
edge of the spect ral energy distribution of th e source, In 

relative magnitude. 
In the cas e of the sun the relati ve spec t ral in tensiti es a re 

consta ntly changing with variation in nil' II Ul:":; , (so la r ult l
tude) d ouds, smoke, etc. )'loreove r fo r the sa me ni l' m il l' S 

t in> atmosphere muy he more t ranspa rent in the a fternoo n 
than in th e Iorenoon ; also more tran sp arent in the full thun 
in the :o; p r ing-ns the result of vuriution in atmospheri c 
ozone. In udditiou to these factors is the varia t ion in tlu
intensity of the ult r aviolet transmitted, depending upon sun 
spots. 

Hence, there uppeara to he lin s ta nda rd spee t ru l l'lIcr gy 
curve for a particular solar al t it ude, or nil' muss. It is there
fo re desi rable to det ermine, by SOIlW simple mean s, the relu
five spec t ral int ensit ies, at lenat in the spect r al band of WOVE: 

1(,IlI-,'1hs shorter th an about 33OOA, simultaneous with thei r 
biologi ca l use. 

For this purpose th e thermopile a nd filter radi ometer 
method of eva luat ing ultraviolet solar rad iation is at a disud
van tage owing to the fac t th at th e filter does not have n sharp 
cutoff (the absorption beg-in!" a t ubout ;ffiL\). r eq uir-i ng u 
knowledge of the spectral energy curve throughout the whole 
range of the ultraviolet of wave lengt hs shorter than ;)()(Mt\ . 
II f'I1('(>, since thi s spect ral energy r-u rvr - is nut uo-u r ut r-l y 
known, the g rea ter the spectr al runge l' 1I ( · tlIHJlU ~ !"l "t1 hy the 
fi lter the greater the errors in the rndiometr'ic evaluut iou . 

[n this respect II photoelectric 1'f'1I of titu uium or cudmiutn. 
which r esponds to only u very sma ll Tl UlJ.:'(· of the ultmviol r-t 
[wuve Ipll J.:'th ~ sho rt er thu n a bout ,(;~ ;m()A , to tln- lim it of ti ll ' 
sola r spe-t rutu at a bout .(~OO.-\ ) is more suitable than ti l l' 

thermopi le, p rovided the spec t rnl re i'4pom~ l' of th e phot oek-ctrh
cell is determined accuratelv und remain s constnut. Til fad 
f'rom an investigation now °in p rug-r t'!'1'l. it appears tha t ti lt.. 
titanium photoelect ric cell and u grou p of filters is upplicuhl e 
1I0t only for determ ining th e short wave length ul traviolet 
so la r spect ral ene rgy curve to a high degree of nccurucy ; hut 
enlihrntion, in a bsolute value, agn ins t n standa rd l"UurtOt ' 

of ul traviolet radiation, is al so n rel iable means of PYal ullt iuJ.:' 
t he ul tra violet in the spectral ban d of wave lengt hs sho rter 
tha n .\3 130 A. 

Cont rary to ea rlier noti on!' ( re maining partly f rom the 
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nusntisfnetory performance of early Iorms of gas filled photo
electric cells, in which there waJoC great fatigue; and in which 
the response depende..1 UpOIl the applied voltage and W8:-l 1I0t 
proportiouul ttl the intensity} the selective spectral r('8IlOlI:'(.' 

of the modern. highly ('VU('UUll.. l titaniwn or cadmium proto
elecu-ie cell . ill contrast with the nonselective spectral response 
IIf the thermopile. nplwnrs to he an advantage instead of a 
hindrunee, at It'll!"t in till' evaluation of the short wnve length 
ultraviolet solar rndiatinn . to which this type nf photoelectr'ir
cell is especially sensifive. 

