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ABSTRACT 

Technical details are given for evaluating ultraviolet solar radiation by two 
closely agreeing methods: (a) by means of a balanced thermopile and filter 
radiometer, calibrated against a standard of thermal radiation, and (b) by means 
of a photoelectric ultraviolet meter calibrated against a standard of ultraviolet 
radiation. A photoelectric cell and filter method for determining the solar 
ultraviolet spectral-energy distribution is described. Data are given on ultra
violet solar radiation intensities observed at Washington, D. C., San Juan, P. R., 
and Flagstaff, Ariz. The intensity of ultraviolet solar radiation of wave lengths 
shorter than and including 3132 A, in the clearest, midsummer, midday sunlight 
at Washington is about 75 p.w/cm2 decreasing to one-tenth this value (8 p.w/cm2) 

during the clearest, midwinter, midday sunshine. Extrapolation of the data 
observed at the three stations (Washington, San Juan, and Flagstaff) indicates 
an ultraviolet intensity of about 600 p.w/cm,2 outside the earth's atmosphere-
a fivefold to eightfold increase as compared with a 20 to 30 percent increase in 
total intensity of all wave lengths. 
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I. INTRODUCTION 

The evaluation, in absolute units, of the energy in the short-wave
length ultraviolet region of the solar spectrum has been attempted by 
several methods. The most common procedure is to integrate the 
energy curve, observed throughout the whole solar spectrum, and 
calculate the fractional part that is contained in the band of wave 
lengths (for example/ between 2900 to 3100 A) under investigation. 
Then, from a determrnation of the total radiant flux (the solar inten
sity Q, in gram-calories, as usually observed) the part in the short 
wave lengths is calculated. The objection to this method is the 
lack of accurate data on the spectral-energy distribution, particularly 
in the ultraviolet. 

A proposed variation in this method is to calculate the spectral
energy distribution on the assumption that the radiation from the sun 
is comparable with that of a black body at 6,000° K. However, in 
view of the fact that the effective radiating surface of the sun emits 
selectively, this assumption is obviously untenable. In addition to 
this fact is the uncertainty of the atmospheric-transmission coefficients 
which are constantly changing. Hence, the method would be useful 
only in a very general way. 

The most promising method of evaluation of the short-wave-Iength 
ultraviolet in solar radiation is by means of filters placed over either 
a selective (photoelectric) or a nonselective (thermopile) radiometer. 
This procedure requires a determination of the spectral-energy dis
tribution and the radiant flux (the total intensity) within and adjacent 
to the band of wave lengths under investigation. 

This Bureau's interest in the evaluation of the ultraviolet of short 
wave lengths in solar radiation began about 8 years ago, when, in 
connection with the widespread interest in light sources and window 
materials for therapeutic purposes [1]/ it was urgent to obtain an 
estimate (having some degree of reliability) of the amount of ultra
violet in sunlight that has a therapeutic value, at least in healing 
rickets. 

The earliest investigations [1, 2], using a thermocouple and filters 
of window glass, led to an estimate of the upper limit in intensities 
that might be expected in ultraviolet solar radiation, useful for 
therapeutic purposes. 

From these crude beginnings, as the demand for more exact data 
increased, improvements were made in the filter methods of radiom
etry; and data were obtained on ultraviolet solar-radiation inten
sities at sea level and at high elevations [3]. For this purpose the 
best available ultraviolet spectral-energy measurements were used in 
calculating the amount of ultraviolet, of wave lengths 3132 A and 
shorter, in sunlight. 

Since the ultraviolet intensities in the shortest wave lengths were 
extremely low, the investigation was undertaken anew, using a 
("differential") balanced thermocouple and filter method, which 
greatly increased the accuracy of the measurements [3, 4]. 

However, there was an outstanding uncertainty in the ultraviolet 
solar-radiation measurements, which evidently was owing to the 
lack of knowledge of the spectral-energy distribution. This conclu
sion seemed to follow from the good agreement obtained on ar:tificial 

1 Numbers In brackets refer to references and notes at the end of this paper. 
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sources, in which the radiation in a spectral band was integrated by 
spectroradiometric and filter methods [4], and it was further substan
tIated in a subsequent interlaboratory comparison of lamps [5], in 
which good agreement was obtained in the spectral-energy measure
ments. 

Subsequent tests of the balanced thermocouple and filter radiom
eter as a standard ultraviolet dosage intensity meter [6] on artificial 
sources justify the belief that the device is reliable, provided the 
ultraviolet spectral-energy distribution of the source is known with 
sufficient accuracy. In the case of the sun it was evident that the 
spectral-energy distribution, in the extreme ultraviolet, is not known 
with sufficient accuracy, and that it should be determined at the time 
of the physiological or biological application of the radiation stimulus. 

In view of the fact that the thermopile is not sufficiently sensitive 
to measure accurately, by means of filters, the spectral-energy dis
tribution of solar radIation in the region of 2900 to 3200 A, the writers 
have devised a portable ultraviolet meter, consisting of a balanced 
amplifier, photoelectric cell, and micro ammeter [7], which is eminently 
adapted to determine the spectral quality of ultraviolet solar radiation, 
practically simultaneously with any biological tests that may be in 
progress. 

Moreover, recent improvements in methods of calibrating the photo
electric ultraviolet meter against a standard of ultraviolet radiation 
[8] make it possible to use this instrument to determine (a) the spectral 
quality and (b) the total intensity (the latter in absolute value) thus 
greatly reducing the equipment, work, and expense in conducting 
field measurements of solar ultraviolet radiation. 

There was recently published a preliminary outline [9, 10] of the 
procedure for determining the spectral-energy distribution in the 
extreme ultraviolet of the solar spectrum by means of a titanium 
photoelectric cell and filters [7]. It was shown [9] that: (a) because 
the ultraviolet solar spectral-energy curve is not known with sufficient 
accuracy (particularly in the region of the Hand K lines; 3700 to 
4000 A), and (b) because there are no suitable filters to place over a 
thermopile in order to confine its response to wave lengths shorter 
than about 3300 A (in which we are chiefly interested) a photo
electric cell which is insensitive to wave lengths longer than about 
3300 A is especially adapted for determining the spectral-energy dis
tribution in the band of wave lengths extending from 2900 to 3300 A, 
by the filter method. 

The object of the present paper is to present technical details to 
serve as a guide in evaluating the ultraviolet of short wave lengths in 
solar radiation, by two closely agreeing methods: (a) by means of a 
balanced thermopile and filter radiometer which is calibrated against 
a standard of thermal radiation [11]; and (b) by means of a titanium 
photoelectric ultraviolet intensity meter [7], calibrated in absolute 
value against a standard of ultraviolet radiation [8]. 

At the outset, it is to be noted that, for small air masses, the pre
viously published values of ultraviolet intensities remain practically 
unchanged; but, for large air masses, where the spectral-energy dis
tribution was practically unknown prior to the adoption of the present 
method of spectral-energy evaluation, the ultraviolet intensities are 
appreciably lower than previously reported. 
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II. DETERMINATION OF THE DISTRIBUTION OF ENERGY 
IN THE EXTREME ULTRAVIOLET OF THE SOLAR 
SPECTRUM 

A knowledge of the distribution of intensities in the spectrum, in 
relative units, is essential in order to evaluate the energy in a given 
band of wave lengths. 

As shown in figure 2 of a previous paper [10], owing to the presence 
of the Fraunhofer absorption lines, caused by vapors of various ele
ments in the solar atmosphere, and the absorption lines caused by 
ozone in the terrestrial atmosphere, the solar spectrum appears dis
continuous when photographed under a sufficiently high dispersion. 
On the other hand, as ordinarily observed radiometrically, with a low 
dispersion, the ultraviolet spectral-energy curve is relatively smooth 
and free from indentations [12]. 

As indicated in the previous paper [10], by means of the titanium 
photoelectric cell and a group of four glass filters, the spectral band 
of ultraviolet, extending from 2900 A to about 3500 A, is separated 
into five parts. This procedure requires only a few minutes, thus 
securing the information desired wIthout the necessity of making 
corrections for change in air mass. 
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FIGURE I.-Relative response curves of titanium photoelectric cells Ti-l, Ti-2, and 
Ti-4 to an equal-energy spectrum; also spectral transmission of glass filters used 
(Corez D, Nillite; both trade names); and barium-flint glass (Ba-l and Ba-3; 
thickness 1 mm and 3 mm, respectively). 

Wave length 400 Ulp~4000 A. 

From a detailed study of the shape of the spectral-energy curve 
required to give calculated transmissions in agreement with the ob
served photoelectrically integrated filter transmissions, it appears that 
a relatively smooth curve with but slight indentations, as observed 
by Pettit [12], answers the purpose of evaluating the ultraviolet for 
use in medicine. 



