards
the polar north, the dip being here increased by the rotation
of the plate.

The next observations which I made, were of the inclina-
tions of the dipping needle, when the plane of the plate was
in the plane of the meridian or plane of vibration of the dip-
ping needle.

IX. Table of the inclinations of the dipping needle, when the centre of the plate
was in longitude 90°, latitude 0°, and its plane in the plane of the meridian, or
plane of vibration of the dipping needle ; the distance of the centre of the plate

Jrrom that of the needle being 13.3 énches. Plate No. 1.

Polar South edge of thc Plate to Equatorial North, Polar South edge of the Plate to equatorial South,
P;%:tt: c?)‘i‘n ct‘lée_: Equatorial South e(:itge to Polar South, Equatorial South gc;ge to Polar North.
iI?O a:'gg;té}_" First Set, Second Set. First Set. Second Set.
S.end. N. end. S. end. N. end, S.end. N. end. S. end. N. end.

[ o o 1 o o g ] g ’ g ’
o 70 25 70 35 7045 | 70 30 69 40 9 35 9 35 9 15
60 69 50 70 o5 70 I§ 70 0§ 69 20 69 15 69 30 69 20
120 69 50 70 00 69 55 69 50 68 55 68 55 69 oo 68 45
180 | 7045 | 7055 | 7035 | 70125 | 6935 | 69 40 | 69 35 | 69 25
240 70 55 71 o§ 70 50 70 40 69 30 69 33 69 z0 69 10
300 70 40 | 70 50 70 30 70 15 69 35 69 40 69 30 69 zo

Mean dip 70° 26’ 69°22' %

Mean deviation due to rotation. 12 04’
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From these observations it appears that, the plane of the
plate being in the plane of vibration of the needle, and its
centre in the equator, the deviation of the upper or south end
of the needle, due to rotation, was in the direction of the rota-
tion of the upper or south edge of the plate, and of the north
end in that of the north edge ; and we may therefore conclude,
that if a needle could be freely suspended by its centre of
gravity, and the centre of the plate were in the equator, and
its plane in that of the secondary to the meridian and equa-
tor, the deviation of the south end, due to rotation, would be in
the direction in which the south edge of the plate revolved,
and of the north end, in that in which the north edge revolved ;
which, again are precisely the directions in which we have
seen, that the horizontal needle deviated by the rotation of
the plate in this position.

X. Table of the inclinations of the dipping needle, when the centre of the plate
was in latitude 90° South, and its plane in the plane of the meridian, or plane
of vibration of the dipping needle ; the distance of the centre of the plale from
that of the needle being 13.3 inches. Plate No. I.

Polar South edge of the Plate to Equatorial North, | Polar South edge of the Plate to Equatorial South,
or ’ or
Points on the Equatorial South edge to Polar South. Equatorial South edge to Polar North,
Plate coincid.|_- e
g‘oglarwslg:ult:w First Set. Second Set. ) First Set. Second Set.
S. end. N. end. S. end. N. end. S. end. N. end. S.end. N.end.

o ! o 7 L] ¢ o ] o r o 7 o o I

o 71 05 7L 0§ 71 35 ‘71 30 7t 40 71 40 71 50 71 40 |
60 71 00 71 10 71 10 71 0% 71 35 71 15 71 35 71 25
120 71 10 71 15 71 25 7% 25 71 40 71 30 7z 15 72 05
180 7% 40 71 45 71 35 7V 40 | 72 0o 71 50 72 30 72 20
240 71 42 71 45 71 30 71 35 72 0§ 72 0§ 72 15 72 05
300 71 0§ 71 10 71 25 7% 35 71 40 71 55 72 00 7% 55

Mean dip. 719 23" 1% | 71°52' 15

Mean deviation due to rotation. o 29’

* In these observations the edge of the iron plate was not an inch from the south end of the
needle; so that a very small error in the position of the plate’s centre will account for the dip in
both directions of rotation being greater than 70° 15’, the true dip.
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Here, contrary to what took place when the centre of the
plate was in the equator, the deviation of the south end of
the needle is in the direction in which the lower or north edge
of the plate revolved; and we may therefore infer, that the
same would be the caseif a needle were suspended freely by
its centre of gravity, and the plane of the plate were in the
plane of the secondary to the meridian and equator, its
centre being in latitude 9o°S: which also agrees exactly
with the directions of the deviation of the horizontal needle,
due to rotation, in this position of the plate.

It is evident from these different experiments with the
dipping needle, that whatever may be the peculiar effects
produced on the iron by its rotation, the deviations of the
horizontal needle, due to the rotation, are of the same nature
as those that would arise by referring the deviations of the
dipping needle to the horizontal plane.

Further observations with the horizontal needle.

Although, in order to point out the particular laws accord-
ing to which the rotation of the iron causes the needle to
deviate in particular situations of the plate, and to deduce a
general law by which the direction of the deviation might in
all cases be determined from the direction of rotation, I have
been under the necessity of entering into such a detail of the
experiments, as has already extended this paper beyond the
limits to which I wished to confine it, I yet think it may not
be uninteresting to enquire, how far the adoption of parti-
cular hypotheses may enable us to account for the several
phanomena which I have observed.

I have already stated, that I considered that the deviations
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arising from the rotation of the plate, when its centre and

plane are in the secondary to the equator and meridian, are

those best adapted for forming a comparison with the results

obtained from theory. In Table VI. I have given a series of
such observed deviations ; but as I was not quite satisfied

that in making these observations there had not been some

small inaccuracies in the different adjustments, when the

centre of the plate was near the equator and when near the

pole, I should not on this ground have considered a compa-

rison with them as altogether conclusive with respect to the

correctness of any theory. In repeating these experiments, I
increased the distance of the centre of the plate from that of
the needle, as, in order to simplify the calculations, it would

be necessary to neglect certain terms, which would be the

greater the less was this distance, and consequently if it were

increased, the neglecting these terms would the less affect the

results of the calculation as compared with the observations.

The following Table contains a series of observations similar

to those in Table VI, but having the centre of the plate re-

moved to the distance 16 inches from the centre of the

needle. In making them, the most scrupulous attention was

paid to the different adjustments, so that I can place entire

confidence in the results.
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Considering the centre of the plate to have been in longitude 180¢°, and consequently the
of the deviations in the several latitudes, I obtain the following.

A. Table of the easterly deviations of the needle, when the centre of the plate was in long

in opposite

directions.

Latitude of the plate’s
centre.

o°

10°

20

30°

40°

50°

Direction of rotation
of plate’s upper edge.

EtoW |WtoE

EtoW|WtoE

EtoW

EtoW [WtoE

EtoW | WtoE

EtoW | Wi

\

Deviation East.

7

447 55

’ "

—47 5

U #

87 26

7

°
3

o "
2 26 40

1

6 57 oo

i n

o3 2

7 "

o o
9 8 03 4

oy n| o s "
9 56 20/ 9 19 20

[ s

9 31 20

(o]

92z

Deviation due to
rotation.

I° 35l 5-0”

Io 3ol 4.0”

o 59 40"

'0° 36’ 50’

00 091 ES"

Two sets of observations which I had made more than two years before, had given me
deviations might have been affected by the proximity of a mass of iron, of which I was not
to repeat them in a situation where no such influence could be exerted, although I did not

B. Table of the mean easterly deviations of the needle, when the centre of the plate was in longitu.
directions ; deduced from two sets of observations made in .

Latitude of the plate’s
centre.

o°

10°

20°%

30°

40°

50°

Direction of rotation
of plate’s upper edge.

EtoW|WtoE

EtoW|WtoE

EtoW|WtoE

EtoW [WtoE

EtoW | WtoE

EtowW

1st Set.
2d Set.