The main inconvenience arises in calibrating the photo
e-lectr-ic cell ill uhsolute units, against a standard source of 
ultrnviulet radiation, which (in contrast with the eulibrufion 
of the thermopile against II standard of radiation) requires 
uddifionul cnlculufious. hU:-M upon the relative spectral 
l'ller~y distr-i bution of the standard 80UCef' of ultrnviob-t rn 
diution. and the relative spectral response of the photoelectru
cell. This iufurmation i- required in order to dotermim- tltt· 
(much larger} scale rending of the auxiliary micronnuneter 
thnt would huve 1tt'1-'1I obtained if the spectral n'~ptJll:oll' of 
tlu- phutoeleen-ie cell hnd IH!'4'n nonselective. 

TIll' determination of the solar spectral t'1U'r/-.')· curve. ill 
the ultruviclet of shor-t wave l('n~th:" hy 1Il1'11lll\ of n pho
tUI'II'k l'it' ('1'11 nnd filters i8 " ... ry simple uud eun 1M' IU"'OI!l 
plished in u Iew minutes . WhCI"t'118 the l'nN/-.')' nn-nsurements 
with a l-i]lI'I'tro l"ll,liollH'tpl" is complicated, slow and tedious. 
In both methods wide bands of tho spectrum 111"(' l11£'n1"11I"("1. 
111'111'1', owill,!.:' 10 III I' small dil-ipl' l":-:i()1l that cuu h(' used. tilt' 
ohl-iI'l"n·tI solar spvctrul ('IH'rKY cu rve in HII' region of 2!IOO.-\ 
to :l:!OO.\, llPIll'IlI"z.: to hp relatively smooth und 1' ,'('" fr-om ill
dentu tioll:'( 14 ) , WIH'I"('n1". 118i II go Hhi gh dispersion. phntogruph-t 
-hnw the 8p,..-trum deeply indented wit h till' F'ruunhofcr 1111
sorption lines of the 8UIl uml with the uhsorpfion lines of ozone 
in thr- terrestr-ial utmosph... re. 

Hence. for the IIIII"P08l'8 of the present work, the evalun
tion of the speetrnl energv curve that Iit:- the o!ll<('f\'('f] filter 
trausmissious il' prohably us u-curato us the speetrul l'n('r~." 

curve dotcrmiued ~)H'l·trnrndionH'trit.·lllly. In Iuct, from tilt' 
Id/!hly :ol(·!l'(,tin respouso of the photoelectr-ic ('(,11 in til., re
eion of ,(2!)()OA to .\3fOl.-\. slight variations in ultraviolet in
h·1l8it)· ill this speetrul region (in which WE' are ('!<p('('ililly 
interested] nre mort' ('u:--ily and more accurately determined 
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by the integrated meusuremeuts . with the filters, than with a 
spectrorudiometer, because of the ur-ccmpauying 10:':0:(':' iu in. 
tens ity I,)" nhsorption in the cpticul 10)·:-11'111 and in the uuxili 
ary reflecting apparatus. 

The exper-imental procedure of the iuvestigatiun nnw ill 
progress consists in observing th .. vnr-iution in spectral quul
it)' a nd tota l intensity of the ultraviolet of wan' lengths 
A'2!JOOA to a bout ,\3~1l_1U.--\ in sunlight , throughout the day a nd 
th r oughout t he your, by means of titnnium photoeleetrie t'ell :< 
huving th e spect ral I"(.'SpOUH! eUI"\"I-':" illust rated in Fig. I; unc i 
by menu s o f 11 I'd of four gluss filters, (designated Corex D, 
Nillite, B u-t1in l 1, and Ba-llint ::) having the t ransmission 
curves illustrnted in F ig. 1. 

Dat a of thi s type nrc illustrated in Fig. 2 which depicts 
the observations made at the 1,0\\"(,11 Observatory. F'lugstuff, 
A rizona (elevation 7300 feet) during' the sunnu..r of HI:{4. 

