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curve has been correrted for losses in the apparatus, 
must be proportional to the totd heatin- effert of all the 
sun’s rays combined, as these might be ogserved wit.h the 
pyrheliometer. Accordingly, in standardizing t.he bolo- 
metric work we read the pyrheliometer a t  the time when 
each of the six curves IS made, and by dividing the 
reading of the pyrheliometer by the area of tlie rorre- 

bolographic curve a constant is obtained from spondinf which t e sensitiveness of t.he bolometer is det.erminecl. 
This constant is applicable not only to the curves as they 
actually stand a t  the earth’s surfar’e, but aLso t.0 the curve 
outside the atmosphere as corrected for atmospheric 
transmission, as the latter is determined by the depend- 
ence of the intensities a t  different wave lengtlm on the 
thickness of the atmosphere traversed. 

We employ to measure the total heat of the sun the 
standardized silver disk pyrheliometer, of which the 
institution has furnished about 30 copies to various 
governmental and private institutions in different 
of the world. Two copies of this instrument are emp oyed 
at  Calama. They are mounted upon the same equatorial 
stand, and the observer reads them successively, so t.hat 
durin the taking of each spectro-bolometric curve he 

The air mass corresponding to t,he observation is 
determined by means of a. theodolite mhi h gives the 
zenith distance of the sun. A table has been prepared 
giving the air mass correct.ed according to Beniporad, 
corresponding to the zenith distance observed. This pro- 
cedure saves the deterniinations of time and the coni- 
putation of the air mass in the manner still employed 
at Mount Wilson. 
In reducing the observations of the spectro-bolometer, 

. we measure the heights of the six successive curves a t  

Parts 

gets t % e reading of the two p.yrhe1iometers. 

in centimeters has upon it sis slide rules whose positions 
may be adjusted dong the horizontal srale accordinv to 
the air mass a t  which observations were made. %e 
then set off upon the sliders vertically the observed 
intensities of solar radiations at a single wave length as 
read from tho six curves. As these values are logarith- 
mically plotted in the slide rule they fall upon a straight 
line, whch produced to the abscissa of zero air mass gives 
the intensity which would be found outside the atmos- 
phere, as on t.he moon for esample. The numer id  
value is read off on a seventh slide rule situated at  the 
zero of air mass. 

In order to make estrapolation ensier, a taut wire 
attached to the slider of tlie rule located at  zero air mass 
and to a slidable red a t  the other estreniity of the steel 
frame is adjusted until it falls as closely as yossible upon 
the six points determined by the sis slice rules. I n  
this way quick and accurate estrapolations of the data 
to the zero of air mass may be made. 

The observers are so sklllfd and ze’alous in the reduc- 
tion of the observations that, thanks also to these speiial 
devices, they are able to comp1et.e the determination of 
the solar constant of radiation on the same day that the 
observations are made, although in our former practice 
at Washington the computation required amounted to 
25 hours. Thus it is possible for t.wo observers t.0 
determine in a single day the solar constant of radiation 

’ 

so as to be in a position to telegraph the result, if it was 
desirable, within 10 hours of the beginning of the obser- 
vations. However, so grinding an occupation a3 the 
observation and c omput.ation of solar constant values 
day after clav \~-oulcl soon wear out so small a staff, and 
me espect in blie immediate future to add another person 
to it. 

Messrs. Moore niid Abbot are in comniunication with 
Dr. H. 13.. C’hyton, of t.he meterdogird servire of ihgen- 
tina, who is making st,udies of t.he relations of t.enipera- 
ture of Argentinn to the solnr constant values they 
determine. Dr. Clayton speaks very enthusinsti; ally of 
the apparent conne!4on of the two variables and even 
mentions that correlations ~I.S high as 6s per cent are 
being found between them. 

If this sbate of affa.irs should be confirmed, if it  is found 
in future t.hat the temperature of any sta.tion upon the 
earth’s surfa,e may be redicted for some tinie in ad- 
vanre on the bilsis of t E e rduea of the solar const.ant 
of radiation, it will seem to be indi: ated that. a s u a .  ient 
number of solar radiation stations should be established 
to observe not merely i o  per cent of the clays, but nll days, 
for the use of meteorologists. For such a purposo three 
or four more stations ought to be equip ed in the most 

say Australia, South Afriva, India, and Egy t. While it 

could be under a sin.& management., as, for instance, 
that of the Sniithsoniaii lnst.itution, yet the institution 
has not at  present the means available for the establish- 
ment and continuti.tion of them. About 850,000 for the 
establishment ant1 $50,000 annually for niaintenan e 
would be needed. Very probably it might be easier to 
secure the ne.-.essary funds if the various governments of 
the regions indic.at.ed should themsdve.;; establish and 
support their observing stations. Possibly no clefevt of 
homogeneousness in the results would arise from such a 
divided control. At all .events the matter of the estab- 
lishinent of additional stations niay wdl  be delayed for 
a t  least n ycar, until the results of Dr. Clayton on t,he 
correlation of solar radiation with terrestrial temper& 
tures shall be further advanced. 

widely separated cloudless regions of t f e earth-let us 

woulcl no doubt be advantageous if d l  t. B ese stations 

TERRESTRIAL WEATHER AND SOLAR ACTIVITIES. 