Deviation
East.

i

—50 235
—50 32

+50 25
+50 32

4 35 45

n
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’ "

o 1 3
435 55/3- 00 55

2 48 50
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Theoretical Investigations.

It has in general been considered that the different devia-
tions of the horizontal needle, arising from the action of soft
Jiron on it in different positions, can only be accounted for on
the supposition, that the iron is polarised by position, the
upper part being a north pole, and the lower a south one,
each pole of the iron attracting the pole of the needle of the
same name, and repelling that of a contrary name: but if
we suppose that each particle of the iron simply attracts in-
differently either pole of a magnetic particle, and refer the
attraction of the iron to its centre, then if the angular devia-
tions of a magnetic particle in the centre of the needle and
in the line of the dip, arising from such attraction, be reduced
to the horizontal plane, these reduced deviations will agree
with the actual deviations of the horizontal needle. In in-
vestigating theoretically the effects that are produced by the
rotation of a plate of iron, I will first suppose, that, inde-
pendently of rotation, the iron acts in this manner, and that
by the rotation it becomes polarised in a direction, making a
certain angle with the magnetic axis, since from such a
polarising of the iron, the law which I have shown to include
all the pheenomena, would evidently result. On this suppo-
sition, each pole of a magnetic particle in the centre of the
needle would be urged by an attractive force towards the
centre of the iron plate, by an attractive force towards the
pole of a contrary name, and by a repulsive force from the
pole of the same name in the iron.

Suppose now that the centre and plane of the plate are in
the secondary to the meridian and equator, that its centre is
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to the west of the needle, or in longitude 180° ; and in south
latitude, as in the observed deviations in Tables A and B,
and that its upper edge revolves from east to west. Take
the centre of the needle as the origin of the rectangular co-
ordinates, the axis x being horizontal, and towards the west, -
that of z upwards, in the direction of the magnetic axis. We
will indicate the north end of the magnetic particle, in the
centre of the needle, on which the iron is supposed to act, by
N, its south end by S: the north end of the line joining the
poles in the plate by v, its south end by s, its centre by 5.
Let the co-ordinates to the centre of this line be a, b; to its
north end a,, b,; to its south end a,, b,; and let ¢ be the
angle which this line makes with a line passing through its
centre, and parallel to the axis 2. Also let r be half the
length of the magnetic particle in the centre of the necdle.
Since the effect of any force to turn the particle SN will
be the same, whether it be supposed to act on N in a given
direction, or on S in the contrary one, we may refer the
action of the mass of the iron, and likewise the actions of its
poles, wholly to the end S. Calling then m, the magnetic
force of the earth acting in the direction of the dip; F the
force of the mass of the iron, and fthat of one of its poles on
S, at the unity of distance ; also the sum of all the forces on
S resolved in the directions & and %, X and Z, we shall have

Fa. ('s—l.';s'_ﬁ%i) ﬁL—_-:X
+S a5 ) =, ()}
em+F. éé:;';“%r) ‘ v/

/b — - =
I {F+-m—) |
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If ¢’ be the angle which, in consequence of these forces, the
magnetic particle makes with the axis z, or line of the dip,
that is, its angle of deviation towards the west, we shall have

’ X
Tan. ¢/ = , (1) |
Let now A be the latitude of the plate’s centre; R the radius
of the circle in which the centre of the plate is made to move,

that is, its distance from the centre of the needle ; p, half the
distance between the poles in the iron plate: then

a =R cos. A, b =Rsin. a;
a;, =R cos. A - psin. ¢, b =R sin. A 4-pcos.;
a, =R cos. x—psin.§, b, =R sin.x—pcos. ¥;

SyP=R*+4r"—2Rrsin.a, No¢*=R® 47> 2 Rrsin. a;
Sy’ =R® o r*-p—2 Rp sin. (Y + A) =27 (R sin. x—p cos.$);
Ny =R® = 7°4- i"—2 Rp sin. (Y + 1) 4= 27 (R sin. »— p cos. ¥);
Se® =R’ 4 r*F-p>42 Rp sin. (Y +2)— 27 (R sin. A = p cos. ¥);
Ne=R’ -} 1*"‘—|-p'+ 2 Rpsin. (4 42)+ 2 (R sin. a 4 p cos. §).
Substituting these values in the expressions for X and Z, ex-
panding the several fractions, and neglecting the terms in
the series after the third, on account of r and p being small
compared with R, the equation (1) will become,

. 2fp . .
3 sin. A cos. A <4 T ) 3sin (¥ 4+ A) . cos, A — sin. }

mR3 2fp

Tan. ¢'==
7 T 3sin2A — 14 T {3sin. W +7-).sin.h-—cos.slz}

(2)

If we call ¢, the angle of deviation of the magnetic particle
when the plate revolves in the opposite direction, that is, its
upper edge from west to east, we shall have

‘ . 3sin.7\cos.7\—-%j;- {3sin.(-.l,-—?\).cos.h-—sin.4f} '
Tan. = RE b. 2 fp R (3)
Fr t3sin*A—1—0 {3 sin. (4 —2). sin. A + cos.q,}
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Also if ¢ is the angle of deviation of the magnetic particle
due to the mass alone of the iron, then

’ sin. A €OS. A
tan ¢ = —3 (4),
~ 4 3 sin2a—1

Since when the rotation of the iron produces no effect,
¢ =¢ =@ we must have in this case,

g sin. (b +2) . cos. A—sin 4 3 sin. (§ —2) . cos. A —sin.
3 sin, (4 4 a) . sinca—cos. ¥ T 3 sin. (b — A). sin. A + cos. }°

whence

sin. ¥ . cos. Yy =o.

The value of ¢ which satisfy this equation are 0°, 90°, 180°,
970°; and since o° and 180° would in all cases give ¢'=¢,
these must be excluded; also ¢ ==270° would merely give
the same value for ¢’ which ¢ ==90° would give for ¢,, and
vice versd ; consequently we have ¢ = 90°.

If now we reduce the deviations ¢, ¢, ¢,, of the magnetic
particle in the line of the dip, to the horizontal plaﬁe, and
call the corr_espohding horizontal deviations ¢, 4, §,, and the
angle of the dip d; then since tan. ¢ = cos. ¢ tan. 6, and
J = 90°, the equations (2), (8), (4) will become

3sin.z>\+%—ff- (3¢€05. 224 1)

Tan. § = . (5)
: cos.? zmR3 _ 2fp . . »
Fr (3COS.2A l)+~F-;_-.3sm.27\

T 0 3 .sin, zx——ﬂ (3 cos.2a 4 1)
an. €os. é‘ 2zmR3 — (305, 22 — 1) 2 fp o (6),

Fr ’ o3

1 3 sin. 2 A

”[‘an'e'_cos.é'zmk3 (7),

== (3C€0S. 2A==1)

Fr .
The angles 6 6, 6, are the horizontal angles of deviation of
the south end of the magnetic particle towards the west ; so
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that the centre of the plate being to the west of the needle
or in longitude 180°, the deviation of the north end of the
horizontal needle ought to be towards the east, which agrees
with the observations. I

Having determined from observation the value of A when

the rotation of the plate produces no effect, and the corre-

fsz

sponding value of §, we may determine the value o , in-

dependently of fp; and the value of —%f;”— may then be deter-

mined from the observed values of §' and §, when a==o0 or go°.

2 R w3
“Fr_

equations (5) and (6), we may deduce the values of ¢ and 4,
corresponding to different values of A, and compare them
with those actually observed.

