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PREFACE.

UP to the end of 1921, the serial statistical publications of the Meteorological Office
were grouped together as though they were parts of one comprehensive book. This
book, which was entitled “ The British Meteorological and Magnetic Year Book,”
consisted of :—

Part I .. . .. .. The Weekly Weather Report.
Part II .. .. .. .. The Monthly Weather Report.
Part III, Section I .. ..~ Daily Readings at Meteorological sta-
tions of the First and Second Orders.
Section II .. .. Geophysical Journal, Daily Values of
Meteorological and Geophysical Ele-
ments.
Part IV, Section I* .. .. Hourly Values from Autographic Re-
cords. Meteorological Section.
Section II .. .. Hourly Values from Autographic- Re-
cords. Geophysical Section.
Part V .. .. . .. Réseau Mondial.

The data for the year 1922 and subsequent years are found in the following

publications :—
Corresponding parts of the British Meteoro-

New Publication from 1922. ' logical and Magnetic Year Book until the
end of 192T.
The Weekly Weather Report .. .. Part1
The Monthly Weather Report .. .. Part IL

Part IV, Section I.*
Part IV, Section II.
The Réseau Mondial .. .. .. .. PartV.

It will be noticed that Part III, Section I, of the old publication is not included
in the new issues. This part contained ‘“ Daily Readings at Meteorological Stations
of the First and Second Orders,” and it has been decided that as the Observatories’
Year Book contains daily values of the meteorological elements for the principal
first order stations and the Daily Weather Report contains daily values for these
and about 40 other stations, it is not necessary to revive the issue of this section,
which ceased with the data for 1g2r.

Part III, Section II.
The Observatories’ Year Book .. {

The present volume is the sixth issue of the Observatories’ Year Book. It
contains geophysical data for Lerwick, Eskdalemuir, Cahirciveen and Richmond,
meteorological data for Aberdeen, Eskdalemuir, Cahirciveen and Richmond, and in
addition an aerological section giving the results of soundings of the upper atmosphere
by means of registering balloons.

The principal addition to this volume is a set of tables of hourly values of
‘atmospheric electricity as recorded at Lerwick Observatory.

The table of mean annual values of magnetic data for observatories of the globe
has been contributed by the Astronomer-Royal. = It will be found in the Eskdalemuir

section.

* Part IV., Section I., Hourly Values from Autographic Records, Meteorological Section, was
discontinued after the data for 1913 had been published. The hourly values for the years 1914 to 1921
are, however, available in manuscript.

(:71) Wt. 13 876—6,002/895. 275. 7/29. T.S. 66,
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P. 213.
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104.
. 206. Table 263.—Value for July, 17h. should read +19+4 not +17-2 and all other values of this

207.

207.

Mean Maximum value for November For 80974 read 989-74.
Table 142.—Maximum on 1st January For 807- read 80-7.
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inequality, except 15h. and 21h. are lowered by o-I.
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Table 265.— July 17h. should read +2-75 not --2+32.
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P. 159.—Line 10. For 30 km. read 300 km.
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P. 310.—Table 421.
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LIST OF OBSERVATORIES.

Gmr, | Height
Latitude. |Longitude| of Local ;Ibg‘f
Mean Noon. in rile.trés.

o ’ (o] ’ h m
Lerwick, Shetland Isles 6o 8N. |1 11W.| 12 5 81-7
Aberdeen 5710N.l 2 6W,| 12 8 134
Eskdalemuir, Dumfries-shire 55 19 N.| 3 12 W.| 12 13 2420
Valentia Observatory, Cahirciveen, Co. |51 56 N.[10 15 W, 12 41 91

Kerry.

Kew Observatory, Richmond, Surrey 51 28 N.lo 19gW.| 12 1 55

Note.—The height given is that of the site of the rain-gauge. The heights of other meteorological
instruments are shown in the appropriate Tables.

NORMAL VALUES AND MONTHLY SUMMARIES.

Monthly and annual normals of pressure, dry bulb temperature, and rainfall
for each hour of the day and for the period of 45 years, 1871-1915, are published
for the observatories Aberdeen, Cahirciveen, Richmond and Falmouth in Hourly
Values from Awutographic Records, 1917 (Part IV. of the British Meteorological and
Magnetic Year Book, 1917), and in previous volumes of that series. Corresponding
normals of wind-speed and sunshine are published there for the same observatories
and for the period of 35 years, 1881-1915; while corresponding normals of relative
humidity are also published there for the period of 30 years, 1886-1915.

For Eskdalemuir the same publication gives hourly averages for the months
and for the year, referred to the period 1911-1915.

Summaries giving additional mean values and frequencies of occurrence
of various meteorological phenomena will be found for all the observatories
in The Monthly Weather Report and its Annual Summary. The latter also contains
special summaries of the tabulations of the anemographs.

Monthly normal values of maximum, minimum and mean temperature,
rainfall and sunshine for the period 1881-1915 are published in the Book of Normals,
Section I for Aberdeen, Cahirciveen, Richmond and Falmouth. Section IV of the
same publication gives information regarding the range of variation of temperature
and rainfall at the same observatories, and monthly frequencies of the normal
numbers of days of hail, thunder, snow, snow-lying and ground frost. Section VI
of the Book of Normals gives 1sopleth diagrams showing the normal diurnal and
seasonal variation of relative humidity at all the observatories for which data Of
relative humidity are included in this volume.




GENERAL INTRODUCTION TO THE METEOROLOGICAL TABLES.

The elements dealt with in the following meteorological tables for the Observatories
at Aberdeen, Eskdalemuir, Cahirciveen and Richmond are :—barometric pressure, air
temperature, humidity, rainfall, sunshine, wind speed and direction, minimum night
temperature on the grass, cloud, visibility and weather, and in some cases temperature
in the ground, solar radiation and level of underground water.

The positions of the Observatories and the heights of the sites are given on p. 8.

NOTES ON THE INSTRUMENTS AND TABULATION OF THE RECORDS.

A detailed description of the barograph, thermograph, and Beckley raingauge
used for obtaining the records of pressure, temperature, humidity, and rainfall is
given in the Reports of the Meteorological Office for the years 1867 and 1869 ; for
a description of other instruments in use reference may be made to the Meteorological
Observer’s Handbook and to the article on Meteorological Instruments in the Dictionary
of Applied Physics, Vol. III. The following notes are supplementary and are given
partly for reference and partly as containing information necessary for the
interpretation of the tables.

Barometer.—The record of barometric pressure is obtained photographically
from a mercurial barometer.

A beam of light is passed through the space between the surface of the column
of mercury and the top of the tube, and, after passing through a diaphragm which
reduces the width of the beam of light to a very narrow sharp line, is focussed upon
a sheet of sensitized paper (ordinary ‘ bromide ’ paper is employed) carried upon a
cylinder which is rotated by clockwork and makes one revolution about its vertical
axis in rather more than 48 hours.

The barogram is therefore a continuous photograph of this narrow vertical line,
and appears as a horizontal ribbon, the depth of which is constantly varying with
the rise or fall of the mercury in the tube of the barometer.

The expansion of a zinc rod is utilised to compensate for the effect of temperature
upon the height of the barometric column ; the arrangement produces mechanically
a lengthening of the beam of light at its upper end as it becomes shortened at its
lower extremity by the expansion of the mercury in the tube. A time-scale is recorded
upon the barogram by means of a shutter actuated by the clock. This shutter
cuts off the light for the space of four minutes every two hours, thus producing
interruptions which appear as narrow white spaces on the record corresponding with
known points of time. Until 1918 these time-breaks occurred at the even hours,
2h, 4h, 6h, etc., but it was found that when the edge of the record was not critically
sharp owing to various causes, a systematic error was introduced when measuring
the records, whereby the values at the even hours were slightly in excess of those at
the odd hours where no time-break existed. From 1918 onwards the clock was so
arranged that the time-breaks should occur half an hour before the even hours ; by
this means both even and odd hour-values are measured at points on the trace which
are unaffected by any systematic difference. '

Control readings of a standard barometer are taken three times a day by different
observers. The control readings are first corrected for index error, temperature
and gravity, and then compared with the corresponding readings of the barogram.
The differences between the control readings and the corresponding tabulated values
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are then found and a correction derived therefrom is applied to all the tabulated values.
This correction, known as the ‘‘ residual correction,” is so applied as to run smoothly
throughout the whole length of each record—a period of 48 hours—and alterations
in the amount of the correction occur, where necessary, in steps not exceeding
0-1 millibar.*

The scale value ot the barograms is found from a comparison of a series of such
standard and curve readings. The indications of a curve are converted into numerical
values by measuring the ordinates with a tabulating instrument, graduated according
to the ascertained scale value.

Thermometers.—The air temperature data at each Observatory are derived
from records obtained photographically from two mercurial thermometers. One
thermometer is used as a dry bulb and the other as a wet bulb thermometer.

Each thermometer has a large cylindrical bulb four inches long and a very long
stem. The latter is bent twice at right angles to enable the bulb to be exposed outside
the building in a louvred screen attached to the north wall of the Observatory.+ The
column of mercury in the vertical portion of the stem inside the building is broken
at a convenient point by a small air space which moves up or down the stem with
rise or fall of temperature. The record is obtained by passing a reflected beam of
light through the air space and photographing its image upon a moving sheet of
“ bromide ” paper in the same manner as described in the case of the barometer.
A base line is traced on the paper by a pencil of light passing through a small
aperture in the brass frame carrying the recording thermometer. The time-scale is
automatically recorded upon the curves, a time-break occurring half an hour before
each even hour.

Two large standard thermometers with very open scales graduated in degrees
absolute and having bulbs similar to those of the thermograph are mounted in- the
screen side by side and close to the thermograph bulbs. One of the thermometers
is arranged as a dry bulb, the other as a wet bulb. Control readings of these
thermometers arc made three times a day for comparison with the corresponding
readings obtained from the thermograms.

The scale-value of the curves is found by a comparison of the readings of the
standard thermometers, corrected for any errors they may have, with the corresponding
measurements of the curves. The curves are measured by means of a plate of glass
ruled with lines corresponding with the ascertained scale-value of the record, both
for degrees and for time. The scale is graduated so as to read degrees vertically and

hours horizontally.
Two alternative methods of reading the curves have been adopted.

() At Richmond the scale is set by the base-line and after hourly readings
have been obtained for the whole record comparisons are made with
the control readings. The residual correction so determined (normally
the same for the whole record of 48 hours) is applied to the tabulations.

(b) At Aberdeen, Eskdalemuir and Cahirciveen, the practice is to adjust the
glass scale so that the readings at the control hours on the trace are
made to show general agreement with the corresponding eye-readings
of the standard thermometers. The temperature equivalent of any
part of the curve can then be read off. The base-line photographed on
the record serves as a useful check.

* At Cahirciveen and Richmond the rule is to apply the same correction for the whole chart.
1 At Eskdalemuir the screen stands in the open.
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Rainfall.—This element is recorded by a Beckley self-registering raingauge, in
which the rain as it falls is collected in a receiver supported on a float in a vessel of
mercury. As the rain passes into the receiver, the float gradually sinks, carrying with
it a pen which records its position upon a paper stretched upon a clock-driven
cylinder. The displacement of the mercury by the float is arranged so as to give
a uniform scale throughout. When five millimetres (two-tenths of an inch) of rain
have entered the receiver a siphon comes into action, and, by discharging its contents,
causes the float to rise till the pen is brought back to the zero line, from which

the record begins again. :

The collecting funnel of the Beckley raingauge has an area of approximately
100 square inches. Each gauge stands on level ground and its distance from every
other object is greater than twice the height of the object. The height of the
rim of the Beckley raingauge above the surface of the surrounding ground varies
from 0’4 m. to 0’6 m. at the different observatories. Details are given at the head
of the tables of hourly values. A check gauge with funnel 8 inches in diameter is

installed near by.

The records obtained from the Beckley self-registering raingauge are, if necessary,
subjected to a proportional correction whereby they are brought into agreement
with the amount of rainfall as recorded by the check raingauge which is read twice
daily at 7h. and 18h.

Sunshine.—The record of sunshine is obtained from a Campbell-Stokes recorder,
in which instrument the sun’s rays are focussed through a 4-inch spherical lens of
crown glass upon a strip of blue card, which is scorched, or burned right through,
according to the intensity of the sun’s rays. Three different patterns of card are used
at different seasons of the year. The cards are exposed in a metal bowl, and the focussed
image of the sun leaves its mark behind it as it travels along the surface of the card
with the apparent motion of the sun through the heavens. The intensity of the burn
is not measured, but the record is regarded as that of ““ bright ” sunshine whenever
the card has been distinctly scorched. When measuring the duration of sunshine
which is represented by intermittent burns, an allowance is made for the extension
of the trace by the charring of the card.

Wind - Speed and Direetion.—The hourly values of wind-speed and direction
which appear in this volume are derived from the records of Dines tube anemographs.
These instruments record the speed of the wind and its direction directly as functions
of the time. For volumes previous to that of 192€ the hourly values of wind-speed
and direction were derived from the records of Robinson Cup Anemographs, except
at Eskdalemuir, where the records of tube-anemographs have always been used for
the purpose of hourly values. Particulars of the exposure of the tube-anemographs
at the several observatories will be found in the introductions to the data for each
observatory. A description of the tube anemograph will be found in the Meteoro-

logical Observer’s Handbook.

In consequence of these changes the values of wind-speed published for Aberdeen,
Cahirciveen and Richmond for 1926 and 1927 are not directly comparable with those
ablished for earlier years. The matter was briefly discussed in the General Intro-
duction to the Year Book for 1926. The following table gives, for the various wind
directions, the mean values of windspeed recorded by the tube anemographs, expressed
as percentages of the corresponding values recorded by the cup anemographs :—

B2
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Speed by tube anemograph
* Speed by cup anemograph
at the three observatories, arranged according to the dirvection of the wind.

Average values of the quantity 100

North = 360°, East = go°, South = 180°, West = 270°.

Wind Direction in Wind Direction in
degrees from Aber- Cahir- Rich- degrees from Aber- Cahir- Rich-
North. deen. civeen. | mond. North. deen. civeen. | mond.
10 131 103 99 190 138 137 96
20 132 103 100 200 132 134 99
30 130 104 103 210 124 128 99
40 117 103 103 220 115 115 100
50 115 104 104 230 108 102 100
60 115 105 99 240 II0 9o 100
70 119 105 99 250 112 88 101
80 113 104 97 260 114 85 01
o1s) 110 102 101 270 128 82 101
100 126 98 104 280 124 81 103
110 121 97 102 | 290 110 83 101
120 118 98 100 300 99 88 96
130 118 100 104 310 100 92 93
140 125 103 102 320 108 95 96
150 128 107 o8 ‘ 330 III 97 99
160 137 114 92 340 120 08 98
170 133 123 92 350 138 99 103
180 135 134 95 360 135 102 104

Minimum Night Temperature on the Grass.—This is the temperature determined
by a minimum thermometer exposed freely over the surface of the grass. The
stem of the thermometer is enclosed in an outer glass jacket, but the spirit bulb is
freely exposed to the air. The thermometer is supported on two small Y-shaped
pieces of wood so that it lies horizontally, with its bulb about one or two
inches above the ground which is covered with short grass. When snow has fallen
the thermometer is supported so as to lie just above the surface of the fallen snow,
but not touching it.

The thermometer is laid out at 18h. each day, having been kept in an upright
position, bulb downwards, inside the Stevenson Screen during the daytime, so that
any spirit that may have condensed in the upper part of the stem may be able to run
down and join the main spirit column.

NoOTES oN THE TABLES.

General.—Interpolated values are printed within brackets, ( ). Maximum and
minimum values are printed in heavy type.

Standard of Time.—The observations are referred to Greenwich Mean Time
except as regards sunshine, for which element local apparent time is used.

Units.—In accordance with the practice introduced in 1911, as a consequence of
certain resolutions of the Gassiot Committee of the Royal Society, the values in
the tables are expressed throughout in units based upon the C.G.S. System : tables
for conversion to other units are given in the British Meteorological and Magnetic
Year Book (Part IV) for 1913 and are also to be found in the Computer’s Handbook.
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Daily Mean Values.—The daily means of pressure, temperature, relative humidity
and wind speed are obtained by adding half the sum of the values for the initial and
final midnights to the sum of the 23 intermediate hourly values and dividing by 24.

In the preparation of the tables of diurnal inequalities for individual months
and for the year, it is assumed that the difference of value between the means for the
initial and final midnights, which may be termed, so far as the hourly variations are
concerned, the non-cyclic variaticn, is equally distributed over the whole 24-hour
period. Thus, in a table of diurnal inequalities the entry dx for the hour # is given by

An =2%n—X%— (N—12) (%y— %o)[24,
x,, being the value of the element at hour # and x the mean for 24 hours.

Annual Values.—The mean values or totals for the whole year (given either in
-separate tables or at the end of the corresponding monthly tables), are computed
as the means or sums of 365, in leap year 366, daily values.* The annual values
-of pressure at sea level are computed from the annual means at station level and
the annual means of air temperature; the annual values of vapour pressure are
.derived from the annual means of air temperature and relative humidity.

Atmospheric Pressure.—All pressures recorded in this volume are expressed
in mullibars, one millibar being equal to 1000 dynes per square centimetre. The
following are the values of physical constants used in evaluating the data :—

Density of Mercury =13-5955 grams per cc. at 0°C.

Intensity of Gravity at Sea Level (Lat. 45°) =980:617 centimetres per
second per second.

I inch =25-4000 millimetres.

Hence 1000 millibars corresponds with a reading of 750076 millimetres, on a mercury
‘barometer at temperature 0°C. in Lat. 45°, or 29-5306 inches under standard conditions
of temperature (mercury at freezing point, scale at 62° F.) in Lat. 45°.

As a millibar is a pressure, it can only be obtained from the reading of a barometer
.after the latter has been suitably corrected for

(@) index error,
(b) temperature,
(c) gravity.

All these corrections have therefore been applied to the barometer readings in obtaining
‘the pressure values published in this volume. The corrections for temperature and
gravity have been obtained from tables consistent with the International Meteorological
Tables. (Gauthier-Villars, Paris, 1890.)

Unless otherwise stated all pressure values refer to the level of the observatory
-as given in the headings of the tables. The reduction to Mean Sea Level, if made,
has been calculated from tables prepared for each observatory, except Eskdalemuir,
from the formule of the International Meteorological Tables. The method of reducing
pressure to sea-level at the relatively high-level observatory at Eskdalemuir is
explained in the introduction to the Eskdalemuir Section.

* At Eskdalemuir the annual values for the years 1922 to 1926 were computed as the means or sums
-of 12 monthly values. ‘ . .
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The tables contain values of pressure at exact hours obtained from the photo-
graphic barograms in the manner described on p. 9 ; also daily, monthly and annual
means of hourly values, together with the monthly and annual means of diurnal
inequalities. Monthly and annual means of the hourly values after reduction to mean
sea level are also given.

There is also a table showing the daily extremes of pressure, i.e., the maximum
and minimum values recorded during each day.

Temperature.—The scale on which temperatures are recorded is such that the
freezing point of water under atmospheric pressure is 273 a. precisely. Other
temperatures differ by 2730 from readings on the Centigrade scale.

The scale approximates to the absolute scale defined by Lord Kelvin, on which the&temperature
of the freezing point is 2731 to the nearest tenth of a degree.* Accordingly, to convert temperatures
published in this volume to the Kelvin scale, a correction -+ 0-1 is to be added to each reading.

