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T H E  T E M P E R A T U R E  EXPERIMENTS, 
BY CAPTAIN H. A. DENHOLM FRASER, R.E., 

. t .  As soon as the first set of Watson's Magneto aphs was erected in the undergrou~id rood 
Preliminary ahangemedts. 

E at Dehra un, arrangements were made to find out the 
temperature co-efficient for the horizontal force instrn- 

ment. At this time the two remaining sets of Watson's Magnetographs had been received, 
and as the magnets and quartz fibres were interchangeable in all three sets, an excellent oppor- 
tunity was at  hand for finding the correction constant for each instrument. 

4n order to correct for changes in the horizontal component during the period occupied by 
each experiment, magnetograph No. 2 was tem orarily erected on wooden trestles in a room in 
the il-inch photo-heliograph observato . ~ g i s  room was moderately well protected from 7 changes of temperature, but being very c ose to the massive iron dome of the observatory, could 
only be used for magnet~c work on'the condition that the dome remained unshlfted, and this condi- 
tion was maintained throughout. 

Two small brass stoves for burning charooal and the necessaryconnecting pipes having been 
prepared, the first experiment was commenced on 3rd January 1 9 2 .  Previously to this date, 
and at  frequent intervals &ring the whole series of experiments, absolute observations were 
taken with No. I 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 temperatwe 

The routine briefly described. 
of the H. F. thermometer in No. a Magnetograph 
tonether with the time. He then did the same in the 

underground room (No. I Magnetograph) andolit the fires. Thereafter temperature readings were 
taken every 15 minutes in the underground room and every half hour for No. a instrument, and 
the fires were replenished with fuel as often as necessary. After a high temperature had been 
maintained for sqme 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. a set was statted on 18th December and records were taken daily till the 3rd Januav, 
Diary of the kpcriments made. the date of the first experiment, to make sure that the 

instruments were in a stable condition. 

In the first ex riment magnet No. I with fibre 2 was mounted in No. I ins-trument, and magnet 
z with fibre 12 in !? o. 2 instrument. 

The first ex riment failed after a few hours' eork owing to No. a instrument (which was k mounted on trest es), 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 wer No. r iristru- 
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 da Accordingly the cover of the H. F. instrument was removed, No. 2 
instrument was re-adjustxand after working satisfactorily for two days, the second experiment was 
started on the 6th January, a little after 7 o'clock in the morn ng, the doors of the underground 

P 



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 I 3th January : Magnet No. I and 
fibre 2 were transferred to No. 2 instrument, and magnet No. a with fibre 12 was adjusted in their 
place in No. I instrument. After allowing a short time for settlement, the 2nd experiment was 
carried through successfully on 15th January. This experiment was repeated on the 20th January, 
and on the aznd magnet 2 and fibre 12 were removed and magnet 3 with fibre 6 was mounted ~h 
their place in No. I 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 ~ 3 r d  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. I instrument and magnet 
2 and fibre 12 remounted. In removing this magnet on the aznd, one of the 5 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 experi2ent with No. a magnet, the 
original intention was to close the cycle by repeating the first experiment, thus giving two in&. 
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 slip ing of the quartz fibre at its points of attachment to the metal clips, certain 
sudden jumps were o g servable in the photographic records, which led to a further investigation 
pointing to the fact that a considerable slow shift in the base line .value 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. 5 fibre was then tried in its place. 

A series of deflections taken with this fibre in use showed that the magnet was steadily shift- 
ioe into a position of less strain, the effect being apparently due to the inabilitypf 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 re laced by fibre No. 3. 
SF The first set of deflections taken showed evidence of a similar but smaller ~ p ,  so the system was 

left in position for 1 4  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 this fibre. On the afternoon of the 7th February, 
fibre No. 4 was substituted for No. 3 and traces taken on the 8th and 9th. Though considerable 
drift had occurred at first, the system seemed to have settled down on the 9th and a temperature 
experiment was therefore made on the loth February. On the 11th the fibre appeared to be still 
qising results free from drift, so. the and experiment was made on the 12th. From that date till 



the 20th records were continuously taken with magnet 3 and fibre 4, in order to test the behaviour 
of the system, and on the zrst, magnet I and fibre a were removed from No. 2 instrument (in which 
they had been giving records since the 13th January), and were suspended again in No. I 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 a was carried out, thus closing the series. 

From this date onwards No. I instrument has been used for the routine work of the obser- 
vatory, but No. a 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. drbler to correct the records df No. 3 ~ a ~ n e t o ~ r a ~ h  
during the experiments made with No. I ,  and to 

evaluate the base lines of both instruments. 

As a first approx~mation it was assumed that the temperature co-efficient was the same for 
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 
obtained by 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 - ~a*oy* of 
ordinate, and this value was used in both experiments made with magnet I and fibre a, for reduc- 
ing the values given by No. a Magnetograph (vide forms C I and C 10). 

(When subsequently working out the t int  of these experiments it was found that the temperature co-efficient of 
magnet r and fibre a was very nearly r q y  and as this system was suspended in No. a 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. z instrument it is clear that the errors introduced 
in reductions C I and C 10 due to taking the temperature co-efficient as 1z.0 instead of about 12'5y can only change 
the results very slightly and it has not been thought necessary to recompute these two experiments using ihe latter 
more correct value.) 

The absofite observations were then reduced and a mean value obtained for mO/ (the mome6t 
of magnet IA 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 kngwn distance by a magnet 

Magnetograph. of known moment placed in the " end on " position due 
south of the suspended magnet. 

y  is the symbol g e n d l y  used to denote o.oooox C. G. S. units, where C. G. S. stand for centimetre, gramme, second 
=spectirely. In the English system the corresponding units are the foot, the grain, and the second. 

-0'000~17 English units approximately. 
b 2 



+*v* In the figore, S, N, is the H. F. magnet constrained into a position of 
I go0 from the magnetic meridian by the torsion of the suspend~ng quartz 
T-. fibre. Calling T the torsion coefficient of the fibre and A the total twist in 
I  -. . I 

' degrees imparted to its upper end in order to carry the magnet from the 

-<. 1 ' magnetic meridian into the position shown, then the torsion couple is 
S, Cr - . .  $ represented by T (A-909. 

I --t 
I Then if mi be the moment of the suspended magnet and H the borizontai 
I intensity, we have- 
I .................................... T(A-go")=ml Hsin goO=ml H (I) 
I 
I Suppose H to become H- A H ,  the magnet will be deflected in the 
I 

I manner shown through a small angle a, and we get- 

T (A-(goO+a)) =m, (H-A H) sin (goO+a) 

=mi (H- A H )  COS. a .............................. (2) 
I Now let us suppose that H does not change, but that the magnet is 
I brought into the position of equilibrium represented in equation (2)r by 
1 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. a is sensibly equal to unity, the 
2 m m, 

couple acting on the suspended magnet a - 
P 

(I $ - ) where P is the 
ra rs 

Is  
distribution co-efficient of the magnets. 

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

whence from equation !I)- 

a m m ,  P 
T (A-  (goO+a)) =mi 11 -- ,,a ( I +  $- 

Substituting in equation (2) we have- 

2mm P 
m , H  -$ ( ~ + ~ ) = m ~  (H-AH) co5.a 

Putting sec a = I, this reduces to 

P In practice r is about I metre, so that -is negligible and we obtain 
9 

am AH=- 
?.= 



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

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

where Q is taken from the table of temperature corrections for the magnet. 

Hence equation (3) should be written 

But as the measuring scale used is divided into twenty-fifths of an inch, whereas x in formula 
(4) is in terms of I millimetre, the factor 1.016 must be inserted, and we get finally 

x,= I ' O I ~ X  2m0 (1-Qt )8  where q is the scale value corresponding to 1025th inch. 
nra 

The distance r 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 I-50th inch. As a matter of fact r is not required w ~ t h  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 
.oooox C. G. S., i.e. 17. Taking x=5y (its approximate actual value), we see that it will suffice to 

X I 
find x within --60=- of its true value. 

5 300 

Then by giving approximate values as follows : m=gzo C. G. S., Y =  loo crns., x=gr,  and 
X 

substituting in equation (3), we find n=36.8 mm. If we now change x into x + -and using 
300 

the value just Fund for n again solve equation (3), we obtain r=9gS89 cms. 

Thus it will suffice to measure r correctly to o* I cm., or say I -25th inch, and the method actually 
adopted of measuring the distance by beam compasses is therefore quite good enough for practi- 
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. I magnetograph two deflection distances were used at about loo and 120 crns. ; 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 :- 



Table A I. 

Abstract of scale values jound for  No. a H .  F. Magnetograph during the temperature 
experiments. 

-1.016 Formula x l -  2mo(1-Qt) where r ,  is the scale co-efficient for I-25th inch. 
n ra 

The mean moment m, of the deflecting magnet 1A=1oodr3 (Table B). 

Table A 2. 

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

Suspend. 
ed 

Magnet. 

No. 

2 

r 

I 

I 

3 

gz 

No. 
--- 

10 

a 

a 

2 

4 

PERIOD. 

From 

1902. 

3rd January 

13th January 

~ 2 n d  January 

4th February 

~ 1 s t  February 

amm,(~-Qt) 
Formula x,=1.o16 nl, where rl is the scale co-efficient for 1-25th inch. 

The mean moment m, of the deflecting magnet 1A=100423 (Table B). 
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- 

I 
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a 
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The agreement between the two values of the scale co-efficient for No. r 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 r 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 
- P 

Reduction of results resumed. base line values obtained by ;sing an assumed tem- 
perature co-efficient of 12-57 per degree Cent. 

throughout. The greatest differences of temperature from the selected mean amounted in the 
case of No. I instrument to f 1O.3 and - 1'-2 on the 24th and 4th January, respectively, and in the 
case of No. 2 instrument to+3OS2 and + 1O.g on the 19th February and 30th 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 I to C 10. 

-The charts reproduced at the end of this paper were then plotted and tables D I to D 10 

. 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 con~dence are those given by experiments Nos. I and 2 with magnet r 
and fibre 2. 

7. The effect of a rise of temperature on a system consisting of a magnet suspended per- 
General considerations. pendicular to the meridian by a quartz fibre is ( I )  

to increase the torsional resistance 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 ere 
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 vcrsd if the fibre were cooled. Consequently, if during any period of the tempera- 

hotter 
ture experiment the fibre is - than the magnet, the resulting temperature co-efficient will he 

cooler 
large 

too by an amount probably bearing a certain ratio to the difference of temperature between 
small 

the magnet a n t  its fibre. 
a . 

On the other hand, for a temperature, the effect of any lag of temperature of the 

magnet behind that of the attached thermometer would makk the temperature co-efficient too 
small 
large' because the apparent change of force as measured from the curve would be divided by too 

lar e 
L a  quantity. small 

Disturbances produced by air currents would not be expected in an instrument of this class 
because (I) the volume of air immediately surrounding the m net is very small, and (2) the 
period of the magnet is very short and the copper damper acts rap1 7 iy. 

- 
ThrelIall (Phil. Mag., July 1890). 



As a matter of tact tHere is no. s i p  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 ehows that in every case the temperature co-efficient commences 
almost at  once with an abnormal1 bigh value, which falls very rapidly wbilst the temperature of I the room is still rising considerab y. This, as above shown, is conclusive evidence that there was 
no appreciable lag of temperature of the w e t ,  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 quartz 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 quick1 than the magnet and its damping box. Consequently, though the tem- 
peratures recordelby the thermometer may, and probably do, .give the temperatures of the 
magnet throughout the experiment without appreciable error, there 1s primdfacie reason to expect 

that the temperature of the quartz fibre must have been - ahead behind of that of the magnet according a. 

rising 
the temperature of the room was--;--. falllng 

NOW an examination of the charts shows that in every case the air temperature considerably 
exceeded that of the magnet till the rocess of cooling off commenced by opening the doors of 
the room and removing the fires. &ereafter 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 

Fromprevious considerations one woald therefore expect to find the values of the temperature 
co-efficient too great during the first OF heating u stage, then dropping rather suddenly, though I' slightly, as soon as the doors were opened, and final y rising again to its real value as the difference 
between the tempemture of the air and the magnet gradually disappeared.* 

Tables C I to C ID 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 majorityof cases the scale value has shown no tendency t o  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- 
b r e  changes, such shift would be shown by a displacement of the base line formed by the light 
reflctted 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 to be taken into account as its maximum amount never exceeded 0.2 scale division, 
jz., -008 of an inch. 

