


































































































































66 HOURLY VALUES FROM AUTOGRAPHIC RECORDS. 

Atmospheric Electricity.-The instruments in regular use throughout the year have 
been the Kelvin water-dropping electrograph-giving a continuous record of the potential 
at the spot where the jet breaks up into drops-the Kelvin portable electronleter No. 53, 
an Ebert aspiration apparatus, and a \Vilson universal electrometer: 

The Kelvin portable electrometer is used to deduce from the readings of the 
electrograph curves the true potential gradient in the open. The apparatus for the 
absolute observations consists essentially of a long horizontal insulated rod carrying 
a lighted fuse at the end, the rod being connected to the termi nal of the portable 
electrometer. Readings are taken with the fuse at 1 metre and at 2 metres above the 
ground, the grass on which is kept short. The site is in the Observatory garden. 

Theoretically, if no change occurs in the discharging tube of the water-dropper, or 
in its environment, one would expect a constant ratio to persist between the potential 
shown by the electrograph and the corresponding reading obtained with the portable 
electrometer. In this event it would suffice to determine the ratio once for all, and 
apply the factor thus deduced to convert readings of the electrograms into volts per metre 
in the open. As a matter 'of fact, the assumption of a constant ratio cannot be safely 
made, at least under the conditions existing at Kew Observatory. The discharge tube 
is long, and a slight shift in the position of the discharging nozzle, whether through 
sagging of the tube or other slight mechanical change, is a possibility not to be neglected. 
Again, the tube occasionally freezes, and may be split, and' a new tube may have to be 
fitted. Finally, the level of the discharge tube is some 14 feet above that of the 
ground at the in the garden where the absolute observations are made. In view of 
these several sources of uncertainty, the practice has been to take. the absolute observa­
tions in the garden on all fine dayA, shortly after 10h., when time permits. A factor 
is determined from the observations of each month treated independently, and is given 
in the Geophysical Journal. In June the portable electrometer unfortunately suffered 
an accident which entailed its being sent to the makers for repairs. The repairs proved 
troublesome, and the instrument was not recei.ved back from the makers until September. 
In the absence of another suitable instrument, absolute observations had to be suspended, 
and a value had to be interpolated for the factor referred to above. This was all the 
more unfortunate, because structural alterations were going on in the immediate neigh­
bourhood of the electrograph, and the external painting of the building requiring the 
presence of scaffolding was in progress. For these reasons the results deduced from the 
electrograph are less reliable than they have been for a good many years past. 

Table LXXV. gives the diurnal inequalities of the potential gradient for individual 
months, three seasons, and the year. The seasons include the same months as in the 
magnetic tables. The inequalities and mean monthly and annual values in the table 
are based on the curves of ten" quiet" days from each month, selected as being wholly 
free from negative potential. Other objects in the selection of the" quiet" days are 
freedom from large irregular movements, absence of indications of inferior insulation in 
the electrograph, and the avoidance so far as possible of large non-cyclic' changes. The 
non-cyclic changes given in the table represent, of course, means from the ten days of 
each month. As in the other tables, the maximum and the minimum values are dis­
tinguished by the letters x and n. The range thence deduced is much less than the 
mean of the individual daily ranges. It should be remembered that the mean value 
and the inequality derived from any single month are largely dependent on the weather 
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that happens to prevail, and cannot be assumed to be fairly representative of the season 
of the year. Adequately representative data can only be obtained by combining the 
results of a number of years. 

The Ebert apparatus has been used to determine the total charges per c.c. carried 
by the positive and negative ions of which the apparatus takes cognisance. The Wilson 
apparatus has been used for measuring the vertical air-earth current. Its sensitiveness 
seems more adequate than that of the Ebert apparatus, and the results have appeared 
more consistent. In both cases there is some uncertainty as to the exact significance 
of the numerical results obtained. These results, so far as not obviously inconsistent, 
have been published in the Geophysical Journal. 

Seismology.-Records continued to be taken during the earlier part of the year with 
the old-pattern Milne seismograph, having its boom oriented north and south and measur­
ing tilting in the east-west direction. The building operations would, however, have 
rendered its records in its original site untrustworthy; and as no other site was available 
it was dismounted on August 7th, and was not replaced until the end of December. The 
movements recorded during the time when the instrument was working numbered] 17. 
A large proportion were mere broadenings of the trace, whose seismic nature could only 
be established by comparison with corresponding records from other stations. This com­
parison depended on data kindly supplied from Shide. Particulars of the times of 
occurrence of an the movements and of the duration and amplitude of the larger move­
ments were communicated to Shide for inclusion in the lists published by the British 
Association Committee. 

Much the largest movement recorded was that on August 6th, when the amplitude 
exceeded 17 mm. The next largest movements took place on March 14 th, June 12th and 
15th, and July 28th, when the aluplitudes were respectively 5'9, 4'9, 4'8, and 3'8 mm. 

Meteorology.-The building operations caused some interruption of some of the 
records. The most seriom; interruption was that experienced by the Angstrom 
pyrheliometer, which was out of action during the last six months of the year. The 
thermograph was run throughout the year in its usual place, but the barograph had 
to be moved in the end of May from its usual site in the magnetograph room to the 
"Experimental House," where it remained until the end of the year. The working 
standard barometer which serves to standardise the barograph curves had to be moved 
to an outbuilding in the end of May, and the large ultimate standard barometers with 
which the working standa.rd is compared at intervals had to be boarded up to protect 
them from the builders until the end of the year. The comparisons made since, however, 
warrant the belief that if any error existed in the zero correction accepted for the 
working standard during the latter part of the year it was very trifling; and that while 
the barograph was outside, the only source of uncertainty in the curves which was 
appreciably greater than usual arORe from the large size of the diurnal variation of 
temperature to which the instrument was exposed. There was necessarily a short 
interruption of the barograph trace on its transfer to the Experimental House and 
,on its restoration to its old site, but during these times records were available from 
the Dines float barograph. 

The old wooden building on the roof of the Observatory, which contained the 
recording parts of the Robinson cup and the Dines' pressure tube anemographs, was 
taken down and replaced by a small structure affording accommodation for the cup 
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. anemograph only. The pressure tube anemograph had to be removed and erected 
temporarily in a hut near the Park entrance, but the cup anemograph had its record 
interrupted for only a few hours. 

Hourly readings of baromet~ic pressure, temperature, relative humidity, wind 
(direction and velocity), rainfall, arid duration of bright sunshine, will be found as 
usual in the "Hourly Readings." This also contains particulars of the daily maxima 
and minima of barometric pressure. 

The Geophysical Journal gives the barometric pressure, air temperature, pressure 
of aqueous vapour and relative humidity, as well as the dire"ction and velocity of the 
wind, at hours 9 and 21 (9 p.m.). It also gives the amount of cloud at hours 10 and 
22 (10 p.m.), the total daily duration of bright sunshine, the reading of the grass 
minimum thermometer, and the reading at hour 10 of earth thermometers at depths of 
0'3 and 1'2 metres (1 and 4 feet). The reading's of solar radiation taken with the 
Angstrom pyrheliometer are likewise included. 

Reference will be made here only to a few of the outstanding phenomena of 
the year. 

Barometric Pressure.-The barometric pressure throughout the year varied 
from 1039'4 millibars (30'693 inches) on February 12th to 978'1 millibars (28'884 
inches) on March 19th. 

Temperature.-The temperature in the shade varied from 301 °'3 A. (83°'0 F.) 
on June 16th to 269°'1 A. (25°'1 F.) on January 13th. 

The highest reading given by the solar radiation thermometer was 331°'7 A. 
(137°'6 F.) on June 18th. 

The greatest solar radiation shown by the Angstrom pyrheliometer was 0'082 
Watts (1'17 cal.ories) on May 18th. 

The total duration of bright sunshine for the year, 1275'3 hours, was unusually 
low. In July there were only 105 hours. The largest daily total was 14'5 hours on 
May 25th and June 15th. 

The lowest temperature on the grass during the year was 262°:4 A. (12°'9 F.) on 
January 13th. . 

The readings of the earth thermometer at 0'3 metres (1 foot) varied from 
275°'4 A. (36°'4 If.) on February 24th to 290°'3 A. (63°'1 F.) on June 19th. At 
1'2 metres (4 feet) the readings varied from 279°'2 A. (43°'2 F.) on February 27th to 
287°'5 A. (58°'1 F.) on eight days between August 25th and September 5th. 

Wind.-The highest mean hourly velocity of the year was 17'7 metres per second 
(40 miles per hour) on March 22nd. 

Cloud.-The mean amount of cloud for the year-scale 0 to 10-was 7 '2, the 
monthly means varying from 5'5 in September to 7'9 in April. 

Rainfall.-The total rainfall for the year w'as 555'5 mm. (21'87 inches).· October 
with 88'4 mm. (3'48 inches) and June with 10'9 mm. (0'43 inches) were respectively 
the wettest and dryest months. The greatest daily total was 27'9 mm. (0 '92 inches) 
on July 14th. 
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THE MANAGEMENT AND MANIPULATION 
INSTRUMENTS AT ESKDALEMUIR. By 

L. F. RICHARDSON, B.A., SUPERINTENDENT. 

The magnetic force is expressed in terms of three components, X, Y, Z, in three 
directions mutually at right angles. Of these, X is positive for a force towards the 
North, Y is positive for a force towards the East, and Z is positive for a force down­
wards. In England for the normal terrestrial magnetic state X is positive, Y is 
negative, and Z is positive. In the southern magnetic hemisphere Z is negative, the 
direction of the magnetic force being npwards. A magnetic force is taken to be along 
the line in which a magnetic needle subject to it sets itself, and in the direction from 
the S seeking to the N seeking pole of the magnet. 

The Magnetographs recording the North and West Components were, as 
in the previous year, the Adie bifilar set. 

North. West. 

Time scale. I hour to 15'6 mm. 
Time marks every two hours, end of interruption is exact hour. 
Error of time marks seldom as much as ± I minute. 
Scale values 8'701' per mm. 8'801' per mm. 
Complete periods of vibration 8'7 secs. 10' 5 sees. 
Damping; amplitude sinks to a half in about 24 secs. about 15 sees. 

Apparent ~ force due to unit ~ force +'016 -'02.6 

Change in azimuth of magnet for I mm. on the 
paper '00°320 radian. '000326 radian. 

Twist of bifilar suspension . 3 SO 7° 
Length of bifilar + mean breadth 51 66 
Temperature coefficient - 81' per I 0 C. - 21' per 1

0 C. 
Marked pole points' West North. 

The Scale Values were determined in October 1913 by means of a test magnet 
placed in four positions, two on either side of the magnetograph, so as to eliminate any 
error of centering. The moment of the test magnet was determined by deflections 
at two distances on a Kew-pattern magnetometer, assuming a value for the earth's 
horizontal field . 

. In deflecting the magnetograph, account was taken of the lengths of the two 
magnets concerned by calculating from them the distribution coefficient P, assuming that 
the magnets consisted of point-poles separated by 4/5 of the length of the steel. * If 
2lT and 218 are the distances between these point-poles for the test and suspended 

magnets respectively, then the scale value was taken to be 4rr: { 1 + ;} in "end on," 
sr r 

or half that in the "broadside on" position, where s is the double deflection due 
to reversing a test magnet of moment m, and P has the following values :-

(a) Test magnet end on, both magnets in one plane P = 2lT2 - 3l8
2

• 

(b) Magnets in one plane. 'rest magnet broadside on P = (3/2) (4l82 -ll)· 
(c) Broadside on, but magnets at right angles to each other and also to the line 

joining them P = - (3/2) (l82 + IT''')' 
* Vide Chree, Phil. Mag., Aug. 1904. 

I 
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Nine observations were made on each instrument in position (a), nine more in (b). 
The agreement of the means of the two groups was satisfactory. 

North instrument 

VVest instrument 

{
(a) 
(b) 

{
(a) 
(b) 

8'69." per mm. 
8 '70", per mm. 
8 '81", per mm. 
8 '80", per mm. 

The temperature coefficient of the test magnet was measured and found to be 
- 0'00040 per 10 C. 

On account of the considerable twist in the bifilar suspension of the north instru­
ment, its sensitivity varies across the sheet; an increase or decrease of 300", increases 
or decreases the seQsitivity by about 0'8 per cent. of itself. The scale test gives the 
mean sensitivity over, a range of about 200", on either side of the undisturbed trace, 
and this is practically identical with the sensitivity for small changes such as the 
mean diurnal inequality. 

Azimuths of Fixed Lines in the Underground Chamber.-In the spring of 1913 
Dr Qhree set off North and South marks on the plaster walls of the west room by means 
{)f an observation of declination in that room simultaneous with one taken in the 
~ast hut. 

Later this line was compared with the astronomical meridian by means of a 
survey carried through the door and up the stairs to the window of the porch, from 
whence five transits of the sun and two of stars were obtained. Two theodolites were 
used, only one being moved at a time, and the work appeared to have an accuracy of 
-about 1'. The line obtained magnetically was found to agree with the astronomical 
meridian to within 1', thus indicating that there is no magnetic disturbance greater 
than this between the hut and the underground room. At the same time various other 
fixed azimuths were determined, as follows, reckoning N = 00

, E = 900
, and so on. 

Outside - Cross on floor near window at head of stairs to Oairn on Stell Know, 
1770 53'. To spire of Eskdalemuir Chureh, 1590 5~ 

Central passage-Line cut on floor by Mr Walker, 3590 51'. 
West room-Line joining N - S serew eyes (practically the same as Dr Chree's 

line), error less than 1'. Line joining E - W screw eyes, 900 1'. 
East room-Lines joining screw eyes in the positions to which they were removed 

on April 3rd 1914 :--N - S 3590 59"5; E- W 2690 59'. 
Each azimuth was nleasured by two or more of the observer~, who were Messrs 

L. F. Richardson, L. H. G. Dines, O. D. Stewart, and H. G. Harris. 

The Effect of a West Magnetic Force on the North Magnetogra.ph (and vice 
versa) is due to two causes, which, if the instrument ~ere in perfect adjustment, would 
compensate each other. (i.) A ternporary increase or decrease in the magnetic moment 
due to the permeability of the magnet. (ii.) A small component of the applied magnetic 
force perpendicular to the magnetic axis of the magnet due to the azimuth of this 
axis differing slightly from the west line. 

