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 PREFACE

‘ “The “ Meteoroldgibal Observer’s Handbook,” in bontinuationr‘
Dr. Scott’s “ Instructions in the Use of Meteorological Instruments
1875, reprinted 1885, which in turn succeeded Sir H. James

- “ Instructions. for taking Meteorological Observations ”’:(1851, .91

"“edition 1861), was originally issued in 1908, The"first edition w
exhausted rapidly, and in the following year arrangements we:
made for the issue of an annual edition of 100 copies with a view -
providing opportunity for incorporating in the standard instructio:
without loss of time such improvements and modifications -
circumstances, and the. development of meteorological ‘station
should render desirable. By this means it was possible to gi
effect  without delay. to any decisions “bearing on meteorologic
“practice in this- country which might be taken at Internation
-Conferences. It has not been practicable. to adhere strictly to t]
original programme of an annual edition; but editions have appear:
in 1909, 1910, 1911, 1913, 1914, 1915, 1917, 1918, 1919, 1021 and 192

After the termination of the wer it became necessary to review t]
position. The demands for special information had given rise to.
certain amount of specialization in the work of many stations, whic
involved the issue of alternative instructions to observers on poin
of detail, more particularly in those arising in the preparation .
monthly and annual summaries. To incorporate all these in a sing
handbook was to risk:confusion; and moreover, would have adde
materially to the length and consequently, also, to the cost of tl
book. The original intention. of making the handbook a compr

‘hensive guide not merely to:the art of observing but also to t}

- preparation for publication in approved form of summaries wa

therefore, modified in 1926. The later editions aim at giving con
plete instruction in the care and manipulation of meteorologic
instruments, and in the making of observations, at ground level; bot
instrumental and non-instrumental: . The conventions depending o
the hours selected for observing;-and detailed instructions for t}
preparation of summaries,;” are only briefly referred to or omitte
altogether. Full information’ on such points is given in separat
supplements prepared to meet the requirements of stations
different types. ' : o '

‘The Handbook is addressed primarily to observers in the Britis
Islés, but in order to meet the requirements of those observers i
Crown Colonies who are not in close touch with the meteorologice
services of any of the Dominions, modifications in the -practic
commonly followed at home, which are made necessary by difference
of climate, are referred to in footnotes or otherwise. Throughot
the book the necessity which every nieteorologist feels for uniformit
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of practice has been kept in view. ' The decisions of International

:Conferences -have generally -been: followed,’ Wherever they bear on
:meteorologlcal practice in this country.: - e

- The book is divided into three parts. Part I contams mstructlons

.for making the observations which constitute the routine of a normal

climatological station. . Part II is devoted.to autographic instru-
ments and Part III consists of tables.  In’ the present edition.the

most 1mportant change occurs in the section on clouds, which has

been revised in accordance with. the new ¢ Internatlonal Atlas of
Clouds and of States of the Sky,” pubhshed in 1932. . The instruc-

thons relatmg to observatlons of the state of the. ground have been

modified in accordance with the decision of the Infernational
Meteorological Conference at Copenhagen in September, 1929.

,Attention may also be drawn to.the modifications in the scale of

velocity equivalents of the Beaufort numbers when derived from the

‘records of anemometers exposed at abnormal heights above.ground.

‘Regarded as a handbook for. makmg ‘meteorological observatlons
of all kinds, the book is 1ncomplete in.one important respect..- It
makes no mention of observations in the free atmosphere Whmh now
form a most.important ‘part of the work of many. stations. :. Such
observations are of a highly specialized character, and it would not be
practicable to include instructions for. making them with thegeneral

" instructions for carrying. on the routine. of a:normal station.. . For

information on this subject reference should be made to other pubhca-
tions of the Office. . . - :
: Considerable dlvergence of practlce stlll prevalls among Brltlsh
meteorologlsts in the matter of units. : The units in common .use for
the various elements and the abbrevm,tlons conventlonally used When
des1gnat1ng them are set out in the following table :— .

AR . ] ] Modern unit or unibs adopted
: E]ernenb ‘ Oold Unit L ['in pubhcatmns of the MeteorO-

: loglcal Oﬁ"lce

Pressure (including | Inch of mercury at 32°F. | Millibar :(mb;)f ot
" vapour pressure).. | and at sealevelinlat.:| v . oo LTy e

. ) ) 45°(m) : . :
Temperature .. Degree Fahrenhert (°F ) (1), Degree Fa.hrenhelt (°F. )
B B (2) Degree Absolute (°A)
Rainfall - ... ... |-Inch (in.) e 1 (D) Mllhmetre (mm )

- ; o (2) Inch (in.)

Wind Velocity - ...:| Mile per hour (mi./hr.) | (1 ) \Ille per hour (m1 /hr or

‘m.p.h:)
Foot per sec. (ft./sec.) (2) Metre per second (m/s)

Sunshine ... .. | Hour (hr.) ... ... | Hour (hr)

* * Tables of conversion from one unit to another of the same kind are
prmted in Forms 3080, 3081 and 3082.

(20589) A2
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°. Pressure.—~A millibar (mb.) is-one thousand-dynes -per:square
;centimetre, and is an absolute unit independent of.the locality and
the material used for measuring .the. pressure.. 1,000 mb. = 29:53

mercury-inches and is not far:from-the normal ;pressure at ground
Jevel.- The centibar.(cb.) is also used occas1onally 1:cb.:=10 mb,

Tempemture —Normal freezmg pomt of water =32° F. = 278°A
= 0° Centigrade. N ormal bOlhng pomt Of Water = 212° F = 37 3°A
;j—' 100° Centlgrade e
" In dealing with temperature dlfferences nine Fahrenheﬂz degreesA

are equal to five Absolute degrees. . The Absolute scale of temperature - -

is the same as the Centlgrade scale mcreased by the constant quantlty
"27 3. : ~

Ramfall——l 1nch_-25 40mm e e R

- Wind Velocity.—1 mi./hr: = 0-44704 m/s 1=-1-467 ft.[sec.

‘The ‘millibar is-now-used- exclusively in all’ pubhca’mons of the
'Meteorologwal Office - for‘the "specification of - pressure, including
vapour pressure. ‘The Fahrenheit scale of temperature and the mile
“per hour ‘as the unit for wind velocity are adopted in the majority
of publications of the Office; but the absolute scale of - temperature-
‘and ‘the metre per second are’ used in-the Observatories’ Year Book in
‘order that the data may be in a form convenient to workers in science
“who normally use units based on-the C.G.S: system." The :foot per
-second is still largely used by professional writers on ballistics and in
many branches of engineering practice. Except in British Ramfall :
where the inch is employed, measurements of rainfall are given in
mllhmetres in‘the official pubhcatlons of:the Office, the equivalent
in ‘inches bemg ‘shown in-parallel columns in some issues. The
instructions in:this' handbook have been drawn up in -the. first
instance for use with instruments graduated in the units now adopted
in the . publications’ addressed to the general public, but wherever
necessary sections have been added to make them apphcable also to "
instruments -graduated in other units.

“The Meteorological Observer’s.. Handbook ’’_is 1ntended to

represent the results of the experlence of all who are concerned with
meteorological observations in connexion' with the Office, so that
many persons in their various ways contribute to its pages directly
or indirectly. - Suggestions for its 1mprovement from those WhO use
it are gladly Welcomed :

METEOROLOGICAL OFFIOE
o July, 1934
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| METEOROLOGICAL OBSERVER'S
| - HANDBOOK |

PART I——EYE OBSERVATIONS

- § 1. CLASSIFICATION OF STATIONS

The cla531ﬁcat10n of meteorologlcal statlons is gu1ded by resolu-
tions of the International Congress of Meteorologists which assembled
at Vienna in 1873. It is based on the scheme of observations to be
taken. Three orders of statlons are deﬁned under the followmg
headings :(—

(1) First Order Stations of the International Clas51ﬁcat10n——Norma1
Meteorological Observatories at which continuous records or hourly
readings .of - pressure, temperature, wind, sunshine and rain, with
eye observations at fixed hours of the amoun’c form and motlon of
,clouds and notes on the- Weafoher are, taken e

(2) Second - Order -Stations of " the Internatlonal Glass1ﬁcat10n——
* Normal Climatological Stations at which are recorded daily, at two
- fixed hours at least, observations of pressure, temperature (dry and
-wet bulb), wind, cloud and weather, with the daily maxima and
minima_of temperature, the daily ramfall and remarks on the
weather. At some statlons the duramon of br1ght sunshme is also
, registered.

(3) Third Order Statlons of the Internatlonal Classxﬁcatlon——
Auxiliary Climatological Stations at which the observations are of
the same kind as at the normal climatological stations, but (a) less
“full, or (b) taken once a da,y only, or (c) taken at other than the
recognised hours. -

The same Congress speclﬁed various oombmatlons of: hours as
suitable for adoption at normal climatological stations. The com-
binations were selected with a view to the deduction of a satisfactory

_value for the mean temperature for the day from the observations
at the fixed hours combined with the extreme. readmgs The
approved combinations are not- given here for the reason that at

*  many British stations combinations of hours are used which are not

_included in those recommended by the Congress. The extended use -
of thermographs, which was not practlcable in 1873, affords the
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2 Station Requirements

means of determlmng accurately the mean temperature for the day
in cases in which the approximation, often made in this country, of
takmg the arithmetic mean of the maximum and minimum tempera-
tures is not considered to be sufﬁclently close.

. The classification of stations is reproduced as a matter of historical

- interest and because it still mdlcates the prmclpal headmgs under

Whlch observatlons are made

§2 THE REQUIREMENTS OF A N ORMAL CLIMATO-
LOGICAL STATION

: INSTRUMENTS S
The mstrumental equlpment of a normal station cons1sts of the
following instruments :—

Mercury barometer readmg ‘to +1'millibar or -002 inch.
v Dry-bulb thermometer ' .

Wet I AT '«in Steyeusou»screen
Max1mum L i PR S
M]mmum » ’s L '

" Rain-gauge with glaSs measure.
*Sunshme recorder.
“*Qrass’ minimum thermometer Rt e
‘¥Barth thermometers Sl R

*Thé barometer and thermometers should be prov1ded ‘with' certlﬁ-

' cates from the National Physwal Laboratory The sunshine recorders

in use at Meteorological Office stations are of the Campbell -Stokes

- pattern.:” The sphere of the sunshine recorder, the: rain-gauge and

measure should be certified by the Meteorological Office. .
“Alamp-is requu‘ed to'read the instruments at night. - An’ electric

“hand lamp worked by a dry battery is often used. A candle lantern

is generally found to be convenient, except in exposed places Where

“an electric hand lamp is preferable.

A palr of smoked glass goggles 1s necessary for observatlons of »

EYPOSURE _OF THE INSTRU‘\IENTS R

Barometer —-The barometer should be kept indoors, but a good
hght and a uniform temperature are requlred and 1t should also be
protected against rough usage. . - ~

“A posmon against a wall (specially plugged if necessary), bookcase

‘or other support in an unheated and little used room having a north
“aspect is very sultable “Should “a- s1tt1ng-room “be ‘selected; the
instrument should be so placed that it is not affected by direct heat
“from fires, hot water pipes, etc. “A good light may often Dbe secured
: by selectmg a posfuon near a wmdow but ‘the mstrument shou]d be

"% At some stations these are not mcluded.'.



Station Requirements - 3

shielded. from the sun’s rays ab all hours. of the day. throughout the
year. . As a general rule it is advisable to use artificial light.for all
observations.. This may. with advantage take the form of a self-
contained ‘ barometer. illuminator *? (see p. 14). .

The helgnt of the cistern of the- barometer above mean sea level
must be accurately determined by careful levelling (see p. 8). " From
the table given on p. 135 it will be seen that a difference of level of
1 foot gives rise to a difference in the reading of the barometer of
about: -03 mb. An error of 2 or 3ft. would make ‘an appreciable
error in the calculated pressure ‘‘ reduced to sea level,” and therefore
the height of the barometer cistern above mean sea level should be
known to the nearest foot. : ;

- Rain-gauge.—The quantity .. of - rain. collected in a ram-gauge
depends to some extent upon the exposure of the gauge. In order
that observations at different 'stations may be comparable, the
exposures must be comparable ‘The gauge should be placed on level
ground, not upon a slope or terrace ‘and certainly not on a wall or
roof. “A gauge should on no account be placed so that the ground
falls away steeply on the side of the prevailing wind. Its distance
from every object should be not less than twice the height of the
* object above the rim of the gauge ' This rule should be particularly
borne in mind if the’ gauge is placed i in a garden where ﬂowers or
vegetables are growing.

. Provided the above conditions are satlsﬁed a posxtlon sheltered
from wind is preferable to an exposed one. Espeomlly at mountain,
moorland and coast stations great care should be taken that gauges
are not unduly exposed to the sweep of the wind. A belt of trees,
or.a wall on the side of the prevailing wind at a distance eonformmg
with the rule stated in the last paragraph usually forms an efficient
shelter. If this is not available a level stretch of ground in a slight
hollow should be selected. " In somé cases it is necessary to build a
turf ‘wall, about 12 in. “high, surroundmg the gauge at a d1stanee
of about 5 ft. - (See also p. 88. )

The gauge should be seb up so thkat its rim is level and at a he1ght
of 1{t. above the ground which should be covered Wlth short grass.

‘Thermometers.—The best site for a thermometer screen isa level

piece of ground covered with short grass, in the shape of a rectanule
30 ft. by 20 ft.

The plot should be upon generally level ground A statlon on a
steep slope, or in a hollow, is sub]ect to except1onal meteorologlcal

' cond1t1ons

The screen should be freely exposed to sun and Wmd ; it should
‘not be shaded: by trees or buildings.. When the screen is placed on
the same-plot as the rain-gauge, the- ram-gauge should be not less”
~than 10 ft. distant from the screen. 5 .- .. | i :
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For a rural station the most unrestricted exposure should be aimed
at, as the observations are intended to be: comparable with other
rural stations, and are of general meteorological interest. - For urban
stations local meteorological ‘conditions are of importance, and an
open space near the middle of the town is desirable. Exposures on
roofs are not appropriate for meteorological comparlsons o

The above considerations are general. Each' case in ‘which they
cannot -be complied with requires special consideration. - -

At some climatological stations, observations of earth temperature
are taken with thermometers speclally arranged for the purpose.
The depths usually selected in- this country for statistical purposes
in relation to agnculture and public health are 1 ft. and 4 ft.- Obser-.
vations at 4in., 8in. and 2 ft. are sometimes made for agricultural.
purposes.: The bormgs for the thermometers can be within the plot
designed for the screen and rain-gauge. The plot of grass will also
accommodate the grass minimum thermometer.

Anemometer.—A normal chmatologlcal ‘station is not usually
prov1ded with an anemometer. The velocity of wind near the surface
is.so much affected by.obstructions of all kinds, that a satlsfactory
exposure for an anemometer is often difficult to obtain. The
standard anemometer exposure adopted by the Meteorologleal
Office is at the height of 10 metres (33 ft.) above the ground at the -
top of a mast or skeleton tower and well removed from all buildings
or trees. If such an exposure cannot be obtained the anemometer
should be not less than 20 ft. above the top of buildings or trees in
its ne1ghbourhood ‘Each individual case requires special cons1dera-
tion. " The ridge of a steep roof should be avoided.

Observations of wind force, which are sufficiently comparable
with those of other stations, are obtained by estlmatlon after the
observer has had sufficient practlce

Sunshine recorder. —This requires a free horizon between north-
east and south-east on the east side, and between north-west and
south-west on the west side, these bemg approximately the limits of
the position of the rising and setting sun in the British Isles. Obstruc-
tion to the south should not be higher than from one-eighth to one-
‘third of its distance from' the instrument, accordmg to the latitude
of the station. Obstruction to the northward between north-east
‘and north-west is of no consequence " For the Southern Hemisphere
‘the ‘words south' and north in the above description should be inter-
changed. A suitable exposure may often be obtamed on the roof of
a bmldlng (For further particulars, see p. 95. )

"Other observations.—In addition to accommodation for the instru-
ments mentioned, provision must be made for ascertaining the
direction of the wind by day and- by night ; “this may be either:by a
wind vane or by some fixed marks which enable the direction of
smoke, ete., to be estimated with sufficient accuracy. - For observa-
tions of Vlslblhty a series of 13 objects varying in distance from
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27 yards to some 30 miles should be selected, each of which.can be
seen from a convenient place or places near the site of the. rain-
-gauge (see pp.-59 to 62). - For observing the state: of the ground a
patch of ‘bare- ground about 6 f‘o square is requlred (see P. 93)

LAY OUT OF A METEOROLOGIGAL STATION

A grass plot about 30 ft. by 20 ft. represents the usual prov1s1on
for the accommodation of the out-door instruments. * It is generally
found necessary to fence the plot to protect the instruments from
unauthorised interference, Such fencmg should be as open as
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Suggested arrangement of 1nstruments ina fenced plot 30 feet by 20 feet
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. DUNSHINE RECORDER_ -
(on 6ft. Pillar)
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poss1ble and preferably not more. than 4 ft hlgh A plot of the size
indicated provides adequate: spacing for the screen, rain-gauge,
- grass minimum thermometer, earth':thermometers, sunshme recorder
.on_a pillar about 6 ft. high and a wind vane on a mast about 20 ft.

high. . Sufficient: space is- also- available for a recording rain-gauge.
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and for ‘a bare patch 6 ft.: square for observing the state of the
ground.. A sketch plan showing:how the various instruments may
be' arranged. is shown in Fig. 1. The main point to bear in‘mind is
that the rain-gauges and grass minjimum: thermometer should be as
far as possible from the fencing and from any substantial structures
such as the screen and the sunshine pillar. - Paths are not shown in
Fig. 1, but it is convenient and permissible to add narrow paths so
that most of the instruments can be approached without stepping
on the grass. .. .. 4 '
THE OBSERVER

The services of a competent observer are required at the fixed
observing hour or hours each day. His occupation should be such
as to enable him to note the general character of the weather during
the intervals between the observations at fixed hours. A competent
deputy should be trained to take observations in the case of illness or
absence of the regular observer. ' :

§3. TIME ~

. Punctuality is a matter of great importance in making meteoro-
logical observations. Public clocks'in this country are regulated by
time signals from the Royal Observatory at. Greenwich, which are
relayed daily at 10 a.m. by telegraph to all postal telegraph offices.
Time signals are also broadcast daily by the British Broadcasting

Corporation. o o
It is of the utmost importance to avoid ambiguity in the specifica-
tion of times in metecrological returns, and the standard of time

adopted for the observations should, therefore, be stated on each
document. | = - o L '

. STANDARD TIME

Standard time in Great Britain is the local mean time appropriate
to the meridian of Greenwich. This is called Greenwich mean time
(GM.T.). .~ TR o :

0 SuMMER TIME :

The passing of the Summer Time Act, under which all public
clocks are set one hour in advance of G.M.T. during the summer
months, has introduced.a. source of confusion and ‘uncertainty
into meteorological records. It is impossible to use observations of
any element showing diurnal variation for the purpose of comparing
the conditions of one season with those of another, unless the same
hour of observation is adhered to throughout, as we cannot dis-
entangle the effect of changes in the meteorological conditions from
effects introduced by the change in the hour of observing.. -Unless
observers can arrange to.make their observations one hour later by
the clock during the months when summer time is in force, a great
. part of the utility of their observations is sacrificed. Unless this
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- condition is fulﬁlled observations. are not: accepted for inclusion in

" “‘the tables of the Monthly Weather Report 01V1ng monthly summaries
[ of observations at fixed hours of the day. - =2

" In any event, whether the observer. is able: to: adapt his routine
to the altered circumstances or not, it is most important that the

. standard of time to which the observatmns are: referred should be

explicitly stated on all meteorological documents. The possibility.
of ambiguity in specifying the times of occurrence of noteworthy
phenomena, such as thunderstorms, or the times of commencement

-~ and end of heavy rainsshould also be'kept in mind. The only com-

pletely satisfactory method of avoiding such ambiguity is to enter

~G:M.T.or B.S.T. (standing for British summer time), as the case may

be, against each entry. Thus; if a phenomenon were observed at

12h. 45m. by the clock on a day when summer time was in force, it

- would be set down either as ““at 12h. 45m B S T.” or else as “at
‘ llh 45m GMT” - S :

NUMBERI‘NG oF THE - HOURS i

At meteorologlcal observatories the hours are numbered consecu-
_tively from midnight Oh. to midnight 24h.; the hours after noon are
13h., 14h. and so on. . Times of 1.25 p.m. and 1.25 am. G.M.T,,

- for example are expressed either as 1325 and 0125 GMT or as
r13h 25m. and 1h. 25m. G.M.T. respectlvely * o

Horms OF OBSERVATION

The- Internatmnal Congress held in "Vienna i in 1873 lmd down that
the hours of observmg at second-order stations should be referred to
local mean time in order that observations made at different stations
of elements showing diurnal variations might be in the same phase,

and therefore more directly comparable with one another.. Zonal

‘time is now very generally adopted and it has been decided that

~ Greenwich mean time (G.M. T.). should be the standard:time for -

Br1t1sh statlons

- The following are the hours of observatlon in general use at sta,tmns
of different types in Great Britain :—

Telegraphrc reportmg stations :— DR ,
Greenwich mean time , e Summer time.
1, 13, @ 7~'r' 2,08, 14, 19, (22).

Chmatologmal statlons (second or ‘ohlrd order) reportmg daﬂy
observations by post only :— o

* Greenwich mean tnne O Summer t1me
w9, 15, 2L, v 10,7016, 22.
9,015, o o 10,716
S9, 21, o 10, 22

9. v : 10.
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i Climatological stations (second or.third order) reportmg observa-
tions at 17h..daily by telegraph in- addmon to reports by post

; (health-resort stations) :— -

 Greenwich mean time." Summer time.
9,717, 21~ . 10,18, 22, .
9,13, 17.+ .~ :10, 14, -18

9, AT s 10, 18 -

§4 SITE AND ORIENTATION

The partlculars requlred for the speclﬁcatlon of the site: of af
‘meteorologwal station are its latitude and longitude, and the height
‘above mean sea level of the 51te of the 1am-gauge and of the 01stern
‘of the barometer.

Latitude and long1tude can be taken from a 6 -in. ordnance map

and should be given to the nearest minute.: It may be noted in this
connexion that a degree of latitude corresponds nearly with sixty-nine
statute miles, 2 degree of long1tude in latltude 60° with half that
distance. = ; .

" Levels can be taken from an ‘ordnance map whlch gives the

* exact height of a number of “Bench Marks.” These are actually

symbols X cut in walls, milestones, and other permanent landmarks,
generally speaking at the roadside, and are indicated in the ordnance
map by the letters B.M. with the height in feet. A spirit level, a

‘straight edge and a graduated staff enable the observer to_“ run
la 11ne of levels from the nearest mark to hlS statlon o ‘

“The Trish' Ordnance Survey datum is"different from that of the

‘English Ordnance Survey ; all heights of Irish stations published
- by the Meteorological Office are corrected by subtractlng 7 ft from
‘the helght referred to local bench marks.

" The height of the observatory is to be entered as the helght of

‘the ground on which the rain- gauge stands

The orientation (points of the compass) may be determlned by

the following methods :—

(1): Determme from an 1 ordnance survey map, the bearmgs with
regard to the station of a number of conspicuous objects in the

‘neighbourhood, such as church steeples or- prominent points in the
landscape features. The map on the scale of six inches to the mile

will be found most suitable. The one-inch map may serve if the
position of “the station can be exactly identified upon it.  The
observer will then have little difficulty in identifying the directions
of the principal points, north, east, south and West and the inter-
mediate points.
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(2) ‘Another method is based on the position of the Pole star, which

- is easily identified on. any clear night.” This star marks the north

-point with sufficient accuracy.  The plane of the meridian, or in other

- words, the north-south pla,ne passes through the Pole star, the zemth
and the observer.

- (8) The method of determining the direction of the plane of the
meridian from the position of the sun at noon, local apparent time,
can be used. In this connexion the shadow thrown by a stick,
carefully ad]usted to be vertical, can be usefully employed to
1dent1fy the meridian position of the sun.

(4) The orientation of a station can be’and often is accurately
determined by the magnetic compass; but the matter requires
careful attention to the following points. A compass needle does not

~point to true north, the amount of the divergence differs slightly for

différent places, and it is also not absolutely constant for one and the
'same place.  In the British Isles at the present time the magnetic
needle points to the west of true north, and the amount of divergence
‘for any place can be read off on the map (Fig. 2), on which the lines
of equal declination or ‘variation from true north are shown. All
directions determined by compass bearing must be corrected by this
amount before being adopted in meteorological work. True bearings
are obtained by subtmctmg the Westerly dechnatlon from the compass
bearmgs :

The amount of the dechna’mon or varlatlon from true north is at -

present decreasing by about 10 mlnutes per annum in the nelghbour-
hood of the British Isles.

A second and more dangerous source of error in the determmatlon
. of direction by means: of a magnetic compass is connected with the
dlsturbmg effects which may be introduced by the presence of iron
or steel bodies, or of powerful electric currents. When using a
compass the observer must satisfy himself that all such possible
sources. of disturbance are absent. Even the presence of such small
objects as iron nails in the support on which the compass is placed
or of knives or keys in the: observer’s’ pockets. may cause serious
errors of unknown magmtude '

SPECIFICATION OF DIRECTION

There are two methods of speclfymg direction :—
(a) by compass points ;
(b) by degrees. -

~(a)- The thlrty-two pomts of the compass are N N. by E NNE

~~ete. Every alternate point is shown in Fig. 3. “For meteorologlcal
‘purposes the setting of the compass - dial should be. accordmg to

'geographloal not magnetic bearings. ‘ :



10 Magnetic Declination, 19335 (June, 1933)

ISOGONALS OR: LINES .oF, EQuAL WESTERLY: MAGNETIC
DECLINATION 1933-5: (June, 1933)
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" The lines are based on data supphed by the Ordnance Survey, supplemented |
by observations from Meteorological Office Observatories, adjusted to the epoch’
19335 (June, 1933) by making the appropriate allowance for secular change.

The values of the westerly declination at British Observatories for the epoch
1931 are Lerwick (60-1° N, 1:2°W.)14° 0". " BEskdalemuir (55-3° N., 3:2°W.),
14°-35". " Stonyhurst' (53-9°°N.,"2:5° W.), 13° 39", Valentm (51 -9°-N.,
10-3° W.), 17°17".. Abmger (51-2° N., 0-4° W) 120 147,
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. (b) When' du'ectlon is specified by degrees the zero of reckoning

- is geographical north, and the measurement is carried round the

complete circle in a clock-wise direction. For example, east is 90°,
south is-180°, west is-270° and north 360° The scheme is Qhown
1nF10'3 s‘ R ’ R o

§ 5. THE POCKET REGISTER - . . ,

All the original observations should be -written down at-the time
of observation in a. properly ruled note-book, which should be pre-
served for reference in case any- question should subsequently arise
about them. - Pocket registers: suitably ruled for the requirements
of different types of stations are obtainable through the Meteoro-
logical Office. - The readings 'should not be jotted down on odd
scraps of paper with the intention of copying them subsequently.
In‘general, all observations made at-any one partlcular hour should
be written on the same line of the pocket register. -

" Doubtful entries should be marked Wlth a query. Should observa~
tlons be missed altogether, the words *“ no observatlons e should be
written in the corresponding columns. - '

Punctuality is of the greatest importance.. Should the observa-
tions be taken more than 10 minutes earlier or later than the ﬁ*{ed
hour a note to that effect should be made in the margin.

- In addition to the observations at fixed hours, unusual phenomena.
- such as fogs, thunder, or hailstorms, etc., and the time and day of
their occurrence and their duration, should be noted inthe * remarks”
- column at the time or as soon thereafter as practicable : It' is
~ important to state the standard of time used (see p. 6).". .

_The pocket register should also contain a record of all changes in
the equipment of the station or in the exposure of the instruments,

T
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and of the times when the latter are cleaned or ad]usted The most
trivial details of actual fact in these matters frequently prove useful
at a later date. - ‘

A clear record of changes in the hours of obserthlon owing to ’ohe
recurrence of summer time should also be kept.

§,6. THE PERMANENT "REGISTER *

The observations entered in the pocket register should be copled
in ink into appropriately ruled permanent registers. The Meteoro-
logical Office issues to its observers monthly forms appropriate for the
requirements of different types of stations, in which the arrangement
of the columns follows closely that of the forms recommended by the -
International Meteorologrcal Committee in 1874, which, though
modified in details; is still followed in essentials in the meteorological
publications of most countries. From such forms the monthly means
and summaries can be prepared with a minimum of labour.

It should be remembered that, as the name 1mp11es the permanent
register, if carefully compiled, forms a record which will retain its
usefulness long after the observer and the officials at the central
office to which it is sent for custody have yielded up their places to
others. It is, therefore, important that the position of the station,
its height above mean sea level, the standard of time to which the
observations are referred and other details which it is necessary to
know for a proper mterpretatlon of the observations should be
entered on each form, - - »

--Especial care-is necessary in stating the: hours of observation in _
summer, when civil time (i.e., railway and Post. Office time) differs
from Greenwich time. The headlngs of most of .the columns are
self-explanatory. Should any alteration be necessary in any heading
in order to describe more accurately the observations entered under
it, the change should be made on'each form. In copying from ‘the
pocket register care should be taken to:enter corresponding figures
vertically under each other so that the columns may be added easily,
. and to show clearly for each entry the position of the decimal point.
The latter.is of particular importance when entering. the figures for
rainfall and sunshine.” Queries appended in the pocket register to
doubtful rea,dings should be copied on to the permanent register.

57 THE MERCURY BAROMETER .

' The barometer in general use in the British Isles is the Kew pafotern
station barometer.. We shall, therefore, first give instructions for that
instrument and subsequently mdrcafce how. to- manage the Fortin
barometer, which is another type of 1nstrument suitable for statlons,
but mare dlfﬁcult to handle::: o

* Detailed instructions regarding the method of completing each of ‘the
different kinds of form for the’ permanent reglster are issued as Supplements
to this Handbook, B s KRS RS ;
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KEw PATTERN BAROMETER
WITH ILLUMINATOR.
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Mercury Barometer o 13

GENERAL CAUTION

Attentlon may at thls stage be called
to the necessity for exercising great care

.. in handling a barometer. Should it be

required to move the instrument, first
incline it very gently, so as to allow the

“mercury to flow very slowly to the top
‘of the tube. “With the tube thus filled
‘the barometer may be transported with

safety in a horizontal orin an inverted
position (mstern end uppérmost), pro-

 vided: it is not subjected to sudden
- concussions. ~If carried upright in its

usual position, 7.e;, with a free mercury

- surface in the tube, the heavy mercury
. gtriking against the glass will probably

cause breakage. - In the case of a Fortin
barometer the plunger, which: will be
found at the base of the cistern, must
be screwed up until the mercury very
nearly fills the tube, before the instru-

. ment is moved. (See p. 21. )

To MOUNT THE INSTRUMENT S

“Having selected a position in’ “accor-

- dance’ with ‘the instructions given ‘on
p. 2, screw the socket, which’ will: be
- found in the case, to the support. - Lift
“the barometer oarefully from its case

and slip the hinged part of the suspen-
sion arm into the socket. - Take - care

- that the:serews which secure the instru-
“ment in its g1mbals are screwed home,
"~ otherwise it ‘may slip through its

supports " The method of suspension

- in" gimbals secures: that the scale is

vertical when- the instrument is kanging

 quite freely. - “Any ' deviation from  the
~ vertical causes the’ read_mg to be too
great. : '

When in posmon the barometer

-should be:-at such.a height that:the
- observer.can read the scale comfortably
- “while standing - upright.. . To facilitate
*setting, a -white-screen-or.a -sheet of

white paper should be fixed to the wall
behind the scale CE e
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No observation :should be taken until at least two hours have
elapsed after fixing, in order that the me1cury may have txme to

acquire the temperature of the air.’

Units OF GRADUATION

Mercurlal barometers for this country were formerly graduated
to give the height in inches of the mercurial column which balances
the, pressure of the atmosphere. - Recently the advantages of gradu-
ating the instruments in units of pressure instead of units of length
have been recognised, and barometers of the Meteorologmal Ofﬁce
are now graduated in millibars..

To TAKE AN OBSERVATION

(1) Attached thermometer.—Observe and note in the approprlate

column of the pocket register the temperature of the thermometer
attached to the barometer. The temperature should be read on the
scale graduated from about 265°A to 305°A. The temperature should
be noted to the -nearest half-degree.
" The reading of the attached thermometer should be noted before
setting and reading the barometer as changes in temperature due
to the presence of the observer are likely to affect the thermometer
more quickly than the mercury in the tube.

(2) Tap the mstrument two or three times Wlth the pads of the
fingers. :

(3)- Ilumination. —If the natural illumination is insufficient to set

_the barometer, illuminate the white screen or paper behind the instru-

ment. If the fixed lights are not conveniently placed for this use a
hand lamp, held in the left hand in front and slightly to the left side
of the ‘barometer. .. Do.not place a lighted match or other naked light

- behind, the mstrument as this frequently leads to very inaccurate
- setting. ~

Barometet Iluminator. —A self contained illuminator, ‘ designed in the
Meteorological Office, is shown in Fig. 4. It consists of two parts : (a) a small
hand light for reading .the attached thermometer and the scales, (b) a-fisting
to be attached to the wall behind the upper part of the barometer tube. - This
fitting is “provided with a strip of opal: glass, illuminated from behind by .
means of two small flash-lamp bulbs, the current for these and for the hand
light being supplied from a small dry battery accommodated within the case
of the illuminator. The bulbs are caused to glow by pressing a bell-push (e).

. When fitting the illuminator, the bell-push should be on the left, as shown in
the illustration, and if the length of the supporting arm is insufficient to
provide enough space between the wall and the barometer, a wooden packing-
piece should be inserted between the wall and the bracket.

(4) Setting the vernier scale. —_Turn the milled head at the side of
the instrument until -the lower edge of ‘the small moveable scale,
called the vernier; and also the lower edge of the shdmg piece at the
back of the instrument which moves with the vernier, appear in the
same straight line and apparently touch the uppermost part of the
domed surface of the mercury. -
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-~ (Care must be taken to touch the instruments as lightly as possible,
and on no account to set 1t When dlsplaced from the verulcal
~ position. - ~

- When the ad;ustment has been made no part of the mercury
should be hidden by the vernier, ‘and yet it should be 1mposs1ble to
‘see the white paper (see p. 13) between the bottom of the vernier
and the highest point of the mercury surface. As the latter i is curved
the paper will of course be ‘visible at the sides (see Fig. 5).-

- The object of the shdmg ‘piece at the back of the instrument is-to ensure
‘that the observer’s eye is at the same level as the top of the mercury column ;
*if this is not the case, serious. errors are made.  Errors of -this nature which
-are liable to be made whenever the index and the scale on which it is read are
; ~not in the same plane are known as errors of parallax. - : co
. Nore.~—The scale of the Kew pattern barometer is graduated 0 as to allow
~ for variations in"the level of the mercury in the elstern and no adJustment is
‘therefore needed for such changes 3

(5) Readmg the Scale.—The operatlon of readmg cons1sts of two
parts Fwst —No’oe the value of the scale d1V1s1on next below the

7m4—§ . 106 —%m
103 —___E/m\ 105 —=_ '3

e —_— .8
102 —=F s 104a—=-7

=5 | =8
01— ¢ | 103 —=[ 3
: . S : . — 37
100 —= 2 102 2
ag. 7 ] a
98 * 100
97~ 99 —

FIG. 5 . ‘:jb‘RJVJ;&DI‘V\*‘GIfTH:E Scars. 'FIG.. 6.

(Mxlhbar Graduations.)

zZero d1v1s1on on the vernier which is marked O in Flgs 5and 6. The

. scale is graduated in millibars; but to save engraving the final “ 0 ” is
-omitted from each of the values engraved on the fixed scale, so that
the mark opposite 98, for example, indicates 980 millibars. In
Fig. 5 O is supposed to be in ‘thé same straight line as the fifth (the
‘long) division above the scale division numbered 98, in other words

-with the graduation 985 millibars. In Fig. 6 the. graduatlon next
below O is the second above the graduatlon numbe1 ed-101 ; its value
is therefore 1012 mllhbars

o
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- Second.—Look along the vernier for a division which is in one and
the same straight line with a scale division. The value. of this
division on the vernier gives the decimal place. In Fig. 5 the vernier

division 0 (or 10) is exactly coincident with a scale division; the
‘reading of the barometer is therefore 985-0.. In Fig. 6 the vernier

division 7 is exactly opposite a scale division ; the barometer reading
is therefore 1012-7. “Enter the reading in the pocket register. -

Caution.—Always check the reading after entering it in the pocket

register.. Be very careful to avoid errors of 5 or 10 mb.. -

Inch graduations.—The normal method of subdividing the scale and vernier
of an inch barometer is illustrated in Fig. 7. The scale is divided into tenths

" and twentieths of an inch. - The method of reading is as follows :— ..

Having set the lower edge of the vernier plate into. coincidence’ with
..the top of the mercury meniscus, read the value. of .the scale division
. next below the vernier zero. In the example (Fig. 7) this value is 29- 650 in.

Next look along the vernier and note.the graduation which  coincides .
with s scale division. - The main divisions (marked 1, 2, 3 — — ~) on the
vernier each represents’ ten thousandths, 7.e. +010 in., and the ‘smaller,
~.-intermediate divisions each represents two thousandths, i.e. -002.in.
In the example, the third small division above the main division marked 3
is seen to coincide with a scale division. The vernier reading is, therefore,
<030 4+ 3 X -002 or -036 in, This is to be added to the scale reading,
29-650, thus :— ’ . ' : 3

Reading on séa.le, s eee 29650
.. Reading on vernier ... ces 7 eee 700-036
‘Reading to be entered o :29-686 in.

When no vernier division is in exact coinci-
dence with a scale division, the mean of the

e
|

¢

. Before readings -taken at different

“times and in different places can be

compared with one another, it is neces-

" sary to apply to them certain corrections
or reductions. These comprise—

---(1)-the:correction for index error,

(2)-the correction for temperature,

+(3) the . reduction for - latitude

A« o necessitated by the variation

“Frg. 7. oo L of gravity with latitude, -

READING THE SCALE. : --(4) the reduction for height above

{(Inch Graduations.) sealevel. o o

A
o

> [ ‘readings of the two vernier divisions nearest
/\_—— 3 I to coincidence should be adopted.
: 54— o Special Caution.—The attention of the
ey observer is drawn to the fact that errors of
I i 0-05, or less frequently of 0-10 inch, i.e.,
i . errors in counting the number of divisions
SRR . on the fixed scale, are-very liable to occur
3 unless great care is taken.
e Tue REDUCTION OF BAROMETER
B "~ READINGS
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Index error.—The residual errors in the: gra,dua,tmn of the scale

are determined for each instrument at the National Physical Labor-
‘a‘oory by direct comparison with the standard instruments of that
“institution, and are set out in official certificates. The certificates
_issued by the Laboratory are of two forms. -Those for instruments

tested - subsequently to January 1, 1924, state the corrections. in:
millibars to.be applied at different pomts in the scale. - Certificates.
issued before that date specify the standard temperature for different.

parts. of the scale at which the instrument would read correctly.

The standard temperatures: are usually in.the neighbourhood of
1 285°A, that being the temperature at which a' perfect instrument:

“gives correct readings in latitude 45°. -, The corrections’ given in

certificates in the old form may be converted to index corrections.

by .the followmg table, Whlch apphes to mstruments of the Kew
pattern :— oo . o i e

Standard e Barometer readmg (mb) . 4 ;;dr#rd.
‘*:f’mPem“?ej 7880 920|960 | 1000" | 1040 tempemt“‘f
Inde;iCor}eefidﬁ (mb) (For sign| of correcition, see below.)
. 2820 45 47 | 49| 51| B3 | 1288 0
Caggest st | se e |03 |t oas | 2875
2830 30 | 32 [ -33. | 34| 36 esTe0
Cesis | vas | aa |35 | el | e [ ases o
»'2\84-0._ ST RIS 1: SRR NS Ui E HES b N S U AR S 286-0 v
2845 | w07 | 08 | 08 | .09 | -00 2855
CEss0 |0 0 | 0 ::‘“’;\‘10" 00| 2850

The correction is negative for all the standard terﬁperatux:es‘ in the left-hand
margin, and posmve for all the standard temperatures in’ the rlght hand

margin.

Correctlon for temperatlu‘e —The mllhbar scale of a ba,rometer is

graduated in most cases to read correc’oly (after due apphcafmon of the
correction for index error) at a temperature of 285°A, and if the
temperature of the instrument, as indicated by the attached ther-
mometer, differs from: that value a correction must be apphed in
order to allow for the expansion or contraction of the mercury ‘and

the scale. The amount of the correction is shown i in Tables I, II a,nd" ]

TII for mercury barometers with brass scales (pp. 131—4): -

A few of the earlier millibar barometers were, however, graduated
‘to read correotly when the temperature of the instrument was 0° C.
On the other hand the inch scale is constructed to read correctly when
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the temperature of the whole instrument is 28-6° F'.; this temperature
being equivalent, so far as the instrument is ooncerned to the com-
bination of . temperatures of 62° F for the brass scale and 32° T for.'
the mercury. SRS : : I ERRE

~Reduction for latltude -——The force of gra.v1ty varies shghtly w1th»
latltude ‘and a correction has to be applied on this account to the
readmgs of mercury barometers. Barometers are graduated to read

- correctly (after due application of the corrections for index error

and temperature) in‘latitude 45° N. or S.” The amount' of- ther
correction, appropriate at sea level, in different latitades is given in

Table VI (p. 141). The force of gravity also varies with height above
sea level, but the amount of the variation is so small that it may in.
general’ be neglected It should, however, be indicated when dealing’
with observations made at' great helghts for example in balloons.:
Appropriate tables will be found 1n the “ Internatlonal Meteoro-

logical Tables.” )

" Reduction to mean sea’ level —Baromete1 readlngs taken at places
at’ different levels cannot be: dlrectly compared until they have been
reduced to -the- same-level-~—Synoptic-charts- are -based on-simul-
taneous readings taken at-a large number. of stations, and the

- readings have to be reduced to a common level before they are

entered on the charts. Mean sea level is the common level adopted
by general agreement. To make thé reduction the observed reading
(duly corrected for index error, temperature and latitude) has to.be
increased by an amount equal to the pressure exerted by a column
of air equal in height to the height of the station; under correspondmg

~ conditions of pressure and temperature. Table IV (p. 135) gives the

amount of the correction for selected heights up to 1,000 ft., corre-
sponding - with certain dry-bulb temperatures, when the pressure at
station level is 1000mb. For other pressures the correction is in
proportion. Conditions approprlate for intermediate heights and
dry-bulb temperatures not given in the table, can be found by inter-

".polation. Table V (pp. 137-40) g1ves srmllar mformafmon for baro-

meters graduated in mercury mcnes T T s

pp. 131-41 are not mtended for regular daaly use by observers The
frequent 1nterpolat1ons which they necessitate would be cumbersome
in the extreme. = As each observer always uses the same barometer,
set up in a fixed position, it is better to prepare for his use a speclal‘
set of tables of reduction in such detall as to render any necessary
1nterpolat10n easy.

.The. Meteorologlcal Office i issues to. its observers su1table detailed

ables on receipt of the followmg particulars—

(1 ) copy of the certlﬁcate from'the National Physwal Labora.— '
Jtory,

(9) helght of mstern of barometer above mean sea. level

(3) latitude of the statlon
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Two forms of table are in use, one for barometers graduated in
;mllhba,rs, and. one for barometers graduated  in mercury inches.
. The former (A.M. Form 1270)-follows the method described in the
, Quarterly Journal -of: the -Royal Meteorological - Society,- 40, .1914,
p. 185. The corrections for.index error, temperature latitude and
a correction for level approprlate toa standard air temperature are
combined “into ‘a ‘single ‘main table . with_ arguments pressure. and
- attached . thermometer, . while variations of - air. temperature are
allowed for in & preliminary table in which the attached thermometer
is’ ad]usted by an amount depending on the’ dry-bulb read_lng

It is the adjusted attached thermometer Whlch is used as argument
in the main table

followmg ‘example will show how it is used :—

Bxample—Attached thermometer 287°A barometer as read
1012-3mb. ;- dry bulb 54° F. - AR ;

- The adjustment to the a.ttached thermometer correspondmg Wlth

a dry bulb of 54° F. is --1°A." The adjusted reading of the attached -

thermometer. is- therefore 288°A.  The barometer correction -corre-
sponding with 1020mb., the nearest value in the table to the observed
value 1012-3mb. and an attached thermometer reading of 288°A is
+2-9mb. - The  corrected readmc of: the barometer is therefore
©1015-2mb. L ] .

ve‘:'




20 Barometer Correction Card (Millibar Scale)

Form 201, .- o 0 . L peee T

N SPECIMENBAROMETER CORﬁEoirroN Carp (Millibar Soelev)j' -

BAROMETRIC CORRECTION AND" REDUCTION TO. MEA\
e SEA LEVEL '

Place—South Kensmgton Lat1tude——51° 30' N.
Helght above M S.L.—66 ft Barometer—No M O 1701.