As an alternative to the application of this correction modified values may be used for the
constants which enter certain formul®. For example :—At temperature ¢ on the scale adopted in the
Year Book, the radiation according to Stefan’s Lawf is

5709 X107 (24-0°1)* erg/(cm.? sec.) ; or 5-717 X 10~° ¢ erg/(cm.? sec.)

In using the modified formule we are virtually adopting a scale of temperature with the degrees
greater than those of the Centigrade scale, in the ratio of 273'1 to 273. This is the practice of the
Gomputer's Handbook of the Meteorological Office.

The tables give the values of temperature at exact hours obtained from the
photographic thermograms ; also daily, monthly and annual means of hourly values,
together with the monthly and annual means of diurnal inequalities. There is also
a table showing the daily extremes of temperature.

Humidity.—When the temperature of the wet bulb is above 273a, values of
relative humidity at exact hours are deduced from the corresponding values of dry
and wet bulb temperatures obtained from tabulations of the photographic
thermographs, complete saturation being taken as 1roo. Until the end of the year
1925 the reduction was effected from tables based on Glaisher’s hygrometric factors}
but from 1st January, 1926, tables have been employed which proceed from

Regnault’s formula
x=f—Ap (¢t -1

where x¥ = vapour pressure under the conditions of observation.
f = saturation vapour pressure at the temperature (') of the wet bulb.

p = pressure of the air.
¢t = temperature of the dry bulb in absolute (Centigrade) degrees.
' = temperature of the wet bulb in the same units.

A = a ‘“ constant.”

* A. L. Day and R. B. Sosman, Dictionary of Applied Physics. Macmillan, London, 1922.

Vol. 1., p. 840.
t The constant 5+709 is the value which has been adopted by the International Research Council for
publication in the *‘ International Critical Tables.”

I Glaisher’s Hygrometrical Tables, 7th edition, London,
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The tables used in this volume for determining the hourly values of relative
humidity when the wet bulb is above the freezing point are Jelineks Psychrometer-
Tafeln (6th edition, Leipzig, 1911). They give values which are in almost exact
agreement with those given by Hygrometric Tables published by the Meteorological
Office in 1924 (M.O. 265) for general use at second and third order stations. The
latter tables are not suited to the purposes of this Year Book, because in them
temperature is expressed in Fahrenheit degrees, whereas the absolute centigrade
scale of temperature is used at the observatories.

No allowance for variation of pressure p is made and the standard value used
in Jelinek’s tables, i.e., 755 mm. of mercury (1006-57 mb.) is adhered to. Similarly
no allowance is made in the adopted value of the constant “ A ” for the speed of
the air flowing past the wet bulb, though it is well known that “ A ”’ is not independent
of the ventilation. ““ A ” is regarded as fixed and equal to -0008. In view of the
well-marked diurnal variation of wind-speed, the diurnal variation of humidity,
derived in this manner, is subject to slight modification.

When the wet bulb reading does not exceed 273a, the above method of reduction
is not followed, but values of relative humidity are derived from the record of the
hair hygrograph. To these values are applied appropriate corrections based on
a comparison between the readings of the record of that instrument and the
corresponding values of humidity computed from dry and wet bulb readings during
neighbouring periods when the wet bulb readings exceeded 273a.

The mean hourly values of vapour pressure are computed by slide rule from
a table* of saturation vapour pressure over water, and the corresponding mean hourly
values of relative humidity and air temperature.

The normal hourly values of relative humidity for the period 1886-1915, published
for certain Observatories in “ Hourly Values from Autographic Records, 1917,”
were derived from tables based on Glaisher’s factors. The application of the new
tables to the normal hourly values of dry and wet-bulb temperature gives results
for normal relative humidity which are only slightly different from those which
have been published. At Kew Observatory in winter the difference is negligible ;
in July it does not exceed I per cent. at any hour, in October it does not exceed
2 per cent. at any hour. The effect is greatest in April when the published normal
values of average relative humidity are reduced by 3 per cent. at noon and at 16h.
and by smaller amounts at other hours.

Of greater importance is the effect on the values of absolute minimum humidity.
Under the old system, values of relative humidity less than 30 per cent. seldom
occurred ; under the new system, values less than 20 per cent. may occur not
infrequently. '

Tables are printed giving the values of relative humidity at exact hours together
with daily, monthly and annual means of hourly values. Monthly and annual
means of vapour pressure computed from the corresponding mean values of tempera-
ture and relative humidity, together with monthly and annual means of diurnal
inequalities of relative humidity, are also given.

* The saturation vapour pressures used are those employed in the preparation of Hygrometric Tables,
They are equivalent to those published by Scheel and House in Annalen der Physik, 1910,
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Rainfall.—Tables are given showing for the 60 minute intervals between exact
hours* the amount of precipitation, expressed in millimetres, derived from the
record of the Beckley gauge (see p. 11). Totals of amount are given for each day,
and for each month; the latter totals referring both to the complete days of the
month, and to each of the hours of the day. When zero rainfall is assigned to a
particular hour, the entry appears as ““ ... ”. Corresponding totals of duration of
rainfall are also given, the duration being regarded as the number of hours during
which rain falls at a rate of not less than o0'1 millimetre per hour. 1f slight
precipitation, due to rain, snow, fog or dew, extends over some hours, and if the
amounts collected in some or all of the hours are less than -1 mm., the fact is
indicated by a succession of entries, each of which is enclosed within brackets,
covering the period over which precipitation is known or believed to have occurred.
In such cases entries of (-1) are allocated evenly among the hours concerned in such
a way that their sum is equal to the aggregate fall during the period, and the
remaining entries are (...), (%), (i) or (o.) according as the precipitation took
the form of rain, snow, fog or dew. Slight precipitation which takes other forms such
as hail, sleet, hoar frost, glazed frost and rime is dealt with similarly. When it is
impossible to determine the hourly amounts of precipitation, ¢.g., during snowfall or
on occasions when the record has failed, the normal procedure is to consider each case
on its merits, and to assign hourly values derived from estimates made by the
observers as soon as possible after the event. Such values are also enclosed in brackets.

Annual totals of hourly amounts and duration and notes on special features of
the rainfall of the year are also given.

Sunshine.—Tables are given showing for each of the 60-minute intervals between
exact hourst according to local apparent time, from sunrise to sunset, the duration of
bright sunshine recorded by the Campbell-Stokes instrument. . The sums and means
of hourly amounts are also given. For each day is shown the total duration of bright
sunshine, and also the percentage this represents of the *“ possible ’ duration for the
day. The “ possible ” for each day is computed as the period of time beginning and
ending at the instants when the centre of the sun is apparently on the horizon, due
allowance being made for atmospheric refraction. Even on a clear day the sun, when
at an altitude less than 21° to 3° above the horizon, fails to make a scorch on the card
of the Campbell-Stokes recorder. ~

A distinction is made in the tables between (a) sunshine not possible, and (b)
sunshine possible but none recorded. If, in any hour, sunshine is not possible, the
symbol “ — "’ is used ; if more than 3 minutes of *“ possible ”’ sunshine falls in the
60-minute interval between exact hours according to local apparent time, and if no
sunshine was recorded the symbol “ ... " is printed.

The values for the months and for the year of percentage of possible duration
of sunshine are obtained by comparing the total recorded sunshine for the period
with the total ¢ possible ”’ sunshine for the period.

Wind.—Tables are printed giving the hourly values of wind speed and direction,
together with the mean speed for each day, each hour, and for the month and year.
Values of speed are expressed in metres per second (I metre per second =2-2369 miles
per hour) : those of direction are given in degrees from true north. The values of
directionf and speed are averages for periods of sixty minutes, centred at the exact
hours of Greenwich Mean Time. They are obtained by estimation from the records
with the aid of a glass scale, the transparent part of which has a width corresponding
with one hour on the time scale of the record.

* For the years 1904 to I920 it was the practice to tabulate rainfall for the period of 60 minutes
centred at the exact hours; the reversion to the method in use for 1903 ef ante occurred on 1st January,
192I.

? t Previous to 1st January, 1921, sunshine was tabulated for the period of 60 minutes centred at
exact hours.

I Formerly it was the practice to take the direction at the exact hour. The present rule was adopted
as from rst May, 1915 (see also Introduction to Hourly Values from Autographic Records, 1913, p. XV.).
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For speeds not exceeding 1-5 m/s the wind directions are regarded as indeter-
minate and are omitted.

The daily values of the speed and time of occurrence of the maximum gust and
the monthly distributicn of wind are shown in other tables.

Minimum Night Temperature on the Grass.-—Values are given for each day of the
year together with monthly and annual mean values. The interval to which the
reading refers is from 18h the previous day to 7h on the day to which it is entered.

Diary of Cloud, Visibility and Weather,—In these tables are given particulars of the
cloud forms observed daily at 7h, 13h, and 18h, the total cloud amount observed at
7h, gh, 13h, 15h, 18h, and 21h, the range of visibility at each of these six hours and
the kind of precipitation which may be falling at those hours. There is also a column
devoted to remarks on the weather of the day.

Cloud Form.—The observations of cloud form are made in accordance with
“the International classification, and the following abbreviations are used in the
tables :—

Cirrus .. .. .. .. .. .. Ci.
Cirro-Stratus .. .. .. .. .. Ci-St.
Cirro-Cumulus .. .. .. .. .. Ci-Cu.
Alto-Cumulus .. .. . .. .. A-Cu.
Alto-Stratus .. .. .. . .. A-St.
Strato-Cumulus .. .. .. .. .. St-Cu.
- Nimbus .. .. .. .. .. .. Nb.
Cumulus .. .. .. .. .. .. Cu.
Cumulo-Nimbus . .. . .. .. Cu-Nb.
Stratus .. .. .. .. .. St
Stratus—cumuhformls .. .. .. St-Cuf.
Fracto-(prefix, as in fracto-stratus\ .. . Fr-.
-lenticularis (affix, as in stratus-lentlculans) .. -lent.
Mammato-cumulus .. . . M-Cu.

All the cloud forms noted by the observer at the t1me of observation are printed
where space permits. When the number of forms is too great to allow of this, the
predominating forms selected at the time of observation to give the best representa-
tion of the cloud canopy are printed. If high or medium cloud can be seen, one of
the selected types is normally a high or medium cloud.

Cloud Amount.—The figure given for the amount of cloud denotes the pro-
portion of the sky covered by cloud, the numerical scale running from o, cloudless,
to 10, completely overcast. The figure denotes the total cloudiness irrespective
of form. In the case of fog through which it is impossible to discern the sun or stars
the cloud amount is entered as 10, but if cloud can be seen through the fog, the form
and amount of that cloud are entered in the usual way. If the sun or stars are visible
through fog and if there is no evidence of cloud above the fog the amount is entered

as o.

Visibility.—Observations of the range of horizontal visibility made every day
at 7h, ¢oh. 13h, 15h, 18h, and 21h are printed in the diaries of cloud and weather.

As described in detail in the Meteorological Observer’s Handbook (Ed. 1926), a series
of selected objects, A, B, C ..., as nearly as possible at the standard distances given
in ‘the table which follows are used for this observation. The objects are selected
so as to be readily seen and identified from specified observing points in daylight,

<
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SCHEME FOR OBSERVATIONS OF RANGE OF VISIBILITY AND OF FOG,
MIST AND HAZE.

Indication Letter | Standard Distance Verbal BEAUFORT LETTERS.
of Object. of Object. Description.
Detailed Scale. |Contracted Scale.
Metres.

(X) — 8 f

Dense fog
A 25 7 f

F

B 50 6 f

Thick fog
C 100 5 f )
D 200 Fog 4t 1

o f
E 500 Moderate fog 31 )
F 1,000 Mist, haze or very poor m or z m or z.
visibility

G 2,000 Poor visibility ]
H 4,000 - m, Or z, m, Or Z,
: Moderate visibility J
1 7,000
J 10,000 Good visibility
K 20,000

Very good visibility
L 30,000
M 50,000 Excellent visibility

Note.—The grouping of the letters by the horizontal lines indicates the limits of the several figures
of the International Telegraphic Code for visibility, from o to g, which grouping is also adopted in
the tables of frequencies published in the Monthly Weather Report.
when the air is clear. A variation up to 10 per cent. from the standard distances is
considered admissible. Particulars of the objects in use at each observatory, together
with a statement of their actual distances and bearings from the point of observation
and notes on local peculiarities which affect the observations will be found in the
Introductions to the sections for the individual observatories.

The method of observing consists in determining which is the most distant
of the selected objects that can be identified and entering the corresponding letter.
In cases of uncertainty when the observer, though recognising the presence of an
object, would be unable to identify its nature from the observations he is able to
make at the time, the letter corresponding with the next nearer object is entered. If
object A, the nearest of the selected objects cannot be identified, an entry X is made.
At night the letters are used to denote as nearly as possible corresponding degrees of
atmospheric obscurity.

Small letters are used to indicate interpolations or extrapolations made in
cases where it has not been possible to find suitable objects within 10 per cent. of
the standard distances. In such cases the observer may use objects at other than
the standard distances to guide his judgment. Particulars of such auxiliary objects
will be found in the sectional introductions.

At Cahirciveen, visibility is recorded in both landward and seaward directions.
The observations of visibility landwards are printed in the main tables. Particulars
of occasions when visibility seawards differed from visibility landwards are set out
in the Introduction to the Cahirciveen Section.
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Fog, Mist and Haze.—The table of standard distances of visibility objects
also summarizes the descriptions used in connection with the phenomena of fog, mist
and haze, and relates them to the scale of visibility. It also contains the Beaufort
letters used for these phenomena in the Remarks column of the diary. In this
Year Book as in other publications of the Meteorological Office, statistics of fog,
mist and haze are based solely on visibility observations. The term fog is restricted
to occasions when the visibility is less than 1 kilometre (i.e., object F not visible) ;
the terms mist and haze to occasions when the visibility is greater than 1 kilometre,
but less than 2 kilometres (i.e., object “ F ” visible, but “ G ” not visible). The
distinction between mist (m) and haze (z) is determined by the depression of the wet
bulb. When the visibility is between the limits specified for mist or haze, haze is
recorded when the depression of the wet bulb is more than 1° F.; if the depression
of the wet bulb does not exceed this limit, the term st is used.

In volumes previous to 1926, occasions of haze, mist and fog were indicated by the
International symbols for these phenomena, viz., o, =° and = respectively, but the
relation of these terms to the visibility scale was less rigorous. In order to indicate
that a change in procedure has occurred in this matter, the three International
symbols for haze, mist and fog have not been used in the tables for 1926 and 1927.

Precipitation.—Whenever precipitation is falling at one of the six hours of
observation there is printed in the Diary of Cloud and Weather under the heading
“ Precipitation ”’ the International weather symbol which indicates the kind of
precipitation, in accordance with the list below.

Remarks.—For the purposes of the column headed ““ Remarks on the Weather
of the Day,” it is usual to consider the day as divided into three portions, viz.,
morning, afternoon and night, denoted by a, $, %, respectively, but it should be noted
that no arrangements are made for regular eye observation of weather changes
in the period 21h 30m to 6h 30m.

The entries in the remarks column consist very largely of International weather
symbols and the letters of the Beaufort scale. These symbols and letters are as
follows :—

Beaufort Notation and International Weather Symbols.

b blue sky, whether with clear or hazy r @ rain,
atmosphere. < ice crystals in the air.
c cloudy, ¢.e., detached opening clouds. s % snow.
0 overcast, i.e., the whole sky covered with rs X sleet.
one impervious cloud. +  drift snow.
8 gloomy. B snow lying. (More than half the
u ugly, threatening. : surrounding country covered
v () vistbility, unusually clear atmosphere. with snow.)
z haze.* h A hail
m mist, light fog.* A soft hail.
1 fog.* t T thunder.
fe wet fog, ¢.e., fog which deposits water 1 < lightning.
copiously on exposed surfaces. tlr X thunderstorm.
w  O. dew. > gale.
X t hoar frost. q squalls.
V  rime. ® solar corona.
~ glazed frost. ® solar halo.
€ water deposited copiously on exposed W lunar corona.
surfaces, without rain falling. @ lunar halo.
y dry air. (Relative humidity less than 60 ~ rainbow.
per cent.) ¢ W aurora.
P passing showers. w zodiacal light.
d drizzling rain. = mirage.

* To indicate varying intensities of haze, mist and fog the notation shown in the last two columns
.of the table on p. 18 is used.
c*
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The letter ¢ preceding a letter or symbol which denotes some form of precipitation
indicates that the precipitation is of an “intermittent ”’ or ‘“ occasional "’ character.

The letter j preceding a letter or symbol which denotes some form of
precipitation indicates that the precipitation is within sight, though not actually
falling at the station.

The figure o written after and above a symbol indicates slight, whilst the figure 2
indicates strong or heavy ; thus ®° slight rain, ®* heavy rain. The figures 0 and 2
written after and below the letters of the Beaufort notation are also used with a
similar significance, thus d, stands for slight drizzle.

The letters b, ¢, o, g and u, are used to describe the general appearance of the
sky. The use of the letters g and u is sufficiently clear from the definitions given
above. o is used whenever the sky is completely overcast with a uniform layer of
thick or heavy cloud ; c is used to denote that there is some cloud present, but o
is not appropriate ; b denotes that there is some blue sky.*

In order to meet difficulties which occur when there are only small quantities
of cloud or blue sky present, c is not used unless the sky is more than a quarter
covered, and b unless there is more than a quarter of the sky free from cloud. If
there is more than a quarter of the sky covered with cloud and more than a quarter
of the sky free from cloud b and c are both recorded.

The gale symbol w is normally used in this publication to indicate that the
wind as recorded by the anemograph averaged at least 172 m/s for one or more
““centred ”’ hours. At Richmond (Kew Observatory) the symbol has been used
with the word gust in brackets to indicate the occurrence of gusts reaching 17-2 m/s.

* The present usage with regard to b, ¢ and o dates from 1st Jan., 1926.
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LERWICK OBSERVATORY.

Latitude .. ‘e . .. .. .. 60° 8 N.
Longitude .. . .. . ..o 11’ W,
G.M.T. of Local Mean Noon .. .. .. 1I2h. sm.

Height of Site above Sea-level .. .. .. From 80-5 metres.

to go-0 metres.

INTRODUCTION.

GENERAL REMARKS.

In 1919 the establishment of an observatory in the Shetlands was included in
the programme of the Meteorological Office. A wireless station, built in 1913 by the
Admiralty and transferred after the war to the Post Office, but used by that Depart-
ment only in case of emergency, offered suitable accommodation in the way of offices
and living quarters. It proved possible to make an arrangement under which the
Air Ministry, on condition of maintenance of wireless plant, has the use of the station
as an observatory and of the wireless plant for the reception of meteorological
reports and time signals.

The Observatory was opened on the 7th June, 1921, when the first instalment of
the instrumental equipment arrived. Later on in the same year the construction of a
magnetograph house and of huts for absolute magnetic and auroral observations
was commenced. The magnetograph house is a heavy concrete structure with walls
2 feet 6 inches (76 cm.) thick, of internal dimensions 16 feet by 10 feet (49 m. x3 m.),
and after construction several months had to elapse before the thick concrete walls
and roof could be thoroughly dried and the recording instruments placed in position.
These instruments, which are described below, consist of magnetographs recording
magnetic declination and horizontal and vertical force. In addition, in order to
obtain a record of the more minute changes in the vertical component of terrestrial
magnetic force, a line of twin cable was laid in an approximately horizontal plane
round Loch Trebister, the terminals of the cable being connected to a suitable
galvanometer on which could be measured the current induced in the cable by
changes in the vertical component of terrestrial magnetic force. The arrangement is
similar to one in use at Eskdalemuir Observatory, but no records from either have yet
been included in official publications.

