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The essential facts are t,liese: The north has less sunshine 
than t.he south. The west has on the. whole niore sim- 
shine than t.he east. The southwest is t.he sunniest.: t’lie 
nort,hwest and nort,heast are the least, sunny. East of t,he 
Rocky Mount,aiiis there is less clifferenw lwtween nort,li 
and sout,h flian t,o t,he west of t.lw cont.ine!it.a.l divide. 
There is less cont,rast, het,wccn north n.iid south on t.lie At.- 
lant,ic than on the Pscific coast. The west coast, has t.he 
arlvaiitage in rerrtircrd to sunshine as far nortli a.s 1at.it.ude 
40’ N. : from &ere nort.liwarcls, t,he contlit.ions are re- 
versed. Winter is as a wliole dis:,inct.lg the least., n d  
summer the most, s u m p  seasoii. 

Many int,erestiiig comparisons su 7 est. t~hei~iselves as 

but t.his consideratmion is not. an tyyropriat.e :!art of the 
present bibliographic note. It, niay, howwer, bo int.er- 
rsting to add t.1ia.t. the cont.rast, het.we(m wesfmi Europe 
a.iid enst.erii Nort.11 America was c.1enrl.v pin1 rlixsizecl by 
Woeikof a iiuniber of years Re yoin!ivl out, that 
t,he American coast has great ticl\~ii.l1tagPs in rtrs!>oct to 
suiisliiiie, esyxiallp if st at,ioi?s having. s imil :~ t,er:ipcra- 
t.ures and not. st,at,ioiis in the sanir? IRt,i.tu(lPs nrc c:onsirl- 
erecl. “ Not only is the dnratinii of sunshive lonpr (on 
the American coast.) but t.he air is c.le:u.er, C M ! ~  ~ d l p  in 
the colder niont,lis. This cont.rast. is very strikiy1;J em- 
phasized on t,he voyage from F h ~ $ m i l  to i.lie l’nit.cd 
St.a.t.es.” 

regards sunshine between Europe am sg the United States, 

A NEW INSTRUMENT FOR MEASURING SKY RADIA’TION. 
By Dr. ANDERN BXGSl’ii6M. 

[Dated Meteordogical Bureau, Stockholm, Sv:edcn. (?ctcLPi, 1919.1 

The iclea.of comparing the heat) pro:liiced or lost nt, :I cer- 
tain surface by radiation with the heat pr~)!lric>:.ii through 
an elec trica.1 cui-rent in ortlcr .to balimce the ii:~mrc’l gtiiii 
or loss of heat has shown itself niwt, fruitful in t,!lc? con- 
struction of iiistrunients for cosniicnl rn.tii:r tion nie::sme- 
nieiits. Thus after the electricnl coni )ensti t,ioii pj-rheli- A ometer was constructed in 18~13 ~ J Y  1 ~ .  Angst,riim,’ the 
same princi le was used by him in 19052 in orclcr to 
determine t Yl e so-called iioctm-nnl rdintion, :?ncl now 
recently by Abbot and Al~lricli,~ nt,tcnipting t.i) niciisure 
the intensity of the diffused daylighta 1)y :in iiigcrnioualy 
modified type of the compmsntion pyr1ielionit:ter. 

A fnirly good idea having been oht.ninctl of solar 
radiation and its variations, tlie list-namcd pnijlcni is 
a t  resent one of the most iniport,nnt. in ;:ct,inonietry 
anX certtiinly also in meteorology in gtwmil. A t  
high latitudes the heat trmsferrerl t.o t,lic s:tbnce of the 
enrth through luminous mdintion from t.he sky, viz, 
through diffused sun mdi:: t.ion. must, on t,he nrer~gc, 
miount to a.bout 40 per cent of the totnl heat inconic. froni 
sun and sky together, mid in the artic regions t,liis sotircc 
of heat aiicl light is during the winter time the most 
iniportaiit one. 
In the following, I will give a descriptinn of n new 

instruinen t for measuring luminous - sky r d i a  ticin 
founded upoii the method of electrical conipciistttion. The 
instrument ma.y be used also for meirsuring tl-tc. ruilir! t.km 
of the sun and i t  may easily, in proper conil.,innt.ioii, !)c  
used as a self-recording instrument. 

The construction is schematically showii b;- figurs 1 
(A? B, niid C).. It is in its main features very similar to 
the construction of the nocturnal radia.t,ion nct,inonictcAr 
1 -4. WnrikoP “Die KHmate der Erde” Jena, 1SS7, Part 11, p. 45. 
1 I. Pgstrijm. Nova Acta Upsal 1893 
9 I ngstromi Nova Acta Upsal” 1905‘ 

h b o t t  and Aldrich: SmithsonidhIisc: Coll., 66, Nos. 7 and 11. 