90~~~---T-=~~~-r~-'--~.-~~---'r-~'----T----~--~--~---~~----r,----.---.----.------.----r--~ 

OJ Ti -I .... -0-:- . . . . ~ ......... ::. ,,:."""'.~., ......,.. .. -'--.:-0-.... '. . ~:.:..-.---;.=8'..--'j ~ .. -.~.-... -:~.-. : =8=. /0 0 ~ ' ...... ............ ':;'I--i.:.~ •• ........,.. ..... :; . : : •. -;- ••• _ . ,._ •••••• -r.-- ... ~.. o . ~ - -
'1"'\' ··t'=···t'l'··-0·-"';·· .~ ... ~.T-t.. .. .. .'. ." . 0.·.· 

,[-','
1
,:' I • • .: ' • • '. f • . ' .' ': ---0 . . 80 )( "fIII:~O·'-!!...!...-~ .!-..--- ... -.•.. --'. . • 

U · 

70 

Ti-4 _---:-~ .... ---.. :....:- ~ .. --0.' , " --:---'-........ -' 0--'---:'-'-;" . . ~ .. , ~. --:-;~--:--.. ~~ . -;--'. . ... . 
.. : ... - ... ~ .. : .. : .. . . 

....... . _-----:-:------0- .., .. CI) 
a: 
l&.I 
~ 60 

• • •• • J "----.0- . . .. \-:-_.-!~----,--~--,-~-"'\, l
.:.!1.~.::;'~:r ... ~~:.:.'. :' : : .. ;::.: ..... '1';.. '" _~_---O~---:----'\, 

- ~. .:.-:-. '. I" • • -01-.'---:--
Z .. . . " ., " - ' . .-!--,.-,' .. 

, ..' • I' .' .~ . A: ' ~ i _ 0' -' . . 
':.:. II . ' . _~ ~ . ~ . . --- ... - .-._' _ 0 

.. :'-.-:-! . ....-<;>:: : _ .. :. " . . .... 

" .~ .. ,'_. --;-:--:--0--. ,..!."-' ~ 
• "",.:_ 1_ •• -"-'-' " 

.. ," • _~." I •.. • I. • 

:'-:. " .. : .... , . 

~ ______ --------o--
~ __ ~ __ ------~O~--~----------O 

__ ...,.--------40 

WASHINGTON 1934-1935 

AI R MASS 
o~--~--~----~--~----~--~--~~--~--~----~--~----~--~----~--~--~----~--~----~~~--~ 

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2. .8 2.9 3.0 3. I 
FIGURE 2.- Diurnal variation in transmi ssion oj ultraviolet solar radiation through standard filt ers (see fig ure 1) observed at W ashinglon 

The large circles are the calculated transmissions for ultraviolet spectral-energy curves identified with the corresponding air masses, see fi gure 9. T l,e black dots represent observed values. 
55384- 36 (Face p. 318 ) 



Cobltntz] 
Stair Evaluation oj Ultraviolet 319 

The experimental procedure is to observe the percentage trans
mission of the ultraviolet solar radiation in the band extending from 
the extreme wave lengths that penetrate the atmosphere (about 2900 
A) to the limit of response of the particular photoelectric cell used 
(3300 to 3500 A). This is observed through a set of four glass filters; 
Oorex D, Nillite (both trade names), and two samples of barium-flint 
glass (abbreviated Ox. D; Ni.; Ba-1; and Ba-3, respectively), having 
the spectral-transmission curves illustrated in figure 1. High accuracy 
in transmission is required only between 2900 and 3500 A. 

In this same illustration are given also the spectral response (the 
spectral liberation of electrons; the electron emission) curves of two 
titanium photoelectric cells Ti-1 and Ti-4, selected because of the 
marked difference in their spectral sensitivity. As a consequence, 
there is a corresponding difference in the apparent percentage trans
mission of integrated ultraviolet solar radiation through the same 
filter when used with these two photoelectric cells. 

As shown in the previous paper [10] with the high precision attained 
in recent measurements it is necessary to group the observations of 
filter transmission according to the season, in order to take into con
sideration the variation in atmospheric ozone. This reduces the 
spread in the values of the filter transmissions for the same air mass. 

In figure 2 are shown graphs of typical observations of integrated 
filter transmissions for various solar altitudes (air masses, m) on the 
clearest days in Washington, D. O. Similar data, observed at Flag
staff, Ariz. (elevation 7,300 ft; also at 10,500 ft) are illustrated in 
figures 4 and 5 of the previous paper [10]. 

Provided with observations of the type depicted in figure 2, the 
first step in the evaluation of the ultraviolet radiation in the spectral 
band of wave lengths shorter than and including 3132 A, is to deter
mine, by calculation, the shape of the spectral-energy curve of wave 
lengths shorter than about 3500 A required to give the observed 
transmissions, using the above-mentioned four filters and two photo
electric cells. This gives eight conditions for establishing the shape 
of the spectral-energy curve for any given air mass traversed by the 
solar rays. 

The first calculations of the shape of the spectral-energy curve were 
made while observations were in progress at the Lowell Observatory, 
Flagstaff, Ariz. (elevation, 7,300 ft), in May 1934. For this purpose, 
the average ultraviolet solar spectral-energy curve observed by 
Pettit [12] at Tucson, Ariz. (elevation about 2,500 ft), in May 1931, 
was used as a starting point. The product of this spectral-energy 
curve (shown dotted in fig. 3) and the spectral-response (the electron 
emission) curve of the photoelectric cell (fig. 1), gives the solar spec
tral-energy distribution as it affects the particular photoelectric cell 
employed in making the measurements. In other words, it is the 
solar spectral-energy distribution as it would be observed with a 
spectroradiometer in which the nonselective radiometer is replaced 
by a selective (photoelectric) radiometer. For the eye it is the 
"luminosity curve." 

55384-36--3 
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For example, curve Ti-1 is the spectral response of photoelectric 
cell Ti-1, when exposed directly to solar radiation whose spectral
energy distribution is shown by the dotted curve in figure 3. The 
product, at each wave length, of this photoelectric appraisal of the 
spectral energy by the corresponding percentage transmission of the 
filter (fig. 1) gives, in each case, the spectral-energy distribution as 
transmitted through the filters marked Cx. D.; Ni.; Ba-1; and Ba-3 
in figure 3. The ratio of the area under each of these curves to the 
area under the curve Ti-1 gives, in each case, the fraction of the incident 
ultraviolet that is transmitted by the filter . . Similar curves were 
obtained for the titanium photoelectric cell Ti-4. 

As was to be expected, owing to the difference in altitude of the 
two observing stations (Tucson and Flagstaff), there were systematic 
deviations of the calculated from the observed photoelectrically inte
grated filter transmissions; these deviations being in agreement for 
both photoe~ectric cells. The spectral intensities taken from Pettit's 
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FIGURE 3.-SpectraL-energy curve of the sun as it would be observed with a non
selective radiometer and with a selective photoelect7'ic radiometer, Ti-J, without a 
filter, and through the standard filters Ba-3, etc. 

Wave length 350 IDI'=3500 A. 

energy curve, in the region of 2950 to 3050 A were slightly too high, 
and the intensities at 3250 to 3550 A were appreciably too low (as 
was to be expected) to fit the observations at the higher elevation 
(7,300 ft) at Flagstaff, Ariz. By making slight changes in the 
assumed energy curve, in these two spectral regions, after one or 
two further trial adjustments and calculations, a set of calculated 
filter transmissions was obtained, for the two photoelectric cells and 
the four filters, which, within the experimental errors in the observa
tions, was in good agreement with the transmissions observed in 
May and June at Flagstaff for an air mass, m=1.35, and with the 
transmissions observed at Washington, for m=1.20, in October and 
the first part of November 1934. This spectral-energy curve was, 
therefore, identified with the air mass m=1.20 at Washington and 
m= 1.35 at Flagstaff. 
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Subsequently a prolonged investigation was made of the spectral 
transmissions of the filters and of thin samples (to determine the end 
points), by radiometric and photographic means; and a redetermina
tion was made of the spectral photoelectric response curves of the 
photoelectric cells. In figure 1 the radiometric transmissions are 
indicated by dots and circles. The intervening parts of the curves 
(x X X ) were established by photographic means. 

This investigation introduced slight changes in the spectral-trans
mission curves and in the spectral photoelectric response curves which, 
in turn, required a slight change in the assumed spectral-energy 
curve (fig. 3)-mainly increasing the indentation at 3250 A. As a 
result of this more exact determination of the spectral transmissions 
of the filters there was even better agreement than previously found 
between the observed and the calculated percentage transmissions of 
the integrated ultraviolet solar radiation through all the filters, except, 
perhaps, the filter of Nillite glass, which was a piece of special window 
glass that did not have a high optical polish and, hence, should not 
be given the same weight as the others. 

The agreement attained between the calculated and the observed 
values is closer than required, because of the inevitable variations in 
the observed values caused by ever-changing atmospheric conditions. 

