
































































































































































































































74 HOURLY VALUES FROM AUTOGRAPHIC RECORDS.

Using the values for the whole year, we get
P=1012 Q= ~-8193,
and the values of log (1 +P/»2+ Q/r*) are

for 25 cms. for 30 cms, for 35 cms.

‘00608 ‘00442 *00334.

The mean for m, from 25th August is 909-22.
The following are the values of auxiliary quantities used for magnet 60A :—

Authority.
Log moment of inertia at 0° C. =347565 . . Eskdalemuir Experiments.
Magnetic Temperature Coefficient= 00045 . . ’ ’
Log 473 at 0° C. for 25 cm. =3'89269 . . Kew Certificate.
for 30 cm. =4'13016 . ) ’
for 85 cm. = 433102 . ., .,
Induction Coeflicient =518

NOTES ON THE MAGNETIC OBSERVATIONS MADE AT THE
VALENCIA OBSERVATORY, CAHIRCIVEEN, 1911. 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 observation, as in previous years, were 10* for
declination, 12" (noon) for horizontal force, and 18" (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 1910. The value obtained for P from the
observations of 1911 is somewhat different, necessitating the application of the
correction —3y (—-00003 C.G.8.) to the values published in the Geophysical
Journal.

Table LXVIIL 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 components.

Mean annual values are also given for the years 1910 and 1905 to show the
progress of the secular variation.
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NOTES ON THE MANAGEMENT AND MANIPULATION OF
THE INSTRUMENTS AT FALMOUTH OBSERVATORY,
1911, By EDWARD KITTO, SuPERINTENDENT.

Photographic curves of magnetic declination and of horizontal and vertical
force variations have been regularly taken during the year.

The scale values of the instruments were determined on the 80th December, 1910.
The following values of the ordinates of the photographic curves were then found :—

Declination, 1 em. = 0° 1177
Bifilar, 1 em. dH = 0°00056
Balance, 1 cm. dV = 0°00050.

Deflections of the bifilar and vertical force magnets were also made on the 15th
July, 1911, when the scale values were found to be :—

Bifilar, 1 em. dH = 0'00057
Balance, 1 cm. 6V = 0°00051.

Deflections of the bifilar were made on the 7th August, the result being,

1 cm. dH = 0°00050.

On 24th August the suspension was opened out to counteract drift in the magnet,
which had a new suspension fitted on 15th July. Subsequent deflections gave

1 cm. éH = 0°00081.

The principal magnetic disturbances recorded took place on the following dates :—
January 24th; February 21st, 22nd ; March 20th, 21st; April 9th; October 10th,

11th ; December 11th. |
Observations with the absolute instruments have been made about four times

a month. '

The results in Tables Nos. LVIL, LVIIL, LIX., LX. are deduced from the
magnetograph curves. The values in Table LXVII. are also derive.d from the curves
standardised by the absolute observations. These were made with the collimator
magnet 66A and the mirror magnet 66C in the Unifilar Magnetometer No. 66, by
Elliott Brothers, of London, and with the Inclinometer No. 86, by Dover, of Charlton,
Kent, employing needles 1 and 2, which are 3% inches in length.

The effects of temperature on the horizontal force curves are very sma?ll and are
negligible, but a temperature correction has been determined and applied tol the

vertical force curves. o | |
The time given is Greenwich Mean Time, which is 20 minutes 18 seconds earlier

than local time. - .
The results are derived from the ““ quiet” days selected by International agreement

at De Bilt.
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NOTES ON THE METEOROLOGICAL SUMMARIES. By
E. GOLD, M.A., SUPERINTENDENT OF THE STATISTICAL DIvisioN
oF THE METEOROLOGICAL OFFICE.

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;

and the averages for the 30 years 1881-1910—

d. Velocity of the Wind ;
/- Sunshine;

and the averages for the 25 years 1886-1910 of—
¢. Relative Humidity.

In the case of Eskdalemuir the values for the current year only are given.

The averages referred to above have been adopted as normal values for the
elements mentioned at the four observatories.

Particulars of the methods 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 Magnetic Year Book for 1911, 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 :—

Ui Comapntn i el o
«. Barometric Pressure. Millibars. Inches or Millimetres of Mercury.
b. Temperature of the Air. ~ Degrees Absolute. = Degrees Fahrenheit or Centigrade.
¢. Relative Humidity. Percentages Percentages

(100 = Saturation). (100 = Saturation).

d. Velocity of the Wind. Metres per second.  Miles or Kilometres per hour.
e. Rainfall. Millimetres. Inches or Millimetres.
J+ Sunshine. Hours. 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 or to 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 35 of an inch or 4 of
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a millimetre of mercury under normal conditions. The exact relations are given at the
head of Table I. | |

The barometer readings are obtained from the hourly tabulations of photographic
records from similar apparatus at all five 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
137 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°8 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 previous publications the averages for long periods have been the “means at
- station level ” without any correction on account of the change of height.

In forming the movnthly means of the hourly values of pressure, and of the other
elements too, no 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 usually made to eliminate this effect 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 may be obtained from the values
published in Part IV. Section (1) of the Year Book for 1911. The values for pressure
and temperature are given below in the table on p. 80.

Slight differences exist between the mean values of pressure published in the
present volume and those given in Part IV. Section (1). These arise in the following

ways i—
(«) In the present volume the first midnight has been excluded, and the means are

obtained from the values at the hours 1 to 24 only.

(B) A small error existed in the tables of conversion from inches to millibars used
in the preparation of Part IV. Section (1). The values published there are on that
account about ‘02 mb. too low.

(y) The correction for gravity was applied to the tabulated values in inches, and
was taken to ‘001 in. only, and so went up by steps of ‘03 mb. in Part IV. Section (1).
In the present volume the correction has been applied to the means after conversion
and taken to ‘01 mb. throughout.

