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PREFACE

The Science Mnsenm, with its Collections ‘and Library, aims at '
affording illustration and exposition in the fields of mathematical,

.physical, ~and chemical science, as well as their..applications to

astronomy, geophysics, engineering, and to the arts and industries
generally. To that end the Museum includes objects’ which are of
historical interest as marking important stages in development, and
others which ‘are typ1cal of the apphcatlons of science to current

practlce

A Museum of Sc1ence was contemplated as an mtegral part of the
Science and Art-Department from its: beginning in 1853, and in 1857
collections illustrating-foods, animal products, examples of structures -
and building materials, and educational apparatus, were brought
together and placed on-exhibition. . :

The first of the Engineering Collections, that of Marine Constructlon
was formed in 1864, when the Royal 9chool of Naval Architecture was
established at South Kensington, and the ship models belonging to the
Admiralty were transferred to the Museum from Somerset House,
where they had previously been. This collection of ships of war was
of great historical interest, and with the assistance of private donors
and by purchase it -was rapidly increased. by the addition of many
models of mercantile ships as well as of later ships of war, with the
result that when the Admiralty removed their models to the Royal
Naval College, Greenwich, in 1873, animportant collection still remained
at 'South Kensington. Engineering and Manufactures were first
included in 1867, from which time the development of this portion of
the Museum advanced steadily ; but the transfer of the Museum of the
Patent Office to the Department of Science and Art in 1883 added to
the collection many machines of the highest interest in the hlstory of
invention and greatly increased its scope and value.

The collections of scientific instruments and apparatus were first
formed in 1874, but it was only after 1876 that they became of import- ;

ance. The Spemal Loan Collection of Scientific Apparatus which was
held in that year in London brought together examples of all kinds :

from various countries, and a large number of these were acquired for |

the Museum.

In 1893, many Mining and Metallurglcal objects were transferred
- to South Kensington from the Museum of Practical Geology in Jermyn |
Street, and these have subsequently been largely added to.

Mention should be made, too, of certain special Collections: The]
Watt Collection was presented to the Patent Museum in 1876 and;
‘contains original models made by James Watt; the Maudslay Col-|
lection, con51st1ng of - models of marine engines and machine tools:
was purchased in 1900 ; and in 1903 a valuable collection of engine!
- models, portraits, etc., was bequeathed by Bennet Woodcroft.. i

The Museum Collections are being contmually increased by gifts

. and loans, and also by the purchase of such examples as are required

to illustrate the application of science and the development of - var10u<
types of instruments, machinery, etc

H
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Notes—A large number of objects in the Collections have been
photographed. Selected prints:from the negatives may be seen in
~guard books at the entrarce stiles, "Particulars of available prints
and lantern slides may be obtamec'i by personal application at the
entrances or by letter addressed ““ The Dlrector The Sc1ence Museum
South Kensington, S.W.7." -~ " ;

‘A compressed air service furnishes the power for dr1v1ng such of the
machines as are shown in motion, and the service is.available daily
from 11 a.m.: (Sundays 2.30 p.m.) tll closing time. Where practicable,
these objects are fitted with. self-closing air valves, by means. of
which Visitors may start them at will. Other ob]ects are arranged
so that Visitors may work them by other means, and there are a few
that can be shown in mot1on only by an attendant ' ‘
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Numemcal references m the text refer not to the page but to the semal
numbers placed at the beginning of. each’ camlogue title. When an object
' is illustrated the 7eference to the plates of illustrations is gwen zmmedmtely:
. after the title.  The number at the termination of each description is.that A
under which the object is registered in the Musewm I nventory Iftheobject
has been photographed, the: Inventory- number is followed by the negatwe ‘
number cand wher_e a lantern slide.exists, the letters “ L.S.” ‘ave-added.

METEOROLOGY

Meteorologrcal phenomena occurrmg in- the atmosphere have«
_attracted the:attention of man from ' the earhest times, but the first;
regular -observations were probably due to the Greeks :who, in-the
fifth century B.C., fixed almanacs known as parapegmata on public.
.columns, giving usually the wind direction, whlle ‘during the same
century, Anaximander of Ionia defined wind as * a flowing of the air.”
Philo of Byzantlum and Hero of ‘Alexandria in' the’ third century B.c.
described a primitive kind of thermoscope, but from:that time to the
beginning of ' .the seventeenth century:little progress was: made. : In
the eleventh® century: A:D. Arabian’ geometers’ estimated : the: helght
of the. atmosphere ‘as. 92 ’km. from observations:of ' the duration of.
twilight, but it was not-until. five . centunes later that Europeani
astronomers re- determmed 1t o

- The development of meteorology may be sald to fall 1nto five
falrly -well-defined periods;:the. first :of .‘which dates from the' earliest
times to 'about 'A.D.: 160q.  During: this period: certain -qualifative.
observations were made;” but:the :lack iof instruments’ rendered- the
observations unreliable ‘and inaccurate.- The ‘only quantitative obser-:
- vations known to have been made during this period are rainfall

records ‘made in Palestine’ durmg the ﬁrst century AD and in Korea
from 1442 - . v

"The second perrod dates from the begrnnlng of the seventeenthb. '
century, and commences with the invention of the thermometer. and:
barometer followed in 1639 by . the first European rain.:gauge. of
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Benedetto Castelli. During the first half of this century, valuable work
was done at Florence by the Accademia del Cimento, under the
control of Ferdinand II, Grand Duke of. Tuscany, who, in 1653, estab-
lished meteorological stations throughout Northern Italy, and made
the first attempt to establish an international system of meteorological
observations. ... . - o : o

During this period Halley, in 1686, published his celebrated
memoir on the *“ Trade Winds,”” while in 1735 Hadley ‘demonstrated
the effect on these winds of the rotation of the earth. In 1749 Wilson
of Glasgow, employed a kite to raise thermometers into the air, and
thereafter kites and balloons were frequently employed to carry
thermometers, barometers and hygrometers into the air in order to
investigate the conditions of the upper atmosphere.

-~ This second period in the history of meteorology is marked by the
appearance of a’ large number of instruments and a consequent
increase in the accuracy of observation of the atmospheric phenomena.

The third period which covers practically the first half of the
nineteenth century, was one in which logical explanations of ‘pheno-
mena observed -during the previous - period were sought.. Dove
endeavoured to explain the wind system, assuming two major circula-
tions in each hemisphere, while Maury reached similar conclusions
on different assumptions... Redfield in" America also considered the
origin of cyclones, and Piddington discovered that thé wind” round
a storm centre has an-inclination inwards, and therefore travels in
a spiral motion. . The introduction of the synoptic chart by Brandes
in 1820, and its subsequent development in America by Espy and
Loomis also belong to- this period.: - -~ - -

During the fourth period, from 1850 to 1865, the first daily weather

- Teport was issued and sold to the public at the 1851 Exhibition in

London, while meteorological services were organised.in’ England by

Fitzroy, in - France by Le Verrier, in Holland by.Buys' Ballot, and
in America by Ferrel. ’ Tl

- .In 1863, Sir Francis Galton bublisﬁéd’lﬁs Mé’c'e'()rograpﬁi—ca,',in-'
which -he considered atmospheric circulation round centres’ of low
and high pressure, and deduced the existence of anticyclone§. S

-~ The fifth or modern period commences with' the developments
> ] due to.Buchan in Scotland, Jelinek in Austria, Mohn in Norway, and
Hildebrandsson in Sweden, and during this period there have been
rapid advances in all branches of the: subject.: C P

Improved instruments have enabled observations to be taken
A with increased accuracy, and earlier hypotheses have been tested in
the light of knowledge thus acquired,: while meteorological services
|| have been established in most countries, and as a result of their mutual

; association and collaboration, international exchange of meteorological .
information has become possible on a considerable scale. .. -

- The experimental exploration of the upper atmosphere has also
been undertaken in"many countries by means of. kites, .balloons;
ballons sondes and pilot balloons, and as a result of these efforts

. Hildebrandsson and De Bort ‘have been able to put.: forward -the
first theory of the circulation of the atmosphere to be based on actual
observations. - . P PR 50 S N S

[
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THERMOMETERS

Descnptlons of- apparatus whrch represent the prrmrtrve idea of
the thermoscope are to be found in the writings of Philo of Byzantium,
who lived in the third century B.C., and of Hero of Aleuandrra of alater
though undetermined date.

- These physicists demonstrated the expansron and contractlon of
air by temperature some 2,000 years ago, but there is no evidence
.that this apparatus was: employed by e1ther of them for measuring
temperatures.

The next mention of the thermometer is found I ,800 years later
‘in the wntlngs of Galileo Galilei; to whom the invention of the instru-
ment is attributed.  There is abundant evidence that he used it in
scientific research from about 1592, and laboured to improve its
efficiency. = Galileo’s instrument was an inverted air - thermoscope
‘containing water-in the stem, and provided with a scale of degrees,
by means of which he determined the relative temperatures of different
places, and of ‘the same place at"different’ seasons. - His ‘method of
graduating -cannot be ascertained, and’ was undoubtedly arbitrary.
In concert with Galileq, Francesco Sagredo 1mproved the instrument
and substituted wine for water.: ‘

‘Sanctorius® Sanctorius justlpohtanus between 1611 and 1624
apphed the  instrument - to ‘physiological - researches, and tested the
‘temperature of persons in a fever, while he also appears to have appre-
ciated the value of fixed pomts for graduation.

The name “thermoscope ” is first mentioned by Bianconi in 1617,
and “ thermometer ”’ by Leurechon in his ™ ' Récréation mathématique
"(1642),” 'in which he gives a clear description of the 1nstruments in
‘use at-the beginning of the 17th century.

Unfortunately these early and crude mstruments whrch were
inverted- thermoscopes, . were, subject ' to changes in ' atmospheric
pressure and . were-: really ‘““baro- thermoscopes no. two of them
being comparable :

The first mention of the instrument in’ th1s country is found in
-Bacon’s ™! Novum Organon,”’. 1620, in which he'describes an 1nverted
““heat glass prov1ded with a paper scale attached to the stem.-

Jean Rey in 1632 constructed a thermometeér consisting of a small
1round flask having a long stem, and being almost filled with water.
‘Expansion’ of the liquid by heat ‘caused it to rise in the stem and
"~ Tegister temperature ‘but it was still influenced by atmospheric pres-
-sure. It was Ferdinand II, Grand Duke of Tuscany, who first pro-

duced a thermometer; 1ndependent of atmospheric préssure about 1641,

"He 'made a thermometer of the usual form filled with alcohol; sealed
it by meltlng the ‘glass top, and’ ‘graduated it by degrees marked on
the stem.” In-1657 he established ‘in Florence the Accademia del
Cimento, and the work of its members, published in 1667, 1nc1udes a
’descrlptlon of five different-types of thermometers.

The earhest ‘of these instruments had their stems graduated in
intervals f 10°, with white enamel beads, the intermediate degrees
being indicated: 'with beads of green glass or black enamel whlle the
contained liquid was, either:water or spirits of wine.

" In the case of thermometers having very long stems these were

made in the form of a spiral,-while in other thermometers, the principle



8

of the Cartesian divers’was employed,:the ‘instrument consisting of
a wide glass tube nearly filled with spirits of wine in which floated
several glass bulbs adjusted to sink to different points in.the tube as
the temperature increased.. . ...; ..o oL s S
7 These thermometers .were. a .great -advance ‘on ' the’ baro-thermo-
scopes,” but their graduation left much to be desired, and- as they
"depended entirely upon the skill of the workmen, different instruments’
gave results only approximately similar, - .. .. I :

- " Gimilar thermometers were made in this country-by Robert Boyle,
who recognised the need for-a standard permitting a comparison' of
different thérmometers, and suggested the freezing point of aniseed oii

-as a fixed point:in 1665, ‘believing that:the. freezing point . of - water
which ‘had been suggested as a fixed point ‘by. his contemporary, -

Hooke, varied with geographical latitude.. - .0 o oo o -

" Huyghens in 1665 suggested the two phenomena, the freezing point

and boiling point of water, for fixing a standard, but only as alterna-

tives, and it was not.till four years later that Honoré Fabri proposed

to divide the interval -between two fixed points into equal-parts, his

"two fixed points being snow in very.cold weather and the highest heat

of summer, while he divided the intervening space into eight equal
‘parts. As we know, the upper point.was ill-chosen; but the method

was correct in principle. = Dalencé in 1688 proposed a scale having as

. fixed points the freezing point of water and the melting point of butter,
i and suggested that a flattened bulb should be used, so that the liquid-

might attain the temperature of its surroundings more readily. .~

© .7 The boiling point of water was proposed as a fixed point by Halley,

but it was Carlo Renaldini who, in 1694, first took .the melting point

meter scales and divided the space between them into twelve equal
parts.. - . oo o e e T

" Wolf and Rémer-are both-cited as the first to use mercury as' a
‘heat-measuring liquid, .but in spite of these claimants, Daniel Gabriel
: ‘ Fahrenheit, in 1714, was undoubtedly the first to'construct mercury -
thermometers. having reliable. scales, the method of construction of -
which: he kept secret. for. some time. : He had been making alcohol -
thermometers from 1709, and the graduations of his thermometers,

by the use of three fixed points, namely (1) the temperature of a
mixture of ice, water, and sal-ammoniac or sea-salt, in proportions
now unknown ;. (2) that of a mixture of ice and water ; and (3) that
of -the human body.. He also made thermometers with cylindrical
bulbs, in order to increase the sensitiveness of the instrument,.the
_weakness of which was the somewhat:vague definition. of the three
fixed points. Fahrenheit’s original scale was graduated.from —go°® to
90°, but this he abandoned in favour of 0° to 24°, and later 0° to 96°,
on the last named of which the melting point of ice and boiling point
of water are 32° and 212° respectively. .. He does not-appear to have
used the boiling point of water as a fixed point nor to have considered
dividing the scale between his zero and ‘the boiling point of water
into-z1z parts. .. T TV R PR
- Réaumur in 1730 sought to improve the thermometer, but in so
doing ignored the labours of Fahrenheit and employed spherical bulbs.
He ascertained that alcohol diluted with 2o per cent. of water expanded

.of ice and the boiling point of water for. two fixed points of thermo-

both alcohol and mercury, were directly comparable, and were obtained ; ;
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from 1,000 to 1,080 volumes between the freezingand the boiling point
" of water, so he took zero for the lower and 8o for the higher tempera~ -
ture, dividing the intervening space into 80 parts. . Three years later
De Lisle devised 'a thermometer on.the same principle, but called: the
boiling point zero, and the freezing point 150°, while in 1740 Micheli
Du Crest made alcohol thermometers, taking as his fixed points-the
temperature of thé cellar:of the Paris: Observatory, and the boiling
point of water, dividing the interval into 100 parts. - S
- Anders Celsius.of Upsala.in 1742 -proposed a scale with zero at
the boiling point of water, and with 100° at the temperature of
melting ice, which was inverted by Linnaeus, thereby establishing the

‘“ Centigrade ‘Scale.”” = °

Tt is of interest to note that none of these thermometers has exactly.
the same scale -as was originally devised by the one whose name. it
bears, nor is any of them in popular use in the country in which it
originated. - The centigrade scale is used by scientists, but the use of
the Fahrenheit scale is.so firmly established in.the English-speaking
countries that the-general adoption of the centigrade scale: has been
prevented. " R S

Metallic thermometers employing the expansion of a metal bar
as an indicator were. first made by Muschenbroek, while Crichton.in
1803 made use of the distortion produced by heat in a plate or. bar
composed of -two metals of different expansive co-efficients soldered
together, and-about fifty years later, Hermann and Pfister of Berne
produced their spiral thermometer, which marks maximum and mini-
mum temperature. Self-registering thermometers were first made at
‘the Accademia del Cimento,.at Florence, while at “the end . of the
seventeenth century, Bernouilli, and in - 1757 Cavendish,. proposed
maximum and minimum thermometers of very imperfect construction.
These instruments were -improved by Six in 1782, when he produced
his maximum -and minimum thermometer,: a- combined  instrument
-which was followed in 1794 by Rutherford’s separate instruments:for
‘indicating maximum and minimum temperatures respectively.  :In
1832 Phillips suggested a maximum thermometer, in which a portion
of the mercury column was separated-from the main column by a
bubble of air, but this instrument was superseded by Negretti and
Zambra’s constricted-tube thermometer. S
~ One of the earliest clock-recording thermometers is that of Black-
‘adder in 1826, while in 1842 Wheatstone invented an instrument by
means of which a record of the temperature was obtained electrically
at frequent intervals. At a later-date Negretti and Zambra arranged
a stand of twelve thermometers, one of which was released at hourly
intervals by a clock, the temperature being automatically recorded,
while in 1856 Beckley introduced a -self-recording photographic’
thermometer. ™ = R e T

- These instruments have now given place to thermographs, in which
a continuous temperature record is obtained on-a clockwork drum,
actuated by either a compensated strip of metal or a sac filled with
spirit. R S
 Regnault in 1847 constructed gas thermometers, while in_ the
following year Kelvin proposed an absolute scale of temperature, the
degrees of which denote exactly equal amounts of heat. " On this scale
the melting point of ice and the boiling point of water under normal
.conditions are 273'2° and 373'2° respectively. . "o o e
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- 1; THERMOMETERS BY MICHELI DU CREST Presented by
Prof. Dr. E. Hagenbach-Bischoff.
' Thxs photograph represents ﬁve old thermometers by Mrcheh du Crest ,17 54 H

the small one 1s an alcohol thermometer wrth the Florentme scale.:
B R P . T : Inv. 1876—733

2 STANDARD MERCURIAL THERMOMETER Made by
Dollond Lent by The Royal Society. : SIS

" This thermometer whrch dates from about ‘the latter part of the exghteenth
century, is a standard instrument made for the ‘Royal Soc1ety N
- It consists of a large spherical bulb at the end-of'a capillary tube 24 in. long,
mounted on a thick brass scale which is graduated in half degrees from- —20
to 535%F., on both sides of the stem: The brass scale is cut across at the 40 F.
graduatrons the lower portion being hinged-to the upper.’ There-are' three
standard points of reference on this thermometer, namely, freezmg pomt of water
boiling point of water and the meltlng pomt of tin...: ;
: ) - Inv 1893—137, s, M 1448 L S

3 STANDARD MERCURIAL THERMOMIZTER Made by
Adams Fleet Street. Lent by G. J. Symons, Esq., F.RS.” T

- This: 0ld standard thermometer was made by Adams of Fleet Street and
dates frorn about the end of the elghteenth century,
. It.is a mercury-in-glass_instrament havmg a spherical bulb and a long and
fairly large capillary tube, thereby securing a wide temperature range. - The
thermometer is- mounted on’ a-brass scale graduated in intervals of ‘20° from
~—30° to 710° F., and upon which are indicated the melting and boiling points
of various substances and other fixed temperatures - Inv. 1893—1 39

4. STANDARD MERCURIAL THERMOMETER Made y
Troughton & Simms. ~Lent by The Royal Society. '

" This standard mercurral thermometer was made’ by Troughton ‘and Simms
- for the Royal Society during the first half of the nineteenth century, and:a label
attached inside the box refers to the instrument as R.S. No. 7. -

“Itis a. mercury-m glass thermometer mounted on a brass scale graduated in
half degrees from 0° to 215° F., and enclosed in a mahogany box. . Inv. 1893—1 36.

B, MERCURIAL THERMOMETER Made by Pastorelh Lent
by The Meteorological Office. : , } r

t=. The graduations range from —60° to +100° .-~ There'is no 1nscr1pt10n at
the back of the frame to show on:what exped1t1ons it was employed; but it is
said to have been used on H.M. S £ Fox in 1857 . L Inv 1908—90

6 THERMOMDTRE FRONDE Lent by L Casella Esq

ThlS instrument is a modification of the thermométre fronde originally deswned
by Arago‘'in 1830 for ascertarmng‘the true temperature of the air wrthout a
thermometer screen.

The thermometer is enclosed in 1ts perforated metal case, when 1t is raprdly
swung above the head about six times by means of a silk cord. The temperature
indicated will then be found to be almost precisely that of a thermometer in a
Stevenson. screen. By this method ‘more- accurate results are obtainable than .
by exposure on stands of ordinary construction. .. - )

(See Q. J R. Met. Soc. 1877.) -7 . - - Inv. 1893——154

7 SPIRIT THERMOMETER Made by Pastorelh Lent, by:
The Meteorologlcal Ofﬁce B

“This instrument, which is - graduated from -—-60 to +120 F was used in
Arct1c expedxtrons on board H.M.S. ! Resolute 9 (Captam S1r H. Austm RN,




PLATE 1.

Royal Society’s Early Siphon Barometer and Admiral Fitzroy’s Barometer.
Standard Thermometer.
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1850-51), and on board H.M.S, * Fox " (Captain, afterwards Admiral, Sir F. L.
McClintock, R.N.; 1857-59). ‘ . )
" On the back is written :— ; . .

‘ This thermometer being nearly a mean of 11 others tried at temperatures
varying between zero and —46° was selected as a standard for the winter, and
was placed accordingly on the fixed ice 1 5 yards from the ship. Itis thus marked
in order that comparative measures may hereafter be made with it as also any
with reference to the journal kept by the officers of Resolute. - .

‘“This Ther. shewing on several occasions — 39°, mercury began to con-
solidate, —39-5° it was no longer in-a fluid state, and at 40° it could have
been propelled by powder. H.M, ¢ Resolute,’ 7th October, 18 51, Horatio Austin.”’

" Fox'Yacht, 1857-9.” . k * Inv. 1908-91.

8. SPIRIT THERMOMETER. Made by Newman. Lent by The
Meteorological Office. S R - :

Graduated from —go° to +4-100° F, . At the back it is inscribed :—*‘This
thermometer was used on board the Arctic ship ‘ Assistance * during the winter
of 1850-51 for registering the temperature of the air on deck.  oth August, 1851.”

‘“ Fox Yacht, 1857-9.” Inv. 1908-92,

-9, SPIRIT THERMOMETER. Made by Hicks. Lent by The
Meteorological Office. S :

The graduations range frorh. —70° to 4-120° F.
It is marked at the back :—‘ Used by Sir Geo. Nares, 1883~4." )
N ) Inv. 1908-93.

10. SPIRIT THERMOMETER. Made by Pastorelli. - Lent by
- The Meteorological Office. ‘ ' S et

This thermometer is graduated from —70° to +120° F. Tt is inscribed at
the back :—‘ From Capt. Penny, October, 1851, for examination with a second
thermometer and an aneroid barometer.”’ . i

“ Fox Yacht, 1857-9.” 'Inv‘. 1908-94.

- 1. FLUCTUATION THERMOMETER. Lent by Prof.
Balfour Stewart, F.R.S." :

This instrument was designed and used by Prof. Balfour Stewart in 1856
to measure the sum of the fluctuations of temperature. : .

Advantage is taken of the difference of capillary force and friction in two
tubes of different capacity connected with the same bulb. -

The thermometer, which consists of two tubes of different bores connected
by a bulb in the centre, is set in a horizontal position, when an increase of tem-
perature causes the mercury in the wider tube to move from the bulb towards
the end, but with a decrease in temperature the mercury in the tube of narrower
bore moves towards the bulb. Thus. with all changes there is a movement of
the mercury in the direction of the extremity of the wider tube, towards which
the mercury steadily creeps.  The instrument is fitted with 2 scale, divided into
two parts, and graduated from o to 180, by means of which the amount of fluctu
ation during any interval of time can be ascertained. - The thermometer is set
for observation by standing it on end.: - po - -
-+ (See Proc. Roy. Soc., Vol. VIII, 1856-7, p. 195.) i . Inv. 187677,

. 12. BALFOUR STEWART'S . EXPERIMENTAL THERMO-
METERS. Lent by The Meteorological Office. o ©-

- These experimental mercury-in-glass thermometers are of. unique design.
Each instrument possesses a central bulb and two stems, which are differently
disposed .in the three cases. = o ' . - ISR

In the longest instrument, a large bulb lies between the two portions of a
capillary tube 192 in. long, while in the smallest one the bulb is situated at the
lowest point of a U-tube, formed by two stems of different bore, one of them
being enamelled behind the mercury column. :
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" ‘In’the other ‘thermometer, the ‘bulb is situated at the lower extremity- of
one of the stems, the second stem joining the first one about } in. above the
bulb, the two stems being parallel and about $ in. apart. ©~  * - o s
.~ The stems ‘of these thermometers are not graduated. *- T Inv, 1915-153,

.

S 3..CHRONOTHERMOMETER: - Made and presented by W. F.

' ‘Stanley{_Esq,‘ skl

- This instrument . was designed:by Mr. ; Stanley 'in .1876 for registering - tem-
perature cumulatively. ; An increase of temperature of 1° F. is found to accelerate
the clock by 17-5 beats per day. ST S LTSt

‘In the chronothermometer, the lower chamber or cistern is hermetically
sealed over with a large air space above it, so that it is purely, an air thermo--
meter. ' * The mercury:is-‘elevated-through the central tube from the lower to the
upper vacuum chamber by pressure from the expansion . of the air . .contained
therein due to increase of temperature, and the rate of the clock is increased
in:accordance with the decrease of the radius of the centre of.oscillation.”
“*::The registration;- during the day or for any period-of time, of a high or low
number-of oscillations, .would represent a high or low average for the height. of
the thermometer for that time. ' I R S

(See Q. J. R. Met. Soc., Vol. III, 1877, p. 355, and Vol. X1I, 1886, p. 15.)
ST el s T In; 188677,

14. SYMONS’S EARTH THERMO
Esq. N

.. This qrrangéﬁleﬁtZWaS”‘de’sig’nédl byGJ Symons to obvidte the difficiilties

IETER. Leht by L. Casella;

_encountered in obtaining ground temperature at different depths.

. It consists of a heavy iron tube pointed at its lower end and driven into the
ground:to the depth at which the temperature is to be measured, while its upper
end projects about 6 in. above the surface of the ground. . A slow action ther-
mometer protected by a boxwood casing is suspended by a ‘chain within the
iron tube, and remains there until a reading is taken, which is done by momentarily -
raising the thermometer. - The scale is graduated in degrees from'25° to 95° F.

In this way the earth temperature at any convenient depth may be measured,

“the depths most frequently employed being 6 in., 1 ft., 2-ft., 3:1t., 74 ft., 6 ft,,

and 1o ft. Inv. 1893-155.

_15. HOLLOW BULB THERMOMETER. Lerit by The “Metero-
logical Office. _ 3 o _ .

"* The bulb of this thermometer- is of annular form, and encloses a cylindrical

air space running almost the whole length of the bulb, thereby exposing a’ larger

area, and accelerating.the action of the thermometer, . 7 - 7T 00 T

A scale of graduations is etched on the front of the glass stem, but the values

of these graduations are not indicated.’ ' U oo © 7 Inv. 1015-15 4.

-.16. THERMOMETER - WITH ENCLOSED LIMB. . . Made. by
J: G. H. Ronketti; London.”" Lent by The Meteorological Office. = =~
... This is a mercury-in-glass. thermometer, with the stem and graduated. scale
enclosed in a glass tube. .« \ oo v : B P
The external tube is sealed to.the thermometer: bulb -near, its upper extremity,
and encloses the stem and ivory scale, which are secured in. position: by a metal
clip at the upper end. The-scale is_graduated. to read, from 23° F..to 116° F.
in fifths of a degree. . * Inv. 1915-155.

_ 11 WATER THERMOMETER. Made by Messrs, Negretti and
Zambra. Lent by The Meteorological Office. T
.. This thermometer ‘is designed specially for -measuring the temperature of -
water, and is of the type supplied to observers at sca. L

. - It consists of an ordinary mercury-in-glass thermometer, graduated “from
10° F. t0 134° F.,"and mounted in'a" metal -case with its bulb near the bottom
of a’deep trough. " The bulb and the lower portion of the stem thus remain
completely surrounded by ‘the liquid when' the instrument is lifted from -the
water, B ’ Inv. 1892-154.



13

7 18. BOILING "POINT . THERMOMETER Made by Casella
Lent by The Admiralty.

. This boiling . point, thermometer was used on the . British (“ Discovery ')
Antarctic Expedrtron of 1901, and is adapted for hypsometrical measurements.
It is a mercury-in-glass thermometer graduated.to.read from:180°F. to
215° F. in fifths of a degree. Immedrately above the bulb is an enlargement
of the bore. . St Inv. 1911-168,

19. BALLOON THERMOMETER Lent by The Meteorolog1cal
Office.

This very sensrtlve thermometer was constructed by Casella in order to
obtain accurate indications of the temperature of the layers of air through which
a balloon might be passing rapidly.

It is a mercury-in-glass thermometer, provided with a long bulb of narrow
bore, and mounted fully exposed to the air, so as to reduce the lag to a minimum.
Its delicacy of construction, however, renders it very fragile, and liable to damage
from the bumping which frequently accompames balloon descents.

- It is graduated in degrees from —10° to 105 F. Inv. 1894—1 I7.

20. AEROPLANE THERMOMETER ‘Made by chks. Lent by
The Meteorological Office. S

This thermometer was designed for use on aeroplanes, for mdxcatmg atmos-
pheric temperature. - It has now been replaced by an improved type.

The instrument consists of a large bulb filled with coloured liquid, which also
partially fills the long column. The bulb is enclosed.in a polished metal cover,
which affords protection from sunshine, and is ventilated to allow free passage
of the air. The thermometer, which is mounted on a strut of the aeroplane,
some distance from the engine; is ‘somewhat sluggish in action, and is unreliable
when the machine is ascending or descending rapidly. Itis graduated in degrees
from 40° to 82° F. Inv. 1919-516.

SELF-REGISTERING TH ERMOM ETERS

21, PHILLIPSS MAXIMUM THERMOMETER Lent‘ by
L. Casella, Esq. o .

. This type of thermometer, in-which the temperature is registered by means
of a separate portion of the column, was designed by Prof. Phillips in 1832.

It consists of a mercury-in-glass thermometer, the index of which is a portion
of the mercurial column separated from the remainder by an air bubble, -The
instrument is' mounted horizontally, so that with a rise of temperature’ the
detached portion moves to the right, but remains in its extreme posrt1on ona
subsequent fall of temperature.

‘The end of the index further from the bulb then 1ndlcates the maximum
temperature attarned ) . S ~ ) ... Inv.1893-153.

© 22, STANDARD MAXIMUM THERMOMETER ’V[ade and lent
by Messrs. Negretti and Zambra.

“The self-regrstermg mstrument was desrgned and patented by Messrs Negrettr
and Zambra in 1852 to indicate. the maximum temperature reached smce the
previous observation.. -

The thermometer stem is bent at r1vht angles about an mch above the bulb
and near the bend is inserted a small piece of solid glass enamel which acts as
a valve, allowing mercury to pass over it only on the application of heat.”* On
subsequent cooling the column of mercury which has passed the valve cannot
recede past the constriction, so that it remams in posx‘aon and . reglsters the
maximum temperature.

After a reading has been taken the thermometer can be reset Dy gently
shaking the mercury past the constrrctron unt11 the lower portron of the stem
is completely filled. R

_The instrument is graduated in degrees from 10° F to 146° E ’

(See Pat. Specn., No. 14002 of 1852.) Inv. 1921—318.




* lent by Messrs.-C. F.,Casellq"&rCo.:, Ltd. -
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- 23. RUTHERFORD’S MINIMUM THER’MOMETER.", Lent by
L. Casella, Esq. Co e

.7 -This type of minimum thermometer was designed by Dr. Rutherford in
1794 and is still in use. . TR S s
It is a spirit thermometer, in the column of which is a glass index.. It is
mounted horizontally so that a decrease of. temperature -causes’ the " spirit to
recede to the left, carrying back the index to the lowest position, where it remains
when the temperature subsequently rises. The minimum temperature is then
registered by the.end of the index remote from the bulb. .The instrument is
set by tilting until the index slides up to the meniscus, : TS
A scale is etched on the thermometer stem and graduated in degrees from
o? to 135° F. - : o TR o '

.i-_(See Trans. Roy. Soc.,_: Edin., 1794.) ' " Inv: 1893:158;

.24, STANDARD MINIMUM THERMOMETER. Made and lent
by Messrs. Negretti and Zambra. : R T
- - This self-registering minimum thermometer is constructed on the principle
proposed by Rutherford in 1794. . S : :
This alcohol thermometer is used horizontally and a small glass index floats
in the spirit, its end furthest from the bulb being flattened. The instrument is
set by inclining it with the bulb uppermost, until the index reaches the meniscus
of the indicating column, after which it is again placed in the horizontal position.
Any subsequent decrease of temperature causes the index'to be drawn back
to the lowest point to which the alcohol recedes, but an increase of temperature
has no-effect, so that the end of the index remote from the bulb registers’the
minimum temperature which has been attained; ; Inv, 1921-319;

L. Casella, Fsq. . -

.- This minimum alcohol-thermometer is constructed-on Ruthetford’s principle,
and is provided with a forked bulb which increases its sensitiveness.

The instrument is mounted on a block of ebonite, beyond which the bifurcated
bulb projects. THe large surface area of the bulb tends to reduce sluggishness,
and to improve the sensitiveness of the instrument, - AR S SRR

' The stem is graduated in degrees from —20° to 118° F." Inv, 1893-152¢

25. MINIMUM - ALCOHOL = THERMOMETER. Lent - by

2 MERCURIAL MINIMUM THERMOMETER. 'Lent by

G. J. Symons, F.RS. =

This instrument was designed and patented by Messrs. Negretti and Zambra
in 1855, to indicate the minimum temperature attained since a prior observation
was made, " - ; R T

The large bulb of the thermometer is connected -to a' fine capillary tube,
above which and continuous with it'is a tube of wider bore, provided with a
graduated scale and terminating at its upper end in a small bulb. . A steel index
pointed at both ends is free to move along the wider tube, and when set for
observation its upper point is brought to the mercury level. S

With any -contraction of the mercury column, the index falls by .its own
weight, but with increase of temperature the mercury expands and rises in’the
tube, passing the index and forcing it to the side of ‘the-tube, where it remains
firmly fixed,"and indicates‘the minimum temperature reached by the position
of its upper point. A magnet serves to adjust the index, thereby setting the
instrument for another observation. - L o T ;

‘The scale is graduated in'degrees from = 47° to 126° F.
©. (See Pat: Specn., No.2306 of 1855.) R

e ::Ir;vr,*‘iis'g},'—‘izgr;
27. MERCURIAL' MINIMUM THERMOMETER " Made and

This ‘instrument’ Wé.éA'vdesiéne& a:,n'd’ ﬁatehted\by Mr. L. M. Casella in 1861;
to indicate the minimum’ temperature - attained subsequent “to the Previous

reading. . -
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. It is an ordinary mercury in-glass thermometer, supported with its stem
horizontal. .-About 1-5 in, from the bulb this Horizontal stem’ is fitted with a
.lateral chamber, shouldered near its extremity, into which the mercury expands
as the temperature rises, while the position of the mercury in the indicating
stem remains stationary. ~Subsequent fall of temperature causes the mercury
to recede in the stem, while that in the lateral chamber is unaffected. . In this
way the thermometer continually indicates the minimum temperature attained
since it was last set. . ., . ) T R o .

(See Pat. Specn., No. 2100 of 1861.) ' " Inv.1921-314.

28, HICKS MERCURIAL MINIMUM THERMOMETER. ) Lent
by The Royal Meteorological Society. AR

. In this form of instrument, which was introduced in 1861, the temperature
is ascertained by the measuremént of a detached portion of the mercurial column.
In the bulbis a piece of platinum wire extending from a contraction at the
neck to the bottom, and above the bulb is a small air bubble by which the column
is divided. - LT L S
During a fall of temperature, ‘mercury passes below the air bubble (when it
is in its lowest position at the neck of the bulb) into the bulb, thus shortening
the column; on the temperature rising, the air bubble is raised’ and carries
along with it the detached column unaltered in length. A

- To take a reading,.the zero of the scale is brought into line with the upper
part of the air bubble, when the number corresponding to the top of the upper
column will give the minimum temperature. ) y S

- (See Pat. Specn., 1861, No. 1244.) ' ‘Inv. 1915-420.

29, MERCURIAL MINIMUM THERMOMETER. . Made and
lent by Messrs. Negretti and Zambra.

" This self-registering instrument was designed and patented by . Messrs.
Negretti and Zambra in 1862, to indicate the minimum temperature reached
since the previous observation. ) : .

Attached to the stem of the thermometer, and about an inch above the
cylindrical bulb, is a supplementary tube, in which is inserted a small platinum
plug. . The thermometer is used horizontally, and if it is inclined the mercury
flows along the supplementary tube until it reaches the plug. ) : :
_ On a decrease of temperature the mercury will fall in the indicating column
until it atfains its minimum temperature, and on a subsequent increase of tem-
perature the mercury will rise in the supplementary tube, so that the indicating
column will continue to register the minimum temperature. “

To reset the instrument, the bulb end of the thermometer is raised until the
mercury again comes in contact and is checked by the plug. =

.~ (See Pat. Specn., No. 1223 of 1862.) ~Inv. 1921—-320.

30, MINIMUM THERMOMETER, WITH FLAT?BULB. Pre-
sented by Dring and Fage. » N o

This spirit minimum thermometer of the steel index type is specially designed
‘and. constructed to eliminate sluggishness, which is'a disadvantage of spirit
‘thermometers. . ’ o : : :
. The bulb is made flat and shallow so as to expose as large a surface as possible
to the atmosphere, while the glass’is made as thin as is consistent with a non-
Jbarometric action. ) :

The instraument is graduated in degrees from —27° and 138° F. s

: o ’ Inv. 1876-857.

31. SIX’S THERMOMETER. Presented by Messrs. Dring and
Fage. = . S \ , o .

" This instrument, invented by 'James Six in 1782; is designed to furnish a
continuous indication of both the maximum and minimum temperature experi- -
enced since the setting of the instrument. - : . . o
) "The thermometer consists of a U tube, one arm of which is again bent down-

_ wards, while a bulb.is provided at each extremity, The. long .cylindrical bulb
is filled with alcohol or creosote, the other bulb being partially-filled with the
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same 11qu1d and also’ contaxmng a’bubblé of air under pressure Mercury is
contained in the lower "half of .the" V-tube,” and "as the’ temperature rises,” the
liquid in the filled bulb expands and pushes in'front of it the column’ of mercury
at either end of ‘which'is a’steel’ index coated with' glass, which‘is enabled to
retain its position in the tubg: by means of an attached hair. ~The’inidéx 6n the
= right is thus pushed’ upwards ‘and remains at the extreme point’ to which' it is
pushed, the maXimum temperature being then indicated by the* position’ of its
lower extremity. A subsequent fall of temperature moves the mercury column
to the left; pushing the left hand index upwards, thus indicating the minimum
temperature

- ‘The instrument is-set for observation by adjusting.the steel indexes to the
ends of the mercury column by means, of a magnet. Lo Inv 1876—856

: 32 ‘RUTHERFORD’S' MAXIMUM- AND ‘MINIMUM THERMO-
METERS . Lent by The Royal Meteorolog1cal Soc1ety

. The mercunal maximum and’ spirit ‘minimum’ thermometers wh1ch were
originally designed by Dr. Rutherford m 1794, are shown together on the same
frame,

The’ thermometers are mounted honzontally, the’ max1mum one bemg upper-
most, ‘and’ consisting of a’ mercury in’ glass instrument, provided with'a steel
index which is pushed along by the mercury .column ‘as the temperature rises.
The minimum instrument is a spirit’ thermometer, provided with a' glass index,
which recedes with the indicating column on a fall of temperature, but does not
change its position when the temperature rises.

" " This form of maximum thermometer is not now in common- use, but- the
mlmmum thermometer is frequently employed

- (See Trans. Roy Soc., Edin., 1794.) .o L Inv. 1915—421

.. 33. SIX’S THERMOMETER WITH FLAT BULB Lent by
S..G. Denton, Esq.

- This instrument is a modification of the Six’s thermometer of 1782 a thm
ﬂat bulb being fitted to increase its sensitiveness.

.~ The thermometer is identical in principle to the Six’s-thermometer shown
: ad]acent ~The large bulb is specially de51gned however, so as to present -as
large a surface.to the air as possible, thereby 1ncreasmg the sensitiveness of the
1nstrument and’ reducmg its lag A o v Inv 1876—849

34. DI’\IENUON THERMOMETER Made and lent by C F.
Casella & Co,, Ltd T

‘This instrument is srmxlar in pnnmple to Six’s mstrument but is constructed
to hang horizontally instead of vertically.
.- - The tubeis in the form of a U, having a bulb at each extremlty, one being
completely filled ‘with spirit, and the other containing spirit and also a‘bubble
of air.under pressure. As the temperature rises, the liquid:in' the filled: bulb
expands and pushes in front of it a column of mercury, having an.iron index
ateach end. - As the temperature decreases the mercury is allowed to move back
and pushes the lower index to the left.” The indexes remain’at the furthest
.point to which they are pushed by the mercury as it travels forwards or back-
-wards, and thus indicate both maximum and minimum temperatures, the readings
being taken from’ the ends of the indexes nearest the mercury,  They are reset
by t11t1ng the mstrument so that they fall by then' own weight on to the mercury
column. - .~ o “Inv.1921<311.