The observations on this point made early in 1911 by Mr VValker were repeated 
in December 1913 and again in March and April 1914. A magnetic field in the west 
-direction was applied to the North magnetograph by means of an auxiliary magnet. 
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Appropriate reversals were used to eliminate errors of centering and lack of parallelism 
between the magnetic and geometric axes of the auxiliary magnet. The results have 
been expressed as "the apparent north force due to unit west force." This quantity is 
equal to kN + a where k is the fractional increase in the magnetic moment due to 
unit west force, where N is the north cornponent of the earth's field, and where a is the 
very small angle (in the radian as unit) by which the west end of the magnetic axis 
deviates to the south of the true west. The experiment gives the sum of kN and a. 

The term kN is small, and may be taken as constant from year to year. The variations 
, in a may be measured by the drift of the trace if we assume that the magnetic axis is 
fixed relatively to the surface of the magnet and if the mirrors have not been 
touched. 

The results, when all reduced to the common standard of azimuth given above, are 
as ..collo ws :-

North Instrument. 

Appa.rent North Force 
I 

Independent Measures of Date. due to Unit West Force. I Differences. Rotation of Mirror. 

I Radians. 
1911 January +'018 

I 

+'001 - '003 from drift of trace. 
1913 December 30 -3 I +'01 9 - '022 made on 1914 tT anuary I. 
1914 March 31 -'012 } 

-'029 From that date to April, 1914, 
1914 April 5 -'008 mean -'010 

I 
change was less than ±'002, 

West Instrument. 

Date. Apparent West Force 

I 
Differences, Independent Measures of 

due to Unit North Force, Rotation of Mirror, 

Radians, 
1911 January -'01 7 

-'01 4 - '008 from drift of trace. 
1913 December -'03 1 +'036 made on 1914 ,Tanuary I. 

1914 April 7 + '004 } mean + '006 
+'037 Drift from that date to April, 1914, 

1914 April 8 +'009 less than ±·002. 

The values adopted for 1913 have been obtained by smoothing the above data, 
and are:-

Apparent north force due to unit west force 
Apparent west force due to unit north force 

+ '016 
-'026 

Consequently, if n' and w' are the north and west inequalities printed herewith, 
then the corrected values, nand w, along the geographical directions are, for 1913 :-

n=n' -0'016 w' 
w = w' + 0'026 n', 

The effect of the interaction of the N and 'V magnets, when both are subjected to 
the same changing field, is similar in form to the effect of errors in the azimuths, 
but it has been found to be negligible in comparison with the errors given above. 
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The inequalities of declination, horizontal force and dip, were computed from those 
of the geographical components by the following fornlulre :-

3438* (. ) 
dD = N cos D1- SIn DoN + cos DoW~ 

dH = cos DdN + sin DoW 
3438 ~. ~ 01 = II cos I 1- SIn IoH + cos Io.V)" 

here N, 'V, D and I are taken as fixed quantities equal to -the means for the year. t 
In finding dH and dI, dN and o'V have been p~t equal to the uncorrected n' and 

w', but the inequality of declination and the Fourier coefficients of the Nand W 
inequalities have been computed from the corrected nand w. 

The Diurnal Inequality of Temperature in the Magnetograph Cases has 
been described in the concluding note to the 1911 volume. As attempts to measure 
the range with a Richard thermograph were open to criticism on account of the 
sticking of the pen, a photographic Bourdon thermograph was obtained by Dr Harker 
from the Cambridge Scientific Instrument Co., and was set up on May 1st inside 
the case of the Adie V. F. balance. The Bourdon tube carried a mirror and re­
corded on the same sheet of paper as the magnetograph. 'fhe temperature may be 
determined from the height of the trace above the base line of the nlagnetograph; but 
as the thermograph mirror was placed nearer to the paper than the base-line mirror, 
any movement of the slit moved the thermograph trace relative to the base line of the 
magnetograph. The slit was moved daily between 9h. and 10h.; so in measuring 
d.iurnal inequalities of temperature we must take the 24 hours 9h. 30 to 9h. 30 instead 
of midnight to midnight. The scale value was 0°'123 9. per mm. on the paper. The 
diurnal inequality for 10 thermally quiet days between May 3rd and 15th came out as 
follows, the unit being one-thousandth of 1°C., and the uncertainty perhaps 3 units. 

IOh. 12h. 14h. 16h. 18h. 20h. 22h. 24h. 2h. 4h. 6h. Sh. 
+2 +1 +2 +1 0 -1 -2 +1 +1 -1 -4 -4 

the range was thus remarkably small. 
The temperature is lower by 0°'006 at 8h. than at the previous 10h.; whereas, eye 

readings show that it was actually rising 0°'03 O. per day during this period. The rise 
therefore occurred in a series of steps, each step due to the presence of the observer 
between 9h. and 10h. 

The ventilation at this time was small; in view of subsequent measurements we 
may put it at not more than 10 cubic metres of air per hour entering the magneto­
graph room. 

The presence of the observer is shown on days on which scale tests were made. 
An observer must have been in the E room for about half an hour between 14h. and 
16h. on the four days May 9th, 15th, June 12th, 26th. The mean inequality of 
temperature for 24 hours beginning at 8h. on these days comes out as follows, the 
unit being 10- 3 °0., but the uncertainty twice as great, as before :-

10h. l2h. 14h. 16h. 18h. 20h. 22h. 24h. 2h. 4h. 6h. 8h. 
-36 -33 -27 0 +13 +19 +16 +10 +7 +10 +7 +7 

On June 21st a garden party was held, and the effect of visits is shown by a rise 
of about 0°'04 C. during the afternoon. 

* 3438 = leO x 60/7(' j 8D and 8I being measured in minutes of arc. 
t Or in some cases for a shorter period. 
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Absolute Magnetic Observations were made, as a rule, weekly in the East hut. 
The declination and horizontal force were determined by the magnetometer Elliot 60 

placed on the central pier (No.5). The azimuth of the fixed mark, as seen from this 
pier, was taken to be 8° 12' 30" W. of 8., as in previous years. 

The thermometer, originally placed on the end of the deflection bar opposite to 
that on which the collimator magnet rested, is now placed directly over the magnet; 
an improvement introduced by Dr Harker in the spring of 1913. A new counterpoise 
was made to balance the therrnometer, and the consequent change in the correction 

. for the bending of the bar was investiga.ted by Dr Chree and found to be negligible. 
In May the collimator was accidently brought too near to another magnet, with the 
result that its magnetic moment mo: and the distribution coefficients P and Q, were 

. found to have changed. It was therefore necessary to depart from the practice, 

. followed in previous years, of using for mo, P and Q averages of all the individual 
values of these' constants obtained up to the time of computation, from some 
distant date. Any assumption of the constancy of the magnetic moment at 0° C., 
over an interval longer than a day, was avoided by computing each value of the hori­
zontal force from the vibration and deflexion observations made on a single day. A 
similar procedure could not be followed in regard to the distribution coefficients P and 
Q, because a considerable nunlber of observations must be averaged, in order to obtain 
P and Q with sufficient accuracy; but it was decided to compute P and Q for any 
month frorn observatiolls from seven months symmetrically distributed in time about 
the month in question, as far as discontinuities and other circumstances permitted. 
This plan involves a delay of three or four months before any H observation can be 
finally computed. The course actually adopted is set out in the following table :-

P and Q was derive!} from No. of Three-Distance Log10 (1+P/r2+Q/r4) 
us\!d for Months. MOlltilS. Observations. for r = 25 ems. 

------

.Tanuary . 

1 February . 
. March January to May 9 '005 81 

April 

J May 
'June JUIle IS '0055 8 
July June to August 27 '0°574 
August June to October 37 '005 81 
September 

~ Seven months 42 '00577 
October centering at t,he 31 '0°5 68 
November ) 31 '0057 2 I December 

month in Colnmu l. 28 '00555 

Short methods of calculating log (1 + P jr2 + Qjr4
) to the required accuracy were devised 

by Mr L. H. G. Dines and Mr F. W. J. Whipple, and have been in regular use. 
The constants for the lengths on the deflection bar, for the induction coefficient 

and for' the moment of inertia of the collimator, were the same as those printed at the 
end of the 1911 issue of these notes (p. 74). Some spots of rust were to be seen on 
the collimator in the autumn 'bf 1913, and it has therefore been kept since then, when 
not in use, in a dessicator over solid sodium hydrate. In other respects the methods 
for determining the horizontal force remained the same as in the previous year. 

HOURLY VALUES, 1913. 10 
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The inclination was determined by dip-circle Dover No. 74 placed on the East 
pier of the East hut (No.6). Each observation involved thirty-two readings on each 
of two needles. During the latter part of the year the needles were observed while 
swinging. The instrument was away for repair in June and July, and so for those two 
months no absolute values of vertical force are printed. 

The precise methods used by Mr Walker for deducing the base values of the 
magnetographs from absolute observations have been slightly simplified by Dr Chree 
and reduced by Mr \Vhipple to the tabular form at the end of this volume. 

The process actually employed in the earlier part of the year for computing 
horizontal force and base values of N. and VV. was mueh more circuitous than that 
described in the preceding paragraphs, as the base values were first computed accordinz 
to a different system, and afterwards several corrections were put in. The final hourly 
values and the base values exhibited on the graph at the end of this volume are, 
however, identical with those which would have been . obtained by the process described. 
They have the same general features as in previous years. 

In computing diurnal inequalities the same base value has been assigned to each. 
of the hours 0 h. to 24 h. of one day, the change in base value being made between 
24 h. of one day and 0 h. of the next, hours separated only on computing forms. The 
drift of base value during the day has been removed, together with any other non-cyclic 
change by a correction applied to the mean inequality and proportional to the interval 
to or from noon. 

The times of the absolute observations are puhlished in the monthly tables in an 
abbreviated form, in order to save space. The published time of the dip is the mean 
time of an observation lasting from 30 to 90 minutes. The published time of the 
declination is, up to August, an instant to which the observations were corrected hy 
reference to the magnetograms. From September onwards the mean time is published 
of two or four declinat.ion observations spread over an interval of about 10 minutes. 
Up to August the vibration observation was corrected to the mean curve reading 
during the deflexions at 25 cms., and the published time of the horizontal force is the 
mean time of these deflexions. From September onwards the published value of 
the horizontal force is a value corrected to the mean curve' reading at the time of 
declination. In computing base values at the Observatory it is not considered 
permissible to substitute a central instant for an extended range of time. 

The Vertical Force Determinations require special mention. In the first three 
months any scale test or other manipulation of the Adie magnetograph was followed 
by a large drifting of the trace lasting for some hours. This is thought to have been 
due to a distillation of moisture from one end of the balance beam to the other, owing 
to slight temperature gradients set up by the observer. The whole room was very 
moist, the shellac varnish with which the magnet was coated was thought to have 
absorbed water, and a little rust and oxide of zinc and moisture were to be seen on the 
moving system. By scraping these off and by renewing the drying agent, Dr Harker 
effected a great improvement in the behaviour of the instrument at the end of March. 
About the same time he set up in the west underground room a vertical force. balance 
designed and lent by Professor Watson. This balance had a sensitivity about 
ten times as great as the Adie instrument, and has given some interesting data 
on pulsations. After numerous experiments on both instruments, involving many 
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changes of base value, the Watson instrument was put in the East room on June 27th, 
in place of the Adie instrument, then removed. On July 16th the sensitivity of the 

Watson instrument was finally adjusted. 
Hourly values cannot be given for January, February, and March, on account of 

the.uncertain behaviour of the only magnetograph then running, nor for June and July, 
because there were no observations of dip between June 12th and July 31st, as the 
dip-circle was away for repairs. Between April 1st and June 11th, twenty observations 
of dip were available. As the standard error of a base value of V deduced from a 
single dip with two needles is of the order of 50,)" twenty observations give the mean 
with a standard error of about 10')'. Some further assumption had to be made in 
order to deternline the drift of the instrument, so it has been assumed that during 
April and May the vertical force at 6 h. was always nearly the same, if the trace was 
undisturbed. The base values so obtained were plotted and smoothed, and from the 
smoothed curve the hourly values of vertical force for April and May have been assigned. 

Scale values have been assigned as follows in ')' per mm., but until October they 
are not reliable. 

,I 

Adie Vertical Force Instrument. 

1\1arch 5th, S'S, decreasing to 8'3 on April 30th. 
During May, 9'25. 
During June, 9'4. 

\Vatson Vertical Foree Balance. 

April 1st-15th inclusive 
April 16th-June 16th 
June 16th-27th 
June 27th-July 1st. 
July 2nd-15th 
July 16th-31st 
August 1st-October 17 d. 10 h. 

0'S2 

0'91 4 

experimental only 
unknown 

October 17 d. 10 h.-December 3 d. 11 h. , 
December 3 d. 11 h.-December 6 d. 22 h. 

S'56 

4'07 
4'15 
4'09 
3'97 
3'91, December 6 d. 22 h,-end of year 

A comparison between the records of the Watson and Adie balances was made for 
four days, April 20th and 22nd, May 14th and 23rd. By a suitable estimate of drift, 
occurring at a constant ra~e throughout the day~ and by a suitably chosen ratio for the 
two scale values, it is possible to bring the tabulated values into satisfactory agreement, 
so that the difference between them has a standard deviation of the order of (1/3),)" 
which may well be entirely due to errors of reading the Adie curves. Unfortunately, 
however, the ratio of the scale values necessary to produce this agreement is not quite 
the same as the ratio of the scale values deterrnined separately for each instrument, 
the discrepancy being nearly 10 per cent. It has, however, proved impossible to 
ascertain which scale value was the more correct one during these two months; those 
given above are from direct observations on the instruments separately. 