(3) In the case of Falmouth and Valencia the corrections on account of the changes
of position referred to above have been incorporated in the average for 1871-1910 in
the present volume. The values at Valencia are decreased by about 0-44 mb., those at
Falmouth increased by about 0°41 mb. on this account.

The normal daily variation of pressure is made up of a more or less regular semi-
diurnal wave which 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 1911, we find that the principal feature at Kew, Valencia, and Aberdeen is a
minimum in the early afternoon and a maximum about midnight or in the early morning.
Thus pressure was relatively low in the day-time and high in the night-time, 80 .that the
abnormality of the year is more marked in the diurnal wave than in the semi-diurnal.



78 HOURLY VALUES FROM AUTOGRAPHIC RECORDS.

This is to be expected, inasmuch as the diurnal wave depends to a great extent
upon local conditions, while the semi-diurnal wave is associated with an oscillation of
the whole atmosphere. At Falmouth the differences show an opposite tendency, but
the variation is less regular.

b. Temperature of the Air.—Degrees absolute ("A). The value of each degrec
is the same as that of the centigrade scale, but the zero is taken to be the absolute zero
of temperature, 273° C. below the normal freezing-point of water. The conversion from
degrees A to C or vice versa is therefore a simple addition. Table II. enables degrees
F to be converted directly into degrees A or vice versa.

'The values of temperature at all five observatories are obtained from the
tabulation of photographic records from similar and similarly exposed mercurial
thermometers.

The principal feature in the diurnal variation of temperature for 1911 is the
increase in the afternoon maximum. The mean temperature for the year was above
the normal value at all observatories, but the excess is more marked during the day
than the night; especially is this the case during the months of July and August. In
December the difference tends to be in the opposite direction.

Wind.—The velocity and direction of the wind are obtained from the records of
similaf Robinson Anemographs at Kew, Valencia, Falmouth, and Aberdeen. At
Eskdalemuir only the velocity is recorded, and is obtained from a Dines Pressure Tube
Anemometer. The records from the two instruments when exposed at the same place
give the same values for the mean velocity.

The normal daily variation of wind velocity shows a maximum in the middle of
the day and a minimum near midnight or in the early morning. It is of some interest
to compare the ratio of the daily range AV and the actual values of the velocity V for
1911 with the normal values of the ratio. The following table shows the values of the
ratio AV/V . —

Valencia. Kew. Eskdalemuir. Aberdeen.  Falmouth.
Normal ratio, ‘269 585 — ‘340 ‘341
Ratio for 1911, 312 553 ‘413 350 345

The ratio is much larger at Kew than at the other observatories. It is smallest at
Valencia. In 1911 it was practically normal at Aberdeen and Falmouth, although at
the latter place the velocity itself was considerably below its normal value. At Valencia
the ratio for 1911 was very much greater than the normal value, while at Kew it was
rather less than the normal.

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 five 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.

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 com-
parisons of the tabulations with the corrected readings of similar standard thermometers
shows that in the case of Valencia, Aberdeen, and Kew the errors are unimportant.
But in the case of both thermometers at Eskdalemuir and of the dry-bulb at
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Falmouth the mean monthly differences are considerable. They are given with the
corresponding approximate mean effect on the published values of the relative
humidity, of correcting for these differences, in the following table :—

<«

Corrections to be applied to the published values of the Temperature (Degrees
A), to the tabulated wvalues of the Wet-Bulb Thermometers, and to the
published values of Humidity, 1911.

Eskdalemuir—
Temperature A . |—0'03 | —0°08 |—0'03 |+ 007 4008 | 4003 |+ 0'11 |4008 |+0'07 |—0'02 |—0'11 |~0'11 |4 001
Wet Bulb °A . |—o'o1 4001 |—0'02{—0C07 |—017|—0"32 |—028|—024 |[—0'15 |—0'29 |—0'03 [—0'07 [—0'I4
Relative Humidityj+o0'4 +11 |+0z2 —18 |—2'9 |—34 |—3'9 |—31 |—24 [—31 [+12 |406 [—14

Falmouth—

per cent.

Temperature °A . —0'I1 —0'12 |—~0'08 |—0'08 |40:08 |4+-0°15 |+0°11 |+0°'13|+0°'11 |4+ 0'13|—0'13 |—0"15
Relative Humidity]4-1'4 +1'5 |+1°1 |[40'9 |—08 —1'5 |—08 |—12 |=10 [—1'5 [+1'6 |+18 |40°1
per cent, “ " ‘

Rainfull.—The tables give the mean values of the hourly measurements for each
month, 7.e. the value entered to noon is the total amount which fell between the hours
of 11.30 a.m. and 12.30 p.m. during the month, divided by 80, 31, or 28 according to
the month. The amount entered in the column headed ““Day” is similarly the total
amount recorded during the month, divided by the number of days in the month.
This differs from the practice hitherto adopted in the publication of hourly readings,
but it has the great advantage of giving mean values comparable with the actual values
for individual hours or days.

The rainfall was below the normal at all the four observatories for which
normals exist simultaneously for four months of the year, and above it for only
one month, December. The excess in that month appears to have been made up
largely of rain during the morning and early afternoon, while at all the 'obs.ervatomes
there was a deficiency for some one or more of the hours from 7 p.m. to midnight.

Sunshine.—The method of expressing the results is similar to that adopted for
The values are given in hours and are obtained by dividing the totals for
the number of days in the month. The values under the column
ber of hours of sunshine per day, and the

rainfall.

each month by
headed *Day ” are therefore the mean num

individual day is directly comparable with the average day.