8. As above noted, tables C I t o  C 10 show that there is a general tendency for the computed 
values of the temperature co-efIicient to decrease some- 

Correction for rUp of fibre. 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 mere small, the drop in the temperature co-efficient was generally f h g e  and could hardly be ully accounted for in this manner. 

Throughout the reductions the temperature used in computing the temperature co-efficient was that recorded by 
*.thermometer embedded in the damping box of the H. F. magnet. 



As however the drop in the tcmpt!raturt co-clkcient could be explained by supposinq that the 
system under trial had given way or slipped under the strains induced by the rapid changes of 
tem~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 I 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, vis., on the 20th and on the 24th January. In the first case 
(Fig. 3 of Plate 11) the experiment has been rejected but in the second case (Fig. I of Plate 111) 
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 nni- 
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 ( I )  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. 

g. 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 3 

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 temperatqre 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 I 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 I obviously 
decreases in proportion to the increase in the figures. . 
' 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 tern- 
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 fluctuatipns in  the recorded 

C 



temperatures and until the fires were allowed to die down the temcerature of the air was always 
in ad~ance 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, wh~ch 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 he 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-e$cient found from the observations taken nearest to 
ikis  criticnl psint seems therefore the best individual value of U e  series, but in order to get 
rid of the errors to which any s~ngle observation is liable, it has been considered advisabk to 
derive the temperature coefficient in each case from a series of g 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 ohtained in each case which are 
grouped together in the following table for convenience of reference :- 

6th January . . . 1 2  

I 902. 

Date 

24th February . 1 ,, 

No. of 
Fibre. 

15th January . . .I 12 

. 

2pth'January . . 
31st January . . . 

~3rd January . , . 
28th January . . . 
6th February . . 

rothFebruary . . 
12th February . . 

Na of Mag- 
net. 

,, 

ID 

Mean of 
tmPer.ture 
coefficient. 

3 

,I 

#D 

3 

,I 

Find vdue 
of tempera- 
ture -@. 

cicnt, 

r I?@ 

I 2'60 

I 2-07 

12'17 

12.90 

12.49 

t 2.49 

... 
12.6 After repairing magnet, corrected 

for slip (to 7) .  

*** I Corrected for slip ( IS  y). 

. . . 

... 
j Il.S 

9 9  ,, ( 1 9 ~ ) .  

9, ,, (11 y) .  



There is very little doubt that the results for magnet I and fibre a may be confidently 
accepted. These are now in use in KO. I Magnetograph at the Dehra Dun Observatory, where the 
results of the tern rature readings during the first complete year of work show that the annual r range in the un erground room is not likely to exceed 6' or hmu5 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 I 7, the error permissible in finding the temperature co-effi- 

' 7  cient is --=0'3 7. The accordance of the two results makes it highly probable that in this case 
3'3 

the temperature co-efficient has been found with all desirable accuracy. 

Magnet 2 and fibre 12 have been in use in No. a Magnetograph eince September 190s 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 on1 one determination of the 
temperature co-efficient of the system was made after that date. At k odaikanal 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 I and the error 
permissible in the temperature co-efficient will be 17. So that although the single experiment 
madt 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 conditions apprtain- 
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 a ee- 
I$ ment in the case of the two experiments with No. 6 tibre is good, and in the case of o. 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 w ing  
the same magnet should vary from 12.1 to 1 a.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 
tmth, 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 z )  from the land to 
Dsth February inclusive, shows that magnet 3, with fibre 4, behaved fairly well when transferred 
to No. a Magnetograph during the last experiment with magnet No, I. . 

However,in order to see whether fibre No. 4 was really in a stable condition and fit for u9t 
at the Barrackpore Observatory a further prolonged comparison was made throughout March. 
The result is exhibited in Table b g and is not entirely satisfactory, for although there is no 
evidence of a sudden slip having occurred and the discrepancies noted may very probabl be 
largely due to the fact that No. a instrument was supported merely on trestles of wood, w TI ich 
proved by its behaviour to be only artially seasoned, still the fact remains that the results given 
by the two instruments were not in c P ose accord throughout the period. 

Highest temperature -18'~ Orl m h  September 1902. 

Lowest ,, -12.00 oa 28tb March 1903. 



I I. In most of the experiments a deflectiofi reading was taken to determine the scale value 
when the temperature of the room was approximately 

in due to change in temper- at its maximum. The resulting values are tabulated ahre. 
below :- 

Tne accordance of the signs in the last two columns renders it unlikely that the difference 
in the denection values obtained during the experiments is the result of chance. Also it will be 
wted that the deflection at 120 crns. is approximately one-half of the deflection at 96 crns. 
and t h a t  the mean difference in the last column bears approximately the same proportion to that 
&rived trom'the column before it. 

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 ( I )  to increase the stiffness of the fibre, (2) to decrease the 
moment of the suspended ma net and (3) to decrease the moment of the deflecting magnet. 
On all three counts one woud expect to find the deflection decrease slightly for a rise in tcm- 
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 10th February. The scale values from the special deflections 
taken at  a temperature of 34m09 Cent. are 4-ga and 4'93 from the near and far distances respec- 
tively as compared with 5'01 and 5-02 from the mean values under ordinary conditions, so that 
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the change in the scale value amounts to o - ~ y .  This is sufficiently large to slightly aiter the 
results of the temperature experiment, arc the range of ordinate amounts to almost 40 scale divi- 
sions and the resulting change in force would. be therefore less by about 47 than that derived 
from the s d e  value adopted." 

There are not sufficient data to justify any attempt at correcting the results for the change 
in the scale value, and the above figures 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. 

Statement of results acapted. la.  The following results derived from thes ex- 
periments have been accepted :- 

(a) The temperature mfficient for the system, magnet I and fibre 2 . . . = I P . ~  

( b )  II n IS SI 2 11 12 . . =11'6~ 
(c) 11 81 11 1 9  3 I1 4 . . . =12.57 

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. I set of Watson's Magnetographs it is stated that 
the temperature co-efficient per degree Cent. was found to be approximately 5.h (using magnet 
No. 1 and an unknown Abre), whilst Eschenhagen gives for his somewhat similar instrument an 
approximate value of 77 per degree Cent.t 

Suppose the temperature of the room to ba 30' and that of the deflecting magnet zoo (on the average) whild a set 
of deflections was being taken. 

Then putting m - 100423 at 0' Cent. 
We obtain from the temperature corrections for the magnet used 

m - 99644 at zoo Cent. 
m - ggz'a8 mt 50' Cent. 

Hence, since the value of the reale a*officient varies directly as m, the error introduced by assuming the temperature 
of the deflecting m net to be the same as that of tho room would in this case be roughly 0.4 pet cent. only, whereas the 

e charge a d y  found exceeded one pr cent. 
&hem the ddlections at high temperatures were taken, the deflectin magnet was mrmed up for some time by ex- B p i n g  it to the sun before bringing it into the room and it is there ore most unlikely that its temperature even at the 

time of taking the fint deflection, was ever a much as lo" from the truth. 
Consequently tbe change in the wale values noted at high temperatures cannot be explained bl assuming a large 

a m r  in the temperature of the deflecting magnet. 

, + Chne, F.R.S., has offered the following explanation of the discrepancy here noted. 
~~t us -11 Co the torsion couple at temperature 0" Cent. for unit angle of twist and suppose this to increw to C at 

wme &finite ternperahre t. 
Treating for the time being the magnet's own moment as unaffected by temperature, call A H the aonple m e w  on 

it when Fpendiqlar to the netic meridian at a place where H i s  the horizontal force. -7 suppose do the total twist o the fibte when the temperature is o0 Cent. 

and 0 ,I #I 11 I, ist 

pot a given value of t ,  (1)- B, a comtaDt 
CCO 

and M 4-do - B 

Thus the twisting accompanying a given change of temperature varies as the force at the place and since 8 -1, mans 
a given change of ordinate, the effmt Of a giwn c k w e  4 temprrdrre a t L  ordinate varies directly as H. 

At Dehra Dun. H-0.335 C. G. s.approximately, whilst, at Kew H - ~ 1 8 5  approximately, so that neglecting the tern. .- - - 

perature co efficient of tbe magnet, the temperatme wtfficient of the system at Dehra Dun sbould be x 5.8 - 1 ~ 5 . y .  rnc 
If thmfon  tbe r&ct of temperature on the momant of the magnet is small, the results at Dehra Gc not incomptiUe 

with thore obtained at Kew. 



Facts inferrcd from the experiments. 13. The following conclusions based on these ex- 
periments are worthy of consideration :- 

( I )  I t  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 aod cannot at present be explained. 

(3) The method of finding the scale values by deflections at a known distance with a magnet 
ot known moment is quite sat is tact or!^. 

H.  A. DENHO1.M FRASER, CAPTAIN, R.E. 



Abstract of absolute observations for H. F. and compntation of the value of the Base line of the H.  F. 
Magnetograph No. r f o r  tha months o f  January and February rgoa. 

Magnet No. IA. 

Selected mean tern mature = 21"o cent. B Temperature co-e cient for I" writ.= la's y throughout. 

Magnetometer No. I By T. Cooke & Sons. 

MAGNET I, FIBRE 2. 

-------- 

Date. 

---- 
7 7 C G. S. C.G.S. 

' 

- - - ,  

I 

305.4 1 305'4 1 -3351 7 1 2 l 
2 1 From aern  " m.'* 

15th Jan. Igoa. ... ... 



- -  - 

Time of observation. 

Vibralion or Deflection. 

E j i  $ 1 :  1 
h 

N U  $ ! d  8; 
m u m  

U U * ! g i g i t ; :  2 C w $ :  

Moment of magnet a t  zero 
=mc 

P. from a25 and 30 cms. 
-- 

?. From 30 and 40 c m a  

Measures of ordinate a t  
the  times given in col. 2. 

Ordinate converted into 
force. 

Inter l abd  Temperature 
of $F. thermometer at 
the  times given in col. 2. 

Difference of each tem- 
perature from the select- 
ed m a n .  

Correction for temperature. 

Ordinate corrected to  mean 
temperature=(S) + ( 1 1 ) .  

g "I" g i. 

6 .  P 
Y 8 1; 
m o o  
U 

g z I 

Okrved values of H . 
Value of B u e   line-=(^+) 

-(13)- 



Abstract of absolute obscwations or H. F. aarrd Computation of the value of the Base line of the li H. F. Magnetograph o. r for the months of  January and February 1902. 

Magnet No. I A. Magnetometer No. I By T. Cooke & Sons. 

M ~ o a m  3, FIBRB 3. 

I 4 
5 1 6  7 
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Computation of t ie value of tk Base Line of the H. F. Jfagnetograpb No. a for the months of January 
and February 1902. 

MAGNET 2, FIBRB 12. Temperature C d t .  for lo C.= 1l.n throughout. 
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 computation of the value of the Base t i n e  of the H. F. Magnetograph No. 2 for the months of January 
and February J 902. 

MAONRT I, FIBRB 2. Temperature Coefft. for x0 C . = I T ~  throughout. 
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Reduction o j  temperature coeflcients of H. F. Magnetographs (Watson's) 
First experiment with Magnet I and Fibre 2. 

Date. rime. 

1 Magnet I, Fibre 2. Inst. r. Fibre 12. last. 2. 

Y=.OOOOI. C. G. S 
units. 

Temperature co-effi- 
cient for No. 2 
Inrt. assumed at 
r C=-13 Y. 

Sc. value of No. I 
lost. = 4'27 y .  

Sc. value of No. 2 

Inst. = 5'6 y .  

Y ------ 
Stoves lighted at 

23-15 3- 63.0 10.1 43-11 13-70 +0.70 + 8.4 50.4 - 2.11 -1l.S -3.4 39.7 13.1 
22-80 2.t5 64.4 8.7 37.1 .74 +0 .7~ '+  8.9 56.5 - 2.0 -11.5 -2.4 34.7 15.1 
22-60 2.45 65.3 7.8 33.3 .77 +0.77 + 9.2 56.8 - 1.7 -9.6 -0.4 32'9 13'4 ... ... ... ... ... 13.80 ... ... 56.Y - 1.7 -9.6 ... ... 8.. 



C 2. 
Redmtion of temperature coe#o'ents of H. F. Magnetop.raphs (Watson's) 

First rxpeviment with Magnet 2 and Fibre la.  