St THERMOGRAPHS. -0 . .

35. METALLIC THERMOGRAPH. Lent by The Royal Meteoro-
logical Society. .

.+ This self- reglstenng thermometer was 1nvented and made by N S Hexneken
.m 1837..

A compound bar is bent into’ the form of the letter C and opens out or cIoses
‘with variations’of temperature. =



,1;7

"..One end of the bar.is secured’to the base of the instrument, and the other is
free to act upon a lever bearing a toothed arc. .This arc; by means of a pinion
and wheel, moves a rack carrying a pencil by which a record'is made upon the
paper.of-the drum.. . This drum. is ruled for. temperature and divided by ;twelve
-vertical lines for the hours..: The whole is set on a.mahogany stand. .,
. T ) L el s e NV 915—4I9.

<36 WHITEHOUSE'S - EXPERIMENTAL  THERMOGRAPH.
Lent by The Royal Meteorological Society. " ™ AR L
;’.I‘his‘ cojnvsis‘ts‘ of a Six’s thermometer of which the ;;z;rt. of the ’gﬁbé,confafning
the mercury is bent into the form of a circle. This circular part is set in a vertical
position, while the bulbs and connecting tube form a horizontal axis .on_which

the whole instrument is free to.turn,. ‘.. RSN . .

The expansion or contraction of the alcohol in the -thermometer: through
changes of temperature causes a movement of the mercury in contact with it,
and a consequeént change in the position of the centre of gravity of the apparatus,
‘with the result that the glass circular tube turns. . An index’can’ be so'arranged
in connection with the tube as to mark on a paper the movement:and: ‘thus
record the rise and fall of temperature,: 7~ s+ : +Inv..19152418:

ERNPE

37 THERMOGRAPH. “Lent by The Meteoralogical Oiice.

" This inéfrﬁﬁlent,,w_fliéh is of vthe-Metéorologicail Qfﬁé'e pat"c‘ern,t‘iAsbdé'sigﬁéd to
urnish a continuous record of temperature-at any place. , For meteorological
use it must be exposed out of doors, preferably in a screen..

It consists essentially of a bi-metallic spiral,-one end of which is firmly secured,
the motion of the other extremity being communicated ‘by a shaft to a'long
lever arm carrying a pen. This pen bears lightly on-a clock:-drum carrying a
daily or weekly chart. - A device is provided for altering the position of the pen
on the chart and so setting the pen for different seasons or climates. L

Two ranges of charts are used in the British Isles; . the Winter chart, which
‘has a range from — 10° F. to 65° F.,; and the Summer chart from 30° F. to 105° F,
the proper datefor changingifrom one set of charts to the other varying considerably
with the locality. - For London the changes should be made about the middle of
‘April and of October respectively, * L e I 192I~75.

THERMOMETER SCREENS.

38. STEVENSON THERMOMETER SCREEN. Lent by The
Meteorological Office. "~~~ = o .o ST

- This thermometer screen of the Royal Meteorological Society’s pattern, which
is in general use in this country, is'a modification of the screen originally devised
about 1864 by’ Thomas’ Stevenson; CE., FR.SE; Enginéér 't6’ the Board: of

Northern Lights," and ‘was: improved' in '1883.by-a Committee -of -the Royal
Meteorological Society... ... .. B I I T N S T S SN
It consists of a wooden box designed to-protect thermometers from radiation,
‘while’ at the same "time _providing adequate ventilation. It is'fitted with. a
‘double roof and double louvred sides, -the floor consisting of three narrow .boards,
the outer ones overlapping the inner one in such a way.as to completely shut off
radiation from below, but allowing free access of air. ~Enclosed in the screen are
- maximum, minimum, and wet and dry bulb thermometers, which are clamped
‘in position, ‘and so arranged that they may:be read without the ‘necessity for
:moving-any of them, while the bulbs are as far removed. from .the walls of the
screen as.possible., ) B R F ‘)
- The screen should be freely exposed;to.sun, and wind, and should stand on
four legs above closely cut grass, the floor of the screen being at a height of about
3 t. 6 in. above the ground; and s¢ fixed that the opening side faces'North or
*slightly to’ the East: of North, to avoid radiation effects while observations are

being made. et BRI fr“::‘j_ b ,f: el ;;5

(See Q. J., Met. Soc., Vol. XXIII, 1897, p. 72.) - Inv.1892-153.,S.M. 1442, L.S.
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=39, NORWEGIAN- THERMOMETER SCREEN Lent by Prof
'H Mohn Chrrstlanla o

" This-Screen - was' desxgned by Prof H. Mohn about 1875 for use at statrons
under the control of.the-Norwegian Meteorological Institute, and is mtended as
-a shelter for a minimum thermometer only.

_ o Itis made of sheet iron with double walls, and is supported out51de a window
on a hotrizontal rod which'i§ designed to pass through the window frame, so that
the screen and thermometer together may, be tilted in order to set the instrument.

The double walls protect the mmrmum sp1r1t thermometer which is of the

iRutherford type from radlatron "v ‘:: *» v » S Inv 1876—-780

40 NORWEGIAN THERMOMETER SCREEN Lent by Prof
H- Mohn Chrlstlama

Thrs screen was desrgned by Prof H. Mohn about 1875 for obtammg the
air temperature, and was used at statrons controlled by the Norweglan Meteoro-

.logrcal Institute.

1;It is a.single walled sheet-rron cyhndrrcal shelter to be mounted outsrde a
wmdow or on a wall,"and kept in the shade. Adequate ventilation is provided
by the absence of a floor and by large air vents immediately below the conical
roof. " ‘A sensitive thermometer is supported axially in the screen by two radial
arms, and can be read through a rectangular aperture in the side of the screen.

o The thermometer is graduated in 1ntervals of 2° from —40 C.to'35°C:

- Inv. 1876—78r
41, NORWEGIAN IHERMOMETER SCREEN Lent by Prof

H. Mohn, Christiania.

- This screen . was desrgned about 1875 by . Prof. H. M6hn for meteorologrcal
stations of th‘e second order, controlled by the Norwegian Meteorological Institute.

" . It is ‘a'single walled sheet-iron shelter designed to be mounted outside a

‘window and kept in the shade, while the back being louvred and the fact that

no front or floor is provided, ensure adequate ventilation. . The screen contains
dry and wet bulb thermometers, a minimum thermometer of the Rutherford

'pattern and a single-hair hygrometer of the type designed by Saussure. ’

Inv. 1876—782

| “BAROMETERS;

Several general notions in regard to the welght and pressure of air
seem td have been entertained in ancient times, but it was due to the
celebrated expenment of Torricelli in 1643 that the barometer in.its

-best form was-at once created,. After this some time elapsed before

attention was directed tothe variation of height of the mercury column
or to the fact that this variation was related to weather changes.

Barometers really group themselves into two divisions, the cistern

.type and the siphon type, the former of whrch is prrncrpally used in
'England and the latter on the continent. = -

. The siphon form of barometer appears to have been contrlved at
an early date, and then abandoned, as it diminished the range of
motion of the-mercury, while efforts were chiefly centred on rendering

“the scale, more open., Hooke, in 1665, described a wheel barometer,
‘having one’line and’a single pulley, and the following year Boyle
“described a- balance barometer, which was later modified by Morland,
-in which.a hollow glass sphere was balanced against a. metal counter—
werght whrch could be ﬁtted wrth a wheel and 1ndex :

TeTa 4 LR

¢
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The earliest proposal for increasing the scale is ascribed to Descartes,
and was carried out by Huyghens, who employed a supplementary
tube extending upwards above the mercury column containing water,
the motion of the surface of which magnified the variations due to
atmospheric pressure. However, it proved unsatisfactory, and in
1672 Huyghens proposed another arrangement known as the double
barometer, which was modified by De la Hire in 1690.

This was followed by Morland’s diagonal barometer, in which the
upper portion of the tube was inclined considerably to the vertical,
in order to increase the scale.

The first effort to indicate the height of the mercury column with
accuracy was due to Derham, who in 1698 proposed to use a fine finger,
a rack connected with which moved a hand traversing a graduated
circular dial giving readings to o-or1 in., while in the same year Gray
proposed to read off the height by using a double microscope furnished
with a micrometer, an arrangement similar in principle to the catheto-
meter.

A further device for increasing the scale known as the rectangular
barometer was proposed by Cassini, and later by Bernouilli in 17710,
in which the upper closed end of the tube acted as the cistern, and the
lower end was extended as a narrow horizontal tube, so that a varia-
tion in vertical height gave a greatly increased variation along the
horizontal tube.

Dalencé in 1688 described a portable barometer having a closed
wooden cistern, with no communication to the external atmosphere.

An ingenious conical barometer for use at sea was devised by
Amontons in 1695, which consisted of a conical tube closed at the
upper end and open below, and of diameter gradually increasing
downwards. Variation of atmospheric pressure causes the mercury

to rise and fall in the tube, thereby increasing or decreasing its vertical
depth.

Towards the end of the seventeenth century Hooke introduced a
combination of an air thermometer and a sealed thermometer, so that
by comparison changes of pressure could be inferred. This instrument
has been modified at various times and eventually reached the form
of the sympiesometer.

The earliest mention of boiling the mercury was made in 1738 by
Beighton, who stated that Orme in making diagonal barometers boiled
the mercury in order to drive out air.

Quare in 1685 constructed a barometer in which, by means of a
screw acting upon a leather below the cistern, the mercury could be
forced up the tube and so render the instrument portable. Modifi-
cations were introduced by Sisson, Rowning in 1744, Bourbon in
1751, and a similar form was described by Desaguliers.

In order to ensure a definite level of the mercury, Brisson in 1755
provided a small hole in the cistern so that the superfluous liquid
might overflow, a method which was adopted by Lavoisier in 1779,
Austin 1790, Power 1877, and Negretti and Zambra in 1886.

About 1788 Ramsden constructed a barometer provided with a
double index in front and behind the tube, which was adjusted so as
to be tangential to the convex mercury surface. The index carried
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‘two verniers indicating English “and French 'readmgs, whilé ‘a ther-
mometer- was' fitted - g1v1ng the temperature on the Fahrenhelt and
‘Réaumur scales.: : - . - «

‘Another method of ad]ustmg the- level of the mercury was s intro-
duced by-Gough in 1807, who employed an ivory piston in the lower
widened branch of the siphon barometer, to adjust the mercury to an
external mark on- the glass ; “a similar method was also employed by
Newmian: -Fortin: in -1810. suggested. applying - this’ to- the ‘cistern
Jbarometer, -and- adjusting- the  mercury. by -screw. action from below
so as just to touch a fixed ivory point representing the zero-of the
scale, while in 1837 Newman produced his standard barometer in
which the rod carrying the scale terminated below in an 1vory point
for. ad]ustment to the mercury surface.

- Gay Lussac’s'siphon form of portable barometer was ﬁrst descnbed
in 1816. - In this instrument the lower part of the principle tube is
contracted; and a‘small hole near the end of the short branch affords
communication with the external air. This was modified in 1824 by
Bunten, who placed within the lower part of the:main tube a second
tube tapering downwards and terminating in a small orifice, thereby
preventmg access-of air to the vacuum.

- In 1837 Bally described the well-known flint-crown glass standard
of-the Royal: Society, consisting of two distinct tubes, one of flint
and the other of crown glass, dipping both into one cistern, ‘and
;provided with a common scale. ,

In:order. to_increase the sen51t1v1ty of the barometer Guthne in -
_1877 connected the two branches of a siphon -barometer by a hori- .
zontally—placed spiral of small internal ‘diameter, having an mcluded‘.
small air bubble to indicate barometnc variation. - .

The Kew standard barometer was first described by Welsh in, 1856
wh1le of .other, standards may be mentioned the normal: barometer
and cathetometer of the Russian Central Physical Observatory, -

- Liquids other than mercury have been employed in the construc—
‘tion of barometers, the most important examples belng linseed oil by
Luke Howard in 1801, and water by Daniell in 1830 in the well known
‘water barometer of. the Royal Society, which was afterwards destroyed
by fire at Crystal Palace. Glycerine was also employed by. Jordan
m 1873, and an example of this type of barometer is exhibited.

SIn 1880 Wallis. des1gned ‘his. barometer ad]unct “which ¢consists of
a small microscope for attachment to the cistern for famhtatmg the
ad]ustment of the ivory pomt

“The practlce of attaching to barometer. scaleS}words 1nd1cat1ng the
kind of weather to be expected with different heights of the mercury
‘appears to be one of comparative antiquity.  In 1688 Dalencé indi-
‘cated nine different types of weather, _together with the corresponding
barometer readlngs whlle Derham in 1698 also mentlons weather
fplates B T S RO P DS LS

_Fitzgerald’s® wheel barometers of 1761 and 1770 give six dlfferent
r dlstmctwe types of weather; while’on Ramsden s portable barometer
of the same period there are seven.

~-Changeux in 1780 proposed modlﬁcatlons havmg regard to d1fferent ,
wmds, while ‘Fitzroy ‘at a-later date” endéavoured' to g1ve weather
4ndications-that should better:accord with-actual fact. : :
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A recording ‘barometer was' designed’ by -Beaudoux in 1777, and

paper.: - This arrangement was modified in’ 1780 by Changeux, *who

hammer at definite times, a method afterwards’ adopted by Kreil 1841,
Brysson 1844, and others.
applications : of electricity enabled Jordan in' 1838 to apply photo-
graphy to the registration of barometric'and other variations, and he

_"The balance barometer, afterhaving been employed by-Morland,
was revived. by King in 1853 for recordlng purposes, and agam by
Secchi four years later. :

Regnard’s barometrograph of I857 prov1ded a continuous record
by differential action originating from a clock or from electric currents,
controlled by the movement of the float in the lower branch of a siphon
barometer, by ‘which means motionis. commumcated to a screw or
a line passing.over‘a pulley, in either case carrymg arecording pencil.
This arrangement was. modrﬁed by Redrer in’ 1875, and agam in
1886 S : . -

GISTERN BAROMETERS

Sm1th London. - ‘Presented by The Admlralty

This' instrument, which dates - from. about 1750, is of the type des1gned by
Srr Samuel Morland. - In order to obtain an open scale, ‘the: upper portionof
the:tube is inclined considerably to the vertical, and any. change .in-the baro-

the tube than in the case when the barometer tube is vertical.

screw, operated from below. = The barometer tube is bent-at an angle of about
80° near.the 28-in. graduation, and a graduated:scale corresponding to a ‘baro-

the upper portion of the tube,. enabling the barometer to be read to 0+01 in.
. ‘Mounted on the same board is an alcohol thermometer graduated accordmg
to the Fahrenheit scale,

“The intervening space is occupred by a calendar entltled

: “CA perpetual
Regulation of Time,”

from which.the days of .the month, zodiacal-signs,~sun’s

Brrdge, and phases of the moon can be ascertamed

London.-

- This early 1nstrument is of the closed c1stern type, and represents the stage
of development of the barometer about the middle of the eighteenth century. -

It consists of ‘a barometer tube entering at its, lower extremity. a cylindrical

the top of the tube for facility ‘of transport. A ‘scale graduated in'inches and
tenths is fixed near the upper end of the barometer tube, and carrles ‘a pomter
which may be set at the barometer readmg .

graduations, enablmﬂr the 1nstrument o’ be usedas a weather glass. " .
§ Inv. 1920—54

consisted of a siphon barometer attached to a- sémi-circular balance
beam carrying a-pencil, which traced a continuous record on a travelling -

arranged the recording pencil ‘to beleft free, and to be struck by a.

The discovery. of photography and :the |

was followed in 1847 by Brooke and Ronalds working 1ndependently ,

42, DIAGO\IAL BAROMETER Made by Messrs Watkms and‘

metric pressure is accompanied by a much greater motion of the mercury along :

"Itis a closed cistern barometer prov1ded with a leather base and an’ ad]ustmg '

meter variation of 3 in., but having a length of about 20 in., is fixed alongside

right ascension, declination, and time of rising and settmg, lngh water at London )

Inv 1876—814, SM 987 LS

43, PORTABLE CISTERN BAROMETER Made by F VVatkms,‘

wooden cistern’ which'is closed at its base by a:covering of-thin: leather,. and -
the whole is enclosed by a hemispherical cap of mahogany. . Below this cistern’
a screw presses on the leather, and may.be employed to force the mercury to

‘A series of nine weather indications are engraved oppos1te the’ approprlate g




by The Royal Society.

- by The Royal Society. -
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" 44..OPEN CISTERN BAROMETER Made by Ramsden Lent
by The Royal Society.. - = .

This barometer was in use at the rooms® of the Royal Somety durmg the

latter half of the eighteenth century, and is referred to by Cavendish in 1776
in his description of the Royal Society’s instruments.
" The cistern consists of a turned mahogany hemisphere, prov1ded ‘with & cover.
The barometer tube is secured with its lower end below the surface of the mercury
in this ‘chamber, while at the upper end a movable index carries a-vernier by
means .of which the barometric helght may be read on the graduated scale.
The internal diameter of the tube is approxrmately 0-25 in., and the depression
of the mercury due to capillarity is 0+ 05 in., while the limit of the capacxty error
is about 0-orin. -

Seven weather indications are marked opposite the appropnate barometnc
readings. ] :

(See Phil. Trans . Vol, LXVI 1776 P- 3759 ) - Inv. 1893—143

- 45, STANDARD FORTIN BAROMETER Made by Messrs
Elliott Bros.

This is a closed cxstern barometer embodymg the prmmple first suggested
by Fortin about 1810, which consists in ad]ustmg the mercury in the c1stern
until its surface is just in contact with'a fixed ivory point..

The graduations of this instrument are made from the t1p of the ivory pomter
in the cistern which indicates the zero of the scale, and before a reading is taken
the surface of the mercury is brought into contact with this tip by means of
a screw at the bottom of the barometer, which, acting on an inner flexible leather
base of the cistern, raises or lowers the contents.-- The readings obtained in this
way give the actual height of the mercury column from the surface of the mercury
in the cistern, and the capacity error.is thus eliminated. A metal scale and
vernier enable this height to be read to 0:002 in., and a Fahrenheit thermometer
‘on the case of the instrument indicates the temperature.

A barometer tube is supported by, a bracket and fitted with a ring and
clampmg sciews, so that it may be fixed readﬂy in a vertical position, which-is
essent1al for accurate observatlons R “. Inv, 1885—116 &: 117

o/ v
46. OPEN CISTERN B vROMETER Made by Newman. Lent

This open cistern mercurj 1 barometer, whxch dates from about 1820, was
made for the Royal Society by Newman, under the direction of Dr. Daniell.

This cistern is turned in‘well-seasoned mahogany, and there is a small cav1ty
in its base to receive the end of the barometer tube, while a groove communicates
with a cayity to ensure the free passage of the mercury. “An ivory float with
marked stem indicates the change of level of the mercury in the cistern with
the rise or fall of the barometer, and by means of which the level may be taken
very accurately.-

The tube has a large bore (0° 53 in. ) ‘hence the error from caplllanty is small,
and the correction to'be applied for the capacity of the cistern is o-or of the
distance above or below the neutral point, which is given on the instrument as
30°576 in. A scale’ reading to 0:002 in. enables the barometnc helght to be
read and reduced to the standard temperature of 32° F, :

A small thermpmeter in front of the instrument dips into the mercury of the
cistern, and is graduated with the Réaumur and Fahrenheit scales.

(See Meteorologrcal Essays and Observatmns by ] F. Daniell, F.R.S.; 1823.)

- Inve 1893 1422

47 OPEN CISTERN BAROME r ER Made by Newman Lent

This barometer, which dates from 1824, was made for the Royal Somety by—
Newman under the direction of Sir H. Davy. .

It comsists of an open cylindrical iron cistern 1nto whlch dips the lower end
of the barometer tube. Within the lower part of the main tube is enclosed a
second tube tapering downwards and terminating in-a small ‘orifice as applied
to the siphon barometer by Bunten in the same year, thereby preventing access
of air to the vacuum, ~
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Correctlon is. made -for ‘capacity error, by .means of an’iron “plunger, which
is of the same diameter as the inferior of the barometer tube, and is made to
dip into the mercury of the cistern. When the vernier is raised or lowered for
taking readings; the plunger is moved sxmultaneously, but in a contrary direction,
Dby the action of a pinion and a double rack. - Thus any decrease or increase in
‘the amount of mercury.in the. cistern, consequent on a rise or fall of the baro-
‘meter, is'compensated by the immersion of the plunger ‘A barometer is attached
to the instrument, the bulb of which is placed in the cistern. ' A graduated scale
and vemrer are ﬁtted enabhng the barometnc hexght to be read to 0+002 in.

Inv., 1893—138

48, LARGE CISTERN BAROMETER Made by R C. Woods.
‘Lent by The Royal Meteorologlcal Soc1ety -

This instrument was made in 1837 by R. C. Woods as a standard barometer
for the Meteorological Society. . - -
It consists of a large glass c1stern 7 in: in dxameter and capable of holdmg
-about 70 1b. of mercury. The sectional areas of the cistern and tube are in the
proportion of 50 to I, so that correctrons for capamty error. are thus rendered
-unnecessary.
Graduated scales are attached near the upper end of the tube, upon wh1ch

the barometric height can.be read in French or Enghsh units; the.latter with
an accuracy’ of 0r001 in. K Inv. 1915—422.

49 RONALDS S ORIGINAL PHOTO- BAROMETROGRAPH
Lent by-The Meteorological Office."

" This apparatus was - de51gned and constructed by ‘Sir. Francis * Ronalds in
'1847, for registering photographically the changes in the height of the barometer
upon a daguerrotype plate. It was afterwards erected and used at the Kew
Observatory...

In this instrument the light from - an argand lamp, after passmg through a
condensing lens, falls on a narrow slit cut in a metal plate attached to a barometer
‘tube, the mercury.in which, by rising or. falling, varies the length of the slit
illuminated.’ “An ‘achromatic combmatmn of lenses,- by Voigtlander, throws a
magnified image of the bright slit upon an aperture in-the case, past.which a
daguerrotype plate is moved slowly by, clockwork, and S0 reglsters the changes
‘in’ the height of the barometer." :

The barometer itself, together with the crstern whxch is of large area, is
suspended from a system of levers-and zinc rods, on 'the principle of the grldlron
pendulum, in such a manner as to render the 1nd1cat10ns immune from the effects
‘of temperature fluctuation. -

- An improved form of -this mstrument in Whlch the photographlc image is
received upon paper, was developed later, and employed in many observations.

v (See Bnt Assoc. Report 1851.) - Inv. 1876—795

- 50, GLYCERINE BAROMETER Made by Jas. B Jordan Esq

This instrument was de51gned in 1873 by J. B. Jordan.with a view to. pro- ’
indicating ‘small changes of pressure by -~
considerable variations in the height of the indicating column, .and at the same
time preserving the accuracy of the mercurial barometer.

- The .fluid_ employed in this barometer is pure glycerine, havmg a specific
gravrty of 1:26; or about one-tenth that of mercury. On account of its high
boiling point this liquid possesses a low vapour tension at ordinary temperatures,
so that a barometer of this construction is not subject to the errors of a water
barometer.

The fluctuations of the column cf glycerine are observed in a glass tube of
.I sq. in. sectional area, or one-hundredth that of the cistern, while the tube

.formmg the. body- of the instrument is an ordinary composition gas pipe’ of

625 in. diameter and 27 ft. long, placed in the well of the staircase between
the upper and lower galleries. . The exposed surface of the glycerine in the

.cistern is protected by a layer of paraffin oil, in order to prevent absorptlon of

moisture from the atmosphere.

The divided scale on the.right hand 51de is in inches,- and that on the left
shows the equivalent values reduced to a column of mercury

(See Proc. Roy. Soc., Vol. XXX, 1873, p. 105.) " Inv 1876-—760
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L 51, CHRONOBARO‘\IETER Made and presented by W F
‘Stanley, Esq : ‘

“‘This- mstrument Wthh 1s'srm11ar in’ pr1nc1ple to those of Hall in 1851 and
‘Rankme 1853, was designed by Mr. Stanley in’1876'in order to secure the mean
. 6f 'the - atmospheric *pressure-for ‘any; given penod as hourly, dally, weekly,
monthly or yearly,”by-simple-observations. / i :

“In-the’ chronobarometer,-a barometer tube of: modlﬁed construction’ is’ sus-
pended as'a pendulum; and‘driven:as an ordinafy time pendulum, by clockwork.
The modification consists ‘principally in making the vacuum chamber at the ~
top and the cistern below of nearly equal diameters,-so that increase of atmos-
pheric pressure.shall raise as gréat a weight as is necessary to shorten the radius =
of the centre of oscillation sufficiently for the clock to be accelerated considerably
thereby. The clockwork is so constructed that the number of oscillations of
‘the pendulums are continuously.counted off on the.dial,’which reads decimally ~
up to ten millions, and it is found that a rise of 1 in. of mercury in the barometer
pendulum accelerates the clock about 949 beats per day.

, ..ii.To- ascertain :the mean-atmospheric- préssure over. a - grven penod by this -

, mstrument :the time.of .observation-at which ‘the .period commences must be
taken by an ordinary. clock simultaneously with the reading of. the dial, as also
at the end:of-the given period. .Temperature correction'is made by means of
the temperature clock or chronothermometer shown adjacent. 2

+ (See Q.. J: R. Met. Soc., Vol. I1I, 1877, p. 352 and Vol. XII, 1886 p. 115)

. Inv 1886~70.

5o BAROMETER ADJUNCT Lent byL Casella Esq R

. This apparatus was designed in 1880 by Wallis for use with the Fortm baro-
‘meter in adjusting the level of the mercury in the cistern before taking a reading.
* It consists of a small microscope for ‘attachment to the mstern to facilitate
adjustment of the ivory point.
_ (See Q ] R. Met. Soc Vol. VI P 164) = 0 Inv, 1893—156. .

53 PORTABLE PEDI’VIENT .BAROMETER - Made and lent by
Messrs. Elliott Bros. .

* This portable mercurial barometer 1s of the closed c1stern type, and may
also be used as a weather glass.
The cylindrical wooden cistern.is fitted wrth a ﬂex1b1e leather d1aphragm, 4
:Whlch is adjusted. by means of a screw operated from below. . Opal scales and
. ‘a double index are provided behind the upper end of the tube, while rackwork
o verniers enable the reading to. be made to o001 in. and compared with that of
) ‘the previous day.
' Barometer indications are grven on one scale for a rising, and .on the other
for a falling, barometer, while a thermometer attached to the front of the mstru-
ment mdrcates temperatures in the Fahrenhelt and Centlgrade scales.
o . : = Lt Lo ‘ Inv.:1890~49.

‘54. PORTABLE PEDIMENT BAROMETER Lent by Messrs
P Harris & .Co...: :

This instrument.is' of the closed cistern. type the cylmdncal wooden crstern
o ‘being - fitted - with a flexible leather base, adjusted by a screw operated from
Bilie ’ below.

B N 0 Near the. upper portlon of. the tube is a graduated scale ﬁtted wrth two rack-
pH work verniers, by means of which the height of the barometer can.be read to
j N ‘0+01 in. and compared with the reading of the previous day.

» . Four weather indications:are also given opposite the appropnate graduatrons,
Bl ) enablmg the instrument to be used as a weather glass L Inv 1889~24

: .. - 58, FISHERY BAROMETER. . Made by Messrs Negrett1 and
‘Zambra Lent by The Meteorologlcal Office. -

. This barometer is of the closed cistern pattern and is of the type supphed
_to small ports and fishing stations.:
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The mstrument has -a wooden cylindrical ; cistern provxded wrth a flexible
leather base, which-is adjusted by a’screw operated from below... A’ graduated'
scale behind the upper portion of the barometer’ tube'is fitted' wrth a rackwork
vernier by means of which the height can be read to 001 in.  Weather indica- - -+ -~
tions'are also given for-a risingand falling barometer enabhng ‘the instrument
to be used as'a weather glass, while the temperature is 1nd1cated bya Fahrenhe1t. ~
+hermometer on the front of the case, graduated from 5 . to r48° F.
Inv 1892—151.

BB, STATION BAROMETER Made by Calderara

'This Kew Pattern Statlon barometer is in- general use in the. Brrtlsh Isles
at the present time,. and is used. at all land. stations. under the control of the,
Meteorological Office.

In this type of instrument the glass tube is consrderably contracted for the‘
greater portron of its. length in order to prevent.unsteadiness of the mercury
column or." pumping,’’ also to strengthen the tube and to lessen the weight.of
mercury.:: The tube, is enclosed in.a metal case, which is mounted on -gimbals
to ensure vertxcahty,cand the upper part of the.instrument ‘carries”a scale,
‘ graduated in millibars, and inches, while a:vernier enables the height to be read

to 0+o1.millibars or 0:002 in. , The instrument also carries a thermometer Wthh
is graduated to read temperature on the Fahrenheit scale from 5 F. to 130° F,,
and on the absolute scale from 253a to 328a. . .

" A small hole in the upper part of the crstern adrmts access to “the super-
incumbent air in the cistern, and a washer of leather permits the atmosphere
to exert pressure, but prevents the mercury escaping from the cistern.

To prevent air and moisture leaking into the vacuum above the mercury
column, the tube'is furnished.with a small ‘ air-trap,” or funnel, as suggested
by Bunten in 1824, which’is inserted-between the cistern and the top of the
mercury column. By this means, any air entering the tube becomes imprisoned

““at the trap, and therefore cannot interfere with the efﬁcrency of ‘the instrument.
fanitiInv. 1914—312

57. MICRO- BAROGRAPH Made by‘ >Messrs Negrett1 and
Zambra, Lent by The Meteorologlcal Office. -

This apparatus was de51gned in 1903 by Sir Naprer Shaw, F.R. S and M, W H.
Dines, to secure a magnified. record -of the minor. fluctuations: ‘of atmospheric
pressure, and, at the same time, to dlsentangle these ﬁuctuat]ons from the general
barometrlc surges. ..
7.1t consists of aclosed metal cyhnder of about o one- thlrd of acublc foot capacrty,
containing air at approximately atmospheric pressure, provided with a mechanical
arrangement by which the variations of the difference of the pressures inside and
out are recorded. ' In order that the temperature of this air may only change
slowly, .the cylinder is enclosed in a'large wooden case,’ the intervening space . .
being -packed with feathers, or some other non-conducting material, while, ‘in -
order that the pressure inside may not differ materially from that outside, a very
small leak is allowed, through a fine capillary tube, which does not interfere with
changes of short period, but ‘prevents,the pen from wandering-from its mean .
position during a steady rise or fall of the barometer. .:A hollow cylindrical bell
floats mouth downwards in a vessel containing mercury, and the interior of the
bell communicates with the air chamber through a vertical pipe.. Fairly rapid
decrease . of external pressure or.increase- of internal pressure, causes.the. bell.
to rise, and the motion is magnified by a system of levers. and. commumcated
) ‘to the pen, which records on a chart rotated by clockwork oo

N . (See Q. ] R. Met Soc, 1905,p 390 e T e Inv 1921—-74

58, MICROBAROGRAM AND TLOAT BAROGRAM Lent by
The Meteorological Office. - * - SR

A record obtained with the mlcrobarograph at Kew on I7th—18th February,
1921;-is here shown with one taken at the'same time wrth the ﬂoat barograph,
for the purpose of companson

The degree to which minor ﬂuctuatlons of atmosphenc pressure are magmﬁed
can be seen by-an examination of the records.: Pressure variations which are
too small to be seen in the float barogram are plainly discernible in the micro-

, barogram, while changes of pressure which-are: sufficiently large to appear’ in
the former record assume considerably greater proportlons in the latter, enabling
the wave- form to be investigated. . .. EERNRTEN S 1922-—10 11,
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59. MICROMETER-READING BAROMETER. Made and lent
- by Messrs, Negretti and Zambra. ' I '

‘This instrument was designed and patented by Mr. F. L. Halliwell in 1919
in order to incorporate in a station barometer the accuracy.and ease of reading
which are peculiar to the micrometer. - } :

In this barometer the vernier is dispensed with, and the finer readings are
made direct on a drum micrometer. :

The barometer, which is of the Kew pattern, is suspended freely from an arm
and may be clamped' in position by the three screws at the lower end. . The
upper-portion of the tube is surrounded by a metal cylindrical collar, carrying
at its upper extremity a sighting piece bearing an arrow which moves along the
scale. The motion of the collar is governed by the rotation of the micrometer
head, by means of which its position may be adjusted. - ‘ ’ :

When taking a reading, the sighting piece is brought level with the top of
the mercury by revolving the micrometer head. -. The arrow mark on the sighting
P! -piece shows the reading to the nearest 6-1 in., while the micrometer drum indi-

: : cates to 0-005 in., which can be subdivided easily by the eye to 0-001 in.

In the case of instruments fitted “with the metric-and C.G.S. scales, the
barometric height can be determined similarly to 0-025 mm. and 0+ 02 5 millibars
respectively, . . - . PR L D LT .

(See Pat. Specn. No. 139029, 1919.)" o ~ Inv. 1921-321. "

i

. . MARINE BAROMETERS. -~
__ 60. MARINE BAROMETER. Made by Thomas Jones. Lent by
The Meteorological Office. :

. This instrument was made by Thomas Jones in the early part of the nineteenth
century. : I ' o, ST
.. A metal case encloses the wooden cistern, which is provided at its lower end
with a-flexible leather cap, adjusted by a screw operated below. The bore of
the barometer tube is contracted for the greater portion of its length to minimise
 pumping;” and is enclosed in a' mahogany case provided' with a brass scale
and vernier near its upper extremity. It is graduated in tenths of an inch and

reads by vernier to one-hundredth. "A thermometer is attached to the instru-
-ment which reads from 0°.to 134° F. - Inv, 1908-83, S.M. 1437, L.S.

61. MARINE BAROMETER. Made by Newman. Lent by The
- Meteorological Office. =~~~ o

This instrument was designed by Newman in 1824, and embodies many
interesting features.- " - - 7 S e - )

* In this metal-cased barometer an open iron cistern replaces the customary
wooden one, and the instrument is rendered portable by screwing the lower
portion of the case..” A mercury thermometer is fitted with its bulb in the cistern
s0 as to indicate the temperature of the mercury accurately, By means of a
graduated scale and vernier the barometric height can be read off to 0-002 in.

It was in putting forward this barometer that Newman called attention to
the inacciiracy of the ordinary system of .marking off barometer scales from
a presumed standard, without regarding the absolute height of the mercury,

or the relative proportions of the diameters of the tubes and cisterns.. _ . -
(See Quart. Jour. of Science, Vol. XVI, p. 277.) .. Inv. 1908-86.

' 62. MARINE BAROMETER. Made by Pastorelli. Lent by The
Meteorological Office. . Gt R

This instrument, which dates from the early nineteenth century, is of .the
closed cistern type, and is provided with a wooden cistern, the leather cap of

. ‘which can be adjusted from below.. . = - : EEEE
- It is designed to be mounted on gimbals, and a metal scale and rackwork
-vernier .enables the barometer height to be read to 0002 in. - No'thermometer
is fitted. i _Inv. 1908-82.

v
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63, MARINE. BAROMETER Made by Bate Lent* 'by" The
Meteorological Office.. -+ .- -

This barometer, which dates from the ﬁrst half of the mneteenth century,
is shown supported by a spring arm, designed to reduce oscillations. = .

In design,” the instrument is almost identical with that by Dennis, shown
ad]acent 'As in other ‘marine barometers, the bore-of the tube’is contracted-
il the central portion in order to eliminate * pumping,” ‘which'is’ still further
damped by the spring arm., The scale is graduated in tenths of an 1nch and
a vernier enables the height to be read to one-hundredth of an inch.

A thermometer is fitted, graduated accordmg to the Fahrenhe1t and Réaumur

.scales R L e Inv. 1894—118

64, MARINE BAROMETER Made by ] C Denms Lent by
The Meteorological. Office.

- This instrument was used durmg,r the Arct1c expechtlon of 1853 to 185 5 -on
board H.M.S.  Rattlesnake.” 2

It is a closed cistern barometer, similar to the others shown ad]acent The :
lower portion of: the metal case has been removed.in order that the wooden:
cistern.may be seen. The graduations are in tenths of ‘an inch, and readings
to hundredths' are obtainable by vernier.. The thermometer is*graduated for:
both the Fahrenhelt and Reaumur scales FRie . Inv. 1908-—85

65 MARINE BAROMETER Made by T. C Sargent Lent by
The Meteorological Office. - = . '

This barometer, which also carries a sympiesometer, was used on board'
H.M.S. “ Repulse,” under:Admiral Cochrane, in 1877. }

It is of the closed cistern type, provided with a wooden case and ﬁtted with’
a gimbal support. The scale is graduated in tenths of an inch, and.the two
rackwork verniers enable the barometer reading to be taken'to o-o1 of an mch-
and compared with that of the previous day. :

The sympiesometer is of the pattern des1gned by Adle in 18!8 and descnbed
in an ad]acent label. . . o Inv 1908 84

SIPHON BAROMETERS _ .
66 EARLY QIPHON BAROMFTER Made by Robelou London

Thls barometer which is of the early siphon form is mounted with an alcohol

thermometer on an ornamental wood panel whxch bears the 1nscr1pt10n —.
“ Isaac Robelou, fecit, Londini, 1719.”. .

The short arm of the siphon is in the form of a comcally shaped cxstern,
while the upper portion of the main tube is graduated in eighths of an inch from. *
0 to 36, and the corresponding weather 1ndlcat10ns are ngen in Latin and English, -
between the extremes of “ storm "’ and * great drought.”

The thermometer, which is 2 ft. long, has a large globular bulb and contains
coloured alcohol. It 1s graduated from 0% to 90° in each dlrectlon from' the
zero, which indicates ** temperate weather the limits being marked ‘‘ excessive

. cold”’ and “ excessive hot weather.”  This is an early form of graduation in

use before the introduction of the Fahrenhelt and other well-known -scales of.
temperature R T L. R Inv 1909—134, SM 989, L.S.

.67, BAROMETER Presented byT H. Court Esq

ThlS portable 51phon barometer was made by I Mxller, of Edmburgh about
1770, ‘and represents the stage of development at that period. .

. The lower end of the barometer tube terminates in a leather bag below whlch
is a screw, by means of which the mercury may be forced to.the top of the tube
for transport. It is provided with a brass scale, graduated-to 0-05 in., while
a vernier enables the barometric height to be read w1th an accuracy of 0-002'in.:

A thermometer -is -also fitted, reading from —10°F. to-150°F,, thereby‘
enabhng the observed.reading to be corrected for the effect of temperature

. The whole 1nstrument is mounted in a wooden case to’ famhtate transport :

PRSI ERR K e oy o Inva I921-565
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- 68. BAROMETER. Made by Manticha, London.

This instrument, which probably dates from about 1800, is an ordinary
siphon form barometer. . . L i

* - The bulb is enclosed in a box at the lower end, and a vertical thick-walled
capillary tube serves to contain the column of mercury. A ‘scale of inches is

provided behind the upper end ‘of the instrument, upon which weather indica -

tions are also marked.

69. KREIL'S BAROMETROGRAPH. Made by Dressler, Prague.
' Lent by The Meteorological Office.. . . S

.. Inv. 1918-191.

This instrument, which was designed in 1841, was employed at the Kew -

Observatory in 1845 for the purpose of registering automatically the height of
the barometer. B o o . :

It anticipated the principle of Changeux, who, in 1870, introduced
mechanism by which the recording pencil, instead of acting continuously, was
" left free, and struck by a hammer at definite times. The apparatus consists
of a siphon barometer having a float resting upon the surface of.the mercury
in the open end of the tube, and attached to a cord, which passes round a sector
of the short arm .of a balance lever, to which it is secured.~ The other end of.
the lever carries an ordinary pencil, which is struck at five. minute intervals by
a clock regulated hammer, and makes a point on a rectangular chart drawn
along in a horizontal direction by clockwork. . e .

(See Magnetische und Meteorologische Beobachtungen zu Prag, 1841-1842.)

) o - Inv. 1876~793.

- 70. MILNE'S BAROGRAPH. Made by West. Lent by The
Meteorological Office. . —

This barograph, of the type designed by Milne in 1857, resembles in general
principles that of Kreil shown adjacent. ’ ‘ : )
It s a balance form of siphon barometer, in which the record is obtained by
a float placed on the mercury of the short arm, and connected: with onearm
of a horizontal lever the other arm of which carries a pricker. - A small hammer,
actuated by the clock train; drives this pricker every hour against a rectangular
chart which travels along horizontally to receive the record, and the series of
.indentations thus made shows the fluctuations in barometric pressure. The
paper is ruled in tenths of an inch, and estimations of smaller amounts can be
- made readily owing to the long range afforded by giving the greater length to
the recording arm of the lever, - "= > - - w7 S
Graduated scales fitted with vernier are attached to the longer and shorter
arms of the siphon tube, and enable the barometric height to be read to 601 in.
(See Milne : “ Treatise on Meteorological Instruments,” 1864.)