(1) Ad]ust the readmg of the attached thermometer by addmg
the amounts given below :—

Dry bulb " Correction  Dry bulb Correctlon N
1n screen _ _toattached | inscreen. to attached
' “'thermometer. | = - “eo - thermometer.
Below 24° F TU0PA | BBO-94° R, +2°A
24°-55° . - 1.

(2) Apply to the observed reading of the barometer the correctmn‘
of the following table corresponding most nearly.with the barometer
reading and the ad]usted readlng of the attached thermometer

oo 4 R o =\

‘:5,5 g Correction to be applied. o '_5,3 g Corr ctxon to be apphed

SRR A IR )

KRYE Mg H

$EE 3E 2 e

2<E], - : 2 g . :

g2v.91940 | 960 | 980 | 1000 | 1020 | 1040 E"gé’ 940 | 960 .| 980 {1000 | 1020 | 1040

= H - =

3 3
°A | mb. | mb. | mb. | mb. { mb. | mb °A | mb. | mb. | mb. | mb. | mb. | mb.
271 |4+5-5(+5-6/+5-7|+5-8/+5-8+5-9] 291 [4-2-8/4-2-8/+2-3|--2-83/4-2-8|4-2:&
272 5-4 5-4 55 56 56 57 292 2.1 2-1) 2-2/ 2-2| 2-2/: 2-2
273 52 5-3 5-4] 5-4 55 5:6] 293 2-0- 2.0 2:0/, 2-0/ 2:0/ 2:0
274 5.0 51 52 583 53 54 294 1-8 1-8 1-8/ 1-8 1-8 1-8
275 4-9 5-0/. 5-0/ 5-1| 5-1] 5-2| 295 1.7 19 1-7) 1-7 1-6; 1-6
276 4-7 4-8 4.9/-4-9/"4-9 "5-0] 296 1-5/- 1-5{ 1-5/ 1-5/ 1-5| 1-5

22771 4-61:4-6] 4-74-7-4-8 4-8} 297 1-3] 1-3 1.3 18 1-3 1-3
278 4-4| 4.5 4-5/ 4-6/ 46 4-7| 298 | 1-2/ 1.2 -1.2 1-2[ 1-1] 1-1
279 |- 4-2| 4-3| 4-4| -4-4 4-4| ‘4-5] 299 1-6/ 1-0/ 1-0/ 1-0f 09 0.9
280 | 4-1) 4-1| 4-2| 4-2| 4-2 4-3] 300 | 0-9/ 0-8 0-8 0-8_0-8 0-7
281 39 40y 4-0] 4-1 4-1 4-1] 301 0-7| 0-7 0 0.6/ 0-6] 0-6
282 3-8 3-8 389 39 39 4-0] 302 0-5/ 0-5/ 05/ 0-5| 04 0-4
283 36 3-6 37 37 87 3-8 303 0-4 0-3 0-3 0-3 0-2{4+0-2
284 3-4| 3-5/ 3-5| 3-5 3-5 3-6] 304 0-2(+0-2/4+0-2(+0-1/4-0-1| 0-0
285 383 33 33 34 3-4 3-4 305 [+0-1| 0-0{ 0-0; 0-:0/—0-1/—0-2
286 31 31 8-2/.8-2 382 8-2f 306 {—0-1{—0-2!—0:2|—0-2| 0-3| 0-3
,287 3-00 3-0,°3-0; 3-0/ 3-0/ 3-1} 307 0-3/ 0-3] 0-4] 0-4/ 0-5/ 0-5
288 28 2-8/.2-8 - 2-9  2-9:°2-8]| 308 0:4:-0:5 0:5{ 0-6/ 0-6] 0-7
289 |.-2-6. .26 27 27 27 27 309 0-6/- 0-7| 0-7f 0-7[ 0-8 0-9
290 }4-2-5|-+2-5/+2-5/+2-5/+2-5/4-2-5] 310 {—0-8/—0-8/—0:9(—0-9|—1-0|—1-0

Amounts entered in BLACK type must be added. Amounts entered in ORDINARY.
type must be subtracted.
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The card- supphed for reducing. barometric
observations made in inches (Form 1121) contams
- two main tables. = - -

By means of the ﬁrst Table A (which is prlnted
as Table III of “this handbook) the ‘reading is
-reduced to a. temperature of 32° F.. The reading
~corrected ' for temperature is then corrected for

gravity, altitude and 1ndex error- by reference to
J.TableB :

THE FORTIN BAROMETER -

. "This mstrument dlﬁers from the Kew pattern
i "barometer—

(l) 1n the method of suspensmn .

(2) in the fact that itiis necessary to ad]ust

-~ -the surface of the mercury in the cistern
" to a fixed level before taking an obser-
vation.

‘ Instructlons for mountmg ‘and handhng —To
mount the barometer, fix the board . which is
supplied with it in the selected position, takmg
care that it is vertical. Both top and bottom of
.- the board must be securely fixed to the wall by
- means of the lugs provided: 'Then lift the instru-
 ment out of its case ‘and suspend it from the hook
~ fixed to the upper part of the board. The lower
- end should be passed through the ring attached
to the lower portion of the board. ‘

The barometer is so constructed that the scale
is vertical when the instrument is hanging freely.
It should be permanently. fixed in the vertical
- position by adjusting the length of the three
4 screws, which will \be found on the ring through
! . .which the.lower end passes until their ends just
touch but do not displace.the barometer. Any
-displacement .from the vertical will cause the
/% . reading to be too great. : The. correctness of the
/% . adjustment should. be tested from:time to time
1. by loosening the screws until the instrument hangs
b quite freely and: then screwing them carefully up
again. The screws must be kept clean and, if
necessary, they may be slightly oiled ; if they work
 stiffly it is impossible  to make. the adjustment
satisfactorily.

Fie. 8.
ForTIix -
BAROMETER.
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- If a Fortin barometer is to be dismounted, the plunger, which will
be found at the base of the cistern, should first be screwed up until
the mercury very nearly fills the barometer tube. When this has
been done the instrument may be transported in a similar manner

to'a Kew pattern barometer.. ' ) ,

- The scale of the Fortin barometer is so fixed that its zero coincides
with a fixed index, called the fiducial point, in the cistern. Before
taking an observation the surface of the mercury in the cistern must
be made flush with the fiducial point, which usually takes the form
of an ivory point or knife-edge. The adjustment is made by screwing
the plunger at the base of the cistern until the ivory point is exactly
coincident with its image in the mercury. A good light is as essential
in making this adjustment as in setting. the.vernier, and artificial
light should always be used whenever good daylight fails. -

The adjustment should be made immediately after,reading the
attached thermometer. = To prevent fouling of the mercury - by
prolonged contact with the index, the plunger should be unscrewed
after each observation'so as to leave the mercury surface well below.

the point of the ivory index. = B -

If a dirt trap is fitted in the ciSﬁéfn of the barometer it should be
used when necessary to clean the surface of the mercury in the cistern
by unscrewing the plunger until the mercury surface falls below the
trap and then screwing up the plunger until the trap is covered with

mercury again.- ‘ _
-+« In the Newman type of barometer, in use at many
‘F |:- :observatories, the scale-is rigidly attached to the
.. -fiducial point which forms the zero of the scale. The
adjustment is made by moving the scale up or down
by means of a rack and:pinion, and not by altering
the position of the mercury surface. : ‘

: . wn. DEFECTS . OF , BAROMETERS
" "The chief-defect to which-mercury barometers are
-'subject is'due to'the accumulation of air in the space
above the' mercury. The presence of air may be
" detected by slightly. inclining the tube: so as to allow
the mercury to flow slowly to the top of it. If a sharp
% - - metallic ““click ’ is heard as the mercury strikes against
- - 'the glass it may be assumed that no air is present.
“To expel air when present the instrument should be
" carefully inverted (the precautions described above
- being taken, see p.'13) and gently tapped while in this
- position.” In the case of Fortin barometers this treat-
" ‘ment generally suffices to remove the air, but in the
case of a Kew pattern barometer in which the tube is




-, ment maker forrepair.” It should be sent subsequently to the National
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. very much constricted, it may. be necessary to send.it.to an instru-

- Physical Laboratory, for a redetermination of the index error.

To prevent air and moisture working their way into the * vacuum ’
of a Kew pattern barometer, a small funnel or-“ pipette ” is inserted
- between the cistern and the top of the mercury column (see Fig. 9).
- With this arrangement the air gets entrapped at the shoulder A and °
- does not a,ppreclably affect the reading of the barometer : ‘

THE TESTING OF A BAROMETER BY MEANS OF DAILY
WEATHER CHARTS :

‘ The accuracy of a barometer may be tested roughly by compa,rmg ;
- its indications with the pressure values deduced from the isobaric .
. charts published in the Daily Weather Report.. For this purpose :
" readings should be taken at 7h., G.M.T., corrected for temperature, ,
~ and reduced to mean sea level and latltude 45° by the methods given :
- above. The height of the barometer cistern above M.S.L: must be |
. known. On the charts the isobars or lines of equal pressure are given
¢ for M.S: L. for the epoch 7 a.m. on the day of the chart. . The position
- of the station on the map being known, the appro‘nmate pressure at -
© it can be read off from the isobars. Suppose for. instance that the -
. station lies between the isobars marked respectively 1010 and 1012,
“-and suppose further that the perpendicular distance of the station -
' from the 1sobar for 1010is three-fourths of the whole distance between = -
_ the isobars; the reading at the station may then'be taken as1011-5 .
millibars.- As a general rule the pressure can be determined in this -
. manner with an error of not more than 1 mllhbar, but as the method !
_ involves some uricertainty a series of comparisons should be made. - If .
- observations for a complete calendar month are ava,llable, the '
: Montkly Weather Report should be consulted SRR :

'§8. THE THERMOMFTERS AND THEIR EXPOSURE

The norma.l equipment of - a chmatologxcal station includes two -
. “ ordinary ” thermometers (for use as dry and wet bulb), a maximum :
- thermometer and a minimum thermometer. It is important that
these thermometers should be: of suitable des1gn and robust con-
struction. The pattern recommended is the “sheathed ” pattern, : .
examples of which are illustrated at A, D and E of Fig. 10. In this
pattern the engraved stem of the thermometer is'enclosed in an outer
glass sheath terminating in a flat button which provides, in the case
of the dry and wet bulbs, a means of suspending the thermometer in
the screen. Apart from the protection to the graduations given by
the outer sheath, the absence of wooden or porcelain mounts makes it
easy to place the thermometers in the screen so that the whole
range of graduations-is visible and so.that the bulbs of the four
thermometers are nearly in the same plane !
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Thermomelers and their Ezxposure
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FIG 10 STANDARD PATTERNS OF THERMOMETERS. :

- A—Sheathed pattern dry or wet bulb thermometer -
. B-—Bent-stem earth thermometer.;
‘.. C—Symons pattern earth thermometer and steel tube.
- D—Sheathed pattern maximum thermometer.
" E—Sheathed pattern minimum thermometer.on grass. -
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- If thermometers mounted on porcelain or wooden bases are used,
care should be taken to see that the ‘tens” ag¢ marked on the
- mounts are in register with the corresponding graduations on the
_stem. After a period of use the stem of the thermometer may work

loose and slip relatively to the mount, thus introducing a possibility

of error in reading. Cases have even been known in which a ther-
mometer has been repaired by fitting a new tube to an old mount
on which the tens graduations were quite inappropriate.

Other p'oihts of importance in selecting thermometers for meteoro-
~ logical purposes are— , [RERE

(@) the range of gradﬁaj;ioné shoiﬂd. :be'suitable,
(b) the scale of graduatioﬂ should be Sufﬁciently open to permit
- of estimation to 0- 1°F. without difficulty, . .. 7
(e ktile bulb ghoul_d be of stahdai‘d dimensions. . -

The‘raﬁ'ges‘ aﬁprépriafe t§ different, types of thermometers are

given below under the respective headings. In regard to (b) the
Meteorological Office specifications provide for a scale of not less
~than 18° Fahrenheit to 1in." Inregard to (c) the approved diameters
of bulbs are approximately 0:4in. for dry and wet bulb, 0-5 in. for
the maximum, 0-6 in. for the minimum or grass minimum.

. - .
THE. STEVENSON SOREEN

The dry. bulb, the wet bulb, and the maximum and minimum
-thermometers require to be exposed in a screen of approved pattern,
- The screen in general use in this country and in the Colonies is the
Stevenson screen ; it is a box or cupboard with double louvred sides,
The clear internal dimensions of the standard screen are :—height
164 in., width 18in.,"depth 11in. A large screen, the width of
which is 3 ft. 5in., but which is otherwise of similar design, has been
- introduced to provide accommodation ‘for a thermograph and a

“hygrograph, as well as for the four thermometers.

- Exposure.—The conditions which the exposure of the screen
should satisfy have been described on p. 8. It should stand on four
legs, which may be of wood or steel, so that its base is about 3 ft. 6 in.
above the level of the ground. The legs must be sufficiently rigid
and be buried sufficiently deeply in the ground to prevent shaking
during gales. (See also (3) below.) To prevent rot the portions
below ground should.-be ‘creosoted or otherwise treated if the legs
. are of wood. There should be no boarding or slab under the base
of the screen. The opening of the screen should face towards the
‘north (south in Southern Hemisphere) or, preferably, somewhat east
of north so that the sun may not shine on the instruments while
observations are being taken in the evening.

(20589) o CeicL cer T rees L. B
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| : Fic. 11. STEVENSON SCREEN, WITH SHEATHED THERMOMETERS -
) AND STEEL STAND. )
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~-Arrangement of the thermometers in the screen.-~In arranging
the thermometers in the screen the following points’ must be borne in
-++(1) There should be a space of at least 3 in. between the bulbs
: of the thermometers and.the top, bottom or sides of the

. screem.,. , o - it ey it
- (2)The thermometers should be so arranged that all parts of
“their scales can be read without the necessity for moving

; any one of them, or for viewing the stem at an angle.
(3) The maximum and minimum thermometers should be
- .arranged so that strong winds cannot shake them, as
~ jolting often leads to displacement of the indices. . The
. instruments require to be moved once a day for setting,

‘and therefore cannot be permanently fixed in position.

A suitable arrangement is shown in Fig. 11,0000

... . Tue Maxmom TasrMoMETER . 7
- The maximum. thermometer is designed to record the highest
temperature experienced - during, a- given period. In the pattern
adopted by the Meteorological Office the tube is reduced in bore
about 1in. from the bulb. The reduction is made either by drawing
‘the tube or by the insertion of a small piece of glass. . The thermo-
- Teter is hung nearly horizontally with the bulb end slightly lower
than the other. (See-also p. 28.) ~As . the temperature rises: the
mercury expands and-is forced past the constriction, but, when. a
subsequent fall of temperature causes a contraction of the: mercury,
the thread breaks at the constriction so that its upper end remains in
position and registers the highest temperature reached. . .:: .
- The stem of the maximum thermometer should be graduated from

0° F. to 130° T. for use in temperate climates. -
TrE MINmMuM -‘THERMOMETER

- The minimum thermometer records the lowest reading experienced
in a given interval. The most common type of instrument is & spirit
thermometer. having .a small index immersed in the spirit. in the
stem. . It is hung like the maximum thermometer. As the tempera-
ture falls the index is carried towards the bulb by the spirit, but if
the spirit subsequently expands, in consequence of a rise of tempera-
ture, it flows past the index, which is left in position to indicate the
lowest temperature reached. .. . L

The stem of the minimum thermometer should be graduated from

—30° F. to 100° F. for use in temperate climates. . . ..

'GENERAL HINTS ON THE MANAGEMENT OF THE_ﬁMOMﬂERS
""" The thermometers should be kept clean and thé?bulbé‘brig})it. I
~water has condensed on any of the thermometers it should be wiped
off,” and ‘several minutes should ‘be -allowed’ to " elapse ‘before' the
readings are taken. * etk S T T
{20589) ’ . B2
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Blacking : the scale —Should the - divisions of the :scale become
indistinct they may.be renovated by rubbing a shoemaker’s “heel-

"ball ” or a dark-coloured crayon along the tube. The need for such
-renovation does not arise in the. case of *‘ sheathed ” thermometers.

" Bubbles in stem of spint thermometers '——Spirit thermometers

.should be regularly examined for the presence of bubbles in the stem

or bulb, or of drops of liquid in the upper part of the stem or in the

“small-bulb at its end. To remedy this ‘defect when present, swing

the thermometer briskly at-arm’s length in'a quadrant of a circle.
By repeating this treatment several times detached globules of spirit
may-be made gradually to approach the main ‘bulk of spirit, and
ultlmately the whole thread becomes continuous. “Another method

-is to hold the thermometer upright with its bulb in a vessel of water

which is being slowly heated.” Allow the spirit to rise until it passes
into but does not fill the “ safety chamber *’ at the top of the tube.
The air bubbles can thus.be caused to travel up the stem into the
safety chamber. During this process it is advantageous to shake the
thermometer occasionally. After all visible drops or bubbles have

‘been removed.the thermometer should be left for some’ hours'in a
‘vertical -position, bulb downwards, to allow any liquid -which may
‘have collected on the walls of the tube to drain down to the main
-column. .: The presence ‘of condensed spirit on the walls of the tube
‘causes the thermometer to read low and this defect cannot’ always

be cured by leaving the instrument to drain in a vertical position.

‘In such a case the upper part of the stem should be carefully warmed
. and the ‘treatment should be repeated until on testing in water the

reading of the thermometer agrees with that of the dry bulb to Wlthm
two or three- tenths of a degree F. ‘

Mercury ‘thermometer with broken column -—Occas1onally the
thread of a mercury thermometer is found to be broken'; the defect
may generally be remedied by swinging as described above.

-Defects . of . maximum - thermometers —Max1mum thermometers
are subject to. two. defects—- ST : :

(1) The mercury may recede from its maximum position ‘when
the temperature falls below the maximum to a greater or
a less extent. The observer should accordingly test his
~ instrument occasionally by gently heating it and noting
whether the mercury column Tetains' its position in the
tube. The test should be made Wlth the stem nearly
-~ horizontal. - -
(2) The mercury may “slip forward When the 1nstrument is
. brought into a horizontal position after setting.

- Both these defects: may. in most cases. be remedied by . altermg
the 1nchnat10n at which the 1nstrument hangs.

The management of the Wet-bulb thermometer will be dlscussed
under the heading “ Hygrometers.” (See p. 33.)
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* READING THE THERMOMETERS

] e
. Sighting. Errors of parallax.—As the mercury thread and the
scale of the thermometer are not in the same plane, errors of parallax
(see p. 15) will be made unless the observer is careful that the straight
- line joining his eye to the top.of the mercury or spirit column is at
right angles to the stem of the instrument. This condition will be
fulfilled if he places his eye at the same level as the end of the mercury
column if the thermometer be vertical, or directly in.front of it if it

be-horizontal. - SRR TR O

- Degree of accuracy required.—To obtain satisfactory values for
‘the vapour, pressure and relative  humidity from readings of dry
R - . and” wet-bulb ‘thermometers, the
difference between the readings of
wa— . these instruments must bé known
P oLt oo with faccuracy,  and - hence the
med .2 “observer should estimate fractions
R of ‘a degree to' the nearest tenth.
To do this he should imagine the

ke | o degree divided into two equal parts
g " as at B (Fig. 12), and each of these
=1 .- halves again subdivided into

quarter degrees as at Cand D. If

Coe e the end of the mercury column falls

T within the first quarter the correct

b oeeeed _ - fraction will;be -1 or -2, and the

1w i+ - .. . -observer must use his discretion

S % which value he enters in ‘the

register. Similarly the values -3

and -4 fall within the second quar-

o ter; -5representsthe half degree ;

., . 6, -7, and -8, -9 fall within the

-~ ,third and fourth quarters respect-

. . , ~-ively. Thus, in Fig. 12 the points

Vo . oo UV, W, X Y and Z read 03, 1-1,
L Fic. 12. : ~~ 2:6,3-4and 4-8 respectively.

fm‘;r -
o
o
s )
W/}T[”H_
<

T

Maximum and minimum. thermometer readings need only be -
entered to whole degrees. The readings should be estimated to
tenths, the corrections for the errors of the thermometers: should
then be applied, and the values should be rounded off to the nearest-
whole degree before entry in the pocket register. - . . -

When a thermometer reading is entered to a . whole degree it
should be the nearest degree, e.g.,if the corrected reading be between.
49° and 50° but.nearer 50° than 49°, 50° should be entered. ‘Where
the corrected reading comes half way between two degrees, i.e., at
0:5, the odd degree should be entered in the return. - For example,:

corrected readings of 48-5 and 49:5 would both be entered as 49°,

while 50:5 and 515 would both be entered as 51°. ..
(20589) - - ' B3
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Rapidity.—The thermometers should be read as rapidly as is con-
sistent with accuracy in order to avoid changes of temperature due
to the presence of the observer. When observing by artificial light
care must be ta,ken not ' to heat the thermometers ‘with the lamp.

Readmg ——When takmg a complete observatlon proceed as

(1) Enter the readmgs of the dry and wet bulb and the maximum
S and minimum’thermometers in the appropriate columns
of the pocket register. In the cases of the first three
instruments the position of the end of the mercury column
_ is observed; in that of the minimum thermometer the
.~ position of the end of the index furthest from the bulb must
be noted.
(2) Check. these entries— : _
(¢) By comparing them again with the instrumental readings,
- special attention being directed to making sure that no
-errors of: 5° or-10°.have been made.

(b) By ascertammg that the reading of the maximum thermo-
meter is as hlgh as-or h1gher than the dry bulb reading
taken at or since the previous setting, and s1m11arly, that

-2+ the reading of the minimum thermometer is as low as or

-+ lower than the dry bulb reading taken at or since the
previous setting. The maximum reading should be at
least as high as, and the minimum at least as low as

" those readings.

NOTE ——-If after cheokmg the’ readlngs at the time of observatlon, the
reading of either the maximum or-the minimum thermometer is found to be
inconsistent with the reedmgs of the dry bulb, the cause of the discrepancy
may be :— |

(a) an error in the reading of the dry bulb at one of the precedmg times
of observation’ during the period covered by the reading of the
““maximum or minimum thermometer ; or

.(b) an ‘actual : dlscrepancy ‘between readings correctly taken, owing to
..some defect in one of the instruments. 3

The readmg which, on examination, the observer considers to be erroneous,
should be. adJusted by him and the adjusted value should be entered in the
records enclosed in brackets, thus (59). -The actual reading of the instrument
should also be inserted in the pocket register and in the permanent reglster

1n both cases in the ““ Remarks ™ column.

- Setting.—The maximum thermometer is set by swinging it brlskly‘ :
through the air, the bulb being held: away from the observer. "

To set the minimum thermometer the instrument should be sloped
gradually, bulb upwards, until the index touches the end of the
column of spirit. - Tap gently if necessary..

After setting; a maximum thermometer and the index of a mini-
mum thermometer should' read’ the same as the dry bulb within'a’
fraction of a degree. ‘This'check should always be applied ; if the
minimum thermometer is' then found to be reading low, examine
the thermometer for bubbles in the stem and other defects (p. 28)
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-+ .. TERRESTRIAL RADIATION. THERMOMETER - -

s (Grass ' Minimum) o o ,
. As injury to the tissues of growing plants is not caused until the
- temperature has fallen appreciably below the freezing point of water
(32°F.), a “ ground frost >’ is regarded as having occurred when the
thermometer on the grass has fallen to 30° T, or below. -If the
thermometer is read to tenths of a degree the limit is 30:4° F. .- A
minimum thermometer. exposed.freely over a grass-surface. is .used
to enable the number of “ ground frosts ”” at night to be determined.
The minimum thermometer is a “ sheathed ** pattern instrument in
which an outer glass jacket surrounds the stem to prevent distillation
‘of the spirit and the removal of the blacking from the graduation on
the stem by dew. The stem of ‘the grass-minimum  thermometer
should be graduated from —30°F. to 100° F. -The plot- on which
the thermometer is exposed should be ¢overed with short grass, 1 in.
to 2in. in length. The thermometer should be supported on two
Y-shaped pieces of wood with its bulb just touching the tips of the

blades of grass. Care should be taken that the bulb does not touch
the supports. (see B, Fig. 10). :

The proximity of walls, trees, benches, etc., shoﬁld be avoided,
and it should be noted that the use of any"profqe\ctipg_,qage”for’, the

thermometer would invalidate the readings. . = . DT
- When the ground is covered with snow, the thermometer should be
supported immediately above the surface of the snow, as near to it
as possible without actually touching it." e e e
.. If snow has fallen during the night in sufficient quantity to cover
‘the thermometer, the snow should .be carefully. removed and the
‘thermometer read at the morning hour of observation. . The reading
should be entered in the registers and marked “ 2 ” . A note should
be made in the remarks column * grass minimum, buried in snow.”

Hours of reading and setting.—The instrument should be read:at
‘the hour of the morning observation.- In winter the thermometer
‘may then be set and left exposed in readiness for the next day’s
observation. In summer the instrument should be taken in ‘during
.the day time and set in the evening, .. - . = o o

‘Bubbles in stem.—During great cold and also when exposed  to
strong sunshine, grass minimum thermometers are very liable to the
‘development of bubbles in the bulb or stem or to the condensation
of drops of spirit in the upper part of the stem. Great care must be
taken to avoid errors due to either of these causes. In summer
the instrument should be placed in the shade during the daytime
in a vertical position, bulb downwards, while not in use. It is con-
-venient to fix in the floor near a back corner of the Stevenson screen
‘a small pill-box so that the bulb of the thermometer can rest in the
box in the day time, the stem ‘being'supported in the corner of the
screen. Directions for making the spirit column join up again, should

(20589) B4
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it become broken up, have been given on p. 28. - If the spirit column
is found to be broken at the time of observation the reading should
not be entered and a note should be mserted in the “ Remarks ”
column g

8 SOLA_R RADIATION THERMOMETER
(Blaclc bulb an vacuo)

sun’s radiation Wthh penetrates the atmosphere a maximum ther-
mometer havmg the’ bulb and 1in. of the stem coated w1th dull

- Fr1a. 13, SorAr RADIATION THERMOMETER '+ "+

lamp black is sometlmes used. The whole is enclosed in a gla,ss
jacket which is exhausted of air. The stem of the solar. radlatlon

vthermometer should be graduated from 10° to.200° F.

The sité for exposure may be near the thermometer screen. The
prox1m1ty of trees, buildings, etc., must be avoided. The 1nstrument
is fixed on a wooden stand at’ the same helght above the ground as

‘the thermometers in the screen ' (4 ft) The bulb must be most

fully exposed to the sun at its highest, and hence the tube should be

directed from east to west. Readlngs are taken once a day only,
‘preferably just before sunset or in the late evening. The method

of “setting is similar to' that used in the case of the maximum
thermometer. . (See p. 30.) .-

The difference between the maximum shown by the “ black bulb ”

‘and> the maximum reading in the thermometer screen is usually

regarded as.an index of the intensity of solar radiation; but owing
to the difficulty of securing and maintaining -uniformity in “the
essential features of the instrument it is not poss1ble to obtain con-
cordance between readings of different specimens, consequently the

‘climatic ‘significance of the readmgs is. qualitative rather than
’ strlctly ‘quantitative. The instrument is therefore no longer regarded
a8 formlng part of the equlpment of a normal station.

. EARTH THERMOMETERS _ i
The temperature of the- ground .at depths of 1ft. or more is

-measured by means of thermometers suspended in. iron tubes sunk
-into the earth to the required: depth. . The: .depths most commonly
; adopted are 1ft. and 4 ft.> (See C, F1g 10) o
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- The thermometers are enclosed . in glass tubes .and their bulbs
are embedded in paraffin waXx.so, as .to-render: them insensible: to
sudden changes uf temperature. ' This allows for their:being drawn
to the surface and read before the temperature has time to change
appreciably. As underground changes of temperature are very slow,
the loss of sensitiveness,  resulting . from the coating - of wax, ‘does
not lead to inaccuracies in the determination of the temperature of
the earth. . e e Lt gt e

- The stems of earth thermometers for use in the British Isles should
be graduated from 20°F. to 100° F. and have open scales, say 12° F.

to the inch, so as to facilitate reading to tenths; . -

Water must not collect in the iron tubes ;--to prevent . this -the
tubes are fitted with small metal covers to which the chains holding
the thermometers are fastened. If present, water may be removed
by means of a sponge or other absorbent material tied to the end. of
. “In reading take care to raise the thermometer to the same level
as the eye s0:as to avoid errors of parallax (see p. 15) and read to a
tenth of a degree as quickly as possible. The instrument should:be
screened from direct sunshine ‘during the process.

At certain agricultural stations readings are taken with spé'éi‘ai
thermometers at depths of 4 in, and 8 in. installed on a patch of bare
soil.. These thermometers have their stems bent at right angles, so
that the bulbs can be sunk into the ground to the required depth
and ‘the scales read ‘in. situ. . (See;B?;;Fig; 10) o e
e SEA ,T‘EMP;ERATURE ENEE o .
*(a)- At coast stations.—Select a place where the ‘water is not less
than 6{t. deep ; plunge the thermometer, case-and all, 1 ft, under
water, and keep it there for three minutes, then take it out and
promptly read off. If a canvas bucket and line are available throw
the bucket into deep water (not-less than 6 ft.). . Haul in the full
bucket. *Put the ‘thermometer into the ‘water.in the bucket, and
after three minutes read the thermometer, holding it upright in the
bucket with the bulb and the lower part of its stem in the water.
Take care to avoid errors of parallax (see p.-15). * - R
. (b) At ship stations.—Draw a bucket of water alongside, place the -
thermometer in the water for three or.four minutes, then, holdin
the instrument upright with its bulb still immersed, read off. .
o . TaE WET AND Dry-Burs HyerOMETER .

. The humidity of the atmosphere is usually determined from read-
ings of dry and wet-bulb thermometers placed in a Stevenson screen.

The combination of the two instruments is known as a psychro-
meter.” : o
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A wet-bulb thermometer is made by coating the bulb of an ordi-
nary thermometer with muslin kept -moist with water. Its action
depends on the fact that evaporation takes place from every free
water surface as long as the air in contact with it is not saturated
with aqueous vapour.’ The heat required to bring about this evapora-
tion is; in the case of the wet bulb taken in part from the thermometer
itself, ‘and hence a wet bulb generally reads lower than a dry bulb
placed in the same screen. In a saturated atmosphere both instru-
ments should read the same. . In unsaturated air the amount of
lowering-depends on the rate of evapora,tmn and this in turn on the
temperature and dryness of the air. -

““The relatlve humidity, dew point, pres-
sure of aqueous vapour, ete., corresponding
* with various readings of dry and wet-bulb
' thermometers are obtained from tables.*
The stems of dry and wet-bulb thermo-
- meters should be graduated from —15° F.
- t0 115° F. for use in temperate latltudes

. Mountmg of the wet bulb.—The wet-bulb
* thermometer should be covered with a
. ‘single thickness of thin clean muslin or
cambric, which is ‘kept moist by attaching
to it a fow threads of darning cotton (No. 8)
. dipping into a’ ‘small reservoir of water
} placed near it. The muslin and thread -
~ must be entirely free from grease other-
wise they-will not keep moist. To remove
. grease they may be washed in water con-
- taining ammonia. _Care must be taken that
. the muslin is stretched smoothly on the
. bulb, creases must be avoided as.far as
FIG 14, .. possible. The muslin may be tied on to
(a) Wez Buzs the bulb with a cotton thread or it may
(ordmary ‘muslin and’ wick). b a i by 1 't
; e secured in position by .looping two
(b) MUSLIN Car. . strands of the cotton used for supplymg
moisture to the bulb in a clove hitch or in the manner shown in
Fig. 14 at (a), so that four strands actually convey water to the wet
bulb. ‘In the case ofrthermometers with cylindrical bulbs a small
“ finger *’ of muslin should be sewn exactly to fit the bulb." After fixing
the muslin ‘it should be carefully trimmed with a'pair of scissors ;
all superﬂuous material and all loose ends should be cut off.

Muslin caps ready threaded Wlth cotton are now available (see
Fig. 14 (b)): These are shpped over the bulb and the thread is then
pulled tlght and tled i o

- * Hygrometric Tables, M.O. 265.
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*'The muslin must be clean and must, therefore; be changed before it

: becomes dirty.: In country districts it 'will generally suffice to change
it once a fortnight, but in towns this should be done ofteaer. At coast

-stations the muslin "and wick' and ‘water should be changed
immediately after a storm with an on-shore wind, as salt carried by

spray invalidates the readings of the wet bulb. . The change should

be made immediately after or some time before observing. At least

- 15 minutes should elapse between mounting and, readmg ; if the
clean water supphed is not at the temperature of the air a much
longer tlme is requlred '

The Water used for moistening the Wet bulb must be soft'; d1st111ed
Water or rain water is to be preferred: If hard water is used the bulb
and muslin become encrusted with a deposit and the readings become
inaccurate. Sea-water must never be used. If dlstllled Water is
used it should be. obtamed from a chemlst :

. The dates on Wh1ch the mushn chk and Water are changed should
be noted .in the. pocket register and transcnbed to the monthly
returns.

" The vessel containing the water supply should be placed below
and a little to one side of the bulb of the thermometer. In order to
avoid: breakage of the water vessel. durmg frost 1t should not: be
filled beyond the line of its. Wldest part

The part of the cotton thread exposed to the air should be between
3in. and 6in.:in length and must be kept as straight as possible.
it be allowed to hang in a loop, water will drip down from the lowest
pomt of the curve and the reservoir will soon be emptled :

: The value of the readmgs depends greatly on supplymg moisture
to the wet bulb at a sufficient rate. - If the water reservoir is too far
away from the thermometer, and in “particular if it is too" low,
insufficient water may reach the muslin in warm dry weather and
the thermometer will give a reading higher than the true temperature ‘
of evaporation. This defect will be accentuated if the wick is too
thin, if the muslin is slack on the bulb or if either the mushn or chk

are d.u'ty

At places near the sea Where the mushn on. the wet bulb ma.y
ra.pldly become-inpregnated with 'salt from the air, the effect of the -
salt ‘in raising the- readmg of - the Wet bulb thermometer may be '
diminished :— - =2, - g -

() by arrangmg for the level of the water in the contamer
: “vessel to be slightly above the level of the bulb of the
thermometer, and fixing the wick in such a way tha,t water

.- drips very slowly from the bulb itself ;
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(b) by raising the water vessel so that the water covers the bulb

: of the thermometer completely in- the interval between
observations. The vessel is lowered and the bulb exposed
freely, but with the wick still dipping into the water, for-
at least 10 minutes before the time of observation.

These methods were tried experimentally at a number of stations in
1929-30, but the improvement over the ordinary method was not
found to be sufficient to justify introducing the methods at the
generality of stations. ' i

Unless the vessel containing the water has a small neck it should
have a cover (through which the cotton passes by a small hole) so
that the air inside the screen may not be moistened by the evapora-
tion from the vessel. :

' If the reading of the wet bulb is above that of the dry, make sure
first that there is no error in reading, and that there is still an excess
when the known corrections have been applied. The phenomenon
usually occurs when the temperature is falling.  The dry bulb
follows the change of temperature with only a small time lag, but
the wet ‘bulb, heing coated with muslin, has a greater lag ; if the

temperature is falling sufficiently quickly, this may produce the
result mentioned. - ‘

Managemeht of wet bﬁlb during frost.—The management of‘the
wet bulb during frost or at times.when the wet-bulb reading is below
32° is troublesome, as the freezing of the water on the conducting

" threads cuts off the supply of moisture to the muslin. In order to

secure satisfactory results the bulb must be coated with a thin layer -
of ice from which evaporation takes place as from water. - It is there-
fore necessary to wet the muslin slightly with ice-cold water by means
of a camel hair brush or feather, 10 or 15 minutes before observing.
When there is likelihood of the wet-bulb temperature being below
the freezing point, the observer should make a point of visiting the
screen a quarter of an hour before the hour of observation in order
to attend.to the wet bulb. If he finds but little difference between
the dry and wet bulbs the probable reason is that the ice covering
has evaporated from the muslin. This will almost certainly be the
case in dry windy weather. In such circumstances no reading should
be taken until a new ice film has formed. After the moistening of
the muslin the temperature generally remains steady at the freezing
point, 32°, until all the water has been converted into ice, and it then
commences to fall gradually to:the true wet-bulb reading. No
reading should be recorded until the temperature of the wet bulb
has fallen below that of the dry bulb and become steady. SN

.. The water used must be at the freezing point (it is best taken from
under ice), otherwise a very much longer period is required for it to
cool.. As little water as is'consistent with thorough moistening of -
the muslin sheuld be used.. If excess is put on not only is the time
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of waiting much increased, but a thick layer of ice forms on the ther-
mometer which 1nterferes W1th the acouracy of this and subsequent
readmgs :

It often happens that after water has been applied the tempera- .
.- ture of the wet bulb may fall considerably below the freezing point.
" without the formation of ice, the water being supercooled. In such
circumstances the water should be induced to freeze, e.g., by touching
the wet bulb with a fragment of ice (snow or hoar frost will do) on
the end of a match stick. * At the moment of solidification the
' temperature rises to 32° F. and then commences to fall again. The
temperature finally reached should be entered as the correct wet-
* bulb reading. e

ASSMANN- PSYCHZROMETER

The ordinary dry and wet-bulb thermometers often known as
Mason’s psychrometer is not a perfect instrument for the estimation
- of humidity, since the rate of evaporatlon from the wet bulb depends
upon the rate at which the air is passing over it. A limit in the fall
of temperature of the wet bulb is reached as soon as the loss of heat
by evaporation is compensated by the ‘gain of heat from the air
moving past the bulb. The temperature of the wet bulb is practically
independent of the speed of the air past the bulb when this exceeds
10 mi/hr. Moreover, readings of a dry-bulb thermometer in the
Stevenson screen are not always unaffected by radiation and do not
then indicate the true temperature of the air.

The Assmann psychrometer is desugned to give precise measure-
ments of temperature and humidity. By means of a clockwork fan
air is drawn past the dry and wet thermometer bulbs. Hence the
psychrometer is known also as the * aspirated psychrometer * and
the thermometer bulbs are said to be *“ aspirated.” Each bulb is pro-
tected from external radiation by two highly pohshed coaxial tubes
(shown in Fig. 15). The instrument can be placed in strong sunshine
or used on aircraft at great heights, without risk of solar radiation
affecting the readings. A wind shield is provided for the purpose of
preventing the agpiration being: 1mpalred by wind blowing in through
the air outlets ¢ (Fig. 15) '

Specml hum1d1ty tables are requlred to obtain the relatlve
humidity, dew point, and vapour pressure of the air from readings
of the Assmann psychrometer. The psychrometer tables of the U.S.
Weather Bureau are suitable for aspirated Fahrenheit thermometers
because whirled thermometers are used by the Weather Bureau for
; humldlty observations. Special tables for Centigrade thermometers
were compiled by Professor Assmann and published by the Prussian
Meteorological Institute, and nomograms, which are eqmvalent to
these:tables, can be obtained from the Meteorological Office (M.O.
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15—

‘ FIG 15 ASbMANN PSYCHROMETER

a—the thermometers e o g-—key for wmdmg clockwork,

b—dome contammg clockwork A h—clamp for supportmg the instrument.

c——the fan and’; air. outlets Lo z——the point of support of the instrument.

d—ma.m air duct SR e The .clamp “holds" the ball securely

e—sir mlets S TS O SR ECRT: “‘but-allows the mstrument to hang
~: vertically.

f —»poﬁgﬁig ;’I;estprotectmg ther- k—injector for wetting mushn of wet bulb
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forms 3093 and 3094). The nomogra,ms‘ are primarily adapted to
aspirated psychrometers graduated in absolute degrees, but they can

be readily used for readings in Centigrade degrees by. subtractmg
~ 273 from the figures on the temperature scales of the diagrams.

Normally observations should be made with the instrument 4 ft
from the ground ; the clamp may be screwed to a post or. to. the
Stevenson screen at that helght

The muslin cover of the wet. bulb must be kept clean and changed
as often‘as necessary. The thermometers: can:be withdrawn by
unscrewing the clockwork dome which holds them in p031t10n in
the frame of the instrument.

The polished tubes should be kept brlght by rubbmg W1th clean

chamois leather. It is necessary to oil the bearings occasionally with

a little good clock oil. The parts requiring attention w111 be eas1ly
seen if the dome cover to the cloekwork be removed. = o

" The followmg procedure should be followed When makrng an
observation :—

(a) Moisten the Wet bulb To do this the m]ector k (Frg 15) is filled with
distilled water and the bulb is pressed until water rises to the top
of the glass tube. . By means of the clip the rubber tube is closed so
that water remains in the glass tube.  'The tube is then pushed up
the right hand inlet of the psychrometer until the muslin surroundmg .

the wet bulb is fully. immersed in water and the injector is then
W1thdrawn The wet bulb should never be mozstened by using, the
m_yector as a squz'rt '

(b) Wind the clock

\ ‘(c) Wait until the wet-bulb'reading has become steady (This usually
takes about 2 minutes.) :

" (d) Read the wet bulb. ‘ -
(e) Read the dry bulb.
Where access to electrical mains is available the elockwork motor

may, with advantage, be replaced by an electrlc motor Wh1eh will
prov1de a muoh stronger current of alr

R edan s Ty st

Whu‘lmg psychrometers —In the wh1r11ng or shng psychro-
meter the aspiration is provided by whirling or rotating the thermo-
meters. which are mounted on a suitable frame for that purpose.

“The procedure is generally similar to that described in the preceding
paragraph and similar humidity. tables are appropriate. . The readings
must however, be taken very. raprdly ina place sheltered from d1rect
radiation from the sun. -~ .

§9. WIND

For the complete specification of the Wind’- at a girren height above
the ground it is necessary that we should know'(1) the direction from
which it is blowing and. (2) its force or speed. :
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- Wixp DIRECTION

s

* When fecbrding wind direction, the point from which the wind
_comes should be stated. The method of specifying directions, and
for determining orientation have been described above, sée pp. 9to 11;

b

All directions should be ““ true >’ and not magnetic.”

~ When identifying wind direction the observer must be on his
guard against mistaking local eddies due to buildings, trees, etc.,
for the general drift of air over the station. He may use’as his guide
the indications of a wind vane or those afforded by the direction of
drift of smoke from elevated chimneys, the set of flags, ete. - .-

If a wind vane be used care must be taken :——

(1) That ;it‘" is freely exposed on all sides and notaaﬁ“ected’ By
. N _lOgal eddies, ete. . . ‘ : A

(2) That it .I'noves‘freely.’k With most.vanes it will frequently

- happen that the wind is too feeble to move them. Under

such circumstances the direction of drift of smoke, etc.,
must be used for determining wind direction. =~

(3) That the cardinal points, if indicated on the vane are cor-
: " rectly set, and that the vane is well balanced, i.e., that it
* has no bias to set itself in a particular direction.

An excellent wind indicator is fﬁrnished by a streamer attached to
a tall flagstaff in an open situation. - A “ drogue " or wind sleeve
is even better as it is relatively insensitive to small eddies.

e L —
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. Whatever mode of observation is used, errors due to perspective
are liable to be made unless the observer stands vertically below the
indicator. \ Lo s

Standard Meteorological Office wind vane.—The wind vane illus-
trated in Fig. 16 has been adopted at some Meteorological Office
stations. ' The special feature of this vane is the stream-lined tail
mounted on a long arm. * This design ensures a large turning
moment about the axis and the vane is exceedingly sensitive, even
in light winds. The arms carrying the letters N. S. B. W. are attached
t0 a boss which can be clamped in the correct position on the spindle.

Winp FORCE

Wind force is estimated on the numerical scale ranging from
0, calm, to 12, a hurricane, first adopted by Admiral Beaufort. The
explanations originally given by Beaufort for guidance in estimating
had reference to:a-man-of-war of the period 1800-50. As vessels
of this type have become obsolete these instructions now possess
little more than historic interest. o

The table on pp. 44 and 45 gives the specifications originally drawn
up by Admiral Beaufort, and also descriptions of the various wind
forces intended to guide the judgment of observers by land and sea.

