THE ILLUSTRATED LONDON ALMANACK FOR 1854.

ON THE INSTRUMENTS IN USE IN AN ASTRONOMICAL
OBSERVATORY.

Ix the varions volumes of this work, frequent reference has been made to the
Right Ascensions and Declinations, or North Polar Distances of the Heavenly Bo-
dies, for the purpose of pointing ont the places in the heavens then occupied by
them, and indicating the place to which the eye of the observer or a telescope
should be directed for their observation ; also the data for showing their places
on & globe, and tracing their paths among the stars.

The position of a body on a plane surface, as this sheat of paper, is defined
by its distances from two definite points, or two fixed
lines, generally at right angles to each other, in the same
plane. In a similar manner, the position of a body on a
round or spherical surface, may be defined by means of
its angnlar distinces from two points, or from two points
sitnated in two great circles of the sphere; as the longi-
tude of a place on the earth's snrface, is its angular dis-
tance from an assumed meridian, and its latitude the
angular distance from the Equnator. The intersection of
these two lines determines the exact position of any pro-
posed point on the Earth's surface; so, in like manner,
the right aseension of a heavenly object is its angular
distance measnred along the Eqaator from that point in
the heavens. where the plane of the Ecliptic intersects
that of the Equator, and which point is called the first point of Aries.

The Declination is the angu'ar distance of the objact from the Equator, and
is north or sonth according as the position of the object is north or sonth of the |
Equator; the interszction of this distance with that of the right ascension indi-
cates the placa of the heavenly body. The angular distance from the Pole is
called the polar distance, and if measured from the North Pole, the north polar
distance. The Pole is a better point to measure from than the Eqnator, as
there is no consideration respecting north and south. It is the main business
of an Astronsmical Observatory to determine thess two elements, viz., right |

and d ion, or north polar distancs of the Sun, Moon, planets,
stars, and comets.

Perhaps it would be well to speak here of the instraments employed, and to
deseribe popularly the msthod of their use.

If we visit an Obssrvatory, we shall find in one apartment the Transit Instru-
ment, which is devoted to the determination of ons of these elements; and in
another apartment the Mural Cirele, which instrument is devoted to the dster-
mination of the other elemest.

The Transit Instrument is represented in the above Drawing; it consists
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of an achromatic telescope, to which is firmly fixed a doubly conical and hori-
zontal axis, at right angles to the optical axis of the telescope ; the extremities
of the axis are even-turned pivots of steel or bell-metal, which rest on angular |
bearings called Y's, firmly attached to the inner faces of two solid stone piers,
in such positions that the axis of the instrument is horizontal, or nearly so, and |
such that the telescope can move in the meridian only, or very nearly so. |
The axis has two adjustments, one for making it horizontal, and the |
other for adjusting the telescope to the meridian. Two circles are placed |
near the eye end of the telescope, furnished with verniers, to which a ‘
small level is attaclied, the purpose of which is to enable the observer to direct
the telesoope to any meridian altitude.®

On looking into the telescope a set of vertical lines (technically called wires)
is seen, five or seven in number, and crossed at right angles by one or two hori-
zontal wires. These lines are fine cobwebs, or fine threads, fixed in the talescopa
to a wire-plate, very near the eye: the stars are seen to pass them saccessively |
from one to the other, and across the field. |

Near the trausit instrument is placed a clock, called the Transit Clock, ad- |

justed to sidereal time, by making its indications of twenty-four hours cor-
respond, or very nearly so, with the interval of time between the consecutive
passages of the same star over the meridian ; one duty of the transit instrument
is to regnlate the clock. On looking at an object through a telescope, the object
itself is not seen, but only its image formed at the foens of the object-glass. This
image, in respect to the object, is inverted ; and thus the upper or lower limb of
the Sun, Moon, or planets, &c., appears the lower and upper respectively, as
seen through the telescope ; also the direction of their motions is reversed,

cansing all heavenly bodies to appear to move from west to east. This is ex-

plained by the following diagram :—
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Let A 1 bea distant object, ¢ D an objeet glass, ¥ the focus, 6 1 the eve-glass.
A ray of light proceeding from A & fulls on the objeet-glass, is refracted or bent
by it, and turned in the direction ¥. Th3 ray from A proceeds as above de-
seribed, and meetsthe eye-glass at its lower part; in like manner that at B
meets the eye-glass at its higher part: thus the image of the object A & is
inverted. In like manner rays proceeding from the sides of the object are in-
verted, and hence the motions of the heavenly bodies are reversed.