Magnet z. Fibre ro. Inst. I. 
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25.5 

14.35 
-37 

14.38 
.3E 

14.3s 
-3s 

-39 

-4.5 
1+50+0.14 

+ 0.16 
+ 0.17 

59.5 

1 ~ 7 5  33.6! 25.7 
10'SO\ 33.41 2j.Q 
10.4~1 34-31 25.0 

Cent. 

o m  
'33-0.03 

- c-O(' - 00s 
1~26-0.10 

'23-0.0s 
14.30-0.06 

-32-0.04 
- 0.03 - 0.03 

-10.4 -8.0 
-11.s -9.0 
-13.0' -10.0 
-13.0 -9.6 

15.2 -11.1 

50.4 
59.5 

-3.0 
9 6  + o.col +7.6 

- 0.01 
+ 0.01 
+ 0.02 
+ 0.02 
+ 0.02 
+ 0 0 2  

14.3'+0.02 
+ 0.03 

14*10+004 
+ o.op 

101.2 
90.4 
78'5 
G9.6 
62.6 

-4.31 115.9 -11.3 
-3.91 -14.4 -9.3 
-3.5' -13.0 -7.4 
-3.2!-11.81 -5.4 

35'9 -11.1 -4- 
-3.1 
-3.0 15.00 

-.-.----I-------------- 
a, 

-0.4 
-0.8 
-1.0 
-1.3 

11.6 
31'0 
28.7 

+l*S 
+2.0 
+2.2 

-rI.gl -3.9 
- 1 1 ~ 1 ~  -3.0 

i 
1 
i 

- 4  
-3.1 
-3.2 

11'1 
11.5 

( io '~ 
52.4 
43.9 
393  

9 .  
59.4 
59.3 

+ 0.64 

Sc 
divns. 

62.5 
6a.5 
62.5 
61.1 
62.0 

! 
i 
I 
I 

rr.5 
11'3 
11.0 
11.1 

+O.I 
+o-3 
+o.3 
+0.3 
r0.3 
+0.3 
+o-4 
+0.5 
+ 1.1 

+ % I  

61.6 
61.1 
60.0 
59.1 
58.2 

-+s 
-4.S 
-4.4 
-4.1 
-3.4 
-2.S 
-2.5 
-2.7 

-3.0 
- 6  - 8  

-II.51 -9.5 
-11.8 -9.6 

57.7 
57-7 
58.1 
58.4 
59.1 
59.7 
60.0 
59.8 
59.5 
595 

Sc 
divni, 

0.0 
0.0 

0.0 
-0.4 
-0.5 

120.0 
113.9 
loS'3 

-0.9 
-1.4 
-2.5 
-3.4 
-+J 

-11"' -179 
-17.S' -17.7 
-16.3' -16.0 
-15.2 -14.9 
-126'  -12.3 
-10.41 -10.1 

-9.31 -9.0 
-100  -9.6 

- 3 ~ 0 - 1 1 ~ 1 ~ - 1 0 4  
-11.1' -10.0 

- - - - -  
7 

-3.3. -4.3 
-5.2 -6.0 
-0.31 -9.3 

-1z.61-13.0 
-15.Q1 -16.2 

IC>j'o 
roS.4 
11 5.0 
1x7's 
11G.o 
122'0 
130'2 
130'7 
130'8 
126'5 

12.3 
12'4 
12.3 
rz.2 
12'1 
12'3 
la's 
12'2 
12'1 

7 

S g d  
950 
92.3 
90-7 
94.6 

7 

12.4 
12'3 
12.1 
12.2 
12'3 

0.0 0.0 0.0 
-2.9 
27.0 
54.3 

0.01 -c-4 
-0.b -::;I -2.5 

-1.9 -3.2 

oo 
12.1 
13.9 
126 
12.4 



c 3- 
Reduction of tempevature coeflcierrt of H. iP. Magnet o&aphs (Watson's) 

Second experiment with Magnet 9 and Fibre la. 

MAGNET 2. FIBRE 12. INST. I. MAGNET I. FIBRE 2. INST. 2. 

REM.\RKS. 

n 

Y 

Date. Time. 

-- ,. 

zoJan.1902.  

. . . . . 
n . . . . 
9 9  . . . . 
9-  . 
9,  . 

. . 
9 ,  . 
9, . 
9, . . 

. 

. . . . 
I I  . 
13 . 
F . . 
). . ::. . 
19 . 

, -  

---.--- 
h.m. 
7-30 

45 
S o  
15 
30 
45 
po 
15 
30 
4 

10-0 
15 
30 
45 

11-0 
15 

30 
45 

12-0 
15 
30 
45 

13-0 

15 
30 
45 

14-0 
15 
30 
45 

15-0 
1.5 
30 
45 

16-0 

Cent' 

2063 

21.10 
2395 
26.80 
28.16 
2S.3~ 
2S.00 
2S.43 
2S.9S 
9 3  
29.60 
30.42 
30.72 
30.45 
jo.5Y 
30.73 

jr.22 
31-65 
31.95 
31.94 
31.60 
31-60 

30.37 

2920 
28.09 
27.20 
26.5: 
26.20 
25.45 
24-72 
24.15 
23.70 
23.40 
23.13 
22.93 

Cent' 

0.00 

+047 
3.32 
6.17 
7-53 
7.69 
7.37 
7.Eo 

sc. 
divns. 

56.1 

55.1 
4S.2 
4a.o 
33.9 
39.0 
392 
37.7 

Sc. 
divns. 

0.0 

-1.0 

7.9 
14.1 
17.2 
17.1 
16.9 
18.4 

4.35 36.5 
S..+O~ 3 3 9  

19.6 
I, 
22.2 
24.j 
25.3 
25.0 
25.5 
26.1 

17.2 
27.S 
28.1 
23.1 
27.0 
25.4 

137 

21.2 
18.5 
16.4 
15.0 
14.2 
12.3 
10.5 
9.1 
7.8 
6.8 
5.9 
5.0 

$97 
9-79 

10.09 
9.82 
9.95 

ro.15 

10.59 
11.02 
11.32 
11.31 
10.97 
1097 

' 9.74 

8.57 
7.45 
6-57 
5.92 
5.57 
4.92 
4 . ~ 9  
3-52 
3.07 
2.77 
2.50 
2.30 

-5.5 
43.1 
77.0 
939 
93.4 
92.3 

100.5 

33.9 
31.6 
304 
31.1 
30.6 
30-0 

28.9 
"8.3 
18.0 
28.0 
291 
30.7 

32.4 

34Q 
37.6 
39.7 
41.1 
41.9 
qj.8 
45.6 
47.0 
4S.3 
49.3 
50.2 
51.1 

107.0 
1oS.1 
121.2 

1314 
138.1 
136.5 
139.2 
142.5 

148.5 
151.8 
153.4 
153.4 
147.4 
13P.j 

139-4 

115.8 
101.0 

89.5 
81.9 
77.5 
67.2 
57.3 
49.7 
42.6 
37.1 
32.2 
27.3 

Cent. 

---- 
0 ~ 1 3 . 9 9  

-99 
13.90 

.9s 
13-97 

-97 
13.97 

.9S 
14.00 

14.00 
-00 

14.00 
.oo 

14.00 
-01 

14.03 
-06 

14.10 
4 3  
-16 

14.20 

1411 

.26 
14.30 

.34 
14.38 

.19 
1440 

.45 
14.50 

-54 
14-57 

51  

14% 

Cent. 

moo 

o w  
0.00 

-WI-O. I  
-002  
-0.02 
-0.02 
-0.01 

+o.ol 
.o.ot 
+eel 
+O.OI 
+ o a t  
+ 0.01 
+o.or 
+o.02 

+ o q  
+0.07 
+O.II 
+044 
+0.17 
+0.21 

+0.23 

+0.27 
+ o . ~ I  
+o.s.j 
+o.33 
+@40 
+o.41 
+046 
+@ST 
+o . j j  
+@SR 
+0-62 

+0.67 

-------------- 
Y 

0.0 

0.0 
0.0 

-0.3 
-0.3 
-0.3 
-0-1 
+o.1 
+0-I 
i 0.1 
+o.I 
+O.I 
+o.I 
+O.I 
+0.3 

+0.5 
+0.9 
+l.4 
+1.8 
+2.2 
+2.7 

4-1.9 

+3.4 
+ 3 9  
+4.4 
+5.0 
+5.1 
+S.2 
+5.S 
+6.5 
f 7 - 0  
+7.4 
+7.9 
+8.5 

sc 
divns. 

616  

61.9 
63.0 
62.0 
62.0 
62.0 
61.9 
61.2 
61.0 
60.2 
5 9 6  
58.8 
58.0 
57.1 
56.7 
56.3 

56.3 
56.1 
j6Q 
55.9 
56.0 
56.3 

56.3 

56-3 
56.1 
56.1 
56.7 
56.0 
56-3 
56.0 
566 
54.7 
57.0 
57.2 
57.7 

Sc 
divnaS. 

o.0 

+0.3 
+ 0 4  
t o . 4  
+0.4 
+o.$ 
+0.3 
-@j 
-0.6 
-8.4 
-2.0 
-2.8 
-36  
-4-5 
-4.9 
-5.3 

-5.3 
-5.5 
-5.6 
-5.7 
-56 
-5.3 

-5.3 

-5.6 
-ems 
-5.5 
-4'9 
-5.6 
-5.6 
-5.6 
-5.0 
-1.9 
-46  
-4.4 
-3.9 

n~ 

Y 

0.0 

+I.! 
+la5 
+1.5 
+ 1.5 
+la5 
+].I 
-1.5 
-2.2 
- 9 2  
-7.4 

-10.4 
-13.3 
-16.7 
-18.1 
-194 

-196 
-20.4 
-20.7 
-21.1 
-20.7 

-1p6 

-20.7 
-20.4 
-20.4 
-18.1 
-20.7 
-20.7 
-20.7 
-18.5 
-18.1 
-17.0 
-16.3 
-144 

Y 

0.0 

+I.I 
+1.5 
+1.4 
+ 1.2 
+re2 
+0.8 
-1-6 
-2.1 

-91 
-7.3 

-10.3 
-13.2 
-16.6 
-18.0 
-19.3 

-191 
-19-5 
-19.3 
-10.3 
-1S.5 

- 1 9 6 - 1 6 ~  

-16.7 

-17.3 
-16.5 
-16.0 
-13-1 

-156 
-15.5 
-1.19 
-1241 
-11.1 
-9-6 
-8.4 
-5.9 

e 

Y 
---------,- 

0.0 

-6.6 
44.6 
78.4 
95.1 
94.6 
91.1 
9S.9 

104.9 
103.0 
1139 
123.5 
1 ~ j . 9  

119.9 
121.2 
129.2 

129.4 
132.3 
1341 
1344 
128.9 
121.8 

112.7 

98.5 
84.5 
73.5 
65.8 
61.0 
51.7 
42.4 
37.7 
31.5 
27.5 
23-Y 
21.4 

Y 

14Q 
13.4 
12.7 
I?.6 
12.3 
124 
12.7 

'12.7 y .  

Fires lighted at 
7-50. 

12.6 
12.3 
12.7 
12.6 
12.4 
12.2 
12.9 
12.1 

12.2 

NO fuel added after 
11 -30. 

7 Oeflections taken. 

wide. 116  Outer door opened 

11.5 w~de. 

11.3 
I 1.2 
11.6 
11.1 
10.7 
10.4 
10-7 
10.3 
9-9 
9.5 
9 3  

, 
Fires removed. 



: : 3 : :  : : ~ ~ a : ~ Y x = ~ : : ~ ?  I 
e . . . . . . . . . . . . . . .  . . . . .  . . . . . . . . . . . . . . .  

L 

1 
3 
? 

I - 
I f 1 Temperature. 

- - - - - -  - - - - - -  + 
p ~ ~ ~ ~ u u o ~ m o u m w o  - - a  I P I  lncrement in temperature , 
u OW- ;i b J  & & d i  G r i m  """9 gpze?%~+~~ge? after start. 
O ~ ~ O c o ~ ~ O o O ~ O ~ O O O W  fjj O O ? % - W ~ W ~ O O ( ~ ~  LOWOUNcAo 

a 
U U U U U 7 U U u l u l P C C I W W  W W U N N  O O  W W  W U P P $ U C h G i  

2 ; ; ~ 2 ~ ~ i e g 2 ~ ~ ~  2 X5HrzE;?92 btxZ 

I 
I  I  

a 
- - - - - - N N N N  w w w w  ~ W N U N N N N N N - - 1  : 1 . r  I Difference in ordinate 

~ , ~ i ' ~ P g < g t ~ X P ~ ' g  gygz i 4 ; ~ ~ g ; ~ ~ f < ~ ~ g g -  after start. 