Other instruments installed at the Observatory included barometers, barograph,
hygrograph, psychrometers, nephoscope, raingauges (ordinary and self-recording),
sunshine recorder and Dines tube anemograph and, later, an clectrograph. But |
meteorological observations have been restricted, and the time of the somewhat
limited staff available has been devoted chiefly to magnetic work and to some work
in atmospheric electricity.

The site and the work in Atmosphenc Electricity and Terrestrial Magnetism
will now be described.

SITE.

The Observatory is situated on a ridge of high ground about a mile and a half
(2°4 km.) to the south-west of Lerwick and adjoins the main road between Lerwick
and Scalloway. The site slopes upward from west-north-west to east-south-east, the
average height above M.S.L. being about 280 feet (85 metres). The ground to the
east and south-east rises slightly for about } mile (-4 km.) then slopes sharply down
to the sea. In other directions there is a downward slope for about } mile extending
to the Loch of Trebister on the south-west, Sandy Loch to north-west, and to the

D2
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Burn of Sound to north-north-west ; beyond these and distant about § mile (1-2 km.)
from the Observatory are small hills—Munger Hill to the south is about 320 feet
(97 metres) above M.S.L., Shurton Hill to west-north-west rises to 576 feet (176
metres), and Stony Hill to the north to about 400 feet (122 metres). In clear weather it
is possible to see the Outer Skerries, 253 miles (41 km.) north-east by north, and
Sumburgh Head, 20 miles (32 km.) south by west ; the horizon in other directions is
limited to a few miles.

The average depth of soil in the vicinity is about a foot, and outcrops of sandstone
occur in many places. The surrounding country is barren and desolate, the only
vegetation being coarse grass, stunted heather, and moss, with occasional patches of
bare black peat. The Observatory ground is of a very uneven nature, and, owing to
lack of proper drainage, is frequently water-logged ; in winter it may be almost
submerged for considerable periods. Views of the station are shown and the arrange-
ment of buildings and situation of instruments are set out on a site plan in the
1923 Year Book.

ATMOSPHERIC ELECTRICITY.

Notes on the Instruments.—The 1927 records of potential gradient were
obtained from a Benndorf electrograph (No. 108, by L. Castagna, Wien) installed in
the north-west corner of the Office Block. It had become evident that satisfactory
electrograms could not be expected from the site described in earlier Year Books,
owing to fumes from the oil stove required to maintain the insulation ; also, in
addition to the hut being inconveniently small, it was situated in a remote part of
the Observatory grounds, and the instrument could not receive adequate attention.
The new site is the more divergent from the ideal for two reasons :—

(1) There is greater distortion of the equipotential surfaces by adjacent houses,
wireless plant, etc.,

(2) 1t i1s a comparatively large distance (236 metres) away from the ground
where absolute determinations are made.

Consideration of the variations of mcan monthly values of the reduction factor
shows that these disadvantages were much less serious than might be anticipated.

The collector rod passes through a window in the north wall, and is situated
190 cm. from the corner of the building. The collector, which is 476 cm. above the
ground and projects 123 cm. from the window, consists of a copper spiral about
5 cm. long, painted over, by means of a special adhesive varnish, with a salt of radium ;
according to the maker, Mr. Harrison Glew, this particular salt has no sensible rate
of decay, the loss being only I per cent. per century. The collector is soldered into
the smaller end of a tapered German silver tube, 76 cm. long, and of triangular cross
section, which, in turn, is attached to a “ Duralumin ”’ tube, 89 cm. long and 13 cm.
in diameter. The latter tube passes through a hole, 3-8 cm. diameter, in one end of
a wooden box (dimensions 38 X 25 X 10 cm.), where it is supported horizontally
between the ends of two metal rods embedded in sulphur. A number of small 2-volt
clectric bulbs are kept burning inside the box in order to improve the insulation of
the supports for the collector rod during wet weather, and a similar bulb is placed
inside the case of the electrometer. The rod is connected to the base of the acid pot
of the Benndorf electrometer by a fine wire. A detailed description of this instrument
is to be found in Phys. Zeit. 7 (1906), p. 98, whilst the general principle is described
in Mathias’ Trauté &’ Electricité Atmosphérique et Tellurigue, p. 54, and in Chauvean’s
Electricité Atmosphérique, pp. 61-64.
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The record consists of a series of dots made once a minute on a long roll of paper
as it is unwound from a drum by clockwork, exact hours being indicated by dots
near the edge of the sheet. Timing is taken from electric clock No. 1,031, governed by
the Observatory standard, Shelton No. 35. The needle of the electrometer is earthed
at least twice daily, and a zero line is obtained by connecting up these earth marks ;
owing to the constancy of the perpendicular distance between the zero line and the
line through the hour marks, further intermediate positions of the zero are easily
obtained. Until 28th March, the scale value was about 11 volts per millimetre, the
equivalent range in the open being +870 to —570 volts per metre; in view of the serious
reduction in the diurnal range for quiet days, a lower sen51t1v1ty was considered
inadvisable in winter months when no earlier records were available for comparison.
Subsequently, the scale value has been about 22 volts per millimetre, which corres-
ponds with a range from +1750 to —1150 Vvolts per metre in the open.

Combined tests of the insulation of the system and scale value of the record are
made daily, the procedure being to remove the collector and to charge the needle,
which is connected to a Wulf electrometer. The rate of leak is obtained for a period
of 5 minutes with a positive charge and for the same interval with a negative charge.
Considering the climatic difficulties the behaviour of the instrument in the matter of
insulation has been very satisfactory. The rate of leak has been in general small,
the average during 1927 being such that the instrument would lose half its potential
in 381 minutes. It has been found that the scale value remains reasonably steady
and may, for all practical purposes, be taken as constant across the full width of the
sheet. The factor by which the recorded potential must be multiplied for conversion
into potential gradient in the open is obtained from absolute measurements above
a levelled piece of ground near the old site of the electrograph (see site plan in the
Observatories’ Year Book, 1923). An insulated wire, stretched horizontally between
two stout wooden posts 211 cm. in height and 9-48 m. apart, carries at its centre a
burning fuse exactly. I metre above the ground. Wulf electrometer, No. 5225
(Giinther & Tegetmeyer, Braunschweig), is connected to one end of the wire and ten
to twenty readings are obtained from the electrometer at minute intervals. The
reduction factor is deduced from the mean of these values and the corresponding
mean potential at the collector as recorded by the Benndorf. Smoothed monthly
means of factors so obtained are employed in reduction of the records. No known
change occurred in the position of the collector, or in the surroundings, during 1927.

Monthly scale values and exposure factors together with data relating to rate
of leak, are shown in the following table :—

| Jan. | Feb. Mar. | Apl. | May. | June.| July. | Aug. | Sept. | Oct. | Nov. | Dec. | Year.

Mean Value of
et loge V. ... >+l -031 | r025 | +019 [ 025 | ‘o017 | ‘016 | ‘013 | +0OI1l | ‘014 | *017 | 016 | -012| -018
No. of days used in
mean . 31 28 31 29 31 28 31 29 30 31 30 31 360
Highest - (% loge V. 43| 067 | 082 | +037 | 097 | 043 | 034 | 023 | 029 | <031 | ‘045 | +027 | r023 | —

Lowest - -ad-tloge V. .. -009 | 008} 009 | ‘009 | ‘007 | -008 (-004 +006 | 006 | *006 | 006 | ‘006 | —
| 22+0)¥
: (11-2)* (21-6)*[(21°5) |
Scale Value (vyjmm) ... 11°0 | 10°9 [(21-8) | 21-7 | 21-8 [(21'8) |(20°4) | 21°4 | 214 | 21-5 | 21-8 | 219 | —
(21-3)

Mean Exposure Factor| 1-29 | 1:35 | 1°28 | 1-36| 1-45 | 145 | 134 | 1°30 | 136 | 1-34 | 1-39| 129 | 1-
Applied Exposure Fac- ‘ : ' 5 3 ' 35

tor ... 1-31 | 132 | 1°32| 1°36 | 1-43 | 1°42 | 136 | 1-33 | 1°34| 136 | 1-35 | 1-31| —
No. of Determlnatlons )
of Exposure Factor.. 12 11 12 9 6 22 10 11 10 10 6 6 125

* Changes of scale value occurred on 28th March, 21st June, 12th, 18th and 27th July.
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In its response to changes of potential gradient the Benndorf instrument is very
sluggish, compared, for instance, with the Kelvin water dropper in use at Eskdalemuir
Observatory. In general, the rise to a steady potential takes an approximately
exponential character, and it was found that the mean of 140 tests during 1927 gave
69 seconds as the time to rise to half the final value ; the mean of 34 tests in 1925-26
gave a corresponding period of 63 seconds ; this is about 10 times as slow as the water
dropper at Eskdalemuir Observatory. Sometimes when there is no wind the rate of
rise of potential is very much slower and apparently nearly linear. If the instrument
rises through a potential V and has a capacity C a quantity of electricity CV has
to be given to the air in the neighbourhood of the collector, and in the absence of
wind and the presence of fog this may hang about in the form of a heavily charged
cloud for a considerable time before being dispersed. It is difficult to accept
the readings from a radio-active collector during such times. Fortunately these
conditions are rare at Lerwick except in early summer, but on the other hand they
are then very interesting. .

If we assume .the leaking and the charging to be exponential, i.e.—

av
1f 7l K,V
and 2o = V) — K, (v, —7)
where K, measures the rate of leak,
and K. . ’ charging,

then the potential finally acquired by the instrument is equal to the real potential
multiplied by K¢/(K, + K¢).

K,|K; varies from £ to 5, the higher values usually occurring in winter ;
that is, the instrument records 2 per cent. to 5 per cent. below the true potential.
This variation isincluded in the exposure factor and would—other things being equal—
cause the factor to be about 3 per cent. lower in'summer than in winter ; in practice,
the factor has been found to be about 12 per cent. higher in summer. As the capacity
of the instrument cannot be reduced nothing can be done to remedy this except to
keep K, as small as possible.

Review of Results.—Days when there was a complete trace have been classi-
fied as follows by means of an electric character figure : —

o, denotes a day during which, from midnight to midnight, no negative
potential was recorded.

1, denotes a day with excursions to the negative not amounting in the aggregate
to more than three hours.

2, denotes a day with negative potential amounting in the aggregate to more
than three hours.

~a, denotes that the range of potential gradient in the open did not exceed
1,000 volts in any of 25 hourly periods of the day. .

b, denotes that this range was exceeded in at least one, but in fewer than six,
of these periods. :

¢, denotes that this range was exceeded in six or more of the hourly
periods.

The character figures so assigned are given in Table 4.
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Curves are read by means of a glass scale graduated in millimetres (by R. Fuess,
of Berlin), the tabulated values being 60 minute means centering at exact hours
G.M.T. The ordinates are converted into volts per metre in the open by multiplying
by the product of the appropriate scale value and reduction factor. Values are assigned
for 3h, oh, 15h, and 21h, on all days, and for each hour on “a " days.

An indication of the characteristics of indeterminate potentials may be obtained
from the tabulations; z is marked against hours in which there occurred oscillations
of such a nature that a satisfactory estimate of the mean ordinate of the trace could

not be made.

The signs +, —, +, follow the z to indicate on which side of zero the mean
value lay.

The hourly values for 3h, gh, 15h, and 21h are given in Table 1; gaps in the
tabulation indicate that the record was in some manner defective. Two sets of mean

values are given :(—

(@) The means of all positive values ; hours when the trace passed off the top
of the sheet are included in obtaining these means, the upper limit of registration
being taken as the value for the period not recorded.

(6) The means for all days on which all four hours were completely recorded.

The extreme hourly values recorded were :— +1032v/m, August 4d 15h, during
fog ; <{—1226 v/m., May 20d 21h, during continuous rain. As the trace frequently
passed off the sheet, particularly during the earlier months, these values may have
been exceeded. Details of occasions when potential was negative for periods approxi-
mating to or exceeding six hours, together with the mean potentials during the periods
are as follow :—

(r) Jan. 1d xoh 1r5m to 18h 30m; <<—353 v/m. (Continuous rain.)

(2) Feb. 22d 8h s50m to 16h 50m, except for one interval of four minutes
of small positive potential ; <<—382 v/m. (Continuous rain.)

(3) March 30d 14h 10m to 20h om; <—939 v/m. (Continuous rain.)

(4) May 20d gh om to 2zh om; <{—%86 v/m. (Intermittent rain before
13h, continuous rain later.)

(5) July 28d gh 3omto15h 3o0m; <<—1018v/m. (Continuous rain and fog.)

(6) Oct. 27d 8h s0m to 17h s0m, except for low positive potential during
one interval of three minutes ; <—529 v/m. +(Continuous rain.)

The diurnal inequalities for oa days for the months, seasons, and year, are given
in Table 2, together with mean values of the potential gradient and particulars of
the non-cyclic change and the number of days used ; the inequalities for the seasons
and year are means of the monthly inequalities. Similar data for the 14 and 2a days

are given in Table 3.

The winter diurnal variation is of the usual type but there is much less difference
between the winter and summer curves than at other existing observatories. In
particular, the principal minimum of the day continues, in equinoctial and summer
months, to occur in the early morning hours (zh to 4h) and not near the middle of the
day as, for example, at Eskdalemuif. There is, however, at Lerwick a secondary
minimum near mid-day.
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It is again noticeable that the potential gradient -is higher in summer than in
winter. During the past three years the records obtained have covered 11 summer
months, 9 equinoctial months and 7 winter months. The mean potential gradients
in these seasons have been respectively 163, 137 and 126 volts per metre.

The above features are of interest, being different from other records generally
in the Northern hemisphere, but the behaviour of the meteorological elements likely
to affect potential gradient is also unusual at Lerwick. Thermal convection is at all
times small, whilst wind speed is relatively high, and, in particular, much higher
in winter than in summer. Thus, turbulence or “ Austausch ” in the lower layers of
the atmosphere is governed, to a greater extent than is usual at other observatories,
by wind speed. In the three seasonal groups of months referred to in the last para-
graph, the mean wind speeds at Lerwick were 5-1, 6-8, and 8-2 metres per second,
respectively. In each of the three years July was the quietest month and also the
month of highest potential gradient, the mean values being 3-7 m/s and 207 v/m,
respectively. The four stormiest months (all in winter) in these three years had a
mean wind speed of 8-9 m/s and a mean potential gradient of 107 v/m.

TERRESTRIAL MAGNETISM.

Notes on the Instruments.

Declination, horizontal and vertical force are recorded by the Adie magneto-
graphs which were in use at Falmouth until 1912. The instruments had been stored
for several years, but were reconditioned by the makers, and the declination and
horizontal force instruments were tested at Kew before being installed at Lerwick
in November, 1¢g22.

The declination magnet has a unifilar suspension, and the torsion correction is
negligible. The scale value is constant for all positions of the light dot on the
sheet ; throughout the year it was 1 mm. of ordinate to 1-93 minutes of arc. In
the horizontal force instrument the magnet is maintained in a position approximately
perpendicular to the magnetic meridian by torsion of the bifilar suspension. The
vertical force balance consists of a single heavy magnet similar to those used for
recording declination and horizontal force, and may be compensated for variations
of temperature. Copper damping plates are fitted to each instrument and the
recording mechanism is similar to that used at Eskdalemuir. The arrangement
of the instruments in the magnetograph house is shown in Fig. 2 of the 1923 Year
Book.

The chief instrumental defects encountered during the year were :—

{(a) A slight tendency of the trace in the case of the H force instrument to
drift away from its base line ; corrosion of the tungsten wire used for
the suspension of the magnet caused breakages to occur on zoth April
and 1gth October.

(b) Unsteadiness of the vertical force system. This instrument was adjusted
on the following dates: 26th April, 28th May, 20th-24th June, 14th
July and 26th August.

These troubles were not entirely overcome during 1927, but on the whole better
and more continuous records werc obtained than in former years. Also, towards
the end of the year 1926, provision had been made for more effective drying of the
chamber.



LERWICK OBSERVATORY. ‘ 29

Monthly scale values have been assigned to the records by taking overlapping
means except when discontinuities occurred and special measures were required.
The determinations are made by Broun’s method, the deflecting magnet being placed
in the ““ broadside on " position and at a distance of 55-9 cm. from the recording
magnets. A larger deflection distance would render the error due to inequality of
the distribution co-efficients for the H, D and V magnets less appreciable, but cannot
be used owing to the restricted size of the magnetograph house. The scale value
of H was approximately 6-4 y/mm. in the period preceding 19th October and
58 y/mm. subsequently ; that of V was changed on 26th April from about 7:6 y/mm.

to 97 y/mm.

The records of declination, horizontal force and vertical force have been
tabulated hour by hour. The values are read off by means of graduated glass scales,
a value being the mean reading for 60 minutes centering at the hour.

Base values for the records are obtained from the results of absolute observations
taken twice weekly. Horizontal force and declination are determined with Unifilar
No. L 3951 (Cambridge Instrument Co.) using magnets 39514 and 3951C. The
magnetometer is used on the centre pillar (No. 2) of the absolute hut, the azimuth
of the fixed mark being taken as 8° 43’ 2” east of south. Inclination is measured
with Dover Circle No. 238 placed on the East pillar (No. 3), using 34 inch needles.
In the deflection experiment three distances 25, 30 and 35 cm. are used for obtaining
the distribution coefficients, the horizontal force being computed from the deflection
at 25 cm. only. \

Mean annual values of the P and Q correction have been derived from observa-
tions during the period March 1923 to 1927. An accident caused some change to
the magnet in March 1923, and values for earlier months have been discarded.