The sunshine for the year at all four observatories was abox'fe the normal., and the
excess was numerically almost as great during the early morning and evening hours
as during the middle of the day. The ratio of t'he excess ’Fo the .normfinl shows a
marked diurnal variation with the minimum near midday. This fact Is owing to th;
sunny character of the four months June to September ; the excess in ?he dea;l)’r an
late hours accumulated during these months could no't be diminished by deficiency
during the winter months, since the sun is below the horizon at these h'ours}; f

Normals.—In the case of a, b, e, each nom‘lal hourly value is t fl mean t;)
about 1200 readings, the exact number de.pendlng of co?rse upon tle I;mn b,
Within what limits such a series is sufficient to determine a normal value 18

a question which deserves investigation. It is not unusual for the mean value of

Jan. Feb. Mar. | Apr. May June July | Aug. | Sept. | Oct. Nov. Dec. | Year.
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the pressure for an individual month to differ by 15 or 20 millibars from the
normal value, so that the inclusion of an extra year may affect the normal value by
as much as 05 millibar, and the selection of a different 40-years period may lead
Thus, if we take the period 1854-
1893, the mean value of the pressure in London for the month of January is less by
17 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.

to differences equally great or indeed greater.

Again, with reference to temperature, a month may have a mean temperature as
much as 5° A below the normal, but it rarely exceeds this value. Thus the 40-years
mean is uncertain to at least 0°*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 151 mm. and
81 mm. respectively; while it was three times the amount for the 10 years 1861-1870,
50 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-Cycric CHANGE (24"-0') oF PRESSURE AND TEMPERATURE.

Differences between the Normal Monthly Mean Values of Pressure and Tempera-
ture for the 2nd and 1st midnights, and the corresponding differences

Sor 1911.
Jan. | Feb. | Mar. | Apr. l May | June | July | Ang. | Sept. | Oct. | Nov. | Dec. | Year.
I i i
Pressure—Millibars,
Aberdeen, Normal |—o'0o1 4001 /—0'03 [40'11 4006 000 =002 —0'06|—0'05 +0'05|—o0'11[+003] o000
1911 |4 115 | =179 (4098 | —024 4088 | =068 +048 | —0-84 | +065 {— 068 |+ 040 |+0°17 |+ 0-06
EYskdalfe, v1911 +081 =16} 4066 =016 +028 —064: 408} |~006|+042\—06114024|+081|+001
Valencia, Normal |4-0'05 —0-08 |40'08| o000 +0°02 |4+0'05 | 4009 | —0'08 [—0'15 |+0°03 |4-0'04 | —0"03 ] ©0°00
1911 4030 | —0-85 |\ =016 |+ 024 | 4004 |—080 |— 018 4044 | + 0567 |—0-87 |—0-25 |+0°44] 000
' Kew, Normal |—o0'02 |—0'05 |—0'04 |+0°05 |+0°03 |+0°02 4005 | —0°06 [ =008 |+0°06 |—0'06 |+0°10 |40'01
) 1911 |4+0°39|~132 4032 |—0:01|4+007 | -080 +082|+020|—011{—001|4+021|+017| 000
Falmouth, Normal | o0o|—oc'05| o000|4003| 0'00|4005 |+007|—006|~015|40%06 =001 |4+005| o000
1911 |4-0-18 | —0:85 |— 00614020 000|—023 4+0094033|+015|--012!-009'+0387| 000
TEMPERATURE—Degrees Absolute.
Aberdeen, Normal |40'01 [—0'01 |40'04 |40'06 +o0'07|40°10 4002 |—0'04 {—0'03 |—0°11 |—0'0g9 |—0'03| o0'CO
1911 |—0°24 |40-16| 000 +0:04|—026 =009 +016 4005 |+035 +0:09 |+006|—-016) 000
Eskdale, Y1911 =010\ =001 |+003|—003|40-89|—019|+ 019 —0-04 |—0-35 |+ 116 +062|+0-14|+001
Valencia, Normal "'O'Oé +o'or |+0'02 |4+ 005 |+ 0°08 |+ 008 |4 002 |—0'02 | =003 |—0"22 |—~0'06| o'00|—o001
- 71.9]1 —0'1314005 4011 |—0:04 |4+ 014 |—004|+012| 000|—0-18 |+0:01 |—0'10|+005| 000
. Kew, Normal |40'03 | ~0'02 |+0°06 |+-007 |4 011 [40°11 |+0'01 |—0'04 |—0"07 —0'10 |—0'11 | =00z | 000
! Fal 1911 |—-0-22 4085 \—0:02 |4+ 002 |+ 025 |— 0:05 \+0-08 | — 009 | — 0-21 | —0-08 | 4008 | +0-02 |+ 0-01
| mouth, Normal |—o0-03|~o0-01 +0°04 |4+006 |+0°11 |+ 008 |4-0'02 | ~0"02 |— 003 —o‘lo“—o-OS —o01| o000
i 1911 |—0-13 +0'14‘+0'05 —002|4+019|~004{4011|~0 16 |~ 006 —0'02|+0-06' — 0005|4001
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NOTES ON THE METEOROLOGICAL SUMMARIES.

AND

TABLE I.—PRESSURE.

VICE VERSA.

81

2

Equwalents wn Millibars of Inches of Mercury at 32° F. and 45° Latitude.

For brevity, the fundamental equations may be written :—
= 98061 cm/sec?

density of mercury at normal freesing-point of water = 13:5956.
1 mercury-inch = 33:8626 millibars.
= 00295311 mercury-inches.

945

1 millibar

0-75008 mercury-millimetres.

