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InTRODUCTION.

§ 1.. Buildings of the Magnetic Observatory.

In consequence of a representation by the Astronomer Royal, dated 1836,
January 12, and a memorial by the Board of Visitors of the Royal Observatory,
dated 1836, February 26, addressed to the Lords Commissioners of the Admiralty,
an additional space of ground on the south-east side of the former boundary of

the Observatory grounds was inclosed from Greenwich Park for the site of a
Magnetic Observatory, in the summer of 1837, and the Magnetic Observatory
was erected in the spring of 1838. Its nearest angle in its present form is about
174 feet from the nearest point of the S.E. dome, and about 30 feet from the office
of Clerk of Works, It is based on concrete and built of wood, united for the most
part by pegs of bamboo; no iron was admitted in its construction, or in subsequent
alterations. Its form, as originally built, was that of a cross with four equal arms,
very nearly in the direction of the cardinal magnetic points as they were in 1838; the
length within the walls, from the extremity of one arm of the cross to the extremity
of the opposite arm, was 40 feet, the breadth of each arm 12 feet. In the spring of
1862, the northern arm was extended 8 feet. The height of the walls inside is 10 feet,
and the ceiling of the room is about 2 feet higher. The northern arm of the cross is
separated from the central square by a partition, so as to form an ante-room. The
meridional magnet, for observations of absolute declination and of variations of
declination (placed in its position in 1838), is mounted in the southern arm; and the
theodolite by which the magnet collimator is viewed, and by which circumpolar stars for
determination of the astronomical meridian are also observed (for which observation an
opening is made in the roof, with proper shutters,) is in the southern arm, near the
southern boundary of the central square. The bifilar magnet, for variations of hori-
zontal magnetic force (erected at the end of 1840) was mounted near the northern wall
of the eastern arm ; and the balance-magnetometer, for variations of vertical magnetlc
force (erected in 1841) was mounted near the northern wall of the western arm,
Important changes have lately been made in the positions of these instruments, as
will be mentioned below. The sidereal time-clock is in the south arm, near the south-
east re-entering angle. The fire-grate (constructed of copper, as far as possible,) is
near the north end of the west side of the ante-room. Some of these fixtures may
contain trifling quantities of iron, and, as the ante-room is used as a computing room

a2
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it is impossible to avoid the introduction of iron in small quantities ; great care, however,
is taken to avoid it as far as possible.

In 1864, a room, called the Magnetic Basement, was excavated below the whole of
the Magnetic Observatory except the ante-room ; the descent to it is by a staircase
close to the south wall of the western arm of the building. For the theodolite, a brick
pier was built from the ground below the floor of the basement, rising through the
ceiling into the south arm of the upper toom, and supporting the theodolite in exactly
the same position as before.

Instead of a single meridional magnet performing the double functions of ¢ magnet
for determining absolute maguetic declination,” and ‘magnet carrying a mirror for
photographic register,” there are now two meridional magnets, one in the upper room
and one in the basement. The upper magnet isin a position about 10 inches north of the
former position of the declination-magnet ; it carries a collimator, for observation by the
theodolite ; but, in reversion of position of the collimator, the collimator is always either
above or below the magnet, so that the magnet is always in the same vertical. The
lower magnet, which is in the same vertical with the upper magnet, carries the mirror for
the photographic register of the continual changes of declination. A massive brick pier
is built in the south arm of the basement, covered by a stone slab; upon it is fixed the
photographic lamp; from the stone slab rise three smaller piers, upon which crossed
slates are placed ; and from these rises a small pier through the ceiling, to the height of
18 inches above the upper floor, carrying the suspension of the lower magnet. Upon
the tops of the three piers rest the feet of the original wooden' stand carrying the sus-
pension of the upper magnet.

The bifilar-magnetometer is in the basement, in a position vertically below its former
position. A massive brick pier, surmounted by a thick slab of stone (upon which the
photograph lamp is fixed) carries a pier consisting of a back and return-sides, which rises
through the ceiling about 2 feet above the upper floor, and is crowned by a slate slab
that carries the suspension of the bifilar-magnetometer.

The vertical-force magnetometer is in the basement, in a position vertically below
its former position ; it rests upon a brick pier, capped by a thick stone; to which also
is fixed the plate of metal with narrow chink through which passes the light of the
photographic lamp. |

To the theodolite-pier are fixed telescopes for eye-observation of the bifilar and
vertical-force magnetometers.

At the south-east re-entering angle (which has been rebated for the purpose) is the
horizontal photographic cylinder, which receives the traces of the movements of the
declination-magnet and the bifilar-magnet. The angle is so far cut away that the straight
line joining their suspensions passes at the distance of one foot from the wall, and thus
the cylinder receives the light from both instruments at right angles to its surface.
The vertical cylinder which receives the traces of the movements of the vertical-force-
magnet, and, of the self-registering barometer near it, is east of the vertical force pier.

In the south-west corner of the western arm, and partially beneath the staircase
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is the apparatus for self-registration of the spontaneous galvanic currents on the wires
leading respectively to Croydon and to Dartford. (See below, § 12). After the year
1867 these wires were taken down and refixed in new directions ; the self-registering
apparatus, however, was not moved.

The mean-time-clock is on the west wall of the south arm of the basement.

Adjoining the north wall is the table for photographic operations. Much water is
used in these operations, and therefore a pump is provided in the grounds at a
distance of about 30 feet from the nearest magnetometer, by which the water is
withdrawn from the cistern at the east end of the photographic table and at once
discharged into a covered drain. |

The basement is warmed by a gas-stove, and ventilated by a large copper tube
nearly two feet in diameter, receiving the flues from the stove and all the lamps, and
passing through the upper room to a revolving cowl above the roof. Each of the arms
of the basement has a window facing the south, but in general the window wells are
closely stopped.

The variations in the temperature of the instruments have been greatly reduced by
their location within this basement. '

On the outside of the Magnetic Observatory, near the north-east corner of the
ante-room, a pole 79 feet in height is fixed, for the support of the conducting wires
to the electrometers; the electrometers, &c., are planted in the window-seat at the
north-end of the ante-room.

The apparatus for naphthalizing the gas used in the photographic registration was
formerly fixed in a corner of the ante-room, but is now (1867) mounted in a small
detached zinc-built room, erected in 1863, near the west side of the ante-room.

A small wooden building, in the direction S.S.E. (magnetic) from the Magnetic
Observatory, 64 feet from its nearest angle, and very near the southern boundary of
the grounds, was used till 1863 for the observation of Magnetic Dip; and another
small building, in the direction S. (magnetic) from the Magnetic Observatory, 50 feet
from the western angle of the southern arm, was used till 1862 for the observation of
Deflexions. In 1863, these buildings were removed, and a range of seven rooms,
usually called the Magnetic Offices, was erected near the southern fence of the grounds.
Since the summer of 1863, observations of Dip and Deflexion have been made in the
westernmost of these rooms.

At the distance of 28 feet south (magnetic) from the south-east angle of the
southern arm is a square shed about 10® 6™ square, supported by four posts at the
height 8 feet, with an adjustable opening at the center of the top. Under this shed
are placed the large dry-bulb and wet-bulb thermometers, with a photographic cylinder,
axis vertical, between them; and external to these are the gas flames, whose light
passing through the thermometer-tubes above the quicksilver makes photographic
traces upon the paper which covers the cylinder.

For better understanding of these descriptions, the reader is referred to the
Descriptions of Buildings and Grounds with accompanying Maps, attached to the
Volumes of Astronomical Observations for the years 1845 and 1862.
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§ 2. Upper Declination-Magnet and Apparatu& Jor observing it.

The theodolite with which the meridional magnet is observed is by Simms: the
radius of its horizontal circle is 8'3 inches: it is divided to 5’, and reads to 5”, by
three verniers, carried by the revolving frame of the theodolite. The fixed frame
stands upon three foot-screws, which rest in brass channels let into a stone pier, that
stands upon the brick pier rising from the ground of the Magnetic Basement. The
revolving frame carries the Y’s (with vertical adjustment at one end) for a telescope with
transit-axis : the length of the axis is 104 inches: the length of the telescope 21 inches:
the aperture of the object glass 2 inches. The Y’s are not carried immediately by the
T head which crosses the vertical axis of the revolving frame, but by pieces supported
by the ends of that T head, and projecting horizontally from it: the use of this con-
struction is to allow the telescope to be pointed sufficiently high to see & Ursae Minoris
above the pole. The eye-piece of the telescope carries only one fixed horizontal wire,
and one vertical wire moved by a micrometer-screw. The opening in the roof of the
building permits the observation of circumpolar stars, as high as 8 Urse Minoris above
the pole, and as low as 8 Cephei below the pole.

For supporting the magnet, a braced wooden tripod-stand is provided, whose
mounting has been described above. Upon the cross-bars of the stand rests a double
rectangular box (one box completely inclosed within another), both boxes being covered
with gilt paper on their exterior and interior sides. On the southern side of the principal
upright piece of the stand is a moveable upright bar, turning in the vertical E. and W.
plane, upon a pin in its center (which is fixed in the principal upright), and carrying
at its top the pulleys for suspension of the magnet; this construction is adopted as
convenient for giving an E. and W. movement (now very rarely required) to the point
of suspension, by giving a motion to the lower end of the bar. The top of the upright
piece carries a brass frame with two pulleys, whose axes are E. and W.: one of these
pulleys projects beyond the north side of the principal upright, and from it depends the
suspension skein : the other pulley projects on the south side : the suspension skein, being
brought from the magnet up to the north pulley, is carried over it and over the south
pulley, to a small windlass, carried by the lower part of the moveable upright. The
height of the two pulleys above the floor is about 11 ft. 32 in., and the height of the
magnet is about 2 ft. 10in. ; the length of the metal carrier which bears the magnet
is 1 ft. 3 in. ; so that the length of the free suspending skein is about 7 ft. 23 in.

The magnet was made by Meyerstein, of Gottingen: it is a bar 2 feet long, 1§ inch
broad, and about 1 inch thick: it is of hard steel throughout. The magnet carrier
was also made by Meyerstein, but it has since been altered by Simms. The magnet
is inserted sideways and fixed by screws in a double square hook which constitutes
the lower part of the magnet carrier. This lower part turns stiffly by a vertical axis
with index in a graduated horizontal circle (usually called the torsion circle) attached
to the upper part. The upper part of the magnet carrier is simply hooked into the
skein.

The suspending skein was originally of silk fibre, in the state in which it is first
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prepared by silk manufacturers for further operations; namely, when seven or more
fibres from the cocoon are united by juxtaposition only (without twist) to form a single
thread. The skein was strong enough to support perhaps three times the weight of
the magnet, &c.

In the summer and autumn of 1864, an attempt was made to suspend the magnet
by a steel wire, capable of supporting the weight 15 1bs.; but the torsion force was
found to be so large as greatly to diminish the value of the observations; and the
skein was finally restored on 1865, January 20. A similar attempt was made for
suspension of the lower magnet ; the skein, however, was restored on 1865, January 30.