The values during these years are as follows :—

Year, P. Q. log . (1+P/25°+Q/254.
1923 (March-December) .. —2-308 —14-36 1-99831
1924 . .. .. —1-236 —4646 199862
1925 .. .. .. .. —I1-165 —875-9 199821
1926 .. .. .. .. 41225 —I7I1-2 1-99895
1927 .. .. .. .. -+2°229 —2183°'8 1'999I2

The mean value of log (1 + P/25*+ Q/25*) employed in the reduction of all
observations for 1927 was the mean of the values derived up to the end of 1926
namely, T-99852. If the 1927 values are added, the mean for the total available
period is raised to T-g9864. The adoption of this latter value would raise all the
hourly values, monthly means, etc., as given in the tables, by 2y in the case of H

and 7y in the case of V,

As stated in the general remarks the walls of the magnetograph chamber are
of concrete, 2 feet 6 inches in thickness. The diurnal variation of temperature
within the chamber is comparatively small, the ranges of the mean diurnal variation
in the various months of 1927 having been as follows :—

Jan. Feb. Mar. Apr. May June  July Aug.  Sept. Oct. Nov. Dec.
" a. a. a. a. a. a. a. a. a. a. a. a.
0-08 008 o008 . 008 0II oII 0°II 0-II 0-08 008 0°-08 006

No correction for this diurnal variation of temperature has been applied to
the diurnal inequalities or other data published in this volume. It will be noted,
however, from the Tables, that the day to day change of temperature is sometimes
considerable. .On the average for 1927 it is 0-36a ; and there are 17 cases where it
reaches or exceeds 1-0a. These rapid fluctuations of temperature obviously add

E
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considerably to the problem of satisfactorily determining base line values in the cases
of the Horizontal and Vertical Force magnetographs. The temperature coefficient of
the former is known with fair accuracy, being taken to be 6-1y per 1a. 'In
comparing curve readings with the results of absolute observations an allowance
on this basis has been made; and conversely in allotting base line values to
given days the temperatures “in the magnetograph chamber on these days—
subject to a smoothing process—have been taken into account. Where resort to a
complicated procedure of this sort is necessary, it would obviously be desirable to
have absolute observations made more frequently than twice weekly. For another
reason, namely that magnetic disturbance at Lerwick is so much more frequent
and so much more considerable than at more southerly observatories, it would
similatly be “desirable to have very frequent absolute obsetvations, with a 'view to
the retention only of those made at times when the autographic records indicate
a reasonably constant magnetic field. With the existing staff it has not, however,
been possible to contemplate any increase of observing.
- In the case of the Vertical Force, the magnetograph appears to be subject to
a thermal hysteresis sufficiently large ‘to render ineffectual any method so far tried
of making allowance for the fluctuations of temperature in the chamber. It has not
therefore” been p0551b1e to: bring into close accord ‘with- one another the base line
values ‘deduced from individual absolute observations. = So long as these conditions
exist the hourly values of- vertical force must be regarded as of a somewhat lower
order of accuracy than might be desirable. The diurnal inequalities are not of course
subject to any appreciable uncertainty on this account ; the uncertainty only arises
where for instance the mean value for a given day or series of days comes to be
compared with that for another day or series of days.

Again, ‘'owing to the smallness of the chamber, the presence of an observer for
a short time, as, for instance, durmg a scale test, causes an apprec1able rise in tempera-
ture and this seems to be reflected in the record of vertical force in the form of a fairly
rapid rise and afterwards a slow recovery to normal. The effect on the record is so
characteristic that an approximation to the undisturbed curve can in general be drawn
in with considerable confidence, and this has been done where the duration of the
visit of an observer was sufficient to make the magnitude of the effect noticeable.
It appears that the presence of an ebserver even for two or three minutes at the time
of changing the charts can at times produce a measurable effect, but it is pretty
certain that it is complicated by the existence of a mechanical effect, not definitely
determinable. The quiet day inequality of vertical force for March 1927 shows a
small 1rregular1ty arising from this cause.

Aurora,

~ From. about September to April, a watch for aurora is maintained normally
until ‘about 23h G.M.T. each evening, and observations—as a rule at intervals of
I5 to 20 minutes—are made of the northern horizon and of general meteorological
conditions. The records form what is called the auroral log, a brief summary of which
is given in Table 67. When any auroral display is observed, a second observer is
called :and detailed observations are maintained until the display subsides. So far
these detailed observations have been mainly non-instrumental and have consisted
in noting and making descriptions of the phenomena seen during the display. These
notes are entered in a second log reserved for records of actual auroral displays.
Extracts from this latter log may be obtained by anyone requiring the detailed
information.

A general auroral table for Scotland (Table 68) is also included. This table
has been compiled from the records of all stations at which climatological observations
or weather' logs are-maintained. The observers at these stations, whilst noting
occasions of aurora which they may happen to observe, do not in general mamtam
a spécial watch. - - .
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Notes on the Tablés.

* The hourly values of H, D and V, obtained as described above, appear in three
of the four monthly tables. The variations in D, being expressed in minutes, may
be readily converted to units of force (y) of. the component perpendicular to the
magnetic meridian by multiplying by a factor which for 1927 is approximately
425 A rough comparison of the H, D, and V registrations with component regis-
trations (geographical N and W, and V) as for instance at Eskdalemuir, can then be
‘easily made. The mean value for the day is computed according to the expression :—

X = {—;— (o + %g) + % + %2 + oounL Ceeeaes + xzs}/24.'

The letters “Q” and ““D,” prefixed to dates, denote the five quiet and the five
disturbed days as selected at De Bilt. : . A

In the fourth table for each month are given :—

(a) The values and times of the daily maximum and minimum and the values
of the absolute daily range for each of the elements H, D and V.

'(b) The valueof XR’ for each day. XR? is written for R% + R*}, + R%
where Ry, Rp and Ry denote the absolute ranges in force for a calendar
day of the components along and perpendicular to the magnetic meridian
and of the vertical component, the ranges in declination having been for
. this purpose converted into units of force of the component perpendicular
to the magnetic meridian.

(¢) The daily magnetic character figures, assigned according to the inter-
national scheme wherein “0,” ““1,” ‘“2,” respectively, denote quiet,
moderately disturbed, and highly disturbed conditions.

(d) The daily values of temperature in the magnetic chamber.

Mean diurnal inequalities of H, D and V on “all”” days and on 1nternat10na1
quiet and disturbed days are given, for the months, seasons and year, in Tables
53 to 61.

In calculating diurnal inequalities the non-cyclic change has been eliminated
on the assumption that its time rate is linear.. The values of the range of the mean
diurnal inequalities of the several elements on the three different types of day are
brought together in Table 62, and the Values of the non-cyclic change are givén in
Table 64. The “ Average Departures or mean values of the inequality taken
1rrespect1ve1y of sign throughout the 24 hours, are given in Table 63.

The mean values of the squares of the absolute daily ranges are summarized in
Table 65.

- In Table 66 appear for the months and year the mean values of N W,V,D,]I
H and Total Force T. The means of N, W, I and T are derived from the corres-
ponding mean values of H, D and V, which are the means of hourly values on “all ~
days in the month or year.
. Finally, in Tables 67 and 68 are given summaries of auroral observat1ons obtalned
as already described.

Review of Results.

Mean and Extreme Values of the Magnetic Elements, 1927. —The mean
values of the magnetic elements for the years 1926 and 1927 are given in Table I.
The values of H, D and V have been computed from the hourly values derived from
the autographic Tecords of ““ all days, standardized by means of the absolute obser-
vations ; those of N, W, I and T have been deduced from the valuesof H, D and V.

) TABLE I.
Year. | H. D. L N. | W V. T.
.| {(West) '
LT : PR ISP R ‘-YY - - -
1926.. .. | 14618 |15 2-8| 72 37°T| 14117 3795 | 46699 | 48933
1927.. .. | 14607 |14 49.9)72 38-T) 14120 | 3739 | 46713 | 48044
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The decrease in westerly declination from 1926 to 1927 (12’-9) was less than
the rates for the three previous years, these having been 13'-8 for 1923-24, 13’-0 fo
1924-25, and 14'-9 for 1925-26. ~

Mean values derived from (a) international quiet days and (b) international
disturbed days, are as follow :—(a) H, 14610 v ; D, 14°50"0; V, 46715 v ; (b) H,
14603 v; D, 14°49-8 ; V, 46721 y.

The extreme values of H, D and V recorded during 1927 are given in Table II,,
but these values have been exceeded at times when the light passed beyond the
edges (;f the photographic paper; this occurred rather frequently, especially in the
case of H.

TasLE II.

Maximum. : Minimum. i Absolute
Element. | Annual
R .
Value. Date, 1g27. Value. Date, 1927. ange

d. h. m. d. n. m.

' ' Between
Horizontal Force... 15090y July 22 ... 15 38 <14048y | March 18... 0o 00 % > 1042y

and

00 09
Declination wo | 1544”6 | Oct. 23 ... 06 19 | <13°44"*1 | Oct. 12... 11 52 | >2°0"'5
Vertical Force ...} 47059y | Oct. 12 ... 12 17 46103y July 22... 03 o5 956y

The range of 2°0’-5 in declination is equivalent to a range of 512 y in the
component of force perpendicular to the magnetic meridian. In the year 1926, much
greater ranges were recorded, the extremes in H, D and V, respectively, having been
>1501y, >4° 44'-9 and >2086. ‘ v

Magnetic Character of the Year.—The mean sunspot number has increased
in recent years from 5-8 in 1923 to 167 in 1924, 44-3 in 1925, 624 in 1926 and 677 in
1927. Coincident roughly with this increase there was, up to 1926, an increase of
magnetic activity, but the year 1927 shows a decrease. Thus the mean absolute
daily range of declination rose from 14'-g in 1923 to 15'+4 in 1924, 18I in 1925 and
25’-0 in 1926, but fell to 20’0 in 1927. For individual months of 1927 the table below
indicates no obvious relationship between the provisional sunspot numbers and
the magnetic conditions. ' :

o ' Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Provisional sunspot num-
ber . v 79°I 931 68:4 = 931 79'3 60'5 . 554 528 675 580 70°2 356

Mean absolute daily range :
of D ... .. 18-5 19°5 266 209 21'5 16-9 18-3 189 203 28-3 12:0 17:8

Mean ZR? (100y?) .. 530 3906 1346 577 650 221 718 616 204 1279 91 318

The values of mean absolute daily range for the months and seasons of the year
1927 are given in Table III., the ranges of declination in angle having for convenience
of comparison been converted to units of force of the component perpendicular to
the magnetic meridian. It will be seen that the ranges of H and V are greater than the
corresponding Eskdalemuir values, the ratios of the annual mean ranges of Lerwick
H to Eskdalemuir N, Lerwick D to Eskdalemuir W, and Lerwick V to Eskdalemuir
V being respectively 1-3, 1-0 and 1-8 ; the corresponding 1926 ratioswere 1°4, 1-1and 2-1.

It will further be noted that the seasonal behaviour of the ranges at Lerwick
during 1927 again shows greater variation than that at Eskdalemuir; but both
places show less seasonal variation than in 1926, so that the Lerwick variation in
1927 shows some resemblance to the Eskdalemuir variation of 1926.
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TABLE III.—ABSOLUTE DALy RANGE. MEAN MoNTHLY VALUESs.

; 1 1 - Mean daily Range expressed as -
Month. Mean absoit;tze7dally Range. percentage of Yearly Mean.
’ 1927.

H. - D. V. H. D. V.
y 14 Y % % L%
January ... 81 79 65 73 93 | 78
February ... 89 83 86 8o 98 | .103
March- 177 113 159 159 133 | - 102
April 136 89 97 123 105 117

May 145 91 100 I31 - 107 120
June 94 72 59 85 85 71

July 119 78 . 65 107 92 78
August 120 : 8o 92 108 94 III
September ... 90 86 8o 81 101 96
October ... 171 120 122 154 141 147
November ... 40 51 29 36 60 35
December ... 75 75 48 68 88 58
Winter 71 72 57 64 85 69
Equinox ... 143 102 115 129 120 139
Summer ... 119 8o 79 107 94 95
Year II1 85 83 — — —

The frequency distribution of absolute daily ranges recorded in 1927 is shown
in Table IV. A comparison with the corresponding figures for Eskdalemuir (Table
V. on page 153) indicates that ranges in excess of 200y are much more frequent
at Lerwick than at Eskdalemuir, except in the case of D or'W ranges of which the
frequency distributions at the two places show less divergence.

TABLE IV.—FREQUENCY DiISTRIBUTION OF ABSOLUTE DAILY RANGE.

Range. Number of Cases, 1927. Percentage Distribution.

y H. D. V. - H. D. V.

o— 9 .. 0 o 20 00 0-0 56
10— 19 ... 7 2 46 1-9 05 128
20— 29 ... 29 25 50 8-0 6-8 139
30— 39 ... 37 22 40 10°2 6-0 II'I
40— 49 ... 25 28 36 6.9 77 100
50— 59 .. 34 54 23 94 148 | 64
60— 69 ... 31 63 21 85 '17-3 58
70— 79 ... 43 50 3 11-8 137 08
80— 8 ... 26 18 13 72 49 36
90— 99 ... 27 17 - I3 © 74 47 42
100 —I0Q ... 13 15 6 36 41 17
II0 —IIg ... 13 8 7 36 22 19
120 —I29 ... 11 I 11 30 30 31
130 —I39 2 II 6 06 30 17
140 —I49 4 4 .4 II II II
150 —159 7 5 9 I-9 I4 25
160 —169 4 5 4 II 14 II
170 —179 5 2 7 I4 05 19
180 —189 3 2 I 08 0°5 03
190 —IG99 5 4 I I4 II 0°3
2004 37 19 37 101 5'2 10X
Days omitted |: 2 o 5 — — —
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TABLE V.—PRINCIPAL MAGNETIC DISTURBANCES RECORDED AT LERWICK, 1927.

Where the beginning of a disturbance has been marked by a “sudden commencement,” the serial number is followed by an asterisk (*), and the time entered in the
second column is that of the sudden commencement, estimated to the nearest minute. In other cases, the exact hour nearest .the time at which disturbance may be
regarded as having begun is entered in the second column. To the tabulated values of maximum and minimum, the following have to be added :—H, 14000 ¥;
D, 14°,V, 46000 y. ) )

Horizontal Force. Declination. . Vertical Force.
No. From To . _ — -

Max.| Time. | Min. Time. |Range.| Max.| Time. Min. Time. |Range.|Max.| Time. | Min. | Time. [Range.

d h m d h v d A m y d h m v ’ d b m 4 d h m 4 Y d h m v d h m v

1* Jan. 1 8 48| Jan. 2 24| 658| 12250 j570| 2 03 20 88 ] 652 1 16 20 571 12247 59°5] 96| 1 17 08 | 617 203 48 79
2% Jan. 3 16 42| Jan. 6 19| 702 | 4 22 52 575 4 21 02 127§ 657| 423 11| 239 4 2028 | 41-8] 745 | 4 23 2I 575 4 20 22 170
3| Jan. 7 8 Jan. 8 61| 962} 7 17 14 8 | 7 20 51 882 | 893 7 17 45 81| 8ooo5| 81-2| 839| 7 16 24) 409 7 22 10| 430
4% Jan. 24 345|Jan. 27 6| 649 | 24 23 44 | 547 | 26 04 11| 102 | 73-1| 26 05 33 | 307| 26 03 15 | 33-4| 749 | 26.17 40 | 587 | 26 04 22 | 162
t5* Feb. 9 16 57 | Feb. 10 24 731 9 20 43 212 9 23 55 s19| 716 9 20 17| 354| 9 2roco| 36:2] 824 92054 | 479 9 23 50 345
6 | Feb. 24 2 Feb. 27 8| 681 | 24 17 04| 471 | 25 03 45| 210 | 74'6| 24 14 03| 29-1| 24 22 45 | 45'5| 799 | 24 18 10 582 | 25 03 42 | 217
7 | Feb. 28 12 Mar. 124| 676 | 28 19 24| 482 | 10048 | 194 ]| 689| 10036 | 327 28 22 26 | 332) 814 1 17 11| 557 I ol 04| 257
8 | Mar. 8 20 Mar. 10 20| 736 916 23| 332| 92330 404 | 68:3] 9 14 42} 285, 9 oo 14| 398] 796 | 9 1642 309 | 9 23 42 487
9| Mar. 14 o Mar. 19 8| 1004 | 16 17 28 [ < 48 | 18 00 00 |> 956 | 965 18 00 04 | 26-9| 18 00 09 | 69:6| 881 | 17 18 39 | 403 | 17 23 59 478

and oo 09
10 | Mar. 20 7 Mar. 21 3| 714 20 14 50| 536 | 20 11 40| 178 | 68:9| 20 14 39| 39:8| 20 19 09 | 29:1| 846 | 20 14 54 | 642 | 20 23 12| 204
11 | Mar. 26 o Mar. 29 5| 748 | 26 16 26 | 355 | 28 00 08 | 393 | 82:6| 27 19 53| 21-0| 27 19 20| 61-6| 850 | 26 18 08 %99 27 23 56 | 451
11

12 | Apr. 7 8 Apr. 820 675| 717581 544 | 81149 | 131 | 6771 7 1350 372| 7 2053| 305] 794 18 25 8 02 50| 183
13* Apr. 8 23 2 | Apr. 10 18 {>979 | 9 15 I3 536 | 10 10 19 |>443 | 69-0| 9 15 00| 4o1| 9 o8 23| 289 848 17 19 | 634 | 10 02 0§ 214
14 | Apr. 11 3 Apr. 12 24| 890 | 11 16 56| 438 | 11 23 18 452 | 69-4| 11 17 26 [ 30°4| 1I.23 27 | 390 862 | 11 17 48 557 | 11 23 36 305
15% Apr. 13 23 48 | Apr. 15 19 [>968 | 14 14 13| 439 | 15 o1 09 |{>529 | 74°3| 14 o8 50 | 227 | 14 14 I2 51°6 | 967 It4 14 10| 691 | 14 o8 28 276

: , 0 14 50
16 | Apr. 23 12 Apr. 25 16 | 698 | 23 15 34 | 454 | 25 o1 32 | 244 | 67°1| 24 21 ol | 34°1| 2§ o1 10| 33" v92'| 24 16 23 | 532 | 25 00 40 | 260

O~y

17 | May 3 3 May 1 § 939 316246 | si1| 32329 448 | 898| 31649 | 211 32347| 687] 982| 31643 | 702| 32328 280
18 | May 4 11 May 6 4| 685| 518 34| 320| 50223| 365| 836| 5 06 23 66| 5o0223| 770 9161 5 1I1 29| 471 | 504 44| 445
19| May 7 4 May 10 7 |>1071] 7 1507, 416] 8 or 18 {>655 4 66:8| 9 0o 45| 33 7225 | 3322|1049 | 7 1433| §91| 9or 10| 453
20 | May 19 3 May 21 6] 727 | 1916 59| s18| 20 10 45| 200 | 687| 20 14 41| 38-4| 20 02 53| 303| 842 | 20 15 22| 650 | 21 o1 55 | 192
21% May 27 4 32| May 29 6| 749 | 28 17 56| 558 | 28 10 42 | 191 | 622| 28 14 45| 37°5| 27 08 211 247| 781 28 18 35| 664 | 27 18 03 | 117
22 | June 4 12 June 6 4| 689 | 41953| 499 | 6 oo 15 190 | 61°1| 514 42| 283| 52338 328| 756 50604 | 573| 6 00 42 183
and )
5 17 40 ) R R
23 | June 10 8 June 12 24 | 696 | 10 15 36| 536 12 09 26 | 160 | 605| II 14 19 | 43-4| 12 08 21 | 17°1| 734 | 12 15 50 634 | I1 00 55| 100
24 | June 26 8 June 27 20 | 736 | 26 17 28 | 564 | 26 22 31 | 172 | 64:0| 26 15 o1 | 31-3| 26 22 10| 32'7| 845 | 26 16 To | 672 26 22 19 | 173
25 | July 1 7 July 3 2{ 697| 21900 3556 | 11353 | 141 589| 30 1506 | 40-3| 10707 | 186} 750| 11358} 677} 201 40 73
26* July 21 21 1| July 23 2| 1o9o | 22 15 38 | <143 | 22 o2 051 >047 | 1031 22 02 42 | —12°6| 22 02 49 | 1157 | 883 | 22 15 38| 103 | 22 03 0§ 780
to o3 37 ‘
andog 50/
to 06 20J

27 | July 23 10 July 25 8| 662 2318 11| 507 | 23 1053 | 155 | 55:0| 23 22 30| 39'4| 25 07 36 | 1561 745 23 11 05| 676} 23 23 05 69
28 | Aug. 1 14 Aug. 3 19| 685 11629 | 484 | 1 2238 201 | 57°8| 206 29| 389| 12251 189) 722 17 34| 568 | 1 22 42| 154
29 | Aug. 19 I0 Aug. 22 24 | 737 | 21 o7 56 | <172 | 20 22 30] > 565 | 100°3| 20 23 33 | —2'4 | 21 o1 35| 1027| 906 | 21 o1 34| 393 | 20 23 19| 513