- - -  - 1 - - 1  1 1 - - - - - - - -  

N W O L J P U U l ~ h U m U Y ~ N W  (C ~ U U ~  ~ U C U G I W N N  o u u  l  . converted into Force. I I Difference in ordinate 
yL!l<y-.h C?+yCp 1.2 O C J ?  ' J N ~ W ~ + U  -?+: F ? ? ? :  

? w , o w ~ & < o w ~ u i ~ %  o n m u  a i m u ~ m ~ a M a - - o o  

- - - 1 - 1 -  - -  " - - I . . - - -  

4-sac P sl c I f 1 Temperature. 

I 
Z i P & X  . X ~ Z G ? L ~ ~  6 ~ ~ ~ ~ ~ g * ~ ~ ~ ~ ~ ~ ~ ~ +  
o m  -u, 023- a& o ou o u m  
+ + + + + + + + + + + + + + +  + ++-I+ + + + + + + + +  
~ ~ 0 o O O o o ~ p O O 0 O 0  0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~  

lncrement in temperatun 
a O l m P J A P U W L > u N N N - -  - after start. 
~ m - o m , ~ w m +  o m u o u m  13 :%a'& ,b,Skk$ESPAX88828 

I + + + + + + + + + + + + + + +  f + + + +  + + + + + + + +  
uu m m m v u + + w v  ~q q Correction for temperature. 

T T ? ?  ? ? ? ? ? ? ? ? " 0 0 0 ? 0  Pe° 1 
b&Q ia i x u  6 m u  m w w w  t r d  6 w  o o o w _ o _ m a m u r u  - 0-0 o  o  o  o  o  

a n .  I 

I 
I gr I Ordinate. I = 1 1 Difference in ordinate 

after start. 

I I I I I I I I I I I I I I I  I  I I I I  1 1 1 1 1 1  I 4  I Difference in ordinate 
N N N N N N N N N N N N N N m  N  N N N N  N N N - - - I I  I  I + + +  : y T v + ~ > ~ ~ ~ t t + ~ P +  2 ++++ C ~ U  w m w a v l ~ o o o  converted into Force. 
- m u  mm m -  - m  m w * n - . ~ -  VJ mm.nrn ; i ~ & . i .  bid i , , ; i i : 8 '  

I 1 Difference in ordinate cor- 1 1 1 1  I 1 1 1 1 1  - - - - - t > N N N M l a I J N N N  rected for temperature, Z 
?+ p"? t?L.U - - - - - N "  ( r . W n n  N N O u m N ~ y N 0 0 0  
m m w m u u  A b d  6 r ; l j  j i o t i & & i  b o  v ) b i i ~ A  6  i.e. ( I  3) + ( 1  0) .  

- -  - - - - -  I - # . - - - - - - -  
Actual change in ordinate 

I 
due to change in tern- 
perature (7)-(14). 

a . . 
-I--- - -1 - -  - - - " - - - - - - - - - . .  I 4  I Temperature coefficient - 

?scemmeewsc 9 9 9  0  2 y;; ~gz;gg z x ~ z ; ~ g -  ' for + I'C., i.e. (15)+(4). 
C L W ~ N ~ W ~ W u l J W u W W  

0 )  -'as 2 2; 
I 

0 .  

E. 
zu X 
? 7 

h Cl r) 0 n a cl -. 



c 4a. 
Table showing results of Temperature Experiment No. I with Magnet 3 and Fibre 6 corrected for  slip. 

RIYAIKS. 

Column8 I, 2, 3 and 4 are copied from 
columns ~ ~ ~ ~ i ~ ~ , , t .  I, 9.4 and 15 of the Temperature 

The total slip measured from 1'45 to 16'0 

is 15 7. The curve shorn a suddm jump 

,of 0.7 Scale d i v m = j ~  y at 150. Con SC- 

~umtly, a slip amounting to 11'6 y has 
been applied nniformly op  till rye, nd 
after that hoar a dip of 15 y has been 
=umed. 

I 

Date. 

Civil. 

23-1-1902 . 
I,  . . 
,. *. . . . . 
,. . . . 
3, . . . .  
9 3  . • 

,, . . . . . 
,? . . . . 
9 9  . . . . 
9, . . 
,, . . 
9, . . . . . . 
, . . 

9 ,  . . . . 
,, . . 
9 ,  . . . . 

• • . . . . 
,* . . 
7. . . 
,t . . 
I n  . . 

a 

Time, 

L M. T. 

7-45 
8.0 
-16 
'30 
'45 

9.0 
'15 
.30 

10.0 '45 
'15 
'30 
'" 

I10 

'I5 '30 

'*' 
12.0 

'15 
'30 
'45 

13'0 
'15 
-30 
'45 

14'0 
.16 
'3O 

15'0 '45 
'15 
'30 
.45 

16.0 

3 

Increment in 
temperature 

C. 

0'00 

+0'36 
3'32 
6.03 
8.30 
9'37 
958 
9.86 

10'23 
10.30 
10~20  
10.58 
10.78 

5 

Comction 
for slip. 

Y 

0'0 

-0'4 
0.8 
1'2 
1.6 
2.0 

2.4 
2.8 
3'2 
3.6 
4'0 
4'4 
$8 

4 

Actual 
change in 

o;d,';;: 
change in 

temperature. 

Y 

0'0 

-5.0 
50.5 
78-5 

103.9 
113'6 
116'1 
118.7 
121.9 
12z.o 
120.4 
123.1 
129-8 

11.80 
12.30 
12.68 
12-60 
2 
11-40 
10'59 
9.30 
8.20 
7'40 
6-50 

.SS~ 
4'20 
3'80 
3.40 
3-13 
2.98 
2.80 
2.62 
2'50 

5.2 
5.6 
6.0 
6.4 
6.8 
7'2 
7.6 
8.0 
8.4 
8.8 
9.2 
9.6 

10'0 
I 0'4 
10.8 
11.2 
I 1.6 
r 5.0 
15'0 
15.0 
15.0 

6 

True change 
in ordinate 

due to 
change in 

temperature 
-4+5. 

Y 

0'0 - 5'4 
51'3 
79'7 

105'5 
1156 
118'5 
121.5 
125'1 
125'6 
124.4 
127'5 
134'6 

140.1 
14.47 
149.5 
1468 
138.5 
1285 
115'9 
100.2 
87.8 
76.4 
66.2 

53:; 
37'2 
33'3 
28-8 
25.6 
20.4 
18.9 
16.8 
IS9 

7 

Tempera- 
ture cod& 
cient for 1' 

Cent-6+3. 

Y 

... 
-I5'o 

I 3.2 
'5'5 

12'7 

12.4 2'3 
12'3 
12.2 
12.2 
12.2 
12.1 

145'3 
150'3 
155'5 
153'2 
145'3 
I35 7 
123.5 
108.2 
96.2 
85'2 
75'4 
63'3 
56.8 
476 
44'1 
40'0 
37'2 
35'4 
-13'9 

30'9 

12.2 ) ~ u n  12.07 7 

I 1.6 
I 1'7 
11.5 
I 1-6 
11.4 
1.8 

11'3 
r1.6 
r 1.8 
11.9 
11.9 
12'1 
12.1 



c 5 
Reduction of temperature coeflcienl o f  H. F. Magnetograph ( Watson's) Second Experiment with 

hfafnet  3 and  Fibre 6. 

MAGNET 3. FIBRE 6, INST. 1. MAGNET 1, FIBRE 5 INST. 2. I - - -  I I 

-- 
P I  started at 7.50 



1 1 Y : I J 1 ' 1 a J I I I Y I J J J I J J I : J J ~ I Y J : 1 ~ P  1 - 
. . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  

c' m  W '? U 

~ t a j ; d C ; d t l i ; t ~ i ~ t l z d = R l C 8 P , l t ; ' 8 R : : t ; ~ ~  I ( ? 
I 

F 

E E ~ ~ E $ $ $ ~ ~ ~ ~ ~ $ $ $ Z $ $ ~ & Z ? ~ ~ ~ % % %  Gs2 - - 0 Temperature. 
6 t : 8 & ~ t ~ ; = ~ i % ~ ~ 1 ~ b t a ~ t d $ 9 1 f  LP%*$?~ 1 5 1 

- - - - " W w - - - - - - " - -  + 
I w  > b 

u w c c e e r b m m  py m  - u e ~ u m  m@++?u --cam - 6 Increment in  temperature 
& $ $ ~ ' ; 4 $ & ~ b ~ $  p ~ $ , b r ~ & & ~ & x = b ~ ) $  * I I aker-d.  

x ~ E ~ E ~ ~ E $ ~ % c $ ~ ~ % ~ ~ % % ; $ u % L : L ~ w ~ $ ~ ~ ~  FU" Ordinate. 
A d L i . d L . d G  h T A u 6 u  u 6 i m u ; D b 4 b - u & w 6 u d  1 1 

I m 
- - - - - - - N U  u w w u ~ g w c ~ u u  Difference in ordinate 

0 p o u f Y  :; -u p  ~ ? ~ ~ 2 ~ ~ 9 3 ~ ~ $ ~ i ~ f ~ 8 ~ . 8 i , & d  .,A& a h r 8 b W 8  1 1 -. 1 -  $ 
- I--Eg8uuuU--- I- I -  Difference in ordinate - 

~ ~ E E ! s E 2 3 ~ ~ s ~ ~ g ~ f .  . , J ~ G ~ % O : $ E P ,  z 
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Table showing results af Temperature Experiment No. 3 with Magnet 2 and Fibre 12 
corrcctedfor slip. 

I 

Date. 

Civil. 

- 
jrstJan.lgo2 • 

aa 

n 
n 
79 

o 
7s 

99 

9s 

I) . 
9s . 
as 

9s 

a9 

2, 

,# 

s9 

*a 

91 

sa 

ss 

.9 • 

7 s  

99 . 
9. 

an 

99 

a, 

99 

n 
99 

9s 

93 

a) . 

7 -- 
Tempera- 
ture cod!% 
cient for r0 
Cent - 6 

-F 5 

7 

... 
-15.g 

13.2 

13-0 
13'1 
12.9 
I 2'9 
12.9 
I 2.8 
129 

2 --- - 

REMARKS. 

--- 

- . 
Columos r, J ,  3 and q are copied from 

columns I ,  2.4 aod 15 of the tempen- 
ture experimeot. 

The toW slip measured from 7'50 to 16'0 
is loy and this has been distributed 
uninformly throughout. 

I 2-6 
M a n  12-607. 

12.5 
12.3 
12.5 
IZ'I 
12.4 
12.4 
12.5 
12.2 
I 2.4 
12.7 
12.8 
13'0 
13.2 
13'0 
13.0 
13'7 

I 

6 3 

True 
change in 
ordinate 
due to 

change in 
tempera- 

ture. 

Y 

0'0 

20'5 
70.9 

113'4 
142.5 
156'9 
167-8 
176'8 
189'8 
192'0 
19.5'0 
906.7 
200.0 
189'4 
1g0.1 
186-7 
1789 
158.6 

Corrstion 
hs ' i~'  

.- 

Y 

0'0 
-0'3 

0.6 
0'9 
1'2 

1-5 
1.8 
I 
2'4 
2'7 
3'0 
3'3 
3'7 
4'0 
4'3 
4'6 
4'9 
5.2 

4 --- 
Time. 

L. M. T. 

7-52 
8.0 

'5 

5 

tusa 
--- 

C 

0'0 

+oa17 
1.22 

132'7 
1 1 ~ 7  
98.3 

73'6 
65'1 
59'5 

due to 
change in 
tempera- 

ture 

Y ------ 
0'0 

-2.4 
IV9 

3O 
45 

]so 
15 
30 
45 

14.0 

6'1 
6'4 
6.7 7.0 

7'3 
r6 
7.9 
8'2 

;:: 
9'1 

70'0 
111'2 
141.0 
155-1 
165'7 
174'4 
187.1 
189.9 
191.7 
203-1 
196.0 
18.y~ 
185'5 
181.8 
173-7 
153'1 

11'24 
10.08 
8-61 
7'44 
6-48 
5'82 

45 
16'0 

30 

lag-8 
t04.7 
92'2 
80.6 
71.4 
67'1 
62'9 
60'8 
58'2 
56'1 
54'9 
53'5 

9.0 
15 
30 
45 

10'0 

15 
30 
45 

II'O 

19 
30 
45 

12.0 

15 

15 
30 
45 

15-0 
15 
30 

11'99 
13'04 
13-76 
14-76 
15-XI 
15'16 
1606 
15.76 
15'06 
15'06 
14'78 
1416 
12-64 

51'5 
52'7 

5'08 

3.96 
3-84 

4'78 
4-54 
4'32 
4-16 
4'10 

52'6 
49'7 
47'3 

44'1 
41'8 
41'7 

9'7 
I 0'0 



C. 7. 
Reduction of femperakre coeflcient of Horisontal Force Magnetograph ( H alson's) . 

First Experiment with Magnet 3 and Fibre 3. 