Between October 20th and 31st eighteen scale tests 'were made on the Watson 
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instrunlent, with the refinements deseribed on p. 69. The results were as 
follows :-

~Iean of nine tests in position b 
Mean of nine tests in position c 

4'11 7 per mm. 
4 ·09 7 per mm. 

a nlore satisfactory agreement. Further tests were carried out on the same plan on 
December 5th and 8th. 

The time marks on the Adie V.F. records up to June 27th, and on the 'Vatson 
records after that date, are strictly simultaneous with those on the Nand W traces. 
The time marks on the \Vatson V.F. records prior to June 16th were produced by an 
electric contact worked by the clock operating the Nand V\T drums, and are not likely 
to be as much as two minutes in error. 

The hourly values or inequalities of vertical force for April and May have been 
obtained from the open-scale 'Vatson records, numerous gaps having been bridged 
over from the Adie. For June they have been obtained mainly from the Adie. 
From July onwards the \Vatson alone was recording. 

Sonle idea of the temperature coefficient of the Adie V. F. balance can be obtained 
by studying the cooling of the instrunlent after artificial warming on May 1 st, 3rd, and 
30th. The te'mperature changes were measured by the Bourdon reflecting thermograph. 

An increase in temperature produced an increase in magnetic force. The amounts 
per 10 C. differed, but the highest and lowest observed were 12007 and 2207 
respectively. The balance was thus very greatly overcompensated.* The V.F. 
inequalities for J nne were obtained from this instrument, and must he regarded 
wi th suspicion. 

The \Vatson balance gives an apparent increase in the downward force of the order 
of 207 for 10 C. rise in temperature. 

The apparent downward force due to unit north force was determined in much 
the same way as were the corresponding quantities for the north and west instruments 
(see above). The first measurements were made in December 1914 on the \Vatson 
balance. By reference to the height of the trace above the base line. it has been 
possible to calculate the quantity required back as far as 1913, July 16th, but not 
beyond this date, owing to the adjustments of the instrument which then took place. 
Thus we find that unit north force produced an apparent downward force of '007 in the 
latter half of July, '005 in August, '004 in September, October, and November, and 
'002 in December. These quantities are not large, and it has been thought not worth 
while to correct for them. As the azimuth of the magnetic axis of the balance is about ' 
N. 14° W., the effect on it of a west force is about! of that, of a north force. 

The Figures for the Magnetic Character of the Days of 1913 at Eskdale­
muir were assigned with the primary object of aiding in the selection made at De Bilt 
of international quiet days for measurement and of storms for reproduction. 

That one of the three components which was most disturbed WB,S principally 
considered. A day was called "0" if the regular diurnal inequality was conspicuous, 
" 1 " if it was recognisable throughout the day, " 2" if it was not recognisable throughout 
a part or the whole of the day. 

* Observations in 1915 showed that this balance had a large thermal hysteresis which mmt have 
interfered with any attempt t:> measure or adjust its temperature coefficient. 
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Thus the measure of disturbance is not absolute but relative to the range of the 
diurna 1 inequality, and this changes gre~tly with the seasons. 

In deciding the character of the day as much weight was given to disturbances 
near midnight as to those at other times. 

As the published values are ho~ ___ ~~~.~._ small oscillations, which would be 
smoothed out in taking the mean over an hour, were ignored in deciding whether to 
place a day in the " 0 " or the " 1 " class. 

Oharacter figures having been assigned on these principles, the numbers of O's, 
l's) and 2's were counted up in the quarters of the year January-March, April­
June, July-September, and October-December. It has been suggested from De Bilt 
that in any such quarter of the year at least six days should have a character of " 2," 

and that not more than two-thirds of all the days should be placed in anyone of the 
three classes. When the numbers did not fit with this suggestion, sufficient borderland 
cases were moved from one class to another to redress the balance. 

Monthly means of the character figures assigned will be found on p. 81. The 
character figures for individual days are given, nl0nth by month, in the Geophysical 
Journal. 

Copies of disturbed curves.-The chart at the end of this volume contains a 
reproduction of the curves from the Adie magnetograph at Eskdalemuir for April 8 

to 10, and the corresponding curves from April 6 to 8 for comparIson. A dis­
cURsion of the disturbance of April 8-10 will be found on p. 15. 

\ 
, ! :--
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REVIEW OF MAGNETIC DISTURBANCE AT ESKDALEMUIR 
IN THE YEAR 1913. 

NOTE ON THE TERMINOLOGY USED HEREIN. 

PUlsation.-A succession of waves, more or less sinusoidal in character. The term is only applied to oscillations having a 
period of fifteen minutes or less, although slower oscillations of a similar character are also noted. Oscillations of the type 
described are called pUlsations without regard to the presence or absence of othor kinds of disturbance at the time. 

Amplitude.-Half the range of a pulsation. IT suully half the range of the largest wave near the time in question. 
Sudden commencem.ent and Bay.-These words are used in the sense explained in Dr Chree's Studies in Terrestrial 

Magnetism. 
Tooth is used to denote a disturbing force whieh increaqes to a maximum and then dies away without any conspicuous 

change of sign, the whole change occurring in an iJlterval of It few minutes. 
The di'rection of the dist1('rbing force is specified with different degrees of vagueness or precision according to the constancy 

of the direction, or, more usually, according to the time spent in measuring it. For the least precise specification, space may 
be divided into eight octants by the three planes which intersect at right angles in the three lines which point llorth, east, and 
vertically. Aud we may state the octant in which the direction lies. When the disturbing force oscillates to and fro along a 
fixed direction, we may for brevity give only one of the two opposite octants in which the direction alternately lies, and insert 
a ± sign; thus ± (N, W, up) indicates a force oscillating in magnitude and in a direction alternately in the octants (N, W, up) 
and (8, E, down), In case a force is very nearly horizontal, we may speak of it as lying in one of the four quadrants (N, W), 
(N, E), (8, E), (8, W). When the direction of an oscillating force has been more carefully measured, it has sometimes been 
expressed in such form as 

± (N 25° W, elevation 3° up), 

which means that the force was directed alternately to the points having azimuth and elevation (N 26° W, 3° up), and (8 25° 
E, 3" down). 

Centre of ew Octant.-That direction which is equally inclined to the portions of the three rectangular pIanos (N-8, E-W, 
up-down) which form the boundaries of the octant. 

The halves and quarters in the table on p. 80 arose from directions which lay either in the plane separating two octants, 
-or in the line where four octants met. Cases of this kind were divided eqnally between the adjacent octants. 

1. It has been found that if the disturbances are classified into :-

K. Those in which the direction of the disturbing magnetic field remains constant 

while the magnitude and sign of the field change. 
L. The remaining disturbances, namely those in which the direction of the field 

ehanges at a rate at least comparable with the rate of change of the magnitude 
-then K and L form natural divisions with widely separated properties in this 
and in other respects, * 

2. Disturbances of Class K,-Serrated or oscillatory. The range ( = twice the ampli­
tude) seldom more than 60')'. Period often very variable; sometilnes sufficiently constant 

to he measured. The observed values, in minutes, of complete _periods were: 180, 155, 

148, then a gap until 109, 100, 95, 85, 80, 80, 78, 74, 66, 60, then a second and more 
conspicuous gap until 38, then a cluster 30, 30, 28, 28, 27, 26, then 23, then a cluster 
19,19,18'5, then 15,13'5,12,11,10,9,8,7,5,4,3, 2'5, 2'2, 2, beyond which the 
close time scale did not permit oscillations to be analysed. Waves of 30 minutes' 
period or more have almost always been confused by more rapid oscillations, also 
slow waves have not persisted for more than one or two reversals; this has made 

* OJ. Birkeland: Nor'loegian Aurora Polaris Expedition, 1902 to 1903, Vol. I. Class K may be a 
local mode of recognising Birkeland's "equatorial" perturbation, and Class L may be similarly related to 
his" polar" and" cyclomedian " disturbances jointly. 
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measurement of the long periods difficult and uncertain to, say, 10 or 15 per cent. So 
the meas~red values should perhaps be taken only to point to periods near 19, 28, 79, 
and to a period somewhere between 150 and 180 minutes. The crowding together of 
periods as they get shorter gives a distinct suggestion of a harmonic series. 

A remarkable property of Class K is that the direction of the disturbing field 
was not only constant during a few oscillations, but that from hour to hour and month 
to month it continued to lie in the oct ants + (N, "\tV, up). * A few examples have 
been noted in the octants + (N, E, up), and these have all occurred between 0 h. and 
6 h. (see April 12th, July 12th, July 23rd, August 15th, October 7th). But a tilt. 
downwards to the north has never once been observed in the examination of a hundred 
or mpre of the~e disturbances, which at Eskdalemuir in 1913 oscilbted to and fro 
along a fixed ;direction. The extremes of azimuth were + WN\V and + ENE. 
The mean azimuth for 16 observations between 12 h. and 18 h. comes to N 25° W, 
and to N 30° W for 13 observations between 18 h. and 24 h. In the other half 
of the day dIsturbances of Class K were less pronounced; enough have not been 
measured to give a good mean, but between 0 h. and 6 h. the occasional cases of 
N.E. drew the mean near to north. The angular elevation of the vector has never 
been found to lie outside the remarkably close limits 0° and 6°, * the northerly end 
pointing upwards. Thus the directions form a broad. flat sheaf which is nearly 
bisected by the magnetic rneridian. The angular elevation is not noticeably correlated 
with the period of vibration. . 

Class K disturbances were more in evidence in the summer than in the winter, 
at any rate those which, having periods between 2 m. and 30 m., catch the eye most 
on magnetograrIls of the given scales for time and force. 

The sudden commencements of storms noted during 1913 appear to belong to 
Class K, for the force attains its maximum in the characteristic direction. Examples 
are March 14 d. 4 h. 27 m. ; March 21 d. 13 h. 36 m.; April 8 d. 19 h. 57 m. On 
the other hand, a scrutiny of the sudden disturbances on January 2 d. 11 h. 16 m. and 
November 19 d. 21 h. 49 m. revealed some changes in the direction of the force. It 
should be possible to determine the position of the electric currents, which produce the 
" K" disturbances, by a comparison of the direction of the disturbance at different • 
Observatories. A further problem will be to account for the enormous periods of 
vibration, if these are confirmed. 

3. Disturbances of Class L.-These include most of the disturbances having a 
range of 50,. or more; but smaller changes in a wandering direction also occurred. 

Class L changes were usually slow, in the sense that the disturbance of anyone 
of the three components usually remained of the same sign for 20 minutes or more. 
The~e :was seldom any clear indication of a fixed period of oscillation. 

Class L changes were more conspicuous during the night than during the day. 
The direction of the disturbina field wandered about, and, in contrast with 

\::I 

Class K, was of~en steeply inclined to the horizontal. Bilt the direction did not 
wa'nder freely, disturbances in the octants (N, W, down) and (S, E, up) being rare. In 
order to illustrate this point more clearly, those directions of Class L disturbances, 

* Of. Balfour Stewart: Ency. Brit., IX. Ed., Vol. 16, p. 174. Chree: National Antarctic Expedition, 
1901 to 1904. -Magnetic Observaiions, pp. 180-181. Van Bemmelen: Batavia Observations, 1906, "On 
Pulsations," pp. 3, 4. 
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which are explicitly stated in the monthly n6tes, have been sorted by octants, with 
the following result:-

Angle between Centre of 

Octant. 
Number of Disturbances Octant ann. a Plane normal 

of Class L. to Earth's Main Field at 
Eskdalemuir. 

N, W, up 26i } 49~ 27 
0 

S, l~, down 221 

S, W, down 18! t 
40 33 

0 

N,E, up 2I~ r 
N, E, down IIi} 24! 50 

0 

S, W, up 13 

N, W, down. 2i } 10 62° 
S, E, up 71 
------ --------

Total cases 124 124 ... 

There was thus a remarkable correlation between the frequency of distur~ances of 
Class L and the angle which they made with the main magnetic field of the earth at 
the place of observation. The directions clustered near a plane normal to the main 
field. This would be the case if the electric currents producing the disturbance~ were 
nearly parallel to the main field of the earth; or, alternatively, if the line join,ing ;the 
Observatory to the place where the current was circulating were nearly parallel to the 
main magnetic field, unless in both alternatives the permeability of the earth modified 
the conclusion. A disturbance that deviated much from the average plane occurred 
on November 1 d. near 23 h. 

Disturbances of Class L have frequently been noted, in which the disturbing 
vector behaved somewhat as if it were rigidly attached to a fixed axis, about which it 
rotated * with a varying velocity. The following are examples, the connection between 
the axis of rotation and the direction of rotation being defined by the right-hand 
screw rule :-

Date and G.M.T. 

April 3 d. 0 h. to z h. . . 
May 5 d. 23 h. to 6 d. 1 h .. 
May 7 d. z h. . 
JUly 13 d. 0 h.. . . . 
September 8 d. 3h. to 4 h. 30 m .. 
September 9 d. 1 h. to 5 h .. 
October 7 d. z h. 
November 8 d. I h. . 
December z 5 d. 20 h .• 
December 26 d. 2 h. . 

Axis about which 
Field Rotated. 

N, down. 
N, W, down. 

down 
N, down. 

E, N, E, steeply up. 
N, down. 
N, down. 

down. 
N, down. 
N, down. 

The axis of rotation, when fixed, was thus frequently nearly parallel to the main 
part of the magnetic field at the Observatory; but there were many disturbances in 
which the instantaneous axis of rotation itself wandered. 