Upon the magnet there slide two brass frames, firmly fixed in their places by means
of pinching-screws. One of these contains, between two plane glasses, a cross of
delicate cobwebs ; the other holds a lens of 13 inches focal length and nearly 2 inches
aperture. ‘This combination, therefore, serves as a collimator without a tube: the
cross of cobwebs is seen very well with the theodolite-telescope, when the suspension-
bar of the magnet is so adjusted as to place the object-glass of the collimator in front
of the object-glass of the theodolite, their axes coinciding. The wires are illuminated
by a lamp and lens in the night, and by a reflector in the day.

In the original mounting of this magnet the small vibrations were annihilated by a
copper oval or ‘damper,” thus constructed: A copper bar, about one inch square,
is bent into a long oval form, intended to contain within itself the magnet (the plane
of the oval curve being vertical). A lateral bend is made in the upper half of the
oval, to avoid interference with the suspension-piece of the magnet. The effect of this
damper was, that after every complete or double vibration of the magnet, the amplitude
of the oscillation is reduced in the proportion of 5: 2 nearly.

On mounting the photographic magnetometer in the basement, the damper was
removed from its place surrounding the upper magnet, and was adjusted to encircle the
photographic magnet. The upper magnet remained unchecked in its vibrations till
1866, January 23, when the lower part of its magnet-carrier was connected with a brass

bar which vibrates in water.

OBSERVATIONS RELATING TO THE PERMANENT ADJUSTMENTS OF THE UPPER
DecriNaTION-MAGNET AND ITS THEODOLITE.

1. Determination of the inequality of the pivots of the theodolite-telescope.

1862, December 26. The theodolite was clamped, so that the transit axis was at
right angles to the astronomical meridian. The illuminated end of the axis of the
telescope was first placed to the East: the level was applied, and its scale was read ;
the level was then reversed, and its scale was again read ; it was then again reversed,
and again read, and so on successively six times. The illuminated end of the telescope
was then placed to the West, and the level was applied and read as before. This
process was repeated four times, and the result was that, when the level indicates the
axis to be horizontal, the axis at the illuminated end is really too low by 0”3 nearly.
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2. Value of one revolution of the micrometer-screw of the theodolite telescope.

On 1862, December 26, cbservations were made, giving for the value of one revo-
lution of the micrometer 1’. 33”-85. On 1865, December 27, the magnet was made to
rest on blocks of wood, and its collimator was used as a fixed mark at an infinite
distance. The micrometer of the theodolite was placed in different positions, and the
telescope of the theodolite was then turned till the micrometer wire bisected the cross.
The result of ten comparisons of theodolite-readings with large values and with small
values of the micrometer-reading was, that one revolution = 1’. 34”+8. This is used
through the year 1867.

3. Determination of the micrometer-reading for the line of collimation of the theo-
dolite-telescope. . .

1867, January 1. The vertical axis of the theodolite had been adjusted to verticality,
and the transit axis was made horizontal. The declination-magnet was made to rest
on blocks, and the cross-wires carried by it were used as a collimator for determining
the line of collimation of the telescope of the theodolite. The telescope was reversed
after each observation. The mean of 20 double observations was 100™090. This
value is used throughout the year 1867.

4. Determination of the effect of the mean-time-clock on the declination-magnet.

The observations by which this has been determined are detailed in the volumes for
1840, 1841, 1844, and 1845. It appeared that it was necessary to add 9”41 to every
reading of the theodolite. The clock was removed to the basement in 1864, having
now nearly the same relative position to the lower declination-magnet which formerly
it had to the upper. No correction is now applied to the upper declination-magnet.

5. Determination of the compound effects of the vertical-force-magnet and the
horizontal-force-magnet on the declination-magnet.

The details applying to the effect of the horizontal-force-magnet and first vertical-
force-magnet will be found in the volumes for 1840, 1841, 1844, and 1845. It ap-
peared that it was necessary to subtract 55722 from all readings of the theodolite.
In 1848 a new vertical-force-magnet was introduced, and the subtractive quantity was
then found to be 42”2. A few experiments in 1865 seemed to show that the correction
is now 36”9. No numerical correction has been applied.

6. Determination of the error of collimation for the plane glass in front of the boxes
of the declination-magnet.

1867, January 1. The magnet was made to rest entirely on blocks. The micro-
meter head of the telescope was to the East. The plane glass has the word « top ”
engraved on it, and, in ordinary use, this word is always kept east. The cross-wire
carried by the collimator of the magnet was observed with the engraved word
alternately east and west. The result of 20 double observations was, that in the
ordinary position of the glass 16™7 is to be added to all readings.

7. Determination of the error of collimation of the magnet-collimator, with reference
to the magnetic axis of the magnet.
1867, January 1. Observations were made by placing the declination-magnet
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in “its stirrup, with its collimator alternately above and below, and observing the col-
limator-wire by the theodolite-telescope ; the windlass of the suspending skein being
so moved that the collimator in each observation was in the line of the theodolite-
telescope. Seven pairs of observations were taken. The mean half excess of reading
with collimator above, (its usual position) over that with collimator below was
24'. 31”:0. This value is used in the reductions for 1867.

8. Effect of the damper.

In the volume for 1841 observations are exhibited shewing that the oval copper bar,
or damper, which then surrounded what is now the upper declination-magnet, had but
little or no effect. Repeated observations, of less formal character, in succeeding
years, have confirmed this result. The same bar has encircled the lower declination-
magnet since the year 1865. The following observations were made in the year
1865, for ascertaining the effect of the damper on the lower declination-magnet under
various circumstances.

On 1865, February 8 and 10, and March 2, the time of vibration of the magnet was
observed :— '

Mean of times with damper in usual position ...........ovivieennnn. 23+ 888
Mean of times with damper reversed end forend............c.ovvun.ns 245+ 508
Mean of times when damper wasremoved.........cvveneinnnn. AP 23°-153

These seem to indicate a repulsion of the magnet by the damper, but the magnet
came to rest so rapidly that the observations are very uncertain:

On several days from 1865, April 2 to May 12, observations were made for ascer-
taining the deflexion of the magnet produced by turning the damper through a small
angle round a vertical axis, passing through its center.

DAMPER IN USUAL POSITION.

' , [ N. end towards E., increase of western declination ..... —1.27 .
Damper turned through 2 {N end towards W +1.25
. " ’ » 5 eeeeen .
- o JN. end towards E,, » s 9% eeeeens —2.16
Damper turned through 4 {N. end towards W., » y eeeenn 4+3.11°
: o J N. end towards E., " ’ 3 eeeen —3.10
Damper turned through 6 {N. end towards W., » 59 eeeaas +2.55
. o J N. end towards E., ’ ’ 9 eeseas —1,22
Damper turned through 87 g towards W., -, ’ 55 evenes +1.45
Damprer REVERSED ENp FOrR END.
N. end towards E., increase of western declination . ....40.
Damper turned through 2°q " 4 towards W’ v rmation _T_g ;g
: . 1} 9 9 9 sesees g
o J N. end towards E., ” » » veeess 0.0
Damper turned through 4° ¢ )4 ¢ 0orac W., ’ 55 eseeas +0.26
o J N. end towards E., s ’ » cevere 0. 5
Damper turned through 6 N. end towards W., , . . R
o J N. end towards E,, . ’» 9 eeeees —=0.10
Damper turned through 8 ¢ 4 towards W., ,, ’ 5 eeeae. +0. 5

* The first series shews clearly that the damper in its usual position drags the magnet ;
the second shews no certain effect. It seems that the damper possesses two kinds of
GREENWICH MAGNETICAL AND METEOROLOGICAL OBSERVATIONS, 1867. b
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magnetism, one permanent the other transiently induced, of nearly equal magnitude ;
their sum being about 1 part of the terrestrial effect for the same deflexion.

From 1865, July 25 to August 9, observations were made to ascertain whether the
effect of an external deflecting cause is the same with the damper present and the damper -
removed. The observation was extremely difficult, as the magnet was perpetually in
vibration when the damper was removed. A small magnet on the east side of the
N. end of the magnetometer, with its north end pointing towards the East (and there-
fore diminishing the western declination of the magnetometer), was moved to the
distance (about five feet) at which it produced a deviation of 5" nearly. The apparent
western declination was observed, damper present, and damper removed. It appeared
to be less with damper present than with damper removed, by 0’. 53”. The separate
results are very discordant. If the conclusion has any validity, it tends to shew a
repulsive power in the damper, opposite to that found in the preceding experlments
This experiment is regarded as inconclusive.

9. Calculation of the constant used in the reduction of the observations of the
upper declination-magnet, the micrometer-head of the theodolite-telescope being East.

Micrometer equivalent for reading for line of collimation, 1007090 ......... —2.88. 85
Correction for the plane glass in front of the box, in its usual position...... + 16-7
The collimator above the magnet. Correction for error of collimation.... — 24. 310

Constant to be used in the reduction of the ObSErvAtionS....eereeesssreveerees —3. 2.228

10. Determination of the time of vibration of the upper declination-magnet under

the action of terrestrial magnetism. “
On 1866, September 13, it was found to be 30*55. On September 18, it was

found to be 30%65. On 1868, January 12, it was found to be 30*60.

11. Fraction expressing the proportion of the torsion-force to the earth’s magnetic
force.

By the same process which is described in the Magnetical Observations 1847, but
with the silk skein now in use, the proportion was found, on 1865, January 31, 3z ;
on February 17, 5373 on April 27, 337 ; and on December 27, 5.

DETERMINATION OF THE REeaDINGS oF THE HoRrizoNTAL CIRCLE oF THE THEODOLITE
' CORRESPONDING TO THE ASTRONOMICAL MERIDIAN.

The error of the level is determined by application of the spirit-level at the time
of observation: due regard being paid, in the réduction, to the inequality of pivots
already found. One division of the level is considered = 17°0526. The azimuth-

reading is then corrected by this quantity ;
Correction = Elevation of W. end of axis X tan star’s sltitude.
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The readings of the azimuth circle increase as the instrument is turned from N. to
E., S., and W. ; from which it follows that the correction must have the same sign as
the elevation of the W. end. - '

The correction for the azimuth of the star observed has been computed independently
in every observation, by a peculiar method, of which the principle is fully explained
in the volumes for 1840, 1841, 1843, 1844, 1845. The formula and table used are
the following :—

Let 4, = seconds of arc in star’s azimuth,
C, = seconds of time in star’s hour-angle,

a, = seconds of arc in star’s N.P.D. for the day of observation,

1"

Then log. 4, = log. C, + log. E + log. (a, + F) + log. cos ¢.
The values of log. E, F, and log. cos ¢, are given in the following table :—

TasurLATED VALUES of Log, Cos ¢, for DirrerENT VALUES of C,, and of the QuantITiEs Log. E and F,
for the Stars Poraris and 3 Ursz MiNoRIs.