In table 1 is given an example of the procedure in calculating the 
transmission of the photoelectrically integrated ultraviolet solar radi
ation through the various filters. In this table columns 2 and 3 give 
the spectral response (the spectral liberation of electrons), respectively, 
of the two photoelectric cells (Ti- 1 and Ti- 4), produced by an equal
energy spectrum. 

Column 4 is the ultraviolet spectral-energy distribution (intensities 
are relative values) which is found to give the observed filter trans
missions for an air mass m=1.20, at Washington. (See fig. 3.) 

Columns 5 and 6 give the products of the ultraviolet solar intensities 
(column 4) and the spectral photoelectric responses (columns 2 and 3, 
respectively). The solar spectral-energy curve as it would be ob
served with titanium photoelectric cell Ti- 1, attached to a spectro
heliometer is illustrated in figure 3 (Ti-1). In other words, these two 
columns give the spectral distribution of the photoelectric response 
to the given solar radiation. 

Columns 7,8,9, and 10 are the spectral transmissions, respectively, 
of filters Cx. D; Ni.'; Ba-1; and Ba-3. 

Columns 11, 12, 13, and 14 are the products of column 5 (solar 
energy times relative photoelectric response for Ti- 1) and the spectral 
transmissions of the filters (columns 7, 8, 9, and 10, respectively). 
This gives the spectral distribution of the photoelectric response with 
titanium photoelectric cell Ti-1 observed through the various filters. 
(See fig. 3.) 

Columns 15, 16, 17, and 18 give the spectral-energy distribution 
(photoelectric response) as observed with titanium photoelectric cell 
Ti-4, using the above-mentioned filters Cx. D; Ni.; Ba-1; and Ba-3. 

The calculated transmissions of the photoelectrically integrated 
ultraviolet solar radiation, for air mass m=1.20, for the various 
filters, are obtained by taking the ratio of the areas under the curves 
(for example, the area under the curve Ba-3 to the area under the 
curve Ti-1, in fig. 3); or by taking the ratio of the summation of 



TABLE I.-Example of the procedure followed in calculating the transmission coefficients of the filters, for a given distribution of energy 
(column 4), which were subsequently identified with the observed transmissions for air mass m=1.20, at Washington 

2 3 4 6 7 8 9 lO 11 12 13 14 15 16 17 18 

Relative spectral I Relative so I a r I I Transmission of fll ters X solar I Transmission of filters X solar 
response Relative energy X relative Transmission of filter energy X relative response energy X relative response 

Wave lengths solar response (Ti-I) (TH) 
(angstroms) energy 

(m=I20) 
Ti-I TH Ti-l TI-4 cx.n Ni. Ba-l Ba-3 cx.n Ni. Ba-l Ba-3 cx. n Ni Ba-l Ba-3 

-------------------------- ------------------------
2950 _________ ________ __ 0.70 0.75 0.005 0.004 0.004 0. 46 0.067 -------- -------- 0.002 0.001 -------- -------- 0.002 0.001 -------- ------- .. 2975 ___________________ 

.70 • 71 .200 .140 .142 .54 . 110 -------- - ----- -- .076 .015 -------- -------- .077 .016 -------- -.. ---........ 3000 _____________ ___ ___ 
• 69 .665 .465 .321 .309 .595 .150 -------- -------- . 191 .050 -------- -------- . ISO .048 -- ------ ---_ ........... 3025 _________ __________ . 68 .62 .817 .505 . 607 .645 .205 ----- ... -- -------- .358 . 114 -------- -------- .327 .104 ----- .. -- ----- .. --3050 ________ ___________ 
.64 .56 1.225 .784 . 686 .687 . 265 -------- -------- . 539 .208 -------- -------- .471 .182 -------- --------

3075 ___________ _____ ___ .59 .60 1.76 1. 038 .880 .722 .33 0.034 . 760 .343 0.035 .635 .290 0.030 3100 __ __ ___ ____________ .54 . 45 2.30 1.242 1. 035 .750 .39 . 08 .931 .484 .099 .776 .404 .083 3125 ___________________ 
.50 .39 2. 79 1.395 1. 088 . 772 .455 .14 1. 077 .634 . 195 .840 .639 .152 3150 ___________________ 
. 455 . 35 3. 51 1.597 1. 228 .792 .52 .215 0. 013 1. 264 .830 . 343 0. 021 .973 .639 .264 0.016 3175 __________ _____ ____ .41 • 30 4.41 1.808 1. 323 . S07 .58 .30 .043 1. 459 1. 048 .542 .078 1. 068 . 767 .397 . 057 

3200 ___________________ 
.37 .25 5. 75 2.128 1. 438 .822 .635 .39 .08 1.749 1. 351 .830 .170 1.182 .913 .561 .115 3225 _________ ____ __ ____ 
.32 .20 8.01 2.563 1. 602 .833 .68 .47 .125 2. 135 1. 743 1. 205 .320 1. 334 1. 089 .753 .200 3250 ___________________ 
.28 .16 10.4 2. 912 1.664 .845 .728 .545 .195 2.461 2.120 1. 587 .568 1. 406 1. 211 .907 .324 3275 ____ ____ ___ _____ ___ .24 .12 12.1 2. 904 1.452 .853 .745 .61 .27 2.477 2.163 1. 771 .784 1. 239 1. 082 .886 .392 3300 ___________________ .20 .085 14. 0 2. 800 1.190 .861 . 768 .665 . 35 2.411 2.150 1. 862 .9SO 1. 025 .914 .791 .417 

3325 ___________________ 
. 155 .055 15.6 2.418 .858 .868 .790 . 704 .435 2.099 1. 910 1. 702 1. 052 .745 .678 .604 . 373 3350 ___________________ .12 .025 17.5 2.100 .437 .872 .807 .734 .52 1. 831 1. 695 1. 541 1. 092 .381 .353 .321 .227 3375 ___________________ . 095 .01 18.9 1. 795 . 189 .878 . 823 . 76 .59 1. 577 1.477 1. 364 1.059 . 166 . 156 .144 . 112 3400 ___________________ 
. 07 . 00 20.0 1. 400 .882 . 833 .78 .645 1.235 1.156 1. 092 .903 -------- -------- --- --- -- --------3425 ___________________ .05 20.5 1. 025 . 885 .843 .795 .685 . 907 .864 .815 .702 --- ----- ----- -- - -------- --------

3450 ______ _____________ 
. 03 21. 0 .630 .888 .853 .81 .72 .559 .537 .510 .454 -------- -------- -------- --------3476 ___________ ___ __ ___ .015 21.3 .320 .890 .859 . 821 .745 .285 .275 .262 . 233 -------- -------- -------- -------------------------------------- ---------------------TotaL ____ ______ ---------- - ----- - --- -------- -- 31.879 16. 032 -------- -------- ------ ... - -------- 26.373 21.178 15.755 8. 421 12.827 9.342 5.893 2.233 

------------------------Total transmissions, in percent (for comparison with the observed transm!sslons) _______________________ 82.7 66.5 49. 4 26.4 SO. 1 58.2 36.8 13.9 
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columns 14 and 5 (or 18 and 6 for Ti-4) in table 1, to obtain the trans
mission through the filter Ba-3; and a similar procedure is followed 
for the other filters. 

The last line in table 1 gives, for the assumed spectral energy dis
tribution, the calculated percentage transmissions of the four filters, 
Cx. D; Ni.; Ba-l; and Ba-3, as used with photoelectric cells Ti-l 
and Ti-4. 

Using the spectral-energy curve for air mass m=1.20, and factors 
based upon Pettit's [12] atmospheric transmission coefficients, other 
spectral-energy curves were calculated. Proceeding as indicated 
above (see fig. 1), on multiplying, point by point, these spectral-energy 
curves by the spectral-response curves of the two photoelectric cells 
and by the spectral transmissions of the respective filters, calculated 
photoelectrically-intelP"ated ultraviolet transmissions were obtained 
for the four filters, usmg the two photoelectric cells (eight determina
tions), which (after several minor adjustments of these spectral-energy 
curves) were in close agreement with the observed filter transmissions 
for air masses m=1.lO, 1.20, 1.60, etc. (see table 2), at Washington, 
and correspondingly equivalent air masses (lower solar altitudes) at 
Flagstaff. 