-

to 23 54!
and |
21 00 nJ'
: too3 13
30*% Aug. 29 00 03 | Aug. 31 6| 761 | 29 18 47 | 465 | 30 06 53 296 | 61°9| 29 13 og\ 33'3| 29 04 48 | 28:6] 866 | 29 18 40| 616 | 31 00 23| 250
and )
. 30 00 04!
31 | Sept. 1 11 Sept. 2 18| 820| 11522| 541 | 21r22| 279 574 11252 281| I tg 21 | 29-3] 87| 11519| 684 | 12257 | 173
32 | Sept. 3 1o Sept. 5 22| 715| 416 50| 537 | 40223| 178| 584| 41013 277| 41836 307| 922 41641 693 | 402z 21| 229
33% Sept. 6 16 40 | Sept. 11 4| 688 ) 6 16 46| 5§30 | I0 22 II 158 | 707| 10 21 53| 20°1| 9 19 o1 | 506 869 | 9 18 58 | 600 | 10 22 08 | 269
34 | Sept. 14 21 Sept. 15 24 | 673 | 14 21 28 | 554 | 15 10 30 | 119 | 570 15 13 39 | 298| 14 21 59 | 272| 743 | 15 17 50| 652 | 15 oI 59 91
35 | Sept.25 o Sept.27 2| 655 | 2519 12| 401 | 26 02 45 | 164 | §85| 26 02 35 | 24'2| 2522 50 | 34:3| 729 | 20 18 20| 588 | 26 02 48 | 141
36 | Oct. 2 13 Oct. 3 7| 621 217 28| 445| 2 22 31 176 | 576 301 15| 21°7| 22232 35:9| 733 2 18 22| 551 30214 182
37 | Oct. 5 1% Oct. 6 18| 699 | 5 2046| 455| 60259 | 244 | 570 603 01| 144 52047 | 42°6] 721 | 52039 | 542 60314 179
38| Oct. 7 2 Oct. 816| 679| 7 14 14 }<222| 8 oo 50} >457 | 669| 8 0o 49! 107| 8 o1 49| 562 748 | 7 14 34| 323| 80135 425
to or 43 )
39% Oct. 9 2033 | Oct. 11 2| 683 1018 28 | 487 | 10 09 11 196 | §87| 10 14 59| 300 1018 48| 287 | 784 | 10 18 46| 649 | 10 22 32 135
Between ;
40* Oct. 12 10 24 | Oct. 13 22 |> 1084 12 12 07L <107 | 12 22 40\|>977 | 747| 12 16 42 | —15-9| 12 11 52 | 90-8| 1059 | 12 12 17 506 | 12 23 24| 553
and to 22 44 '
17 14 and 23 30
to 23 56 .
41% Oct. 22 6 39 | Oct. 24 8| 667 | 22 13 41 [ <120 | 23 0§ 58} >547 {1046 | 23 06 19| 21°1| 22 08 51| 835| 848 | 22 07 41| 366 | 23 03 09 | 482
to 06 10 ‘
42% Nov. 18 436 | Nov.19 12| 668 | 18 17 17| 503 | 18 22 35 | 165 | 61-1| 18 13 58 | 10-2| 18 22 36 | 50°9| 772 18 17 19 | 556 | 19 00 49 | 216
and .

. 19 00 32 : i : : .

43% Dec. 12 19 44 | Dec. 14 17| 970 | 13 15 54 | 380 | 14 o1 48 | 590 | 640| 13 14 21 | 183 | 13 21 13| 457 881 | 13 15 54 | 631 | 14 02 09 | 250
44* Dec. 17 5 13| Dec. 19 24 | 622 | 17 17 54| 409 | 19 o1 32 213 | 62:3| 19 06 51 | 14°5| 18 20 32 47-8t 882 | 17 14 10| 525 19 O1 32 357
45% Dec. 28 14 36 | Dec. 20 18 | 809 | 28 19 53| 578 | 20 0o 501 231 | 55-8] 28 16 43| 1341 28 20 07 | 424 808 | 28 19 51| 683 | 28 20 11 125

t Times given are for sudden commencement of large disturbance, there being already some disturbance in progress,



Plate I.

DIURNAL VARIATION oF THE MAGNETIC ELEMENTS

‘ Quiet: Days‘ ........

Horizontal FQrce

Lerwick ~ 1927

To face page 34

Disturbed Days. |

Declination | Vertical Force

+25y

.ggyJ

w5, L-QUINOX

-Zsy_

SUMMER

*25)"!

..........

..ZSY-

P 21802 1187646002/695, 325, 7/25.

s

.-
s

Malbyde Suns. Pt Lithe



Plate II. To face page 35.

-

VECTOR DIAGRAMS ILLUSTRATING -
DiurNAL  VARIATION OF MaaNETIC ForCE
Lerwick 1927

Quiet Days

Disturbed - Days

15

Horizontal

Components
Prime 2
Vertical S -
Components 107 \w 20y
. O : =
1 y 12/
Vv
‘ 21
20y~
15
12 — N 18/
. s 25’8 {
Y - & 10 20 ! ! 2?)
Meridian 9 Y N =%Y
.omponents
C P v-iOy
1
\/ 21
20y
\\\\
X
%\N
F 21804

Malby &Sons. Photo-Litho



'LERWICK OBSERVATORY. 35

Diurnal Inequalities.—The ranges of the diurnal inequalities of both Declination
and Horizontal Force on international quiet days were greater in 1927 than in 1926
in the Equinox and Summer seasons and for the year as a whole, but less in Winter ;
in the case of Vertical Force the ranges were less throughout, except in the months
of May, June and November.

On international disturbed days the ranges of Horizontal and Vertical Forces
and of Declination were smaller than in 1926 for all seasons, the ranges for the year
as a whole being -47, 75 and -69, respectively, of the 1926 values. In August and
December the ranges of all three components were greater than in the same months
of 1926, but other months were almost consistently quieter.

Considering now the inequalities for all days, the ranges were about the same as
in 1926 in the case of H and D, but conspicuously less in every month, and for the
seasons and year, in the case of V. Generally speaking, 1927 was characterized at
Lerwick by a great quletness of V as compared with 1926.

A comparison of the records of Eskdalemuir and Lerwick shows that the Declina-
tion inequalities at the two places for all, quiet and disturbed days are very similar
in general appearance, although minor 1rregular1t1es on the one set of values are
not always reproduced on the other, or if so, only with diminished amplitude. Differ-
ences are more obvious on the Horizontal Force curves even on quiet days ; and the
disturbed day inequalities in H in some months bear little resemblance to one another.
In the case of Vertical Force the present year is the second year of observations to be
published. In some months the quiet day inequalities are very different from those
at Eskdalemuir and it will be seen from the table below that the range of the inequality
varies from little more than half the Eskdalemuir range in some summer months to
1-3 times the Eskdalemuir range in January. The seasonal variation of this ratio
is, however, less than in 1926. There is another point in which 1927 differs from 1926.
At Lerwick, the V oscillation on quiet days is more definitely semi-diurnal than at
Eskdalemuir having fairly well marked maxima at about 7h and 18h. In 1927,
the morning hump is rather the larger, though in 1926 the afternoon hump was

definitely the larger.

Ratio of the Range of the Inequality at Lerwick to that at Eskdalemuir. (1927).
Type of Day. Element.  Jan. Feb. Mar. Apr. May June July Awug. Sept. Oct. Nov.  Dec.
‘90 ‘83" 96~ 93 100 107 ‘91 ‘93 ‘93 ‘04 -81 ‘92

D ..
g D s 1°X§ 1°26 121« °7§ 110 ‘96 117 I'15 102 ‘92 1-27 1'12
q H .. 75 95 117 ‘95 106 104 I'I5 ‘95 -83 94 -83 79
d H .. 412 2°55 4+01 161 175 1°19 1°59 198 ‘99 1-90 -88 147
q \A . 1-30 ‘91 60 - 51 -85 1:07 ‘59 39 60 61 -98 74
d v . 1°67 2:23 185 144 199 159 1-58 1°14 192 1'19  2°II 163

On Plates I. and II. the diurnal behaviour of magnetic force is illustrated
graphically, the representation in the latter plate being in the form of vector diagrams.

Magnetic Disturbances.—Particulars of the principal magnetic disturbances
recorded at Lerwick during the year are given in Table V. In the Eskdalemuir
Section will be found a similar list which deals with the same disturbances as

recorded at that Observatory.

In so far as ““ sudden commencements *’ are concerned it has to be remarked that
within the limits of accuracy of measurement and registration, these events appear
to occur simultaneously at the two Observatories.
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Remarks on the Autographic Records, 1927. .

' January.—(Average Character Figure 0-55.)—Following a ““ sudden commence-
ment ”’ at 1d 8h 48m there was no appreciable disturbance until 2zh 3om, but in
the next 17 minutes D fell sharply by 49’-6, afterwards recovering more gradually
to within 2’ of its former value by 23h 56m ; H and V increased rapidly through
4oy and 6y, respectively, at 22h 3om. Ranges for the disturbance, which had
practically died down by 2d 4h 3om were :—88vy in H, 79y in V, 59’-5 in D.

Another slight ‘‘ sudden commencement ” occurred at 3d 16h 42m and was
followed by moderate disturbance in all elements from about 4d 18h until around
midnight ; thereafter, there were rapid oscillations, of amplitudes approximately
1’ for D and 5vyin H and V, which persisted nearly until 6d 24h ; from 5d 20h until
6d 6h there were also wave-like fluctuations in H and D, of period 20-30 minutes and
approximate amplitudes 20y and 5’, respectively.

The largest disturbance of the month commenced on the 7th. The activity was
greatest from 7d 16h until 8d 3h, and finally died down around 8d gh. “A considerable
increase in H and V, commencing at 15h 48m, was followed by strong fluctuations,
the maximum values recorded being :—H, 14962y at 17h 14m ; D, 15° 29’-3 at 17/h
45m ; V, 46839y at 16h 24m. The general decrease set in at 17h 52m on H and
20h 8m on V, minimum values being reached at zoh 51m on H (14080%), oh 5m on D
(14° 8'-1), and at 22h Tom on V (46409y) ; H and V began to return erratically towards
normal just before midnight. A very bright display of aurora, observed from Harolds-
wick, virtually covered this period, namely, 16h 25m to 23h 3om. Particularly
violent oscillations occurred in all elements from 7d 2oh to 8d 3h, several of the
changes in less than 10 minutes exceeding 200yin Hand V and 50" in D. D remained
below normal throughout the storm, and the movements in this element, although
considerable, were of smaller relative amplitude than those in H and V.

. Slight disturbance on the 11th showed a sharp peak in H at 18h 13m, amounting
to 70y above the undisturbed value, and a similar but smaller peak in V. A bay,
63yin defect at the centre, occurred on V from 12d 1h 4om to 4h; and at the same
time a wave occurred in, D with its maximum at 1h 58m some 15’ above the
undisturbed value.

Conditions, after persisting slightly disturbed until the 1gth, were nearly quiet
from 20th to 23rd. Although no deviations could definitely be associated with the
earth tremor at 24d 5h 1gm, a “sudden commencement ”’ at 3h 45m marked the
beginning of violent micro-activity of the type usually attributed to seismic disturb-
ances ; these pulsations, with a period of 4-6 minutes, persisted intermittently
until the evening of the 26th. Abrupt changes, somewhat similar to sudden commence-
ments, occurred at 13h 46m and 23h 4om on the 24th. The 26th was moderately
disturbed and all elements were below normal from oh to 4h. The daily maximum
of D, amounting to 15° 13’1, occurred at 5h 33m after a steady increase from 14° 41’4
at 4h 23m.

~ Slight activity, occurring principally in the hours around midnight, remained
in evidence to the 31st. '

, Aurora was observed from one or more stations in Scotland on the evenings of
-January 1, 3, 4, 5,6, 7 (fairly widely), 8, 23, 25, 27, 29, 30 and 31.
February.—(Average Character Figure 0-79.)—A “sudden commencement ”’
occurred at 3d 1oh 43m and was followed by little disturbance ; a slight displacement
in all components around 2zh to 3h of 4th appeared to be associated with an auroral
arch and streamers observed from Haroldswick. Conditions were comparatively
quiet until the evening of the 8th, when disturbance set in with an increase of V

€
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through 96y, giving a blunted maximum of 46830y at 20h 33m ; the rate of decrcasc
of V increased around midnight and gave a smooth secondary minimvm (46650)
at gd oh 27m. From 8d 23h 30m to gd 1th 30m D recorded a double oscillation of
amplitude 416’ to —10’, simultaneously with a complementary variation in H of
amplitude —s50y to +28y.

A ““sudden commencement ”’ at gd 16h 57m was succeeded by an increase in
each component with a rounded maximum in V (46824¥y) at 20h 54m, a peaky maxi-
mum of D (15° 11°-6) at 20k 17m, and a secondary maximum of H (14695y) also at
20h 17m ; a temporary fall in H lasting until 20h 28m was followed by rapid recovery
and the daily maximum (147317y) occurred at zoh 43m. The minimum value of D,
14° 35’4, was recorded at 21h om but is not very conspicuous. V decreased irregularly
to its minimum (46479y) at 23h 50m, and minimum H (142127) occurred at 23h 55m
after decreasing nearly 300y in 25 minutes. The first stage of recovery was rapid,
both for H and V, but ceased during violent oscillations from 10d oh 20m to 1h 10m ;
from 1h 13m to 1h 30m, H increased by a further 150+, but the return of V to normal
was more gradual and lasted until 6h. The highest amplitude of D oscillations after
od 22h was about 30*. The final phase of disturbance lasted from rod 6h until 11h and
appeared for each element as vigorous oscillations of small amplitude and scveral
minutes period.

During slight activity on the night of 11th—12th a double oscillation, of range 53+,
was recorded by H from 21h 50m to 23h 30m ; similar disturbance on the 12th-—13th
was followed by pulsatory movements of H and small oscillations on D which
developed into waves on the H and V and fluctuations on D. In a bay-shaped move-
ment on H from 14d oh 55m to 1h 45m, the value at the centre was 48y below the
undisturbed trace. Small waves were recorded each morning from 14th—16th, and
on the 16th developed into moderate activity of small range, which, although lessening
in intensity, continued intermittently until the 2oth.

Rapid pulsations, beginning around 3h on the 24th, preceded recommencement
in each component of moderate disturbance, which persisted until the end of the
month. From 25d 2h to 6h V recorded a shallow wave on which is superimposed a.
double oscillation ; a simultaneous oscillation occurred in D, and during the same
period H fell to a peaky minimum some 1107y below the undisturbed value. (No D
record was obtained from sh to 10h on the 25th.) Double oscillations occurred in
H around 26d 17h 30m and in H and D at 26d 24h.

Aurora was observed from one or more stations in Scotland on the evenings of
February 1, 2, 3, 4, 8, 12, 18, 21, 23, 24 (fairly widely), 25 and 26.

March.—(Average Character Figure 0-94.)—Moderate disturbance continued on
the 1st and was characterised by a number of irregular double oscillations of which
the largest ranges were approximately 20’ in D, 1ooyin H and 50y in V. Slightly
lessened activity persisted from the 3rd to the 8th. IFrom 6d 23h to 7d 2h comple-
mentary double oscillations of H and D were associated with a shallow bay in V some
75v in defect at the centre.

The gth and 1oth, although still only of character 1, were more disturbed, absolute
daily ranges on the oth being 39'-8in D, 404yin H, and 487yin V. There is a striking
similarity during these two days between the H and V traces and both showed
irregular waves in the early morning of the gth, sharp increase around 16h (9th) to
the maxima of 14736y in H at 16h 23m and 46796y in V at 16h 42m, a steady diminu-
tion until 22zh, and then more rapid decrease to the daily minima at 23h 30m on H
and 23h 42m on V ; the recovery, although rapid, was divided into two nearly equal
stages separated by an interval of about 10 minutes. About three hours later, H
decreased rapidly to its minimum value for the 10th (144277) at 3h 50m, with a further

“secondary minimum (14509Y) at 4h 47m. The activity lessened a few hours later but
irregular movements continued to be recorded until the 14th. Pulsations early
on the 15th were followed by distorted waves on H and D.
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The largest storm of the month took place from the 16th to 18th, commencing
early on the 16th with small but violent oscillations of all elements ; the extreme
values recorded were :—H, 15004y at 16d 17h 28m and <14048y between midnight
and oh gm of 18th; D, 15° 36"+5 at 18d oh 4m and 14° 26'+g at 18d oh gm; V, 46881y
at 17d 18h 39m, and 46403y at 17d 23h 50m. The Hand V curves for the 16th and 17th
each showed an increase through the morning and early afternoon to maxima in late
afternoon, followed by a more rapid decrease to minima around midnight. The
main features of the regular diurnal variation of D can be recognised for each day.
Maximum H on the 16th and 17th occurred on the last of three tooth-like peaks
projecting some 100y—300y above the adjacent trace; simultaneous peaks were
recorded in V but are less conspicuous. The H and V minima were much more promi-
nent on the second night, on which the H light dot went off the lower extremity of
the sheet from oh om to oh gm (18th). Violent oscillations remained in evidence
early on the 1gth.

Noteworthy changes during the storm include :—

Decrease of 69’6 in D during 5 minutes commencing oh 3m (18th).

Increase of 302yin H ’ 4 » ’ 17h 23m (16th).
Decrease of 6o5yinH  ,, 74 » . 22h 47m (17th).
Increase of 260yin V ’ 7 ' v 23h 57m (x7th).

Subsequent moderate disturbance persisted later on the 1gth and on the 2oth.

Considerable disturbance recommenced shortly after noon on the 26th and
continued until the 28th. Double oscillations occurred on all elements around
26d 22h, 27d 15h, and 27d 20h, and violent pulsations were recorded from 28d oh
to 28d 4h. There were peaked maxima of D at 27d 19h 53m, 27d 23h 3m, and
28d oh 4m, and sharp minima of H at 26d 21h 4om, 27d 1gh 55m, and 28d oh 8m.
The activity became less from 28d 7h, and the movements recorded later in the month
were comparatively small.

Aurora was observed from one or more stations in Scotland on March, 3, 6, 7, 8,
g (fairly widely), 11, 12, 16, 17, 20, 26, 27, 28, 30 and 3I.

April.—(Average Character Figure 0-67.)—Moderate activity on the 4th and 5th
gave blunted maxima of H and V at 4d 19h 28m and 19h 31m, respectively, and,
from 1gh to 20h 30m, a conspicuous bay shaped movement of D ; a rounded secondary
maximum of D accompanied the H and V minima which occurred early on the 5th.

Sharp pulsations around 7d 2oh 3om were followed by an irregular double
oscillation in all elements, approximate amplitudes being: H, —45y and +15v;
D, +15"and —7"; V, —20yvand +2zoy.

