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THE TEMPERATURE EXPERIMENTS,

By CaprTaIN H. A. DENHOLM FRASER, R.E,,
DEBPUTY SUPERINTENDENT, SURVEY OF INDIA,

—p—

. 1. As soon as the first set of Watsor’s Magneto%ra'phs was erected in the underground room

at Dehra Dun, arrangements were made to find out the
temperature co-efficient for the horizontal force instru-
ment. At this time the two remaining sets of Watson’s Magnetographs had been received,
and as the maguets and quartz fibres were interchangeable in all three sets, an excellent oppor-
tunity was at hand fer finding the correction constant for each instrument.

Preliminary arrangements.

dn order to correct for changes in the horizontal compoenent during the period occupied by
each experiment, magnetograph No. 2 was temEorarily erected on wooden trestles in a room in
the t2-inch photo-heliograph observatory. This room was moderately well protected from
changes of temperature, but being very close to the massive iron dome of the observatory, could
only be used for magnetic work onthe condition that the dome remained unshifted, and this condi-
tion was maintained throughout.

Two small brass stoves for burning charooal and the necessary connecting pipes having been
prepared, the first experiment was commenced on 3rd January 1goz. Previously to this date,
and at frequent intervals during the whole series of experiments, absolate observations were
taken with No. 1 Magnetograph by Cooke for finding and checking the base line values of both
magnetographs, and for the determination of the value of the moment of the magnet used in the
deflection experiments for finding the scale values of the horizontal force magnetographs.

2, Work commenced as early as pessible in the dav, by the observer noting the temperature
The routine briefly described of the H. F. thermometer in No, 2 Magnetograph
© routine Drietly . together with the time. He then did the same in the
underground room (No. 1 Magnetograph) and lit the fires. Thereafter temperature readings were
‘taken every 15 minutes in the underground room and every half hour for No. 2 instrument, and
the fires were replenished with fuel as often as necessary. After a high temperature had been
maintained for some hours, the doors were opened, the fires removed, and the room was allowed
to cool down. Usually no readings were taken after 4 P.M,

3. No. 2 set was started on 18th December and records were taken daily till the 3rd January,
the date of the first experiment, to make sure that the
instruments were in a stable condition. .

In the first exg;riment magnet No. 1 with fibre 2 was mounted in No. 1 instrument, and magnet
2 with fibre 12 in No. 2 instrament.

The first experiment failed after a few hours’ work owing to No. 2 instrument (which was
mounted on trestles), receiving a jar whilst a temperature was being read, which threw it out of
adjustment. During this experiment the glass covers had been kept in place over No. t instru-
ment in the underground room, but it was found that the lag of temperature under the cover was
so great, that it would be necessary to remove them in order to complete an experiment within
the limits of a working d:gv. Accordingly the cover of the H. F. instrument was removed, No. 2
instrument was re-adjusted, and after working satisfactorily for two days, the second experiment was
started on the 6th January, a little after 7 olclock in the maorn ng, the doors of the underground:

2

Diary of the experiments made.
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room having been left open all the previous night in order to start with as low a temperature as
possible.

The next few days were occupied in the temporary reduction of the observations to see
whether any change of procedure should be adopted in future experiments, and as the results
seemed satisfactory, the following changes were made on the 13th January: Mag'net No. 1 and
fibre 2 were transferred to No. 2 instrument, and magnet No. 2 with fibre 12 was adjusted in their
place in No. 1 instrument. After allowing a short time for settlement, the 2nd experiment was
carried through successfully on 15th January. This experiment was repeated on the 2oth January,
and on the 22nd magnet 2 and fibre 12 were removed and magnet 3 with fibre 6 was mounted 11
their place in No. 1 instrument. No. 2 instrument was not altered.

The next day another temperature experiment was made with this new arrangement and was
repeated on the 28th. During the experiments made previously to the 23rd January, temperatures
were read on a Fahrt. thermometer a few feet away from the Cent. thermometer in the horizontal
force instrument, but as the temperature changes in the room were often very rapid indeed, it
was afterwards thought-advisable to read a third (Centigrade) thermometer suspended vertically
almost in contact with the torsion tube of the horizontal force instrument. This enabled a record
of the differences of the temperatures of the magnet itself and the air immediately surrounding
the instrument to be maintained.

. On the 29th January, magnet 3 and fibre 6 were removed from No. 1 instrument and magnet
2 and fibre 12 remounted. In removing this magnet on the 22nd, one of the g delicate glass hard
magnets was accidentally broken. A spare magnet was mounted in its place, but this made it
advisable to determine the temperature co-efficient afresh and find out whether the repair had
caused any change. After completing satisfactorily this 3rd experiment with No. 2 magnet, the
original intention was to close the cycle by repeating the first experiment, thus giving two inde.
pendent determinations for each magnet and fibre.

However, an examination of the records obtained during the experiments with No. 3 magnet,
revealed the fact that it had behaved abnormally. Either owing to a shift of the torsion tube as
a whole or to the slipping of the quartz fibre at its points of attachment to the metal clips, certain
sudden jumps were observable in the photographic records, which led to a further investigation
pointing to the fact that a considerable slow shift in the base line walue had been taking place.
As it was thought that the peculiarity:- must be due to slip, the ends of the quartz fibre were
resoldered, but on remounting magnet 3 and fibre 6, and observing their behaviour by eye, it
became evident that the slip was worse than before, so that No. s fibre was then tried in its place.

(A series of deflections taken with this fibre in use showed that the magnet was steadily shift-
ipZ Into a position of less strain, the effect being apparently due to the inability of the solder to
hold the ends of the quartz fibre rigidly, :

This fibre was tried only for a short time, and was then removed and replaced by fibre No. 3.
The first set of deflections taken showed evidence of a similar but smaller slip, so the system was
left in position for 14 hours and again tested by deflections which this time gave no evidence of
any tendency to drift. On the 5th February a trace was taken and the next day the temperature
experiment was proceeded with.

The trace taken on the 5th when developed showed unmistakable evidence of the instability
of the system, so no further trial was made with thisfibre. On the afternoon of the 7th February,
fibre No. 4 was substituted for No. 3 and traces taken on the 8th and gth. Though considerable
drift had occurred at first, the system seemed to have settled down on the gth and a temperature
experiment was therefore made on the 1oth February. On the r1th the fibre appeared to be still
giving results free from drift, so the 2nd experiment was made on the 12th. From that date till
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the 2oth records were continuously taken with magnet 3 and fibre 4, in order to test the behaviour
of the system, and on the 21st, magnet 1 and fibre 2 were removed from No. 2 instrument (in which
they had been giving records since the 13th January),and were suspended again in No. 1 instru-
ment.

. Fibre 4 and magnet 3 were then erected in No. 2 instrument and satisfactory records were
taken on both till the 24th February on which date the second temperature experiment with
magnet I and fibre 2 was carried out, thus closing the series.

From this date onwards No. 1 instrument has been used for the routine work of the obser-
vatory, but No. 2 instrument was dismantled after further records for about one month had been
taken in order to test the behaviour of fibre'No. 4.

The reduction of the results was postponed till some months later owing to urgent work at
the time, and there was no further opportunity of repeating any of the experiments which proved
doubtful.

4. The first thing was to obtain an approximate value for the temperature co-efficient, in
The reduction of the results. order to correct the records of No. 3 Magnetograph

® during the experiments made with No. 1, and to
evaluate the base lines of both instruments. x

As a first approximation it was assumed that the temperature co-efficient was the same fo,
both instruments. Several experiments were then worked out on Form C, the figures in column
10 and 14 being omitted and those in column 4 corrected by subtracting from them the
corresponding figures in column g.

Column 15 was then column 7-—column 13, and the approximate results in column 16 were
obtaln;geddby dividing the figures in column 15 as thus altered by those in column 4 corrected as
explained.

In this manner it was found that + 1° Centigrade was approximately equivalent to —12°0y* of
ordinate, and this value was used in both experiments made with magnet 1 and fibre 2, for reduc-
ing the values given by No. 2 Magnetograph (vide forms C 1 and C 10).

(When subsequently working out the first of these experiments it was found that the temperature co-efficient of
magnet 1 and fibre 2 was very nearly 12'7y and as this system was suspended in No. 2 Magnetograph during the
whole of the experiments with the other magnets, it was used throughout the reductions entered in forms C 2 to
C g inclusive. In view of the small range of temperature of No. 2 instrument it is clear that the errors introduced
in reductions C 1 and C 10 due to taking the temperature co-efficient as 12°0 instead of about 12'Sy can only change
the results very slightly and it has not been thought necessary to recompute these two experiments using the latter
more correct value.) o

The absolute observations were then reduced and a mean value obtained for m° (the momeit
of magnet 1A at zero Centigrade). This magnet was used throughout the experiments when taking
deflections for finding the scale values of the different systems in the manner now to be
-explained.

5. In Watson’s Magnetograph the scale value of the H. F. instrument is found by noting the

Method of finding the scale value of the H. F. deflections produced at a known distance by a magnet
Magnetograph. of known moment placed in the ¢ end on ” position due

south of the suspended magnet.

®  is the symbol generally used to denote 0'00001 C. G. S. units, where C. G. S. stand for centimetre, gramme, second
respectively. In the English system the corresponding units are the foot, the grain, and the second.
¥=0'000217 English units approximately.
B2
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In the figure, S; N, is the H. F. magnet constrained into a position of
90° from the magnetic meridian by the torsion of the suspending quartz
fibre. Calling T the torsion co-efficient of the fibre and A the total twist in
degrees imparted to its upger end in order to carry the magnet from the
magnetic meridian into the position shown, then the torsion couple is
represented by 7T (A —9go°).

Then if m, be the moment of the suspended magnet and / the horizontal
intensity, we have—

T(A_ °)=ml Hsin 90°=m1 H ............... ®0escsssessscaaccns .o(l)
Suppose A to become A - A H, the magnet will be deflected in the
manner shown through a small angle a, and we get—
T {A—(90°+a)} =m, (H—A H) sin (90°+a)
: =m, (H-A H) cos. a ............ vevernninies eeneen(2)

Now let us suppose that A does not change, but that the magnet is
brought into the position of equilibrium represented in equation (2) by

means of another magnet of known moment m placed as shown in the figure
at a distance r=CC,.

Then, provided a is small so that cos. « is sensibly equal to unity, the
couple acting on the suspended magnet-:zmel (r+ ’_—1:) where P is the
distribution co-efficient of the magnets.

This couple has by supposition caused a deflection a so that—

_2mm, P
Ta= o (I+r’)°

whence from equation (1) =

T (A-(o*+a)) =m H =22y 0y

Substituting in equation (2) we have=

mlH

or AH=H (1—sec a)+sec air’;'—(1+—r—,)

z%m—’ ((+—'};—)=ml (H—-AH) cos. a

P LY

Putting sec a=1, this reduces to

AH=——

2m P
Eathar )

In practice » is about 1 metre, so that £—is negligible and we obtain

P

AH=_2"_

r
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Then if x be the scale value in C. G. S. units corresponding to 1 mm of ordinate on the
paper, and if # be the measure in millimetres of the deflection produced by the magnet whose
moment is m, acting at the distance » from the suspended magnet, we have

2m
f‘

an= A H =

In this expression m is the actual moment of the magnet as used for taking deflections and
should be written m, where ¢ is the temperature of the magnet. Calling m, the moment of the
magnet at zero Cent., we have

m=my {1—qt—q, *} or my [1— Ot}
where Q is taken from the table of temperature corrections for the magnet.
Hence equation (3) should be written '

B 2 e AU @8cccse0ssescssocne [EETETYY R Y YN Y Y Y Y ER RN 000(4)

_But as the measuring scale used is divided into twenty-fifths of an inch, whereas x in formula
(4) is in terms of 1 millimetre, the factor 1°016 must be inserted, and we get finally

2my §1—0Q¢ .
= 1‘019)(#}-' where x, is the scale value corresponding to 1-25th inch.

The distance » was measured with beam compasses from the centre of the suspended magnet
to the centre of the deflecting magnet and the accordance of independent measures taken by
different observers was greater than might have been expected, the greatest difference being less
than 1-50th inch. As a matter of fact r is not required with any very great accuracy, for in practice
the average length of ordinate is about 60 mm, and it will suffice to measure this correctly within
‘00001 C, G. S,, 7.e. 1y. Taking x=5y (its approximate actual value), we see that it will suffice to

find x within i-s—ﬁo:—L— of its true value,
5 300

Then by giving approximate values as follows: m=g20 C. G. S., =100 cms., x=5y, and
substituting in equation (3), we find #=36'8 mm. If we now change x into x + 3::—0 and using

the value just found for 7 again solve equation (3), we obtain »=99'89 cms. .

Thus it will suffice to measure 7 correctlyto o°1 cm., or say 1-25th inch, and the method actually
adopted of measuring the distance by beam compasses is therefore quite good enough for practie
cal purposes.

In Watson’s Magnetographs there is a simple arrangement for taking visual deflection read-
ings, and the time taken for recording a complete set of five readings, the magnet being reversed
every time, is only about two minutes.

In No. 1 magnetograph two deflection distances were used at about 100 and 120 cms. ; in
No. 2 instrument the nearer distance only is available.

The following tables show the values of the scale co-efficients determined during the various
experiments and used in the reduction of the results i==



Table A 1.

Abstract of scale values found for No. 2 H. F. Magnetograph during the temperature
experiments.

Formula x,=x'0|63&(':r—_,£t)

The mean moment m, of the deflecting magnet 1A=1004"23 (Table B).

where x, is the scale co-efficient for 1-25th inch.

PeRIOD Mean | . .
‘ S d Mean obse Dist: Result
el arts ;’eb;:e":i ve_e; defloc. | between sc;ise“cc:: | REMARKs.
From To Magnet. ture=sz, | tion =m. | magnets=r | cient =x,,
No. No. Cent, mm, cms, 7.
1902, 1902.
3rd January |12th January 2 12 14 3574 100°209 564
13th January |22nd January 1 3 15 54°26 100°361 870
The mean value
22nd January | 3rd February 1 3 15 54'25 100°361 3'70 3'70 has %been
i used through-
4th February | 20th February 1 2 16 54'08 100°361 371 J out this period.
2ist February | 4th March . 3 4 19 44'26 100°361 4'53
Table A 2.
Abstract of scale values found for No. 1 H. F. Magnetograph during the temperature
experiments.
PFormula #,= 1'0!6M’”(:,;Qt—) where x, is the scale co-efficient for 1-25th inch.
The mean moment m, of the deflecting magnet 1A=1004'23 (Table B).
1 11
L A N - —_—
PERIOD. % K § 8 4 3 8 =
3 w | B - C : C E
1, 1%al 8. | 3¢ | Ba| B,| %¢ | g 23
E ¢ 1 3¢ 0 N T 1 v 2
2| & §8 21 o3 wl | 21 o3 wd | FE | Remarcs.
« From o |8 |5 (%3 %3 g% | EE| G5 §f | £5 | kS
. 15|58 59| 22 | 78| 53| 5% | E L5k
A |S'ET = 8 x| =¥| 8 [ =°
No. No.ieent. mm, cms. V. mm, cms. . v.
1902. 1902, S
3rd January |12th January| 1| 2|20 5360 [ 96028 | 427 |27'52 (119954 | 426 | 427
13th January |[22nd January | 32 | 12-| 21 |41'82 | 96'079 | 546 |31'41 [120°005 | 547 | 546
22nd January |28th January | 3| 6 | 21 [47°43 | 96028 | 482 |24'31 | 119°954 | 4°82 | 482
2gth Junuary | 3rd February, 2 | 13 | 21 3518 | 96'079 | 649 |1798 | 120°005 | 6°51 | 6°50
4th February | 7th February, 3| 3| 31 |47'57 | 96053 | 4'80 |24°24 |119'080 | 483 | 481
8th February | 20th February | 3 22 |45'74 | 95901 | s'or |23'40 |119'827 | §03 | 502
21st February | 28th February| 1| 2| 22 57002 | 96'028 | 4’0t |29°'14 | 119°954 | 4'08 | 4°O1
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The agreement between the two values of the scale co-efficient for No. 1 instrument as shown
in this last table is satisfactory and justifies the omission from the formula of the term involving P.

It should be noted that the distance » was measured once only for each instrument and
subsequently corrections were applied to this distance by noting the distance of the centre of the
magnet under trial from the centre of the box in which it was suspended.