From Tables A, B, and also Table VII, it appears that the .
devialion due to the rotation of the plate vanishes when the
latitude of its centre is very nearly 54° 45', or as nearly as
can be determined when g cos. 2 A 4= 1==0, in which case
A ==p4° 44/ 08". We shall therefore have from Table A,

Substituting these numerical values for 2= andi-F[f in the

— 1 3 sin. 106° 28’ 16"
Tan. 9° o9’ 10" cos. 70° 1§’ 2mR3
' Fr
mR? :
75— = 49.9504 == 50 very nearly.
P
Whena=o,tan. §' =~ __Fr_ RsF _; and since =47 55"
N . v
Fr

and ¢ -—70 15, we obtain =Z£ f L = .056524.

—2. 20
. Fr .
e T where

Also when A=90°, tan. § =

§ =22’ 25"; so that —&—- .059494.
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Taking a mean of the two values, we shall have,

zf P — .058009 =.058 very nearly.

The equatxons (5) and (6) therefore become,

. 1 3sin. 2 4 .058 X (3 cos. 2a + 1)

Tan, Gl—cos. 70° 15’ ' 51—3c05.2A + 058 X 3sin. 2 A (5 )
_ 1 3sin. 2A == .058 X (3 €0s. 22 4 1)

Tan. 6 T cos. 70° 15" 51 =3 C0S.2A < .058 X 3sin.zaA (6 )

From Table B, we shall in the same manner obtain

3
zl’;’rR == 46.02778 = 46 very nearly ;

zf' .054:571, when A==0, and f" =.060986, when A= 9o0;

so that the mean value of =£ f ?is 0.57778 or 058 nearly, the
same as before.

The equations (5) and (6) in this case become,

' I 3sin. 2 4 .058 % (3 cos. 2A+4 1)
Tan. ¢ T cos. 70° 1§’ x. 47 =—3¢c0s. 27 4 .058 X 3 sin. 2a (56)

. 1 3sin.2a—.058 X (3c0s.22 + 1)
Tan‘e—cos. 70° 15’ x 47 == 3 COS. 2A == .058 X 3sin. 22 (65)"

We will first compare the situations of the points where
the deviation due to rotation vanishes, as deduced from these
equations, with the situation as determined by actual obser-
vation.

When the deviation due to rotation vanishes §=0=14,;
we shall therefore have from equations (5,) and (6 )

3sin.zA  _ 3€0S. 2A+41
§1=—=3C0S.2A 3 simzA ?

whence cos. 2 A == — .2800000 and A == 53° 07’ 48".
The equations (5,) and (6,) give

gsin.z2a _ 3cos.zAd 0
47 = 3C0S. 22~ 3simzAa O’
whence cos. 2 A= — .2753628 and A= 52° 59’ 30".

Now I have uniformly found, in repeated observations
which I have made at different distances, that when the centre
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of the plate was in latitude 54° 45', the rotation produced
so little effect, that only in one instance did the mean values
of ¢’ and 8, differ by a minute ; and therefore cannot but con-
clude that 54° 45 is, as nearly as can be ascertained by obser-
vation, the true value of A when 8 =4, and that the value
of A as determined by the theory differs from its value derived
from observatien by 13° or 13°. _ '
Let us now compare the values of ¢',6, and ¢/ —8,, deduced
from the equations (54), (6u), (5b) (Gb), for different values of

A, with those actually observed. This comparison is made
in the following tables, where I have computed the values of
6' and 6, to seconds, not that either the observed or computed
values can be determined to such a degree of accuracy, but
because the omission of the seconds might in some cases

affect the value of ' —4, by more than a minute.

Table of the values of ¥, 0, and §— 90, computed from the equations (5,), (6,)

compared with their mean observed values in Table A.

4 /
N 6 0, o —9,

Observed. | Computed. | Difference. | Observed. | Computed. | Difference. | Observed. | Computed. | Difference.
ofo + wmfo 1 S B A A N KR '
© |+ 47 55{+ 49 1o+ 1 15— 47 55— 49 Io|+ 1 15| 1 35 50| 1 38 50|+ 2 30
10 | 3 57 20| 4 22 35+ 25 15| 2 26 40| 2 49 57|+ 23 17| I 30 40| 1 32 28/ + 1 358
20 | 6 57 co| 7 19 21|4 22 21| 5 40 oo| 6 oz 21|+ 22 21| 1 17 00| I 17 OO o oo
30 | 9 03 25| 9 17 o7|+ 13 18| 8 03 45| 8 22 ob|4 18 21 59 40| 55 o1/— 4 39
40 | 9 56 20/10 04 494 8 29| 9 19 30| 9 34 13|+ 14 31 36 50| 30 48— 6 o2
50 | 9 31 20 9 41 194+ 9 59/ 9 21 25| 9 34 25|+ 13 00| 09 §5| 06 54— 3 oI
6o | 8 o5 15/ 8 13 0o+ 7 45| 8 16 15| 8 26 50|+ 10 35— 11 OO}— 13 50| — 2 5O
70| 5 51 35| 5 51 44|+ 0 09| 6 19 40| 6 21 41|+ 2 ol}— 28 O5|— 29 §7|— 1 352
80| 2 51 25 2 53 40|+ 2 15| 3 31 30| 3 33 52|+ 2 22— 40 05— 40 12— o 07
90 |— 22 25— 21 514 O 34+ 22 15|+ 21 §I]— O 34/— 44 50— 43 42| 4 1 08
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Table of the values of ¥, 8, and § — 6, computed from the equations (5;), (6,)

compared with their mean observed values in Table B.

o
10
20
30
40
50
6o
70
80

90

7

y

6 zo

N o= O NI =

55
o3
58
54
14
40
o1
12
26

v 6, 6 —8,
Observed, | Computed. | Difference.| Observed: Computcd Difference. | Observed. | Computed.|Difference .
o , y,2lo0o 1+ n|o© s vl o 4 ufo 4 1ol o 1 plo 4 o
+ 50 28/+ 53 38|+ 3 10~ 50 28— 53 38— 3 10| 1 40 56| 1 47 16 +
4 30 50| 4 46 124+ 15 23| z 54 52| 3 o5 20+ 10 28| 1 35 58| 1 40 53|+
7 38 05| 7 59 104 21 05| 6 15 27| 635 29|+ 20 oz| 1 22 38| 1 23 41| 4
10 07 50|10 06 20— I 30 9 03 12| 9 O5 404 2 28| 1 04 38| 1 0O 40—
11 oz 12{10 55 28— 6 44]10 23 37|10 22 47— O 50 38 35 32 41—
10 44 55/10 29 o2/— 15 §310 32 35/10 21 56— 10 39 1z 20| o0y 0b|—
9 12 10| 8 52 55— 19 15| 9 24 40| 9 08 05— 16 35— 12 30— 1§ 10| —
6 33 52| '6 19 59— 13 53| 7 06 20| 6 §2 26— 13 54/— 32 28— 32 27|}
3 10 50| 3 07 34— 3 16| 3 56 00| 3 51 32— 4 28— '45 10— 43 58 +
— 24 49|— 23 36|+ 1 13|+ 24 49|+ 23 36— 1 13— 49 38— 47 12} +

The differences here between the observed and computed
values of ¢ and 6, are.not greater than might possibly arise
from slight errors in the adjustments of the plate and com-
pass in the several positions, and their agreement is I think
sufficiently near to prove that the principle which I have
assumed, namely, that the attraction of the mass of the iron
may be referred to its centre, and on which the most consi-
derable of the terms in the formule depend, will account for
the phaenomena independent of the rotation of the iron. Al-
though the differences between the observed and computed
values of & — 6, or of the deviation due to rotation, are abso-
lutely less, yet they are relatively greater ; but their general
agreement is such, that we can have little doubt of the devi-
ations due to the rotation of the iron being, in all cases, nearly
the same as would arise from such a polarising of the iron,
as we have supposed. We shall however form a better esti-
mate of the agreement between the results of the theory and

observation, by eliminating = ;,”Iv from the equations (5) and
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(6), and deducing the value of f—}—% in terms of &' and 6,, and

‘ dependihg principally on &' — 0, or the deviation due to rota-

tion, on the accuracy of the values of which in Table B, I
place much greater reliance than on those of the absolute
values of 6’ and 6,. In this manner we obtain

zfp T

1 3CO8. 2A-F 1 o 4rg o
sn. (@—=0) U zemza - S ("4 8,) — 2 cos. Jsin. 8’ sin. B,}

in which the observed values of &' and 6, corresponding to
any value of A, being substituted, ought in all cases to give

. F
the same, or very nearly the same numerical value for 27%

Table of the values of ;-}-r; computed from the several observed values

of ¢ and 8,,in Tables A and B, corresponding to different latitudes.