(the yrgeometer). The hri h t  strips of the pyrgeometer 

ened with plntinum lack and afterwards covered mth  
magnesium oxide to T p e r  thickness. acc. and bb in 
flgure 1 (A and C!) s ow the white and black strips 
respectirelg, mounted on a hard-rubber frame in the end 
of a nickel-pln terl tube. Thermo-electric junctions are 
>roriiletl a t  ,the bnck of the strips, but  electrically insu- 
i s t d  from them. These junctions may be connected 

are, P iowever, here re laced a y strips that first are black- 

FIQ. 1A. 

Fig. I5 
FIQ. 1C. 

in n circuit thnt also includes a delicate galvanometer G 
(fig. 1 Rl. To the tube and in the same plane with the strips 
is nt t:!rlid a circular nietal disk cZd, which acts as a support 
for tlie 111mispherici-ll glass screen gg, covering the strips, 
the 1111ryo~c of d i ich will he explained below. The metal 
rlis1.1 is cov-ercvi on its upper side by white paper, which 
is :I lwttrr reflector for sliort wave radiation than the 
hriglit met:.l. On tlic sii qwrting. metal disk can also be 

instrunient from rcch tion from sun and sky. Through 
the wti t e r - led  ‘ti’ ant1  the two leveling screws 8 the hori- 

p1::cecl 11 c.ylindricn1 nictu \ cover in  order to exclude the 
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rontal position of the strips can be controlled. By means 
of a simple device, whose construction is clear from 
fi re 2, the sun may be screened off. The clistnnce of 
t r e circular screen from tmhe center of the strips is 40 cm., 
its diameter about 5 cm. 

I 
FIG. 2. 

I 

If the cover is removed and the instninient es osed 

strips will ahsorb niore heat thnn the white ones and con- 
sequently a temperature difference will mise between the 
thermo-junctions nt their hacks, producing a deflection 
of the galvanometer from its zero posi.tion. I n  order to 
regain the zero, we mny send an electric Furrent through 
the white strips. The current is conveniently ob tnined 
b two or three dry cells,is re dated by the slideresistance 

tigate whether tlie rndint,ion, R ,  may not, a t  equal tem- 
perature of the strips, be det,ermined from trhe equation : 

R=C.'.iZ (1) 
where i is the current in amperes and c may be espected 
to be a constsnt. for the instrument. 

Suppose the black strips to absorb the fri c t' ion a', 
tlie white stri s to absorl] the fraction p of the incident 
radiat.ion. l&en the white strips are heated to the same 
temperature n.s the blnck strips we have: 

to the radiation from the sun or tlie day sky, the K .lack 

J a n d .  mensnred on tlie mil Y smeter 9. We may inves- 

2 u  i 
N R=/3 R - I - 4 x  

which gives: 

The difficulty in the construction of instruments for 
measuring the intensity of a radiation mnde up of several 
different wave lengths, lies chiefly in tlie selection of 

surfaces whose ef€ect.ive abso tion power remains con- 
stant when c.hanges occur in t Tl e quality of the incident 
radiation. If the intensity of the radiation is the same in 
two cases, we wish t>he indications of the instrument to 
be the same also, independent of an eventual change in 
the relative intensity of tlie vnrious wave lengths con- 
stitu t.ing the racliation. Strictly, t,liis is only the case 
when tho sbsorption of the surfa.ce is the same for all 
wa.0e lengths const.ituting the rsdia tion to be messured. 
Some esperiments which will be described below indica.te 
that practically both t,he platinum hlr?clr (which is well 
known) mid the magnesium oside fulfill this condition in 
tho case of the sk. rsdiat,ion. 

When we int,en B to memure the luminous sky radiation 
separately, we must t.nke )recautions to esc.lude the lient 

011 t to sl'ace. 
This radiation is of long wave length. It,s masimum 

of intcnsity lies a t  about l o p ,  hut its intensity is neg- 
ligible a t  wave lengths shorter t,han 3p. On the other 
hnnd, the luniinous sky rtdinbion has its masimuin of 
iiit,ensity n . t  the hlue cncl of the spect,rum, its intensity 
beinc. negligihle for wave len tlis longer than about. 2p. 