1. ADMIRAL FITZROY'S BAROMETER.

This barometer, which is of the siphoh form, is said to have been the property
of Admiral Robert Fitzroy, and probably dates from about 1860. :
The cistern which forms the short arm of the siphon has a large sectional

area compared with that of the main tube, and in consequence the capacity-

error is small. 'A graduated scale enables the height of the barometer to be
- read'to o+1'in., and two pointers are provided so thatthe reading may be
compared with that of the previous day. = B ’

A mercury thermometer is fitted, and directions are given for forecasting .,

weather from observations of the barometer, thermometer, and anemometer,
while there are also tables indicating heights above sea level, with corresponding
atmospheric pressures. i

The instrument also embodies ‘a storm glass, which is a hermetically sealed
cylindrical phial, containing crystals of potassium nitrate and ammonium
chloride in an alcoholic solution of camphor to which a small amount of distilled
water has been added, the upper portion of the phial being filled with air. In
fine' weather, the crystals are said to remain at the bottom of the tube, leaving
the liquid clear, but in stormy weather they are said to rise, when the liquid
becomes - turbid. - These changes, - according to Admiral Fitzroy, - are due to
variation of the mixture with the direction of the wind, when the glass is exposed
in the outer air or in the ordinary light of a well-ventilated room, but according
to Tomlinson they are due entirely to variations of light and heat. By others,

the instrument is considered to be simply-a chemical thermoscope, the changes -

arising solely from temperature variation. Inv. 1906-38, S.M. 989, L.S.

Inv. 18941 19."
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72. ILLUMINATED WHEEL BAROMETER. Presented by
W. Hinton, Esq. I R ; S

" This pediment barometer is of the siphon type, and is so designed that it can
be read by night as well as by day. -~ " . o coe :

The small arm of the siphon tube contains a metal plunger, which floats on
the mercury and rises and falls with the liquid. * It is connected with'a balancing
weight by a fine cord passing over a pulley at the centre of the dial, which it
causes to revolve, and which, by its rotary motion, moves the pointer over the
circular scale. ’ o ) R

It is fitted with a translucent face, which can be illuminated from behind
by artificial light, as patented by Mr. Hinton in 1862, so that the barometer and

- thermometer scales can be observed. S Inv. 1862-101.

73. REDIER BAROGRAPH. Made by 'Redier, Paris.

This instrument was designed by Redier in-1875 to produce mechanically
a continuous record of the barometric height without the application of photo-
graphy or electricity. As the motive force of thé mercury is not sufficient to
overcome the friction of a pencil on paper, a powerful clockwork movement
is employed to do the work, and the barometer only ditects the action’ of the
clockwork. ‘ i I ) : R

In this siphon barometer, a small ivory float rests on the mercury in the short
arm, and carries a light, vertical needle, on the top of which rests a very light
arm, which has a small ratchet at its end. *-At the side of the apparatus are two
¢lock movements, working in opposite directions, and-a differential train unites
this double cistern with a pulley, to the axis of which a cog-wheel is attached.
The chronometer escapement tends to draw the pulley and the pencil, and to
raise the barometer upwards ; the light arm pushed by the ivory float, follows.
the movement, when the ratchet releases a fly, and allows it to revolve, which
brings the barometer down again. L RN o :

These small successive movements are followed 'by the pencil, and thus a
straight line i5 produced if the barometer is stationary, and one varying right
or left according as the column rises or falls. ' Iy e e

On the other side of the barometer are two other movements, one driving
the paper-covered cylinder and the othér driving a small tapping apparatus to
overcome any capillarity in the barometer. o o

(See Q. J. R. Met, Soc., 1875, Vol. II, p. 412.) . Inv, 1876—773.

T4, SENSITIVE SIPHON BAROMETER. Lent by -Prof. F.
Guthrie, F.R.S, - RS B SR SR

This form of siphon barometer was designed and made by Prof. Guthrie in
1877 with a view to increasing the range of motion and obtaining an extremely
sensitive instrument. . S R IO ’

It consists'of a siphon barometer in which a horizontal spiral of small internal
diameter containing an air bubble forms the connection between the two vertical
tubes of larger diameter. - Any variation of atmospheric pressure causes the height
of the column of mercury in the longer arm to rise or fall by one-half of this
amount, and in consequence the bubble moves along the spiral, through a distance
determined by the relative sectional areas of the vertical and spiral fubes.

{See Phil. Mag., Vol: III, 18%7, p. 139.) - - w0 Inv., 1885-19.

75. MERCURY AND GLYCERINE BAROMETER. Made by
Negretti and Zambra. =~ -~ = . : oo :

This ‘instrument is ‘a modification of the ordinary mercurial barometer, in
which a more extended scale is obtained, and the sensitiveness is increased.

It consists of-a barometrical tube of-the siphon form, about 36 in. long, one
side of which is closed at the.upper end and filled with mercury, thus creating
a vacuum as in an ordinary barometer.  To the open end is joined a second tube, °
having a much smaller internal diameter, so as to form a U-tube of which both
arms are parallel.. The smaller tube, which is open at the upper end and partly
filled with glycerine, is provided with glycerine traps near its lower end, which
serve to receive the glycerine when the instrument is tilted; and thus prevent
it from mixing with the mercury.” .. 730 LT S T
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“Any alteration in:the height of the mercury “column in the larger tube is
accompanied by a much greater movementin the smaller tube, due to the unequal
capacity of the two tubes, and the difference in the specific gravities of mercury
and glycerine.. In-this way a more extended scale is obtained, about 9 in. of
which correspond to 1 in. of the ‘ordinary mercurial barometer, ;while 0-01.in,
of the mercury barometer can be read without the:use of a vernier, and:the
slightest. variation is plainly- visible. . v v oo Inv 1906-39.

-7:76.-DINES SELF-RECORDING BAROMETER. - Lent by J. J..
‘ This instrument was designed by W. H: Dines, Esq., F.R.S., to give a trace
from which the height at any time may be determined to 0-005 in. S
The pen is actuated by a float in the lower cistern of the siphon barometer,
the motion being-multiplied by alever so that a length of 1-5 in. on the paper
may correspond to a change of r:in. in ‘atmospheric pressure. The float is in
the form . of a.hollow cylinder, sealed at the top and floating inverted in-the
mercury. . T - . T L -
A rise of temperature lowers the level of the mercury in the lower cistern,
but at the same time it expands the air in the float, and makes it swim higher
in the mercury. - The volume of air is so adjusted that there may-be a complete
compensation. There is an additional pen fixed to the frame, which draws a
line of reference on each chart while it is on the clock drum; and for accurate
measurement this line is’ taken as the zero line, since by this means the error
that might be caused by placing the chart unequally on.the drum, or by an
incorrect printing of the charts, is avoided. . .. ...~ .- . Inv.1922-125.

I ‘... ANEROID BAROMETERS. ..

_ . The precursor of the aneroid may bé said to:be Zaiher’s arrange-
ment for use at sea, which dates from 1758. It .consisted of a hollow
cylinder void of air and of which the ends were moveable; but-kept
apart by an internal spring, so that the ends would approach or separate.

“with pressure variation. U o oo e

-2 Vidi is said to have produced-an aneroid in 1843, but-it was not for
several years that his instrument became generally known. Improve-
ments: successively made have been.the ‘application of a temperature
compensation bar, and the substitution of a laminatéd steel spring
for the original spiral spring. : :

‘Rush in 1851 :added .an altitude scale, and Loseby in 1860 and
Goldschmidt in 1870 dispensed with the ordinary gearing, the motion
being multiplied by a fine micrometer screw which operated an index
hand, while Field in 1873, by an ingenious shift of the altitude scale,
accommodated the instrument to -different temperatures-for-altitude
“York. PR . L - R R ST Gl T A‘~i‘.,)(v» N RN N ';V «

;,.Riéhafd. Breguet, in 1867; )afind:"mahy‘ ofﬁe}é;’ have édépfed the
aneroid, using one or more vacuum chambers to register its indications
on a ;evqlvi'ng_cylindgr.~ Cen e R P

P

"~ The Bourdon form of metallic barometer devised in 1851 consists
of a thin elastic metal tube of elliptic section, in shape a portion.of

a circle; closed at its ends and exhausted of air. .- e
“~Increase or decrease of atmospheric -pressure causes the ‘ends to
approach or Tecede, which motion by gearing work is ‘communicated
to an external index...~ ..U L e
" "Kohlrausch-in 1874" caused a Bourdon ring to act on’a small
suspended mirror, and. by others ‘the Bourdon ring has been made
to work a pencil and furnish a continuouys record. - [
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77. BOURDON: METALLIC BAROMETERS Made and prc-
sented by E. Bourdon, Esq., Paris.

These instruments, thé movements of which  are visible, ‘are of the ‘type
designed and mtroduced by Mr. Bourdon in 18 50 as a modxﬁcatlon of the ordlnary
form of aneroid. :

In this case the movement con51sts of a thin c1rcu1ar-shaped elast1c metal tube
of elliptic section, closed at its ends; and exhausted of-air.. - On increase of atmos-
pheric pressure, the ends approach each other, and on decrease of pressure, recede.
This motion is communicated by gearing to a central shaft carrying an index
hand, which traverses a dial plate. “The graduations are in tenths of an inch

‘from 28 to 31 in., and weather indications are also given, whilst a movable pomter

indicates any rise or fall in the barometer since the last readmg

(See Report of Jury on Phil; Insts., 1851 Exhibition.y ¢ ©.- 2
Inv 1876—741 & 742 SM 1430 L S

78 EIGHT INCH ANEROID Made by R Deutschbeln Ham-
burg ,

) “This ‘aneroid is so arranged that the mechan sm can be read1ly seen and its
method of operation examined.

It consists of a thin, partxally exhausted metalhc vessel the surface of which
is corrugated in concentric circles to render it more sensitive to pressure variation.
To the centre of the upper corrugated surface is attached a vertical rod, the other
end of whichis secured to.a horizontal brass arm; pivotally mounted on:a hori-
zontal shaft. Pressure variation causes movement of the corrugated cover of
the aneroid chamber, and the horizontal arm is rocked about its axis. - By means
of a system of levers:and a silk cord, this motion-is transmitted to-a vertical
shaft which is-caused to revolve,-carrying with it an index which travels over
the graduated circular scale. -. The scale is graduated in tenths of an inch, and.is
also marked asa weather glass‘ : : Inv. 1876;7 59.

7. ANEROID Lent by Messrs F:Darton &Co

.- It is provided with a dial, 45 in: diameter, marked as a weather glass, and
graduated to ﬁftleths of an mch from 25 to 31 in. REN s Inve 1875—23

- 80. LARGE ANEROID" BAROMETER

‘This aneroid, having a dial of 1-50 metres diameter, was de51gned and made
by M. Redier, of Paris, about 187 5, for use at public buildings. -

The index of the dial is actuated by a small aneroidconnected through a-

lever with a clock having two trains which work in reverse directions.. When
the air pressure is constant the fans of the two trains are held fast by a cross-
piece of the levers, but with a rise or fall'of the pressure one or other of the fans
1s released, and 1ts tram thus freed to. turn the 1ndex round the dial.” :

. . Inv 1876—774

81, COMPENSATED AT\IEROID Made by A Kruss Hamburg
Presented by The Deutsche Seewarte, Hamburg o

" This instrument is of the 8 in, type which was-at one tlme supphed by the
Deutsche Seewarte for use in connectlon with thelr system of conveylng weather
Vlntelhgence and storm - warmngs

The effect of pressure variation on the aner01d chamber is. converted 1nto a.
-rotary -motion of the. central spmdle, which carries ‘a’ pointer moving. over a
-circular scale, which is graduated in 1nch and millimetre scales.: A centlgrade
-thermometer is fitted and reads from 15°C. to 60° C., and the instrument .is
.compensated for temperature. Adjustment of the hand of the aneroid is effected
by a screw in the base of the instrument. Inv. 188456
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82 ALTIGRAPH Made,(by R1chard Parls Lent‘:.by;;The
Meteorologlcal Office. '

“This.pocket instrument is de51gned to nge a contmuous record of altxtude,
and for this purpose is used,in meteorological work, ..~ .

It consists essentially of an aneroid box, the e‘;pansron of wh1ch is regulated
by the atmospheric, pressure, and is communicated by levers to a pointer carrying
a pen which moves over the chart.” This’chart’is mounted on .two cylinders,
which'are’ rotated by clockwork, so that a record is produced from which the
altitude, at any given time can be determined.”

The - altitude ‘scale ‘of the"record indicates hexghts up to 20 ooo ft., and at
nght angles to thxs is'set the txme scale ) L ; Inv 1919—517

83. ANEROID BAROMETER (MARK ;"I).“,,»Made by, Hicks.
- Lent by: The Meteorological Office.

This represents the modern type of compensated anero1d de31gned for the
use of the Admiralty.

It consists of a’ vacuum chamber composed of two dlSCS of corrugated mckel
silver firmly soldered together, forming a box, from which the air is éxhausted,
and to each side of which is attached a brass centre, one having a hole drilled
across it to receive a knife- edge, ‘which suspends the vacuum chamber from a
powerful spring.. A circular iron base plate carries the vacuum chamber, across
which'is fixed- a strong carriage supporting:the mainspring, and to.which is
attached a compound iron and:brass:main-lever.in-order.to compensate for
temperature changes. .. A small steel rod connects the end of this arm to the
regulator, which is furnished at its centre with a.vertical arm of brass, by which
it communicates with'the movement. A ‘length of fine chain; as used in the
works of watches, is attached to and:works round the arbor-on the rise or fall
of the lever, and a fine hair-spring of coiled steel keeps the hand in its:proper
position;: ~The hand is carried by the arbor and moves over a silvered brass scale
the graduatxons of which are. engraved in'inches and mrlhbars. Inv 1921—72.

ANEROID 'BAROMETER (MARK II) Made by Messrs
§ W1lson Warden & Co Lent by The Meteorologlcal Office.

This mstrument in general constructron, resembles the Mark I type shown
‘adjacent, of which'it is a cheap modlﬁcatlon de31gned for use on coastal motor-
‘boats during the war (1914-18).

It is compensated in a:manner sxmllar ‘to the ad]acent model but is ﬁtted
with a- porcelam dial, which is graduated only in inches and tenths. :

Inv. 1921—73

85. HYPSOMETRIC ANEROID :Made - and lent by J. H
Steward Esq.

ThlS mstrument is de51gned to enable a close readmg of altitude to be obtamed
without the application of a vernier scale or the customary calculations.

“The movement of the aneroid’is compensated; and closely resembles that of .
the adjacent mstrument It'is furmshed with’' two scales, the inner fixed scale
being known as the ‘* pressure scale,” ‘and graduated in fiftieths of an 1nch from
25 to 31 in., and the outer and movable one as the “ altitude scale.” " This
revolving altitude scale consists of three concentric circles, each division on the
outer circle representing 100 ft., each division on the inner circle 20 ft., and these
are sub-divided to 10 ft. by means of the middle circle of lelSlODS These
divisions are so arranged that. in connection with.the index hand the altitude
‘can be read to’s ft. or less.

Half the altitude scale,. known as the-** ascent ” scale is: dlvxded to the left
and coloured black,.and the other half, known as the ‘‘ descent’’ scale, to the
right and “coloured red. The: altitude scale is calculated by takmg 30 on the
pressure scale as zero, at a mean temperature of air 50° F.; and as the movement
of the aneroid is designed to give an equally divided altltude scale in a closed
circle, no error is introduced when-the zero is shifted.

A small pointer is carried on a bezel ring which can be revolved 1ndependently
of the altitude scale, while a reading-lens is'provided to’ ‘eliminate paralactic,
error. “For the purpose of ascertaining the air temperature a swing thermometer
is supphed whxch is‘graduated from-20° F to 160 F. ©oInw 1921—146
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N 86. LARGE PATTERN BAROGRAPH Made by Short and
fason.

. This is a self- recordmg aneroid -barometer deSJgned to give automatlcally a
continuous record of atmospheric pressure, and to indicate at a glance any |
change in the value of that pressure. .

The instrument: consists of a spec1ally-constructed movement in which ‘
thirteen aneroid chambers are employed. ‘The effect of atmospheric pressure |
on these chambers is communicated by means of levers to a long arm carrying |
a pen ‘at its extremity. - This pen is adjusted so as to touch the paper chart,
‘carried upon’a metal drum, which is revolved by clockwork, one revolution
being completed in seven days. . As the drum revolves, the pen marks the chart
paper, tracing a continuous record of the barometric pressure, which may be read

:
g

off in mllhbars on the vertlcal scale of the chart Pl Inv 1914—403 3
FPTEEREEE PR ) zi

HYPSOMETERS , ‘1

" |

87. HYPSOMETER Made by Casella Presented by The |
Admiralty, B ‘
ot - This instrument was used in the Brrtrsh (“ stcovery ') Antarctic Expedition
of 1901: - |

The water is carried in a vert1cal cylindrical. .chamber and heated by means ‘
of a spirit lamp from below. The thermometer is carried in a tube passing ) |
through the middle of the water chamber, the upper portion being enclosed in
a telescopic tube, so that the thermometer stem is surrounded by steam. | The
‘thermometer is graduated to read from 180° F. to 215° F -The whole’ instrument
is enclosed in the iron cylmder for protectxon : o Inv 1911 164

8. HYPSOMETER HORIZO\ITAL TYPE Made by Elhott
Bros. . Lent by the Meteorolog1ca1 Office.

This instrument was de51gned for the determlnatlon of altltude by observmg
the boiling point of water.

The instrument consists of a cylindrical brass. chamber which carries the
bulb of a horizontal mercury: thermometer: . The chamber is partially filled
with water, which is boiled by means 'of a spirit-lamp ‘beneath the chamber,
and the temperature at which this occurs is accurately read on the scale. : Owing
fo the diminution of pressure with altitude, the boiling point has a lower value
as the height above:sea level increases, and a knowledge of the boiling point
enables the observer to calculate the altitude readily. Inv. 191731,

SYMPIESOMETERS.
89 SYMPIESOMETER Lent byL Casella Esq

This instrument is identical in principle with Hooke’s marine barometer,

. which was produced towards the end of the seventeenth century, and was re-
discovered and patented.by Adie'in 1818. -

It consists of a capillary tube of siphon form, prov1ded with a bulb at each
end, while near the bottom of the longer limb is a fine constriction, to lessen the
oscillations of the liquid in stormy weather. -The bulb at the upper end is sealed
and contains hydrogen, while that at the lower end is open to the atmosphere,
and partlally filled with oil or other dark fluid, in this case sulphuric acid, which

. also nses in the longer arm.’ A mercury thermometer is also provided, graduated
from o° F. to 120° F. A reversed temperature scale is fitted on the right of the
instrument over which slides a shifting barometer scale bearing wea.ther indica-
tions and carrying a pointer. .

In using the instrument, this shifting scale is adjusted until the pomter is 3
opposite the same scale reading as is registered by the thermometer, the height .
at which the coloured liquid then'stands is read off on the sliding scale, and . |
indicates the height of the barometer. In this way readings may be obtained
to 0°035 in., and set on the revolving scale at the bottom of the instrument. -

{See Pat. Specn 1818, No. 4323.) g . - Inv 1893-157.

©188) ; o B s
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-90. SYMPIESOMETER.. Made by Mrs. Janet Taylor. Lent by -
The Meteorological Office. .

The sympiesometer is particularly useful for observations at sea, as it is not
‘liable to damage by the motion of the ship during stormy weather. ’

f " This instrument is almost identical in form with the one shown adjacent.
"Air has access to the lower tube, and by the aid of its pressure on the surface -
of the liquid, both the weight of the column of liquid and the pressure of the
gas in.the longer branch are balanced. _'With a change of barometric pressure

equilibrium is disturbed, and-a variation in the heights of the liquid in the two
branches takes place. R o ,
Correction for temperature having been made, the barometric height can be
found -from the height of the column'in:the longer branch. This temperature
correction is made mechanically by a sliding scale to represent inches, which
is moved along the temperature scale until its index is in line with the number
which ' corresponds with the thermometer, when the graduation on the sliding
“scale in line with the top of the liquid column will indicate the height of the
barometer, and can be read to 0+0z in. . Inv. 1908-81.

1. SYMPIESOMETER. Made by Messrs. Adie & Son, Edin-
burgh. » Presen‘tedvby. F.L.Lucas; Esq. - .

. The sympiesometer is now used chiefly in conjunction with the mercurial
and aneroid barometers,. for purposes of -comparison. - Its indications result
partly from:the pressure and partly from the temperature of the atmosphere ;.

it would, therefore, be more correctly named a thermo-barometer. o

Tt cousists of a capillary tube of syphon form, provided with a bulb at eac
end, while near the bottom of the longer limb is a fine constriction. The upper
end of the tube ‘is sealed while the lower end is open; and’ the bulb "at this -

“end is partially filled with coloured liquid which also- rises in' the longer
‘arm. A mercury thermometer is also provided, graduated in half degrees from
30°F. to 110°F. T o ’ o ; -

*-In.using thé instrument, the temperature of the thermometer is first noted,
after which the metal pointer of the pressure scale is adjusted to the same reading
as is indicated on the thermometer. .- The height at which the coloured liquid .
then stands shows, on the sliding scale, the atmospheric pressure to.the nearest
fiftieth of .an inch on the barometer scale. - NI Inv. 1918-14.

92, PIESMIC: BAROMETER. "Made by Darton.

This instrument, designed by Mr. A. S. Davis, M.A., with the view of porta-
bility and cheapness, combined with accuracy, depends for its action on the
variation that the volume of air.contained in the tube undergoes due to changes
in atmospheric pressure. :

*7 Tt consists of a U-tube, the longer arm of which is a capillary tube terminating
in 2 small cast iron cistern containing mercury,.the air in this cistern, though
not in actual communication with the external air, is kept at atmospheric pressure
by being in communication with a long purse-shaped case of thin paraffined
paper, which will yield to any slight pressure variation. . :

" When the tube is horizontal, the mercury lies on one side of the cistern,
- leaving the open end of the tube exposed to the air, but when the tube is brought
into a vertical position the mercury flows over and closes the mouth of the tube, -
flowing down the tube to a greater or lesser depth dependent upon the atmospheric
pressure at the time. . The capacity of the whole tube is designed so as to be
35 times that of a single inch of the capillary tubing, so that if the barometer
is standing at 30 in. the mercury will descend 5 in.; and if at 29 in. it will descend
6.in. . A scale of inches being placed behind the tube, the reading of the end
of the mercury column against this scale indicates the height of the barometer.
To read the barometer, the tube is brought into the vertical position, and moved
to and fro until the mercury has settled, when the reading should be taken at
once to avoid temperature errors. T . Inv.'1905-74. %
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HYGROMETERS

Hygrometrlc effects ‘have been noticed and regarded as weather
signs from the earliest times, and Pliny has been cited as the earliest
observer of: the dew-point, but it was not until the middle of the
seventeenth century that the first smentlﬁc mstrument was produced
for this purpose. :

The earliest -name e for thlS form of mstrument was Notiometer,i’ ’
but this was superseded by Hygrometer,”” which has now been in
use for over 250 years, havrng been-first suggested by the celebrated -
mathematician, Lambert, while the name . Psychrometer . first
employed by August early in. the nmeteenth century, is also used
extensively. - - :

Hygrometric mstruments may be drvrded 1nto four classes accord-
ing to their method of operation:— == :. :

I. Hygrometers of condensation, i.e. dew-pomt mstruments
2. N absorptlon S

3. ‘},,* -+ - evaporation; z.¢., wet and dry bulb thermo-
’ -7 meters. -
4. Chem1ca1 hygrometers for determmlng the amount of vapour by
ana1y51s

The earliest condensation or. dew-pomt hygrometer dates from
about 1660 and was made at the Accademia del Cimento for measuring
the amount of condensation on the outside of a’ glass vessel, while in
1696 Fontana determined theincrease of weight of a glass of cold water
due to' condensation of vapour. on ‘the outside.. Variations of ‘the
method were introduced by Le Roy 1751, Dalton 1802, and Berzelius
. 1808, but Soldner in 1809 was the first observer to note both the .
temperature at which dew was formed and at which it .disappeared.
. Prof. Daniell’s well-known instriment was introduced in’ 1819, .in
which one bulb was blackened. and the other covered with muslin, -
Dobereiner ‘in 1822 anticipated _the’ hygrometers ~ of Connell "and
Regnault in producing a thimble- shaped polished metal tube on which
dew was deposited by cooling produced in passing a cutrent of air. .
through “ether. Twenty-three years later, Regnault modified and
improved this" instrument, replacing Dobereiner’s’ syringe by an
aspirator, while further modifications were introduced, by .Ronalds in
1851 in an instrument which was employed for many years at Kew.
Dines’s dew-point hygrometer appeared in 1871, having its glass plate
horizontal, and was re-designed by him eight years later, when the
plate was placed in'a vertical posmon and a breathlng tube prov1ded
enabling ether to be used ‘

© Absorption - hygrometers form by far the largest class and date
from 1664, when Folli da Poppi made a hygrometer perfected by the
Accademia del Cimento, and having. a band of-paper-as the hygro-
scopic body. During the same"year Hooke described an oat-beard
hygrometer, while six years later Cardinal Cusano observed the absorp-
- tion of moisture by dried cotton orsilk, and measured the resulting
increase in' weight, and Coniers utilized the lateral expansion of wood
by moisture as an indication of atmospheric- humidity. : Catgut-was
first employed in 1682 by Gould, while other materials made use of
were whipcord by Molyneux, 1685, sponge by Desaguliers and Pickering,.
. 1744, ivory by De Lucin 1773, paper by Launan 1782 and by Coventry
eight years later. ,

(6184 : , ‘ B2
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De Luc’s hygrometer consisted of an 1vory cylinder filled with
mercury, and used as the bulb of a thermometer, an arrangement
which was modified the following year by Buissart, who substituted
a goose quill for the ivory cylinder, while in 1781 De Luc employed
a strip of whalebone cut transversely to the fibre. . Saussurein 1780 first
used as a hygrometric indicator human hair, thoroughly freed from
- grease, which Chiminella replaced two years later by a strip of gold
beater’s skin. Further modifications were introduced by Monnier in
1800, rendering the instrument both'small and portable, while Landri-
anus, twenty years later, adapted it to record the extreme varlatrons
durmg the observer’s absence.

Hygrometers -of this-type-lend themselves convemently to the
production of continuous records, and many types of hair ‘hygrograph
are in existence, in ‘which the hygrometrrc state of the atmosphere
is recorded on a revolving drum..

The first evaporation hygrometer was due to Cullen who in 1777,
ascribed the cooling of a wetted thermometer to evaporatlon,ﬂand
Hutton used: a moistened bulb:thermometer in order to ascertain
the humidity of the air in 1792. Leslie in 1799 applied his diffefential
thermometer to measure humidity, by making one of the bulbs of blue
glass and covering the other with wet muslin. This instrument was
used in 1802 by Boeckmann and compared with.his wet'and dry bulb
thermometer, the wet bulb of which was surrounded by gold beater’s
skin -dipped in water. Another wet and dry bulb thermometer was
" introduced in 1817 by Gordon, having its wet bulb covered with silk
leading to an.adjacent vessel 'of water. It was not until 1836 that
Mason produced his wet and dry bulb thermometer, which in its
essential features were 1dentrcal wrth those of Boeckmann -and
.Gordon

In order to ensure an accurate record of the temperature of both
thermometers being ‘obtained at any time during the absénce of the
observer, Negrettr and Zambra in 1874 applied the’principle of their
maximum thermometer to both thermometers of the wet and dry bulb
hygrometer '

“Assmann at a later date introduced his ventilated psychrometer
in which air is drawn at a definite speed by means of a fan, past the
two thermometer bulbs, enabling a flow of air to be'estabhshed ‘which
ensures the wet and dry bulb temperatures being trustworthy under
al] ‘conditions. -

" The chemical hygrometer was first introduced by Brunner in 1830
for the quantitative measurement of the amount of water vapour -
contained in a given volume of air. A known volume of air was drawn-
through a werghed tube contdining dried asbestos and sulphuric acid,
and "the increase in weight determined. - Eighteen years later the
apparatus was improved by Haeghens, who employed a larger aspirator,
and placed his absorbing medium, pumice stone-and concentrated
sulphuric acid, in ‘a- U tube. Andrews, however, in 1851, discoun-
tenanced these drying agents, and proposed dried calcined sulphate:
of lime, while:he also attached a.small gasometer to a Dutch clock
in order to ensure regular aspiration. - Another form of chemical hygro-
meter was produced by Buys-Ballot in-1876, in which air was drawn
by an-aspirator over calcium chloride contained in a tube suspended
on a balance arm, while Schwackhofer, two years later, proposed a -
method of drrectly determining the amount of aqueous vapour in a
glven quantity of air by volumetric analysis.
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GONDENSATION OR" DEW-POINT HYGROMETERS._

93. DANIELL’S HYGROMETER Made byJ Newman London.
Presented by The Admiralty.

This hygrometer is of the type desrgned by Damell in 1819, and consists of
two bulbs, connected by a glass tube bent twice at right angles. One of these
bulbs is blackened and the other is covered with fine muslin:

In the limb terminating in the blackened bulb is fixed a sensitive thermometer
and a similar thermometer is attached to the pillar supporting the instrument.
The blackened bulb contains a small quantity of pure ether, whilst the tube
and the other bulb are filled with ether vapour, all the air having been’carefully
removed.

To use this instrument, it should be turned so that all the ether flows into the
blackened bulb. A little ether is then dropped on the muslin until a ring of dew
is deposrted on the black bulb.  Both thermometers should then be read instantly,
and again at the moment of disappearance of the dew.. The mean of the readings
of each thermometer gives respectwely the temperature ‘of the air and the dew-
pomt . ) . . ) ., Inv. 1911-169.

94. DANIELL’S HYGROMETER. Made by W. Ladd.

This hygrometer is of the form designed by Damell in 1819

It is an instrument for determining the dew-pomt or ‘the temperature
at which the aqueous vapour contained in the air begins to be condensed, and
consists of a glass siphon connecting two bulbs. One of the bulbs is blackened
and contains ether, into which dips a small thermometer for the determination
of the temperature of the liquid. The instrument is mounted on a stand bearing
another thermometer to indicate the external air temperature. - The empty
bulb is covered with muslin which is tied round it, and upon which a little ether
is poured, Cold produced by rapid evaporation of the ether condenses the ether
vapour inside the empty bulb as fast as it is formed in the blackened bulb, and
by this action the temperature in the blackened bulb is lowered. As soon as the
dew-point is reached, aqueous vapour from the air condenses as dew on the black
bulb, and at that mstant the readings of the two thérmometers must be observed.

Inv. 1872—47
_ 95 DANIELL S HYGROMETER Lent by Messrs J j Gnﬁ'm
& Sons. - .
This instrument is a form of Damells hygrometer as modlﬁed by Gremer

in 1822.

The essential feature of this modification is a thick band of g11d1ng which covers
the bulb on which the dew is deposxted thereby enabhng the dew-point to be
determmed very readrly ’ Inv 1880—85 <

96. JONES S HYGRO\/IETER Lent by the Royal Soc1ety

This hygrometer whrch has its.bulb at'an acute angle is of a type desxgned
and made by Jones in 1826, and resembles closely that of Koernerin 1822. ‘

‘Tt consists of a mercurial thermometer which can be used to obtain both the
temperature of the air and the dew-point. For-the latter purpose the bulb has a
black enlarged and convex top on which the deposition of moisture is observed.
The other portion of the bulb is covered with silk, and over this ether is poured
to lower the temperature of the mercury, as in Daniell’s and other condensation
instruments. ' The thermometer which is about 4-5in. long is supported by a
brass wire attached to the case, and can be set at any desired angle.

(See Ph11 Trans., 1826, p. 53.) L _Inv. 1893—135,SM 1450 L.S.
97. REGNAULT S HYGROMETER Made by Messrs Elhott
Bros.

This hygrometer is of the type de51gned and mtroduced by Regnault in 184 5.

It consists of two very delicate thermometers, the bulbs of which pass through
collars and almost reach the bottom of two thin and highly-polished silver cylin-
ders. - From near the bottom of these cylinders, two tubes, which subsequently.
unite, pass into an aspxrator One of the silver cylinders is supphed with sufficient
ether to completely 1mmerse the bulb of the thermometer. . The asplrator bemg
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filled with water and the tap at its base turned air is drawn past the thermometer
bulbs and through the two cyhnders ; in passing through the one containing
ether, rapid evaporation is produced, the temperature falls, and when the cylinder
is dimmed by the deposition of dew, the thermometer carried by this cylinder
indicates the dew-point temperature, and the other one the temperature of the
atmosphere.

" It is claimed that thxs instrument has a greater degree of “accuracy than
Daniell’s, for the whole of the ether being maintained at one temperature by the
agitation produced by the air, the indications of the dew-point thermometer are
more reliable., The error in the readings arising from the proxrmxty of the observer
may be avoided by the use of a telescope. )

. -(See Ann. de Ch1m1e Vol. XV, p. 129.) _ ) \ Inv. 1893—34

-98. GEISSLER'S HYGROMETER. " Made by Gelssler Bonn

Th1s 1nstrument which was introduced ‘about 1876 is a modlﬁcatlon of

Daniell’s hygrometer in which the dew-point.and the. temperature of the
surrounding air are obtained from two separate thermometers mounted on.one
stand.
" The dew-point thermometer has a double cylindrical bulb in the interstitial
space of which, is the mercury which forms the bulb of the thermometer. The,
cylinders are welded -into- one about-half-way up, and thus the’ thermometer
bulb is closed ; then the cylinder is contracted to a tube which terminatesin a
hollow spher1ca1 bulb. Before closing this bulb a little ether is poured through it
and the tube of the inner cyhnder while the terminal bulb after sealing is covered
with muslin.

“The action of the instrument is as follows : Ether when dropped on the muslin
evaporates and cools the bulb, the ether in the thermometer bulb cylinder evapor-
ates and also cools, thereby reducing the temperature of the double cylindrical
bulb until dew is deposited on its surface, when the temperature can be read off
at once. Both thermometers are graduated to read to o- 2°C.

99 PSYCHROMETER SCALE

This scale was designed by “Prof. Prestel of Emden, for determmmg w1thout
calculation the Telative and absolute m01sture of the air, as well as the dew-
pomt ) Inv 1876—755

100 DINES S HYGROMETER Made and lent by L Casella
Esq... .

This represents the orrgmal type of dew—poxnt hygrometer as desrgned ‘by.
Mr. G. Dines in 1871.

-1t is a condensation instrument in. which the dew-pomt is determined by
noting the temperature at which dew is deposited on a horizontal sheet of glass.
Ice and water, or cold water only, are put into the small upright cistern, whence
the water flows under a thermometer to a small chamber in which rests the bulb
of the thermometer.” The bulb and chamber are covered with a thin black glass
plate. - As the water flows out of the pipe at the further extremity of the hygro-
meter the temperature of the black glass plate is lowered to the dew-point and a
film of moisture.is deposited upon the plate::. The temperature at which this
deposition of dew takes-place can be noted from the thermometer, and the dew-
point temperature thus ascertained. The temperature of the surrounding air
is then read, when the hygrometric state of the atmosphere can be calculated
by the usual methods.

= (See’ Symons Meteorologwal Magazme Vol. VI 1871 p 146 )

Iny.; 71876—76}2.

Invv 1893~160
101 DINES S HYGROMETER Made and lent by Casella.

This instrument; which is a modification of the ad]acent form, was deSIgned
by, Mr. G. Dines in 1879.
The essential feature of this hygrometer is that the glass is mounted in a
vertical-position, while ether may be employed instead of water, a receptacle
forits storage -being supplled Ether is poured in ‘at the spout, to which is
connected a breathing itube, and cooling is produced by forcmg air through' the
ether, when mmsture is depos1ted on the black glass plate as in the: horlzontal
instrument.
(See Q. T Met Soc., Vol. VI, p 39.) B S, Inv 1893—164'
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ABSORPTION. HYGROMETERS T j; i

102, OAT BEARD HYGROMETER Presented by F C Bayard
Esq.

In this 1nstrument which resembles in pr1nc1p1e Hoolke’s' first oat- beard
hygrometer of -1664, the twining and untwrnmg of the beard of the w11d oat 1s
employed to turn an index round a graduated dial, = = .

Orle end of a short length of the beard is attached to a plate at the bottom of
the hygrometer case, and the other is secured to the index. As the humidity -

of the atmosphere increases, the beard untwines, and the index is turned round - '

the dial in a clockwise direction, while with increasing dryness the movement is
reversed. "The brass case is perforated to allow the air to act freely on the beard,
and is furnished at the back with a knob by whrch the 1ndex can be set.

(See Hooke—* Mrcrographm " 1667) R : Inv - 1893-—1 16

~103. WOOD HYGROMETER. - Lent ‘by H..L: P. Lowe Esq

This hygrometer, . Wthh dates from the eighteenth century, carries a paper
label attached to the screen, which describes the instrument as ‘ Invented by
and belonging to Dr. Benjamin Franklin, the patriot and philosopher.” " Wood
hygrometers, however, had been in use for many years,-and. three instruments
of this class are’described in Phil. Trans. 1676,

In.this form of.instrument the change in dlmensmns of a thin board under
the influence of damp or dry weather is made to indicate on .a scale vanatrons
in the humidity of the atmosphere.

In the instrument here exhibited, a thin board about 14 in. Iong and’ If} in.
wide, is arranged on its edge, with the fibres running transversely to.the length.
Near one end of the board a.lever is fixed in such a way that the longitudinal
expansion of the wood actuates the shorter end of the lever, and causes the long
arm to give a magnified indication on a paper scale of the expansion of the board.
When dryness causes the board to shrink, a counterporse brlngs the mdex back }
to its original position,

This type of hygrometer was consrdered by some to be'a more rehable 1nstru—“ =

ment than the oat-beard hygrometer which preceded it." .
Inv 1902—84, S. M 1449. L S

104. DE LUC’S WHALEBONE HYGROMETER Made by
Hausmann. - -Lent by G.-J. Symons, Esq., F.R.S: o

This type- of hygrometer was or1g1na11y de51gned by De Luc in 1781 and "de-
- pends for.its action on the variation in length of a stnp of whalebone caused by

changes in atmospheric humidity. . '

"A narrow strip of whalebone, cut transversely to the fibre, is connected at
one end to the frame of the instrument, and at the other with the larger of two
pulleys, co-axial with each other and with the index of -the graduated’ circle.
Attached to the smaller pulley is a spring which serves to keep the whalebone
taut, and on the lengthening of the strip by increased ‘Thoisture, the spring carries .
the index round. Contraction of the whalebone strip due to dryness, causes the
index to be moved in the contrary direction.

De Luc claimed that the action of, this instrument was more uniform than that
of the Saussure hair hygrometer. PR

" (See Phil. Trans ., Vol. LXXXI p 389 ) SR e Inv 1893-—125

f

105. SAUSSURE'’S SINGLE- HAIR HYGROMETER Lent by
Messts. J. J. Griffin & Sons. : ’

. Saussure in 1780, des1gned his si ngle-harr hygrometer in wh1ch the hygrometnc
state of the atmosphere was indicated by the length ofa surtably prepared human
hair. .

-In this mstrument one end of a human harr thoroughly freed from grease
is secured to the top of -the frame, the other end.being passed round.a pulley
and kept taut by a small weight. . Shortening of the hair due to dryness revolves
the pulley and causes the index to rise, while with increased hum1d1ty the 1ndex
descends a'silvered scale being prov1ded to 1ndrcate the readmg :

(See Saussure s “ Essais sur:I'Hygrométrie,’- 1783.)-

. Inv. 1880—86 SM 1439, LS
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106. SAUSSURE'S EIGHT-HAIR HYGROMETER. Lent by
The Meteorological Office.

* Richeus' in 1789, first proposed a- modxﬁcatlon of Saussures hygrometer..‘

. usmg eight hairs instead of one, and this instrument, which is of that type, was
formerly the property of Mr. Francis Ronalds, and wasused by him at Kewin'1843.
" In this'instrument, all the eight hairs are-attached to one bar, and it would
seem that the indication must always be that of the shortest individual hair,
the others remaining slack. From the lower bar to which the hairs are attached, a

cord passes round one of two pulleys coaxial with each other and with the index,

while a small weight supported by a cord passing over the other pulley serves
to move the index when the hairs expand ‘due to increased humidity. =
© (See Rozier—Observations sur la Physique, Vol. 34, p. 58) - Inv. 1876—794

© 107. NICOLLE'S “ AQUEOUS METER.” Lent by B. C. :_Wain-
wright, Esq.
. This wood hygrometer is 'a ‘modification . of Conier’s first wood thermometer

,of 1670, and Arderon’s of 1746, . .
" In this instrument a thin slab of wood is cut across the grain- and fitted'in a

frame furnished with a graduated arc and an index: The axis of the index is,

attached to the wood so that the expansion or contraction of the slab by increase
or diminution of humidity of the air causes a motion of the index along the scale
The graduations range from o0° to IOO -the limit at one end being *‘ Dessication *’

and at the other ‘“ Immersxon i Inv. 1893-114, S. ’\I 1447, L.S.