Observed values in Table A, %‘;‘]‘;‘éugefd Observed values in Table B, C‘?;f:l%ug}d
A - Fr Fr
o 0, “2fp 4 8, 2fp
° " o, Moo r o oy " )
o |+ 47 55| — 47 55| 17.692 |4 50 28| — 50 2 18,325
10 3 57 20| 2 26 40| 15.658 4 30 50| 2 54 52| 17.144
20 6 57 co| 5 40 co| 16.320 7 38 05| 6 15 27| 16,678
30 9 03 25| B 03 45| 15.461 |10 07 50| 9 03 I2| 15.824
40 9 56 20| 9 19 30| 14.088 |11 0z 12|10 23 37| 14.680
50 9 31 20| 9 21 25| 11.886 |10 44 55|10 32 3% 9.983
6o 8 o5 15| 8 16 15| 21.214 9 12 10| 9 24 40| 21,755
- 70 5 51 35| 6 19 40| 18,328 6 33 52| 7 06 20| 17,858
8o 2 51 25| 3 31 30| 17.080 3 10 50{ 356 co| 16,907
90 |— 22 254 22 25| 16,808 |— 24 49|+ 24 49| 16.397
Mean value 16.454 Mean value 16,555

The values of ;%% which differ most from the mean, are, in

both cases, those corresponding to the values of A, 50° and
60°; that is nearest to and on contrary sides of the point where
8'—06,=o0, which again shows clearly, that the theoretical
determination of this point does not agree with the observa-

(8):
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tions: and although the results of the theory :igree in gene-
ral very nearly with the observations, and the differences

in the other values of % are not greater than might possibly

be attributed to errors of adjustment or observation, how-
ever little I may be disposed to admit the existence of errors
to this extent, yet the uniform manner in which these values
decrease, indicates that the effects are not produced in pre-
cisely the manner we have supposed. In one point our
theory is unquestionably at variance with the actual circum-
stances of the case; for we have supposed that no partial
magnetism exists in the iron, or that every part of it taken
separately would equally affect the needle. It is, I believe,
scarcely possible to procure iron that shall possess this uni-
formity of action, and it is evident that this was not the case
with the plate of iron which I made use of. This species of
polarity in iron is of so variable a nature, since by an acci-
dental blow it will be transferred from one point to another,
that it does not appear possible in any manner to submit its
effects to calculation. It was to prevent these effects embar-
rassing the results, that I took the mean of twelve observa-
tions for each position of the plate; still it is possible that
some of the differences between the observations and the
results of the theory may have arisen from this cause.

As the results of the hypothesis which I have advanced do
not precisely agree with the observations, it will be proper
to enquire whether we shall obtain a more perfect agreement
by means of the hypothesis commonly assumed, in order to
account for the effects produced on the needle by a mass of
soft iron, viz. that the upper part of every mass of iron acts
as a north pole and the lower part as a south pole. Let us



tron arising from its rotation. 408

then suppose such poles to exist in the iron plate, in the dia-
meter in the direction of the dip, and that the rotation causes
the line joining them to describe in the iron an angle ¢ from
this diameter. The whole effect being now produced by the
action of these poles, I being equal to o in the equations (2)
and (8), we shall, on this supposition, have,

Tan. ¢/ = g3 S0t °°“f“‘““"" (@),
— s (A - o SIN, A == .
2fp+3sm( + ) .sin cos,
Tan. 0, = 3 sin. (A\=—1}) . cos. A+ sin. (31)’
f + 3 sin, (A=) + sin. A «=cos. ¢
A A
Tan. ¢ = mR3 sin.  cos. ( 4‘1).
zf +3sm Asem ¥
These equations being reduced, give,
, r 1 . 3sin. 2z 4 tan, (3 cos. 2 A 4 1) i’
Tan. 6 cos & mR3 (e N . (5 )’
m—- 3€0ss 2 A—1)+tany. 3sin.zn .
o A X 3 sin, 2 A = tan, 41(3cos 2x 4 1)
Tan. 6 = R (6"),
Frreon T (305, 2A 1) —tan.J, 3 sin. 2
Tan. § = = 3 sin. 2 A o
cos. 3" ﬁ_(gcos 2A—1) (7)
S
which will be precisely the same as ths equations (5) 6), (7),
if tan, Y= f' and f'p cos. y=1Fr.

The numerlcal values which we should obtain for & and 8,
from these equations, would, in all cases, be exactly the same
as those which we have already obtained from the equations
(5) and (6): so that the agreement between the observations
and the results from this theory would not be greater than
in the former case.

In the explanation of the phenomena which take place on

~ MDCCCXXV. 3 G
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presenting the different ends of a mass of iron to the poles of
a magnetic needle, in addition to the hypothesis, that the
upper part becomes a north, and the lower a south pole, by
position, it is necessary to suppose also, that in every change
of position of the iron there is a corresponding and imme-
diate change of its poles ; that is, the upper end becoming
the lower, it also immediately becomes a south pole. Now
it appears to me, that if we attempt to explain, on this hypo-
thesis, the pheenomena arising from the rotation of the iron,
we shall find that there are circumstances which are wholly
incompatible with it. If on turning a mass of iron end for
end, the poles are immediately transferred from one end to
the other, how can we suppose that the revolution of the iron
will cause these poles to move forwards, so that the line
joining them shall describe an angle from the line of the dip?
or even granting that during the revolution of the iron they
may be carried forward, they must, as soon as the iron
ceases to revolve, resume their original position in the line
of the dip, if they are so immediately transferred from one
end of the iron to the other, as it is necessary to suppose
in order to account for the phznomena which take place of
attraction and repulsion, as they have been called. Imme-
diately, then, that the iron becomes stationary in any position,
the deviation of the needle ought, on this hypothesis, to be-
come the same, whether the iron has been brought into that
position by revolving in one direction, or in the contrary. It
is hardly necessary for me to say that this would not be the
case, since I have stated, that, in all the preceding observa-
tions, the iron was stationary previous to the observation
being made.
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Whatever are the effects produced on the iron by its revo-
lution, so far from these effects being of the transient nature
which we must suppose them to be on this hypothesw
they appear to have been quite permanent, that is, so long
as the iron remained in the same position. The followmg
observation will show the small changes which took place
during 12 hours. ;

