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_would diveet attention to the new form of air-fvap in the cistern, and to the drying
tube in the shovt leg ; the latter would prevent moisture from entering the cistern,
and the former the air from ascending into the long lsg,  If any inconvenience
should be felt by the short branch assuming in {imo a dirty appearance, the dirt

~ eould ba removed with the ¢leaning rod, or a piece of pencil eovered with a stri
of tissue paper, linen, &e., swinging the insirument into an inclined position, ung '
removing the dise, Air-traps with contracted openings were projudicial to the
sensitiveness of barometers, buf this objection did not “apply to his instrument,
‘The fact of having avoided the contracted air-trap and the capillary ends,
‘retaining nevertheless all the advantages they otherwise possessed, showed that
the cistern-siphon had some practical value, The idea of constructing a siphon
barometer which could be taken to picces 5o as to clean the glass and vefill it, was, .
he imagined, a happy one, and he thought if observers made themselves familiar

~with the ins{rument they would adopt it, not only as a travelling barometer, but
also a3 a stationary standard, ] The drying tube affordad the only means of pre-
serving bavometers for years in sound condition, for it was through the moisture
inside the glass tube that the air adhered to the glass, and which might in time
creep up to the vacuum ; bosides, pure mevcury when dry never became tarnished,
‘The back pressure, owing to mereurial vapour in the Torricellian vacunm, was
insignificant, but as its existence was undeniable it ought- to be taken into con-

* sideration, A very pertinent vemark had been'made expressing some doubt as
to the perfect equality of the diameter of the fube of hoth legs. To this he would
any that the short leg was cut oft from the top of the long tubae before it was sealed,
and could not well differ from it in a well-formed tube, but the two legs could be
tested by pouring small qluantlt:es'of moreury into the short braneh by the opening
of theddrying tube, and the heights compared, and if unequal,” the tube be

-rojected, : . S : _

-
VIIL. On the Be?ution extsting between the Duration of Stnzsiu'ne,.tfee Amount
" of Solar Radiation, and the Temperature indicated by the Black-bulb

. Thermometer in vacuo, By G, M, Wurerrz, B,So., I'"R.A.8., F.M.8,,
Superintendent of the Kew Observatory, (Plate XXV.) '

- [Received Januery 8th—Read February 19¢h, 1879.]

Tur subject of solar radistion, as measured by readings of a blackened bulb
thermometer n vacuo, has already beon discussed with considerable fulness in
papors read before the Moteorologieal Sosisty by Mr, Park Harrison, the Rev,
Fonwick Stow, and Mr. Nash; but although Mr. Harrison, in his paper,
printed in the Quarterly Journal of the Society, Vol. I, p, 455, has con-
sidored solar radiation in its relation to cloud and vapour, I do not find that _
tho question has been examined in the light in which I have now, by the
kind permission of tho Kew Commities, the honour of placing it before the
Bociety, o o A

The investigation could only be earried out by the aid of the sunshine
recorder, for which meteorologists are mainly indebted to M, Campbell and
Mr, Scott, The observations were made in 1877 at the Kew Observatory, .
the values for tho daily duralion of sunshine boing those already discussed
a8 to thejr relation to tho similar results obtained at the Royal Observatory,
Greenwich, in the Quarterly Journal, Vol, IV, p. 201, 7

Tho Rev, F. Stow has shown, in his exhaustive paper on the Black-bulb
thermometoy, i the Quattorly Journal, Vol, I, p, 188, thaf great varinbility
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‘ still obtains ,among the readmﬂs of this class of instraments; and although
. much 1ngenmty has been bestowed upon it by opticians in the endoavour o
reduce to the utmost the causes which tend to bring about the observed discre-

pancies, their efforts have not ag yet boen crowned with entire succoss,

At the Xow Observatory, in order fo reduce the instrumental exror of this
class of observation to a minimuw, four thermometers ave employed—iwo

- of Negretti and Zambra's patont, and two of Hicks's palent, as nearly ag
possible of tho same dimensions, and compared rigorously with ordinnry
standard thermometers, Theso instruments are road and sot daily at 10 a.m.,”
and being fixed sido by side on a frame-work with the bulbs 4 foot above the
grass, freely exposed on all sides, their mean may be ‘assumed to he a
tolerably correct value of the solar power at the Obsorvatory, as measuled
by Black-bulb readings,