On looking &t & star with the naked eye (to the south) the star passes from
left to right, but on looking into the telescope, the image of the star is seen to
enter at the right hand, and to pass over the wires in snccession from right to
left. ‘The motion of all stars, as magnified by the telescope, is sensible; those
situated near the Equator move very quickly. i

On a star approaching the meridian, the obscrver having directed the tele-
scopa to that part of the heavens over which it will pass, looks in and sees both
the wires and the image of the star. He then list:ns to and counts the beats
of the clock, recording the second and tenth part of the second in a recording-
book, held in his hand, as the star passes each of the separate wires
(see the Tllustration). By taking the mean or average of these times, the
time is determined when the star was on the meridian. In a similar manner he
ohserves the San, Moon, planets, &2., and thus finds the time of the clock at
which they severally pass the meridian. If now the instrument and the elock
were all withont error, thess times would be the right ascensions of the ohjects
observed, conditions, however, which are never fulfliad ; to the times thos found
small corrections are to ?e a;;pi;l:d. for the deviations of the instrument from

riect adjustment, and for elock errors.

DE'I‘he clorj:k time at which & well-known star passes the meridian being thus
fonnd, the error of the elock is ascertaned by comparing this time with its
tabular right ascension, published in the * Nantical Almanack,” and based upon
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THE MURAL CIRCLE.

all the observations made npon that star for many years. Snch stars are called
clock stars; and the difference found between the clock time and the right

* For deseription of astronomical instruments eof different kinds, see the Report of Jury !

! Class X of the Great Exhibitlon of 1851,

of the star gives the error of the clock, and so true time is found.
If the clock be so adjasted that the same time be shown at two consecutive
passages of the same star, there is no clock-rate, and the error of the clock
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wonld be applicable to every object observed between these times. But, if the
clock does not exactly show 24 hours in this interval, the difference from 24
hours becomes known, and is the clock’s daily rate, and we can calculate a due
and proportionate part of thia rate at the time of every observation, and thus
obtain the same results as though the clock were accurately adjusted. The
error of the clock becomes thus known at the time of every gbservation, and
by its application to the clock time, the right ascension is determined.

In an adjoining apartment, in an Observatory, will be found the Mural Circle,
which instrument we proceed to deseribe. The Engraving on the preceding page
represents the instrument, in appearance like a wheel : A is a stone pier, several
feet in thickness, upon which it is supported. The cirele turns round an axis
which passes throngh the pier; its edge, or cylindrical rim, is divided into 360
equal parts, called degrees, and each degree is subdivided into twelve equal
parts, and therefore into five minutes of are; thus the outer rim has engraved
upon it 4320 lines, on a band of platinum. The accuratz division of this band is
a very severe test of the ability of the instrument-maker. To the circle a tele-
scope is attached, which, fr m time to time, can ba moved on the circle, so that
different parts of its limb may be made to measure the same arc in the heavens.
The telescope ia furnished with a system of wires similar to thatin the transit
instrament, Its eye end is also farnished with a wire micrometer—an apparatus
adapted to the measurement of small angular spaces.

A Micrometer consists of & moving frame, across which one or more wires are
stretehed, as shown in the annexed figure :—

The whole is moved by the
serew, and keptin position by
an opposing spring (&) ; the
serew carries a head divided
intoa ceriain number of parts
(usually G0 or 100), one side
of the box in which it is en-
closed being removed, to show
its action:—
|t The circle, with its teles-
Il cope, turns round on an

axis which passes through
the pier, which faces to the
aest or wost; and, conse-
quently, the cirele, with its
telescope, like the transit in-
strument, ean move only in
the meridian ; objects, there-
fore, can beseen only whilst
they pass the meridian.