By CHARLES P. MARVIN, Chief of weather Bureau. 
[Dnted: Wnshingtm, Feb. 21,1919.1 

Meteorolo ists have long been accustomed to ascribe 

eral, t.o the grin-itational flow resulting from the locnl 
and gcneral contrast.s of tem erat.ure o-l-er t.he suiTace of 

from tl!e siin, esccpt. to a small estent, Lut cliicdly frvm 
tlie surface of the enrtli itself. The daily stq~ic’nce o I  
sunsliinc nntl darkness ; tlie varicd tlistribut.ion of clear 
aiid cloudy skies; diversities of surface cover added to 
contrasts of land and wat.er areas, including the phc- 
nomtma of evaporation, condensation, and prccipit.ation; 
the cycle of the seasons, and above all the fluctuating 
but nwcrthdess perpetual codrasts of sui*Iace tempera- 
tures, ranging a11 tlie way from the heat of t.he Tropics to 
t,he int.ense cold of the olar zones constitute n complts 
series of variocl aiid c r iangealde influences seemingly 
abundantly nt1equat.e to  cause and ex lain every fenkire 

find them. 
These cliffc!rt?nces and contrasts on tho one hand per- 

petually disturb the orderly arrangement of air densities 

practically a 5 atmospheric motions, both local and gen- 

the carth. The atmosphere P erives it,s heat, not cl rectly 

of our weat,her conditioaa, however c 1 nngeable we may 
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and pressures demanded by gravity. The lat.ter, on the 
other hand, as perpetually and continuously set.s portions 
of the air in motion, in order to establish and maintain a 
state of equilibrium, which, homcver, is never attained, 
or rather we must clearly recognize t,hat t7t.e censcless rom- 
plm clmnges in and w i o t ~ . o i ~  qf o w  atinos 1hpl.e reprrscirt in, 

thc! one ha?rd a?$ sn1n.r 7i.~cl. t: i7q qf the earth on the nth.Pr. 
Seemingly wit-li little regard for the considerat,ions just 

mentioned, many have sought and st.ill seek to ascribe 
terrestrial weat,lier-t.liat is t.o say, all the characterist.ic 
features of atmospheric variations--to m h o r  features of 
solar act.ivity, as, for esample, t.0 the sp0t.s and faculae 
of the sun or t.0 it,s magnetic manifost.at,ions, or to the 
relatively s m d  and irregular fluctuations in the intensit.). 
of it,s t.herma.1 radiationis, or to some of these Tariously 
in combination, etc. 

Even suppose these solar phenomena directly influence 
terrestrial weather in somo way get to be proTed, is it not 
plainly niost essential in detecting and analyzing cause 
and effect relations that we adequately segregate and 
make due allowance for the comples phenomena which 
clearly must result if solar insolat.ion u-cre perfectly con- 
st.aiit and if t.he ot.he,r manifestations of solar activity 
were ent,irely absent, ? 

Those who h a w  been most ready to find convincing 
evidon cc of cl efin i t.e relations betmeen terrestrial w e  a t.licr 
and minor features of solar activity have secmingly dis- 
regarded the oblivat.ion dci-011-in0 upon t,liem to make t,lis 
segregation, we 7iave mentione2 as necessary, betw-ecn 
the major and the minor influences, or have tacitly 
inferred that such a result. has been automatically at.tainctl 
merely as an indirect consequence of hit-oh-ed rocessc‘s 
of combinat,ions and analyses of data, quite, Kow-el-er, 
inadequate in t,hemselves. 

Variations in the intensity of thermal radiat.ions from 
the sun must,, of course, be rcflected in terrestrial weather 
phenomena,, but such reflected eflects must, st,aiid in 
a propriate relat,ion quantitat,irely to thc v-ilriations 
t I! cmsehes. The ar!:-oc,ates of clcfinite rdnf.ions arc 
generally too prone to follow a line of thought which, 

’ pushed t.o an issue, lends to the conclusion thnt “vnria- 
tions of terrestrial w-en.t~her,” “ deviations froni the awr- 
age,” or wliat.ewr unit or term map be employecl to 
espress weathcr features, are ascribahlo directly t.o solar 
variations. The fn1la.c.y or doubt of t,ha correct.iiess of 
such a view is brought out if we ask, would the “ dsi-in- 
tions,” “rariat.ions,” “de mrtures,” et:., Be wil or non- 

constant ? We t,hink t.his cpest.ion cnii he nnswcrctl only 
in the negative. wliicli is very largely s.t least L rc.fut,a- 
tion of m m y  of the conclusioiis thus far  ad~~ocnted, or 
at least questions t,he quant.itatiw correctness of such 
results. 

