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dian at the same place ; and the magnetic meridian is un-
derstood to mean the vertical plane passing through the
direction of the horizontal needle at any place. The places
on the earth’s surface where the magnetic and true meri-
dians coincide have, consequently, no magnetic declina-
tion ; and the lines encircling the earth on which these
places are situated are called the *“lines of no declination.”
The next element is the Inclination : it is measared by
the angle which a needle, well balanced, and afterwards
rendered magnetic, forms with the horizon when it has
the power of free motion in the plane of the magnetic
meridian, and is supported on a horizontal axis at right
angles to its length. As a general rule, it increases from
the equator to the poles; the south end of the needle
inclining downwards in south latitude until it arrives at
the magnetic pole, intending thereby the point on the
earth’s surface in which all force exerted by the earth in
a horizontal direction vanishes, and the needle becomes
vertical. In north latitude the north end is acted upon in
a similar manner. The line passing round the globe
near the terrestrial equator, where the inclination is
nothing, or where the magnetic needle preserves its
horizontal position, is called the magnetic equator, and
is an irregular line of double flexure, cutting the ter- i
restrial equator in four points.
The determination of the last element—the Intensity—
is one of the most important practical problems in the
science, and next demands our attention. The usual
method is, by vibrating a magnetised needle in the
meridian. If its magnetism be similarly and equally dis-
tributed in its north and south poles, and its axis of
suspension passes through its centre of gravity, it is
‘manifest that, when it is made to vibrate by turning it
from its position in the meridian, the earth’s magnetism
will act equally on each arm of the needle, and that both
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these forces tend to draw the needle into the magnetic
meridian. The greater the magnetic force, the more
quickly will the needle recover its-former position. It
is, in short, under the same circumstances as a pendulum
oscillating by the action of gravity, and the forces are
as the squares of the number of oscillations made in the
same time.

For example, let us suppose that, at a given place, a
needle oscillating in the plane of the magnetic meridian,
and round the line of the inclination at that place, per-
forms 12 oscillations in a second of time; and that the
same needle at a second place, and observed under the
same circumstances as before, performs 14 oscillations
in a second : the intensities of the forces at these two
places are, therefore, as 122 to 14%, or as 144 to 196,
or as 1-000 to 1-361. Thus by carrying the same needle
to various parts of the earth’s surface, providing that its
magnetism remain unchanged, the intensities of the
forces may be found by the number of the oscillations.

There are, however, several practical difficulties
attending this method of observation in the line of the
inclination, of which one in particular is, the necessity of
the needle resting on its axis during its oscillation ;
the friction thereby caused, acting against the force of
magnetism. This friction does not exist if the needle is
suspended horizontally by a fine fibre of untwisted silk :
but a little calculation becomes necessary to deduce the
total intensity from oscillations thus performed ; because,
by suspending the needle horizontally, the vertical force
or the inclination has been counteracted.

If R represent the total force of the terrestrial mag-
netism at any place, it is easy to decompose this force
into two others; viz. HB acting in a vertical direction,
and which, being overcome by the tethod of suspension,
does not affect the needle, and HA, the other portion of
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the force acting in the horizontal plane, tending to direct
the needle and causing it to oscillate. Hence it can be
demonstrated, that HA, the horizontal force, will be
equal to R the total force x cos. I, the inclination, or
HA=Rxcos. I. '

It is by this method that the magnetic intensity has
hitherto been observed, and, as the apparatus is very
portable, it is practicable under almost all circumstances.
Professor Hansteen, to whom the science of terrestrial
magnetism is so much indebted, has, from numerous
observations made in all parts of the globe, projected
curves passing through all places where the intensity is
equal, to which he has given the name of ¢¢ isodynamic,”
or those of equal force.

‘We will now proceed to examine the imstruments by
which the before-mentioned elements are to be observed ;
and as they are novel in form, and capable of a refine-
ment in observation not hitherto attained, it may be
interesting to give a detailed account of their construc-
tion. ' 4

The first is called the ¢ Declination Magnetometer.”
It is employed first in observations of the absolute de-
clination ; secondly, of the variations of the declination ;
and thirdly, of the absolute intensity.

The principal parts of this instrument consist of a |
highly magnetised needle, or bar of steel, in the form of
a rectangular parallelopipedon, 15 inches in length, F of
an inch in breadth, and } of an inch in thickness, sus-
pended by fibres of untwisted raw silk, and enclosed
in a circular box to protect it from currents of air.
A finely divided scale of glass is fixed upon one
end of the needle, and on the opposite an achromatic
lens. The scale being adjusted to the focus of thelens, it
is evident that the whole apparatus forms a moving

~ collimator; and its changes of position can be read off
P2
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at any instant of time by a telescope placed at a distance.
Each division of the scale is in actual space the z3xth
part of an inch, corresponding in angular quantity to
077085, 0r 427-51 ; and the visual angle under which it is
seen in the telescope is so considerable, that each divi-
sion can be subdivided mentally into tenths, and thus
the changes of position noted within every 4” of arc
nearly.