In order that the needle might be quite free to move, it
was suspended in a balance of torsion by a brass wire, of
the same diameter as the finest gold wire used for transits,
free from torsion, 21.15 inches long. The plane of the plate
‘was in the plane of the secondary to the equator and meri-
bdian, its centre in latitude o° longitude 180°; and it was fixed
‘to a wooden axis passing through its centre perpendicular to
its plane: the ends of this axis, which revolved with the
plate, being made of brass, that I might ascertain whether
the effect was independent of friction on the plate itself. The
plate was made to revolve in contrary directions, as usual,
and the direction of the north end of the needle noted, when
the point 180° on the plate coincided with the upper part of
a plane parallel to the meridian, and passing through the
plate’s centre. After having made the plate revolve so that
its upper edge moved from west to east, and noted the direc~
‘tion of the north end of the needle when 180° coincided with
the above plane, it was' made to revolve from east to west,
and 180° being again brought to coincide with this plane, the
direction of the north end of the needle was noted at diffe-
rent times for more than 12 hours, the plate remaining
"statlonary during that time.
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Direction of ro- o
ftation of plate’s| w o E| E to W | ,Time of

upper edge. observation,
; o, o hom ‘
° 0. 04W|2 SSE 12 (3)5 {During this time the plate was kept per-
% 2 5’»6‘ " Ig fectly stationary, and care was taken
% z 14 20 35 ﬁ that the apparatus should not be in the
.é 2 42 | 21 43 least disturbed.
3
=9

After 21" 48™ the plate was made to revolve
slowly once from W to E. .
After making the plate revolve several
times and more rapidly.
6 P Making the plate revolve several times
Z4 2z 2 from E to W.
Making the plate revolve once so slowl
0 o4W 22 40 { th‘atgthe tirrI:e of rotation was 3™ 26", d
6W 24 o5 | [ The plate kept perfectly stationary since
OSW 25 35 228 40™.
eo° { Making the plate revolve through 30° from

oozE 22 01

o ozE 22 17 {

W to E, and then bringing it back 30°)
from E to W. ,

2 42 { Making the plate revolve through goe from

the plate coincided, above the centre, with the

needle were observed when the
plane parallel to the meridian.
s .

W to E, and then bringing it back go°
from E to W.

Making the plate revolve repeatedly and
z 42 { rapidly.

The several directions of the north end of the

From these investigations it appears, that the effect pro-
duced on the iron by its rofation is permanent, so long as the
plate remains stationary ; that it is independent of friction;
that it is so far independent of velocity, that the iron can
scarcely be moved so slowly that the whole effect shall not
be produced ; and that the whole effect is. produced by mak-
ing it perform only one fourth of a revolution.

Shortly after I had discovered these pecular effects to be
produced by the rotation of iron, I pointed out the general
nature of the phznomena and exhibited some of them to
Mr. Barrow, and he has since made some experiments on
the rotation of spherical shells, in which he has found that
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phaenomena somewhat analogous take place, but they appear
to be dependent on the velocity with which the shell is made

to revolve.
On computing the several values of % from the equation

(8), I found that if the term ¢ cos. J'sin. 6'sin. 6, were neglected ;

cos.2r+4 1 sin. (6 +0)

3sin.zA  sin. (6 —0) 1ts numeri-

that is, if ;7% were equal to?
cal values, so determined, would agree very nearly with

each other. I was in consequence led to expect that equa-
tions from which this value of ——P—} might arise, would give
values of 8'— 0, agreeing more nearly with the observations ;

“and the result fully answered my expections.

3sin. zA 4 fp .(3c0s.2A 1)
If Tan. ¢/ = P R3 /(9):

T . €os, &
38in, 27 — EFI;E (3c05.2A 1)
and Tan. 6, = 5 (10),
T - €05 8

then we shall have .
Fr_3cos.za+1 sin (8 40) )
2fe”  3sinza Csin (F—8) (11)

When the deviation due to rotation vanishes or 6 =6, the
equations (9) and (10) give 8 cos. 2 A 4 1 == 0 and A = 54° 44/,
which agrees perfectly with the observations.

From the observations in Table A, we have in this case,

o , tr____3sin: 109° 28 16"
Tan. 9° 09’ 20" =g

T - cos 70° 15’
R3
whence 2_;’?-’7_ = 51.9504 == 52 very nearly.
3 '
When)x::o, ?—ﬁ — 7:-- ’?R . Cos. dtan. ' = . 0612384 -
1 Rs3
and when a=go, ! f" =—— z;” .COs. & tan. §/=.057291 :

so that the mean value of -F—éﬁ is .059262, or nearly .059.
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The equations (9) and (10) therefore become

Tan. 6':351“'27‘+'°59X(3C05-27~+1) (QU)

52 €os. 70° 15’

?

3 sin 22— .059 X (3¢c05 2 4 1)
Tan. 9 - : 52 cos. 70° 15’ : (loa)

”grR = 48. 0278 48 nearly, and 2£* f f— .059089 == .059
nearly.
The equations (9) and (10), in this case, become,
3sin. 21 4 .059 X (3c0s. 2A 1) N
Tan. ¢/ = 59 3 (9)
ry sin. 2 A = . ¥ L2A 4
Tan. 6,—3 °5948 (3cos.2h + 1) (10,).

In the same manner the observations in Table B give,

Table of the values of ¥, ,, and §'~— 0, computed from the equations (9,), (10,)

compared with their observed values in Table A.

U i / .
N b 0, ; o'—b,

Observed. Computed.l Difference.} Observed. | Computed. | Difference. | Observed. |Computed. | Difference,
oo o 4, w{° 4, ul° w|{® 4+ ajo o [ B ] n| o ;o
o+ 47 55+ 46 10l— 1 45~ 47 55— 46 10/-k 1 45| 1 35 50| 1 32 20— 3 30
10 | 3 57 20| 4 o4 264+ 7 o6 2 206 40| 2z 36 304 9 50| I 30 40| 1 27 56/— 2z 44
20 | 6 57 00| 6 53 20— 3 40| 5 40 00| § 38 Ofl— I §4] 1 17 0O 1 1§ 14— I 46
30 | 9 03 25| 8 52 50— 10 35| 8 03 45| 7 56 22— 7 23| 59 40, 56 28— 3 12
40| 9 56 20| 9 49 43— 6 37/ 9 19 30| 9 15 34— 3 56 36.50| 34 09— 2z 41
50 | 9 31 20| g 38 o2/} 6 42| 9 21 25 9 27 6|4 5 51 09 55/ 10 464 © §1
60 | 8 o5 15/ 8 18 594 13 44| 8 16 15 8 30 17|+ 14 Ozl=— II OO— 11 18— o 13
70 1 5 51 35| 6 00 57|+ 9 22| 6 19 40| 6 30 344 10 54— 28 o5]— 29 37— 1 32
8o | 2 51 25| 2 59 354+ 8 10| 3 31 ©f 3 41 264 g 56l 40 O5}— 41 5I}— I 46
QO |== 22 25— 23 O§l— 0 40|+ 22 25|+ 23 05|+ O 40— 44 50— 46 10|— I 20
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Table of the values of ', 9, and‘()"—o, computed from the equations (9,) (10,)

compared with their observed values in Table B.

