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of ascertaining the angle before mentioned, the instru-
ment is furnished with a well-graduated circle, and a
vernier attached to the suspension apparatus.

The magnetic bar employed is of the same form as in
the declination magnetometer, and is protected in the
same manner by a circular box. The mode of observation
is also similar, noting three successive limits of the arc of
vibration through areading telescope, as in the declination
magnetometer ; and the angular value of the scale
employed being known, the changes in the horizontal
intensity are converted into parts of radius ; the variation
of the angle being that quantity which it differs at any
moment from its mean value. The moment of free mag-
netism of the bar varies with the temperature; and it
becomes necessary to apply a correction for the same
before the true changes of the earth’s force can be ascer-
tained.. To deduce this correction, experiments are made
with artificial heat upon the magnetic bars, and the rela-
tive change of their magnetic moment corresponding to
one degree of Fahrenheit carefully ascertained, and the
reduction applied to the monthly mean values. This in-
strument is therefore furnished with a thermometer, the
bulb of which is within the box, for the purpose of ascer-
taining the interior temperature.

For observing the charges in the vertical component,
or that portion of the absolute force which the earth may
be supposed to exert in a vertical direction, the Observa-
tories are furnished with an instrument called the Vertical
Force Magnetometer: the essential part consists of a
magnetic needle having a cross of wires at each éxtremity
attached to the needle by small pieces of copper. The
axis of the needle being formed into a knife edge resting
upon agate planes, and the needle brought to the hori-
zontal position by weights, the changes of the vertical
force may be inferred when the mean inclination at the
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place of observation is known, and the times of vibration
of the needle, in the vertical and . horizontal planes
respectively.

The knife edge is adjusted so as to pass as nearly as
possible through the centre of gravity of the unloaded
needle, and the other adjustments are effected by small
screws, working in fixed nuts, one on each end ; the axis
of one of these screws being parallel to the magnetic
axis of the needle, and the other perpendicular to it: by
the movement of the former the needle is brought to the
horizontal position, and by that of the latter the centre
of gravity is made to approach or recede from the
centre of motion, and the sensibility of the instrument
augmented or diminished.

The changes in the position of this needle are observed
by two micrometer microscopes fixed on pillars of copper,
and firmly attached to the base of the instrument.
These microscopes contain two wires, one fized or im-
moveable, and the other moving, as the .micrqmeter-head
is turned ; the adjustment of the head being so arranged
that one complete revolution corresponds to five minutes
of arc: consequently, as the head is divided into 50
parts, the changes in the position of the needle can be
measured within 6” of arc.

In adjusting this instrument, it is essential to bring
the fixed wires of the microscopes to the same horizontal
line. That being obtained, the magnetic needle itself is
to be balanced to the horizontal position, which is effected
(as has been already stated) by the screw moving in a
direction parallel to its magnetic axis. The needle being
accurately balanced and permanently fixed in the azi-
muth in which it is intended to move, any change in the
vertical component moves the cross wire at the two ends
from the horizontal line to which they were first ad-
justed; and the mode of observation simply consists in

~
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bisecting the crosses with the moveable wires of the
microscopes, and noting the number of revolutions, or
parts of a revolution, through which the micrometer-
head has been turned. The interval between the fixed
and moveable wires thus measured is the deviation of
the needle from the horizontal position.

It is necessary to apply a correction for the variations
in temperature, as in the case of the other Intensity
Magnetometer, before the true changes in the vertical
intensity can be deduced. A thermometer inside the
box that encloses the needle shows the temperature of
the interior air for that purpose. |

The remaining instrument employed in the magnetical
observatories in the determination of the before-mentioned
elements is the Inclination Instrument, more generally
known as the Dipping Needle. It consists of a gra-
duated vertical circle, in the centre of which is placed a
well-balanced magnetic needle with a horizontal axis ; its
length being nearly equal to the diameter of the circle
in which it is placed, and, consequently, its points, or
poles nearly touching the inner edge of the circumference.
The axis of the needle revolves on agate planes; and the
angle of the circle at which the needle comes to rest from
the horizontal line shows the amount of inclination or dip 1
at any given place. The general law of the inclination
increasing from the equator to the poles has been before
alluded to. At Hobart Town, the south end of the
needle is drawn upwards of 70° from the hor1zontal
position by the earth’s attraction. |

It is evident, therefore, if the construction of the
instrument was perfect, that one determination of that
angle would be sufficient: but as it is not in the power
of art to construct a perfect instrument, even by bestow-
ing the utmost skill and care, it will be necessary to
point out the imperfections to which this instrument is
peculiarly liable.
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The sources of error are numerous, and consist, first,
in an error in the graduation of the divided circle;
secondly, in the axis of the needle not being truly in the
centre of the circle in which it revolves; thirdly, in the
centre of gravity not being precisely in the axis of sus-
pension ; fourthly, in the magnetic axis, or poles of the
needle, not coinciding with its points; fifthly, in the
graduated circle not being constructed of pure unmag-
netic material ; and, sixthly, from the axis of the needle
not being truly cylindrical.