After a ““sudden commencement’’ at 8d 23h 2m, considerable disturbance
began near noon on the gth and continued in evidence until late on the 12th ; but no
large movements were recorded from gd 20h to 11d 4h. Maximum D at gd 15h was
followed by a rapid fall of 25" to a sharp secondary minimum only thirteen minutes
later, and then by irregular oscillations of amplitude approximately 4’. The V record
was very similar, a peaky secondary maximum at 15h 8m being followed by a sharp
secondary minimum at 15h 3om. H increased irregularly from 12h 25m to 14h 45m,
then much more rapidly attaining the daily maximum (> 14979y) at 15h 13m ; the
extreme value of the movement passed off the edge of the sheet for about two minutes ;
the subsequent decrease was in two stages, 15h 13m—16h 5m and 17h 20m—18h 30m,
separated by a period of irregular oscillations. Moderate movements recommenced
on the 11th with a shallow bay in V from 4h to gh and a secondary minimum of H
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at 4h gom. Small fluctuations were superimposed upon a stunted maximum of V from
11d 15h 4om to 18h and also on the D trace ; H increased considerably from 14h to
15h 20m, fell temporarily through 8o+, rose rapidly to a blunted maximum (148go¥y) at
16h 56m, and, finally, decreased rapidly, the undisturbed value being reached by 19h.
From 11d 22h 45m to 11d 23h 50m a prominent distorted wave was recorded in D
with steep indentations in the H and V curves ; similar but somewhat smaller move-
ments occurred around 12d 3h, and were followed by pulsatory movements in all
elements which persisted until late afternoon.

The second large disturbance of the month commenced on the 13th at 23h 48m
with a well-marked *“ sudden commencement "’ in which H rose 54¥, the corresponding
changesin D and V amounting to 8’-g and 14+y. Strong oscillations commenced shortly
after midnight, and becoming particularly violent from 5h to 11h, tend to obscure
the characteristics of a sudden temporary diminution in each component at 8h 44m.
In the interval 11h 20m to 11h 47m, H rose through 199+, and, after a further erratic
rise on which was superimposed a number of tooth-like projections, reached its maxi-
mum (>14968y) at 14h 13m, the limit of registration again being exceeded for a few
minutes. A rapid initial decrease was followed by partial recovery to a secondary
maximum at 16h 8m, then by more regular diminution until 18h ; minimum H was
eventually reached in a conspicuous indentation between midnight and 2h of 15th,
V movements were smaller and the maximum less pronounced. There were double
oscillations of D between 14h and 14h 30m, the largest amplitude amounting to 32'-5.
Moderate movements, indicative of the later phases of the storm, persisted until
about 15d 16h.

The period from the 1gth to 22nd was particularly quiet.

Moderate disturbance recurred from the 23rd to 25th, fairly conspicuous features
being : —a humped maximum of H near 23d 15h; irregular waves on D and H,
23d 22h to 24d oh, and 24d 14h to 25d 1h ; bays on V, 24d sh to 24d 8h, and 24d 23h
to 25d 4h ; from 25d 1h to 25d 2h 10m, a sharp indentation of H in which the lowest
value was about 125y below normal.

No H record is available from 26d 6h to 26d 18h owing to breakage of the
suspension.

The degree of disturbance throughout the latter days of the month was only
slight.

Aurora was observed from one or more stations in Scotland on the evenings of
April1, 2, 3, 4, 7, 11, 20, 23, 24 and 29 (fairly widely). ‘

May.—(Average Character Figure, 0-87.)—Intermittent disturbance during the
first ten days of May reached considerable intensity on the 5th and 7th, the only two
days of the month to be awarded the highest character figure.

On the afternoon of the 3rd oscillatory movements were followed by a sharp
rise of D through 33" to a peaky double maximum. H increased by 185y
during the 5 minutes commencing at 16h 4om, and, after attaining the daily maximum
(149597 at 16h 46m) diminished forthwith by 275y in 13 minutes. All elements
were subnormal in moderate disturbance around midnight of 3rd, and D showed
a fairly prominent indentation centred at 23h 46m, the value then being 25’ below
the undisturbed.

H and V were again below normal in strong disturbance early on the 5th; D
recorded an irregular bay-like movement from oh 3om to 3h 30m, thence rising
to the daily maximum, 15° 23’-6 at 6h 23m. Oscillatory movements and violent
fluctuations of all elements from 1h gave place to pulsations around gh. In the
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evening H showed a peaky secondary maximum at 21h 39m followed unul z23h
by a bay-like movement ; and a distorted bay was also recorded on V from
5d 2oh to 6d 3h. Awurora was observed from Edinburgh on the evenings of 4th and
5th.

In the storm of the 7th a highly conspicuous rise in H, commencing at 13h 27m,
was followed from 15h om to 15h 15m by a series of tooth like projections ; the
mean value of the element during this period was 15051y. H returned to a more
normal value around 18h after a rather erratic fall. V gave a double maximum
with peaks at 14h 33m and 15h 4gm. Ranges during the period 12h to 18h (7th) :—
20"+31n D, 475vin H, and 2zo5yin V. From 8d 1h 30m to 8d sh 3om there occurred
truncated indentations in H and V and strong fluctuations in each component ;
succeeding pulsatory movements persisted until 18h.

A well marked double oscillation was described by D from gd oh 3om to 1h 30om,
sharp indentations of depths 187y and 193y being the corresponding features of
H and V. In moderate activity during the afternoon of the gth H attained a fairly
prominent but blunted maximum (14780y at 16h 14m). Disturbance during the
periods 13th to 16th, 18th to 25th, and 27th to 30th reached moderate intensity
on the 16th, 19th, 20th and 28th, sweeping movements occurring in all components
on these dates. Bays were recorded in H and V from 15d 3h to 15d 7h, and pulsatory
movements on the 13th-16th, rgth-2oth, 27th, and 28th.

The quietest days of the month were the 10th to 12th, 177th, 26th, and 31st.
Aurora was reported in Scotland only on May 1st, 4th, 5th, 8th and 9th.

Jume. (Average Character Figure, 0-00.)—Although no large disturbance
was recorded during the month, there was slight or moderate activity on most days.

Wave-like fluctuations in H occurred during the periods 1d, 17h-21h; 2d,
11th-24h; 4d 11h-5d 2h. Pulsatory movements on the s5th accompanied a bay
in H, centred at 6h 5m and with the lowest value goy below the undisturbed. All
elements were below normal in moderate disturbance from 5d 22h to 6d 3h and
distorted double oscillations were recorded in each component from 2zh-1h.

The 10th to 12th was a further period of moderate activity, with pulsations
in the early morning periods, and, from 10h to 24h, spasmodic waves in each
component.

Minor movements were shown from the 14th to 18th and on the 22nd and 23rd.

No satisfactory V record was obtained during adjustments of the instruments
from 2od 8h 30om until 24d 11h. :

The 26th was the most highly disturbed day of the month. Irregular sweeping
movements of H led up to a stunted maximum (14736y at 17h 28m), but after
temporary diminution a sharp secondary maximum was recorded at 20h 5om. There
were well marked double oscillations in D, and wave like fluctuations in H and D,
from 20h to 23h. V was in defect of the undisturbed value from 26d 21h to 27d 1h.
The ranges during the disturbance were comparatively small; 32’-7 in D, 1727y
in H, and 173yin V.

Slight disturbance preceded the solar eclipse of the 2g9th. No changes could
be identified as likely to be due to the eclipse but there were shallow bay shaped
movements in each component between 5h and 6h ; the maximum deviations centred
around 5h 31m and amounted to +1"-2in D, —3yin Hand +4yin V.

Pulsatory movements were recorded on the sth, 12th, 16th, 25th; 26th, and
27th.

The quietest days of the month were the 8th, 19th, 20th, 21st and 24th.
Aurora was reported only on gth and 2gth.
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July. (Average Character Figure, 0-65.)—Irregular changes were recorded
by H on the 1st, 2nd, and from the 5th, following a slight *“ sudden commencement ”’
at oh som, to 8th. In this element there was a fairly prominent peak centred at
5d 13h 27m, the value of H at that time being about 40y above the undisturbed.
A small movement, somewhat similar to a ‘“sudden commencement,” occurred
at gd 21th om ; the initial increase of H and D was followed by shallow bays, negative
in D, positive in H.

Conditions were quiet from the 12th to 16th.

In moderate activity on the 17th, bay shaped movements of H from oh to 2h
and from s5h to 8h were accompanied by smooth rounded projections on D. The
corresponding features of V were a shallow bay from oh 3om to zh 3om and a double
oscillation (+10y to —40%) from sh to gh.

From 1gth to 27th there was disturbance of variable character, with the only
large disturbance of the month on the 21st-22nd. The storm, which gave traces
of a somewhat unusual character, commenced abruptly at 21xd 21h 1m and lasted
until nearly midnight on the 22nd. In the initial movements H increased rapidly
by 83y and D and V decreased by 4’ and 30y. The most violent changes occurred
from 22d 2h to 6h, but strong oscillations and fluctuations persisted until shortly
after 16h. The value of H passed beyond the lower limit of registration (i.e., <14143Y)
from zh 5m to 3h 37m and again from 5h 50m to 6h zom, but the intermediate value
rose to about 14780y at 4h 46m. V was below normal from 21d 2r1h to 22d 12h,
and showed, from 22d 2zh to 5h, a deep assymmetric bay on which was superimposed
vigorous oscillations. The return of H and V to more normal values by gh was
followed by a fluctuating rise to simultaneous daily maxima (15090 for H, 46883y
for V) at 15h 38m ; in each case there was a secondary maximum, only 5y lower,
at 15h 47m. H decreased by 465y between 15h 47m and 16h 22m, and showed
an irregular wave from 17h until nearly midnight. There was a baylike movement
of D from 21d 21h to 23h, and a considerable increase commencing at 22d zh sm.
The daily extremes of D (22nd) occurred at 2zh 42m and 2zh 49m, the diminution
in the intervening 7 minutes amounting to 115’-7. D also showed a fairly prominent
truncated peak from 22d 20h 55m to 21h 3om.

Apart from a shallow bay in V from 26d 23h to 27d 2h and slight disturbance
on the 3oth and 31st, there were no noteworthy movements during the latter part
of the month.

The quietest days of the month were the 15th, 16th, 18th and 29th.
Aurora was observed only on the evening of 29th.

August. (Average Character Figure 0-45.)—Activity during the month falls
into three periods 1st-sth, 1gth-22nd, and 29th-31st, with the only large disturbance
in the middle one.

The most noteworthy movements in the first period were :—a sharp indentation
of H, centred at 1d 22h 38m and accompanied by a bay in V and oscillations of D ;
well marked double oscillations of H in the early morning hours of the 3rd and on
the afternoons of the 2nd, 4th and 5th; waves in D early on the 3rd and on the
afternoon of the s5th.

During the generally quiet period, 6th-18th, there occurred peaks in D around
15d 3h and 15d 23h 11m with simultaneous shallow bays of V and irregular movements

of H.

Disturbance recurred around 1g9d 12h with a large baylike movement of H
and smaller changes in D and V. '
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Pulsations and minor fluctuations were succeeded by large movements which
set in at 20d 6h 30m and continued until late next day. Further smaller movements
persisted throughout the 22nd. From 2zod 1/h to 20d 1gh all elements showed
a sequence of serrations the period being 20-25 mins. H was in defect of normal
from 20d 1gh 15m to 21d 4h 30m, the trace passing off the lower edge of the sheet
(H <141727%) during the greater part of the interval 22h 3om to 3h 13m ; V decreased
from 2oh, and, apart from a conspicuous peak centring at 1h 34m in which the
value rose to 46906+, remained subnormal until 6h. There were rapid movements
in D from 20d 22h 23m to 21d 11h, the amplitudes being greatest in the periods
20d 22h 23m-21d 3h 40m, and 21d 7h 40m-gh 3o0m. Peaks of D centred at 20d 23h 33m
and 21d 2h 22m, the earlier being the higher and rising to about 79" above the adjacent
trace. Strong oscillations also occurred in H and V on 21st from 4h to 17h and
from 8h to gh 3om they were superposed upon a temporary fall in H and D and
a corresponding slight increase of V. A rounded maximum of H shortly before
18h was accompanied by complementary double oscillations of D and V. A very
bright display of aurora, characterised by curtains, streamers, and pulsations, was
observed from 2od 22h 4om to 23h 45m. The variations of azimuth of strongest
aurora tended to follow the changes of D.

The third period of disturbance commenced abruptly at 29d oh 3m, and the
early movements were more conspicuous in D than in H. Rounded peaks in D
at 29d 3h 20m, 30d 6h 4m, and 30d 23h 53m, were associated with baylike movements
of H and V. The changes tended towards slow sweeping movements and were
of comparatively small range.

The quietest days of August were the 13th, 26th and 28th.

Aurora was observed from one or more stations in Scotland on the evenings
of August 1, 20, 21, 25 and 29.

September. (Average Character Figure 0-57.)

No large disturbance was recorded in September, which was a month of persistent
activity of a low order. Thirteen days were awarded character “O” but none
were free from slight disturbance. The least disturbed days were the 17th, 19th
and 21st-23rd. Pulsations occurred on each day and were generally most conspicuous
in H. Disturbance was highest in the periods 6th-11th and 25th-30th.

In moderate activity on the 1st and 3rd-4th, the following movements were
associated—peaky maxima of H and V near 1d 15h 20m and lesser peaks around
17h with corresponding sharp indentations in the D trace; from 1d 21h to 24h
double oscillations of D and H and a small bay in V; slow double oscillations of
D and a shallow bay in V from 3d 22h to 4d s5h. Indentations were shown in D
around 4d 18h 4om and 21h 30m, the earlier coinciding with a fairly conspicuous
diminution of H. Each component recorded, from 5d 8h 4om to gh 4om, a series
of small regular double oscillations of period 6-7 minutes.

Pulsations and small changes early on the 6th preceded a ‘ sudden
commencement ”’ at 16h gom which was particularly well developed in H; the
subsequent disturbance, however, was disappointing, the chief features being stunted
peaks in H and V and a baylike formation of D around 7d 20h.

Disturbance reached moderate intensity in the late hours of the gth and 1oth.
Movements in the second night were complex, indicating superposition of minor
fluctuations and a prominent double oscillation upon a shallow bay in each element ;
approximate ranges of the oscillation were D +20"; H+75y; V, L100Y. ‘



LERWICK OBSERVATORY. . 43

The 13th-15th was a further period of moderate activity with a fairly sharp
peak of H at 14d 21h 28m and shallow distorted bays of D and V from 14d 21h 20m
to 15d 1h.

A bay of D centred at 25d 19h 1om corresponded with a rounded projection
on H and a much smaller hump on V. A number of serrations occurred around
25d 23h. H and V were below their undisturbed values in a moderate movement
from 26d 1h to 4h, during which period D executed a fairly prominent double
oscillation. Comparatively small waves of H and D recurred intermittently from
26th to 30th, particularly on the evening of the 29th when they were followed by
a baylike variation in each component ; on the same evening moderate aurora was
noted from 21h 22m until 22h 36m.

Aurora was observed from one or more stations in Scotland on September 7, 8,
9, 14, 20, 21, 22, 25, 26, 27, 28, 29 and 30.

October. (Average Character Figure 0-97.)—Judged by the character figures
October was the most highly disturbed month of the year. Few days were really
quiet, the least disturbed being the 1st, 4th, 17th, 21st and 31st.

H was below the undisturbed value in moderate disturbance on the night of
the 2nd to 3rd, featuring a sharp indentation at 22h 31m, with lowest value 14445y
and succeeded by small rapid oscillations from 1h to 3h ; baylike changes of D centred
at 18h 1om, 22h 32m and zh 35m, with the maximum value for the 3rd interposed
between the second and third movements. There were sharp falls in V around
22h 15m and 1h 15m with more gradual recovery.

Following rapid oscillations from 5d 1oh, H developed a fairy conspicuous
peak at 20h 46m, decreased to a double minimum at 6d 2h 59m, and recovered rapidly
shortly after 3h. D was about 35" below the undisturbed in a prominent indentation
around 20h 47m, fell sharply from 23h 1rom, and recovered more gradually to a
stunted maximum at 3h 1m. V was below the normal during the 1nterva1 5d 21h

to 6d sh.

Minor movements on the forenoon of the 7th were followed by considerable
disturbance, in which the H trace went off the lower edge of the sheet (i.e., H <142227)
from 8d oh 50m to 1th 43m. There were large double oscillations of D from 8d oh
to 2h, the range on one occasion exceeding 50'. Pulsations were severe from 7d 22h
to 8d 4h, and persisted with diminishing intensity until 13h.

Small oscillations, which set in late on the gth, particularly after a “sudden
commencement ~’ at 20h 33m, developed into intense agitation on the following
day, but the absolute ranges were small. From 1od 2h to 18h there were violent
pulsations and fluctuations in each element, particularly in D and H.

An indentation of H centring around 11d gh—r10h, was assoaated with small,
rounded peaks of D and V.

One of the largest storms of the year followed a ““ sudden commencement ' at
12d 10h 24m. The most noteworthy movements all occurred on the first day of dis-
turbance but activity persisted in a lesser degree until the 14th. Large oscillations
-are shown from 12d 11h to 13d oh, the ranges frequently exceeding 40’ in D, 225y in

H, 1z0yin V.
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A sharp fall in H, commencing at 12d 10h 30m, preceded a rapid rise and the
trace frequently passed off the top of the sheet (>15084y) between 12h 7m and
17h 14m ; after a very steep fall in the interval 18h 4m to 18h 37m, there was partial
recovery for about three hours, then further diminution, the lower limit of registration
being passed from 22h 4om to 44m and from 23h 30om to 56m. The recovery began
just before midnight and only moderate movements occurred in the earlier hours
of the 13th. There was a sharp maximum, 14727y at 13d 13h 53m, and a secondary
maximum, only 11y below the former, at 15h 42m. D decreased rapidly from 12d
10h 24m, and recovered around 12h 53m. The largest oscillatory movement gave
a sharp minimum at 16h 54m, immediately followed by a westerly movement of 69’7
in 7 minutes. D was low from 19h 30m to 20h 45m and 22h 10m to 23h 25m. V
increased from the “sudden commencement ”’ ; was temporarily depressed from
12h 40m to 13h, and fell at 15h; there were indentations near 16h, 18h, and 20h,
and a large baylike movement from 12d 21h 30m to 13d 1h 30m. The movements
of D and V in the later part of the storm were of generally similar character to those
of H.

The absolute ranges for the storm were : >g77yin H, go’-6in D, 553yin V.

No H record is available for the period 19d 3h to 21h, owing to breakage of the
suspension. D and V each show pulsatory movements from 19d 5h to 14h and a double
oscillation from 19h to 21h.

A ““sudden commencement ” at 22d 6h 39m marked the immediate onset of
disturbance, large on 22nd-23rd, which did not subside entirely until the 27th. The
largest changes on the 22nd were a fall in H, and rise in D and V, from 7h to gh, with
vigorous oscillations superposed, the latter persisting until 2oh. During the early
hours of the 23rd, H and V were in defect of normal, D in excess. Moderate aurora
was observed locally from 22d 23h to 23d 2h 3om. Rapid oscillations recurred inter-
mittently from 23d 1h to 24d gh. D recorded a series of prominent peaks at 23d
1h 26m (following a rise of 45’ in 4 minutes), 2h 45m, 5h 53m, and 6h 1gm; H, a
sharp fall around 1h, with a series of deep serrations until 8h, the period between
successive minima, being approximately 70 minutes. Minimum H between sh 58m
and 6h rom, being less than 14120+, was beyond the range covered by the record.
There were moderate wavelike movements of H and D and shallow bays of V later
on the 23rd, and at intervals during the next three days.