6. Using the values found above, tables B 1 and B 2 were then completed, which give the

Reduction of results resumed. base line values obtained by using an assumed tem-
: perature co-efficient of 1259y per degree Cent.
throughout. The greatest differences of temperature from the selected mean amounted in the
case of No. I instrument to + 1°3 and —1°2 on the 24th and 4th January, respectively, and in the
case of No. 2 instrument to+3%2 and + 1%9 on the 19th February and 3oth January, respectively.
Consequently the errors due to taking an assumed value for the temperature co-efficient in place
of the actual values subsequently determined does not appreciably affect the results.

The reduction of the ten temperature experiments was then completed, the results of which
are exhibited in tables C 1 to C 10.

«The charts reproduced at the end of this paper were then plotted and tables D 1to D to
drawn up with a view to studying the behaviour of the instruments during each experiment.
The conclusions arrived at are printed at the foot of each table and dealt with in the Appendix,
and show that in most cases there is good reason to suppose that the magnet and fibre under
experiment underwent changes during the course of experiment, and the only results that can be
accepted with perfect contidence are those given by experiments Nos. 1 and 2 with magnet 1
and fibre 2.

7. The effect of a rise of temperature on a system consisting of a magnet snspgrlx)ded per-
. endicular to the meridian by a quartz fibre is (1)
‘ General considerations. Eo increase the torsional resiZtance of the fibre*
and (2) to reduce the magnetic moment of the magnet, so that on both accounts the value of the
horizontal force will appear to diminish. But if the temperatures of the fibre and magnet are
not the same, the resulting value of the temperature co-efficient will necessarily be incorrect.

Thus, supposing the temperature of the magnet (and therefore its moment) to remain con-
stant whilst the quartz fibre is heated, we should expect to find an apparent decrease of H. F.,
and vice versd if the fibre were cooled. Consequently, if during any period of the tempera-

. . h . . .
ture experiment the fibre is c-g%; than the magaet, the resulting temperature co-efficient will he

too l:;gfl by an amount probably bearing a certain ratio to the difference of temperature between
the magnet anq its fibre. ° .

On the other hand, for a f: lsllil;g temperature, the effect of any lag of temperature of the
magnet behind that of the attached thermometer would make the temperature co-efficient too
small
large
large .
small quantity.

Disturbances produced by air currents would not be expected in an instrument of this class
because (1) the volume of air immediately surrounding the magnet is very small, and (2) the
period of the magnet is very short and the copper damper acts rapidiy.

, because the apparent change of force as measured from the curve would be divided by too

® Threllall (Phil. Mag., July 18g0).



As a matter of fact there is no sign of fuzziness about any of the traces during the tempera-
ture experiments, and it is clear that this source of error did not exist. ‘

A study of the diagrams shows that in every case the temperature co-efficient commences
almost at once with an abnormally high value, which falls very rapidly whilst the temperature of
the room is still rising considerably. This, as above shown, is conclusive evidence that there was
no appreciable lag of temperature of the magnet, so that the readings of the thermometer in the
damping box of the instrument may be accepted as giving the true temperature of the magnet
very closely,

The quattz fibre is carried in a small brass tube, whereas the magnet itself is surrounded
closely by a considerable mass of copper, and as both were equally exposed to the air during the
experiments one would expect the tube and its contents to pick up the changes of temper-
ature more quickly than the magnet and its damping box. Consequently, though the tem-
peratures recorded by the thermometer may, and probably do, give the temperatures of the
magnet throughout the experiment without appreciable error, there is primd facie reason to expect
that the temperature of the quartz fibre must have been ———-a:Z:?n:f that of the nragnet according as
rising ‘
the temperature of the room was_—falling .

Now an examination of the charts shows that in every case the air temperature considerably
exceeded that of the magnet till the process of cooling off commenced by opening the doors of
the room and removing the fires. Thereafter the temperature of the magnet read higher than
that of the air, the difference between the two becoming less and less, but being generally quite
appreciable at the close of the experiment,

Fromr previous considerations one would therefore expect to find the values of the temperature
co-efficient too great during the first or heating up stage, then dropping rather suddenly, though
slightly, as soon as the doors were opened, and finally rising again to its real value as the difference
between the temperature of the air and the magnet gradually disappeared.*

Tables C 1 to C 10 and the diagrams show that there has been a general tendency throughout
the whole series of experiments for the value of the scale co-efficient to behave in this way, except
that in the majority of cases the scale value has shown no tendency to-increase again towards the
close of the experiment.

If any displacement of the instrument as a whole occurred as a result of the rapid tempera-
ture changes, such shift would be shown by a displacement of the base line formed by the light
reflected from the small mirror attached to the base of the instrument. A careful examination of
the curves shows that the amount of shift from this cause was very gradual and small in amount, in
fact too small te be taken into account as its maximum amount never exceeded 0°2 scale division,
1.e., ‘008 of an inch.

8. As above noted, tables C 1 to C 10 show that there is a general tendency for the computed
values of the temperature co-efficient to decrease some-
what largely towards the close of each experiment.
During this period the system was cooling, so that, as explained in paragraph 7, an effect of this
kind was to be expected. But the diagrams show that whereas the differences of the temper-
atures of the fibre and ma%net were small, the drop in the temperature co-efficient was generally
large and could hardly be fully accounted for in this manner.

Correction for slip of fibre.

* Throughout the reductions the temperature used in computing the temperature co-efficient was that recorded by
the thermometer embedded in the damping box of the H. F. magnet,
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As however the drop in the temperature co-efucient could be explained by supposing that the
system under trial had given way or slipped under the strains induced by the rapid changes of
temp erature, it became necessary to investigate this point by comparing the records given by the
two sets of magnetographs before and after each experiment.

Consequently Tables D 1 to D 10 were drawn up and they show conclusively that, except in
some few cases, slip must have occurred.

The curves taken during the actual experiments when examined showed unmistakable evi-
dence of slip only in two cases, v75., on the 20th and on the 24th January. In the first case
(Fig. 3 of Plate 1I) the experiment has been rejected but in the second case (Fig. 1 of Plate III)
as the shift occurred only at the end of the experiment an attempt has been made to correct for
it. In all other cases it has been assumed that where slip did occur, it occurred gradually and uni-
formly and might be allowed for by distributing the amount noted uniformly according to the
elapsed interval.

It may be noted that the evidence at disposal shows that in these cases (1) a certain slip
“has actually occurred and (2) that this slip did not manifest itself by sudden breaks in the curve:
there is no evidence that the slip occurred uniformly throughout the course of an experiment,
but®the assumption that this was the case is not contrary to facts and seems the most reasonable
one that can be made under the circumstances.

Tables C 4, 6, 8, g, were then corrected on this assumption and the new curves so obtained
plotted alongside of the old ones. .

9. The next point for consideration is what portions of the experiments are to be selected
as the most trustworthy for the purposes of finding the true mean values of the temperature
correction?

As regards the reading of the thermometers, small errors in reading are of consequence only
in the case of the Cent. thermometers embedded in the damping boxes of the two instruments,
and as the changes of temperatyre of these thermometers were always negligible in the space
of the few seconds occupied in taking the reading, the liability to errors in the recorded tem-
peratures may be considered equal at all stages of the experiment. Consequently the * Incre-
ment in temperature after start” as recorded in column 4 of form C 1 has a much greater pro-
bable percentage of error at the commencement and end of each experiment than during the
intermediate period.

Errors in scaling off ordinates from the curve are greatest where the inclination of the curve
to the base line is greatest, and consequently the first few measures are in each case more doubt-
ful than the rest and the percentage of error in the figures in column 6 of form C 1 obviously
decreases in proportion to the increase in the figures. .

L]

[ ]
On both accounts it is plain that, apart from differences of temperature between the magnet
and quartz fibre which were always greatest during the first part of each experiment, this and the
last portion of each experiment have much less weight than that part in which the figures in
columns 4 and 6 of form C are greatest, and the curves showing the values of the derived tem-
perature co-efficient may therefore be expected to show marked irregularities at the beginning and
end of each experiment.

What is desirable is to have a long period of uniformly high temperature during which the
recorded temperatures of the thermometers within and without the H. F. instrument are in very
close agreement,

In practice such conditions could not be attained, for the constant stoking of the stoves
necessary to maintain a high temperature produced considerable fluctuations in the recorded

o
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temperatures and until the fires were allowed to die down the temcerature of the air was always
in advance of that of the magnet.

Moreover, the copper damping box in which the magnet and its thermometer are contained
is close to the base of the instrument, which is rigidly attached to the supporting pillar by means
of three stout brass footscrews leaded into recesses cut in the stone cap of the pillar. Consequently
a considerable amount of heat must have been continuously conducted away and lost in the pillar
which would be slow to attain the temperature of the air.

In all the curves there is a well defined critical point at which the temperature of the air
coincides with that of the magnet, and it is in the neighbourhood of this point that all the desir-
able conditions are most nearly fulfilled.

This point is indicated in the curves by a continuous ordinate, which gives the time of its
occurrence on the time scale.

That value of the temperature co-efficient found from the observations takem nearest to
iRis critical point seems therefore the best individual value of the series, but in order to get
rid of the errors to which any single observation is liable, it has been considered advisable to
derive the temperature co-efficient in each case from a series of 9 values situated symmetrically
about this point. In the first four of these values the air temperature was above that of the
magnet and in the last four these conditions were reversed, so that the errors arising from this
cause should to a large extent cancel out in the mean.

10. Working in this way certain mean values have been obtained in each case which are
grouped together in the following table for convenience of reference :—

1903, Final value
- ?i%r:.‘ No. :eftMls" M{:éepg;&fd :‘:l:‘;c:;;ep.eé‘.‘ REMARKS.
6th January . . . 2 1 12'60
24th February . . » » 12°67 }.12.6
15th January . o . 12 2 11°'g0 e
20th“January . o . " " 11’69
3ist January . . . » » 12'60 12'6 After repairing ;nagnet, cotrected
for slip (10 ).
23rd January . . . 6 3 12'07 oo Corrected for slip (15 y)-
28th January . . . » » 12'17
6th February . . 3 » 12°g0
1oth February . . 4 3 12°49 ” n 9y
1a3th February . . » " 1249 } s ” » o (11 ).
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There is very little doubt that the results for magnet 1 and fibre 2 may be confidently
accepted. These are now in use in No. 1 Magnetograph at the Dehra Dun Observatory, where the
results of the temperature readings during the first complete year of work show that the annual
range in the underground room is not likely to exceed 6° or 6°5 Cent.* Thus the largest multi-
plier that will be used in this case may be taken as 3'3, and as one cannot hope to read the
curves with greater accuracy than 14y, the error permissible in finding the temperature co-effi-

cient is l—.1=0'3 v. The accordance of the two results makes it highly probable that in this case
the temperature co-efficient has been found with all desirable accuracy.

Magnet 2 and fibre 12 have been in use in No. 2 Magnetograph since September 1goa at
Kodaikanal. It seems clear that the temperature co-efficient of the magnet itself altered consider-
ably after it was repaired in January, and it is unfortunate that only one determination of the
temperature co-efficient of the system was made after that date. At Kodaikanal the annual range
of temperature in the underground room is not yet known, but the data available indicate that
it will be less than 2° Cent. If this is the case, the greatest multiplier will be 1 and the error
permissible in the temperature co-efficient will be 17. So that although the single experiment
made on the 31st January with the system as now in use at Kodaikanal is not perfectly satisfactory,
it seems likely that it is sufficiently good for the very favourable temperature cunditions appertain-
ing to the observatory where it is being used.

With regard to the various experiments made with magnet 3 and fibres 3, 4 and 6, the agree-
ment in the case of the two experiments with No. 6 fibre is good, and in the case of No. 4
fibre it is remarkable. But three out of four of these experiments have been corrected for slip and
it is hardly possible therefore to trust them implicitly.

Moreover, it is disconcerting to find that the value of the temperature co-efficient when using
the same magnet should vary from 121 to 12°9 when the quartz suspension is changed, for from

the nature of a quartz fibre, one would expect different fibres to behave in a uniform manner under
similar conditions of changing temperatures.

Whilst therefore it is likely that the results in each case with No. 3 magnet are near the
truth, the mere agreement of the results derived from pairs of experiments is not sufficient to
justify their acceptance as being exceedingly accurate.

An inspection of the base line values of No, 3 Magnetograph (Table B 2) from the 2and to
25th February inclusive, shows that magnet 3, with fibre 4, behaved fairly well when transferred
to No. 2 Magnetograph during the last experiment with magnet No, 1.

However, dn order to see whether fibre No. 4 was really in a stable condition and fit for use
at the Barrackpore Observatory, a further prolonged comparison was made throughout March.
The result is exhibited in Table D 9 and is not entirely satisfactory, for although there is no
evidence of a sudden slip having occurred and the discrepancies noted may very probably be
largely due to the fact that No. 2 instrument was sypported merely on trestles of wood, which
proved by its behaviour to be only partially seasoned, still the fact remains that the results given
by the two instruments were not in close accord throughout the period.

* Highest temperature =38'44 0n a0th September 1903.
Lowest » =22'00 on 28th March 1903,

Cs3
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11. In most of the experiments a deflection reading was taken to determine the scale value
when the temperature of the room was approximately

Change in scale value due to change in temper-

at its maximum. The resulting values are tabulated

stute. below :—
1 2 FI 4 | s l 6 7 | 8 l 9 ] o | n
Perion, ORDINARY DEFLECTIONS. SPRCIAL DEFLECTIONS
DURING TEMPERATURE
at 96 cms at 120 cms é EXPERIMENTS,
~ | &
1902 1902 % g a ‘§E' Teme| © | &
From To = |8 = g §§ at o6 at 120 zﬂf;t} S 3
O leg| © %5 cms, cms. d [}
s |eg| 3 | =2 | B ) 41
-] %] H nt. - -
2 |2 & |52 |28 3|3
13th  January (20th January|41°82 | 5 |21°41 5 21° 4230 | 2165 | 31°3 | —0'48] —024]
e 42°15 318 | —0°33] ...
2and  January |agth  January (4743 | 52431 | 4 [ 21°| 4794 | 3454 | 333 | —~051| —023
47768 | 2443 | 33'8 | =025 —0'12
29th January | 1st February (3518 [ 3 | 17798 3 21° | 3513 | 1804 | 357 | 4005 —006
4th February | 7th February |47°'57 | 4 |24'24 21° | 4788 | 2447 | 354 |—0'31|—023
7th February [18th February (4574 | 8 |23'40 8 22° | 4639 | 2374 | 349 | —065|—0'34
o . 46'27 | 2374 | 36'6 | —0°'53] —0'34
21st February |28th February|57:02 | 8 [29'14 8 22°| 5753 | 2946 | 2979 | =—o0'51| —0'32 )
=0°41| —0'24| Means.

Tne accordance of the signs in the last two columns renders it unlikely

In the deflection values obtained during the experiments is the result of chance.

that the difference
Also it will be

noted that the deflection at 120 cms. is a{)proximately one-half of the deflection at g6 cms.

and <that the mean difference in the last co

atrived irom the column before it.

umn bears approximately the same proportion to that
L]

. Thus there are strong grounds for supposing that the deflections do actually increase with the
temperature, that is to say, the scales value diminishes or the system becomes more sensitive,

Any rise in temperature ought (1) to increase the stiffness of the fibre, (2) to decrease the

moment of the suspended magnet and (3) to decrease the moment of the deflecting magnet.
On all three counts one would expect to find the deflection decrease slightly for a rise in tem-
perature, and the fact that this is not the case indicates that some iinportant factor has been left
out of consideration.

The greatest difference in the deflections occurs during the first temperature experiment
with magnet 3 and fibre 4 on the 1oth February. The scale values from the special deflections
taken at a temperature of 34'°g Cent. are 4'92 and 4'93 from the near and far distances respec-
tively as compared with 5'01 and 502 from the mean values under ordinary conditions, so that
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the change in the scale value amounts to o'1y. This is sufficiently large to slightly alter the
results of the temperature experiment, as the range of ordinate amounts to almost 40 scale divi-
sions and the resulting change in force would be therefore less by about 4y than that derived
from the scale value adopteg.*

, _There are not sufficient data to justify any attempt at correcting the results for the change
in the scale value, and the above tigures are chiefly of interest as showing that there appears to
have been some unknown factor at work tending to make the resulting values for the temperature
co-efficient slightly higher than they should be.