10
20
30
40
50
6o
70
8o

Qo

2
o
o
I
3
1
o
o
o
o
o

54
49
18
40
46
44
ig
27
o9
24

o | 0, ¥—0,

Observed. | Computed. | Difference. | Observed. | Computed. | Difference, | Observed. | Computed. | Difference.
O 4w |® v ow o 1 4yl 0.y plo , ylO 1 ylo , 4O 4 4] 0
+ 50 28|14 50 o1]— 0 27— 50 28}== 50 OI|4 © 27| I 40 §6| 1 40 Oz/—
4 30 50| 4 24 43— 0 07| 2 54 52| 2 49 34— 5 18| 1 35 58| 1 35 09—
7 38 05| 7 27 24— 10 41| 6 15 27| 6 06 Of|== 9 23| I 22 38 1 21 20—
10 07 50| 9 36 27— 31 23| g 03 12| 8 35 29— 27 43| 1 04 38/ 1 oo 58—
I1 02 12/10 37 47— 24 25|10 23 37|10 00 58— 22 39 38 33 36 49—
10 44 55|10 25 11— 19 44|10 32 35|10 13 3§|— IQ 0O 1z 20 11 36/—
9 12 10/ 8 30 55— 12 1§ Q 24 40 12 Obl== 12 34|— 12 30— 12 11|+

33 52/ 6 30 47— 3 05 7 06 20| 7 02 48— 3 32|— 32 28— 32 o1+
3 10 50| 3 14 31+ 3 41) 3 56 00| 3 59 504 3 50— 45 I0/— 45 I1Q~m
— 24 49— 25 Ol|— O 12|+ 24 49|+ 2§ oIj4 O 12— 49 38— 50 ozf—

The agreement between the computed and observed values
of 8~ 6, also of §' and 6, in the first table is such, that had I
been assured of the correctness of the formule, I should cer-
tainly not have expected it to be more perfect. In the second
table, the agreement between the computed and observed
values of 8'— 6, is equally close, but there is a greater differ-
ence between those values of the angles ¢, 6, themselves.

R3 X
2 ’;fr from the observation when

In determining the value of

A =54 45', and 8'=20, I had in the first instance in conse-
quence of an error in computation, found it 47 instead of
48, and having computed the several values of ¢ and 6, from

2m

Fng , I found that the difference between these

this value of

and »the’ob'served values was less than 8, except in two in-
stances, in one of which it amounted to 11’ and in the other
to 19’. Now the observations when A= 50° and A = 60°

. . 3 .
would give the value of 2 g’TR even less than 47° as will be
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seen when we compute it for these values of A, which would
still further diminish these differences. I have therefore no
doubt that the differences between the computed and ob-
served values of ¢’ and 6, in this table are to be attributed to
an error of about 15 in the observed value of 8/ when A =
54° 45'. The best criterion, however, of the correctness of
the formula is in the agreement of the values of the con-
stants derived from them by means of the observations.

If we eliminate %—f: from the equations (9) and (io), we
shall obtain

zmR®  6sin.za  cos. 8. cos. 0, :
Fr = " cosd ° sin.(0 +0) (12).

- Substituting in the equations (11) and (12) the several ob-
served values of ' and 8, in tables A and B, we obtain the

values of Z flzr and 2 ;" TRs contained in the following table.

Table of the values of the constants -2—7;%1 and ?-;;—7-' computed
Jrom the several observed values of t' and 8, in tables A and B, by
means of the equations (12) and (11).

Obse:rv:glg 3‘{,‘“ m Computed values. Obseflg:&: a]l;ef. n Computed values,

N -
o -} 2mR¥| 2Fr o o 2mR3 | 2Fr

Fr fr ' Fr Sfo
I ) ¢ oanl ©® 4 A o 4 4y O oo

o |+ 47 55— 47 55| 50.103 | 16.331 |+ 50 28— 50 28| 47.571 | 16.798
10 | 3 57 20 2 26 40| 54.301 | 15.733 | 4 30 50| 2 54 52| 46.767 | 17.240
20 | 6 57 00 § 40 00| 51.615 | 16.681 | 7 38 o5 6 15 27| 46.834 | 17.085
30 | 9 03 25| 8 03 45| 51,077 | 164321 |10 O7 50| 9 O3 12| 45.492 | 16.819
40 | 9 56 20 9 19 30| 51.516 | 15.852 |11 02 12{10 23 37| 46.203 | 16.759
50 |19 31 20 9 21 25 52.587 | 18.188 |10 44 5510 32 35| 46.512 | 16.412
6o | 8 o5 15 8 16 15| 53.492 | 16.939 | 9 12 10| 9 24 40| 46.915 | 16,894
1 70| 5 51 35 O 19 40| §3.452 | 17.397 | 6 33 52| 7 06 20| 47.609 | 164849
80 | 2 51 25| 3 31 30| §4.463 | 16,902 | 3 10 50| 3 56 00| 48.846 | 16.712
9o [ 22 25|+ 22 25| §3.551 | 17.455 — 24 49+ 24 49| 48.372 | 17.081

Mean values 52.616 | 16.780 Mean values| 47.112 | 16.865
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On comparing together the several values of 2 ;,”rR’ and
also of %f, contained in this table, there can, I think, be no

doubt that if the formula (9) and (10), on which these values
depend, be not absolutely correct, they will, at least, give in
all cases, as close approximations to the values of ¢’ and 6,
that would be obtained by actual observation, as the nature
of the case appears to admit of. It is very possible that
some modification in the theory which I have examined might

lead to the omission of the terms 2 cos. A — 1 + -ZF# 8 sin. 2 a

in the formula (5) and (6) ; and should this be the case, that
the formule (9) and (10) were to be derived from the theory
so modified, it would, I think, be a very strong presumption in
favour of the truth of such a theory.

Since it appears from all the observations which I have
detailed, that the direction of the magnetic polarity, which
iron acquires by rotation about an axis, whether it be at right
-angles to the line of the dip, as would follow from the theory
which I have investigated, or not, has always reference to
the direction of the terrestrial magnetic forces, we must infer
that this magnetism is communicated to it from the earth. It
‘does not therefore appear from this, that a body can become
polarised by rotation alone, independently of the action of
another body : so that if from these experiments we might
be led to attribute the magnetic polarity of the earth to its
rotation, we must at the same time suppose a source from
which magnetic influence is derived. Is it not then possible
that the sun may be the centre of such influence, as well as
the source of light and heat, and that by their‘rotation, the

MDCCCXXV. s H
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earth and other planets may receive polarity from it? If so,
further experiments and observations on the magnetic effects
produced by the rotation of bodies may indicate the cause of
the situations of the earth’s magnetic poles, and of their
progressive movements or oscillations.

Comparison of the magnetical effects produced by slow and by
; rapid rotation.

With the view of ascertaining how far the effects pro-
duced on a magnetic needle by a plate of iron during its
rapid rotation, corresponded with those that I have described
as nearly independent of the velocity of rotation, and as con-
tinuing after the rotation had ceased, I placed the same plate -
* of iron, which I had used in my former experiments, in the
plane of the magnetic meridian, on an axis perpendicular to
its plane, and about which it could be made to revolve with
any velocity, not exceeding 10 revolutions in a second. 1
then placed a small compass, with a light needle delicately
suspended, on a platform wholly detached from the iron
plate, in certain positions oppbsite to the edge of the plate,
both to the east and to the west of it, as near to the surface as
~ the compass box would admit. The compass being adjusted,
the plate was madé to revolve once, slowly, so that its upper
edge moved from north to south, and the point o coinciding
with the plane perpendicular to the plane of the plate, and
passing through its centre and that of the needle, the direc-
tion of the north end of the needle was observed ; and also
when 180 coincided with the plane, the same observation was
made. The plate was now made to revolve rapidly in the
same direction, about 8 times in a second ; and when the
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needle became stationary during the rotation, the direction
of its north end was observed. The point o on the plate was
again made to coincide as quickly after the rapid rotation as
possible, and the direction of the needle observed, in order to
see if that rotation had produced any permanent change in
the iron ; the same was done when the point 180 again coin-
cided. Observations precisely similar to these were made
when the upper edge of the plate revolved from south to
north. | | .
Although the centre of the plate was stationary, and the
needle was placed in certain positions with respect to it, I
consider, as before, the situation of the centre of the plate
with reference to the plane passing through the centre of the
needle perpendicular to the dip; and its angular distance
from this plane, the equator, was measured on a circle of
g inches radius parallel to the meridian, passing through the
centre of the needle, and at the distance 1.45 inches from it,
so that the centre of the needle was always at this distance
from the edge of the plate, east or west. As the needle was
only two inches in length, and the rim of the compass
divided into degrees, the direction of the needle could not be
observed nearer than to g, and indeed scarcely to that de-
gree of accuracy. The mode which I was under the neces-
sity of adopting in adjusting the compass to the several posi-
tions did not admit of extreme accuracy, so that these
positions may be considered as liable to errors amounting to
1°, or perhaps rather more, in angular distance from the
equator ; but as my principal object was the comparison of
the deviation due to the slow and rapid rotation of the plate,
when its centre was in precisely the same position with re-
spect to that of the needle, this was not very material: it