T he next step is to determine Ily calculation, the SIIllIH' 
of the spectral energy curve required to give the observe..l 
filter transmissions. For this purpose. in the first teiu! cal 
culat ion, U:<I' was mude of the uvernge ultraviolet solar ~PI'C

t ra l energy curvr- observed by .l'cttitf l-l} lit Tucson• .\ r iZOllll 
(elevation ubout 2;")()() ft.) in :\ruy. 1931. The product of 
this spectrul l'lll'rKY curve null the spectral rl':<pon:<t' curv.. 
of the photoeleetrio ('('II (Fig, 1) gins the solar spectrul 
ener,.. · curve as it affects the part icular photoelectr-ic (,t-II em')
ployed in maki ng the measurements. F ig. :1. 

For exumple curve "Ti. Xo. l ' in F ig. :1 is the shnpo of 
the solar spoctrul energy curve us it would he observed II)' 
th e tit anium photoelect r-ic cell Xo. 1. The product , at eneh 
wa ve length, of this spectral ('ll('rgy by t he corres ponding 
spec t ra l trunsmission of the filter, ( Fi/o{. 1) g'in:" the i"1U'('t l'lIl 
ene rgy cur-ves ex. Xi. Ba-l , anti Bn-3 i ll Fig'. 3. T he ratios 
of the nroas under these curves to tho nrr-n under the r-urve. 
'Pi. Xo. 1. alvc the calculate..I per ecnt truusruissious of the 
filters. Similar curves were ohtnined for the titanium phu
toelectric cell Xo, 4. 

From the deviations of the r-nh-uln h..1 from the observed 
filter transmissions . which wore in aeroemont (or hoth pho
toelect r ic cells. it wns apparent that tIJI' intensities of Pdtit':" 
energy curve in the recion of ,(2!l~il,\ to .\::1IY)().\ wer« i"lig-hth 
to high, anti the values at A'3:!."1l).\ to .(;~l;"tfl, \ wPfl.apIJft'l'iulll;· 
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FlI. 2.--8ho wlng the 41umal and .ea.onal vartaUoD tn the ul trav10lot tolar 
radla tlon t r&namJtted thro uib four lllt.ers ( Ba·3, Ba.l. NtlUte and ex: 
Me Fli. 1) ObMn'ed at the Lo wen ObMn'aWfJ, Flagatalf. Arb ona., elna· 
tlon 7300 n.. tWn, tltanJo.m phowelec:trtc: cella No. 1 awl No. ol. The 
. maU numben ("2" , " 7 " , " 27", etc.) lDdlate the d.a1 of Ule month 
on. w1l1ch the obMn'atJont were lII&4e. 
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too low, to apply to the observat ions of 1934 the higher d e
vation (7:JOO ft .) at b'Iagataff, Ari zona. 13y making slight 
changes in the energy curve in these two spect ra l regions, 
after one or two fur the r t ri al calcula tions, a set of calculated 
filter tran smissions wus obtained, for the two photoelect ric 
cells and the four fi lters, that was in almost exact agreement 
with the transmissions observed at Flagstaff for an airmass 
III = 1.35 in August and. September and with the tran smissions 
observed in Washington for un ai r muss m = 1.20 in October 
and the fir st part of November, 1934. 

Furthermore these same culculuted filter transmissions 
cor responded with the observed tran smissions at F lagstaff, 
for air mass III = 1.25 in the ,A.:M. and III = 1.40 in the -P .M. 
of cer tain days in June, showing u higher t ransparency ill 
the afternoon than the forenoon, nnd a higher transparency 
in the f811,-a phenomenon previously observed by oth
ers (16) (18). 

'Vhile observations were in prog ress climatic conditions 
at Elugstaff Station, during the so-called " ruiny season ' (ex
tendi ng from nbout .Iuly Ii to August 15) were very inter est
ing. Th e pressure of aqueous vapor increased f rom a low 
valu e of less than 2 nun. in ) ray-.Tune to G Of 8 10m. in .July
August. The afternoo n might he cloud)', cleari ng in the 
evening and remaining clear thronghout the night nn.l nnt il 
the noon hour the next day when the cycle was ag-ain repeated. 