Tt will be noticed that the criteria referred to depend in many
cases rather on the effects which the observer perceives on objects
round about him than on his own physical sensations. By adopting
this method an estimate of wind force may be obtained which is to
some extent independent of the observer’s actual position. The
latter may be comparatively sheltered, but it should be such as to
command a good view of a number of objects, by the behaviour of
which wind. force can be estimated. - - SR :

- Difficulties of exposure frequently render a good estimate of wind
force preferable to a measurement with an anemometer. - The latter
can only record the speed of the sample of air which passes it, and
unless the exposure is satisfactory this may differ greatly from the
speed of the air at the same height in the open country. - '

VeLocity EQUIVALENTS OF THE BEAUFORT NUMBERS

The equivalents of the Beaufort numbers given in the table on
p. 45 are based on a large number of comparisons of estimates of
wind force made by observers of long experience with the records of
well-exposed anemometers. Actually the estimates made at the full
hour weré compared with the “run” of the wind recorded during

5
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the 60 minutes reckoned from 30 minutes before to 30 minutes after
the hour. The final figures agreed very closely with the values given
by the following formula :

¥V =187 4/ B®

when V is expressed in miles per hour, and B is the corresponding
Beaufort number. This formula has therefore been adopted by the
Meteorological Office for expressing the relation of force to velocity
and the figures given in the table are calculated from it, the first
result being rounded.off to the nearest whole number. The mean
pressure exerted by the wind of given intensity depends on the shape
and size of the object, but for circular or square plates from 1 sq. ft.
to 100 sq. ft. in area, the relation between the velocity of the wind
and the pressure it exerts may be represented approximately by
the formula*: S T :

P =003 72

when ‘P is expressed in lb. per squa"ré foot and ¥ in miles per hour.

From these two formulae we may deduce the following relation

between pressure and Beaufort number :-— = ‘ :
- P.= 0105 B3

For the metric system when the velocity v is expressed in metres per

second, the pressure f in millibars, the corresponding formulae are

0 =0-836 ¢/BE. o fe 0072 02,
- . and f= -005B%

When considering all questions of wind velocity it must be borne in
mind that the. velocity :in the:strata near -the ground is much
influenced by the 'ground.: The comparisons which led to the
numerical relations quoted above were with anemometers exposed
in open situations at a height of about 10 metres (33 ft.) above
ground level: The equivalents specified in the table may, therefore,
be regarded as applicable to such conditions. g R

. They are also applicable when on account of neighbouring obstacles
the height is increased by such:an amount that the exposure is
judged to be equivalent to that represented by a height of 10 metres
in a perfectly open situation. For other heights scales of equivalents
have been adopted at Meteorological Office’ stations, based on

Hellmann’s' formula— -

. V=K{1-00+2-811og (h + 4-75)}.

L For further deféﬂs i‘eferehce slr_iould be made to & report, Qntitled “ Beaufort
Scale of Wind Force * (official No. 180), published. by H.M. Stationery Office,
but now out of print, © = B
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Where .V is the velocity, % is the ¢ effective »’ height in metres and
K is a constant.- From-this formula the -following - values -of - the
ratio of the velocity at helght h to the Veloclty at 10 metres have
been ca.lculated*

2.3 4 5,1'0’ ‘15‘20 30 40

: Height in métfeé

Ratio of velocity to that [-78|-82|-85[-89(1-00|1-08|1-15|1-20|1-24|1-28[1-32
at 10 metres. . dn B R ETERe N IS

The increase of wind with height is more rapid in proportidn when
the air is not much disturbed by convection, e:g., in cold weather and
at night. It is less rapid under the opposite conditions.

- * For further details reference should be ‘made .to an‘artlcle entltled
“ Anemometers and the Beaufort scale of wmd force (Meteorological Magazine, -
67 1932-3, p 278) ’ - o
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" SPECIFICATION OF THE BEAUFORT SCALE WITH ProBABLE

g

_

a Explanatory Admiral Beaufort’s - .| Specification of the Beaufort
’tg Titles. Specification, 1805. Scale for Coast Use.

E:

o

2}

C0fCam .. .fCalm .. .. .| Calm.

1 | Light air ... Just-sufficient to give | Fishing smack* just has steerage

_ steerage way. way. . :

("1 to 2 | Wind fills the sails of smacks

'2 | Light breeze e |1 2E2 &8
: 8; ﬁgé - knots. which then travel at about
TEEE . 1-2 miles per hour.
: Egegd
3 { Gentle breeze _g g’:‘;: gJ -3 to 4 | Smacks begin to careen and
. . . Fo @ ".:_,;',c‘ ~ knots. travel about 3—4 miles per
S h . RIS
. EES S S our. :
4 | Moderate breeze ... E;@é%é 5 to 6 | Good working breeze, smacks
. 5 T Ex .8 | knots. carry all canvas with good list.
5 | Fresh breeze . ... ﬁl = 'RoyalLs, &e. ... | Smacks shorten sail,
o .
B
3 .
6 | Strong breeze - Single - reefed | Smacks have double reef in
’ @ topsails - or mainsail. Care required when
"~ top - gallant fishing.
et sails. )
| 3. A
7 | Moderate galet ©": < Double -reefed | Smacks remain in harbour and
( £< | topsails, jib, those at sea lie-to.
“g| &e.
8 | Fresh gale ...- 57 | Triple - reefed | All smacks make for harbour, if
B topsails, &ec. near.
=
9 | Strong gale * % Close - reefed —
E = | “topsails and
JB [ courses.
10 | Whole gale... That with which she —_
could scarcely bear
cloose - reefed main
topsail and reefed
foresail.
11 | Storm That which would re- —
: duce her to storm
stay-sails.
12 | Hurricane ... That which no canvas —
could withstand. -
* The fishing smack in this table'may be taken as representing a trawler of average

type and trim.  For larger or smaller boats and for special circumstances allowance must
be made.

} For the purpose of statistical summaries, winds of force 7 are not regarded as gales.
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Beaufort Numbeﬁ.

Specification of Beaufort

“Scale for Use on Land,
based on Observations
made at Land Stations.

1 ;nb.f'.

‘|*Mean Pressure
* (at Standard -
density) on a
disc of 1 sq: ft.

Lb. per
8q. it.

. Equivalent
speed in miles

per hour at 33 ft. >

""" Limits of Speed. -

At 10 m.'(33 ft.) in the open.

- Miles -
per
_ hour.

Metres :

.. Per -

second.’

"~ Feet .-

second.. " -

12

=

: cﬁ =

IS S CTE

10

11

Calm'; = smoke rises

vertically,

Direction of wind shown:
-~ ;by. smoke. drift, but

not by wind vanes.

Wind ~ felt - on' face ;’
- leaves rustle; ordin-

ary vane. moved by
wind. '
Leaves and small twigs
in’ constant motion ;

wind . extends : light

o flags

Raises dust and loose

- . paper ; small branches -

are moved.

Small trees in leaf béginl

-~ to - sway.; . crested
wavelets form on in-,

" land waters. )

Large branches in mo-
tion ; whistling heard

iin telegraph’: wires ;3| /i

‘- umbrellas ; used - with
“diffiulty.” ... ’

Whole trees in- motion';s
felt K

. inconvenience:
..when walking against

" 'wind.”
Breaks 'twigs off trees ;

generally
progress.. . .. . ..
Slight " structural *dam-

impedes

“iage ocours (chimney

pots . and- slates re-

‘moyed). .-
Seldom experienced in-

‘land ;’trees uprooted ;-
. considerable. . struc-

‘tural damage occurs. |
RIS FES S

»_:Very rarelyexperienced ;-
| .. accompanied by wide-
~ “spread s

damage.” "’

0
< 0-01

oy

:.0+32

0-62

I-1

3T
50

67,

‘Above
8-1

10:04

0
- 0:01

008,

0-28

067 | %

S1e31 ]

| 1045

Lo

1407 |-

Above

17:0

v

Above

.75

Less
than 1.

IR

64-T5
:: Above "
5

-

Less
than 0-3.

“|1e33

3.4-5-4-

5:5-7:9

8-0-10-7

10-8-13-8

PR

13:9-17-1

17:2-207

120-8-244

21-5:284
28:5-33-5

“*Above -
335

‘0.'3._1.“5 B

shiere] s

Less L
than 2.
2-5

Pode.

L
11218 -
F19-27

£

94~110

Above ™
110

* The pressure dileA to the wind on any object exposed to it arises from ‘the impact of
the air on the windward side and suction on the leeward side ; the mean pressure depends
on the shape and size of the object.” The values given are for a disc of one'square foot in

area, but they apply with fair approx

to 100 sq. ft. in area.

t One millibar
sq. metre,

imation'for circular or square plates from:1'sq, ft.

= 108 dynes per Sd_uaré 'ééﬁfiﬁx'étre = approx »r,ld:kkilo‘grarﬁvrnyes per
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- ANEMOMETERS :
The question of exposure enters into all matters connected with
the measurement of wind to a very large extent ; so much 80, that it
is hardly an exaggeration to say that the exposure is of more
importance than the actual instrument. At many stations the
orographical features are such that the provision of an anemometer
is not to be recommended, unless it be intended to investigate such

special points as the effect of the configuration of the land on the
wind.

The site selected for the instrument should be such that it is not
sheltered by trees or buildings, and it should be remembered that
the eddies caused by such obstacles extend both vertically - and
horizontally to great distances. Ina perfectly open and flat situation

a lattice tower or mast some 30 to 40 ft. in height affords an excellent
exposure. . . ‘ ST : ‘

The cup anemometer.—The cup anemometer usually consists of.
four hemispherical cups attached to the ends of two crossed metal
arms. The cross is pivoted at its central point in such a way that it
is free to rotate in a horizontal plane. The difference of pressure of
the wind on the convex and concave surfaces of the cups causes the

cross to spin round. In some modern instruments three cups are
used instead of four.

The number of revolutions of the cups in a given time is usually
assumed to be proportional to the amount of wind which passes them,
although this assumption is not strictly justified. The ratio of the
distance travelled by the wind to the distance travelled by the cups
is known as the ““ factor ”’ of the anemometer. The original experi-
ments made by Dr. Romney Robinson* with an anemometer pro-
vided with 3-in. cups and arms 5}-in. long (measured from the centre
of the cups to the centre of rotation) led him to adopt the factor 3
for all his instruments, a tradition which was generally followed
for many years, in spite of the fact that Robinson himself was
led by further experiments to doubt his earlier generalisation. It
is now recognised that the factor depends on the dimensions of the
instrument and must be separately determined for each type. In fact,
if the highest accuracy is required when measuring the wind-flow past
a given point it is necessary to test the individual instrument in a

‘wind channel and determine its “ corrections *’ at different velocities.

Such tests are carried out at the National Physical Laboratory.

- The portable cup anemometer.—The portable cup anemometer
adopted by the Office in 1910 has 3-in. cups and 7%-in. arms.” The
counter, reading in miles; is consistent with a constant factor 2-73,
each mile corresponding with 500 turns. - s :

* Dublin Trans. R.. Irish Acad., 22, 1850, p. 155.
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Erectric CUP ANEMOMETER AND PORTABLE RECEIVER.
(B = Battery, (' = Buzzer, S = Switch).

THREE-CUP ANEMOMETER, ‘“ RUN oF THE WIND ”’
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The number of revolutions is recorded on a dial showing miles of
wind. ‘The run of the wind during the interval between two succes-
sive readings, 12 or 24 hours as the case may be, may therefore be
found by subtracting. .. T T
By depressing a lever a subsidiary counting apparatus, reading in

tenths of a mile and therefore suitable for measuring the mean
velocity in a short interval such as 5 or 10 minutes, can be brought
into play. If the instrument is placed in a position where access
cannot be readily obtained, the dial can be read from a distance by
the aid of glasses ; the lever used for bringing the subsidiary counting
apparatus into action can be worked by a string. SR ’

- The anemometer should be lubricated at intervals' of about two
months with clock oil. - The lubricating hole will be seen when the
brass knob at the top is removed.* . If the cups are set revolving in a
calm at the rate of one turn per second they should continue in’
motion for 60 seconds. . . S NPT T R OE B
Experience shows that an instrument of this pattern: tends to
read too low at low speeds and too high at high speeds. The following
table, based on tests of a number of similar instruments at the
National Physical Laboratory, gives the corrections necessary to
obtain true mean wind speeds from those deduced from the dial
readings :— : ‘ B e ’

Indicated - L N T . I 1 ;
speed 5:5|7-5| 10 15 20 30 40 (.50, 601,70
(m.p.h.). ‘ v i . -l
-.Correction el il R T X Cgiigl _ Higlal o
o [F1 ALl 119 0.0/ 10 5:3) 58| L5/ 10-5

In the 3-cup anemometer designed by J. Patteérson, of Toronto,
the cups are 5 in. in diameter and the radius of the path of the centre
of the cups is 6-30 in. The mean value of the factor is 2-50, giving
‘640 turns per mile of wind (see Plate I).* 7~ = < o
. The_ electric cup anemometer.—Cup anemometers are suited for
use. with electrical transmission. The following special instructions
refer to. the instruments of this type issued by the Office. .
- Standard dimensions.—Diameter of cups, 3-05 in..; radius of path,
4in.; weight of cups and arms, 9% oz.. Factor,-2-65. -
“The cups turn a contact-maker which completes the circuit and
rings a bell or buzzer once in every 25 turns of the'cups. The interval
between two rings therefore corresponds with a wind-run of 139 ft.

- Connexions.—The anemometer is connected in'series with a battery
(3 or 4 volts), an electric ‘bell ‘and-a' bell-push or switch:. These
accessories may be combined in the form of a ““ portable receiver.”
(See Plate I.) SEREES N RN ST Thosor

~*In some modern instruments no lubrication is required and no_ hole is,
therefore, provided. : ' N o e ‘
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+ The bell-push is included in the circuit so as to economise elec-
tricity. If a lighting circuit (direct current) is available the anemo-
meter may be- connected to it through an: incandescent lamp, the
apparatus being arranged in the order—switch, lamp, anemometer,
bell, switch. A double-pole switch is desirable for this purpose.
With alternating current mains a transformer should be used to
step down the voltage to about 5 volts, the lamp being omitted.
To- take a reading.—Close the:switch. Time the interval from
the end ‘of one ring of the bell to the end of the next. If the wind
is strong take the time for five'or ten rings. : Open the switch after
the reading has been: obtained.  The corresponding speed: is found
by dividing .the wind-run by the ‘average . interval between two
successive rings. For daily use it is convenient to refer to a table
(Form 4660) which may be hung near the battery switch, or pasted
in the lid of the portable receiver. T

Nore.—Instructions for the care of recording anemometers are given below
in §§ 21, 22, pp. 116-25, . . . . . SN A

ERRSR R §~1‘O;' WEATHER o T
: 'Undevr the: heéding,‘f/ WeétherzOb's'érvatibvns ” are classified the
various appearances which for the most part indicate modifications
in-the condition of-the aqueous-vapour in the atmosphere, and which

are therefore known in some countries under the generic term of
“ Hydrometeors.” - ’ : '

-With a view to avoiding misunderstandings. arising from the use
of different languages the International Congress held in Vienna in -
1873 agreed on a system of symbols for recording such phenomens,
which'should be independent of any language. The system has been
added to from'time to time and is now extensively used in meteoro-
logical literature. = o e

In this country a system of notation devised by Admiral Beaufort,
consisting as a rule of the initial letter of the phenomenon to be indi-
cated, has been in use for many years. It affords a simple and concise
means of indicating by a group of letters either the actual state of the
weather at the hour of observation, * present weather ; or a
general summary of the conditions over the interval since the last
observation was made, “‘ past. weather.” Columns with these

headings are therefore provided in the registers issued by the Meteoro-
logical Office for the use of observers. e :

The system has been added to since Beaufort’s day, and during
the last few years the ever-growing need for more precision has led
to the introduction of a method of indicating intensity and duration
which has proved itself very necessary in practice.. Beaufort used
small letters in his notation, but hitherto it has been the practice
to use small or capital letters indifferently. - Under the new con-
vention” capital letters are used to indicate occasions when . the
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phenomenon to be noted is of unusual intensity. At the other end
of the scale, occasions of shght intensity are distinguished by addlng
a small suffix . We thus arrive at the convention—

R ... Heavyrain ... e2
r .. (Moderate) rain... @
1, ... Slightrain- : ... @°

and similarly with other phenomena. If the system of mtelnatlonal
symbols be used, intensity may be indicated by adding exponents 0
or 2 to the symbols, but the terminology is not usually. carried
beyond three degrees of intensity -as indicated above.
Under the new convention continuity is indicated by repeatlng
the letter thus :—
RR ... Continuous heavy rain.
rr ... Continuous (moderate) rain.
The prefix “i ” is used to indicate *‘ occasional *’ or *“ intermittent ”’
thus — o o ' ‘

if ...' occasional fog.
ir, .... intermittent slight rain. .
There is a difference i in the type of weather indicated by “ ir ”* (inter-

mittent rain) and “p* (passing showers); the latter is usually
associated with relatively short periods of rain, occurring with inter-
vals of clear blue sky, and is often found with a W. or NW. wind,
a rising barometer and improving weather ; the former is character-‘
istic of days occurrmg more frequently in autumn and winter, when
the sky remains dull and overcast throughout.

We proceed to give in tabular form a summary of the letters and
symbols in -general use - for 'climatological * purposes. Further
explanations of the individual phenomena follow.

BrAurorT LETTERS  AND INTERNATIONAL SYMBOLS

1. Appearance of Sky. = : g
b Blue sky whether with clear or hazy atmos-

phere. ~
c ‘ ‘| Cloudy, i.e., detached opening clouds.
o 4 . wee’ i1 Overcast, t.e., the whole sky covered with one
impervious cloud.
g : e Gloom. " -
u . e Ugly, threatening sky
2. Wind '
- - | Gale (Force 8 or above).
q o Squalls. '
Q R Heavy squalls.
9, ’ Light squalls.
KQ | ‘ Line squall.
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R

To

=
=

3. Precipitation.
T R

Weather

| Rain.

Heavy rain.

Light rain.

Continuous rain.
Continuous heavy rain.
thtinuous light rain. '

Passing showers.

Heavy passing showers.

Drizzle. -~

Thick drizzle.

Thin drizzle.
Continuous drizzle,

Continuous thick drizzle.

Continuous ‘thin drizzle.

Snow.
Heavy snow;
Light snow.

| Continuous snow.” -

Héavy and coﬁtiﬁuoué snow.k .
Light and contintious snow. ' i -
’
Sleet. - (Rain and snow together, or partially
melted snow.)
Heavy sleet.

| Light yslee:tv.

: Oontin’u’dus sleet.

Heavy and continuous sleet. L

Light anvd continuous sleet.

Soft hail.

Hail. o
Heavy hail. o
Slight hail.

Continuous hail.

Heavy and continuous hail.

Slight and continuous hail.
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4.‘ Electrical Phenomena. '

t . T Thunder.
1 < Lightning.
tl TR Thunderstorm.
TL Tz? Severe thunderstorm.
b, 1, B O Slight thunderstorm.
t1tl ‘ 'IZ | Continuous thunder and lightning. |

5. Atmospheriec Obscurity, Suspensoids and Water Vapour. _
oM = Fog }Range' of 'visibility less than '

) fe; E: Wet fog 1,100 yards.’ R
*z [o'0) Haze. Range of visibility 1,100 yards or
. - more, but less than 2,200 yards.
*Zy o ©0O° | Haze. - Range  of . visibility :more -than -
) —_— - 2,200 yards. . T
*m = Mist. ~ Range of visibility 1,100 yards or
. . more, but less than 2,200 yards.
— o 3 ) Dust or sand-storm.
— < Ice crystals in the air.
—_ 4 Drift snow.
v 0 - Abnormal visibility. .
e Wet air, without rain falling. -
y Dry air (less than 60 per cent. humidity).
6. Ground Phenomena. o »
w - =) Dew.
x | Hoar-frost. T
— \V Rime.
e N &' Glazed frost.
—_ E c-.0 7 Snow lying..'['

7. Optical Phenomena.

Solar corona. -
— Solar halo.
— Lunar corona.
Lﬁnaf halo. |
Rainbow.

Aurora. |

Zodiacal light.

|
Qgé)eé@e

Mirage.

* The use of the symbols 8f-3f, F, m_ and z, is explained in the table on p. 59.
+ More than half the country in sight round the station covered with snow.
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Caution.—Such errors as the use of “d” for dew,” £ for
“fine ”” or ““sh ”” for “‘ showers ” should be carefully avoided, “d *
would be read as “ drizzle,” «“ f » would be read as ““ fog ”” and ““sh

as “ snow and hail.”

APPEARANCE OF THE Sky.—b, ¢, o;“ g and u
Thelettersb, ¢,0,gandu arcused to describe the general appearance
of the sky. R S o
The use of the letters gand'u: is sﬂfﬁéiently clear from the definitions
given above. The following remarks apply to the use of the letters
b, ¢ and o. - o s .

o is used Whehever the sky is compietely overcast with a uniform
layer of thick or heavy cloud. ¢ is used to denote that there is some

- cloud present but o is not appropriate ; b denotes blue sky.

In order to meet difficulties which occur when there are only small
quantities of cloud or blue sky present, ¢ should not be used unless the
sky is more than a quarter coyvered and b unless there is more than a
quarter of the sky free from cloud.

If there is both blue sky, and cloud (with the above limitations)
b and ¢ will both be recorded.. - :

. PrEcIPITATION

A distinction is drawn in the Beaufort notation between rain (r),
drizzle (d) and passing showers (p). The international symbol @ is
used in climatology for all three. Passing showers are characteristic
of a special type of weather and it is most important that they should
be differentiated by the use of the letter “ p” from other types of
precipitation. The letter ““e ’’ hasbeen added to the Beaufort system
to indicate a state in which the air deposits water copiously on
exposed surfaces without rain falling. . ' :

CONTINUOUS AND OQCOASIONAL PRECIPITATION—SHOWERS—DRIZZLE

Difficulties have arisen from time to time in regard to the meaning of
certain words such as ‘‘ continuous,” occasional,” ete., in connexion with
precipitation. ' ’

L. Continuous precipitation (Beaufort letters rr, ss, ete.).—In reports of
past weather a break of only ten minutes’ duration in a Period of continuous
rainfall can be disregarded, but a break of half an hour must be taken into
account. Thus a period of moderate continuous rain with & break of ten
minutes in it would be described merely as rr, but a, period of*moderate con-
tinuous rain_with a break of half an hour in it would be described as rr, o,
rr,-if “ 0 were the appropriate letter for the interval. The duration of
precipitation necessary to justify the use of the word * continuous *’ in reports
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of past weather cannot_be rigidly fixed.. If it rained without a break for
two hours it should undoubtedly be described as “ continuous rain.” If it
rained for only half an hour it would not be called continuous rain. :. If it
rained for an hour in the middle of a period without rain, it would not be
necessary to describe it as continuous, e.g., the description in Beaufort letters,
"6, or, 0, would be appropriate. -If, however, the hour’s rain came at the
beginning of a period and was the continuation of continuous rain in the
previous period, it would still be reported as continuous rain in the new report,
e.g., the weather would be described as rr, o. - The same would apply.to rain
which began an hour or more before the report-and of which there was no
evidence of cessation at the time the report was made.” ‘

2.. Occasional - precipitation—showers.—In general, showers are'of short
duration, arid the fair periods between the showers are usually characterised
by definite clearances.of the sky.. The clouds which give the showers are

_isolated clouds. The precipitation does not usually last moro than fifteen
minutes, although it may sometimes last for half an hour or more. Typical
showers occur in the cooler west and north-west current behind a depression
which has passed eastwards," . - P B P RIS S

Occasional precipitation, on the other hand, usually lasts for a longer time
than showers and the weather in ‘the periods between the-precipitation is
usually cloudy or overcast.” It should,~however, be realised .that weather
. between showers may also be cloudy or overcast and the weather between
periods of occasional precipitation may be clear. The experienced observer
will usually decide from the type of cloud which description to use.

3. Drizzle—slight rain.—Drizzle is not “rain in small amount” but
“ precipitation in which the drops are very small.” Slight rain, on the other
hand, is ‘precipitation in which the drops. are of appreciable size (they may
even be large drops) but are relatively fow in number.” Observers should
decide from the size of the drops whether the precipitation is drizzle or rain ;
and from the combined effect of the number and size of the drops whether

the precipitation is slight, moderate or heavy. = L ’

“There are some occasions when rain-is observed-to be falling: through
drizzle ; both the drizzle and the rain should be noted in the register and in
the case of telegraphic reports if both cannot be reported, the drizzle should
be reported as & rule because the rain on such oceasions is generally slight and
of short duration. e co

Harm

The international symbols distinguish between true hail A and
soft hail'A. In the former the stones are hard, and occasionally
of considerable size, in the latter they are small and soft, resembling
little snow pellets. The German and French terms for soft hail are
graupél and grésil respectively. T
. The following working definition of hail was adopted by the Con-
gress of Vienna for the purpose’of: computing the number of days
of hail. - ¢ Hail may be defined-as a precipitation of frozen water in
which the stones attain such a magnitude that they may be expected
to.do damage to agricultural products.” In preparing statistics for
British stations it has been customary to count all days on'which hail
was observed as “ days of hail”’ even though the stones were small
and few.  The days to:which the international definition applies
should be specially noted in the register..- - *. S R E
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' ‘ Ior CRYSTALS IN THE AIR «— »

~On some occasions, usually in cold, clear weather, small ice crystals
are observed in the air down to ground level, and they may under
suitable conditions give rise to halo . phenomena. -~ The symbol «—
should be entered on such occasions.. The phenomenon is distinet
from an ordinary fall of snow and may, indeed, occur when the sky
is-apparently free from cloud. The symbol <— should not be
used merely to indicate that a regular crystalline structure is observed
in flakes forming part of an ordinary snowfall, the proper symbol
for whichis %. - = ~ . . : LT S

o e ‘>’DRIF"1‘AS‘NOWL+

* Drift snow is snow which travels with the' wind without settling
when it reaches the ground. It may occur with or without new snow
falling. = =0 e T R R NN S
- If drift snow occurs without new snow falling the symbol is to be
used alope. ~ = v L e e

If drift snow: occurs whilst new snow is falling the’ twosyinbols
are to be used together. C

.. ... Sxow oNTHE GROUND[E . - o
" The symbol should only be used ‘when ‘one-half or more: of the
country surrounding the station is covered with snow at the hour of

- morning observation. The depth of the snow, determined by plung-
ing a centimetre or inch measure vertically into the snow in a place
where it is lying evenly, should be entered in the column provided or
in “remarks,”. care being taken that the unit of measurement is
clearly stated. The mean of measurements made in several different
places should be given (see also p. 93).

o Foe, f =5 Mist, m'=°; Hazg, 200 ¢ ‘

_The terms fog, mist and haze are used to indicate a diminution in
the transparency of the atmosphere due to suspension in the lower
layers of small particles. The particles may be either solid or liquid.
The terms fog and mist are generally regarded as’ applicable to
- occasions when the obscurity is due mainly to water particles, the
word haze being applicable when dust particles are the chief cause
of the lack of transparency. - The observer has no definite criterion
for determining whether he is'observing dust or water particles, but
the humidity of the lower atmosphere as indicated by the readings
of the dry and wet-bulb thermometers will afford some guide. - If the
depression of the wet bulb is slight it may be: assumed that water
droplets predominate so'that the terms mist or fog are appropriate ;
on the other hand when there is a large difference between the wet and
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_ the dry bulbs, the term haze is appropriate. The distinction between
fog and mist adopted at stations associated with the Meteorological
Office is one of degree, the term' fog being reserved for occasions of
more marked diminution of transparency.
* In preparing statistics of fog and mist in the Meteorological Office
it has been found necessary to use only observations in which visi-
bility has been recorded according to the scale given on p. 59. A fog
is counted only when the visibility is reported to be less than 1 kilo-
metre (1,100 yards) and mist-or haze when the visibility is greater
than this but less than 2 kilometres (2,200 yards)..- . ; o
‘This does not prevent the use of such expressions as ““ slight haze
““ slight mist >’ when the visibility is 2 kilometres or more, but the
unqualified words ““ mist > or ¢ haze ” should not be used in such
eircumstances. . .. 0o o0
" High fog.—It occasionally happens near industrial centres that
heavy, smoke-laden clouds overhead cut off practically all daylight,
though the visibility in the surface layers of the atmosphere, as
judged by the appearance of distant lights is but little influenced.
Such conditions may be described as ‘“high fog,” and should be care-
fully noted in' the remarks column, but they do not comply with
the ‘conventional definition of fog given above.” In sich circurn-
stances the observations of visibility should be made according to
the standards adopted for work at night. In statistical summaries
occasions of high fog are not included. If the Beaufort notation be
used the combination of letters “og” is more appropriate than
either T or f. The international symbol —— should not be used.
The duration and times of occurrence of high fogs should be noted as
- accurately as circumstances permit. .- . .
- Visibility (abnormal) v (.- On some occasions the atmosphere has an
abnormal clearness and transparency ;- distant objects stand out in
full relief from the background with great hardness and distinctness
(resembling the. “ objects * in-astereoscopic view). ' Outlines and
details which appear softened or even indistinct under ordinary
conditions, are sharply defined on these occasions. , The term
“yisibility ’ is used to indicate- this abnormal clearness and is
denoted by the Beaufort letter “v 7% = o
. Wetfog. —: A fog in which water is deposited copiously on
exposed surfaces should be noted by means of the letters *“fe ”” or
by the symbol given above, which is a combination of the symbol for
~ fog with : , formerly used to indicate rainfall. . R T

Ground fog. —— The use of this symbol to indicate a ground
fog, i.e., a fog which does not exceed the height of a man, has received
international sanction. Fog in a valley seen from a station on a
higher level should not be entered as a “ ground fog.” “

. * Tt should be noted that “ visibility.” (v) defined in.this way is unrelated
to the ordinary scale ‘of visibility (p. 59)... The ‘Beaufort letter ¢ v * if used
should come ini * weather ” and’ should’ not be used’as a contraction for
S visibility 9 ”? on'the visibility scale. TER SLELINTE A R T A
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: DEw T

Dew is mo1sture condensed from the atmosphere on exposed ‘
surfaces. It is caused by, the loss of heat from blades of grass,
* shrubs, roofs, etc., by nocturnal radiation and.consequent coohng
below- the temperature at which the water vapour present in the |
atmosphere i is sufficient to saturate it.

: f
HOAR-FROST i

(German Reif, French rosée blanche.) Hoar-frost resembles dew in
the manner of its formation.” When the temperature falls sufficiently
low the water vapour may be deposited in the solid state or the dew
originally deposited in the liquid state may become frozen. The
deposit thus formed is hoar-frost. It presents a white crystalhne
appearance ‘but the particles have been shown to be amorphous in
structure in most cases. Cerdt -

' RIME V‘

(German Words Rauhrezf, Rauhfrost Am‘ezm Duft and the French
G’wre) (Plate IL.) Rime is an accumulation 'of frozen moisture on
trees, ete., which presents a silvery white and rough surface, bearing
some resemblance to hoar-frost ; it is, however, only formed during
fog whereas hoar-frost is a result of nocturnal radiation from the
earth to a clear sky. :

~In our chmate rime is of comparatlvely rare occurrence, for the
white deposit on'grass, ete., observed on foggy mornings, consists in
most cases of hoar-frost which had formed before fog developed.
On Ben Nevis the depositions, however, were. frequently so thick
that they greatly interfered with the work of observing by clogging
up the louvres-of the thermometer sereen, etc. The phenomenon
was noted in the record under the name “ fog crystals.”

The partlcles ina fog, even at temperatures far below the freezmg
point, consist of droplets of super-cooled water and when these come
in contact with bodies they solidify 1mme(hate1y, and form rime.
Hoar-frost and rime may be distinguished, to a certain extent, by the
fact that the former is not readily formed on good conductors of heat
in thermal contact with relatively warm bodies on which they can
draw for a supply of heat to replace that lost by radlatlon whereas
rime is depos1ted on all Wlth equ&l faclhty ‘

GLAZED FROST va

(German G’lattezs French verglas) (Plate III) A transparent
smooth coating of ice covering trees, buildings, etc. The pheno-
menon is usually caused by rain which freezes as it reaches the ground
and thus covers all ob]ects with a coating of smooth transparent ice.
It is somewhat rare in our climate, but on the Continent and in
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America it is more common. . The. Weight of:the: ice which collects
is frequently sufficient to cause damage, to, telegraph wires, trees, ete.

It'is probable that the’’ ram m these cases cons1sts of super cooled,,

drops ofwater T TRI Sy

s ) ¥ .
TS R T T O P S R E T P US E O S TR

“'Glazed frost can’ also ‘oceur When a Warm moist air’ cutrent’ sets’
in suddenly after intense cold.”” The moisture’ of the'air may.then be"
condensed on’ cold surfaces and cover them W1th a thm layer of i 1ce

The 111ustrat10n reproduced in Plate III (see Tlssan(her, « P Ocean.
The “term ““gilver thaw ” has been used by some wrlters as the -
equlvalent of verglas and glattezs but others use it to 1ndlcate what
“we have called ““ rime.’ The confus1on has no doubt been cons1der-j,
ably aided by the comparatlve rarity of both’ phenomena in our.
climate. It'may, however, be pointed out that as both rime, ‘and -
glazed frost are probably caused by supercooled water drops, which -
differ only in size or in: degree of .supercooling, they may merge,
gradually one into the other. In many of ‘the descriptions given by -

aérien.”’) shows a typical case of glazed frost

continental writers, it' is expressly stated that the two phenomena
- oceur side by side. . .

» Some of the, appearances of a glazed frost may be produced When:;
- frost sets in suddenly after a partlal thaw of snow. This is, however,:
-a combination of clrcumstances Whlch does not c lﬁfor a spec1al ;

meteorolog1cal symbol

,.,,,,f. Sy s gk iyl

THUNDER T LIGHTNING <;, THUNDERSTORM }J_

Tne comblned symbol & should be used to 1ndlcate a thunder-_:
storm in which.both thunder and lightning are observed. - .On occa- .

sions when thunder alone is heard the symbol T should be used

The hghtmng symbol < When used alone stands for sheet‘r hghtnlng

(hghtmng without. thunder). - i’ : RS

+The' times ‘at which thunderstorms occur«should be grven 1n'the ‘

“ remarks *’ ‘column ;- it is desirablé to note the time of commence-

- ment of a thunderstorm, as given by the first:thunder, and the time -
of the more prominent flashes to the nearest minute.". The dlrectlon’?‘

A from whlch the: thunderclouds approach should also be noted

. GALE ,u“’ : :~.;:~:-': :— 7
The' occurrence of Wlnds of force 8 or above should be noted in

colutnn by means of this symbol ‘The times of’
commencement, abatement and greatest Vlolence of the gale should"

the “ remarks”

¢ be stated *

S e

¥ For detalls in regard to the spemﬁcatlon of “ days of gale ” at statxons

with anemometers see, Supplement No. 1. : L
(20589) ' c




58" Visibility A
SQIjALLs’q, ~LINE-sQUALL. KQ Pl

The letter q (squa.lls) is used t0 indicate the occurrence of strong;
winds ‘blowing for brief periods. The squall'is usually accompamed"‘
by a change of wind direction (most frequently a veer); a fall of tem®"
perature and a ‘darkening of the sky by clouds of cumulus or cumulo-
nimbus type, from which showers of rain, hail or snow may fall. . The -
appropnate entry in such cases is & combination of letters such as

“phq ” (squall with hail shower) ,

“When all these features are well marked and the front of the cloud
mass is in the form of an advancing line or arch; the occurrence is -
known as a ‘line-squall ” (KQ). During the passage of such a
d1sturbance the barometer often rises .abruptly by perhaps 2 milli-
bars Notes should be made of the time of the squall, the ma‘amumj
Wmd force the change of wind direction and of temperature and’
pressure.. Such notes are often useful in tracing the course of the
squall o S :

§ 11 VISIBILITY

The 1mp0rtance for nav1gat10n and- especmlly for air nav1gat10n
of the degree of transparency of the atmosphere has given rise to a -
demand for observations of this element of greater precision than
made in the past under the rather vague headings fog and mist..
The most’ direct manner of specifying the degree of transparency is-
to give the extréme distance at which objects are visible to an observer
under normal conditions of illumination. This method presupposes

.an accurate knowledge on the part of the observer of the distance of

all objects within his range of vision, and therefore is hardly prac-
ticable ; and moreover it would result in reports of numerous
dlstances varying from-10 yards t0 50 miles which would be difficult
to summarise and compare. ' In practice observations are therefore -
restricted : t0*'a ‘number ‘of ‘selected: objects atfixed distances, the-
distances ‘increasing roughly in such a'‘way that each distance is
nearly double the next smaller distance. -All the selected ob]ects;
can:be seen under normal conditions of .illumination when the: air
is clear ;.-and the determination of the most distant object of the-
series which is v1s1ble on any given occasion constltutes the observa- ;
tion of visibility. R

No observer should attempt observatlons of v1s1b111ty whose eye-
sight is defective to the extent that, for example, he cannot identify
a church spire six or seven miles distant when the spire is viewed
against a sky background on a clear day in good daylight (with the
aid of his ordinary outdoor spectacles or eyeglasses if he wears them,
but Wlthout the aid of field-glasses or. telescopes).

* A line-squall occurs when a mass of cold air, usually in the form of a current
of wind from some point north of west, advances upon a mass of warmer air
in which the wind direction is from a southerly point. The phenomena occur
at the * cold front ” or line of demarcation of the two air masses.




59

Visibility
SELECTION OF OBJECTS
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60 Visibility

The followmg notes -will .guide. the;observer in selecting sultable
ob]ects

" For the nearer dlstances the ob]ects should be relatwely small
(a lamp post, a bush, a gate, a large stone are suitable for A, B and C).
.. Those for greater distances should increase progresswely in actual
*" size in such a way that the apparent size of the part above the horizon
- remains about constant. The ideal object for the longer distances
o beyond D is one which stands above the horizon so that it is seen
“-agalnst the sky.

-.. . Thus a house or tall tree would be suitable for ob]ect F;a church

: ?gspn'e or a clump of trees would serve for objects H and I; while.
- ?_“ob]ects J and K require natural features of the landscape of cons1der- ,
- _able size. For L and M an 1sland mountam summit or crest of hllls. :
. may be used. : ‘

V ' It is not always pos51ble to find ob]ects at the exact distances:
EEN spe01ﬁed at any rate throughout the whole scale. A’ variation of. :
* 10 per cent from the standard distances is therefore allowed. Tt is '

" not necessary to have exactly the same standpoint for near as for

- “distant objects. For example, an object which could only be seen
- by walking 100 yards from the instrument enclosure or climbing a: -
- -tower would be quite suitable for G or more distant objects.

" The visibility of object F is the standard criterion for fog ; if Fi is:
1nv1s1ble the state of. obscurity should be called ““fog ** but if F is
~ .visible the ¢ expressmn e fog ” should not be used in the “ Remarks .
- Jor. elsewhere:: ; \

o Ob]ects A to F at least should be determmed at all statlons 1ni :
* lorder that the 1mportant climatic cond1t1on occasmns of fog may‘
"be determined. , -

~ .. The distances of the nearer objects should be determlned by dlrect‘, ;
: ,‘measurement those of the intermediate objects up to about H or I

© should be measured from an Ordnance map, scale 1in. to the mile,
- while the farther objects can usually be obtained from a good atlas.

. Difficulties may arise in connexion with the choice of objects where
s the visibility at the station varies in different directions owing to
- permanent local conditions, for example, where the station lies to one
- side of a smoky area. In such a case if there is a choice of ob]ects
- “at a given standard distance the one likely to be most clearly seen is
© to be adopted. Accuracy of distance is, however, not to be sacrlﬁced
L for this purpose. Lo
oo Ibis hoped that the observers at. statlons of exceptlonal satua,tlon
,havmg a' wide range of vision or a.considerable number of suitable
~ .objects will take additional observations for their own use; for
. ‘example, interesting: comparisons might be made between the
© . visibilities ‘of objects at the same’distance in different directions.
- A'special case of such comparison is the rela‘mve visibility in a land-
 ward and seaward dlrectlon :



Visibility . el

.+ At. stations  contributing' telegraphic.reports-in- connexion: with
the -Forecast Service. special provision.is :made. for. observing- and
entering landward and seaward visibility: separately:;«..f . oo
STt is'a frequent occurrence at coast stations that there 1§ a fog or

mist on the sea and none on the land or vice versd;' These conditions
oceur in very. different meteorological situations but it is obviously
important that an observer should niot rest’ content with’ recording
the land visibility by notihg one of the more distant’ objects, when it
is clear to him’that there is fog on the'sea. = In such circumstances
he should mako use’of the ** Rémarks” column for iildicating tho

visibility meastred, or arrange for two regular and indépendent sets
of ‘observations; one to seaward ‘and the other to landward 77

.. It is not always possible to get a complete set of ‘ijqgts”seé.vv'y‘ardg,
and.in such cases the observer must use the experience which he,
acquires.from the. observation of his objects to estimate to the best

of his ability the visibility in the Seaward direction
NS LT ST e Y frT U

“METHOD' OF 'OBSERVATION

- The visibiliﬁy ’ié“tcy) ibe defef}rlihéd .by ﬂdting themost(hstantof

the objects A, B, C, D, cto., which is visible: &,g., suppose D visible

and B is not, visiblo then ‘the visibility letter 1o be_entered in’ the
register is D’ If object ‘A is not visible th act is denoted by entering -
the letter X. . . " DA St T Tt
It is necessary to have a‘criterion of what is meant by an object
being visible.. It is often possible to see that, thereis ‘ something *’
without being able to see what it is, unless one knows beforehand

what it is ; in such a case the object is not visible according to'the
Meteorological Office convention. An object is ‘therefore to be
regarded as “ visible ”’ if it can be distinguished by eye ; if the object
is-a tree and.it can ‘be. distinguished as a tree, it is to be notedas
visible. ;. In' many cases a.complete scale of objects is not available
owing.to lack of suitable objects. . In such cases of * gaps ’ ‘in the
scale -small letters corresponding - with . the -capital. letters. of : the.
normal scale are used, where it is .estimated that one of the missing
objects.- would be visible if it existed. The method of estimation is as
follows :—Assuming there are objects for. I and K. but: no object for
J, the entry.of % j .’ should be made if I is clear but K.is invisible..
Again, if the available scale;ended at:J.and this object was. visible:
with extreme clearness on a given occasion the observer. would enter.
“k ” if he. judged thatyan ‘object -about 12 -miles away swould . be.
vigible or *“m *’ if he judged that one about-30 miles away would be
visible. . Care should be taken'in such a case not.to enter. “J 2. on.
- every occasion that ““ J ” is visible.. The use of the small letter clearly:
differentiates. estimates. based on’ the -visibility of other.objects in-
the scale. from actual observations based on .the -standard .object at’
the specified distance. e TE Ny o e e A L
{20589) ' \ cs




62 Visibility

- For the purpose of routine, observations should be confined to one
and the same series of standard objects.. Where the returns provide
separate columns-for land andsea visibility two series of objects
should be used, one for land and one for sea. Observations . of
duplicate objects in different directions or of objects not complying
with the standards of distance' may be entered in the remarks
column if of special interest. .In the case of missing objects, observa-
tions of objects not in the standard scale may be utilised, in making
a small-letter estimate ; thus assuming the scale ends at J (61 miles)
but there is also an available object at, say, 24 miles (coming between
L and M) the latter.object would obviously be utilised together with
the appearance of J.in making the small-letter estimates “ k,” ‘1
or oI AR .81 Hon ot Bt
It may occasionally happen that a more distant objéct of the series
is visible while a‘nearer one is not. 'In this case the usual rule of

entering the most distant standard object visible should be followed,
but a note should be made in the ‘ Remarks *’ column that the nearer
object or objects of the scale were obscured. In such circumstances
the entry of remarks on the visibility or invisibility of other nearer
objects not in the scale would obviously be of interest.
. The observer is recommended to draw up a. table for ‘himself
showing (i) the list of objects chosen ; (i) their actual distances and
bearings ; (iii) the letter by which each is to be known. When no
object exists at some particular distance the small letter will be
inserted in the table instead of the capital and the ideal distance
_inserted against it;: ¢ s ool TR R it
Provision for the insertion of these particulars is made in Meteoro-

logical Office registers. -

. . - OBSERVATIONS MADE AT NIGHT o

“In the case of observations made at night the letters will be used to
denote as nearly as possible the same degree of atmospheric obscurity
as in daylight observations. - This part of the subject presents diffi-
culties' and' a good ‘deal must be left to:the observer; as the aids
available for indicating atmospheric obscurity at night vary so much
from one' place to-another: Stationary lights at-known distances
will in general provide the basis of estimation, but it is usually diffi-
cult o get- a selection of fixed lights at the 'appropriate distances.
Care must also be used to avoid the difficulty raised by the fact that -
a very bright light such as that of a powerful Hghthouse may cause
an appearance of brightness in its direction, or show light on the sky,
in’a state of atmospheric obscurity which: would' not’ permit the
observer to see the actual source of the light in'the same sense that
he can see one of his daylight objects. - The observer should therefore
use his knowledge'in siich a-way as to bring observations made with
lightsat night: into line with the'daylight scale to the best of his
ability. Apart from the use of lights a careful observer can derive
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a considerable’ amount of information as.to night visibility from a
general inspection. : It is:surprising: how:much can:be seen even on:
& fairly'dark night, e.g!, a distant range ‘of hills -can -often :be made:
out:against the skyline in:'circumstances: which indicate that in.
daylight an object at that distance would be “ visible.” ' ‘Doubt.
may: arise as to:whether. all night observations are to be regarded as
estimates: to be denoted by small ‘letters.: * The- only general rule
that cani be stated is that capital letters should be used if the observa-
tion is of a light at approximately the standard ‘distance, otherwise.
the appropriate small letter should be used.- U '

£00 0

Jedoanices o THE  INTERNATIONAL SCALE o’ 4

“In 1921 the International Meteorological ' Committee adopted’ a’
scale of visibility for use'in’ telegraphic weather reports‘exchanged’
between ‘meteorological services. The exigencies of the telegraphic’
code make it necessary to limit this scale to one of 10 steps, and it is
tlie’ijéfore",'ﬁe(:e‘s's‘ary" to group together some of the observations of the
standard ‘objects’indicated by the lettérs A t6 M. - The method of

this' grouping is'shownin the fourth column -of the table' on 'p. 59.