Hour Log. Cos ¢ for
Angle.
Polaris. 8 Ursee Minoris.| Polaris S.P. |8 Urse Min. S.P,
m
I 999999 9°99999 9°99999 9°99999
2 999 999 999 999
3 999 999 999 999
4 998 998 998 998
5 996 996 997 997
6 994 994 996 996
Z 982 932 994 992
9 ‘ 999 992 99
9 988 986 990 991
TERE 985 983 988 989
11 981 979 985 987
12 978 975 982 984
13 974 971 979 981
14 970 966 975 978
15 966 961 972 975
16 - 961 955 968 971
17 956 gbo 964 968
18 951 944 959 964
19 945 937 955 g6o
20 939 930 950 956
21 932 923 945 951
22 926 915 939 946
23 919 go8 933 941
24 912 goo 928 936
25 904 891 922 930
26 ’ 8g6 882 915 925
27 888 873 gog 919
28 880 863 goz 912
29 871 853 894 gob
30 9'99862 9'99843 999887 9'99900
Log. BE| 609721 6°13638 | —6'03899 —6°00617
F| —186” 79 | —944" *71 | +181” 57 | +886" 86

b2
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Observations for determining the readings for the astronomical meridian were made
on the following days in 1867 :—January 4, 28; February 4, 14 ; March 5, 26;
April 29; May 6, 24; June 12, 24 ; July 8, 27; August 2, 12, 22; September 20 ;
October 26; November 6, 23 ; December 18. As a check on the continued steadi-
ness of the theodolite, observations of a fixed mark (a small hole in a plate of metal
above the Observatory Library, illuminated by a reflector of sky-light in the day and
by a lamp at night,) have been taken about thirty times at nearly equal intervals
through the year.

The following is a description of the method of making and reducing the eye-
observations of the declination-magnet :—

A fine horizontal wire (as stated above) is fixed in the field of view of the theodolite-
telescope, and another fine vertical wire is fixed to a wire-plate, moved right and left by
a micrometer screw. On looking into the telescope, the cross of the magnetometer is
seen ; and during the vibration of the magnet, this cross is seento pass alternately right
and left. The observation is made by turning the micrometer till its wire bisects the
image of the magnet-cross at the pre-arranged times, and reading the micrometer. The
verniers of the horizontal circle are read. '

The mean-time clock is kept very nearly to Greenwich mean time (its error being
ascertained each day), and the clock-time for each determination is arranged before-
hand. Chronometer M‘Cabe 649 has usually been employed for observation.

If the magnet is in a state of disturbance, the first observation is made by the
observer applying his eye to the telescope about one minute before the pre-arranged
time ; he bisects the magnet-cross by the micrometer wire at 45°, and again at 15°
before that time, also at 15° and 45° after that time. The intervals of these four
observations are therefore the same as the time of vibration of the magnet, and the
mean of all the times is the same as the Greenwich pre-arranged mean time.

The mean of each pair of adjacent readings of the micrometer is taken (giving three
means), and the mean of these three is adopted as the result. In practice, this is done
by adding the first and fourth readings to the double of the second and third, and
dividing the sum by 6.

Till 1866, January 23, the magnet was usually in a state of vibration ; but since the
introduction of the water damper on that day the number of instances of vibration has
been very small. When it is found to be quite free from vibration, two bisections only
of the cross are made, one about 15° before the time recorded, the other about 15°
after that time, 30° being nearly the time of a single vibration. (The lower magnet,
furnished with the copper damper, never exhibits any troublesome vibrations.)

The adopted result is converted into arc, supposing 1" = 1’. 34”8, and the quantity
thus deduced is added to the mean of the vernier-readings, from which is subtracted
the ccustant given in article 9 of the permanent adjustments ; the difference between
this number and the adopted reading for the Astronomical South Meridian is taken ;
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GENERAL PRINCIPLE OF PHOTOGRAPHIC REGISTRATION. w
and thus is deduced the magnetic declination, which is used in determining the zero
for the photographic register. :

§ 8. General principle of construction of Photographic self-registering Apparatus
Jor continuous Record of Magnetic and other Indications.

The general principle adopted for all the photographic instrumentys is the same.
The photographic paper is wrapped round a glass or ebonite cylinder, (ebonite
being adopted for the earth-current-apparatus and, in the year 1868, for all the other
cylinders) and the axis of the cylinder is made parallel to the direction of the
movement which is to be registered. '

The following is the arrangement of glass cylinders, for the Declination and Hori-
zontal Force. One glass cylinder with a hemispherical extremity (in all respects similar
to those used as shades or protectors of small clocks, works of art, &c.), about 113
inches long in its cylindrical part, and about 143 inches in circumference, is covered
internally with a black pigment, and is stopped at the open end by insertion in a metallic
cap, in the center of which is a short spindle and winch-arm. Round this cylinder the
photographic paper is wrapped, and the moisture on the photographic paper agglutinates
its overlapping ends with sufficient firmness, The cylinder and mounted paper are then
covered by another glass cylinder with hemispherical end, whose open end is fixed, by
friction, on the rim of the metallic cap to which the inner cylinder is attached, a collar
of tape being inserted between. In this state the cylinders are placed in their working-
mounting ; the short spindle in the cap, and the large cylinder near its hemispherical
end, rest upon anti-friction-rollers, the axis of the cylinder being horizontal. The winch-
arm is lodged in a fork at the end of the hour-hand of ‘a timepiece, which is made for
the purpose, not exceeding in size an ordinary box-chronometer, but with very strong
wheels and powerful spring, and with duplex escapement. The mounting of the
ebonite cylinders is the same except that they and their external glass cylinders have no
hemispherical ends, and that both ends of the ebonite cylinders turn by spindles, which
rest on anti-friction wheels; and that the clock-communication is made by a toothed
wheel instead of a winch-arm. In order to avoid the ordinary shake of the hour-hand
of a clock, due to the play of the motion-wheéls under the dial, the hour-hand is
placed upon the central axis, and the second wheel, which is usually placed in the
center and carries the minute hand, is placed on one side. The peculiarities of
the Vertical Force and Thermometer cylinders will be mentioned in their respective
sections. The cylinders of the magnetic and earth-current registérs turn in twenty-
four hours : those of the thermometers, in forty-eight hours.

The light, by which the trace of each magnet is made, originates in a lamp (formerly
of camphine, but, since 1849, of coal-gas charged with the vapour of coal-naphtha)
placed slightly out of the direction of a straight line drawn from the concave-mirror
of the magnet (to be mentioned shortly) to the center of the photographic sheet,
Before the flame of the lamp is placed a small aperture, about 03 high and 001
broad, independent - of the lamp, and supported by a part of the stone capping of the
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brick pier which carries the magnet. The light from the aperture falls upon the concave
mirror of speculum-metal, which is carried by a part of the magnet-carrier, and which,
although it has a small movement of adjustment relative to the magnet-carrier,
is in practice very firmly clamped to- it, so.that the mirror receives all the angular
movements of the magnet. By the concave mirror, the light diverging from the
aperture is made to converge to a’place nearly on the surface of the cylinder
of photographic paper. The form of the aperture, however, and the astigmatism
caused by the inclined reflexion from the mirror, produce this effect, that the image
is somewhat elongated in the vertical direction, and is at the same time slightly
curved. To diminish the length there is placed near the cylinder a plano-convex
cylindrical lens of glass, with its axis parallel to the axis of the cylinder, and the
image is thus reduced to a neat spot of light. This system applies equally to the
magnetic and the earth-current registers ; but for the thermometers the arrangement
is different, as will be mentioned. _ ‘

The spot of light (for the magnets, the earth currents, and the barometer) or the
boundary of the line of light (for the thermometers) moves, with the movements
which are to be registered, in the direction of the axis of the cylinder, while the
cylinder itself is turned round. Consequently, when the paper is unwrapped from
its cylindrical form, there is traced upon it (though not visible till the proper chemical
agents have been applied) a curve, of which the abscissa measured in the direction of
a line surrounding the cylinder is proportional to the time, while the ordinate measured
in the direction parallel to the axis of the cylinder is proportional to the movement
which is the subject of measure.

In the instruments for registering the motions of the magnets, the earth-currents,
and the barometer, a line of abscissee is actually traced on the paper, by a lamp
giving a spot of light in an invariable position, the effect of which on the revolving
paper is to trace a line surrounding the cylinder. For the thermometers this is not
necessary, as the thermometer-scales are made to carry and to transfer to the photo-
graphic paper sufficient indications of the actual reading of the thermometers. R

Every part of the cylinder-apparatus for the declination and horizontal force, except
those on which the spots of light fall, is covered with a double case of blackened zinc,
having a slit for each moveable spot of light and a hole for the invariable spot ;
and every part of the path of the photographic light is protected by blackened
zinc tubes from the admixture of extraneous light. The cylinder-apparatus for the
thermometers is protected in the same manner, except that the whole space including
the gas-light is enclosed in a zinc case, blackened internally. The earth-current
apparatus is enclosed in a mahogany case, similarly blackened.

In all the instruments, the following method is used for attaching, to the sheet of
photographic paper, indications of the time when certain parts of the photographic trace
were actually made, and for giving the means of laying down a time-scale applicable
to every part of the trace. By means of a small moveable plate, arranged expressly
for this purpose, the light which makes the trace can at any moment be completely
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cut off. An assistant, therefore, occasionally cuts off the light (registering in the
proper book the clock-time of doing so), and after a few minutes withdraws the plate
(again registering the time). The effect of this is to make a visible interruption in
the trace, corresponding to registered times. By drawing lines from these points of
interruption parallel to the axis of the cylinder, to meet the photographic line of
abscissa, or an adopted line of absciss@ parallel to it, points are defined upon the line
of absciss® corresponding to registered times. The whole length of the photographic
sheet (except where onme end, in the cylindrical arrangement, laps over the other)
corresponds to the known time of revolution of the cylinder. A scale being prepared
beforehand, whose value for the time of revolution corresponds to the circumference
of the cylinder, and the scale-reading for the registered time of interruption of light
being applied to the foot of the ordinate corresponding to that interruption, the
divisions of hours and minutes may be transferred at once from the scale to the line of
abscisse. In practice it is found that the length of the paper is not always the same,
and it is necessary, therefore, to use for each instrument several pasteboard scales
of different lengths, adapted to various lengths of the photographic sheets.

§ 4. Lower Declination-Magnet ; and Photographic self-registering
Apparatus for Continuous Record of Magnetic Declination.

The lower declination-magnet is made by Simms. It is 2 feet long, 14 inch broad,
4 inch thick, of hard steel throughout, much harder than the upper declination-magnet.