4. It is noticeable that disturbances of the two classes tend to accompany one 
another. The largest storm of the year (April 8th to 9th) began with a Class' K 

* Of. Sangster: Proc. Roy. Soc., A, 1910, II. p. 85. 
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disturbance, which was followed several hours later by Class L, and this relation has 
been noted Oll other occasions. 

5. The larger vertical force disturbances during the year * have nearly all taken 
the form of a down ward force in the afternoon or evening, followed by an upward force 
in the small hours of the morning. These changes have been in a wandering azimuth, 
and so belong to Olass L. 

6. To examine any.disturbance, the traces of the components were laid over one 
another, and presse~ against a window pane. 

7. The smoothness of the vertical force traces was in n1arked contrast to the rippled 
or serrated appearance of those of the north and west components. This smoothness 
was natural, not instrumental, for the V. F. balances in use responded sharply to the 
presence of the magnet used in the scale test. Again, in the latter part of the year, 
the Watson balance, when disturbed, executed free, damped oscillations ~ith a period 
as short as six seconds. The smoothness of records from the instrument of ordinary 
sensitivity was confirmed during April and May by a V.F. balance, which gave a 
scale ten times as open (0'9 'Y per m~.). 

The fact that the vertical component is perpendicular to two electrically conduct­
ing shells, the earth's surface and the upper ionized air, may have an influence. in 
reducing the alllplitude of its oscillations. For an oscillating current forcibly maintained 
in either shell would induce a reverse current in the other shell; and, at an Observatory 
which was not more than a small arc of the earth's surface away from the currents, 
the reverse current, while partly neutralising the vertical force, would increase the 
horizontal components. For slower oscillations the induced current would be diminished 
by th~ electric resistance. The system is like a transformer with a short-circuited 
secondary coil. The vertical force is the main flux of the transformer, the horizontal 
components represent the magnetic leakage. t 

8. Comparison oj~ the Months.-Some indication of the degree of disturbance in 
any month is given by the amount by which the mean of the absolute daily ranges for 
" all " the days of that month surpasses the range of the ~ean diurnal inequality for 
the quiet days. The exeess is set out in the following table :-

January 
February 
March 
April. 
May. 
June. 
July, 
August 
September. 
October . 
November. 
December . 

I 
I 

North. 

y 
2.6 
32 
2.4 
27 
18 
23 
22 

23 
18 
30 

19 
19 

West. 

y 
2.5 
26 
2.7 
22 
10 
1 I 
15 
II 

19 
29 
15 
23 

Vertical. 
Mean Character 

Figures. 

y r61 ". 

'" 0'54 
, .. 0'48 
IS { 0"7 6 
9 0'65 
5 0·63 
9 rS2 
5 0'48 

10 0'83 
16 J 0'74 
9 0'30 
7 t 0'34 

A column gIvIng the mean character figures has been added. These character 
figures are assigned for Eskdalemuir on the international scale. They are relative to 
the quarter of the year in which they occur; for instance, they do not enable one to 
eompare September with October. 

* As in other years; vide Chree: Studies in Terrestrial Magnetism, Oh. VI. 
t On the other hand, H. Ebert found oscillations in V having a period as short as 0'025 second: 

Terrestrial Magnetism, March 1907. 
HOURLY VALUES, 1913. 11 
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NOTES ON THE MAGNETIC OBSERVATIONS MADE AT THE 
VALENOIA OBSERVATORY, CAHIRCIVEEN, 1913. By 
J. E. CULLUM, SUPERINTENDENT. 

Absolute observations of declination, horizontal force, and inclination were taken 
at least twice a month with the Dover Unifilar No. 139 and the Dover Dip Circle 
No. 118. 

The mean hours (G.M. T.) of observations, as in previous years, were 10h for 
declination, 12h (noon) for horizontal force, and 13h (1 p.m.) for inclination. 

Particulars of the individual observations will be found in the monthly numbers 
of the Geophysical Journal. The results of the horizontal force observations given 
therein were based on the value obtained for the distribution constant "P" from 
the combined observations of the year 1912. The value obtained for P from the 
observations of 1913 is somewhat different, necessitating the application .of the 
correction + 2'}' (+ '00002 C.G.S.) to the values published in the Geophysical 
Journal. 

Table LXVII. gives the observed mean monthly and annual values ,of declination, 
horizontal force, and inclination, and corresponding calculated values for the total force, 
and the north, west, and vertical conlponents. 

Mean annual values are also given for the years 1912, 1910, and 1905. 
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A P PEN D IX. 

REPORT BY THE SUPERINTENDENT OF· THE OBSERVA.TORY, ESKDA.LEMUIR, 

upon a visit in 1913 to various Observatories for the purpose of 
comparing Magnetic Standards. 

Upon his appointment in 1913 to take up the duties of superintendent of 
the Observatory at Eskdalemuir, Mr Richardson was instructed to visit a number of 
Magnetic Observatories and to make comparisons of their magnetic standards by 
means of observations with the instruments of the respective observatories and a 
set of instruments of the type of the standards used at Kew. An account of the 
visits, received at the Meteorological Office on September 11, 1915, is here presented 
for publication. 

METEOROLOGICAL OFFICE, 

11th September 1915. 

NAPIER SRA W, Director. 

To the Director of the Meteorological Office, London. 

SIR,-In accordance with your instructions I visited the :Magnetic Observatories 
at De Bilt, Eskdalemuir, Falmouth, Greenwich, Kew, Potsdam, Valencia, and Val 
Joyeux, for the purpose of comparing magnetic standards, during the summer of 1913. 

The itinerary of my journey was as follows :-

Kew 
Greenwich • 
Valencia (Cahirci veen) 
Eskdalem uir 
Falmouth 
Val Joyeux . 
De Bilt 
Potsdam 
Eskdalemuir 

May 30th to June 4th. 
June 6th and 7th. 

· June 11 th, 12th, and 13th. 
· June 19th to 24th. 

June 28th to July 3rd. 
July 8th to 9th. 
July 12th to 15th. 

• July 17th to 21st. 
August "1st, et seq. 

I have set out the results of the comparison in the following report. 
Thanks are due to those in charge of the several Observatories for the unvarying 

-courtesy with which they gave me the fullest opportunities for the comparisons.­
I am, sir, your obedient servant, 

L. F. RICHARDSON. 
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REP 0 R T. 

The results are summarised in the following Table A. 
Each number in this table has been obtained by subtracting the standard of the 

Observatory named at the head of its column from the standard of that named at the 
left of its row. Or; in other words, we may say that any number in Tab1e A when 
added to the standard of the Observatory named at 'the head of its column gives the 
standard of the Observatory named at the left of its row. 

TABLE A.-SUMMARY. 

IG,eenWich. 
Valencia Eskdale· Val 

Quantity Compared, Observatory. Rew. Falmouth, (Cahir· muir. De Bilt. Potsdam, 
Joyeux. civeen), 

Declination. Greenwich. ... ... .. , .., ... ... .. . '" 

Horizontal Force. 
" '" -27 I' - 17 I' - 17 I' - 32 I' -20 I' - 23 I' - 32 I' 

Inclination. 
" '" +0"1 +1"0 + 1"4 -0"4 + 1'7 +1"6 +5"3 

D Kew, , .. ... +0"6 -0"8 +1"3 +1"9 +2"1 +1"6 
R.F, 

" +27 I' .,. + 10 I' + 10 I' - 5 I' +7 I' +4 I' - 5 I' 
1. 

" 
-0"1 ... +°"9 + 1"3 -0"5 +1"6 + 1"5 +S"2 

D. Falmouth, ... -0"6 . .. -1"4 +0'7 + 1"3 +1"5 +1"0 
H.F, 

" + 17 I' -101' ... , .. 01' - I S I' - 3 I' -6 I' - I S I' 
1. 

" 
-1"0 -0"9 .,. +0"4 -1"4 +0"8 +0"6 +4"3 

D. { Valencia } +0"8 +1"4 +2"1 +2"8 +2"9 +2"4 (Cahirciveen ). '" 
, .. 

H.F. " + 17 I' - 10 I' 01' .,' - 15 I' - 3 I' -6 I' -IS I' 
1. 

" 
- 1"4 - 1"3 -0"4 .,. - 1"8 +°"3 +0"2 +3"9 

D. Eskdalemuir. ,., -1"3 -0"7 -2"1 .., +0"6 +0"8 +0"3 
H,F. 

" +3 2 I' + 5 I' + I 5 I' + 151' ". + 12 I' +9 I' +0 I' 
1. 

" +0"4- +o"S + 1"4 + 1"8 '" +2"1 +2"0 +s'7 

D. De Bilt, , .. -1"9 I -1"3 -2"8 -0"6 , .. +0"1 -0"3 
R,F, 

" +20 I' -7 I' + 3 I' +31' - I~ I' .. - - 3 I' - 121' 
1. 

" 
-1'7 -1"6 -0"8 -0"3 -2 '1 ... -0"1 +3"6 

D. Potsdam. ... -2"1 - I"S -2"9 -0"8 -0"1 . .. -0"5 
R,F. " +23 I' -4 I' +61' +6,1' -9 I' +31' ... -9 I' 
I. " 

- 1"6 - 1"5 -0'·6 -0'2 -2"0 +0"1 ... +3"7 

D. Val Joyeux. , .. - 1"6 - 1"0 -2"4 -0"3 +0"3 +0"5 . .. 
H.F. 

" +3 2 I' +S l' + 1 S I' + 1 S I' -01' +121' 

I 

+91' ... 
1. " - 5"3 -S"2 -4"3 -3"9 -S'7 -3"6 -3'7 .. , 

The method by which these figures have been obtained will now be described. 

OBSERVATIONS ON THE TRAVELLING INSTRUMENTS. 

These instruments were Unifilar Dover No. 140 and Dip Circle Dover 120. In 
all cases the observations were made by myself. Particulars are set out in Tables B, 

C and D. 
Declination was the mean of four observations, two erect and two inverted, 

corrected for the mean torsion, 
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In all casel:! the azimuth of the fixed mark was taken as the value in use at the 
Observatory. 

Inclination was the mean of observations on two needles. The mean time was 
the same for both, so that SODle check on the accuracy is given by the difference 
between them. 

In all cases except one (Potsdam, July 19), 32 readings were made on each needle. 
Horizontal Force was obtained by the ordinary method by eliminating the 

magnetic moment from the results of observations of defiexion and vibration, made 
within a few hours of each other. Oorrections were applied according to the Kew 
certificate for the temperature coefficients of the defiexion bar, of the magnetic moment 
of the collimator, and of the llloment of inertia of the collimator magnet. The 
induction coefficient, the chronometer rate, and the arc of swing were also allowed for 
in the usual way. Defiexions were made at two distances, and the mean value of 

1)1,1 

log HI for the two was treated with a correction for the distribution of magnetism, in 

order to obtain log H' The distribution correction was the mean derived from all 

the observations made during the journey. 
As indications of the reliability of the observations we have 

(i.) The differences between successive observations at the same Observatory. 
1 1 

(ii.) The value of log ~l at 30 ems. minus log ~1 at 40 ems. This is set out 

opposite each H observation. It has been assumed that the differences between 
individual figures in this column are due to errors of observation and not to a change 
in the distribution of magnetism, and the mean value has been used in correcting 

m1 

log HI' 

,(iii.) The logarithm of the square of the magnetic moment of the collimator magnet 
at 0°0. The variations here are small, showing that the magnet did not experience 
any great shock during its journey of 5000 kilometers. The moment is, of course, 
eliminated in finding H. The values for log m2 have not been corrected for the change 
of H occurring between the times of the vibration and deflexion observations. 

(iv.) Twice the angle between the magnetic and optical axes of the collimator 
magnet. These figures are a further indication that the magnet did not suffer any 
considerable disturbance. Unfortunately the mean time of observation was not the 
same for the erect and inverted positions. 

(v.) The difference between the inclinations gIven by the two needles when the 

meantime of observation was the same for both. 

OBSERVATORY VALUES. 

Central Observatory, Kew.-The figures printed were supplied by the super-
intendent of the' Observatory. Unfortunately the Kew magnetographs were at the 

time seriously disturbed by building operations. 
Greenwich.-The figures were supplied by the Astronomer Royal. They apply 

to the mean time of the observations on the travelling instrurp.ents. 
Valencia (Cahirciveen ).-There are no magnetographs here. The Observatory 

values were obtained by absolute observations made and reduced by the superintendent. 
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Falmouth.-Most unfortunately I lost the magnetograms relating to the days 
of the observations. The Observatory value for horizontal force was obtained from. 
four sets of observations made by the superintendent on July 2, June 14, May 30, and 
May 23. These days were selected because they were magnetically quiet at the time 
of the observations, judging by the Eskdalemuir magnetograms and the international 
character figures. The times of my observations were also quiet. The superintendent's 
observations were reduced in the way which had been customary at Falmouth; but a 
value of the distribution coefficient P had to be computed specially, as it had not been 
custonlary to work it out until the end of the year. This was obtained from the mean 
of ten observations made by the superintendent between March 27 and July 3 (April 
28 omitted). These gave P = + 2'50. Finally, the superintendent's observations were 
corrected to mine by using the quiet day inequalities for Falmouth for 1912. Any 
seasonal or secular change during the period May' 23 to July 3 was neglected. 

In a similar way the Observatory value for Falmouth for declination was obtained 
·from the superintendent's absolute observations on June 30 and July 2, and for in­
clination from his observations on June 14 and July 2, by using the Falmouth quiet 
day inequalities for 1912. 

The observations were made on the brick pier in the small hut used by the 
Falmouth Observatory. A chip from one of the bricks of the pier was tested at Esk­
dalemuir, and found to have a magnetic susceptibility (per unit volume) of about 
1'2 x 10-3 C.G.S. units. 