H owever, duri ng tile dry season of May-June, with the 
sky cloudless to the horizon thr oughout the day (and night) , 
judged by the size of the corona (if any is visible) sur round
ing the sun, the difference in atmospher ic transparency fOI' 
the same sola r altitude, in the forenoon and aft ernoon, is to 
be ascri bed to something vurlnhle (ozone) in the stratosphere 
as noted by oth ers (16) (18). 

In Fig. 3 is shown the spectra l energy curve (dotted) of 
the sun as it would be observed with a non-selective radiom
eter (e.g., a thermopile) for nn nlr mass m =1.20, at ·W·a~h

ingt on. Th e seale of ordinates is differen t from that of the 
energy curve as it is observed with the photoelectric cell, and 
with the filters. By mean s of this spectral energy (,11I"\-e and 
Pettit's( 14) at mospheric transrnisslon coefficients other spec 
tral energy ~mrves were calculated. 

On multiplying, point by point, these spectral energy 



6 

5 

>- I WASH INGTON Ti. NO.1 
e ~. 

II: 4 1AIR MASS: 
~  . m d .Z 

'" 3 

'" ~ 

I-
j 

Z 

'"II: I 

0

SUN 
\,', 

.----...,',, 

" - ... - -- :! 
;; 

~ s 
~ s 
~ 

~ 

o 
~ ,-. 
~ 

~ 

~ 

~ 

~ 

~ 

zgO 300 310 3Z0 330 340 350 'mJl' i< 
WAVE LENGTH 

Ft&,. 3.-8howing the d1Jtrtbutlon ot energy 1D. the ultl'a'9'lole\ l peeuum ot the sun .. obH" o4 wtth .. lIon·HI.etJ.... 
radlometu (dotted cunre) and all obse rved w ith a biihl7 ICIlecthe photoe lectric cell, T1. No. 1. (Scale of I

•

ordinatel b dilferent from that or the dotted. curve.) n, eun_ Ox. 8 . -3, etc.. IbOw the 
llpectral energy of the sun .. ob8erved by \JIe photoelectric cell. '1'1. No. 1 alter ..

tranam!as1on tbroUlh t he mten - Htl_n , . 1. 



20 PUKRTO RICO JOUR."iAL OF I'UDLIC H EALTH A~i> TRap. :r.n:D1 CI NF. 

t-urves hy the spec t ra l r esponse eurvee or the two phot oelec
tric cell s and by the spect ra l transmissions of the filters, 1\:; 

indica ted above (see Fig. 1) , calculated integra l trunsuris
»ions were obtained, for th e f'our filters (uml two protoclec
h-ie cells) which were in dose agTl:'l'llll'llt with the observe 
integral transmission s for ail' musses III = 1.0;', 1.10, 1.2f" 
2.20, and 3.05, at Flag-staff, and eor respondiugly smuller ni l' 
masses in Washington. 

Tn view of the fact that th e a tmospheric trunsp arvncy for 
u gi ven nil' ma ss may vary from morning to a f'ternoon ; n1"(1 
with th e Reaso n, and with the ultruvinlot emiss ion of th e su n 
(us effect ed hy suns pots ) no attempt is made to identi fy the 
culculute d with th e observed transmissions closer tha n nil' • 
IIlUSS m = ± O.Ofi . 

The shnpe of the calculated ultraviolet spectral energy 
curve identified in this manner with the observed filter trans
mission s for It certain nil' mass, appears to he sufficientl y 
ueeurute fo r use in th e evaluation desired. If the meth od 
should he adopted for general use only one or two filt ers, hav 
ing integrated spectr al transmissions of 30 to 60 per cent, 
would he noeessarv: although it is in structive to us e u filter 
that t ran smits 80 per cent. For example, in a recent test 
(Jnnunrv 2, 1935) in washington, although th e air was very 
clear,' the trnnsmiasions of th e ex filter remained practically 
cons tant throughout the day, the observed values rangi ng' 
from 85.5 to 85.8 pe r cent a t th e noon hou r (a ir ma ss, 
1ll = 2.1) am1 86.0 to 86.3 per cent at 10 A.:\f. and 3 P.~r. (ail' 
mass, m = 2.9 anrl 3.4 respec tively ) showing that the amount 
of ultraviolet of wave lengths shor ter than 3020A in mid
latitude, sea level, winter sunlight if'. extremely small. 