The magnet-frame consists of an upper piece, whose top is a hook, (to be hooked
into the suspension-skein), and which carries a concave mirror 5 inches in diameter,
used for the photographic record in the manner to be hereafter mentioned. The lower
part of this upper piece turns in a graduated horizontal circle, similar to the torsion
circle of the upper magnet, and attached to the lower piece or magnet-carrier proper.
The lowest part of the carrier is a double square hook, in which the magnet is inserted
and is kept in position by the pressure of three screws.

It has been mentioned in § 1 that a small pier built upon one of the crossed slates
which are laid upon three piers rising from below, carries the suspension-pulleys. The
suspension-skein rises to one of these pulleys, passes horizontally over a second puliey
about 5 inches south of it, and then descends obliquely to a windlass which is fixed to
the stone slab about 2 ft. 3 in. south of the center of the magnet.

The height of the pulley above the floor of the Basement is 10 ft. 43 in. As the height
of the magnet above the floor is 2 ft. 10§ in., and the length of the magnet frame is
1 ft. 3 in., there remains 6 ft. 3 in. of free suspending skein.

One of the revolving cylinders is used for the photographic record of the Declina-
tion-Magnet and the Horizontal Force Magnet. In the preparation of the basement
in 1864, as has been stated, the south-eastern re-entering angle was cut away, so that the
straight line from the suspending skein of the declination-magnet to the center of
the bifilar magnet passes through a clear space, in which the registering apparatus
is placed
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The concave mirror of the declination-magnet is 5 inches in diameter, and is above
the top of the magnet-box. The distance of the light-aperture from the mirror is
about 253 inches. The spot of light from the mirror is received on the south side of
the cylinder, near its west end.

For the declination-magnet, the values, in minutes and seconds of arc, of movements
of the photographic spot in the direction of the ordinate, are thus deduced from a
geometrical calculation founded on the measures of different parts of the apparatus.
The distance of the cylinder from the concave mirror is about 11% 0™ I, and a move-
ment of 1° of the mirror produces a movement of 2° in the reflected ray. From this it is
found that 1° of movement of the mirror is represented by 4'611 inches upon the
photographic paper. A small scale of pasteboard is prepared, whose graduations
correspond in value to minutes and seconds so calculated. The zero of the ordinate-
scale is found in the following manner. The time-scale having been laid down as is
already described, and actual observations of the position of the magnet having been
made with the eye and the telescope, (as has been fully described above), at certain
registered times, there is no difficulty (by means of these registered times) in defining
the points of the photographic trace which correspond to the observed positions.
The pasteboard scale being applied as an ordinate to one of these points, and being
slid up and down till the scale reading which represents the reading actually taken by
the eye-observation falls on that point, the reading of the scale where it crosses the
line of abscissee is immediately found. The various readings given by different
observations, so long as there is no instrumental change, will scarcely differ, and may
be combined in groups, and thus an adopted reading for the line of abscissee may be
obtained. From this, with the assistance of the same pasteboard scale, there will be
laid down without difficulty a new line, parallel to that line of abscissee whose
ordinate would represént some whole number of degrees, or other convenient quantity.

§ 5. Horizontal-Force-Magnet and Apparatus for observing it.

The horizontal-force-magnet, furnished by Meyerstein of Goéttingen, is, like the
declination-magnet, 2 feet long, 1% inch broad, and about } inch thick. For its
support (as is mentioned above), a brick pier in the eastern arm of the Magnetic Obser-
vatory, built on the ground below the basement floor, rises through the floor of the
upper room, and carries a slate slab, to the top of which a brass frame is attached,
carrying two brass pulleys (with their axes in the same east and west line) in front
of the pier, and two (in a similar position) at the back of the pier; these constitute
the upper suspension-piece. A small windlass is attached to the back of the pier
at a convenient height. 'The magnet-carrier consists of two parts. The upper part is
a horizontal bar, 24 inches long, whose ends are furnished with verniers for reading the
graduations of the torsion-circle (a portion of the lower part, to be mentioned below).
On the upper side of this horizontal bar are two small pulleys with axes horizontal and
at right angles to the vertical plane passing through the length of the bar: by these
pulleys the apparatus is suspended, as will be mentioned. From the lower side of the
horizontal bar, a vertical axis projects downwards through the center of the torsion-
circle, in which it turns by stiff friction. The lower part of the magnet-carrier consists,
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first of the torsion-circle, a graduated circle about 3 inches in diameter : next, imme-
diately below the central part of the torsion-circle, is attached (but not firmly fixed) a
- circular piece of metal from which projects downwards a frame that, by means of three
cramps and screws, carries the photographic concave mirror, with the plane of its
front under the center of the vertical axis: this circular piece of metal has a radial
arm upon which acts a screw carried by the torsion-circle, for giving to the concave
mirror small changes of azimuthal position. Thirdly, there is fixed to the torsion-
circle, at the back of the mirror frame but not touching it, a bar projecting
downwards, bent horizontally under the mirror frame and then again bent downwards,
carrying the cramps in which the magnet rests, and, still lower, a small plane mirror, to
which a fixed telescope is directed for observing by reflexion the graduations of a fixed
scale (to be mentioned shortly). Under the two small pulleys mentioned above passes
a skein of silk ; its two branches rise up and pass over the front pulleys of the suspen-
sion-piece, then over its back pulleys, and then descend and pass under a single large
pulley, whose axis is attached to a wire that passes down to the windlass. Supported
by the two branches of the skein, the magnet swings freely, but the direction
that it takes will depend on the angular position of its stirrup with respect to the
upper horizontal bar; it is intended that the index should be brought to such a posi-
tion on the torsion-circle that the two suspending branches should not hang in one
plane, but should be so twisted that their torsion-force will maintain the magnet in a
direction very nearly E. and W. magnetic (its marked end being W.); in which state
an increase of the earth’s magnetic force draws the marked end towards the N., till the
torsion-force is sufficiently increased to resist it; or a diminution allows the torsion-
force to draw it towards the S. The magnet, with its plane mirror, hangs within a
double rectangular box (one box completely inclosed within another) covered with gilt
paper, similar to that used for the declination-magnet; in its S. side there is one long
hole, covered with glass, through which the rays of light from the scale enter to fall on
the plane mirror, and the rays reflected by the mirror pass to the fixed telescope.
The vertical rod (below the torsion-circle), which carries the magnet-stirrup, passes
through a hole in the top of the box. Above the magnet box is the concave mirror
above mentioned. The height of the brass pulleys of the suspension-piece above
the floor is 11% 8™ 5; that of the pulleys of the magnet-carrier is 4™ 2™ 5; and that of
the center of the plane mirror is about 3™ 1*-.  The distance between the branches
of the silk skein, where they pass over the upper pulleys, is 114 ; at the lower part
the distance between them is 0™80.

An oval copper bar (exactly similar to that for the declination-magnet), embraces
the magnet, for the purpose of diminishing its vibrations.

The scale, which is observed by means of the plane mirror, is in a horizontal
position, and is fixed to the South wall of the East arm of the Magnetic Basement.
The numbers of the scale increase from East to West, so that when the magnet is

inserted in the magnet-cell with its marked end towards the West, increasing readings
GREENWICH MAGNETICAL AND METEOROLOGICAL OBSERVATIONS, 1867, c
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of the scale (as seen with a fixed telescope directed to the mirror which the magnet
carries) denote an increasing horizontal force. A normal from the plane-mirror
to the scale meets it at the division 51 nearly ; the distance from the center of the
plane-mirror to the scale is 7™ 6™ - 8.

The telescope is fixed on the east side of the brick pier which supports the stone
pier of the declination-theodolite in the upper observing room. The angle between the
normal to the scale (which usually coincides nearly with the normal to the axis of the
magnet) and the axis of the telescope, is about 38°, and the plane of the mirror is
therefore inclined to the axis of the magnet about 19°.

OBSERVATIONS RELATING TO THE PERMANENT ADJUSTMENTS OF THE HORIZONTAL-
Force-MaGNET.

1. Determination of the times of vibration and of the different readings of the scale
for different readings of the torsion-circle, and of the reading of the torsion-circle and
the time of vibration when the magnet is transverse to the magnetic meridian.

To render the process intelligible, it may be convenient to premise the following
explanation. :

Suppose that the magnet is suspended in its stirrup which is firmly connected with
the small plane mirror, with its marked end in a magnetic westerly direction (not
exactly W., but in any westerly direction between IN. and S.), and suppose that, by
means of the telescope directed towards that mirror, the scale is read, or (which is the
same thing) the position of the plane mirror and of the stirrup, and therefore that of
the axis of the magnet, are defined. Now let the magnet be taken out of the stirrup
and replaced with its marked end easterly. The terrestrial magnetic power will now
act, as regards torsion, in the direction opposite to that in which it acted before, and
therefore the magnet will not take the same position as before. But by turning the
torsion-circle, which changes the amount and direction of the torsion-pewer produced
by the oblique tension of the suspending cords, the magnet may be made to take the
same position as at first (which will be proved by the reading of the scale, as viewed
in the plane mirror, being the same). The reading of the torsion-circle will be
different, from what it was. The effect of this operation then is, to give us the
difference of torsion-circle-readings for the same position of the magnet-axis with the
marked end opposite ways, but it gives no information as to whether the magnet-axis is
transverse to the meridian, inasmuch as the same operation can be performed whether
the magnet-axis is transverse or not.

But there is another observation which will inform us whether the magnet-axis is or
is not transverse. Let the time of vibration be taken in each position of the magnet.
Resolve the terrestrial magnetic force acting on the poles of the magnet into two parts,
one transverse to the magnet, the other longitudinal. In the two positions of the
magnet (marked end westerly and marked end easterly, with axis in the same position),
the magnitude of the transversal force is the same, and the changes which the torsion
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undergoes in a vibration of given extent are the same, and the time of vibration (if
there were no other force) would be the same. But there is another force, namely, the
longitudinal force; and when the marked end is northerly this tends from the center
of the magnet’s length, and when it is southerly it tends towards the center of the
magnet’s length ; and in a vibration of given extent this produces force, in one case
increasing that from the torsion and in the other case diminishing it. The times :q_f;
vibration therefore will be different. There is only one exception to this, which is
when the magnet-axis is transverse to the magnetic meridian, in which case the
- longitudinal force vanishes. .

The criterion then of the position truly transverse to the meridian (which position is
necessary in order that the indications of our instrument may apply truly to changes of
the magnitude of terrestrial magnetic force without regard to changes of direction) is
this. Find the readings of the torsion-circle which, with magnet in reversed positions,
will give the same readings of the scale as viewed by reflexion in the plane mirror, and
will also give the same time of vibration for the magnet. With these readings of the
torsion-circle the magnet is transverse to the meridian; and the difference of the
readings of the torsion-circle is the difference between the position when terrestrial
magnetism acting on the magnet twists it one way, and the position when the same
force twists it the opposite way, and is therefore double the angle due to the torsion«
force of the suspending lines when they neutralize the force of terrestrial magnetism.