I MAGNET 3. FIBUP 3. INST. 1. MAGNET I. FIBRE 1. INSF. I. 
. I 

3 4 5 6 7 8 g lo 11 12 13 14 15 16 REMARKS. - - - - - -  
U 
L t , b  f k b  
3 5 8 .8 

f i  scale coefficient of 

d $2 NO. I instrument 
-4.81 

.- Scah coefficient of 

- 

I 

Date. 

. 

a 

Tim& 

- 

6th Feby. 1902 

n . 
n . 
n 
n 
m .I . 
n 
n 
s . 
n . 
n • 

n 
" 

n . 
n . 
n 

n . 
n . 
n . 
n 
n 
n . 
n . 
n 
n 
w 
n . 
n . 
ss . 
n 
n 

7-4 
8-0 

15 
30 
45 

g-a 
15 
SO 
45 

10-0 
15 
30 
45 

II* 
15 

30 

45 

12-0 

15 

30 
45 

I p  
15 
30 
45 

I ~ O  
15 
Jo 
45 

15-0 
15 

-- 
sc. 

Diva. 

~5 .0  
74.3 
70.0 
595 
51.3 
49-0 
a9 
41.1 
39-8 
389 
~ 8 . 0  
37.5 
35.8 
35.1 
37-1 

398 

41.5 

&a 

506 

53.4 
57.4 
60.0 
62.3 
63.5 
648 
66.0 
669 
67.5 
68.1 
68.4 
69.0 

11.05 
a1.29 
22% 
~6-60 
19.50 
3063 
3IP0 
33.50 
3 3 h  
34-10 
w25  
34-56 
35-18 
35.40 
34-78 

33.84 

32.86 

31.76 

Omit- 
ted. 

26-60 
a6.q5 
25-70 
25.10 
24.50 
24.25 
23.85 
23.55 
13.35 
13.20  

a310 

Sc. 
divn. 

w 
-0.7 

5.0 
15.5 
22.7 
16-0 
%I 
329 
35.2 
$51 
37-0 
37.5 
392 
399 
379 

55.1 

9.5 

184 

14.4 

216 
176 
15.0 
12.7 
11.5 
102 
9-0 
8.1 
7.5 
6.9 
66  
6.0 

30 
6 

 do 

o a ~  
+ ~ 4  

1-75 
5.55 
8-45 
9-58 

10-75 
12.55 
111.75 
13-05 
13.m 
13.51 
14-13 
14.35 
13.73 

12.79 

11-81 

1071 

... 
7-85 
5.55 
5.40 
465 
4-05 
3.45 
3-20 
2-80 
2.50 
2.30 
2-15 
1.05 

5.5 
5.3 
46 

-- 

0.0 

-3.4 
2 4 1  
746 

109.2 
125.1 
Iw.0 
158.2 
1%3 
1736 
178.0 
1&4 
1886 
1919 
182.3 

1@3 

19.3 

138.5 

117.4 

1039 
84-7 
724 
61.1 
55.3 
49-1 
433 
39.0 
361 
33.1 
31.7 
a89 

2295 
"90 
22-75 

26.5 
25.5 
aa.1 

:b I 2 
1.70 70.4 

- 
- - - - - - - - - - - , , -  

14.75 
14.74 

.73 
14-71 

-73 
14.74 

-75 
14.76 

-76 
14.76 

.fl 
14-76 

.77 
14.78 

-78 

14.78 

1 9  

-80 

14-82 

a87 
1492 
1 4 9  
9 

15- 
q 
-08 

191a 
-16 
-10 
.?q 

15.18 
.ja 

15.36 
15-40 

Cent 

oa, 
-0.01 
-04 
-0-03 
-oar 
-MI 
0.00 

+o.o~ 
+OOI 
+ M I  
+ M I  
+ear 
+ o a  
+0-3 
+wj 

+ w j  

+0.04 

+ ~ 5  

+ w 7  

+@IS 
+017 
+019 
+ o - z ~  
+025 

+033 
+037 
+e41 
+045 
+@@ 

+0-53 
t0-57 
+0d1 
+ d 5  

- 
-f 

w 
-0.1 

-03 
-0-4 
-0-3 
-01 

w 
+@I 
+om1 
+&I 
+01 
+O.I 
+ 0 3  
+ w  
+04  

+0.4 

+o-5 

+od 

+0-g 

+1.5 
+a.a 
+I.+ 
+28  
+pa 
+3.7 
+ 4 s  
+4.7 
+pz 
+5.7 
+62  
+ 6 7  
+ 7 s  
r7-7 
+&3 

- 
s. C. 
dive. 

643 
64.4 
65.1 
65.0 
64.7 
6q.3 
64.1 
639 
63.0 
62.9 
62.4 
6a.8 
62.7 
62.8 
62.8 

62.8 

k.8 

63.8 

64.1 

63.8 
63.9 
63.8 
63.7 
63.3 
63.1 
636 
63.4 
63.4 
63.4 
63.3 
636 
63.7 
63.7 
64.1 

- 
S. C. 
diva. 

w 
+*I 
+& 
+o-7 
+04  
0-0 

-02 
-w 
-1.3 
-1.4 
-19 
-1.5 
-16 
-1.5 
-1.5 

-1.5 

-1.5 

-05 

-02 

-0.5 
-04 
-05 
-0.6 
-1.0 
-1.2 

-07 
-09 
-w 
-09 
-1.0 

-e7 
-od 
-0.6 
-0.1 

- 
7 

w 
+0.4 
+PO 
+26  
+ 1.5 

0.0 

-0-7 
-1.5 
-44 
-5.2 
-7.0 
-56 
-59 
-56 
-56 

-56 

-56 

-19 

-0.7 

-19 
-1.5 
-19 
-2.1 

-3.7 
-4.5 
- 2 6  

-3.3 
-3.3 
-3.3 
-3.7 
- 2 6  
-1.2 
-2.2 

-04 

- 
7 

0-0 

+WJ 
+ a 7  
+ % a  
+ 1.2 
-01 

-07 
-1-4 
-4.7 
-5.1 
-69 
-5.5 
-56 
-5-2 
-5.2 

-5.2 

-5.1 

-1.3 

+ o z  

-0.4 
+ o 7  
+ 0 5  
+od 
-05 
-08 
+16 
+I-4 
+19  + '-4 
+2.g 
+&I 
+ 5 e  
+ 5 5  
t79 

- 
7 

w 
-3.7 
26.8 
76-8 

I 10-4 
125.0 
1.393 
156.8 
1646 
168.5 
171.1 
1749 
183.0 
186-7 
177.1 

I ~ ( . I  

151.9 

137.2 

117.6 

113.5 
85.4 
72.7 
61.7 
54-8 
4 .3  
449 

2 
356 
M.Z 
ye 
31.5 
31.0 
30-0 

166 
16-8 
176 

- 
7 

... 
-154 

15.3 
13.8 
13.1 
13.0 
134 
126  
12.9 
12.9 

!:% 
'3.0 
129 

12.8 

11.8 

11.8 

.., 
14.5 
15.4 
13.5 
13.3 
13.5 
14.0 
14.0 
14.4 
15.1 
15.5 
159 
16.1 

instrumenthken- 
-11-7 7 . 

Fires lighted. 

) b e t  f u d  added. 
D e f l e c t i o n  1 taken. 

M~~~ . 
Both doors ha l f  

o end.  
~o t tdoasopened  

J wide. 

Firesremwed. . 



Reduction of temperature coeflcienf of Horisontal Force Magnetograph (Watson's). 
First experiment with Magnet 3 and Fibre 4. 

MAQNET 3. FIBRE 4. IN=. I. I MAGMET I. FIBRE a. INST. 2. 

I REMARKS -----------  - 
e 

Y 

Date Time. 

- - - - - - - - - -  
Temtrerature co- 

SC !k fk !k n -11.77. ht. Gat. d i v k  Y Cent- Cent 7 d i v L  div;a 7 7 7 

, . 
,, . ,. . .. . . ,. . ,. . 
, . 
, . 
, . 
,, . . 
,. . . 
, . . 
, . 

8-2 
I7 
32 
47 

17 
32 
47 

1- 
16 
30 
44 

11-0 
15 
30 
45 

82-0 

22.20 
26.80 
29.20 
31-40 
32.ao 
3360 
3460 
35.20 
35.80 
35.44 
34.70 
34-50 
35.38 
35-70 
35.14 
34-42 

33.50 

Finr removed. . 15 31.70 11.80 37.8 271 136.5 -75 + w s  +ob  -1.2 -4.5 -39 1-6 1r.2 

,, . 
,, -. 
,.m . 
,, . 
,, . 
,, . 
, . 
B . 

31 . 
,, . 
,. . 
, . 
, 
,, . 

1-30 
6'90 
9-30 

11.50 
12-30 
13.70 
14.70 
15.30 
15-90 
15-54 
14.80 
1460 
15.48 
15.80 
15.34 
14.9 

13-60 

45 
13-0 

15 
30 
45 

14-0 
15 
30 
45 

154 
15 
30 

16-a 

574 
45.0 
399 
359 
33.9 
30-0 
274 
26.3 
25.0 
a64 
289 
a w  
16.0 
25.3 
27.3 
30-0 

32.8 

28.70 
27.50 
26.40 
25.70 
25.2o 
14.80 
24.50 
21.25 
aq.10 
23.90 
2370 
23-60 
a3.50 
23.35 

7.2 
2- 
25.1 
29.1 
31.1 
35.0 
376 
38.7 
400 
38.2 
36.1 
36.0 
gpo 
39.7 
37.7 
35.0 

-1 

8.80 
760 
6-50 
580 
5.30 
4-90 
460 
4.35 
4.20 
4.00 
3.80 
3.70 
3.80 
345 

36.1 
1-4 
1d-o 
146.1 
156.1 
175.7 
18X.11 
194.3 
lodl 
1918 
r8r.a 
180.7 
1gs.8 
199.3 
189.3 
175.7 

1616 

&a 
496 
513) 
536 
54.5 
55.2 
556 
56.2 
56-3 
56.8 
57-2 
57.7 
58.0 
58.1 

14-70 
-70 

14-70 
-70 

14.70 
~ 7 0  

14.70 
dp 

1468 
68 
68 
68 

1468 
.69 
-70 
.71 

14-71 

18.8 
15.4 
13.1 
1 x 4  
10.5 
9 4  
9.4 
8.8 
8.7 
8.2 
7.8 
7.3 
7.0 
6 9  

0.00 
coo 
ooo 
0.00 
0.00 
Mx, 

W 
-0.01 
-cw,z 
-0.02 
-o-n 
-0.o2 -- 
-001 

0.00 
+MI 

+om 

g~.) 
77.3 
65.8 
57.2 
Sa.7 
49.2 
47.2 
449 
43.7 
qra  
392 
366 
55.1 
346 

w 
w 
w 
0.0 
o a  
w 
c-0 

-0-1 
-0.3 
-0.3 
-(r3 
-0-3 
-0-3 
-0-1 
cw, 

+*I 
+0-3 

.8a 
1486 

.92 
14-98 
15.00 

-02 

-5 
1 5 ~ 8  

15.17 
-21 
4 5  
-29 

15-33 

636 
64.3 
64.4 
dq.4 
64.2 
64.0 
634 
63.1 
63.0 
63.1 
63- 
6262.4 
62.0 
61.7 
619 
61.8 

616 

+o r2  
+ e l 6  

+*a8 
+0-30 
+0.32 
+0-3s 
08.0-38 
+e@ 
+0-47 
+@sI 
t0.55 + 0-59 
t 063 

+0-5 
+1.2 
+la3 
+1.3 
+ 1.1 
+ o 9  
+(r3 
w 

-0-1 
w 

-0-1 
-0-7 
-1.1 
-1.4 
-1.2 
-1.3 

-1.5 

+ 1.5 
+2.o 
+ a 4  
+36  
+34  
+4.1 
+44  
24.8 
+5.3 
+6.0 
+6.5 
+7Q 
+7.5 
+8.0 

+ I 9  
+ 4 5  
+4.8 
b4.8 
+4.1 
+ 3 3  
+Is1 

0-0 
-0.4 

0.0 

-0-4 
-26 
-4.1 
-5.2 
-4.5 
-4.8 

-56 

62.0 
61.5 
61a 
604  
60-1 
599 
59.2 
5.941 
58.3 
58.3 
58.1 
58.3 
58.0 
58-1 

+1.9 
+4.5 
+4.8 
+ 4 8  
+&I 
+3-5 
+la1 
-0-1 
-0.7 
-0.3 
-0-7 
-29 
-4.4 
-5.3 
-4.5 
-4.7 

-5.3 

-1.1 
-16 
-2.1 
-2.5 
-3.0 
-3.2 
-3.9 
-+I 
-4.8 
-4.8 
-50 
-4.8 
-5.1 
-5-o 

380 
1049 
130.8 
1509 
160.2 
1790 
1- 
1pq.2 
200.1 
191.5 
180.5 
177.8 
191.4 
lw.0 
1Q.8 
171.0 

15&3 

-4.1 
-5-9 
-7.8 
-9.3 
-11.1 
-11.9 
-14.5 

16.5 
15.2 
14.1 
13.1 
13.0 
13.1 
12.4 
12.7 
126 
12.3 
12.2 
:*.a 
12.4 
12.3 
12.0 
11.8 

11.5 

Last fuel added. 
Deflations taken. 