12. The following results derived from thes ex-
periments have been accepted :—

(a) The temperature co-efficient for the system, magnet 1 and fibre 2 . . . =126y
()] ”» ” ” ” 3 ” 12 . . . =‘2'6~,
(c) » » » ” 3 » 4 . . . =125y
The experiments would lead one to accept these values as approximately correct and good
enough for the desired standard of accuracy in reading the H. F. curves, but it must be said that
they differ very widely from the results anticipated.

In the Kew certificate accompanying No. 1 set of Watson’s Magnetographs it is stated that
the temperature co-efficient per degree Cent. was found to be approximately 5:8y (using magnet
No. 1 and an unknown fibre), whilst Eschenhagen gives for his somewhat similar instrument an
approximate value of 7y per degree Cent.t

Statement of results accepted.

* Suppose the temperature of the room to be 3o° and that of the deflecting magnet 20° (on the average) whilst a set
of deflections was being taken. . '
Then putting m =1004:23 at 0° Cent.
We obtain from the temperature corrections for the magnet used
m = 09644 at 20° Cent.
m = 992°38 at 30° Cent.

Hence, since the value of the scale cosefficient varies directly as m., the error introduced by assuming the temperature
of the deflecting magnet to be the same as that of the room would in this case be roughly 0'4 per cent. only, whereas the
average charge a y found exceeded one per cent. . .

hen the deflections at high temperatures were taken, the deflecting magnet was warmed up for some time by ex-
posing it to the sun before bringing it into the roomcand it is therefore most unlikely that its temperature even at the
time of taking the first deflection, was ever as much as 10° from the truth. . i

Consequently the change in the sgale values noted at high temperatures cannot be explained by assuming a large

error in the temperature of the deflecting magnet.

.R.S. offered the following explanation of the discrepancy here noted.
12 L?f,,i‘.'ff?;‘ﬁﬁ‘fo',:ﬁ couple at temperatﬁre t?° Cent. for unit angle gf tw’ﬁn and suppose this to increase to C at
-some definite temperature . ,

Treating for the time being the magnet's own moment as unaffected by temperature, call A & the couple exertgd on
it when perpendicplar to the M%MIC meridian at a place where H is the horizontal force.

st of
”n

Suppose {, the total twi the fibre when the temperature is o° Cent.
and § » » M is ¢ »
A H(C,~C)
CC,
For a given value of ¢, (%E-—c)- B, a constant
o

Then Co o = C) = AHoOf fmf =

and 50 0—09 =B H

Thus the twisting accompanying a given change of temperature varies as the force at the place and since § — g, means

3 ordinate, the effect Of a given chamge of temperature on the ordinate varies divectly as H.
2 gth: gﬁ,‘:fe:f:n, I;:-ao:;ss C.%. S.{pprgximately, whilst, at Kew & = 0°185 approximately, so that neglecting the tem.

perature co efficient of the magnet, the temperature co-efficient of the system at Dehra Dun should be % x58 = 105y.

If therefore the »ffect of temperature on the moment of the magnet is small, the results at Dehra are not incompatible
with those obtained at Kew.
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13. The following conclusions based on these ex-

inferred from th iment . . .
Facts inferred from the experiments. periments are worthy of consideration :e—

(1) It is the exception to find a quartz suspensiqp as used in these instruments which does
not exhibit signs of slip even after having been in use for a considerable number of days.

(2) The increase in sensitiveness of each system for a rise in temperature is contrary to anti-
cipation and cannot at present be explained.

(3) The method of finding the scale values by deflections at a known distance with a magnet
of known moment is quite satisfactorv.

H. A. DENHOLM FRASER, CaetAlN, R.E.
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Abstract of absolute observations for H. F. and computation of the value of the Base line of the H. F.
Magnetograph No. 1 for the months of Fanuary and February 1902.

Selected mean temperature = 21%0 ceat.
Temperature co-efficient for 1° cent.= 12°5 y throughout.

Magnet No. 1A. Magnetometer No. t By T. Cooke & Sons.
MacxgT 1, FIBRE 2.
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Abstract of absolute observations for H. F. and computation of the value of the Base line of the
H. F. Magnetograph No. 1 for the months of Fanuary and February 1902.

Magnet No. 1A. Magnetometer No. 1 By T. Cooke & Sons.
Msangr 2, FIBRE 12.
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r H. F, and Computation of the value of the Base line of the
. 1 for the months of Fanuary and February 1902.
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Abstract of absolute observations for H. F. and Computation of the value of the Base line of tlze
H., F. Magnetograph No. 1 for the months of Fanuary and February 1902.

Magnetometer No. 1 by T. Cooke & Sons.
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23 Feb. 1902 « |11 4o V} 100413 | ... w | 591 |23700 | 216 | +06 -4-75| 'S } 2443 | *33524 3
» 12 4 D } e 7:530 | 7295 | 590 |2366 | 216 | +06 | +7 5|244.| }
» of12 29 V} 100406 | ... v | 583 [2338 | 216 | +06 +75|3413 } 2427 | 33522 | 279|
» of1z2 54 | D } 1004:11 | 7:349 (7623 | 58-0 |2326 | 216 | +06 +7s' 2408 }uo-z 433520 | 279
» 1 20|V 100404 | .. | e | 57'1 |2290 | 216 | 406 | +7°5236'5 238-3 | -33518 | 280
s, Jinost V} 3004:36 | «. | wo | S50 |2206 | 3+8 | 4$08 | +10-0| 2306 } 2303 | 33516 | 256 3\;‘3. aﬁﬁ”&i&:ﬂf
” .12 16 | D } o |7427 [7856 | 548 |2197 | 218 | +08 | +100 2207 } ary 1902,
» 53 39 V} 1003:88 | .. wo | 553 |231-8 | 219 | +0-9 | +11:3/ 2331 } 2314 | 33500 269}
» |3 -3 D } 100376 |7:374 | 7-342 | 56-0 |2246 | 220 | 4+ 1.0 | +12:5 2371 }z;sq 33504 ,@I
» o3 24 | V 1003:92 | .. w | 552 |221.4 | 220 | +10| +12'5 233'9 2355 | 33500 | 274
Means . we | 100423 7:510

7403
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B.’l

Computation of the value of the Base Line of the H. F. Magnetograph No. 2 for the months of Fanuary
and February 1902,

MaoNeT 2, FiBRR 12. Temperature Coefit. for 1° C.=13'5Y throughout.

] 2 3 4 5 6 7 8 9 10 11 12 13 I 14 15 16
] D
£ g f‘.g .“5: § ) REMARKS.
‘S e OO -
] 5 ‘g % @ 5_ § 8 "" (The base line is
g e |8E g : ] B -3 - evaluated from
s g g 8 o |55 H g = oy < | the observations
§ | = | B | d(s |2 5% .8 82} £ S | taken with Mag-
§ 3 * ElE | = |Es A D £ | 1 | oet1a inMag-
Date. 2 ] S ] 3 3 £e T 2 % © netometer No. 1
S t K o 8 S g g t® ° £ by Cook & Sons.
(=] = a g g-é’ 3 E g'i 5 E 1 g 3 a —The figures in
5 3 0 g I8 S s 8 § e K columns 4, 5and
it S 8 S | ge e |33 i 82| 8 8 £ 5 ] 6 are therefore
B | 5 8 |5 § ] -5u."§ g 8 'ﬁ o - L] omitted  being
* g g 'g B |§2| 5 £ ° £3 i ] en in Table
B 5 4 2 | = »| P xe|l\s ‘§ g ic} 5":.)
[ = -V -V K] a = (<) >
Cvil. |LMT. CGS. Slylceclcecly |y y |CGs. [CGs.
h., m,
4 Jan, 1902 .| 23 V} o we | 546 | 307°9| 135 o0 0-0| 307:9 } 309:7 | 33497 |-33187|) Selected mean
' tempenture
» .| 258 D } o we | 550 | 3102] 136 | +01 [+ 13| 3118 } lSule Coefit.
» .| 332 4 we | 549 | 3006] 137 | +02 | + 2.5 3121 3118 | 33496 | 184 = 5647
7 » .|1222 V} T w we | 550 | 8102] 332 | —0-3 | = 3.8| 3064 } 307-1 | 33534 | 207 Mun value of
s .12 47 D } o we | 580 | 3102| 13:3 | =02 | — 2.5 3077 Base line =
» ] 118 v “ w | 557 ) 3141| 133 | =02 | = 25| 3116 3097 | 33507 | 197]). -33194.

MaeneT 1, Fisre 3.

D2
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B 2.-=contd.

and February 1902,

Maouer 1, FIBRE 2.

‘Computation of the value of the Base Line of the H. F. Magnetograph No. 2 for the months of Fanuary

Temperature Coefft. for 1° C.=12'5y throughout.

1 2 3 4 5 | 6 | 7 | 8 | 9 10 1 12 13 | 14 15 16 R
'0 [ [ J
2 ] _ﬁ% 5 g 3 REMARKS.
- . - )
1 € (°¢ § e ¢ T | (The base tine i
£ @ | 5 pgE |g.( ¢ |8 K ~ | evaluated from
. g o 3 L5 35 3 | EL : < | the observatioas
.| B | s | B | 4|3 | £ 8% |_8|F |eT| £ . | 3| taken with Mag-
oo [ 5[5 E (8| B|E (30 5 F e 1|2 ) e
ate. S K ] s ’g . EE k4 g B+ 3 3 e netometer 1
& |2 | |25]% |25 | 8|2 gg g | = | byGook & Som
- = 312 |v3| & °g | & 2 8 gures
H - s Y g g columns 4, Sand
° g S 8| & | g8l o ‘35“, §§ 8 Py - B | 6 are therefore
s 2 e g g€ |58 % O3 2 s S | omif X
s | 8 | B | 2|& |88 L IGoc| 85| B |EE| B S | ghala Tk
B 8 S = : | B STE|EE| 5 (B8 8 i} 1).
= > = | & | = o 'S a o & = <] >
Cwvil. |LMT CGS. S clcly |y y | CGS. CGS.
h. m.
30 Jan.1902 . | 12 1 v " s w | 579 | 2142| 169 | +13.9 | +23-8| 2380 2380 \ 33530 292
» .| 12 24 V} e - we | 57:7 | 2135 16.9 | +1.9 | +238 2373 } 2364 33520 | 284 ( Mean valwe of
» .| 12 47 D } o w | 573 | 2016 169 | +19 | +238] 2354 | (" Base line =
» | 110 v "o we | 564 | 2087 16.9 | +1.9 | +23-8] 232:5 234:0 ' 33515 281 +33286.
5 Feb. 1902 . | 11 26 V} - we | 643 | 2379| 150 00 00| 2379 237-5 | 33520 282
» .| 11 49 D w e | 641 |2372| 150 | o0 00 237:2 } ' Mean value . of
» .| 12 14 V} v we | 641 | 237:2| 150 | o0 00| 2372 2372 | -33519 | 282 » Base line =
» .| 12 37 D w | 643 | 237-9| 151 | +01 | + 1:3| 23¢:2 }238-3 33522 284' | +33284.
” o 11 v - . | 640 | 2368 152 | 402 | + 2:5| 2393 2393 | 33527 | 288
8 , 1 30 V} e . . | 608 | 2250 146 [ ~04 | — 50 2200 2204 | 32495 275,
o o| 11 56 D } e | 610 | 2257| 146 | —0-4 | = 50| 2207 }
» .| 13 21 V} 0 . we | 601 | 22244 | 146 | —04 | =~ 50 2174 } 2191 | 33494 275
» .| 12 46 D } -~ v . 58.7 | 217.2| 147 | =03 |— 3-8 2134 }215-4 33493 277
»” o 3 IN \'4 e . .. 55-0 | 203-5! 148 | —0-2 [ — 2:5| 201-0 207-2 | 33485 27sl
n o, «| 3138 V} we | 653 | 2416 149 | =01 | = 3-3| 240-3 2417 | 33520 | 278
» ol 12 2 D } e | 657 m-:! 150 | o0 0-0| 2431 }
” .12 37 V} “ . | 6502405 150 | o0 00 240-5 } 241.8 33520 278
» .| 12 51 D } we . we | 644 238-3| 1511 | 401 | + 1.3 239.6 }240-! 33518 278|
» «| 115 A4 « | 639 | 2364 151 | 401 | + 13 2377 238.7 33511 272
19, .| 259 V} o e | e | 5101887 181 |+31 | +38.8 227.5 2278 33498 | 270
”» 319 D . we | 508 | 1880, 182 | +3:2 | +400 2280 } ‘ |

[

MagneT 3, FiBRE 4.
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Ci

Reduction of temperature coeficients of H. F. Magnetographs (Watson’s)
First experiment with Magnet 1 and Fibre 2.
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Ca

Reduction of temperature coefficients of H. F. Magnetographs (Watson's)
First experiment with Magnet 2 and Fibre 12.




C3

Reduction of tempevature coefficient of H. F. Magnetographs (Watson’s)
Second experiment with Magnet 2 and Fibre 12.
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C4

Reduction of temperature coefficient of H. F. Magnetographs (Watson's)
Fiyst experiment with Magnet 3 and Fibre 6.
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C 4a.
Table showing vesults of Temperatuve Experiment No. 1 with Magnet 3 and Fibre 6 corrected for slip.
1 3 3 4 5 6 7
‘:\ctua[ True ::ilgange T
Increment jn| CMaPgein . 1n ordinate empera- REMARKS,
. ordinat n dueto | ture coeffi-
Date. Time, tmeme due toe cg\'r:lcit:: change in | cient for 1°
* | changein temperature [Cent=6--3.
temperature. =4+5.
Civil. LMT. C. y y 1% Y
.1-1002 . . . . . Columns 1, 2, 3 and 4 are copied from
2310190 . . g.ﬁs +g:§g _g.g _g.o _o.z —r .0 columns 1, 3, 435nd 15 (‘)f the Ten':xperature
:: .. . 16 332 50'5 0.48' 5?.3 Ig.s Experiment.
. . . ‘30 603 78's 1°2 797 132 | The total slip measured from 7745 to 160
" . . :45 8:30 Iog'g 16 105° 127 is 157. The curve shows a sudden jump
A I I R A Ry
. . e "30 986 | 1187 28 121°5 123 | guently, a slip amounting to 116 7 has
i : X ‘45 1023 121°9 32 1251 122 been applied uniformly up till 15'0, nd
. . . 100 1030 122'0 36 1256 122 after that hour a slip of 157 has been
» . . ‘15 1020 1204 40 1244 122 | Smumed.
,, . . ‘30 10'58 123'1 44 127°'§ 121
» . . ‘45 1078 129'8 48 1346 124
” . . 110 11'80 140'1 52 145°3 123
» . . ‘15 1230 144’7 56 150°3 122 4
» . . *30 12°68 149'5 60 155°5 12°3
" . . ‘45 12'60 146'8 64 1532 122 | b Mean 1207 Y
” . . 120 1210 138'5 6-8 145'3 12'0
» . . ‘15 11°40 128'5 72 1357 19
” . . *30 10°59 1159 7'6 123’5 17
» . . ‘45 930 100°2 80 108'2 116 |J
»” B . 13'0 820 878 84 962 1y
»” . . ‘15 7°40 764 88 852 1r's
” . . ‘30 |° 650 66°2 92 754 16
» . ‘45 556 537 9'6 633 14
» . . 140 480 46'8 100 56'8 11’8
” . . 16 420 37°2 104 47°6 13
» . . 30 380 333 108 441 116 °
” . . o 45 340 28" 11'2 40°0 118 ¢
» . . 15'0 313 256 11'6 372 119
» . . ‘15 2'g8 20'4 150 354 11'9
» . . *30 2'80 189 150 339 12'1
» . . 45 262 168 150 318 121
» . . 16° 2's0 159 15'0 309 12°4
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Cs

Reduction of temperature coefficieni of H. F. Magnetograph (Watson's) Second Experiment with
Magnet 3 and Fibre 6.