The following table exhibits the elements of one of the determinations made in
1867 :— ' ‘

The Marked end of the Magnet.
1867. West. East.
Day. . Difference of Mean of . Difference of Mean of
Torsion- Scale Seale Readings | the Times || Lorsion- Seale Sc;IeeReadings the Times
Circle . for 1° of of Circle . for 1° of of
Reading. | Reading. Torsion. Vibration, || Beading. | Reading. Torsion. Vibration.
) 4 divs div. s ° div. div- s
Jan. 8 140 14°58 . 21°54 222 10°71 . - 20°00,
141 2369 9,21 21°40 © 223 18-32 7_6é 20°16
142 32:73 | g,oi 21'30 224 2628 79 20°26
143 40°75 365 21°14 225 3371 g,ﬁs 20" 40
14 49°40 780 20°92 226 41°75 g.lg 20°52
14 57 20 7°79 20°72 227 4990 786 20°58
146 64°99 772 20°60 228 57°76 872 20°74
147 72°71% 887 20'50 || - 229 66°48 A 21°00
148 8158 .3 20°32 230 74*72 8'34 21°20
149 88-92 7, i 20°'16 231 8304 g é 21°34
4 9664 7°7 2008 232 91°50 4 2150

The times of vibration and scale readings were sensibly the same, when the torsion-
circle read 145°., marked end West, and 227°. 56, marked end East, differing 82°. 56
Half this difference, or 41°. 28, is the angle of torsion when the magnet is transverse -
to the meridian. o

c 2



zx INTRODUCTION TO GREENWICH MAGNETICAL OBSERVATIONS, 1867.

The mean of several determinations gave 41°. 23'. The value adopted for the
year 1867 was the same as that used in 1866, namely, 41°. 14’. The reading adopted
for the torsion-circle, marked end of the magnet West, was 145° for the year.

2. Computation of the angle corresponding to one division of the scale, and of the
variation of the horizontal force (in terms of the whole horizontal force) which moves
the magnet through a space corresponding to one division of the scale.

It was found by accurate measurements, on 1864, November 3, that the distance
from 51%" on the scale to the center of the face of the plane mirror is 7™ 6i>- 84, and that
the length of 30%"85 of the scale is exactly 12 inches; consequently the angle at the
mirror subtended by one division of the scale is 14". 43”25, or, for one division of the
scale, the magnet is turned through an arc of 7'. 217625.

The adopted angle of torsion as mentioned above is 41°.14"; consequently the
variation of horizontal force (in terms of the whole horizontal force) for a disturb-
ance through one division of the scale, computed by the formula, ¢ Cotan. angle
of torsion X value of one division in terms of radius,” is 0°0024428. This number has

been used for the year 1867.

3. Determination of the compound effect of the vertical-force-magnet and the decli-
nation-magnet on the horizontal-force-magnet, when suspended with its marked end
towards the West.

The details of the experimerits, made while the old vertical-force-magnet was in use,
will be found in the volumes for 1841, 1842, 1843, 1844, 1845. The effect was to
increase the readings by 0%"487. On mounting a new vertical-force-magnet in 1848,
similar experiments were made, and the resulting number was 0%*45. These quanti- -
ties are totally unimportant in their influence on the registers of changes of horizontal
force. No experiments have been made since the magnets were placed in the basement.

4. Effect of the damper.
In the year 1865, from May 17 to May 25, observations were made for ascertaining

the deflection of the magnet produced by turning the damper through & small angle
round a vertical axis passing through its center.

DampER IN USUAL PosITION.

W. end towards ., increase of scale-reading ........ —0-251
Damper turned through 2°{W. end towards N, ” » eereer. +0°050
W. end towards S., ” » Vesseens —0-34

Damper turned through 4° W. end towards N.,

» 9 00 sesssess

Damper REVERSED EXD FOR END.
W. end towards S., increase of scale-reading ........ —0°15

Damper turned through 2 W. end towards N., . 99 eeeesees —0°02
. —-0-12

Damper turned through 4° W. end towards S., s sy eessases
pe "e W. end towards N., o 59 eesssens +0°08

On 1865, July 25, observations were made to ascertain whether the effect of an
external deflecting cause is the same with the damper present and the damper removed.
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A small magnet was placed with its marked end pointing N. at the distance 4 feet S.
of the unmarked end of the horizontal-force-magnet, deflecting the magnet through
1% of the scale, and the scale-readings were observed with the damper in its usual
place and the damper away. Three experiments were made, containing twenty-four
observations of position. Not the smallest difference of position of the horizontal-force-
magnet was produced by the presence or absence of the damper. The observations
were very easy, and the result is certain.
No experiments on the damper have been made since 1865.

5. Determination of the correction for the effect of temperature on the horizontal-
force-magnet.

In the Introduction to the volume of Magnetical and Meteorological Observations
for 1847 will be found a detailed account of observations made in the years 1846 and
1847 for determination of this element. The principle adopted was that of observing
the deflection which the magnet (to be tried) produces on another magnet ; the magnet
(to be tried) being carried by the same frame which carries the telescope that is
directed to the plane mirror attached to the other magnet, and which also carries
the scale that is viewed in these experiments by reflection in that plane mirror. The
rotation of the frame was measured by a graduated circle about 23 inches in diameter.
The magnet (to be tried) was always on the eastern side of the other magnet. It was
enclosed in a copper trough, which was filled with water at different temperatures.
One end of the magnet (to be tried) was directed towards the other magnet. The
values found for correction of the results as to horizontal force determined with the
magnet at temperature ¢° in order to reduce them to what they would have been if
the temperature of the magnet had been 32°, expressed as multiples of the whole
horizontal force, were,*

When the marked end of the magnet (to be tried) was West,

000007137 (¢—32) -+ 0-000000898 (¢—32)°
When the marked end of the magnet (to be tried) was East,
| 0-00009050 (¢—32) + 0-000000626 (¢—32).
The mean, or '
- 0-00008093 (¢—32) + 0°000000762 (¢—32)*
has been embodied in tables which have been used in the computation of the ¢ Reduc-
tion of Magnetic Observations 1848-1857,” attached to the Volume of Observations
1859, and in the computation for « Days of Great Magnetic Disturbance 1841-1857,”
attached to the volume for 1862. The same formula has been employed in the
Reduction of Magnetic Observations 1858-1863, published in the present volume.
In the year 1864 observations were made for ascertaining the temperature-coefficient
by beating the magnet by hot air. The deflecting magnet was placed in a copper box
planted upon the top of a copper gas-stove, whose heat could be regulated by manipu-

* By inadvertence in printing the Introduction 1847, the letter ¢ has been used in two different senses.
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lation of a tap, and from which rose a stream of heated air (not the air vitiated by
combustion) through a large opening in the bottom of the box. With this apparatus,
the force that acted upon a deflected magnet was measured by the tangent of the angle
of deflection. The apparent effect of the temperature was so great (five or six times
that found by use of water) that I imagine that some untraced cause of error existed
in the operation, and I therefore abstain from publishing it.

From 1867, December 30, to 1868, February 21, experiments were made for deter-
mining the temperature-coefficient under the actual circumstances of observation, by
heating the Magnetic Basement to different temperatures, and observing the changes of
scale reading as viewed in the telescope, and also, the changes of indications on
the photographic registers. The general result is, that the correction required for the
horizontal-force-magnet is small, but that required for the vertical-force-magnet is large
and negative in sign. A more detailed account will be given in a subsequent volume.

The method of observing with the horizontal-force-magnet is the following :—

A fine vertical wire is fixed in the field of view of the telescope, which is directed to
the plane mirror carried by the magnet. On looking into the telescope, the graduations
of the fixed scale, mentioned in page #vii, are seen; and during the oscillations of the
magnet, the divisions of the scale are seen to pass alternately right and left across the
wire. The clock-time, for which the position of the magnet is to be determined, is
the same as that for the observation of declination. The first observation is made by
the observer applying his eye to the telescope 40° before that time, and, if the magnet
is in a state of vibration, he observes the next four extreme points of vibration of the
scale, and the mean of these is adopted in the same manner as for the declination-
observations ; but if it is at rest, then at 10° before the pre-arranged time, he notes the
division of the scale bisected by the wire ; and 10° after the pre-arranged time he notes
whether the same division continues bisected, and if it does, that reading is adopted as
the result. . _ '

The number of instances when the magnet was observed in a state of vibration during
the year 1867 is very small.

Outside the double box is suspended a thermometer, which is read at every hour of
observation. On every day except Sundays, the readings of the thermometer were
taken at 21", 228 23h, O 1%, 28 3" and 9". From August 9, an additional observation
was taken at 6P occasional observations have been taken at other hours. Self-
registering maximum and minimum thermometers placed outside the box were
read twice every day, but in consequence of the very small diurnal range of
temperature, their readings are not printed in the volume.

§ 6. Photographic self-registering Apparatus for Continuous Record of Magnetic
Horizontal Force.

Much of the description of the photographic apparatus attached to the declination-
magnet applies also to that which is attached to the horizontal-force-magnet. A concave
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mirror of speculum-metal, 4 inches in diameter, is carried by the magnet-carrier. The
light of a lJamp of naphthalized gas shines through a small aperture 03 high, and 0™+01
broad (which is supported by the solid base of the brick pier carrying the magnet-
support), at the distance of about 2125 inches from the concave mirror, and is made to
converge to a point, on the north surface and near the east end of the same revolving
cylinder which receives the light from the concave mirror of the declination-magnet. .
A cylindrical lens parallel to the axis of the cylinder receives the somewhat elongated
image of the source of light, and converts it into a well-defined spot. The motions
of this spot parallel to the axis represent the angular movements of the magnet which
are produced by an increase of terrestrial magnetic force overcoming more completely
the torsion-force of the bifilar suspension, or by a diminution of terrestrial force yielding
to the torsion-force.

As the spot of light from the horizontal-force-mirror falls on the side of the cylinder
opposite to that on which the light from the declination-mirror falls, the same time-
scale will not apply to both; it is necessary to prepare a time-scale independently
for each.

The following is the calculation by which the scale of horizontal force on the
photographic sheet is determined. The distance between the surface of the concave
mirror and the surface of the cylinder is 134:436 inches ; consequently, one degree of
angular motion of the magnet, producing two degrees of angular motion of the
reflected ray, moves the spot of light through 46927 inches. Now the variation of
horizontal force (in terms of the whole horizontal force) corresponding to one degree
of angular motion of the magnet = sin 1° X cotan 41° 14'. = 0:019914 nearly.
From these numbers it is immediately found that a movement of the spot of light
through 2:3565 inches corresponds to a variation of horizontal force expressed by
001 part of the whole horizontal force.- With this fundamental number, the gradua-
tions of the pasteboard scale for measure of horizontal force have been prepared.