Both doom opened 
sl; htly 

B& d d n  opened 
w~de. 

- 2 6  

-3.9 
- 5 ~  
-5.7 
-7.3 
-7.8 

-10-1 

91.8 
73.4 
60.8 
51.s 
454 
41.4 
37.1 

-15.2 - lo4 
-17.8 -12.5 
- 1 7 8  -11.8 
-186 -12.1 
-17.8 -10.8 
-189 -11.4 

10.4 
9.7 
9 4  
8 9  
8-6 
8.5 
8.1 

33.8 
31.2 
29.4 
27.1 
15.8 
23.7 
WQ -186 

7.8 
7.4 
7.4 
7.1 
7.0 
6.6 
9.0 -10.6 



C &. 

Table showinf results of Temp~vature  Expeviment No. I with Magnet 3 and Fi6re q correctedfov slip. 

10th Peb. I* . I 7.33 I wo I or0 

Date. Corntion 
for dip. Tima. 

Co!emns 1, a, 3 and 4 are copied from 
columoa I, 2,4 and 15 of the Temperature 
Experiment. 

The total slip murured trom 730 to 16'0 is 

True 
change in 
ordinate 
due to 

change in 
tempera- 

tun. 

IQY* and thh has been diiributed uni- ' f ~ r ~ , y  arougkut. 

Tempera- 
ture c d .  
cimt for 

Cent.= ( 

+3. 

lncremeot 
in temp-- turza 

Actual 
chantre in 
ordinate 
due to 

change in 
tamera. 
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Table showing 

t 

Date. 

Civil. 

- 

12th Feb. 1go3 

I 

91 . 
I )  

$ 9  

1s 

99 . 
I, • 

Is .. 
7* . 
*# 

99 

18 

YD . 
1~ 

1, 

Y I  

9) . 
S T  

n 
1, 

I9 

$I 

91 

9- 

n . 
)I 

.t 

¶I 

,I . 
n 
w 
,, 
w . 

results of Temperature Experiment No.  a with Magnet 3 and Fibre q correctedfor slip. 

2 

Time. 

- 
I.. M. T. 

1-28 

45 
8.0 

15 
30 

9.0 45 
IS 
30 
45 

10'0 

'5 
30 
45 

11.0 

17 
30 

1 2 0  45 
15 
30 
45 

13'0 
15 

' 30 

cft:'rin 
tempera- 

ture. 

Y 

0'0 

-10.9 
75'8 

125.3 
143'3 

161.9 
184'0 
195'4 
194.4 
197.6 
198'3 
199'6 
208.9 
215.7 
2 I 7'2 
206.6 
200'2 

=ox5 
1gb.o 
180-2 
158.1 
I39.7 
I 16.5 
I 00.6 

4 

Actual 
change in 
ordlnate 

due to 
change in 
tempera- 

Lure. 

Y 

0.0 

-10'6 
75'1 

124.3 
142.0 

1 6 ~ 3  
182.0 
193.0 
'$1.7 
194'6 
194'9 
195'9 
204.9 
211.3 
212-5 
101.6 
194.8 
197.8 
192.0 
173'8 
151.4 
132'7 
109.1 

92'9 
82.2 

3 

Increment 
in tempera- 
ture after 

start. 

Cent. 

0'00 

$0'65 
4'45 
8-35 

10.65 

12'15 
13.55 
'4'95 
rg'og 
'5.15 
1.5 25 
'5'35 
15'95 
16'55 
16'80 
16-11 

15'55 
'5'73 
15-45 
14-35 
12-65 
11'55 
9'75 
8-35 
7-45 

5 

Correction 
for tempera- 

ture 

- 
Y 

' 0'0 

-0'3 
0-6 
I -0 

1'3 

1'6 
2.0 

2'4 
1.7 
3'0 
3'4 
3'7 
4.0 
4'4 
4'7 
5.0 
5'4 
5'7 
6'0 
6.4 
6.7 
7.O 
7.4 

8.0 
45 

14'0 
15 
30 
45 

15.0 
'5 
30 
45 

16'0 

cient for lo 
Cent .96  

+ 3. 

7 

... 
-16.8 

I 7'0 
15'0 

. 3'5 

13'3 
I 3'6 
13'1 
12.9 
13.0 
13'0 
13'0 
13'1 
13'0 

72.9 
67'7 
62.5 
58'8 
55'7 
53'2 
51'0 
48'0 
47'6 ... 

6'65 
6'20 

5 q P  
sz5P 
5.2 I 
5'00 
4-90 
4'65 
4'45 ... 

REMARKS 

columns 1, 2, 3 and 4 are copied from 
columns 1,2, 4 and s of the Temperature 
Experiment. 

The total slip measured from 7-20 to 15-45 
IS I I y, and this has beendistributed unl- 
forrnly throughout. 

12.8 ) Man 12'49.7 

12.1 
I 2.3 
... 
... 
I 1.6 
I 2.6 
12.5 
12.6 
13.1 
.,. 

12'1 
11.9 
12-0 
11.1 

8'4 
8'7 
9'0 
9 4  
9'7 

10.0 
10.4 
10'7 
11.0 .. . 

J 

81.3 
76'4 
71'5 
68.2 
65'4 
63-2 
61.4 
58.7 
58.6 
... 



34 
C 10. 

Rtduction of Temperature coeflcient of H.  F. Ma~netograph ( Watson's). 
Second experiment with Magnet I and Fibre 2. 

24th Frb. 1909 7 36 20.65 o a  59.1 
,, . 461 ?w?c! +*IS 57.71 

. 8 <l 22.50 + 1 8 j  51.0 
, . 15 26-?n 5.55 31.8 
9, . 30 30'40 9;j 25.9 
, . 45 3?.1' 11.5.1 20.7 
,, . 9 0 37.70 12.05 20.1 
,, 15 32.s0 10s 
17 . 3o 33.j411 :::? IS.! 
, 45 33.711 13.05 IS.1 .. . l o  0 34.00 13.35 IS.0, 
, . 15 33.64 12.90 IPS 

. 30 3.7.SO 13.1.; 1 ~ 8  .. • 45 33.60 13.1 j lo? .. . 11 0 34-20 1pj.i 19.5 
,, . 20 34.2h Ik3.1 17.1 

30 34.0s 14.33 17.5 
,, . 4 j  3452 13bi  19.4 

. . 12 o 33.60 12.95 22.5 

,, . 15 32.00 11.35 20.0 
,? 30 30'0 Io.Ij 31.6 
, 45 20.50 8.8.5 350 
,, . 13 0 2%IU 7-7j 3S.4 
,, . 15 27.60 6-05 40." 
,, . 3c 2 C i . j ~  6.0.5 42.3 
, . 45 ?'*.4F 5'7.5 435  
,, . 14 0 25.90 5'2j 44.5 
, . I S . . .  ... ... 
,, . 30 25.25 460 46.0 
, . 45 25.0.i 4.40 46.1 
,, . 15 u 24Su 4.15 47.0 
,, . 15 :+.fit> 395 qti.01 
,, . 30 C.l..;cl 3s: 
,. . 4.51 24.40 j.7jl 47.0, 

Date. 

... Stoves liqhted. 

... 
'5.7 
17.7 
13'4 
13.3 
12.1 
13.1 
13.1 

12.0 

12.4 
13.3 
l?.<l 
13.4 
12.7 ... 
1z.S 
12.7 
12.7 
13.C~ 
13x1 
1 2 . ~ 1  
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.E + - 2 Xz- 

L - U z i . Y ~  
.- )=Y:?. 

Y 
cr ;  

.o+ 
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A P P E N D I X .  

Abstract of deductions made from the Tables ofcompa*isons of the two Ma~nrtographr,  and th base line values 
found fo r  each. 

The H. F. Magnet is constrained b the tonion in the fibre to lie with its North end East and the recording 
a n a n g e m a t  is such that an increase of d F. corresponds to an increase of ordinate. 

If the fibre slips or gives way under the strain, the ordinates will increase ; conse uently a sudden increase of 1 ordinate not common to both instruments presumably denotes a slip in that one in w ich the increase occ*irred. 
Hence also as  thr last column of the tablt s of comparisons gives the quantity Instrument I - Instrument 2, an 
increase in the values in this column shows that a slip has occurred in No. I instrument, whereas a decrease 
would show that a slip had occurred in No. 2 instrument. 

Now a n  examination of the base line values of No. 2 instrument and of the comparative tables shows that no 
p w t  slip occurred at any time in No. 2 instrument. Between the 13th January and 19th Febmary there is a 
decrease in the base line value from '33291 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 
m.3ment would make the ordinates also decrease and thus increase the base Wne value. An etamination of the 
curves shows a sudden decrease of ordinates at  I s30  on the a7th January amounting to 157 and a sudden increase 
a t  r y o  on 31st January amounting to about 47. 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 dip,  but ~t is probable that they were due to an 
actual deflection caused by the a p  roach of some magnetic substance thereafter left in position. The base lines B a t  these points are unchanged a n  no eneral shift of the instrument can therefore have occurred. Consequently 
there is strong evidence for accepting L%e 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. I instrument. 

The two experiments with magnet I and fibre 2 were made on the 6th January and z#h February and an 
examination of corn arative tables Nos. D I  and D8 shows that on both occasions not only were both instruments 
in accord before an la f te r  the experiments but a l o  that there is no evidence of dip during the experiment 
itself. 

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

Magnet z and fibre 12 were tried on the 15th and 20th anuary and the first experiment seems satisfactory 
but tke second must be rejected as  there is unmistakable evi d ence of sudden shifting having occurred during irs 
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 a s  occurred in the course of it was probably gradual 
a s  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 ,+. The first trial wirh fibre 3 on the ngrd 
January is unsatisfactory as slip undoubtedly occurred, but a s  the curve is smooth except where a well marked 
jump occurred towards the end of the experiment, an attempt has been made to correet 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 a t  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 q were made on the 10th and 12th February and by correcting the results 
on the assumption of uniformity of sli , a close approximation to the truth has probably been obtained. The 
c:irves are smooth throu hout and tapls 7 shows that the fibre was slipping steadily with a small but fairly uniform 
rate throughout the whoye period d u h g  which it was suspended in No. I instrument. Subsequently when tried in 
No. 2 instrument the fibre seems to have behaved fairly well. 



Temperature. 

Difference of temperature 
from selected mean. 

Correction for temperature 

Ordinate. 

Ordinate converted into 
force. 

Ordinate corrected to meal 
temperature. 

Value of H. F. 

Temperature. 

Difference of temperature 
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-- 

Correction for temperature 

Ordinate. 

Ordinate converted into 
force. 

Ordinate corrected to mea 
temperature. 

Value of H. F. 

Difference Inst. r-Inst. a 



D 2. 

Comparison of &fagnetographs Nos. I and 2 during the Tempevature Experiments. 

During the above comparison the arrangement was- 
No. I lost. Magoet 2. Fibre I& 

,, 2 , ,r 1. " a. 

There is nothing in the above figures to show that any serious shift ornamed in either instrumat durin the first experiment with Magnet 
2 and Fibre 12. In the 2nd experiment the Fibre seems to have sli psd to the extent of 8 C G . ~  u$Lg .ad i m ~ e c t i o ~  of the 
curve shows several sharp jumps. The and experiment must theregre be rejected, 

1st and 2nd Experiments 
with Magnet 2 and 

Fibre rz. 