According to the rule laid down by My, Stow in the Proceedmgs, Yol, IV,
p. 804, the excess of tho maximum tomporature indicated by these blackenod -
buib thermometers, over the maximum temperature rocorded in the shade, ig
taken as the smount of solar radiation for the day, - |

The subject of the measurement of solar radistion having been brought
to the notice of the Kew Committos, ons of the members suggested the

" use of a form of the instrument somewhat differont to that ordinarily employed;
and an experimental thermometer having been construeted for me by
Mr. Hicks, veadings were made of it dally for soveral months during the
summer of 1878,

A comparison of these readings with those of the black bulbs ied my friend
and coadjutor Mr, Baker to romark that the indieations of the latter were to
e large extent influonced by the duration of sunshine, whilst I wag more

_inelined to conclude that the relation of the two phenomena to one another
would bo one of cause and effect, and that a day of intense solar radiation
would probably be followed by a cloarer sky.

I also found that M., Stow had determined expenmentaﬂy thet the
tomperature of tho black-bulb thermometer is raised unduly, on partially
clonded days, and he assigned as the cauge that the sun's heat reflected from the
surface of bright cumulus clouds, being composed of rays of high refrangibility,
onsily passes through the glass jacket, and is absorbed by the black bulb,
whilst the corresponding rays reflocted from the ground on to the instrument,
being rays of dark heat, are unable to penetrato the glass,” With o view of
submitting the question to proof, I plotted down as curves first the black
bulb readings end the hourly duration of sunshine for each day, and then
added ‘the curve for solar radiation, It was at onco ovident there wag g

" clogo relation betwoen the phenomena of solar radiation and sunshine, but
owing to the great range of the black-bulb thermometer the axacl nature of
the connection was not immediately apparent,

On examining the observations & source of d:ﬂ]culty wag found in the method
of registering the temperatures, The custom is to 8ot the instruments dajl
8t 10 a,m., and to enter their readings as the maximum black. bulb temperg
ture for tho previous day; hence there ig an uncertnmty a3 to whother the
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WRIPPLE—RELATION BETWEEN DURATION OF SUNSHINE AND SOLAR RADIATION, 145

temperaturo rogistered renlly ocourred on tho day credited with it or on the
next. Ag 8 moans to some oxtent of removing these irregularities, I have
adopted the plon of smoothing the curve by taking 8-day means, and entering
them ag the value for the middle day. Although this system of dealing with
obsorvations mey be objected to, yet I may olaim in its favour the success-
which has attended its introduction in xainfall and other investigations, '

Table I. (p. 144) gives the values so obtained for every day of the year
1877, and the diagram represents the three phonomena pIotted down m
curves for each month,

It hag been found necosgary fotx sat thio months goparately, forseveralroagong,
In the fixst place, the summer variations in fomporature, being go mueh larger
than those observed in wintor, require to be reprosonted on a smaller seale ;
and secondly, owing to seasonal change, the zeros of the several scales have
to bo shifted in order to bring the eurves into juztaposition.” ..

A glance at the ourves shows that the three phenomens are lntimately con- -
nected with cach: other, the ourves rising and falling together almost all
through the yenr ' There is only one important exception to this rule, viz, in
the cage of a rige in the readings of the black-bulb thermometer early in May,
somo four days subscquent to the. maximum duration of sunshine for the
period. This variation is #o marked a doviation fr om the gonoral hehavlour
of tho curves, that I can only attribute it to erronecus readings, or to the
prevalence of cloud of a peeulinr.nature ag regards the transmission of hent
rays, It would be possiblo to determinoe from the eurves a series of constants,
by means of which the smount of solar radiation might be approximately
detormined from the number of hours of sunghine on nny day; but I have
thought it better to wait for tho results of aeveml years’ observattons bofore
attompting to fix these values,

Summarising the observations, we have in Tablo 1L (p. 140) for every
month, and also for one year, tho comparisons of the times of occurrence of
maxima and minima of both radmtion and black-bulb cmves as compmed
with the sunshine curves. :