I Plave triec1 to esclurie t. f ie dark raditttiori from in- 
fluencing t,he indications of the instrument in a tm-ofold 
way. First it  may be conceived from Coblentz's' 
measurcments that the magnesium oside, though hnving 
a high and almost. cons t.aii t. power of cliff use reflection 
for the short, and visible waves const.it,nting the luminous 
sky radint,ion, has n very low rcflect'ing pomr and conse- 
quent.ly a high racliat,ion and absorption power for waves 
longer t:hnn 4p. Tlie reflecting ppw-er at  S.Sp near where 
the effectire heat, raclintioii has its masimum, is in fact 
according to Cobleiitz only 2.5 per cent nncl almost 
esact.ly t,Jie same as t h t  of plntinum blnck (about 2 per 
cent). The black and white &ips rac1int.e consequently 
almost equally for tlie dark waves, which implies that 
these waves do iiot influence t,ho tempemt.ure equilibrium 
between the strips or the readings of the instrument. 
It t,licii is to be espected that t,herc ought not to be any 
nppr~ciihle deflection of tlie galvanometer, when the 
inst.runient is esposed without, the glass cover to the 
iioct.urnid riidin tinu. In fact., t.he cleflect,ion correspond- 
ing t,o :t nocturnd mcliation of about 0.1s gm. cal. cm?. 
mni. was found to he less t,hm 5 mm. against 60 nun. for 
tho same luminous radiation. In order to cut out 
ent.irely the long-wave raclir,t,ion and a t  the same time 
protect the strips apinst  air cnrrents the strips are 
corerecl by the hemis herical glass cover referred to 

off the ;vaves longer than nhout 3p. No appreciable 
deflect.ion could be detect.cd a-hen t.he glass-covered 
instrument \vas esposed to tlie noct.urnn1 radiation. The 
hertting or mnolin of t,he glass is Iicrebg of racticelly no 

by the dark radiation. This property of equal a,bsorbing 
power for dark rays gives the instrument a superiority 
over t,he Cdlenclar instrument,, in which t.lie dflerence 
in t,empcrat.ure between bright and blackened metal 
surfaces is t.wken as a measure of the radiation, and dso  
over t,he Abbot and Aldrich yranometer, where the 
strips are equally Pffected by ns 1 m-aves. In both these 
instruments the heating or cooling of the glass cover 
must necessarily g-ive rise to a super osed long-wave 
radiation liable to mtroduce errors in t E e result. 

mdiat.ion esdiangeil n r t )  i y between the surface and the 
atmosphere and pa.rt I y raclistecl by the surface directly 

above, which lets pass P reely the short raves but screens 

coilsequence, wlii 5 e the strips are dectec.2 Xmost equally 

- 
4 P~~lilentz, W. W.: Riilletin of the Burmu ofStmdnrds, P. 1013. ' 1,W. C i t .  
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DETERMINATION OF THE CONSTANT. 

Experiments having shown that different instruments, 
constructed according to the idea kxplained above, read 

arallel to one another within 3 per cent, the radiation 
geing computed from the formula: 

R=Ci2  (1)  
it  remained highly desirable to cfetermine the const,aiit c 
in order that the readings may be directly transferred 
into gm. cal. per cm.2 per min., i. e., the usual actino- 
metric unit. 

A preliminary value of the constant c: in (1) w-ns 
obtained througll a comparison between the sky actino- 
meter and the Anastrom pyrheliometer Nr. 15S,8 b d i  
being esposed to tfie sun radiation only. Comparisons 
on various occasions gave values ranyiiig from 5.5 to S.7, 
the mean value being 8.61. This va ue can, however, be 
considered only as a rough approsiniation when applied 
to the sky radiation measurements, since the qualities of 
the two radiations are clifferent, the sun radiation being 
strong, the luminous sk radiation weak, in the infra red. 
It is consequently to ge espectecl that t ~ i e  value of p 
in (2) will be slightly different for the.sky radiation from 
what it is for the radiation from the sun. This difficulty 
which mas overcome throu h comparing the indications 
of the sky actinometer wit H 1 those of t.lie pyrheliomet.er, 
~1ie.n t.liey both were esposed to B “filt,ered” SUJl radia- 
tion of approsjmately t.he same wwe-1eiigt.h dist.ribut,ion 
as in the sky liaht. For a filter I used a combination of 
a blue glass (gcliott & Genosseii Nr. E’ 3086) and n 
water screen 1.5 cm. in thickness. The constant ob- 
tained in that way is 8.48, which is slightly lower tlinii 
the preliminary value. This is to be espectecl since B has 
a higher value for the long-wave radiation partly entering 
in the sun radiation, than for tlie short waves. 

A comparison between t.his instrument and the pyra- 
nometer of Abbot and Aldrich showed that the difference 
between the readings of the two instruments is less than 
3 per cent. Individual readings differ, however, by as 
much as 6 er cent due, according to my opinion, to the 

heating of the glass screen. 
A comparison wit,h the Callenclar recording iiiatrunicnt 

used a t  the observatory of the U. S. Weather Bureau, 
under the direction of professor IGmball, showed also a 
satisfactory agreement in the averages. The Cn1lend:n 
readings were, however, under conditions of very calm 
weather, undoubtedly influenced by the heating of the 
glass, the convection of the heat from the glass through 
the air bein then small. The effect is g.enerally not n 
large one, f u t  may under special conditions amount 
to as much as 10 per cent. 