I Magnetograph No. I. 

Scale coefficient -5.467. 
M a n  d u e  of Base line- -33208. 

Sclocted mean temperature-21°0 Cent. 
Temperature coefRcient-I a.57. 

Magnetograph No. 2. 

Scale coefficient -3.707. 
Mean value of Base line-.33ag7. 

Selected mean temperature- l.5°*0 Gat.  
Temperature co-efficient= 12.57. 

2 9 ci 
.r! . . - 

Date. Hoor. 

Sc. 
divn. 7. 7. C.G.S. C. y. C.G.S. 7. 

13th Jao. kg02 

14th , 

,, 

15th m 

,, 

16th , 

18th , 

19th ,, 

, 

20th 

16-0 

11-10 

1 5  

7-30 

16.0 

10-30 

11-20 

13-45 

10-20 

13.0 

7-30 

16-0 

20.4 

ao-4 

20.4 

20-5 

23-0 

ar-1 

20.4 . 
20-4 

20-7 

20-7 

20.6 

12.9 

-06 

-06 

-06 

-0.5 

+2.0 

-0-1 

-06 

-06 

-03 

-0.3 

-oJ 

+ r 9  

-7.5 

-1.5 

-7.5 

-6.3 

+a50 

-1.3 

-7.5 

-1.5 

-3.8 

-3.8 

-5.0 

+a38 

57.5 

598 

58.3 

59.0 

53.1 

49.0 

53.1 

52.3 

519 

53.1 

554 

51.0 

314-0 

326.5 

318.3 

322.1 

2899 

289.9 

2856 

283.4 

2599 

304-7 
I 

278.5 

306.5 

319.0 

310.8 

315.8 

3149 

266.2 

282.4 

278.1 

2796 

286.1 

209.7 

302.3 

-33515 

527 

14.7 

14-2 

-0-3 

-0.8 

523 15.0 

-0.3 

-0.6 

o.o 

-08 

-1.3 

-09 

-1.1 

-10 

-1.o 

-4.3 

474 

-3.8 

-~o.o 

14-2 

-3.8 

-1.5 

-oa 

-10.0 

-16.3 

-11.1 

-13.8 

-12.5 

-12.5 

-38 

57.8 

63.1 

:::: 486 

59.2 

62.1 

59.2 

50-0 

51.2 

54.7 

56.2 

56.7 

61.2 

57.3 

488 

494 

213.9 

233.5 

13.9 

14.0 

2194 

229.8 

21g.a 

185.0 

211.6 

202.4 

207-9 

209-8 

226.4 

2120 

210.1 

223.5 

215.2 

221.3 

219-0 

175-0 

195.3 

191.1 

IW1 

197-3 

2139 

2084 

,33507 

521 

512 

519 

516 

472 

492 

488 

491 

494 

511 

505 

+ 8  

+6 

Thetemperatures 
glven were 
observed. 

+ 7  

+5 

+ 7  

+a 

-2 

-2 

-3 

o 

-3 

+5  

1st temperature 
Expcri ment. 

t 2nd temperature 
experiment. 



D3. , 
Comparison of Mngneto,amphs Nos. r and 2 durinf  the Temperature E x p ~ v i m e ~  fs. 

I Magnetograph No. r.  1 Magnetograph No. 2. 1 
I Scale co-e&ient=q.8zYe I Scale co-tf8cimt -3'707. 

Mean value of Base line-.3:1M. Mean value of Basa line=.33283. I 1st and 2nd Experiments 
Selected mean temp.-~I"O Cent. sele.-td mean t e m p . ~ ~ g O ~ o  cent. with Magnet 3 a d  Fibre 6-  

I Temp. urefficimt= r 2'57 I Temp. c w E i c h t -  r l'5Y. I 

During the above comparison the arrangement was- 
No. 1 Inst. Magnet 3 Fibre 6. 
No. 2 ,, I ,, 2. 

There is evidence that Fibre 6 began slippin as soon as erected on ~ 2 n d  January and seems to have slipped uniformly up till the conclusion 
of the 1st experiment on q td .  From 4 P.M. on t fa t  date it seems to have remained steady till a k u t  8 A.M. on 27th .During the next 12 hours, 
ie., till 8 P.M. on 27th a gradual slip, amounting to about 13 C G. S. unita took place. But durlng the 28th and up hll the hme of removal on 
2p1b there u no evidence of m y  further ap rec~abla slip havmg occurred. Consequently it would seem that the second temperatureexperiment may 
be accepted with confidence. The praduJslip from 8 A.M. to 8 P.M. on 27th is investigated on the next ahect from which the &ore deduction 
i drawn. 



Comparison of Magnetographs Nos. r and :, during the Temperature Experiments. 

1 Magnetograph No. I. 1 Magnetograph No. 1. I 

I 'I'emp, co-efficient- 12.57- I Temp. coefhcient= ~z'gY. I 

- .  

Scale ca-fficient -4-827- 1 M a n  value of Base line=.331Yh. 
I Selected mean tomp.-z~~.oCent. 

261.2 ' ~ - ~ ~ ~ ~ ~ t ~ r e ~ ~  
1 !hrs \beet have been 

507 - 5 interpolated from 
certain observed 

13.8 5 4 5  1 202.8 215.6 499 - temceratures with 
the aid of the ther- 

,, 57-8 2lj.p' 227.7 511 - I mograph, .hen?. 
L lnaxlmum error 

228.4 511 o ih probably not 
greater than o'r or 

511 9,  223.4 511 o 0 .2  Cent. 

Scale co-efficient -3'70Y. 
Mean value of Base line-'3;zS~. I and Expt. with Magnet 3 

Selected mean temp.= 15"'o Cent. and  Fibre 6. 

The paper was 
changed vn 
NO. 3 inst. 
between 3-37 
and 3.39 I*. \I. 
Compari-on of 
the ordinates at 
these hours 
shows a shift of 
j Sc. divns. 
occurred* in 
the interval 
f 1 = I S  y f . .  ~ u t  

the trace of 
NO. I Inst. 
shoos that 
there was no 
change in the 
force durin 
this interva? 
Hence the ordi- 
nates of the 
curves on 27th 
to 29th have 
been correctal 
accordingly. 

T h k  tabulation was made to account for a n d  show the oatore of the  divergence which occurred in the results given by. t b e  two instrumeots 
between 1-1s P.N. o n  16th January I goz and 7-40 A.M. on 28th January 1902, as shown in Table 03. 

The figures ~ n d ~ c a t e  that  there was no appreciable difference between the ~nstruments up till 9 A.M. on 17th. Prom that  hour till P.M. 
a qradual shift of oneof  the  instruments ralat~vely to the other seema to  have taken placr. After 8 P.M. on 27th till the  s k m  in No. 1 instro- 
meat was changed on apth, n o  appreciable change has occurred. The investication IS complicated b the  sudden shift wEch occurred in No. 2 
Instrumcot, when changing papers on 27th ; the reason for this s'aift is not known, but the evidence t L t  i t  occurred is perfectly c lu r .  



D 5. 

Comparison of  Magnetographs Nos. I and 2 during the Temperalure ~ x p e r j m e n t s .  

Dufing the above comparison the anangement was- 
N 0. 1 Inst. Magnet a and F ibrc~a. 

r * = m  m 1 ,  , 2. 
The *pemeatbetween the inr~rummtr  ir not ood W r e  the temperatclre crpaiment during which a slip of 10 7 *em9 to have occurwd 

Put there IS no evidence from the mrre of No. 8 fnrt. of any sudden movement, the slip prohbly occurred gradually and may be dlowed for 
1 n the computat~ons. 

3rd Expt. with 
Magnet Fibre la. 

Magnetograph No. I. 

Sa le  co-officien t -6.50 7.  
Mean value of Base line-'33137. 

Selected m a n  tcmpcrature=a~"o Cent. 
Temperature co-efficient- rz'j y. 

Magnetograph No. a. 
Scale coefficient-3-70 7-  

Mean value of Base line-'33286. 
Selected mean temp.-~g'.o Cent. 

Temp. co-efficient- 11'5 7-  

Date. 

29th Jan. 1902 

~ 0 t h  2, 

3lst ,, 
1, 

2nd Feb. 1902 

Hour. 

13 lo 

I 1  30 

7 

16 0 

13 26 

 REMARK^. 

.- 
Thetemperaturagiven 

were observed. 

OThere break is or a rise of 1 
divn. in the 

curve of No. z Ins- 
trument at 3 P.M., 
which has been 
allowed for in thls 
and the neyt 
measure taken 00 
and February. 

r t  O E = g 0 = 
z I n' .- E .. = 

Y .- u' 
0 

21.4 

11.6 

50196 

21.5 

11.7 

+0.4 

+A 

+1.5 

40.7 

+ 5.0 

+ 7.5 

-1.4-17.5 

+31.3 

+ 8.8 

56.8 

57.5 

61.3 

54.0 

56.1 

- - - - I _ -  

369.2 

373'8 

398.5 

351.0 

364.7 

374.2 

381.3 

3819 

382.3 

373.5 

'33511 

518 

519 

511 

16.6 

16.8 

51816.4 

16.9 

15.2 

+ 16 

+ 1.8 

+ 19 

+ 0.2 

+ 20.0 

+ 22.5 

+1.4+17.5 

+ 23.8 

+ 2.5 

57.0 

5p0 

59-3 

55.3. 

59.3 

210.9 

2109 

219.4 

2046 

219-4 

230.9 

233.4 

236.9 

218.4 

111.9 

--- 
.33517 

519 

523 

514 

508 

-6 

-1 

-5 

+S 

+3 



D 6. 

Comparison of Magsefo~rapds  Nos. r and 2 during the Temperature Experiments. 

Dming the a h  comparison the arran m m t  was- 
Pro. IdNKOCOt, Magnet 3 and &re 3 

r, n I n  - 2 .  

Magnetograph No. I. 

Scale co-dficient=q.8ry. 
Mean value of Bnre line=.33223. 

Selected mean temperature=2i0-oC. 
Temperature co-dficient- 12.SY. 

The absolute obcervations from which !he base 1i.m .dues are derived occupied 1-om 11.25 to 13.1 om the 5th Pebrumry and in thecase of No. I 
IIIdNmCOt the last result had to be relected owlag to the appearance of the large and sudden s l i ~  thu c o m m e n d  aoout 12.50 and ended - 
at 13-30. 

From this time onwards till Magnet 3 and Fibre w r e  dismounted the agreement betreen the indrummts is fair m d  there is cettaillly mi- 
desce d dip  ia No. r lost. during the experiment. d?nythnng it would seem that the other instrument was a t  fault, but the slight daacordance of 
the last three values in the last column u probably accidental. Oa the whole, it would appear that the temperature experiment with M w e t  3 and 
F i  3 may be amoted  and i t  is regrettable that a farther trial W u  not made with the system. The very obvious shift that occurred just .her- 
won on the 5th lead i o  the impression that the fibre was unstable md another one was tried as soon as the t- l o w e d  this fault after d e m h  
moot on the 7rh tebruary (see Plate V, F I ~ .  1): 

Magnetograph No. 2. 

Scale co-ef&mt=3-7oy. 
Mean value of Base line=.33a84. 

Selected m a n  temperature- xsO.oC. 
Temperature d c i e n t =  1z..57. 

First experiment with 
Magaet 3 and k ~bre 3. 



Compavison of Magnetographs Nos. r and 2 duvinf the Temperature Erpcriment. 1st and grid Ezpeui- 
ments with Magnet 3 and Fibre 4. 

Menu value of Base line-.j317 . 
Selected mean temperahre-2 IO.O$. 

Temperature cc-ctllcient- 12 .5~ .  

hiagnuograph No. 2. 
Scale c c n f f i c i m t = ~ 7 q ,  

Mean value of Base linea.3 177. 
selected mean temperature- I$-o~. 