using 1 inch = 253995 cm.
Inches| ¢ 1 2 3 4 5 6 7 8 9
and — — I
Tenths. Millibars.
2770 | 91429 | 914°63 | 914°97 | 9I5°31 | 91565 | 91598 | g16°32 | 916:66 917:00 | 91734
27:1 | 917-68 | 91802 | 918'35 | 918:69 | 919'03 | 919'37 | 919'71 | 920°05 | 92039 920;73
272 921'06 | 921°40 | 92174 | 922°08 | 9z2°42 92276 | 923'10 | 92343 | 92377 | 924°'I1
273 | 92445 | 924779 | 925713 | 925°47 | 92580 926714 | 92648 | 92682 | 927:16 | 927'50
274 | 92784 | 92817 | 928'51 | 92884 1 929'19 | 929'53 | 92987 | 930'21 | 930'55 | 93088
27'5 | 93122 | 93156 | 931°90 | 932°24 | 93258 | 932'92 | 93325 | 933°59 | 933'93 | 93427
27°6 | 93461 | 934'95 | 93529 | 93562 | 935796 | 93630 | 936:64 | 936:98 | 93732 | 937°66
277 937’93 93832 938'62 93901 | 93935 933'6? gig':? gii% gi:'g; gﬁ'z;,
8 I 172 | 94270 42°40 | 942'74 | 943 .
z; 9 314';7 315'1 1 345 44 345'78 94612 | 94646 | 946'80 | 94714 | 947°48 | 94781
. . . . . . . . 86 95[.19
280 | 94815 | 948°49 | 948'82 | 949'16 | 949'50 | 94984 | 950°18 | 950’52 | 950 '
281 351'54 951'88 | 952°21 | 952°55 | 952°89 | 953°23 | 953'57 | 95391 954°25 954759
282 | 95493 | 95527 | 955°61 | 955°94 | 95628 | 95662 | 95696 | 957°30 | 957°64 | 957°9
28-3 | 95831 | 95865 | 93899 | 95932 | 959166 | gbooo | 96034 | 960'68 | 9610z 92! 36
284 | 96170 | 9bz0y | 96238 | 96271 | 96305 | 96339 | 96373 | 96407 | 96441 | 96474
: : . . : . 6812
| 963708 | 96542 | 96576 | 966709 | 96643 | 96677 | 967'11 | 96745 | 967779 | 968
:gg 36253'47 36;3‘%1 969'14 | 96948 | 969'82 | 97016 | g70'50 97084 | 97118 971.51
287 | 97186 | 97220 | 972'53 | 97287 | 973°21 | 973'55 | 97389 | 974'23 | 97457 | 974'90
28-8 | 975724 | 975'58 | 97591 | 97625 | 976'59 | 97693 | 977'27 977:6I 9;7:95 9g8;g8
28+ | 97863 | 97897 | 979'30 | 97964 | 979'98 | 9803z | 98066 | 98100 | 9BI34 | 980T
. . . . . . 8 . 9 984_.73 985.06
: 82'02 | 982'36 | 982'69 | 983°03 | 98337 | 98371 | 984°05 | 984’3 . .
:9-7 38;'40 385-74 986-07 | 986:41 | 98675 | 987°09 | 98743 987'72 98811 988%4
o : 89°1 89'47 | 98980 | 990’14 | 99048 | 9908z | 99I'IG | 99I°50 | 99I'S4
292 | 98879 | 98913 | 939'47 | 959 _
23‘3 99217 | 992°51 | 99284 | 993'18 | 993’52 993°86 994:23 99454 99g_82 995.21
294 | 99555 | 99589 | 996722 | 996'56 | 996°90 | 997°24 | 99755 | 99792 | 99572 998°59
. . . : : 65 | 1001°98
. 8 28 9961 | 999'95 | 1000°29 | 1000 63 1000.97 1001°31 | 100" '
29-% Iggz‘g‘; 1222-67 Igog'oo 1003°34 | 1003'68 | 1004°02 1004.36 1004.'70 1005.04 10053.37
:37 100572 1006°06 | 1006°39 | 100673 | 1007°07 | 1007°41 | 1007°75 100809 :g?ils gz :Z?z‘ﬁ
. . y 09" 10I0°11 | 1010°45 | 101079 |IOIT"13 |I011'47 : :
:gg :2?2;; :gi%g :glg’zg 1013°50 | 1013°84 | 1014'18 | 1014752 1014:»86 101520 | 1015°53
. . . . 8. 2
. . 1016° 1016'89 | 101723 | 1017757 | 1017°Q1 101825 | 1018°59 | IOI .9
30:0 12:532 :g:gé: 1019'33. 1020'2% 1020°62 | 1020'g6 |1021°29 1021163 1021:92 IO:Z-S;
SO 9-6 1022°99 | 1023°33 1023°67 | 1024°01 | 1024°34 1024°68 | 1025702 1025.3 10 5-78
3072 | 1022705 . . . 27" 1027°73 | 102807 102841 | 102874 | 10290
o2 | 1026704 | 1026°38 | 102671 | 1027°05 | 1027°39 ) ' A 8 ey
;0'2 1029°42 1029-76 | 1030°09 | 1030743 | 1030°77 1031°11 {1031°45 | 1031°79 32'13
: . 48 -82 | 1034°'16 |1034'50 | 103484 | 1035 18 {1035°52 1035.
S0 i ‘25 | 1040° 040°93 |1041°27 | 1041°6T | 104195 | 1042729
. ¢8 1039'92 1040 25 1040 59 10409 ) . . 68 | 10 601
325 1222'37 1043°31 | 1043°64 | 104398 | 1044°32 104;66 :24303 :Zié%’ ;213‘06 1019.40
309 1046°35 104669 | 1047703 | 104737 104771 | 1043705 43°3

11
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TaBLE II.—TEMPERATURE.
Degrees Absolute to Degrees Fahrenheit.

The equations are A — 273 + %(F—32), —324 2 > (4-273).

Degrees 1 [ 2 I 3 ! 4 I 5 i 6 t 7 8 9
Ab- -

solute. Degrees Fahrenheit.

