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MAGNETIC OBSERVATORY.

It is placed within the circle of the Central Meteorological Observatory at

the altitude of 21 metres above the mean sea-level. Its geographical co-ordinates are
Longitude 139" 45’ E.
Latitode 30° 41’ N,

The observatory was first established in 1890, It was rebuilt in July of 1897,
The building is constructed of wood, with esclusion of iron, and the supports
for instruments are made of marble, placed on the masonry work of white
bricks which are free from maguetic ingredients. The observation rooms are
put under the ground, and great care is taken to keep off the sudden changes
in temperature. There are two rooms, with the stair case running in the N-S
direction between them. In the eastern there is a set of Mascart's self-registering

magnetograph, and in the western the apparatus for the direct reading.

ABSOLUTE MEASUREMENT OF MAGNETIC ELEMENTS.

Absolute measurement is made twice every month, and in each measurement
the horizontal intensity and the dip are genemlly observed three or four times
and the declination in such a mauner that it is sufficient to obtain a curve of
dinrnal variation,

The declination and the horizontal iutensity are measmed by means
of instrument devised by Prof. Tanakadate, which is described in a paper
published in the Proceeding of the Royal Society of Edinburgh (1884-6) and
also in the Journal of the college of Science, Imperial University, Japan (VollL,
Part III. It will be sufficient here to give a short description which is chiefly
the extraction of the papers.

Declination.—The declinometer is built upon a theodolite which in its ordinary
form serves for all the astronomical observations. The maguetometer stage
resting on tripods is fitted to the centre of the theodolite base, being able to

be fised either to the lase of the theodolite or to the Y's by means of a screw
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projected downward from the centre of the hase of the stage. A telescope

with a mirror and a lamp are fived to the stage.

The magnetometer case is set upom the stage and can be levelled by
four screws at the upper surface of the stoge and centered by other four serews
ot its vertical sides. The magoet is a small bollow evlinder piercing a mirror
centrally perpendicnlar to its plane.  Miror and magoet are lstensd to an
aluminium stem, whose lower eml is brosdened, so that it may, when uecessary,
be securely gripped by means of a vice fitted lo the lower part of the ease.
The suspension s made by means of a spider live.

The pecoliar featwre of the declivometer is a eoil of wire, wound on a flat
mactangular frome of bass in two sepaate parts, a certain portion in the middle
being loft vacant. Two pivots projpeet from the widdle of the sides in a direction
perpendiculur to the axis of the coil. These pivols are hollow, and are wade
of the same external diameter as those of the telescope belouging to the theodolite,
The upper and lower swrfaces are picrced so as to allow the maguetometer to
project above the coil,

To bring the coil into adjustment, it is necessary to operate as follows,
Place the stage and magnetumeter on the theodolite, and mount the ecoil with its
pivots resting «on the Y's.  Adjust the Y's into an approximste east and west
direction by sighting the freely hapging mirmr edge-on throogh the pivot eores,
Lay the coil horizontal, so that the ends of the eoil now face north sud south.
Adjust the centering of the wnguetometer and place the small telescope with
attached scale awd lvp-counterpuise in due position.  Clamp the stuge and all
its bearings to the lase of theodlite, thos rendering them quite free of the Y's
and consequently the eoil being able to be turned romal independent of every
thing else. The wagnetometer stage ix adjusted wntil some couveniont division
on the scale, as reflected from the maguet mirror, is brought to coineidence
with the cross-wire of the olserving telescope,  Thus all things are prepared,

The evil is now in cireuit with a small dry battery  This is done by
commuuicating it with the resistance hos, whose terminals are joined to the poles
of the battery and which enables to chiange the direction of the current. At the
first trinl the direction of the enrvent shoukl be sach as to make the magnetic
field due to the ourrent in the coil have the same genernl) direction as that of
the earth. This is readily julged of by the quickened movewent of the magnet,
The reflocted image of the scale will in general be seen to move., With the
current alwnys omn, let the nzimuth of the coil be shifted nuotil the originally
observed reading of the seale is brought back again to the cross wires. Since
the magbetoeter and telescope bave been absolutely fixed in position during

the whole operation, this gives to the first approximation the direotion of the
declination. The current is now reversed. In general, the result of this will be
that the image of the zero scale reading will slowly move to one or other side
of the eross wire. The resistance is then adjusted outil the curvent is such as
to cause the time of oscillation of the maguet to be some three or four times
as long ns that under the varth's force alone. The original division of the scale
is agnin brought back to the enms wire by carefully adjosting the azimuth of
the coil. If the current is vow hroken and the seule image does not shift, it

is certain that the maguetic axis of the coil lies in the magnetic meridian. The
reading on the theodolite gives its azimuth.  An essetly similab observation is
made with the coil roversed as rogands east and west,  Nest, two sach observation
must be made in overturning the eoil up and down. The wean of the four
readings gives the declination st that instant corresponding to the mean of
the two instunces of  the fiest and the last adpustwents, quite independent of any
ervors resulting from any slight deviation from perpendicurality between the asis
of the pivots aud the line of maguetic foree at the centre of the coil duo to
the corrent in it and from any deviation of the centre of the eoil from that of
the mognet. A complete observattion usnally takes four or five minutes,