A smooth rounded bay in D centred at 29d 21h 21m, at which time the value
was about 25’ below the undisturbed ; the corresponding feature of H was a distorted
wave, V changes were small.

Double oscillations, most fully developed in D and V, occurred from 30d 2h to 4h.

Aurora was reported from one or more stations in Scotland on the evenings of
October 1, 2, 7, 8, 16, 19, 22 and 23.

November.—(Average Character Figure 0-50.)—November was in some respects
the quietest month of the year. The earlier part of the month was particularly
quiet, the absolute range in the first seventeen days only amounting to 22°-2 in D,
45vin H, and 79yin V.

A bay of D around 4d 20h was associated with small fluctuations of H.

An inconspicuous ‘‘sudden commencment ~’ was recorded at 8d s5h 25m, but,
apart from weak pulsatory movements, there was no ensuing disturbance.

Small waves in D and H on the 12th and 13th were most fully developed around
13d 2h, at which time there was a shallow bayin V. ' :

Pulsations, after a ‘“ sudden commencement ~’ at 18d 4h 36m, were followed,
from 17h to 19d 1h 30m, by moderate movements. H showed a fairly sharp peak at
17h 17m, and was in defect of normal from 17h 30m to 19d 1h 30m ; D was also low
throughout this period, the daily minimum of 14° 10’2 occurring at 22h 36m. The
most prominent features of V were a stunted maximum at 18d 17h 19m, and bays
around 22h 3om and 19d 1h. s
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A slight “sudden commencement ” at 30d 17h 45m was followed by no
conspicuous disturbance.

Small movements, chiefly wavelike, were recorded on the following dates :—
19th-21st, 24th, 26th—27th and 29th—30th Aurora was observed on the evening
of the 29th.

The 1st, 2nd, 7th, 25th, and 28th, were among the quietest days of the month.

Aurora was reported from one or more stations in Scotland on November 13,
16, 18,727, 29 and 30.

December.—(Average Character Figure 0-65.)—The degree of activity in December
was noticeably higher than in the preceding month, but only one day (13th) qualified
for the highest character figure.

Small or moderate movements were recorded in the periods 1d gh to 3d 1h,
4d 11h to 5d 21h, 6d 5h to 7d 18h, 8d 18h to od 23h.

A ““sudden commencement ”’ at 12d 19h 44m was followed after an interval of
about 12 hours, by the largest disturbance of the month. The activity persisted
intermittently until the 1gth but was highest on the 13th-14th and 18th-19th.
Pulsations, from 13d 8h to 14h were followed by the larger movements of the storm.
Prominent peaks of H centred at 15h 54m, 18h 17m, 20h 7m, and 21h 4m, indenta-
tions at 13d 22h 44m, 14d oh 53m, 1h 48m, and 5h gm. V rose sharply in the interval
13d 14h to 14h 30m, and gave small peaks at 15h 54m and 18h 7m. The 1argest
D movements occurred around 16h, their ranges being approximately 30’. All
elements were in defect of the normal from 13d 1gh to 14d 5h.

Aurora, of the usual types, was observed locally from 13d 18h 12m to 22h 4om,
and became bright at times, the periods of highest activity being 18h 12m to 39gm,
20h om to 8m, and 20h 25m to 21h 12m ; this aurora was seen from various parts of
Scotland between 13d 17h and 14d 3h.

A large bay of D, the lowest value being 14° 16'-0, centred at 15d 18h 15m, the
corresponding changes in the other elements being a small hump on V and irregular
waveson H. Crestson V were associated with large oscillations of D around 17d 13h-
15h and 18h—20h.

Small oscillations from 18d 3h to 16h, were succeeded by moderate movements
until 19d gh. All elements were again below the undisturbed during the greater
part of the period and D recorded wavelike movements, the range of individual
oscillations being generally about 10’. The range of H movements was very moderate.

A display of weak aurora, showing arch, streamer and curtain formation, occurred
from 18d 18h 15m to 23h 45m.

The interval, 20d—27d was comparatively quiet.

A weak ‘“sudden commencement ” at 28d 14h 36m gave only moderate
disturbance, lasting until 29d gh ; the only noteworthy changes took place between
28d 19h and 22zh. D decreased by 37'-5 in the 4 minutes commencing at 1gh 33m,
then recovered more slowly. The V and H traces show a deformed wave from
19h to 21h, with large rapid oscillations in H from 1gh 50om to zoh 6m, the latter
attaining to a peaky maximum at 1gh 53m. Aurora on this occasion was widely
observed and at times brilliant, between 28d 18h and 29d 2h.

Another ““ sudden commencement ’ occurred at 31d 5h 21m.

Aurora was reported from one or more stations in Scotland on December 1,
13 (widely), 14, 15, 16, 17, 18, 10, 22, 23, 24, 27, 28 (brilliant and widely observed),
29 and 30.

*F
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POTENTIAL GRADIENT (reduced to level surfacej : VOLTS PER METRE.
Mean Values for periods of sixty minutes, centred at the exact hours, Greenwich Mean Time.

1. Lerwick. 1927.
Day Januvary. TFactor 1 31 February. Factor 1 -32. March. Factor 1 -32.
3 h. g li. 15h 21 h. 3h. gh. 15 1. 21 h. 3 h. 9h. 15h. 21 h.
v/m. - v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m.
I 271 418 — 359 <-518 151 — 12 120 157 — 38 50 151 186
2 82 — 173 157 143 112 213 131 147 334 178 512
3 130 347 386 230 — 284 — 128 29 154 <-293 181 <~-126 148
4 219 2+ 24 35 10§ 2+ 222 131 132 201 — 170 203
5 177 164 184 137 86 104 138 Z— 299 411 241 <-213
6 S8 Z— 202 190 — 197 105 216 109 <-370 111 114 — 40
7 158 336 288 249 <-537 — 121 124 74 138 99 115
S — 58 71 112 98 132 222 238 90 133 112 120
9 131 96 200 30 111 222 219 209 24 221 95 <-148:
10 — — 130 154 81 109 226 399 108 24 115 163
11 98 75 a2+ 95 311 287 366 494 70 81 120 144
12 — 206 177 132 311 491 279 233 — 18 40 92 154
13 — 127 114 66 —180 180 190 395 413 78 61 154 167
14 a— 2+ 171 z+ z— 134 219 144 50 223 95 154
15 z2+ 99 102 209 145 284 204 179 73 133 181 201
16 127 95 153 127 160 140 232 228 240 330 445 500
7 39 z+ 337 > 691 — 127 145 58 474 414 397 514
18 268 Z— 135 04 86 111 127 130 348 385 641 62
19 55 101 128 86 60 108 109 215 175 155 132 237
20 22— 24 46 187 —16 115 109 143 74 152 — 93 12
21 150 1ol 210 — 86 73 <-179 249 212 98 121 197 570
22 112 z— 26 181 55 <-194 490 <-586 521 503 <-25 143
23 121 143 154 216 35 <-579 232 438 133 336 <-592 99
24 -— — 66 <-593 426 350 330 <-600 — 209 92 197 <+389
25 271 235 393 236 <-572 204 156 242 <+132 <-351 70 56
26 114 217 475 73 183 124 193 467 64 133 | — 3| <-377
27 2+ 105 167 115 66 264 144 <~-418 44 <-330 <—480 > 329
28 z— 148 143 — — 39 167 225 158 | — 49 >299 — —
2 —_ 118 150 z4 — — — — —_ — 181 199
30 210 98 127 223 — — — —_ — 170 204 <-985 121
31 92 204 253 292 — — — — <-438 132 . 158 <-317
(a) 148 166 183 177 143 185 212 225 165 206 189 213
(b) 124 173 232 126 87 150 205 239 129 184 171 241
Mean (@) 169. (b) 164. (@) 191. () 170. (@) 193. (b) 181.
April. Factor 1 -36. May. Factor1 +43. June. Factori -42.
Day.
3 h. 9h. 15 h. 21 h. 3h. 9h. 15h. 21 h. 3h. 9h. 15h. 21 h.
v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m.
1 124 150 118 > 496 106 468 168 256 58 138 166 193
2 165 94 139 233 84 206 144 — 59 — 49 — 771 15 206
3 156 z+ 207 124 90 318 165 175 107 467 296 461
4 97 68 274 162 16 84 106 112 169 — 117 282 273
5 68 <-655 283 236 — 28 156 144 187 243 — 246 240
0 100 159 142 171 84 162 184 134 141 111 95 — 52
7 115 — 71 8o 330 66 106 193 587 114 153 Z— 153
8 112 150 z+ 94 303 53 47 159 107 117 95 212
9 — 59 — 230 493 139 87 94 128 122 129 86 — 31 178
10 — 115 127 121 72 53 94 122 181 120 144 — 12
1 — 221 209 109 145 50 53 — 231 — 83 — 86 120 — 12
12 63 130 — 316 112 50 128 115 112 111 153 132 86
13 — — 322 153 168 84 112 147 144 411 123 101 Z—
14 168 180 127 97 131 113 137 125 86 2— — 381 193
15 83 83 142 130 87 115 90 — 75 157 144 243 328
16 68 121 121 — — 140 — — 37 156 114 135 92 132
17 — — 177 168 103 144 140 162 — 21 510 783 562
18 130 168 159 147 144 197 Z— 144 160 304 282 645
19 86 139 — 41 189 262 234 115 122 163 365 316 436
20 — 165 83 142 — 177 90 — 144 <-858 <-1226 160 74 111 123
21 . 115 153 690 103 153 156 | — 387 83 - — 793 —
22 118 147 150 29 115 106 125 147 28 56 84 192
23 91 162 100 230 103 112 103 193 195 118 549 174
24 180 130 136 — 150 150 153 144 164 167 — 25 124
2 94 156 153 189 131 81 112 122 96 68 121 105
26 77 86 236 112 122 103 90 103 99 164 214 205
27 68 > 516 — — 81 56 137 106 115 84 143 189
28 — 97 2+ — 103 109 87 122 81 146 273 226
29 — 171 295 174 87 04 115 100 87 257 217 639
30 165 100 — 153 122 243 256 190 236 552 412 397
31 —_ — — —_— 119 150 87 103 — — — —
(a) 1 147 176 194 108 143 131 160 139 192 225 267
(®) 60 98 131 140 105 145 131 123 115 134 209 240
Mean (@) 159. (b) 107. (@) 135. (b) 126. (@) 206. (b) 175.

Note.—The Potential Gradient is reckoned as

notation is used :

(@) Mean of all positive readings.

positive if the potential increases upwards.

- For indeterminate potential gradient the following
z -+, Indeterminate, positive value; z—, Indeterminate, negative value ; z i, Indeterminate in magnitude'and sign.
(6) Mean from all complete days using both positive and negative readings.




POTENTIAL GRADIENT (reduced to level surface) : VOLTS PER METRE.
Mean Values for periods of sixty minutes, centred at the exact hours, Greenwich Mean Time.

47

1. Lerwick. 1927.
July. Factor 1 -36. August. Factor 1 -33. September. Factor 1 -34.
Day.
3h. 9h. 15 h. 21 h. 3 h. 9h. 15h. 21 h. 3h. 9 h. 15 h. 21 h.
v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m.
1 299 302 218 120 311 413 371 573 132 98 351 406
2 75 170 - 155 239 453 140 285 225 170 179 202 204
3 371 332 152 221 160 125 584 242 164 357 412 340
4 475 278 544 451 — 678 1032 838 89 141 236 648
5 147 440 463 389 584 279 — 604 236 204 204 —
6 213 508 371 263 382 140 185 257 — 153 202 219
7 335 428 401 170 197 234 271 342 — 23 202 204 — 55
8 102 200 230 230 276 259 493 576 84 141 107 271
9 218 176 — 227 83 - 151 356 467 107 132 75 135
10 152 233 182 — 359 214 208 254 101 115 89 141
11 — — 66 155 88 68 111 108 81 104 89 121
12 — — — — — 479 — 143 228 160 63 112 141 173
13 — — 120 140 111 137 105 211 92 109 — 193
14 73 143 117 342 128 151 182 259 112 141 124 225
15 204 199 161 172 105 120 111 205 66 121 124 89
55 66 37 262
16 166 — 201 164 111 105 123 111
17 134 85 126 It 117 117 114 143 — 37 104 — —
18 102 — 172 130 134 162 279 237 2— 124 118 138
19 119 155 150 158 94 123 108 148 86 118 115 170
20 144 172 133 94 131 91 131 143 6 109 118 — 12
21 — 36 136 2 114 51 100 165 151 81 124 — 32 204
22 130 249 130 188 125 191 128 282 75 130 181 167
23 89 247 147 280 103 111 125 165 98 52 98 138
24 144 147 163 152 66 125 83 140 81 124 - 95 233
25 105 119 119 141 68 111 279 2099 20 115 118 138
26 72 269 443. 476 137 — 137 108 — 57 52 92 153 406
27 449 402 336 206 148 111 125 165 104 |+ 127 141 176
28 229 — 67 <-1027 267 85 111 137 182 49 141 — 230 138
29 278 290 151 296 120 254 128 162 95 147 184 179
30 180 389 507 360 117 91 225 265 107 4009 118 181
31 403 905 305 696 214 248 356 183 — - - —
() 200 279 232 243 174 178 238 270 93 143 155 223
(b) 207 292 251 266 138 135 211 228 82 144 130 207
#ilean (a) 238. (b) 254. (@) 215. (b) 178. (@) 153. (b) 141.
October. Factor 1 -36. November. Factor I -35. December. Factor 1 *31.
Day.
3h. 9h. 15 h. 21 h. 3h. 9 h. 15h. 21 h. 3h 9 h. 15 h. 21 h.
v/m. v/m. v/m. v/m. v/m. v/m, v/m. v/m. v/m. v/m. v/m. v/m,
1 93 z2+ 155 16 94 132 62 6 72 172 115 26
2 120 137 143 96 85 <759 173 109 210 284 396 339
3 213 166 120 143 65 150 147 97 169 138 149 — 121
4 82 91 111 172 59 153, 650 129 86 109 109 118
5 91 91 140 470 68 91 165 115 118 75 98 106
6 143 85 178 239 83 91 153 — 103 86 77 123 143
7 298 286 292 680 118 — 44 153 123 103 135 172 112
8 134 505 505 514 141 — 135 218 6o 66 86 8o
9 172 164 146 231 <112 > 764 153 297 52 77 52 126
10 120 219 374 324 > 553 182 171 182 100 132 143 141
1L 266 458 613 216 229 194 614 235 123 89 11 135
12 149 225 I14 353 109 150 118 — 12 n2 126 149 121
13 172 239 123 231 135 112 206 221 8o 161 181 198
14 120 149 117 175 76 88 109 <121 184 143 132 115
15 76 70 140 41 88 144 121 173 86 201 135 129
16 88 108 — 140 169 135 241 88 150 100 141 201 149
17 120 152 187 137 83 379 232 300 126 143 235 149
18 181 117 161 — 783 144 91 65 138 109 126 261 224
19 91 76 — 315 168 171 62 141 83 121 255 149
20 — 304 274 —_ 106 244 — 6 179 86 112 138 146
21 82 134 140 166 138 88 21 126 115 195 172 235
22 93 263 213 149 112 50 235 73 66 66 123 152
23 70 82 172 225 88 59 12 | — 35 77 57 143 436
24 93 | — 32 128 260 309 141 179 115 143 138 187 152
25 73 120 196 228 2— 138 241 68 184 103 152 152
26 7o 117 — 222 146 83 103 65 9 95 129 103 112
27 99 — 201 — 470 169 200 88 z+ 362 72 57 132 195
28 137 140 178 82 94 91 226 — 86 109 143 115
29 > 739 — 143 169 134 — — 118 129 72 115 92 155
30 — 99 199 844 423 59 115 118 97 103 52 121 126
31 169 88 I11 155 — — — — 115 83 123 201
(a) 150 177 224 235 134 163 171 152 104 120 149 158
(b) 123 155 171 200 118 136 165 109 104 120 149 149
—_— (a) 197. (b) 162. (@) 155. (b) 132. (@) 133 _(b) 131.
(a) 139 175 190 210
Annual Means (b) 116 155 180 189
(@) 170 (b) 160.

s3The Potential Gradient is reckoned as positive if the potential increases upwards.
+ Indeterminate, positive value ; z — Indeterminate, negative value ; z + Indeterminate in magn
(b) Mean of all complete days using both posit

(@) Mean from all positive readings.

ive and negative readings.

For indeterminate potential gradient the following notation is used:
itude and sign.

*F 2
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POTENTIAL GRADIENT (reduced to level surface) : DIURNAL INEQUALITIES (in volts per metre).

The departures from the mean of the day are adjusted for non-cyclic change.

2, Lerwick. * 0a Days ONLy. 1927,

Hour |G.MT. Non-| No.
Month cyclic| of Mean
and 1. 2, 3. 4. 5 6. 7. 8 9 10 11. |Noon| 13.| 14.| 15.| 16.| 17.| 18.| 19.| 20. | 2I. | 22.| 23.| 24. |change| Days [Values
Season. 24~0. | used.

vim. | v/m.| v/m.| v/m.{ v/m.| v/m.| v/m.| v/m. | v/m.|{ v/m. | v/m. | vjm. | v/m. |v/m. | v/m.| v/m. | v/m. | v/m. | v/m. | v/m. | v/m. | vim, | v/m, | ov/me | v/m, v/m,
Jan. ... |— 19— 15— 53— 59— 60— 60|— 62| — 60— 13— 35— 20, + 3+ 23+ 38+ 64)+ 74] +101)+117 +100| + 81|+ o]— 28— 51/— 74}+ 4 3 194
Feb. ... o|— 11|— 53— 56|— 55— 4Il— 37|— 2—18—41—29—-32#~ 6|+ 6+ 11+ 13— 6|+ 25+ 46|+ 75|+ 60i + 73|+ 56|+ 22|+ 18 5 252
Mar. ... }— 60— 84|— 37|— 15+ 36|— 11|+ 8+ 19|— 20— 49— 46|— 24]— 29| — 1|— 31+ 33|+ 47\ + 98| +115+ 45+ 49 + — 41|— 38]+ 32 3 317
April... |— 62| —r103/— 94/— 50|— 76|— 55— 54|— 43|— 36|— 34— 22|— 4|+ 18+ 49 + 55|+ 49|+ 34|+ 82/ + 85+ 76/ + 69 + 50|+ 331+ 34}—117 3 149
May ... |— 11]— 16|]— 27|— 25— 20|— 13]— 9 — 7|— 16|— 19|— 19— 209|— 23|— 3|— 2(+ I+ 5+ 22/+ 57+ 45/+ 53/+ 304 18+ 18+ 90 5 143
June ... |+ 48— 99| —138|—108 — 47| — 55| + 50| + 62|+ 38|+ 20 + 26|+ 4|— 11+ 44/+ 6+ 2+ 23+ 5+ 6+ 32+ 45+ 38+ 8— o|+ 41 5 305
July ... |+ 2[4+ 1]— 284+ 41)+ 43|+ 26|+ 36|+ 12|+ 37|+ 36+ 20 + 12|— 18— 27|— 16|— 22)— I8/— 20/|— 42|— 34— 5 — 5 — I§— 7[— 9| I4 258
Aug. ... |— 25— 41— 36|— 42|— 21|+ 20{+ 6|— 19(— 47|— 43— 42{— 47— 27|+ 6|+ 24|+ 36|+ 11|+ 11|+ 22[4+ 48+ 51}+ 57)4 68 4 21]— 44 17 211
Sept.... |— 33/— 41|— 47|]— 53— 47— 15|+ 16{+ of— 18— 38— 44/— 5T{— 438|— 37|— 16 — 10+ 25|+ 77|+ 73| +130 +111 + 74+ 3l— 20[+ 5 5 148
Oct. ... |— 60j— 83— o4 — or|— 88l— 82/ — 60— 6]+ 11|— 32|— 39|— 26]— 4]+ 26(+ 41|+ 7ol + 76|+ 93 +101| +116/+ 84/ + 50+ 66— 9|— 33 6 260
Nov. ... |— 72|— 57| — 81— 73— 50| — 52|— 31|+ 56|+ 81|+ 25— 23 + 21|+ 8+ o|— 5+ 96/+ 59+ 68+ 71+ 59/ + 8— 20— 16— 52+ 55 2 173
Dec. ... |— 30i— 40|— 28|— 32| — 43— 39|— 31|+ 1|— 14— 8+ 18+ 23|+ 39|+ 33+ 28+ 28+ 8§+ 18+ 134+ 47+ 45+ 2+ 11— 30+ 3 10 | 141
Year ... |— 28— 31|— 60|— 47{— 37— 31— 13|+ 2/— 1/— 18— 18/— 13|~ 7|+ 12|+ 16/ + 311+ 30+ 49 + 54+ 60|+ 55+ 27+ O— 12} — — 213
Winter |— 33— 36]— 54{— 55|— 54|— 48— 40— 1|+ o|— 15— 13(+ 4|+ 16/+ 21+ 25+ 53|+ 41|+ 57|+ 571+ 65+ 55+ 7l— 31— 33} — — 190
Equinox [— 54/— 78/ — 68— 52|— 44]— 41|— 23|— 5/— 16|— 38— 38— 26|— 16|+ o + 19/ + 35+ 45+ 870+ 931+ 92/ + 78|+ 45 o— 8 — — 219
Summer |+ 3(— 39|— §7|— 33— 13|— 3|+ 23+ 12+ 3[— 11— 4/— 15|]— 20+ 5+ 3+ 4+ 5+ 2+”+23+36+3ﬂ+20+6 - - 229
3. Lerwick. * la AND 22 Days OxLy. 19217.