250 | — — 92 | —90o | —8¢9g | — 87 | -85 | —83 | —81 |— 80|~ 78
251 | — - 74| —72 | —71 | —69 ] —-671—-65|—63|— 62|= 60
252 | — — 56— 54— 53 51 £9 | — 47 | — 45 |— 44— 42
253 | — - 38 | — 36| — 35 | — 33 31 | — 29 [ — 27 |— 26|— 2y
254 | — —20 | =18 | - 17 | —15 ) —13|—11 | =09 |— 08|—= 06
255 | — — 02 [oXo) + o1 + o3 + o5 + oy + 09 |4+ 104+ 12
256 | + + 16 |+ 18 |+ 19 | 4+ 21 |+ 223 | 425 |+ 27 |+ 284+ 30
257 | + + 34 | +36 | +37 [+ 39|+ 41 |+ 43|+ 45 |+ 46|+ 418
258 | + + 52 | +54 1+ 55 | +57 | +59 | +61|+63 |+ 64f4 66
259 | + + 70\ +72 |+ 73  +75 | +77 | +79 |+ 81 |+ 824+ 84y
260 | + + 88 | +90o | +91 | +93|+95|4+97 |4+ 99 |+ 100+ 102
261 | 4104 | +106 | 4108 | 4109 | 4131 | 4113 4115 | 4117 |4 11'8 | + 12'0
262 | +122 | +124 | +12°6 | 41277 | d129 | 4131 | 4133 | 4135 |+ 136 |+ 138
263 | +140 | a4z | 414 | g5 | +ag7 | F149 | 151 | 4153 [+ 1574 [+ 1506
264 | 4158 | 4160 | 4162 | 4+16'3 | 4165 | 4167 F169 | 4171 |4 172 |+ 174
265 | +17:6 1778 | +180 | 4181 4183 | +185 | +187 | +189 |+ 190 |+ 192
266 | +194 | +196 | +19'8 | +19'9 | 4201 | 4203 | 4205 | +207 |+ 208 |+ 210
267 | 4212 | 4214 | 4216 | 4217 | 4219 | 42271 | 42273 4225 |4+ 226 | 4+ 228
268 | +230 | 4232 | 4234 | 42375 | 4237 | 4239 | 4241 | 4243 |+ 244 [+ 246
269 | +24'8 | 4250 | +252 | +25'3 | 4255 | 4257 | 4259 | 4261 |+ 262 | 4+ 264
270 | +266 | 4268 | 4270 | 4271 | 4273 | 42775 +277 | +279 |+ 280 |+ 282
271 | +284 | 4286 | 4288 +289 | 4291 +29'3 | 4295 | +29'7 {4 298 | + 300
272 | +30'2 304 | +306 | +307 | +309 | +31'1 | 4313 | +31°5 [+ 316 | + 31°8
273 | +32% 322 | +32°¢4 | +325 | +327 | +32°9 | +33°1 | +33'3 |+ 334 |+ 336
274 | +33°8 | +340 | +342 | +343 | 4345 | +347 | +3479 | +3571 |+ 352 |+ 354
275 | +35%6 | +358 | +36'0 | +361 | +363 | +36'5 | 4367 | +36'9 |+ 370 |+ 3772
276 | +37'4 | +37°6 | 4378 | +37°9 | 4381 | +383 | +385 | +387 |+ 388 |+ 390
277 | +39'2 | +39'4 | +396 | +397 | +39'9 | 4401 | +403 | +40'5 |+ 406 | 4 408
278 | +41'0 | 4412 | 4414 | 44175 +417 | 44179 | 4421 | +42°3 |+ 424 | + 42°6
279 | +42°8 | +430 | +432 | +433 | +435 | +437 | +43°9 | +44'1 |+ 442 |+ 4474
280 | +44'6 | 4448 | +45°0 | 4451 | 4453 | +45'5 | 4457 | +459 |+ 460 |+ 462
281 | 4464 466 | 4468 | +46'9 | 4471 | +473 | +47°5 | +477 |+ 478 |+ 480
282 | +482 | 4484 | +486 | 4+487 | +489 | +49'1 | +493 | +49'5 |+ 496 | + 498
283 1 4500 | +502 | 4504 | 4505 | +507 | 4509 | +5TT | +51°3 |+ 574 [+ 516
284 | +518 | 5200 | bszz | 4523 | dses | 4527 | 45279 | 4531 |+ 532 |+ 334
285 1 4536 | 4538 | 540 ) 5401 | d5a3 | 4545 | +547 | 5479 |+ 5570 |+ 552
286 1 +554 | +556 | 4558 | +559 | 4561 | 4563 | 43565 | +567 |+ 568 |+ 570
287 1 +572 | +57'4 | +576 | +577 | 4579 | 435871 | 4583 | +58'5 |+ 586 |+ 588
288 1 +59'0 | +592 | +59'4 | 4595 | +597 | 4599 | +60'1 | 4603 |+ 6oy | + 606
289 | +608 | 4610 | +61°2 +61°3 | 46175 +617 +61°9 | 4621 |+ 6272 |+ 624
290 | +626 | +628 | 4630 +631 | 4633 | +63 +6 +6 + 640 |+ 642
291 | 4+64'4 | +64'6 | +64'8 | 4649 | 4651 +65'§ +6§-§ +62'? + 645r'8 + 660
292 | 4662 | 4664 | 4666 | 4667 4669 | 4671 | +67:3 | +67'5 |+ 676 |+ 678
293 | +680 | +682 |\ 4684 | 1685 | +687 | 4689 | 4691 | +69'3 |+ 694 | + 696
294 | +69'8 | +700 | 4702 | 4703 | +705 | +707 +709 | +71°1 |4 712 |+ 71%
295 | +71°6 | 4718 | 47200 | 7201 | g2 | 47255 | 4727 | 4729 [+ 730 |+ 7372
28 H734 | 4736 | 4758 | 4759 | 741 | 4743 | 4745 | +747 |+ 748 |+ 750
297 | T752 | 475 | 756 | 4757 | 4759 | 4761 | 4763 | 4765 |+ 766 |+ 768
298 | 7770 | 4772 |\ 4774 | 4775 | 4777 | 4779 | +781 | 4783 |+ 784 | + 786
299 [ +788 | 4790 | +792 | +793 | 4795 | +797 | 4799 | +80'1 |+ 8oz |+ 8oy
300 | +806 | +80'8 | 4810 | 4811 +81°3 | +81°5 | +81° +81- 820 | + 82°2
3011 +8274 | 4826 | +82:8 | {8209 | 4831 | 48373 +83‘§ +83‘? -lt 83'8 | + 840
302 | +842 | +84'4 | +846 | 847 | +849 | 4851 | +853 | +85'5 |+ 856 | + 858
303 | +860 | 4862 | 4864 +865 | +867 | +869 | 4871 | +873 |+ 874 | + 876
304 | +878 | 4880 | 4882 | 4883 +885 | +887 | 4889 | +89'1 |4 892 |4 894
305 | +896 | +89'8 | 4900 4901 | 4903 } 4+g0'5 | 4907 | +go 1o | 4+ 91°2
306 914 | +916 | +91°8 | 49179 | 421 +gz'3 +gz'5 —l-gz'? I 82-8 + ggo
37| £932 | 4934 | 4936 | +957 | 4939 | 4941 | +943 | +94'5 |+ 946 |+ 948
308 [ F9s0 | 4952 | 4954 | 4955 | +957 | 49579 | 4961 | 4963 |+ 964 |+ 96
399 | 1968 1 4970 | +972 | 4973 | 4975 | 4977 | +97°9 | +981 |+ 98z |+ o84
310 | +98°6 | +98:8 | +990 | 4991 | +99'3 499’5 | +99'7 | 4+99-9 | 4100'0 | 41002
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TaBLE III.—VAPoUR PRESSURE.