§ 7. Vertical-Force-Magnet, and Apparatus for observing it.

The vertical-force-magnet in use to 1848 was made by Robinson ; that in use from
1848 to 1864, January 20, was by Barrow. The magnet now in use is by Simms,
Its length is 1% 6™ ; it is pointed at the ends. After some trials, it was re-mag-
netized by Mr. Simms on 1864, June 15. Between 1864, August 27, and
September 27, a new knife-edge was attached to it, to remedy a defect which, as
was afterwards found, arose from a cause that had no relation to the knife-edge. Its
supporting frame rests upon a solid pier, built of brick and capped with a thick block
of Portland stone, in the western arm of the magnetic basement. Its position is as
nearly as possible symmetrical with that of the horizontal-force-magnet in the eastern
arm. Upon the stone block is fixed the supporting frame, consisting of two pillars
(connected at their bases) on whose tops are the agate planes upon which vibrate the
extreme parts of the knife-edge (to be mentioned immediately).  The carrier of the
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magnet is an iron frame, to which is attached, by clamps and pinching screws, a steel
knife-edge, about 8 inches long. The steel knife-edge passes through an aperture in
the magnet. The axis of the magnet is as nearly as possible transverse to the meridian,
its marked end being E. The axis of vibration is as nearly as possible N. and S.
To the southern end of the iron frame, and projecting further south than the end of
the knife-edge, is fixed a small plane mirror, whose plane makes with the axis of -
the magnet an angle of 524° nearly. Thefixed telescope (to be mentioned) is directed
to this mirror, and by reflexion at the surface of the mirror it views a vertical scale
(to be mentioned shortly). The height of this mirror above the floor is about 2% 10™ 6.
Before the introduction of the photographic methods, the magnet was placed in a
perforation of a brass frame midway between its knife-edges. But since the
photographic method was introduced, the magnet has been placed excentrically ;
the -distance of its southern face from the nearest end of the southern knife-edge
being nearly 2inches, and a space of 44 inches in the northern part of the iron frame
being left disposable. In this disposable space there is attached to the iron frame by
three clips a concave mirror of speculum-metal, with its face at right angles to the
length of the magnet ; it is used in the photographic system (shortly to be described).
Near the north end of the iron frame are fixed in it two screw stalks, upon which
are - adjustible screw-weights; one stalk is horizontal, and the movement of its
weight affects the position of equilibrium of the magnet (which depends on the
equilibrium between the moments of the vertical force of terrestrial magnetism on
the one hand and of the magnet’s center of gravity on the other hand); the other
stalk is vertical, and the movement of its weight affects the delicacy of the balance,
and varies the magnitude of its change of position produced by a change in the vertical
force of terrestrial magnetism.

The whole is inclosed in a rectangular box. This box is based upon the
stone block above mentioned ; and in it, in a space separated from the rest by a thin
partition, the magnet can vibrate freely in the vertical plane. In the south side of
the box is a hole covered by glass, through which pass the rays of light from the
scale to the plane mirror, and through which they are reflected from the plane mirror
to the telescope. And at the east end is a large hole covered by glass, through
which passes the light from the lamp to the concave mirror, and through which
it is reflected to the photographic cylinder (to be described hereafter).

The telescope is fixed to the west side of the brick pier which supports the stone
pier in the upper room carrying the declination-theodolite. Its position is symmetrical
with that of the telescope by which the horizontal-force-magnet is observed ; so that
a person seated in a convenient position can, by an easy motion of the head left and
right, observe the vertical-force and horizontal-force-magnets. '

The scale is vertical : it is fixed to the pier which carries the telescope, and is at
a very small distance from the object-glass of the telescope. The wire in the field of
view of the telescope is horizontal. The telescope being directed towards the mirror,
the observer sees in it the divisions of the scale passing upwards and downwards over
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the fixed wire as the magnet vibrates. The numbers of the scale increase from top to
bottom ; so that, when the magnet is placed with its marked end towards the East,
increasing readings (as seen with the fixed telescope) denote an increasing vertical force,

OBSERVATIONS RELATING TO THE PERMANENT ADJUSTMENTS OF THE VERTICAL-
FoRCE-MAGNET.

1. Determination of the compound effect of the declination-magnet, the horizontal-
force-magnet, and the iron affixed to the electrometer pole, on the vertical-force-
magnet. '

The experiments applying to the magnets are given in the volumes for 1840-1841
to 1845: and those applying to the electrometer pole in the volume for 1842. It
appeared that no sensible disturbance was produced on the magnet formerly in use.
No experiments have been made with the new magnet.

2. Determination of the time of vibration of the vertical-force-magnet in the vertical
plane. ‘

In the year 1867, vibrations of the vertical-force-magnet were observed on 147
_ different days, and with readings of various divisions of the scale. The mean time of
vibration adopted from January 1 to September 30 was 12*51, and from October 1 to
the end of the year 12%25.

3. Determination of the time of vibration of the vertical-force-magnet in the
horizontal plane. ,

1866, December 31. The magnet with all its apparatus was suspended from a tripod
in the Record Room, its broad side being in a plane parallel to the horizon; therefore,
its moment of inertia was the same as when it is in observation. A telescope, with a
wire in its focus, was directed to the reflector carried by the magnet. A scale of
numbers was placed on the floor of the Record Room, at right angles to the long axis
of the magnet, or parallel to the mirror. The magnet was observed only at times
when it was swinging through a small arc. From 300 vibrations, the mean time of
one vibration =15*1873. This number is used through the year 1867.

4. Computation of the angle through which the magnet moves for a change of one
division of the scale ; and calculation of the disturbing force producing a movement
through one division, in terms of the whole vertical force.

The distance from the scale to the mirror is 18607 inches, and each division of the
scale =§(%3 inches. Hence the angle which one division subtends, as seen from the
mirror, is 7. 11”19 ; and therefore the angular movement of the normal to the mirror,
corresponding to a change of one division of the scale, is half this quantity, or
3.35%60. | :

But the angular movement of the normal to the mirror is not the same as the
angular movement of the magnet; but is less in the proportion of unity to the cosine
of the angle which the normal to the mirror makes with the magnet, or in the propor-

tion of unity to the sine of the angle which the plane of the mirror makes with the
GREENWICH MAGNETICAL AND METEOROLOGIOAL OBSERVATIONS, 1867. d ‘



xzvi  INTRODUCTION TO GREENWICH MAGNETICAL OBSERVATIONS, 1867,

magnet. This a.ngle has been found to be 523°: therefore, dividing the result just
obtained by sine 523°, we have, for the angular motion of the magnet corresponding to
a change of one d1V1s10n of the scale, 4". 30"85.

From this, the value, in terms of the whole vertical force, of the dlsturbmg force
producing a change of one division, is to be computed by the formula, “Value of

Division in terms of radius X cotan.'dip x %” where T is the time of vibration in
the horizontal plane, and T the time of vibration in the vertical plane.

From 1867, January 1 to September 30, T' was assumed = 15*1873, T = 12+51,
dip = 67°. 57'. 38”.  From 1867, October 1 to December 23, the values assumed were
T = 15*1873, T = 12*25, dip = 67°. 55". 50”. From these numbers, the change of
vertical force (in terms of the whole vertical force) corresponding to a change of one
division of the scale is found = 0°00078345 part of the whole vertical force for the
first period, and = 000081829 for the second period.

5. Investigation of the temperature-correction of the vertical-force-magnet. _

An attempt was made to investigate the thermometric correction of the new vertical-
force-magnet by the use of heated air, at the same time and in the same manner as
for the horizontal-force-magnet (mentioned on pages #2¢ and xxii). The results were
so much larger than I expected, that I conceive some unknown cause of error to have
affected them. At the end of 1867 and the beginning of 1868, experiments were made by
heating the air of the room, as is mentioned in page 2%, giving a large negative correction.
No correction has been applied to the observations with the new vertical-force-magnet.

The method of observing with the vertical-force-magnet is the following :—

A fine horizontal wire is fixed in the field of view of the telescope, which is directed
to the small plane mirror carried by the magnet. On looking into the telescope, the
graduations of the fixed vertical scale are seen; and during the oscillations of the mag-
net, the divisions of the scale are seen to pass alternately upwards and downwards
across the wire. The clock-time, for which the position of the magnet is to be deter-
mined, is the same as that for the other two magnets. The observer applies his eye
to the telescope about two vibrations before the arranged time, and if the magnet is in
motion he observes its places at four extreme vibrations ; and the mean of these is taken
as for the horizontal-force-magnet. But if the magnet is at rest, then at one-half time of
vibration before the arranged time, and at an equal interval after the arranged time, the
division of the scale is noted ; if there is a slight difference, the mean is taken.

The number of instances in 1867 in which the magnet was found in a state of
vibration is very small.

Outside the box is placed a thermometer, which is read at every hour of
observation, and also on every day except Sundays, at the hours 21*, 228, 232 0, 1%,
2% 3" and 9"; and from August 9 at 6" also. Occasional readings of the thermo-
meter are also taken at other hours. ‘ ‘

A maximum and a minimum thermometer have also been read twice dally ; but
the results are not printed.
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§ 8. Photographic selj‘lregi'stering Apparatus for Continuous Record of Magnetic
Vertical Force.

The concave mirror which is carried by the vertical-force-magnet is 4 inches in
diameter ; its mounting has been described in the last article. At the distance of about
22 inches from that mirror, and external to the box, is the horizontal aperture, about
0=+3 in length and 001 in breadth, carried by the same stone block which carries the
supports of the agate planes. The lamp which shines through this aperture is carried by a
wooden stand. The light reflected from the mirror passes through a cylindrical lens with
its axis vertical, very near to the cylinder carrying the photographic paper, and finally
forms a well-defined spot of light on the cylinder of paper, at the distance of 100-18 inches
from the mirror. As the'movements of the magnet are vertical, the axis of the cylinder
is vertical. The cylinder is about 15} inches in circumference, or somewhat larger than
that used for the declination and horlzontal-force magnets. The forms of the exterior
and interior cylmders and the method of mounting the paper, are in all respects the
same as for the declination and horizontal-force magnets ; but the cylinder is supported
by being merely planted upon a circular horizontal plate (its position being defined by
fitting a central hole in the metallic cap of the cylinder upon a central pin in the plate),
which rests on anti-friction rollers and is turned by watchwork once in twenty-four
hours. The trace of the vertical-force-magnet is on the west side of the cylinder.

On the east side, the cylinder receives the trace produced by the barometer (to be
described hereafter). A pencil of light from the lamp which is used for the barometer
shines through a fixed aperture with a small cylindrical lens, for tracing a photographic
base-line upon the cylinder of paper, similar to that for the cylinder of the declination
and horizontal-force magnets.