Hour G. 1. Non- | No.
Month cyclic|{ of | Mean
and I. 2. 3. 4. 5 6. 7. 8 9 1o. | 11. [Noonf 13. | 14.| 15 | 16. | 17. | 18. | 19. | 20. | 2I. | 22. | 23.| 24. change| Days | Values.
Season. 24-0. | used.

v/m. v,.’m.}v/m. v/m. | v/m. | vim. |v/m. |v/m. | v/m. | v/m. {v/m. |v/m. | v/m. |v/m.| v/m. |v/m. | v/m. | v/m, | v/m. | v/m. | v/m. | v/m. v/m, | v/m. | v/m. v/m.
Jan. ... |— 31+ 33|— 1|— 41|— 63]— 25— 7|+ 16|+ 27|— 16|+ 12|+ 6]— 51|— 66|+ 17|+ 16/+ 86|+131/+ 66|— 36\— 59|— 19|— 22— 1|+ 43 3 103
Feb. ... |— 48|+ 50|— 83 —105|— 89|—124|—122|— 52|+ 45|+103|+ 44|+ 66|+ 47|+ 55|+ 71+ 481+ 47|+ 82|+ 67|+ 46|— 71— 56|— 21— I|— I3 2 206
Mar. ... |— 14|— T9|— 60— 74— 18!— 2|— 3|— To|— 7l— 11|+ 3|+ 17]— 24|+ I|— 28|— 14|+ 8|+ 38|+ 38|+ 4|+ o1|+ 78|+ 3— §[+ 64 7 143
April... |— 16|— 27|— 79— 34|+ 33|+ 32|+ 35|+ 55|+ 88|+ 69|+ 39+32+48—134—169——-18+44+53+76+55+48—34—153—43+58 3 79
May ... |— 10/— 25|— 21— 11{— 5|+ 2|+ 12|+ I5(+ 5— 2|— 2 o|+ 114 4|+ 21|+ 25 o|+ 14|+ 13— 29|— 7{— 15(— 11+ 4|— 52| 14 110
June ... |— 82— 68|— 88— 51|— 39|— 28|+ 21|+ 49|+ 2|— 15|— 21|— 76|— 23|— 3|+ 45|+ 44|+ 29[+ 64|+ 33|+ 57|+I101|+ 59|+ 30— 40|— 8 8 173
July ... {|— 10l— 371— 56|— 66|— 76|— 62|— 42!— 37|+ 18]+ 28|+ 7|+ 28— a2|— 16— 31}— 5|— 4|— 5|+ 18+ 57|+ 88|+158]+ 851+ 2|+ 29 3 155
Aug. ... |— s0/— 99— 66|— 67|— 30{+ 8|— 19|— 40— 35— 31|]— 29|— 1|— 11|+ 1|+ 29|+ 18— o|+ 30|+ 63|+ 74|+108|+104|+ 54— I2|]— 71 6 162
Sept. ... 31— 62|— 56|— 51|— 45— 32|— 12|— 7|+ 1|— 22|+ si+ 1|+ 15{— 31— 3814+ 14|+ 46|+ 34{+ 69|+ 95|+ 92|+ 42|+ 4— 37{— 39 9 114
Oct. ... |— 13|— 19]— 38— 25|— 36|]— 46|— 4|— 8|+ 10|+ 7|+ 13|+ 8|+ 10|+ 5|— 15|+ I|{+ 29|+ 9+ 19|+ 28{+ 231+ 20+ Io+ 13+ 24 9 159
Nov. ... |+ 14|+ 17|+ 14— 24|— 8|— 10|+ 6|— 2|+ 7|— 10— 12|+ 19|+ 27|+ 14{+ 13|— 51|+ 22|+ 18|+ 6o|— 8|— 28— 76|— 27|+ 51— 3 5 83
Dec. ... |— 11|+ 3|4+ 1— 18— 27|— 10/— 39|— 16|— 10|— 12]— 31|+ |+ 12{+ 11+ 10|— 4|+ 7|+ 2|+ 3t|+ 22{+ 14|+ 32|+ 18+ 10— 7 9 93
Year ... |— 24|— 21]— 44| — 46|— 34|— 25/— 15— 4|+ 13|+ 8|+ 2+ o|+ 2|— 11|— 12|+ 6|+ 25/+ 39|+ 48|+ 3o+39+é4~ 2(— 9] — - 132
Winter |— 12j+ 26, — 19|— 42|— 47|— 42]— q1|— 13|+ 17|+ 16/+ 3|+ 24|+ o|+ 3|+ 12|+ 3|+ 41l+ 59|+ 56|+ 6|— 20— 30— I3f+ 3| — - 121
Equinox |— 23— 32|~ 58— 46{— 17/— 12|+ 3|+ 5|+ 23|+ 11|+ 15|+ 15)+ 12|— 33— 63|— 4|+ 32|+ 33|+ 55|+ 45|+ 63|+ 27— 34— 19| — - 124
Summer |— 35(— 57/— 58— 49\— 37— 20— 7|— 3|— 3 5i— II|— 12]— 16}— 3]+ 16]+ 21|+ 4]+ 26|+ 32|+ 40|+ 73|+ 77|+ 42— | — — 150

* NoteE.—For explanation of oa, 1a and 2a Days, see page 49.
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ELECTRICAL CHARACTER OF EACH DAY.

4. Lerwick. 1927,
Day. Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec.
1 2a 1b 2a 1b 1b 1a oa oa 1b 2¢ 1a 2b
2 1a oa ia ob Ic 2b oa oa 1b 1a 1b oa
3 1b 2 2b 1c 1b oa oa oa oa 1b 1a 1a
4 1b 1b 2 oa 1a 2b oa oa oa oa Ic oa
5 1a 2 ia 2b 1a 1b 1b oa oa oa 2b 1a
6 2a 1b 2 oa oa b 1b oa oa 1a 1b oa
b 1a 24 1 2b oa 2c oa ia 2b oa 15 oa
8 * oa oa 2¢ 1a 1a oa oa 1b oa 1c 1a
9 1b 1a 10 2c 1a 2b oa 1a oa oa 1c ia
10 * oa 2c * oa 1b oa oa 1a 1a 1c 1a
11 2 oa 1b 2a 2 1b oa 1a oa oa 1c 1a
12 1a oa 1a ia * 1b * 2b ia 1a 15 1b
13 2a 16 14 2 oa 2b * 1a 15 1a oa ) 1b
14 2c 2a 14 1c 1a 2b 1a oa oa oa 2b 1b
15 b - 1a 1a ob 2a oa oa oa 14 2a 1b 1b
16 1b oa oa 1b 2b 1a oa oa 2b 1a 20 oa
17 1b * oa * oa ia oa oa * 1a 0d oa
18 1b 1b 1 1b ¢ 1a oa oa 2b 2b 15 oa
19 oa 1 2b 16 1 oa oa oa 1a 2b 10 1b
20 15 16 2a 2b 2c 1a oa oa 1/ 15 1 1b
21 2b 15 1a * 2a 2 2b oa 1a 15 1a 1c
22 2¢ 2b 1b 2b 1a 1a oa oa 1a 1a ia 1a
23 1b 1 . 1b 1b 1 2b 1a ia 2b 1a 2a oa
24 2 2¢ 2b 1h 1a 1b oa 1a 1a 15 v 1b 1b
25 oa 2 2b oa 1a 1a 1a oa 1a 1a 2¢ oa
26 b b 2 1b L 1b oa b 2b 1a 2b 1a oa
27 2b 2 2b * 1a 1b 1a 1a oa 2b 1c 1a
28 1b b 2b * 1a 1b 2b b 1a 1b * on
29 * — 1 * 1a oa oa oa 1b 2b * oa
30 1a — 2¢ 1b 1a oa (o] oa 1b b oa 1a
31 oa — 2¢ — ia — oa oa —_— oa — 1b
Mean ... 121 1-07 1-35 1-13 1:00 1-07 0-38 039 0-86 097 1-07 065
No. of days used 28 27 31 24 30 30 29 31 29 31 28 31

Annual Mean Character Figure 0.92 (349 days). *Defective record.

Explanatory Note.—The electric character of the day is indicated by the figures o, 1, or 2, according to the character of the trace of the electrograph as
Tegards negative potential gradient. The explanation of these symbols is as follows :—

o, denotes a day during which from midnight to midnight no negative potential was recorded.
1, denotes one or more excursions of limited duration to the negative side of the scale.
2, denotes negative potential extending in the aggregate over 3 hours or more.

““a,” denotes that within the 25 periods of 60 minutes for which an estimate of the mean potential gradient has to be made in the process of
tabulation there was in no case a range of potential gradient in the open exceeding 1000 volts.

“b,” denotes that a range of potential gradient in the open exceeding 1000 volts was reached in at least one but in fewer than six of the 23
hourly periods referred to above.

“¢,” denotes that a range of 1000 volts or more occurred in at least six of the 25 hourly periods.




50 TERRESTRIAL MAGNETIC FORCE : HORIZONTAL COMPONENT.
M ean values for periods of sixty minutes centred at the Hours of Greenwich Mean Time.
5. Lerwick. (H) 14,000 ¥ (-14 C.G.S. unit) + January, 1927.
| |

Hour !. o. .| o2 3. 4. 3. 6. 7. 8. 9. 1o. | 11. | Noon.| 13.| 14.| 15.| 16. | 17. | 18. | 19. | 20. | 21. | 22. | 23. | 24. | Mean.

GM.T. | ;

Day. Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y v Y Y Y b Y
1D | 614|612 | 613 | 618 | 609 | 611 | 612 | 612 | 612 | 617 | 616 | 615 | 613 | 606 | 617 | 630 | 617 | 618 | 624 | 623 | 624 | 622 | 616 | 629 | 603 | 616
2 603 | 600 | 592 | 579 | 591 | 608 | 608 | 607 | 604 | 6O1 | 601 | 595 | 592 596 | 601 | 594 | 606 | 611 | 606 | 611 | 604 | 607 | 608 | 613 | 610 | GO2
3 610 | 609 | 609 | 611 | 611 | 612 | 611 | 610 | 607 | 606 | 601 | 60O | 598 | 6or | 606 | 611 | 613 | 617 | 615 | 613 | 613 | 613 | 610 | 610 | 610 | 609
4D | 610 | 609 | 612 | 607 | 611 | 623 | 614 | 611 | 610 | 607 | 602 : 589 | 587 595 | 595 | 601 | 609 | 613 | 614 | 603 | 638 | 594 | 620 | 671 | 620 | 610
5 620 | 601 | 598 | 508 | 595 | 611 | 615 | 613 | 613 | 611 : 612 | 617 611 604 | 611 | 622 | 620 | 621 | 615 | 621 | 617 | 617 | 616 | 619 | 615 612
6 615 | 617 | 600 | 606 | 606 | 606 = 606 | 606 | 604 | 60z | 605 | 606 | 600 | 604 | 604 | 598 | 610 | 611 | 616 | 612 | 612 | 611 610 | 609 | 606 607
7D | 606 | 607 | 607 | 609 | 608 | 609 | 609 | 608 | 606 | 585 | 585 | 560 | 554 | 599 | 591 | 504 | 654 | 835 | 748 | 582 | 327 | 216 | 430 | 411 | 339 567
8 1339|455 468 | 481 | 576 | 584 | 585 | 584 | 593 | 580 | 588 | 583 | 576 | 579 | 581 | 583 | 584 | 587 | 591 | 505 | 596 | 596 | 593 | 592 | 592 | 567
0Q | 502 | 502 | 592 | 595 | 396 | 507 | 508 | 307 | 596 | 594 | 593 | 585 | 585 | 59T | 593 | 594 | 595 | 600 | 601 | 603 | 602 | 6OI | €03 | 602 | 608 | 596
10Q | 608 | 606 | bo3 | 603 | 6o1 | bo3 | bog | Boy | Bog | Gog | 603 | 603 | 599 | 599 | 598 | 600 | 603 | 607 | 608 | 613 | 615 | 618 | 615 | 614 | 616 | 606
11 616 | 620 | 613 | 611 | 614 | 613 | 614 | 615 | 613 | 615 | 615 | 614 | 609 | 596 | 596 | 601 | 608 | 610 | 625 | 614 | 609 | 609 | 614 | 611 | 609 | 611
12 609 | 608 | 588 | 602 | 610 | 616 | 60g | 617 | 614 | 603 | 611 | 616 | 611 | 609 | 610 | 604 | 603 | 609 | 609 | 614 | 615 | 620 | 617 | 621 | 608 | G610
13 608 | 6o1 | 609 | 603 | 609 | 6og | 614 | 614 | 615 | 605 | 607 | 614 | 616 | 609 | 613 | 596 | 614 | 616 | 617 | 619 | 620 | 620 | 618 | 610 | 608 611
i4 608 | 617 | 612 | 610 | 613 | 613 | 611 | 613 | 612 | 611 | 608 | 605 | 600 | 600 | 606 | 610 | 612 | 618 | 605 | 611 | 613 | 617 | 616 | 618 | 609 | 611
15 609 609 | 615 | 614 | 617 | 619 | 621 | 619 | 616 | 613 | 611 | 603 | 601 606 | 611 | 600 | 613 | 613 | 617 | 617 | 615 | 609 | 605 | 611 | 613 612.
16 613 | 617 | 618 | 615 | 611 | 621 | 621 | 617 | 616 | 612 | 604 | 5099 | 601 | 605 | 613 | 610 | 614 | 615 | 614 | 607 | 608 | 614 | 615 | 617 | 614 | 612
17 614 | 615 | 615 | 617 | 613 | 617 | 620 | 619 | 610 | 612 | 612 | 6035 | 594 | 588 | 508 | 604 | 605 | 607 | 601 | 603 | 605 | 609 | 610 | 609 | 609 | 608
18 600 | 603 | 603 | 609 | 623 | 615 | 620 | 611 | 504 | 595 | 503 | 580 | 388 | 582 | 587 | 595 | 606 | 611 | 613 | 613 | 613 | 613 | 610 | 608 | 606 | 604
I9 606 | 605 | 614 | 612 | 609 | 614 | 6I5 | 615 | 601 | 508 | 501 | 591 580 | 579 | 502 | 604 | 601 | 603 | 594 | 602 | 610 | 609 | 610 | 612 | 610 | 603
20 610 | 609 | 609 | 609 | 611 | 613 | 614 | 612 | 609 | 603 | 507 | 595 | 596 | 505 | 596 | 608 | 609 | 609 | 609 | Gog | 608 612 | 613 | 613 | 612 | 607
21Q | 612 | 613 | 607 | 609 | 612 | 612 | 614 | 617 | 612 | 607 | 604 | 505 | 595 | 599 | 603 | 603 | Gog | 608 | 608 | Gog | 613 | 613 | 614 | 613 | 612 | 608
22Q | 612 | 613 | 613 | 613 | 614 | 614 | 615 | 615 | 614 | 611 | 606 | 600 | 597 | 599 | 606 | 608 | 609 | 611 | 611 | 614 | 615 | 616 | 616 | 615 | 614 | 611
23Q | 614 | 613 | 613 | 614 | 610 | 613 | 615 | 614 | 613 | 609 | 6og | 606 | 599 | 599 | 606 | 608 | 608 | 610 | 613 | 614 | 615 | 616 | 616 | 616 | 616 | 611
24D | 616 | 618 | 617 | 616 | 622 | 627 | 630 | 636 | 633 | 624 | 621 | 609 | 608 | 615 | 623 | 630 | 620 | 628 | 622 | 621 | 617 | 613 | 613 | 612 | 628 | 621
25D | 628 | 622 | 622 | 628 | 628 | 628 | 629 | 632 | 622 | 608 | 605 | 603 | 6og | 60z | 609 | 611 | 615 | 616 | 615 | 617 | 618 | 604 | 597 | 604 | 598 | 615
26 598 | 603 | 605 | 601 | 574 | 596 | 590 | 600 | 599 | 600 | 507 | 591 590 | 595 | 614 | 619 | 620 | 612 | 612 | 613 | 615 | 619 | 619 | 613 | 604 | 604
27 604 | 601 | 508 | 601 | 603 | 608 | 610 | 610 | 608 | 604 | 603 | 599 | 596 | 597 | 6oz | 605 | 614 | 607 | 604 | 610 | 614 | 615 | 615 | 614 | 613 | 606
28 613 | 614 | 614 | 614 | 612 | 610 | 613 | 614 | 611 | 611 | 614 | 613 | 607 | 606 | 607 | 609 | 610 | 614 | 615 | 614 | 625 | 612 | 613 | 624 | 619 | 613
29 619 | 612 | 614 | 614 | 614 | 615 | 615 | 615 | 612 | 610 | 612 | 607 | 602 | 607 | 610 | 608 | 615 | 615 | 607 | 615 | 619 | 619 | 623 | 616 | 614 | 613
30 614 | 616 | 616 | 617 | 617 | 618 | 619 | 619 | 619 | 613 | 607 | 605 | 607 | 609 | 616 | 618 | 616 | 619 | 611 | 613 | 612 | 618 | 618 | 619 | 611 | 615
31 611 | 615 | 617 | 615 | 612 | 616 | 622 | 624 | 625 | 61