TABLE 2.-Ultraviolet solar spectral-energy distribution (relative intensities; un
related for different air masses) corresponding with the observed filter transmissions 
(four filters with two Ti photoelectric cells) at the various air masses, at Washington 

Airmass; m 
Wave lengths 
(angstroms) 

1.10 1.20 1.60 2.00 2.35 2.70 3.05 3.40 3.70 4.00 4.35 

--------------------
2950 __________________ 0.05 0.005 0.001 ------- ------ - ---- --- ------- ------- ------- ---- --- ------ -2975 ____ _______ _______ .28 .20 .019 0.005 0.002 0.001 ------- - -.---- ------- ---- --- -- -----3000 __________________ .60 .465 .164 . 056 .018 .007 0.002 ------- -------3025 __________________ 1.00 .817 .326 .122 .049 .018 .004 0.002 0.001 ---- --- --._ ---3050 ____ ______ ________ 1.50 1. 225 .546 .230 .100 .041 .018 .006 .003 0.001 

307L ___________ _____ 2. 05 1.76 .830 .404 . 180 .083 . 040 .016 .008 .004 0.0015 3100 __________________ 2.7 2. 30 1.16 .585 .304 .148 . 071 .033 .017 .009 .004 3125 ___ _______________ 3.3 2.79 1. 57 .838 .463 .240 . 119 .066 .034 .018 .009 3150 ____ ___ ___________ 4.0 3.51 2.01 1.20 . 700 . 370 . 195 .113 .060 .036 .017 317L ________________ 4.8 4.41 2.74 1. 62 .989 .564 .317 .186 .109 .064 .033 
3200 __________________ 

6.4 5.75 3.73 2.30 1.46 .866 .507 .306 .191 .160 .063 3225 _________________ _ 8.9 8. 01 5.41 3.48 2.30 1. 40 .854 .547 .352 .224 . 126 3250 ______ ____________ II. 5 10.4 7.11 4. 67 3. 15 I. 99 1.23 .799 .522 .340 .195 3275 ______________ ____ 13.3 12.1 8.58 5.78 4.02 2.60 1. 66 1.105 .743 .497 .293 3300 ____________ ______ 15.1 14. 0 10.18 7.07 5.02 3.35 2. 20 1.50 1.04 .715 .438 
332L ________________ 16.9 15.6 11.63 8.17 5.91 3.98 2.66 1.84 1.29 8.96 .552 3350 __________________ 18.8 17.5 13.05 9.30 6.82 4.65 3.15 2.21 1.57 1.112 .695 337>--____________ ____ 20.3 18. 9 14.30 10.35 7. 67 5.31 3.64 2.59 1.87 1. 336 .847 3400 __________________ 21.3 20.0 15.30 11.20 8.40 5.90 4. 10 2.95 2.15 1. 560 1.000 

In table 2 are given the spectral-energy distributions (relative in
tensities) found to correspond with the observed filter transmissions 
for the air masses indicated at the top of the table. 

In figure 2 the large circles show the agreement between the cal
culated and the observed transmissions at different solar heights 
(air masses), using titanium photoelectric cells Ti-l and Ti-4, and 
the four filters Cx. D, Ni.; Ba-l; and Ba-3. 

Having proved the trustworthiness of the method, and having 
established the shape of the spectral-energy curve, it should suffice 
in actual practice to determine the shape of the spectral-energy curve 
with one or two filters at the time of making the observations; and 
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from this information, the reduction factor for evaluating the ultra
violet can be taken from previously tabulated data that apply to the 
particular photoelectric cell used. In fact, during the clearest days, 
it probably will be unnecessary to determine the spectral quality by 
making filter measurements. 

It is to be noted that these spectral-intensity curves give the average 
energy distribution in the solar spectrum; whereas, using a large dis
persion, spectroradiometric measurements of the radiation between 
the absorption lines (see fig. 2 of the previous paper [10]) would give 
an energy curve filled with indentations. However, the slope of the 
envelope drawn through the intensities measured between the ab
sorption lines would decrease with the wave length as observed spec
troradiometrically [12] and as indicated by the filters. 

As pointed out in previous papers, owing to the highly selective 
spectral response of the photoelectric cells, the effect of the low
intensity radiation at 2900 to 2950 A is greatly magnified in the trans
mission measurements. However, after correcting for this selective 
magnification, the spectral-energy curves, as determined by the 
photoelectric cell and filter method, appear to be in good agreement 
with the few spectroradiometric data that are avaliable for compari
son. Another check on the accuracy of this method will be obtained 
by calculation of the atmospheric-transmission coefficients. 

In concluding this discussion it is to be emphasized that heretofore, 
owing to the almost complete lack of solar spectral-energy data, of 
wave lengths shorter than about 3100 A, at low elevations (Wash
ington), the data used in evaluating the ultraviolet in sunlight at low 
altitudes were little more than extrapolations of measurements made 
at high altitudes. 

Since the calculated spectral-energy curve that gives the observed 
filter transmissions fits the observed spectral-energy curve at high 
altitudes (due allowance being made for the difference in altitude of 
the two stations, Tucson and Flagstaff, Ariz.); and since there is no 
good reason for doubting (see, however, section V-2) that at low ele
vations, for the equivalent air mass (higher atmospheric pressure but 
shorter column traversed by the solar rays), the same relative spectral
energy distribution obtains as observed at high altitudes, there is 
ample justification in using the ultraviolet spectral-energy curves, 
derived by the above-described filter method, in evaluating the ultra
violet in sunlight at stations of low elevation. 

III. EVALUATION OF ULTRAVIOLET SOLAR RADIATION 
WITH A BALANCED THERMOCOUPLE AND FIL TER 
RADIOMETER 

In view of the uncertainty of the solar spectral-energy curve in the 
region of 3800 to 4100 A, it is necessary to limit the spectral range to 
the narrowest band of wave lengths rea,dily obtainable, in order to 
attain the high accuracy desired in the most recent evaluation of the 
ultraviolet (in absolute units) . For this purpose the balanced ther
mocouple is covered with an especially selected sample of optically 
polished red-purple Corex A glass (no. 986), which was found to have 
the same homogeneity (the same percentage transmission) through 
the two widely separated areas that cover the openings leading to 
the two receivers of the balanced thermocouple. The sample of red-
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purple glass used in previous measurements [4] was not so perfect 
optically. 

In figure 4 is shown the spectral transmission of the red-purple 
Corex A glass (no. 986, thickness 3.1 mm), which is practically opaque 
to wave lengths longer than 425 m!.! (4250 A). Used in connectIOn 
with the cell of water, 1 cm in thickness, the transparency of this 
glass in the infrared is practically eliminated, and the thermopile 
response is confined principally to the violet and ultraviolet, as obtains 
in a titanium photoelectric cell. The small amount of infrared 
transmitted by the combined filters is determined by inserting, tem
porarily, a filter of Noviol A glass, which shuts out the ultraviolet 
(fig. 4). The transmission curves of the Ba-flint exclusion filter and 
the Corex A compensating filter are also given in figure 4. 

1. CALIBRATION OF THE GALVANOMETER-SCALE READING 

The first step in the evaluation of ultraviolet radiation by means of 
a balanced thermoelectric radiometer is to calibrate the thermopile-
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FIGURE 4.-Transmission of filters used in the balanced-thermopile and exclusion
filter method of evaluation of ultraviolet. 

Wave length 420 mp=4200 A. 

galvanometer deflection, in absolute value, against a standard of 
radiation [11]. For this purpose the water cell and the red-purple 
Corex A filters are removed, and the receivers (first the one, then the 
other) are exposed to the standard lamp as described on page 731 
of a previous paper [4]. If these filters were kept in place the calibra
tion would have to be made by the method used with photoelectric 
cells (see section IV-I). 

Since the galvanometer sensitivity is subject to variations, a 
standard sensitivity (with a means of testing it, as described in 
previous papers) is adopted; and all the ultraviolet solar-radiation 
measurements (for example, column 3 of table 4) are reduced to this 
sensitivity. 
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The radiation sensitivity of the thermopile (no. 254),2 determined 
at various times during the past three years, has remained constant 
within the errors of observation; the average value of the scale reading 
being 1 cm=44.55 p.w/cm2, see column 7 of table 4. 

The next procedure is to make a series of measurements of ultra
violet solar radiation by means of the barium-flint glass exclusion 
filter and the compensating filter of clear Corex A glass (no. 980), 
as described on page 731 of the previous paper [4]; and at closely 
the same time measurements are made of the spectral quality of the 
sunlight, as described in section II. 

For, as already stated, a knowledge of the ultraviolet spectral
energy curve, in relative units, is necessary in order to determine the 
factor F, required to evaluate the fractional part of wave lengths 
shorter than and including 3132 A, relative to the total ultraviolet 
excluded by the filter. 

The present experimental procedure differs from that previously 
employed [3,4] in that the spectral-energy- curve, in the region of 2900 
to 3550 A, is determined directly at the tIme of the energy evaluation, 
by means of a titanium photoelectric cell and filters [7], as described 
in the preceding section, instead of using the composite and highly 
uncertain spectral-energy curve of various observers, as was done 
in the earlier work. 

Corrections must be applied to the ultraviolet spectral-energy 
curve for absorption by the water cell, by the red-purple glass filter, 
Corex A (no. 986), and for the differential absorption of the pair of 
exclusion filters, of clear Corex A (no. 980), and Ba-flint glass (fig. 4), 
in the long wave lengths (at 7000 to 14000 A) transmitted by the red
purple glass filter [3]. The latter correction is obtained by direct 
measurement of the solar radiation transmitted through a sample of 
Corning Noviol A glass [4]. 

2. CALCULATION OF FACTOR F 

In table 3 is given a typical example of the procedure in obtaining 
the factor F for evaluating the ultraVIolet of wave lengths shorter than 
and including 3132 A by means of the balanced thermopile and exclu
sion filter method. 