The scale for the ordinates of the photographic curve of the vertical force is thus
computed. Remarking that the radius which determines the range of the motion of the
spot of light is double the distance 100°18 inches, and is therefore = 20036 inches, the

disturbing force

formula used in the last section, when apphed t0 ~1olo vertioal fores — 00L gives
value of division = 200'36 X tan. dip. X (T') X 0°01. 'The value of the ordinate
of the photographlc curve for v&—%‘%—iﬁi:{’% = 001, thus obtained, is, from 1867

January 1 to September 30, 3-358 inches, and from October 1 to the end of the year,
3215 inches. With these values, the pasteboard scales, used for measuring the
photographic ordinates, have been prepared.

§ 9. Dipping Needles, and Method of observing the Magnetic Dip.

The instrument with which all the dips in the year '1867 have been observed, is
that which, for distinction, is called Airy’s instrument. The following description
will probably suffice to convey an idea of its peculiarities :—

The form of the needles, the form of their axes, the form of the agate bearings, and

the general arrangement of the relieving apparatus, are precisely the same as those in
d 2
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Robinson’s and other needles. But the form of the observing apparatus is greatly
modified, in order to secure the following objects :—

I. To obtain a microscopic view of the points of the heedles, as in the instruments
introduced by Dr. Lloyd and Lieut.-General Sabine.

II. To possess at the same time the means of observing the needles while in a state
of vibration.

II1. To have the means of observing needles of different lengths.

IV. To give an illumination to the field of view of each microscope, directed from
the side opposite to the observer’s eye, so that the light may enter past the point of
the needle into the object glass of the microscope, forming a black image of the needle-
point in a bright field of view.

V. To give facility for observing by day or night.

With these views, the following form is given to the apparatus :—

The needle, and the bodies of the microscopes, are inclosed in a square box. The
base of the box, two vertical sides, and the top, are made of gun-metal (carefully
selected to insure its freedom from iron); but the sides parallel to the plane of
vibration of the needle are of glass. Of the two glass sides, that which is next the
observer is firmly fixed ; it is hereafter called ¢ the graduated glass-plate.” The other
glass side can be withdrawn, to open the box, for inserting the needle, &c.

An axis, whose length is perpendicular to the plane of vibration of the needles, and
is as nearly as possible in the line of the axis of the needle, supported on two bearings
(of which one is cemented in- a hole in the graduated glass-plate, the other being upon
a horizontal bar near to the agate support of the needle-axis), carries a transverse arm,
about 11 inches long, or rather two arms, projecting about 51 inches on each side of
the axis. Each of these projecting arms has a long opening, or slot, about 1 inch
wide, extending from the neighbourhood of the center-work nearly to the end of the
arm. Through this opening the tube of a microscope passes, in a direction parallel to
the axis of the needle, and is firmly fixed by a shoulder-bearing on one side of the
arm, and a circular nut, working in a thread cut upon the microscope-tube, on the other
side of the arm. The microscope can thus be fixed at any distance from the central
axis, within the limits of the length of the projecting arm. In 1863, between
February 24 and May 11, the slot for a single moveable microscope on each side was
changed for three fixed microscopes on each side, adapted in position to the lengths
of the needles to be mentioned shortly. _

The microscope-tube thus carried is not the entire microscope, but so much as
contains the object-glass and the field-glass. Upon the plane side of the field-glass
(which is turned towards the object-glass), a series of parallel lines is engraved by
etching with fluoric acid. The object-glass is so adjusted that the image of the
needle-point is formed upon the plane side of the field-glass ; and thus the parallel lines
can be used for observing the needle in a state of vibration ; and, one of them being
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adopted as standard, the lines can be used for reference to the graduated circle (to be
mentioned). All this requires that there be an eye-glass also for the microscope.

The axis of which we have spoken is continued through the graduated glass-plate,
and there it carries another transverse arm parallel to the former, and generally similar
toit. Ineach part of this slides a short eye-piece, carrying the eye-glass. In 1863,
at the time mentioned above, the slotted arm and moveable eye-socket were changed
for an arm with three sockets and eye-glasses. Thus, reckoning from the observer’s
eye, there are the following parts :— '

(1.) The eye-glass.

(2.) The graduated glass-plate (its graduations, however, not intervening in this
part of the.glass, the graduated circle being so large as to include all the micrpscopes).

(8.) The field-glass, on the further surface of which the parallel lines are
engraved. -~

(4.) The object-glass.

(5.) The needle.

(6.) The removeable glass side of the box.

(7.) The illuminating reflector, to be described hereafter.

The optical part of the apparatus being thus described, we may proceed to speak of
the graduated circle. ' o

The graduations of the circle (whose diameter is about 93 inches) are etched on the
inner surface of the graduated glass-plate. These divisions (as well as the parallel
lines on the field glasses of the microscopes) are beautifully neat and regular, and are,
I think, superior to any that I have seen on metal. The same piece of metal, which
carries the transverse arms supporting the microscope bodies, carries also two arms
with verniers for reading their graduations. These verniers (being adapted to trans-
mitted light) are thin plates of metal, with notches instead of lines. The reading of
the verniers is very easy. The portion of the axis which is external to the graduated
glass-plate (towards the observer), and which has there, as already stated, two arms
for carrying the microscope eye-glasses, has also two arms for carrying the lenses by
which the verniers and glass-plate graduations are viewed. These four arms are the
radii of a circle, which can be fixed in position by a clamp, attached to the gun-metal
casing of the graduated glass-plate, and furnished with the usual slow-motion screw.

The entire system of the two arms carrying the microscope-bodies, the two arms
carrying the microscope eye-glasses, the two arms carrying the verniers, and the two
arms carrying the reading-glasses for the verniers, is turned rapidly by means of a
button on the external side of the graduated glass-plate, or is moved slowly by means
of the slow-motion screw just mentioned. _

It now remains only to describe the illuminating apparatus. On the outside of the
removeable glass plate, there are supports for the axis of a metallic circle turning in
-a plane parallel to the plane of needle-vibration. This circle has four slotted radii,
and in these slots or openings there slide small frames carrying prismatic glass
reflectors, each of which can turn on an axis, in the plane of the circle but trans-
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verse to the radius. Two of these reflectors are for the purpose of sending light
through the verniers, and therefore are fixed in radial distance; the other two were
intended for sending light past the ends of the needle through the microscopes, and
therefore required adjustment on change of needle and corresponding change of position
of microscopes. In 1863 these were changed for fixed reflectors, corresponding to
the fixed microscopes. The circle was originally turned by a small winch near the
observer’s hand ; at present, the winch is removed, as its axis was found to be slightly
magnetic. At each observation, it is necessary to turn the circle which carrles ‘the
reflectors ; but this is the work of an instant. : ’

The light which illuminates the whole is a gas-burner, in the line of the axis of
rotation. Its rays fall upon the glass prisms, and each of these is adjusted, by turning
on its axis, to throw the reflected light in the required direction.

The whole of the apparatus, as thus described, is planted upon a horizontal plate
admitting of rotation in azimuth : the plate is graduated in azimuth, and verniers are
fixed to the gun-metal tripod stand. The gas-pipe is led down the central vertical
axis, and there communicates by a rotatory joint with the fixed gas—plpes

The needles adapted for use with this instrument are— :

B, 2 plain needle,ciciueeieareeisncoreeriorsossacrsennnsse e sseasnsnes .
B;, a plain needle. . . .oireienireecininiiiiiiiiiiiniiiseen e .

h hes long.
B,, a loaded needle with adjustible 10ad . cocvieerenceemosnceoraans €ach 9 mches fong
B,, a needle whose plane passes through the axis of the needle.)
Cpaplainneedle, ... .ceeieee v vmirieiiiirenniiiieicnennses l
C, a plain needle, .

h 6 inches long.
Cs, a loaded needle w1th a.dJustlble loa.d .......... aesrsesesassesis each © ncles fong ,
C,, a needle whose plane passes through the axis of the needle)
D), a plain needle...ciiceruerererenserniernsricrcnreecisasssiesencnans ‘L
D,, a plain needle.....: ....... e R L R L each 3 inches long.
D,, a loaded needle with adjustible load ..cceeeeisenrreniannennncs

D,, a needle whose plane passes through the axis of the needle.

The needles constantly employed are B, C,, D;, B, C,, D,.

In discussing carefully the observations taken with this instrument (as well as with
other dip-instruments), great trouble was experienced in determining the zenith-point
(or reading of the vertical circle when the points of the needle are in the same vertical).
To remedy this, a * zenith-point-needle” was constructed under my instructions by
Mr. Simms ; and it has since beén used as need required. It is a flat bar of brass;
with pivots similar to those of the dip-needles; and with three pairs of points
corresponding to the three lengths of needles used ; loaded at one end so as to take a
position perfectly definite with respect to the direction of gravity ; observed with the
microscopes, and reversed for another observation, exactly as the dip-needles. - For
each of the different lengths of dip-needles, the zenith-point is determined by observ-
ation of that pair of points of the zenith-point-needle whose interval is the same as
the length of the dip-needle.:: : ‘ ’
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The Dip Instrument and all the needles are examined, at the close of each yéar and
at other times if thought desirable, by Mr. Simms. Needle D, was in the hands of
Mr. Simms for repair from 1867, July 31 to September 9, and Needle C, from 1867,
December 24, to 1868 March 3.

sy

§ 10. Observations for the absolute Measure of the Horizontal Force of Terrestrial
Magnetism.

~ In the spring of 1861, a Unifilar Instrument, similar in all respects (as is under-
stood) fo those used in and issued by the Kew Observatory, was procured by the
courteous application of Lieut.-General Sabine, from the makers, Messrs, J. T. Gibson
and Son; and after having been subjected to the usual exammatlons, at the Kew
Observatory, for determination of its constants (for which I am indebted to the
kindness of Balfour Stewart, Esq.), Was mounted at the Royal Observatory. Obsers
vations with this instrument commenced on 1861, June 11, and were continued
through the year;: and, after some slight modifications of its Vermers, it is still
maintained in use (1868). '

The deflected magnet (Wnose use Is merely to ascertain the proportion Whlch the
power of the deflecting magnet at a given distance bears to the power of terrestrial
magnetism) is 3 inches long, carrying a small plane mirror. The deflecting magnet is
4 inches long; it is a hollow - cylinder, carrying in its internal tube a collimator, by
means of which its time of vibration is observed in another apparatus. The frame
which supports the suspension-piece of the deflected magnet carries also the telescope
directed to the magnet-mirror; it rotates round the vertical axis of a horizontal
graduated circle whose. external diameter is 10 inches. The deflecting magnet is
always placed on the E. or W. side of the deflected magnet, with one end towards the
deflected magnet. In the reduction of the observations, the precepts contained in
the Skeleton Form prepared by the Kew Observatory have received the strictest

. attention.

The following_is the explanation of the method of reduction.