38| 598 |—33 | —8:1\—q:3 487 | 114

. 15 {2508 | 3:70| 652 | 98| 47.32| <93 42| 5900 |—30 |=11-1|—6:9 403 | 109
.| 30|2444 | 306/ 660 | Qo | 434 47| 586 | =34 | —126}—79 355 | 116
d 2414 | 3276 672 | 78| 376 | 1600 51 | 587 | =33 | —12:3| =71 305 | 111
.|140 |2384| 2°46| 680 | 70| 337 [1603 55 | 588 | =33 | ~118) —63 27.4| (111

-

61 | 590 | =30 | —11'1| =5.0 254 | 110
67 | 588 | —32 | —118]—51 248 | 114
72 | 585 |=—3-5 | —13-0| =58 212 | 106
76 | 585 | =35 |—130 —5+4 201 | 109
8.1 | 581 |—3.9 | —144| —6:3 183 | 105
86 | 579 | =41 | =152} —6-6 175 10-8
91 | 575 | —4'5 | =167[ —7:6 155 10:3
95| 574 |—46 |—170/—75 | 156 | 110

.
&
)
N
©w
N
(]
-
&
g
(7
«w
8
[
]
g

&
g
K
t
2

MaGNET 3, FIBREG, INST. V. MAGNET 1, FiBRE 3, INST, 2.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 13 16 REMARKS,
e 5 | & g | & & |ee |8y | %
2 g |8 g | 2 § ¢ |85 |88 | £3
g 8 é o |low |58 &7 |7, oco1C. G. s.
g s |4 g g |g |2 g |52 + | Units.
B EEE-T 8 H .-E ég 'gg g8 . §§ Scale coefficient of
s EE 1= 5 55 |589] e > | No.1 lnst.=4-832Y.
Date. Time| ¢ | g 2 5] ¢ |2, s a 05’2 25s &':’:"T o% |Scale coefficient of
0 - I I ss | 2 ..5 a o o2 o2 +| 531 | 8% | No.2 Instrument
f 53| 8 |§ (82| % (82| 8| s |E |EE|8en(E5S| B | mon.
g E§ £ |§¢ gg 2 E“.; e | 2 |& §'§ ﬁ's*: qoL + | Temperature  co-
€ S| E |=48 ggg Elg5| 5|2 |58 |52 e B3 £38 | E& | efficient for No.2
= | = S |a®|a ~ [2°*1 8| & |[&8"|8”% A 7% | &% | instrument taken
-123Y°
Sc. | Se. Sc. | Se.
hm. | Ceat. | Cent.| giory \yivng | ¥ | Cent: Cent.| y |gives|divos| Y Y Y Y
28th Jan. 190z | 7-45 |21:38 | ow00| 750| oo | o0 [1560 oo| 6201 00| 00| o0 Fires started at 7-50
» .| 80 |2142 | + o4 743 |—07 | —34 |1562 +03 | 626 | +06 | +2:3 | +2:5 | e=59
" . 15 | 2167 730| 30| 96| 61 o1 | 620 | +0-9 | #3:3 | +34 130
» .| 30|2383| 2.45| 680 | 70| 337 |1560 oo | 636 |+16|+59 | 50| 396 |—163
" .| 45]2684 | 5.46| 600 | 150 | 72:3| 61 o3 | 63-9 | 419 | +70 | +71 794 | 148
» .| 9o |2918 | 780 555 | 19-5 | 940 [1562 o3| G4t |#21 | +78 | +81 | 1028 | 131
» .| 1512992 | 8.54| 539 | 311 |1017 o8| 643|423 |+85|+93| 11100| 130
” .| 30|3109| o¢71| 513 | 237 |114:2 |15:70 13| 643 | +22 | +81 | +04 | 1236| 137
” . 45 | 3167 | 10:39| 490 0 {1253 | 71 14| 635|+35|+56 | +70 132:3 129
» .|100 |32:24 | 1086| 46-9 | 28-1 |135'¢4 | 1573 35| 626 | +06 | +22 | +37| 3391 | 128
» .| 15|3360 | 11:22] 448 | 302 [1450 | 73 17| 608 |—1:3 | —44 |—27 | 142.9| 127 [YNo fuel added
” . 30 | 3320 | 11.82] 438 | 332 (1553 |1574 18| 599 | =21 | =78 |—60| 1492 126 after 10-15.
» .| 4513375 | 12:37| 431 | 33-9 [2634 | 75 59 | 500 | =30 | —~114|—g2 | 1543 | 125 || Deflections taken.
" 1o 3360 | 12.22] 418 | 333 |1 1576 20| 589 | =31 | =515l =95 | 1505 | 12-3
» . 15 | 3316 | 11-78| 438 | 31.2 |1504 2.2 | 591 | =39 | —10:7| =85 14119 | 130
" .| 303258 | 1520 453 1436 | 1578 23| 593 | =28 =104 | =81 1355 | 129 Mean 12:17Y.
» .| 45|3193 | 1054 475 | 37°5 1326 | =7 2.4 | 595 | =25 | —9:3l—69 | 1357 | 11-9 || Opened both doors
” .|120 9-24| 512 | 238 |1147 [15:80 25| 600 |—2-0 | =74/ —49 | 1098 | 119 wide,
" .| 1512938 | 8-00| 550 | 200 | 96-4 | 81 27 | 601 | =19 | —70] —43 9z1 | 11§
” .| 30|378 | 6-50| 588 | 162 | 781 | 1583 29| 601 | =19 | —70l—41 [* 740 | 1104
" .| 45|2658 | $-20| 630 | 1300 | 627 33 | 600 | =20 | =74l —4-1 586 | 113
”»
”
»”
»
%
”»
»
”
»
”»
”»
”»
Ed
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Reduction of temperature coeficient of H. F. Magnetograph (Watson's).
Magnet 2 ana Fibre 12.

27

Third experiment with

MAGNET 2. FiBRR 12, INsT, 1. l MAGNET 1. FiBRE2. INST. 2.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 ReEMARKS.
© N -
: i4 : |8 g |2 gk B
S a = 2 | 8Ea| 8F - . G.
H 5 |%¢ £ |8 g |Egigc |E83| €% | L OOS
g £ - E |° g _g 33 | Sel = | Sc. Coefit. of No. 1
< 5 e - 2 | Eg|E™ |oeR : Inst.=6-50 Y.
Date. Time| ¢ 'ge M £ g .Sf 3 a g 3;“ ??‘: g-‘: Sc. Coefit. of No. 3
3 - [} [ 3 - 13 ° .o ['R~3 .* SO ., am7e .
fE3 s |8 |83 A 1ERERE gz i1 -8'5': ED | Tomp, Cot. ot~
E» gg '_5_ 25 52 a 55 §§ 2 td &3 S8 E:g §'+ No. z Inst. taken
o =] =] b~ - 3 -] .
. & |55 5 |59 |58 & |55(82| 8 (5% 58 5as ged| o& =17y
Sc. | Sec. Sc. | Sc.
h.m. | Cent. | Cent. Divn. |Divn.| ¥ Cent.| Cent.| v. Divn. | Diva.| 7 Y. Yo Y-
sist Jan. 1go2 | 7-52 | 1964| o000| 62.0| 00| 00| 1642| o00o| 00| 598| 00| 00| o0 0-0
” .| 80 | 1981 |+017]| 617 [— 03 | —2.0| 16:40{—0.03| —0-3| 600 | +02|+ 07|+ 04| = 2.4 | =141 | Fire started 7.5,
» . 15 | 2086| 122 sgo0| 30| 195| +40|—0.0z| —0-3| 600 | +02|+ 07|+ o4 199 16-3 | Deflections taken.
” .| 30| 2500| 536| 513 | 107 | 69-6| 16:40 |—0.02| —0-3| 690 | +02(+ 07|+ 04 700 13-1 | Both doors slightly
” .| 45| 2850| 886| 448 | 172 | 111.8| 40|—0.02| —0-3| 600 | +02|+ 07|+ og]| 1123 12:7 | opened.
”» .| 90 | 3064 1100 402 | 218 | 141.7| 1640 |~002| —0-3| 397 | —01 [— 04|~ 07| 1410 12.8 | Both doors opened
» .| 15| 3163| 3199| 381 | 239 | 155.4] °40|—o0.02| —0-3| 598 oo| oo|—- o3| 1551 130 | wide.
» .| 30| 32:63| 1304| 360 | 260 | 169-0| 1640 |—0.02| —0-3| 590 | —0-8|— 30|— 33| 1657 12.7 | Fire removed.
» «| 45| 33-40] 1376 347 | 373 | 177:5| 41|—o0-01| —01| 590 | —08|— 3.0|— 31| 1744 12:7
» .|100 | 33:40| 14:76| 326 | 20-4 | 191.1| 16:43 |+ 001 | +0-1| 587 | —11|— 41|~ 40| 187 127
» «| 15| 3475{1511) 31.8] 302 | 196-3| ‘44 |+o0.02| +03| 530 | —1.8|— 67|~ 64| 1899 126
. . 30 | 3380| 1516| 311 | 309 { 2009 1648 |+0.03| +04| 572 | —36|— -~ ga| 1917 126
» . 45 | 35-70| 16:06| 29-2 | 328 | 213:2 *47 |+ 0-05| +06 569 | ~39|—107|—10-1| 2031 126
» «|11-0 | 3540( 14-76]| 20.8 | 32:2 | 200-3| 1648 |+0.06| +0-8| 56-0 | —38|—141{~133| 1960 12:4
» «| 19| 3470]| 1500 311 [ 309 | 2009 ‘49|¢o0-07| +09| 553 | —45|—16:7|—158| 1851 123
”» . 30 | 34:70| 15-06| 310 | 310 | 201.5| 1650 |4+ 0.08| +10| 552 | —46|—170|~16-0| 1855 133
» «| 45| 3442|1478 315 | 305 | 1983 °853|+o0-10| +1:3| 550 ( —48|—17.8(=165| 1818 12:3
» + |12-00 | 33-80| 14-16( 380 | 39-0 | 183.5]| 16:54 |+ 0-12| +1:5| 554 | —4-4|—16:3 [~148( 1737 12:3
» . 15 | 32:28| 12:64| 36-0 | 26-0 | 169-0 57 |+015| +1.9| 550 | —48|—178(—15-9| 1531 121
» . 30 | 30-88| 11:24| 387 | 233 | 151.5| 164€0|4+0.18| +2.3| 541 | —§7 [—21.1|—188]| 1327 11.8
”» . 45 | 29-72| 1008 410 | 210 [ 1365 <61 |+0.19| +2:4| 546 | —52(—192(~16.8| 1197 119
» .[130 | 2826| 862( 447 | 173 | 112.5| 1662 |4 0-30( +3.5| 553 | —4:5(—16.7|~142| 83 114
» o 15| 3708( 7-44| 471 | 149 | 969 63|+021| +2.7]| 560 | —3-8|—141|~114| 855 115 .
v 30 | 26-12| 648 48.5 | 135 | 878| 1664 |+0-22| +28| 553 | —46|—17.0|~142 736 1.4
» . 45 | 25°46] 582 498 | 123 | 70.3 67 |+025| #3:2| 551 | —47|—17-4|~142 651 113 b
" .|140 | 25147 5'50| Sog | 111 | 722} 1670|4028 +36| 554 | —4:4(—16:3|—127| so5]| 108
» . 15 | 24-72| 508] 817 | 103 | 670 -78|+0-31| +3-9( 555 | —4:3|—15-9|—120 55-0 10-R
» . 30 | 2442 478) S1.9 | 101 | 65.7| 3676 |+0-34| +4:3( 551 | ~47|—17:4 (=131 526 11.0
' . 45 [ 2418 454| 524 | 96| 62.4| -79|+037| +47| 558 | —47|—17:4|=12:7 497 109
”» .[150 | 2306 433| 529 | 91 | 592| 1682 (+040| +51| 552 | —46|—170|—11:9 473 10-9 | At 14°56 the curve of
” . 15 | 23-80| 4°16| 531 89| 579 84|+042| +53| 551 | —47|—174|—121 458 11:0| No. 2 has been
” .| 30] 2374 410| 534 86| s59| 85|ro44| +56| 551 | —47|—17:4|—118 441 108 | displaced sharply
» «| 45(3360| 396| 53.0| 81| 52.7| 88|+046| +58| 553 | —4:5|—16:7|—109] 418 106 | by 1’0 Sc. divas.
» .[16-0 | 2348| 3-84| Sq1 79 | 51:4[16°90 | Po-48( +6-1| 558 | —40|—14:8 (= 87 427 11:1 | All measures after
1§ bave been
cleared from this
irregularity which
is evidently acci-
dental, asthereis
no sign of it in
the curve of No. 1
lost,
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C 6a.

. Table showing results of Temperature Experiment No. 3 with Magnet 2 and Fibye 12
corrected for slip.

3 2 3 4 [1 6 7
hActual_ ch'l'rue . T
change in angein empera-
Increment ordiﬁate . ordiigmte ture 3oeﬁ-
Date. Time, |[Intempera~| ‘4,04 Correction | 3.0t | cient for 1° REMARKS.
“‘;::r{'“ changein | forsliP | changein | Cent =6
. tempera- tempera- +3
ture. ture.
Civil. L.M.T. (] y Y Yy Yy
jist Jan. 1902 . 7'52 0o 0’0 0o 00 . Columns 1, 2, 3 and 4 are copied from
» .| 8o +0'17 —z4 | =03 | =27 | —1gg | folumashz4andis of the tempera-
» . 15 122 19°9 06 20'5 16'8 | The total slip measured from 7°so0 to 16'
» . 30 g‘sﬁ 70'0 09 70'9 132 | is 1oy and this has been distributed
» . 45 "86 11272 I’z 1134 12'8 uninformly throughout.
”» . 90 11°00 141°0 1’5 142°'S 130
» . 15 11°99 155°t 18 156°9 131
» . 30 13°04 165'7 2'1 167°8 12'9
» . 45 1376 1744 2'4 176'8 12°9
» . 10'0 14'76 1871 2'7 1898 129
” . 15 15°11 189'9 30 192'0 128
» . 30 1516 191°7 33 195° 129
» . 45 16'06 203'1 3'7 206°7 12'9
» . Ir'o 15'76 196°0 40 200°0 127
» . 19 1506 1851 43 189'4 126
» . 30 1500 185°s 46 190°1 126
» . 45 1478 181°8 49 1867 12°7 Mean 12:60Y-
» . 12'0 14'16 1737 52 1789 12'6
» . 15 12'64 153'1 s‘g 158'6 12’5
» . 30 11'24 132'7 5 138'5 123
” . 45 10°08 119'7 61 1258 12.5
»» . 13'0 862 983 64 (047 12°1
» . 15 7°44 85’5 67 92'2 12°4
» . 30 648 736 7°0 806 12'4
o . 45 5'82 65'1 73 774 12’5
» . 14'0 550 59'5 76 67'1 122 .
» . 15 508 550 7°9 62'9 12°4
» . 30 478 526 82 608 12'7
» . 45 4'54 49'7 85 582 12°8
» . 150 432 473 88 56'1 130
» . 15 416 458 91 54'9 13°2
» . 30 4’10 4°'1 94 535 13’0
» . 45 3'96 418 9'7 * 515 130
” . 16°0 384 42'7 10°0 52'7 137
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Reduction of temperature coefficient of Horisontal Force Magnetograph (W atson's).
First Experiment with Magnet 3 and Fibre 3.