108. WHALEBONE HYGROMETER. Made by Devrme Parls
Presented by T. H. Court; Esq. -

. In'this instrument, the’ hygrometnc state of the atmosphere is dxrectly
recorded on the dial of the instrument.
. " The'effect on a strip of whalebone, of the moisture present inthe a1r, is trans-
" ferred into rotary motion of a pivoted quadrant, which actuates a small gear
wheel. This in turn directly operates the pointer, which moves to the.left or
rlght in accordance with the dryness or dampness of the atmosphere.,

Inv. 191 1—205

109 KATER’S HYGROMETER Made by Roblnson Lent by

The Royal Society..”

In this instrument which was devised by Capt Kater in 1809, the active agent
is a twisted filament of the Indian grass Andropogon contortum, which twines and
untwines with increased dryness or dampness of the atmosphere..

The grass is fastened to the cleft end of the axis of the index of the larger dial
and is continued in a line to the back of the case, where it is secured to a pin which
can be.adjusted to give the necessary tautness.. The larger dial'is graduated in
100 parts, and the smaller dial serves to indicate the number of revolutions of the
index of the larger. The case is perforated to a,llow of free access of air and'to
provide efficient ventilation.

) (See Asiatic Researches, Vol. IX,, pp. 24 & 395. ) Inv. 1893-140.

110. BIFILAR HYGROMETER.

_-This instrument, which was designed by Prof. Ernst Friedrich Klinkerfues
of Géttingen about 1870, is a hair hygrometer actuated by the stiffness of the hair
and not by its variation in length.

A wisp of hairs is passed through holes at each end of a small cross-bar of the
spmdle which carries the index, and the ends of the wisp are made fasttoa plate
near the top of the instrument. A second and shorter wisp is also passed, butina
‘contrary direction to the first, through the same Tholes, "crossed, and the ‘ends
'secured to a bar near the bottom. In this way a twist is given to the hairs acting
on the spindle, and the index made to take up a position dependent upon the
‘balance of the torsions of the upper and lower wisps. With-a change in the
"humidity the balance is disturbed, and the change made apparent by the movement
-of the index towards one or other of the extremes of the scale. - A thermometer
and reduction disc are supplied by Wthh air temperature can be obtained and the
dew-point calculated. - -

(See Klinkerfues, * Theone des Blﬁlar-Hygrometers m1t glexchtheﬂxger
‘Prozent-Scala.”’) -~ Inv. 1876—756

ie
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111. KLINKERFUES HAIR HYGROMETER. Lent by The
Meteorolog1cal Office.

This instrument, which was designed and patented in 1882 by F H. F. Engel
and W. Klinkerfues, is similar in prmc1ple to the hair hygrograph shown adjacent.

It consists of a w1sp of about five or six hairs, 4 cm. long and fixed at each end.
Midway between the ends is attached a string which passes over a pulley on the
index axis and is kept in tension by a spring. ' Variations in the length of the hair
due to changes of the atmospheric conditions are thus transmitted to the mdex
finger which indicates the relative humidity.

(See Pat. Specn. No. 6161 of 1882.) ’ Inv. 1922—8

112, RUSSELVEDT HAIR HYGROMETER. Lent by The
Meteorological Office.

This hair hygrometer which is of the type used in Norway, has for its hygro-
scopic element two lengths of horse-hair arranged to resemble a bifilar system.

The indicating arm is mounted upon a pair of twisted threads under tension,
so that the arm always tends to move towards the saturated end of the scale.
Its exact position is determined by the lengths of the horse-hair, and consequently
that position is a measure of the relatwe hum1d1ty o Inv. 1922-9.

113. HYGROGRAPH. - Lent by The Meteorological Office.

This instrument is designed to furnish a continuous record of the humldlty
of the atmosphere. -

It consists essentially of a wisp of hairs securely clamped at both ends and
passing over a hook mid-way between the ends. Contraction of the hairs due to
decrease of atmospheric humidity causes the hook to be moved outwards to the
right, while a spring controls the hook in the reverse direction as the humidity
- increases.  The.motion of the hook is communicated by a series of levers to the
‘pen; which traces the record on a chart carried by the revolving drum. The
chart is graduated from o to 100 1nd1catmg respectlvely absolute dryness and com-
plete saturation. Inv. 1921—77

EVAPORATION HYGROMETERS
or
- WET AND. DRY BULB THERMOMETERS

114 PSYCHROMETER. -Made and lent by Messrs. Pastorelli &
Co.

Thisis a wet and dry bulb hygromoter of a type orxgmallv de51gned by Boeck—
mann in 1802, and later employed by Gordon, 1817, .and Mason, 1836, in which
two thermometers are mounted side by side a few inches apart. i

The bulb of one thermometer is freely exposed to the air, and mdlcates the
air temperature, while the bulb of the other is enclosed in muslin kept constantly
moist by water conducted by a cotton wick immersed in water contained in a
brass vessel.  The latter thermometer-indicates the temperature of evaporation.
From the data furnished by each of these instruments and Glaisher’s Tables of
the elastic forces of vapour at different temperatures, the hum1d1ty of the air can
be deduced - i . i ) o Inv 1860—-34

115. APPOLD’S AUTOMATIC HYGROMETER. Lent by The
Royal Society.

This instrument was designed-by-John George Appold, F.R.S., about the mid-
dle of the nineteenth century for the registration and regulation of the atmosphenc
moisture in the rooms of his house.

By the use of this instrument the flow of a small stream of water over a warm
stove is regulated and by this means a uniform hum1d1ty is ensured throughout ~
the building. :

The hygrometer essentially consists of two bulbs ’Lt the extremities of a glass
tube, which is connected to-a brass rod, the whole turning on a knife edge after
the manner of a balance. Mercury fills the tube, and, in part, the bulbs, while in
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the latter also is a small quantity.of ether..; One of the bulbs and half of the tube
are covered with a paper whichis kept constantly moist by’ water ‘supplied through
a pipe above. The knife edge is placed immediately above the covered bulb,
beyond which is an arm carrying an adjustable counterpoise, with which the tube
is'balanced and adjusted, a helical spring serving to regulate the range. -
-+ In a dry atmosphere, evaporatlon occurs from the moist: paper,- producmg a
decrease of the temperature and causing a contraction of the ether in the covered
bulb, which is accompanied by a transference of mercury from the uncovered to.
the covered bulb, under the influence of the pressure. of the ether vapour in the
former. The uncovered bulb, being lighter, now rises, and.in so doing actuates
a lever, opening a valve which allows water to pass througha tube to some heated
pipes covered with bibulous paper. By evaporation from these pipes, the amount
of moisture in the air 1s 1ncreased unt11 the desired humrdrty is attamed when the
action ceases.

A pencil attached to one of the levers can be made to record ona chart the.
motion of the mercury tub and thrs record can be checked by readmgs of the
Mason’s hygrometer. '™ . :

. (See Proc Roy Soc Vol XV 1886 P.144. y o Inv. 1893—141

-

116 WET AND DRY BULB HYGROMETER Made by»
Braham, Bristol. ‘Presented by T. H. Court, Esq. R

This is. a convenient and portable form of hygrometer, :made by Braham,
of Bristol, about 1860.

* The two thermometers are fixed side by side’ on an ivory mounting, ‘which
is supported on a box in which it may be enclosed after use..- The bulb of the
wet bulb thermometer is covered with muslin, which conducts water from the
glass contamer ﬁxed vertrcally between the tubes. S Inv x917—103

117 MILL HYGROPHANT Presented by Messrs J Casartelh
& Son, Manchester. ‘

- This mstrument is des1gned specially to enable the hygrometrrc state of the
‘atmosphere to be ascertained-directly by inspection and is particularly sultable
for use in weaving and spinning mills.

It consists of a dry-and a wet bulb thermometer, between which is placed
a case containing a scale to represent dry bulb réadings, and a revolving cylinder
graduated with percentages of morsture for each degree of.difference of the
two thermomegters from 1° to 21° ~This difference.being ascertained, the corre-
sponding column of percentages as indicated by the number at'the top, is turned -
to the front, when, in line with the number representing the.dry bulb reading,
will be found the percentage of moisture in the atmosphere at the time of obser-
vatron Saturatlon is represented by 100, Inv 1897-16

-

118 PSYCHROMETER De51gned and made by Gerssler Bonn

" “This is an’ 1mproved type of wet and’ dry bulb hygrometer produced by
Dr H. Geissler, of Bonn, in 1876.
" The thermometers of thrs 1nstrument are. graduated in tenths from —28° to
46° C . Inv. 1876—761

4 L AR AN PR 4~"“’5

119 PSYCHROMETER Made by Messrs. Warmbrunn Qulhtz
& Co., Berlin.

Thrs is a wet and dry bulb hygrometer known on the contment as August s
hygrometer it is similar to but larger than the adj acent mstruments :
= ‘The thermometers are graduated in tenths from —20%to 50°C. ...
Co e T e s e o I 1876—745

120 PSYCHROMETER Lent- byS G Denton Esq

: “This combmatlon mcludes a’ Six’s thermometer ‘with a mercunal wet bulb
-thermometer- attached to the same stand, thereby combining four instruments,
namely, maxrmum, mmrmum and true temperature thermometers, and “hygro-
meter.: I i POIERE E AP <Inv. 1876—848
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~ 121. REDUCTION DISC FOR PSYCHROMETERS

= Tlns arrangement was designed by Prof. Ernst F. Klmkerfues, of Gottmgen
about 1870, for finding the dew-point temperature mechamcally from:the rea.dmgs
of the dry and wet bulb thermometers.

Tt consists of a circular scale giving the dew-point temperature above whrch

is mounted a cardboard disc graduated for dry bulb indications. . If-the numbers

*‘on the scale and disc which correspond to the wet bulb reading be: brought into

coincidence, the dew-point temperature will be shown on the scale in line with
that number on the disc which represents the dry bulb reading.

The coloured part of the scale is for use when the-air temperature is below
freezing point. Inv. 1876—758

o122, GALTON S TRACE COMPUTER Lent by The Meteoro-
logical Ofﬁce

This mstrument was designed in 1870 by Sir Francis Galton, F.R.S, for
deducing a curve of vapour tension from the corresponding-curves of the dry
bulb and wet bulb temperatures, and was employed at the Meteorological Office
for deducing curves of vapour tension from reduced. copies . of thermograms for
publication in the Quarterly Weather Report. = . g ER TR

The instrument consists essentially of three portions :—

: First.—A carriage for holding the two traces from.which the thlrd is to be
deduced. This carriage is moved from side to side of the instrument by means
of a rack and pinion cortrolled by the operator’s right hand, the line of move-
ment being governed by bevelled wheels running in grooves. To the front of
the carriage there is fixed a frame, the upper part of which carries a plate intended
'to receive the deduced curve. The movement of thls plate is therefore sumlar
-to that of the two curves to be operated uron.

Second —The second part of the instrument con51sts of another camage
having a movement along a track at right angles to that of the first, and carrying
‘a templet with a specially curved surface, corresponding to the required function
of the two variables, which in’this particular case'is the value of the vapour
‘tension for a given temperature of the dry bulb and depression of the wet bulb.

Motion is given to this carriage by a milled head and screw controlled by
the operator’s left hand, but an 1ndependent movement can-be given .to the
templet from side to side of the carriage by means of another screw at the ‘end
of an arm which carries a pair of m1croscopes arranged to follow the wet and
‘dry bulb traces respectively.

T hird.—The third section of the instrument is placed immediately above the
templet, and consists of a partially counterpoised frame -which can move up
and down in a set of vertical grooves. The frame terminates in a style which
rests lightly upon the templet, whilst at the top it carries a horizontal tube in
which slides a pricker, held back in the tube by a spring.

When the microscopes have been set so that their cross wires 1ntersect
respectively the dry and wet bulb traces, the pricker is struck by a hammer
moved by the operator’s foot, and a dot is made on the plate. The distance
‘of this dot below a zero, previously ruled upon the plate, corresponds to'the
height upon the templet at which the style rests at the moment when the blow

. is delivered and to the tabular values of the vapour tension for the temperature
‘of the dry bulb and depression of the wet bulb indicated by the two traces.

The succession of dots made at half-hour intervals was connected by a graver,
so as to form a continuous curve, whrch was transferred to a copper plate by
means of a pantagraph.

(See Report of the Meteorologrcal Commxttee of the Royal Socxety, 1870
and 1871.) . . Inv. 1906—100

123. ASSMANN’S PSYCHROMETER Lent by The Meteoro-
log1cal Office.

) This ventilated and’ portable psYchrometer was desighed in 1887 by Prof.
Assmann, of Berlin, in order to obtain trustworthy wet bulb readings during
balloon 'ascents when a.relative calm is produced by the balloon travellmg with

-the wind.
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It consists_ofitwo . mercurial thermometers, . of which:the bulbs are kept
respectively dry ‘and wet, together with an arrangement for drawing air over
the bulbs at-a certain speed by means of a fan driven by clockwork. .. The bulbs
of the thermometers are protected from external radiation by two h1ghly polished
cylindrical tubes, thereby enabling the instrument to be placed in strong sunshine,
or employed on aircraft.at great heights, without fear of solar radiation affectmg
the readings.” The dry bulb.thermometer gives the trie temperature of the air,
and "the wet bulb the temperature due to the effect of evaporation, the depressron
of ‘the wet bulb i 1ncreasmg, as the relatwe hum1d1ty decreases. Inv 1921—80

124, COMIN PSYCHROMETER. Lent by "The Meteorolog1ca1
Ofﬁce. :

_-./This electrically ventilated psychrometer .is- designed to ‘ensure that the
temperatures indicated by the 1nstrument are accurately thosé of the. wet and
dry bulb thermometers.

. As in the Assmann instrument, air is drawn past the dry and wet bulb ther-
mometers through the agency of a small fan driven electrically by means of a
small motor enclosed in the lower .portion of the apparatus. .'An inverted glass
tube containing distilled water enables - the mushn to be kept uniformly. wet
however the current of air may be varied. B o+, - :Inv, 1922-6.

125 LLOYDS HYGRODEIK Lent by The Meteorologmal

; This mstrument was designed by Messrs A, ] Lloyd & Co. in 1902 to’ grve
‘a direct indication of the relative humidity, dew-point, and the absolute humidity.
It consists of wet and dry bulb thermometers provided with a specially-
designed -chart, .over- which. an indicating arm can be moved. : In:using the

-instrument, this arm is moved to.the scale on'the left near,the wet bulb, and

the sliding pointer is set to the temperature indicated by the wet bulb thermo-
meter. The arm is then moved to the right until the pointer is on the curved

- red line- corresponding  with : the reading of .the dry bulb thermometer. The
‘relative humidity is.then indicated on the graduated arc at the bottom of the

chart, while the dew-point is given on the printed dry 'bulb scale by the inter-
section of the thick curved black lines. = The absolute humidity is indicated by
the numbers at the upper end of these llnes, which give the amount of water
in grams per cubic foot of air. 7 S Inv 1922~3

N 126 AEROPLANE PSYCHROMETER Lent by The Meteoro-
logical Office. ’

The instrument here exh1b1ted is desrgned for use.on an aeroplane, where it

‘is mounted in' an exposed position and is read from a distance.

"It consists of wet and dry bulb thermometers mounted” on.a, frame which

‘can be attached to an:interplane strut of the machine several feet away from
.the obsérver, where they are unaffected by the heat of the engine. ' Lenses are

provided to facxhtate the reading of the thermometers and can be ‘adjusted by
the observer by means of the cord. o ‘ ) N Inv 1922—5

127 MODEL OF WHIRLED PSYCHROMETER Lent by The
.Meteorologlcal Office. :

* This apparatus is designed for wh1rl1ng thermometers through the air, thereby
enabling the wet and dry bulb temperatures to be obtained with accuracy and

' _rapidity.

It is proy1ded w1th two arms, Wthh aré rotated rapxdly by operatmg the -
small wheel and handle. To these arms are attached two thermometers,' the
bulb of one being covered with wet muslm The thermometers are then whlrled

“and the readings taken.

(See “ U.S. Dept. of Agrlculture Weather Bureau Psychrometnc Tables

“Part I, Washmgton, 1918.”) Inyv. 1922—4.
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128. HYGROGRAPH. Made by Pastorelli and Rapkin.

This instrument is designed to give a continuous indication of the wet and
iry bulb temperatures, thereby enabling the humidity to be determined at any
time during the absence of the observer. L o -

It consists of two similar bi-metallic strips, each pivoted at one end and
bent into a wave-like form, while to the other end is connected a series of levers
by means of which the motion is communicated to an arm carrying a pen, which -
records on the rotating drum. o SRR

One of these bi-metallic strips is covered with muslin and by means of a series .
of wicks is supplied with moisture from a cylindrical metallic reservoir containing-
water. e T
" - Adjusting screws are provided near the pivoted end, which enable the position
of the pens to be adjusted. ’

", The range of the instrument is from 100° F. to 200° F. . Inv. 1922—47:

'SUNSHINE RECORDERS.

" The first instrument for recording sunlight dates from 1838, but
it was not until fifteen years later that an instrument was produced
for furnishing a continuous record of sunshine. -

- In general, sunshine recorders fall into two main classes, according
to their method of operation, and whether the record is produced
photographically or by burning, the intensity of the solar radiation
being investigated by other forms of instrument known as actino-
meters and solar radiation thermometers. . :
 Instruments of the burning type date.from 1853, when: John
Campbell, of Islay, produced his sunshine recorder; which took the
form of a mahogany bowl containing a hollow glass sphere filled with
acidulated water, which he replaced in 1857 by a solid spherical lens
of crown glass. Campbell modified his arrangement in 1878, intro-
ducing a gypsum bowl containing a strip of .cardboard, and the
following year Sir G. G. Stokes added the zodiacal frame, when the
instrument became known as the Campbell-Stokes sunshine recorder.
In 1880 Stokes devised a new form of card holder, while in 1gor
Curtis introduced further modifications. S :
Another method of supporting the lens was adopted in the Whipple-
Casella instrument, which is provided with divided latitude and diurnal
circles, enabling it to be set for any latitude and any day of the year.
The idea-of ‘recording sunlight photographically dates from 1838,
when T. B. Jordan invented his daylight and sunlight recorder, but the
first instrument to be used with success was Sir H. Roscoe’s chemical
photometer, which was produced in 1863, and subsequently modified
by him. The most successful sunshine recorder of the photographic
type was due to J. B. Jordan, who, in 1884, produced his single-cylinder
recorder, which hé improved four years later, adding a second chamber.
About the same time, McLeod designed an instrument having a glass
sphere silvered inside and placed before the lens of a camera, and
Maurer, in Switzerland, produced a heliograph similar in principle to
Jordan’s single-cylinder recorder. In the Dawson-Lander instrument,
Which consists of a hollow cylinder of copper, and in the side of which
is cut a narrow slit to allow the sunlight to impinge on a strip of
sensitive paper wound round a drum, the copper c¢ylinder is made to
revolve with the sun and moves in an axial direction, enabling a
continuous record to be obtained for any required period. Richard
has also designed an instrument in which the aperture -is- made to
move over a sheet of sensitive paper in conjunction with the sun..
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The earliest mode of measuring the temperature of the:sun was
by attempting:to measure the heat of radiation, and the unsuitability
of ordinary thermometers for this purpose led to the ‘contrivance’ of
the instrument known as the actinometer. ' The first actinometer was
produced in 1825 by Herschel, who made the first satlsfactory measures

-of direct solar radiation in 1836 His instrument consists of a large
glass cylinder filled with a solution of ammoniacal sulphate of copper,
which acts as the bulb of ‘a large thermometer.” Pouillet, about
1854, proposed his’ pyrhehometer of which there are two forms in
one of which the solar radiation is received direct, while in the second
it is focussed by a lens on to a vessel containing’ hqurd “In* 1866,
- Hodgkinson designed an actinometer for his researches in Switzerland,
and the following year-another instrument was introduced by Balfour
Stewart. The next step was made by Secchi, who designed an instru-
ment consisting of two co- axral cylinders with a_thermometer bulb
in the middle, on which the sun’s rays were allowed to fall, the annular
space’ between the cylinders being filled with liquid at'a known tem-
perature. In 1885 Stanley produced his copper pyrheliometer, which,
however, was found to give readings lower, than the solar radiation
thermometer while ‘the following year -Angstrom’ introduced his
compensated pyrheliometer, which was adopted as the Internatlonal
Conference in 1905.

- The development of the solar radratlon thermometer from the
ordinary thermometer, commenced by making the bulb of black glass,
in order to diminish-reflection. - In order to overcome: the effects of
wind, Herschel, in 1849, suggested enclosing the thermometer in'an
~ exhausted glass envelope, and later it was found desirable to coat the
bulb-with lamp black so that -all heat- falling upon it ‘might be
absorbed, ” while - “finally, - owing - to™ the influence -of ‘the' lower
" temperature of the unblackened ‘thermometer tube, a “small portlon
of it adjacent to the bulb was similarly coated. -~

A recording instrument has been' devised by’ Richard,” consrstlng
of two thermometers contained respectively in polished and blackened

bulbs, the record being produced by two pens workmg on the same
chart. - -

INSTRUMENTS PRODUGING A REGORD BY BURNING

129 FIRST SPHERICAL LENS MADE FOR SUNSHINE-
RECORDING Lent by The Meteorologrcal Ofﬁce B

) CA label upon the lens states :—

“ This lens was made in 1857, probably in Manchester for Mr. Campbell
of Islay, and at'the close of that year it was substituted for the original fluid lens
which-had been in use at the Office of the Board of Health, Whitehall, since

. Christmas,- 1853, when' continuous sunshine records were first begun.' It is the
first glass lens employed to record sunshine, and was transferred from Whitehall
to Kew in 1875, and used there. The second lens employed was made by Chance
1n 187 5, and wa.s used at Greenwrch Observatory . Inv. 1508-88.

130. CAMPBELL’S SUNSHINE RECORDER BOWLS Lent
. by The Meteorological Office.-

~These bowls were used at the Kew Observatory from the 21st December, 1891

to 21st June, 1892, and from June, x892 to ‘December, 1892 They furnish a
record of the sunshine for that period. : .



PLATE 1V.

Campbell’s Sunshine Recorder Bowls.

McLeod’s Original Sunshine Recorder (1886).
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- The hemispherical bowls are made of mahogany of uniform grain, and in the
middle is placed a spherical water or glass lens, whose centre coincides with the
centre of the cavity in which it rests and which is of such a radius that the focus
falls on its inner surface. The sun’s rays are focussed by the lens and as the direc-
tion of the sun changes, & record of its course is burnt into the wood, the position
of the record rising or falling in the bowl according to the sun’s declination.. A
measurement of the depth of the burnt record during different periods gives the
relative heating powers during these periods. - ' ) S

" The bowls exhibited indicate the difference in the sun’s heat for the two halves
of the year falling between the solstices: Inv. 1894~120, S.M. 1444, L.S.

131. CAMPBELL STOKES SUNSHINE—RECORDER. Made by
Messrs. Short and Mason. - C

This instrument was developed by Stokes from Campbell’s recorder of 1853,
in which wooden bowls were used in conjunction with a water or glass lens. In
1876 the wooden bowl was replaced by one of metal containing a strip of cardboard,

- and in 1879 Stokes added the zodiacal frame. In the following year he devised an
improved card holder, and other improvements were introduced by Curtis in 1901.
-+ A spherical lens is mounted in a metal bowl which is fixed upon a slate base.
and grooved on its inner surface to hold the strips of card used as records. For
observations, the bowl is placed in the meridian and its axis inclined in accordance
with the latitude. -The lens being carefully focussed, the charring of the card by
the sun’s heat indicates the duration and intensity of the sunshine.

Other forms of burning recorders, such as those with stone and metal bowls

coated with some substance that melts under strong heat, have been employed.

from time to time, but these have now been entirely superseded by the Campbell-
Stokes instrument.

(See Q. J. Met. Soc., 1880, V‘ol.rVI., p. 83, and Vol. XXVIIL,, p. 117,
Inv. 1909-132, S.M. 1443, L.S.

132, WHIPPLE-CASELLA SUNSHINE RECORDER. Lent by
Casella. . ’ ~ T

in 1884 for use in any locality and at any time of the year. o

It consists of an optically worked crown glass sphere, four inches in diameter,
weighing approximately three pounds, and having a focal length of from 2:96 in.
to 2-99in. This lens is suitably mounted, and the instrument is furnished with
divided latitude and declination circles, so that it may be used at any time and in
any latitude. An adjustable metal rim in the form of a circular arc, serves to
hold the strip of sensitized paper which forms the record. Inv. 1921-693.

This instrument, which is of the burning type, was designed By G. M. Whipple

PHOTOGRAPHIC INSTRUMENTS.

133. JORDAN’S SUNSHINE RECORDER. Made by Messrs.
Negretti and Zambra. : o . '

This sunshine recorder was designed by Mr. J. B. Jordan in 1884, for photo-
graphically recording the duration of sunshine. . :

1t consists of a single dark cylindrical brass chamber, on the inner circumfer-
ence of which is placed a sheet of sensitized paper. A ray of sunlight being
admitted into this chamber through a small rectangular aperture in the side, is
feceived on’ the paper, and travels around it by virtue of the earth’s rotation,
leaving a distinct record of chemical action, thereby registering its duration and

the degree of its intensity. The cylinder is mounted on a bromzed stand, with

means of adjustment for the different seasons, and for use in any latitude.

The records are divided into hours and sixths, the cyanotype process being used 7

in sensitizing them, while they are rendered permanent by simply washing for a
few minutes in cold water and afterwards drying. :
(See Q. J. R. Met. Soc., Vol. XIL, 1866.) Inv. 188676, S.M. 1432, L.S.
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- 134. JORDAN’S TWIN-CYLINDER SUNSHINE RECORDER.
Lent by J. B. Jordan, Esq. ‘ PR oo

This instrument which is an improvement on the single cy.linderv type shoWn‘

‘adjacent, was introduced by Jordan in 1888."

It consists of two semi-cylindrical dark chambers of brass, one to contain the®
morning and the other the afternoon record. “The chambers are placed with their
diametral planes outwards and at an angle of 65°, while they are hinged to a stand’
having-a latitude arc. : An aperture for admitting the beam of sunlight is placed
in the centre of the rectangular side of each box, so.that the length of the beam:
within the chamber is the radius of the cylindrical surface on which it is projected.
Its path therefore at all seasons follows a straight line on the record. .

-The apertures for the admission of the sun’s rays are so placed as to receive
the early and late sunshine, and as there is only one aperture in each chamber,
the amount of diffused light admitted is much less than in the single cylinder
instrument, while the fact that the morning and afternoon charts are placed in
separate cylinders offers improved facilities for changing the charts. e

(See Q. J. Met. Soc., 1888, Vol. XIV., P. 212.) Inv, 1893-144, S.M. 1431, L.S.

135. MCLEOD’S. SUNSHINE, RECORDER. Lent by Prof. H.
McLeod, F.RS. ., . .. T »

. This original sunshine recorder was designed by Prof. McLeod about 1886, and
was subsequently modified and produced commercially, . ) .
It consists of a glass sphere silvered inside and placed before the lens of a camera,
the axis of the instrument being adjusted parallel to the polar axis of the earth.
The light from the sun is reflected from the globe and some of it passing through’
the double-convex lens forms an image on a piece of prepared paper within the
camera. ' In consequence of the rotation of the earth, the image describes the arc
of a circle-on the paper‘and when the sun-is obscured: this-arc is. necessarily
discontinuous. The image is-not on a point, but a line, and in certain relative
positions of the sphere, lens, and paper, the line is radial and very thin, so that
the obscuration of the sun for only one minute is indicated by a.weakening of
the image. - e o e T e
The record is divided-into hourly intervals, when the position of the meridian
has been determined, by drawing radial lines at angles of 15°. Ferro-prussiate
paper is used for the records, which are fixed by washing them in water for a
few minutes. T e Tl ST e e L
Examples of the traces, divided for the hours, are exhibited with the apparatus.
< (See Jour. Phys. Soc., Vol. VL., p.'216.) Inv. 1885-112, S.M. 1453, L.S.

136. MAURER’S SUNSHINE RECORDER. Made and lent by
Th. Usteri-Reinacher; Zurich, -« e o« 0 o : cel

This photographic sunshine recorder which was designed by Dr. J. Maurer
about 1886, is similar in principle to that of Jordan.

It consists of a cylindrical dark chamber of brass having its top oblique to the
axis and pierced with a small rectangular hole. . The bottorn of the cylinder is
removable to allow the sensitized papers which are accommodated inside to be
adjusted. A small latitude arc is fitted below the instrument, and the whole is
supported on an iron stand. If the cylinder be fixed with its axis adjusted for
latitude, and its North South line in the meridian, the sun’s rays passing through
the hole at the top, leave a record of their course on the sensitized paper, and
as this record is approximately a straight line at right angles to the hour lines
engraved on the paper, the duration of sunshine for any particular period can be
readily ascertained. R ) ) i ) -

" The record should be washed in water, after removal from the cylinder, in’
order to fix it, - T ) Inv. 1893-145.

.
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- SOLAR RADIATION THERMOM ETE_RSQ

137, HERSCHEL'S ACTINOMETER. Presented by Sir J.
Hooker, F.R.S. o s . .

This actinometer which is of the type devised by Sir J. Herschel in 1825, was -
used by Sir J. Hooker in his investigations when travelling in the Himalayas. ~

It consists of a glass cylinder filled with a solution of ammoniacal sulphate of
copper, to one end of which is connected a tube with an arbitrary scale of equal
parts, while to the other end a screw is fitted which may be used to adjust the
liquid in the tube, the whole forming a delicate thermometer. The temperature
of the liquid is ascertained by a thermometer having its bulb in the liquid, and its
stem passing through the screw. By noting on the arbitrary scale the height of
the liquid immediately before and after the instrument has been exposed to the
sun’s rays for a definite time, and also making similar observations when it is set
in the shade, a measure of the heating effect of the sun’s rays can be ascertained.
This can be corrected for the unequal expansion of the liquid with the aid of read-
ings given by the alcohol thermometer. Herschel suggested that not less than
three sun observations, and two intermediate shade observations should be taken,
the calculations to be made from the means of the readings in each position.
"~ The unit of solar radiation adopted in the ultimate reduction of the observation
was the ‘“ Actine.” By thisis understood, * thatintensity of solar radiation which,
at a vertical incidence, and supposing it wholly absorbed, would suffice to melt one
millionth part of a metre in thickness from the surface of a sheet of ice horizontally
exposed to its action per minute of mean solar time.” .

(See Admiralty Manual of Scientific Enquiry. Article on Meteorology by
Sir J. Herschel.) : ) Inv. 1890-54.

138, HERSCHEL'S ACTINOMETER. Made by. Robinson.
Lent by The Meteorological Office. e

This instrument, which is of the form devised by Sir J. Herschel in 1823,
was used during the Antarctic Expedition of 1840-3 under the command of Sir
James Ross, R.N. i : :

In construction and design it is similar to the instrument shown adjacent,

. Inv. 1908-96.

139, SOLAR RADIATION THERMOMETERS. Made by J.
Hicks. Presented by The Admiralty. o

Sir John Herschel in 1849 suggested enclosing the black bulb of an ordinary
radiation thermometer in a vacuum tube, so as to prevent loss of heat due to
radiation from the black bulb. ’ )

The two examples shown are made in this manner and were used on.the
British (** Discovery ") Antarctic Expedition of 1901. The indications are 20° F.
to 30° F. higher than those of a similar instrument with exposed bulb. The larger
example is graduated in degrees from 3° F. to 203°F. and the smaller from 10° F, -
to 207° F, o . © Inv, 1911-116-7,

140. SOLAR RADIATION THERMOMETER. Lent by Town-
son and Mercer. - . :

This form of thermometer is constructed with the view of measuring the
intensity of radiation derived directly from the sun. To effect this, the bulb and
part of the stem are blackened, and the whole thermometer enclosed-in a glass
shield as nearly as possible exhausted of air, so that results may be unaffected
by passing air currents or by the presence of moisture in the surrounding atmos-
phere. ; : S
These thermometers are supported on specially constructed stands, to prevent
their receiving heat from objects in their vicinity. They are occasionally made
with mercurial vacuuin gauges and other appliances for indicating the state of
exhaustion of the air enclosed in the shield. )

Sir John Herschel, in the ** Admiralty Manual *’ of 1849, suggested this design
of instrument, and many have been constructed since, which give favourable
results as compared with other forms of apparatus for measuring the intensity of
solar radiation. L . ) - Inv. 1905-73!
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141. POUILLET'S; :PYRHELIOMETER.: ;jMade; by Casella.

Lent by The Rev. F. W. Stow, M.A.
" - Pouillet about 1854  propésed his’ pyrheliometer of which .there. were two
forms, known as the “ pryheliometer direct’’ and the ““ pyrheliometer & lentille.”
The instrument’ exhibited is a modification of the former, introduced by the
Rev. F. W.Stow. '~ - o o et o L )
It consists of ‘a thermometer.the bulb’of which is immersed in the mercury
contained in a small blackened cylinder of known capacity and base area.” 'When
in use, the base of the cylinder is turned for a definite period of time alternately
towards and from the sun, and the mean of the thermometer readings in.each
position is takern: From these means can be determined the rise in temperature
of the mercury contained in the cylinder due to the sun’s radiation ‘acting on a
known area for a fixed time.” " © - o T
" The base should'be set so that the sun’s rays fall perpendicularly on it and -
a paper disc is supplied to show by the position of the shadow of the cylinder,
when this adjustment has been made.” oo e
The improvement due to'the Rev. F. W, Stow is the addition of the outer
cylindrical case to protect the thermometer tubé from wind, ‘and rays other than
© (See Tyndall—" Heat as a Mode of Motion.”) == Inwv. 1893-113,S.M.1438,L.S. -

142, SECCHD'S SOLAR INTENSITY APPARATUS. -Lent by
Casella. ‘ " Sk R

' This apparatus was devised by Padre Secchi for measuring the comparative
intensity of the heat of the sun’s rays. C o L R
It is a metal vessel in the form of a hollow cylinder, ten inches in length and of
three inches diameter, filled with a liquid at any desired temperature. In three
‘tubes are inserted thermometers, the bulbs. of two of which are immersed’in the
liquid, the bulb of the third being passed through the vessel into the hollow centre
of the cylinder. For observation, thé apparatus is placed on a stand, and'adjusted
so that the sun’s rays fall on the exposed bulb. =™ .o, wlo5 ol v
Experiments showed that the increase in the thermometer ‘reading was
independent of the temperature of the surrounding liquid, "« -~ Inv. 1893—146.

143. SOUTHALL’S HELIO-PYROMETER. - Lent by L. Casella,

__This instrument.was devised by Southall to obviate the lowering of the read-
ings of solar radiation thermometers due to air currents and the cooling resulting
" from evaporation from the soil. ’ S
It consists of a box lined with black cloth.cushions, containing a’ maximum
thermometer with blackened bulb; and closed by a glass lid. If set so that the
sun’s rays fall perpendicularly on this lid; the difference of the readings of the
thermometer and those obtained from a thermometer reposed in the ordinary
way in the shade, will give a measure of the heating power of the sun, allowance
being made for loss of heat by reflection from the surfaces of the glass.” Southall
suggested 11.30 a.m. to-12.30 p.m. as the most suitable time for making observa-
tions, as no change in the position of the box is then necessary.. " = =7 .7 (-
With this apparatus, a small vessel in which water is boiled by the sun’s rays,
has been used. *" Inv. 1893-161.

144, STANLEY’S COPPER PYRHELIOMETER. .Lent by W.F.
Stanley, Esq..: -1 o U R TR PR

This instrument was designed by Mr. Stanleyin 1885 to overcome the difficulties
experienced in the use of solar radiation thermometers enclosed in a vacuum.

It consists of a thermometer the bulb-of which is enclosed in a copper, ball
I-4in, diam., whose surface has been oxidised by heating... When in use, it is
supported on a black polished slate’slab, at a:distance of about two inches from
the surface; the slab being inclined.at an angle of '45°. Readings obtained with
this instrument were found .to be lower than those obtained with: the ordinary
solar radiation thermometer, but results obtained with- similarly. _constructed
instruments were uniform. ° ’ D I,

" (See Q. J. Met. Soc., 1885, Vol. XI,, p. 124.) Inv. 1893-118.
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145. ANGSTROM’S COMPENSATED PYRHELIOMETER. Made
by The Cambridge Scientific Instrument Co..

ThlS instrument, Whlch was invented in 1886 by Knut Angstrom for the
absolute determination of heat radiation, provides a method of measuring solar
radiation, and is also suitable for experimental work in the laboratory. It was
adopted as the international standard instrument by the Innsbriick meeting of
the International Conference in 1905.

- The instrument consists essentially of two-similar strips of thin blackened
manganin foil, arranged side by side on a small circular ebonite frame, and
connected to two constantan copper thermo-junctions, so that no current will
flow if the two strips are at the same temperature. The strips are mounted in a
tube provided with three diaphragms, on the front end of which a double walled
reversible screen is arranged, which may be used to protect one or other of the
strips from external radiations. An ebonite stopper closes the other end of the
tube and carries terminals for the thermo-element and the strip. ~ A commutator
enables the current to be sent through either strip as required, and a thermometer
is fitted to the tube, which may be sighted in any direction.

The auxiliary apparatus necessarily consists of a sensitive galvanometer and
adjustable resistance, a milliamperemeter and an accumulator, the last three
being connected in series with the strip. If now we know the width, resistance,
and coefficient of absorption of the strips, we can calculate the absolute value of
the radiation, ‘when a balance is obtained, by equating the electrical power

‘absorbed in the screened strip to the radiated power absorbed by the.exposed
strip, - thus i—

If B=width of strip in cm.,
a ==the power of absorption (0'985),
g=radiation in C.G.S. units,
r=resistance of unit length of the strips,
t=strength of electric compensation current :
then bag=radiated energy, and this is equal to
v g :
41:;15 =electrical energy ;

.k
whence q=;—1—gb a

gram calories per second per sq. cm. ,

or q——4 :8ba X 60 calories per second per sq. cm.’

Adjustments are provided on the pyrhellometer by means of which the instru-
ment may be correctly sighted to the sun, this being obtained when the ray of
light passing through the pin-hole on the top of the instrument is focussed on the
cross-wires. One strip should now be exposed, and the current directed through
the other strip and adjusted until no deflection is obtained: The test should then be
repeated with the other strip exposed, and the current passing through the one
which was previously exposed. Owing to slight lack of symmetry between the
strips, the readmgs may d1sagree shghtly, and a mean should be taken for the
final result.

(See Astrophysmal ]ournal, Vol. IX., 1899, pp. 332—346)

. Inv. 1914—726 S.M. 1434, L.S.

146. CALLENDAR’S SUNSHINE RECEIVER Made by The
Cambridge Scientific Instrument Co.

This instrument was designed by Prof. H. L. Callendar to md1cate the total
quantity of heat received by the earth’s surface.

It is essentially a differential platinum thermometer, consisting of two equal
resistance coils, one of which is blackened and the other left bright. These are:
set side by side in a horizontal plane, and protected by a suitable cover; the leads
being well insulated are led to-the bottom of the instrument, where they are
connected to a 4-wire cable leading to a Callendar recorder.. The difference of
temperature between the two coils, which is indicated by the recorder, is propor-
tional to the intensity of the vertical component of the radiation.

The instrument is calibrated and a factor obtained, by means of which the
total amount of heat actually received by the instrument can be calculated.

Inv. 1914~725
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.. "ANEMOMETERS. = =

The characteristics of the wind from the four points of the compass
‘were noticed as early as 1000 B.C;, and’ 500 years later the Grecians
~‘added “four additional intérmediate directions. ~This :number was

gradually increased to twenty-four, but twelve points were in more
" common use. until the time of Charlemagne, when the intermediate
directions' were compounded’ from the four cardinal points similarly

to the present nomenclature.” ...~ . o
" _The earliest known' device for locating wind direction ‘was the
octagonal Tower of the Winds at Athens, which was built about
100 B.C., while the first weathercock ‘was fitted to a church in the’
‘Tyrol in the year 820°A.D., and the first wind vanes of modern form
were those of Dante at Bologna and Florence in the middle of the
sixteenth century, but the regular observation of wind vanes :for
meteorological purposes was not’ commenced until about 1650.:

‘It is probable that the earliest attempts at gauging wind force
‘were made by sailors, who, almost. from the dawn of navigation,
-estimated the force as well-as the direction-of the wind, and who at
the present.time use the Beaufort scale for a similar purpose. -

* With a view to obtaining an accurate indication of wind force or
velocity, anemometers have been designed, which fall naturally into
three general classes, according as to whether they measure pressure,
-velocity or suction. The pressure -anemometer is usually made
according to one of two forms ; either a metal plate of small dimen-
sions, and pendulously suspended from its upper edge, is allowed' to
swing with the wind, and its departure from the vertical is noted,
or a larger plate is exposed facing the wind, and its pressure is received
on springs, the movement of which permits the force to be noted.

The carliest mention of .an anemometer. was.in'a-Royal Society
publication of 1667, in which was.described a pressure plate anemo-
‘meter of theé pendulum type, which had been in use for some time.
Tt was re-invented by Pickering in 1744 and fitted with-a spring catch
in order to -register the maximum force of the wind, while-an index
indicated the direction. A more complicated instrument of similar
type was produced by. Dalberg in 1780, while Schmidt, of Giessen,
in 1828 designed a very simple registering instrument. = Wild’s well-
' known instrument was produced in 1861, and although closely resem-
bling the primitive type described in" 1667 it was recognised-as a
#* standard - for some. time. . A somewhat different modification was
devised by Howlett in 1868, in which the pressure plate was replaced
by a sphere, thereby enabling the wind to be measured in any direction.