The distance of the centers of the deflected and deflecting magnet being known, it is
supposed (from observations made at Kew, of which the details have not reached me)
that the magnetism of the deflecting magnet is so altered by induction that the
following multipliers ought to be used in computing the Absolute Force :—

At distance 1 *o foot, factor is 1 ‘00031

LI ‘00023

1 *00018

*00014
‘00011
‘00009

bt b b
G G N
bt et et et b
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The correction of the magnetic power for temperature #, of Fahrenheit, reducing all
to 35° of Fahrenheit, is

o0 *ooo131261 (£,—35) + 0000000259 (£4,—35)
A, is %(distance)® X sine deflection, corrected by the two last-mentioned quantities, for

distance 1 foot; A, is the similar expression for distance 1°3 foot; A’, is oy 1“}3’)2
—A,

P is A —a» A mean value of P is adopted from various observations ; then
X=A‘ (1 —_ ?) for smaller distance, or = 4, x (1 —TI—)@) for larger distance. The

mean of these is usually adopted for the true value of g—,

For computing the value of mX from observed vibrations, it is necessary to know K,
the moment of inertia of the magnet as mounted. The value of log. #?K furnished by
Mr. Stewart is 1°66073 at temperature 30° and 1:66109 at temperature 90°. Then,
putting 7" for the time of the magnet’s vibration as corrected for induction, tempera-

. . 2K o e .
ture, and torsion-force, the value of mX is = % From the combination of this

value of mX with the former value of :% m and X are immediately found.

It appears, from a comparison of observations given in the Introduction to the
Magnetical and Meteorological Observations, 1862, that the determinations with the
Old Instrument (in use to 1861) ought to be diminished by t}; part, to make them
comparable with those of the Kew Unifilar.

- The computation of the values of m and X has, to the year 1857, been made in
reference to English measure only, using the foot and the grain as the units of length
and weight ; but, for comparison with foreign observations of the Absolute Intensity
of Magnetism, it is desirable that X should be expressed also in reference to French
measure, in terms of the millimétre and milligramme. If an English foot be supposed
equal to a times the millimétre, and a grain be equal to 8 times the milligramme, then

it is seen that, for the reduction of x”é and mX to French measure, these must be
multiplied by o and o2 respectively. Hence X* must be multlphed by o and X
by ,\/ ~. Assuming that the metre is equal to 39°37079 inches, and the gramme
equal to 1543249 grains, log. ; will be found to be = 9-6637805, and the factor

for reducing the English values of X to French values will be 0-46108 or 21—16'8'?) The
values of X in French measure thus derived from those in English measure are given
in the proper table.

§ 11. Explanation of the Tables of Indications of the Magnetometers.

The Indications are derived entirely from the measures of the ordinates of the
Photographic Curves, except in a few instances in which the results are marked with
an asterisk, in which case the results are those given by eye-observations, usually
because the photographic process has failed.



_ TABLES OF INDICATIONS OF THE MAGNETOMETERS :
REGISTER OF SPONTANEOUS TERRESTRIAL GALVANIC CURRENTS,

Telescope-observations of the Magnetometers have usually been made four times
every day, except on Sundays, on which days two or three observations only have
been taken; but, though these observations are employed in forming the base lines on
the photographic sheets, their immediate results are not necessarily given in the
Tables.

For each photographic record, a new base-line, representing a convenient reading in
round numbers of the element to which it applies, has been drawn on the sheet.
Then the Assistant, who is charged with the translation of the curve-ordinates into
numbers, remarks the salient points of the curve, or the points which if connected by
straight lines would produce a polygon not sensibly differing from the photographic
curve ; to each of these he applies the pasteboard scale proper for the element under
consideration ; the base of the pasteboard scale determines the time on the time-scale,
and the reading of the pasteboard scale for the point of the photographic curve gives
the quantity which is to be added to the value for the new base-line. The ordinate-
reading so formed is printed without alteration in the Tables. It is particularly to be
remarked that the indications for horizontal force and vertical force are not corrected
Jor temperature.

In measuring the ordinates of the Vertical Force Curves, the same difficulty that is
mentioned in preceding volumes has still occasionally, though rarely, been felt.
Apparently without cause, the curve is dislocated ; one part being raised above or
depressed below the contiguous part, in the direction of the ordinate, usually by small
quantities. In all cases the displacement is accompanied by vibration, the origina]
position being at the extremity of the arc of vibration, and the new position being at
its center ; showing that there has been no want of delicacy in the movement, and that
the change is precisely the same as would be caused by the quiet application of a small
weight upon one end of the magnet.

In translating the ordinates into numbers on these occasions, two ordinates have
been taken for the same abscissa ; these are connected, in the printed Indications, by
a brace, and the difference of the numbers indicates the amount of the disturbance.

§ 12. Wires and Photographic self-registering Apparatus for continuous Record of
Spontaneous Terrestrial Galvanic Currents.

In order to obtain an exhibition of the spontaneous galvanic currents which in some
measure are almost always discoverable in the earth, and which occasionally are very
powerful, it was necessary to extend two insulated wires from an earth connexion at
the Royal Observatory, in two directions nearly at right angles to each other, to
considerable distances, where they would again make connexion with the earth. By
the kindness of the Directors of the South Eastern Railway Company, to whom the
Royal Observatory has on several occasions been deeply indebted, two connexions are

made; one to a station near Dartford, at the direct distance 9§ miles nearly, in azimuth
GREENWICH MAGNETICAL AND METEOROLOGICAL OBSERVATIONS, 1867. _ e
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(measured from North, to East, South, West), 102° astronomical or 122° magnetiéal,
the length of the connecting wire being about 15% miles; the other to a station near
Croydon, at the direct distance 8 miles, in azimuth, 209° astronomical, or 229° magnetical,
the length of the connecting wire being about 10} miles. At these two stations
connexion is made with earth. 'The details of the course are as follows. The wires
are soldered to a water pipe in the Magnetic Ground at the Royal Observatory.
Thence they enter the Magnetic Basement, and pass through the photographic self-
registering apparatus (to be shortly described). From it they are led up the electro-
meter mast to a height exceeding 50 feet, and thence they are swung across the grounds
to a chimney above the Octagon Room. They descend thence, and are led to a
terminal board in the Computing Room, to which an intermediate galvanometer can
be attached for eye-observation of the currents. From this point they are led to the
‘ Battery Basement,” and, with other wires, pass under the Park to the Greenwich
Railway Station, and upon the telegraph poles. One wire branches off at the junction
with the North Kent Railway to Dartford, the other at the junction with the Croydon
Branch Railway to Croydon. At both places their connexion with earth is made by
soldering to waterpipes, as at the Royal Observatory.

- The apparatus for receiving the effects of the galvanic currents consists essentially
of two magnetic needles (one for each wire), each suspended by a hair so as to vibrate
honzonta.]ly within a galvanic coil, exactly as in the ordinary speaking telegraph; these
coils being respectively in the courses of the two long wires. A.current of one kind,
in either wire, causes the corresponding needle to turn itself through an angle nearly
proportioned to the strength of the current, in one direction ; a current of the opposite
kind causes.it to turn in the opposite direction. These turnings are registered by the
following apparatus v

The carrier of each magnet carries also a small plane mirror, whlch recewes all the
azimuthal motions of the magnet. The light of a gas-lamp passes through a minute
aperture, and shines upon the mirror ; the divergent pencil is.converted into a convergent
pencil by refraction through crossed gylindrical lenses (with axes vertical before the
pencil reaches the mirror, and with axes horizontal where the pencil is received from the
mirror), which, under the circumistances, were more convenient than spherical lenses.
A spot of light is thus formed upon the photographic paper wrapped upon a cylinder
of ebonite, which is covered by a glass cylinder, and made to rotate in twenty-four
hours by clock-work, exactly as for the register of the magnetic elements. As in the'
case’ of declination and horizontal-force, the two earth currents make their registers
upon opposite sides of the same barrel, and upon different parts of the sheet ; the same
gaslight serving for the illumination of both.

" A portion of a base-line for either record is obtained at any time by simply breaking
the galvanic communication.

The photographic records have been regularly made since 1865, March 15. Seven-\
teen days were selected for special examination, and for these the equivalent galvanic
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CURRENTS : STANDARD BAROMETER. ‘

currents in the north and west directions were computed, and their effects in pro-
ducing apparent magnetic disturbances in the west and north directions were inferred.
They correspond almost exactly with those indicated by the magnetometers. The
discussion of these has been communicated to the Royal Society, and is printed in the
Philosophical Transactions, 1868.

For these seventeen days, the measures of the ordinates of the Dartford curve (with
scale G, in which 0°01 part of the whole Horizontal Force is 5:47 inches), and those of
the Croydon curve (with scale H, in which 0-01 of Horizontal Force is 490 inches),
are printed in this volume, after the Indications of the Magnetometers.

§ 13. Standard Barometer.

The Barometer is a standard, by Newman, mounted in 1840. It is fixed on the
South wall of the West arm of the Magnetic Observatory, The graduated scale
which measures the height of the mercury is made of brass, and to it is affixed a brass
rod, passing down the inside of one “of the upright supports, and terminating in a
conical point of ivory; this point in observation is made just to touch the surface of
the mercury in the cistern, and the contact is easily seen by the reflected and the
actual point appearing just to meet each other. The rod and scale are made to slide
up and down by means of a slow-motion screw. The scale is divided to 0™05.

The vernier subdivides the scale divisions to 0002 ; it is moved by a slow-motion
screw, and in observation is adjusted so that the ray of light, passing under the back
and front of the semi-cylindrical plate carried by the vernier, is a tangent to the
highest part of the convex surface of the mercury in the tube.

The tube is 0565 in diameter ; the correction for the effect of capillary attraction
is therefore only -4 0002. The cistern is of glass. :

At the bottom of the instrument are three screws, turning in the fixed part of the
support, and acting on the piece in which the lower pivot of the barometer-frame turns,
for adjustment to verticality : this adjustment is examined weekly.

The readings of this barometer, until 1866, August 20% 0" are considered to be
coincident with those of the Royal Society’s flint-glass standard barometer. On that
day a change was made in the barometer. It had been remarked that the slow-motion-
screw at the bottom of the sliding rod (for adjusting the ivory point to the surface of
the mercury in the cistern) was partly worn away: and on August 20 the sliding rod
was removed from the barometer by Mr. Zambra to remedy this defect. It was
restored on 1866, August 30%, 3 Before the removal of the sliding rod, barometric
comparisons had been made with a standard barometer the property of Messrs. Murray
and Heath, and with two barometers, Negretti and Zambra, Nos. 646 and 647. While
the sliding rod of the Greenwich standard was removed, Negretti and Zambra 647 was
used for daily observations. After the new equipment of the standard barometer,
another series of comparisons with the same barometers was made: from which it was

e 2
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found (the three auxiliaries giving accordant results) that the readings of the barometer,
in its new state, required a correction of — 0™006. This is applied in the printed
observations commencing with 1866, August 30.

All observations of this baromet