As the travelling instruments were almost identical in size and form with those 
used by the Observatory, the lllagnetism of the pier would affect both equally and 
would be without influence on the difference between them. The pier is noticed here 
because it has been used for comparisons between English instruments and those of the 
Carnegie Institution of Washington. 

Val Joyeux.-The figures were supplied by the Observatory, and relate' to the 
periods of time during which the observations were made. 

De Bilt.-The figures were supplied by the Observatory. They are mean values 
for the duration of the several observations. In order to allow for the presence of some 
magnets near the pillar on which the observations were made, the results from the 
travelling instruments have been corrected by the addition of - 1'5')' to H, + 6" to I, 
and + 27" to D. These corrections were also supplied by the Observatory. 

Potsdam.-The figures were supplied by the Observatory, and apply to the 
duration of the several observations. 

Eskdalemuir.-The figures were deduced from the magnetograms, using base and 
scale values identical with those used in the preparation of the published hourly values 
and annual means. 

The Observatory instruments have since been tested for magnetism by means of a 
sensitive astatic magnetometer designed for the purpose. The Dip Circle (Dover No.7 4) 
contains nothing that could affect by 1')' the components of the force acting on the 
needle. [For the Schulze Inductor No. 103, which came into use for the first time in 
1914, the limit might safely be put at 2')' and is probably less.] The magnetometer 
(Elliot 60), used for observing horizontal force and declination, shows more considerable 
magnetism, and the error from thi.8 cause may not improbably be more than 1')' but 
less than 10')' in H. Such alteration in the fittings of any of the instruments as has 
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been made between June 1913 and the date of writing (July 1915) could not have 
affected any of the standards by 1 'Y. 

The arithmetic in connection with my observations has been worked twice; once 
by myself, and, secondly, mainly by Mrs Richardson, partly also by Mr A. E. Gendle 
and Mr H. G. Harris, both at different times of Eskdalemuir Observatory. The super­
intendent of Kew Observatory has supplied valuable criticism and advice. 

TABLE B.-DECLINATION. 

Twice Observa-Value Observa-Date, G.M.T. Observatory. Angle Azimuth of Fixed froll! tory tory Observa.tory. 1913. between Mark. minus 
Axes. No. 140. Value. No. 140. 

June 12 h. 15m. to IZ h. z8 m. 4~6 
0 6 1/ . I 0 I I 

4 Kew. Z 19 E. of N. 15 4 2 '4 15 44'5 +2'1 Kew. 

June I J Mean 10 h. 59 m. { Valencia } zo 18'7 

}+ Z0
9 

(Cahirciveen ). . .. ... '" 

" 
II I Z h. 0 m. to 12 h. 35 m. 6'5 19 46 oW.ofN. zo 16'5 ... Valencia 

" 
" 

IZ 10 h. 0 m. to I I h. zorn. 
" 5'3 ... zo 18'6 ... (Cahirciveen). 

" 
IZ Meanllh·5zm. 

" 
... ... ... zo zz·z 

June Z3 19 h. 30 m. to 19 h. 44 m. Eskdalemuir. TI 8 12 30 W. of S. 17 55'0 17 56'1 +I'I} Eskdalernuir. 
" Z4 II h. 37 m. to I I h. 49 m. 

" 4'6 ... 17 59'7 18 0'1 +0'4 

June 30 10 h. 45 m. to 10 h. 54 m. Falmouth. 5'z 4 40 40 W. of S. 17 15'6} 16'6* +1'5 Falmouth. July 3 19 h. 16 m. to 19 h. 30 m. 14'6 17 
" 5'z ... 17 

July 9 10 h. 19 m. to 10 h .. p m. Val Joyeux. 4'4 88 z3 47 W.ofN. 13 58'8 13 59'3 +0'5 Val Joyeux. 

.July IZ 13 h. 59 m. to 14 h. 11m. De Bilt. 4'9 13 53 5zW.ofN. 12 37'5 IZ 37'9 +0'4} De Bilt. 
" 14 13 h. 36 m. to 13 h. 46 m. " 

5.6 ... IZ 36'1 IZ 36'0 -0'1 

July 17 14 h. JZ m. to 14 h. Z 5 m. Potsdam. 5'0 { 
9 35 6W.ofN. } 8 41'z 8 41' I -o'll (Collimator). Potsdam. 

" 
18 IZ h. o m. to IZ h. 15m. 

" +'9 ... 8 41'0 8 41'z +0'2J 

* See under Falmouth in the letterpress. 

[TABLE C. 
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HOURLY VALUES FROM AUTOGRAPHIC RECORDS. 

TABLE C.-HORIZONTAL FORCE. 

mi I 

log. HI at 30 cm. Value i Observa-
Observatory. minus from tory 

m i No. 140. Value. 

Observa.-! 
tory 

minus Observatory. 

>~ I 

------ ---1----------------------1---------
log. HI at 40 cm. No. 140. 

May 30 V. 
" D. 

June I V. 

" 
D. 

" 3
1 

V. 
" D. 

" 
D. 

June 7 V. 

" 
D. 

June I I V. 

" 
D. 

" 
V.,D. 

" 12 V.,D. 

" 
" 

V. 
D. 

June 19 V. 
D. 
D. 
V. 

" 
" 
" ,,20 V. 

" 
D. 

June 28 V. 

" 
D. 

,,30 V. 
" D. 

July 2 D. 

" 
" 

V. 
V. 

" 3 V. 

" 
July 

" 
" 
" 

July 

" 

D. 

8 D. 
V. 

9 V. 
D· 

12 V. 
D. 

" 14 D. 
V. 

" 
July 17 

" 

V. 
D. 

" 18 D. 

" 
" 
" 

V. 
V. 
D. 

Aug. 25 V. 

" 
" Sept. 29 

" 

V. 
D. 
V. 
D. 

Meanlsh·4s m. 
I 6 h. 30m. to 17 h. 3 S m. 
14 h. 48 m. to IS h. I m. 
ISh. So m. to ] 7 h. 0 m. 
II h. 10 m. to II h. 24 m. 
I J h. So m. to I 2 h. 3 S m. 
12 h. 4-7 m. to 1 3 h. 35m. 

Kew. 

" 
" 
" 
" 
" 
" 

}S'59002 

}5'5 8942 

1 

~S'58963 
I . 
J 

I I h. 34 m. to II h. 47 m. Greenwich.} 8 
S'5 893 

12 h .. 10m. to 12 h. 55 m. " 

f Valencia 1 
13 h. 20 m. to 13 h. 34 .'\. (Cahirciveen). t5'58903 
14 h. 0 m. to 14 h. 55 m. " J 

Mean 16 h. 55 m. " ... 
Mean I 3 h. 17m. " ... 

16 h. 37 m. to 16 h. 50 m. " }5'5 8947 
17 h. 42 m. to 18 h. 35m. " 

I I h. 46 m. to I I h. 56 m. 
12 h. 55 m. to 13 h. 25m. 
16 h. 55 m. to 17 h. 32. m. 
18 h. 4 m. to 18 h. 20 m. 
I 0 h. 15m. to I 0 h. 30m. 
II h. 37 m. to l2. h. 19 m. 

I I h. 35m. to II h. 55 m. 
I 12 h. 30 m. to 13 h. 19m. 

I I h. 20 m. to I I h. 40 m. 
I2. h. 43 m. to 13 h. 30 m. 
I 5 h. 7 m. to ISh. 5 S m. 
16 h. 13m. to 16 h. 33m. 
16 h. 47 m. to 17 h. 7 m. 
15 h. 16m. to 15 h. 32 m. 
I 5 h. 58 m. to J 6 h. 50 m. 1 

I 6 h. 25m. to I 7 h. 17m. 
17 h. S 2 m. to 18 h. 6 m. 
II h. J 7 m. to I I h. 30m. 
II h. 56 Ill. to I 2 h. 50 m. 

14- h. 42 m. to 14- h. 58 m. 
ISh. S I m. to 16 h. 40 m. 
10 h. 12m. to I I h. 6 m. 
II h. 35m. to I I h. 5 J m. 

Eskdalemuir. 

" 
" 
" 
" 
" 

Falmouth. 

" 
" 
" 
" 
" 
" 
" 
" 

Val Joyeux. 

" 
" 
" 

De Bilt. 

" 
" 
" 

}5'S 8933 

}5'5 8964 

}S'S8888 

}S'5894-4 

}5'S 890 4 

h 
1~5'58963 
I

J 

I}S'5 8921 

I 
I 

} 5'5 8934 

}5'S 890 4 

}5'S8885 

}5'S 8898 

'00187 

'001 76 
'001 78 

'001 49 

'001 74 

'001 33 

'00168 

'001 S 5 

'001 37 

'001 75 

'001 77 

'00166 

'001 42 

'001 32 

'00200 

'0021 7 

'00169 

I 5 h. 10m. to ISh. 22. m. 
J 6 h. 15m. to J 7 h. 5 m. 
9 h. S 5 m. to J 0 h. 46 m. 

Potsdam. }S'S8902 '00115 

" 
I I h. 14 m. to II h. 27 m. 
14 h. 27 m. to 14- h. 40 m. 
16 h. 3 S m. to 17 h. 30 m. 

10 h. 40 m. to 10 h. 53 m. 
I I h. 28m. to I I h. 42 m. 
15 h. 30 m. to 16 h. 20 m. 
14- h. 27 m. to 14 h. 42 m. 
IS h. 39 m. to 16 h. 28 m. 

" 1}5'58907 '001 44 

" 

" 
" 
" 

:: } S'5 890 8 lObS. at 40 em. only 

Eskdalemuir. 1 \ 
~5'S8807 ' 001 72 

" I 

}S'58893\ '00122 

18 543 18497 

17944 

)-'9 

Kew. 

1 Greenwich. 

Valencia 
(Cahirciveen). 

1681 5 

1681S 

168so 

16804 

=::) Eskdalemuir. 

-II 

1882S* 

18824 

188 37 

18824 

6 { 
19753 } 

197 7 19756 -12} 

1975 2{ 19734- } 
19739 

-15 

16838 16824 

168'5 116816 

} . _22) 
} -23 

} -23 

Falmouth. 

Val Joyeux. 

De Bilt. 

Potsdam. 

Eskdalemuir. 

. . h' fi t 11 w for the presence of keys in the hut. * A correctIOn of loy has been applIed to t IS gure 0 a 0 

t See under Falmouth in the letterpress. 
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TABLE D.-INCLINATION. 

I Needle I. Observatory Value from Observatory Date. G.M.T. 

I 
Observatory. minus minus Observatory. No. 120. Value. 

May 

" .June 

June 

" 
June 

" 

" 
June 

July 

" 
,July 

July 

July 

" 
" 

Aug. 

Needle II. No. 120. 

I I h. 10m. to I 3 h. 36m. Kew. 
, 

66 54:3 
0 , I 

29 -0'3 ... . .. t 30 10 h. 37 m. to 12 h. 42 m. 
" -0'3 66 55'2 ... . .. Kew. 

3 15 h. 10m. to 17 h. 13m. 
" +0'8 66 54'5 

I 
66 56'3 +1'8 J 

6 I2 h. 30 m. tOI 3 h. 15m. Greenwich. Needle 1. only. 66 48'7 66 50'4- } 
14 h. 45 m. to 15 h. 44 m. Needle II. only. 66 48'8 66 50'9 +1'9 Greenwich. 

" 
13 1 1 h. 2 m. to '3 h. 58 m. { Valencia } 

(Cahirciveen). -0'4 68 6'2 ... 
15 h. 55 m. to 17 h. 3 I In. 

" +0'9 68 5'2 ... } +0'5 
Valencia 

Mean 16 h. 9 m. " 
... ... 68 5'7 (Oahirci veen). 

Mean 19 h. 26 111. 
" 

... ... 68 6'8 

24 14 h. 40 In. to 16 h. 4 m. Eskdalem uir. -o'S 69 34'7 69 36'7 * +z·o Eskdalemuir. 

I 14 h. 40 m. to 16 h. 16m. Falmouth. -1'1 66 22 '3 } 66 23'8 t Falmouth. 
3 I I h. 4 m. to 12 h. 5 I m. " 

- 1'6 66 23'4 +0'9 

9 17 h. 25 m. to 19 h. 19 m. Val Joyeux. -0.'5 64 41 '2 64 37'8 -3'4- Val Joyeux. 

15 10 h. I3 m. to 12 h. 15m. De Bilt. -0'4 66 45'4 {I 
66 45'8 t +0'4- } De Bilt. 
66 45'3 § -0'1 

19 10 h. 40 m. to I I h. 20 111. Potsdam. Needle 1. only. 66 20'9 66 Z I '7 } +0'7 } 21 1 6 h. I I m. to I 7 h. I m. 
" 

Needle II. only. 66 20'6 66 U'2 Potsdam. 
2 I U h. 25m. to 13 h. 58 m. 

" 
-0'8 66 22'0 66 2 1'9 -0'1 

27 II h. 8 m. to 12 h. 55 m. Eskdalemuir. - 1'2 69 34'4 69 37'° +2'6 Eskdalemuir. 

.y,- From absolute observations on .June 3,6,10, and 11, and mean inequality for the month. No V.F. magnetogram on June 24. 
t 'See under Falmouth in the letterpress. 
::: From Weber inductor. 
§ From Schulze inductor No. 88. 

HOURLY V ALUE~, 1913. 12 
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NOTES ON THE METEOROLOGICAL SUMMARIES. 

For Kew, Valencia, Falmouth, and Aberdeen, the tables give the average for the 
40 years 1871-1910 of-

a. Barometric Pressure; 
b. Temperature of the Air; 
e. Rainfall; 

the averages for the 30 years 1881-{910 of-

d. Velocity of the Wind; 
f Sunshine; 

and the averages for the 25 years 1886-1910 of-

c. Relative Humidity. 