Related to these * pendulum”’ anemometers are the * bridled ”
anemometers,.in which the swinging of the plate is prevented by an
interposed resistance. The earliest-of this type is probably that- of
Wolf or Wolfius in 1708, in which a set of small' windmill sails on’'a
horizontal ‘axis' communicates the motion, by means of an endless
screw, to a toothed wheel, on the axis of which is fixed a -rod carrying
a leaden weight, the angular rotation of the wheel: being a measure
of the ‘wind force. ~Leopold ‘in 1724 and Leutmann the ‘following
year published almost identical descriptions of a bridled anemometer
in which the sails were curved and set in the form of a paddle wheel.
Leopold also invented other anemometers, one of which was exactly
reproduced by Martin in 1771, and modified by Beaufoy fifty years
later. Ronalds original anemometer of 1844 consisted of a light
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wooden cross in a vertical plane, the upper extremity. of which carried’
a plane facing the wind, while the other arms carried a scale pan and
counterpoises. The instrument was subsequently: modified so-as-to
turn to the wind by the action of a vane. .Galton in 1879 designed
a " torsion "’ anemometer, and two- years: later Stokes produced his
“bridled”’ anemometer. - B Dl e
.. The earliest pressure anemometer which was not of the pendulum
type was designed by Bouguer in 1746, and consisted -of -a_ pressure
plate anemometer in which a sheet of cardboard was pressed back-

wards by the wind against a spring, an arrangement which was modi- -

fied by Demenge ten years. later; while in 1836 Osler produced his
instrument in which the pressure plate acted on.a wire passing down
the hollow spindle of the vane. Attempts were made by Jelinek, 1850,
and Cator 1864, to eliminate the suction behind the plate by fitting.
a fairing. ; o ' S - S
- Lind’s well-known anemometer was produced in 1775, and. con-
sisted of a U tube mounted and swinging freely on a vertical spindle,
soas to form a direction vane. . This apparatus was modified by Forbes
some seventy years later, so as to give a measure of extreme gusts.
* A more important modification was.Wollaston’s “ differential  baro-
meter,” in which the U tube contained both oil and water, thereby
giving a magnified scale, while Ramsbottom proposed a similar instru-
ment in 1866. In a kindred instrument suggested by Brewster: in
- 1830, air was collected in a funnel and. forced back. an -index in, the

stem of a' horizontal thermometer. tube, thereby compressing the .

contained air. . A more practical form, however, was due. to Adie,
who in 1836 invented an instrument in which the bell-mouthed tube
was in communication with the interior of an inverted cylinder floating
on water. This type.of instrument. was considerably improved by
Dines in 1891, when he produced ‘his_ pressure plate anemometer. in
which the pressure on a plate is made to raise. or lower a suitably-
shaped block ‘floating in. water. - In_a.subsequent ‘modification the
block is replaced by an inverted float, the interior and exterior of
which are connected to a pressure and suction . tube respectively,
causing the float>to rise or fall with variation of wind pressure, the
motion being recorded by a pen on a revolving drum. S e

An estimation of wind velocity was made by Mariotte. before. 1680
by observing the time taken for pieces of down to pass over a measured
distance, a- method .which was . repeated in 1708 by. Derham, and
systematized by Bouvet in 1733. A similar method was adopted for
astandard measurement of velocity by Snow Harris in 1840, employing
feathers mounted on thin discs of cork. . :

The earliest tecorded instrument for measuring wind velocity was
devised by Dinglinger about 1720, and closely followed if not imitated
by d’Ons-en-Bray in 1734, both instruments having clockwork regis-
tering apparatus. -In ‘the lattér, a vane: on-‘one side indicates” the
wind direction, . and a wheel on the other side ‘gives the velocity.
Following this, Lomonoscow in 1751 proposed an anemometer in which
‘an indication of the velocity ‘is obtained from :a paddle-wheel, :and
mechanical’ gearing contained in the hollow direction vane.  The
next attempt to measure wind velocity was due .to Woltmann, who,
in 1790, obtained a continuous motion from a set of windmill sails,
a principle adopted by Whewell in 1837. Seven years-later, Foster
introduced a modified form in which the wind was received on four
vertical plates, at the ends of the arms of a horizontal cross. . It was
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fitted to turn only in- one direction and was considered a decided

improvement on its predecessor, but it was immediately overshadowed
by Robinson’s -adaptation of the hemispherical cups in 1846, the

origin of which he attributed to Edgeworth. = Robinson’s arrangement

was subsequently modified and improved by Beckley in 1856, Osler,
: 1858 and 1865, Woodward, 1867, Hall, 1870 2,’and many others, but
in’ principle the instrumentitself remains: very much as Robmson
originally designed it.
Attempts have also been made to estimate the veloc1ty of wind
by its physical effects, the first of which was described by Leslie in
"1804. He enunciated the principle that the refrigerant power of a
stream of air is exactly proportional to its velocity, and employed it
to determine the wind velocity from the rate of cooling of a thermo-

meter bulb. Brewster in 189z obtained a measure of the velocity.

by observing the rate of evaporation from a wetted sponge or flannel,
and during the period 1846-9 the methods of both Leslie and Brewster
~were re-invented by Phillips.

Allied to these methods are those based on the friction of masses
of fluid in motion and their consequent power of suction: ' The principle
‘was ‘first” illustrated by Bernouilli about 1738, but it was not until
towards the end of the century that Venturi studied it carefully, and

‘Overduyn in 1854 applied this method for estimating the speed of a

ship, suggesting at the same time that air currents might be measured
in a similar manner.© ‘The same principle but without Venturi’s tube
was applied by Fletcher in 1867 to a modification of Lind’s instrument,
thereby ant1c1pat1ng Hagemann s anemometers, which were produced
in 1876.

Another type of instrument is the musxcal anemometer, which
measures the wind by the musical sound which it is able to produce.
From the first idea of measuring wind, attempts were made to establish
a relation between the force of the wind and the sound it could pro-
‘duce, and Hooke himself suggested some: such method. Kircher,
about the same time, constructed several instruments which remitted
musical sounds when the wind blew upon them, and were similar to
the Aeolian harp.- Leopold invented an instrument by means of which
the wind was measured by its piping, and Delamanon in 1782 produced
an organ in-which the- pipes were fitted with valves so.constructed
that the wind was only able to raise one at a time, enabling the force
and direction of the wind to be indicated by the resulting sound.

PRESSURE. TYPE ANEMOMETERS.
147, LIND'S ANEMOMETER. Lent by Messrs. F. Darton & Co.

Thxs mstrument is of the type designed by Lind'in 1775 for indicating the
pressure of the wind.

It consists of a U tube containing water and ad]usted with the mouth of the
longer arm-facing in an upwind direction. For observations the tube is filled
with water until its level reaches the zero mark on the scale. - If it then be brought

.into position with the mouth of the longer branch facing the wind, the water will
rise in the shorter branch to an extent which will vary with the wind’s force.
From the difference of levels, with the aid of scales prepared for each instrument,
the pressure and also the velocity of the wind can be ascertained.

The wind vane serves to turn the mouth of .the tube to the wind, and also
indicates the direction.. - Oscillations owing to rapid changes of pressure are les-’

sened by narrowing the tube connecting the two branches.
(See Phil. Trans., Vol. LXV, p. 353.) © Inve 1876-850.

N
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- 148. RONALDS BALANCE ANEMOMETER. Presented : by

The Meteorological Office.

This preésure/plate anemometer was designed and constructed by Mr: Francis

of the wind. )

Ronalds at the Kew Observatory in 1843, for the purpose of measuring the force

"It consists of a light board;. 1 ft. sq., ﬁxedrtransvefseiy,to a cross of w‘o‘od,ﬁ
suspended. by, a brass'axis passing through its centre, and turning in glass tubes.

in such a way that the system can partially rotate in a vertical plane. - The lower
end of the bar carrying the board is counterpoised, so as to keep the surface of the
board vertical, and a scale pan, hung to one end of the horizontal bar of the cross;
serves to receive the weights which are necessary to counterbalance the force of
the wind pressing on the board opposed to it, at any time. | A small box, covering
the scale pan, serves to shield it from the action of the wind. The instrument was,
at the time of observation, placed so that the surface of the pressure-plate should
stand at right angles with the direction of the wind, as indicated by avane. - .
et : iR ) RIS L Tnv. 18762790,
149, LIND’'S ANEMOMETER AS MODIFIED BY SNOW
HARRIS. "Made by Messrs."J. Lilley & Son.” Lent by The Meteoro-
logical Office. . T R

* This apparatus, which indicates both the force and direction of the wind, was
designed by Sir W. Snow Harris, F.R.S., in 1858, o K o
It consists of a .large bulb open to the atmosphere.at the upper end, and
terminating at the lower end in a long glass tube, the upper portion of which is
L-shaped and supplied with a graduated scale. “Coloured liguid is inserted in the
bulb until it reaches the zero graduation on the horizontal scale.  The instrument
is levelled-and-then turnied so that the wind vane and the glass tube are in.the
same vertical plane, when the elbow attached to the upper end of the bulb is
facing in an up-wind direction. ~The-direction of the wind-can then be read off.
by means of the compass in the base of the instrument, while the position of the
liquid column on the graduated scale indicates the pressure and velocity of the
wind. . Lo s T s
A table is also provided in:which -the gauge reading pressure,”and- velocity.
are tabulated. - - el L e R oEens
- (See' Symons:Monthly Magazine, Vol. ii.

LP52) - Invoagigego.

- 150. MODIFIED LIND'S ANEMOMETER. .= =~~~

~This instrument, which is'a m'odi‘ﬁca‘ciron-j of _Lind’sqanem.omet‘er due to Sir W.
Snow Harris, is similar in general principle to the one shiown adjacent. Co
" “In'this ‘anemometer the mouth of the tibe receiving the wind is provided
with a movable cap, which enables the tube to be closed instantly, and a record
of the wind pressure gust obtained. T ) o )
~..(See Symons Monthly Magazine, Vol. ii., p: 52.) . .. . . - Inv. 1894115,

by The Meteorological Office. - = == s e B viaet
This pressure plate instrument, which is of the pendulum ‘tylse," was 'designéd
by Wild in 1861, and is @ modification of the anemometer originally described by
Hooke in 1667. It was for many years the standard type of anemometer in Russia.
It ‘consists of ‘a” freely ‘hanging metal plate suspended on a horizontal axis
from above. The wind blowing against this plate causes it to swing out of the
normal vertical position, the angle of displacement varying with the force of the
wind, the velocity of which is'indicated by a series of small rods carried on an
. arc and forming a scale. : I L LRI
- The direction of the wind is indicated by a vane mounted on the same vertical
shaft, and situated below the pressure plate. . e
(See Mittheilungen der naturforschenden .; Gesellschaft  in- Bern  fiir -1862,
P. 22L.). L S e crF e Inv. 1921378,

151, WILD'S PRESSURE PLATE ANEMOMETER. Prescnted
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152, HOWLETT'S ANEMOGRAPH. Lent by Messss, Elliott,
BI‘OS, o . PR Lo . 3 Lo

"~ This instrument was designed by Howlett in 1868 for registering the direction.
and force of the wind, and is of the pressure-plate pendulum form in which the
plate has been replaced by a sphere. E

-7 This sphere is connected by a brass rod, which acts as a lever having as ful-
cram the gimbal support at the top of the case of the recording slate.. The sphere-
is raised or lowered on the rod according as light or heavy pressures have to be
measured, and its position; along with that of the weight on the recording end of
the rod, serve:together with the trace in determining the force of the wind in

- pounds per square foot. - et :
The instrument is so constructed, that when the sphere is in its lowest position,
pressures from’o'to 20 1b. can be shown, when at it highest o to 51b. and’with
the small weight at the top 0 to 2+ 5 1b. . The scale of the recording slate is gradu-
ated from 0° to'360° in 5% intervals, and the direction and pressure of the wind’
are ascertained from the position and length of the pencil trace. )

Inv. 1893-47.

~ 153. DYNAMIC ANEMOMETER. Lent by The Council of-the
Royal Aeronautical Society. : I

153. DY

This apparatus was designed about 1870 for obtaining the horizontal and
vertical components of the pressure of air in motion upon inclined surfaces of "
different forms and angles. T o ’

. The_ instrument is intended simultaneously to-determine the component
pressures of a current of air when directed against planes of ‘different areas,
and of different forms, and angles from 15° to go°. ) ' -

. (See Report of the Aeronautical Society, 1871.) - < . Inv. 1876-1216.

** 154, BRIDLED ANEMOMETER. Lent by The Meteorological
Office. : ; o T e T

) This instrument, which was in use at Holyhead for many years, was designed
in 1880 by Sir G. G. Stokes, Bart,, F.R.S., to give a measure of the strength of the
wind during gusts, the maximum pressure of which is not always registered by
a pressure tube anemometer. -It was not:designed to register light winds, and
therefore it is unaffected by any wind of lower velocity than 20 miles per hour.

The portion of the instrument which is acted upon by the wind consists of five -
hemispherical copper cups, each of which is fixed by-a short strong arm to a
vertical spindle, around which they were' originally placed equidistantly, and
in the same-horizontal plane.  In 1890, however, the cups were re-arranged
spirally to prevent any possibility of one cup sheltering another. .

.~ An indication of the wind force is obtained by attaching to the spindle two
weights, which are raised by the rotation of the spindle under the action of the
wind, the weights being sufficient to prevent the spindle from making one com-
plete rotation, even in the strongest wind.  The weights are suspended by flexible :
cords, which pass over pulleys and attach to the root of two snails carried on the
spindle, the cord being wound upon the periphery of the snails as the cups turn.
Below the spindle, and coaxial with it, is a cylinder which carries the record and
also forms the driving weight of the clock, by which its descent is regulated..

The pen is carried on an arm of the spindle, each motion of which causes the
pen-to sweep round the cylinder and trace a record of the corresponding wind
speed. In this way, the horizontal ordinates give a ‘measure of the force of the
wind, and the abscissz of the trace become the time-scale. . ; :

* (See-* Report of the Meteorological Council,” 1898, p. 28 - . : a
. B S AT CE : . Inv, 1912-195, S.M. 1451, L.S.

and lent by R. H. Curtis, Esq.” N
" This apparatus was designed by Curtis in 1881 for determining the distribﬁtion'
of wind pressure upon flat surfaces exposed perpendicularly to the wind. -

The plates used for the purpose were ‘pierced with holes' half an inch in
diameter, and situated at known distances from the centre, where there was a

155. PRESSURE * DISTRIBUTION APPARATUS. Designed
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similar hole called the ‘‘standard.’” - In making an observation all the holes
except the “ standard "’ and the hole to be compared therewith were closed by
means of plugs, inserted from the back, and fitting flush with:the front surface
‘of the board, so as to make it continuous.” Into the two open holes brass nozzles
were then inserted from the back; and these were connected by india-rubber
tubes with two graduated glass tubes standing vertically in a glass jar containing
water. The face of the board being presented to a.current of air a depression
‘of the water.was caused in the glass tubes ;- and the observation was made by
noting .the . amount of " this depressmn in the two tubes:at the same moment.
Experiments were made with square surface of 1, 12, 6-25 and 16+0 sq.ft. area
respectively, and with a circular surface of 2 sq. t. area, From the mean results
obtained, the distribution of pressure over the surface was determined’; and shown
graphxcally by means of lines drawn upon dlagrams representing the surface
experimented upon. -

(Se¢ @ J. R. Met. Soc., Vols. VIII &IX) S { ey Tnv. 1893120

156 DYNAMIC ANE’V[OMETER Lent by W H Dmes Esq Y
‘F.RS.

A v - ) - . R . . R . -

. This apparatus Wasdesigned and constructed by Mr. Dines: about.18g0 for
determining the pressure of the wind on an inclined surface, and is intended to be
revolved by some form of whirling machine. : -

When carried round by the machine, the pressure of the air is balanced by the
centrifugal forces upon the two horizontal bars. Of these the larger is adjusted
by hand and clamped, but the final adjustment is effected by the automatic action
‘of the smaller bar. - The pressure board is inclinable, and the lever which carries
it can be set at any angle with the help of the graduated arc; to which, when used
for observations, it is clamped. This arc is connected-by an arm and stud with
the pivoted frame carrying the two horizontal barts in'such a way that the move-
ment in a vertical plane of the lever produces’a movement in a horizontal plane
-of the bars.  This allows:a pulley to.act through a crown wheel, pinion and
rack on the smaller bar, which is carried along until equilibrium is established
between the wind pressure and the centrifugal force. - The pressure is then deter-
-mined from the positions of the bars, as shown by theu‘ graduatlons

(See Proc. Roy. Soc, 1891 p 233) L R Inv 1898—32

157, SHOT WIND- PRESSURE GAUGE TLent by W. H Dmes,
Esq, FRS.

K Tlns mstrument is speaally des1gned to measure the maximum wind pressure '
The upper receptacle is filled with shot, which falls through the hole at the bottom,
‘until the weight of the shot in the lower vessel is equal to the pressure of the wmd
~on the plate.
As soon as this occurs, the plate moves forward and at ‘the same tlme closes
the opening. - On the occurrence of a stronger gust of wind, the plate is forced
. back, the hole is opened, and shot falls through until equilibrium is again obtained.
To read the instrument, the plate is fastened in its forward position by ‘the
.catch on the upper receptacle, and the shot'is' then withdrawn from the lower
receptacle and weighed, or, preferably, measured in a glass which. has been
tabulated once for all.. The weight of shot gives the maxxmum pressure which
has* occurred since the mstrument was last set Tl Inv 1893—162

-158. PORTABLE PRESSURE TUBE ANEMOMETER Lent
by L. Casella, Esq. ‘

This instrument was des1gned by W. H. D1nes durmg the last decade of the
nineteenth century, and is particularly suitable for use at sea. '’

In making observatlons, the tube is drawn from its case, and usmg the latter
as a handle, held in a vertical position with the nozzle facing the wind: The
height to whichi the liquid rises in the tube then indicates on the scales the
velocity of the wind in miles per hour, and its pressure in pounds per square foot.
The instrument is very compact and is calibrated to read accurately the velocity
and force of the wind. "~ i o Inv 1896-65.
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VELOGITY TYPE ANEMOM ETERS

159 DONS EN BRAYS ANEMOMETER Lent by R B
Prosser Esq.

~“This instrument, which was desrgned by D Ons en Bray in 1734, is the earliest
reglstermg anemometer with clockwork gearing of which we have any dxstlnct
‘account, and to some extent resembles Dinglinger’s apparatus of 1720."

-The instrument: consists essentially of four portions, a clock movement; ‘a
dial for indicating direction; and apparatus for recording direction‘and velocxty
respectively. A vane on one side-of the-instrument is connected by simple
gearing to the indicating dial, and so registers the wind. direction. The motion
of the vane is communicated to a recording apparatus, and the appropriate one
of a series of thirty-two pencils, corresponding to the points of the compass,

-is caused to record the direction on a travelling strip of paper.. .

The velocity of the wind is obtained from the rotational speed of a drum
fitted with vanes and dr1v1ng the recordmg apparatus through 1ntermed1ary
gearing.. wihai

T (See Histoire de I’Acad. Roy des Sci., 1734, p. 123.) "Inv. 1892—139.'

.160. CACCIATORES ANEMOMETER Presented by Prof é
Cacc1atore PR

.- - This instrument was desrgned by Nxccolo Caccratore m 1832 for 1nd1catmg
the velocity and inclination of the wind.  ~':
(See Annuario della Societa Meteorologlca Itahana Vol 1, P 121 Y-
© - Iav. 1876—730

161 WHEWELL S SELF REGISTERING ANEMOMETER
.Lent by The Admiralty. - :

“This instrument was de51gned by Whewell in 1834, and was in use’at the )
tGreenwrch Observatory from 1843 untxl 1862 when 1t was superseded by Robm-
son ’s cup anemometer. ; .

> At:the top-of a: case’ contammg an’ upngh‘c cyhnder marked for the pomts
of the compass, is ‘placed’a’ horizontal circular.plate, to’ which is-attached a
wind vane and a fly of eight fans. Connected to. this plate, but contained in
the case, is a vertical screw of some 15 in. long, which is set parallel to the-
cylinder and carries a nut to.which is fastened a pencil. “As the horizontal
circular plate, by the action of the vane, turns with the wind; the pencil is carried
round the cylinder, and the'direction of the wind shown from the posrtron of the
pencil trace with regard to the compass points. :

. In addition to_being carried round,. the.pencil descends, for the fly, bemg
revolved by the wind, turhs the vertlcal screw. through the’action of the inter-
vening. wheelwork, and’ the pencil carrier'is.lowered. "The time being known
during which‘the wind has been blowing in any particular direction, the velocity
of the wind can be aSeertalned from the length of the trace made by the pencil
in its descent.’

- (See-Brit. Ass. Rept 1837, Vol 2, p 32 and nghts Enghsh Cyclopaedla,
1840 Vol I, p 158) : Inv 1893—166 S.M. 1452 L. S

162 ROBINSON S CUP ANEMOMETER Lent by Messrs F
Darton & Co o

“This mstrument embodymg the hemrsphencal cups ﬁrst used by Robmson
in 1846, is designed for registering the wind, and is graduated in miles and tenths
to 500 miles.

- - The rotation imparted to the cups by thewwmd is transmitted by a vertical
rod to a hozirontal spindle furnished with an endless screw which gears with .
two worm wheels set together behind the dial. - With the front wheel, the dial
revolves, and.with-the hind. wheel; the. long- index -hand turns. The: dial is
graduated on its inner circle from 1 to 5miles; and a reading is taken by the short
stationary pointer above'it. The outer circle has 100 divisions to" represent
- each’ 5 miles to 500, the long hand serving as index. This latter indication -
results from the different rates of revolution of the two wheels.. ' On each com-
plete revolution of the dial wheel the index wheel falls one tooth behind, conse-
‘quently the hand which moves with it falls one space behind on the’ dial and
. thus is apparently ‘advanced one graduation.” In this’ way the 5 miles shown
by a complete revolution of the dial are recorded. : . Inv. 1876-850.




PLATE V.

Whewell’s Self-Registering Anemometer.
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163. ANEMOMETER. Lent by Messrs: F. Darton & Co. = -

‘This instrument, which is of the form first made by Biram 1n'i843, ‘was
designed specially for determlnmg the velocrty of air currents in mines. .

Tt consists of a series of inclined vanes fitted with a registering apparatus,
and mounted in a circular brass ring of 6 in. dxameter . .o Inv, 1876 —8 50

164. ANEMOMETER Lent by Messrs Pastorelh & Co

This anemometer of the Biram form is used in regula.tmg the ventllatxon of ’

mines.
It is srmrlar in design to the ad_]acent mstrument but is smaller havmg a

diameter of 2- 51n - ) SR P : : - ~Inv. 1875—32

165 ROBINSON—BECKLEY ANEMOGRAPH Presented by
The Meteorologrcal Office. .

" This instrument is of the type desrgned by Mr. R Beckley at the Kew Obser-
vatory in 1856, for indicating simultaneously on two’ sectrons of the'same chart
the velocity and the direction of the wind. ... .. ;. A,

In this anemograph, Robinson’s method of measurmg the velocrty of the. - . .
wind by the rotation of a system of hemispherical cups is employed, while the J
~wind " direction is indicated by Osler’s:-type of double wheel fan, which acts as
a directing vane.” A stout tubular support carries the whole of the-external
part of the apparatus, while a ball-bearing head reduces the friction to a mini-
mum.- As the cups are rotated-by the wind, motion is given to a tubular shaft

- passing vertically downwards through the body of the apparatus ‘to an endless
screw which operates a worm-wheel, whence it is communicated to a brass spiral
which forms the velocity recording device. ~Any change in the direction of the
wind produces a movement of the fans, which is similarly communicated through
the body of the instrument to the thin- threaded screw which records direction.

The chart, which is revolved by ‘clockwork, is dlvxded 1nto two sections,
upon one of which is recorded the motion of the wmd and upon the other its
direction. s - Ll

(See Brit. Assoc Report 1856 II p 38 and 1858 i, p. 306)

Inv 1921—377

166 LOWNE S AIR METER Made by Casella

This portable magnetic 1nstrument desrgned by Mr. P. M. Lowne in 1874, isa
modification of the anemometer whxch was devxsed and patented in 1842 by
Mr B. Biram. :
_: .It consists of a fan, the wheel of. whxch is 2+ 5 in. dlameter and has eight
“aluminium vanes. The axle is connected directly to the counter, which is carried
horizontally by the stand on which the fan and its guard are supported The
connection with the counter. has the usual drsengaglng motion.

(SeeQ J.R. Met Soc Vol 2, 1874, p 285) S Inw. 1914—920

167 FAN ANEMOMETER Lent by The Meteorologrcal Ofﬁce

= This fan anemometer, whu:h isa development of Richard’s model is desi gned
for use on kite balloons, and is arranged to give electrical contacts sxmllar to those
of the electric cup anemometer. . ER

"1t consists of a light eight- -vaned fan mounted on a’ honzontal shaft which £
drives a vertical shaft by means of bevel gearing..” The upper end of this shaft
rotates another parallel shaft carrying a cam, which actuateés oné end of a pivoted
lever, causing a platinum point at the other end to make and break contact,
so completing or breaking the electric circuit. g

A table is provided by means of which-the wind speed can- be determmed . - P
from the number of contacts per mmute, the contacts being indicated by a X
telephone whrch may be srtuated either in the kite balloon or on the ground.”

. Inv. 1919-514.
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168. SELF-TIMING ANEMOMETER. - Lent by Messrs. Davis &
Son, Derby. - = - R SR

This instrument is designed to enable the velocity of an air current'to be

ascertained without the use of a watch. .~ o Co

- In taking observations.the anemometer is exposed for a few seconds facing

in a down-wind direction and the spring plunger pushed in. The position then

taken up by the index indicates the velocity of the air current in feet per second.

When more than one complete revolution of the index has been made the inner

scale of graduations must be read. :

- To release the plunger, and to bring the index back to zero, the screw with

_ milled head is employed. . Inv. 1893-122.

169, SELF-RECORDING WIND COMPONENTSINTEGRATOR
Lent by W. Spottiswoode, Esq., F.R.S., and Warren de la Rue, Esq.,
F.RS. : o T o i

. This modification of the Robinson cup anemometer was designed in 1876
- for indicating the mean velocity of the wind from the various points of the com-
pass, by Dr. Arthur von Oettinger, Professor at the Imperial University of Dorpat,

Russia. - : o e .

In this apparatus the wind moves a system of hemispherical cups, actingon a
circular plate,-the velocity of which is ordinarily proportional to the velocity of
the wind. Four systems of sliding rollers rest on this plate, whose bearings can be
moved round a vertical'axis, the principal planes of which follow the variations
of a wind vane. Each sliding rollér can revolve about a horizontal axis, but only
in one direction, and after a half rotation an electrical contact is made the contact
being limited to a fraction of a seccond. When the contact is made, one of four -
wheels, with number-types, is moved, and every half hour the position of these - -
four wheels is shown by printed numbers on a strip of paper. The differences of
these readings represent the mean velocity of the wind from the N., E., S. and W,
and are converted into absolute values by means of a table. Different mechanism
adjusts the position of each sliding roller. . o

(See Repertorium fiir Meteorologie, . Vol. V.) : ~ Inv. 1876-838.

170, INTEGRATING ANEMOMETER. Presented by The Royal
Society. R S ' o

This instrument which was designed by Walter Bailey, F.R.S., in 1884, is
somewhat similar to the integrating anemometer of Dr. A.-von Oettingen,. the
records being obtained frofh wheels revolved by the friction of a plate turned by
the wind. : . . - . :

There are two spindles, one.to support the Robinson cups, and transmit their
movement to the circular plate on which the recording wheels rest, the other for
the vane to change the position on the plate of the two recording wheels in accord-
ance with the direction of the wind. That this change may be readily effected, .
the wheels are connected to small carriages which run between tramlines on a
plate placed parallel to, and above that which revolves.

By the method of connection with the direction spindle, one wheel turns when’
the wind is at either of the four chief points of the compass, in intermediate direc-
tions, as N.E., S.S.W., both are turned. As the speed of the revolving plate is
ordinarily proportional to that of the wind, a measure can be obtained of the
velocity of the latter from the number of revolutions of the wheels.” The recording
is effected by an electrical contact made at each turn of the wheels, which allows
a current to actuate a set of counters. These counters are contained in a box, and
are connected with the instrument by wires to the binding screws which represent
the N, S, E., and W. points. . : . L

_ _The value of the records can be determined either by measurement of theinstru-
ment or by direct experiment. B . -

(See Phil." Mag., June, 1884.) ) L . ~ Inv. 1889-64.

171. ANEMOGRAPH WITH RAIN GAUGE. Photograph pre-
sented by Prof. Palmieri. Naples. ~ = :

This is a modification of the Rébinsbn cﬁp anemometer and was designed'bly:
Prof. Palmieri in 1886. ‘ Inv. 1877-436. -
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<172, GALTON’S HAND ANEMOMETER Lent by The Meteoro-
10g1ca1 Office.

".This instrument was designed by Mr. Franms Galton for determmlng wind
velocity at sea, in order that the records of the force of the wmd keptinlog books
might be obtained.by a uniform method of observation.

It is a small portable arrangement of Robinson’s cups with a dial which reads

. to 45 miles per hour.  Attached to the frame of the instrument is a sand glass-which
empties in two minutes.. Thesand glass is connected at the back of this frame with
the dial, so that, on its being turned to allow the sand to run out, the dial is put
in gear with the screw of the spindle of the cups, but on reversal of the glass is
thrown out of gear. In this way the veloc1ty of the wind as indicated by a short
period of exposure is registered. . Inv. 1894-116.

..

-173. ANEMOMETER. - Lent byG T. ngston Esq

~ This instrument was devised to reconcile adequate exposure ‘of the hemis-
pherical cups with accessibility of the dial of the Robinson cup anemometer.’
It was specially designed and constructed for stations of the second and third
order connected with the Meteorological Office of the Dominion of Canada.

The anemometer is fitted with a shaft, the length of which can be adjusted to
suit different stations and with a dial reading to 10,000 miles. It consists of a short
spindle bearing a small set of Robinson’s cups and connected with a horizontal
cogged wheel resting on friction rollers, also with a'long shaft suspended from
its centre, as in the anemographs of the British observatories. It is contrived
so that the shaft may make 101 complete turns for 200 miles of wind. The mode
of recording the miles is as follows :~—At the lower end of the shaft is an endless
screw which acts on the circumferences of two toothed wheels of equal diameter,
turning in vertical planes about a common axis, and having 100 and 101 teeth
respectively. From the centre of the back wheel (that of 100 teeth) projects
forwards a short hollow pin which encloses and works on a solid pin fixed to a
support behind the back wheel. The front wheel (that of ro1.teeth) which turns
on the above-named hollow pin, and slides closely on the face of the back wheel,
has a graduated ring on its face, containing 100 divisions. The outer ends of the
lines of graduation indicate miles, while the inner ends of the same lines, reckoned
in the reverse order, indicate hundreds. ' The endless screw, at every turn, causes
both wheels to advance two teeth, so that for 100 miles the front wheel makes
one complete turn, or 100 divisions, while the back wheel makes one complete
turn and one tooth, and thus advances one division with respect to the front.-wheel.
The miles up to 100 are shown. by a fixed pointer, and the hundreds by a pointer.
- attached to the end of the hollow pin. - For fractions of a mile there is a contrivance
which needs adjustment at each observation. A correctlon of 1 per cent. nearly,
should be subtracted from the fractional parts.

If the anemometer be too distant from the observer’s office to allow the dial
to be read conveniently with the required frequency, it may be connected electri-
cally with a dial or with a self-recording apparatus, but in such a case the master
dial should be read periodically asa check on the electrical dial.

Inv. 1876—784 .

174. RUSSELLS HAND ANEMOMETER Presented by
Capt. Sir D. Wilson-Barker, RN. "~ .

This instrument is a Robinson cup type of anemometer modified for portablhty
about 1891 by Russell, of Sydney,; N.S.W.. It is designed for use in the hand so
that the force of the wind may be measured at any time. - .

- It consists of a series of hemispherical cups mounted on a vertical shaft whu:h
is geared to a disc. A sand glass is provided, the period of whichis two minutes,”
and the number. of revolutions of the disc during this period is noted. "One
revolution of the dial indicates one-tenth of a mile of wmd and the. subd1v1sxons
hundredths. . :

(See Qt. Jr. Met. Soc.; Vol. IX, 1883, p. 241.) *  Inv, 1921—I49.

- 175. 'HIGHEST RECORDED WIND VELOCITY Lent by The
Meteorologlcal Office. g
" This record, which is a reproduction of one made at Fleetwood on Dec. 21st

and 22nd, 1894, shows the highest wind velomty record obtamed w1th the Robinson
Anemometer for surface winds.
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- The upper curve shows the direction of the wind, Wthh changed from: W.
through S.W. t0"S. and badk again to W., with a sudden change between 2 and
3 a.m. on the 22nd from S.-to W.S.W. The lower curve shows the space actually
travelled by the cups of the anemometer.” Thus between 11 a.m.:and 3 p.m.onthe -
21st the distance travelled was about 60 miles, giving an average velocity of 15
miles per hour during this period. - The increasing steepness of. the lines indicates
the increasing velocity of the wind., The average velocity between 4 a.m: and
112.m. on the 22nd was about 94 miles per hour, while at certain times during the
period the’ veloc1ty was well over 100 mlles per hour, = - - Inv. 19I5-359.

 PRESSURE AND SUCTION ANEMOMETERS.
176. WINDMILL VANE.  Lent by G. T. Kingston, Esq., M.4.

This instrument was designed by Mr.. ngston about 1876, to determme wmd
direction only, and to meet the case when a vane, if suitable exposed, is too distant
to'admit of being connected by a shaft with a dial'in an inaccessible posmon It
was devised and constructed for stations of thésecond and third’ orders in connec-'
tion with the Metéorological Office of the Dominion of Canada. " .. .=

The instrument consists of a flat brass rmg surroundmg the step of the vaneand
attached 'to the bottom of a box. ~This ring'is divided by radial lines into four
equal parts corresponding ‘to; but not necessanly in"the direction of; the four
cardinal points, and separated by small equal intervals. The direction arcs (as
they may be termed) are insulated except as regards connexion with their screw
cups.” Clampéd to the spindle, and capable of adjustment in'azimuth, is a circuit’
maker, which consists of an arm bearing a brass are, which is'made to préss on
the flat brass ring. | The length of this arc is 45° 4 interval between. the fixed
arcs.”. The step of the vane is connected by wire with one pole of a battery, and
the direction arcs with four screw cups in near proximity to a brass plate fastened
to the wall of the office, and so contrived that, by aid of a plug, metallic connexion
may be made at will between the brass plate and any one of the four wires. Finally,
two wires from the poles of a small telegraph sounder are attached to the brass
plate and to the other.pole of the battery, and the apparatus is complete. . To,
ascertain the’direction of the ‘wind, notice by the sounder which direction arcs
or pairs of arcs'is placed in circuit as the brass plate is connected by the plug with
the four wires in succession.. If, for instance, N. only sounds, the direction is
nearer to N. than either to N. W or N.E,, unless'it be N.N.W. or N.N.E, exactly,
but if N.'and E. both sound, the dlrectlon is nearér to N.E. than either to N. or
E:. unless it be N.N.E.'or E.N.E. exactly. :The azimuth of the vane box need be .
governed only by appearance and the posxtxon of the door. .To adjust the vane,.
unclamp the circuit maker, and insert a pin provided for the purpose, through
the holes at the middle point of the circuit maker and the arc at the left of the box,
which arc may represent any one of the four cardinal points. Turn 'the vane to that
point, clamp the circuit maker, and remove the pin, when the ad]ustment will
be complete. The apparatus works well with a single gravity cell, when the vane
is 6o ft. or more from the battery and sounder.  With a stronger battery it works
well-at the dlstance of a mile or more. Inv. 1876—785

177 HAGEMANN ANEMOMETER Lent by The Meteoro—
logical Office. :

This is a differential pressure anemometer in which the effects of pressure’
and suction, caused by air passing two differently disposed orlﬁces, are. added
to produce an increased movement of a column of liquid. . -

The instrument consists of a U tube containing liquid with the two branches
lymg parallel and close together. ~ The upper end of one of the tubes terminates
in a brass nozzle having a small hole at its extremity.  The other tube carries a
brass elbow, the end of which is slightly conical. - The anemometer is placed
with"the horizontal arm of the elbow facing in "an’ upwind direction, so that
the pressure of the air in the elbow and attached tube is increased.

“The effect of the wind on the orifice of the vertical tube is to create a suction
in this tube. The two effects augment each other, and the liquid column rises
in the suction tube and falls in the pressure tube. The difference’in the vertical
height of the liquid in the two branches which is due to the effect of the wind
is measured by a moveable scale, from which the ve1001ty of the wind can be read, .
as well as the corresponding Beaufort number. . .. - . - Inv, 1917-29.
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178. HAGEMANN S’ HAND . ANEMOMETER Presented by
Capt. Sir D. Wilson- Barker R.N.

This anemometer is a modification of Hagemann s“orlgmal 1nstrnment and
was introduced about 1881 by Mr. R. T. L. Ellery, F.R.S,; Government Astrono-
‘mer at Melbourne, for use at sea.

The instrument which was used for several years by the donor cons1sts of
a U-tube mounted-before a graduated scale on-a wooden frame. It is_ held
with the mouth of the shorter tube in an upwind direction, when the. dlfference
of level of the liquids in the two tubes was observed..

The readings obtained. with this 1nstrument were smaller than those obtamed
with a cup anemometer.

(SeeQ ] Met. Soc Vol IEX‘1883 p. 241) o s I‘nv.v 1921—148.

179, AIR- SPEED - INDICATOR Lent by The Meteorolog1cal
Office.- -~

This type of air-speed indicator, designed by Col Alec Og11v1e is used on
‘kite balloons for determining wind speed.” - .

It comprises an “ Ogilvie ”’ head, consisting of a’ pressure and static tube
and an indicator connected thereto. The head of the instrument is placed in
‘an upwind diréction, so that air in’the inner tube -becomes compressed by the
pressure of the wind, while that in the outer tube is reduced in pressure by the
rush of air past the annular ring of holes.

The pointer of the indicator moves over a graduated scale, and is actuated
‘by:the'motion of a diaphragm. separatlng two chambers connected réspectively
" ‘with the two tubes of the head. - N

(See also “‘ Air Speed In_dlcators in Aeronantu:s Sect1on.) T Inv. _1919—513.

180, DINES'S PRESSURE TUBE ANEMOMETER Presented
by The Admiralty.’

This instrument, which was designed by Mr. W. H. Dines for recording the
velocity of the wind, is the outcome of a long series of experimental investi gatlons
intd the relations between the velocity and. -pressure of the w1nd carrled out
at Horsham in Surrey during the years 1887 to 1894.

.- The anemometer consists of two independent parts :. the head which is the
part exposed to the wind, and the recording apparatus, which may. be:set up
in any convenient place 1ndoors, ‘the two portlons being connected to"ether by
flexible metal tubes. .

- The head consists of a.vane . formed of a honzontal tube open at one end
and pivoted upon the top of a vertical tube into.which it leads.. The vane is
kept'in position with its open end-facing the wind, and every increase in wind
pressure causes a corresponding increase of the pressure in the vertical or pressurée
tube. . Just below the vane this vertical tube is surrounded by another one of
much Iarger diameter, the exterior of which is perforated by four rings of holes
placed close together around its circumference. . As the wind passes across these
perforations, the air in the tube is sucked out, so that a diminution of pressure
results in this tube, which is called the suction tube.. The recorder:consists of

" a float, which is a specially-shaped cylindrical copper vessel, closed at one end
and inverted .in a vessel partially filled with water, and sealed from the air in
the room. .The interior of the float-is in connection with the pressure’ tube,
while the suction tube is connected with the top of the closed vessel containing
the float. The two forces thus act ‘together, but in oppos1te ways to raise the
ﬂoat in the water.

-To the top of the ﬂoat is ﬁxed a rod which carries a pen, the polnt of which
rests against a sheet of paper attached to a drum which is rotated by clockwork. -
* ‘With. every upward or downward movement of the float,. corresponding to an
" increase or.decrease.of wind force, the pen leaves a trace upon the paper, and
thus the magnitude of every variation of the strength of the wind is graphically

. registered, together with the time of its occurrence. Inv. 1911~-163.
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181. DINES’S . PRESSURE-TUBE . ANEMOMETER - WITH
DIRECTION RECORDER. Made by R.. W.-Munro.. Lent by
The Meteorologlcal Oﬂice

- This instrument, of Wthh the head new type of vane, and recorder are shown,
was designed by Mr. W. H. Dines for recordmg srmultaneously the drrectlon ‘and
velocity of the wind. .