From the mensurr-ments obta ined with the titanium photo. 
elect ric cells and filter s, and from the ear lie r, less extensive 
spect ra l energy data , it nppenrs that, for n. given solar alti
tude, (say nil' muss m=2.0) at spa level (wnshi ngtnn) the 
relative spcet rnl energy distribution, of the solar radiation 
sh ining through an atmosphere f ree from local pollution. is 
closely th e same (at lenat in th e small spect ral range of 
2900 to 3300A) 8 /,; that observed at a mu ch higher elevat ion 

(,J O" ft "",lt~ ri6 n fot lll.!J'lnr du rn~.. II a 10w-blU r lnr . dark III... on I~ borizon, 
Y., N. I'l . of Ihft Na t l"na] Hut<"1lI of Stand.rd• • .,.1.lbll "n 1M d ...r<'I! d.r-. and , p
p.....ntl,. I d~ ntilled with lh ~ "cl l,. b..o" onr B aUimo...., lOIII1 30 milee ....T . 
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(F lagstaff, Ariz., altitude 7300 ft .), fo r an appreciably lower 
sotnr altitude (larger apparent air mass, 111.= 2A). 

The spec t ral energy data obtuiued with a spect ro rad iom
ete r, by Greider and DOW1I8(17 ) at two st at ions differing 
widely in a litude (at Springfield Lake, Ohio and Colorado 
Spr-ings, Colorado) support these observat ions showing thnt, 
while the to tu l intensities differ appreciab ly, within the ex
perimentu l er -ro rs in making the chservut ions there is no 
ruurked difference in the spect ral energy distributi on in this 
nur row spectra l run ge for equivalent a ir masses, at these two 
sta tio ns. 

The foregoing observations a re to be expected, owing to 
the fact that the shape of thi s part of the solar spect ra l 
energy cu rve in the region of 2900 .\ to 3200..\ is determined 
largely hy u luyer of uttuo sp her!c ozone, th e middl e of which 
is situated at au es timated heig-ht of 2;') to 50 K m. (15 to 
an mi.}. The U\"(l fUJ,W utnoun t of ozone 2 ill this later is about 
:lllllll. (for St41. Temp. Press.) . From his measurements of 

t utmospherlc abs orption in the lowest layer (differ ence in 
I vlevution of about 3&X.1 ft.) Goet z(16) conclud ed that the 

umouut of ozone present Wil l'! equivalen t to 0.03 nuu (S td. 
'l'emp. P ress.), which in his estimation should exert nn ap
prcoiuhle ubsorptlon relative to that of th e total amount of 
ozone present. 

H U W l " ' 4' l", the toli l-\'htly greater ahsorptiun at A~!~IOA rela
rive to tha t nt :J:?OIlA (difference of 301lA) observed nt th e 
lowest elevation would he somewhat compensated hy the Hay
leight ~ 4'a ttf' d ll ~ (1/ .{ t ), und with the over-charging utmo«
pheri o conditions hy local pollu t ion, might escape det ecti on, 
unless th e measuremen ts ure made quickly, with nn integrat
ing device, such us the titanium (or cadmium) photoelectric 
cell und filters. 

Hoc-ever, in ~o i llg from the Ffngstnff »tntion (e leva tion 
7:~OO ft.) to the neurby Sun Fruncisco Peaks {F remont Sad
4iJt., elevation 1O,;)()() f t. ) the integra l transmissions of the 
filters were ma rkedly lower, ind icating a marked inerense in 
short wave lengt h ultraviolet, which is to he attributed to the 
l'IlJor tt'n i ll~ of till! opt ical path through the overlying layer 

(I) Oob_ (I' ) ' ......cI t h ' .......,. ""'ti""".1 l.:1i....p" tba .tm....."'-..~ GIOIle ".n.. 1Jl 
...._DlIl ~1"" .....elDa' f ",u;"" un .., . 1""'1 lUI ... (81. Te"'p. p.-.) I. April 
to ZJI _ I. Orlol.,r . Cl 11 ..h rial;'.... l>e~ ......... 1.7 _ .,,01 to.1 ....... ~er 

C· ) r...... 70 pe1' ","I '" tbe _ 10 10:_. ( 18 _'-) . 
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of ozone a nd consequent greate r t ransparency to ultraviolet 
radiation. 