In the case of Eskdalemuir the values for the current year only are given. 
At Falmouth the photographic records ceased after June 1913, the station being no 

longer considered an Observatory of the First Class. Hourly Means of Wind Velocity 
also not being available, the differences between the normals and the values for 1913 

are given for Rainfall and Sunshine only. 
The averages referred to above have been adopted as normal values for the 

elements mentioned at the four observatories. 
Particulars of the ~ethods of tabulation and of the instruments, additional to those 

given in the footnotes to the tables, are published in the Introduction to Part IV. 
Section (1) of the British Meteorological and NIagnr;:ic Year Book for 1913, and in 
the Annual Reports of the Meteorological Office for the years 1867 and 1869. 

Tables for the reduction of the values of pressure to Mean Sea Level are also 
included in the Introduction referred to. 

The values in the tables have been expressed throughout in units based upon the 
C.G.S. system, and the following table shows the actual units employed for the different 
elements: 

Element. 

a. Barometric Pressure. 
b. Temperature of the Air. 
c. Relative Humidity. 

d. Velocity of the Wind. 
e. Rainfall. 
f Sunshine. 

Unit. 

Millibars. 
Degrees Absolute. 
Percentages 

(100 == Saturation). 
~fetres per second. 
Millimetres. 
Hours. 

Corresponding units used previously 
or in other Countries. 

Inches or Millimetres of Mercury. 
Degrees Fahrenheit or Centigrade. 
P ercen tages 

(100 == Saturation). 
Miles or Kilometres per hour. 
Inches or Millimetres. 
Hours. 

Tables for the conversion from one set of units to the other are given below. 
a. Barometric Pressure.-Millibars. A" bar," one thousand millibars, is equal 

to a pressure of one million dynes per square centimetre (one megadyne per cm. 2
). 

This is nearly equal to the normal mean pressure of the atmosphere at the surface of 
the earth. 

One millibar is approximately equal to the pressure due to TS 0 of an inch or t of 
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a millimetre of mercury under normal conditions. The exact relations are given at the 
head of Table I., p. 95, which serves to convert inches of mercury into millibars. 

The barometer readings are obtained fronl the hourly tabulations of photographic 
records from similar apparatus at all the observatories. 

The barographs at Kew * and Aberdeen have remained unchanged throughout the 
whole period. The site of the observatory at Valencia was changed on March 23rd, 
1892, the change in the height of the cistern of the barometer being from 7'0 m. to 
13'7 m. The site of the observatory at Falmouth was changed in May 1885, the change 
in the height of the cistern of the barometer being from 64'3 m. to 55'S m. Account 
has been taken of these changes of position in calculating the averages for the period 
1871-1910, and the values given correspond with the present positions. 

In forming the monthly nleans of the hourly values of pressure, temperature, and 
humidity (given in the last column in Tables LXIX" LXX" LXXI.), a correction has 
been applied to the tabulated values to eliminate the effect of a difference between the 
conditions at the beginning and end of the month, 

The corrections to the individual mean hourly values are dependent upon the 
values for the first and second midnights, If the mean difference between these values 
is d, then d(12-n)/24 represents the value of the correction to be applied to the actual 
value obtained for the hour n, The values of d for Kew, Valencia, and Eskdalemuir 
may be obtained from the values published in Part IV. Section (1) of the Year Book 
for 1913, The values for pressure and temperature are given below in the tables 
on p. 94. 

The normal daily variation of pressure is mainly made up of a more or less regular 
semi-diurnal wave, which, if local time be used, is independent of the position of the 
station, except as regards latitude, superposed upon a diurnal wave which exhibits great 
irregularities from place to place. If we examine the daily variation in the departures 
from the normal values of the means for 1913, we find that the mean pressure for the 
year was below the normal at Aberdeen and Valencia, and only slightly above at Kew. 
The months in which pressure was above the normal at al1 stations were February, 
July, August, and December; it was everywhere below the normal in January, March, 
April, May, October, and November, 

A comparison of the diurnal variation in barometric pressure is shown below by means 
of the harmonic coefficients at the three stations, Eskdalemuir, Kew, and Aberdeen, 

Amplitudes in Millibars, 
Phase Angles measured from 

Greenwich, Midnight, 
Observatory, 

PI' P2, Pg, AI' A.2' I Ag, 
\ 

67° 
, 0 I 

356 35 
I 

Eskdalemuir, 1912 ' 1°7 '249 '°33 37 141 43 

" 1913 '04-7 ' 284 '03 I 24-0 4 140 40 9 15 

Kew, 1912 '159 '3 2O '035 10 17 146 58 340 7 

" 19 13 '122 '346 '04 2 28 ° 150 10 355 9 

" 
1871-1910 '133 '35 I '°3° 29 36 149 22 7 33 

Aberdeen, 19 12 '°3 2 '2 I 8 '04 1 35 12 139 9 342 49 

" 1913 '128 '262 '022 174- I 138 21 I 51 

" 
1871-1910 '119 '249 '030 J57 27 14-3 13 35 2 27 

* Except for the interlude mentioned on p, 67. 
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It may be noted that the magnitude of the whole-day term in 1913 at Eskdale­
muir is only about 40 per· cent. of that at Kew and Aberdeen. The 12-hour term at 
Eskdalemuir i~ between those at Aberdeen and Kew in magnitude. 

b. Temperature of the Air.-· Degrees absolute (0 A). The value of each degree is 
the same as that of the centigrade scale, but the zero is taken to be the absolute zero 
of temperature, 2730 O. below the normal freezing-point of water. The conversion 
from degrees A to 0, or vice versa, is therefore a simple addition. or subtraction. 
Table II. enables degrees F to be converted directly into degrees A or vice versa. 

The values of temperature at all four observatories were obtained from the tabula­
tion of photographic records from similar and similarly exposed mercurial thermometers. 
At Eskdalemuir the thermometer screen is away from the observatory building, while 
at t~e other observatories the screen is on the north wall of the building. 

An inspection of the figures for 1913 shows that the mean temperature for the 
year was slightly above the normal value, but the excess is more marked during the 
night than the day. At Valencia the excess was very small, the mean temperature 
being' below the normal for the first seven nlonths of the year, and also in December. 

c. Relative Humidity.-This is obtained from the tabulation of the photographic 
records of temperature combined with those of the wet bulb thermometer. The 
thermometers are similar at all the observatories; they have cylindrical bulbs about 
4 inches long. The values of the humidity are calculated by the use of the Meteoro­
logical Office Tables, which are based· upon Glaisher's factors. At Eskdalemuir the 
wet-bulb values from 1st January to 25th August were obtained from the records of 
a bimetallic thermograph, standardised by comparison with the readings of an ordinary 
wet-bulb thermometer taken three times a day. 

The means for Kew, Eskdalemuir, and Valencia are obtained from the hourly 
values of humidity for each day; the means for Aberdeen are calculated from the mean 
hourly values for the month of the dry- and wet-bulb temperatures. 

The year generally, except at Aberdeen, was rather more humid than usual. 
December was the only month in which the humidity was below the normal at all 
observatories. In June, although the values at Aberdeen and Kew were below, at 
Valencia they were considerably above the nornlal. 

The values of the humidity depend chiefly on the difference between the readings 
of the wet- and dry-bulb thermometers, and a small error in the tabulated values of 
these records may produce a considerable error in the value of the humidity. The 
tabulated values are taken directly from the curves, and are not corrected for the 
difference between the tabulated values at fixed hours and the results of eye-observations 
at those hours. The tabulating scale is so adjusted that these differences are always 
small. The actual mean differences are shown in the table on p. 93, except in the 
case of Eskdalemuir, where the figures have been corrected before publication. 

d. Wind.-The velocity and direction of the wind are obtained from the records 
of similar Robinson Anemographs at Kew, Valencia, Falmouth, and Aberdeen, but at 
Eskdalemuir the records are made by a Dines Pressure Tube instrument. 

The records from the two instruments, when exposed at the same place, give 
approximately the same values for the mean velocity. 

The normal daily variation of wind velocity at ground level shows a maximum in 
the middle of the day ar:d a minimum near midnight or in the early morning. It is 
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of some interest to compare the ratio of the daily range A V to the mean value of the 
velocity V for 1913 with the corresponding normal ratio and the ratio for 1912. 

The following table shows the values of the ratio A V IV :-
Valencia. Kew. Eskdalemuir. Aberdeen. 

Normal ratio '269 '585 '340 
R.atio for 1912 . '258 '560 '432 '369 
Ratio for 1913 . '322 . '531 '438 '360 

The ratio is much larger at Kew than at the other observatories. It is smallest 
at Valencia. In 1913 it was considerably below normal at Kew, but above it at 
Valencia and Aberdeen. 

Mean Monthly Values of the Differences between the Tabulated and the 
Standard Readings of the Thermometers. 

VALENCIA. 

Standard ?nin'us 
Curve, 

KEW, ABERDEEN, 

I 

! Standard minus 
Approx. Approx. I Curve. Approx. 

Standard minus 
Curve, Correction Correction I Correction 

---c---w-e-t-I Rel;~ive -------:-W-et- Rel~~ive ,---,----- Rel!~ive 
Dry Dry Dry Wet 

Bulh. Bulb. Humidity. Bulb, Bulb. Humidity. ,- Bulh, Bulb, Humidity. 

------I----I----I---I----i--- ---: /---

January. 
February 
March 
April 
May 
June 
July 
August 
September 
October. 
November 
December 

Year 

_ °A, °A, % lOA. -A. % cA, °A. % 
-'02 -'01 +0'1 -'05 +'07 +1'3 -'07 -'03 +0'5 

-'01 -'04 -0'3 - '03 + '07 I + 1'1 1 - '07 -- '07 0'0 

-'02 -'03 -0'1 -04 +'0-:: +0'8 -'oS -'07 -0'3 

-'01 -'06 -0'5 -'01 +'04 +0'5 1 -'03 -'07 -0'4 

-'01 -'04 -0'3 -'Of +'03 I +0'8 -'03 -'03 0'0 

-'oz -'04 -0'2 -'05 -'IS -1'1 +'01 +'01 0'0 

-'01 -'01 0'0 -'09 -'U -0'3 -'01 -'0+ -0'4 

- 02 -'02 0'0 -'05 -'13 I -0'9 -'02 -'06 -0'5 

-'01 -'01 0'0 -'09 -'13 -0'5 -'02 +'04 I +0'6 

-'01 -'01 0'0 -'07 -'08 I -0'1 +'03 +'04 +0'2 

-'01 -'06 -0'6 -'01 -'07 -0'7 -'03 -'II I -0'9 

1_'01 -'04 -0'3 -'II -'02 1+1'0 -'06 -'II 1-0'6 

-=:~ --=;;-;- ----=:-:-:---=~ ~~I+o-:-;---=~ --=~I--=-o-' 1-

e. Rainfall.-The tables give the mean values of the hourly measurements for 
each month, i.e., the value entered to noon is the mean of the amounts which fell 

_ between the hours of 11'30 a.m. and 12'30 p.m. during the month. The amount 
entered in the colunln headed "Day" is similarly the total amount recorded during 
the month, divided by the number of days in the month. 

The total rainfall for 1913 approached the normal fall very closely at Falmouth; 
it was a little above the nornlal at Valencia, but below it at Aberdeen and Kew. 

The rainfall was below the normal at all the observatories for which normals 
exist in February, July, August, and December, and above it in January, March, April, 
and May. 

f. Sunshine.-The lllethod of expressing the results is similar to that adopted 
for rainfall. The values are given in hours and are obtained by dividing the totals 
for each month by the numher of days in the month. The values in the column 
headed" Day" are therefore the mean number of hours of sunshine per day, and the 
individual day is directly comparable with the average day. 
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The sunshine for the year 1913 was below the normal. Speaking generally, the 
second half of the year was brighter than the first. At Falmouth the normal duration 
was exceeded only in July and then generally during the hours after noon, At Kew, 
the sunshine in July was nearly 50 per cent, below the normal, but in November it 
was 40 per cen t, a hove, 

Norrnals,-In the case of a, b, e, each normal hourly value is the mean of about 
1200 readings, the exact number depending of course upon the month, Within what 
limits such a series is sufficient to determine a normal value is a question which deserves 
investigation, It is not unusual for the mean value of the pressure for an individual 
mon th to differ by 15 or 20 millibars fronl the normal value, so that the inclusion of 
an extra year may affect the normal value by as n1uch as 0'5 millibar, and the selection 
of a different 40-years period may lead to differences equally great or indeed greater, 
Thus, if we take the period 1854-1893, the mean value of the pressure in London for 
the month of January is less by 1'7 millibars than its value for the period 1871-1910. 
Clearly, therefore, a period of 40 years is not sufficient to determine within 1 millibar 
the normal monthly value of atmospheric pressure, 

Again, with reference to temperature, a month may have a mean temperature as 
much as 5° A below the normal. Tuus the 40-years mean is uncertain to at least 
OC' 1 A, and probably to a considerably greater extent. 

For rainfall a single instance will suffice to illustrate the degree of uncertainty. 
The total fall for the month of June at Kew for the 30 years 1871-1900 was less than 
double the amount for the 10 years 1901-1910, the amounts being 1501 mm. and 
807 mm, respectively; while it was three times the amount for the 10 years 
1861-1870,492 mm, Thus the 40 years' average for 1861-1900 would be 50 mm., 
while that for the 40 years 1871-1910 would be 58 mm. It follows that the 40 years' 
normal for rainfall for an individual month may vary by between 10 per cent. and 
20 per cent. of its value. 

NON-CYCLIC CHANGE (24 h.-O h.) OF PRESSURE AND TEMPERATURE. 

Differences between the Normal jlIonthly Mean Values of Pressure and Temperature 
for the 2nd and 1st Midnights, and the c01'responding Differences for 1913. 

Jan. I F.b. , MO'. I Apr. , May.' Jun •. 1 July. I Aug. I Sept. I Oct. I Nov. I Dec. Year. 

Pressure-Millibars. 