To counteract these numerous sources of error, ob-
servations are multiplied in every possible manner, with
the needle and circle in different positions ; and it will be
advantageous, in order to give distinctness to our ideas,
to recapitulate the sources of error, and the means em-
ployed to obviate or overcome them, in the numerical
order in which they are before mentioned.

1st. The error in the graduation of the divided circle
is got rid of by reversing the instrument in azimuth, i.e.
observing the positions of the needle with the face of the
instrument first to the east, and then to the west.

2nd. By observing both ends of the needle at the
same time ; consequently, any error in excess in one end
will be in defect in the other.

3rd. By reversing its poles, making the one south that
was north, and vice versi.*

4th. By inverting the needle on its axis; that is to
say, observing with its face ¢o, and from, the instrument.

5th. The error arising from this source ought to be
guarded against in the construction of the instrument:

* This is effected by rubbing the north pole of a magnet on the
north pole of the dipping needle, which deprives it of its northern
polarity, and imparts southern. The south. pole of another magnet
is similarly applied to the south pole of the dipping needle, which is
then changed into a north pole,
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but as magnetism is frequently z'nductzd in ferruginous
matter, and not permanent, it becomes necessary to
ascertain whether such exists or not. If it were uni-
formly distributed throughout the limb, it could produce
no disturbance in the position of a needle which divides
the limb symmetrically. If not distributed uniformly,
by turning the instrument in various azimuths, the points
where the magnetism in the limb is concentrated are
brought into every relative position as regards the needle,
and the disturbance it may cause will disappear from the
mean result.

6th. This is the most fruitful source of error; and it
is easy to perceive that if the axis of the needle is not
truly cylindrical, but is, on the contrary, a little flattened
at any part, the imperfection of shape will cause a
resistance to its movements. It is also obviated in the
same manner as the former, by turning the instrument
through various azimuths; because, if a needle is forced
to move in a vertical plane out of the magnetic meri-
dian, it no longer assumes the same position with respect
to the horizon, but the more the plane of its motion is
turned from the meridian, the more it becomes inclined,
until, having arrived at right angles tothe meridian, it
hangs vertically. Now,in arriving at this position, it
must bear upon several points of the arc of its axle; so
that by going through a complete series of observations,
in various azimuths, the whole circumference of the axle
may be brought under trial. A simple formula* deduces
the true inclination from these observations in various
azimuths, and so computed will be as free as possible
from all error arising from imperfection in the axle.

*Cotan I = cotan °h 4 cotan Zh’.
I representing the True Inclination, and h and h’ being the ob-

served angles of inclination in two planes at right angles to one
another.
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The usual method of observation is, with the instru-
ment in the plane of the magnetic meridian ; but, for the
purpose of testing the axles of the needles and the gra-
duated circle of the instrument, observations are made as
described in 5 and 6, occasionally.

The foregoing description includes all the magnetical
apparatus of an Observatory.

For the mathematical skill and ingenuity shown in
devising the Horizontal Force instrument, the scien-
tific world is indebted to Professor Gauss, of the
University of Gottingen; and for the elegant little ap-
paratus- described as the Vertical Force Magnetometer,
to Professor Lloyd, of the University of Dublin, from
whose reports the abridged descriptions of these instru-
ments contained in this paper have been principally
collated. Besides these, the observatories are furnished
with a complete set of the most refined meteorological
instruments for accurate observation of the atmospheric
changes, in conjunction with the magnetical observations,
a Transit Instrument for the correct determination of
time, chronometers, &ec. &e. :

AppirioNn To ArT. IL. (See p. 189.)

Notes on a Kangaroo Rat.

Oct. 31, 1836. XKilled a full grown female Kangaroo
Rat. Eyes prominent, iris dark, pupil circular. It had
in the pouch a young one without hair, the eyelids closed,
pouch developed, nostrils open, lower lip formed, and
mouth open in the centre and ‘left side, tongue well
formed, motions vigorous, and hanging on the teat; was
removed at 5 . M., and allowed to crawl upon the table.




TiffUpd 1997

Meteorological Table. 225

10 s.m., 2nd Nov. The young one firmly adhering
to teat was not removed; at 12 (noon) feels quite cold,
but breathes, and moves with great vigour ; has not hold
of the teat; when handled, utters a faint cry.

After I had made some preparations of the stomach
and intestines of the mother, I found the young one still
living, and made a deep incision, dividing the large ves-
sels of the neck : this not killing it, I pithed it between
the occiput and atlas, but as it still moved I detached the
head : the body still by free motions, on the application

+ of irritants, showed sensibility. After about half an hour
had elapsed, I opened the young one, and found the
urinary bladder filled, and reaching to near the epigas-
trium ; the stomach, uterus, &c., heart and lungs, well de-
veloped. The creature still moved slightly. Otheryoung
marsupial animals that I have examined appear remark-

ably tenacious of life,. living immersed in spirits more
than one day.

A MEeTEOROLOGICAL TABLE, taken from the Observations
made at Port Arthur, from 1st July, 1837, to the 30th
June, 1841, by Dep.- Assist.-Comm.-Gen. Lempriere.

(Lat. 43°9'6” south ; long. 147°51°33’. Height of instruments above
the level of the sea 65 feet, except the Pluviometer, which is only

3 feet.)
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