The ‘samie grouping is adopted in ‘the summaries’ of -visibility given:
in"'the Monthly Weather. Report. * For the purpose of this summary’
an entry of a’small létter in the register is regarded as equivalent to’
that ‘of the’ corresponding capital letter.: -+ t5:iri - .0 i rp

It has been fourid convenient to assign’ verbal descriptions to the*
- various degrees of atmospheric transparency indicated by observa-'
tions of the standard objects A to M, but there is some risk of incon-
sistency and therefore of confusion'in any stch attempt to assign
specialised meanings -to words such.as. fog, or: mist, which are.in
general use. . ~The descriptions given in the fifth column. of the table
on! p.~59 should therefore:be used as purely technical .expressions

. defined in ternis, of horizontal ~visibility. - It has been customary. in

~ the: statistical - summaries. ‘published . by - meteorological - offices : to
include -particulars of the number, of occasions.of fog; but the lack
of ‘precision in the definition of: fog has rendered such summaries of
doubtful - value for: comparative purposes.. It is. hoped that-the’
adoption of the more definite standards: of the -visibility .scale; will
‘overcome this difficulty and ultimately. give a homogeneous body. of. .
statistics. et ISR Ny

Prigy b

_In all statistics issued by the Meteorological Office it hasbeen

decided to count as occasions of fog only occasions when an observa-,

-~ tion of visibility has produced an entry of one of the objects A to E.
If object ¥ is visible the occasion is not ‘counted as’ one' of fog. “In
other words.an occasion of fog is one on -which the range of vision is
less than 1,100 yards. . o T e
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64: Optical’ Phenomena

- In order to pfevent confusion observers are particularly requested:
not to-use the Beaufortletter for ng\inrtheQ weather groups or the:
international :: symbol (='.in: the::* Remarks ”’ column .of - their-
registers in connexion W1th occasions When the V1s1b111ty reaches or:
exceeds this limit. :
»‘For a - thick fog ?’ the hmlt is taken at 220 yards and the capltal.
Beaufort letter F (see p. 59) should therefore be restricted to occasions
when only obJects A to C are visible and should not be used When the
range of vision extends to ob;ect D or bey ond ST

§ 12. OPTICAL ATMOSPHERIC PHENOMENA :

There are a Iarge number of optical phenomena which not only -
arrest the attention of observers on account of their beauty, but also
are more or less. closely connected with the weather ;. they are of
lmportance for both reasons, and observers are recommended to note’
them. carefully .

For exact measurements of opmcal phenomena. sultable 1nstru-'
ments are required: For rough estimates a graduated rod- held at
arm s length may serve. .The position of such phenomena as a ¢ ‘mock.
sun ”’ may be: determined’ ‘by noting its relation to fixed ob]ects in-
the landscape. :The dlameter of a corona may be estimated by taking
the diameter of the sun or moon -(approximately. 30’).as:unit."

" The following instructions : for: observing: optical atmospherm
phenomena are based on the instructions which were drawn up by
the late Professor J. M. Pernter and incorporated in the handbook

issued by the Austrian Meteorological Department. They received

the approval of the International Conference of Directors of Meteoro-
loglcal Instltutlons (Whlch met at Innsbruck in :1905. .

HALo SOLAR HALO @ 3 LUNAR HALo [D

Many different: klnds of halo-have been observed. (see Flg 17*)
The most common is:the halo of 22°—a large ring, CIBG, round the
sun or moon, having a radius of very: nearly 22°(of a great circle) T
When of no‘great 1ntens1ty the ring: appears ‘white, but when it is:
more strongly developed ‘we-mayeasily;recognise the fact that the:
edge nearest the sun is red-—a"very ‘pure: red—and- that ‘orange;:
yellow and, under. very favourable clrcumstances, green, follow on,
as we go outwards. . The latter colour-is always . rather faint' and.
whitish; and the blue is almost always so faint that it is not recog-
nised: ‘as blue. ' Violet is never recognisable.. The ring thus appears
Whlte on its outer edge. T e

x Flg 17is a representation’ of the so- called Danzig phenomenon, as seen,
drawn, ‘and described by the well-known’astronomer Hevel. .:The date of the
observation is shown at the head of the figure. - This figure is a reproduction:
of the original in Hevel’s Publication- (see Hellmann, “ Neudrucke, Meteoro ,
logzschc Optik,” p. 57).. ' :

1 90°is the measurement of ‘the ‘arc extendmg from the zemth to the’
horizon, : . S :
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-+ Acring:'of iabout . twice theiradius, halo of46%:Fig. 17,. VXYZ,
‘occurs mmore rarely. «Its: luminosity. is usually much:less. than that
of the halo of 22°; the arrangement of.the colours,_,lf .Vlslble is the
-same.; el surmerrodo pis it B natimgn o st

Occasronally a colourless Wh1te ring, wh1ch pa.sses through 'the sun

‘*parallel to ‘thé horizon, may " be recogmsed : This- is "called the ‘

“horizontal circle or mock sun ring.” The latter name has been glven

“to it because the mock’ suns described below: lie on or near it. " It'is

‘represented in the figure by the circle CDFEB, in which'the' portion

“BC, which- passes’ through the"sun, is’ “omitted.’ “This 'is ' frequently .
“the’ case, ‘but there-are many cases ‘on record i in’ Whlch the portlon

xpassmg through the sun Was dlstmctly V1s1ble
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SA fourth rmg is exceedingly rare ; ‘it is white, and has a radms of
fabout 90°; - it is known as the halo:of 90°.: ‘In the diagramtwo
- . portions of it, NE and DP, are visible ;"if produced they would pass
;through K. It is: obv1ous that this halo can never ‘be ‘seen in its

-entirety in our latitudes, for thrs would requ1re the sun to be 1n the'

zemth
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It shoild .bé 'mentioned that the i'ings are frequently. incomplete

small portions of them can be seen. v 70 1 v
There are a number of other halo phenomens which, from:their
method. of formation, can:only be:seen as arcs. . Among these are

in ‘the cases of the three first-mentioned halos ‘also ; ‘at :times ionly

“the so-called arcs: of contact,,of -which two are shown' in the figure.

Both of them are arcs.of upper contact, RGQ, belonging to .the halo
of :22°, THS to.that of 46°; - Arcs of lower. contact: may ocecur.in
connexion:with both these rings, but they are very rare. - The ares
of upper;contact appear:with their convex sides turned towards:the
sun, as shown in the figure. Contact arcs appear, occasionally at the
sides of the halos of 22° and 46°, but they are as rare as.the arcs of
lower contact.. The arcs of upper contact are very luminous at the
points of contact, which have occasionally been described as ‘“ mock
suns.” The colour effects are often brilliant, red being turned: to-
wards the sun, 4.e., on the convex edge of the halo. - The coloration
of the arc of upper contact of the halo of 46° is frequently exceed-
ingly brilliant. The ends of the arc of upper contact of:the-hald of
22° are frequently bent downwards. e et
‘A large number of other rings and arcs have been observed on rare
occasions, and are generally described as ““irregular * ; - observers
who are fortunate enough to see such irregular bows are requested to
sketch and describe them carefully, and, if possible, to measure
their angular distance from the sun. T
_ Of all halo phenomena, mock suns (parhelia) and mock moons
(paraselenae) are-probably the most admired. These terms are

‘used to describe luminous, or even brilliant images of the: sun

which ‘are seen most frequently at or near the intersection of the
halo of 22° with the white mock sun ring (B and C, fig.17). Very
rarely mock suns are seen at or near the intersection of ‘this ring
with the halo of 46°. The mock suns of this halo are always very
faint, and their colouring is indistinet ; mock suns belonging to the
halo of 22° aré, on the other hand, both frequent and very luminous,
and their colours are brilliant.. Red is on the side nearest the sun,
with yellow, green, and blue following in order. Blue is generally

- indistinet and violet is usually too faint to be distinguished. As a

rule a long and pointed white tail, occasionally attaining a length of

20°, extends from the mock suns along the mock sun ring (see Fig. 17).
The mock suns of the ring of 90° (D and E, Fig. 17) have been

observed on a few occasions only since Hevel’s day. : -

" Not infrequently mock suns are seen without any of the rings being

observed. ‘ N '

I+ A’white brilliant image ‘6f ‘the sun is océasionally observed imme-
‘diately opposite to it, i.e.,'180° away from the luminary ‘along the .
‘mock’sun ring (F; Fig.: 17).~ This is’knownas the: counter sun.
*Mock . counter . suns, :at" about 60° 'along :the ‘mock sun" ring - from .

the counter: sun, have been repeatedly observed; and their distances
from the sun have been measured. : e
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Sorar HALO, OBSERVED AT ABERDEEN

Reproduced from sketches by G. A. Clarke, Aberdeen Observatory.

Solar Halo of 22° radius, May 27, 1912.
arc of contact. Semi-major
forms a part was about 29°.

Complete circular halo, with
axis of the ellipse of which the arc of contact

Solar Halo of 22° radius, March 5, 1908
sun ring, and mock suns (parhelia).

, with arc of contact, mock




Optical Phenomena 67

- Other mock suns, besides those:which have been mentioned, are

occas1onally seen.. Observers are requested to sketch and describe
what they see carefully, should they happen.to observe one Of these
If possible they should determine its position by measurement,

Other very beautiful halo phenomena are, afforded: by sun pzllars

‘whlch are most eas1ly observed at sunrise or. sunset These frequently

extend about 20° above the sun and generally end'in:a .point. , At
sunset they may be entirely red, but as a rule they are of a bhndmg .
‘white and show a marked glittering. . If the sun is high in the heavens,
white bands may appear vert1cally above and below it,. but these v

are not very brilliant and often they are very short Occas1onally
these white columns appear simultaneously .with a, port1on of the
white mock sun ring, and so form another very remarkable pheno-
, menon, viz., the cross.

Frequently parts Only of the’ rmgs and ares “are. v1s1ble havmg

apparently no_ connexion with one another, thus lendmg a very

peculiar : appearance to the sky ; not 1nfrequently these arcs 1ntersect
obliquely, which increases the’ strangeness of the appearance o

- Many other halo phenomena are known to occur, but ‘the space
which can be devoted to the subject in a book of instructions to

observers is limited, and they cannot all be described here. All

halo phenomena should be carefully, sketched and.described.
-Halos only: oceur:in presence,of cirrus. clouds.or of hght ico fog ;

;they are; produced by refraction and reflection of:the rays of the sun -

-or moon by ice crystals:. The sun has'been assumed as the source of
light in all the phenomena  described.; This has been done solely for

the- sakeof brevity ; : precisely. similar; though rather less br1ll1ant

:appearances may be produced by moonllght

CORONA SOLAR CORONA CD LUNAR CORONA u)

*‘Coronae  are 'seen” most frequently round’ ‘the “moon: As their
drameter is generally considerably smaller than’that of the halo of
22° they are very near the luminary and can thus only be seen around

the sun under favourable circumstances. : No doubt they occur round

the sun as frequently as round the moon ; they may be observed by

:makmg use of a reﬂector such as a pool ofrwater or of a smoked

glass to reduce the 1ntens1ty of the hght

Coronae are very different from halos The latter are produced by‘
‘ refractlon Whereas the . former are dlffractron phenomena -The -
‘p0s1t1ons and orders of the colours serve. to d1st1ngu1sh the two sets /

of phenomena Coronae: invariably- show a brownish red inner. r1ng,
which, together with the bluish-white inner field between the ring
and the luminary, forms the so-called aureole.. Frequently, indeed
very frequently, the aureole alone is visible." The brownish red ring
is characteristically different from the red rmg of a halo ; the former
is distinctly brownish, especially when the aureole. alone is visible,
and of considerable W1dth ‘whereas the latter is beautifully- red and
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‘much narrower!:*If other:colours are disfinguishable,: they: follow
the brownish-red of the aureole in the order from violet to red, whereas

the'red in'a halo is followed by orange yellow and green The order
of the colours isthus revegsed ol

The size of the diameter of the ring has been' erroneously suggested
as'a’ ‘criterion’ “for- dlstmgulshmg between halos-‘and coronae, but ‘a
‘corona ‘Tay ‘be' quite as big as'a’halo.’ The diameter of a ¢orona is
- inversely- proportional to the diameter 'of the ‘particles in the atmos-
phere’ by the agency of which it is formed. BlShOP s ring* has fur-
nished a well-known example of such a corona. The criteria which the
‘observer ‘should apply to’ dlstmgulsh the two sets of phenomena are
not the diameters' of ‘the Tings, but' the | sequence of colour and the
‘presence of the ‘brown-red of the aureole. ‘

~ As coronae are diffraction phenomena. they occas1onally show the
sequence ‘of colour two or three or even four times over. . This can
never be the case with a halo. .Observers are réquested to note care-
fully the colours which'they can 1dent1fy and also the order in Wh1ch
they follow one another from the 1ns1de to the outsnde of the r1ng '

S e BROCKEN SPI]CTRE

It happens frequently on mountains that there is mist on one side
‘of a ridge and not on' the other.. In such circumstances an observer
‘standing with his back to the sun will sometimes see' coloured rings
of‘light round: the' shadow of his own head on the mist.’  Similar
‘observations ‘may: be made 'from aircraft:i:The whole appearance
has' been called the :* Brocken: Spectre,’’-and the rings:are usually
known as a ““ Glory.”.iThe’colours are not caused by the shadow,
they are due to light diffracted backwards in the same way as the
corona is due tolight diffracted forwards: - A large outer ring, known
.a3.Ulloa’s Ring, which is; essentlally a white, rambow is. sometlmes
‘seen, at the same tlme Py i

s

oy

‘ ‘IRIDESCENT GLOUDs

Green and red colours are occaslonally seen on the edges of cirrus
“and cirroeumulus clouds, at a dlstance from the sun o moon up to
- 25° or more. They are also scen at’ times on the ‘edges of fracto-
cumulus or stratocumulus clouds: * Frequently a number-of them
‘may be seen along a hne passmg through' the sun. “These patches‘are
perhaps portions’ of coronae, in which case they are probably due to
‘the*local occurrence’ of* exceedmgly small drops of“water!’ “The
‘most important 'point to note is'the (engular) d1stance between the
sun (or moon) and the petches showmg 1r1sat1on :

% In'the " year folloWlng the eruptlon of Krakatoa, 1883, a,nd agaln in 1903
after the eruption- of -Mount Pelée, a brownish red ring of .over 20° radius
was frequently seen with a clear sky.: It was proved to be an unusually large
corona.
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" 'Rainbows are due to refraction and reﬂectlon of sunhght (occas1on->

ally moonlight) in falling drops of rain. They are circular arcs of

coloured light centred at the anti-solar pomt (or point of the celestlal

esphere d1ametr1cally opposme to the sun) SOt

The normal appearance of a brlght Well developed rainbow. is as’
follows -—The chief or prlmary bow shows the sequence ‘of colours ,
violet," blue, green, yellow, 'orange and red, the red belng on thef

out51de or top of the bow.* Closely inside this. bow are one or two
supernumerary bows with ‘the - colours in the same order; the first

inner-bow bemg ‘miuch fainter than the’ ‘primary bow and the second”
fainter still.  In cases of exceptlonally brllhant rainbows more than"

two supernumerary’ bows: may be seen.” Outside the’ prlmary ‘bow

and ‘entirely detached from it is the secondary rainbow in which the
colours appear in the reverse: order; red inside and violet’ at the top*
or outside!The primary bow is formed by means of one“internal’
reflection in each raindrop, the secondary bow by two such reflec-* -
tions. Inivery exceptlonal cases' more than one secondary bow has”

been seen. “The sun, the observer’s eye and the centre of the circle

of which the primary rainbow forms an arc are always in a straight

line, so that the azimuth of the highest part of the bow is:180° from

the sun’s azimuth. ' The normal radius of the arc of red light of the:

primary rainbow'i is 42°, ‘of ‘the violet arc 403° in the secondary bow
the radii are: for red light 51° and for v1olet light 54°, all the

‘values given being approximate - ‘ones. ~ Hence 1t follows that the

normal breadth  of the: primary bow-is about '12° and that of the

secondary . bow. about 3°. 1Tt also follows. that Wlth the. sun at-an-
-~ altitude of;42° the. uppermost point of the primary ‘bow -is on. the..
horizon and hence no primary bow can be formed if-the sun’s altltude;

exceeds 42°. Consequently rainbows are mainly morning and evemng
phenomena ; nearer mid-day if seen at all the arc of the bow is
shorter and the altitude small It is most, commonly observed durmg

exceptlonal cases, however; the same sequence of colours may-:be observed as

in a solar-rainbow. - On.rare occasions white rainbows are.formed.:by-the.
" sun ; for this to occur the. ramdrops composing the cloud must be very s small .
and the observer must be near the cloud. - Such a rainbow is called a fog-'

bow >’ or * Ulloa S ng *:and may form a. complete circle.

“ Reﬂectlon rainbows " are oceasmnally seen ‘on calm days When a sheet of /
water lies in front of an observer standing with his back to the sun.> Such’
bows are formed by-rays-of light illuminating the - falling raindrops- after-

reflection at the surface of the sheet of water... The centre of a reflection bow

“ s as ‘high above the horizon as.the centre of the;direct, bow. is below:the

© * Mnemonic V-I, violet inside. -

Lunar rambows are formed in prec1sely the same: clrcumstances as: solar
bows, but are, conmdembly rarer having:regard .to the : comparatlvely short ,
.periods that a bright moon is above the horizon, ; In favourable circumstances
@ lunar rainbow is so much fainter than a solar one that colour is difficult to"~
distinguish and 'the normal appeararceof'a lungr fainbow" is “whitish. * T’
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horizon, consequently the arc, when- complete, exceeds a semi-circle. The
direct and reflection bows mtersect on the honzon and the colours ha,ve the

same sequence RERSE YT

COLORATION OF THE SKY

A cloudless sky appea,rs to be blue but it ma,y show all poss1ble
gradations between a deep blue and a whitish-blue shade. Tt is
desirable 'to note the gradations of colour ‘according to the scheme :
deep blue, light blue, and pale blue. Such observatlons g1ve 1nf0rma,-V
tion regardmg the pur1ty of the air.

The most beautiful colours are seen at dusk When the sky is,
cloudless, the colour and form of the first* “ purple light is worth
attention.. It is approximately parabolic in shape and appears at a -
cons1derable elevation above . ‘the point where the sun disappeared
soon after sunset.t- It .varies in colour between : pink and violet.
Observers are ‘also invited to- note the colouring of the western sky.
and. the, .appearance of the “ second purple light ”’ which develops
after the . dlsappearance of . the first. .. The time of. disappearance
of the second light is also ‘of 1mportance If “ Alpengliihen and.

“after glow.” are, assocmted with the sunset the phenomena should:
be noted.. _ | :

The coloratmn of the clouds at. sunset is often Very beautlful and
very strlkmg, and is therefore frequently noted, .although the pheno-,
mena observed When the sky is clear.are more 1mportant

THE GREEN RAY

When the sun’ sets under favoura,ble cond1t1ons the last ghmpse
of it is coloured a brilliant green. ' The phenomenon and the corre-

sponding ‘one ' at sunrise are explamed by the unequal refractmn ofr
hght of dlﬂerent colours :

,"\

MIRAGE >

“The' posntlon and appearance of distant ob]ects are always altered
to some extent by refraction when the light which passes from the
object to the:observer traverses obliquely-layers of air of different
density, and sometimes the displacement of position or distortion of'
appearance is so great’ as to pproduce an illusion of apparent water,
trees or buildings. ;. Such phenomena are conspicuous when the vari-
ations of temperature ‘close to the ground are:very marked, as in
desert countries when the ground is very strongly heated by the sun.
Correspondlng phenomena, are often to be noted in this country. .

“As an International symbol for . ‘mirage a combination of two

crossmg arcs XX was recommended at an Internatmnal Conference in
Paris in 1919.. s D ,,

~*:Like' Blshops ng, the first and second: * purple lights ** and also the
‘“ afterglow ’* on snow- peaks are assoclated vnth the presence of Volcamc dust ’
in-the upper atmosphere;~ -

“} ‘All these remarks apply also to sunrise but in the reverse order. .
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i AURORA «:

::» The auroratusually: appears ag; . brlght arch :beneath which' the
;sky seems to be darker than in. the. surroundmg regions. Frequently
streamers of light shoot out. radially .from the,arch: and sometimes
;extend beyond the zenith: Occasionally the arch resembles a sway-
. .ing sheet or curtain of hght and at. tlmes several arches can be seen
: s1multaneously - : e v

Observers should note such points’as the: diréction’ in’ which the

phenomenon appesrs most intense; the direction’of the" arches and
_their angular height above:the: horrzon, thelength ‘and" ‘position: of
- the most prominent streamers; etc Attentlon should also be dlrected :
: to the colour eﬂects v151ble o

Ttis poss1b]e by the use of very sens1t1ve plates to photogra,ph the :
aurora and Professor Stérmer has demgned a special camera by means .
‘of which six. photographs can ‘be ‘taken in rapld succession on'one -
plate. Examples of auroral photographs made in this way : are shown
~ in Plate’V. The followmg descriptive notes’ Wﬂl assrst the observer
in 1dent1fy1ng typlcal auroral forms T e -

A Lerwwk December 20 1930 ——Development of 10W qulet‘
- homogeneous band from a diffuse’ lummous" surface’ along
.. the horizon with a feeble homogeneous arc bove 1nto a

system of brlght ell1ps01da,1 ba,nds L .

B Lerwzck December 21,-1930.-=A strong arc W1th ray struc-
" ture’ dlsmtegrates 1nto Tay bundles ‘which" “gradually
"+ re-merge to 'form a continuous arc.’’ The brightest ray
__patches appear to travel from west to east along the are.
" As'is usual the lower edge of the are is sha,rp 5

C. Fort Rae, Oanada February 19, 1933 —From an extensive
~arc, mainly of ray and curtain formation,- long-rayed,
 bands trail irregularly away to the east homzon a,ppea,rmg :
- by perspective to.converge: there - The- whole system is
brlght and qmckly ohangmg S LN

PR

D Fort Rae, C’anada February 20 1933 —A long-ra,yed curtam
. ... developing from a broken. band of rays strengthens into
... intense heayy draperies moving rapidly across the.sky,and -
. extending to. the zenith., The next.stage is.usually. the
.. formation. of :a oorona, near, . the : magnetlc zenith,,.
perspectlve eﬁect arlsmg from the sconvergence , of the
constituent rays of the drapery

.+..»The aurora is an - electrmal phenomenon and S 17 usua,lly associated
.w1th magnetic storms whorre B ehp fuiods g e hoand
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ZODIACAL LIGHTm

' This is observed ‘ag’ the extremity of an elongated elhpse of 'soft

‘Whltlsh light ‘which extends from the 'sun as centre; appearing above
‘the westerly ‘Horizon' after sunset or above the easterly horizon after
-sunrise.” The ‘best time for. observation is' just:after the last traces
-of twilight | have dlsappeared in ‘the evening or just before the first
traces appear in the morning, the greatest extent of the Light being
~ then visible. The nght retains its apparent place among the stars

as it gradually sets’in the evening or rises in the morning. . Tt is

‘sufficiently - bright- even-in temperate -latitudes not to: be: rendered
‘-§1nv1s1ble by falnt tW1hght or part1a1 moonhght SATES

The axis " of the nght hes nearly in the plane of the Echptlc

‘approxrmatmg more closely to the plane of the sun’s equator. The
“whole’ phenomenon is confined to the zodiacal constellations. = In
“‘troplcal latitudes, where the Echptlc makes a large anglé with' the
“horizon at all tlmes of the year, the. nght may be well seen on any
_"‘clear mght or .morning in all’ months In temperate latitudes the
"'Echptle is often inclined at & small angle to the horizon and the Light -

is then-rendered invisible by the additional extent of the’ atmosphere

it has to traverse. In the latitudes of the British Isles it is best seen
,'1n the evenings ‘of January to March and in the mornings of Septem- :
;ber to November only about’ ‘the tlme of the winter solstice is it
“possible to’ observe 'it'6n the morning and evening of the same day.

In February. the nght lies between the constellations of Pegasus and

.Cetus, the apex being near the Pleiades. - Just after dark in the lati-
~tude. of the,, British ' Isles the altitude of the apex of the Light is
‘.therefore about :50°, the' cone; lying obliquely with regard to the
_horlzon At this season the breadth near. the horizon is 25°-30°,

the altltude of the. part of greatest lum1nos1ty bemg 20°-30°.

The nght is. pearly and homogeneous and dlﬁ"ers markedly in

"‘fquahty from that of the: Milky Way, the brlghtest part of which it
may cons1derably éxceed’in lum1nos1ty It is more: br11hant1y and.

readily seen in the tropics, but.it is- very:conspicuous.even in the

Jatitude of the British Isles if observed away from large towns., The
;nature of the Zodiacal Light is unknown. : It is ‘generally believed to
“be'a cosmic ‘phenomenon, ‘due to- the’ reﬂeetlon ‘of the ‘sun’s light
“from- 1nnumerable minute- bodies ‘or*dust’ which ‘revolve about the
‘sun;. the mass “extending - outwards somowhat beyond the earth’s

: orblt -The meteorological originof the Light as the final stages of
tW111ght in the earth’s atmosphere 1s however stlll upheld

" The. aecomparly'i;nig : plate?‘is ‘f’ro’m\‘fa paintirlg by Mr. G:-A. Clarke
based on a sketch made by Sergeant L. G. H. Lee in France in1918.
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18h. 42m. 47s. 8h. 44m.54s.
LERWICK 20™ DECEMBER BSO

Oh. I7m. 34s. Oh. 18m. 0s. " on. 19m. 20s,
LERWICK 21T DECEMBER (930

7h. 39m. 175, 7h. 39m.36s. 7h. 39m.55s,
FORT RAE, CANADA 9™ F FEBRUARY 1935

2h.54m.Ils. 2h. 54m.37s. 7 2 56m, G8)
FORT RAE, CANADA, 20™ FEBRUARY 1933

PHOTOGRAPHS OF THE AURORA
(For description see p. 71).
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NoOTES ‘0N SKETGHES Erc. -

»/(Communicated by Mr. G:-A:: Clarke ‘of Aberdeen: Observatory)
cWhenever unusual optical or other meteorologlcal phenomena - pre-
. sent themselves, they should;'if ‘possible; be’ photographed ::But it
very frequently happens that from some cause, such as inherent

~ colour, excessive famtness, Want of definition, and in the -case of
“aurora, want of suﬁiclent hght these phenomena cannot be easﬂy
: photographed ’ :
~ Insuch cases a s1mple, carefully made sketch may aﬂord valuable
'amphﬁcatlon of any written description., Such sketches ‘may’ "be
‘made either'in water-colours, chalk, or pencxl “Perhaps | the better
“method, unless the observer is accustomed to. water- colour painting,
is to make sketches either in. ordlnary ‘black ‘pencil, or with. the
“coloured chalk pencils’ which ‘may be obtalned from any artist’s
“colourman.  For sc1ent1ﬁc purposes, it is- preferable at all tlmes to
have an accurate’ even though simple sketch, so° that elaboratlon
should be qulte a secondary consideration.

On the” appearance of any. phenomenon ‘the best method of prc-

. kcedure is to note down rapidly in a few pencil lines the general appear-
- ance thereof, and also to indicate on the horizon line (which should
‘always be 1ncluded in the sketch if poss1ble) a few landmarks, the
bearmgs of which are known. This will give the pos1t10n of. the pheno-
“menon-and rough angular measurements can be made from’ these
“notes later on. 'Notes should also be made’ 'of ‘the colours’ seen,
‘especially if the rough sketch is 1ntended to form the ba51s of 8 more
finished coloured sketch.

- Halos and other opt1cal phenomena are. very eas1ly noted and
7sketched by observmg their images reﬂected in a black mirror. (a
. piece, .of ordinary glass about 8in. square, coated on the back w1th
“black: ‘varnish, makes an excellent mirror for the purpose) Rough
angular measurements of the image can also be, made with a scale
by using the halo of 22° as a reference. :

. Sketches of aurora should be made.using a hght no :brlghter than

s absolutely necessary to illuminate .the _paper_upon ‘which notes’

 and sketches are made.  The bearing of the’ auroral, arch should
- always be noted and the ends of the arch should be referred to some
~known_ pomt on the horizon. ' The angular a1t1tude of ‘the arch. or
“arches can also be determmed by noting any known star that may

‘be situated near the top of the arch and by ﬁndlng the altltude of '

f\the star’ afterwards o

The times of the appearance of phenomena should be noted '

‘partlcularly if a series of sketches is i made, . STyt iy

.For cloud phenomena it will be found: advantageous to use: pale
blue-tlnted cartridge paper. for the finished: d.rawmgs, worklng upon
; \1t with white and coloured pencils. - ‘-

. For aurorae a dark-blue or- ‘indigo tmted paper Wﬂl g1ve very good
results with the chalk .pencils. RIS .




T4 v, Cloud - Height -

.-§18::CLOUDS .
:Cloud , observatlons may ‘be. cons1dered under four;. headmgs,

vVIZ —r et s

(1) helght (2) amount (3) form (4) dlrect1on and velomty of motlon

HEIGHT OF GLOUD o
The greater part of our knowledge of the helght of clouds has been

e obtamed from simultaneous measurements of the elevation and
- azimuth of a given cloud made at the two ends of a base line of con-
** siderable length, a quarter of a ‘mile or more.’ The length of the base
~line being known, and the angles having been obtained by measure-

ment, the height of the cloud selected for observation can be aceu-
rately calculated by the apphcatlon of s1mple trigonometry.  Rather

- elaborate apparatus is requlred and it is necessary that the observers
“at the two ends of the base should be in telephonic communication
“with one another The method is therefore not descrlbed here in

}“detaﬂ

Measurement Wlth balloons ———At statlons ‘where the observamon ‘

*,fof the wind in ‘the free atmosphere: by means’ of pilot’ balloons is
ﬁ;undertaken, a simple method of determlmng cloud he1ght is readrly
““available. As the balloon rises at a known rate; all that is necessary
" is to note the time that elapses between the. release ‘of the balloon
and its d_lsappearance in"the lower surface of a cloud. Care must
however, ‘be taken to. dlstmgulsh between cases when the balloon is
“seen to enter a cloud and cases in which the balloon is obscured by
"a cloud at some lower level drifting across the field of view. = '

‘Measurement by comparison with hills and mountains.—In hllly

" and mountainous districts the heights of ‘the ‘bases of clouds which
. are lower than the ' tops of the visible hills can be détermined with
* some accuracy by inspection, when the clouds are banked-up against
* the hills, provided the heights of the different features of the h1lls1de
~are known. These helghts can be obtalned from an Ordnance Survey
* map of the district. :

- Measurement at night by means oi a vertlcally dxrected beam of

light.—Measurements of cloud heights are easily and rapldly obtamed
"by means of a vertmally directed beam’ ‘of light.” =

The prmclp]e underlymg the method used is snnple At one ‘end

“of a measured, base line is placed a powerful electric lamp the light

" “of which, by means of a paraboho mirror, is directed Vertlcally
“upwards in a well-defined parallel or even shghtly converging beam.

. This beam on striking the underside of cloud produces a well-defined
~ jlluminated spot. ‘From the other end of the base line the altitude

- of this lighted patch is measured by means of an alidade. ‘This'is a

- simple instrument for determining the angular altltude and consists
“of a sighting system- rotatlng about a horizontal axis over a quadrant

. . of a circle graduated in degrees. The baseiline; the line’ ‘of sight ‘of
ithe. observer and the beam'of light then. constitute the three sides

of a right- -angled triangle, the base of which is known and.of which
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one angle is measurable. - If ‘% be the height of the cloud and b is the
length of the base line we have & = b tan'4 ‘where ‘4 is the angular;
elevation of the illuminated spot, from:which % can-be obtained for
varying:values of 4. If the base line is fixed this formula may be:
used to construct a scale from which the height of the cloud may. be’
read off directly. - - cooe T T e T
- Observations made by this method sometimes discloge the presence!
of thin cloud layers which are invisible from the ground, the existence
of which is not discernible by other means such as‘a pilot-balloon’
ascent.” i Tvo : Ceee 1 SRR LT ¢
X 7 . . . -
Estimating cloud heights.—At . stations in level country where
pilot-balloon observations are not made, and direct measurements
~are not possible, we have to fall back on estimates. In view of the
great practical importance of a knowledge of the height of the Jow
clouds, in aerial navigation, estimates of the height of the-lowest
cloud are now included in the meteorological reports sent from’
telegraphic reporting stations in order that this information may be’
made promptly available to pilots of machines.” Some guidance in
forming such estimates.can be obtained' from the following ‘table’
giving the levels between which the bases of the different forms of’
clouds are usually observed. '~ PR e
Observers who. have the necessary experience’ or, information to
enable them to.form satisfactory estimates of cloud height in thou-,
sands of feet should note the information in the monthly returns..- -
Heights of the Base of Clouds ~ '\ sl vt sty Do T
Form of Cloud:«'Usual Heightsin Britain’ .- ;' - Remarks = i i
Low cloud— - e ‘ - A Sats
Stratus.: ... 500-2,000 ft. ... ... Sometimes practically . down to

"

the surface ; sometimes as high
as 4,000 ft. - Lo

Stratocumulus - 1,500-4,500 ft. ... Sometimes’ as'low ‘as 500 ft.:; or
ST S -~ ! . . ashighas 8,000 ft. .. .
Cumulus - ... . 2,000-5,000 fto. - e Sometimes as low as 1,000 ft. ; or.
o _ ... . ashighas8000ft. ~ -
' Cumulonimbus *'2,000-5,000 ft: ... Sometimes as low as 1,000 ft. ; ‘or"

"4 »fas high as 8,000 ft: (The top:

i.of;Cunb frequently extends to
i1 ..+ heights of over 10,000 ft.: and .
Lo ' s __.may reach 25,000 ft.) = -
~Nimbostratus - 500-2,000 ft. ... = ... Sometimes : practically down ‘to’
R IO TS i-the surface ; sometimes as high
8s'4,000 ft. . ottt

[

Middle dovd— . ...
Altostratus ;: | Heights usually between .
Altocumulus” 6,500 and 20,000 ft. L

- High cloud— ‘
. Cirrus . vee . :
g *. {Heights usually between  :
. Cirrocumulu
t Cirrostratus } 20"090 and 49’000 fr.

*In the tropics the upper level may be 50,000 ft: or more.
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~ Observers should ‘miss no.opportunity. ‘of. comparing notes w1th~
pllots for the purpose of checking their estimates: -t it :
The heights.of the base of low ¢loud given in:the precedmg table«
are helghts -above groundlevel, but:they: refer to.places in Great
Britain:in level ‘country not:more than:500 ft. above the sea. For:
stations at substantially greater. heights, or stations on mountains,:

‘the heights of the base of low cloud will be less ; for instance, for:a

station in Great Britain . between 1,000 and 1,500 ft.-the heights in
the table would be reduced by about'1,000 ft.- Thus,the base of stratus -
or nimbostratus Would sometimes be below the level of the station.

' AMOUNT OF CLOUD 4 e T |
The degrée of cloudlness is to be given by the ﬁgures 0-10, in whlch’

0 represents a sky ‘quite free from cloud, and 10 an entlrely overcast -

sky in 'which no patches of. blue sky are visible. We are required to
estimate the number. of tenths of the area of the sky which would be
covered by the clouds present supposing them moved up, to each other
s0 as to.form a continuous. sheet, with’ the proviso.that as stated
above 0is used only ‘when there is no cloud, and 10 only. when there.
is no, clear sky .The entry ‘ trace ”’ should be made when there are_
small amounts of cloud present, ‘and thése small amounts do not

cover as much as one-twentieth of the sky ; and the entry 9 + >

- when theré are small breaksin an otherwise overcast sky, though the

breaks ‘do not actually amount to' one-twentieth of the sky’s area.”
The numbers given“are to refer solely to the amount of the sky’
covered and not to the density, height or other quality of the cloud.:

If desired the :density . of ‘the cloud may: be 1ndlcated by the
follow1ng scale :— - . . S

0. Very thin and 1rregular -3, Thlck L
‘1. Thin but regular, : 4. Very thick and of a dark
.2. Moderately thick. . - .. . . . colour.

- In estimating the: observer will do well mentally to sub- d1v1de
the sky into quadrants by means of diameters at right angles to each

-other. . Anestimate (on the-scale.0-10) is then formed for each

quadrant separately, and the figure finally entered in the register
is the mean of the four numbers so obtained. The direction of the
dividing diameters should be selected to give convenlent sub-divisions
of the prevailing < cloud ‘canopy.

+It was the genera,l custom until recently to note only the total
amount of cloud of‘all forms and to leave out of consideration
questions of height or form of the cloud when making the observa-
tion. The information regarding amount, of cloud pubhshed in the
Monthly Weather Report of the Meteorologlcal Office is'still prepared
on that understanding.

Sometimes the amount of cloud of a: spe01ﬁed form' or type is
required.” This is found by imagining that every other visible form
or type of cloud.is replaced by.blue sky;.and by determining the
amount of the specified form or type in the manner already described
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::On occasions of fog or mist; if the vertical thickness'of the fog is'so
great ‘that it is' impossible to ‘tell" whether there is:cloud above it,
the cloud amount should be entered as 10. - This applies, for example,
to all cases of fog in the day tlme in Whlch the sun is qmte 1nv1s1ble

- If cloud can be seen through the fog then the amount should be, :
estimated as well'as possible and entered in' the ordinary: | Wa,y “The
form can also.be recognised under these . cond1t1ons ‘more ;or less
conectly and should be noted : R

*If the sun or stars can be seen th.rough the fog,’and there is no
evldence of cloud above the fog, the amount of* cloud: should be
entered as 0 1rrespect1ve of the homzontal thlckness ‘of the fog

$

CLOUD F ORMS. INTDRNATIONAL DEFINITIONS

‘The mternatmnal class1ﬁcat10n of cloud forms is based upon the‘
four ‘fundamental ‘ types ‘of - the " classification : proposed by’ Luke
Howard at the beginning of the 19th century, namely, ¢irrus, the
thread-cloud’; cumulus, the heap cloud ; stratus, the flat cloud or
level sheet ; and nimbus, the rain-cloud. The details. of a more

- precise classification occupied the attention of meteorologists in many
countries during the latter part of the century, among whom were
specially prominent our own.countrymen, the Rev. Clement Ley and
the Hon. Ralph Abercromby. A book by Mr. Clement Ley entitled
“(Cloudland ** is well known to meteorologists. + Mr,, Abercromby
contributed a number of papers on:the subject, laymg stress upon
the most important fact that cloud forms are not. peculiar to special

- localities or latitudes, but are the same for all parts of the world.

. Both these gentlemen unfortunately died before the classification was
settled.. The other meteorologists :who were specially active in this
work were Professor H. H. H1ldebrandsson, of Uppsala,- Sweden ;
M. Léon Teisserenc de Bort;: of- Paris’;-and M A nggenbach of
Ziirich, SW1tzerland

A classification was agreed on at the Internatmnal Conference
‘at-Munich in 1891, and as & sequel the first edition of the * Inter-
-national Cloud Atlas ” .appeared. in-1895. It has run through several
ed1t10ns since that date the last &ppeared in 1910 and is.now out of
prmt L \ ;

After the Great War the’ need for'a new Atlas was aeutely felt and
an International Commission for the Study of Clouds was set up in
1922, under. the presidency of General E. Delcambre, the Director

of, the Office Nationale Météorologique de France, to undertake this
- work. An ““ Abridged edition.for the use of:observers ” was pro-
-duced 'in 1930, and the complete Atlas with separate ed1t1ons having
the -text-in- Trench ‘English and: German 'was published in 1932."

The method of class1ﬁcat1on and the definitions of forms-of cloud
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adopted - therein - differ: in oertem ‘Tespects : ‘from those: of .the Atlas
of 1895..: The followmg summary is based on. Part I of the Enghsh
ed1t1on el SERES :

L u",’(

At nearly all levels clouds may appear under the followmg forms —

- (a) Isolated, heap clouds with vertical development’ during thelr
formatmn and a spreading out when ‘they are dissolving.

- (b) Sheet clouds - wkwh are; divided .up. info. ﬁlaments scales, or
1 rounded masses,, and wh1ch are often stable or in. process of
d1s1ntegrat1on RTRE I AR I ; .

(c) More or less contmuous cloud sheets often in process of ‘
: formatlon or growth
Class1ﬁcat10n mto famxhes and genera

: Famzl A H1gh clouds (mean lower level 6 OOOm
(20000&))* e , 5

Form b 1. Genus Cirrus.:
o 2. Genus Cnrocumulus
Form c 3 Genus Clrrostratus

Famzly B M1ddle clouds (mean upper level 6 000 m.
( (20 000 ft. ), mean lower level 2,000 m. (6 500 ft ) . v

ggﬁg ﬁ }4 Genus Altocumulus T

Form c 5 Genus Altostra.tus ;

Famzly C Low clouds (mean upper level 2 000 m. (6 500 ft )
o mean lower level close to the ground)

ggiﬂ §}6 Genus StratocumulusT o

F ' 7. Genus Stratus A", ,
orm. e 8 Genus Nlmbostratus

Famzly D Clouds w1th vertical development (mean upper
level that of the cirrus, mean lower level 500 m.’ (1,600 ft. ))

F m 9. Genus Cumulus.
0 a 10, Genus ‘Cumulommbus.

. ¥ It should be noted that the helghts g1ven aro for tempera.te latltudes, and
refer, not to sea level, but to the general level-of ‘the land in the region. * In
cértain’ cases there may be: ‘large departures’from the given mean helghts,
especially as regards. OII‘I'HS, which may. -be found as low as’ 8,000 metres'in
temperate latitudes, and in polar regions even. almost as’low as.the surface..
~t.Most altocumulus . and stratocumulus clouds:come under ca.tegory b
but the va.netles cumuhformls a,nd partlcularly castellatus belong to category a.
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: fII ~—DEFINITIONS ‘AND : DESCRIPTIONS oF . THE ‘ForMs  oF. CLOUDS

1. Cirrus® (Ci.) —Detached clouds of dehcate ‘and " fibrous” appear-
: ance, w1thout shadmg,E generally whlte m colour, often of a sxlky
appearance. :

- Cirrus appears m the most varled forms such, a8 1solated tufts,

- lines drawn across a blue sky, branchmg feather-like plumes curved
lines ending in tufts, etc.’; they are often arranged in bands which
‘cross the sky like: meridian lines, -and:which, owing to.the effect of
perspective, converge to a point on:the hOI‘lZOIl or.to.two opposile
points- (cirrostratus®and: 01rrocumulus often. take part in the:forma-
“t1on of these bands)

.t

2. C1rrocumulus (Clcu )~—A c1rr1form layer or patch composed of
- small white flakes or of very small globular masses, without shadows,
which are arranged in groups or lines,. or more. often in, rlpples
: Jresembhng those of:the sand on the sea shore.