MaGner 3. FiBre 3. INST. 1. MAGNET 1. FiBRE 2. INST. 3.
s 2 3 4 5 6 7 8 9 to [ a1 [ 12 | 13 | 14 15 16 REMARKS.
e 5 | & e 8 s |& ¢ |84 | ¥2 |y =-00001CG.S.
2 -l 8 g B ] ] § 3 gi -83 YUnits.
o |
g P g g [ ‘3 < |sg | 2B B+ |scale coefficient of
-] -4 .l E, c8 v
§ ;g _sg E g .8 58 SE | ot o= No.sl Instrument
o 3| 8= . - .81
Date. Time. a s 58| & : < i 2.583 E‘"‘E g = =y
=g e |Eg| B |Es| 8 8 ee "5+ 567 g‘. Scale coefficient of
49| ¢ | 8 ge <5 § 8 8 g,g 855 _2-5,L 89 No. 2 Instrument
0 8 . s e P - a 8 -1 96D - =37ty .
85| 3 |Sg|8E| % |6x| 8|2 (85| B3 ERese| 2r |
§ |5 -k § = B |& ) !E§ e85 =gy| 25 5 | Temperature co-
= .E'5 g a*|a8”| & .l‘.'a S|& [a%|a% @ 3‘3 ‘.E,‘- efﬁgient of No. z
instrument taken=
Sc. | Se. s.C.|S.C. —137y,
h. m. Cent. Cent. Divn. diva. 'y Cent. |Cent. Y divn. diva. Y Y b4 Y
6th Feby. 1902 | 74 |32105 | 0.w00| 750 | o0o| 00 [1475| 000| 00| 643| 00| oo oo 00| .. |[Fireslighted."
80 (3129 |+024| 743 | =07 | =34 | 14:74 |—0-01 [ —O-1 | 644 | +01 [ +0:4 | +03 | —37| —I154
» . 15 (3280 | 175| 00| 50| 24t | 73 [—002|—03 | 651 | +08 | +3.0 | +27 26.8 15:3
» «| 30|2660 ) s.55| 595 155 | 746 | 1472 |[—0-03|—04 | 650 | +07 | +326 | +2:2 76-8 13-8
” . 45 |39°50 | 8.45| 533 | 227 [109:2 73 |—002|—03 | 647 | +04 | 415 | +1:2 110-4 131
» «| g0 |3063 | 0-58| 490 | 26-0 [1251 [14.74 |—0-01| =01 [ 643 | 00| o0 |—01| 1250 130
» o| 115|310 | 10.75| 459 | 29:1 {1400 | 35| 000 00| 641 |=02|—07 =07 ]| 1303 130
» +| 303350 | 12.45| 42-8 | 329 [158:2 | 1476 |4-0-01 | +0O-1 | 639 | ~0-4 | —1.5 [ —1:4 [ 1568 12:6
» «| 453380 | 1275 308 | 352 ({1693 | 76 [+001| +0X | 630 [ =83 | =48 | —47 | 1646 129
» +| 10-0 |34'10 | 13:05| 389 | 361 (1736 |14:76 [+001 | + 01 | 62:9 | —1:4 | =52 | =51 | 1685 12:9 ) Last fuel added.
» . 15 | 3425 | 13-20| 380 | 370 |178-0 76 |+0-01| +01 | 62:4 { —19 [ —7-0 | —~6-9 1711 13-0 Deflection
» . 30 |34:56 | 13:51| 37-5 | 37-5 [ 1804 [ 1476 |+ o001 | +0:1 | 628 | =15 | —5:6 | =55 1749 12:9 taken.
”» o| 453518 | 1413| 358 | 39-2 1886 | <37 [+002| +0:3 | 627 | =16 | —5.9 |—56 | 1830 13-0
» o |11.0 3540 | 14:35| 351 | 39-0 | 1919 | 1478 |+0-03 | +04 | 628 | —1-5 | —56 [—52 | 1867 130
” . 15 |34:78 | 13:73| 37-1 | 379 | 1833 | .78 |+003| +0¢ | 628 | —1.5 | —56 | —53 1771 12-9 'Mup 12.90 y .
» o| 303384 ) 1279| 398 | 353 [160-3 [14-78 |+0-03| +04 | 628 | =15 [ —56 | =53 | 1641 128 | | Both ,2doors half
. opened.
» o| 453286 | 1181 | 425 | 335 |156-3 | <79 [+004| +05| 628 | —1:5|—56 | —51 | 1512 12.8 Botg:doas opened
J wde.
» o|12.0 [31:76 |10:71 | 46-3 | 288 |138:5 | 8o |+005|+06 | 638 | =05 | =19 | ~13 1372 128
» | 15 Olzflt- we | 506 | 344 [117-4 [1483 |+007| 409 | 641 |—02 | =07 |+03| 1172.6| ... |Firesremoved.
ted. ° ‘
» .| 30 |2890| 785 | 534 | 216 |103.9| 87 [+o12|+15| 638 (—05|—19|—04 | 1135 145 .
» «| 45|2660 | 555 | 574 | 176 | 847 1402 [+017| +22 | 63.9 [—04 |—15 | +07| 854 | 154
”» «|130 |2645 | 540 | 60-0 | 150 | 72:3 (1494 |[+0-10| +3:4 | 638 | —0:5 [ —1.9 | 405 727 135
» . 15 |25:70 | 405 | 62:3 | 127 | 611 97 |+022| +28 | 63.7 | —06 | ~2.2 | +06 617 13:3
» «| 303510 | 405 633 11-5 | 553 | 1500 |+035| +3-2 | 63:3 | =10 | =37 | —O§ 548 135
» «| 45|2450| 345 | 648 | 102 | 491 [ .04 |+039| #3:7 | 631 (=12 | —45 |—0B| 483 14-0
”» o|140 |2435| 3230 | 660 | 90| 433 08 [+033| +42 | 636 | —07 | —26 | +16 449 140
” . 15 {2385 | 280 | 669 | 81| 390 |1512 [+0-37| +47 | 634 | —09 |—3-3 | +14 40:4 144
» . 30 |23.55 | 250 | 675 75| 361 16 |+041| +52 | 634 | =09 | =33 |+19 380 152
» . 45 |2335| 2:30 | 681 | 69| 332 | <30 [+045|+57 | 634 | =09 |—33 | +s4 356 155
» +|15-0 |23.20| 215 | 684 | 66| 317 | -24 |+049|+62| 633 | =10 [—3.7 | #3:5 342 159
” . 15 |23-10 | 205 | 690 | 60| 289 |1528 |+0-53] +6.7 | 636 | —07 | =26 | + 42 33-0 161
» . 30 12295 | 190 | 69-5| 55| 265| .32 |+#057|+723| 637 |—06 [—322 | +50 315 16:6
» . 45 (3290 | 185 | 697 | 53| 255 (1536 |+061]| 477 | 637 | —06 |—22 | +55§ 310 16-8
» o|1600 3275 | 170 | 704 | 46| 221 |1540 |+065] +8:3 | 643 | =01 | =04 | +7°9 300 176
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Reduction of temperature coeficient of Horizontal Force Magnetograph (Watson's).
First experiment with Magnet 3 and Fibre 4.

MAGNET 3. FIBRE ¢. INST, 1, | MAGNET 1. FiBRE 2, INST. 2.
1 2 3 4 L] 6 7 8 9 10 1 12 13 14 15 16 REMARK.S
. P - [ ] © o -2
£ g |8 E |5 $ |8 [BE|2% | i3
¢ ¢ |& a o ¢ |8 |8 |BE gt | y=w00001C.G.S.
& § g a 2 ‘g‘ 2. |98 | o< g? Units,
g 8 ig 5 g 3 |88 -ggﬁ .£~§ . ~< | Scale value of No. 1
Date Time.| & e : :";3 g |& :-;. 2 2«9 n“'.‘?. 'g’.'g? 8-:‘ instrument=5-03y.
= i i B -2 -] -0 L2 e o
5 ‘.g ;|8 g § ...E g 8 o8 8'2% _g-ﬁl 3%: Scale value of No. 2
AR IR ] s
g E.:..‘ B |8d EE & g% E S é’ﬁ ﬁ% ‘:-?-I "Gg"‘ 835 Temoerature  co-
[~ 8 « g A*la > = 8 (3} g e a > % e <"‘" = gfﬁcieut for No. 2z
a instrument taken
Sc. | Se. Sc. | Se. = —127y.
h, m. Cellt. Cent. divas. divos. Y Cent. Cent, Y divns.| divns. Y Y Y Y
1oth Feb. 1902.| 7-32 |1990 | 0w00| 650 | 00| o0 |[1470| o000| 00| 631 oo| oo| oo 00 Fires lighted 7.32.
” . 47 | 20:35 |+045| 639 | =11 | =55 70| 000| 00| 630 | =01 |=04 | =0y =81 | =113
» +| 83|32220| 2:30| 578 | 7.2 | 361 |1470| o0w00| 00| 636 |+05(+1:9+19 380 16§
” . 17 |2680 | 6'90| 450 | 200 |100-4 70| ooo| 00| 643 | +1:2 | +45|+45 1049 152
0 . 32 (2920 | 930| 399 | 251 |1260 (1470 | 000| 00 | 644 | +1:3 [ 448 [ +48 1308 T4l
” o 47 {3140 | 11:50| 359 | 29.1 | 1461 70| 000| 00| 644 | +1:3|+48|+48 1509 13
. | 92 |3220 | 12:30| 339 | 331 |156°1 [14:70 | 0-00| 00| 64:3 | +3:% | +41 | +41 1602 13-0
» . 17 | 3360 | 13.70| 30-0 | 35.0 |1757 70| oo00| o0 | 640 | +0:9 | +3:3 | +3-3 179-0 131
» . 32 | 3460 | 14:70| 274 | 376 [1888 (1470 | 000| 00| 634 | +03 | +1X [ +1X 1899 1249
» . 47 | 3520 | 1530 26-3 | 387 | 194'3 69 |=~0-01| =01 | 631 00| 00 |=01 1043 127
" «| 1072 | 3580 | 15.90| 250 | 400 |2008 |1468 [—0-02| ~03 | 630 | =01 | ~0-4 | —0-7 200-1 126
" . 16 [35-44 | 15:54| 268 | 383 |1918 | 68 |—0-02|—0-3 | 631 00| 00 |=—0g 191-§ 12:3
”» . 30 | 3470 | 14-80| 289 | 36.1 1812 | 68 |—0.02|—03 | 630 | —01 | —0-4 [ —0O-7 180-§ 12-2 | Last fuel added.
”» . 44 |34:50 | 1460 290 | 360 |1807 | 68 |~0.02| —03 | 62:4 | =07 |—~26 | —29 | 1778 12:2 | Deflections taken.
. o| 11-0 | 35:38 | 15:48| 260 | 39-0 | 1958 | 1468 |—0-02| —0-3 | 62:0 | =1 | =41 | —4-4 1914 12+4
” . 15 | 3570 | 15:80| 253 | 39:7 {1993 69 |—o0-01|—0-1 | 61:7 | =14 | —5.2 | —53 1040 123
» . 30 | 3524 | 1534| 273 | 377 |1893| 70| o0w00| o0 | 61:9 | =12 | =45 | —45 1848 120
” o| 45 |3442 | 1452 300 | 350 |175:7 | <71 [+o001| 401 | 618 | ~1:3 |—48 | —47 | 1710 118 Bolt_hhd|oors opened
slightly.
» o| 12.0 |[33:50 | 1360| 328 | 322 |161.6 |1472 |+002| +0-3 | 636 | —1:5 | ~56 | —53| 1563 11 Bm‘d doors opened
wiae.
» . 15 | 3170 | 11.80| 378 | 272 (1365 | <75 |+0-05( +06 | 619 | =13 | =48 [ =39 1326 11:3 | Figes removed.
» . 30 |30-25 | 10-35| 420 | 23.0 | 115§ 78 |+008){ +1.0| 62'1 | —10 | =37 | —27| 1128 109
» . 45 (2870 | 880| 462 | 188 | 944 | 82 |+012| +1.§| 620 [ =11 | =41 | =36 91-8 104
» ®.| 3130|2750 | 760| 496 | 154 | 77-3 [14.86 [+0-16| 420 | 61.5 | —16 | =59 | =39 734 97
»® . 15 | 26-40 | 6-50| 519 | 131 | 658 [ .92 |+0-22| +28 | 610 [ —2.x [ —78 | —5-0 608 94
»” . 30 |3570 | 580| 536 | 11.4 | 573 |14-08 |+0:28| 4+36 | 606 | —2:5 | —93 | —57 (181 89
”» . 45 | 2520 | 530| S54:S | 105 | 52:7 | 1500 |+0-30| 4+38 | 601 | =30 [—1keX| =73 454 8.6
» o| 140 {2480 | 4-90| 553 | o8 | 493 | -02 [+0:32| +41 | 599 [ —3:3 |—11.9| —78 414 8.5
" «| 15|2450| 460| 556 | 94| 473 | 0§ |+035|+44 | 502 | —3-9 |[—145|—101| 371 8.1
” . 30 (2425 | 4:35| 562 88| 443 |1508 |+0:38| +48 | 500 | =41 |—15:2.—104 338 7:8
» «| 45|2410 430 S63 | 87| 437 | -12 |+042| +53 | 58:3 | —48 |—17-8 —12:5| 312 74
” .| 1570|2390 | 4-00| 568 832 | 412 |1517 |+047| +60 | 58:3 | =48 |—17.8 —11:8 204 7.4
”» . 15 |23:70 | 3-80| 57-2 78 | 392 21 |+0-51| +6.8 | §81 [ ~50 [—186 ~12:1 271 71
» «| 30|2360| 370 577 | 73| 366 35|+055(+70 | 583 | —48 |—178 —108| 358 70
» «| 45|2350| 38Bof 580 | 70| 351 29 |+0§9| +7-5 | 580 | =51 (—189 —11-4| 237 66
» .| 16-0 |2335 | 345| 583 | 69| 346 1533 |4+063| +80 | §81 | —~50 |—186|—106 24-0 §+0
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C 8.
Table showing results of Temperature Experiment No. 1 with Magnet 3 and Fibre 4 corrvected for slip.
1 ] 3 4 s 6 7
chActual h;l‘rue. T
Increment | CRpEL Y | | ‘ordisate | tuge coetb-
Dat Tige, |10 tem.pf:r: due to (—?ﬂeﬁ?m due to cient for REMARKS.
"'"’. art * | chaogein or 8llp- | changein |1° Cent.= 6|
temperas tempera- +3.
ture. ture.
Qvil. L.M.T. Cent. ¥ v v vy
. . . Columas 1,2,3 and 4 are copied from
1oth Feb ,!902 73 oo oo oo columans 1, z,i and ls‘of the Te’r)npetnure
Experiment.
v . . 47 4045 —51 —0'5 —56 —12'4 |Thetotal slip measured from 7-30 to 160 is
’ . . 82 2°30 380 11 39'1 170 1977 and this has been distributed uni-
» . . 17 690 104°9 17 106°'6 15'4 formly throughout.
» . e 32 930 1308 23 1331 14'3
» . . 47 11°50 150'9 2°9 1538 13'4
. . . 92 12°30 1602 35 1637 13'3
»” . . 17 13'70 179°0 4'1 1831 13'4
" A 32 1470 | 1899 47 1946 132
» . . 47 15°30 1942 52 199°4 130
» . . 103 1590 200°'1 -8 205'9 12°9
» . . 16 15° 191'5 '3 197°8 127 |
» . . 30 1480 1805 69 187°4 12'7
» . . 44 14°60 1778 7'4 185'2 12°7
”» . . 11°'0 1548 191°¢ 80 199'4 129
» . . 15 1580 1940 8s 202°§ 128
» . . 30 1534 1848 9'1 103'9 12°6 | & Mean12'¢97-
» . . 45 14°'52 171°0 9'6 180°6 12°4
» . . 12'0 13'60 156'2 102 1665 12'2
9 . . 15 11'80 132 107 1433 12°'1
» . . 30 1035 112°8 113 1241 170 |J
» . . 45 880 91'8 18 103°6 13 &)
» . . 13’0 7'60 73'4 12°4 858 11’3 .
» . ol .15 6's50 60'8 12°9 737 11°4 .
» . . 30 5 51°S 135 650 n3
» . . 45 5§30 454 14’0 59'4 1’2
”» . - 14’0 4'90 41°4 146 560 114
» . . 15 4'60 37'1 151 522 113
” . - 30 435 338 157 49'5 4
» . . 45 4'20 312 16'2 47'4 113
» . o 15'0 400 20°4 168 46°2 11°6
» o e 15 380 27°1 17°3 444 1y
» . . 30 3’70 as5'8 17°9 437 18
» . . 45 360 237 184 42°'1 117
» . . 160 3'45 240 19'0 430 12'5
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Reduction of temperature coeficient of Horisontal Force Magnetograph (Watson's).
Second experiment with Magnet 3 and Fibre 4.

MAGNET 3. FIBRR 4. INST. 1. MAGNET 1. FIBRE 2.  INST, 2.
1 2 |3 4 5 6 7 8 9 10 n 12 13 14 15 16 REmaRks.
N 5 |2 e s 5 |e |re |88 | %,
F 3 : g E F § 8‘3 'g§ 53 Y C.G
8 S K] . ] + =.00001 C, G, S.
g - &% g |2 058 |82 | %5 |lune
& 5 |58 8 g 5 |8 ] 55|88 Z | Scale value of No. 1
Date. Time s | : o8 s | e - 2 .Ef §._§, E“:E 2: instrament =5.02y.
g ‘;E e §§ % ‘ég "E . 5 §§ -5.2; %%L 3 | Scale value of No. z
PH - Yo .
A HER AL IR EHE IR L E R H et
E 82| % (S5 (28| & [BS| B | % |23 |58 8y 28| fa |Tompenre oo
- |E%| 6 |8" |87 |~ |E*| 3| O [B"|R7a""|< [~ iel:ﬁﬂente:tf No. 2
strutn en
“c. | Sc. Se. | Se. =127y
b. m. | Cent.| Cent.| giyns| divas.| ¥ |Ce0t:|Cent.| ¥ |divas|divas| ¥ | ¥ | 7 Y

12th Feb. 1602 | 7-28 | 2005 | o0w0| 707 00| o00[1537| o000l o0| 635 o0 oo| oo Fires lighted at 7-30.