The results of a number of measurements with the 
newly constructed instrument, with the object of deter- 
mining the radiation from a clear sky for different 
he’ahts of the sun and for different transmission on-ers 

of clouds u on sky radiation, are under preparation and 

I take the opportunity to express my sincerest thanks to 
Director Marvin and the stafl of the U. S. Weather 

’ Bureau for the facilities dorded me during my stay at 
the Bureau in Jul Es ecially to 
Prof. H. H. K i m b d I  am inde f ted for his kin cp assistance 
in mounting and com aring the different inst,runieiits 
and for the facilities agorded me at his observatory in 
general. 

fact that t. % e pyranometer readings are influenced by the 

of B t e atmosphere, as well of studying also the in li uence 

will proba 6 ly soon be published. In the meantime, 

and Au ust, 1919. 

6 The constant of this instrument aa determined at Upsala is 13 58: the difference os 
its  rea- from the Smithsonian scale is 4,58 per cent. Bee ‘*kotcs on aomparison 
between pyrheliometers, etc.. thla REVIEW, p. 798-799. 

SOME PROBLEMS RELATING TO THE SCATTERED RADIA- 
TION FROM THE SKY. 
By -4NDERS ANQ8TR6Y. 

[Dated Geographical InstItute, Berm, Norway, September, 1918.1 

The knowledge of the optical phenomena exhibited by 
the sky has always been consiclerecl of high value for the 
local torecasting of weather. Thus a dark blue sky 
shows that there are few diffusing particles in the atmos- 
phsre and generally a low content of water vapor. On 
the conbrary a milky-white sky indicates that, the atmos- 
phere contains a large number of dif-fusing particles and 
generally that, t,he content of water Tapor is great. The 
latter is spt  to he tlie case also when the sunset is very 
red, which shows that then the atmosphere, at least in 
the west, must hare a high diffusing power. These are 
well-known facts, only to be briefly referred to here. 

One of the special questions fa l l ib  under the problem 
of the optics of the sky, is this: Row do the various 
changes in the pro erties of the sky affect the direct heat 

point of view the act’inonietry of the sky has shown 
itself most fruitful in clearing up our ideas in regard to 
the construction of different atmos heric layers as well 

income to the sur P ace of the earth? Froni a theoretical 

of gases and di B using particles under 
in general. Thus, the investigations 

upon the scattering effect of the 
rlourlless atniosphere upon the sun radiation have 
shown, in conihinnt>ion with Lord Rayleigh’s theory for 
scatt.ering in gases, that the sc.att,ering of the atnios here 
above about 3 kilometeis altitude is caused main P y by 
the effect of the molecules. Below that level the dust 
atmosphere, increasing in density with depth, plays an 
iniportant part in t,he \n-ealiening of the sun radiation 
First the spectro-boloniet.ric! s tudics of the sun radiation 
have given us an idea of the aniouut of energy stored up 
t,hrougli absorption in different, atmospheric layers and 
hare made it possible to  esplain, nt least in its general 
features, t,he temperature illstxibution in the upper-air 
layers, and at  first view it.s rat,her astonishing feature of 
the reat & know the to td  heat radiated to a horizontal sur- 
face by siin ani1 sky to be of prinic import,ance in deter- 
mining t,he teniperature distribution in its relation to 
time as well as to coordinates. Several investigations 
hare been carried out on the radiation from the sun; 
and its variation with zenith-distance of sun, with alti- 
tuck, water -vapor, and clia’usin powex of the atmos- 
phere, may at  present be said to E e relati-Fely well known, 
even if much is yet to be clone before the relation 
between sun radiation and climate is revealed to us 
more in detail. Angot has computed the solar radia- 
t.ion on a 1iorizont.d surface at  cliflereiit latitudes for 
different transniission coefficients of the atmosphere, 
the transniission assumed l o  be constant over the sur- 
face of the earth. It is one of the object,s of pyrhelio- 
metry to revise the latter assumption according to actual 
conditions. But t,he computation of Angot and his fol- 
lowers has not taken into consideration the iin ortant 
part played by the difluse sky radiat.ion, the o \ serva- 
tions of which are few and generally of accicleiital char- 
aFter. The observations show, however, that the radia- 
tion from the sky is relatirely large, that for high sun, 
clear sky, and medium diffusin power it is about 20 

ulcreases rapidly for increasing zenith distance of t e % per cent of the solar radiation, 7 jut that! ih perceiita e 

1 Annals of the Astrophysical Observatory of Smithsaan Institutlon, VoI. 111 * R. Bmnden: pber  Strahlungs leichgewhht und atmosphiirischc Strahlung. (SIts. 

1V. J .  Huinphrcya: Astroph s. Journal. Vol. SSIS. 
E. GokL. Proc. Roy. SOC. of imdon, ser. A 1909. 

ber. d. Bayenschen Akad. d. Jtissenschaften Nilnchen, 1913.) 