Mercury-Inches to Millsbars.

0 1 l 2 \ 3 ‘ 4 5 6 { 7 } 8 ‘ 9
Inches. -
Millibars.
oo o'o o4 07 10 14 17 2'1 2°4 27 31
o1 3'4 37 41 44 48 51 5'4 58 61 65
o2 68 71 7°5 78 82 85 88 9'2 9'5 9'8
0'3 10°2 10°5 109 112 11°5 119 12°2 12°6 12°9 1372
0’4 136 13°9 142 14°6 149 15°3 156 15°9 16°3 166

o'g 170 173 176 180 183 186 19°0 19'3 197 200
06 20'3 207 21°0 214 217 22'0 22°4 22'7 231 23°4
07 237 24°1 244 247 25°I 254 258 26°1 264 268
o8 271 27°§ 278 281 285 288 29°1 29°5 298 302
0’9 30°5 30'8 312 315 31°9 322 32°5 3279 332 335
1o | 339 | 342 | 346 | 349 | 352 356 | 3579 | 363 366 | 369

TasLe IV.—WIND VELOCITY.
Miles per Hour to Metres per Second.

1 mile per hour =044704 metres per second.

2 3 4 5 l 6 \ 7 l 8 i 9
Miles 0 ! 1 ‘ {
per
Hour. Metres per Second.
o 0'0 0'§ 0’9 13 -8 2'2 27 31 36 40
10 4's 49 54 58 63 67 72 76 81 8's
20 89 9'4 9'8 103 107 11°2 116 12°1 12°5 130
30 134 139 143 148 15°2 157 16°1 165 17°0 17°4
40 17°9 183 188 192 19'7 20°1 206 21°0 21°5 21°9

50 224 22'8 23'3 237 241 246 250 25°5 26°0 26°4
6o 268 27°3 277 282 286 29°1 29°5 30°0 30'4 30°9
70 31°3 317 322 32°6 331 33'5 340 344 349 35'3
8o | 358 | 362 | 367 | 371 376 | 380 | 384 | 389 | 3973 398
go | 402 40°7 411 41°6 4270 42°5 429 434 438 4473

100 452 | 456 | 460 | 465 | 4
110 igz 49°6 50°1 505 510 5
120 536 54°1 §4°5 550 55'4 5
o | st | 56 | sox | sos | 599 | ©
1o | 825 | 630 | 635 | 639 | 44

9 474 47°8 483 487
4 51°9 52°3 52°8 532
9 56°3 568 57°2 577
4 60°8 61°2 617 621
8 653 657 662 666




NOTES ON THE ELECTROGRAPH AT ESKDALEMUIR.
By G. W. WALKER, M.A., A.R.C.Sc., SUPERINTENDENT.

The problem of insulation and determination of the multiplying factor to convert
readings to potential gradient in the open has been dealt with in preceding reports.
It will suffice here to say that the water-sprayers break at about § metre from the wall,
and that the factor for the early part of the year was 5'2 and for the latter part 54,
the change being required by a modification of the discharge tube.

The recording part of the electrograph is a Dolezalek electrometer used as a volt-
meter. The scale aimed at was about 100 volts per e¢m. on the paper. In quiet
weather (no precipitation) a more open scale or a longer discharge tube could be used,
but the potentials experienced during precipitation are so high that, even with the
present arrangement, the limits of registration are sometimes exceeded—the electro-
meter needle attaining a potential of over 1000 volts.

The electrometer is carried on a slate slab rageled into an inner stone wall in the
main building.

The scale is tested photographically on the sheet itself in terms of a high potential
Wulf electrometer connected to the system, and charged by means of a Zamboni pile.
This operation is performed usually every fortnight, or more frequently when the
apparatus requires readjustment.

The Wulf electrometer in use at the beginning of 1911 had been used for some time ;
but as a doubt had arisen as to its constancy a new electrometer had been ordered. It
was not, however, delivered here with the National Physical Laboratory calibration
until September. Comparison was made, and showed that the old instrument had
become more sensitive (about 5 per cent.) since the former test at the Laboratory. The
old instrument was sent there, tested, and returned, and again compared with the new
instrument. The two comparisons were quite satisfactory.

Special temperature tests at the Laboratory showed that the Wulf electrometer had
no perceptible temperature coefficient. As a consequence the tests of the Dolezalek
instrument indicated that the electrogram scale became sensibly less open in the
summer, and returned to nearly the original value in the winter.