00
41| =106 | —=163

» . 45 |20.70 |+065| 694 |~ 13|— 65| <37 | o0 00| 646 [ +1:1 |+ 41|+

» .| 8902450 445| 570 | 13.7| 68.8/15:38 |+001|4 01| 653 | +17 [+ 6:3(+ G4 753 | 169

. . 15 |28.40 | 835| 47°5 | 232| 1165 <34 [—0.03|— 04| 657 | +2:2 [+ 82+ 78| 1243 149

” .| 30|3070 | 1065 437 | 37.0| 135-5(15:30 |—007|— 09| 655 [+2-0 [+ 7.4+ 65| 1420 133

" . 45 |32-20 | 12.15| 397 | 310| 1556 <30 |—0-07|= 09| 650 [ +1:5 [+ 56|+ 47| 1003 132

» .| 903360 | 13.55| 353 | 354 1777|1530 [—0-07 |— o0.g| 649 | +14 |+ 5:3(+ 43| 1820 134

» o 15 (3500 | 14.95| 329 | 378 189'8| 33 |—004(— o0.5( 64'5 | +1°0 |+ 37|+ 32| 1930 | U9

" . 30 | 3510 | 1503| 331 | 376| 188:8(15:36 |—00k [~ 0.1 | 64°3 | +08 [+ 30|+ 29| 1917 12:7

” . 45 |35:20 | 1515| 32:4 | 383 1623 35 |—0-02|]— 03| 642 | +07 (+ 26+ 2:3] 1946 12.8

" .| 10-0 [3%:30 | 15.35| 319 | 38.8| 194:8|15:35 {—0-02|— 0.3| 636 [ +01 [+ 04|+ O1 194:9 128

" .| 15|3540 | 1535( 318 | 389|195:3| 36 [—0ot|— oy 637 | +03 |+ 07|+ 06| 1959 128

" R 30 |36-00 | 15.95| 301 | 406| 2038| 37 | ©00| o0 638 |+03 [+ 11|+ 11| 3049 128

" . 45 | 3660 | 16.55| 38'4 | 42-3| 212:3|15:38 [+001|+ 01| 633 [ =03 [— I1|— Lo 311:3] 128 .

” o] 110 {3685 | 16:80| 28.8 | 41.9| 210:3| <39 [+0-02|+ o3| 640 | +0:5 |+ 19|+ 2.2 J2§ 12:6 | Deflection taken.

" . 17 [ 3616 | 1613 | 310 | 30-7| 199:3| 40 |+003|+ 0-4| 640 [ +05 [+ 1.9(+ 2.3] 3016 125 | Last fuel added.

” . 30 3560 | 15.55| 324 | 38:3| 102:3(1542 [+005|+ 06| 640 [ +05 |+ 1.9(+ 25| 1948 12§

” . 45 3578 | 1573 321 | 386]| 1938 <45 |[+008(4+ 1.0| 643 [ +08 |+ 30|+ 40 1978 12:6

" .| 12-0 {3550 | 15:45| 33-9 | 368 1847 1548 |+011 |4 1.4 651 [ +16 |+ 59|+ 7:3| 1920 12:4 Bolt.hh;]loors opened

. . . : slightly.

:, . 15 | 34:40 | 14:35| 376 | 331|1662| <50 [+013|4 37| 651 | +16 [+ 59|+ 7.6 1738 131 Bogd doors opened
. | wide.

. o1 303270 | 1265| 421 | 286{ 1436] 52 [+0a5(+ 1.9 651 | +16 |+ 59|+ 78 1514 | 120 | Fires removed.

» ® 45 | 3160 | 11-55| 451 | 256| 128:5| <55 |+018|+ 2.3| 640 | +O5 {+ 1.9(+ 42| 1327 11.5

” .| 1302980 | 975! 493 | 21°5| 107.9|15:58 [+0:21 |+ 2.7( 631 | —04 (= 1.5(+ 1.2 1097 Ji3

" . 15 |28.40 | 8:35| 527 | 180| 04| 62 |+025|+ 32| 633 | —03 [— 07|+ 2.5 929 1.1

" . 30 |27:50 | 7-45| 547 | 160| 8033|1567 |+0-30|4 3.8 630 | —05 [— 19|+ 1.9 822 10

» . 45 |26:70 | 665| 560 | 14:7| 738| 71 |+034|+ 43| 631 [—14 |— 52| 09 729 110

» .| 140 {2625 | 6.30| 570 | 13.7| 688| <75 [+038|+ 48| 619 | =16 |— 59— 1 67-7 109

» .| 15|25:30| sas| 57-5 | 133| 66:3(1580 |#043(+ S.5( 610 |—25 [~ ¢3|— 3.8 62§ 11-9

” .| 30|2530| sa5| 576 | 131 6581584 [+047|+ 60| 600 [ =35 |—13:3|— 7-0 588 11:2

" .| 452526 | s.21| $83 | 12.4| 62-2| 88 [+0-51|+ 6.5( 600 [ =35 |—13:3|— 65 557 107

” .| 1570 |28.05 | 500| 590 | 11.7| 587|153 [+056|+ 7.1| 60t | —3+4 [—12:2|— 55| 532 106

» .| 15|2495| 490| 50-4 | 81:3| 567 .98 |+061|+ 77| 599 [ —30 [—13:3(— 5.7 SI-O 10-4

» *| 30|2470| 465| 597 | 10| 55:2(16:03 [+066 |+ 84| 593 | —4:2 [—~156(— 72| 48 10:3

» . 45 |2450 | 4-45| 593 | 14| S7:2| .10 |+073|+ 9-3| 584 | =51 |—189|— 06 476 107

" .| 16-0 | Omittled 1617 (+080|+102| 58:0 | —5'5 [—30.4 |—10-2

24-40 | 4:35| S90 | 17| 587

2
.
-
wn
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Table showing vesults of Temperature Experiment No. 2 with Magnet 3 and Fibre 4 corrected for slip,
1 2 3 4 H 6 7
Actual T ha
Increment | change in s fuecnange Tempera.
in tempera- ordifat.g Correction mgrdutnta ture c':;ﬁ-
Date. Time. ture after due to for tempera-| ch ‘une eoiu cient for 1° REMARKS,
start, change in ture. temge o | Cent.m6
t"‘::g:f" ture. *+3
Civil. L. M.T. [ Cent. v Yy v v
12th Feb. 1902 . 728 0'00 0’0 © 00 oo Columns 1,3,3 and 4 are copied from
columns 1, 2, 4 and 5 of the Temperature
. Experiment.
" . 45 +065 | —106 —0'3 —10'9 —-—168
”» . 80 445 752 06 758 17°0
» . 15 835 124'3 1o 1253 150
”» * 30 1065 1420 r'3 143'3 13§ The total slip measured from 7°20 to 15°45
is 11 /, and this hasbeen distributed uni-
. . 45 1215 1603 1'6 16179 133 formly throughout.
» . 90 13'55 1820 2'0 184'0 136
»” . 15 14°95 193’0 24 195°4 13’1
» . 30 1505 1917 |, 2’7 194'4 12°9
» . 45 15'15 194'6 30 1976 130
» . 10’0 15°25 104'9 34 1983 130
» . 15 1§5°35 195°9 37 199°6 130
» . 3o 1595 204°9 40 2089 131
» . 45 16°55 211’3 44 21577 13'0
» . 11°0 16'80 212 4'7 217°2 129 |
” . 17 16°11 201" 50 2066 128
” . 30 15'55 1948 54 200'2 129
” . 45 1573 197'8 57 203’5 129 | I :
» . 120 15'45 192°0 6'0 1950 128 | } Mean 12'49.y
» . 15 14°35 1738 64 1802 126
» . 30 12°65 151°4 67 1581 12'5
» . 45 11'55 1327 70 139°7 12°1
» . 13'0 9'75 109’1 74 1165 119 |J .
” . 15 835 929 77 100'6 12'0 .
» .| ¢ 30 7'45 822 80 902 12°1
» . 45 665 729 84 813 12°2
” . 140 620 67°7 87 76°4 12°3
» . 15 525P 62'5 90 715
" . 30 §525P 588 9’4 68-2
» . 45 521 557 9'7 65 126 X
” . 150 500 532 100 632 126 -
” . 15 4'90 510 104 61°4 12'5
» . 30 465 480 10'7 587 126
” . 45 4'45 476 11°0 86 131
» . 160
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Reduction of Temperature coeficient of H. F. Magnetograph (Watson's).
Second experiment with Magnet 1 and Fibre 2.



APPENDIX.

Abstract of deductions made from the Tables of comparisons of the two Magnstographs, and the base line values
JSound for each.

The H. F. Magnet is constrained by the torsion in the fibre to lie with its North end East and the recording
arrangement is such that an increase of H. F. corresponds to an increase of ordinate.

If the fibre slips or gives way under the strain, the ordinates will increase ; consequently a sudden increase of
ordinate not common to both instruments presumably denotes a slip in that one in which the increase occurred.
Hence also as the last column of the tabl¢s of comparisons gives the quantity Instrument 1 —Instrument 2, an
increase in the values in this column shows that a slip has occurred in No. 1 instrument, whereas a decrease
would show that a slip had occurred in No. 2 instrument.

Now an examination of the base line values of No. 2 instrument and of the comparative tables shows that no
great slip occurred at any time in No. 2 instrument. Between the 13th January and 19th February there is a
decrease in the base line value from *32291 to "33270, and this probably represents pretty closely the slip or
settlement that occurred in fibre No. 2 during that period. The deflections obtained during the above period
show that there has been no marked change in the moment of the suspended magnet and any decrease in the
mament would make the ordinates also decrease and thus increase the base line value. An examination of the
curves shows a sudden deciease of ordinates at 15'30 on the 27th January amounting to 15y and a sudden increase
at 1570 on 31st January amounting to about 4y. No certain explanation can be given of these changes the first
of which, it may be noted, is in a contrary direction to that of a slip, but it is probable that they were due to an
actual deflection caused by the a%proach of some magnetic substance thereafter left in position. The base lines
at these points are unchanged and no general shift of the instrument can therefore have occurred. Consequently
there is strong evidence for accepting the changes given by No. 2 instrument as showing the real changes that
occurred during any short period such as that occupied by an entire temperature experiment.

All the temperature experiments were made with No. 1 instrument.

The two experiments with magnet 1 and fibre 2 were made on the 6th January and 24th February and an
examination of comparative tables Nos. D1 and D8 shows that on both occasions not only were both instruments

in a‘ccord before and after the experiments but also that there is no evidence of slip during the experiment
itself.

These two experiments seem therefore quite satisfactory, and the results are in close accord.

Magnet 2 and fibre 12 were tried on the 15th and 20th January and the first experiment seems satisfactory
but the second must be rejected as there is unmistakable evidence of sudden shifting having occurred during its
progress. Shortly afterwards it was broken and after repairs, was again tested on the 31st January and the
experiment on that date is moderately satisfactory. Such slip as occurred in the course of it was probably gradual
as the curve is smooth throughout and a correction has therefore been applied on the assumption that this was the
case, .

Magnet 3 was tried with three different fibres, vis., Nos. 6, 3 and 4. The first trial with fibre 3 on the 23rd
January is unsatisfactory as slip undoubtedly occurred, but as the curve is smooth except where a well marked
jump occurred towards the end of the experiment, an attempt has been made to correct the results by distributing
the slip on the assumption that it was uniform up to this jump,

The second experiment on the 28th seems quite satisfactory.

Fibre 3 behaved very badly at first but seems to have steadied down before the experiment was made on the
6th February and there seems no reason why the result should be rejected.

The pair of experiments with fibre 4 were made on the 1oth and 12th February and by correcting the results
on the assumption of uniformity of slip, a close approximation to the truth has probably been obtained. The
curves are smooth throughout and table 7 shows that the fibre was slipping steadily with a small but fairly uniform
rate throughout the whole period during which it was suspended in No. 1 instrument. Subsequently when tried in
No. 2 instrument the fibre seems to have behaved fairly well.

F2
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Comparison of Magnetographs Nos. 1 and 2 during the Temperature Experiments.

Magnetograph No. 1. . Magnetograph No. 2.
Scale co-efficient=4-277. Scale coefficiont=5-64Y- . .
Meaan value of Base line==.33223. Mean value of Base ?il:ie-s-fs‘lgc. M‘ st experiment with
Selected mean temperature=31°c, Selected mean temperature=13°5 C. agnet 1 and Fibre 2.
.Temperature coefficient=12°57. Temperature co-efficient=12-57-
[ 2 <] g o é ] J
s £ |8 502 g | 4
€dg dl & =
8| 3 |3 B3| & 5 |2 ]
g8 | B 3 |8 gg | B |3 =
“’8 - : F . 8o - & § 3 . ﬁ
Date. [Hour.| ¢ |2 5 8 |EE| = | ¢ |wS| & g |88 w a ReMARKsS.
3|88 °© |82 = |5 |28 @ L IR
g 83| 8| 8 |e. 88| 5| ® 88| S| s |e.leS| S| 8
Se| 8 |2 |28|25| g | 2 (38| 8|2 |EE|EE| 2| 8
E 28| E |2 |B8|Be| s | B |g5| 6| B |22 |B2| 3 | &
ela|S8|o|d |6 ||w|E8 |0|lO|6 |6 |5 |8 .
T LM. - Sc. .
ci. (WM clc |y |as]y|rfces|C e |y |gnly |y cas| r

4th Jan. 1903|140 | 198 | —13.2 | —15.0 676 |288.7 (3737 |*33497| 13-4 | —01 | —13| 542 |3057 | 3044 |-33498| —1 | Thetemperatures

given were
observed.
sth ” 110 | 19:3 | —1.7 | =313 745 | 3181 |296-8 520/ 130 | —0-5 | —6-3| 590 |3328 [326:5 | '521| —1
» 16-10| 193 | —1.7 | —321:3| 733 307.9 {2866 | Sto 135 o0 00| §5-3 |3119 [311:9 | 506] +4
6th » 7-35 | 302 [ —08 | —100] 729 [311-3 |301:3 524) 130 [ —o0.5 | —63| 58.2 |328:2 | 3219 516 +8
Temperature
Experiment.
16-30 | 226 | +16 | +20-0 650 |277.6 (2976 | Sa1] 138 | 403 [ +38 56:3 |317:5 |321:3 515 +6

7th » 1020 | 19-4 {—16 [ —200| 713 |303:6 |3836 507| 131 | —0.4 | =50 56-1 |316-4 |311-4 Sos| +2
» 12-0 | 201 | —0-9 | =11.3] 69-0 [2946 |288:3 506| 133 | —0.3 | —38| 555 |313-0 |309:2 503 +3
» 14-43| 305 |—05 | —63] 700 |2989 [2926 | 516 135| oo | oof 560 |3158 3158 | 510 +6
oth » 15-35| 209 |—o01 [ —1:3] 69-0 |2946 (2033 516 141 | +06 | +7°5 550 |3102 |317:7 512| +4
1oth » 16-20 | 309 | —o0.1 | ~1.3| 70'5 | 3010 | 299:7 523 144 | +0-9 | +11:3| 552 |311:3 | 322:6 517 +6

11th » 13-to| 208 | —0-2 | —2.5/ 66-8 |285-3 |282:7 506| 141 | +06 | +7-5| 52:9 |298-4 | 3059 500 +6

During the above comparison the arrangement was—
No. 1 Inst. Maguet 1. Fibre 2.

w32 » 2 g 12 .

1t appears that the instruments gave fairly accordant resalts throughout and that there was no change in No. 1 instiument after the
temperature experimeat on 6th January.
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D 2.

Comparison of Magnetographs Nos. 1 and 2 during the Temperature Experiments.