I n concluding th is disc uss ion it is relevant to note that. 
owing to the difficulty and uncertainty of the accuracy in de
termining the ultraviolet solar spectral e JH· I'~.;"y 1·1l1'Vf' . the 
thermopile and filte r method of evaluati ng ultraviolet solar 
radiation is subject to errors that do not occur ill the eva
luation of ultraviolet in art ificial sources (12). 

SlIlIImary,- In the foregoing pages is outlined a met hod 
of evaluat ion of ultraviolet solar radiat ion tha t appears to 
ove rcome the above-ment ioned difficulties. Bused upon ex
tensive experimental data, to be published later, the procedure 
proposed is to determine the ult raviolet solar epeetrul energy 
curve by meum; of a photoelect ric cell (of titanium or cad. 
mium, which responds to only u na r row spcctrul region) ann 
one or tw o litters, simultaneous wit h the biological test. 

Tu chtuiu the intensity in uhsolu te un its the photoelectr-ic 
cell and auxiliary electric current meter (micronmmeter and 
amplified (1i1L are ca librated against a standard of ultra
violet radiation (a Ll Ocvolt quartz mercury nrc lamp). which 
has ht-\en stundurdized 1Iy JIle HIl S of tilt, thermopile and fil
ter( 12). So long us the spcct rul photoelect r-ic response re
mai ns unchanged, the evaluation of ultraviolet solar radia 
tio n of WU\"., lengths shorter tha n aw l includ inz .\·:~ I:m.A. hy 
means of a photoelectr-ic cell , appears to hI..' just as re liable 
as a direct measurement with a thermopile and filter. 

T he descrip tion of the details of such a procedure will lw 
published in a future paper. Tt will, theref'orc, suffice to add 
that differences in t runsmi saion th rough the nbove-rnenti oned 
filter s were easily observed wit h photoelect ri c cells T i. No. 4 
and 'I 'i. No. 2, which differed hu t slightly in spectral photo
electric response as indi ca ted in Jt' ig. 1. After ex tens ive H/'(' 

the spectrophotoelectricnl response curves of the edls em
ployed in the present research showed no vut-iutions cotnpar
able to the d ifference in the spectral response curves of cells 
Xo. 4- and ;\0. 2, reco rded in Fig'. 1. It is therefore holieved 
that th e observed seasonal change!' ill the transmission of 
ultraviolet solar radiati on through the filters a re owing to 
variations in atmospheric trunspnreney, and UI't' not owinc 

, " 
to changes in the spectral response curves of the photoelectric 
cells. . 
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SUPI'U:1lE~TAL NOTE ON. EXPERIYD i'TATION IN ULTBAn o Lt;T 
SOLAK INTE.'l81T1E8 IN BAN JUAN P. R. 

When the fo regoing lecture was presented (Februa ry 7, 
1935) the writer was unable to reply to the qu estion oCcom, 
parefive ult rnviole t sola r inten siti es in the tropics and in 
higher latitudes. Subsequently he obtained interesting meas
ureruents - , 80111(' of which have a direct bearing on th is 
subject. It is therefore relevant to di seuse thi s quest ion in 
this paper. . 

In th is lecture it was emphasized that th e amount of 
ultravi olet that reaches the ea rth 's sur face is det ermined h)" 
the ozone in th~ st ratosphere ; a lso that th e amount uf 
attuospherrc ozone is somewhat lower in the t ropic!' than in 
ruidlatitude. Consequently the ultravi olet intensit ies in the 
tropics shou ld be somewha t highe r than in uridla t it ude, for 
the same solar a ltitude. 