T'rom this Table wo find that, tukmg both maxima and mlmmn. mto con-
mﬁerahon, there wore 70 cases of agreement between the solar radiation and
sunshine in their times of occurrence, and 6 of disagreement, whilst the formor
phenomenon preceded the latter by a short interval 10 times, and succeeded
it 16 times. 'The black bulb and sunshine duration agreed in 62 dntes against
7. dates of oppomtmn, and the thermometer curve advuncad bofore the .
sunshme on 18 oceasions and lagged behind it on 14, R ;

I think it may therefore bo safely conoluded that fhe medsure of so]ar
radiation at any place, as given by the black-bulb thermomater, is only to be
considered as an indication of the relative presence or!absence of cloud
from the sky ab the locality, and go its use rs a meteorological instrument
may with advantage be sot aside in favour of the sunghine recovder, which
is not, influenced by the oioments of uncer I;mnty insepar n.bla fwm the former
mstrumenb

- T have to e%plcss my thanks to the Metcozoiomcal Comwxi for pelm]sslon
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'PABLE TL—Solar Radiation and Black Bulb 'l‘emin.erutm;% for .1877. Tiwe of
‘ ocourrenies as compared with those of Sunshine durution. L

Solar Ba.diation. . .| Black Bulb Thermometer,

‘1 Maximwm, | Minioum, J < | Maximum, | Minimum, | < |
Month, | . 2 | 8 .
- g log Slag I 2jagles | dloaf 1

ga%gﬁg% S8R 8|8 (4815 |8

R R I G R E R E R
January . s TP 4]l 3 T e 3| ]
qTebruary | x| 4 .| 2| 2fe ] X2 3} 1 2| 2., X

March ., 0131 | 2] 2| F} 1) o2} 2} ol 2| 1],

April ., 1] 34 Tl ] 410} 2] TR ZH el 30 1
May oeeel oot 30 ] ae| 43 vl 2] EL e | 4 0e) T

June .., I I il . " I 21 . 2 2| oe | 1 2

July yof 27 2 TP V[ T 3) 024 20 1) 2| 1} 2.,

August o] wo | 38 00 ] e F| vn | e 2 Zf ey | ve 4 | as | oe

Septommberf .. | 31 T ]| 3| -2} ] 1| 2 1] 1| 2 21 e

Qotober ,. | 4 s e 3 e X H 4 s e 3 o 1
November | ., 31 -3¢ e 4 T we ] s 31 + " s Il
December | ,, -2 B SN 4| o Ve 2] 0§ oue 4| i § oo
Totals..| 6136) 8] al3s| 81| 6lxafosl 7] 6l3e |l 51 5

to make uso of their observations in this pn,pelr,'nnd fo Mr, Yoster for kind
agsistanco in preparing the diagrams i]l_uetraf,ing it e '

DISCUSSION, -

- Mr, BrookE asked whethor the differences in April and May were not due to
tha air temperatuve. . , . _ L

Proressor ArciysarLd wished to know why Mv, Whipple had taken 3-day
monns instead of the actual daily observations | adding that sueh & plan tended
to eliminate many small irregulavities from the curves, whose presence might
either add to or detract from the number of corresponding points at present
visible, 4 . ‘ C

Mr, tWurerLe said that from the circumstance of the therinometors being vead
at 10 a.m, ho could not always teil. to which day the readings belonged : ab first
he plotted down the daily observations, but the curves were so rough that he liad
to adopt.this process to smooth them down, and to make them appear in an
intelligible form, L s :

Mr, Gasten asked at what time the obscrvations of the maximum temporature
in tho air were read, those in the sun beingjread at 10 am.?! Referrin
to ordinary observers, he could not coneeivo wh{, as the ohaervers had to reaﬁ
the dry and wet bulb thermometers trico a day, t 10y could not read the maximum
aod minimum thermomoters also at both times, They would then be astonished
to find how often in winter the maximum ocowmred during the night and the
minimum during the day, nor could they fail to observe the deep significance of
such oceurrences, - oo .

Mz, WrppLe replied that the maximum temperature of the air was observed
at 10 p.m. . : .