‘The vane, ‘which is exhibited above the case, is mounted on the head of ‘the
instrument, and is arranged'to operate the’ direction recorder. - The- connections
to the pressure and suction tubes-are-located on opposite sides-of the- head
so that they may be separated in order to avoid.trouble with snow.

The direction recorder, which is of the Meteorological Office pattern, con51sts
of two recording pens actuated .by-a helix mounted on a vertical shaft, and
giving a record on the same chart as the Pressure Tube Anemometer. Whenever -
the wind changes in direction from N.W. to N.E., the roller on the arm of the
upper pen moves on from the helix and the pen is put out of action, while the
lower pen is 51m11arly put out of act:on ‘when the wind changes from N.E. to N.W.

- Inv. 1919—V :

182. DRAWING OF DINESS PRESSURE TUBE ANEMO-

METER Prepared in The Museum. .~ .
This drawmg mdrcates the general a.rrangement of the 1nstrument showmg

the 1nternal construct1on and the method of operatlon. ~ o Inv. 1921~258.

A“1583 RECORD FRO'V[ THE DINESS PRESSURE-TUBE
ANEMOMETER Lent by The Meteorologrcal Office. '

Thrs is a- reproductlon of the record made at Pendenms Observatory on
14th and 15th March, 1905.

: It will be noticed" that. very high:velocities were reached-during: the hours
before midnight on the 14th; the highest -being 103 miles- per hour at 11.30 p.m.
Inv. 191 5—360

184. ROTCH S WIND INSTRUMENT Lent by Messrs. C F
Casella & Co., Ltd. - o

Thrs instrument was devised by Mr. A. Lawrence Rotch for deterrnmmg the
‘true direction and velocity of ‘the wind at sea. -

It consists’ of two brass discs of 3 in. dlameter marked ‘with the cardlnal
points of the compass, each quadrant being divided into 90°, beginning at north
and proceeding in a right and left-handed direction to east and west respectively.
One of these discs is plvoted near the end of a boxwood rule, 10 in. long, having
30 divisions, and ‘stamped ‘ ship moving,” with an:arrow pointing away from
the pivot. = On/ ‘this pivot there is also mounted, near one end, a srmllar rule,
about 17 in. 1ong, containing 60 of the above divisions, and marked ‘‘true wind,”
with an arrow directed’away from the pivot.” "A brass slide upon the short rule
carries the other movable disc; and also another p1voted boxwood rule, likewise
divided into 60 parts,’and marked * resultant wind,” with an arrow head away
from its pivot. -Sights are attached to the pivots ‘and to the outer ends of the
long rules, and a handle screws into the back of the fixed disc.

In using. the instrument. the discs are rotated until they indicate the true
course of the vessel on the ‘‘ ship moving ’ rule, and the slide is placed on the
graduation representing the speed of the .ship. This * ship moving’! rule ls
then sighted along the fore and aft direction of the ship, and the “ true wind
rule turned until its sights are normal to the advancing wave crests, when the
short end of this rule will indicate on-its- graduated dis¢ the direction from which,

" the wind comes. ~The * resultant wind > ‘rule is now sighted-to coincide with
the direction of the receding line of smoke, when the velocities of the true wind.
and the wind expenenced on board may be read off on the two long rules;

Inv 1921—312
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RAIN GAUGES.

" The earliesf mention of an instrument for the‘measuljement of rain-
fall dates from 1442, when, according to the ancient records of Korea,
‘bronze instruments were constructed for this purpose. -

* “In this country the earlest scientific instrument for indiéating the
-rainfall was devised by Sir Christopher Wren about 1662, and was
fitted with a tipping bucket, which served as a record. - '

Previously, no special instrument for the local measurement of
rainfall had been produced, and the only available evidence was
“dependent on direct inference, such for example as the flood marks
of valleys.- ‘ C S _ S i

The first records of rainfall were made in Paris by Perrault in 1668,
and the first in this country by Townley nine years later. Townley’s
gauge consisted of a funnel of 1z in. diameter, soldered to a leaden
pipe through which the water flowed into convenient vessels, and was
weighed. - Great care was taken to ensure that the funnel was firmly
fixed, and that no rain could .trickle down the outside of the funnel
into the receiver. ' : L

“The next gauge of which details are available was designed by
Hooke and used at Gresham College in 1695. It consisted of a glass
{funnel, of 114 in. diameter, mounted on a 'wooden frame, and leading
into a large flask capable of holding about 2 gallons, and being pro-
‘vided with a long and narrow neck to minimise evaporation. '

© With this apparatus also the collected water was weighed, but
-this method is now resorted to only when extreme accuracy is required.
‘Two years later Derham, at Upminster, employed a gauge which was
similar in principle to Townley’s, and similarly mounted. -
'~ As early as 1722 a close approach was made to the modeérn principle
by Horsley in Northumberland; who used a large funnel, 30 in. in
diameter, and collected the water in a cylindrical measure of 3 in. »
diameter and 10 in. deep, while a similar apparatus was employed by -
Abbot Didacus de Revillas at Rome in 1742..

Garnet in 1724 used a funnel bottle and jar, and attached a shield
to prevent rain on the outside of the funnel running down into the
bottle and being measured.- Dalton also, in 1788, used a 10 in. diameter
circular funnel leading into a glass bottle, the volume of:the water
collected being measured by a jar. . L
~According to Leopold, a number of rain gauges were employed
from about 1717 having a sharp edged glass funnel of about 4 in.
diameter and graduated to indicate not the depth but the weight
of water collected. = Leopold, in- 1726, also described a gauge of his
own invention, which may be said to anticipate to some extent Crosley’s
instrument. He provided under-the funnel a small bucket on one
end of a balanced lever, which when full tipped and emptied, and
in doing so moved a hand one division on a dial. T
. In 1744 Pickering proposed a gauge in which the funnel had an
area of only 1 sq. in., and led into a glass tube of } in. diameter and
about 2 ft. long. - e -

. Gauges of various dimensions have been proposed from time to
time, -the largest being more than 2,000 times the size of the smallest,
but even in these extreme instances the indications did not differ by
as much as 5 per cent. 'With gauges less than 3 in. in diameter,

(6184) ’ . c
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however, great care is necessary in measuring, while with those exceed-
ing 10 in. in diameter the Volume of Water to be measured becomes
-inconveniently large and heavy. -

It was found-at-an-early date that a-Tim round the: funnel of a
rain gauge was an improvement, and -among the gauges used in the
ceighteenth century, especially on the continent, there were several in
:which the funnel was surrounded with a vertical rim 6 in: h1gh ‘but .
in England, until the introduction of the Snowdon pattern-in- 1864,
“the funnel- usually: reached ‘almost-to the .top of the gauge.- -About
the middle of the nineteenth century, Howard introduced a “turned
brass rim to form the top of the gauge, which by-its solidity serves
to preserve the shape of the funnel and. prevent warping, while it
also serves to define-accurately the area-within.which rain drops are
'to be collected, and to cut.any rain- drop which falls upon it so that
v"the correct proportion of the-drop shall enter the gauge.

- A float was first used. to indicate the fall of rain in- I787 by K1te
-in--a very. complicated- gauge which-he used at Gravesend: :This
‘arrangement was :soon-adopted "by: others, and quickly came into
general use, modifications of it being in use at the present time.. -:-:

. *As already mentioned; the first rain. gauge in-which- the collected
-rain-water was utilized to register its amount-was-designed by Wren
about 1662. It was a wedge-shaped bucket Wh1ch when ﬁlled to a .
- certain helght tlpped and emptied itself. -

In: 1724, a:similar arrangement ‘was descrlbed by Leutmann and
-about one hundred-years later, in-1827, Taylor made-a gauge in which
_the water was led-over-.a kind of water wheel with helical buckets.
About 1829, -Crosley modified Wren’s bucket -gauge and attached to -
it a train of wheels-similar to those he had. prev1ously used -for- gas
meters.. . In-the following year this was followed by Horner’s vibrating
double bucket gauge, which is nearly identical with it: - Later modifica-
“tions were introduced by Halliwell and others,- and modern recordlng
1nstruments also embody thls pr1nc1ple SR . :

185 KOREAN RAIN-GAUGE

Accordmg to the Royal Diary of the Ri- dynasty of Korea in year 24 of ng
-Sejo (A.D. 1442),-the King caused instruments-of bronze to be constructed. to
‘measure rain. Theése were distributed. to the provinces and cantons, and:the
‘results of the observations. were forwarded to the Court. The instrument here
represented dates from A:D. 1770 (year 46 of King Eijo), when'it was: erected at
_Taiku, a city in-the interior of the southern part of Korea.® ---- S
" Tt consists of a bronze cylinder mounted on a granite pedestal on Wthh are
‘enffraved ‘three large Chinese characters, indicating that it is an.instrument.to
'measure rain, and seven small ones, intimating that the instrument was constracted
in the fifth month of the cycle of the year, a date in"the Chinese calendar corres-
ponding to the yedr 1770. The early occurrence of the rain-gauge in Korea was

‘probably a necessity owing-to the importance of rain in the cultivation of rice.
' (See Q. J. R. Met. Soc 1911, p. 83) o7 0 Inv, 1922-157.

186.. HOWARD'S' RAIN—GAUGE ‘\Iade by Knlght Lent by
H. L. P. Lowe; Esq. - -

This form of gauge was used by Luke Howard during the early p'Lrt of the
‘nineteenth century; and described by him in his * Climate of London 1818,
. In construction and design it is similar to more recent instruments, but differs
_in the method of- graduatmg the measuring glass, a paper scale being used to
1nd1cate the ralnfall whxle in later .nstruments, etched scales are employed.
~ o Inv., 1902—86
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187. CROSLEY’S REGISTERING RAIN-GAUGE. Lent by
L. Casella, Esq. ‘ : ,

. This instrument, which was devised by Crosley in 1829, is a modification of
Wren’s bucket gauge, and is fitted with a train of wheels similar to those used
for gas meters. - ) .

It is a 10 in. square gauge, with oscillating bucket and a set of counters con-
tained within the case. Each movement of the bucket caused by the weight of
water conveyed alternately to its right and left halves by the gauge, is trans-
mitted to the wheel-work of the counters by a lever acting between two projecting
plates on the bucket. .There are three counters for:cubic inches, “tenths and
hundredths respectively. A pipette-shaped measure is supplied- for testing the
accuracy of the registration. This measure will contain 5 cub. in. of water,
and its contents should, as the gauge has an area of 100 sq.in., advance the hand
of the hundredths- counter five-divisions. o : Inv. 1893~159.

188. EAST INDIA COMPANY'S RAIN-GAUGE. Lent By
G. J. Symons, Esq., F.R.S. - . R

This instrument is a modification of the Crosley recording rain-gauge from
which it differs chiefly in the recording arrangements. ’

_ In this gauge the oscillating bucket and the wheels for recording its movements
are separated by a partition. The bucket, which is constructed to tilt with every
tenth of a cubic inch of water, actuates a pin wheel of somewhat large diameter.
The wheel is marked on its periphery by tenths from’1 to 5 cub. in., and as the
vibrations of the bucket turn the wheel, the -amount of rainfall within these
limits can be read from an opening in the side of the case. -For higher readings,
a dial marked for 5 to 100 cub.in., which is in connection with the graduated
wheel, is used. : : Inv. 1893-132.

189. RONALDS'S RAIN AND' VAPOUR GAUGE. Lent by
The Meteorological Office. : o :

This instrument was designed and constructed at the Kew Observatory in
1843 by Mr. Francis Ronalds, for indicating a mean result from the quantity of
water which may have fallen between any two given periods, minus the quantity
of vapour which has evaporated in the same time on and from a circular plane of
one foot diameter. o '

Tt consists of two cylindrical vessels, connected by a tube, the one being 1 ft.
in diam., and open at the top, whilst the other is 3 in. and (with the exception of
a small hole) entirely closed by a cover, which carries a frame, holding a circular
divided arc, with an index moving over it. The index is attached to a small
pulley, over which a cord passes, having its end fixed to the float in the cylinder.
This, rising and falling with the changes of water level, indicates the amount of
rain or evaporation on the metal scale. . 4 . .

(See Brit. Assoc. Rept., 1844, p. 128.) ; Inv. 1876-797.

190. RAIN RECEIVER. Lent by G. J. Symons, Esq., F.R.S.

This type, of receiver, which is made of stoneware instead of glass, was
introduced by Casella about 1850, with the view of reducing the frequency of
breakages. : T Inv. 1893—126.

-191. GLAISHER’S RAIN-GAUGE. Lent by Messrs. Pastorelli
& Co.
This is an example of an early type of rain gauge designed by Glaisher. =
1t ‘consists of a cylinder of 8-in. diam., containing a funnel to the lower end

of which was fitted a U trap.  The receiver is fitted with a tap, through which the
rain water is drawn off into the graduated measuring glass. Inv. 1860-35.

192. SNOWDON RAIN-GAUGE. Lent by Negretti and Z'gmbraf

This is an example of the standard 5-in. Snowdon réin-gauge which, accdrding
to experiments of Mr. G. J. Symons, F.R.S,, gives practically the same results as
an 8-in. gauge.” . A R

(6184) c2
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It consists of a cyhndncal receiver, of copper, containing a’ deep funnel, by
which means the rain is led into a collectmg can contained within the. lower -
portions of the instrument. The receiver is fitted with a stout and accurately
turned brass rim, which ensures the entrance remaining circular. -A glass bottle,
graduated in % in.; is provided, and also a graduated glass measure, which enables:
a more accurate readmg to be taken . Inv. 1908—192

193 SYMONS SNOWDON GAUGE Lent by L. Casella Esq

Thls type of gauge was desrgned in 1864 by Symons, for use in the dlstnct
round Snowdon. -

It is provided witha Snowdon rim consrstmg of a cyhnder rising 4 in. vert1cally
from the edge of the cone of the funnel, which is suitable for the collection of snow.
Acollecting bottle and pail are prov1ded together with-a measuring jar which
is graduated to o 50 cub in. Inv 1893 15x

194. BRADFORD WATER WORKS GAUGE 1ént':b'5}“
L:.Casella; Esq. B -

This gauge was designed by Sir Alexander R Bmme for use on the gathermg
grounds of the Bradford Corporatron e - 3

It is a five-inch gauge 241n. in length “with a cyhnder above the funnel and
fitted with a Snowdon rim. ~The cylinder is found of advantage in obtaining more.
accurate measurements, especially in the case of snowfall. “The collectmg pall
wxll hold ‘about 1 5 cub 1n and the measurmg ]ar 1s graduated to 1+00 cub.in.” -

i Inv 1893—1 50

195 RAIN—GAUGE Lent by Messrs. E. Newton & Co

ThlS common form of rain- gauge was designed to enable a rough estlmate of
rainfall to be made. - .

It consists of a copper funnel Wthh serves to collect the rain water and lead it
into a receiving bottle.- A graduated measuring glass is provided which enables
the quantity of water to be measured and the rainfall to_be determined; An.
evaporatlng pan is also supphed o Inv. 1865—4

196. RAIN GAUGE Lent by Messrs F. Darton & Co

Th1s sunple form of gauge is de51gned for obta1n1ng an approx1mate 1nd1cat10n
of the rainfall. -

It consists of a funnel ﬁtted to the neck of areceiving bottle care belng taken
that the water running down the outside.of ‘the funnel is not collected in the-
receiver. The water collected is measured in the graduated glass provided.

ST Inv; 1876-772° & 1876—852—3

197 RAIN-GAUGE Lent: by Messrs P. Harris & Co.-

- This rain gauge is de51gned for approxxmate determmatmn of ramfall

It resembles closely No. 196 ~and consists of a funnel receiving bottle and-
measuring ‘glass. .~ . . Invy 1888—129

198. RAIN-GAUGE. Lent by Prof. H ‘Mohn, Christiania.-

Thxs type of gauge, de51gned by Prof, Mohn was used during the latter half of
the nineteenth. century. at meteorologxcal stations- belonging .to" the Norway
Meteorological Institute.

The instrument, which exposes a square surface, 15 by 15 cm. and has a helght
of 6o cm.; is desxgned for catching snow, while the lower part is protected against -
evaporatlon The rain (or melted snow) water is to be poured out of the gauge .
through one of its . upper corners; into a measuring cylindrical glass, divided.to
show the height of fallen rain in millimetres. © Inv. 1876-779.
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199. SYMONS STORM-GAUGE. ' Lent by The Meteorological
Office. ' , .

This instrument, which was used by the British Rainfall Organisation for over
30 years, is designed to ‘enable observers to ascertain the most minute details of
heavy rain during thunderstorms, and is not intended for yielding continuous
records. With one of these instruments in London, on June 23rd, 1873, rain was
ascertained to be falling for 30 seconds at the rate of 12 in. an hour, or 288in. a
day.” It is the second type of storm gauge designed by Symons, and is much
stronger than the earlier form. ) IR
. The rain passes into a copper cylinder in which is a float, which rises as the
rain falls. The float hasa string passingrounda pulley and kept tight by a counter-
poise and therefore when the float rises, the pulley turns. At the extremity of
the axle of the pulley there js fixed a hand similar to the minute hand of a clock,
.. and the size of the parts is so arranged that this hand completes a revolution when
one inch of rain has fallen. Inside the case there is a very simple wheelwork,
whereby another short hand, like the hour hand of a clock completes a revolution
for five inches. With this gauge it is therefore quite easy to read from a window
the fall of rain to hundredths of an inch, and by doing this, say every 30 sec.,
full details of the fall of rain can be ascertained. ) Inv. 1921-261.

. _200. RAIN AND SNOW-GAUGE. Leﬁt by J. Sidebotham, Esq.,
F.R.Met.Soc. : :

This instrument was invented in 1879 by Mr. Sidebotham for the determina-
tion of the fall of snow. - : o :

It is an eight-inch gauge with its lower part surrounded by an external jacket.
Warm water is poured into the angular tube, and when the snow, with which it is
never in contact, in the funnel is melted, the water is run off by the tap, and if
needed, a fresh supply is added. By this arrangement any mistake from adding
a wrong quantity of water is impossible. - SRR )

The collecting can is protected by a box with glass front, which encloses
also the lower part of the gauge. The measuring jar is graduated to o+ 50 cub. in.

‘ ‘ o ) R Inv. 1893-115.

201. ‘SEATHWAITERAI‘N-GAUGE. Made and lent by Messrs.
Negretti and Zambra. :

This gauge was constructed under the directions of Dr. H. R. Mill especially
for use in outlying districts, where the instrument is visited at long intervals only.

Tt is arranged so that a large quantity of water may be collected from a 5-in.
funnel, as advocated by the British.Rainfall Organisation, in a receiver of 8 in.
diam, . o Co-

The water is collected in the usual type of bucket having a capacity of ‘30 in.
of rain, and is protected from frost and evaporation by an insulated casing
surrounding it, which is ‘sunk in the ground up to its junction with the conical
funnel.. In order to ascertain the' rainfall by this instrument, the funnel is
removed and the approximate depth of water in the bucket ascertained by means
of the graduated cedar rod. The dipper, which is a copper receptacle holding
exactly 5in. of rain, is used to remove the water, as far as possible, the remainder
being emptied out and measured in the graduated glass cylinder.

Inv. 1921-589.

202. PRUSSTAN RAIN AND SNOW-GAUGE. Lent by G. ]J.
Symons, Esq., F.R.S, : ,

This apparatus was designed by Hellmann about 1885, and ‘was used in the
Prussian Meteorologizal Service. ) : )
It consists of a cylindrical chamber 6¢25in. diameter, fitted with a turned
brass rim and provided -at the lower end with a stop cock. It is constructed to
.be supported above the ground by means of a stake. Inv. 1893-127.
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. 'RECORDING, RAIN-GAUGES. = .

~ 203. ELECTRICAL SELF-RECORDING RAIN-GAUGE. Lent"
by Messrs. Yeates. & Son, Dublin. P RS
“This ‘gauge is similar in principal to Crosley’s, but consists of two distinct
parts, the gauge and the recorder. "~ . X o R
*The former, which is fitted with a funnel, is of square section and of 10 in. side.
The rain collected by the gauge passes by the funnel to an oscillating bucket, so
made and supported that the_weight of a cubic inch will'cause it to tilt to dis-
charge its contents. This act of tilting is made use of to record the amount of
rain received. The recorder has two dials; graduated to read to cubic inches and
hundredths, and is supplied with a train of -wheels, the movement of which is’
controlled by the armature of a pair of electro-magnets. _The gauge, the recorder
and a battery.being connected by wires, the oscillation of the bucket completes -
the circuit, and the electro-magnets, acting by their.armature, move forward the
hand ‘on the dial: - A record of each o+oI cub.in. of rainfall is'thus obtained.
The advantage of this system is, that the recording dials may be kept under cover
and thus preserved from damage by exposure, while at the same time they may
be readily consulted, oo i ) Inv. 1893-121.

. “264. CASELLA -RECORDING GAUGE. Lent by The Meteoro-
logical Office. ‘ e

This instrument, which is of the balance pattern, was used by Dr. H. R. Mill,
of the British Rainfall Organisation, at Camden Square, London, N.W., where it
gave continuous records of the rainfall for more than thirty years. S

" The rain is received by a large funnel of 9- 5 in. diam., whence it is conveyed
by a curved pipe to a bucket attached to one end of an arm, and counterpoised
by a weight at the other end.” The arm carrying the bucket and counterpoise is
suspended from two pillars, and is also connected by a linked parallel movement
to the pencil or pen which records the rainfall on the drum of the instrument.
As the rain enters the bucket, it depresses it and draws the pencil across the moving
chart to a distance corresponding to the amount of water received. :

~ When the bucket contains the correct quantity of rain (0*2in. or 5 mm.) it
automatically tips over, and the water flows away through an outlet pipe at the
bottom of the gauge. After releasing its contents the bucket returns immediately
to its former position, and: provision has been made for.the accumulation of the
rain during the second or so in which the bucket is inverted, so that none is lost.

o e ’ ‘ ’ “Inv. 1921-263.

205. HALLIWELL’S RECORDING RAIN-GAUGE. Lent by
Messrs. Negretti and Zambra. ‘ :

" "This has an 8-in. copper receiver, the funnel of which conveys the rain into a
cylindrical vessel containing a float. Attached to this float is a vertical rod carry-
ing a pen which, rising with the water in the receiver, records on a revolving drum
the rate of rainfall. - - el Tmielme mme T el T T - :

. By the action of a metal plate attached to the vertical rod the pen is made to
fall when it reaches the top of the paper and is thus brought into position for a
continuation of the record.

This work is effected by the pressure of the metal plate on a lever and the
consequent bringing into position of a siphon-tube to empty the cylinder contain-
ing the rain. o I T I

By a rise of the float in the vessel into which the water drawn off by its action
is emptied the siphon is brought back to its original position. .

" The paper on the drum is ruled for each 0-02 of an inch of rainfall, and the
graduations range from 0-00 to 1:00. The driving clock is contained within
fhe drum and is so arranged that two-hourly records may be taken for a week.

' : R Inv. 1908-191.-

" 906. HYETOGRAPH. Lent by The Meteorological Office.

This instrument which was patented by Mr. F. L. Halliwell in 1908, was
designed to produce a continuous record of rainfall duration, and depends on the.
use of a siphon which is started by hand instead of automatically. -

The rain falling into the funnel passes down the central tube into a chamber
below the base plate. As the collected water rises in the chamber it lifts a float,
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to which is attached a vertical spindle provided: with .projecting studs, which
engage with a plate-attached to the pen-lever: “When the-spindle has risen, an
amount equivalent to o+ 5 in. of rainfall, the pen arm disengages from:the stud
on which it was resting and falls until it is held by the next lower stud, so that at
every half-inch of rainfall the pen returns to zero on the chart and begins its
upward curve again. ) :
~" The pen rises and falls while the rain is being collected until the contamer
holds a maximum of about 4- 5 inches.. When about an’inch or more of rain has
collected in the chamber, it may be removed, very easily and- convemently, by
lifting the pen’arm and swinging it clear of the vertical spindle, which is raised
. about 2'in. and pressed down sharply,” thus forcmg water over the head of the 1
siphon and putting it into action. " .

(See Patent Spec 27,174, 1908.)

"Inv. 1921—76

207 RECORDING RAIN-GAUGE Lent by Messrs. Negrett1 , 1
and-Zambra. : ' , ‘

The gauge is constructed on the “ tilting bucket ”’ principle, and is designed

to furnish a continuous record of the rainfall..

The rain entering the 8-in. funnel is led into one of the buckets which tips
over when 0-01 in. of rain has fallen, and the water.is deflected into:the other
bucket.. This motion is transmitted to a.ratchet-which.by means of a cam,
gradually raises the pen until 1 in. of rain has fallen. When thls position is reached
the pen returns to zero:

- “The chart is gra.duated to read 0+05in. and under normal conditions makes a
complete revolution in one week, but if 'a more open scale is required -a different !
drum may be fitted which revolves once in 24 hours or once in-3+5 days.

Inv. 1921-322.

208 CONCENTRIC SIPHON RAIN-GAUGE Lent by ‘Messs. , ;
C F. Casella &Co Ltd. - .

This mstrument was de<1gned in 1920, in order to furmsh a contmuous record of
-the rainfall.

Rain is collected by the funnel and led into a chamber carried by the lower
portion of the apparatus. - A float contained in-this chamber is connected to'a
vertical rod which carries the pen, and the pen therefore'rises as water collects
in the chamber. To the side of the collecting chamber and in connection with it,
is attached a'small cylindrical auxiliary-chamber up the centre of which runs a
small tube reaching almost to the top. As water collects in the main chamber it
rises also in the auxiliary one, until the float and the pen have reached their
highest position, when the 11qu1d in the auxiliary chamber overflows down the
axial tube, which thus forms a siphon and removes the water until the pen-and
float have reached their zero positions again. The pen is made to record its motion
on a chart carried on a revolvmg drum, and a contmuous record of the rainfall is
thus obtamed ) R Inv. 1921—313

- EVAPORIMETERS. e }
- 909, EVAPORATION AND RAIN-GAUGES Lent by G. J. |
Symons, Esq., F.R.S.

These instruments were designed by Dr. Dalton, F. R S., and were used for
nearly half a century. -

They are circular copper vessels of 10in. diam. which by means of funnels
deliver the rain into receivers set under the stand on which they are placed.. The
evaporation-gauge differs from that for rain in having within it an- upright
0:51in. tube, 4- 5in. in length, connected with the funnel tube. In use, this gauge
is filled to the level of the top of this tube and placed at about 1 foot from the rain-
gauge, both being set 3- 5in. above ground..

With dry weather evaporation causes the water to sink below the level of the
top of the tube, and.this loss has to be replaced before any water can pass into the
receiver. - If after a fall of rain a measure be taken of the contents of the receivers
of both gauges, the difference will give the amount of water evaporated from the
surface 'of the evaporation-gauge durmg the dry days.

- (See Symons’s * British Rainfall,” 1869 and 1870.) "Inv. 1893—1 30
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210. NEWMAN'’S EVAPORATOR. = Lent by H. L. P. Lowe, Esq.

" This ‘instrument’is_designed for measurmg the quantrty of water evaporated
from a surface by the action of the atmosphere.
. - It consists of a metal reservoir, glass- graduated tube, and ‘metal’ pan, which
with their support form aninstrument, 2 ft. 9 in. high. The glass tube is graduated,
and a condensing syringe is fitted together with taps for regulating the water supply.
: The evaporating pan is of circular form, and has a diameter of 10in, "
B - To prepare the apparatus for use, water is poured into’it, to the level of the

: zero of the scale. . By means of the condensing syringe, the water is then forced
up into the evaporating pan until the desired level is obtained; when the tap is
turned. = To measure the water lost by evaporation during a certain interval,
the tap is turned again and the water allowed to flow back into the tube. Its
height, as shown by the scale, will 1ndrcate the number of cubic inches evaporated
during the time of its exposure. = -

(See Scoffern and Lowe s ¢ Practical Meteorology, ! 1860.) Inv. 1902—87.,

211 ATMOMETER OR EVAPORI’\IETER

! Thls mstrument was designed by Professor Prestel, Emden, for determmmg
’ the quantity of water evaporatmg from the surface of water as well as from
different kinds of soil.-
It consists of a shallow dxsh 1 5in. dlam contammg a perforated zinc plate,
1 and fitted with a vertical graduated tube. The tube is ‘entirely filled with water,
- . after which it is inverted, and placed in position at the edge of the dish. The tube
Serves as a reservoir, from which any evaporated liquid is replaced, the variation
in the head of water servmg to determine the amount of evaporation which has
occurred ) B L o . Inv. 1876—754

. r 212 REGISTERING EVAPORI‘VIETER Photograph presented
by Prof. D. Ragona. ...~

This instrument was designed by Prof."Ragona, of the University of Modena
for recording the evaporation taking place from the surface of water.
The dish' containing water is supported on a balance arm which is mamtarned
horizontal by.a counterwerght Decrease in weight due to evaporation causes the
" «dish to rise carrying with it a pen which records the motlon on a chart rotated by
clockwork . ) : - Inv, 18 76-~731.

213 PICKERING S EVAPORIMETER Lent by L. Casella, Esq.

! ) “This 1nstrument was designed for measuring evaporat1on under atmospherrc
condmom from a surface.

The surface from which evaporation takes place is a piece of blotting paper
100'mm. long by 50 mm. wide, which is set in a frame above a small copper cylinder
: containing water.- - To keep this paper moist there is connected with it a narrow
i strip of the same material, which dips into the water, The amount of evaporation
-is read from a glass gauge at the side of the cylinder, which is graduated to express
directly by a number of cubic centimetres or cubic inches the evaporation from -
each-square centimetre or squaré inch of surface.’ . “Iny. 1896—66

|

214 PICHE EVAPORIMETER Made and lent by Messrs.
Negrett1 and Zambra.

This instrument was designed about 1890 in order to indicate, in a"'simple’ and
convement manner, the amount of evaporation at any place.

"It consists of a graduated cylindrical tube of glass, 8 in. long and closed at one
i end.- The other end is ground flat and covered by a disc of porous paper about
three times the diameter of the tube., This. is kept in position by a metal clip,
provided with a disc of the same diameter as the fube.

The instrument is filled with water and hung vertically with the closed end
: upwards, so-that as the water evaporates from the wet paper, small bubbles of
; air rise in succession to the upper portion of the tube, and the amount evaporated
; is 1ndrcated on the scale of cubic centimetres graduated on the tube.- v
8 G Inv. 1921-590.
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. 215, EVAPORATION GAUGE Lent by W. H. Dines, Esq.,
F.R.S.

This instrument, was designed and used by Mr. G. Dines for measuring
evaporation.

In making observations with this gauge, the cylindrical vessel is placed in a
large tank of water, so that its temperature may be kept the same as that of a
large body of water, and it is set with its edge about half an inch above the surface.

With the cylinder is connected, by a pipe passing through the tank; the
rectangular graduated vessel which registers the level of the water in the cylinder,
‘and from the readings taken, the evaporation for any period of time can be found.
The graduations represent a depth of o* I in. of water, buta depth of 0-o1in. can
be measured. - An overflow pipe is provided in case of rain, which should lead into.
the measuring glass of a rain gauge. Since the evaporation diminishes when the
water sinks below the level of the top edge of the cylinder, it is advisable for
accurate observations that the high level of the water should. be maintained as
far as possible. : Inv, 1893-163.

CLOUDS.

The clotuds formed one of the earliest meteorologlcal phenomena to
attract the attention of man, and frequent reference to them is to be
found in the earliest writings. No classification of them was attempted,
however, until 18or, when Lamarck proposed one based on their
appearance,”in "which he described about twenty different and easily
recognisable forms. Two years later, Luke Howard introduced a
classification .based on - four fundamental types, .intermediate forms-
being noted by combinations of these four fundamentals. Commencing
Wlth the lowest he proposed the terms (1) nimbus, for rain clouds;
(2) stratus, for the widespread flat formation; (3) cumulus, for the
rounded piled-up forms; and (4) cirrus, for the hlgh, feathery or wisp-
like types. - This classification found general acceptance, and his essay
was reproduced in 1832, translated into various languages, and the:
classification was adopted almost unchanged by the various official
meteorological ~services. Many other classifications have "been.
suggested since Howard’s time, but the majority of them are:really
slight modifications of Howard’s classification, and very few entirely-
-new systems have been proposed.’ - One of the latter was that suggested
by Clayton in 1889, based on the origin of the cloud, and enumerating
five types. In 1894 Clement Ley proposed a new classification into
four main divisions: (1) radiation clouds, fog types;. (2) interfret
clouds, horizontal current types; (3) inversion clouds, cumulus‘types N
(4) inclination clouds, cirrus types.

In order to secure uniformity, the "International Meteorologlcal
Conference agreed in 1890 to establish an international cloud classi-
fication, and ten types of clouds were agreed upon.. Four years later,
the committee appointed to prepare an atlas representing the forms,
with the nomenclature proposed by Hildebrandsson and "Abercromby,
defined the ten types of cloud proposed, while in 1896 an international
cloud atlas, . due to Hildebrandsson, Riggenbach and de Bort was
published.

216. _SKY SKETCHES, a serieé of 533,in 72 frarheé, taken between: .
September, 1883, and September, 1886. Drawn.and lent by W. Ascroft.

These sketches illustrate optical phenomena attributed to the eruption ‘at
Krakatoa in the Java- Straits, August 27, 1883. - ¢ Invi-1888-156.
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" 217. CLOUD PHOTOGRAPHS. By.G. A. Clarke, Esq. Acquired.
1921, , : RN

Photographs illustrating’ typical examples of the various types of clouds,
and arranged in accordance with the international cloud classification. :

-1, Cirrus.—These extensive curved threads, exhibit the familiar wisps and-
form part of a huge plume of cirrus. = : - RO

-2, Cirrus.—Tufts of cirrus with extremely delicate thread-like continuations.
The cirrus is moving in the direction in which the lines are lying, the tufts pre-
ceding, and the tails following. - RS R B I

3. Cirrus—In this irregular thread-like cloud, long threads can be seen’
along which there occur nuclei from which other threads spread outwards more or
less transversely to the main threads. FER - :

“"" 4. Cirro-stratus—Part-of a widely spread sheet of dense cirro-stratus, a’
considerable height above the cumulus clouds along ‘the horizon. . The straight
edge of the cloud is noticeable, : T

5. Civro-cumulus—An example of the variety termed “speckle-cloud”;
the globules of cloud are excessively minute toward the edges of the sheet, where
they become mixed with very delicate threads of cirrus,

6.. Cirro-cumulus.—Part of a- sheet. of fine globular cirro-cumulus which
exhibits double undulation, the transverse system being rather irregular, This
example formed very rapidly from a previously uniform cloud-sheet. ;

" 7. Cirro-cumulus.~—Here cirro-cumulus cloudlets are shown massing together
into an irregular waved form. T P S S S .

. . 8. Cirro-cumulus Lenticularis.—A very large compound lenticular cloud-bank
with several small detached single clouds.-' This photograph-shows a wonderful
sunset effect upon the rippled under surface of the cloud bank. -The system of
double undulation shown by the ripples is remarkable, e -

9. Alto-stratus.—~The characteristic grey pall of intermediate cloud through
which the sun is shining weakly.-” Some loose ‘‘ scud - in dark ragged masses—
the forerunners of the coming nimbus—may be seen moving up below the alto-
stratus;- ‘This is-an example wherein the alto-stratus is quite structureless. .
| 10. Alto-cumulus—An .example of cloudlets without shadows; in this case
the waves are sinuous instead of straight. . The thinness of the cloud-layér is very
obvious, especially on the left-hand side of the picture, but this was the case only
at the edge of thelayer, at the point where the photograph was taken:.” Farther
to the right, the cloudlets were much denser and showed the normal shadowed
appearance, .. .. ... o T . o e . :

11, Alto-cumulus—The most typical form of alto-cumulus, all the character-
istics of that cloud-type as described in the International classification being
present -in:this picture. The two wave-systems crossing each other (* double
undulation ’’) are very clearly shown, and the solid character of the cloudlets is
‘well brought out by the slight shadows upon them. .. .. . S

12, Alto-cumulus Lenticularis.—A series of these cloud-banks well depicted at
sunset, "The relatively great.density of the central parts is plainly to be seen,
as also is the comparative thinness at their edges. .-In the upper part of the photo-
graph,: the individual cloudlets are seen passing out of one bank and entering
another, The proper method of distinguishing between cirro-cumulus and alto-
cumulus when they are massed into banks of this type is to examine the individual
cloudlets that are nearest to the observer, for the banks themselves give .very
little indication of any difference when they are at all dense or very distant. - )

. 13. Strato-cumulus.—The typical form of this cloud. “The masses are heavily
shaded, and tend to fuse into each other within the sheet, while at the edges of the
sheet they appear separated, so that the blue of the sky can be seen between them.
w. 14..Strato-cumulus.—This is a heavier form of strato-cumulus, and is the type
of cloud sheet that may cover the whole sky for days together, especially during
the winter months.  The cloud i5 dark grey with bright yellowish-white inter-
stices where the sun is shining through the thinner parts of the sheet. The edges
of the clouds are fused together ; little or no blue sky can be seen between them.

‘15, Cumulus—Typical-cumulus clouds.. The- dome-shaped or pyramidal -

structure is very evident in the smaller one, and protruberances which indicate
rising currents may be seen, while the flatness of the dark base which marks the
level of condensation is also well shown. c - e

16, Cumulus (and Fracto-cumulus).—Small cumulus clouds mixed with a
«considerable amount of the broken variety known as fracto-cumulus, : The latter
form seems to be accompanied by much turbulence and is found often in squally
weather, '
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17. Cumulo-nimbus.—A large thunder-cloud with a very flat base from which
rain is falling in the far distance. In the near front of the cloud-mass the moisture
in the rising currents is condensing and spreading out into a large “anvil ”’
which is fringed with false cirrus threads. Far in the rear there may be seen more
false cirrus from other parts of the cloud-mass, which latter seems to be formed by
the union of several cumulo-nimbus clouds. ) - .

18. Cumulo-nimbus—This is an example showing rapidly-growing vertical
columns of cloud that are uniting to form a huge thunder-cloud, of which' this
photograph includes less than one-fourth. A quantity of loose fracto-cumulus
- is floating round the main mass. e . o . :

19. Cumulo-nimbus.—This hail squall cloud' i$- moving from left to right
and showers are falling from it over the sea. As the cloud moves forward the rising
moist air forms in front of it a line of growing cumulus which lies round the front
of the main cloud like a collar. -

20. Cumulo-wimbus.—An advancing hail shower cloud, showing some growing
cumulus in front. The passage of the cloud overhead was accompanied by .a
heavy squall with hail. . -

 21. Nimbus—Actually ashowerfalling from the nimbus-base of alarge cumulo-
nimbus cloud. * It is impossible to photograph the typical nimbus cloud because
the rain, when general, is not visible to the camera. Itis only when an isolated
shower shows dark against the lighter sky beyond that the rain can be shown.

22. Stratus.—This is the really typical form of stratus, a grey pall of cloud
without any detail, and rendered visible only by the fact that the summit of the -
distant hill'is immersed in the cloud, which is trailing along its flanks in the ragged
masses called fracto-stratus. i o

23. Line Squall Front.—This shows the line of cumulus cloud losing its cumuli-
form character, and beginning to show some vertical arrangement, while small
wisps of condensation were moving up and down below the cloud front.

24. Nimbus with Rainbow.—A screen of rain is falling and a primary rainbow
with a very faint outer secondary bow base becomes visible. . Inv. 1921-17.