, Balanced thermopile no. 254 consists of two complete linear thermopiles of Bi-Ag, joined in opposition. 
Each thermopile consists of 4 couples, with Individual receivers, 1.2 by 2.2 mm, mounted on s small fiber 
suppprt, 25 mm in diameter, depicted in figure I, of BS Sci. Pap. 17, 188 (11)21) S413. By removing the 
circular part, a long the common edge of the two mountings, the combination fits In a box4.5 cm in diameter. 
The linear receivers facilitate adjustment of the two thermopiles to the same radiation sensitivity. 
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TABLE 3.-Typical ezample of the calculation of the factor F for evaluating ultra
violet solar radiation of wave lengths shorter than and including 3132 A, by means 
of the balanced thermopile and exclusion-filter radiometer 

[The solar spectral energy is for air mass m-1.20 at Washington] 

1 2 3 4 5 6 7 8 9 10 

-----------------------
Trans· Correc· Trans· CoI.8XO. 

Wave mjssion; Trans· tion; flu- Trans· mission; Products Relative Calcu· 
lengths mission; Col. 2- mission solar lated 

(ang· CorexA. Ba·flint 3 orite R,OceU Corex, olcol. energy spectral no. 980 window no. 986 4X5X6X7 stroInS) (2.08mm) (3.12mm) (2.40mm) (1 cm) (3.10mm) (m=I.20) energy 
excluded 

-----------------------
2950 .•.•.... 0.875 0.000 0.875 0.961 0.864 0.740 0.537 0.005 0.003 
3000 .•...... .877 .000 .877 .963 .866 .768 .562 .465 .26 
3050 .•...... .880 .000 .880 .966 .868 .792 .585 1.225 .72 
3100 ........ .883 .000 .883 .968 .869 .810 .602 2. 30 1.38 
3150 ........ .884 .025 .859 .970 .870 .823 .597 3. 51 2.10 

3200 . •.. . ... . 885 . 10 .785 .972 .871 .830 . 551 5.75 3.17 
3250 ......•. .887 .22 .667 .973 .871 .834 . 471 10.4 4. 90 
3300 .•.•••.. .888 .35 .538 .974 .872 .835 .381 14.0 5.34 
3350 ••••••.. .888 .51 .378 .975 .872 .835 . 268 17.5 4. 69 
3400 ••••.••. .889 .61 .279 .977 .873 .834 .1985 20.0 3.97 

3450 ........ .891 .69 .201 .978 .874 .832 .143 21.0 3. 00 
3500 .•...•.. .893 .745 .148 .979 .875 .828 .105 21. 7 2. 28 
3550 ...•.... . 895 .78 .115 .980 .876 .817 .0807 24.5 1.98 
3600 .•..••.. .896 .81 . 086 .980 . 877 .802 .0593 28.3 1.68 
3650 .•••.••. .898 .83 .008 .981 . 877 .783 .0458 30.7 1. 41 

3700 .•••...• .899 . 846 .053 . 981 . 878 .745 . 0340 33.3 1.13 
3750 . . • •...• .899 . 86 .039 .982 .879 .685 .0231 34.6 .80 
3800 . •.• •... .000 . 87 .030 .982 .880 .605 .0157 36. 2 . 57 
3850 .•..•••• .000 .875 .025 .983 .880 .500 .0108 40. 3 . 44 
3900 ••••.•.• .900 .88 .020 .983 .881 .380 .0066 48.3 .32 

3950 .•.•.... .901 .882 .019 .983 .882 .270 . 00445 57. 5 . 26 
4000 .•••.... . 901 .883 .018 .983 .883 .170 .0027 68.7 .19 
4050 .•••.... .901 .884 .017 .983 .884 .102 .0015 71.0 .11 
4100 • •••.... .901 .884 .017 .984 .885 .055 . 0008 73. 5 . 06 
4150 ••.••• .. .901 .884 .017 . 984 .886 .030 .0004 76.0 .03 

4200 .....•.. .901 .884 .017 .984 . 887 .011 .00016 79. 0 .01 
4250 ..••.•.. . 901 .884 . 017 .984 . 888 . 006 .00009 82.0 . 01 
4300 .•.•.•.. . 901 .884 .017 .984 .889 .001 . 00006 85.0 .00 
4350 .•••.•.• .001 .884 : 017 . 985 .890 .002 . 00003 87. 0 .00 --------------------------

Total energy measured .••.•....•..• 
Total energy of wave lengths less 

---.------ ---------- ---------- --------.- ------ ---- 40.82 

than 3132 A ••••••••••••••.•••.... --------- - ---------- ---------- ---------- 4.36 ---- --- ... --

The factor F=4.36+40.82=0.107, for m-l.2O 

In table 3, columns 2 and 3 give the spectral transmissions, re
spectively, of the bal!J>ncing filter of Corex A glass (no. 980) and the 
exclusion filter of barium-flint glass. The difference in transmission 
of these two filters is given in column 4. 

Column 5 gives the correction for the fluorite window, which is a 
fixed part of the balanced thermopile and consequently present when 
the thermopile is calibrated by means of a standard of radiation. 
The fluorite window decreases uniformly in transmission from 0.916 
in the near infrared to 0.903 at 4350 A and 0.880 at 2950 A. 

Column 8 is the product of columns 4, 5, 6, and 7 and is a constant 
of the instrument. The product of column 8 and the solar spectral 
energy for an air mass, m=1.20 (column 9), gives the solar spectral 
energy (column 10) excluded by the Ba-flint glass filter. 

The ratio of the area (4.36) under the spectral-energy curve, of 
wave lengths shorter than and including 3132 A, to the total area 
(40,823) is F=0.107, for m=1.20, Washington. 
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Using the data given in column 8 of table 3 arid the spectral
energy data for different air masses (table 2), additional factors are 
calculated. This forms the graph of reduction factors F in figure 5, 
for determining the amount of ultraviolet radiation of wave lengths 
shorter than and including 3132 A, relative to the total measured. 

These factors are somewhat smaller than the values previously used 
[4J. This is owing to changes in the assumed spectral-energy curve, 
especially for large air masses, where the previous curves resulted from 
uncertain extrapolations in the short wave lengths. 

An example of the reduction of the observed data, which procedure is 
relatively simple, is given in table 4. Column 3 gives the observed 
average galvanometer deflection on insertion of the Ba-flint glass 
exclusion filter and the balancing filter of clear Corex A (no. 980) glass. 

TABLE 4.-Reduction of data observed on May 18,1935, using a balanced thermopile 
with filters of Ba-flint and Core:c A (no. 980), in conjunction with a red-purple 
filter, Corex A (no. 986), and a water cell 

2 4 5 7 

- -----
Total ultra· 

violet of 
Ohserved Corree· Thermo- wave 

galva- tion for Differ- Factor pile·galva- lengths 
Time Airmass ences of nometer shorter nometer infrared col. 3-4 F sensitivity than and deflection effect (1 em) including 

3132 A; 
col. 5X6X7 

--- ---
a. m. em em em I'w/cm' I'w/cm l 

9:16 ...... _ .. __ ....... _ .. 1. 33 10.29 0.35 9.04 0. 094 44.55 41. 6 
9:55 .... _ ................ 1. 21 11. 32 .22 11.10 . 105 44.55 S1. 9 

10:36 .... _ ... _ ...... .... __ 1.13 12.22 . 44 11. 78 . 114 44. 55 S9.8 
11:30 .... .... _ .......... __ 1. 06 12.89 .62 12.27 . 122 44.55 66.7 
11:60 .... __ _ ...... ____ .. __ 1.06 13.04 .40 12.64 . 122 44.55 68.7 

p.m. 
12:31. ...... __ ...... ____ .. 1. OG 12. 93 .38 12.55 . 122 44. 55 68. 2 
12:50 ........ _ ...... ...... LOS 12.85 . 55 12.30 . 120 44.55 65.8 
1 :36 .. _ . .... _ ...... ___ .. _ 1. 13 11. 85 .35 11. 50 . 114 44.55 58.4 
1:55 .... ___ . ____ _ .. __ ._ .. 1.16 11.65 .57 11.08 . 111 44.55 54.8 
2:39 .... _____ __ ...... ____ 1. 27 10.03 .38 9.65 . 099 44.55 42.5 
3:00 .... _ .. __ ............ 1. 35 9.71 .40 9.31 .092 44.55 38. 1 

Column 4 gives the galvanometer deflection on insertion of the 
Ba-flint and Corex A filters (noted in the preceding paragraph) when 
the thermopile is covered with a filter of Noviol A glass which shuts 
out the ultraviolet. The transmission of this filter (82 percent) is 
determined as explained in the previous paper [4]. The values in 
column 4 are the observed galvanometer deflections divided by the 
transmission of this filter. This (infmred) correction is relatively 
small. Column 5 gives the total ultraviolet, of wave lengths shorter 
than about 4000 A, shut out by the Ba-flint glass filter. 