" In general cirrocumulus represents a degraded state of cirrus and
clrrostratus both of which may change into. it... In.this case the
:changmg patches often retam some fibrous structure in places. -

o

'Real cirrocumulus is uncommon. " Tt ‘must not be confused with
_small altocumulus patches on the edges of altocumulus sheets

.8 errostratus (Clst ) ——A thm wh1t1sh vell Wlnch does not blur
K the outlines ‘of the sun or moon, but gives rise to halos.” Sometimes -
it is quite diffuse and merely gives the'sky a ‘milky look ; someétimes
it more or less d1st1nctly shows 2 ﬁbrous structure w1th drsordered
, ﬁlaments : ‘e RIS STy Gl

. 4, Altocumulus (Acu )——A layer, or patches composed of lammae
-or:rather. flattened: globular . masses, the smallest elements. of: the
regularly arranged-layer being fairly small and thin, with or without
shading. . These elements are arranged, in groups, in lines or waves,
{following one or two d1rect1ons and are somet1mes 80 close together
,that the1r edges join. ~

The thin and’semi- transparent edges of the elements often show .
: “j lrlsatlons Wthh are rather charactenstlc of th1s class of cloud

5 Altostratus (Ast ) —Str1ated or ﬁbrous vell more or. less grey
or bluish in colour. : This- cloud i is like thick c1rrostratus but without
* halo phenomena ; the sun or. moon shows vaguely, with a faint

gleam, as though through ground glass Sometimes the sheet is
“thin: ‘with forms, 1ntermed1ate with: cirrostratus. (altostratus trans-
lucrdus) ‘Sometimes'it is’ ‘very ‘thick and dark (altostratus opacus),
_sometimes even.completely, hrdmg the ‘sun or moon. "~ In this case
- differences “of thickness may’ cause relat1vely light- patches ‘between

“very. dark’ parts ; but the surface never shows real relief, and the

:striated or ﬁbrous structure is’ always seen in. places in: the body of
the cloud. : : : SR
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6. Stratocumulus (Steu.).<—A layer or patches composed of laminae -
.or globular. masses ; the smallest of the regularly arranged. elements
.are fairly large; they are: soft;and grey, with darker parts., These
‘elements are arranged in groups, in lines, or in waves, ahgned in
one or in two directions.  Very often the rolls are so close that their
edges join' together; when' they" cover the' whole'- sky, as on the
contment espec1ally in wmter, they have a wavy appearance h

: 7 Stratus (St.).—A umform layer of cloud resemblmg fog, but not

‘resting on the ground.—When' this very low layer is. broken up into
“irregular shreds it is designated fractostratus (Frst.). « P

8. Nimbostratus- (Nbst )—A low, amorphous and ramy layer, of
‘g dark grey colour and nearly uniform ; feebly.illuminated seemingly
-from’ inside. :‘When" it g1ves prec1p1tat1on 1t is in the form’ of con-
tlnuous rain’‘or snow. = S S . :

But precipitation alone i not a- sufﬁc1ent cr1ter10n to dlstmgulsh
: the:cloud ‘which should be called n1mbostratus even. When no ram
wor snow falls from itoif: = v i vl Sinnle ro G :

There is often’ preclpltatlon Whlcll ‘does not reach the ground
in this case the base of the cloud is always.diffuse and looks ““ wet ”
on account of the general tra1hng preezpltatmn virga, 80 ‘that it is
not poss1ble to determme the 11m1t of 1ts lower surface

9 Cumulus (Cu )——Th1ck clouds thh vert1cal development the
upper surface is dome shaped and exh1b1ts protuberanees, while the
.base_is nearly horizontal. Gt

When the cloud is oppos1te to the sun the surfaces normal to the
observer are brighter than the edges of the protuberances. When
“the light'comes from ‘the side, the clouds exhibit strong contrasts of
“light and shade ; agamst the sun, on- the other hand they look dark
w1th a bright edge R 5 R

" True cumulus is- deﬁmtely hm1ted above and below its’ surface
‘often appears hard ‘and ‘clear cut.” But'one may. also observe a cloud
resembling ragged cumulus in which the different parts show constant
change Thls cloud 1s des1gnated fractocumulus (frcu) ‘

10. Cumulommbus (Gunb )—Heavy masses of cloud w1th great
“vertical development; whose cumuliform summits rise in the form of
‘mountains or towers, the upper parts havmg a ﬁbrous texture and
often spreading out in the shape of an anvil. - :

The base’ resembles mmbostratus and one generally not1ces

’mrga "This base has often a layer of very low ragged clouds below

1t (fractostratus fractocumulus)

Cumulonlmbus clouds generally produce showers of rain or snow .
a.nd sometimes’ of hail or soft hail, and often thunderstorms as well.”

t» If the :whole of the cloud cannot. be seen the fall of a real shower

is enough to characterise the cloud as a cumulonimbus.
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-~ As compared with the:specifications set.out in the first Interna-
tional Cloud Atlas (reprinted in former-editions of this;handbook)%
the most important new, features;: are the om1ss1on of {nimbus .’ and
‘the rinclusion of. the new- type . nlmbostratus The followmg
extract from the: new. Atlas :p.. 17, sets out the reasons for makmg

the change :— St e , e - . ‘ :
. “The mtroductlon of mmbostratus is cons1dered mdlspensable by the
Pres1dent of the Interna.tlonal Commission for the Study of ‘Clouds, on’
" account ‘of ‘criticisms made on the definition 'of nimbus in the Provisional’
~Atlas. -This modification has not yetbeen.able.to be submitted for the:
. approval of the International Meteorological Committee. It is, therefore,
v “, only introduced, here subJect to its bemg ultimately approved R
The' followmg are the reasons for this new definition :—The deﬁmtlon
of nimbus in the Atlas of 1910 led to'some confusmn ; in fact, in different’ i
*gountries the name nimbus was given (a) to a low-amorphous rainy layer,.
«:, originating directly by change. from a. descending: layer of altostratus ;.
. (D) to very low, dark ragged clouds isolated at first though not ‘later,
which" form” very often below altostratus or’ under the ralny layer‘
descrlbed above' (a).+ ! T i AL
+o{HY9Tn the présent ‘Atlas 1t was 1ntended to glve the’ cloud (a) the new name’
- of mmbostratus, which: is a better name than:nimbus for a:continuous.
.. layer which is formed by evolution from altostratus. ‘As to clouds (b).they.
.1.are classed; ¥ fractocumulus or. fractostratus (according as they .are,
more or less cumullform) from which they are not dlstmgulshed either'in
" shape, or in’their'mode of formation’ (turbulence) ; “when, however, they”
ook dark in colour, owing to special lighting (e.g. the presence of a hlgherf
%y-cloud sheet) and so,have & very. different colour, from. ordinary. fracto-
i cumulus or fractostratus, they may, if thought necessary be called mmbus
Subsequently to the appearance:of the Atlas, at a, meetlng of the:
Internatmnal Meteorological Committee at De; Bllt ‘in Qctober,.1933, -
it was,decided to discontinue the name  nimbus *> and to adopt, the(
name * fractonimbus .’ (Frnb:); for. the . low ragged clouds of bad,
weather referred to under. (b) above. . ’ g ey
~ In addition to families and genera which sufﬁce for the broad
class1ﬁcat10n of cloud forms, the new International -Atlas also
recognises sub-genera, species,: varieties and ;casual details to which:
d1st1ngu1sh1ng latin: ad]ectlves are’ apphed for purposes of more,
pre(:lse differentiation.’: i o S
- For details of these stb- class1ﬁcatxons reference should be made to
thel'Atlas, ' Tt ‘is proposed ‘in-this- handbook, to refer. only to the
varieties! which are’ already o well known that their' names have:
come ‘into ‘general-use. ‘These are d1st1ngu1shed by the ad]ectlvesl

cumuhformls i lentlcularls 7 ss oastellatus “and *¢ mammatus

Cumuhformzs ——Var1ous types of clouds partlcularly cu‘rus f
altocumulus .and . stratus may in certam circumstances assume a
rounded | appearance resembhng cumulus. The ad]ectlve “ cumuh-f
formls ”'is added to the name of the’ cloud to indicate thls condltlon‘

- (e g- stratus cumul1form1s) (See Plate XXXII(b) ).

Lentzculams ——Groups of crrrocumulus altocumulus and strato-:
cumulus sometimes show.an ovoid form- Wlth sharp edges resembhng;
the- crosssectlon of a-lens. . Theiadjective /lenticularis ”’ is added
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to the name.of the cloud:to indicate this structure (q.g;,'altdcumulus

lenticularis). < (See Plate XXXTI)i ! 550 toorin ot oir i fen (ERY

" Castellatus.~—Added 6 the ‘name altocumulus to° indicatethe’
turreted or crenellated appearance sometimes assumed by individual
cloudlets of middle height, usually in'summer. " (See Plate XXXII(a)).:
- Mammatus.—The lower surface of certain cloud shests sometimes
has an udder-liké’ or mammillated ‘appearance. This structure is

,,,,,,,, .

distinguished. by the adjective * mammatus > or. the prefix “ mam-
mato,” ‘e.g.; ‘* mammatocumulus.” . (See Plate XXX), i

_ Hints on the classification of clouds.—The problem presented to
those who classify clouds is of a_dual character. . There are first the
forms. of .individual clouds, stratus, cumulus and cirrus,. while the
other forms are really aggregates,. or groups of clouds: or. cloudlets,
arranged’ sometimes in"a continuous mass, sometimes in- TOWS Or
waves, not infrequently in “double or even triple sets of waves.
There are all sorts of gradations, from the dappled mackerel sky of
cirrocumulus to the altocumulus, often. with a dense central portion.
and separate:clouds on: the margins; the irregular masses of strato-
cumulus,’and finally the continuous strata which:are to be found at
various different levels—low, intermediate, and high. 'We can hardly
exclude the continuous stratus’ itself from consideration as a group
or aggregate, because when it thins it breaks up into'detached clouds.
 Lenticular, lentil:shaped or almond-shaped clouds have attracted
some attention 'in recent times. - They have a peculiar outline.  In
many cases they are very suggestive of an airship, and are' perhaps
the clouds in “* Hamlet ” ‘which":are - very. like “a whale ” (Plate’
XXXT)."" In others the inner part of the cloud becomes very thin, or:
disappears;'so that:the’shape looks like 'a”large’ horse-shoe ‘as ‘seen '
from beneath at a great distance: ! Photographs and eye observa-
tions show that the bank-‘of clouds which keeps its position with
little apparent change is really composedof a mass of -cloudlets,
forming and drifting into the cloud:bank’ with the wind at one side.
and drifting-away fromiit.and dissolving-at:the iother. :Thus the:
stationary appearance of the cloud bank is illusory as regards. the
wind. . The wind blows. through the cloud bank, which is formed by
the-massing of .the drifting cloudlets. The cloudlets belong appa-.
rently to.the: type of. altocumulus or -cirrocumulus. ; ;;Upon two'
examples of this. type.of cloud Mr. Clarke remarks ag_follows i —.
“Very. often the intermediate . clouds .of the cirrocumulus, alto-:
cumulus and stratocumulus. types may be seen massed together in
long oval or torpedo-shaped sheets.  These are’ termed ' lenticular
clouds, from the resemblance of their form’to that of ‘the cross-
section of a . lens.” . These lenficular masses aro ‘found ‘sometimes
detached but at other times cover, the sky in dense sheets at several
different levels, and’ arc generally seen when the wind is blowing’
from some: point in the south‘west: quadrant. : The following ‘condi-
tions are found to'accompany their appearance : (1) the sky,: when'
visible, is usually of a very intense blue colour ;- (2) the barometer js
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exceedingly unsteady, rising and falhng jerkily at very short intervals
of time:;(3) the wind. is usually strong or high-and. of:a .very gusty
character,-and in' addition: there is-a speriodic rise -and fall in ‘its
average velocity. - At times'the lower:clouds, such as:cumulus-and
stmtus, are seen to assume a somewhat 'similar form'in quiet weathei',
bﬁt in such cases theiconditions above-mentioned will ‘be :absent.
*The term- *‘ mammatus *> was formerly associated exclusively w1th
cumulus ‘but’ mammatus structure is frequently observed -on ‘the
under surface of -an anvil of so-called :* false cirrus * (now- called
cirrus nothus) projecting from a mass of cumulonimbus. A structure
to which the name mammatus i is appropriate, though differing some-
what' from the typical form, is also'sometimes seen beneath sheets
of stratus and altostratus.’ The characteristic ¢ ‘ mammatocumulus *’
illustrated in Plate XXX (a) has”a+peculiar’ heavy and:ominous
appearance ; ‘‘{estoon: cloud ; a.nd « pocky cloud 36 are- popular
names for this variety. i co b
- A word must be- added about cwrus It is’ generally understood
to'be not ‘only a cloud of thread-like structure; as its name implies;
‘but at' the same time“a very high cloud, its’ normal height ' being
about 9 kilometres, or nearly 30,000 ft. No doubt the best and
most durable examples are to be found at those great: helghts but
. thread-like clouds, indistinguishable in appearance from wisps of true
cirrus, may. be found at'much lower levels just as the so-called false
cirrus is formed at various' helghts Captain C. K. M. Douglas; from
close observation in'an aeroplane, expresses the opinion that masked
thread-like structure is- always attributable.to clouds formed of ice
crystals; and if that be the properly'distinctive characteristic of the
thread-like : structure, it only hampers: our‘conception ''of . the
“atmospheric . processes if : we*assume: all clouds which show. that
structure to be at a very high level. The form resembles trails of
falling precipitation, and it is possible .that the fall of the particles
relative to the air (itself often rising) tends to produce a fibrous
. structure in the cloud. Ice crystals are much larger than most water
particles (other than rain-drops) and tend to fall faster and further
~ without, evaporating. - Clouds .which are deﬁmtely fibrous have a
"considerable vertical: extensmn, but in cold weather they may. exist
entlrely below 4 kilometres. Very thin delicate layers of cloud (often
high) may sometimes appear wisp- -like, especmlly under the influence
of perspective, but this structure, is, dlfferent from the true fibrous
type These . delicate layers of’cen show iridescence when near. the
sun or moon, mdlca,tmg that they are almost certamly not composed
of crystals ’ T ,

ARTRERSI g St L

DIREOTION AND VELOCITY NEPHOSCOPES

. The dJrectlon of motion of clouds is always stated as: the dlrectlon k

‘ from which the cloud is coming. It is ‘best observed by sighting the
cloud: agalnst afixed point. " At night time ‘and when the cloud
canopy: is broken, stars near. the zenith:form very:suitable’ fixed
points.: At other times the top of a flagstaff; gable of a:house, etc.,
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may. be used. - If the cloud motion:is. slow the . observer -will. find
it: advantageous!to.rest his head against some fixed support while
taking the observation ;. ‘otherwise the apparént cloud -motion which
he observes may be due to-motion on his own part. To avoid errors
due :to perspective he should stand as near as may be. vertically
below. the fixed point’ and confine his:attention to clouds near the

~zenith.. .- A little experience will enable the observer to give a.qualita-

tive statement of the apparent velocity of clouds by means of such
designations as slow, moderate, fast, ete. ... . . ... .. A

.- For the accurate determination of the direction of motion of clouds,
some form ;of. nephoscope: should be: used.  This instrument can
also_be. used to determine}th'e‘a‘n'gular,,velocityof a cloud, . but the
linear; velocity. cannot be determined with, it unless the height of
the.cloud is known from other considerations. . Cob
It is:convenient in practice to:adopt a measure for the apparent
velocity which can be determined easily by observation. and which
will give the linear velocity directly ;when:the height is known. ;. A
quantity which fulfils,both:these conditions is the.ratio of the hori:
zontal velocity of the .cloud to its height.. In.what follows this wil]
be -called - the - velocity-height. ratio.. It is.equal;to  the ‘angular
velocity of the cloud about the point of the earth’s surface vertically
beneath it. This is greater than; the angular velocity: of -the cloud
zenith, when the two quantities are identical. ... ¢, 1 .. ..
¢ The two instruments-about to be: described. are so’arranged that
the velocity-height ratio is- determined directly. by an: observation

~ as seen: by the observeriexcept when the cloud is in the observer’s

‘which is independent of the:distance of the ‘observer from the point

Vertiéally‘beneath'the;cloud.:ju:;\v:‘ e b yptaniies i
~Two main types of instrument may be distinguished—: i+
PR (1) reflecting nephoscopes,:’ =+ - SRR A

(2)‘direct’Vision-nephoscopes.“ff
Fmeman’ 1 | 6.

s nephoscope.—As an examplé of the first type, Fineman’s
nephoscope will be considéred; The modified form known as Mark 11
which' has 'been’ designed at’ the Meteorological Office consists of ‘a
dise of black glass mounted ot a tripod stand which allows of aceurate
levelling.” A vertical ‘pointer which can be raised or lowered by a
rack and pinion motion is attached to a collar ‘which ¢an be rotated
independently of the mirror; A scale of millimetres engraved on the
edge of the pointer gives the height of its tip above the glass surface.

. "The method of observing is as follows ~—The mirror is levelled and

then orientated by means of the'scale of ‘degrees engraved ‘on the
circular frame and a compass needle mounted below the mirror and
then clamped.  The observer must bear in'mind that in this country the
compass needle points about' 14° west of true north (see-p. 10) so that
when the mirror is orientated, the south pole:of the compass needle
will point to.about 166°.; After orientating, the observer. stations
himself in such a position that the image of the cloud. in the glass and
the central point of the mirror are seen in the same straight line. He
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then rotates the pointer and adjusts:its length until the image of its
tip is also brought into this straight' line. * This done he moves his
‘head so as to keep the images of the cloud and of the tip of the
pomter in. coincidence. - The point_on the cn‘cumference -at_which
.the'image of the cloud appears 16 leave the dial gives the direction
-from which the cloud is coming. ‘ :
~The velocity-height ratio of the cloud may be determmed by noting
the number of seconds:required for the image to travel from one
-circle to-the next. -If @ be the difference between the radii of the
circles, b be.the helght of the tip of the pointer above the reflecting
-surface and ¢ be'the time required for the cloud image to traverse the
.distance @ (both a'and b being measured in the same units, e.g., milli-
~metres), the value of the velocity-height ratlo is given by the formula
,a/bt e

/

SIS - BRERA FIG 18. FiveMaN’s NEPHOSCOPE.

In the Mark II mstrument the difference between the radii of the
circles engraved on the glass is 256 mm. - A table for computmg the
velocity-height ratio by means of this instrument is given on p.142.
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St it Besson,’sfcomb nephoscope

~r<‘_'_‘.."_>_-A.'_'____.’...'_._.. 36in —m— e Ll DRI Sl
D IETEC IR PR TR i - © 1~ Besson’s .comb . nepho-

7. G_in‘

. EYE LEVEL-----

DIRECTION PLATE- —

| scope (Fig. 19) will serve

‘as c.an - example ..of a

- .. direct vision nephoscope.

It consists. of -a vertical
- brass. rod bearing -at its
~upper enda. cross - piece
3 or 31 ft. long, to which a
number of equidistant ver-
tical spikes are attached.
The rod is' mounted in a
- vertical position by means
of -a number of rings and

... clamps screwed into a tall
- post in such a manner that

it can rotate freely. Tts
height should be adjusted
so that a fixed mark on the

7 -rod is at the level of the

observer’s eye.

| ‘When using the appara-
tus the observer stations
himself in such a position

| - that the cloud selected for

. observation is seen in the
same straight line as the

- central spike.  He then
turns the cross piece until
the cloud appears to travel
‘along the line of spikes in
the direction of the arrow
while he himself remains
motionless. The cross piece
will then be parallel to the
line of motion of the cloud
and the direction in which
it points can be read off on
-a graduated circle which is
provided for the purpose.
The rod may be turned by
"~ anobserver standing at
some-distance away from
it by means of two cords

- tied to a second shorter
cross piece attached to its

lower extremity. - ..
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- The velocity-height ratio is determined by noting the time taken!
for the cloud to pass from spike to spike. -If @ be the: distance:
between the spikes, and b the distance from the top of the central
spike to the marked point on the rod which has been adjusted to the

: level of the observer s eye and t the observed tlme we have as before

veloc1ty-he1ght rat1o = ITt

‘Both and b must be measured in the same units. The dlfference
in level between the cross piece and the observer’s eye should be’
the same in all measurements and hence the instriimeit must be set’

up on a level site. Smoked glass spectacles should be worn by the
k observer to protect h1s eyes.

Instructlons for makmg observatxons w1th a Besson comb nephoscope

1. In observations with a Besson corab nephoscope, it is ‘essential tha.t the
cloud observed ‘'should bé in'line with the centre’ splke of the néephoscope '
either initially or in the course of motion.” If the’ cloud is moving slowly: the <

- sighting on the middle:spike shouldiusually be done'in the first instance. - CH
the:cloud is: 'moving rapidly it;may be more convenient to; Watch it cross the;
: centre splke in the, course of its motion.

.2, In some instruments the distance from the centre splke to the next splke
is only half the standard distance between the spikes. If the time is taken’
for the cloud to move from the centre spike to the next spike, this time’ should
be ‘doubled: before: it is‘used 'to” compute the:velocity-height ratio.” "As a’
general rule this half-distance should not be used but the time should be taken
over at least one full distance, unless the cloud is moving extremely slowly, .

3. It is: of the highest 1mportance that the observer s head should be, kepu
still during the observation. - Some form of eye- -steadier is necessary and.
observers should use the best means locally available to’ enable them to a.V01d

- any.errors in observations due to movement: of the: -observer’s eyes, o 216k

“Nors.~—The reason for: 1ns1stmg on the useé of ‘the centre sp1ke (pa.ra 1
above)is that if the cloud is sighted first on the centre spike and the nephoscope”
is then moved so that the cloud can be sighted on any other spike, the reading-
on the graduated circle gives the direction of motion of the cloud correctly.
But if the cloud is first sighted on a spike other than the central spike and the
nephoscope is then moved so’that the cloud is sighted on another spike, the
reading on the graduated circle .does: not give the direction of motion of:the

- cloud correctly. If the centre spike is not used the direction on the graduated .
" circle is ‘correct, only when' the nephoscope as well as the observer remains still’
“between -the sxghtmg on-one spike and the'next. -The importance ‘of using”
the centre-spike'is that after sighting the eloudion this spike the nephoscope :
can be moved so that the cloud moves along the other spikes without invali::
dating the observation either of d1rect10n .or speed. . It should be.noted that,
even if the observer does not succeed in turnmg the nephoscope so that the
cloud is sighted on the first or second spike from'the centre; the obsérvation
will still-be accurate: if he sights it on the third:spike provided he sighted it:
accurately in the first place on the centre spike. .. This process, however, cannot ,
be reversed ;. if the observer sights the cloud on an end spike and then moves
the nephoscope so that he SIghts it on- the second spxke he w111 not obtam the
~direction correctly o

Method of stating the results of nephcscope observatlons.—~The
velocity-height ratio has the dimensions of an’ angular veloclty for:
which the usual unit is one radian” per second ‘As this unit is too'
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large for the purpose, the radian per hour is used: .Thé formula is
then : .. o0 oo v ol B .
. . S N b t ‘ ‘ L
where Q is the veloclty-helght ratio in radians per hour and tis
measured in seconds. - e i

-The actual velocity of the cloud is the product of the velocity-
height ratio and the height of the cloud. If the height of the cloud
is expressed in kilometres the resulting velocity will be in kilometres
per hour, if the height is in miles the resulting velocity will be in
miles per hour. - © . ' : :

" Q= 3600

§ 14. THE RAIN-GAUGE

Coppergaugesare :ﬁé'ed‘a;ifilés{f exclus1vely, on account of their

“

“durability. * The "diameter of the funnel should be either 5in. or

8in. The funnel of the gauge adopted at ‘telegraphic reporting
stations is. 8in. in diameter, and the weight of the. gauge varies
between 104 and 102 1b." The sloping sides of the funnel are 4 in.
to 6in. below the rim in order ‘to catch snow and diminish the
effect of splashing. To prevent deformation, the rim of the funnel .
is made of a stout ring of brass of which the upper edge is bevelled -
to prevent splashing.  Gauges of the Meteorological Office pattern:
are made with a splayed base, which enables them to be fixed firmly-
in the ground.  They are now also provided with transparent glass
bottles' placed inside the copper receiving cans to’ catch the rain.
These features are shown in the figure: ' BRTSRR R
- Gauges. of the Meteorological Office pattern are also made with:
funnels of 5in. diameter., The Snowdon . pattern. gauge, which is"a
5-in, gauge, differs:from the. Meteorological Office pattern: chiefly :
in having a straight instead of a splayed base. ST
... ... . . ExposURE.AND FIXiNG V
“The amount of precipitation collected by a rain-gauge depends
to some extent on its exposure and great care must be’exercised in
selecting a suitable site. Full instructions regarding the exposure .
of a rain-gauge have already been given on p. 3. In most cases
the gauge can be placed on the same’ plot of ground as the thermo-
meter screen at a distance of 10 ft. from the latter. - ' S
. The gauge should be fixed on level ground. . Care must be taken
that it is firmly secured so that it cannot be blown over in a gale or:
displaced when the funnel is removed for measuring the rainfall.
The. gauge should be sunk into the ground so that its rim is 116,
above the surface, which should be covered with - short grass.®.

* In placés, mainly in the tropics, where grass is not available, the gauge
may be'set-up in sand or shingle, but hard materials, such as concrete, should
be avoided, owing to the ‘excessive splashing from such surfaces.: ..\ : - i
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This height is necessary to prevent more than'a negligible amount
of water splashing into the gauge, but if it'be exceeded it is found
‘that the amount of rain collected decreases owing to.wind eddies
set up by the gauge itself. The amount of loss depends on the wind
force. as well as the height above the ground, and no general rules
can be given for rendering the records of gauges fixed at different
heights above the ground’strictly comparable. * Wind ‘eddies’ also
render roof exposures inadmissible.: , R S
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- In-very open situations the:catch of the gauge may be seriously
reduced on-account of eddies set up by the gauge itself when the wind
is strong. In such situations it is necessary to set up a ‘* turf wall 2
~ round the gauge. This consists of a sloping circular embankment,
the crest of which is horizontal and in the same plane as the rim of
the gauge. To construct a turf wall the first step is to erect alow
circular palisade 10 ft. in diameter with the gauge at the centre.
The top of the palisade forms a horizontal circle level with the rim
of the gauge. Drainage must be provided to prevent water accumu-
lating and forming a pool inside the palisade. Outside the palisade
earth is placed, made firm and finished: off with turves, the surface
sloping downwards with a gradient of 1iin’4, @ oo o S
(20589) ’ ) D
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~ A turf -wall is particularly necessary. in. cases where the best
available site has a downward slope in the direction of the. prevailing
wind, but such sites should be avoided whenever possible. .

*“Anything which ‘decreases the offective area of the collecting

funnel reduces the amount of rain collected Hence it is necessary

C(1): ‘that the top. of the gauge be level

(2) that the mean of two diameters of the rim at right angles
be accurately the same as the nominal diameter of the

gauge, the value of which is engraved on the measuring
glass.

M_EASURING RAINFALL
The rain should be collected in the glass bottle, if prowded for

- the purpose, which should be placed inside the copper receiver.

The quart bottle used for the 8-in. gauge holds only about 35 mm.

(1-41in.) of rain, while the pint bottle used for the 5-in. gauge holds

only about 45 mm. (1-75 in.) of rain, so that on occasion the collected
rain will overflow from the bottle into the copper receiver. The
object of the bottle is prlmamly to facilitate accurate measurement,
especially in windy weather, since it is easier to pour water from the
bottle into the measure without spilling it, than from the copper
receiver. Another advantage of the bottle is that any crack in it is
obvious to the observer. If the bottle cracks it should be replaced
1mmedlately by another one. - Cracked bottles should never be used

. owing to the risk of leakage

Great care is needed, nevertheless, to(ensure by actual tests made
per1od1cally that both the copper receiver and the outer case of the
rain-gauge are watertight. Water may be expected to overflow
into the receiver one or two.or more times a year according to the
locality, while at rare intervals the receiver itself may overflow into
the outer case. In the latter event the gauge must be dug out and
the water very carefully poured:from it into a suitably sized vessel
for transfer to the glass measure;

If water is found in the outer case when the bottle is not full, the
outer case should be dug out and carefully tested for leaks. - If water
appears in the outer case only when the bottle.overflows into the
copper receiver, it is probable that the receiver is leaklng All leaks
should be carefully repan‘ed without delay

“The glass bottles must be kept clean, they should therefore be
washed out (and thoroughly drled afterwards) at 1ntervals dependmg
on the locahty

. The gauge - should be exa,mmed every day even in dry weather
as a fall of dew may give rise to appreciable precipitation. Daily
examination also acts as a safeguard against ecrors due to the
accidental or even mischievous addition of water.



Rain-G’a'ugé, » 9L

© The water collected, including any:found in the copper receiver,
and very:exceptionally, the ‘outer case, should be:carefully poured-
into the graduated : glass :measuring vessel, :which must..be “kept
clean. In reading the amount the vessel should'be held upright
between the thumb and first finger, or placed on a table or other
horizontal surface. ‘The eye ‘must‘be brought to ‘the level of: the
water in the glass 'so-as to avoid errors of pa.rallax “The* readmgl
should be taken at the bottom of the meniscus or curved surface’
of the water. 'When there has been no prec1p1tet10n the entry
in the reglster should be a dash e (not 0 O) 8 Do

Measurmg in mllllmetres -—The measurmg glass ,When ﬁlled to
the topmost graduation contalns 10 millimetres (mm.) of ra,mfall
The graduation of the glass is carried to tenths (0-1) of a milli-
metre and the measurement should ‘be made and entered in’the
pocket register and'in the monthly return to the nearest tenth of a
millimetre. - The figuring on the glass represents wkole mzlhmetres :
the:decimal point follows the whole millimetre. ; St

The entry “trace ” or “tr ” is to be made in the two followmg ’

cases -—

(@) When there is less than 05 mm. of water in the gauge and

_ the observer knows that this is not the result of a drop or

two draining from the sides of. the can after emptymg the

,,ram -water out of it at a previous time of observation';

“i.e.; the observer'is reasonably certain’ that :there has

actually been: prec1p1ta.t10n since the preceding measure-

" “ment.- If the observer knows that the- pre01p1tat10n has

< 'been'in’ the form' of dew or Wet fog thls may be noted in
"'”fthereturn""‘“ w .

(b) When the observer knows deﬁnltely from kzs own observatzon
that some rain (or other form of pre01p1tat10n such as snow,
hail, sleet or drizzle) has fallen since the precedmg observa-
tion and yet finds no‘water in the gauge.' This happens

- 'sometimes’ especially in - dry warmweather, without the
gauge being even' damp, the small’amount of rain having

- evaporated before it gotinto: the bottle: " In such a case
“the observer may:enter in'his. return an appropriate note
such as “ slight showerof rain’ fglight drizzle.”

- The graduatlon '0:05 mm."is marked on: the hewer form of
measurlng glass.. S ;

As the measuring glass only holds 10 mllhmetres of rainfall,*
heavy falls ‘will have to be‘measured by instalments.’: To avoid
mistakes in: countlng the number’ of ‘tens, it is advisable to pour the
water into a jug: and to check’ the amount by re- measuring it. If

’ * Further information on the measurement of ramfall is contalned in « Rules
for Rainfall Observers ” (Form 1111), Whlch can be obtamed from the
Meteorological Office on application. ' i+ " CT ey

(20589) D2
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difficulty is expenenced in accurately filling the measurmg vessel . to
the graduation 10 it is preferable approximately to fill the glass with
each instalment and ﬁnally add the rea,dmgs thus 9:6 + 9-7 + 9: 8
+ 35 = 32 6 mllhmetres :

Measurmg in lnches.—The measurlng glass will hold Lin. of rain- .
fall ; the measure is graduated to indicate hundredths (-01) of an
inch of rainfall and the reading should be given to the nearest
hundredth. If the amount be less than one-tenth of an inch, the
decimal point and the first “ 0 * should always be entered in the
register. Thus, seven-hundredths should be ertten -07.

The entry “ trace ”’ should be, made in the same mrcumstances as
those descnbed under “ Measurement in millimetres the criterion
in case (@) being - 005 in. instead of +05 mm,

- As the number of rain days dependb on umformlty in this partlcular
the +005 mark is placed on the newer pattern of measuring glasses,
If the amount is exactly 005 or above 005 the entry is.-01,if below
the entry is ““ trace.’ «

Sxow AND FROZEN RAINWATER

" On days of snowfall or when the water collected i in the gauge ha.s
frozen three courses are open to the observer :—

(l) If snow is not falhng at the hour of observatlon the gauge

.- (funnel and receiver) may be brought indoors, its contents

- melted and measured in the ordinary way. The top of the

. funnel should be covered by a flat plate to prevent loss by

evaporation. ~ Excessive heat should not be-applied as

some loss due to evaporation would occur. Carelessness

in warming the ‘gauge before a hot fire has in some cases
resulted in mel’omg the. solder

(2) A cloth d1pped in hot water may be apphed to the outside

.. of the funnel or receiver, or both, as necessary, sO as to

. melt the snow or ice, and collect it as water in the receiver.

- The water is then measured in the ordinary way as if it

- had fallen as rain. ~Care is required to av01d allowing any
hot water to enter the gauge. . ..., .

(8) A definite amount of very warm (but not hot) Water may be
accurately measured into the measuring glass and.then
poured into the gauge. :The amount of water added must

- of course be subtracted from the total amount measured.
- . If snow is falling at the hour of observation this method
~-..or, that numbered (2) should be adopted. .

Only sufﬁclent warm water to melt the snow or ice should be used
a large ‘excess increases the error arising from the decrease in the

" volume of water with fall of temperature.
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EXAMPLES IN READING RAINGAUGE GLASSES GRADUATED
IN_INCHES AND MILLIMETRES.

@

™~
S

Readirg “Trace’

S

J@ead/ﬂg ‘Olinch. Readirg -04inch. Reading 19inch.
INCH GRADUATIONS.

u||||||f

TRt

i
i

Reading “Trace.

JEea 0-1mm. Rena’z 0-4mm. c‘/?eaa’uzy Z-Gmm.
MILLIMETRE GRADUATIONS. ~

2

Note.—The reading “ trace ” is also applicable when rain is known to have
fallen, even if the gauge is dry (see p. 91).
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‘The measurement may be checked by inverting the funnel of the
wuge over the snow in a place where its depth seems to be uniform
1d of about the average amount and collecting the cylinder of snow
us cut out and melting it. This course can only. be adopted on
casions when all precipitation has occurred in the solid form. .Care
ust also be taken to collect only the snow which has fallen during
e interval since the gauge was last read. At some stations a smal]
ooden or stone floor is provided for the purpose of measuring the
nount of snow. As a rough approximation 1 ft. of freshly fallen
oW may be taken as equivalent to 25 millimetres (1 in.) of rainfall.

The depth of snow, determined by plun ’ng a'scale Vertica,lly into
e snow where it lies evenly, should be noted. v ; S

Heavy falls of snow demand special treatment, which is justified
‘their rarity in the British TIsles and by their exceptional meteoro-
ical interest.. On such occasions the gauge may be entirely buried
snow, or on the other hand the measurement may be rendered

antities — .

(1) the a,mbmit: of water (i'.é., aqﬂual rja,iirx"dl" ;thédwed;Snbév) 1nthe
gauge ;
~(2) the amount .of unmelted  snow (as- explained above) con-
= -verted into water, including any snow immediately above
the funnel, which should be separated and pressed into the

funnel; - B R S SR

(3) the depth’ of fresh undrifted snow. ‘ o
'he sum of (1) 'and”(2) gives the amount of pi'ecipita,tion fqi‘ éhtry
he appropriate column of the register ; (3) should be determined
bhe mean of several measurements made in. different Places.
ails of the measurements should be entered in the remarks
18 desirable, especially in the case of a recording gauge and its
ciated check gauge, to burn a nightlight in the gauge, so that the

v is melted as it falls,

-§ 15. 'STATE OF THE GROUND

ovision for this observation is now made in the pocket register
in the monthly returns. . The observation should refer to a plot
wre ground several feet square. This can often’ be provided
n the enclosure containing the screen and rain-gauge (see P.5).
plot must be representative of the soil of the locality and its

ce should be level with the surrounding ground, not on a mound, .

hollow or on a steep'slope.

) D3
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{The selectedplot.of ground is examined at each hour of observa-
t10n and the figure which most nearly describes its condition, accord-
ingto: the: followmg code is. entered in: the pocket reglster in the
appropriate column SEPTRTOR N IEI MY SR O Dt oani
«-;5‘0—~Dry et el
S ="Wet:"
§'52_Flooded S :
3 ='Covered Wrth thawmg snow’
-4 == Frozen hard and dry P
" 5 = Covered with ice or- glazed frost.

.....: 6:= Partly covered by snow. or hail. o

7 = Covered with snow, less than 15 cm., (6 in.) deep but ground
_ not frozen.
= Covered W1th snow less than 15 cm. (6 in.) deep and ground
- frozen. - ‘ :
] Covered W1th SOW Imore than 15 cm (6 1n ) deep

9,

Code ﬁgure 01i 1s to be used only When the surface of the bare ground
1s dry, although the grass may be wet with dew.. Code figure .1'i8
t0.be used when the surface of ‘the ground is Wet The soil under-
neath will sometimes be dry, especlally in Summer, even when the

v
i
T

-surface of the soil is wet. There is usually a difference of ‘colour

between wet soil'and dry soil which renders-the d1st1nct1on between
code figures 0 and 1 comparatively easy. -

2 Code- figure 2" (flooded -ground) ‘should refer to the state of the
ground visible around the station; and should not depend on whether

_ or:notithe selected plot is flooded. - On the other-hand, code figures

3, 6,7, 8 and 9 must be regarded as referring to the seleeted plot
and are not therefore necessarily related to the, observation .‘‘ snow,
on the ground ” (p. 54) which means snow covering, half or more of
the country’ surroundmg the 'station at’ the ° mormng observation.

‘When the ground is. “covered Wlth Thoar frost or dew, the state of
the’ ground should be determined as if the hoar frost or dew were
absent.” Reference to these ‘two cond1t1ons should ‘however, be
made in the present Weather and past Wea,ther columns of the
reglsters | :

It is to be noted that the present speclﬁcatmns dlﬂer from those
Wh1ch were in use before March 1, 1930. -+ -

.§,16.  THE SUNSHINE . RECORDER

.. The Campbell- Stokes sunshine recorder consists of a glass -sphere
Whlch brmgs the sun’s rays to a focus on a card mounted in a metal
bowl ;which' is_ approximately spherical in shape. The movement
of the burn is opposite.to that of the sun. . ST

i Both the recorder and! the card must be made to a standard spe01- ‘
ﬁcatmn othérwise ‘records from - different: instruments will not -be
comparable with one another. Records “are not ‘accepted :for
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ication unless the glass sphere bears the mark of approval of the
sorological Office in the form of the letters M.O. followed by a
1 number. - R L ‘ S

.. EXPOSURE

he conditions which' the expos‘uré_shou‘ld sa;fiéfy h%léf}e‘,alréa, d y .

1, described on p. 4. We may briefly recapitulate them here.

e6 horizon is required between north-east' and south-east.on the -

‘side, and between north-west and south-west on the west side,

e being the approximate limits of the position of the rising and

ing sun in our latitude. An obstruction to the south should not
igher than from one-eighth to one-third of its distance from the
rument, according to the latitude of the station. . Obstruction to
‘porthward between north-east” and north-west is of no - con-
ience. - The support on which the instrument is’ placed should

serfectly rigid and be made of a material which is not liable to '

p or to become otherwise deformed. .

There a ysa,‘tisfac'tkck)‘ry exposure is;availabié, near ground level a

k or concrete pillar forms a suitable support. .To avoid obstruc-
; however, it is often necessary to install the recorder on the roof
, building. . o R :

is'not in all cases possible to secure a site for the instrument
re it’ will have an absolutely unintérrupted exposure. In such
umstances it is desirable to estimate how much of the *“ possible *
shine may be ‘cut off by the surrounding obstacles in each month
he yea’r' v R ETEA L :7,1:‘:" : , ‘ - Gl AN NS
rom the diagrams (Plate IX) showing the altitude and azimuth
he sun, the duration of sunshine cut.off by any obstacle can be
nd for any time of the year at any latitude between.50° and 60°.
, different curves in each diagram refer to the dates shown below.
- intermediate dates interpolate an imaginary curve for the corres-
ding noon altitude. The “latter is equal to' the' co-latitude

°_latitude) - the sun’s declination. “The declination at different

as can be found from Whitaker’s Almanack. In order to estimate -

“amount of sunshine cut off by an obstacle, find the altitude and
muth of its salient points when viewed from the sunshine recorder.
t these on the diagram for the latitude nearest to that of the
tion and find the length of curve cut off by the object. Thus the

1se shown in the diagram cuts off on October 25, or February 18,

our 40 min., 1 hour 50 min., 1 hour 55 min. for latitudes 502, 55°;
' N. respectively. = i RO RN S
At the winter s“blsficé it cuts off hé_arly an hoﬁr‘ingla,f;' 50°; less thari
n hour in lat. 55°, and nothing at all in lat. 60°. T

Sunshine is rarely bright enough to be recorded .Wﬁen:thé su‘nv"*s&

itude is below 8°.. Obstacles subtending less.than this angle may

refore be regarded as immaterial. = - .-

0589) . : . D4
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Key to the dlﬁerent curves shown under each latitude :— =~ =
o o NN T ) : Sun’s Northern . Southern

declme- Hemi- - ‘Hemi: ~
, , tion. sphere. sphere.
June 22, solstice e L 281°N. A E
April 21 August 23 ... _ ... 113°N. B D
March 21, September 23, equmoxes 0 C. Cc
February 18, October 25 e ea '11§° S.. D B
December 22, solstice ... .. .. 231°S.  E A

Trm ADJUSTMENTS OF A SUNSHINE RECORDER R

When settmg up a sunshme recorder the followmg ad]ustments
must be accurately made :—. :
(1) the centre of the glass sphere must comclde Wlth the centre'

. - of the bowl ; .

(2) the plane’ cuttlng an equmocmal (stralght) card mounted
under the central flanges on the bowl along its central line
must be inclined to the vertlcal at an angle equal to the
" latitude of the place ;

*(8) the instrument must be 1eve1 as regards east and west, 1.e.,
 the line joining the middle points of the six o’clock hnes
on the equmoc'mal card must be horizontal ;

(4) the plane passmg through the centre of the sphere and the

- “noon marks > on the bowl must be in the plane of the

meridian.

: Modern mstruments are. prowded with an easy means of makmg

- the adjustment for latitude within certain limits. By loosening a

screw at the back of the bowl, the latter can be slid through an arc

- of about 15°. If the arrow head on the bowl be set to the point-on

the graduated scale (Plate VIII) corresponding with the latitude of

the place it will be found that the instrument is in ad]ustment for
latltude when its base is horizontal.

AdJustment for concentrlmty —This adj ustment should be made by
the maker before the instrument reaches the observer. Instruments
obtained through the Meteorological Office are tested and if necessary
adjusted in the Office. The ‘adjustment can only be made satis-
factorily by the use of a special *“ centering gauge »’ and should not

be attempted by the observer unless he receives special instructions
from the Office.

: Ad]ustment for level.—After placmg the recorder approx1ma,tely
in the required position the adjustment for level in the east and west
direction may be made with a spirit level placed on the top of the
metal bowl, care being taken that the level is parallel to the front
edge of the recorder. The base should not be used for levelling as the
bowl may not be attached to it quite symmetrlcally It is not
necessary to level the instrument very accurately in the north and
south directions for reasons which W111 a,ppear When cons1der1ng the
ad]ustment for latitude. :
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-« Instraments of the Meteorological Office Mark II pattern are pro-
.vided with a sub-base supported on three levelling screws, by means
of which the level adjustment can be made after the main base has
been screwed down. The holes  through which the SCrews. pass are
-slotted so that the adjustment for meridian can also be made without
disturbing the main base. . *.... . .- . - rleeg el o
.The adjustment for meridian.—When in"correct adjustment the
sunshine recorder may be regarded as & sun-dial or solar chrono-
‘meter in. which ‘“sun time,” that is to say local ‘apparent time, is
indicated by the position of the sun’s image with reference to-the
‘time scale printed on the cards. . The instrument-will satisfy this
condition when, and only when, a vertical plane passing through the
- common centre of the ball and the bowl, and the .central ‘“ noon
line ”’ on the frame, is in the plane of the meridian.  Having placed
+ “the recorder so that the opering in the frame ig facing approximately
south, the adjustment may be checked by ascertaining whether the
sun’s image crosses & given hour line on the card at the correct time.
‘Local apparent time differs from Greenwich mean time by an amount
~which depends on the longitude of the place and on the time of year.
The first step therefore is to determine the difference’ between local
apparent time and Greenwich mean time.

What we require, in practice, is the time by. G.M.T. at which the
burn should be on a given hour mark on the card. This is obtained
as follows :— R . ' F L

Add four minutes to the given hour for every 1 degree longi-
tude west of Greenwich (subtract for east longitude). -
_ Add the figure taken from the  equation of time *’ table given
- below when the sign is positive (subtract if sign is negative).
TaBLE giving for every Third Day the mean value of the Equation of Time
~to the nearest half minute.

Day. | Jan. ] Feb. ] Mar. | Apr. ] May.|June.| July.’Aug.,Sept.'Oct. | Nov. | Dec.

Lo | + 3| 4133 128 +4 | =3 | —23] +33] +6 | ‘0| ~104 163 ~11
to |+ a3 10| 12| 3| st —2 | e 46 -1 "‘—11‘ —163| — 03
Tow| 46| 410|411 | 42| —5] -1 +a3] +53) =2 | ~12 | —16 | — 8
10 .o |+ TH +143 +103) +13) —33 —1 | 45| 45 | —3 | —13 | —16 | — 7
13 oo |+ 8 143 + 03 + 4| —4 | 0| 453 +43| —4 | —133] —153] — 6
16 o |+ 9 +14H + 0 0f 4|+ 3 46| +4 | —5| —145] —15| — 4
19 . | 108 +14 [ +'8 [ ~1 | 33| 41 | 16 | 433 —6 | —15 143 — 3
22, | #1414 4 7| Ly =33 413 6 | +3 | =73 —163) =14 | = 13
25| a2 | 1sg| 6 | —2 | a4y +6g.+2 —83 16| —13| 0
% ... FI3 | +18 ) + 6| —23) ~3'| 43| +63) 41| —03| —16 | —12 | £ 1}
stin | 4188 o | +ag o el L] G +g —16 .. |43
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For example, at Pendennis (5° W.) on:February 19 the burn

-should be on'the noon mark at 12h. 4 20m. -~ 14m. = 1234 G.M.T.