Meteorologists must hail with ~pprora l  the action of 
the astrophysical observatory of the Smithsonian Insti- 
tution in establishing a permanent station for continuous 
observations of solar radiation n t  Cnlnnia, Chile, in South 
America, the objects and e uipinent of which are so well 
described by the director o? the observatory, Dr. Clliarles 
G. Abbot, in the preceding note in the REV IF.^. The 
collection of a rolon ed series of nearly continuous meas- 

observatory, will supply meteorologists with much ncosd  
material fop refining thoir studies of close relations be- 
tween terrestrial weather and solar activity. It is greatly 
to be hoped that a few other like observatories may be 
established at distant points over the earth in order to 

fa.ct t 7 ~  oidy state of tqzdibrium. possible z rturcen gmzity 011 

esistexit if the intensit,y o I solar rndintmi n-ere perfcctlp 

urements of so P F  ar rac iation intensities, even from a sindo 

bridge the inevitable gaps in the series of observations 
and to confirm a.nd verify the general correctness of the 
results obtainable a t  a single station. 

SOLAB AND SKY RADIATION MEASWEMENTS. 

By HERBERT H. KIMBALL, Professor of Meteorology. 
[Dated: Weitlicr Bureau, IVasMnxton, Alar. 1,1919.1 

INSTRUMENTS AND ESPOSURES. 

In  tho REVIEW for January, 1916, 44:2, will be found 
descriptions of the esposiires of the Marvin pyrheliom- 
eter at the various stations and an account of the methods 
of ob taining and reducing the radiation measurements. 
These still i~pply., escept as amended in the REVIEW for 
January, 1917, 45% The increased amount of local 
smoke in the atmosphere a t  the American University, 
Wnshingt.on, D. C., referred to  in the REVIEW for Janu- 
ary, 1915, 469, was eliniinated with the discontinuance 
of the nct.irities of the esperinlent station of tlie Chemical 
Warfare Service at  tlic end of 1918. 

On May 21 ancl June 14, 1918, respectively, the Marvin 
)yrheliomsters of the spiral ribbon type in use at  Lincoln, 
krhr., and Madison, \Vis., were replaced by Marvin silver 
block pyrheliometers. The factors for reducing the 
readinp of tliesc latter instruments to heat units were 
cleterminetl by comparison with siniult,aneous readings of 
Sniitlisnniitli silver disk pyrheliometer No. 1, the factors 
of the hIarviii instivrnents having been first approsi- 
nintelv dcterinined by the electrical heating process 
dcscribed by Footc.’ 

In the I~EVIEW for January and April, 1916, 44:4, 
179-1S0, will be found descriptions of the exposures of 
the Callenclar rec,orcling Pyrheliometer at  the different 
st.ations and an account of the method by which these 
records are reclucecl to heat units. These still apply, ex- 
ce it as modified in the REVIEW for January, 1917, 45:2. 

h i e  stiitements in the REVIEW for January, 1916 and 
1917, 44:2 ant1 452 ,  relative to skylight polarization 
measurements, ancl in the R m m v  tor January, 1917, 
45:2, relative to radiation normals and tho cstra olation 
of pgrhelionictric readings to air mass 1, also sti R apply. 

Table 1 is a suniniary.of the measurements made a t  
the different stations with the Marvin pyrheliometer. 
Tho departures from normal values indicate that direct 
solnr radiat4ion intensities were very close to normal at  
h%ndison, slightJg below normal at  Lincoln, and sli htly 
above at  Washing.t,on. A noon reading of 1.42 ca K ories 
obtnincd at  WasIshlngt,on on the 27th e uals the highest 
January rcading heretofore obtained at  bashington. 

No measurements were obtained at  Santa Fe, N. Mex., 
on account of R defect in the galvanometer. 

Tablc 3 sliou-s close to normal radiation for the month 
nt Washington. a deficiency at  Madison durin the sec- 
ond ~ n d  t11n.d decndcs, and an excess at  L i n c k  during 
tlie first and second decades. 

Skylight pohrizn tion measurements a t  Washington on 
five days give a mean of 55 er cent, with a masimum of 
60 per cent on tJ!e 37th. these arc below the average 
va.lues for Wd~ington.  At Mndison nieasurenients on 
the last thrce clays of the month, when the ground was 
bure of snow but ice covered Lake Mendota, give a mean 
of 58 per cent, with a masimum of 70 per cent on the 
30th. 

OBSERVATXONS DURlNG JANUARY, 1919. 

~~ ~~~ 

1 See abstract in this REVIEW for November, 1 9 y 4 6 :  49D-500. 