Column 6 gives the factor F (read from fig. 5 for the air mass at 
the time of making the measurements) which serves to deduce, from 
the total ultraviolet measured (column 5), the amount that is of 
wave lengths shorter than and including 3132 A. 

Column 7 is the radiation sensitivity of the thermopile, in micro
watts per square centimeter (Ji.w/cm2), for l-cm deflection of the 
galvanometer, observed by exposure to the standard of radiation [11]. 

Column 8, which is the product of columns 5, 6, and 7, is the total 
flux of ultraviolet solar radiation, in microwatts per square centi-
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meter, of wave lengths shorter than and including 3132 A, incident 
at Washington, on May 18, 1935, which was a very clear day, with a 
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FIGURE 5.-Red1lction factors used in determining the amount of ultraviolet solar 
radiation of wave lengths shorter than and including 3132 A, relative to the total 
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standard of thermal radiation, and (2) by means of a photoelectric ultraviolet 
meter, calibrated against a standard of ultraviolet radiation. 

cloudless sky, small corona, and light west wind; but with somewhat 
lower intensities in the afternoon. (See fig. 6.) 



330 Journal oj Research oj the National Bureau oj Standards [Vol. 18 

Considering the changes made in the ultraviolet solar spectral
energy curve in the meantime, the present values of the ultraviolet 
in sunlight, particularly for a small air mass, are not markedly 
different from the determinations made several years earlier [4]. 
For large air masses the present data are much lower and no doubt 
are closer to the true value than the earlier measurements. 

The main point of interest is the agreement of these values (see 
fig. 6) with those obtained by the photoelectric cell calibrated against 
a laboratory standard of ultraviolet radiation [8], as described in 
the following section. 

In this connection it is relevant to record that, during the past year, 
there have been but few perfectly clear, cloudless days in Washington; 
and, since measurements are made only on the clearest days, the 
amount of observational material is much less than previously 
obtained. 

IV. EVALUATION OF ULTRAVIOLET SOLAR RADIATION 
WITH A PHOTOELECTRIC CELL AND BALANCED
AMPLIFIER RADIOMETER 

The first step in the evaluation of ultraviolet radiation with a 
photoelectric radiometer is to calibrate the photoelectric cell-micro
ammeter deflection, in absolute value, by exposure to a standard of 
ultraviolet radiation [8]. This is facilitated by means of a device 
incorporated in the amplifier circuit whereby it is possible to test 
(the voltage sensitivity, with 1.90 volts on the filament of the type 32, 
screen-grid tube) the constancy of the amplification in terms of the 
microammeter-scale reading [7]. 

In the present apparatus the amplifier voltage sensitivity (the 
microammeter scale reading) is 12.5 microamperes (J.la) when the 
dry batteries are new, decreasing to 11.0 J.la after some 12 months' 
use. Furthermore, while solar ultraviolet measurements are in 
progress, and the temperature of the apparatus rises, the amplifier 
sensitivity decreases 1 to 2 percent during the hottest part of the day. 
The standard amplifier-voltage sensitivity therefore adopted is 
12.00 J.la; and the microammeter readings (the ultraviolet intensities, 
measured with a lower or higher amplifier sensitivity, say 11.3 to 
12.5 J.la, depending upon the age of the batteries and the temperature 
of the apparatus) were adjusted to t.he value that would have been 
obtained with an amplifier voltage sensitivity of 12.00 J.la. 

Record must also be kept of the magnitude of the amplification 
used during the observations. The amplification is determined by the 
resistances Rg 1, Rg 2, Rg 3, Rg 4, and Rg 5 (120 to 0 megohms; 
see fig. 1 of the previous publication [7]) used in the grid circuit. In 
this particular instrument Rg 1=1.57 Rg 2=3.16 Rg 3=11.86 Rg 4= 
39.87 Rg 5. 

Since the ~rid resistance commonly used in the measurements in 
Washington IS Rg 3, the radiation sensitivity of the microammeter
scale reading, for the two photoelectric cells Ti-l and Ti-4, exposed 
to the standard of ultraviolet radiation [8], was determined for the 
grid resistance Rg 3 and an amplifier sensitivity of 12.00 J.la. 

1. CALIBRATION OF MICROAMMETER-SCALE READING 

The following is an example of the determination of the radiation 
sensitivity of the micro ammeter for the grid resistance Rg 3 and an 
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amplifier sensitivity of 12.00 ].ta, when used with titanium cells 
Ti-1 and Ti-4, respectively. 

The ultraviolet radiant flux from the Uviarc lamp (covered with a 
filter of Corex D glass, to eliminate wave lengths less than 2804 A) 
of wave lengths shorter than and including 3132 A, determined with 
the balanced thermopile and filters, was 81.0 ].tw/cm2• This is used 
in table 5. 

At the same distance from the lamp the micro ammeter readings 
for the two photoelectric cells Ti-1 and Ti-4 were 5.250 and 4.840 ].ta, 
respectively. These values are used in table 5. 

TABLE 5.-Example of the procedure followed in calibrating the balanced photoelectric 
amplifier, using a standard Uviarc lamp with a Core:c D filter 

[Data obtained on December 11, 1935J 

1 2 3 4 I 5 6 I 7 8 I 9 10 I 11 

---
Relative re- EnergyXrela- !'!I value for 

Abso- spouse of ti- each wave Factor P 
Relative lute en- taninm cells tive response length 

Wave length energy ergy 
(angstroms) through through Corex CoL CoL 6 Col. 7 

D Corex Col. 
D Ti- 1 TH 3X4 3X5 Ti-l Ti-4 Col. 8 Col. 9 

Ti-l TH (Ti-1) (TH) 
----------- - - ------
p.w/cm· p'a p'a 

3342 _____________ 13_2 6_6 0.134 0_ 035 0.884 0.231 0.101 0.029 
-~--~--- ---- ----3132 _____________ 106.6 53.2 .49 .39 26.068 20.748 2.989 2.569 B.72 8. 08 3024. ____ _____ ___ 37.0 18.5 .68 .62 12.580 11. 470 1. 443 1.420 B.72 8. OS 2967 _____________ 14.0 7.0 .70 .72 4.906 5.040 .562 .624 8. 72 8. OS 2890 _____________ 3.6 1.8 .64 .73 I. 152 1.314 .132 .163 B.72 8.07 2804 _____________ 1.0 .5 .43 .57 .215 .285 .025 .035 -------- ------------ - - -----------------

TotaL ____ I 162.2 181.0 -------- -------- 45.799 39.088 '5.250 '4. 840 'B.72 • 8. OS 

I Totals for 3132 A and shorter wave lengths. The value observed with balanced thermocouple and filter 
radiometer is 81.0 p.w/cm'. 

, Observed photoelectric-microammeter readings . 
• Mean values of the factor P: for Ti-l=8.72; Ti-4=8.08, for Rg. 3. 

The relative spectral intensities of the radiation from the Uviarc 
lamp, through the above-mentioned filter of Corex D glass, as meas
ured with a spectroradiometer, are given in column 2 of table 5. 
Column 3 gives, for each line, the intensity in absolute value derived 
from column 2 and the total intensity (81.0 ].tw/cm2) as measured with 
the balanced thermopile and filters [8]. 

Column 6, which is the product of columns 3 and 4, gives the 
spectral intensities in terms of the spectral response (the electron 
emission) of photoelectric cell Ti-1. The sum of these photoelec
trically (weighted) appraised spectral values is 45.799.3 

This produced a micro ammeter-scale reading of 5.25 ].ta. From 
this it follows that the radiation sensitivity factor P, when using 
Ti-1 is (45.799-+-5.25=8.72. This sensitivity factorP is a constant 
of the instrument when used with photoelectric cell Ti-1, and to
gether with the factor G (see sec. III-2), it is used to evaluate the 
incident radiation in absolute units (microwatts per square centimeter), 

• This is the spectral photoelectrically weighted value in microwatts per square centimeter. If the 
photoelectrical response (the electrons liberated per unit incident radiation) were th.e sam.e at ~ach wave 
length, then the integrated valne would be 81.0 p.w/cm'-the same as would be nsed m cahbratmg 8 non
selective radiometer. The factor G restores the photoelectrically appraised solar radiation to the true value. 
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Similarly, column 7, which is the product of columns 3 and 5, gives 
the evaluation of the lamp with the photoelectric cell Ti-4, the sum 
of the photoelectrically (weighted) appraised spectral values being 
31.310. This produced a micro ammeter reading of 4.84 j..Ia. Hence, 
the sensitivity factor P, when using Ti-4, is (39.088-+-4.840= )8.08. 
This factor P is a constant of the instrument when used with Ti-4, 
and, together with the factor G (pertaining to Ti-4) , it is used to 
evaluate the incident radiation (the micro ammeter-scale reading) in 
absolute units. 