At Dungeness (1° E.) on May-28 the burn should be on the noon

‘mark at 12h. —4m. — 3 m. = 1153 G.M.T. =1253 B.S.T.

«.It is desirable to make the a.d]ustment as near the hour of noon as
may be convenient as defects in the ad]us’oment for level are of least
1mportance at this hour. : : v

“The adjustment for latitude.—In the case of instruments in which -

'»the position of the bowl with regard to the base can be altered, this

adjustment is made by sliding the bowl in its socket until the arrow

‘head, Plate VIII, is opposite the point on the graduated arc along
‘which it moves, correspondmg with the latitude of the place The
‘base must then be levelled in the north and south direction.

* The adjustment may be tested, and; in the case of instruments with

fixed bowls, may be made with’ the. help of the diagram in Fig. 22,

‘which’ shows the posﬂ:lon on the bowl which the trace should occupy‘
‘on each’ day of the year. . As the positions of the ﬂanges are found to
‘vary slightly in’ different bowls the position of the' trace should
-always be referred to the” central line of the card and not to the

position of the flanges.

MAY, 7,5 ~fu e AUG..

/ejduw

Fr1a. 21. o .. Fres22

: Attentmn may be drawn to the fact that at the time of the solstices
the rate of change of the sun’s declination is very slow, and hence
the position of the trace on the cards at these times will differ very
little from day to day: For a period of nearly two months, about
the time of mid-summer or mid- Wmter 1t varies through no’ more
than one-tenth of an inch.
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- If all'the adjustments have been made: satisfactorily, the trace
should:be parallel to-the: central lines on' the cards.: Want of
parallelism most probably indicates defects in the adjustments for
level or meridian. If the adjustment is faulty the burn may fall on
one of the flanges instead of on the card at certain times of the year.

If the lens is in good focus, i.e., if the adjustment for concentricity
is satisfactory, the trace should be narrow and well defined at its
edges, and the card should be scorched whenever the sun shines
brightly even if it be only for a few seconds.’ I

When the observer has satisfied himself tﬁat‘the recorder is acou-
rately set he should fix it firmly in position to prevent its being
- accidentally displaced when changing the cards. At many stations

the base is fixed in a bed of cement. =~

MANAGEMENT OF THE INSTRUMENT . = .. . -
- When once the recorder has been set up; it requires little attention
beyond that involved in changing the cards each day. The glass ball
- should be regularly cleaned with a wash-leather. It should not be
- cleaned with any cloth that will abrade the surface. If snow or hoar-
frost settles on the recorder the deposit should be removed at once.

A card should be inserted every day even if no sunshine has been
recorded. A blank card affords surer evidericé that the day has been
.overcast than a card on which the statement * no record ” is written,
but which actually has a burn on the next day over the place where
any record of the day in question would have been. =~ . ',
- If ‘possible . the cards should be:changed after sunset* each day.
If this be impracticable any other hour may be selected, but an hour
having been once fixed upon it should be adhered to as far as possible:.
If the cards are changed before sunset there is danger of two traces
overlapping and to prevent confusion the exact local apparent time
of insertion, as indicated by the burn, should be indicated by a pencil
line passing transversely across the card. . If the sun is shining at the
time when a fresh card is being inserted, the observer should shade the

ball in order to prevent a false scorch being made.

- When inserting a card care must be taken that the 12-hour line
on it coincides with the ‘““noon ”’ mark on the bowl.

+If after rain a:card cannot be withdrawn’ without tearing it,’ it
should be cut out carefully by drawing a sharp knife along the edge
of ‘one of the flanges.: -« .. B N
Every card’should have written clearly on it the name of the
station, the date (day, month ‘and year) of the record and, if the
cards are changed before sunset; the time' of insertion and 'with-
_drawal.  This should be done immediately after the card has been
withdrawn from the instrument. = o ot s e o

* For spepial regﬁlatioﬂs at H_éﬁ_lth Res_oi't. Sfé.ti;ﬁs, see Supplement lSTp, 4
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Observers : in - connexion . with - the Meteorological Office are
requested to forward their cards as soon a8 possible after the close
~of each month to - i

The Dlrector
AR Meteorologlcal Ofﬁce,
- South Kensington, .
London, S.W. 7.

“In packmg for transmission through the post the cards should be
kept flat and should not be folded SuItable envelopes can be
obtamed from the Ofﬁce o

TYPES or GARDS

Three types of card are supphed for use W1th the instruments.

(1) The long curved cards are to be used during summer from
April 13 to August 31 inclusive ;. they should be inserted, with their
convex edge uppermost, beneath the flanges marked “ summer
card ”’ in Fig. 21. : - :

"(2) The short curved cards are to be ‘used durmg winter from
October 13 to the last day of February inclusive ; they should be
inserted, with their concave edges uppermost, beneath the ﬂanges
marked * winter card ”’ in Fig. 21. :

(3) The stralght cards are for use about the times of the equinoxes
from March 1 to April 12 and again from September 1 to October 12,
both periods inclusive ; they should be inserted beneath the central
pair of flanges marked :“ equinoctial ‘card ” in Fig. 21. When
inserting the:equinoctial cards care must be taken that the hour
Jigures are erect, otherwise the morning sunshine will be recorded on
the portion of the card 1n1:ended to receive the afternoon record and
vice versa. :

‘Before brmgmg a new type of card into use it is des1rable to clean
away any dirt which may have’ accumulated in the grooves 1nto
which the cards W’lll be placed

' TABULATION OF THE CARDS

Observers must bear in mind that the duratlon of “ brlght sun-
shine ”’ to be pubhshed is not the number of hours and tenths during
which the sun is visible to the human eye, but the number of hours
and tenths which can be estimated from the record according to
long-established practice ; this duration is approx1mately the dura-
tion of sunshine of sufficient intensity to scorch the standard card
When it is- concentrated by the standard glass sphere. ~

The amount of brlght sunshine should: be expressed in hours and
decimal fractions of an hour. The figures should not be carried
beyond the first place of decimals (0+1 hour = 6 minutes). :
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“The pomts on which observers have generally asked for mformatmn

‘have been two :—

(1) How to’ deal w1th cases in Whlch the scorch is famt such as
s usually the case near sunrise and sunset or When the
-sun is shlmng through a shght haze T

(2) How much of the trace to measure when the sun. has been
- shining brightly but intermittently, or. When a strong burn
has been abruptly stopped.:

In the first of these cases it is recommended that the Whole of the

~ trace, as far as -it can FAIRLY be seen, should be measured, the
‘measurement being carried right to its extreme ends.

In the second case it must be remembered that there is alwa.ys a
slight lateral extension of the trace, due to the fact that the image
of the sun formed. by the sphere has an appreciable diameter and also
to smouldering of the card. In consequence the trace will be very
nearly as long for a few seconds of sunshine as for two or three
minutes. For these effects a slight allowance should be made, and
the measurement should not in such cases be carried to the extreme
limits of each of the burns. In Plate X a reproduction of an actual
record is given together with the duration of sunshine assigned to
each of the separate portions of it. ‘

A close approximation to the true duration of brlght sunshine can

be obtained if the measurement is carried to the centre of the semi- -

circular end of each part of the trace, but in practice the allowance
made for the lateral extension of the burn is considerably smaller
than this. In order to secure uniformity in the method of estimating,

it is desirable that a central authority should have an opportunity

of examining the tabulations made at different stations-and for this
reason observers who desire their returns to be included in official
publications are required to send their cards to the Meteorological
Office for inspection at the end of each month.

The observer should make a careful study of the evaluations of

the record on specimen cards, made in the Office, and will thus learn

whether his tendency is to over-estimate or under-estimate. For
guidance, it may be mentioned that close agreement with the official
estimates will be obtained in the case of intermittent 'burns if the
measurement is made between points which are situated halfway
between the extreme ends of the burns and the centre of curvature
of their rounded extremities. :

A convenient method of evaluating a trace is to place the edge of

a sheet of paper along it and to mark on the paper with a sharp

kpencﬂ lengths equal to the lengths of successive burns. The paper

is slid along the trace so that these lengths form a continuous line,

the addition being thus done mechanically.  The léngth of the line
‘is then read off on the special scale shown in Plate’ XI.  When .
reading off, the paper must be placed against the line on the diagram - -
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.correspondmg with the date of the record. All records on equlnoctlal

cards must be measured along the line so marked. . The length of the
burn may also be read off on the time scale shown on ‘the cards,
but in,the cases of the curved summer and winter cards, on which
the length of an hour space is not the same throughout the whole
width of the card, care must be taken t0 measure along the portion

*of the card on which the burn falls ‘'on the day in question. It is
convenient in such a case to integrate the burn along the edge of the

back of a 51m11ar curved card.
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PART 1.—SELF-RECORDING INSTRUMENTS

Instruments have been constructed to | g1ve contlnuous records of
the majority of meteorological elements. ' In most of these instru-

ments the motion of the working parts is magmﬁed by a system of
multiplying levers to the end of which is attached ‘a pen, which -

ecords on-a chart fixed on a revolving drum driven’by clockwork.
A good ‘self-recording instrument should afford the means of deter-

mining, either directly or 1nd1rectly, the absolute value “of ‘the «

slement recorded for any instant: ‘As a rule this end can only be
attained by using the continuous record to interpolate between the
values given by eye -observations at fixed 1ntervals ta.ken Wlth

standard ” control : mstruments R i

§ 17. GENDRAL INSTRUCTIONS

Certam precautlons and considerations which ' apply equa,lly to
mll forms of recording instruments will now be dlscussed

DATING OF CHARTS vt et s
-.The da.te (time, day, month and . YEAR) of, commencement and

snd of the record should be entered. on.each.chart either before.it:
s fixed on the instrument or,immediately after it is taken off. . The:

olace at .which the record is taken, and, if a number:of instruments
f the same kind are kept, the number.of the instrument used should
be entered on the chart. Should a record be missed in consequence
of an accident (pen not marking, etc.), the chart should be filed with
he successful records, and not be destroyed or used again. When
ecording rainfall or sunshine it w1ll frequently happen that the chart,

vhen taken out of the apparatus, is blank. In such cases it should ,

zlways be dated a,nd ﬁled Wlth the remammg records

L FRICTION R S A L I & -"_:y SN
Frlctlon between the Worklng parts of the appara.tus must be
woided as far as possible. . The bearings should be cleaned occa-
ionally. and oiled with a good clock 011 care, belng ta,ken to remove
xcess of oil.

‘The most serious frlctxon generally oceurs- between the pen a,nd
he paper on which it writes.. The pressure. of the pen on-the paper
hould be reduced to the minimum consistent with a continuous trace
or'which simple contact with the paper will suffice.- - o

" Modern instruments are arranged so that the pen or.the style whlch
arries it is suspended like a gate, and arrangements are made for the
lope of the gate bearings to be adjustable. - In-this way it is possible
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to regulate the pressure of the pen on the chart from zero to a certain
small value. The gate suspension of the barograph is seen at B in
Plate XTI, and the adjustment of the slope of the bearings is effected
by.means of the milled head-E, which-clamps the rod carrymg the
bearing”in" any desired position’ in its cylindrical socket.  Similar
adjustments are provided for the pens of the tube-anemograph (g, h, 1,
Flg 26) but, the details are different,

JIn’ 1nstruments 1n Whlch the- elastlclty of the style is’ made use
of to keep the pen in contact with the paper the pressure should be
adjusted by means of the milled head near the base of the style,
so that the pen falls away from the paper when the instrument is
slightly tilted forward . »

‘The .pen: should.: be well Washed from tlme to tlme m Waterv or

| methyla.ted spirit.;-

"A thin clear trace’ should be almed at for 1f the trace be thxck
and blurred many of the smaller variations such as those shown
on the barogram reproduced in Fig. 23, p. 109, Whlch are most inter-
esting meteorologically,, become obhterated

The point of the pen should be fine so as to glve ‘a narrow trace
but it must not be so fine'as to scratch’orstick to the paper. A
new pen may frequently be improved by drawmg the point once or
twice along an oil-stone, but any trace of 011 should afterwards be
carefully removed.

“Excess of 'ink should be avoided. Special care must be taken
not to let the ink come in contact with the metal style which carries
the pen; as this will cause the pen to adhere firmly to:the style so
that it cannot be removed and’ cleaned The mk m&y also cause the
metal to become brlttle and break il

SELECTION OF: CHARTS

In many 1nstruments the recordmg pen is ﬁxed to a lever, the

“pen-arm,”. which is pivoted at one end. . When, owing to variation
of the element being recorded, the arm rotates about the pivot, the
pen moves along a curved line. If the record were made on a flat
surface the path of the pen would be an arc of a circle centred at the
pivot and of radius equal to the length of the pen-arm, and the same
statement is true: enough’ for ‘practical purposes when the record
is made on a chart’ wrapped round a cylindrical drum. The time lines
on charts supplied for use on such ihstruments are therefore ares of
circles complying with this specification. As the instruments of
different firms; or even different patterns by the same firm, differ in
dimensions; even though the size of the drum be the same, it is
necessary to make sure that the charts are suitable for the particular
instrument in use: :iWhen ordermg a new: supplyof charts-the.
maker’s name and,. whenever. it is given, the number of the chart
should always be quoted, and a ‘sample should accompany the order.
The use of charts with-ares of wrong radius will throw the time scale
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wvery-considerably wrong, even:though the range may appear to be
.correct. ;- The ‘width  of the lower ‘margin of ‘the -chart is also of

-importance. . .If it be too narrow or too wide the centre'of the arcs

-on the charts will not be at the same level as the pivot on which the
" pen arm turns. b st dE e

If the observer has any doubt as tothe suitability of & chart for
his. particular instrument he may test it by moving the pen across
it from its highest to its lowest position, and observing whether the
trace is everywhere coincident with, or parallel to, the arcs engraved
on the chart.” '~ O

In order not to strain any part of the apparatus, the pen arm should
be disconnected from the recording apparatus before ‘this is done,
‘by removing one of the pins at some part in the system of levers by
. which the motion of the receiving apparatus'is communicated to the
pen, or by loosening the scrow that clamps the pen arm to the spindle,
. The attention of the observer is once more directed to the.fact
that ink, if allowed to come in contact .with the style which carries

‘the pen may corrode it, with the result that the style breaks. A new
style is then required as the use of a pen arm which is too short renders
both time scale and range inaccurate. =~ S

. FrxiNe THE CHARTS ON'THE DRUM s i
., The chart is placed round the drum containing the clock where it

is held in position by a spring. When fixing on the drum, care must -

be taken that the horizontal lines printed on the chart are parallel
to the flange at the base of the drum. If the chart is’ carefully cut
so that its lower edge is parallel to the horizontal lines; this will be
~ the case when the edge of the chart is in contact with the flange all
- round the drum, - , T e e R
* If the charts are not accurately cut, allowance should be made for
the fact by seeing that the horizontal lines are contintious where the
two ends of the chart overlap while one end of the lower edge of the
chart touches the flange. In Meteorological Office charts'the central
horizontal lines are’ extended to thé edge‘of the paper in order that
"this may be secured. “Another method of overcoming the’difficulty
is to have a second and fixed pen’attached to the instrument which
will mark a horizontal base line on the chart. " All measurements are

then referred to this base line. '~ ' 7

:"“j“”'TME[Sc’AI’JE‘ o e
It is important that the time when the pen is at any particular
point on the record should be determinable accurately. Three main
causes of error exist ;— 7 T I L anfies i
(2) Back-lash between the clock and the spindle on which it
- turns. This may be reduced to a minimum if the cylinder
‘be turned on its spindle so as to bring the pen back to the
required time from a point in advance of its proper setting.

N
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~(b) Error of clock.": It' may gain or lose. - An etror in the ruli
- of the time scale of ‘the chart produces the same resu
.. The rate of revolution of the cylinder can be adjusted
~ - agree approximately with the time scale of the charts ]
means of the clock regulator. R R
- (¢) Errors due to the chart becoming too damp. R
“In'order that any errors of these kinds may be indicated, it
essential that accurate time marks should be made on the recor.
themselves. For the majority of records it is sufficient to have t]

- time accurate to the nearest minute.

. In the case of charts changed weekly, it is essential to have a tin
mark made every day. . Although it is preferable to have the ma;
made at about the same time of day on each occasion, this is n
essential, - The essential thing is to know the exact time at which t!
mark was made. This object is secured if the observer enters in h
pocket register, or in a notebook kept beside the instrument, a no
of ‘the actual times at which the marks are made each day an
copies these times on the record when it is taken off at the end «
the week.  He should also write on the record the exact time at whic

the pen is lifted off the paper before taking off the record.

If there is backlash in the gearing the clock drum will not begin t
rotate until the backlash has been taken up. The time mark shoul
therefore not be made within half an hour of the commencement «
.. In the case of charts changed daily, a time mark within 2 hou
of the commencement of the record in conjunction with the actus
time at which the pen is lifted off the paper at the end of the recore
constitutes the minimum information which will enable the tim
at any point on the trace-to be identified with accuracy. = Offic
barographs are now fitted with a “‘ time marker " (A, Plate X11
p. 107) for slightly depressing the pen arm and so causing it to recor

“a time mark ; when this is not provided a mark may be made b;

gently tapping the instrument but, if that be done, care must b
taken not to shake the drum on its spindle or otherwise to interfer
with the record. In the case of thermographs and hygrograph
there is no necessity. for a special lever, as the pen arm can be easil;
moved from the outside. If the instrument is as free from frictio:
as it ought to be, no discontinuity need be caused in the trace b3
the time marks. The absence of discontinuity in the trace furnishes
good evidence that the instrument is working well.

 The clock from which the time is taken for entering on the records
should be compared regularly with a wireless time signal. -

: INTERPOLATION . _
~The observer should satisfy himself that his instrument is working
properly by frequent comparison of its indications with the readings
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-of standard or control instruments.* : In the ideal case the difference
between the reading of the standard and the value: deduced from the
;_curve is zero. In. practice small: d1screpanc1es always oceur..

~ We may distinguish three cages :— " s AT T

(1) When the difference is. constant at all pomts of the scale, an
error 1n setting is indicated.- -

- (2) When ‘the difference is zero at one pomt on the scale but
increases proportionately on either side of this point, we may infer

that the scale-value of the instrument does not correspond with that» -

- marked on the chart. | o
(3) Irregular variations are due mainly to frlctlon in the working
parts ; lagging, structural defects, etc., produce s1m11ar eﬂects In
; practlce all these cases may ‘be comblned :
~ If cases (1) and (2) are alone in question we may obtam accurate
valucs for any intermediate epoch as follows :—:.

Let 01 and C, be the curve readings correspondlng Wlth the ﬁxed‘

- hour readings §; and §,, taken on the standard instruments before
and after the epoch in question.

- Let.c be the change shown by the curve between the fixed hotr

correspondlng with §; and the des1red epoch and let s be the true
change in the same mterval R

8 o 6‘5

o et 8, =8, 0;=C,
or s =¢ X o, =0,

The value for s 80 found when' added to or subtracted from Sl,
- glves the true value requlred '

. 'The 1rregular variations of the difference descrlbed under case 3

cannot ‘be satisfactorily allowed for ;: they. must. be reduced toia s

minimum by careful attentlon to, the 1nstrument

§ 18 THE BAROGRAPH

The motlon in most barographs is, furmshed by a set of aner01d
boxes »(Plate.XII.) - The instruments used at official stations of the
Meteorologwal Office are of three sizes.. -The. dimensions. of those
parts of the apparatus which affect the sme and ruling of the charts
are (1) the length of the arm carrying the pen,. ‘measured from’ pivot
to pen pomt (2) the height of the. pivot of the ; pen arm above the
flange on the drum,; against . .which, the .chart - rests (3) the

LR A sat1sfactory, though somewhat labonous, method of domg this ‘i to
'tabulate the readings of the curve for the hours of the fixed’ observations; and
compare them with the readmgs of ‘the standard instruments.An'incidental
advantage of this procedure is that it helps to identify errors in reading the
: standards, such as +05 or :10 in. or 5 or.10 mb.-in the case .of the barometer,
5° or 10%in the case of the thermometer. . AT
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~ ‘pressure scale, i.e., the vertical distance on the chart corresponding

with a change of. pressure of one millibar ; (4) the time scale as

determined by the: diameter and rate of rotation of the recording

drum. The magnification depends on the number and size of the

aneroid boxes and on the arrangement of the levers. ‘
These dimensions are as follows :— & . = -

Open | . iy
scale. Large. | Medium.*
' ; mm. mm. mm.
" Length of penarm ™ v, . . eie ees | 203-0 | 260-0 185-0

 Height of pen axis above flange  «. ... | 93:0 [ 790 40-0

t Pressure scale (movement equivalent to 1 mb.) |- 1-8 1-5 ©.0-75

12 hours on time scale v. . e . | 800 | 272 |0 20-0

:' Diameter of clock drum v ] 14000 | 12940 93-0

"~ The scale usually reads from 950 to 1050 millibars or from-28 to
31 inches. This range is sufficiently great to include all pressure
values usually met with in the British Isles, if the instrument be set
to agree with the reading of a standard mercury barometer reduced
to mean sea level. Both these limits have, however, been passed.

If a barograph is properly compensated for temperature and is

. free from mechanical defects; the record shows the variations of

pressure at station level. It is customary, however, to set the pen -

~on the chart so that the reading agrees approximately with the

reading of a standard barometer, corrected and reduced to sea level,

- and to assume that the trace then shows the variations of pressure

at sea level. This assumption is not strictly valid, because the
difference between the pressure at station level and at sea ‘level

- depends upon the density of the air in the intervening layer, and is

therefore not constant (see Table IV, p. 135). If a barograph at a
station 500 ft. above sea level be set to agree with the pressure at

‘sea level on an occasion when the air temperature is 50° F. it will

show a pressure ‘about 1 mb. too low when the air temperature is
80° F. and about 1 mb. too high when the air temperature is 25° F.

Different devices for setting the position of the pen on the chart
are adopted in different instruments.” The standard method shown
in the illustration is to adjust the height of the ‘fulerum of the
principal lever C by means of the milled head screw D on the central
bridge. In other instruments the adjustment is made by raising or
lowering the point in the base plate to which the lowest of the set
of aneroid boxes is fixed. : This adjustment is made either by a milled

.« * A gtill smaller instrument is oﬁ the market, but it ils. not in general use in
this country. o R . Lo o
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head screw on the base plate near the aneroid boxes or by a screw or
square head underneath the instrument. : If the pen is observed to
‘be very near the top or bottom of the chart the danger of the loss of
a particularly interestiag record may be averted by using the adjust-
ment to bring the pen nearer the centre of the chart. - 1f this be done

it is important that the record in its new position should be carefully
standardised by readings from the standard mercury barometer, and

that the normal position of .the record should be resumed as.soon
as the pressure attains a more usual value. ,
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F1a. 23.' - REPRODUCTION OF BAROGRAM

Barographs in which the motion of the pen is furnished by a set of
aneroid boxes are subject to changes of zero owing to the imperfect
elasticity of the metal. When absolute pressure values are required,
their use must accordingly be confined to interpolating between the
readings of standard mercury barometers. If the instrument is in
good order, and if the pressure is changing slowly, the height of the

barometer at any desired epoch may be determined as follows.

Read off from the curve the amount the barometer has risen or fallen

since the previous reading of the mercury barometer was taken, the

time scale being checked and, if necessary, corrected by means of
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the time marks (see p.-106); and add or subtract this amount from

- the corrected reading of the mercury barometer.: : The result should

be ‘checked by working backwards from the-next following reading
of the standard. As a rule the difference between' the two values
so deduced will ‘be slight. - ‘Suppose we desire_to find : the pressure
at sea level in“London at noon on Thursday, January 4, 1917, from
the barogram reproduced:in Fig. 23.: The time marks were made
at 10h. Om., but as the clock was gaining the marks:do not agree
with the ruling of the chart. The readings of the mercury barometer

“at”South Kensington at oh. and at 18h. on the day in question indi-
. cate that the sea level pressures at those hours were 10104 mb. and
1015-1 mb.  Due allowance being made for the clock being fast the

curve readings for 9h., 12h. and 18h. are 10135, 1014-5 and 10180

~mb. The rise in the interval from 9h. to 12h. was, therefore, 1:0 mb.

~ and the estimated pressure for 12h. is 1011-4 mb." Similarly working

" back from 18h. we. get the estimate 1011-6 mb. The mean of these

" two estimates, 1011-5 mb., may be accepted as the best interpolation
-~ available. -t e AR T T s e

A ba,rograﬁh, like an'janerOidvba;rvometé‘r,Ais subject not only": to
permanent changes in zero but also to a phenomenon known as
creep or hysteresis.” Owing to the imperfect elasticity of the metal

" of the aneroid boxes the instrument does not'respond immediately
- and completely to the pressure changes, especially if these are large
_-and rapid, but lags behind to some extent. Thus an instrament
“adjusted to read correctly at 1040 mb. and then subjected to a

diminution . of pressure to 970 mb. followed by a rise to 1040 mb.

© " again will usually indicate something less than that value and the
" difference may amount to several millibars. . If the pressure be now.

kept constant at 1040 mb. the barograph will gradually attain that

-value after a few hours. ‘In consequence of this phenomenon the

“change of pressure in, say, 3 hours, as indicated by. the barograph,

may not only be incorrect in amount:but in certain circumstances

- may be in the wrong direction. Instruments issued by the Office are

tested: for creep, and are rejected if the error is excessive. A baro-

- “graph should ‘also be’ compensated for temperature.” A rise” of
_© temperature on an uncompensated instrument produces the same
““effect as a rise of pressure. oo IR

‘ Exposure.—A " position should be selected where ‘the instrument
will be protected from shaking and from sudden changes of tem-
perature, and from dirt. It should be shielded from direct sunshine.

" An excellent. cushion for a barograph may be formed with two

pieces of rubber tubing; PURUIE (DL SEONIIS SIS AN

" ' Mercurial barographs.——For observatory use, barographs have been designed

in' which the movements:of the mercury in a barometer are recorded either
photographically or mechanically. ' A description of the photographic baro:

4

- graph used at British Observatories is given in the  Reports of the Meteoro-

logical Committes,” 1867 and 1869. The best known example of a mercurial
barograph with! mechanical registration is ‘W.: H.' Dines’s float barograph, a
full description of which will be found in Q. J.:R. Meteor. Soc., 1929, pp. 37-53.
In this instrument the movements of the mercury in the lower cistern of a
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THERMOGRAPH

The bimetallic coil, acting as a thermometer, controls the motion
of the pen arm. The latter is fitted with gate suspension so that the
pressure of the pen on the paper may be accurately adjusted. This
is accomplished by means of the milled head screw immediately
to the right of the ““ gate.” The axis of the coil is clamped to the
extreme right-hand end of the pen arm by means of a small screw ;
this allows the observer to set the pen when the change from summer
to winter charts is made. Fine adjustment is provided by means of
a lever pivoted to the further end of the coil axis and having one
end fixed to the coil and the other kept in position by a milled head
screw. Rotation of this screw slightly rotates the coil as a whole
and affords a convenient method of accurately setting the pen.
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.syphon barometer are communicated by means of a glass float and a platmum
wire suspension to the smaller of two light wheels,:mounted on the same axis.
.The. larger wheel. ca.rmes a blﬁlar platmum suspensmn to W‘hlch ‘the recordmg
. pen is attached. , : : e
. The barometer tube is. constructed w1th the upper portlon of the ‘same
“diameter as the cistern so that the movement of the mercury in the’ clstern is
very much greater than in a barometer of normal pattern.”” The’ magnification
introduced by:the differential wheels causes changes of pressure to be repro-
duced on about twice the scale of the mercurial baromster. Compensation
for temperature ‘changes is.obtained by enclosing a. definite volume of.air
under the float, and friction is practically eliminated by surrounding the float
‘with steel balls ‘and by supporting the axis of the Wheel system on anh-
friction wheels. AT

,' i3

§ 19. THE: THERMOGRAPH i

In most thermographs the thermometer cons1sts of a’ shghtly\

curved metal tubé filled with spirit (Bourdon tube) the curvature of
which changes with change of temperature; or of:a blmetalhc spiral
‘which coils or uncoils as the temperature: changes -One‘end of the
thermometer is fixed rigidly to’the instrument while: the’ other is
connected either directly or by levers to the recordmg pen.”

"From the nature of the case thermographs for' meteorologlcal use

’must be exposed out of doors, preferably in a Stevenson,screen, and-

“hence it is necessary to clean ‘and ‘'oil’ their bearmgs much. more
4frequently than is  the case W1th barographs espemaHy in towns
Where dirt accumulates rap1dly ;

The M 0. pa,ttern ‘bimetallic: splral thermograph* is. 1ssued Wlth
a clock drum for a weekly chart or a daily chart as may be requlred

There is a device for altering the position of the pen on the chart -

- and so setting the instrument for . different: climates or different
seasons. Two ranges are used in the British Isles : the winter chart
has a range from —10°F. to 64° F., the ‘suimmer chart from' 24° F.
to 98° F. The proper date for changmg from one set of charts to
another varies with the locality. " For London thé change'should be

made’ about ‘the middle of ‘April and the middle of October. The .

setting may be accomplished by using the mechanism prov1ded in
the thermograph to adjust the indication of the néw chart to agree
with' the reading of a mercury thermoneter placed beside it in the
screen. - The change should only be made at times when the tempera,—
ture is constant or changmg slowly,’and" only when the pen is near
the middle of its range. -In most instruments there is'no’device for
altering the scale-value, .i.e.,;:the amount of ;motion .of' the pen
corresponding with a change of temperature of one degree. -

In some intruments the scale value can be adjusted by altermg
. 'the amount of the coil ' which is used to'operate the pen arm. This
_isan adjustment however, wlnch is best left to an 1nstrument maker

i

% See Plate XTIL
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oI kanother form of thermograph, known. as ‘the ‘ mercury-in-
steel,” the pen arm is'directly attached to a bourdon tube, which is

connected by fine capillary steel tubing to the’bulb, also made of
steel and filled with mercury at high pressure. As the capillary
tubing may be of considerable length, this type of instrument is well

‘adapted for recording at a distance. In twin-pen ”’ instruments

two pens are operated by separate bulbs and tubes, and may be used
torecord dry- and wet-bulb temperatures, or the temperatures in two
separate environments, on the same charts. “ Distance thermo-
graphs > operated by electrical resistance thermometers are also
sometimes employed.

The readings of the thermograph require frequent checking by
comparison with control instruments. A convenient plan is to place
a standard maximum and a standard minimum thermometer in the
screen with the instrument and to read and set these at regular hours,
time marks being made at the hours of reading. It should be borne
in mind that in cases where the trace shows that the extreme was
of very short duration the sluggishness of the thermometers may
cause ‘an appreciable difference between the reading of the control
and that of the recorder. It is not desirable to crowd a wet and dry-
bulb thermometer, a maximum and minimum thermometer, a ther-
mograph and perhaps also a hygrograph into a Stevenson screen of
ordinary dimensions. ‘Such a course interferes with the adequate
ventilation of the instruments. We may either use a separate screen
for the recording instruments, or use a large screen (p. 25). A clear
space of at least 3 in. should be left between the various instruments
and between the instruments and the louvres of the screen. - -

i §20. THE HAIR HYGROGRAPH

- This instrument depends for its action on the fact that the length
of a human hair, which has been freed from fat by boiling in caustic
soda or potash, varies considerably with the relative humidity, but
only very little with other meteorological elements. It increases in
length as the humidity increases and vice versa, but the changes are
not in proportion. . A change of 5 per.cent. in the relative humidity
at the top of the scale, say from 90 to 95 per cent., gives a much
smaller change in the length of the hair than an equal change lower
in the scale, say from 40 to 45 per cent. In practice, a small bundle
of hair is used for actuating the lever bearing the recording pen.

As in the case of the thermograph, the instrument must be exposed
out of doors (in a Stevenson screen, see above), so that ‘frequent
cleaning and oiling of the bearings are necessary. ;  After exposure
to.wind carrying salt spray the hygrograph reads too high. In these .
circumstances the hairs should be. washed. Unfortunately, the
properties of hair are subject.to gradual changes so that the reading
is not always the same under the same conditions of humidity.
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. The followmg refers to:.the Richard: hygrogra,ph s :

““The instrument is 'shown in’ ‘elevation ‘and plan- in Flg 24, ‘the
‘wire cage and the case being omitted.! The bundle of hair is held by
the two jaws AA; ‘and caught up at appro*uma.tely its centre by
the hook B. The' honzontal axis of the lever C, t6 which the hook
is fixed, is fastened to the cam piece D, which is just kept in contact

F—

100 ———r
90—
80—
70——
GO—V——r
s4—

40—— .

30—
20t
0

_ TxG 24 *DLEVATiON AND PLAN or Ham HYGRO‘GRAPH BN

W1th the second cam p1ece E by mea,ns of the 11ght sprmg F The
second cam piece E is clamped to the pen arm axis by.the screw. G-
Alterations in the length of the hair with humidity are in this way
magnified and communicated to the pen. The greater part of the
magnification of the changes in length of the hair is produced by the
pen arm and the lever C, although some magmﬁcatlon is produced
by the angle in the hair and by the cam pieces. '
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S

To keep the hairs in good order they should be wetted once a week
with a camel-hair brush, It is convenient to do this when the charts
are changed... When the hairs have been thoroughly wetted the read-
ing of the hygrograph should be 95.% This forms the test for  zero
error. Any. necessary adjustment is made as described below. .-

If an error in the scale value is suspected calibration in an indoor

'room is desirable. As a standard the ventilated psychrometer should
be used (see p. 37). If one of these instruments is not available
ordinary dry and wet-bulb thermometers may be set up and fanned.

Adjustments can be made in the following way :—

(1) For zero error—(a) Large adjustments for zero should be -
performed by moving the jaw A ; this can be done by unscrewing
the capstan headed screw H. (b) Small adjustments for zero error
(within. 5 per cent relative humidity on the chart) may be made by
turning the screw 1.  Large alterations of the ‘angle in the hair
affect the magnification and should be avoided. =~ SO

(2) For scale value.—(a) The magnification may be very nearly
proportionately increased or decreased by lowering or raising
hook B on the lever C; the small screw J allows.one to effect such
a change. * (b) The magnification may also be varied by rotating the
pen arm axis relative to the cam pieces. For this purpose the screw G
may be utilised. Clockwise rotation of the pen arm decreases the
magnification over the whole range of the chart, whilst anticlockwise
rotation has the contrary effect.

" A small secondary effect of clockwise rotation of the pen is that
the magnification is decreased to a slightly greater extent towards
the bottom of the chart than the top. Anticlockwise rotation has,

of course, the opposite effect.

A little experience with a hygrograph will show that the humidity

_of the air. frequently varies very rapidly, so that small errors in the

time scale may become very serious.  Accurate time marks (see p. 106)
are therefore very important. SR BRI

For the same reason the comparison of the values of the humidity
obtained from the curves with simultaneous values calculated from
readings of dry- and wet-bulb thermometers is difficult. Sluggishness
in either instrument may give rise to. discrepancies. Another cause
of difference lies in the fact that the reading of a’ wet bulb depends
to some extent on the rate at which air is flowing past it. A single .
comparison is thus of little value; but in a long series of observations
the mean difference between the readings should 'be small. -

* The réas;)n for this inétructioh", which is s’uppbrted¢1.z)y practic'al experience,
appears to be that the weight of water applied in this way is appreciable,
causing slight sagging 'of the hairs corresponding in effect with a reduction of

humidity from 100 to 95 per cent. when the. hairs are dry. -
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~§ 21. THE DINES TUBE ANEMOMETER

. Great care is required in selecting a site for an anemometer (see
P. 4).. The general aim should be to. secure an- ‘! effective height
(see p. 43) approximating to ‘10 metres (33 ft.). : In:the. standard
Meteorological Office mast for use in open situations, this is secured
by placing the vane at a height of 40 ft. above ground (seePlate X1V).
In the vicinity.of trees or buildings the vane must be.raised to a
greater height, each case réquiring individual consideration.... -
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s ) The tube qé)hemometelj c_ohsiyétsbf four _diStinét ;Paitsf;:

. (1) thehead, = -~ - _

. -(2) the transmitting gear, =~ - . o
. (8) the velocity recorder” \ usually combinediin ..
" (4) the direction recorder J . one instrument.. -

The two recorders must be housed under cover ; a,small wooden
hut provides adequate shelter provided there is some means of
warming the air inside the hut in winter to prevent the water in the
tank becoming frozen. -Instruments provided with a direction

‘recorder must be arranged in such a way that the recorder is vertically -

below: the vane. i If there is no direction recorder. this condition is
unnecessary. BT T I et et G
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TrE HeAD

- In the Dines tube anemometer the receiving apparatus consists
of a comparatively light head, which is mounted on the top.of a
mast,” and connected with the recording apparatus by means of
tubing. . ... : . : :

The construction of the head will be understood from the diagram,
Fig. 25. The upper part is free to rotate, and the vane V thus keeps
the horizontal tube A facing the direction from which the wind is
coming. The wind blowing into this open tube A produces an increase
of pressure inside it, which is transmitted through the central tube
of the head to the recording apparatus by means of tubing attached
to the tube B. The fixed part of the central tube is surrounded
by an outer tube S in which there are four rows of holes. Wind
blowing past these produces a diminution of Pressure in the annular
space between the two tubes, and this is transmitted to the recorder
by means of a pipe attached at C. The Pipes may be of considerable
length, say 40 ft. or 50 ft., so that the recorder can be placed a long
way from the head. The Pressure and suction outlets at the base
of the head are covered by a cylindrical shield with a conical top,
the purpose of which is to eliminate variations in the suction effect
due to the disturbance in the wind stream which would otherwise
arise from the presence of the projecting outlets. = '

When setting up the head care must be taken that the axis about
which the vane rotates is vertical and that the pipes have a fall
throughout so as to prevent the lodgment of water. When once
fixed the head requires little attention, beyond being occasionally
cleaned. No oil or grease should be used except that a little vaseline
may with advantage be placed in the ball bearing on which the vane
turns. - '

THE TRANSMITTING GEAR

The outlets at the base of the head are connected by brass unions
to steel or copper pipes, normally of 1in. bore, which transmit the
variations of pressure to the velocity recorder. Copper is necessary
in localities where steel is subject to excessive corrosion ; when
steel is used the pipes should be galvanized or treated with some anti-
- corrosive preparation such as- Dr. Angus Smith’s solution. The
movements of the vane are transmitted by means of shafting made
from light steel or duralumin tubing connected to the direction
recorder through a flexible coupling. The whole assembly is sup-
ported by a rigid steel mast, down the contre of which the direction
shaft is passed. The mast must be furnished with steps to permit
of periodical inspection of the head and pipes (see Plate XIV),

THE VELOOITY RECORDER

When ‘arranged for automatic recording, the Dines’s anemometer
possesses the great advantage over the cup anemometer that it
records changes in the wind velocity of short period, and not merely
the average velocity for an interval of several minutes. '
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The recorder (Fig. 26) consists of a float ¢, which is'placed mouth
wnwards in a closed tank. partially filled {with - water. Tubes
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FIG. 26 DINES TUBE RECORDER.

marked respectrvely S (suctlon) and P (pressure) lead mto the air
spaces above and below the float, and are connected with the two
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tubes:from the head. The connexions are so. arranged " that ' the
tube transmitting’the increase of pressure communicates with the
space below the float while that transmitting the decrease of pressure
communicates with the space above it. The increase and decrease
of pressure on the two sides of the float combine to raise the float, .
and a record of the motion of the latter is thus a record of the wind
blowing past the head. =~ - '

The arrangement for tracing the record is as follows :—To the
top of the float is attached a vertical rod d which passes through
what is practically an air-tight collar e in the cover of the tank ; this
rod carries a pen which records on a drum r rotated by clockwork.
To the float is attached a small wheel which moves in a vertical
guide f and prevents the float from rotating. ‘

The shape of the inner surface of the float is of great importance.
It is so constructed that the displacement of the recording pen from
the zero of the scale is proportional to the velocity of the wind at
the head. The combination of the pressure and suction effects in the
manner described increases the motion of the float, but its primary
object is to eliminate the effects of changes in the pressure of the air
in the room in which the recorder is placed. C

When adjusting the apparatus it is necessary that the air pressure
should be the same on both sides of the float. To effect this two

three-way stop-cocks, a and b, are provided which enable us to:
, close.the tubes leading to the head, and to place the air spaces above
_and below the float in communication with the air of the room.

‘ Calibration.;Aéchding to Mr. W. H. Dines’s experiments,‘which:

led to the construction of the anemometer, the pressure difference W,
‘in inches of water, established by a steady wind of velocity V miles
+ per hour is given by the formula W = -000731 V2, T

If w is the pr’eASSVure’ ‘measured in mm. of water the formula

w=1-0186 V2or Vw = -136 V.

If vis the‘velovcity in metres per second the formula may be written

w = -093v2or vV w = -305 0.
Either of the above formulae may be used for calibrating the recorder,

the following method being adopted :—

Instructions for calibration.—An accurate pressure-gauge capable -
of measuring pressure differences to 0-1mm. of water is required.
Attach to the pressure-gauge an india-rubber tube to which a
T-piece has been fixed. Disconnect the tube which goes to the
anemometer head from the pipe which leads into the space below
the float, and connect the latter with one arm of the T by means of
an indiarubber tube. Turn the other tap so as to close the tube
leading to the head and put the air above the float into communica-
tion with the air of the room: To the open arm of the T attach a
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small piece of indiarubber tubing which can be closed at will with a
pinch-cock. Now raise the pressure in the enclosed space by blowing
* down. the -T-piece until the pen-on the chart reaches. one of the
horizontal lines. - Note the reading-on the chart and the. corres-

ponding difference in level of the water in the two arms of the gauge.

The following tables, derived from W. H. Dines’s fbrnfuidé, éiv'e’the
standard equivalents of pressure and indicated velocity.

. N
Pressure in millimetres of water and speed in miles per hour :—

v. . ..| 10| 20|34 | 50| 60| 70 80| 90 |100;

w109 704 [17-1] 298| 46-5[67-0 01-0 119'| 151 186
Vo i .| 14|27 41| 54| 68 8-2|9:5|10-0|12-2|13-6

Pressure in millimetres of water and speed in metres per second :—

Pl | B|010 1015 | 20| 25|30 85| 40 |45
w . w|23foa| 21| a7 | 58| 84| 114|140 | 188
Vwio .o .| 1:5 | 31| 46|61 7°6]9:2(10:7[12-2|13-7

.. For practical ‘purposes we require to knowthe.error,.in velocity
units, corresponding to a given error in the pressure réquired to raise
the pen to a stated indicated velocity. * The following table shows
the velocity equivalent of 1 mm. difference of pressure for. various
velocities :-— .- . Ul s gk

Indicated velocity (m.p,h,)| 10 ‘ 20°| 30

“40"‘50 ‘:6'0",(70 ' 80

190,

100

Difference in m.p.h. corres- |2-69|1-34(0-90|0- 67 0-38[0-34

' ponding to 1 mm. of
- water.. ) -

0-54{0-45 0-29(0-27

It is important to notice that a calibration carried out in this
manner gives results which are only applicable when the recording
apparatus is connected to a head for which the formula used in the
- calibration (W = 000731 V2) is strictly true. The most satisfactory
method of ascertaining that this is the case is to expose the head to
air currents of known speed in a wind channel. In actual practice

it is sufficient to know the ratio of suction to pressure for various .

wind speeds. The standard value of this ratio is 0-490.

- Correction for variations in air density.f—Sinceithé pressure differ-
ence indicated by a pressure-tube anemometer. is proportional:to
pV? where p is the density of the air, a correction to the indicated
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values of velocity becomes necessary when the density of the air is
appreciably different from the normal value near sea level. It is
evident that the smaller the density the greater the velocity indicated
B by a given elevation of the pen above the zero, and vice versa. . If

L V is the true velocity and ¥ the indicated velocity (corresponding
with density p,) then v

I For the purpose of applying this correction the standard density may
o be taken as that corresponding with mean conditions of pressure and
temperature in the British' Isles, viz., 1250 gm./m3. The density
corresponding with other conditions of pressure and temperature
may. be . ascertained by reference: to the Computer’s - Handbook,
Section I, paragraph 3. "

" TeE DIRECTION RECORDER

‘ The movements of the vane of the instrument are transmitted
- : through the supporting mast to the stand of the recording drum,
‘ vertically beneath. By an apparatus designed by Mr. W. H. Dines, -
F.R.8., the motion is recorded on the paper which takes the velocity
record. On the recording sheet the directions are set out between
two horizontal lines, both of which are marked N ., and which form
the top and bottom lines of -the direction chart. The variation of
1. the direction of the vane-is transformed into motion up or down the
1 ‘sheet by means of a cam. Two pens are employed, one or other of
< which moves with the vane, even if the vane makes more than:a’
o complete revolution. In working the instrument it is important to
: - see that the pens are so adjusted that one marks.the top and the
; other the bottom of the direction chart, and that they come close
‘f ' together, but do not foul, as the vane passes through north.
|

A reproduction of an actual record appears on Plate XV.