The subsequent, di rect , measurements were in agreement 
wit h expecta tions. It was found that, for the same sola r al 
tit ude (ai r mass traversed by the rays] the ultraviolet sola r 
intensities in th e tropics ( at Han J uan) were somewha t higher 
than at a ruidlat itude, sea-level sta t ion (Wasbington) tha t is 
Iree from local air polluti on. 

However , this small difference iu intensity, for Hit" IUU II" 

solar a ltit ude, .IOf·~ not appear tu he sufficient to produce 
marked di fferences in biological effects. I( differences in 
blologiea l effects are obser vable, that are escr'ibahle exclu
slvely to differences in ult raviolet int ensities, they a re prob
uhly owing to the fac t that throughout the year, at the noon 
hour, ill the tropics the sun shines through R smaller air mul'll' 
than in higher latitudes. 

Fo r example, in midlutitude (w esblug to u) only during 
two Il WUtll M of t he yenr (:May 15 tu July Hi) does the sun 
shine through un utmcsphere of air muss III = 1.04 to III = 
l.OG (never lel'l l'l than m = l.tJ4.) whereas in th e tropi cs {Sun 
.lunn) during ulmcst six months, a t the noon-hour. the sun 
~hj nes through 8 11 ai rmass of m = 1.0;') or smaller. T,\\; ('('. 

• RUr.UURY lot" 1OIr.T·UJ> L·SEI) IS COllP LETlOS 0 )' CAL I B HATIOS or THE 
WEBTISGHOl'SE U. Y. 1I ICTJJ: R ; 

.. .... pbo"'........ltl (" 11., ( :I J. n . u <l 1 01 ",. ) . i ........b i_ . it lt ..iUoble _ . 
J ....... Ita,. bon ...lib Uo ib ' '''' '' 1boo -.uw.ri.....1 ..>Iat 1 ..r . ... ...." ... 
~ 110 U 30A . i per .111.' . dlllC'lhw ito " ,.". . ..1. , I iatp (1 "dkr ' ) ell 

llot I'O'tOrdr ba ' br ib t..............law. lor biopIo.r....... pll.J"~~al ..... eli• • 
IoI<>ciuI Ia. · _ielll.ioa. · 
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during thi s interval (about May 12 lind about Augu st 1, at 
San J nan ] the Hun is in th e zenith, III = 1.00; and during an 
interval of about fou l' months (April 20 to Augu st 20) at the 
noon-hour, the sun shines th rough an a irmass of III = 1.00 to 
1.01. Consequen tly, during a pe r-iod of a hout four months, 
the shortest , biologically most effect ive, wave lengths (at 
2900A to 3000A) are very g reat ly increased in intensity, aIHI 
the uverage in ten sity of the whole spect ral hand at 2!100 to 
:n30A j {recogn ized as having u speeiflc biological acti on, at 
least in curing ri cket s) is nbout 20 per cent high er in the 
tropi cs than is ever a ttained in mid lutitude ( "~ ashin brton) ,

a phenomenon that can occur only at a sea-level station in 
the tropics. 

Moreover, during th e five winter mon th s when the short
wave-len gth ultraviolet in sunlight is most needed in prevent
ing ri cket s, a t rnidlatitude stat ions the shortest , biologically 
most effective wavelengths are almost comp letely absorbed, 
and the intensity of the less effective wavelengths is reduc ed 
to less than one-sixth th e value that obtains in the trop ics. 

In addition to the greater intensity of the ultraviolet the re 
usually is also u greater number of hours ot sunshine in the 
tropics during' the five winter months ; ran gi ng from a total 
of nbont 200 hours in London and Stockholm, 300 to 350 
hours in Berlin und Par -i s, 800 hours in New York and Colon, 
and 1100 hours in San Juan. 

Oth er factors to he considered a re differences in tern
peratu r e, a ir movement, humidity and th e amount of clothing 
worn,- all of whi ch no doubt have an effect up on rickets, 
which h; practically unknown in the tropics. 
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