In view of the attempt made to calibrate the micro ammeter-scale 
reading, in absolute value, by means of homogeneous radiation of 
wave length 2967 A [8], columns 8, 9, 10, and 11, of table 5 are in
cluded to show how the values of factor P, for the photoelectric cells 
Ti-1 and Ti-4, may be derived from the use of single wave lengths, 
even when not isolated spectroscopically. For example, columns 8 
and 9 show how the observed micro ammeter readings, 5.25 and 4.84 
j..Ia, respectively, may be apportioned according to the relative 
intensities of the various spectral lines given in columns 6 and 7, 
respectively. The factor P, as calculated for each spectral line, is in 
agreement with the value derived from the integrated heterogeneous 
radiation, and it is believed that the same value would have been 
obtained with spectroscopically isolated radiation, for example, of 
wave length 3024 A. 

The foregoing values of the radiation-sensitivity factor P=8.72 
and 8.08 [weighted J.lw/cm2], respectively, for the photoelectric cells 
Ti-1 and Ti-4 (noted in a previous paper [8]) are determinations made 
on a single date. The average values of four calibrations, made 
between January 22 and December 16, 1935, are P=9.06 and 8.20 
[weighted J.lw/cm2,] respectively. These values (given in column 7 of 
table 7) are used in evaluating the measurements (the micro ammeter 
readings) with these two photoelectric cells, given under a subse
quent section. 

2. CALCULATION OF FACTOR G 

The ultraviolet solar-radiation intensities, 10, for evaluation in 
absolute units, are obtained in connection with the measurements of 
the filter transmissions 1,-+-10, used in determining the spectral
energy curve (sec. II). This spectral-energy distribution is nec
essary in order to deduce the factor G, required to calculate the 
fractional part (of wave lengths shorter than and including 3132 A) 
of the total measured by the particular photoelectric cell used. 

In table 6 is given a typical example of the procedure in obtaining 
the factor G, for evaluating the ultraviolet of wave lengths shorter than 
and including 3132 A from the total measured. In this table column 
2 gives the solar spectral-energy for air mass m=1.20. (See tables 
2 and 3.) 

Column 3 gives the spectral response of photoelectric cell Ti-1 
for an equal-energy spectrum. Column 4 (the products of the data 
in columns 2 and 3) gives the solar spectral-energy distribution as it 
would be measured with the photoelectric cell Ti- 1. (See curve Ti-1 
in fig. 3.) 

The ratio of the area under the solar spectral-energy curve, column 
2, of wave lengths shorter than and including 3132 A,' relative to the 

• By taking this area from column 2, instead of column 4, the correction Is applied for reducing the meas
urements to what would be observed with a nonselective radiometer. 
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total area under the spectral-energy curve as observed with the 
photoelectric cell, column 4, gives the factor G (8.72+31.879=0.274) 
for evaluating the ultraviolet radiation of short wave lengths, when 
measured with the titanium photoelectric cell Ti-1. 

A similar calculation (column 6) gives the factor G (8.72+16.032= 
0.544) for evaluating the ultraviolet solar radiation of wave lengths 
shorter than and including 3132 A, when measured with titanium 
photoelectric cell Ti-4. 

TABLE 5.-Typical example of the calculation of the factor G, for evaluating ultra
violet solar radiation of wave lengths shorter than and including 3132 A, by means 
of a photoelectric radiometer, consisting of titanium photoelectric cells Ti- 1 and 
Ti-J" and a balanced amplifier 

[The solar spectral energy Is tor air mass m= 1.20 at Washington] 

Wave lengths (angstroms) 

2050 __ ____ ______ ___ ______ ____ __ __ _____ __ ___ 
2975 __ __ ____________ ___ ___ ____ __________ __ _ 
3000 ___ ___ ______ _____ ________________ ___ __ _ 
3025 ______ ___ ___ _________________ ________ __ 
3050 ___ . ______________ _________ _______ _____ _ 

3076 __ ________ ____ ____ ___ ________ __ __ ___ ___ 
3100 ___________ _______ _____ ___ ___ _________ _ 
3125 ____ __ ____ ________ __ _____ ________ ___ __ _ 
3150 _________ _________ ______ ________ ______ _ 
3176 __ _____ __ ______ ___ _______ _____________ _ 

3200 ___ __________ ____________________ ___ ___ 
3225 ____ _____ __ _____ ___________________ ____ 
3250 ____ _____ _____ ____ _____ ________ ___ ____ _ 
3275 ____________ __ ___ ___ _______ __ _____ __ ___ 
3300 _________________ ___ _____ _______ _____ __ 

3325 ________ __ ____ ________ _____ _________ ___ 
3350 _______ _________________ ____ ___________ 
3375 __ _____ _____ ________ ________ __________ _ 
3400 ____ ________________ __________ ___ ____ __ 
3425 __ ___ _____ ___ __ __ ________ __ ____________ 

3450 __________________ _____ __ ___________ ___ 
3475 __________________ ___ _________________ _ 

2 

Relative 
solar energy 
(m~1.2O) 

0.005 
.20 
.465 
. 817 

I. 225 

I. 76 
2.30 
2. 79 
3.51 
4. 41 

5.75 
8. 01 

10.4 
12.1 
14.0 

15.6 
17.5 
18.9 
20.0 
20.5 

21.0 
21.3 

3 

R elative 
spectral 
response 

(Ti-1) 

0.70 
.70 
.69 
.68 
. 64 

.59 

.64 

. 50 

. 465 

. 41 

.37 

.32 

.28 

.24 

.20 

155 
. 12 
.095 
.07 
.05 

.03 

.015 
Total __ ________ _____ ____ _________________ _______ ____ ____ ___ _ 

Total less than 3132 A=8.72 (column 2) . 

Product of 
column 

2X3 

0. 004 
140 

.321 
555 

.784 

1.038 
1. 242 
1. 395 
1. 697 
I.S08 

2. 128 
2.663 
2.912 
2.904 
2.800 

2.418 
2. 100 
1. 795 
1. 400 
1.025 

.630 

.320 

31.879 

5 

Rela tive 
spectral 
response 

('1' i-4) 

0. 75 
.71 
.665 
. 62 
. 56 

.50 

.45 

.39 

.35 

.30 

.25 

. 20 
16 
12 

.085 

.055 

.025 

.01 
--- - .-.--- --
----- - ------

--- - - -------
------- -----

The factor 0=8.72+31.879=0.274 tor Ti- l; and 8.72+16.032=0.544 for Ti-4. 

6 

Product of 
column 

2X5 

0.004 
142 

. 309 

. 507 

. 686 

.880 
1. 035 
1.088 
1.228 
1. 323 

1. 438 
1.602 
1. 664 
1. 452 
1.190 

.858 

.437 

.189 
------------
--- --- ------

------- -----
--------.---

16.032 

Using the spectral response data of the two photoelectric cells 
Ti-l and Ti-4, given in columns 3 and 5, respectively, of table 6, 
and the ultraviolet solar spectral energy data for different air masses 
(table 2), additional factors are calculated. In this manner are 
obtained the graphs of reduction factors G, for determining the 
amount of ultraviolet solar radiation of wave lengths shorter than 
and including 3132 A, illustrated in figure 5. 

3. CALCULATION OF ULTRAVIOLET RADIANT FLUX 

Supplied with the foregoing data, the evaluation of the ultraviolet 
solar intensities, as measured with the photoelectric cells, is relatively 
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simple. An example of the calculations involved is given in table 7, 
which is similar to table 4. 

TABLE 7.-Reduction of data observed on May 18, 1935, using titanium photo 
electric cells Ti-l and Ti-4 and the balanced amplifier 

1 2 3 4 5 6 7 8 

---
Correction R adiation Total ultra· 

Photo· for reducing sensitivity violet of 
Observed of photo· wave lengths 

Time Air electric defiec· observed Factor electric cell shorter than mass cell tion value to G amplifier 3132 A used sensitivity radiometer (Col. 12.01'8 (factor P) 4X5X6X7) 

---
8. m. 1'8 pw/cm l 

8:16 ...•.•••••• ••. •••.• 1. 65 Ti-1 13. 54 0. 999 0.189 9. 06 23. 2 
8:39 ..•.•••••..•...•... 1. 52 Ti--4 7. 62 1. 003 .441 8.20 27. 6 
9 :30 .... .••••.•.•... •.. 1.27 Ti-l 12. 68 1. 005 . 253 14.55 46. 9 

10:12 ..•...•.•..••..•••. 1.17 Ti--4 12.00 1. 015 . 553 8.20 55. 2 
10:49 •.•.. . •••....•..•.. 1.10 Ti- 1 7.65 1.011 . 299 28.72 66.4 
11 :01. •••••• ••.•••...... 1.09 Ti--4 13.36 1. 012 . 584 8. 20 64.7 

p.m. 
12:02 ..•.•.••......•.•.• 1.06 Ti--4 13.73 1. 017 .596 8.20 68.2 
12:13 ...••.......•.•.•.• 1.06 Ti-l 15.89 1. 012 .313 14.55 73.2 
12:59 ••.......... ••...•• 1.08 Ti-l 15. 48 1.014 .306 14.55 69. 9 
2:07 •.. . ....•... . . . .... 1.18 Ti-l 13. 48 1.017 .275 14.55 54.8 
2:22 .••....••• ••..•. • •• 1. 21 Ti-4 10. 77 1. 017 .540 8.20 48.5 
3:23 ..•.•.•••.•••.••••• 1.45 Ti--4 15. 17 1. 023 . 460 4. 08 29.1 
3:43 ..• . . •.•••••••••.•• 1.57 Ti-1 13. 12 1.023 . 200 9.06 24.3 
3:51. ••.•.•.•••.••• •••. 1.63 Ti-1 12.30 1.023 .191 9.06 21. 8 

In column 4, table 7, are given the observed microammeter read
ings, after the usual corrections for errors in the scale calibration, 
and for the shunt used in the amplifier circuit. This shunt (about 
1,100 ohms) is connected in parallel with the microammeter to 
introduce critical damping. 