Aberdeen, Normal -0'01 +0'01 i-0'02 +0'12 +0'06 0'00 1-0'03 -0'06-0'04 +0'06 -0'10 +0'03 0'00 

" 1913, -0'5 1 +1'26 -0'52 +0'12 -0'06 +0'731-0'17 -0'11 +0'13 -0'611+0'07 +0'16 +0'09 

Eskdalemuir, 1913, -0'42 +1'02 -0'57 +0'15 +0'04 +0'581-0'16 -0'16 +0'10 -0'47 +0'22 +0'62 +0'08 

Valencia, Normal +0'05 -0'07 +0'09 0'00 '+0'02 +0'041+0'09 -0'08 -0'14 +0'04 +0'03 -0'03 0'00 

" 19 1 3, -0'28 +0'51 -0'27 +0'05 ;+0'15 +0'46 i-o'20 -0'13 -0'11 -0'27 +0'54 +0'48 +0'08 

Kew, Normal -0'02 -0'04 -0'04 +°'°5+°'°3 +0'01 1+0'05 -0'07 -0'07 +0'05 -0'06 +0'1 I 0'00 

" 19 1 3, -0'3 2 +0'6'9 -0'60 +0'15 '+0'12 +0'37,-0'23 -0'19 -0'08 +0'03 +0'32 +0'48 +0'06 

Falmouth, Normal. 0'00 -0'0+ 0'00 +0'02 1 0'001+0'05 :+0'07 -0'05 -0'15 +0'06 -0'01 +0'05 0'00 

Temperature-Degrees Absolute, 

Aberdeen, Normal +0'01 -0'01 +0'04 +0'061+0'07 +0'10 +0'01 -0'0+ -0'03 -0'11 -0'09 -0'03 0'00 

" 1913, -0'15 +0'09 +0'05 +°'°91+°'°6 +0'07 -0'01 -0'01 +0'02 -0'20 -O'OZ -0'17 -0'01 

Eskdalemuir, 1913, -0'19 +0'05 +0'11 +0'06 +0'07 +0'11 -0'01 -0'05 +0'02 -0'25 +0'07 -0'31 -0'03 

Valencia, Normal -0'03 +0'01 +o'oz +0'05 1+0'08 +0'08 +0'02 -0'02 -0'03 -0'10 -0'06 0'00 0'00 

" 1913, -0'06 +0'14 -0'07 0'001+0'01 +0'z3 +0'08 -0'09 -0'07 -0'16 +0'17 -0'23 0'00 

Kew, Normal +0'03 -0'02 +.0'06 +0'07 +0'11 +o'lJ +0'01 -0'04 -0'07 -0'10 -0'11 -0'02 0'00 

" 1913, -0'14 +0'07 +0'04 +0'13 -0'05 +o'~3 -0'02 +0'02 -0'02 -0'14 +0'05 -0'38 -o'OZ 

Falmouth, Normal -0'03 -0'01 +0'04 +0'06 +0'1 I +0'08 +0'02 -0'02 -0'05 -0'10 -0'08 -0'01 0'00 
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TABLES FOR CONVERTING FROM: BRITISH TO METRIC UNITS, 
AND VICE VERSA, 

T ABLE I. -PRESSURE, 

Inches of Mercury at 32° F. and 45° Latitude to Millibars, 

The fundamental data are :-
acceleration of gravity in latitude 45° = 980'617 cm,/sec2

, 

density of mercury at normal freezing-point of water = 13'5955, 
1 mercury-inch = 33'8632 millibars, 

1000 millibars = 1 bar = 29'5306 mercury-inches = 750'076 mercury millimetres, 
using I ineh = 2'54000 cm, 

Hun- 00 
I 

'01 i '02 
I 

'03 
I 

'04 I '05 I '06 
I 

'07 
I 

'08 
I 

'09 
dredths, • I I 

Inches 
and Millibars, 

Tenths, 

27'0 9 14'3 1 914'65 9 14'98 915'3 2 915'66 9 16 '00 9 16'34 9 16'68 9 I 7'02 9 I 7'3 5 
27'1 9 17'69 918 '03 9 18'37 9 18 '7 1 9 I 9'05 919'39 9 1972 920 '06 920'40 920 ,? 4 
27'2 921 '08 921 '42 92 I '76 922 '°9 922 '43 922 '77 923'1 I 923'45 923'79 924' 13 
27'3 924'47 924'80 925'14 925'48 925'82 926' I 6 926 '50 926'84 927' 17 927'5 1 
27'4 927'85 928' 19 928 '53 928'87 92 9'21 929'54 929'88 93 0'22 930'5 6 930'9° 

27'S 93 1'24 93 1'5 8 93 1'92 932 '2 5 93 2'59 93 2 '93 933'27 933 '6 I 933'95 934'29 
27'6 934'62 934'96 935'30 935'64- 935'98 93 6'3 2 93 6'66 93 6'99 937'33 937'67 
27'7 93 8'01 93 8'35 93 8'69 939'03 939'37 939'7° 940'04 940'3 8 940 '72 94 1'06 
27'8 94 1'40 941'74 9+2'07 942'41 942'75 943'°9 943'43 9+3'77 944'1 I 944'44 
27'9 944'7 8 945'12 9+5'46 945'80 946'14 946'48 ' 946'82 947' 15 947'49 947'83 

28'0 948'17 948'5 I 94 8'85 949'19 949'5 2 949'86 95°'20 95 0'5+ 95 0'88 95 1'22 
28'1 95 1'5 6 951'89 95 2'23 95 2 '57 952'9 I 953 '2 5 953'59 953'93 954'26 954'60 
28'2 954'94 955'28 955'62 955'96 95 6'3 0 95 6'64 95 6'97 957'3 1 

I 957'65 957'99 
28'3 95 8'.3 95 8'67 959'01 959'34 959'68 960 '02 960 '36 960 '7° I 961 '04 961 '3 8 
28'4 961'7 I 962 '05 962 '39 962 '73 963'07 963'4 1 96375 964'°9 964'42 964'1 6 

28'5 965'10 965'44 965'78 966' I 2 966 '46 96679 967' 13 967'47 967'8 I 968 ' 15 
28'6 968 '49 I 968 '83 969' 16 969'5 0 969'84 970' I 8 97°'5 2 970'86 97 1'20 97 I' 54 
28'7 971 '87 972'2 I 97 2'55 972'89 973'23 973'57 973'9 I 974'24- 974'5 8 974'9 2 

28'8 975'26 975'60 975'94 976'28 976'6 I 976'95 977'29 977'63 977'97 97 8'3 1 

28'9 97 8'65 97 8 '99 979'3 2 979'66 980 '00 980 '34 980'68 981 '02 98 1'3 6 98 I '69 

29'0 982 '03 982 '37 982 '7 1 983'05 983'39 983'73 984'06 984'4° 984'74 985'08 
29'1 985'42 985'76 986'10 986 '44 98677 987'1 I 987'45 98779 988 '13 988 '+7 
29'2 988'81 989'14 989'48 989'82 990 '16 99°'5° 990'84 99 I'I 8 991'5 I 99 I '8 5 
29'3 99 2'19 992'53 992'87 993'2 I 993'55 993'88 994'22 994'5 6 994'9° 995'24 
29'4 995'5 8 995'92 996'26 996'59 996'93 997'27 997'61 997'95 99 8'29 998'63 

29'S 998'96 999'3 0 999'64 999'98 1000'3 2 1000'66 1001'00 1001 '33 1001'67 1002'01 

29'6 1002'35 1002'69 1003'°3 1003'37 10°3'7 I 1004'04 1004'3 8 10°4'72 1005 '06 10°5'4° 
29'7 1005'74 1006'08 1006'4 1 1006'75 1007'09 10°7'43 10°7'77 1008' I I 1008'45 1008'78 

29'8 10°9' I 2 10°9'46 1009'80 1010'14 101'0'48 1010'82 1011'16 1011'49 1011'83 1012'17 

29'9 1012'5 1 1012'85 101 3'19 101 3'53 101 3'86 101 4'20 1014'54 101 4'88 101 5'22 101 5'5 6 

30'0 101 5'9° 1016'23 1016'57 1016'9 1 1017'25 101 7'59 1017'93 1018'27 1018'61 1018'94 
30'1 101 9'28 101 9'62 101 9'96 1020'30 1020'64 1020'98 1021'3 1 1021'65 102 I '99 1022'33 
30'2 1022'67 102 3'01 102 3'35 102 3'68 1024'02 1024-'36 102 470 102 5'°4 102 5'3 8 102 5'7 2 

3°'3 1026'05 1026'39 1026'73 1027'07 1027'41 1027'75 1028'09 1028'4-3 1028'76 1029'10 

3°'4- 1029'44 102 9'7 8 1°3°'12 103°'46 1030'80 1031'13 1°3 1'47 1031'81 1032'15 1032'49 

30'5 1032'83 1°33'17 1°33'5° 1033'84- 1034' 1 8 1°34'5 2 1034'86 1°35'20 1035'54 103 S'88 
30 '6 1036'2 I 1036'55 1 036'89 1°37'23 1°37'57 1°37'9 1 1038'25 1038'5 8 1038'92 1039'26 

3°'7 1039'60 1039'94- 1040'28 1040'62 1040'95 104- 1'29 1041'63 104 1 '97 1042'3 I 1042 '6 5 
30'8 1042'99 1043'33 1043 '66 1044'00 1°44'34 1044'68 1°45'02 1°45'36 1°45'70 1046'03 

30'9 1046 '37 1046'7 1 1°47'°5 1047'39 1047'73 1048'07 1048'40 1°4874 1049'08 1°49'42 

Thousandths of an Inch, 

Incb. i 

I 
I 

° '001 '002 '003 '004 '005 '006 
I '0°7 I '008 '009 

I 

MiJli-! 
I I bars, ° '03 '07 '1O '14 '17 '20 '24 '27 '3° 

I 
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Degrees I 0 I Ab· 
solute, 

25° - 9'4 
25 1 - 1'6 
25 2 - 5'8 
253 - 4-'0 
254 - 2'2 

255 -.0'4-
25 6 + 1'4 

I 
257 + 3'2 
25 8 + 5'0 
259 + 6'8 

260 + 8'6 
261 +10'4-
262 +12'2 
26 3 +14-'0 
264 + 15'8 

265 + 17,6 
266 +19'4-
1. 67 +21'2 
268 +23"0 
269 +24-'8 

27° +26'6 
27 1 +28'4 
27 2 +3°'2 
273 +3 2'0 
274 +33'8 

275 +35'6 
27 6 +37'4 
277 +39'2 
27 8 +41'0 
279 +42'8 

280 +44'6 
281 +46'4 
282 +48'2 
28 3 +50'0 
284 +51'8 

28 5 +53'6 
286 +55'4 
287 + 57'2 
288- +59'0 
289 +60'8 

29° +62'6 
29 1 +64'4 
29 2 +66'2 
293 +68'0 
294- +69'8 

I 295 +71'6 
296 +73'4-
297 +75'2 
298 +71'0 
299 +78'8 

3°0 +80'6 
301 +82'4-
302 +84-'2 
3°3 +86'0 
304 +87'8 

305 +89'6 
306 +9 1'4 
3°7 +93'2 
308 +95'0 
309 +96'8 
310 +98'6 

HOURLY VALUES FROM AUTOGRAPHIC RECORDS, 

TABLE II.-TEMPERATURE, 

Degrees Absolute to Degrees Fahrenheit, 

The relations are A= 273 + ~ (F-32), F= 32+ ; (A-273), 

1 I 2 I 3 I 4 I 5 I 6 I 7 ! I 
Degrees Fahrenheit. 

- 9'2 - 9'0 - 8'9 - 87 - 8'5 - 8'3 - 8'1 
- 7'4 - 7'2 - 1'1 - 6'9 - 6'7 - 6'5 - 6'3 
- 5'6 - 5'4- - 5'3 - 5'1 - 4-'9 - 47 - 4-'5 
- 3'8 - 3'6 - 3'5 - 3'3 - 3' 1 - 2'9 - 2'7 
- 2'0 - 1 '8 - 17 - I' 5 - 1'3 - 1'1 - 0'9 

- 0'2 0'0 + 0' I + 0'3 + 0'5 + 0'7 + 0'9 
+ 1,6 + 1 '8 + 1'9 + 2' I + 2'3 + 2'5 + 2'7 
+ 3'4 + 3'6 + 37 + 3'9 + 4-'1 + 4'3 + 4'5 
+ 5'2 + 5'4- + 5'5 + 5"7 + 5'9 + 6'1 + 6'3 
+ TO + 1'2 + 1'3 + 7'5 + 77 + 7'9 + 8'1 

+ g'8 + 9'0 + 9'1 + 9'3 + 9"5 + 9'7 + 9'9 
+10'6 +10'8 + 10'9 +11'1 +11'3 + 11"5 + 11'7 
+12'4- +12'6 + 12'7 +12'9 + 13'1 + 13"3 + 13'5 
+14-'2 +14'4 + 14'5 +14'7 +14'9 + 15'1 + 15'3 
+16'0 +16'2 + 16'3 + 16'5 + 167 + 16'9 +11'1 

+11'8 +18'0 + 18'1 + 18'3 + 18'5 +18'7 +18'9 
+19'6 + 19'8 +19'9 +20'1 +20'3 +20'5 + 2°7 
+21'4 +21'6 +21'7 +21'9 +22'1 +22'3 +22'5 
+23'Z +23'4- +23'5 +23'7 +23'9 +24'1 +24'3 
+25'0 +25'2 +25'3 +25'5 +257 +25'9 +26'1 

+26'8 +27'0 +27'1 +21'3 +27'5 +27'7 +27'9 
+28'6 +28'8 +28'9 +29'1 +29'3 +29'5 +297 
+30'4 +30'6 +30'7 +30'9 +3 1 '1 + 31'3 +3 1'5 
+3 2'2 +3 2'4 +3 2'5 +32'7 +3 2'9 +33'1 +33'3 
+34'0 +34'2 +34'3 +34'5 +34-7 +34'9 +35'1 