414 M. CHRISTIE on the magnetism of

will however account for any disagreements that may be
noticed in the absolute deviations in corresponding positions,
as the greatest accuracy of adjustment would be requisite for
their perfect agreement, when the plate is so near to the
poles of the needle. |

Having ascertained, by the observations when the plate
was to the west of the needle, that the rapid rotation pro-
duced no permanent change in the iron beyond that arising
from the slow rotation, the deviations when any particular
points of the plate were opposite to the needle being, as near
as could be expected, the same after the rapid rotation as they
were after the slow rotation in the first instance, the errors
being sometimes in excess, sometimes in defect, as will
appear by inspection of the first table, I did not repeat the
observations on the effects of the slow rotation after the
rapid, when the plate was to the east of the needle.

The following tables contain the observations. The first
four columns of deviations, are those which were observed
when the plate was stationary, after having very slowly
revolved, and also those when the needle pointed steadily
during the rapid rotations. The deviations in the sth and
6th columns are obtained by taking half the difference be-
tween those in the 1st and 2nd, and between those in the
srd and 4th columns, as the deviation due to the rotation
when the plate’s upper edge revolved from north to south.
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Tables of the deviations of a magnetic needle, caused by the rapid rotation of
a plate of iron, observed during rotation, compared with the deviations
due to the slow rotation of the plate, and permanent after the rotation had

ceased.

1st. The iron plate, 18 inches in diameter, to the west of the compass.

Direction of the N. end of the needle when plate sta-
tionary after slow rotation, and also while the plate
was rapidly revolving.
Angular velocity
Angular dis-| of the plate, and | Deviation due to the rota-
tance of the| = points opposite | Piate's centre in N, lat, Plate’s centre in S. lat, tion of the plate’s upper
plate’s centre|  to the needle edge from N to S, when
from the when plate sta- U ‘ . plate’s centre was
equator. tionary. pper edge of the plate revolving. .
NtoS StoN N to S StoN | inN.lat. | in S, lat.
g o /W o 1 E 06 ’ E (é /W o ’ o 7
~ o 2 4% 14 25 E 40 10
fSlow l 180 455 E 23 40F| 14 15 2 05 E } 8 59W 6 54 E
o o< 8 rev. per sec.| 3 55‘% 19 25% 146. 30 4 4oVWV 11 40W, 9 35 E
= o 2 55 13 55 40 7 50
e  Slow {180 6 30 E| 24 40E| 14 50 205 B { 845W 649F
2 ~ o| 32 50W| 27 30W| 40 §5 33 20
2 Slow }5180 27 40 23 00 42 25 37 00 % 2 25 315
E 204 8 rev. per sec.| 30 §§ 24 35§ 41 25 32 40 3 1o 4 22
‘ o1 32 50 27 35 40 40 33 35
'§ LSMW {180 28 oo 22 40 42 23 36 45 } z2 34 3 2z
t o | 43 50 41 25 54 oo §r oo
E Slow {180 4030 | 3800 | 5305 | 5040 % R
2 5oj 8 rev. per sec.| 42 25 39 15 53 30 49 0o 1 3% 2 Iy
g O | 4345 41 25 54 10 51 20 )
& LSIOW {180 40 15 38 oo 53 10 g1 oo |{ '©°9 115
] ( o | 52 30 51 00 59 25 57 20 .
= Slow {180 49 10 47 ©o 59 oo 56 40 } © 55 1 06
g | 70- 8 rev. per sec.| 51 0§ 48 20 57 40 54 40 123 1 30
— °| 52 30 50 50 59 40 57 25
£ (Slow 380 | 4855 | 4655 | 5840 | 36 40 } °s55 | to4
8 (s1 o| 62z oo 6o 20 68 30 66 40
2 ow {180 57 40 56 oo 67 45 66 10 } © 50 o 51
=< 9o< 8 rev. per sec., 60 35 57 25 66 55 64 20 135 117
] oj 62 23 60 25 68 50 66 25
= Slew : 3 o 1 oI
g ° ) 180 | 58 oo 56 20 67 55 66 15 ° 55
* r o 7225 71 25 75 25 74 ©o
Y Slow { 180 | 63 10 66 53 76 oo 75 05 % © 34 © 35
% 110 8 rev. per sec.| 70 20 68 15 74 40 72 40 1 o2 1 0o
o 72 35 71 25 75 35 74 25 :
E _SIOW {180 68 00 | 66 40 | 76 00 | 75 %0 } ©38 | 032
[ Slon o| 8405 | 8 10 | 8355 | 8330 |]
i Slow {180 80 50 80 20 85 oo 84 40 | © 06 °on
& | 130J 8 rev. per sec.| 82 20 | 81 0o 83 oo | 81 45 o040 | o037
& st o] 84 20 84 10 84 oo 83 Io
2 ow 180 | 80 40 8o 15 25 oo Sg. 55 - 009 ° 14
o ol| 86 20 87 oo 86 oo 86 15
g fSlow {180 82 15 83 43 87 40 88 og } o 33E o 10W
‘_*: 140J 8 rev. per sec.| 83 40 85 0o 84 40 85 13 o 40E| o 18W
9 ] Slow o| 86 oo 87 20 85 40 86 20 E W
5 L 180 | 82 40 | 83 53 Sg 35 88 oo o39E o
g o| 75 20 83 55 76 co- | 83 oo
= Slow {180 5400 | 7345 | 7815 | 8425 |f 7O5F 318
160J 8 rev. per sec.| 57 §§. 78 20 69 40 8o 30 10 12 E| § 25
o 6 10 83 40 76 o§ 82 oo
Slow 7 6 o1
L L 180 | 53 20 72 50 78 10 84 20 45
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2nd. The same vron plate to the east 'of the compass.

Angular distance

An%ulat velocity
of the plate, and

of the plate’s | points opposite
centre fromthe| to the needle
equator. when plate sta-

Direction of the N. end of the needle when plate sta-
tionary after slow rotation, and also while the plate

was rapidly revolving.

Plate’s centre in N, lat.

Plate’s centre in S. lat.

Iipper edge of the plate revolving.

Deviati(fmhduc1 to t,he rota-

tion of the plate’s upper

edge from 15 to S, when
plate’s centre was

tionary.
NtoS StoN NtoS Sto N | inN.lat. | inS.lat.