My, Syamons wag surprised to hear that the shade thermometers were road at
10 p.m,, and the solar fnstruments at 10 a.m, e thought that if observations of .
the solar thermometers wore taken every hour, and compaved with the sunshine
record, somo good results might be obtain.ed ; until this was done it would not
be possibla to decide which was the better instrument, :

Mr. SAwyER thought that it was desirable to check the recorder by estimatin
the duration of sunshine according to the Scotch method, Ile also considerg
thas the smoke from London would have some effect on the radiation at Kew, A

My, WaipprE said that n very thin cloud Intercepted the sun's rays, and
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stopped the vegistration of the instrument, The custom at Kew in delovmining
gte du;‘iation of sunshine, was, only to count the time of the actual burning of
18 cavd, '
My, ELris remarked that very thin cloud in front of the sun did not stop the
- register at Greenwich, - Genorally apeaking registration might e said to cease
when the sun could be looked at without pain, Inreports it was specified that
the register was that of bright sunshine, Any trace undoubtedly made by the
Bun was counted, : :

-

' PROCEEDINGS -AT THE MEETINGS OF TIIE SOCIETY,
" JaNuARy 15th, 1879, D
Ordinéry'aud Anmml‘Gcnelra.i Meetings.

C!IA'RI.E'S ({REAVES, M.Inst.Q.E.,’ 7G.S8, t{"t'géidori't, in thc_:_' Clmh'.‘.'

Witniax Carey Covres, M.D,, Bourton-on-the-1Vater;
WinLiax Wysonp Haxpey, M.A,, Clave College, Cambridge ;
Citaries Epward ITareis, Tylney IHall, Winchold
IIeNRY B, JoYNER, San Panle, Brazil .
Wireiast Jowes Lroyn, M.A,, D.1, Langlebury, Waiford ;
J. H, McCryre, F.R.G.S., Beaconsfield Club, Dall Mall, 8.3, ; '
(inaysox Mappers, M. ILAS,, Grosvenor Terrace, Richimoud;
Janes Moxks, Aden Cottage, Durhamy =~
EpwarDd CrrarMan Morrenn, Bronghton, Banhur{';
Tipwagrp Mureuy, Dunfanaghy, Letterkenny, Ireland;;
Grorgr ITexry Nerson, The Lawn, Warwick;
Q. I'. Nowntu, Cheswardino, Market Drayton ;
T\ Parx, The Grove, Basingstoke; ~
Trexering Priees, ML, Northampton ;
- Tioxmas Riasy, Sutton Mil, Preston Brook, Cheshive;
Axcuinarp RRoarus, 41 Parliament Street, 8.W.;
Winntam Scorson, Rose Lane; Aighurth, Liverpool;
HeNry Townsienn, Celdieote Hall, Nuneaton ;
T'Hoxas Joun TurysurL, Wimbornoe 8¢, Giles, Dorsets and
. IlersErT Sowersy WALLIS, 1 Springfield Road, St. Joln’s Wood, N,
-~ were balloted for and duly clocted Fellows of the Society. . :

The PrESIDENT then declared the Ordinary Mesting closed, and announced
that the Anmial General Meeting had commenced,

Mr, C, Harnixa and Mr M, Jackson were appointed Scrutincers of the
Batlot for Ofticers and Council, e :

Dre, Triee read the Report of the Council and the Financial Statoment for the
past year. (p.113.) . R

It was proposed by the PrREsIDENT, scconded by Me, EaToN, and rosolved i—

“That the Report just read be received aud adopted, and civculated among the
Fellows,” . o

It was proposed by Dr, ‘I'rirs, seconded by My, Dyyoxn, and resolved s
“That the cordial and best thanks of the ociel:f' be communicated to the
Council of the Institution of Civil Engincers, for having granted the Soeiet
froe permission to hold the Meotings in the Rooms of the Institution, and also
fov the use of the Thoeatre for the Lectuves.” . !

It was proposed by Mr, ScotT, seconded by M, S\"I\EONS and yesol -—
“That the thanks of tha Sacioty be given to the President for t:lmribii;'t(;{i;iul
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