Hovizontal  Intessity.—For the determination of the horizntal inteusity, the
declinometer must be removed and in its place o defleetion bar substituted.  The
Lar is made of Lmss and Las o Vegroove on its upper sorface—or rather two
Vegmoves extondivg the one to the east and the other to the west, when the
instrument is wousted ready for uwse.  Where the bar rests on the Ys, it is
made in the form of the semi-ovlinder—the upper sorface being flat, the lower
having the same curvature as the pivots of the theodolite teleseope and the
declivometer «uil.  Detween the Y's, the bar swells out into au oblate ring,
throngh which the magnetometer projocts, A semi-ciroular groove is cut in frout
of the ring, so that the magnet mirror can be sighted by the small telescope.
On the Vogroove of the bar ther are four stops two on each side of the centre.
The deflection magnet rests in the groove, sl the stops are so placed that the
two distances of the maguet from the centre are obtained simply by slipping
the magnet along the groove from one stop to the other, without haviag to lift
it out. The stops are placed =0 as {0 make the mtio of the two distances
the best possible, according to the usual rule.

The iostroment is obvionsly available for vse either acconding to the method
of sines or the wethod of tangents. The former method is the preferable one ;
and in using it, it is vecessary to clamp the stage to the Y's, and free it from

the base of the theodddite.  The operatious ae then eondoctad exactly s with
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the Kew instrument, The temperature of the lar is measured by means of
two thermometers placed in its opposite sides bevond the further stops, It is
advisable to dust with o small brush the surfaces of the magnet and stop just
before they are brought togetler, The clionometer time is taken as the final
deflection is adjusted.  The beginning of the experiment is given by the first
time record in the vibration experiment, which it was found most convenient to
make first. The mean of these times is taken as the time coresponding to
the value of the horizontal force as finnlly dednced,

The vibmtion experiment is made in a vibmtion box somewhat similar in
construction to the one wsed in the Kew instrument. It is mounted on a second
tripod, so that the maguetometer stage need never be removed until tht theodolite
has to be used for the astronomical observations, The magoet is suspended by
two loops of silk from the end of & silk filwe freed from twist in the usual
way and its horizontality is well adjusted. A horizontal vibeation of about
balf n degree is given to the magnet, and it is observed by meaus of a telescope.
The observer signals the instant of transit of the middle pwint of the swing,
and these are noted down by meorder at some distanee. The temperature is
observed at the beginning and the emd of the experiment with a thermometer
attached to the inside of the glass window of the box, the mean of two readings
being taken ns the tempemture in the vibration experiment.

For determining the hovigontal inteusity all the unecessary corrections are
applied. The torsion and are correction are applied o the usual way; the time
correction is applid s as o reduce the time-unit ot once to the wean solar
second ; besides (hese we may mention the cormetions for induction, expansion
of steel maguet and of the lanss, which constitutes V-groove on which the
maguet is to be placed in the defloction experiment, and the correction for
the temperature difference in the vileation awd the deflection experiments.

The vibration experiment is usually taken before the deflection experiment,
From the firt reconled swing to the last detlection adjustmeut the whale
experiment generally takes about 20 minutes,

Di}h——“ll* ohservations of dip are made by means of a dip eircle of Casella.
The magnetization of the wpeedle is reversed by means of an electro-magnetic
coil. A complete observation nsaally fakes 20 minutes,

The astrovomical meridian is  sometimos  determined by observations  of
circnmpolar stars.  Thus, the azimuth of the top of a tower of a Cathedral
Nicoli at a distance of about 1.5 kwm, = often tested. The reading of the

meridian is nsually reduced from that of the ohject,

PHOTOGRAPHIC RECORDS OF MAGNETIC ELEMENTS.

Photographic reconls of magnetic elements are wade by means of a Mascart's
magnetograph. Let us shortly deseribe the armngement of the iustrument und
the method of redoction.

THE ARRANGEMENT OF THE APPARATUS,

Decdinometer.—It s contained in a wetal ense with a tabe on its cover, From
the upper end of the tube, o wagnet with a mirmor perpendicalar to its direction
is freely snspended by means of o fine silk thread, There is a second mirror
fised to the base of the case. Thus, the rys of light falling opon the two
mirrors reflect on o photogmphic paper moving by a cloek-work, owe trecing
the curve of varintion of the maguetic needle aud other the fised line,

bifiloe maguetometer.— s construetion is similar to thet of declivometer.  Bat,
in this ense, the wagnet with o winor paradle! o its divection s suspended by
means of two fine silk threads and pot o equilibrinm in the direction perpendicalar
to the magnetiec meriding in virtoe of the couples due to the horizmtal intepsity
and the tormsion.  Its sensibility ean be adjpsted by regnlating  the distance
between the two points of sospeusion,  The light reflected from the mirmor
traces Lthe variation of the horizoutal intensity.