- o ssE T asw 8sow] Sz6EY 0 Lo °
g o 9 55 1 2§ 50 5 20
& of Stow 1180 | 5 00 Ef 7 25W| 16 30 1 45W } 5 56E 6 29W
. 18 rev. per sec.] Il O§ 4 25W| 16 35 1 35E] 7 45 El o osW
= o| 3515 | 29 25E| 3940 | 33 30W
£ 20{S]°w { 180 | 31 5% 26 2% 42 20 37 30 } 2 50 2 45
g 8 rev. per sec.| 34 50 | 27 25 | 42 25 34 55 343 | 345
a o| 4230 | 4005 | 5345 | 50 50 }
2] 503" Vg0 | s950 | 3730 | Sz | 5215 |f 109 | 116
5= 8 rev. per sec.| 42 10 38 50 53 20 42 10 1 40 2 0§
5% o| 4855 | 4750 | 5915 | 5620 }
by 70{31"“’ {180 4530 | 4355 | 5930 | s7a15 |§ o4 | 118
i : 8 rev, per sec.| 48 33 45 45 (552 50 gs 40 1 2§ 1 35
S o | 5945 57 55 35 4 40
2‘5< 90§SIOW {180 56 oo 54 30 66 50 65 oo ° 50 °© 57
ﬁ'g 8 rev. per sec.| 358 2§ gs 40 66 25 63 35 123 1 25
o.g o| 71 oo 9 30 75 10 73 40 ,
ﬁg HO{Slow 180 | 67 10 65 50 75 10 73 55 } © 43 0 41
Ea 8 rev. per sec.| 70 40 68 30 74 20 72 10 1 05 1 o5
£E sl o| 83 25 83 30 81 10 80 45 6
gé 1309 % {180 80 20 80 Ig 83 oo 83 oo } © oo °o
g 8 rev. per sec. 82 20 81 45 81 15 8o 15 o 18 o 30
8 o| 86 35 87 30 81 30 82 20
= 140 § Slow {180 83 0o 84 25 84 50 85 20 } ©35W| o2E
k 8 rev. per sec.| 85 50 26 40 gg 20 8z 40 025W| o 10E
3 ol| 77 00 5 20 00 77 20
§ I6O§SIOW {130 47 30 73 1§ 72 3% 81 13 } 8 31W| 4 30
s U 8 rev. per sec.| 51 40 81 40 67 10 79 40 15 00 6 15

From the inspection of these tables, it appears that the
forces which are exerted on the needle during the rapid rota-

tion of the plate, are always in the same direction as the
forces which are derived from the slowest rotation, and which
continue to act after the rotation has ceased; but that the
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former forces are greater than the latter, there being only
one instance of the contrary, and that in a position where the
effects are so small, that a trifling error of observation would
account for the difference. Taking a mean of all the obser-
vations, these forces appear to be in the ratio of 19 to 13, or
very nearly g to 2. It is evident then that the polarising of
the iron in the same direction will account for the phzno-
mena in both cases, but that the intensity of the polarity
during the rapid rotation is greater than of that which
appears to be permanent after the rotation, whether slow or
rapid, has ceased ; and that the phanomena observed during
rapid rotation are such as we should expect from those which
I have so fully described as arising from rotation, without
regard to its velocity. ’
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IV. Table of the deviation of @ magnetic needle, caused by the rotation of a circular plate of iron, when the centre of the plate was in
the meridian, and ifs plane in the plane of a secondary to the meridian. Plate No. L.

ponmon | Lot | IeGFse [ahesss | TAGEE Lehle | dwss | Debdies | Laeges.
the Plate WwE |EwwoW | WwE EtoW | WtoE EtoW| WioE [Etoe W | WHE|EtwoW| WoE|EwW | WeoE|EoW|WwE |EtoW
o 14W F! I'Ij‘i'-" b 1:W o oE W :: iz Elo 5;‘-‘." ; o Fl ;EW omE [o 5'&“-" 230k [t 1oW locEE |1 1oW o I:‘.E
50 |=7 i2E jooBE looxW o 14E jozgW [oon jogbW jooo f 14W |o 18W i oaW lo 20E [1 10W |o oo 1 2W e u-ﬂ].‘.
6o foz2E |0 15E [oo6E o E 24W b oo o 32W lo 24 E [1 2aW fo agW o cBW n S;EJ| 1oW e E [t cEW lo 20 E
g t ogE |1 o4 E ..piE. t 0E s gaE | :*ELI::E 1 18E lo20W [0 38E |0 16W [1 1B E basw ik e 22 W I_I!h.i.E
120 o 4o |o38E lo 36 E o 48E (o 22E ﬂa}iEln 18E |t 14E o 32W 0 28E [powE [1 26E |oz0W |1 ozE In:lﬁ‘ﬂ" 1 14 E
150 1 16E |t 14E |o g6E [1 2zE |1 0oE |1EE|I-} g0E |1 44E [p10E 1 e6E jo 20E [t 4oE |0 10E |t 30E jo 16E [1 4o E
18a o 36 E e jEE ln;zl! o s2E 44 E IﬂEE'u;ﬁE 1 32E p1sE 1 ofE jpasE 1 8E lo1zE |1 24E nIEE-‘Iq.nE
218 o 14E 'ﬂtﬁ-E-',nD:E D_ETSE 2 28E JufﬂEan.W o ¢zE [ooo o s6E [pee |1 12E pn2W (1 :2E @ W [t 14E
40 @ AW o 4oW |1 coW o 3EW o o8W b 1z En o8W o oW o 3eW o2fE ogeW D E oW o 28E :4:. 50W o 30E
70 1 3eW |1 BW |1 oW 1 13W o 46W b 24 Wit 46W o 48W :n W (o oo 1 20W |o oo t 1AW j-|:| oo L 20W o o4 E
308 LogWw |1 oBW |1 zoW I coW o 4oW 2W|t s4W o 3w 1|n 6W worE [t z2W !::. oo El 20W lo oyW |1 22W iq oo
330 lﬂ JoW o 26W lo 6W o 26W o 4W E_ 1BW) oW |0 35W |1 oaW P oW [1 30W oo |1 #6W |o W | oW |1 caaW
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® The planc of the plate was here horizontal,

+ Here the plane of the plate was vertical.
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V. Table of the deviations of @ magnetic needle caused by the rotation of @ circudar plate of iron when its centre was in the secondury to the equator and meridian,
and its plane perpendicular to this secondary, and passing through the centre of the needle. Plate No. 1.
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VI. Table of the deviations of @ magnetic needle, caused by the rotation of a eircular plate of iron, when its centre was in the secondary to the equator and
meridian, and its plane in the plane of this secondary. Plate No, I
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* In adjusting the compass for the observations in long. o, lat. 167 and lat. 0%, the north end of the needle pointed 5o W of 2ero in the box, and consequently 5o’ should be subtracted from the
weiterly, and added to the easterly deviations. A similar error of 30/ W was made in the adjustment for lat. 80, long. 180 and long. <, and lat. go®.  These will not affect the devdations due fo
Fofafion; but the abelete demiafions must be increased when east, and diminished when west.
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Table of the deviations of @ magnetic needle, caused by a circular plate of iron, whose centre was in the secondary to the equator and meridian, and plane

in the plane of this secc wdary, the plate having revolved in opposite directions ; the distance of the centre of the plate from the centre of the needle being

16 inches.  Plate No. T.
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To foce page 352, No. 11

Considering the centre of the plate to have been in longitude :8¢®, and consequently the deviations easterly in all the observations, and thus taking a mean
of the deviations in the several latitudes, I obtain the following.

A. Table of the easterly deviations of the needle, when the centre of the plate was in longitude 180¢, or to the west of the needle, the plate having revolved
in opposile direclions,
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Two sets of observations which I had made more than two years before, had given me the following results ; but as I afterwards suspected that the absolute

deviations might have been affected by the proximity of a mass of iron, of which I was not aware at the time of making the observations, I considered it better
to repeat them in a situation where no such influence could be exerted, although I did not conceive that this would materially affect the conclusions.

B. Tabie of the mean easterly deviations of the needle, when the centre of the plate was in longitude 180, or to the west of the needle, the plate having revolved in opposite
directions ; deduced from two sets of observations made in November 1822 and Febrouary 1823,
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