; In the direction recorder designed by Mr. J. Baxendell, the record
; is obtained on a separate drum coupled directly to the direction
! shaft. : S :

‘ INSTRUCTIONS FOR THE CARE OF Dines TUBE ANEMOGRAPHS
I WITH DIRECTION RECORDERS (twin-pen, lever type)

Daily routine.—To change the chart.— : ‘ :
(1) Close the stop-cocks and note the exact time G.M.T. to the
nearest minute. o o '

~ (2) Allow the velocity pen to come to rest without touching it, -
but if the air is calm, raise the float (slightly) and allow it to fall so
that a vertical time mark is produced by the velocity pen.
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(3) Rotate the clock cylinder slightly, so that the “velocity pen
marks its resting position upon the chart (see instances at-A; B and
C, Tig. 27). S e Il s o

F1c. 27.

~(4) Swing the three pens away from the paper by means of the
pen-lifter. T LT
(5) Remove the completed chart from the (clock) cylinder.
(6) Insert a blank chart in- position taking care— .
- (@) that the new chart be not folded, creased or crumpled in any
- way before use ; L LT
~+(b) that the ends of the two long horizontal lines which are
-~ carried to the edges of the chart overlap ; N
(c) that the bottom edge of the chart is as close to the flange
on the clock cylinder as (b) allows. It should touch it at
‘one point at least. - If the bottom edge is not cut exactly
paralle]l to the horizontal lines on the chart, it will not be
possible to place it on the cylinder so that the edge touches
.+ - the flange throughout its length; - - = [+ -
(@) that the paper fits closely to the cylinder.

Ad_;ustment ‘ofp'ens;_ S L
(7) Fill the pens with ink after seeing that they are clean. - If they
re not clean, lift them out of their sockets and wash them. . Methy-
ated spirit may be used with advantage for removing old ink.
(8) Swing the two direction pens into contact -with the paper, so
hat they indicate. approximately the correct Greenwich time,
wvoiding any splashing: of ink. One pen will indicate the wind
lirection, the other will rest on one-of the N. lines. -~ -~ . o
(20s89) K B
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(9) If necessary, raise or lower the clock cylinder by means of the
milled headed screw inside the cylinder until the upper or lower pen
(as the case may be) rests exactly upon the upper or lower N. line
of the record. The centre screw is a locking screw, the lower milled
head is the one which raises or lowers the cylinder.

(10) There should be clear evidence upon each chart that both
the resting pen and the acting pen’ will come to rest upon their
respective N. resting lines—otherwise there may be some doubt as
to the accuracy of the record produced by the acting pen. This is
secured as follows :— ' -

Having been assured that the pens are marking well open the one-
point clutch m or raise the locking ring and turn the helix through
a complete circle in such a way that the acting pen rises or falls, as
the case may be, to its resting line (see Fig. 28). If the acting
pen is that carried by the upper pen lever, the helix should be turned
in the same direction as the hands of a watch placed face upwards
upon the instrument. If the acting pen is that carried by the lower
pen lever, the helix should be turned in.the opposite direction to
that of the hands of the watch. The resting line of the former pen
is the upper N. line, while that of the latter pen is the lower N. line.
Close the one-point clutch after the complete rotation has been
made. '

l l | l i |
LOWER PENRECORDING | = "1 =~
R | UPPER| has |
~ L ,ﬂ PEN I IO ]
. S h‘.’,,"qﬁ;» RECORDIING - " & 0
| oonT [N Mn o o=
-.UPPER'PEN :5R°|,U, T‘ lll \LOWEfR PEN BROUGHT IN.
I N =
B

' Fic. 28.

If the -aéfing pe‘n‘comes to rest on its é,ppropria,te line nothing

further need be done. If it does not it should be adjusted until it

does by means of its socket screw, or, if necessary, by following the
instructions under  General remarks—Direction Pens.” * -~
" '(11) If necessary, shot should be added to or removed from the
shot cup j until the setting line on- the float rod is just' level with

“the top edge of the collar.

(12) Swing the velocity pen into contact with the paper. =+ -

(18) If necessary, adjust the velocity pen to fall exactly upon the
zero line of the velocity record by means of its socket screw, not by
raising or lowering the clock cylinder. = S '
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Starting the record. S : R :

. (14) Note the correct time G.M.T. to the nearest minute and set
the clock cylinder so that the pen marks the correct time on the
chart. * Remove backlash by turning the cylinder on its spindle inan
anticlockwise direction so as to bring the pen back by steady motion
to the required time from a point in advance of its ‘proper setting,
i.e., from a time on the chart later in the day. A few trials will.
make this clear'and will also show that unless bhis method is strictly-

- followed the clock cylinder does not begin to rotate for some minutes,

 resulting in a loss of time on the record. o T e
(Note.—In the latest pattern of clock, backlash has been elimi-

nated.) . - ' ' s

~(15) Open the two stop-cocks. ' If the air is calm, raise ‘the float

(slightly) and allow it to fall again so that a vertical time mark is

produced by the velocity pen. = - o L b

-(16) See that all the. pens are marking.

Time mark. . o B
*(17) A time mark should be made on the record, preferably within
two or three hours of the start of the record.. The mark is made by
closing the two taps so as to allow the pen to fall to the zero line
of the record. The" taps should then be opened again. The exact
Greenwich time correct to the nearest minute should be noted at
the time the mark is made and this should be entered on the chart

-in the space provided after the chart has been removed from: the

_cylinder. - 3 T o

If the air is calm, this time mark should not be made. In no
circumstances should the pen be raised by hand for the purpose of
making this mark. =~ - : ‘ .

- Writing up the chart. B I

(18) Number the chart with the day.of the year as given in ‘the
“Meteorological Office Calendar.”. =~ = R g

(19) Enter name of station, etc., month, year and day, also the
time at which' the chart was started. and stopped, and the time of
the time mark described under (17). TR

1 (20) Write upon the front of the chart any known explanation of

abnormal features, e.g., failure to mark, clock stopping, ete. .

~ General Remarks.— Cleanliness.—The observer should give. the utmost
attention to general cleanliness. : Ink should not be allowed to clog upon the
~underside of the pens or on the pen holders. Drops of ink that may fall upon
the top of the tank or trickle down the chart to the clock cylinder flange
should be cleaned off at once with a damp-cloth. ~ Older stains sheuld be
removed by the application of a small quantity of whitening ‘applied with a
damp cloth. ~ Methylated spirit may be used with the whitening if there is
no risk of this getting on lacquered ‘brass or polished woodwork., e
- Freedom from friction.—To prevent sticking of the velocity pen, the float

rod & must be kept clean ‘and dry.  No metal polish or lubricating oil or
cleaning material should be used, but it is beneficial to rub the rod with a
‘piece of blotting paper previously treated with lead pencil. " It is also important
that .the instrument. should be accurately level. . This should. be. tested
occasionally by placing a spirit level on the top plate and if necessary adjusting
by means of the levelling screws. o IR A

(20589) . . E2
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Water level.—The gauge should be examined about once a fortnight and
‘corrected if necessary. - Water may be lost by evaporation and there is just
8 possibility of rain finding its way.down the air tubes. Distilled water
should be added by removing the milled cap of the gauge glass s, Any excess
should be run off at the little stop-cock just below. The level is correct when
the tip of the pointer is in the surface of the water, the stop-cocks being closed
and adjustment (11) being correct. - R :

Draining plug—The screwed plug « by the lower stop-cock should be
removed from time to time to allow any trapped water to escape. It will be
convenient to see to this at the same time as the water lovel is examined. A
tommy bar will be found with the accessories. The plug must always be
screwed firmly back in place after the water has been removed.

" Renewing pens.—The velocity pen g is easily replaced. See that the distance
from the pen point to the little grip sleeve is as nearly as possible the same as
with the old pen or it will seem to need much other adjustment. When looked
at from above the pen should seem to be at right angles to the paper.  See
that the new pen agrees with ‘the direction pens in time—that is, they all
fall upon the same vertical hour line at once. - Direction pens require a little
more attention as they must work in with one another and be in alignment
(see p. 125, § 3). If the pen wires have not been strained or damaged in any
way it will be found that the point mentioned in regard to the velocity pen,
namely, the distance from pen point to grip sleeve, is of the greatest importance
and much other adjustment can be saved by slight variations in this distance.
Repeated trials on the lines indicated in (10) above and on p. 125, § 2, under
“Adjustment of direction recorder,” will enable the observer to detect and
Temove any error.* '

Orientation.—The observer should check the record by comparing it with
his own reading ¢f the vane. Some instruments have g compass card index
fitted—in these cases comparison is simple though the readings of the card
should occasionally be checked against those of the vane. Any discrepancy
should be reported. K :

The vane should never be turned from below by means of the direction rod
unless the air is calm; otherwise the rod may be strained. _

The recorder is sometimes set up with its three feet standing on a box.
The latter is usually filled with concreto but, unless it is firmly fixed to the
floor of the hut, it is liable to be displaced if accidentally kicked and the
orientation thereby altered. - Wherever possible, the box should be screwed
to the floor, but if this cannot be done, strips of wood should be fixed to the
floor against the sides of the box so that it cannot be shifted. -

If the feet of the anemometer rest directly upon the floor it is also liable to
be shifted accidentally. If the feet are not otherwise fixed in position, cups
are provided for them, the cups being screwed to the floor of the hut.

Oiling.—The direction mechanism should have a drop of oil about once a
month in the hole at the top of the helix n and the bearings of the long levers -
may need oiling at about the same period. The surfaces of the helices should
be wiped over with an oily rag, but free oil there tends to gather dust and
grit and should be avoided. : : : ~

Adjustment of direction recorder ‘ T ;

When first installed the direction recorder should be in correct working
order. It may subsequently, however, be necessary to make certain adjust-
ments, particulars of which are given below. These adjustments should, on
no account, be attermpted unless the recorder is definitely not working properly.
If the observer feels in doubt as to the necessity of making adjustments, advice
should be sought from the Instruments Division, Meteorological Office, South
Kensington, S.W.7, specimen  charts being forwarded -indicating the defect
in question. : S

* A new nib can be made to mark freely if it is first held in the flame of &
match for a second. , '
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Adjustment of range of pen arms - :

(1) Remove lower pen ¢ and free the clutch m.

(2) Rotate the helix in a counter clockwise direction and adjust the screw
holder of the upper pen until this pen just reaches the lower N. line on the
chart at the lowest point of its travel. T ~

(3) When the pen has reached the top of its travel and its direction arm is
resting on the dead stop, adjust the stop until the pen is,on the upper N. line.

(4) Remove the upper pen % and replace the lower one. - o

(5) Rotate the helix in & clockwise direction and adjust the screw holder of
the lower pen until the pen just reaches the upper line at the highest point of
its travel. Lo Do , ‘ o

(6) When the pen has reached the bottom of its travel and its direction
arm is resting on the dead stop, adjust the stop until the pen is on the lower
N. line. :

After these adjustments have once been made, the correct setting of the
pens from day to day will be carried out by lowering or raising the clock drum
by the screw provided so as to bring that direction pen which is not giving
the record on to the N, line of the chart. ,

Adjustment of alignment of pen arms : ‘

If the pens are not in: vertical alignment with the velocity pen, the error
being small, loosen the two screws that hold the brass sockets of the pen arm
pivots when the arm can be moved bodily forwards or backwards. Tighten
up the screws after adjustment. :

Adjustment of rate of rise and fall of arms when passing over

If the top pen rises or the bottom pen falls too rapidly or too slowly,
when approaching their respective datum lines, the balancing weight s ¢, g,
should be adjusted to prevent shock or too uncertain a motion, -

Adjustment of cams C. : : ,

" Movement of cams.in and out ecan be made easy or stiff by loosening or
tightening the cam pivot screws. The depth of engagement of a cam is adjusted
by means of the set screw making contact with the end of the plate carrying
the cam. .. This screw is to be found projecting from the pen arm about the -
mid position.  If the depth is too great, the movement of the helix will be
stopped at certain points, If not sufficient, the cam will not engage in the
helix and there will be loss of record. ‘ S C

§ 22. THE ANEMOBIAGRAPH

The head of the anemobiagraph is identical in principle with that of the
Dines anemometer. The float of the recorder is cylindrical, however, and its
motion is controlled by springs. In place of pure water, a mixture of water
and glycerine with & little colouring matter is used so as to minimise the risk
of freezing. - Any variation in the specific gravity of this liquid from its standard
valuo 1-16 alters the zero but not the scale value of the record. The instrument
is calibrated according to the Dines formula. It may be noted that as the
float is acted on by springs as well as by fluid pressure the level of the liquid
in the float chamber is variable when the anemometer is in action. - The level
is adjusted with both taps open to the air of the room, i.e., at the zero of the
record. - There is no shot cup for adjusting the weight of the float and the
recorder is insensitive to small changes of level of the liquid. ;

| § 23. SELF-RECORDING RAIN-GAUGES
. Autographic rain-gauges in ordinary use are of two types—
(1) float gauges, : R ~
~ (2) tilting-bucket gauges.
(20589) ' ES




126 Self-recording  Rain-Gauge

Froar Gavees

Three types of float gauge will be descrlbed brleﬂy In the first
the collecting vessel itself floats on mercury, in the others the water
is collected in a cylindrical vessel containing a light metal float.

i The vertical motion of the latter is communicated through a float
i rod to the pen which records on a clock: drum in the usual Wa.y
i A continuous record of rainfall is thus obtained.

; (a) The Beckley gauge ——Thls mstrument Whlch is descnbed in
the. “Report of the Meteorological Committee for 1869,” is'in‘use
at certain Meteorological Office observatories.” The water is collected
in a small vessel which floats ‘on mercury and which is emptied
by a siphon. ~The rainfall and time scales of the instrument. are
rather contracted: . This defect, and the high cost, made it necessary
to design for general use'a less e\:penswe instrument with more open
- “:seales. A feature which is .
WATER | . worthy of note, however,
"is the housing of the clock,
" which is contained in a
‘hermetically closed case.
" The latter forms a much
“more efficient protection
than is usually provided
.. in recording instruments.

(b) .The Meteorological
_ Office Tilting Rain~-gauge.
. —The trouble which is fre-
quently experlenced in re-
' cordmg rain-gauges, owing

to -~ irregularity - in the
" action of the siphon, was
..overcome by Mr. W. H.

] ' 'Dines in an ingenious

Fic. 29,  THE. METEOROLOGICAL OFFICE e oo
TrLTING RAIN-GAUGE. . " manner in a gauge which
1914 ~ /8 - was in use at Benson

Observatory during the War. Gauges working on this principle have.
recently been constructed and thoroughly tested -and  will, with
detailed improvements, be adopted in future as the standard
] Meteorological Office pattern. The drawing, Fig. 29, shows. the
‘ principle of the gauge but not the details of construction.

i In this pattern the water falls into a chamber, A, and raises a
@ light float, B, carrying the pen in the customary manner, but the
! chamber is mounted on knife edges, C, and is so arran(red that it
‘ overbalances. when full of water, sendmg a surge of water through
the siphon tube, D, and startmg the siphon in a positive manner.

The overbalancmg is controlled by a trip; E, which is released by
the rising float at a predetermined point. - “'As the float chamber
empties the centre of gravity shifts to the left and under the action
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of the counter-weight, F, the system re-sets itself in its normal
working position. In the earlier instruments the overbalancmg of
the float chambercaused- : IR :

the pen to make an »
irregular mark on the -
chart., - This drawback
has been overcome by
fitting an upright rod,

G, which automatically -
hfts the pen from the
paper immediately the
chamber commences to
overbalance. :

The. gauge  has been / -

designed to be ‘con--
tained * within- an "ap- /|
proximately cylindrical
cover with a funnel dia- "
meter of 1131 inches.

" (c) The natural siphon
rain - gauge. — Instru-
ments fitted with -auto-
matic  siphons ha,ve -
rarely been found re-’
liable .in  the past .
owing to the tendency -
of the siphon to dribble _? |
- continuously, resulting -
ina" loss- of ‘record. ¥
The . natural 51ph0n
gauge Tepresents an
attempt to overcome -
this defect by the use of
a special type of siphon.
In ‘two instruments
produced®. . in . - this
country the two arms of
the siphon are arranged
co-axially, the long de-

i i w e Y
oy Gabe wongPlaced ppumaneriee  fosousumen
o . R H R.
inside the shorter arm g:THREADED oLLAR. B. CLASH cavmm!

Whj.ch iS ConneCted to ‘@, FLOAT & FL.OAT ROD. l DISCHARGE PIPE.. =
the collecting . vessel. FIG 30 THE NATURAL SIPHON- -RECORDING

RAIN GAUGE

The upper end of the
outer tube is closed by a glass- ca,p and  the ver’mcal clearance
between this and the upper end of thei inner tube is almost of capillary,

dimensions. At the same time the area is large ehough to carry

 *The design illustrated in Fig. 30 is by C. F. Casella & Co.
(20589) : E4
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128 Self-reco}*ding;‘Rain-Gddge

away the whole of the collected ‘water at sufficient speed so that
the discharge ‘is a - definite’ operatlon -and freedom from dr1bbhng
is ensured. (Tig. 30.)

(d) The. Hyetograph —In this instrument 1ntroduced in 1908 by Negrett1
and Zambra the automatic siphon is entlrely dispensed with, . The float
chamber is large ‘enough to hold a little over 4 in. (about 100 mm.) of rain and
the float rod is fitted with a number of prolectmg pins, arranged at equal
intervals, which engage successively with a projection on the pen lever. When
the pen reaches the top of the chart, recording 10 mm. of rain, :the lever
automatically disengages with the first pin and falls on to the next lower
pin, the pen returning at the same time to the base-line of the chart. The
pen is prevented fromfalling too quickly by a dash-pot under the lever,
which for the successful working of the instrument must be kept supphed
with clean, thick oil,  The process is repeated until the float chamber is full.
Emptying the chamber is effected by means of a hand-started siphon.-.: |

This instrument gives a ‘useful idea of the raté and the duration of rainfall,
but later development has produced instruments’ capable of a hlgher order of
-aceuracy. : . )

. TIPPING-BUCKET (GAUGES .

In these instruments the rain water~ passes from the collecting: funnel to the
* tipping bucket ’ in which it is measured. - The latter consists of an elongated
flat-bottomed trough with open ends which is divided into two parts by a
central transverse partition and pivoted about its central point like the beam’
of a balance. - When the left-hand end of the trough is depressed the rain-water
is collected on the right-hand side of the partition. The balance is so adjusted
that the weight of the water collected causes the bucket to tip over as soon as
it reaches the amount of -0lin., or in more sensitive instruments, - 005 in.
This tipping causes the water to ‘flow from the buclket into a small receiving
funnel whence it passes to a collecting vessel or runs away. - If rain continues
* to fall it is now received in the trough on the left-hand side of the partmon
‘until another «01 in. has fallen; when a second tip. will occur.

The instrument is made autographic by arranging for each tlp of the bucket
- to raise an arm bearing a pen which records on a revolvmg drum, through a
short step. The height through which the pen is raised is thus proportional
to the amount of rain which has fallen. A simple arrangement allows the pen
to fall back to the zero of the scale when it reaches the top of the drum. If
desired, the tipping bucket and the recording apparatus may\be put in separate
cases and conmected electrically.. With this form of apparatus the gauge may
be suitably exposed, while the recorder is placed within doors in any pla.ce
that happens to be convenient.: It will be perceived that the record is not
continuous ; each step on the chart corresponds with & fall of 01 in, durlng
the interval between it'and the previous step.

This type of gauge gives fair results for heavy falls, but it is useless for
measuring the duration of gentle rain. On account of evaporatlon, light falls
may be serlously u.nderest1mated L

INSTRUCTIONS FOR THE CARE or SELF-RECORDING RAIN- GAUGES

‘The precautions detailed on pp. 103—7 must ‘be observed in all
types of automatic rain-gauges.

- An automatic rain-gauge should always be set up ‘on the same site’
28 the ordinary non-recording gauge and the records from the former
should be sta,ndardlzed by compamson Wlth the observations ‘from
the latter. :
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It is essential that the instruments should be tested at regular
intervals, especially when no rain has fallen for some time. This
is best accomplished by pouring into the funnel successively equal
quantities of water corresponding with definite intervals on the chart,.
In the case of a funnel of 8 in. diameter, the ordinary 8-in. measuring

" glass would be used, but in some instruments, such as the hyetograph,
the diameter of the funnel is 6 in., and if & 5-in. or 8-in. rain measure
is used, the quantity of water to be measured must be carefully
calculated.* : :

In cold weather precautions against freezing are necessary. In
many cases a night-light placed below the funnel of the gauge will
suffice. A more powerful source of heat is not usually desirable as
it would give rise to excessive evaporation of the rain or snow.

* For a 6-in. funnel, using a 5-in. rain measure, the reading in the measure

: . . o . 36 .
corresponding with 2 mm. on the chart is 2 x 55 or 2+88 mm, If an 8-in,

rain measure is used the reading corresponding with 2 mm. on the chart would

- 36 . s ; -
be 2 X‘@ =113 mm, For a funnel of 11-31-in. diameter as in the
Meteofological Office Tilting rain-gauge 2 mm. in an 8-in, measure corresponds
with 1 mm. on the chart. :




. PART NL—TABLES -
:- Tables for correcting and reducing to sea level readings of mercurial
barometers, whether in’inches:or in;millibars, are.printed on the
following: pages ; also a table for: computing the velocity-height
ratio ‘of clouds from: observations with 'the standard Fineman
nephoscope. .- = . L L D R
- The tables for correcting and reducing readings of mercurial baro-

‘meters are derived from those published in the ‘ International

Meteorological Tables” . (Gauthier-Villars, Paris, 1890) .or. from
formulae which, within the limits of accuracy of the accompanying
tables, are. equivalent to those given in: the Introduction to the .
International Tables. =< . oo o o : :
__Table I is obtained from the formula—- .. -

) 5 o , ’,:_‘ . et c=0€p(285—t)d - |
where ¢ is.the required correction.in millibars, p: is the observed '
reading of the barometer.in millibars, ¢ is the temperature of the
attached thermometer in absolute degrees, and ¢ is 000163, the

. ‘difference between the coefficients of cubical expansion of mercury

in glass and of the linear expansion of brass, expressed in C.G.S.
uni.bs. ) . e O R
Table II is similarly derived from the formula

B S c= (p + B) (285—1) .
where the letters have the same meanings as before, while 3, though
strictly depending on the dimensions of the barometer, is actually

" assumed to- have the average -value of -008 (see “ Dictionary of
Applied Physics,” Vol. 8, p. 153). :

“The fact that there is a slight difference between the temperature
corrections of Fortin and Kew pattern barometers was not realised
when the International Tables were compiled. B

Table III is a transcript from the ** International Meteorological
Tables,” pp. 154-75. o ‘
Table IV is transcribed from the * International Meteorological

" Tables,” pp. 208-9, it being observed that the tabulated values of

the quantity M, there given, are the values required for entry in this
taable. P — : : . - o
Table V is also derived from the International Tables, pp. 208-9,

_ the values of M there given being multiplied by -027 in order to

obtain the corrections appropriate to a station-level reading of 271in.,
and by -03 for a station-level reading of 30 in.

- Tn Table VI the values expressed in mercury-inches are taken from
the International Tables, p. 179 ; those expressed in millibars were
computed directly from the formula printed on page B.31 of the
International Tables. o : :

Table VII is computed directly from the formula given on p. 88
of this handbook using a value of 25 mm. for the distance between
the radii of the consecutive circles engraved upon the mirror of the
nephoscope. ‘




Corrections to be applied to the re
reduce them to 285°A.

TABLE I

TEMPERATURE - CORRECTION OF THE FORTIN BAROMETER
(Millibar graduations.)

131

adings of Fortin Mercury Barometers to

. If the temperature of the attached thermometer is %]gﬁ):: 285°A
{Sugf;gét’ the correction. :
Attached BAROMETER READINGS (mb.). Attached
ther- ther-
momoeter mometer
(add | ‘(subtract
correction).’ 940 980 11000 1020 | 1040 correction).
°A Corre/ctions| (mb.) °A
284 115 |, 15 16| -16 17 286
283 29 31 321 -33 34 287
282 44 46 48 1.+49 51 288
281 59 61 641465 68 289
280 73 77 +80 | -82 85 290
279 -88 92 296 -98 (1100 | 1-02 291
278 1-03 1-07 112 11-14 1 1-16 [ 1-19 292
277 1-17 1-23 1-2811-30 [ 1:33 | 1-36 293
276 1-38 1:44 1 1-47 (150 | 1-53 204
275 1-47 1-53 1:60 [ 1-63 | 1-66 | 1-70 295
274 1-61 1-691-72 /176 | 1-79 | 1-83 | 1-87 296 .
273 176 1-8411-88|1-92|1-96|2-00 | 2.04 297
272 191 1-9912-03 | 2-08|2-12 | 2-16 | 2.21 298
271 2-05 2151219 | 224 | 2-28 | 2:33 | 2-38 299
270 2-20 2:30 | 2-34 240 | 2-45 |.2.49 | 2.54 300
269 . 2:30 [ 2:35 2:45 1250 | 2:55 | 2-60 | 2-66 | 2-71 301
v 268 . 2:44 | 249 261 | 2-66 | 2-71 | 277 2-83 :2-88 302
267 . 2:58 | 2-64 | 2+ 2+76 | 2-81'|'2-87 | 2-93 | 2.99 | 3-05 303
266 2:67 1273 | 2.79 | 2-85 [ 2.91 | 2-97 3:03 310 3-16| 3-22 304
4 265 2-81|2-87 (293 (3.00|3:07] 313 3:19 ] 3:26 3;33 3-39 305
264 2:9513:01/3-08 [ 3-15 | 3-22 | 3-28 3353421 3:49 | 356 306
263 3:09 315 [ 3-23 | 3-30 | 337 | 3-44 3-51 359|366 | 3-73 307
262 3-23 | 3-30 | 3-37 |'3-45 | 3-53 | 3-60 367|375 | 3-83 | 3-90 308 -
261. 3:37 3441 3:52 | 3-60°| 3-68 |'3-75 3-83 1 3-91 | 3-99 | 4-07 309
260 1351358 367|375 383 (3.91 399 1 4-08 | 4:16| 4-24 310
259 1865373381390 | 3-99 | 4-06 415424 1 4-32 | 441 311
258 379 3-871 3+96.|'4-05 | 4-14 | 4-22 | 4-31 4-40 | 449 | 4-58 312
257 3:93 |1 4:01) 411 | 4-20 | 4-29 | 4.38 447 1 456 | 4-66 | 4-75 313
256 4-07 1 4:16 | 425 | 4-35 | 4:45 | 4.53 4-63 | 4-73 | 4-82 | 4.92 314
255 4:21 [ 4-30 [ 4:40 | 4:50 | 4-60 | 4-69 4-79 | 4-89 | 4-99 | 5-09 315
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TABLE 11

* TEMPERATURE CORRECTION OF THE KEW PATTERN BAROMETER
: (Millibar graduations,)

... Corrections to be applied to the readings of Kew Pattern M. ercury Barometers
to reduce them to 285°A. o

" v - If the tempéra.ture of the attached thermometer is * %2?:;}1 285°A
[ ' {su:ggct} ’f/he correction. -
e ‘ Attached | .BAROMETER READINGS (mb.). - | ‘Attached
1 ¥ ~ther- : . - ther-
& ‘mometer . : : ‘mometer
; -(add (subtract

. correction).‘ 860} 880 |-900 [ 920 | 940 | 960 I 980 | 1000 | 1020 | 1040 | correction). .

n ) °A : | Corre|ctions| (mb.) : °A
! o84 150151 +15| 16| 16| 16| 17| --17|a7| 18| 286
i 283 30| +30| +31{ -32| -32| 33| 34| 34| -35|-36] 287
: 982 | aa| 45| 46| 47| 48| 49| 50| 51| 52| -53| 288
,, 281 .| 69| -61| 62| 63| -64| 66| -67| 68| 70| 71| 289
; 280 74| 16| 77| 19| 81| 82| 84| 86| 87| 80| 290
¥ :

' r279 0 {--891.-91 1 -93}.-95|:+97.1.7-99 | 1-01 ['1-03 | 1-05 | 1-07 291
i .- 278 1041106 [:1-08|1-11|1-13[1-15|1°17|1-20{1-22]|1-24) 292
2 277 11-1911-21 1 1-24 ['1-26{1-29 | 1-32 | 1-34 [ 1:37 | 1-39 | 1-42 293
o 276 0 | 1-33|1-36(1-3911-42|1-45 148|151 |1-54{1-57]1:60 294
: 276 . |1-48|1-51|1-55(1-58{1-61(1-64|1-68{1-71]1-74{1-78 205
’{ ‘ . N . .
274 1-63 {1:66 |'1-70 | 1-74 | 1-77 | 1-81 | 1-85|1-88 | 1-92 | 1-95 |~ 296
273 11-78}11-82|1-86|1-80[1-93[1-97[2-01|2-05]2-09|2:13| - 297
272 - 1.93 1.1-97 1 2-01 {205 | 210 | 2°14. | 2-18 | 2-22 | 2-27 | 2.31 298
271 2-08|2-12 (2:17 | 2-21 | 226 | 2:30 | 2+35 | 2:39 | 2+44 | 249 299
270 22212-2712:3212:37 %42 2+4712-5212-571{2:61|2:66 300
N ‘

269 2-3712:42 | 2-48 | 2-53 | 2-58 | 2+63 | 2:68 | 2074 | 279 | 2-84 301
268 2:5212-57.12 63269 | 274 2.80 [ 2.85 | 2:91 | 2-96 | 3-02 302
267 2-67|2-73 278 | 2-84 1 2-90 | 2-96 | 3-02 | 3-08 | 3-14 | 3-20 303

266 . 2-8212-88(2-9413-00|3-06|3-13|3-19(3-25/3:31/337| 3804
265 2:97.13-0313-00|3-16 | 3-22{3-29| 3-35( 342 | 3-49 | 3:55 305
264 3-11.1 3-18 '3:25'1'3-32 | 3-39 | 3-45 | 3-52 | 3-59 | 3-66 | 3-73 306
263 3:26 | 3-33 | 340 | 3-48 | 3-55 | 3-62 | 3-69 | 3-76 | 3-83 | 3-91 307
262  |3-41|3-48|3-56|3-63|3-71|3-78|3-86(3-93|4-01 | 4-08 308
261 3566 | 3:63 | 3-71'| 3-79 | 3-87 | 3-95 | 4-03 | 4:10 | 4-18 | 4:26 309
260 3711379 3-87[3-95|4-03 | 4-11 [ 4:19 | 4-28 | 4-36 | 4-44 310
259 3:86 304 |4:02 (4-11|4-19 | 4:28|4-36 | 4-45 | 4:53 | 4-62 311
" : 258 4:00 | 409 | 4-18 1 4-26 1 4-35 | 4+44 | 4°53 | 4-62 | 471 | 4-79 312
il 257 4:15 | 4-24 | 4-33 | 4-42 | 4-51| 4:61 | 4°70 | 4-79 | 4-88 | 4-97 313
256 4:30 | 439 | 4°49 [ 4-58 | 4-68 | 4:79 | 486 | 4-96 |'5-05 | 5-15 314
i 255 4+45 | 4454 | 4°64 [ 4-74 | 4-84 | 4-93 | 5-03 | 5-13 | 5-23 | 5-33 315
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TABLE III
TEMPERATURE CORRECTION OF THE FORTIN* BAROMETER
(Inch graduations.)

Corrections to be applied to the readings of Fortin-Mercury Barometers to
reduce them to 286 F. (i.e., brass scale 62 F., mercury 32 F.). e

Attached  BAROMETER READINGS (INcEHES). - [Attached
ther- ther-

mometer.] 26-0 | 265 | 27-0 | 275 | 28-0 | 285 |29-0 | 20-5 | 30-0 | 30-5 | 310 | mometer

o FE T F |+ |+ |+ £ ]+ F
+068 | -069 | -070 | -072 | -073 | -074 | -076 | -077 | -078 | -080 | -081
*065 | :067 | -068 | -069 | -070 | -072 | -073 | -074 | -076 | -077.] -078
+063 | -064 | -065 | -067 | -068 | 069 | -070 | -072 | -073 | -074 | -075
061 | -062 | -063 | 064 | -065 | -066 | -068 +069 ] -070 | -071 | -072
-058 | -060 | -061 | -062 | -063 | -064 | -065 | -066 | -067 | -069 | -070

o

*056 [.-057 | -058 | -059 | -060 | -061 | -062 | -064 | -065 -066 | -067
-054 | -055 | -056 | -057 | -058 | -059 | -060 | -061 | -062 | -063 | -064
*051 | -052 | -053 | -054 | -055 | -056 | -057 | -058 | 059 | <060 | -061
*049 | -050 | -051 | -052 | -053 | -053 | -054 | -055 | -056 | 057 | -058
+046 | +047 | -048 | -049 | 050 | -051 | -052 | -053 | -054 | -054 | 055

Lw-aosmo, AW O
WX, PN =O

10 ‘044 | -045 | 046 | -046 | -047 | <048 | -049 | -050 | -051 | -052 | -053 10
11 1042 1 -043 | 043 | -044 | -045 | -046 | 047 | -047 | -048 | -049 | -050 11
12 *039 | -040 | -041 | 042 | -042 | -043 | -044 | -044 | -045 | -046 | -047 12
‘13 *037 | -038 [ -038 | -039 | -040 | 040 | -041 | -042 | -043 | -043 | -044 13

“14 <035 | -035 | -036 | -036 | -037 | -038 | -039 | -039 | -040 | -041 | -041 14

15 ©1-032|-033|-033 | -034 | -035 | -035 | -036 | -036 | -037 | -038 | 038 15
16 *030 | -030 [ -031 | -031 | -032 | -033 | -033 | -034 | -034 | -035 | -036 16
17 +]:027 | -028 | -029 | -029 | -030 | -030 | -031 | -031 | -032 | -032 | -033 17
18 -025 | -026 | -026 | -027 | -027 | -028 | -028 | -029 | -029 | -030 | -030 18
19 (023 -023]-024|-024 | -025 | -025 | -025 | -026 | -026 | -027 | -027 19

20 1-020 | -0211-021|-022:022 | -022 | -023 | -023 | -024 | -024 | -024 20 .
21 -018 1 -018 | -019 | -019 | -019 | -020 | -020 | -021 | -021 | -021 | -022 21
22 -016 | +016 | -016 | -017 | -017 | -017 | -017 | -018 | -018 | -018 | -019 22
23 -013 | -014 ) 014 | -014 |-014 | -015 | -015 | -015 | -015 | -016 | -016 23
24 -011 | -011] -011 | -012 | -012 | -012 | -012 | -012 | -013 | -013 | -013 24

25 +1.-009 [ -009 |-009 | -009 | -009 | -009 | -010 | -010 | -010 | -010 { -010 25
26 -006 | -006 | -006 | 007 | -007 | -007 | -007 | -007 | -007 | -007 | -007 26
27 +004 | -004 | -004 | ‘004 | -004 | -004 [ -004 | -004 { -004 | -003 | -005 27
28 -001 | 002 | -002 | -002 | -002 | -002 | -002 002 | -002 | -002 | <002 | 28

29 |~001~+001 |--001 |~+001 [—001 [~*001 |--001 |—001 —~001 (~001 |-001 29

30 -003 | -003 | -003 | -003 | 003 | -004 | -004 | -004 | -004 | -004 | -004 30
31 -006 | -006 | -006 | -006 | -006 | -006 | -006 | -006 | -006 | -007 | -007 | .31
32 -008 | -008 | -008 | -008 | -009 | 009 | -009 | -009 | -009 | -009 | -009 32
33 -010 | +011 | -011 | -011 | -011 | -011 | -012 | -012 | -012 | -012 | -012 33
34 -013 | +013 | -013 | -013 | ~014 | -014 |-014 | -014 | -015 | -015 | -015 34

35 *015 | -015 | -016 | -016 | 016 | -017 | -017 | -017 | 017 | -018 | -018 35
.36 -017 | -018 | -018 | -018 | -019 | -019 | -019 | -020 | -020 | -020 | -021°| 36
37 +020 -020 | -021 | -021 | -021 | -022 | -022 | -022 | -023 | -023 | -024 37
38 -022 1 -023 | -023 | -023 |.-024 | -024 | -025 | 1025 | -026 | -026 | -026 38
39 -024 | -025 | -025 | 026 | -026 | -027 | -027 | -028 | -028 |-029 | -029 39

40 <027 1:027 | -028 | -028 | -029 | -029 | -030 | -031 | -031 | -032 | -032 40
41 -029 | -030 | -030 | -031 | -031 | -032 | .-033 | -033 | -034 | -034 | -035 41
42 -032 1 -032 | -033 | -033 | -034 | 035 | 035 | -036 | -036 | -037 | -038 42
43 -034 | -035 | -035 | -036 | -036 | 037 [ -038 | -038 | -039 | 040 | -040 43
44 +036 | -037 |'-038 | -038 | -039 | 040 | 040 | -041 | -042 | -043 | -043 44

45 *039 | -039 | -040 | -041 | -042| -042 | -043 | -044 | -045 | 045 | -046') 45
46 041 | 042 | -043 | -043 | -044 | -045 | -046 | -047 | -047 | -048 | -049 46
47 +043 | -044 | -045 | -046 | <048 | -048 | -048 | -049 | -050 | -051 | -052 47
48 *046 | -047 | -047 | -048 | -049 | -050 | +051 | -052 | -053 | -054 | -054 48
49 +048 | -049 | -050 | -051 | -052 | -053 | -054 | 055 055 | -056 { -057 49

50 -050 | -051 | -052 | -053 | -054 | -055 | -056 | -057 | -058 | -059 | -060 50

* For M.O. barometers of the Kew pattern the correction should be increased by
one-twentieth of the values given in the tablo, °
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TABLE ITT—continued
TEMPERATU’.RE CORRECTION OF THE FORTIN BAROMETER
(Inch graduatmns )

Attached BAROMETER, READINGS (Ixcazs). Attached
mometer, 26-0]26~5]27-0]27-5[2.8-04[28'5|29'0 295|300|305|310 mometer
51 . [-053 | -054 | -055 | 056 | 057 | -058 | -059 | -060 | -061 | -062 [-063 | 51
52 1-0551-056 ) -057 |.-058 | -059 | 060 | 061 | -062 | -064 | -065 | -066 | 52
~ 83 [+057 | -059 | -060 | -061-|.062 | -063 | 064 | -065 | -066 | 067 | -068 | 53
b4 | 060 -061 | -062 | 063 | -064 | 065 | -067 | -068 | 069 | -070 | 071 b4
85 1-062 | -063 | -064 | -065 | -067 | -068 | -069 | -071 | -072 | -073 | -074 | 55
56 1-064-066 | -067 | -068 | -069 | 070 | -072 | -073 | -074 | 076 | -077 | . 56
67 [-067-068 | 069 | -071 | -072 | -073 | -075 | -076 | -077 | -078 | -080 | 57
568 | 069 -07L'| -072 | -073 | -074 | -076 | -077 | -078 | -080 | -081 | -082 | 58
59 072073 | -074 | -0%6 | -077 | 078 | 080 | -081 | -083 | -084 | -085 | 30
60 - |-0741-075 | -077 | -078 | -080 | -081 | -082 | -084 | -085 | -087 | 088 | 60 .
61 - [-076 | -078 |-079 | -080 | -082 | -084 | -085 | -087 | -088 | 090 | :091 | 61
62 1079 -080 082 | -083 | -085 | 086 | -088 | 080 | -091 | 092 | -004 | 62
63 | -0811-083 | -084 | -086 | -087 |-089 | -090 | -092 | -003 | -095 | -006 | 63
64 1-083 085 -086 | -088 | -090 | 092 | -093 | -095 | -096 | -097 | -099 | =64
65 )-086 -088 | -089 | -001 | -092 | 094 | -095 | -097 | 099 | 101 | -102 | 65
66 ] 088 1-090 | -091 | -093 | -095 | -097 | -098 | 100 | -101 | 103 | -105 | 66
67 1:090)-092 | -094 | -006 | -097 | -009 | -101 | -102 | 104 | -106 | -108 | ‘67
68 1-093 095096 | -098 | -100 | 102 | -103 | -105 | -107 | -109 | -110| 68
69 ]-095-097 099 | -101 | 102 | -104 | -106 | -108 | -110 | 112 | 113 | 69
70 1-097-099 | -101 | 103 | -105 | 107 | -109 | 111 | -112 | 114 | 116 | 70
71 |10 -102 | -103 | 105 | -107 | -109 | -111 | -113| 115 | 117 | 119 | 71
72 )+102)-104|-106 | 108 | -110 | -112 | -114 | -116 | -118 | -120 | -122 | 72
73 1-104 1106 | -108 | 110 | 112 | 114 | -116 | -118 | -120 | -122 | -124 | 73
T4 [107]-109 | 111 | 113 115 117 | 119 | 121 | 123 | 125 | 127 | 74
75 - 1:100)-111 (113 } -115| 117 | -120 | -122 | -124 | -126 ] 128 | -130 | 75
76 |11 113 116 -118 | -120 | -122 | -124 | -126 | -128 | 131 | -133 | 76
77| 1410116 | 118 | 120 | 122 | 125 | 127 | 129 | -131 | 134 | 136 | 77
78 1161181 -120 | -123 | 125 | -127 | -129 | -132 | 134 | -136 | -138 | 78
79 [ -118] 121123 | 125 | -127 | 130 | 132 | 135 | -137 | 139 | .141{ 7o
80 |-121)-123 125 | -128 | -130) 133 | -135 | -137 | -139 | -142 | 144 | 80
81 11231126128 | -130 | -132 | -135 | -137 | 140 | -142 | 145 | -147| 81
82 ] 125|-128-130 | 133 | -135 | 138 | -140 | -143 | -145 | 148 | -149 | 82
83 1128|131 | 133 | -136 | -138 | 140 | -142 | 145 | -147 | -150 | 152 | 83

84 | -130]-133-135 .
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TABLE IV
REDUCTION OF PRESSURE IN MILLIBARS TO MEAN SEA LEVEL

Pressure at Station Level, 1000 millibars. *

Height in
feet.

500

CF.).

AIR .TEMPERATURE
(Dry bulb in screen.)

60°F. 70°F.] 80°F.|90°F.

18-2117-8117-6|17-2] ..

30°F.|40°F.| 50°F.

20°F.

0°F. | 10°F.

20:620:1)19-7|19-3{18-9|18:5

Height in

feet.

500

* For other pressures the corrections to be applied are in proportion.




TABLE IV~—continued
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RepucrioNn oF PRESSURE IN MILLIBARS TO MEAN. SEA LEVEL

Pressure at Station Level, 1000 millibars.*

“AIR' TEMPERATURE (° F.).‘

Height in (Dry bulb in screen.) Height in

feet. - feet.
O°F. [10°F. [20°F. [30°F. |40°F. [60°F. [60°F. [10°F.. [0°F. |[90°F.
‘mb. [‘mb, | mb. | mb. | mb. ) mb. | mb. [ mb, | mb. [ mb.