Movpmetic bolape, —It s o magoetic balapee with a hole in its  central
portion,  Thewe is, in the lole, a knife-edge by means of which the magnet
rests on an agate plane, sod the magonet is placed horizontally by adjusting the
position of its centre of gravity by weans of o small index attached to it, the
conple due to the vertieal intensity  cquilibrating with that due to gravity.
The sensibility ean be adjusted by means of two weights movabde in the horizgoutal
and vertical ones attached to the mngnet., The whole 8 contaived in a metal
case. There are two lLorizomal mirmors, one fised o the case, aml the other to
the magnet. At the central portion of the cover of the ease, there is a lole on
which an isosceles rectangular prissn s placed, the two fwes being put horizon-
tally and vertieally.  Thus, the light falling opon the vertieal face of the prism
% relpacted towands the wirrors and agnin etlected amd trees the yanation of

the vertical intensity and the fised line.

METHOD OF REDUCTION.

The |mllll_'f ordivates of the thve m:l;_{lu'lir curves ame al  first  ensured

in willimetres and the tenths,
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For declination, the onlinate valnes are then reduced into minutes by
multiplication of the factor 1.°36 which is the angular value for 1 mm. of the
paper. The orlinates measured for the times of the absolute measuremeants
combined with the absolute values of declination, give the values of the base
line, from which hourly values of declination are all reduced.

For the horizontal and vertical intensities, the ordinates of the curves are
multiplied respectively by the factors aH and &Z, which are the variations
of the horizontal intensity (H, and the vertical intensity Z corresponding to 1

mm. of the paper. The mean values of aH and &7 for each month were

as follows : —
ol N/ ol al

Januury 306x 10 G, 3.8 x 10-C.Gs, July LORXIO0AC.G8. 1RIx10 OGS
February 3.92 > b0 v August 0N o 1.792

March - 3.8 Soptembsr  3.0% 3 CHEL

April ) Lk October .00 093

May 4.0 e o kS 2 Novenlbaer } =] " LR

June 1.0 A 2. id Decemaler  3.706 i 5.53

TEMPERATURE COEFFICIENTS OF BIFILAR AND BALANCE.

The temperature of the room where the photographic record is always
made can pot be constaut, the mnge i a day sometimes amounting to nearly
1°56 C. Thus, the temperature coeflicients of the bifilar and the baluiuce were
determined in June, 1898, The result was as follows : —

Femyperuture Coeflicient e 1 °C
Bifilar . . 20,73 107 LGS
Balance 045 « Lr

DIRECT READING SYSTEM.

'rlli‘ H}'HI"III 1S t*HH'nli:l”} the sime as the '--l'“.'ll'l'l't'ihli}.f Ill.t',flu'h",-fﬁl]"il.
By means of this '-_\!-'-il'lll, the varatwns obtamed |-_\ Pllllltr',.:l'uilllit' reconds an

often tested.

HARMONIC ANALYSIS OF DIURNAL VARIATION OF
MAGNETIC ELEMENTS.

Expressing the means of hourly values of magnetic elements for evers

month and the vear by the formula,

- . .'-1-} v P T, TET—— ———— wl! 0

ft=p, +peost+qsint + p, cos2t + q,sin 2t
b pycos 3t 4 q,sin 3t + peosdt 4 qsin 4t,
where t is the Central Standard Mean Time ‘mean time of the meridian 135
E) coverted into are: and ft, the mean value of the magnetic element at the
: p time t, the coefficionts p, Py 90 Po 9 Pv G Po and q,, were caleulated. The

result it given in page 48
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HOURLY VALUES

OF

MAGNETIC ELEMENTS

fJ-'."“ J.r‘;, f’! f/“ (:-H.frr”\/ ‘I,; h’r”'le.:f/f.l"ffI ()!ﬁ.\'('rl"ff!”‘f‘!j, T“'/I't.'”-

1905,

Time is given in the Central Standard Time the civil mean time of the
meridian 135" E.).

The declination is measured in degrees and minutes, the horizontal and
vertical intensities in C. G. S. units, For the hourly values, the declination is
given to 0.1 minute of arc; the inteusities to the fifth decimal of the C. G. 5.
anit. For the mean values, one more ficure is added, i.e. the declination is
given to (V.01 and the intensities to 107° C, G, 8. unit.

The mean values are taken only using all days of complete record. The
values for intensities are all corrected for temperature,

The characters of the diurnal variation of the In:l;_ﬂu'lii‘ elements are divided

into 5 classes

Calm O, .'\git:lh'1| (AL l.i;_:lll Storm (S Storm (S, and Severe Storm (S

I\
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