Magnetograph No. 1. Magnetograph No, 2.
Scale coefficient = 5.467 - Scale coefficient=3.707 1st and 2nd Experiments
Mean value of Base line= .33208. Mean value of Base line=-33297. with Magnet 2 and
Selected mean temperature=21° Cent. Selected mean temperature=15%0 Cent. Fibre 12.
Temperature coefficient=12-57. Temperature co-cficient=12.57-
© I [] ¢ ° .
5 | 8 2 g E | 3 - § .
g ] i - o g d 5 ) ) g
ad k! < gz | & 3 2 i
55| 8 8 |2 sE| § HE .

Date.  |Hour.| ¢ %3 5 g § g £ | ¢ =8| & g | g = | B REMARKS.
3 8-§ o . © 8 ] T E co; E o R © 8s | = "
AEHEREREEH IERR IR AR BRI L IR

. & |s8l 8| 8 |28(88| ¢ IR REREE T 5
8 |E5| 8| B |2%|22| = § |g& T |R2 || 5 | &
& |87 |8 S |87|sS|&|87|8|S S |c |>|a
. LM. Sc. Sc. .
Crvil. T. C. C Y divn. Y Y. CGS.| C C. b D divn. Y Y C.G.S b4

13th

14th

15th

16th

18th

1g9th

20th

Jan. Y902 {160 § 204 | =06 | —7:5| 575 | 3140 | 3065 | 33515 147 | —0-3 | —38( 57:8 |213:9 (3101 |-33507 +8 | The temperatures

given were
observed.

» 11-10 | 204 | =06 | —7.5| 5908 |326:5 | 3190 527 142 | —0-8 | =10-0[ 631 (2335 |223-5 5211 +6
» 150 | 204 | =06 | —7.5| 583 | 3183 [3108 | 519 147 | —03 | —3-8] 59-2 | 2190 2152 s12| +7
» 7-30 205 | —0.5 | =63| 590 |3221 [3158 524 144 |—06 | =75/ 621 |239:8 |222:3 519| +5

1st_temperature

Experiment.
» 160 | 230 | +2.0 | +250; 531 2899 |3149 523’ 150 | 00 | =ow0| 59:3 |219-0 | 2190 516 47

» 1030 | 212 [ —01 | —1:3 490 |267:5 | 2662 474) 142 | —08 | —100| S0-0 | 1850 |175-0 472 +2

» 11-20 | 20-4 |—06 | ~7.5 531 |28g-9 | 2824 490 137 |—1:3 | =16:3 57:3 |211:6 |195:3 492 =2

» 13-45 | 204 | —06 | —7.5| 52-3 |2856 |2781 | 486' 141 | —09 | —11:3| 547 |202:4 | 1911 488 _,

» 1030 207 [—03 | —38 519 |383-4 (2796 | 488 139 | =11 —13:8 562 |207-0 (1041 | 493 —3

» 130 | 207 |—03 | =38 531 |2899 |2861 494) 140 | —i-0 | =125 56.7 |200-8 | 197-3 494 o

2nd temperature
experiment.

» 7-30 | 206 | —0-4 | —5-0 558 }304:7 (2097 508 140 | —1.0 |—12:5| 61.2 |226°4 |2139 St g3 %

» 16-0 22.9 | +19 | +238| S1-0 |278:5 |302:3 510 147 |=—0-3 | —38| §7:3 | 212-0 2083 505| 45

During the above comparison the arrangement was=
No. 1 lnst. Maguet 2. Fibre 13,

» 2 »n » 1. 2 3.
There is nothing in the above figures to show that any serious shift occurred in either instrument duringthe first experiment with Mafg:;:
2and Fibre 12, In the 2nd experiment the Fibré seems to have slipped to the exteat of 8 C.G.S. units aad an igspection o
curve shows several sharp jumps. The 20d experimeat must theref';re be rejected,
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D3 .
Comparison of Magnetographs Nos. 1 and 2 during the Temperature Experimer ts.
Magnetograph No. 1. Magnetograph No. 2.
Scale co-efficient=4-82Ys Scale co-efficient=3°707 .
Mean value of Base line=-3:186. Mean value of Base line=:33283. '?th‘lad 20d E"Pe“:.’,‘-'““
Selected mean temp. =21%0 Cent. Selected mean temp.=15°0 Cent, with Magnet 3 and Fibre 6.
Temp. co-efficient=12'57. Temp. co-clficient=13'57-
5 = -
TEIRERE ETERE ;
3 - =] E o.’ ‘.f hiad g %
£g g T |2 £g| & T |2 =
- -
5| | |3 1N R
Date. |Hour| . |ZD | & E |to| ™ |¢|uwd| % g g,; w | 8 REMARKS.
- o+ L] Q I} ; . = oy - b1 s . —
Zl8¥ 84 IR IR IR K
c|88! 2| & |2, |88| s |5|2%| 2| & ¢, 88|35 ¢
S|8e| 8| % |5g|23) o (88! % | 2 |Ss(28| 5|8
553%?@5’25:5:33?@535:?
|80 |0 |c7|C > |= | A" o |oS “|l> |8
—" (¥
o LM se. C.G.| Se. C.G.
Civil. T. Ic. C. Y. |diva. | Y- 7. S. lc' Clr diva, | Y- Y- S. 7.
H. M, |
220d Jan. 1602 (15 50 20:6| =0-4 —5‘0‘ 60-0 | 289-2| 284:2 :33470 151 40| +1:3 60-0' zzz-ol 223-3 +33506 —36 |The temperatures re-
| ‘ | c:rdded were obeer -
ved.
23rd 7 45208 =02 =12'5) 641 | 3090 3065 493 14-9] —o-1| —1.3| 61:3| 226.8| 2355 S§09 —16 Temperature experi-
i | | | ment on 23rd, 8'ip of
» 16 0 |23-3] +2:3'+ 288 580 | 2796 3084 94' 155 +05| +6-3| 557| 2063 2124 495— 1 15 C. G. S. units.
24th 1 oizz~4 +1:4 4+ 175 64-9 | 312:8/ 3303 3:6l 152 403 +2:5 620 239-4| 2319 SIS+ 1
[
» 15 o !22-3 +1-3.+ 16'3| 642 | 300-4| 3357 5xz| 156 406, +7-5 590 2183 2258 5og|+ 3
a6th 1 zo: 21.2 +oal +25 713 | 3437 346-z| 533' 154| 404 +50 675 2408| 2548 538— 6
» 13 IS; 313 +o-zi +2.5 752 | 362:5| 3650 551i|5-6 +06| +75| 710 2627 3702 553 — 3 ese
28th o, 7 40 214 +w| +50 747 | 360-1| 3651 851 !sﬂ +06 +75| 618 3287 2363 519 +32 T"“; 7 ::e:?-
{perature
» 16 o 228 +|-8I+zz-s 700 | 3374 359.9l 545' 16:3| +1:3) +16.3| 57-1| 211:3] 2275/ S§11/+35 expet-i- +20 gur :’g.
| ment on :
a0th 10 50 208 —o-z: —325 704 | 3393 3368 533 164/ +1.4| +17:5! 510 1887 2062 489 +34J 2dth ""9|¥:I:le
(D4.
b <

During the above comparison the arrangement was—
No. 1 Inst. Magnet 3 Fibre 6.

0.2 1 2.
There is evidence that Fibre 6 began slipping as soon as erected on 22nd January and seems to have slipped uniformly up till the conclusion

of the 1st experiment on23td. From 4 P.M. on that date it seems to have remained steady till about 8 a.M. on 27th,

During the mext 12 hours,

i.e., till 8 .M. on 27th a gradual slip, amounting to about 15 C. G. S. units took place. But during the 38th and up till the time of removal on
2gth there is no evidence of any further appreciable slip having occurred.

is drawo.

L

Consequently it would seem that the second tem
be accepted with confidence. The gradual slip from 8 A.M. to 8 P.M. on 37th is investigated on the next sheet from whi

ature experiment may
the above deduction




D4

Comparison of Magnetographs Nos. 1 and 2 during the Temperature Experiments.

This tabulation was made to account for and show the nature of the divergence which occurred in the results given by the two instruments
between 1-15 P.M. on 26th January 190z and 7-40 A.M. on 28th January 1902, as shown in Table D3,

The figures indicate that there was no appreciable difference between the instruments up till 8 A.M. on 27th. From that hour till § p.u.
a gradual shift of one of the instruments rolatively to the other seems to have taken place. After 8 p.M. on 27th till the system in No, 1 instru-
ment was changed on 29th, no appreciable change has occurred. The investigation is complicated by the sudden._ shift which occucrred in No. z
Instrument, when changing papers on 27th ; the reason for this shift is not known, but the evidence that it occurred is perfoctly clear.
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Comparison of Magnetographs Nos. 1 and 2 during the Temperature Experiments.

Magnetograph No. 1. Magnetograph No. 2,
Scale co-efficient =650 Y- Scale co-efficient==3"70 Y- .
Mean value of Base line="33137. Mean value of Base line="33286. M 3rd E"P‘tl' ;.’.‘é"
Selected mean temperature=21%0 Cent. Selected mean temp.=15%0 Cent. agnet zand kibre 12,
Temperature co-efficient =12'5 ¥. Temp. co-efficient=13"5 Y-
o D] ] [ > [} .
- £ |2 £ 5 2|t p
< - —
e | & I3 g8 € t |3 !
Dat Eel 2 |3 £E| 3 - B R
. . g . : .
ate, Hour. g "6% s 8 g s = | ..ég 5 5 gg & g REMARKS
Zled| g s|e [S215 |3 88| 8] s S35 |8
= P B - - v ‘s LR = 8 S E-] e -1
18| 8 |2 [Eol22| 5 |E|ze| % |2 (8u|22 2|3
IEE: B HEHERETHINAREREHEHERE:
las| S | S |8%|8%| 5 |&|a%| 8|S [6%|&%|> |2 .
20th Jan. 1902 |13 10| 21.4] +0-4| + 50 568 | 3692 2| 22en1] 166 + 16 210033517 —6 |The temperatures given
4 4| + 50| 5 369-2| 374-2| 33511|16 + 200| 57-0 | z10.9| 230-9| 33517 were ol;m" ol
3oth (1 30{216| 406+ 7.5\ 575 | 373'8| 3813| s518/168] + 1.8+ 225 570 | 2109 2334] 519 -1 :
3ist 7 50196 —1:4| ~17:5| 61:3 | 398-5| 3810 518|164| + 14|+ 17:5| 503 | 219:4] 2369 533} =5
» 16 o 235 425 +31:3] 540 | 3500 3823 510|16:0| + 19|+ 238| 5538| 2046| 228.4] s14| +5 [*There is a sudden

d Feb g::ak 3" rise oihl
2nd Feb. 190213 20| 21| 40" . . . . . . 2 o8| + . divn. in the

3 7| +o0'7| + 88| 5§61 | 364-7] 373-5] S11|15:2] + 03[+ 25 59:3 | 21g-4| 3219 S 3 corve of No. z Ins.
trument at 3 P.M,,
which has  been
allowed for in th's
and the nert
measure taken on
20d February,

During the above comparison the arrangement was—
No. 1 Inst. Magaet 2 and F ibre12.
» 2 » 1, y 2
The agreement between the ins truments is not good before the temperature experiment during which a sfip of 10 ¥ seems to have occurred

but as there is no evidence f y i 1l d may be allowed for
in the computations. nce from the curve of No. 1 Inst. of any sudden movement, the slip probably occurred gradually and may
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D 6.
Comparison of Magnetograpis Nos. 1 and 2 during the Temperature Experiments.
Magaetograph No. 1. Magnetograph No. 2.
Scale co-efficient=4-81Y. Scale co-efficient=3.70Y. . . .
Mean value of Base line=.33223, Mean value of Base line=133284, First experiment with
Selected mean temperature=21°0C. Selected mean temperature=15°-0C. Magnet 3 and Fibre 3.
Temperature co-efficieat=12.57- Temperature co-efficient=12.57.
g ¢ S g 5 e :
5 |5 £ |8 E | § 2|3 S
.| % 8 R g H
25| B | |3 |2 s B |3 |2 T
£e) § 5|3 §E| & IR -
g 53| 2 § |EE| % | ¢ |sF| & § |Eg| = | | Rmumme
E | o8| @ . s(xm | 3 E| e 82| =
g 89| 2 | s |e |88 5| ¢ |85 2| S |e. |85 |8
6,;%55?.‘:’?35%:'&%5‘%%3&2%39
£ 3 8 T |E8|EBS =g BS|B5| & | ®
a8 Sl & |55 8|5|8%|8%|3|& &8 §|E2(32| 2 | &
Sc.
ci. [BMlc|c| gy |y cesic|c | |gm| ™| [cos| ¥
sth Feb. 1902, | 100 | 21°4 | +04 | +50 | 63:3 {2997 | 3047 |°33538] 149 | —o1 | —33 | 668 |247.2 |245.0 |33530] —2 | The temperatures
recorded were
observed.
- o| 110 » » » | 610 | 2084 |298:4 531l 150 | oo | 0| 650 |240.5 |240-5 535 —4
- .| 120] » » » | 605 |291:0 |[396-0 | S19] 150 | ow | ©O| 644 2368 [23¢8| 521 —2
» of 130 » » » | 631 3035|3085 [ 532/ 152|402 | +25 | 640 |236.8 |339:3 | 523| +9
» .| 140 » » » | 71°9 | 3458 | 3508 574/ 152 (403 | +2'5 | 631 |233.5 (2360 520 +54
" .| 150 21:5| o5 | 63| 700 |341-0 |347:3 | 570 154 | +04 | +50 | 61-3 |226.8 |231-8 5.6{ +54
» .| 160 | 314 | o4 | 50| 7090|3410 3460 [ 569 156 | +06 (+75 | Go9 | 2253 |2328 | S17| +52
6th o| 745 31| o1 | 13| 744 |3570 (3593 | 583 148|—o0a |—2'5 | 639 |3364 (2339 | 518 +64 |) )
{ Tempera ture
» .| 160 | 228 | 18| 225 | 701 | 3373 | 3597 83| 15-4 | +0-4 | +50 | 637 |2357 [2407 | 35| +58 r experimeat.
J
7th o| 140 | 322 | 12| 150 | 699 |3362 [35!3 574| 150| 00| oo| 619 |2290 [3290| 513| +61
During the above comparison the arrangement was—

No. 1 Instrument, Magnet 3 and Fibre 3
» 2

1 »

.

The absolute observations from which the base line values are derived occupied f-om 11:25to 131 on the sth February and in the case of No. 1
lastrument the last result had to be rejected owing to the appearance of the large and sudgen slip tlus.tt oomme:cr’ed auolut 12-50 and ended

at 13:30.

deace of slip in No. 3 Inst. during the experiment. I

From thistime onwards till Magnet 3 and Fibre ? were dismounted the agreement between the instruments is fair and there is certainly no evi-
anything it would seem that the other instrument was at fault, but the slight discordance of

the last three values in the last column is probably accidental.  On the whole, it would aj that the temperature experiment with Magnet 3 and
Fibre 3 may be acceoted and it is regrettable that a further trial was not made with the gmm. The my’ﬁ?ﬁom sh!i)ft that occurred‘gi:st after-
®oon on the sth lead to the impression that the fibre was unstable and another one was tried as soon as the trace showed this fault after develop-

ment on the 7th tebruary (see Plate V, Fig. |):

G
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Comparison of Magnetographs Nos. 1 and 2 during the Temperature Ezperiment. 1st and 2nd Ezperi-
ments with Magnet 5 and Fibre 4.

Magnetograph No. 1. Magoetograph No. 2.
Scilne co-efticient =5-02y, Scale co-efﬁcient:sqo.,,
Mean value of Base line=.33175. Mean value of Base lines.3, :7&.
Selected mean temperature=21°.0C. Selected mean tempenture-lé .
Temperature co-efficient=12-5y, Temperature cosefficient =12.57-
~ 3 =
e 5] |2 |8 s | 5 s |3 4
i3 |k 3 |2 g3| & 2 T
EE| ¢ 3 |3 E| § LE !
8'3 - § § o . EB - > Q. . e
Date. |Hour.| ¢ (o2 | & g 8¢ | ¢ - 5 g § e = @ REMARKS.
ESE| 2|, |® |33 =] B |3 3 S 182 = | g
o ) [ - o -
§ |Bg| % | % (%5283 | § |sa| 3|5 |5s(88 3|8
ss| 8| (E3|8a| s |2 |BE| 8|2 |Eg|88| 8| 8
§ =& &5 |8 |Be|Be| s | B |=s| 5| B |Be|B2| & | & .
ElE°| 8|S |&°|8% |2 |&|B°| 3|88 87|25
. . M. . .
Civil. L"r. C|C |y disvcn. y. | v. [CGS.| C. | C. | v. di%%. Y. | y. [CGS]| .