+35'8 +36'0 +36'1 +36'3 +36'5 +36'7 +36'9 
+31'6 +31'8 + 37'9 +3 8'1 +3 8'3 +3 8'5 +38'7 
+39'4 +39'6 +397 +39'9 +40'1 +40'3 +40'5 
+41'2 +41'4- +4-1'5 +41'7 +4 1'9 +4-2'1 +42'3 
+43'0 +43'2 +43'3 +43'5 +437 +4-3'9 +44-'1 

+44-'8 +45'0 +45'1 +45'3 +45'5 +457 +45'9 
+46'6 +46'8 +46'9 +47'1 +47'3 +47'5 +477 
+48'4 +48'6 +48'7 +48'9 +49'1 +49'3 +49'5 
+50'2 + 5°'4 + 5°'5 +50'7 +5 0'9 + 51 '1 + 51'3 
+5 2'0 +SZ'2 + 52'3 + 52'S +5 27 +5 2'9 +53'1 

+ 53'8 +54'0 +54'1 + 54'3 +54'5 +54'7 +54'9 
+ 55'6 + 55'8 +55'9 +5 6', +5 6'3 + 56'5 +567 
+ 57'4 +57'6 + 57'7 +57'9 + 5S'I + 58'3 +5 8'5 
+59'2 +59'4 + 59'5 +597 +59'9 +60'1 +60'3 
+61'0 +61'2 +6"3 +61'5 +61'7 +61'9 +62'1 

+62'8 +63'0 +63'1 +63'3 +63'5 +63'7 +63'9 
+64'6 +64-'8 +64-'9 +65'1 +65'3 +65'5 +657 
+66'4- +66'6 +667 +66'9 +67'1 +67'3 +67'5 
+68'2 +68'4 +68'5 +68'7 +68'9 +69'1 +69'3 
+70'0 +70'2 +70'3 +70'5 +7°7 +70'9 +7 1'1 

+7 1'8 +7 2'0 +72'1 +72'3 +7 2'5 +72'7 +72'9 
+73'6 +73'8 +73'9 +74'1 +74-'3 +74'5 +747 
+75'4 +75'6 +757 +75'9 +76'1 +76'3 +76'5 
+77'2 +77'4 +77'5 +77'7 +77'9 +7 8 '1 +7 8'3 
+79'0 +79'2 +79'3 +79'5 +797 +79'9 +80'1 

+80'8 +81'0 + 8rl +81'3 +81'5 + 81 7 +81'9 
+82'6 +82'8 +82'9 +83'1 +83'3 +83'5 +83'7 
+84'4- +84'6 +847 +84'9 +85'1 +85'3 +85'5 
+86'2 +86'4 +86'5 +86'7 +86'9 +87'1 +87'3 
+88'0 +88'2 +88'3 +88'5 +88'7 +88'9 +89'1 

+89'8 +90'0 +90'1 +90'3 +9°'5 +9°'7 +9°'9 
+91'6 +9 1'8 +9 1'9 +92'1 +92'3 +92'5 +927 
+93'4 +93'6 +93'7 +93'9 +94'1 +94'3 +94'5 
+95'2 +95'4 +95'5 +957 +95'9 +96'1 +96'3 
+97'0 +97'2 +97'3 +97'5 +977 +97'9 +98'1 

+98'8 +99'0 +99'1 +99'3 +99'5 +99'7 +99'9 

I 8 I 9 

- 8'0 - 7'8 
- 6'2 - 6'0 
- 4'4 - 4'2 
- 2'6 - 2'4 
- 0'8 - 0'6 

+ 1'0 + 1'2 
+ 2'8 + 3'0 
+ 4'6 + 4'8 
+ 6'4- + 6,6 
+ 8'2 + 8'4-

+ 10'0 + 10'2 
+ 11'8 + 12'0 
+. 13'6 + 13'8 
+ 15'4- + 15'6 
+ 17'2 + 17'4 

+ 19'0 + 19'2 . 
+ 20'8 + 21'0 
+ 22'6 + 22'8 
+ 24-'4 + 24-'6 
+ 26'2 + 26'4 

+ 28'0 + 28'2 
+ 29'8 + 30'0 
+ 31'6 + 3 1'8 
+ 33'4 + 33'6 
+ 35'2 + 35'4 

+ 37'° + 37'2 
+ 38'8 + 39'0 
+ 40'6 + 4-°'8 
+ 4-2'4 + 42'6 
+ 44-'2 + 44'4 
+ 46'0 + 46'2 
+ 47'8 + 48'0 
+ 49'6 + 49'8 
+ 51'4 + 51'6 
T 53'2 + 53'4 

+ 55'0 + 55'2 
+ 56'8 + 57'° 
+ 58'6 + 58'8 
+ 60'4 + 60'6 
+ 62'2 + 62'4 

+ 64-'0 + 64'z 
+ 65'8 + 66'0 
+ 67'6 + 67'8 
+ 69'4 + 69'6 
+ 71'2 + 71'4-

+ 73'0 + 73'z 
+ 74'8 + 75'0 
+ 76'6 + 76'8 
+ 78'4- + 78'6 
+ 80'2 + 80'4-

+ 82'0 + 82'2 
+ 83"8 + 84'° 
+ 85'6 + 85"8 
+ 87'4- + 87'6 
+ 89'2 + 89'4-

+ 91'0 + 91'1. 
+ 91.'8 + 93'0 
+ 94-'6 + 94'8 
+ 96'4- + 96'6 
+ 98'2 + 98'4-
+100'0 + 100'2 



Inche,·1 
0 I 1 I 

0'0 0'0 0'3 
0'1 3"4 37 
0'2 6'8 7'1 
0'3 10'2 10'5 
0'4 13' 5 13'9 

0'5 16'9 11'3 
0'6 20'3 207 
°7 237 24'0 
0'8· 27'1 27'4 
,0'9 3°'5 30 '8 

1 '0 33'9 34'2 

Mile" 0 I 1 I pel' 
Hour. 

° 0'0 0'4 
10 4'5 4'9 
20 8'9 9'4 
30 '3'4 13 '9 
40 17'9 18'3 

,0 22'4 221 8 
60 26'8 27'3 
7° 31'3 3 I '7 
80 35'8 36 '2 
9° +0'2 4°'7 

100 447 45'2 
11O 49'2 4-9'6 
120 53'6 54'1 
130 58' I 58'6 
140 62'6 63'0 

Inches. I 0 I 1 I 

0'0 0'0 0'3 
0'1 2'5 2'8 
0'2 5'1 5'3 
0'3 7'6 7'9 
0'4 10'2 10'4 

0'5 12 7 13'0 
0'6 15'2 15'5 
°7 1]'8 18'0 
0'8 20'3 20'6 
0'9 22'9 23' 1 

1'0 25'4 2,'7 
, 'I 27'9 28'2 
1'2 3°'5 3°7 
1'3 33'0 33'3 
1'4 35'6 35'8 

I' 5 38 '1 38 '4 
1,6 40 '6 40 '9 
1 '7 43'2 43'4 
1'8 45'7 46'0 
1'9 48 '3 48'5 
2'0 50 '8 51') 

HOURLY VALUES, 1913, 

CONVERSION TABLES. 

TABLE III.-V APOUR PRESSURE. 

lHercury-Inches to Millibars. 

2 
I 

3 j 4 J 5 I 6 

Millibars, 

°7 1'0 J"4 I'] 2'0 
4' I 4'4 4'7 5'1 5'4 
7'4 7'8 8' I 8'5 8,8 

10'8 11'2 I I' 5 11'9 12'2 
14'2 14'6 14'9 15'2 '5 ,6 

17,6 17'9 
I 

18'3 18'6 '9'0 
2 I '0 21' 3 2 "7 22'0 22'3 
24'4 24'7 25' I 25'4 25'7 
27'8 28' I I 28'4 28,8 29'1 
3 1'2 3 I '5 I 3 I '8 32'2 32 '5 ! 

34'S 34'9 35'2 35'6 35'9 

j 

TABLE IV,- WIND VELOCITY, 

-L7J1iles per If our into 111 etres per Second, 
1 mile per hour = 0'44704 metres per second, 

2 I 

0'9 
5'4 
9'8 

14'3 
18,8 

23"2 
277 
32'2 
36 '7 
4 I 'I 

4-5,6 
50 '1 
54'5 
59'0 

.63'5 

2 I 

0'5 
3'0 
5'6 
g'l 

10'7 

13'2 
157 
18'3 
20'8 
23'4-

25'9 
28'4 
3-1'0 
33'5 
36 '1 

38 '6 
41'1 
437 
4-6'2 
48'8 
51'3 

3 j 4 I 5 

Metres per Second, 

1'3 1·8 2'2 
5'8 6'3 6'7 

10'3 1O,? 11'2 
14'8 15'2 15'6 
19'2 19? 20'1 

23'7 24'1 %+'6 
28'2 28'6 29'1 
32'6 33 'I 33'5 
37'1 37'6 38 '0 
4 1'6 42'0 42'5 

+6'0 46'S 46'9 
50 '5 5 1'0 51'4 
,5'0 55'4 55'9 
59'5 59'9 60'4-
63'9 64'4 64'8 

TABLE V,-RAINFALL, 

Inches to Millimetres, 

3 I 4 I 5 I 
Millimetres, 

0'8 1'0 
" 3 

3'3 3'6 3'8 
5'8 6, I 6'4 
8'4 8·6 8'9 

10'9 I 1'2 11'4 

13' 5 13'7 14'0 
16'0 16'3 16, 5 
18'5 18'S 19'1 
2 1'1 21'3 2 1'6 
23'6 23'9 24'1 

26'2 26'4 26'7 
28 7 29'0 29'2 
31'2 3 I' 5 31'8 
33'8 34'0 34'3 
36 '3 36'6 36 '8 

38'9 39' I 39'4 
41'4 41'7 4 1'9 
43'9 44'2 +4'5 
4- 6 '5 467 47'° 
49'0 49'3 49'S 
51,6 5 1'8 51'1 

I 6 I 

2'7 
1'2 

11'6 
16'1 
20'6 

25'0 
29'S 
34'0 
38'4 

I 42'9 

+7'4 
51'9 
56'3 
60'8 
65'3 I 

6 
J 

1'5 
4'1 
6'6 
9'1 

117 

'4'2 
16'8 
19'3 
2 1'8 
24'4 

26'9 
29'S 
32'0 
34'S 
37'1 

39'6 
42'2 
44'7 
47'2 
+9'8 
52 '3 

7 I 

2'4 
5'8 
9'1 

U'5 
15'9 

19'3 
227 
26'1 
29'5 
32 '8 

36'2 

7 I 

3 'I 
7,6 

12'1 
16', 
21 '0 

25'5 
30 '0 
34'4 
38 '9 
43'4 

47'8 
52 '3 
56'8 
61 '2 
65'7 

7 I 

1'8 
4'3 
6'9 
9'4 

11'9 

14'5 
17'0 
19'6 
22'1 
24'6 

27'2 
297 
32 '3 
34'8 
37'3 

39'9 
42'4 
45'0 
47'5 
5°'0 
52'6 

8 

27 
6'1 
9'5 

12'9 
16'3 

19'6 
23'0 
26'4-
29'8 
33'2 

36'6 

8 

3'6 
8'0 

12'5 
ITO 
2 I '5 

25'9 
30 '4-
34'9 
39'3 
+3'8 

48 '3 
52'8 
,7'2 
61 7 
66'2 

8 

2'0 
4'6 
7'1 
9'7 

12'2 

14'7 
17'3 
19'8 
22'4 
24'9 

27'4 
30'0 
32' 5 
35'1 
37'6 

4°'1 
42'7 
45'2 
47'8 
5°'3 
52'8 

I 

I 

I 

9 

3'0 
6'4 
9'8 

13'2 
16'6 

20'0 
23'4 
26'8 
3°'1 
33'5 

36 '9 

9 

4'0 
8'5 

13'0 

17'+ 
21 '9 

26'4-
30 '8 
35'3 
39'8 
44'3 

48 '7 
53'2 
51'7 
62'1 
66'6 

9 

2'3 
4'8 
7'4 
9'9 

12'4 

15'0 
17'5 
20'1 
22,6 
25' I 

f 27'7 
3°'2 
32'8 
3, '3 
37'8 

4°'4 
42'9 
45'S 
4-8'0 

I 

50'5 I 

53'1 
I 

13 

97 





Plate I. to be inserted at end of volume. 
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METEOROLOGICAL OFFICE OBSERVATORIES. 
DETERMINATION OF BASE VALUES O~~ MAGNETOGRAPHS. 

STATION Date 

NORTH OOMP'!'. WEST OOMPT. VERTL. OOMPT. 

Heights of Secondary base Hnes. 

Deductions from Obervations. G.M.T. mm.) mm., lllm, 

Scale Values. 

y I· Imm.= y I 1 mm. = 

INCLINATION. 
h. Curve Readings. 

o J to 

mm. mm. mm. 

I mm. mm. mm. 
l to 

Mean mm. mm. mIn. 

I' W r = Y Vr = Y 

DECLINATION. I Oharacter of 
mm. mm. 'Curves. 

--
I 

{ 
-------------------

Mean ... mm. lllm. 

y Wu = y 

VIBRATION. 
mm. mm. 

log mHv = 
y Wv = 

DEFLECTION (shortest distance). 

m ; 

10gB = 
Rl t.= I 

mm. mnl. 

y 

(Diff.) 2 log HH = 2' ----------1------_·_--
log HH = I· 

HH = y 

y y 

y y 

Sum = 

n 1 - nv = y y 

(E and F have the values given on the opposite page.) 

log m 

m = 
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