On the face of the pier are
firmly attached six micro-
seopes placed equidistant and
aronnd the circle. These
microscepes are directed to
the several divisions on the
band of platinum; they are
fornished with a wire miero-
meter, the heads of which are
divided into six!y parts, as shown
in the preceding figure, and are
so adjusted that five turns of the
micrometer serew carries the cross
wire from one division on the limb
to the next; as these divisions are
separated by five minutes of are,
each revolution of the screw corres-
ponds to one minute of are. The
micrometer head, carried by the
serew, isdividedinto sixty parts, and,
therefore, each part corresponds to
one second of are ; the space between
twoof the partstheobserver mentally
subdivides into ten parts, and thus

measures to the tenth part of a second of are are noted. On looking through
the microscopes at the divisions on the limb, the following is the appearance
shown, The teeth on the left hand form what is technically called the comb-
plate, and five of its notches correspond to
the space of five minutes on the limb. The
divisions on the limb of the circle are shown
by the short horizontal lines ; oppesite to one
of these divisiona to the right is a single dot,
opposite te another are two dots, and to a
third three dots; and respectively show the
value of those divisionstobe fifteen minutes,
thirty minntes, and forty-five minutes distant
from the preceding whole degree. In read-
ing, one angle of the cross wires of the mi-
crometer is bisected by one of the divisions
on the limb, as shown in the diagram,

The use of the several microscopes is to
- avoid the error consequent on the use of one

- only, which might ba caused by fanity diyi-
sions or imperfections in the form of the circle.
When & star or object is approaching the meridian, the observer directs his
telescope to that part of the heavens over which it will pass, and biseets the star
by the micrometer horizontal wire when it is sitnated on or near the middle
wire, then by reading the several microscores he ascertains the reading of the
circle when the telescope was directed to this star. To render this observation
available, it is necessary to know the reading of the cirele when the telescope is
directed to some definite place, as the horizon, the zenith, or the Pole: this
point from which to measure is found by the nse of a trough of mercury, and is
as follows :—The mercury is so placed that on the star approaching the meridian
its reflected image can be seen through the telescope, and an observation made
a3 above described; by the time the star has passed the meridian, the telescops
may be directed to the star itself, and a second observation made. In the
formar observation the telescope was directed to a point as much depressed
below the horizon, as in the latter it was directed to a point elevated above the
horizon s and, from these observations the reading of the circle when the telescope
{s directed to the horizon, may be found. If to this reading 90 deg. be applied
the reading will be found when the telescope is directed to the zenith. If this
be nsed as a starting-point from which to measure, then the difference be-
tween this teading and all others will give the spparent angular zenith

c—

It is necessary, however, to remark

| distance of the several objects observed. )
in eonsequence of

that every object in the heavens appears to be too high,
refraction. . ¥

The theory of refraction it may ba well to explain, and is as follows :—A ray
of light as proceeding from a star, is bent, so as to form a smaller angle with a
perpendicular to the surface of the earth, and this bending is increased till the
ray reaches the eartl’s surface, and the object is seen in the direction of the last
pend of the ray, causing all objects to appear higher than they really are. This
will be understood by referenze to the annexed diagram.

Let AB, € D, E F, G, and 17, represent portions of concentric strata of at-
mosphere. A ray of light proceeding from a star 8, meets successively the
| several strata, and is continvally bent at a different angle; till, finally,itis
soen in the direction of 8 o, and the object seems to occupy the position s'. The
increass of density of the atmosphere on approaching the earth follows the law
of continuity; so that the ray, in traversing the atmosphere, enters at every
instant into & denser medinm ; its true path is, therefore, curved, as shown in
the following diagram, where o represents the place of an observer on the
surface of the earth, z his zenith, B 1 his horizon,s the place of a star, the
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path of the ray will be s A o, and the star will be seen in the direction of
o &, and not 0 83 the difference between the angless o wands'on is what
is called atmospherie refraction, the amount of which is to be calenlated for
every observation, to reduce it to what it would have been had there bzen no
atmosphere.

By determining the clovation of the Polo Star, and other stars situate near
the Pole, above the horizon, both when above and below the Pole, the true place
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of the Pole may be found ; and, consequently, the north polar distanca of all
objects can be ascertained by adding to the true zenith distances the angular
distance of the Pols from the zenith, or the co-latitude of the place.

The declination is found by taking the difference between the north polar dis-
tance and 90°, Thus, by the use of the transit instrunment, one of the two ele-
ments to determine the place of a celestial object is obtained, and by the use of
the mural circle, the other necessary element is determined. These being found—
in the case of the old planets, are compared with their caleulated places, and
the differences between them, called errors of tables, form the basw of fatare
calculations to free the tables of such errors. In the case of new planets and
comets, their orbits are, in the first place, calenlated from the observed right
sacensions and north polar distances ; and the results of such calculations re-
muin for comparison with future observations, with the view to the improve-
ment of the elements of their orbits. ;
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