Thus :
January 1911 . . 107 volts per mm.
Aungust 1911 . . 131 »
December 1911 . . 10°7

kR4 2

Originally the electrograph was earthed at the beginning and end of a day, and any
change of zero allowed for by linear interpolation. Gradually evidence appeared that
the wall was shifting, partly by a general settlement and partly by varying temperature.
As a consequence, experimental zeros during the day were found not to be collinear, but
followed generally the changes of temperature of the wall. When this had been fully
proved, a clockwork for automatically earthing the system every three hours was
introduced. For 1911, however, it must be kept in mind that there is an unknown
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temperature effect in the results that cannot be adequately allowed for. The general
sense would be a reduction of the assigned values during the warmer part of
the day.

The settlement of the wall revealed by the movement of the zeros was confirmed
by a mason, who, in carrying out some work, found a crack in the wall extending right
to the coping-stone.

The curves are read by a millimetre scale (by Fuess, Berlin), and the assigned values
are the estimated means for an hour centering at exact hours of G.M.T. The estimate
is made to 0°1 mm., or equivalent to about one volt on the curve or about six volts in
the potential gradient per metre in the open.

In preparing the table of hourly values, all values, whether + or —, that could
reasonably be estimated, have been included. Naturally, all curves rendered spurious
by presence of spiders are excluded.

It has been found fairly easy to adjust the Dolezalek electrometer to symmetry and
uniformity of scale over a large range, but owing to the shifting of the wall symmetry
is not maintained. In tabulating, the average scale value is used, and this is sufficiently
accurate for purposes of diurnal variation ; but if the utility of the records is to be fully
extended to the high potentials during precipitation, a proper pier will have to be made
for the electrometer if it is to remain symmetrical for long periods.

ADDITIONAL NOTE ON THE RESULTS OF OBSERVATIONS
OF ATMOSPHERIC ELECTRICITY.

Dr Chree’s notes on the apparatus used for electrical measurements at Kew are
given on pp. 63, 64.

When the tabulations for Eskdalemuir came up for consideration it was apparent
that the mean monthly results for the several hours, read either horizontally for the
diurnal variation of each month, or vertically for the seasonal variation of each hour,
displayed notable irregularities, and that the process of arriving at an acceptable set of
normal values must extend over a long series of years. In the preliminary publication
of results for each day, which appears in the monthly issues of the Geophysical Journal,
a characteristic has been assigned to each day. For Iskdalemuir a double characteristic
has been adopted, viz. 0, 1, 2, and a, b, c. On this plan 0 means that no negative
potential appears in the record, and @ means that for no hour of the day was there a
range of 1000 volts. In order to obtain a provisional conspectus of the diurnal and
seasonal variation of potential at Eskdalemuir on days free from noteworthy disturbance,
Mr G. Dobson was requested to prepare a diagram of isopleths for the potential gradient
in the open, using the hourly values on “0, a” days. The results are given in the
diagram which faces p. 60. The number of days used for each month is given

on the diagram.

W. N. 8.
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CONCLUDING NOTE, BY THE DIRECTOR OF THE
METEOROLOGICAL OFFICE.

The division of labour which has produced the results given in the foregoing pages
is indicated, for the most part, by the information which is given by the tables and
notes, provided it is understood that so far as the meteorological work of the
observatories at Aberdeen, Eskdalemuir, Falmouth, and Valencia is concerned the
order of procedure is on the same lines as at Kew.

It is proper to add that in all matters concerning the scientificc work of the
observatories full advantage has been taken of the advice of the Gassiot Committee,
which was appointed for that purpose by the President and Council of the Royal
Society in 1910, in accordance with the scheme approved by the Lords Commissioners
of H. M. Treasury when the transfer of the administration of the observatories at Kew
and Eskdalemuir was effected. It is therefore hardly necessary to state that in the
preparation of the material presented in this volume the recommendations of the Gassiot
Committee have been followed.

But the task of editing the material for the press and of ordering the arrangement
of the tables, the type, and all the other details that have to be settled when the
material which it is desired to present has been agreed upon, has fallen upon the
Meteorological Office. 1In the discharge of this duty the principle which has been kept
in view has been that progress in the observational sciences depends upon the facility
for the comparison of the results for different observatories which contribute to the
common stock of knowledge.

No one who has experience of work in the observational sciences can lose sight
of the fact that the chief ground for the publication of data is comparison, and any-
thing which facilitates that object is a real contribution towards scientific progress.
Consequently, no effort has been spared in the endeavour to present the results of all
the observatories in connection with the Office as a whole.

In many respects the endeavour is a novel one, as a comparison of this publication
with its predecessor “ Summaries of Results of Geophysical and Meteorological Obser-
vations at Kew, Falmouth, Eskdalemuir, and Valencia, 1910 ” will show, and naturally
1t has not been unattended with difficulties. It can scarcely be hoped that they have
all been overcome, but, so far as possible, precautions have been taken to enable the
reader to know exactly where he stands when he takes up any question which depends
upon a comparison of the results of the observatories of the Meteorologlcal Office unter se,
or with those of other institutions or other countries.

In this connection some remarks upon details may be found useful.

Temperature Corrections for Magnetic Results at Eskdalemuir.—The continuous
record of the magnetic elements requires correction for variation of temperature. In
particular the instrument for determining the vertical component is more sensitive to
changes of temperature than an ordinary thermometer, and changes of the order of

'01° C., which is beyond the range of ordinary thermometric measurements, must be
taken into account if the magnetic results are to be given with an accuracy of ly.
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Consequently the temperature of the Magnets and the Magnet House is a subject of
grave concern. The Magnet House at Eskdalemuir is an underground chamber, and
the temperature in the covers of the recording magnets only varied through a range of
about 4° C. during the year 1911, which amounts to about 4+%*per month. To test the
variation during the day a thermograph by Richard stands in the Magnet House, and
its scale is sufficiently open for readings to be taken to the fiftieth of a degree. The
variation in temperature during the day, as will be seen from the monthly tables, is,
generally speaking, about '02° C., often less. The records of the thermograph indeed
are for the most part lines in which the eye can detect no deviation from straightness,
but the trace is disturbed by the observer, either mechanically by a time mark, or
thermally by his presence in the neighbourhood. The disturbed trace is in fact useful,
because it shows not only what the thermograph can do, but also what it cannot do, and,
that is, indicate the temperature to the hundredth of a degree. It often takes some time
for the displaced pointer to recover its proper position. '