Temperature cwefficient - I 2-fl. 
I - 

2 g 
r f 3 g d 

.- f a .: 8 
3 t s 1 

Date. Hour. 

c n  6 o u o o  o 
. 

n 

I 
8th Fcb. 1g02 11-0 10.5 

I r o  m 7  
13-0 20.8 
1 4 ~ '  20-8 

#I 15-0' 11.0 
160 21.1 

10th ,, 7-30 I 9 9  
16-0 234 

11th :: 10.0 20-7 
9, 11-0 20.8 

12-0 ., 
13-0 ss 

14-0 SJ 

9, 15-0' s s  
16-0 .* 

I l th ,, 7-20 20-1 
15-45 245 

13th :: 10-0 21.1 
13-0 21.1 
16-0' 21-a 

14th :: 10-0 22.2 
14 '0  21.0 

15th :: 10-0 22.1 
13-3 22.1 
16-0 22.0 

16th ,: 10-0 22.0 
136'  22.0 
16-0 22.1 

17th ,, 10al 11.9 
13-0: 219  
1G-o 21-3 

16th ,, I 10.0 21.7 
I 13-40, 21.8 

16ao 11.6 
19th ,, ro.o( 21.4 

n 1335 21.4 
16-0  21.8 

20th ,, 1 10.0 21.6 
I 

The ternpya- 
tares p v r n  

Slip of 197 in 1st 
experiment. 

1 

Date of rbsolutc 

J -I- 
Slip of I I  ). in 
2nd experiment. 

) 13. 

Temperature of 
No. 2 a t  16 hrs. 
ir abnormal. 

L)"ring the above comparison the arrangement was- 
No. I Inst., Magnet 3,and Fibre 4. 
,I 2 I* rr I rr 2. 

A larpe slip occurred between the 8th and 18th- I)uring the f in t  temperature experiment a slip of about rg Y occurred a n d  durinc the 
.-d experimemt a slip of ro Y. Between ths two experiments them was no slip, but after the second a steady slip ,,f =bout - .  
5 to 7 y seems to have continued till the system was dismantled. 

Obviously these two temperrrturr experiments are .nrelioblr, and a- far  as the a h r e  Eguges go Fibre No. 4 s e e m  to ha= b ~ u  in a* 
.ort.bk c~nditior. 
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D 8. 
Compa~iso* o f  MagnetograpA s Nos. I and 2 during the Temperature Experiment. 

Mqnetograph No. I.  
Scale cmfficient-4.01 y, 

Mean value of Base line-.3p%. 
Selected m a n  temp.-arL.o C. 

Temp. mefficient- 1ajY. 

Magnetogra h N a  2. 
Scde  coIfRcient-4.5~~. 

Mean value of Base line=.jjzo7. 
Selected mean temp.=lSo.4C. 

Temp. coefficient= rz.gy. 

2nd mpt. with Magnet 
mnd F i b e  2. 

During the above comparison the arrangement was-No. r Indrumat,  Magnet, I and Fibre a. 
2 ,, . 3 3. 4. 

The magnets were rearranged on the ~ 1 s t .  From 10 A. u. on the nznd till the 27th February the curvrs agreed remarkably well and also 
dnring the actual temperature experiment no shift reems to h v e  occurred, so that the result may k accepted with confidence. 



D 9. 
Comparison of Magnetographs Nos. r and 2 offer the Temperature Experiments. 

/ Magnetograph No. I.. Scale co-efficient= ( Magnetograph No. 2. Scale co-efficient- I 
4'457. 

Mamet Mean value of base  l ine = Mean value of base line - 1 Fibre 2 1 
Temperature c s e fhc~en t -  '@oo C. 1 2 . 5 ~ .  G. S. 

I Selected mean l empe ra tu r e  =2z0  en;.. ( Selected mean ~ i m ~ e r a t u r s  =2z0  en;. ( 

c i v i  1 Lyy cent .  cent .  y .  1 y .  1 y .  ciq cent .  1 G... 1 y .  ------- 
I / - -  

divns. 
sc. i 

28th Feb. 1902 
rbt Mar. 1902 

,, . 
2nd ,, . 

,, . 
3rd ,, . 

,, . 
4th ,, . 
5th ,, . 

,, . 
6th , . . 
7th  , . . 
8th  . 

,, . 
9th ,, . 

,, . 
10th ,, . . 
11th _ . 

,, . 
,, . 

The  value of t he  base  
line of No. 2 
been arbitrarily fixed 
t o  make  the Instru- 
ments agree a t  1 ~ ~ 2 0  
on 1st >larch. 

T h e  value of the  base 
line of No. I is the  
actual mean value 
found for tile month?. 

ibo 
lo-ao 

16-9 
13-0 
16-0 

13-0 
16-0 

' 10-15 
13-0 

16-0 
I 
16-0 
13-0 
16-0 
13-0 
16-0 
13-0 
rCro 
I 
16-0 
13-0 
1C-o 

16-0 

Mean wnlne of base 
11nr of KO. 2-33325. 
h'o. 2 Instrument 
was re-adjusted on  
the  4th after receiv- 
ing a jar trhilet 
chaneiog the paper4 
a t  I V . ? ~ .  Hence a 
fresh arbitrary value 
ha s  been given t o  its 
base  line after t h e  
adjustment t o  make 
t he  ins:ruments 
agree  on  the  5th . 
A~arch a t  13 hours. 

+O.I + I  

- .  

21.71 -0.31 ... 

5 6 5  226 
55.2 221 
56.51 226 
530/  212 

... 
241 

228, 
232 
a13 

242 
2zS 
243 
251 

234 
244 
22) 
249 
229 

12.0 

22.0 
214  
214  

219  
11.9 
?I.\ 
21.8 

21.9 
21.4 
31.5 
21.7 
21.8 

227 
222 
229 
2 1 j  

2271 551 22.3 +0.3 + 4  
213, 522  22.7 t 0.7 -9  

... ( ... 1 19.6 -zS1 -30 
242 33557 19.0 -30  -3s 

542 21.5 -05  -6 
537  22.0 0.0 0 

544 21.5, -m? -3 
5;0, 22.2, +0.2 '4 

60.6 

56.9 
5q.o 
53.2 

60.5 
57.0 
60.7 
62.7 

58.5 
60.9 
55.9 
62.2 
57.3 

2 1 8  -0.2 
21.8 -0.2 

0.0 

0.0 
-0.2 
-0.2 

-0.1 
-0.1 

-0.2 
-0.2 

-0.2 
-0.2 
-0.2 
-0.3 
-0.2 

12s  

-3 
-3 

0 

-3 
-3 

1 
-1 

-3 
-3 

-3 
-3 
-3 
-4 
-3 

5431 19.3 -2.7 -34 

57.5, 230 

22.01 0.0 

22.01 0.0 
22.0 0.0 

22.0 0.0 22.01 0.0 

21.9 -0.1 

0.0 

54.1 
0 

0 
0 
0 
0 

-I  

o 

229 5141 10.5 -1.5 -31 
a10 5 2 5  19.6 -2.4 -30 

2jl 5 5 1  111 -2 . j  -33 
2271 542 19s -2.2 -2s 
2.40 555 l0.j  -2.6 -33 

216 
57.9 
53.7 
56.9 
53.7 
60.2 
57.0 
57.5 

24s 

232 232 547  22.3 +0.3\ + 4  
215 215 530 2 2 4  t 0 . 6  + S  
2?q 22' 5431 

563 

215 

53-14 216 

20.2 -1-S -23 

546 

215 530 

20.6 -1.4 -IS 

I 

5.56 21.2 -0.3 -10 

536 21.6) -oa4 -5 
560 214  -0.2 -3 

226' 541 22.2 +0.2 -3 

24! 2 4 1  !j561 

531 22.0 0.0 o 

225 
230 

2z71 542 
230 545 21.61 -0.41 -5 



D 9 4 0 n f d .  

Comparison of Magnsto~raphs Nos. I and a after the Tempera fur8 Experiments - contd. 

/ Magnetograph No. I. Scale co-cffirient - Magnetograph No. 2. Scalecaff icimt - 
A.00 7.  4-45 7. I 
7 - .  

Magnet Mean value of b a n  line = Magnet 3* Mean value of base line - 
. 3 p l 5  C. G. s. 1 ~ i i , ~ ~  j .33300 C. G .  S. 

Temoerature cozfficlrnt - 1 2 6 ~ .  Temperature cwfficient = 12.5 y. 
1 Selected mean temperature - 22' cent: 1 Selected mean temperature = 22' Cent  I 

15th Mar. 1 p 2  13-0 22d  to.? . 16-0 22.2 +o.z 

T h e  instruments are in fair accordance up to 23th March, thoueh it seems that No. z has piven way slightly relatively to No, 1. ~ f t ~ ~  the j z ~ t h  i a r c h  up till the end of the comparison the agreement is aqain pmd. The relative displacement of the instruments *hirh o:currrd ahout  I thr  28th   arch may or may not be due to s l ~ p  of the hbre, for ~t must be borne In rnlnd that No. 2 Instrument was not fixed like N,,. 1 ' 
and that the result noted might have been caused by a shift of one of the wooden trtpods due to shrlakage of the wood with the increasing heat. 

I On the whole it may be concluded that Pibra No. q behaved satisfutonly. 

G. I. C P. 0.-No. 174 S. G - ~ q - o ~ - a ~ - W .  D'C. 





PLATE I. 
'Ibomru.retncadfmmthror&duand 

dud by pbolognphy to) lode. 

Rg. 1. 
Tern- Ilrparimeat No. 1. 

Y.gnd 1 aod Fibre 2 in Iruhrment No. 1. 

Data &la. 

Fig. 3. 
Temptnt~.re Faprimemi No. 10. 

Mapet 1 mud Plbn 2 in InstnrmenL No. 1. 

Data E+Z-02. 

Flg. a. 
&pic( 8 d Abn 12 in htmmmt Na Z. 

Ihb 6-1- 08. 

Fig. 4. 
Magnet 3 md Fibm 4 in Ins(rammt No. 8. 

Ddc 24-W2. 





PLATE U 
'Ibe mei ue traced from the origin& .od 

d u c a l  by phobgnphy to ) d c .  

Fig. 1. 
Tempvrkue Expdnmt No. 8. 

Mwmt 8 md Rbre 18 in Indrummi Na 1. 

Date 15-14% 

Pig. 3. 
Tcmpmtum NO. 8. 

Magnet 8 and Pibn 18 ia l ~ t r u m e a i  No. 1. 

~ u e  m-1-08. 

Flg. 2. 
M.god 1 d P~lrrc 8 ia IM&UIIICII~ No. 8. 

DJs 16-1- 08. 

Fig. 4. 
I l . g n c t l m d K h 8 i n W t N a 9 .  

IMa 80-14% 





Rg. 1. 
Tempemkc E.+cnt NO. 4. 

%#net J md Fibre 6 in Instrnmznl No. 1. 

Ihte 24-1-08. 

Fig.  a. 
Wsgnal 1 and Wre 2 in Inrtrurnenl No. P. 

Date 2 4 1 -  08. 

Pig. 3. 
Tempentnu Expsrimsot No. 6. 

& p a t  9 and Rbn 6 in In&omat No. 1. 

Dale w-1-02. 

Rg. 4. 
Magnet 1 and Fibre 2 in I m h m t n t  No. 8. 

h k  2&148. 





PLATE IV. 
Thl sum are rncrd from h e  origin& and 

r e d d  by phcdqpphy to d e .  

, Fg. 1. 
Tsmpsntum Expiamt No. 6. 

M.lplet 8 and Pibn 18 in Iadrument No. 1. 

Ihte 81-1-03. 

Rg. a. 
Magnet 1 and Rbn &! in Inatnrrmot No. 8. 

Dua 31-1- 08. 





Plg. I. 
P h  of Onwe w 5-e-08 

Bhwing Lhc 8tip of Kbre No. S 

Mwntd in IdmmenL No. 1. 

Rg. 3. 
Tempmrure Exprimnt No. 7. 

-net 3 and Fibre 3 in Inttrumn; Na L 

Date 52-02. 

Rg. a. 
P o h  of Curre on 6-203 

Cbmqwdiag ro hat .horn in Fq. 1 

Mapa 1 .od Rbn 8 in bmumnr No. e. 

Plg. 4. 
U.kc( 1 and Fibre 8 in l ~bumeot  KO. 2. 

w 58-011. 





PLATE VI. 

Rg. 1. 
? t m p " . t ~  Erpmimmt No. 8. 

Yap& 8 utd Rbre 4 in In.(Nmmt No. 1. 

Dale 10-242. 

Fig. 3. 
T m ~ m  Brperimmt No. 0. 

Hapet a uld Rbrm 4 ill IrutNmsnt No. 1. 

Dste 12-8-08. 

Pig. 2. 
Magnet 1 and K k  2 in Ialtrummt NO. 8. 

lhk 10-2- oz. 

Pig. 4. 
M w e t  1 and Rbre 2 ia Indrummt No. 8. 

D.(s lz-8-08. 































EXPERIMEN~S NUDE. TO DETERMINE THE TEMPERATURE ? 

CO-EFFICIE~TTS 06 WAWN~S MAGNETOGI+IPHS; 