918. CLOUD PHOTOGRAPHS TAKEN FROM THE AIR.
Prepared in the Museum from Negatives lent by Capt. C. K. M.
Douglas, R.AF. ‘ : '

These photographs of clouds were taken from the air by Capt. C: K. M. Douglas,
R.A.F, in 1918, and give a general indication of the appearance of the various
types of clouds when viewed from above.> L o

1. Strato-cumulus with tops at 5,000 ft. over France. In the distance clouds
and haze can be seen on the horizon over England, while over the Channel it is
clearer. The form of the clouds indicates turbulence, which is due in this case to
heating at the surface. Immediately above the clouds the dry bulb temperature
rose from 45° to 53°, and that of the wet bulb fell from 45° to 53°, the relative
humidity thus suddenly falling to 23 percent. - . - - L

2. Low strato-cumutus-cloud, with another larger one in the background.
The density and great thickness of the cloud may be seen from the large dark
shadow in the foreground. : -

- 3.. This photograph shows the top of a cumulus cloud growing up through a
cloud sheet. The upper surface of the cloud sheet was at 8.000 ft. and the cumulus
reached 11,000 ft. In this case there was no temperature inversion below 11,000 ft.
the conditions being those of a cool westerly type ‘within a depression, - This
combination of clouds is commonly seen, but if there is a temperature inversion
above the clouds, the cumuli do not stand out so boldly, and when growing through
a thin cloud sheet often break up altogether, particularly if the humidity above
the clouds is low. : - K : ‘ R :

4. “This illustrates the top of a cloud forced.up from the lower air when the
upper air was in a stable condition. Underneath are dense clouds of the strato-
cumulus type, and some showers, while at 8,000 ft. the clouds were 5° F. colder
than the air at that level.. The cloud seen in the photograph reached an altitude
of 13,000 ft., and was associated with the passage of a. very small V-shaped
secondary. A

5. Row of large towering cumuli forming the summits of rising air columns
the highest of which has risen to over 10,000 ft.- S

6. Large cumulus towering from 1,000 to 11,000 ft. This cloud is the same as
that on the left of No. 5 and was photographéd five mintues later from a distance
of enly two or three miles; The tops of the rising air columns are geen remarkably
well in this view. S R
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7. This photograph illustrates three clond summits towering vertically upwards
irom a layer with an unstable lapse rate of temperature.. It is a form not uncom-
mon with cold west or north-west winds. There were a large number of cumulus
clouds between 2,000 ft. and 3,000 ft. and some of those that reached the unstable
layer above 4,000 ft. grew up very rapidly, but the tops were broken off in every

- case. The tops of these clouds were at an altitude of 7,800 {t. at which “ Inver-
sion "’ occurred, thereby preventing their further growth.. -

8.- The tops of the towering cumuli of No. 7 soon became detached and are
shown in this photograph. The intervening parts of the cloud pillars have evapor-
ated and cumuli may be seen below, while in the background there is a cloud layer
at an altitude of about 7,000 ft. just below the inversion. ) : ’

9. The towering cumuli of No. 7, the tops of which areé shown detached in No. 8,
are here seen several minutes later, when the detached fragments are dissolving,
and rapidly disappearing. e g )

10, Cumulo-nimbus ‘(thunder-cloud),’ up to 20,000 ft. with dense masses of
lower cloud in the foreground. “The top of the cloud consisted of snow and was
photographed from an altitude of 12,000 ft. - :

'11. A long narrow strip of cloud rippled into waves, and formed in a damp
layer at 4,000 ft., the -wave-length' being from 150 to 200 yards. -The strip lay
along the current at its level, and the waves were across the current. Below may be
seen a large number of small cumulus which had formed at 1,000 ‘'to I,500 ft.
from a sheet of stratus.. As there was an inversion of 30° F. above the cloud but
none above the clear area to south‘east, it appears that there was a marked local
increase of wind velocity just above the strip which gave rise to the waves.

12. A view taken from 13,000 ft. showing snow showers from the high clouds.
. The lower clouds were forced up in a high bank of which the round top on the right
“was part. - On the east side of the bank there was strato-cumulus up to 6,500 ft.
with aninversion of 3° above it, while on the west there was strato-cumulus with no
inversion. The bank was apparently forced up as the result of colder air arriving
‘near.the surface. C oL . . . o
13. Parallel rolls of cloud, two or three miles apart and, approximately forty
‘miles long, covering the Boulogne region of France, and a portion of the Channel.
“The rolls were in lines from south-west to north-east, but the actual motion was
from west-south-west. ~ A portion’of the coast line is visible through the nearest
‘gap. The clouds were at an altitude of 4,000 it. to 4,500 ft. and there were other
Jayers higher up. . o )
. 14. A nearer view of two parallel rolls of cumulus cloud.

15. A portion of a long narrow irregular strip of cumulus fhotogfaphed from
13,000 ft. - The strip which was 20-30 miles long was caused ‘by the spread of a

e

surface breeze from north-west to west-north-west, but the clouds moved them-
selves with the south-west current. - The cloud was evidently due to upward -

movement originating near the surface, as the clouds were 2° colder>than the
air at their level elsewhere, and were extraordinarily turbulent. S

16. A close view of the upper surface of a turbulent sheet of strato-cumulus.
The top of the sheet was 5,000 ft. high:and an inversion of 10° F. occurred above
it, but the clouds were forced upwards in a few places in spite of this large tempera-
ture inversion. These upward currents were due partly to an unstable lapse rate
of temperature 'in the clouds.and partly to complicated wind currents near the
ground, B o - R Ce : : :

. 17. The top of a strato-cumulus cloud sheet at a height of 9,700 ft. considerably
above the average height of this particular type of cloud. The cloud billows are
very clearly shown, one system of waves or folds crossing the other at an angle of
about 30°, - There was an inversion of 3° above this cloud sheet, a thin layer at
10,000 ft. and more turbulent clouds lower down at 9,000 ft. . ’

. “18. Layer of strato-cumulus with.the upper surface at an altitude of 2, 5230 ft.
Ripples can be seen crossing the current obliquely, while a straight bank is also
visible in the background. SR s : .

19. Strato-cumulus sheet moving west-sonth-west, with the camera pointiﬁg
south. The clouds were at an altitude of 4,500-5,000 ft. and there was only a very
slight temperature inversion above them. = . : - : -

20. Strato-cumulus sheef with well-marked furrows. The waves are close

together and are probably therefore across the current, but slightly oblique to it. -
" Similar but rather larger waves, are common along the current but are -also

{requently slightly oblique, They must be set up by a difference of wind velocity
between different layers. : - Inv. 1922-111,
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219, STORM CLOUD. By Capt. A. G. Buckham: - -

.This photograph was taken at an altitude of 6,000 ft..and. shows a cumulo-
nimbus cloud on the right from which heavy rain is falhng, with lightning flashing
beyond. Fracto-cumulus clouds resembhng small cirrus have become. detached
by the strong wind. ~ . -©. . . S -Inv. 1921 133.

220 TOP.OF CLOUD LAYER By Capt A. G Buckham

This photograph which was taken at an altitude of 16,000 ft. shows the top
of a cloud belt, approximately 10,000 ft. thick, above which is a sheet of alto-
stratus covermg practically the w vhole sky.. The temperature above the cloud belt
was 17° F,, and in the cloud 27° F, . : ) Inv 1922~132.

201, WATERSPOUT. "By J. W. Knight, ’Esq”‘ E
Thls waterspout was photographed in the Black Sea, on October 1st,
.1920, at 4 p.m.. The phenomenon was seen at a distance of 2+ 5to 3 miles, and was

visible for a period of about 3 minutes, The second photograph was taken after
an interval of 12 seconds. . ) o Inv. 1922-134.

222, APPARATUS TO ILLUSTRATE THE FORMATION OF
TORNADO CLOUDS. " Designed by W. H. Dines, F.R.S. -

- The apparatusﬁ_for this experrment -as made by Mr. Dines,. is 6f.a simple
and inexpensive form ; that shown is of a somewhat more substantial character
to adapt it for exhibition.

- Three glass plates, 18 in. by 24 in., are set in each of two frames, so as to
form when put together a hollow hexagonal prism. ‘These frames are placed
‘upon a table with their edges apart and slightly overlapping, to allow of the entry
of air obliquely. - A board, with a hole in its centre, in which is set a fan that
_can ‘be.rotated by:a pair of pulleys, forms a cover to'the prism, and a shallow
copper evaporating pan and a burner complete the essential parts of the apparatus.

If,- when sufficient steam’is generated from the water in the pan, the fan
is rotated a column will be produced in many respects 51m11ar to that of a Tornado
Cloud.

The points of resemblance to the actual tornado cloud formation are stated
by Mr. Dines to be :— <-

1. A distinct rotary motlon round the centre, 1ncreasmg 1n vrolence towards-
‘the centre S o

. A strong: up -draft. R :

3 A decrease of pressure in the centre of the column. )

‘4. The hollowness of the column. o DR

(See Q J. R..Met.. Soc ]anuary, 1896 ) ) - Inv 1897—39

. 223, GODDARDS CLOUD MIRROR Presented by J. T
Goddard Esq.

The orlgmal mirror was dev1sed in 1851 and exhibited at the Great Exhibition
of that year. The example here shown was designed and exhibited in 1862,
its purpose being to ascertain the direction of motion of clouds.

In making observations, the mirror is laid horizontally near a wmdow and
set so that the point marked North is directed to the South point of the horizon ;
the several points -will then be reversed. -The reflection of the edge of a con--
spicuous cloud is brought to the centre of the mirror and the point of the compass
noted'where it passes off the edge. ~This indicates the direction from which the
clouds are approachmg ) ) ©Inv. 1863—

224 FINEMAN S NEPHOSCOPE Lent by The Meteorologlcal
Ofﬁce R,

Th1s mstrument Wthh was desxgned towards the end of - the last century,‘ i
is a- modification of Fineman'’s earlier model, and is representatxve of modern
reflecting nephoscopes. : :




It consists of-a disc of black glass mounted on-a tripod.stand‘which allows
of accurate levelling. - A vertical pointer, which can be raised or lowered by
-a.rack and pinion motion, is attached to the circumference of the disc’in such

~ a manner that it can be rotated about the disc. - ‘A scale of millimetres engraved

.on the edge of the pointer gives the height of its tip.above the glass surface,

~and on the glass surface three concentnc circles are marked the radii being in
arithmetical progression.

In making an observation, the observer stations hlmself 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 then rotates the pointer and adjusts its lerigth
until-its . tip is also brought into: this straight line.  This done, he moves his

- head so as to keep the cloud image and the tip of the pointer in coincidence,

: and notes the radius on which the image appears to travel. This radius marks
the direction of cloud drift. A compass needle mounted below the disc enables
the observer to identify the direction. A

The velocity height ratio of the cloud may be determined by notmg the
number of seconds required for the image to travel from the centre of the mirror
to the first circle, or from one circle to the next. If a be the radius of the inside
circle, b the height of ‘the tip of the pointer above the reflecting surface, and
¢ the time required for the cloud image to traverse the distance-aq, the value of

~ the velomty-helght ratio is given by the expression

Velocity-height ratio = -ﬁ-'

.-~ ., The instrument is fitted with-a circular spirit level, which enables it to be
“‘adjusted truly honzontal Inv 1921—78 S M. 1433, L.S.

. 295, TRAVELLER'S POCKET NEPHOSCOPE Lent by The
: Royal Meteorological Society. ‘

This instrument,” for observing the.direction. and velomty of clouds was
de51gned by C. G. Fineman, and made by J. L. Rose at Upsala. Itisan improve-
-ment on Fornioni’s nephoscope, and consists of a circular black-glass mirror of
24 in. diameter, on which are marked radial lines in the direction of the principal
points of the compass, a dot to indicate the centre of the:mirror. and .two con-
. centric circles set at a distance of :26 mm. from each other.' .This mirror forms
:the cover of a shallow brass box, in which is pivoted a compass needle whose
point can be seen through a semicircular hole at the N point graduation of the
mirror. This arrangement of the compass needle permits of correct onentatlon
of the instrument.

At the south end of the mirror is hmged a ]omted arm, some 23 in. high,
with pointed end.  This is.made to fold over the mirror, except when observa-
tions are being made. The compass box i§ supported on gimbals.and carries
a counterpoise, the whole being supported on an uprlght whlch can be screwed

- to the lid of the box forming its case.
The instrument being properly oriented, a point in a- cloud is brought to the
_centre of the mirror and the jointed arm raised .to a sufficient height to allow
of the observer seeing the reflection of the cloud point over its top.. The direction
of the cloud can then be told by the direction of displacement of its image and
-its velocity determined by.the time'taken by the cloud point-in: movmg the
definite distance between one circle to the other of the mirror,

Inv. 1908—194, VSM 1436 L.S.

296. BESSON S COMB NEPHOSCOPE Lent by The Meteoro—
logical Office.

. This nephoscope, which is of the direct vision type, was desxgned at the end
of the last century to facilitate the rapid determmatmn of the dlrectlon of motlon
and velocity of clouds.

It consists of a brass rod, about 9 ft. long, bearmg at 1ts upper end a cross-

_piece to which a number of vertical spikes are attached.: : The rod is' mounted
in'a vertical position in such a manner that it can rotate freely, and its height
is adjusted so that a fixed mark on the rod is at the level of the observer’s eye.

‘When using:the ‘apparatus”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 of the nephoscopé. - He then turns the cross-piece until-the cloud

. -appears totravel.along the line of spikes while he himself remains motionless.
-The cross-piece will then be parallel to the line of motion of the cloud, the direc-
tion of which can be read off on a graduated circle which is provided: for the
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purpose. - The. rod may be turned by an observer standing at some distance
away from it by means of two cords tied to a shorter. cross-piece attached to its
lower extremity. : R . Lo E ;

.- The velocity-height ratio may be determined by noting the time taken for
the cloud to pass from spike to spike. If a be the distance between the spikes,
v the distance from the upper cross-piece to the marked point on the rod, which
has been adjusted to the level of the observer’s eye, and ¢ the observed time
we have’ U o » oo - .

Velocity-height ratio= ’—Z—t‘ o o

- In order that a constant difference-of level may be maintained between the
cross-piece and the observer’s eye, the instrument should be erected-on a level
site. ’ * Inv. 1921-79, S.M. 1435, L.S.

297. THE RAYNER TELEPHONIC HEIGHT FINDER: (No. 1).

Lent by The National Physical Laboratory,
> The Rayner telephonic height finder, which is sometimes referred to as the

L.C.C. pattern, is-the first height-finder designed.on the principle suggested in
January, 1916, by- Lieut. Mansell Pleydell and . G. T. Bennett, Esq., F.R.S,,
and known as the Bennett-Pleydell principle, by which the height of an object
is determined, as distinct from its range, by the measurement of two angles only.

This instrument was designed in 1916 by Dr. E. M. Rayner, and consists of
two stations, one at each end of a Dbase a mile long. At each station there is .
a wooden stand holding a-Tectangular sighting frame capable of rotation about
a horizontal axis. - At one end of each instrument is a dial and pointer arrange-
ment giving at once the angle between the horizontal plane, and the plane of -
the sighting “wire attached to the rotating framework.. At the other end of one
instrument (that exhibited) is‘a *“ plotting board,” rigidly attached.to the upright
and engraved with a series of equidistant horizontal lines marked in thousands
of feet. In addition to these-lines there is a semicircular scale of:degrees over
which a loose arm may:be swung-at will. Rigidly attached -to"the. rotating
framework is a second arm. - The inner edge of each of these arms passes through -
its own -axis of rotation, and the distance between these axes represents the
distance between the. ‘ home *’ and * distant” instruments on the same scale
as the vertical distance between either axis, and any one of the horizontal lines
represents the height marked on that line. o el

In measuring the height, of an aerial object the sighting frames at both
stations are turned so that the plane of each wire rectangle passes through the
object. - The angle of elevation of the ‘* distant ™ plane is then telephoned to
the ““ home *’ station, and the free arm is set to-this angle on the plotting board.
The arm fixed to the ‘“ home ’* frame automatically. gives the same information
for the ‘““home ** station,-and, in fact, the triangle formed by the inner edges
of the two arms, with the horizontal line passing through their axes of rotation,
is a-reproduction to-scale of the triangle formed by the lines joining -the two
stations and the target. Hence the height of the object sighted may be at once
read: off from the position of-the intersection point of these arms. -In practice
several observations a minute can be made. A suitable length for the-base is
one to two miles. : - S - S

- This apparatus was the first to be generally installed in the war for air defence.-

It was designed so as to be capable of being made very rapidly by practically -
unskilled labour. e © - Inv. 1921-594.

998. DARWIN-HILL POSITION FINDER. Presented by The"
Ministry of Munitions. BT : , : .
- This “stereometer” or position finder was designed in 1916 by Sir Horace |
Darwin, F.R.S. and A. V. Hill, Esq., F.R.S,, and primarily used for Anti-aircraft
research, but as it enables the position of a body in space:to be’ determined,
it has been employed in the observation of clouds, for determining the velocity
and direction of wind at different altitudes, and for re-calculatirig various artillery
trajectories by the observation of shell bursts. e e . .
The complete equipment comprises two instruments placed at the extremities
of a measured base, and adjusted so as to bein correct alignment. - .-~ -
Each instrument consists of a specially selected sheet of plate glass, 2 ft. 4 in.
square, the lower surface of which is silvered and ruled into centimetre squares.
Two. vertical sighting wires are provided to enable the two mirrors after having

2




8o

been levelled to be adjusted,:so that the lines of-both station instruments are .
parallel to-each other and to the line joining the two stations. - The eyepiece,
which. is carried at a known.distance above the mirror on a tripod. support, is:
ad)usted vertically over-one end of-the base lme ruling, S0 that its 1mage in.the.
mirror coincides with this point. - i
- The object is observed in the mirror by means of this eyeplece, a,nd the posmon B
of the image on the mirror followed by a metal pointer. On the receipt of a pre-r-
determined signal, its position is noted, which, together with a simultaneous -
observation with the second mirror, enables the pos1t10n of the ob]ect in space
to be determined. :
.Two eyepieces are prov1ded at different helghts from the mirror, thereby in-
creasing the range of the mstrument i . v Inv, 1919~ 269,

229, DARWIN GIMBAL MIRROR Presented by The Mlmstry"
of Munitions."*~-= = /

This mstrument whlch was de51gned by Sn' Horace Darwm F R. S L in 1916 )
embodies the Bennett-Pleydell ‘“roof *’ principle, by means of which the altitude
can be ascertained by measuring the inclination of fwo planes capable of rotation :

. about horizontal and parallel axes, situated at the ends of a known base. - . :

The complete installation comprises two identical instruments known as the .
‘* Far Station *’ and the ‘“Plotter Station,”” and situated a known distance apart.
Each instrument consists of a stationary horizontal mirror across the centre of
which are drawn two fine lines at right angles to each other, sights being provided .
to enable the instruments to be correctly lined up with their axes parallel. The.
object is observed in the mirror through an eye-piece carried by a long arm having
freedom of motion about two horizontal axes. : By moving this arm the image is

" kept on the centre line of the mirror and the inclination of the arm can be read .
off on a graduated scale over which passes a pointer carried by the arm mounting.

This reading, when combined with that of the distant station, enables the
altitude of the object under observation.to be ascertained. .

:With this instrument, it is impossible to see ob] ects overhead, whlle in addmon
it is only with great care that an accuracy of 0+ 1° can be attained.

-« Inv., 1919-270

230. MASON’S TILTING MIRROR _Presented by The Mmlstry .
-of Munitions. .

This mstrument whxch is an 1mprovement on the Darwin Gimbal Mxrror was
designed by Mr. C. C. Mason in 1916; to enable an observer to see directly overhead,
and embodies the Bennett-Pleydell ¢ roof !’ principle.

As in other height finders, two instruments comprise a cg;nplete equlpment
the ‘“ Far Station ” and “ Plotter Station "’ being identical, and consisting of a.
plane mirror tilting about a horizontal axis which is perpendicular to the 11nev
joining the stations. . The image of the object under observation is observed in :
this mirror by a ' Plotter *’ which is carried on an arm free to rotate in a horizontal .
plane about a vertical axis through the centre of the instrument. The *‘ Plotter ’*
is an eyepiece provided with two horizontal and parallel cross-wires between which -
the image:is brought by suitably tilting the mirror with the aid of milled heads. -
Continual adjustment of the mirror by the observer enables the image to be kept *
in position mid-way between the cross-wires. -

. Theinclination of the objectis given by a graduated arc on the left of the mstru-
ment and a graduated disc in the rear, which enables the angle to be read to 0+ 1°
and estimated to oro1°

- With this mstrument it is p0551ble, while looklng honzontally, to observe
directly overhead and also backward, while the provision of a telescope enables.
the ob]ect to be p1cked up at a greater distance than thh other instruments.

Inv. I919-271L. .-

231. ELECTRICAL HEIGHT FINDER (No. -2). Lent' by The:e
National Physmal Laboratory. 2

This instrument which depends upon the Bennett-Pleydell ‘ roof " pr1nc1ple-
was devised in 1916 at the National Physical Laboratory by Messrs. C. C. Paterson-
and J. W. T.-Walsh in order to enable a contmuous indication of the helght of an-
aerlal target to be obtained. - * R :
- -~ The complete installation consists .of a helght mdxcator, an electncal c1rcu1t :
and two transmitters, one of which is fitted with a plotting board and pointers. . ™'



"can be used with any length of base by suitably adjusting the series resistance.

lation on the ‘heights of clouds from measurements ‘of humidity,

81

At each station, enclosed in a semicircular iron tank is a uniform.resistance
supported horizontally at a fixed distance below the axis of the sighting frame,
and with its centre directly under this axis. Attached rigidly to the axle of this
frame, and in continuation of the plane of the sighting wires, is a phosphor-
bronze bar which presses against.the horizontal resistance. In this way the
distance between the centre of the resistance and the point of contact of the bar is.
always proportional to the cotangent of the angle of elevation of the sighting
frame. Thusif it be arranged that there is a constant current passing through the
Tesistance, the difference of electrical potential between the bar and the centre of
the resistance is also proportional to this quantity. By means of a local battery,
voltmeter and regulating rheostat, the voltage drop across a given length of
resistance is maintained at.the same constant value at both home and distant
stations. The distances between the axes of rotation of the sighting frame and the
horizontal tracks of the phosphor-bronze bars on the resistances are also the same:
at both stations, so that by connecting line conductors between the stations in such. ;
a manner as to put the two voltage differences in series, a milliammeter with a. ‘
suitable swamping resistance in the circuit gives at once a reading proportional to
the difference of the contangents of the two sighting angles. It follows that in’
order to obtain a direct reading of height, the instrument must be provided with.
a reciprocal scale. For the purpose of increasing the range, two scales are
provided, one from 1,600 to 5,000 ft., and the other.from 5,000 to 20,000 ft.
The more open scale is brought into operation by pressing.a key switch which
normally short-circuits a shunt to the moving coil of the instrument. 'The
series resistance of the milliammeter is variable, -and. is so adjusted in
relation to (i) the actual voltages employed at the two stations, (i) the sensitivity-
of the milliammeter, and (iii) the ratio of the base length to the vertical distance.
between the axes of the sighting frames and their respective resistances, that a
given base length corresponds with a definite series resistance for all instruments.
Corresponding values are tabulated in the instrument box, and so any instrument:

The chief errors to which the instrumentis liable are (i) leakage in the insulation
of the main conductors between the stations, and (ii) change of resistance of these
conductors with change of temperature. On this latter account these conductors
are required to be as heavy as possible so that their resistance may be properly
swamped by the series resistance of V. .

(See Pat. Specn. No. 4379 of 1916.) o Inv. 1921-594.

INVESTIGATION OF THE UPPER AIR.

The scientific investigation of the conditions of the upper atmos-
phere dates from about the middle of the eighteenth century, when
Bouguer, during a geodetic expedition to Peru, fixed the height of
the freezing point in different latitudes by means of observations on.
the slopes of mountains. The first use of the kite as a scientific
instrument is due to Wilson and Melville, when, at Glasgow in 1749,
they raised thermometers to considerable heights in this way, while
three years later Franklin performed his famous experiment in atmos-
pheric electricity. The next investigation of the upper air was made
by Jefiries in 1784, when he ascended with a number of instruments.
in a free balloon, and determined the rate of fall of temperature with
altitude. Free balloons were also used by Robertson in 1803-4 in
his ascents from Hamburg and St. Petersburg, and by Gay Lussac
in 1804 at Paris. In 1822-3, Fisher and Parry, using self-registering
thermometers, obtained temperatures with the aid of kites in the -
Arctic regitns, while in 1840 Espy employed kites to verify his calcu-

seven years later Birt flew kites from the Kew Observatory to ascertain.
changes "of temperature, humidity and wind with height. - In.1830
Barral and Bixio ascended in free balloons, and in 1852 Welsh' made
four ascents from the Kew Observatory for the British Association.

This work was continued by Glaisher, who with Coxwell madé twenty-
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eight ascents between 1862 and 1866, to investigate the variation. of
temperature,” humidity, magnetic force and electric potential. In
1877 Secretan was the first to send up india-rubber: balloons or pilot -
balloons when investigating the change of wind direction with height,
and determining the heights of: clouds. “During the four years com-
mencing 1875, Tissandier ascended on several occasions in free balloons:
while between 1888 and 1901 Glaisher’s work was repeated by Berson.:
Later experiments with free manned balloons have been chiefly con-
fined to lower altitudes and-principally for'the verification of results
obtained by other means. = In 1883-5 Archibald used. kites with steel
piano-wire to obtain the wind velocity, while about this time McAdie
repeated Franklin’s - experiments in America.” In 18go Eddy re-
designed the kite, and in 1894 sent up the first kite to carry a con-
tinuously recording instrument. Ballon-sondes carrying continuously
recording instruments had ‘been proposed in 1809, and also in.1873,
but were not-actually used. until 1893, when Hermite employed a
varnished paper balloon, and later one of gold-beater’s’skin, asilk
one being eventually used in 18¢4. In 1896 the International Meteoro-
logical. Conference = organised -a - series- of ascents ‘of ballons-sondes
simultaneously in different countries, which were extended to:include
Austria and Italy in 1898, Belgium 1899, and England in Igo1, while
in 1898 the kite and kitef’f)alloon were included in the apparatus of
all the principal observatories. - After Glaisher’s work in 1869, captive
balloons were little used on account of their - tendency to  oscillate
and rotate, until Siegsfeld and Parseval produced their kite-balloon
which was used at Strasburg in 1898, since which it has been employed
regularly by the Prussian Meteorological Service. - S ,
In 1901, Rotch, and in the following year Dines, Berson and Elias,
éxperimented with kites over the sea, while in 1902-3 Teisserenc de
Bort, at Hald, in Jutland, employed kites night and day whenever
possible over a period of nine months, and in addition investigated
the conditions of the upper air by means of a-large number of ballons-
sondes. - In 1904, Hergesell made a number of kite ascents in the
Atlantic, as did Teisserenc de Bort and Rotch in 1905-6. L
_'Subsequently excellent work ‘has been -done in this country by
Dines, Cave, Ley and others, the results of which are published in
the Weekly Weather Report by the Meteorological Office. '
Kites have now been superseded by aeroplanes and ballon-sondes ;
pilot balloons are used regularly with theodolites for. determining-the
direction and velocity of the wind at various heights. Observations
are also made with ballons-sondes on days appointed by international
arrangement and also in the course of investigations on-the upper air
in many countries. ' ' o

‘939, DINES BALLOON METEOROGRAPH. Lent by The
Meteorological Office. o ‘ )

This instrument, which was devised by Mr. W. H. Dines, F.R.S., for .use
with registering balloons (ballons-sondes), produces a record of air pressure and
temperature from which the altitude can’ be computed. It has been adopted-
by the Meteorological Offices of the.United Kingdom, Canada and Australia,
and, with someé modifications, by that of India. : Co

The meteorograph consists essentially, of a small aneroid box mounted in
a light frame, one side of the frame carrying a small thin plate on which the -
record is made, and the other side the recording pens. The plate is electro-
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plated with copper, and then silver, thereby producing a surface which is free
from scratches, and which is not susceptible to corrosion.

The thermograph depends for its action on the relative contraction of a strip
of thin German silver as compared with the invar steel rod on which it is sup-
ported. This motion’is multiplied by a lever mounted across the ends of the
strips, and communicated to’ a scratching point, which writes upon the metal
record. To facilitate measurement, a second pointer is attached to the invar
rod. The fall of pressure is determined by the expansion of an aneroid box,
which moves the recording point over the metal record in a direction at right
angles to that given by change of temperature. During the descent of the
instrument, the points are lifted clear of the plate by an automatic arrangement,
at a point where the pressure is about 0+95 mgd. per sq. cm. (28 in. of mercury).
-In this way, the last 500 m. of the descent is lost, but a record is obtained which
is free from blur. The instrument is protected by a bright metal case, and is
well ventilated, so as to eliminate the effect of solar radiation. . .

Before the ascent, the meteorograph is calibrated by causing the pen to ‘make
marks upon the metal record corresponding with known temperatures and
pressures, over the range required. - After an ascent has been made, the plate
is placed npon the micrometer stage of a special microscope, and corresponding
‘values of temperature and pressure experienced during the ascent can be deter-
mined by comparing the record with the calibration marks, To obtain the
'values of height and temperature, the following equatlon is employed —

h o= leog—fg—

where h =»height,
T = temperature (absolute),

po = pressure at ground-level,
P pressure at height 4,
k "= a constant.
A graphical method, employing semi-logarithmic paper, is used for this
determination. : Inv. 1919-518, S.M. 1426, L.S.

233. BALLOON METEOROGRAPH: Made by R1chard Paris.
Lent by Capt. C. J. P. Cave,.

) This - balloon meteorograph or “barothermo-hygrograph, was designed by
Richard for use in balloons, to give a continuous record of temperature, humidity
and altitude.

-It consists of a vertical drum, uniformly rotated by clockwork, upon which
is mounted the chart. The upper record is the thermogram, the pen of which
is operated by a Bourdin thermometer tube situated beneath the base of the
‘instrument and connected to the pen by a longlever. The hygrogram, which
indicates the atmospheric humidity, is recorded by a pen actuated by the ex-
pansion or contraction of a length of hair.. On the lower record the altitude is
recorded in feet, the scale ranging from sea-level to 70,000 ft.. A measure of
’ the barometric pressure is provided by a set of three aneroid boxes, the expansion
or contraction of which is communicated through a system of levers to the lower

pen. Inv. 1920-663, S.M. 1428, L..S.

234.. BALLOON THEODOLITE MARK B. Made by Watts &
Son. Lent by The Meteorological Office.

This instrament is specially designed for measuring the azimuth and altitude
of a pilot balloon at frequent intervals durmg the ascent.
It differs considerably from the surveying theodolite, although constructed
_on the same general principle.  The telescope tube is in two parts, which are
at right angles to one another, a prism being placed at the right angle to deflect
the rays of light from the object-glass towards the eyepiece. The tube in which
the eyepiece is mounted lies in a horizontal plane, and rotates about the vertical
axis of the instrument so that, at all altitudes of the balloon, the observer is
always looking in a horizontal direction. As the balloon ascent may continue
for half an hour, such an arrangement eliminates .the discomfort that would
otherwise ensue with a straight telescope tube when the observed angular alti-
tudes were considerable. The telescope is set at infinity focus, for after the first
-half-minute the distance of the balloon from the observer is such that a ﬁxed
focus instrument is practlcable
- If only one theodolite is employed, the path of the balloon can only be deter-
.mined when its rate of ascent is known ; but if two theodolites are employed,
preferably separated by a base line of considerable length, the available readings
suffice to fix the position of the balloon in space at any observation, and hence
to lay down its path. . Inv. 1919-508, S.M. 1427, L.S.




235. ASSMANN’S BALLOON THERMOSCOPE Lent by
Capt C.J.P. Cave. o ‘

- This instrument is designed for obtalmng temperatures from a pilot balloon
‘ascent when it is not expected to recover the balloon.

The instrument consists of a Bourdon thermometer tube, fitted with a lever,
‘which at different temperatures makes a contact with a series of studs. . Each of
these studs is electrically connected to a firework suspended below the balloon,
so that the corresponding firework can thus be exploded when the balloon reaches
a layer of the atmosphere at some definite temperature. - The balloon is observed
with theodolites,” and"the height is determmed tr1gonometr1cally each time a

“firework is seen to explode. - ) Inv. 1920 720

236. AIR-COLLECTI\IG APPARATUS Lent by Capt C J p.
Cave. ’

. This instrument was de31gned by Teisserenc ({e Bort for collectmg a sample
of air at some definite height during the ascent of an’unmanned balloon.

‘ The instrument consists’ essentially. of a Bourdon. barometer tube, to which
is connected a lever which makes contact with a metal stud when the balloon
has ascended to a certain height. A small weight is released electrically and
drops on to the finely drawn-out end of a sealed and exhausted glass tube, into
which air is thus admitted. As the balloon ascends further, the barometer lever
makes contact with another stud, and this causes a current to pass round a coil .
of -platinum wire which is wound round the neck of the glass tube, The heat
thus generated enables the neck of the tube'to be sealed, enclosing a sample of
air. . ’ Inv. 1920-719.

237 BALLOON FILLER Lent by The Meteorologmal Ofﬁce

This apparatus is de51gned for use durmv mﬂatwn of the p1lot balloon mth
hydrogen
. It is connected to.the balloon, and hydrogen is allowed to enter A series of
graduated weights are provided, by means of which the * free lift *’ of the balloon;
or the welght which it will just support when floating, can be determined.
. ) . . Inv 1919 510,

238, BALLOON BALA’\TCE Lent by The Meteorolog1ca1 Ofﬁce

This mstrument is de51gned for welghmg pllot balloons to the nearest gramme,
It consists of a light metal pan suspended from the small arm of the balance,
on which the balloon is supported.” The longer arm, which is suitably weighted,
travels over a portion of a c1rcular scale graduated to indicate the weight of the
‘balloon in grammes . Inv. 1919—-509.

239, PILOT BALLOON LA\TTERN “Lent - by The Meteoro-
logical Office. -

This simple apparatus is attached to pllot balloons when ascents ‘are made )
at night, the light given by the lantern being sufficient to enable observations
to be carried out when the balloon would otherwise beinvisible.-: Inv. 1919-511.

L. 240, PILOT BALLOON SLIDF RULE. ,Lent by ;The ‘Meteoro-
jlog1ca1 Office. : R S , :

. This slide-rule is de51gned for performmg rapidly the computat1ons requxred
from observations on the ascents of pilot balloons.

On this instrument the.tangent, sine and cosine scales are’ ﬁxed and ‘the
scale of natural numbers is carried on the prmmple slide and also” on "the inner
slide. .. The tangent scale runs from 1° to '84°, the sine scale from 1° to 90° the
portion-from 10°to go° bemg repeated, so that the sine and cosine cursors may
be set at-any angles, €.8.,.44° without mterfermg with each other, . The ‘gradu-
ations of the sine.scale between 7o° and 9o° are"shown’ on‘an arc, ‘50 that they
are equally spaced i
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In the single theodolite method the rate of ascent of the balloon is computed
from its weight and free lift, so that the height of the balloon is known at any
instant during the ascent. If H is the height of the balloon, E is the angular
altitude, and 4 is the azimuth measured from north, then the-components of
the displacement of the balloon towards the north and towards the east of the
observer are, respectively, ’ ’ -

. H cot E cos 4, )
and " Hcot E sin 4. ’ .
The slide-rule is arranged for the rapid computation of ‘these quantities over
a series of regularly increasing values of H, combined with known values of
E and 4. o . . B

In'a series of balloon observations, the observed angles change slowly, and,
as the trigonometrical scales are fixed, the cursors which indicate the angles
are only displaced slightly from one setting to the next. Inv. 1919-512,

241, BALLON-SONDE WITH METEOROGRAPH. Lent by
The Meteorological Office. S :

This was designed by W. H. Dines, F.R.S., for recording on metal plates the .
temperature and pressure in the free air up to a height of 40,000 feet. - s

The pressure apparatus is an aneroid box, to the centre of which is fixed an
upright plate connected with the side of the frame supporting the two writing
points. The aneroid itself is attached at the back to the arm of the frame which
carries the recording plate, The two arms are joined together by .a spring which
allows them to open out.or close in as pressure decreases or increases. By this
movement of pen and plate a record of pressure is scratched upon the latter in
accordance with the altitude to which the instrument is carried by the balloon.

The temperature apparatus consists of a thin strip of German silver, 5 in, long,
which, connected with an invar steel bar, causes by its contraction a pen to move
across the plate and by the.position of the line scratched by it relative to the datum
line the temperature can be ascertained. . .

The frame with the instruments is supported in a light aluminium cylinder
some 8% in. long by 3 in. diameter which is carried up by a toy balloon.

A small parachute was attached to the enclosing cylinder with the view: of
lessening the chance of damage to the instrument on its falling, but this has now
been found unnecessary. - - S

A card is attached to the apparatus, offering a reward to the finder of it if
returned to the Meteorological Office. : . .

(See “ The Free Atmosphere in -the Region of the British Isles,” by W. H.
Dines, B.A., F.R.S, and W.N. Shaw, Sc.D., F.R.S. Inv. 1908-89.

242. BALLON-SONDE RECORDS. Lent by The Meteorological
ffice. ’ S T

These records, which were obtained at Crinan, N.B., on the 27th July, 1908,
and at Limerick z9th July, 1908, are on plates about rin. by 1}in., which, in
order to produce a surface free from scratches and not liable to corrosion even
by sea-water, are first coated with copper and then with silver. ) :

' By careful calibration of the instruments by which the records are made, the
height of the stratosphere and of ascent, also the temperatures at the lower limit
of the stratosphere and at the maximum height, can be obtained. Inv. 19008-89.

243. METEOROGRAPH TOR BALLONS-SONDES. Lent by
Capt. C. J. P. Cave. ) R

This form of meteorograph was designed by Teisserenc de Bort. to record
humidity, temperature and pressure in the upper air simultaneously, and for this
purpose was used the Observatoire de Trappes.

‘The record is made by three pens which register upon a cylindrical drum re-
volved by clockwork. The upper pen, which records the humidity, is actuated
by the expansion or contraction of a length of hair, the motion being magnified
considerably by a lever.. The middle pen records the temperature and is’con-
trolled by a bi-metallic thermometer which consists of a compound strip of brass
and steel, the curvature of which varies with temperature. = A Bourdon.barometer -
tube serves to operate the lower pen, which records the barometric pressure.

’ . - Inv. 1920-718,




'Ofﬁce

86
244. KITE MFTEOROGRAPH Lent by ‘The - Meteorolog1cal

This 1nstrument designed’ by Mr. W, H Dmes, F.R.S., for use with kltes
furnishes a record of pressure, temperature and humldlty in’ the free air up to
10,000 ft.

A circular chart of 12 in. diam. is carned on a flat piece of thm wood, and turns
uniformly. on a stout brass pin. The record is made by three pens, which from
left to right indicate humidity, pressure andtemperature, respectively.” The
hygrograph, which' measures the humidity, is actuated by the expansion and
contraction of 6in. of hair, the motion being multiplied eight times by a lever
which moves over a scale 4 in. in length. The altitude, or more strictly the atmos
pheric pressure, is shown by’ the expansion of a single aneroid box of 2¢7in.
diam., the motion being multiplied about 30 times by a single lever. The arrange-
ment of the thermograph is similar,. the pen being actuated by a small aneroid
box in exactly the same manner. In this case, the aneroid box s filled with alcohol,
and is in communication with 4+ 5 ft. of thin copper tube 0* 125 in. dlam arranged
in the form of a coil under the flat wooden frame. .. -

In an improved model of this instrument, and arrangement for recording
the velocity of the wind has been added, in which the wind pressure is measured
by means of its action on a small cellu101d sphere attracted by a thread.

The meteorographis secured in the middle of the kite by four strings, which
run from the corners of ‘the mstrument to pomts near the ends of the ’cwo long
bamboos of the kite. - -

(See ! Symons Magazme,” July 1904, Vol: XXXIX ., and- March 1906.)

: ARt Inv. 1919—515, S. M 1429, LS.

245 KITE A\ID METEOROGRAPH Lent by The Meteoro-
loglcal Oﬂice

These were. de51gned by W, H. Dmes F R: S for recordmg pressure, tempera-
ture and wind-force in the free air up to 10,000 ft.

The instruments by, which records are taken are attached to a light board,
12 in. by 15 in., which is suspended to a box kite. On the board is also'a circular
sheet of paper ruled for recordmg purposes and a small clock for rotating the
paper. :

The apparatus for alr-pressure and wmd force are'set on one side of the clock,
those for temperature and humidity on the other, and the writing apparatus is
carried at the ends of light levers in connection with the four instruments.

. The pressure instrument consists of an ordinary aneroid box, to the centre of
which is fixed a knife- edge which, as pressure’is reduced, pushes forward the lever

© - which carries the pen. ~On any rise of pressure a spring keeps the lever in contact’

with the knife-edge so that it follows the backward movement of the aneroid case.
" The temperature instrument is formed of a long spiral of copper tubmg which
is set at the back of board.

This tube opens into a small aneroid box containing alcohol. . To the centre

“of this box is fixed a knife-edge which acts’ on. the recordlng lever in’much the

same way as in the alr-pressure instrument. > T T T T
-The humidity apparatus consists of a-bundle of hairs at the back of the board,

) the elongation and shortening of whlch move the recordmg lever in one dlrectlon

or the other over the dial.

~For wind-force there is at the back of the mstrument an arm to which can be
attached a celluloid ball of 3in: diam. and 100 grns. weight. " This ball is hung at
the end of 40 ft. of fine sewing-cotton and its movements set in act1on the writing-
lever in connection with the arm.

The board of the meteorograph is secured to the mlddle of the kite by the
four cords at its corners, the junction being near the ends of'the two long bamboos.

(See “ The Free Atmosphere in the Region of the British Isles,” by W. H.
Dlnes B.A;, F R S andVV Shaw Sc D E. R S) Inv, 1908—80 S.M. 1445, L.S.

246. MARVIN KITE METEOROGRAPH Lent by The Meteoro-

, : loglcal Office.

This 1nstrument was de51gned by Prof C.F: Marvm in 1898 to record simul-
taneously ‘on a.chart,. variation  of wind velocity, humidity, temperature and
pressure, and is intended for use on kites, kite balloons or aeroplanes.” " "

< It.is a baro-thermo-hygro- anemograph the barometer of which is a large

~double. aner01d ‘with steel boxes. The thermometer consists of two annular
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Bourdon tubes of very thin steel filled with alcohol, and the hygrometer consists
of two bundles of hair. The thermometer tubes and hygrometer hairs are enclosed
in a polished tube open at both ends. The anemometer originally used was a
small instrument of the Robinson cup pattern, operating through an electro-
magnet on a small hammer and recording on the drum in steps. In later
patterns the anemometer was replaced by an Assmann anemometer, designed
on the Woltmann fly wheel anemometer principle. It consists of an eight-bladed
fan fitting into the end of the aspiration tube and operating through a train of
cogwheels on the marking pen. The instrument when used with the
anemometer is suspended by a wire some distance below the kite to avoid any
disturbing effect due to the latter.