In order to give the reader an indication of the magnitude of the normal automatic
changes of temperature, the range of the pen during the eighteen hours preceding 9 a.m.
of each day has been given in the columns assigned for that purpose in the fourth table
for each month. The remaining six hours of the twenty-four have been allowed for the
thermograph to recover its position after the time (9 h.) of the observer’s visit. These
figures are perhaps of more importance to the authorities of the Office and the
Observatory with whom rests the responsibility for taking the steps which are
necessary for eliminating or correcting for temperature disturbance, than to the
general reader, but for the first year of continuous records at the Observatory it is a
matter of some interest to show how far the precautions for securing uniformity of
temperature in the Magnet House have been successful. The result is certainly very
satisfactory from that point of view.

Abbreviations for Months and Seasons.—The exigencies of printing have made it
necessary in the tables of diurnal inequalities to reduce the width of the column used
to indicate the months and seasons to the space necessary for two letters at most. No
difficulty can be experienced by the reduction of the names of the months to their initial
letters, J., F., ete., standing for January, February, and so on, and in the same way Y.
will easily be appreciated as representing Year. But “W.” “Kq.” and “8.” standing
for Winter, Equinox, and Summer require some explanation. The Winter, which «“ W ”
represents in these tables, includes the months of November, December, January,
February, the Summer, May, June, July, August, and the Equinox, the remaining
four months of the year, viz., September, October, March, and April. The division of
the year into these seasons is somewhat arbitrary, and it is almost certain that as soon
as any problem is mooted which depends on the seasonal variation, the combination of
the months of the ascending and descending node will not be acceptable, but the
practice has the sanction of the tradition of Kew Observatory.

Mazximum and Minimum Values—A tribute of acknowledgment is due to
Messrs Neill and Co. of Edinburgh for the excellence of the type and execution of the
tables, which include an enormous mass of figures. In all but the tables of diurnal
inequalities the printing is clear and the result successful. For the diurnal inequalities
the result is less satisfactory on account of the smaller type, which has been found
necessary in order to get the information within the allotted space. This is at least

g



88 HOURLY VALUES FROM AUTOGRAPHIC RECORDS.

partly due to the method adopted for indicating the maximum and the minimum values,
an  or n being inserted in the column for that purpose, not at the printer’s wish but
for other reasons.

Some method of identifying the maxima and minima is necessary. The former
practice was to put them both in thick type, but this makes a very patchy page, and
it is almost as important to distinguish between the maximum and the minimum as
between these two and the rest. Von Hann, who has probably more experience of
this kind of printing than anyone else in the world, uses thick type for the maxima
and an asterisk for the minima, and it seemed that, if an additional sign like an asterisk
was wanted at all, two might be used with advantage, leaving the printed figures with
their appropriate uniformity. So z and n were chosen. But the result shows an
unexpected difference between the added sign, like an asterisk, and the added letter.
When the proof arrived and disclosed the fact, it was too late to change the plan,
but in future issues, if possible, the tables of inequalities will be improved.

Units.—Passing from these details it is necessary finally to refer to one point of
great importance, namely, the units employed for the representation of the various
guantities.

The letter of the Royal Society dated 14th April 1910, which conveyed to the
Meteorological Committee the information of the appointment of the Gassiot Committee,
communicated also the following information as to the proceedings at the first meeting
held on 13th April 1910 :—

“The question of the units employed in the international publication of
meteorological observations was discussed, and it was unanimously resolved—

‘(1) That in the opinion of the Gassiot Committee of the Royal Society
it is essential that all meteorological returns compiled for international use
should be expressed in terms of an international system of units founded on
the metric system.

“(2) That a system in which the measure of barometric pressure is
expressed in megadynes per square centimetre, and of temperature in absolute
degrees Centigrade, would be a satisfactory one.”

In furtherance of the views expressed in these resolutions, and therefore departing
from the traditional practice of printing meteorological results in Inch-Fahrenheit units
in the same volume which gave electrical and magnetic results in C.G.S. units, the
meteorological data have been given in C.G.S. units with temperature in absolute
degrees. This principle has been carried out, with the advice of the Gassiot Committee,
not only as regards the present volume, but also as regards the volume of Hourly
Readings of the Meteorological Elements at the Observatories of the Meteorological
Office (Year Book, Part IV. 1) and the Geophysical Journal (Year Book, Part
1. 2).

When these changes had been made it seemed illogical to leave the other section
of Part IIL., Dasly Readings at Stations of the First and Second Orders, in the old
units, so that for the current year 1912 these also are given in C.G.S. units.

In carrying out the arrangement of the tables endeavour has been made to provide
(1) that at the head of each column there shall be found an indication of the denomina-
tion of the units employed, and (2) that wherever the same quantity is represented
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the same unit shall be employed, so the decimal point as regards a particular quantity:
always has the same meaning.

In this respect it has been found possible to use a uniform system for all quantities
except angular magnitudes. For these the practice is still rather chaotic. Sooner or
later the numerical expression of an angle breaks down into a decimal fraction, but
whether the breakdown shall take place at the degree, the minute, or the second, seems
to be left to the discretion of the individual writer. It would seem that the process
of rationalising the numerical expression of magnitudes in tables similar to those here
presented can hardly stop at the present stage; but in the present volume a certain
number of curious anomalies must remain.

In presenting the results of the undertaking now completed mention should be
made of the services of Mr R. Corless of the Meteorological Office in seeing the work
through the press. To the reader the labour involved in such an undertaking is more
conspicuous where it fails than where it succeeds. Whatever measure of success the
endeavour has attained is owing largely to the work of the press-editor, which in the
absence of any special organisation fell to the share of the central staff of the Office.

W. N. SHAW.

METEOROLOGICAL OFFICE,
29th October 1912.
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