8th Feb. 1902 11-0 205 | ~05 | =63 514 |2580 |251.7 | 33427 146 | ~04 | =50| 606 |224-2 |219°2 | 33496 ~69 The tempera-
12-0 207 |—o0-3 ( —38| 511 |256.5 |252:7 428| 146 | ~0-4 | —5-0| 61-0 |225.7 | 3207 :ge -70 tures  given

13-0 208 | =03 [ —2:5| 476 | 2390 |236-5 412| 148 | ~02 | =2.5| 550 (2068 | 2043 1| —69 were.observed.

208 | ~03 | =25 481 2418 (2390 | 414/ 150 | 00| 00| 859 (2068 [3058 | 484 —70 | p68-

15-0' 310 | 0.0 00| 499 |350-§ |250-§ 426/ 151 | 401 | +1.3| §7-7 (2135 |214'8 492| —66

160, 311 | 401 | +1-3| 492 |247-0 | 2483 423 152 [ +02 | +2-5| 56.2 | 207-9 |310°4 487| —64

10th : 7-30 199 | =11 | —11.8] 646 |324-3 | 3125 488| 14.7 | =03 | ~—3-8| 626 (2316 |227'8 505 =17 |y Slip of 19Y in 1st
” 160 234 | +2-4 | +30-0| 58-0 |(291-2 |321.3 496| 153 | +0-3 | +3.8{ 576 {2131 [216°9 404 +2 } experiment.
ith 100 207 =03 | =338 67-9 3409 |337-1 | 512/ 148 | ~02 | ~2.5/ 645 |2387 |2362 | S13| —1 |\

110 208 [ =02 | =25 681 |341-9 |339-4 514 148 | ~02 | —2:5| 649 |240-1 |237°6 s15| —1
120 » ”» » | 691 |346-9 |344:4 519/ 150 | o0 00| 659 (2438 (2438 | 521| -z || Date of absolute

»
» 130 4 ” s | 687 [ 3449 [342:4 517 15t | 401 | +1-3] 643 | 2379 |2392 §16) +1 |y observations
» 140, 5 | 5 » | 673 |3378 |335-3 | 510/ 152 | +02 | +2:5| 624 |2309 2334 | 510 o -t
» 15-0, 5 » » | 668 |335-3 (3328 508| 154 [ 404 | +S50f 614 (2272 |232'3 509 —1
. 160 5 ” » | 66-9 |3358 (3333 508 157 | +0.7 | +88| 60-0 |222.0 |230°8 508] o
1ath 7-20 2041 | =049 | =11:3] 69:3 |347-9 (3366 | 512| 154 | +0-4 | +50| 62:4 (2309 2359 | 513/ —1 )Slip of 11 ¥ in
» 1845/ 24°5 | +3-5 | +438| 59-0 [296-2 | 3400 515| 161 | 411 | +13:8| 58-0 [214.6 2284 505 +10 }znd experiment
13th 10-0' 21:3 [ 402 | +2:§| 732 [3675 |370-0 | 545/ 157 | +07 | +88| 684 |253.1 2619 539 46 |y )

13-0 212 | 403 | +2:5 711 [356-0 |350-4 | §34| 158 | +08 | +10:0| 64:6 |230-0 2490 | 526| 48 L,
16-0' 213 | +03 | +25| 67:1 |336:8 |330-3 Sty 103 | +1.3 | +16:3| 58-0 |2146 | 2309 %08 +6

14th 100 323 | +1.3 | +150 728 |365'5 |3805 | 556 157 [ 407 | +88| 691 |2557 2645 | Saz| +14
” e 140 2200 | +1.0 | +12:5| 682 |342-4 | 3549 530 161 | ¢+ 1.1 | +13-8 61.5 |227.6 | 2414 $18[ +12 }13'
1sth 10-0 221 | 11 [ +13:8] 697 | 3490 | 363-7 539| 161 | +1-1 | +13-8 613 |226.8 | 2406 518|421
» 13-0 321 411 [ +138 67-2 [337:3 |351°1 526| 16-3 | +1:3 | +16:3| §7.1 |211°3 | 2296 507 +19 | $20.
- 160 22-0 | +1.0 | +12:5| 67:5 (3389 3514 526 168 | +1.8 | +22:5| 561 | 2076 | 230-1 So7| +19 | )
16th 100 220 | +1.0 | +12:5| 74.0 [371-5 (3840 559| 165 | +1.5 | +18:8| 642 |237°5 | 256:3 533 +26 |9Y26,
» 130 320 | +10 | +12:5 730 |366-5 |379.0 | 554| 16:7 | +1-7 | +21:3| 630 [229'¢ [250-7 | 528 +26 | { Temperature of
» 160 2321 | +1-1 | +138| 680 |341:4 3852 530 166 | + 1.6 | +20-0| 53-2 |196'8 | 2168 494] +36 No. 2 at 16 hrs..
1i7th |o-o} 219 | +0-9 | +11.3] 72:1 |361-9 | 3733 548| 1699 | +1.9 | +23.8 584 (2161 | 2399 517| +31 isabnormal.
» 13-0, 219 [ +0.9 [ +113 74.0 [371:5 |382:8 558| 17:2 | +2:2 | +27'5| §9-9 |221°6 | 2491 526 +32
» 160, 218 | +08 | +10-0| 69-7 340-9 |359-9 | 535 17:5 | +2:5 | +31-3| 529 |195'7 | 2270 | So4| +31 (§ 31
15th | 100, 217 |+07 | +88| 731 [367-0 3758 551| 16-9 | +1-9 | +23-8| 580 [214°6 {238-4 515 +36
” 13-40; 318 | +08 | +10.0| 756 (379-5 |389:5 | 565/ 173 | +3-3 | +28:8| 600 |222'0 |2508 | 528 4 7
” 16-20, 216 | +06 | +7-5| 729 (366-0 (3735 | 549/ 178 | +2:8 | +350f 545 |2017 (2367 | St4 +35|$36.
wth no-ol 2144 | To4 | +50 738 |3705 [375-0 550| 176 | +26 | +32-5| 'S4-4 [201°3 (2338 | 511 +39
” 13-35 214 | +04 | +50 72-0 [361-4 |366-4 51| 17.9 | +2.9 | +36-3| S1-0 [188'7 (2250 502/ +39
. 160, 21.8 | +0-8 | +10-0| 72.7 | 365-0 | 375-0 550/ 1S3 | +3-3 | +41:3' 510 | 1887 | 230-0 507 +43 }41,
20th 10:0 216 [ +06 | +7:5 740 3715 (3700 | 554 174 | +24 +;oo| 530 [196'1 |226:1 | 503 + 51
)

Du;ing the above comparison the arrangement was—
No. 1 Inst., Magnet 3, and Fibre 4.
» 2 » » 1 » 2.
A large ’lf‘lp occurred between the 8th and 18th. During the first temperature experiment a slip of about 19 ¥ nccurred and during the
second experimenta slip of 104, Between ths two experiments there was oo slip, but after the second a steady slip of about
§ to 7 Y seems to have continued till the system was dismantled. :
Obviously these two tempersature experiments are wnreliable, and a« far as the ahove figuges go Fibre No. 4 secras to have beeu in ap
uastable condition,




D8
Comparison of Magnetograpks Nos. 1 and 2 during the Temperature Experiment.
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Magnetograph No. 1. Magnetograph No. 2.
Scale co-eﬂicient-.;-oxy, Scale co-eﬂgcient-4-53~,, .
Mean value of Base line..3$280. Mean value of Base line=-33207. 20d ”p:'d"l?'l‘:r quet
Selected mean temp.=21°.0 Selected mean temp,=18°4C. aad Fibre 3.
Temp. cosefficiente12.57. Temp. co-efficient=12.5Y.
) g ] ] e ¢ 8 ]
F g |° £ |5 2|1 !
- “ -
§e I £ & 2 g
g k: 3¢ g & g
“ 3_5 g g E§ Va}ue .E..E 8 Value g .
. o s o . s * ] .
Date. our. sls3 s § ué‘ e g ..5'_% 5 § | £2 ReEMARKS
-~ v - - Q
SIEN 8| % (g (g% |E[EE| S|4 s, |28 |Ef
HHE AR R IR AR I
. <] - w o 14 o [ =g
. &las| S| & |&%|s°F S5 8|8 |88 3
. L.M. Se, C.G. Sc. C.G.
Civil. T. |G| C | v lavm| Y |7 | S |ClC| Yy dm| Y|y ||
Smm—
215t Feb. 19oz| 150 (21-¢| +0.4| +5-0 496 1989 203(33484/191| 40| +88| 56| 2541 262.) 33470 +14 “&n dP%t_hMcnrvbes
s rdi. y
absolute observa-
tions taken on the
» o| 160 214 +04| 50 481 1929 19799 478189 4o +63 56-0I 253-7| 2600, 467 +11 23rd February.
i
sand o| 100|214 404 50 ss-l| 221:0| 2260| 506(18:0| —0.¢| =590 66-6| 301.7] 2967 504 +2 The &
. +3. e tempera-
” .| 1302155 +o05 63 55-7I 2234 2297| 510,182 —g3 —2.5| 668 3026 3001 507 +3| ¢ tures given were
” .| 160|216 +06| 75| 522 2093 2168 497/186| 4o2| +2-5| 630 285.4| 2879 495 +2 )
azd ,, .| 100 (216 ,, w| 57:3] 2208 237.3 517|182| w0z =25 68-9| 3121 3096| 517 0 .
" o| 130 216 o, » 57.9| 232.2| 239-7| 520/184| oo 00 6&9[ 312.1; 3121 519 +1
» .| 160 [216] ,, » 54-s| 218-5| 2260] 506/ 188 4oy +5-0 64-6' 2926, 2976] 505 +1
24th .| 730 20:7| —o03| —3.8 577 2313 2276 508184/ oo oo 660 2990 2990 506 “} +2. Temperature
» ©|15:45 24:4) +34f +42:5 468| 187.7| 230-2 sloI 190 406 +75 65-1,' zw)I 30244 509  +1 experiment.
a5th ,, «| 1000 [21:4| +04| +50 578 2318 2368 517/184 o0 o0 684‘ 3089/ 3089/ 516 *l}
+1. s
» «| 130 [22.0] +1-0| 125 561 22500 237-5| 518187 +o.3| +38 67-6' 3oﬁ-zl 3100 517 +1
26th ,, .| 100 |21:8] +08| 109 -so-o| 200.5| 210-5| 491/ 182 —g.2| =25 62-6| 2836 2811| 488 +3}
+4.
«| 16-0 |21.9| +09| 11.3] 522 209:3| 2206 501|188 4oy +50 630 285:4| 290-4] 497) +4,
27th .| 10.0 220 #10| 125 54-3“ 217.7]° 2302 510|184 00| oo 0662 2999 2999 507, +3
”» «|16-40 | 220! +1.0[ 125 ss-oI 2206, 2331 513|192 +0.8 +100
28th ,, .|10-10 |219| +0-9| 11.3| 580 23260 243-9| 5324188 +o4 +50
» o| 157 (217 $07 SGL 573 2298 2384 519/ 10-4| +1.0| + 125

During the above comparison the arrangement was—No. 1 Instrument, Magnet, 1 and Fibre 2.

. 2 » ” 3 ” 4.
The magnets were rearranged on the 21st. From 10 A, M. on tlu; 22nd till the 27th February the curves agreed remarkably well and also
doring the actual temperature experiment no shift seems to bave occurred, so that the result may be accepted with confidence.
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Do.
Comparison of Magnetographs Nos. 1 and 2 after the Temperature Experiments.



D d—conld.
Comparison of Magnetographs Nos. 1 and 2 after the Temperature Experiments—contd.

On the whole it may be concluded that Fibre No. 4 behaved satisfactorily.

G, 1. C. P, O.—~No. 174 S. G,—25:7-05.=250.=W, D'C.
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PLATE L

The curves are traced from the originals and

! Fg L

reduced by photography to 4 scale.

Fig. 3.

Temperature Experiment No. 1. Temperature Experiment No. 10.
. Magnet 1 and Fibre 2 in Instrument No. 1. Magnet 1 and Fibre 2 in Instrument No. 1.
Dats 6-1-02. Date 24-2-02.
|
)
L]
//_'——__
7 [] ] 1 ) s 13 1 15 1" ¢ 1] ] [ 10 n 13 13 " 1 1"
I
Fig. 2. Fig. 4.
Magnet 2 and Fibre 12 in Instrumeat No. 2. Magnet 3 and Fibre 4 in Instrament No. 2.
Date 6-1- 02. Date 24-2-02.
' L4 \—’-- [
0
. 7 [ ] 10 1 18 1" " 1 16 s 7 8 ] 1 n | 13 " 15 it}







PLATE IL
'!\emmtrwedfnmtheoriginnhnd

reduced by photography to } scale.
Fig. 1. Fig. 3.
Temperature Experiment No. 2. Temperature Experiment No. 8,
Magnet 2 and Fibre 13 in Instrument No. 1. Magnet 2 and Fibre 18 in Lnstrument No. 1.
Date 15-1-02. Date 20-1-02.
K‘\ /
. 1 s ’ » 1 18 n u Y] ' [ ’ 10 [ 1 13 1" 1 1

Fig. 2. : Fig. 4.
Moguet 1 and Fibre 2 in Insteument No. 2,

Magnct 1 and Fibre 2 in Instrument No. 2,
Date 15-1- 02,

Date 20-1-02,

R — - T~ _







PLATE III.
The curves are traced from the originals and
reduced by photography €0 § scale.

Fg. 1
Temperature Experimeat No. 4.
Magnet 3 and Fibre 6 in Instrument No. 1.

Date 24-1-02.
s 1] 10 1 12 13 " 16 16
Fig. 3.
Magnet 1 and Fibre 2 in Instrument No. 2.
Date 24-1- 02.

e e ——
_-'—"\

1 L] [] 10 n '} 1 " 1

Fig. 3.
Temperature Experiment No. 5.
Magnet 3 and Fibre 6 in Instrument No. 1.

Date 28-1-02.
' s 1 10 1 1 13 1 18 1
Fig. 4
Magnet 1 and Fibre 2 in Instrument No. 2.
Date 28-1-02.
—TT N —_—
[] 1] 10 i1 13 13 ¢ [ [







PLATE IV.
The curves are traced from the originals and
reduced by photography to § scale.

_Fg L
Temperature Experiment No. 8.
Magnet 2 and Fibre 12 in Instrument No. 1.

Date 31-1-02.
11 ] 10 1 1 » " 18
Fig. 2.
Magnet 1 and Fibre 2 in Instrument No. 8.
Date 31-1- 02. )
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1






Fig. 1.

Portion of Curve on 5-2-02
Showing the Slip of Fibre No. 3
Mounted in Instrument No. 1.

_J/"*

rm—————
13 13 "

Fig. 3.

Portioa of Curve on §-2-02

PLATE V.
mmmmmmu@mhud
reduced by photography to § scale.

Fig. 3.
Temperature Experiment No. 7.
Magnet 3 and Fibre 3 in Instrument No. L.

Date 8-2-02.

R

Corresponding to that shown in Fig. 1
mpuludmmhnlmnmtﬂo.z.

¢ 7 i ] 10 mou OO 9 1
Fig 4
Magnet 1 and Fibro 2 in Jastrument No. 2.
Date 6-2-02.
/N\_M,—v ——
‘ T v ) 10 n it 0 1 PR
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PLATE VI
The carves are traced from the originals and
reduccd by photography to § scale.
L]
Fig. 1. Fig. 3.
Temperature Experiment No. 8. Temperature Experiment No. 0.
Magnet 8 and Fibre 4 in Instrument No. 1. Magnet 3 and Fibre 4 in Instrument No. 1.
Date 10-2-02. Date 12-8-02.
.
. 7 [1 L) n 1t o 1 3 1 ? ¥ oy n 1t 18 1 16 [

Fig. 3. Fig 4.

Magnet 1 and Fibre 2 in Instrument No. 2.
Date 10-2- 02.

M

Magnet 1 and Fibre 2 in Instrament No. 2.
Date 12-3-02.

M
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