The reading telescope may be placed upon a stone, or
wooden pedestal, at a distance of 8 or 10 feet from the
centre of the magnetic bar, thus rendering it unnecessary
to approach the instrument for the purpose of observ-
ation. It is furnished with two wires, one horizontal
and the other vertical, which ought to be correctly fixed
in its line of collimation, or optical axis; and, on first
adjusting the instrument, it is necessary to observe the
points of the scale ‘coinciding with the vertical wire when
the magnetic bar is in the direct and inverted positions.*
Half the sum of these readings is the magnetic axis, or
zero point of the bar; and half their difference 1is the
deviation of the line of collimation of the telescope from
the magnetic meridian: the telescope should be then
moved, until its vertical wire coincides with the point of
the scale, corresponding to the magnetic .axis of the bar.
The angle which the vertical wire of the telescope forms
with the true meridian becomes constant, and can be
readily determined by any instrument for measuring
horizontal angles ; and when the telescope is thus per-
manently fixed, it is evident that as the different parts of
the scale which is carried on the bar are successively
brought on to the vertical wire, each change must be a
change in the declination. Every change in the position
of the scale becomes, in fact, a determination of the

# This is effected by merely turning the iliiignetic bar over: in one
case the scale is above the bar; in the other, below.
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amount of declination at that moment; as the quantity
that it is east or west of what was previously ascertained
to be the zero, or magnetic axis of the bar, has only to
be converted into angular quantity, and applied ac-
cordingly to the constant angle between the line of
collimation of the telescope and the true meridian.

In adjusting this instrument for observation, after
correct levels, &c. have been obtained, the principal
difficulty consists in overcoming or destroying the force
of torsion, or the force by which the suspending thread
resists an effort to twist it, or by which, when twisted, it
tends to untwist. This force, although slight, exists in
the finest fibre, and, if not overcome, must, of course,
greatly oppose such a delicate force as that of magnetism.
The object is, therefore, to place the plane of detorsion
—or, in other words, the line of no twist—exactly in the
plane of the magnetic meridian. The suspension ap-
paratus is provided with a graduated circle for the
purpose, and an unmagnetic bar, similar in form to the
other. When the unmagnetic bar is suspended to the
thread, and takes up a position of repose in the magnetic
meridian, with the same point of the scale corresponding
to the vertical wire of the telescope, as was before ascer-
tained to lie in the magnetic axis, it is evident that the
plane of detorsion then coincides with the magnetic
meridian; but, as any movement of the magnet from
that position must in some slight degree twist the fibre
by which it is suspended, it becomes necessary to ascer-
tain that amount, or the ratio of the force of torsion to
that of magnetism, before the true changes of declina-
tion can be ascertained.

The mode of observation is simple :—

As the magnet, from its extreme sensibility, is seldom
at rest, it is, when seen through the telescope, usually
performing a small arc of vibration: it becomes, there-
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fore, necessary to take three readings of the scale, at
three successive limits of the arc of vibration; and the
readings being denoted by a, b, and ¢, the mean point of
scale at the middle of the observation is—

2 (@a+2b+c0).

The next manner in which this instrument is employed
is in experiments to determine the ‘¢ absolute intensity,”
and they are of two kinds—experiments of deflection,
and experiments of vibration : the former show the ratio
of the horizontal part of the earth’s magnetic force to the
moment of free magnetism of the deflecting bar; the
latter determine the product of the same. We have
already explained, that the square of the number of
vibrations made by a magnetic needle, in a given time,
becomes a measure of the intensity of the earth’s mag-
netism, dependent upon the needle employed ; and it is
now necessary to state that the properties of this needle
have a double influence : first, according to the amount
of magnetism which it possesses; and, secondly, by the
effect of its form and weight on the time of vibration.

‘When a magnetic needle is turned out of the meri-
dian, the earth’s magnetism exerts upon it a certain force:
this force becomes the greater the farther thg magnet is
from the meridian, and is greatest when it is at right
angles to it, and is termed the ‘- moment of rotation.”
This moment is, therefore, dependent upon two things,
—the magnetism of the earth, and the magnetism of
the bar. Now, this moment of rotation, and the time
of vibration, are very simply connected by another
quality, dependent upon the form and weight of the
needle, which is called its ¢ moment of inertia,” easily
calculated by a well-known expression in mechanics ; and
it is for the purpose of simplifying this calculation, that
the magnetic bars are constructed of the perfect regular
form described in the Declination Magnetometer. The
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moment of inertia, then, being known, the moment of
rotation, produced by the earth’s magnetism on the mag-
netism of the needle, may be concluded from the observed
time of the vibrations. Hence we have arrived at one
of the conditions necessary ; viz.—the ¢ product of the
two forces.”

Let us now suppose the magnetic bar suspended in
the Declination Magnetometer, and its positions ob-
served ; first, when hanging freely in the meridian, and
subject to the influence of the earth’s magnetism alone ;
and, secondly, after the first magnet (whose moment of
inertia has been ascertained) has been placed at a con-
siderable distance at right angles to it. The angle of
deflection produced, shows what fraction of the force of
the earth’s magnetism the magnetic force of the first
magnet corresponds to at the selected distance; and an
equal fraction of the moment of rotation, found in ascer-
taining the moment of inertia of the first magnet, gives
the moment of rotation which the same magnet, at that
distance, would impart to a similar onme. ~This result
multiplied by the cube of the distance of one bar from the
other gives the reduced moment of rotation, and the
square root of this gives the force of the first magnet in
absolute measure. Finally, the moment of rotation of
the first magnet divided by this square root gives the
expression for the absolute measure of the earth’s mag-
netism. :

The above description is intended to give a general
idea of the method of an observation for absolute inten-
sity, without entering into the very elaborate mathema-
tical investigations by which such results have been
arrived at. Its chief excellence consists in the possibility
of expressing the force of the earth’s magnetism by a
number which shall be perfectly independent of the
individuality of the magnetic bars employed ; and I would
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