500 20-6120-1119-7119-3|18-9(18-5|18-2}17-8|17-5|17-2 500
510 21-0)20-5(20-1/|19-7119-3 | 189 18:6 |'18-2 | 17-9{17-5| - 510
520 21-4 1 20-9120-5{20-119-7|19-3|18-9|18-5|18-2{179} 520
530 21-9 1 21-4120-9]20:520-0(196|19-3(18:9 186182 530
540 22:321-8(21-3{20-9}20-4|20-0|19-6{19-2|18-9[18-6| - 540
550 227'122:2| 21-7 [ 21-3 | 20-8 | 20-4 | 20-0 [ 19-6 | 19-3 | 18-9 550
560 23-1|22-6 | 221 | 21-7 | 21-2 | 20-8 | 204 | 20-0 ['19-6 | 19-2 560
570 23-5123:0122-5|22-1|21-6|21-2|20-8|20-3|20-0]19:6 570
580 23-9|23-4)22.9|22:4{21.9(21-5|21-1|20-7 | 20-3|19-9 580
590° 24-3123-8|23-3{22:8(22:3721-9|21-5 21-0 1207 | 20-3 590
600 24:7124-2 (23-7 | 23-2 | 22-7 | 22-3 | 21-9 | 21-4 | 21:0 | 20+6 600
610 25-1|24-6 | 24-1 | 23-6 | 23-1 | 22-7 | 22-3 | 21-8 | 21+4 | 21-0 610
620 25:5 (250 | 24-5| 24-0 [ 235 | 23-1 | 22-6 | 22-1 { 21-7 | 21-3 620
630 260 | 25-5|24-9 | 24-4 | 23-9 | 23+4 | 23.0 | 22-5 | 22-1 | 217 630
640 26:4125-9125-3 | 24-8 | 24-3 | 23-8 | 23-3 | 22-8 | 22-4 | 22+0 640
650 26-8 26-3 | 25:7]25:2 | 24-7 | 24-2 | 23-7 [ 23-2 | 22-8 | 224 650
660 27-2| 267 | 26°1 | 25-6 [ 25-1 | 24:6 | 24-1 | 23-6 | 23-2 | 227 660
670 27-6|27-1|26-5 | 26:0 | 25-5 | 24-9 | 24-4 | 24-0 | 23-5 ] 231 670"
680 2811275 (26-9 263|258 |25-3|24-8|24:3 239|234 680
690 285 (27-9(27-3|26-7 | 26-2 | 256 | 25'1 | 24-7 | 24-2 | 23-8 690
700 28-9 283 [ 27-7 | 27-1 | 26-6 | 26-0 | 255 | 25-1 | 246 | 2441 700

. 710 - .129-3|28-7 | 28-1 | 27-5{27-0 | 26-4 | 25-9 | 255 | 25-0 | 24-5 710
720 29-7129-1 | 285 | 27-9127-4 | 26-8 | 26-3 | 25:8 | 25-3 | 24'8 720
730 . ]30-229-628-928:3|27-7|27-1 266262257252 730
740 [30:6|30-0 | 20-3| 287 | 28-1|27-5 | 27:0| 26-5 | 260 | 25-5| 740
750 31°0 | 304 | 29-7 | 29-1 | 28-5 | 27-9 | 27-4 | 26-9 | 26-4 | 25-9 750
760 31-4 (30-8 | 30-1|29-5|28-928:3)27-8|27-3|267|26:2 760
770 31-8 | 31-2(30-5 [ 29-9 | 29-3 | 28-7 | 28-1 | 27-6 | 27-1 | 266 770
780 32-3 [ 31-6 | 30-9 | 30-3 | 29-6 | 29-0 | 285 | 28:0 | 27-4 | 26-9 780
790 32-7|382-0131-3 | 30-7|30-0 | 29-4 | 28-8 | 28-3 | 27-8 | 27-3 790
800 331|324 131-7|31-1}30-4|29-8]29-2 287281276 800
810 33+5|32-8 | 32:1 | 31-5| 30-8 | 30-2 | 296 | 29-1 | 28-5 | 28-0 810
820 339 33-2(32:5(31-9|31-2 | 306 | 30-0 | 29-4 | 28-8 { 28-3 820
830 34-4 | 337 | 32-9 | 32:2 | 31-6 | 30-9 | 30-3 | 29-8 | 20-2 | 28-7 830
840 34-8 1341 133-3{32:632-0|31-330-7|301|29-5 |29-0 840
850 35-2 [ 34+5 | 33+7 | 33-0 } 324 | 31-7 | 311 | 30-5 | 29-9 | 29-4 850
860 35-6 ( 34-9 | 341 | 33-4 | 32-8 | 32-1 | 31-5 | 30-9 | 30-3 | 29-7 860
870 36-1135-3 (34-5(33:8)332|32-5(31-9(31-2|30:6] 301 870
880 36-5| 357  35-0 [ 34-2 | 33-5 | 828 | 32-2 | 316 | 31-0 | 30-4 880
890 37-0| 361 | 35-4 346|339 133-2{326|31-9{31-3| 308 890
900 37-4 1365 35-8 | 35:0 [ 34-3 | 336 | 33-0 | 32:3 | 317 | 311 900
910° .|37-836:0|36-2|354|34-7134-0{334|32-7[32:1|315 910
920 38-2 (37-3 | 36-6 | 35-8 | 35°1 | 34-4 { 33-7 | 33-1 | 32+4 | 31-8 920
930 38+7|37-8137-0 | 362 [ 35-4 | 34-7 | 34-1 | 33-4 | 32-8 [ 32.2 930
,940 391|382 (37-4|36:6)358|351|34:4338 33-1 13825 940
950 39:5 386 (37-8|37-036-2|35-5|34:8 [ 34:2 | 335 | 32:9 950
960 39:9 1390 (38-2|37-4|36-6|359(35:2|34:6 339 33:2 960
970 40-3 | 39-4 | 38-6 | 37-8'| 37-0 | 36-3 | 35-6 | 34:0 | 34-2 | 336 970
980 40-8 1 30-9 ( 39-0 | 382 | 37-4 | 36-6 | 35-0 | 35:3 { 346 | 330 980
990 41-2 (403 [ 39:4 | 38-6 | 37-8 | 37-0 [ 36-3 [ 35-6 | 34-9 [ 34-3 990
1000 41-6 1407 139-8 | 39-0 | 38-2 | 37-4 | 36-7 | 36-0 | 35-3 | 34-6| 1000

*For other pressures the corrections to be applied are in proportion.
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TABLE 'V . ()

"REDUCTION OF PRESSURE IN MERCURY.INCHES 10 MEAN SmA LEVEL
_ . Reading at Station Level, 27.in;.

'AIR TEMPERATURE.

Height in - .. ... (Dry bulb in screen.) S Height in
" feet. : : feet.
0°. 4. 10° |- 20°.1.30° { 40° I 50° I 60° | 70° l 80° I 90° :
10 -OL1 | 011 {011} -010 | -010 | -010 | -010 | -009 | -009 | -009] - - 10~
20 - 1-0231-022 {-021 | -021 | -021 | -020 | -020 | -019 | -019 { -018 20
30 .. 1-034-033 | .-032 | -032 | 031 | -030 | «029 | -029' -028 | -028] - 30
40 | -044 | -043 {042 |-041 | -040 | 040 | -039 | -038 | -038 | -037| . ' 40
50 +056 | +054 | -053 | <052 {--050 |:-049 |-049 | -048 | -047 | -046 50
60 *067 | -065 | -064 | -062 | -061 | 059 | -058 | -058 | 056 |--055 |. .60
70 -078 1 -076 | -075 ) -073 | -071 |-069 | -068 | -067 | -066 | -064 | . - 70
80 -088 | -086 | -085 | -083 | -082 | -080 { -078 | -076 | 075 | -073 80
90 -100 | -097 | -096 | -094 | <092 {-091 | -088 | -085 | -085 { -083{. 90
100 "1111 -108 |.-106 |'-104 | 102 | :100 | -097 | -096 | -094 ] -091} - 100 . -
110 ©122 | +119 | +116 |:-115 | -112( 110 |'-107 | -105 | -103 -101) - 110
120° -1 -133| -130 | ~127 | 124 | +123 |~120 |.-117 | -116 | -113 }110] . 120
130 '] 143 | -140 [-138 {135 |.-132 |--129 -126 | -123 | -121 [--120|- - 130
2140 ") -154 | +151 | 148 | -145 | <143 |-139 | -136 | -133 | -132 | -129] - Y40
<2160 -1 165 | -162 | ~159 | -166 | 162 { 148 | -146 | -143 | -141 | -138] ~ ‘150"
2160 .| 176 ( 173 |.-170 | -166 | -162 | 159 | -156 | -153 | -150 <1471 . 160
170 | 188 (184 (-180 [--177 | -172 | -169 | -166 | -162 160 | -156] - 170
=180 +199 1 -104 | -191 (.-186 | 182 | 178 | -175( -172 | -168 | -166] 180
190 +210 | -205 | -201 | +196 | -193 | -188 | -184 | -182 | -178 |-175] - 190.

7200 -221 | -216 | -211 | -207 | 202 | -199 | -195 | -191°) 188 | -184 | - 200
210 ¢ *232 | -227 | -221:| -217 | -212 | -209 | -204 | -201 | -197 | -193| - 210 -~
220 . | -243| -238 | -232 | -228 | :223 | -219 |-214 | -211 | -207 | -203] 220 .

7230: - -254 | +248 | -243 | -238 | -233 | -229 | .224 | -220 | -217 | -212 | . 230
2240 7 .| -265 | -259 | -254 | -249 | -244 | -238 |'-234 | -229 | .226 | -202] 240

250 | 27514270 ( -265 | -259 |.-254 | -248 | -244 {'-230 | -236 | -232 250
260 - |.287.281|-275 | -269 | -264 | -258 | -254 | -250 | -245 | -241 - 260
270 - *298 { -292 { -286 | -280 | +274 | -269 |:-264 | -260 | -255 | -250 270

280 - | 310 -302 | -297.[ »290 *284 | +279 |.-274-| +269 | -264 | -260 |- 280
7290 -320 { -313 | -308 | -301 | -295 | -290 |-284 |--279 | -274 | -269 |- 290
300 | -332 -324'|-319 -310 | -305 | -300 |.-204 | -289 | -283'{ -278| - 300
310 -344 1 -336 {-320 | -321 | -315 | +310 | -304-| -299 | -292 | .287] - 310"
1820 -] 355 | -346 | -340 | -332 | -326 | -320 | -314 | -309 | -301{-296 [ :- 320
+330 +366 | -358 (351 -343 | 336 | -329 (-323 ] -318 | -311 | -306 | - 330

70340 0| +877 | 369 | -362°| -354 | -346 | -338 |.-333 | -328 | -320 | -3151 340

350 - f -380 | -381|-373 | -364 | 356 | -348| -343 | -337 *329 |.-324 ] - 850
. -360 1400 -301'| -383 | -374 | -366 | -358 | -353 | -346 | -339 | -333 |- 360 .
370 1 410 | -402 | -393 | -885 | -377.| +369 | -363 | -355 | -349 | -342] - 370 -
v 380 | +421 { +413 | -403 | -395 |.+387 | -379 372 -365 | 358 |:-352) - 380
3800 -] +432 | 424 { -414 | -406 | 398 | -390 | -382 -374 | -368 | -361 | .* 390

400 - +443 | 435 | 424 | -416 | -408 | -400 | -301.| -383 | -378 | -370 1. : 400

410 . | -454 | -445 | -435( 427 | -418 ~409 | -401 | -393 | -387.(.+379|. - 410
420 *465 | 456 | +445 | -437 | -428 | -420 | -411 | -403 | -396 | -3881- - 420
00430 | 477 467 | +456 | 448 | 438 | 430 [ -420 | -412 | -406 | 308 | - 430
© 440 +488 | -478 | -467.| 459 | -449 | -441 430 | -422| +415 | -407 - 440
450 +499 | -489 | -478 | -470 | +459 | 451 | 440 | -432| -424 | 416 | . - 450

460" .| -511 | -499 | -489.( *480 | 469 | -461 | -450 | -442 | -434 | -426 - 460
470 | +522 | -510 | +499 | +490 | 480 | +471 | -461 | -452 | -444 | 436 470
480 +634 | -521 | +510 [ +500 | 490 | 480 | -471 | +461 | 453 | -445 480
490 | -544 | -532 | -521 | 511 |-500 | +490 | -481 | -471 463 | -454 17 . 490

600 | -556 | 543 | 532 | -521 {:-510 | -499 | -491 | -481 | -473|-464) . 500
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A

TABLE V——(cgntinued

1 . REDUGTION oF PRESSURE IN MERCURY-INCHES TO MeAN SeA LEVEL
"Reading at Station Level, 27 in.

“AIR TEMPERATURE. "
+*(Dry bulb in screen.)

Height|
i
feet.

Helght
in
feet.

° | 100 20°| 80°-| 40° |- 50°-|-60° | 70° | 80° | 90°

500 | 556|543 532 | +521| 510 -499 | -491| -481| -473|: -d64| 500
; 510 | -568 | -554 | -543 | 532 | -520 | -509 |'-501|.-490 | -482|:-473| 510
; 520 | -579| -565| 553 | +543| 531 | 520 | -511 | 500 | 492 -482| 520
‘ 530 | -591 | -577 | -564| -554 | 541 .-530 | +520| --509 | 501 | -492 | 530
540 | -601 | -588 |- -575| 564 | 552 | -541| -530|~-519| -511| 501} 540

550 | 613599 |--586 | -575| +562{ 551 -540 | 529 |- -521|: 510§ 550
560 | -624| 610 | --597.| -585| -572| -561 | -550 539 |- 530 (. -519 | 560
570 | -634| -621|--607 | -596 | 582 |: 571 | 561 :-549| -539.-528| 570
T ’ 580 | -645| +632.|--618 | 606 | 502" -581 |- -571 |- 5568 | 549 |:-538 | 580
} i 590 | +656 | -643) -629 | -617| -603 | -592 | '-5681 |- -568 | -558 | 547 | ‘590

z b 600 | -667( .-653 |. -640} :-626 [ :-613 |" -602 |- +591 { --678 | 567 | 556 | 600
i 610 | -677.|°:-665 [ -+651°} :-637 [ +624 |.-612| -601 | --588 |- 577 | :566 | 610
I : 620 | -689| -676--662| -648 | +634{ -623 (. -6111].-598| 587 | 576 620
630 | 701, 688 (- -672| 659 | -645(.+633 | 620 607 | -596| -585]}' 630
640 | -712| -698 -683| 670 | 656 -643 | -630 | --616 | -606 | 595} 640

650 | 724 | °+710|--694| +680 | +667|.+653 | -640 |:-626 |  +616 ] .-605 | - 650
660 ¢ -735| -7211 -705( -690| -677| 663 -650| 636} 625 -614|.660"
670 { -746) -732(.--7T15| -701'| -688 | -673| -660| -647| -635| -623| 670
680§ 758 .-742(--7267 711'| -697| -682| -669 -657| -644|:-633 | 680
690 | -769 | 753 [--737.{ .-722 | --708 [¢-692 | - -679 |. 668 | 654|642 690

7001 -780 (.-+764 |- -748.( .-732 | :-718 | -+702 |- +688 | :-678 |- +664 | ' -651 | - 700
7101 +792| °+776 | 759 |- 742} 728 | - 712 | -698 688 [---674'| - -661 | - 710
720 | -803 | .-787[.--769 | --753 | *-739 (. +723 | -709|.-697 |  -684 670 | 720
730 | 815 | -798 {780 | '-764 | ~749 |..-733 | ~719 |. 706 | 693 | 679 | 730
740 | -825 :-809 --791 | -775| 760 | -743| 730 | “716 |- :703 ) -689 | .-740

e e EREras

750 -837.( 821802 786 | 769 (- +758 1 740 (. .726( -713|:-699 | 750
760 | -849.( -832|--813 | -796| ~779 (. 763750 (.-736 |- 722 | -708 | .-760
770 | -859 (..-842 |:--823 [ -807} 790 [ 774 (% -760 | -746 | -73L} (-717 | 770
780 | 871 .-853 |.--834 [ '-818 | +800 | 784 |-+769 |..+755 |- -741 | : 727 | © 780
790 { -882 . -864[-.845| .-820( 811 | -795 (778" 765 | 750 | "-736 | 790

ST

800y -804 .-875]:--856 | -840 -821 | -805|: 788 | 775 759 | -745} 800
810 { -905| 886 |:--867 | -850 | 832 | 814 798| 785 -769| 755 | 810
8201 -916}°-897 [.--877 | -860 | --842} -825| 809 | 795 (- -778 | :-765| - 820
: 830} -928-:.909 (--888 -870( 853 -835( 819 -804 | 787 :774 |- 830.
3 840 | -939 . .-920 (:--899 | -881-| -864 (. 846 | -830 | -814 | 797 | :-784 {840

i 850 | -050|--931|--910 -891'{ 875 -856|:-840{ .-823 | -807|.-794| 850
H 860 | -962 ( -942} -.922°1 .902( -885| -866| -850 | -833 |- -817|'-803 | 860
i 870 | -974| 953 1--932 | -913| “895|: -877 | -860 |:--843 |- -827| .-812 | 870
A 880 | 0861 -964 (. -044'f -923| .905( -886 | 870 | -852| -836| .-822| 880
890:| 998 975 -955| 934/ -916|:-807 | -88L|.-862 |- -846 | 1-831.} 890

900.|1-010 {:.-985 | --967 [ -945 | 9261 -907| -891 | -872| -856| -840 | 900
1 910 | 1-021:}: 997 | ;-977 .-956: -936 {917 | -901 - -883 | -866| -850 | 910
8 920.]11-032 | 1-008 | - -088. *-967 947 { -028 |-.-911| -893 |- -876 | :-859 ] 920
by 930.]11-044°( 1-020 {-:-999 | -977-|: -957 | .-938 | +920 | --003 | - -885 | - -868 |-- 930
940 | 1-055 | 1-030 | 1-010 | 988 | 967 | .-049 | .-930 | -913 | +895| -878|. 940

L 950:]11-066 1-042'11-021.| :-999-| -977 |- -958 | -040 | - -924 | - 004 | .-888 | ~950
960 | 1-078'( 1-054'1 1-031 {-1-010-| -988 | +968 |--050 | -033 | .914 | :-897-| 960
970" | 1-089:( 1-065 [-1-042'|1-021-|- -999 |+ +979 | -+060 |- 942 | - -924'| -+906 | ‘970
980 11-101{1-076 |'1-053 |-1-031- 1-010 | --989 | -970 | --952 | -934 | :-916 | 980
990 {1-111.) 1-087 [-1-064 |'1-042{ 1-021 | 1-000 | - -981 | -962{ -943 | -025| 990

1000 1 1-123 {1-099 | 1-075 {-1-053- 1-031 | 1-010 | ---991 |--+972 {- +053 | -034 | 1000
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TABLE - V——continued CB )

REDUCTION oF PRESSURE IV MERCURY INCHL‘S T0 MEAN SEA LEVEL

Y
|

Reading at Station Level, 30 in, s

SR : ‘Am TEMPERATURE. [
, Heilfht - (Dry bulb in screen.) }Heilfht'
fet. 0° | 10° | 20° ] 30° | 40° | 50° | 60° | 70> | go° | ggo | feot
10 012 012|012 | 011 | on1| o1 ‘011 +010 | -010| +010] - 10
201 025 | -024--023| -023 -023| -022| -022| -021| -021| -020] 20
30 037 036 | -035| 035/ -034| -033 -082| -032| 031 -031] 30
140 ] -049 | --048 | -047| -046| 045 | -044 | -043| -042 | 02| -041| 40
150 ) -0621 060 | -059 | 058 |, -056 |- 055 | ~-054 |. -053 | -052 | -051| - 50
80 1--0741 072 071 | -069 | -068 | -066 | 065 |- -064 | -062 | -061| 60
.70.) 086 | 084 -083| .081| -079 (- -077| 076 | -074| -073 | -071|  70
. 801 098] -096 | 094 -092|.-001| -089 | -087| -085| -083| -081| 80
S0 1111 -108 1 <106 | -104 . -102| 101 -098 | -095| -094| -092| 90
100y 1231 -120 1 1181 116|113 | 111 -108 |: -106 | :-104 | -101| 100
10 | 135 |, -182 | 129 |- 127 |- 124|122 | 119 | -116| 114 -112] 110
L2071 0147\ elad | 14D 138 |- +136 | 133|130 |. 127 .125 | 122 120
130 | -169 | +166 | 163 | -160 | 147 | -143 | .140| -137| 135 -133| 130
140 | 1710} +168 | 164 | -161| 158 | -164 |- -151| -148 | -146 | -143] 140
160 1-183 | +180 | 176 | 173 |.+169 |  -165 | 162 | -159 | -156| -153| 150
160 ) -196) 192 188 | 184 180 | -176| -173| -170| -166| -163] 160
1701 -209 1+204 | 200 | 196 | 191 -187 | -184(.-180 | -177| -173| 170
180 1 -2211) -216| 212 -207|:-202 | 198 +195| 191 -187 | ~I84]. 180
190233 -228 | 223 218 .214| -209| -205]|. -202| -198| -194] 190
200 | -246 |, 240 1-235| 230 | -225| -221| .217| 212|200 | -205| 200 -
210 | 258 | -262 | 246 | -241 | .236 | -232 | .227 -223| :219| -215 o1¢
220 [:270 | 264 | 258 | -253 | 248 | -243| .238| -234| .230| -226| 220
1230 1 2821 276 | 270 | -265| 259 | -254| 249 | -245| -241 | -236] 230
240 ):-294 | 288 |- -282 | 1277 | 271\ -265| -260| -255| -251| -247| o240
: 250 1306 |.-300 | 204 |- .288 | .282 | -276 | 271 -266| -262 | -258| 250
2604 :3191 -312| 306 | -269 | :293 | -287|:.282 | 278 | .272| .268( 260
270| --331) 324 | -318| -311| -305| -299 | -293 | -280| -283 | -278| 270
280 [ 3441 -336 . :330| -322|..316] -310| 305 -299 | -203 | -289( a80
290§ 356 | +348 | :342 | 334|328 | -322| -316| -310| -304| -299| 290
3001 369 | --360 | 854 | -345| -339 | -333|:-327| -321| -315| -309] 300
:3101] .:3821.-373 | -866| -357 | -350|.-344:-338| -332| -325| -319] 310
8201 -304 1 385 378 369 | 362 | -355| -349| -343 | -335| -320] 390
.330 | -407) 308 | -390 | -381|-373 | -365| 359 | -353| -346| -340| 330
340 -419) 410 -402) -303 | -385| -376| -370 | -364 | -356| 350 340
38014321 423 | 414 | 405 | -396| 387 | -381|.-375| 366 | -360| 350
360 | -444| 435 425 | :-416| -407| -398 | -392( -385| 377 -370] 360
370 | 456 | 447 | 437 | 428 | 419 | -410| -403|:-305| -388| -380| 370
380 | -468 ) .-459 | -448 | 439 | 430 | -421 | .413| -406| -308| -391| 330
3901 480 | -471| 460 451 | -442 |--433 | .-424| -416| -409 | -401] 390
400 [ .+492| 483 | -471| 462 | 453 | -4d4 | -435| -426 | .-420 | -411| 400
410 1 505 | 495 | . 483 | 474 | 464 | 455 | 446 | -437| 430 | -421| 410
420 | 617 | 507 | 405 | 486! 476 | 467 | -457| -448 | -440| -431| 490
430 | -530 | -519 | -507| 498 | -487| 478 467 | 458 | :-451| -a42]| 430
440|642 | 581 519 | 510 | 499 | 490 | -478| -469 | -461| -452] 440
450 | +556 | 543 | -531| -522 | 510| -601| 480 | 480 | -471| -462| 40
460 | 668 | -555 | 543 | 533 | -521| -512| 500 | -401| .482| -473| 460
470 | 580 | 567 | -555 | -545| -533 | +523| 512 | -502 | -493| -484| 470
4801 -593 | 579 -567 | 556 | 544 | 533 | 523 | -512| -503 | .-494| 480
490 | +605 | -501| -579| 568 | 5561 -544 | -535| 523 | -514| -505| 490
600 f :618) 603 501 | -579 | -567| -555| -546| -534| -525| -516| 500
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TABLE V—continued (B)

REDUCTION OF PRESSURE IN MERCURY-INCHES TO MEAN SEA LEVEL
Reading at Station Level, 30 in.

- AIR TEMPERATURE.

Height ) Height
v ir% f (Dr} bulb'in screemn.) A in
fec. | 100 | 20° | 30° | 40° | 50° | 60° | 70° [ 80 [ g0° | Tect
500 | -618| -603| -591| -579| -567| . -555| -546| -534| -525| -516| 500
510:|--631 | 616 | -603 | -59L | -578 | 566 | -557 | 545 | 5636 | 526 | 510
520'| 643 | -628| -615| 603 |. :590 | -578 | -568 | -556 | 547 | -536 | 520
530 | 656 | -641 | 627 | 615 | -601 | -589 |.-578 | 566 | 557 | -547 | 530
540 | 668 | 653 |- -639 | .-627 | -613| -601| -589 | -577| +668 | -557 | ‘540
550 | +681 | 666 | -651| +639 | -624| -612 | -600| -588 | -570 | -567 |- 550
560 | +693 | -678 |- -663 | -650 | -635| -623| -611| -599 | 589 |. -577| 560
570 | 705 | 690 | -675| 662 | -647. -635| -623| 610 | 599 | -587. 570
580 | 717 | 702 | -687.| -673 | --658 |- -646 | -634| 620 | 610 | 598 | 580
590 | 729 | 714 | 699 | 685 | 670 658 | -646 | -631| -620| -608 | 590
-600 | ~741| 726 | 711 |- -696 | -68L | “669 | -657 | -642 | -630 | -618] 600
610°| -754 | -739 | 723 | 708 |. -603 | 680 | 608 | -653 | -641| -629| 610
620 | 766 | ~751:|. 735 | -720 |- “705 | -692'| -679 | 664 | -652| 640! 620
630 | 779 | 764 | 747|732 | 717|703 | -689 | ~674| 662 | -650 | 630.
640 | 791 | 776 | 759 | 744 | 129 | 715 | 700 | -685| -673| -661| 640
650 | -804 | 789 | 771 | 756 |- 741 | 726 -7L1| -696 | 684 | -672 | 650
660 | 817 -801| 783 | 767 752 | -737| -722| 707 -695| -682 [ 660
670 | 829 |- -813 | -795 | 779 | 764 | -748| 7133 | 719 | ‘706 | -692 | 670
680 | 842 | -825| -807| “790| -775| 758 | -743 -730| “716| -703 [ 680
690 |- 854 | +837 | 819 |- -802 | -787 | 769 | 754 | 742 | -727| 713 | 690
700 | +867 | -849 | 831 | -813 | -798 | "-780 |- -765| 753 | 738 | 723 | 700
710 [ 880 | 862 | 843 | -825| 809 | 791 | 776 | 764 | 749 734 710
720 |- -892 | 874 | -855| 837 | -821| 803 | -788| 775 | -760 | 745 720
: : 849 | 832 | --814 | ~799 |78 | 170 |  +785 | ‘730

861 | -844 | -826 | -811| 796 | 781 | +766 | 740

873 | 855 | -837.| -822| -807| 792 | w777 750

885 | 866 | 848 | -833 | -818| -802 | 787 | 760

©.897 | -878 | 860 | 844 | -829| 812 797] 770

©+909 | 889 | 71| -854| -839| -823| -808| 780

921|901 | -883 | -865 -850 | -833| -818| 790

1933 | -912| -804| -876| -861| -843| -828[ 800

944 | +924 | .-005 | -887 -872 -854| -839| 810

956 | -936| -917| -899| ‘883 | -865| -850 | 820

-967 | 948 | 928 | -0l0 | -893 | -875| -860 | 830

979 | 960 | 940 | -922| -004 | 886 | -871 |- 840

990 | -972| -051| -933 | -015| -897| -882| 850

1-002 | 983 | -962 | 944 | -926 | -908 | -892 | 860

1-014 | 995 -974 | -956 | -937| -019| -002| 870

1-026 [1-006 | -985 | 967 | --047 | -929| -013| 880

1-038 [1-018 | -997 | 979 | 058 | -940 | -923 | 890

1-050 | 1:029 | 1-008 | -990 | -069 | -951 | -933 [ 900

1-062 | 1-040 | 1-019 [ 1-001 | -980 | '-962 | ~-944 | 910

1-074 | 1052 | 1-031 | 1-012 | -992 | -973| -055 | 920

1:086 | 1-063 | 1-042 | 1-022 | 1-003 | 983 | +965| 930

1-098 [ 1:075 | 1-054 | 1-033 | 1-015 | 994 | -076| 940

1-110 | 1-086 | 1-065 | 1-044 | 1-026 | 1-005 | -987 | 950

1:122 | 1-098 | 1-076 | 1-055 | 1-037 | 1-016 | -997 | 960

1-134 [ 1-110 | 1-088 | 1-067 | 1-048 | 1-027 | 1-007 | 970

1:146 | 1-122 | 1-099 | 1:078 | 1-058 | 1037 | 1-018 | 980

1.158 | 1-134 | 1-111 | 1-090 | 1-069 | 1048 | 1-028 | 990

1170 | 1-146 | 1-122 | 1-101 | 1-080 | 1-059 | 1-038 | 1000
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o TABLE VI
: CORRECTIONS ror REDUCING BAROMETRIC READINGS TOo STANDARD
' GRAVITY IN LATITUDE 45°

For latitudes 0° to 44° the correction is to be subtracted.
For latitudes 46° to 90° the correction is to be added. -

Pressure in millibars. Pressure in mercury inches. .

Latitude i o i Latitude
S NeorS. . S - N.or8.
950 1000 | 1050 28 29 30 31

° ° Corrections Corrections ° °
) (millibars) (mercury .inches). . .

45 45 00 -00 00 000 -000 «000 | -000 45 45
44 46 09 09 «09 -003 003 003 003 | 44 46
43 47 -17 18 -19 005 <005 - | -005 006 | 43 47
42 48 26 27 28| 008 <008 | -008 008 42 ‘48

- 41 49 34 36 | -38 010 -010 011 011 41 49
40 50 43 45 47 013 | 013 013 | -014 40 50

- 39 51 51 | 54 571 015 | -016 <016 ©|-017 | 89 51
38 52 . 60 | 63, 66 | -018 <018 1 -019 | -019.1 38 52,
37 53 67 71 75 1 020 021 021 022" | 37 | 83
36 54 76 80 | 84 <022 023 024 025 36 54
35 55 - 85 -89 93 <0256 026 027 <027 | 35 55
34 | 56 92 97 1-02 027 028 029 030 34 56

-~ 33 | &7 1-00 105 | 1-10 | -029 | -031 032 °{ -033 33 57
- 32 58 1-08 1-14 1-20° | -032 -033 | -034 | -035 | 32 58

31 59 116" | 1.22 1-28 034 035 | -036 | -038 | 81 59
~30 60 1-24 1-30 137 | -036 <038 [ -039 | -040 30 60

29 61 1-30 1-37 1-44 038 040 -041 <043 29 61
28 1 62 | 1-38 1-45 | ‘1-52: | -041 <042 ‘043 | 045 28 62
27 7] 63} 144 | 1452 1:60 <043 044 046 <047 27 63
26 |64 1-51 1-59 1-67 -045 <046 | 048 049 26 64
25 65 1-58 1-66 174 <047 -048 050 052 25 65

24|66 1-64 1-73 1-82 049 +050 062 1 054 | 24 66
23 | 67 171 1-80 189 1 -050 0562 054 056 23 67
22 |68 1477 |- 1-86 1-95 052 054 056 058 22 68
21 69 1-82 1.92 2:02 <054 [ -056 058 <060 21 69
120 70 1-88 |1-98 | 2-08 ‘] -056 058 060 062" | 20 70

191 71 1-94 2:04 | 2414 057 059 061 063 19 71
18 72 2:00 2:10 2:21' | -059 061 .| -063 065 18 72
17 73 2:04 2156 | 2-26 060 062 | -064 | -067 [ 17 73

- 16 74 209 | 220 | 231 *061 064 | -066 068 16 74
15 75 2:13 | 224 | 235 ‘063 065 067 <070 15 75

14 76 2:18 2:29 2:40 | -064 -066 -069 071 14 1 76
13 7 2:21 2-33 2-45 065 -068 070 072 13- 1717
12 78 | 2-25 2-37 2-49 |- -066 -069°:j -071 073 | 12| .78
11 79 |.2-28 2-40 2:52 067 -} 070 072 074 11 79
10 80 2:31. | 243 2-65 068 071 073 | 075 10 80
9 81 2:34 | 246 2-58 -069 ‘071 07471 -076 9 81

8 82 2:36 | 2-49 2-61 070 | -072 075 077 8 82
7 83 2:38 2-51 2:64 070 ‘073 <075 078 7 83 - ‘
6 . 84 2-40 2:63 | 2-66 071 073 076 079 6 84
K 85 2-42 2:656 | 2-68 071 074 077 079 5 85
4 86 2:43 2:56 269 072 ‘074 077 080 4 86
3 87 244 257 270 072 075 077 +080 3 87
2 88 245 2-58 271 072 075 078 080 2 88
1 89 2-46 259 2:72 072 075 078 080 1 89
0 90 246 2-59 272 073 075 078 080 0 90
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| TABLE VII

TABLE For COMPUTING THE VELocrry-HeleaT RaTiO oF CLOUDS IN
Rapiaxs pEr HoUuR FROM FINEMAN NepunoscorrE Reapings

Height| _ - : - .
of Time in seconds for the image to travel from one cirelo to the next.
pointer :
in - .
milli- | 55 | 6o | 70 80 | 90°]100{110| 120130 {140 | 150 | 160 170 1180 | 190|200
metres. : c

30 | 60 {50143 1°37(.33(:30.] 2725232120 19|18 17116 | 15 -
3215647140 |35 ]31|28.|26°|23]22| 20119 1811716 | 16| 14

34 | 53144 |38/33(|29 /26|24 /22(20]19]18 17116 [ 15| 14 | 13
36 | 50142136 |31 |28|25.]23 21419 118 [ 17|16 15 | 14 | 13 | 12

38 14739343026 |24|22/2[18/17]16 15| 14 [ 13 [ 12.} 12

46 39|33 128 (2422 (20.|18]16]15]|14]13] 12 12111110 | 10

48 13838127123 2119171614713 |13/12 11|10 (99|94
50 136301262220 {18./16 15| 1413/ 12 11 {11 {10 |95]9-0
62 138512925 22|19/17 (1614|1313 ]12 |11 10 [9-619-1187
54 | 33428 124121019 (1715 |14|13]12/11]10 9:-8/9-3188|83
66 1322702312018 /1615|1312 12|11 10 195908580
58 131 (262219117115 |14]13]12(711! 10 97191868178
60 130 (2521|1917 {156 1413121110 94(8-8|83]79(75
62 (2924021 18161513 (12111009791 858117673
64 |28 (2320|1816 (1413112 11|10 ]|94]8-8 83178174170
66. 127123 119 (17/|15]14{12|.11]10|98]91 |85 8076|7268
68 126221017 [15{13|12|11|1095(88 83|7:8[7470/{66
70 12612118 (16|14 |13 {1211 |9-9/9.2]86 8075716864
72 425 |21 118 16|14 1311 |10 | 96|89/83]78 73696662
74 124120171514 |12 | 11|10 |94]|87]|81]|76 7-116-8]|6-4|6°1
76 1241201171513 |12 ({11 |9-9|9-1(85| 79|74 7:016-6|62[59
78 123 |19 |16 {14 {13 |12 |10 [9-6{890]|83| 77172 6-8)16-416:1|58

8:818:0({7-5({7:0|66|63|59]56

80 12311916 |14 13|11 ] 1094

The difference between the radii of two consecutive circles on the mirror is 25 mm.

Nore.—If the observed time of Ppassage of the cloud image from one circle to the next
falls outside the limits of the table, multiply the observed time by a simple factor so as
to bring it within the compass of the table and multiply the corresponding tabulated value
of the, velocity-height ratio by the same factor in order to obtain: the required result.
A similar rule can be applied if the observed height of the pointer falls outside the range
of the table. . L P e : ‘

The operation of the instrument is described on p, 84,
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APPENDIX ‘I

METHOD OF PREPARATION OF BAROMETER  REDUCTION
CARDS FROM TABLES ‘

. In preparing reduction cards the corrections may be combined together in
various ways, but in general at least two operations are necessary to arrive
at the pressure at sea level, as allowance has to be madé for three factors
which have to be observed on each occasion, viz., the temperature of the
attached thermometer, the temperature of the air (dry bulb in screen) and
the reading of the barometer. It is only in the case of stations at such low
levels that the reduction for height is sensibly constant that all the corrections
can be combined into a single table. “We proceed to give a brief account of
the preparation of such cards.

(1) If it is desired to work out the corrected pressure both at station level
and at sea level, it will be convenient to combine into a single table .the
corrections for index error, temperature and latitude.

‘We proceed as follows :— - : :

Set out from the certificate the corrections for index error, converted if
necessary into millibars by the tablé given on p. 17, and the appropriate
correction for latitude from Table VI, and add the results, paying due regard

to the signs of the corrections.’ - i

. Barometer M.O. 72, for use in latitude 60° N." = - L
Pressure (mb.) - ... " 920 940 960 980" 1000 1020 - 1040
Standard tempera- - i i ' :
ture (°A) as in - : -
N.P.L. Certificate =~ 284:9 284-7 284:6 284-4 284-4 284-3 284.2
Equivalent corree- .
tion in millibars... — 02 — 04 — 06 — 09 — -11 — 13 — .14
Correction for lati- ) : . :
. tude (Table VI)... . 4-1-20 +1-22 +1-25 +1-28 +1-30 +1-32.+1-35
) Sums }q ~-1:18 4-1-18 41-19 41-19 +1-19 41:19 +1-21
.. The values so found are then algebraically added to the corrections for
temperature (Table II), remembering that these corrections are positive for

temperatures  below 285°A, and negative for temperatures above that limit.
The table takes the form (some lines being omitted for brevity of illustration):—

CoMBINED CORRECTION FOR INDEX ERROR, TEMPERATURE AND
‘ "LATITUDE R .

. . Barometer reading (mb.).

Attached

ther- 920 940 960 980 1000 1020 1040
mometer. L .
oA - RS
273 +3-08 | +3-11.{ 4316 | +3-20 | +3-24 | 4-3-28 [ -+3-34
* E * % * * * S
280 1-97 ‘1-99 201 2-03 2-05 2-06 2:10
281 . 1-81 | -1-82 1-85 1-86 1-87 1:-89 1-92
282 1-65 1-66 | 1-68 1:69 1-70 1-71 1-74
283 1-50 1:50 1-52 1-53 1-53 1-54 1-57
284 1-34 1:34 1-35 1:36- 1-36 1-36 1-39
285 1-18 1-18 1-19 1-19 1-19 1-19 1-21
286 . 102 1-02 1-03 1-02 1-02 1:02 1-03
287 - 86 +86 - 86 -85 -85 + 84 -85
288 -71 =70 -70 -69 -68 <67 +68
289 - 55 - 54 +53 -52 +51 -49 +50
* * * % o * * *
293 —0-02- — — { — — — —
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The table should be compiled for.the 'range of temperature likely to be
experienced in the room in which the barometer is hung. . In the final table
intended for daily use the corrections should be rounded to the nearest tenth
of a millibar, but in preparing the table the figures should be worked to
hundredths of a millibar. ~ These corrections when applied to the observed
reading will give the corrected reading at station level. - If Pressure at mean
sea level is also required a second table giving the reduction appropriate to
the height should be prepared from Table IV for suitable ranges of dry-bulb
temperature and pressure.  For example, for a station at 277 ft. we have the
following table +— B IR '
' Repucrion 10 MEAN SEA LEVEL |

. : Barometer reading (mb.). -
Bulb. . e . . } B
920 940 960 980 - 1000 -{° 1020 1040
- .0° ~10-4 |- .10-6 10-8.. | 71117 .-11-8 11-6° 11-8
10 10-3 10-5 10-7 10-9. 11-1 11-4 .| 116 -
.20 10-0 10:2 10-4 10-6 | -10:9 -} 11-1 .} 11-2
- 30 9.8 100 10-2 10-4 - | 10-6 .| 10-8 11-0
40 9-6 9-8 10-0 10-2 10-4 10:6 |.-10-8
50 9-4 9.6 9-8 10-0 10-2 10-4.| 10-6
60 9.2 9-4 ‘9.6 |98 -10-0 - 10-2 10-4
70 9-1 - 9.3 9-5 9.7 9-9 10-1 10-3
80 8.9 9-1 9-3 9.5 9-7 9-9 10-1
90 8.8 8:9 9-1 9-3 9-5 9.7 9.9

In preparing this ,tabl:e',we first enter. the corrections for 1000 mb., the

. appropriate values being derived from Table IV by interpolation between the

values there shown for 270 ft. and 280 ft.” We next complete the columns for
920 mb: and 960 mb. by subtracting 80/1000 (or 8 per cent.) and 4 per cent.
respectively from the values entered in the column for 1000 mb. - Similarly,

. the column:for 1040 mb, ig completed by adding 4 per cent. to those values.

The figures for the remaining columns are derived: by interpolation between
the values already entered. S ‘

For stations at or near séa level the tables should be constructed 0 cover a
range of pressure from 940 mb. to 1040 mb. ' At 500 ft. tables extending from
920 mb. to 1020 mb. would cover all readings likely to be experienced in the
British Isles. @ o w0 o : ~,

(2) I the final values are required at mean sea level only it may be found
more convenient to combine the corrections for index error and latitude with
the reduction to sea level, thus enabling the figures printed in Table II to be
used for the correction for temperature without alteration.

: . s 4 :
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APPENDIX II

PHOTOGRAPHS OF CLOUDS

With the exception of Plate XXX (a) (supplied by Meteorological Section,
Royal Air Force, Middle East Area), all the photographs are from the collection
of Mr. G. A. Clarke, The Observatory, Aberdeen. ’

LisTr oF PHOTOGRAPHS
Plate XVI.—Stratus (St.). Level sheet of low cloud.

Plate XVII—Fractostratus (Frst.). Ragged stratus. Drifting masses of low
cloud. ‘

Plate XVIII—Nimbostratus (Nbst.).: Low rainy layer of dark grey colour,
nearly uniform.

Plate XIX.—Cumulus (Cu.). Detached cloud with flat base and rounded top.
Plate XX .—Fair weather Cumulus (Cu.) and some fractocumulus (Freu.).
Plate XX I —Cumulonimbus (Cunb.), without * anvil.”

Plate XX1I.—Cumulonimbus (Cunb.) with large ““ anvil ”” of * false cirrus.”

Plate XXI11.~Stratocumulus (Steu). A layer of large cloudlets at a relatively
low level. : :

Plate XXTV.—Stratocumulus (Stcu). Lumpy clouds forming a layer at a
low level.

Plate XX V.—Altostratus (Ast.). A level sheet of intermediate height.
Plate XX VI.—Altocumulus (Acu.). A layer of cloudlets of intermediate
height.
Plate XXVII —Cirrocumulus (Cicu.). A high layer of small cloudlets
associated with .cirrus. ' .
Plate XX VIII.—Cirrus (Ci.). Wisps or filaments of high cloud.
Plate XXIX —Cirrostratus (Cist.). Thin sheet of very high cloud (cumulus
> below).
Plate XX X (a).—Mammatocumulus (Cu. mammatus).
(b).—Mammatus structure in a cloud of intermediate height.
Plate XXX (a).-—Cirrocumylus lenticularis.
(b).—Altocumulus lenticularis.
Plate XX XII (a).—Altocumulus castellatus.
(b).—Stratus cumuliformis.
The definitions and descriptions of the various cloud forms as recommended

by the International Commission for the Study of Clouds are printed on
p. 79-80. .

The code numbers for reporting forms of cloud in meteorological telegrams
ire given in The Observer’s Handbook, Supplement No. 1.

The photographs, Plates XVIII, XXIII, XXV, XXVII, XXVIII, XXX (b),
XXXI(a), XXXII (a) and XXXII (b), are reproduced by the courtesy of
Mr. G. A. Clarke, owner of the copyright
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PLATE XVIII

(Plate 111 of ““ Cloud Forms.”)
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(Plate IV of ‘ Cloud Forms.”)
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(Plate VI of ““ Cloud Forms.”)

PLATE XXI
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PLATE XXII

(Plate VII of * Cloud Forms.”)
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(Plate VIII of “Cloud Forms.”)
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PLATE XXIV

(Plate IX of “ Cloud Forms.”)
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(Plate X of ¢ Cloud Forms.”)
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PLATE XXVI

(Plate XT of * Cloud Forms.”)
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(Plate X111 of * Cloud Forms.”)
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PLATE XXIX




(Plate XV of * Cloud Iorms.”) PLATE XXX

(a) Mammatocumulus (Cu. mammatus).—A typical example of * festoon-

cloud,” a low cloud whose lower surface shows numerous udder-like structures,
suspended from the main sheet.

(b) * Mammatus > structure in a cloud of intermediate height.—Though
saching its most typical development in the  festoon-cloud,” the mammatus
iructure is sometimes observed in clouds at higher levels, e.g., on the underside
f the “false cirrus ” projecting from cumulonimbus. In this illustration a
ather ragged mammatus structure is seen in a cloud of intermediate height.




PLATE XXXI. (Plate XVI of “ Cloud Iorms.”)

(a) Cirrocumulus lenticularis.

(b) Altocumulus lenticularis.—Two examples of cloud aggregates exhibiting
the structure connoted by the adjective ¢ lenticular ™ (*“lenticularis ).
The individual cloudlets are fused together into groups the general shape of
which resembles the cross-section of a lens.



(Plate XVII of ¢ Cloud Forms.”) PLATE XXXII

(a) Altocumulus castellatus (turret cloud).—This special form of altocumulus
is relatively infrequent. The individual cloudlets resemble miniature cumulus,
are usually widely separated and appear brilliantly white against a deep blue
sky. When seen low down on the horizon the appearance is that of many heads
of small cumulus rising from the main sheet.

(b) Stratus cumuliformis.—An example of cumulus-like structure occurring
n stratus cloud. The adjective * cumuliformis > is of general application and
s added to the name of the cloud when a tendency to assume the shape of
;umulus is observed.