(See Journal Franklin Inst., Oct., 1899, p. 241, and Brit. Assoc. Report, 1909,
p. 80.) Inv. 1922-7.

247. BAROTHERMOGRAPH. Presented by The Royal Aircraft
Establishment.

These five photographs show different views of the Barothermograph, designed
at the Royal Aircraft Establishment for use on aircraft to record the atmospheric
temperature and pressure.

It consists of a combination of an aneroid barometer and a bi-metallic thermo-
meter, both connected to a point which records on a smoked paper chart. The
barometer tends to move the point in an upward or downward direction while
the thermometer tends to move it to and fro across the chart. The usual result
is therefore a curved line moving diagonally over the chart. This trace is read
by the superposition of a transparent scale which has been calibrated on the
actual instrument under conditions of varying temperature and pressure.

Inv. 1921-9.

248. ALTIGRAPH. Made by Richard, Paris. Lent by The
Meteorological Office.

This pocket instrument is designed to give a continuous record of altitude,
and for this purpose is used in meteorological work.

Tt consists essentially of an aneroid box, the expansion of which is regulated
by the atmospheric pressure, and is communicated by levers to a pointer carrying
a pen which moves over the chart. This chart is mounted on two cylinders,
which are rotated by clockwork, so that a record is produced from which the alti-
tude at any given time can be determined. The altitude scale of the record
indicates heights up to 20,000 ft., and at right angles to this is set the time
scale, Inv. 1919-517.

THE ATMOSPHERE AND ITS CIRCULATION,

The early navigators discovered that in the tropics winds blow
almost continuously from the north-east at points north of the equator,
and south-east at places south of the equator, with irregular winds
from the west in extratropical regions, which they attributed to the
fact that the earth rotating from west to east left the air behind it.
Halley, however, in 1686, pointed out the inadequacy of this explana-
tion, as it did not account for the calm belt under the equator, the
south-west winds of the cost of Guinea, or for the Monsoons, and sug-
gested the heating of the air by the sun and its subsequent expansion
as a reason for the continuous movement of the atmosphere from
east to west. Hadley, in 1735, disproved this and concluded that the
effect of the diurnal heating of the sun would be to cause an air-blow
inwards from all sides to the heated area, and especially from the regions
in higher latitudes towards the tropics. In this way the air moving
towards the equator is deviated towards the west, as its easterly
motion falls behind that of the earth over which it passes. In rising
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it is cooled by expansion, and then on flowing away from the equator
its tendency is gradually to fall, reaching the surface again in temperate
latitudes, and becoming the prevailing westerly winds of the temperate
zones.

Hadley’s theory was generally accepted for over a century, until
it was modified slightly by Maury in 1855, but Ferrel, in 1859, showed
that the deflecting force due to the earth’s rotation acts always at
right angles to the direction of motion, a moving current of air being
deflected to the right in the northern hemisphere and to the left in
the southern hemisphere. The scheme of planetary circulation which
Ferrel subsequently developed does not, however, conform with modern
views, except at the surface and up to moderate elevations, and
Bigelow, in 1898, from his study of cloud movements, was unable to
detect the poleward currents in the upper strata, and the equatorward
currents in the lower strata, with a calm stratum between, as required
by Ferrel’s theory.

In consequence of the earth’s turning on its axis, the air over its
surface is everywhere in cyclonic rotation, and even the air in an
anticyclone possesses a cyclonic rotation, a fact which explains the
temperature distribution within cyclones and anticyclones, while, in
addition, the atmospheric drift towards the east in the middle and higher
latitudes forms a gigantic polar cyclone.

Shaw, in 1893, pointed out the necessity for calculating and utilizing
gradient velocities, and Dines has shown experimentally that the
change in the velocity with altitude, brings the upper currents more
into agreement with the theoretical wind computed from the surface
gradient.

Gold, in 1908, showed that the separation of the isobars near the
centre of an anticyclone, which is wide compared with that of a cyclone,
is due to the fact that in an anticyclone the curvature gradient acts
in the opposite sense to the general rotation gradient, whereas in the
cyclone the curvature gradient and the rotation gradient are con-
current, thereby strengthening as a primary law of atmospheric
circulation, the idea of balance of barometric gradient by velocity.

249. AITKEN’S PORTABLE DUST-COMPUTER. Lent by
J. Aitken, Esq., F.R.S.

This instrument depends upon the principle that the moisture of the air, when

it condenses, forms rain drops around the dust particles contained in the atmos-

here.

3 In using the computer the shallow cylindrical receiver at the top is first
filled with air which has been freed from dust by a filter of cotton wool and
saturated with moisture. A definite amount of the air to be tested is then intro-
duced to replace dustless air. If now by means of a pump the air is expanded
a lowering of temperature ensues, the vapour is condensed and rain drops are
deposited on the glass plate at the bottom of the receiver. As this plate is divided
into millimetre squares, the number of drops can, with the aid of the magnifying
glass which forms the top of the apparatus, be counted per square and from this
the number of dust particles in the air under test can be calculated.

The diameter of the receiver is 3 cm., its depth is 1 cm., and the tube in con-
nection with it is graduated for 0-02, 0-05, and o-1.

By means of a piston within this tube the impurity of the air under examin-
ation, when much laden with dust particles, can be reduced to the extent shown by
the graduations on the tube.

The instrument is so arranged that, supposing the average number of drops
on each square of the micrometer to be 5, then, using o-o5 impurity, the dust
particles in a cubic centimetre of the air will be 5 X 100 X 50 = 25,000.

Inv. 1908-193, S.M. 1440, L.S.
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250. AIR-POLLUTION RECORDS. Lent by The Meteorological
Office.

These records were obtained by the use of the Automatic Smoke Pollution
Recorder invented by Dr. J. S. Owens in 1914 for measuring the amount of
suspended impurity in the atmosphere.

The first record, December 13th-16th, 1921, shows the results obtained on a
clear day during winter, while the second one resulted from the dense fog of
November gth-1oth, 1921. The exceptional clearness of the atmosphere during
the coal strike of that year is shown by the third record, which was taken on
May 17th-18th.

In order to obtain the records a fixed volume of air is drawn at regular intervals
through the filtering paper which is of sufficiently fine texture to collect on its
surface the whole of the suspended impurities in the air, leaving it in the form of
a discoloured patch. The amount of impurity is measured by the degree of dis-
colouration and is estimated by comparison with a series of standard tints.

(See Pat. Spec. No. 8725, 1916.) Inv. 1922-12.

251. ORIGINAL OZONOMETER. Lent by John Smyth, Esq.,
Jun.

This was the first ozonometer designed by Smyth in 1864, for determining the
quantity of ozone in the atmosphere, in connection with the bleaching of linen.

It consists of a glass-lined brass tube one end of which is open, while the other
end is closed except for a glass delivery tube of o-4 in. diam., carrying a large
glass stopcock to admit air. A brass cap is provided for closing the open end of the
tube, within which is a thick glass disc bearing a wooden frame and grooved for
an india-rubber band which holds a test paper in position across its mouth. In
this way the test paper is held across the entrance tube and at a distance of about
o-1in. from it. A small tube from the other extremity of the box communicates
with a large aspirator.

The amount of ozone is judged by its action on the test paper which after
exposure is removed and compared with standard tints forming a scale. These
papers are prepared in various ways, the substance used by Schonbein being iodide
of starch.

(See Brit. Assoc. Report, 1865, ii., p. 37.) Inv. 1876-693.

252, OZONOMETER. Lent by John Smyth, Esq., Jun.

This ozonometer is a modification of Smyth’s original instrument.

It consists of a cylindrical brass chamber lined with sealing wax, to the closed
end of which a glass tube is connected. The other end, which is provided with a
stopcock, carries a glass cylinder of slightly smaller diameter, which fits within
the brass cylinder and supports the test paper in the current of air.

Inv. 1876-693.

253. IMPROVED OZONOMETER. Lent by John Smyth, Esq.,
Jun.

This is an improved form of ozonometer designed by Smyth in 1865 for the
more accurate determination of the amount of ozone in the atmosphere, and by
means of which air may be caused to impinge on an extended surface of a test
paper while moving with a considerable velocity.

It consists of two wooden cylinders or boxes about 2 in. long and 2 in. external
diameter, the smaller of which fits lightly into the larger, and is slightly shorter.
Its extremity is grooved for an india-rubber band which holds the test paper
stretched across its mouth. An entrance tube of o-25in. diameter introduces
air through the end of the larger box when it impinges on the test paper and
eventually passes out of the chamber through an exit tube at the opposite end,
leading to an aspirator.

(See Brit. Assoc. Report, 1865, p. 37.) Inv. 1876-839.
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CIRCULATION OF THE ATMOSPHERE.

254, ANEMOIDOGRAPH. Made by The Cambridge Scientific
Instrument Co., Ltd. Lent by Sir Napier Shaw, F.R.S.

This instrument was designed by Sir Napier Shaw and Sir Horace Darwin for
tracing the path of air moving with a definite angular deviation from circular
isobars.

It consists of a carriage with a vertical tracing wheel, which can be set with its
axis at any required angle to the length of the rod at the end of which it is fixed.
The other end of the rod is attached to a carriage which travels along in a straight
line, and can slip backwards and forwards so as to adjust itself to the increasing
or decreasing distance of the tracing wheel. The two carriages are driven from
a common driving wheel by a connection of pulleys and cords. One of them,
the centre carriage, has all its wheels set parallel and thus can only move in a
straight line ; the other, the tracing carriage, has a single wheel attached to a rod
which puts the two carriages into relation, and is guided by the setting of its
wheel with regard to the rod. As the driving wheel is turned, both carriages are
driven ; one goes straight forward, and the other goes at a fixed angle to the rod
which slides in a guide attached to the first carriage and allows any adjustment of
the distance between them that the relative motion of the two carriages demands.
In this way the conditions of relation between the motion of air with given
incurvature from circular isobars drawn about a moving centre and the motion
of the centre are exactly reproduced. With this apparatus, trajectories for
various specified conditions can be traced, and the relative speed of the two
carriages thus obtained should give the relation between the velocity of the wind
and the velocity of the storm centre.

In the trajectories shown, the dotted line represents the path of the centre
in each case, while a thick line indicates a trajectory.

Inv. 1920-731, S.M. 1441, L.S.

ATMOSPHERIC OPTICS.

255. ZOETROPE TO SHOW AIR MOVEMENTS. Constructed
in the Museum.

This arrangement was devised by Sir W. N. Shaw, F.R.S,, to illustrate the
passage of cyclonic depressions and the motion of the air therein.

Round the inside of the cylinder is arranged a series of maps showing the isobars
drawn for intervals of one hour throughout the day, while arrow-heads indicate
the directions of the wind on the various charts. On rotating the cylinder, a repre-
sentation is obtained of the motion of the storm centre, and also of the circulation
of the air about the cyclonic depression. Inv. 1921-599.

256. AURORA PHOTOGRAPHS. By Prof. Carl Stormer,
Norway. Acquired 1922.

These photographs are selected examples of typical forms of Aurora seen
in Norway.

1. Auroral arc, photographed from Bygdo near Christiania, 11th October,
1921, at 11 hr. 13min. (Greenwich mean time). The photograph was taken looking
east, with an exposure of about 40 seconds. The stars f and ¥ Urse Majoris
are seen over the arc, and are somewhat deformed in consequence of the short
focus of the camera lens.

2. Rays and curtains in the north, photographed from Christiania, 13th
October, 1916, at 9 hr. 34 min., exposure 3 seconds. The most luminous short
rays under the curtain to the right were red, the rest of the aurora being greenish
yellow.

3. Curtain in the west, photographed from Bygdo at 12 hr. 57 min. in the
early morning of 8th March, 1918, exposure 5 seconds. The star seen near the
left edge of the curtain is Procyon.

4. Auroral drapery near the Zenith, photographed from Bygdo at 12.51 a.m.
on 23rd March, 1920, with an exposure of only 1 second.
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5. Auroral corona formed by beautiful blue rays photographed from Bygdo
at 3.41 a.m. on 23rd March, 1920, with an exposure of 6 seconds. A series of
twelve consecutive photographs of this corona was obtained.

6. Corona of green, yellow and red rays, photographed from Christiania at
9.10 a.m. on 16th December, 1917, with an exposure of 2 seconds. To the right
are seen the stars of the constellation Auriga. Inv. 1922-1.

9257. STEREOSCOPIC PHOTOGRAPHS OF AURORAE. By
Prof. Carl Stérmer, Norway. Acquired 1922.

These photographs, which are in pairs, were obtained in each case from the
ends of a measured base, thereby enabling the altitude of the aurora to be
calculated. :

7. These photographs of auroral curtains were taken simultaneously at
Bossekop (a) and Korsnis (b) at 7.27 a.m. on the 14th March, 1913, with an
exposure of 10 seconds. The length of the base between the two stations was
27km. The planet Venusis seen near the middle of the picture. From the different
situation of the aurora compared with the stars, the altitude is calculated,
the lower border in this case being found to be at a height of about 100 km.

8. Remarkable pulsating aurora photographed simultaneously at Bossekop
(a) and Korsnis (b) at 1'26 a.m. on 15th March, 1913, with an exposure of 10
seconds. The stars of the Ursa Major are seen on the photographs and are
somewhat deformed owing to the short focus of the lens. The altitude of this
phenomenon was between 9o and 100 km.

9. These fine auroral rays were photographed from Oscarsborg (a) and
Bygdo (b) simultaneously at 10.6 a.m. on 4th March, 1920, the two stations
being about 26 km. apart. The star Aldebaran is seen near the middle of the
pictures, and the Pleiades to the right. The lower extremities of the rays were
at an altitude of approximately 120 km.

10. This short auroral curtain was photographed at Kongsberg (a) and
Bygdo (b) in the early morn of 23rd March, 1920, the base line having a length
of 64 km, The exposure was 8 seconds. The stars Castor and Pollux are near
the middle, and Jupiter to the left. The right edge of the curtain stretched from
an altitude of 108 km. down to one of 82 km.

(See “ Rapport sur une Expédition d’Aurores Boréales & Bossekop et Store
Korsnes pendant le printemps de I’Année, 1913.” Geophysical Publications,
Vol. 1. No. 5. p.72.) Inv. 1922-2.

258. MIRAGE PHOTOGRAPHS. From Negatives lent by
Dr. W. H. Steavenson.

These photographs, which were taken in the desert at or near Kantara on the
Suez Canal, illustrate the formation of a mirage caused by atmospheric refraction
due to the vertical distribution of temperature near the ground.

The first photograph, taken at Kantara on 5th April, 1920, about one and a
half hours before sunset, is reproduced for comparison with the second one, no
mirage being visible. The foregound slopes away gently for a distance of two or
three miles until it reaches a low ridge of sand a few feet high, capped by a series
of low bushes. Beyond this the ground slopes upwards, in a series of ridges or
undulations, to the horizon which is 15 to 20 miles distant. The light colour of
the first ridge is probably due to a thin deposit of salt from a former inundation.

The second photograph is one of the same landscape taken about an hour
before noon on 21st April, and shows what appears to be a complete reflection
of the bush-covered ridge, the angular distance between the bushes and their
images being between 1 and 3 5 min. of arc. Tt will be noticed that there is also
an enlargement of the bushes in a vertical direction as compared with the first
photograph.

The third photograph was taken on 8th February, 1920, at El Kab, four
miles north of Kantara, the landscape in this case being a level stretch of sand
extending between 5 and 10 miles, beyond which is a low range of sandhills forming
the horizon. In this photograph the tops of these sandhills can be seen clearly
and underneath them there appears to be inserted a layer of sky or water, in
which is an apparent reflection of the hills, which now look like a series of islands
in the sea. ~The mirage ends abruptly in a straight and well defined boundary
the position of which is governed by the limiting angles at which rays may be
refracted to the observer. Inv. 1921-284.
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259. THE SETTING SUN. By G. A. Clarke, Esq.

These telephotographs of the sun were taken during the last half-hour of sunset
on 6th June, 1921, and show the flattening of the sun’s disc due to atmospheric
refraction.

The camera was kept stationary whilst the plate was intermittently exposed
at intervals of 6, 8, 6, 4 and 3 minutes. The trace of the sun’s path on the plate
is seen to be concave upwards, and the shape of the sun near the horizon is elliptical
with the long axis horizontal, these effects being due to atmospheric refraction
which increases the altitude but does not affect the azimuth of a celestial object.
At the time of sunset the lower limb of the sun is raised more than the upper limb,
and therefore the vertical diameter appears reduced, whilst the diameter measured
on a horizontal circle is not affected by refraction. The distant hills were slightly
above the true horizon so that the fullest effect of refraction cannot be seen.
The last exposure was at 20 h. 48 min., the theoretical time of sunset being 20 h.
54 min. Inv. 1922—296.

WEATHER.

The earliest known journal of the weather was kept at Oxford by
the Rev. William Merle from 1337 to 1344, while the first attempt to
study meteorological data over a large area was made by Halley in
1686, when he prepared a map of the winds over the tropics. The
next development was in 1817, when Humboldt produced his map
of temperature distribution over the earth. Brandes in 1820 studied
European weather for each day during the year 1783, and prepared
charts of isotherms, on which was also indicated pressure variation
from the normal. From this work Brandes concluded that air moves
from a high pressure to a low pressure region, but is deviated to the
right by the earth’s rotation, while barometric depressions in general
move from west to east. These conclusions were borne out later by
Espy, who also determined the speed of translation of a cyclone, and
discovered the existence of an ascending current from its centre.
Loomis, in 1840, stated that the temperature changes are inverse to
those of pressure, and three years later drew up synoptic charts showing
isotherms, isobars, wind direction and the state of the sky at each
station, from which he was able to conclude that winds move spirally
inwards round a depression in an anti-clockwise direction, while the
translatory motion from west to east is probably caused by a westerly
wind in the upper air. Towards the end of the eighteenth century,
Lavoisier conceived the idea of a meteorological service, at all stations
of which observations should be taken simultaneously, and Romme
suggested using the aerial telegraph for giving warning of storms.
Kreil, in 1842, proposed to transmit by telegraph observations made
simultaneously at different stations, for the purpose of forecasting
weather, and a few years later Col. Reid established at Barbados a
semaphore signal to give warning of the approach of storms. In 1849,
Glaisher in conjunction with the Electric Telegraph Co., organised a
number of stations, and on 14th June of that year the “ Daily News ”
published the direction and force of the wind and the state of the weather
at these stations, while in the same year Descartes arranged for simultan-
eous barometric readings to be made in different parts of Europe.

At the Great Exhibition of 1851 the Electric Telegraph Co. exhibited
a large chart indicating the direction of the wind, the barometric
pressure and the state of the weather at various places in Great Britain,
and copies, which were issued to the public, were the first daily maps
to be printed.
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Dove, in 1852, was the first to publish monthly charts of isotherms,
and during the same year Buys Ballot published synoptic charts
showing the relation between the direction of the isotherms and the
wind. In 1860 he enunciated his famous law, and succeeded in
organising the first regular weather forecast service in Europe.

In 1857 Admiral Fitzroy arranged for meteorological observations
to be made simultaneously at a large number of stations, and shortly
afterwards valuable data were provided by two storms of great intensity
which passed over the British Isles.

During the following year an exchange of information between
Paris and London was commenced, and in 1860 the Meteorological
Department began to receive telegraphic reports from a number of
stations in the British Isles, so that six months later, in February,
1861, Fitzroy was able to forecast a storm for the first time.

. In 1860, Le Verrier organised a regular service of International

weather telegraphy over Western Europe, and after three years
published a daily chart of the weather, showing the isobars for Europe,
while later, being furnished with information from the Atlantic and
the Mediterranean, he issued a chart covering the region from America
to Siberia.

Marié Davy showed that depressions move at uniform speeds and
along practically constant routes, and put forward his theory that
they originated from the contact of northerly and southerly air currents.

Francis Galton in 1863 was the first to notice the existence of a
vertical ascending current from the centre of a cyclone, and a descend-
ing one at the centre of an anti-cyclone.

Two years later Buchan published a series of charts on which
isobars were traced, to represent the barometer readings corrected
to sea level, while isotherms, direction and force of the wind, and the
state of the weather were also indicated. He confirmed the work of
previous investigators, and stated that the form of the isobars is in
general circular or oval, while the diameter of a depression is rarely
less than 600 miles ; the air moves anti-clockwise round a cyclone,
and at an angle to the direction of the isobars, at a speed which is
proportional to the pressure gradient.

Jelinek, at Vienna, in 1867, confirmed that each time a depression
passes to the north of a station the wind turns successively from S.
through S W., W. and N.W., to N.

During the following year, Méhn confirmed in general the results
of Buchan, adding that rain and snow are more prevalent in the
anterior portion of a cyclone than after the minimum pressure has
passed, a fact which was verified by Hildebrandsson, who, in 1871,
pointed out that the isobars are closer together round a cyclone than
round an anticyclone, and that the variation of water vapour pressure
follows roughly the variation of temperature. During the following
year, Rev. W. C. Ley published an important treatise on the laws of
winds, in which he traced the life’s history of a number of cyclones,
and indicated for the first time laws concerning the winds of the upper
air, which he had studied by observing the motion of the higher clouds.

In 1866 the Meteorological Service of this country was entirely
reorganised, and the issue of storm warnings and forecasts discontinued,
but the former were resumed during the following year, owing to the
expression of public opinion. In 1869, the Daily Weather Report was
first lithographed for issue to the public, and in 1872 was illustrated
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by maps, since which time it has been extended and modified con-
siderably. In 1879 the issue of weather forecasts was resumed, and
detailed forecasts first prepared for different districts of the United
Kingdom, while ten years later the area embraced by the working
map was extended in order to include observations from Eastern and
Southern Europe. Further extensions were also made in January,
1907, July, 1907, and December, 1909, so that observations may be
included from Iceland, Azores and Madeira respectively.

On 1st April, 1910, the first chart containing a *“ Further Outlook
was published, and on 1st January, 1911, the existing outlines for the
charts were adopted.

260. EARLIEST JOURNAL OF THE WEATHER.

This early weather record, the first page of which is here reproduced with its
translation, was kept by the Rev. William Merle, Fellow of Merton College, and
afterwards Rector of Driby, Lincolnshire, between the years 1337 and 1344, and
is the earliest known journal of the weather. The manuscript is preserved in the
Bodleian Library, and was translated and reproduced in 1891 by G. J. Symons.

The observations are climatological, and are written in latin in Old English
characters. They represent the primeval stage of weather study, in which popular
weather prognostics came to be drawn from the daily scanning of the heavens
and general phenological observations, until the discovery of the barometer, which
afforded an increased power of weather forecasting. Inv. 1922-135.

261. HALLEY’'S MAP OF THE WINDS BETWEEN THE
TROPICS.

This map was produced by Halley in 1686, when he explained the cause of
the trade winds and monsoons observed over the sea, in the region of the tropics,
an explanation which is still accepted almost without modification.

Halley regarded the previously accepted theory that the trade winds are
produced by the retardation of the atmosphere relative to the rotation of the earth
as being insufficient, and attributed their origin to the temperature difference
between the equator and the poles and to the earth’s rotation. According to
Halley, the strongly heated air in the equatorial zone rises into the higher regions
of the atmosphere, and is replaced by two in-flowing currents of air from the tem-
perate regions to the north and south. Halley also demonstrated the existence
of the counter-trade winds and put forward a correct explanation of the monsoons.

In the chart the wind direction is indicated by broken lines, the wind travelling
along each of these small lines from the pointed end towards the end which is
broader.

(See Phil. Trans. 1686. p. 153.) Inv. 1922-136.

262. CHART EXHIBITED AT THE GREAT EXHIBITION,
1851.

This chart was one of a series produced in connection with the great Exhibition
of 1851, and may be regarded ds a sequel to the work of Glaisher and the Electric
Telegraph Company in 1849, when 30 meteorological stations were organised,
while on 14th June, 1849, the Daily News published for these stations the direction
and force of the wind, and the state of the weather.

From 8th August to 11th October, 1851, the Electric Telegraph Company
exhibited at the great Exhibition a large chart on which each day was indicated
the state of the weather, the barometric pressure, and the direction of the wind.
This chart was reproduced lithographically each day and sold to the public.

The winds are represented by arrows, and the pressures are given in figures,
while the weather is indicated by letters. Inv. 192-270.

263. CHART OF THE ROYAL CHARTER STORM.

Admiral Fitz-Roy who had been placed at the head of the British Meteoro-
logical Section in 1854, in presenting his report to the Board of Trade in 1857,
proposed to observe the various meteorological elements simultaneously at a large
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number of stations, in order to investigate the diurnal variation of these elements.
While this work was in progress two storms of exceptional intensity passed over
the British Isles, on 25th October, 1859, and on 1st November, 1859, the former
of which is known as the Royal Charter Storm.

This chart which indicates the conditions at g a.m. on 26th October, shows
the storm directly over the British Isles, with the minimum pressure region over
the northern portion of England. The depression has passed over Ireland where
the pressure is increasing and has already reached a fairly high value, while the
temperature is also rising. The wind can be seen in general to be circulating in
an anti-clockwise direction about the centre of the depression, while the location
of clouds, rain, and snow, is greatly facilitated by the manner in which their
presence is indicated. :

Pressures and temperatures are not indicated by isobars and isotherms, but
by thick and thin lines whose ordinates above certain fixed lines of latitude give
a measure of the pressure and temperature respectively.

(See ““ The Weather Book,”’ by Fitz-Roy.) Inv. 1922—264.

264. EARLY WEATHER CHART WITH ISOBARS.

This chart, which was introduced by Le Verrier, the originator of International
Weather Telegraphy, was one of the earliest charts produced for Western Europe ;
and was published in the autumn of 1863 in the ‘‘ Bulletin International de
I’Observatorie de Paris.”

Between the years 1857 and 1863 Le Verrier arranged to exchange meteoro-
logical information, telegraphically, with the various European countries, and
all observations received in this manner were published in the Bulletin from
January 1st, 1858. From the autumn of 1863, the bulletin contained each day
a chart of the state of the atmosphere over Europe, with the isobars. In the chart
exhibited, the isobars are drawn for pressures of 755, 760 and 765 mm. of mercury
while the direction and force of the wind are also indicated at a number of
stations, where observations have been made.

(See ““ Comptes Rendus,” 1859, p. 439.) Inv. 1922-27I.

265. GALTON'S WEATHER CHART.

Sir Francis Galton, in 1863, suggested a new method of publishing meteoro-
logical observations, to facilitate the construction of synoptic charts. Employing
this method he studied the weather during December, 1861, over the greater
portion of Europe, plotting three charts for each day, from which he deduced
the existence of high pressure regions which he called ‘‘ anti-cyclones.”

In these charts of barometric pressure, a pressure of 29-20 or less is indicated
by black disc, and between 2921 and 29 45 by a black star. A black circle with
a centre indicates between 29-46 and 29-70, and one without centre between
2971 and 29-95, while red circle without centre represents a pressure between
2996 and 30- 20 and with a red centre from 30- 21 to 30+ 45. Pressures from 30- 46
to 30+ 70 are indicated by a red star, and above that value by a red disc.

On the chart for 1st December, the barometric depression is seen to be travel-
ling from west to east, while the winds are circulating around the minimum
pressure region in an anti-clockwise direction, and the temperature in general
is high. The chart for 2nd December shows a wind circulating in a clockwise
direction round a high pressure region, accompanied by a considerable fall of
temperature. Galton, in discussing these examples, gives the first description of
anti-cyclones, and indicates that the ascending current of a cyclone is replaced
by a descending one in an anti-cyclone.

(See ““ Galton’s ‘ Meteorographica,”” 1863. Proc. Roy. Soc., 1863, p. 385.)

Inv. 1922-25I.

266. BUCHAN’S METEOROLOGICAL CHART OF EUROPE.

Buchan in 1865, investigated the storms which occurred in Europe during
October, November, and December, 1863, and prepared synoptic charts repre-
senting the conditions on eighteen days during this period.

Isobars are drawn atintervals of 0+ 2 in. of atmospheric pressure, the barometer
observations being first reduced to sea level, while isotherms are indicated by
dotted curves. From these charts Buchan drew the following conclusions. In
general the form of the isobars is circular or oval, with the direction of its major
axis coincident with the trajectory of the centre, which moves at a speed between
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11 and 19 miles per hour, usually towards the east. The diameter of a depression
is seldom less than 600 miles, while the air moves round it in an anti-clockwise
direction, but at an angle to the isobars, while in a high pressure region the circu-
lation is clockwise. Any variation of pressure is accompanied by a temperature
variation in the reverse direction, so that the temperature rises as a depression
approaches and falls as the depression passes.

(See Trans. Roy. Soc. Edin., Vol. 24. 1865.) Inv. 1922-272.

267. CHART OF STORMS OVER THE NORTHERN HEMI-
SPHERE.

In 1868, Buchan published a paper on the storms of the Northern Hemisphere
from March 13th to 22nd, 1859, which he illustrated by several charts. During
this period six storms were observed, which are indicated on the chart exhibited by
letters A to F, while in three cases the track of the storm is also given.

From these charts and tables of observations, Buchan verified his conclusions
of 1865, and in addition determined that in a depression the large mass of air
moving round the centre, gradually approaches the centre where it rises to a high
altitude, and disperses, forming currents which are superposed over those of the
lower layers. The spiral motion of the air towards the barometric centre he
explains as being due to the earth’s rotation.

(See Journ. Scot. Met. Soc., October, 1868.) Inv. 1922-273.

268. AIR-FLOW ROUND A DEPRESSION,

The Rev. W. Clement Ley, in 1872, traced the formation, development and
subsequent disappearance of cyclones, with the aid of charts, and enunciated
for the first time the laws of the winds in the upper air, which he studied by obser-
vation of the higher clouds.

This chart illustrates the spiral motion of the wind around a depression, and
shows how the wind direction is inclined to the isobars.

As a result of his observations, Ley stated that, in general, centres of depression
move in winter towards the south-east, and in summer towards the north-east,
a cause of this being that in winter the isotherms lie in a north and south direction,
while in summer they are directed from south-east to north-east.

Ley also showed that rainfall is always the first cause of the formation of a
barometric depression, and demonstrated in a manner similar to Méhn, that the
condensation of water vapour to the east of a depression is the cause of its motion
in that direction, while he also concluded that in general the upper currents of the
atmosphere move away from the regions of minimum barometric pressure and
converge towards the high pressure areas.

(See Ley’s ““ The Laws of the Winds prevailing in Western Europe,”” Part I,
1872.) Inv. 1922-274.

269. DAILY WEATHER REPORT, 1910.

This Daily Weather Report for 1st April, 1910, was the first report to include a
““ further outlook,”” and indicates a significant development.

On the first page is reproduced the data received by telegraph from twenty-
nine British Stations, thirty-one continental stations, and seven stations in the
Atlantic Islands of Iceland, Faroe, Azores, and Madeira.

This information is received in code form as arranged by international agree-
ment.

Additional data is given in the three tables on page 4, the first table giving
information from other stations in the British Isles, while in the second table,
which was introduced at the request of the late Sir W. Harcourt, information
extracted from the French ‘‘ Bulletin International " for stations in Europe or
Africa outside the range of our own telegraphic reports, is reproduced. The third
table gives information received by radio-telegraphy from vessels crossing the
Atlantic.

The first chart on page 2 shows the pressure readings and the isobars for sea-
level pressure, with indications that are taking place at the time of observation,
while the temperature and weather are represented on the second chart.

(See Shaw’s ‘“ Forecasting Weather.”) Inv. 1922-275.
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270. WEATHER PROGNOSTICATOR.

This calendar was designed by Henry Troake in 1831, as an improvement upon
Sir William Herschel’s system. It is a framed card on which are four discs fur-
nished with index hands, the whole serving as a calendar for a month.
The discs, with the aid of the hands, indicate :—
(@) The day of the week corresponding to each day of the month.
(b) The days of the month on which the moon is in syzygy and quadrature.
(c) The hour at which change of phase takes place throughout one lunation,
and—based on this :
(d) The weather to be expected for the ensuing seven days. ;
Explanatory notes are printed on the card. Inv. 1907-60.

271. BAROMETRICAL INDICATOR. Lent by W. Hatfield,
Esq.

This device was contrived and patented in 1879 by W. Hatfield, and was
claimed to forecast the dates of storms and of fine weather from barometric
observations.

It consists of a paper disc bearing barometric readings, mounted above and
co-axial with a larger one which is graduated from 1 to 31 to indicate the days of
a month. On the same axis a metal indicator is mounted, one hand of which is
red, the opposite one being blue, while at right angles to these are two white ones.

In using the indicator, the graduation corresponding to the lowest barometer
reading for the month is adjusted to the appropriate date, and the red arm of the
pointer is also turned to that date, when the date opposite to the blue end indicates
the next occurrence of bad weather, and the white arms mark the periods of good
weather.

(See Pat. Specn. No. 3769 of 1879.) Inv. 1881-21.

272. LAMBRECHT’S POLYMETER. Lent by Messrs. Gallen-
kamp & Co., Ltd.

This instrument, which is a combination of a thermometer and a hair hygro-
meter, may be employed with the aid of the rules compiled by Dr. A. Troska,
for forecasting weather. It is a modification of an earlier form of polymeter,
the humidity scale of which has been re-calculated and extended.

The thermometer is made of Jena glass and carries on the left the usual
Fahrenheit temperature scale, while the scale on the right indicates the maximum
vapour pressure in millimetres of mercury corresponding to the temperature
reading.

The hygrometer consists of a bundle of human hairs securely clamped at one
end, and about 7in. long, which controls the motion of a pointer over a dial
bearing two graduated scales. The lower of these scales indicates the relative
humidity of the atmosphere surrounding the polymeter, while the upper scale
indicates the temperature difference between the existing atmospheric tempera-
ture and the dew point in degrees F.

In order that the instrument may be useful in indicating the humidity of
artificially dried atmospheres, such as over-heated rooms, in which the relative
humidity is less than 30 per cent., the relative humidity scale has been modified
in accordance with results obtained by Gay Lussac and extended to indicate -
from o per cent. to 100 per cent.

The human hair if moistened with water does not expand to its maximum
length as it does when exposed to a completely saturated atmosphere, but only
to an extent equivalent to a relative humidity of 95 per cent., thereby furnishing
a ready means of correcting the instrument. Inv. 1921-310.

273. WEATHER FORECASTER. Made and lent by Messrs.
Negretti and Zambra.

The instrument was originally designed in 1915, by Mr. E. W. Kitchin,
but was subsequently modified and improved by Negretti and Zambra. Itsaction
is based on known meteorological laws, with certain modifications suggested by
long continued observation of weather conditions and changes.

The forecaster consists of two concentric discs of brass, each capable of
rotation irrespective of the other, while the larger one is surrounded by an annular
ring of brass, within which it is free to rotate. This annular ring carries engraved

(6184) D
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scales for barometer height and wind direction, while the larger disc is provided
with graduations indicating a falling, steady, or rising barometer in summer and
winter. Upon this large disc are also engraved the forecasts, arranged radially
so that the appropriate one is visible through a radial slot or window in the smaller
disc.

In using the instrument, the wind direction and the height and state of the
barometer are noted, after which the arrow on the larger disc, indicating the state
of the barometer, falling, steady or rising, is set to the correct direction of the wind.
The barometer pointer is now set to the barometer scale at the top of the instru-
ment, when the forecast appears at the window. In the event of two forecasts
being visible, a combination of the two should be taken.

(See Pat. Specn. No. 6276, A.D. 1915.) Inv. 1921-317

s CLIMATE.

-ty

In its original and etymological sense, the word climate, from the

.Greek rAuue, meaning a slope or inclination, was applied to one of
" -a series of regions or zones of the earth running parallel to the equator,

from which the earth’s surface was supposed to slope to the poles.
The first subdivision of the surface of the globe was carried out by the
Greek philosophers, and was made on the basis of latitude. The
division into the five zones used at the present time is generally ascribed
to Parmenides, who flourished about 450 B.c., his zones being the
torrid zone, two temperate zones, and two frigid zones, while early
in the second century another system was put forward by Claudius
Ptolemy, in which each hemisphere was divided into twenty-four
climates or zones between.the equator and the polar circle, each
corresponding to an increase of half an hour in the length of the longest
day, while between the polar circle and the pole itself, six additional
zones were distinguished, each corresponding to an increase of one
month in the greatest length of the day.

A-subdivision of this nature, however, takes account only of the
amount of solar radiation received per unit area of surface, which is
but one of the factors in the determination of climate, but until com-
paratively recently subdivision according to latitude was the only
one employed. Among other important factors exerting a controlling
effect on climate may be mentioned altitude, proximity of mountains
or mountain ranges, topography of the country, ocean currents, pre-
vailing winds, and the relative distribution of land and water. If the
world is first divided into zones according to temperature or prevailing
wind systems, and these zones be further subdivided according to the
topography of the zone, then a rational division of the globe into areas
for which a general description of the climate in each case can be
given, will be arrived at. In addition to the above-mentioned classi-
fications, Koppen has suggested a subdivision of the world on a
botanical basis, and Ravenstein has put forward one. based on tem-
perature and relative humidity, while a classification has been given
by Herbertson, based upon a combination of temperature, rainfall,
topography, and vegetation.

274. NORMAL CLIMATOLOGICAL STATION.

At the International Congress of Meteorologists, which assembled at Vienna
in 1873, it was resolved that three distinct types of meteorological stations should
be recognised, based on the scheme of observations to be taken, though it has
not been found practicable to adhere rigidly to this classification. The instruments
exhibited represent the equipment of a Second Order or Climatological Station.
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At this type of station observations are recorded at least twice each day
of pressure, temperature (dry and wet bulb), wind, cloud, and weather, with
the daily maxima and minima of temperature, daily rainfall, bright sunshine,
and weather conditions.

The equipment of a normal or second order station consists of the following
instruments :—

Station barometer. - Rain gauge.

Dry bulb thermometer. Sunshine recorder.

Wet bulb thermometer. Grass minimum thermometer.
Maximum thermometer. Solar maximum thermometer.
Minimum thermometer. Earth thermometer.

Inv. 1921-269-274.

275. RAIN-GAUGE. Made by Casella, Lent by The Meteoro-
logical Office.

This type of rain-gauge has been used for a considerable time at telegraphic
reporting stations.

It consists of a large copper cylinder, fitted with a deep 8 in. brass ‘ Snowdon ”’
rim for the correct reading of snow and to prevent loss by splashing. The upper
portion of the apparatus carries a large funnel at its lower end, and rain falling
into the cylinder is collected by this funnel and flows into the collecting can which
is placed inside the lower portion of the apparatus. The rain is measured by
pouring the contents of the collecting can into the measuring glass which accom-
panies the gauge. This glass is graduated to hundredths of an inch and holds
half an inch of rain. Inv. 1892-150.

276. SURFACE REPRESENTING THE MEAN TEMPERA-
TURE OF GOTTINGEN.

This surface represents the mean temperature at Gottingen for each hour
of the day and for each month of the year.

The surface is divided from left to right into twelve sections representing
the months of the year, and in a perpendicular direction into twenty-four sections
corresponding to the hours of the day. In this way the surface is divided into a
series of rectangles, each one of which represents by its height above the datum
level the mean average temperature during a month at a certain time of the
day.

From the surface it is easily seen that at Gottingen the maximum mean
temperature occurs between 3 p.m. and 4 p.m. during July and August, and
the minimum at about 3 a.m. in January. Inv. 1876-437.

277. MEAN TEMPERATURE DIAGRAM. Lent by The
Meteorological Office.

This diagram indicates the mean monthly temperature at Edinburgh from
1801 to 1900.

A close inspection will show that during the second half of the year the mean
temperature on the average decreases much quicker than it increases during
the first half of the year. July and August are the months of maximum tem-
perature, while the minimum temperature is experienced in January, the range
being from about 60° F. to 35° F.

The highest monthly temperature of 64° was reached in July, 1852, while
the lowest monthly record was 26-5° F. in January, 1814. Inv. 1915-357.

278. ONE HUNDRED YEARS' RAINFALL FOR LONDON.
Presented by The Meteorological Office.

This chart indicates the total rainfall for London during each month from
January, 1813, to December, 1912.

In general it would appear that the latter half of the year is wetter than the
opening half, while the months of excessive rainfall occur more frequently in
summer than in winter.

The month during this period in which the maximum rainfall was observed
was October, 1880, when the amount recorded was 6-78 in. Inv. 1914-233.
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279. RAINFALL DISTRIBUTION. Diagram lent by The
Meteorological Office.

The diagram shows the distribution of rainfall at Valencia and Kew. The
numbers in small figures indicate the rainfall in thousandths of an inch through-
out the day in different months of the year.

Lines are interpolated at 20, 30, 40, 50, 60, 70, 80 and go thousandths of
an inch, and the areas enclosed are shaded, a darker shade representing greater
rainfall. Inv. 1915-358.
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