Column 5 gives the corrections of the voltage sensitivity of the 
amplifier, which was practically 12.00 p'a at the start but decreased 
to lL731p.a in the afternoon. The factor G is given in column 6 
(see fig. 5 from which the data were obtained). 

In column 7 is given the radiation sensitivity factor P (in micro~ 
watts per square centimeter) of the micro ammeter for the particular 
photoelectric cell used; Ti-l= 9.06 for Rg 3, and Ti-4=S.20 for 
Rg 3, when used as calibrated. 

In some cases the micro ammeter deflection was reduced by means 
of a resistance in series (see fig. 1 of the previous paper [7]). This 
increased the factor to 14.55 (column 7). Late in the afternoon 
the amplifying resistance Rg 2 was used. Since in this instrument, 
Rg 3+Rg 2=2.01, the sensitivity factor P, with Ti-4, is reduced 
from S.20 to 4.0S. 

Column S, table 7, gives the total flux of ultraviolet solar radia
tion of wave lengths shorter than and including 3132 A, in micro
watts per square centimeter, as observed with the two photoelectric 
cells Ti-l and Ti-4 on May IS, 1935. These data are in agree
ment with the observations with the balanced thermocouple and 
filter radiometer (table 4). 

The ultraviolet solar-radiation intensities as measured by these 
two photoelectric cells (standardized as just described), and as 
measured with a balanced thermopile (described in section IV-2) 
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are depicted in figure 6. The agreement in the observations appears 
to be closest for large air masses. This is perhaps to be expected, in 
view of the fact that the photoelectric cells magnify tbe intensities 
in the shortest wave lengths, and this would be most apparent for 
small air masses. In view of the impracticability of making simul
taneous measurements by means of these three radiometers (two 
photoelectric cells and one thermopile) the agreement in the results 
is satisfactory. Similar variations in the observations were recorded 
in previous intercomparisons of methods of evaluating ultraviolet 
solar radiation [4]. 

4. SUMMARIZING COMMENTS 

Probably the most outstanding result of these studies of various 
methods of evaluating the short-wave-length ultraviolet in sunlight 
is the repeated observation of a radiant flux (intensity) almost twice 
as large as the value calculated on the basis of early observations of 
the ultraviolet spectral-energy curve. 

Unable to find serious errors in their work, and unable to make their 
results agree with the older ideas of much lower values of ultraviolet 
solar intensities than they were obtaining, the writers have tried 
various methods of attack, including the determination of the ultra
violet solar spectral energy. 

All methods seem to be in agreement in indicating that the ultra
violet radiant flux, of wave lengths shorter than and including 3132 
A, in the clearest midsummer,~dday sunlight, in Washington, is 
about 75 Ji.w/cm2• In arriving at this conclusion the following three 
distinctly different methods of evaluation were used: 

(1) The radiometer was a single thermocouple receiver [3], covered 
permanently with a cell of ·water to absorb the infrared rays, and with 
a filter of Corning red-purple glass, Corex A, no. 986, to isolate the 
ultraviolet rays of wave lengths shorter than about 4000 A. This 
combination reduces the intensity to about 8 percent of the total 
incident upon the receiver. The apparatus was used also without 
this filter, thus admitting about 75 percent of the full intensity (the 
part transmitted by the water cell) upon the thermocouple receiver. 

Two exclusion filters of Ba-flint glass were used (singly and in com
bination) to eliminate some of the uncertainty of the assumed ultra
violet spectral-energy distribution (of wave lengths shorter than 3132 
A), which was based upon the few, highly discordant measurements 
available. The radiant flux of ultraviolet~of wave lengths shorter 
than and including 3132 A was determined in absolute value, in terms 
of the total incident solar-radiation intensity Q, measured with a 
pyrheliometer [3J. 

(2) A balanced thermocouple and filter radiometer were used [4], 
either with or without the red-purple filter of Corex A glass (no. 986). 
A single-exclusion filter of Ba-flint glass (and a balancing filter of 
clear Corex A glass no. 980) were used to isolate the ultraviolet of 
short wave lengths. 

This method requires a lmowledge of the spectral-energy curve in 
only the ultraviolet of short wave lengths, instead of the whole spec
trum as used in the preceding method. Nevertheless, a direct com
parison of these two widely different methods of evaluating ultraviolet 
solar radiation gave concordant results [4]; the uncertainty of the 

55384-36---4 
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magnitude of the absolute values being ascribable to the uncertainty 
of the spectral-energy curve employed in reducing the observations. 

(3) The third method (described in this paper) consists in evaluat
ing the ultraviolet of short wave lengths by means of a titanium photo
electric cell calibrated, in absolute value, against a standard of ultra
violet radiation [8]. 

This method differs also from the two preceding methods in that the 
solar spectral-energy distribution, in the extreme ultraviolet, is deter
mined directly by means of a titanium photoelectric cell and filters, at 
the time of the ultraviolet radiation measurements, instead of using 
the highly uncertain extrapolations, previously employed. 

Comparative measurements of ultraviolet solar intensities were 
made also with the balanced thermocouple and exclusion filter of 
Ba-flint glass, as described in method (2), but employing the directly 
observed ultraviolet spectral-energy curve in reducing the data. The 
balanced thermocouple and filter method, therefore served as a means 
of comparing the three methods of evaluating the ultraviolet in 
sunlight. 

The ultraviolet solar intensities, measured by the herein described 
photoelectric and thermoelectric radiometers, using the ultraviolet 
spectral-energy distributions as observed with the herein described 
photoelectric-cell and filter method, are in good agreement. 

The fact that the absolute values, particularly for large air masses, 
are somewhat lower than previously observed [4], is ascribable to 
changes in the ultraviolet spectral-energy curves, which are somewhat 
lower in the extreme ultraviolet than previously used. There is also 
a possibility that the recently observed values of ultraviolet intensi
ties may be lower, owing to a lower solar emission of ultraviolet of 
short wave lengths. 

From a comparison of the data obtained by these three widely dif
ferent methods of evaluation it appears that the average intensity of 
the solar ultraviolet, of wave lengths shorter than and including 3132 
A, during the clearest midsummer weather, at midday, in Washington, 
is about 75 jJ.w/cm2, decreasing to about 8 Ilw/cm2 at noon in midwinter. 

V. ULTRAVIOLET SOLAR-RADIATION DATA 

In a preceding paper various factors affecting ultraviolet solar 
radiation were discussed [10], but no numerical data of radiation 
intensities were given. In the present caption measurements are 
given of ultraviolet intensities at Washington, D. C., San Juan, 
P. R., and Flagstaff, Ariz . 

1. OBSERVATIONS AT WASHINGTON, D. C 

The average values of the filter transmissions of ultraviolet solar 
radiation, observed with the titanium photoelectric radiometer [7] in 
1935, seem to be somewhat lower than similar measurements made 
in 1934. Furthermore, the total ultraviolet intensities appear to be 
somewhat higher in 1935 than observed in 1934 (see fig. 7). Both 
methods of appraisal seem to indicate that the stratosphere was 
somewhat clearer of ozone in 1935. As a consequence the ultra
violet spectral-energy curves that give calculated transmissions in 
agreement with the observed transmissions for 1935, should probably 
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be identified with air masses that are a trifle larger than mentioned 
in the preliminary announcements, namely, m= 1.23, instead of 
m= 1.20 [9, 10]. In the present calculations the spectral-energy 
curve identified with the average transmissions for air mass m= 1.20 
is used. 

The ultraviolet solar intensities (of wave lengths shorter than and 
including 3132 A) observed at Washington in 1934 and 1935, are 
depicted in figure 7. It is to be noted that the recent measurements 
were made only on the clearest, cloudless days and, hence, there is 
not such a wide range of intensities, for the same air mass, as was 
recorded in previous papers [3, 4]. However, as already mentioned, 
even on the clearest days (for example, May 18, 1935, fig. 6) the 
ultraviolet solar radiation is subject to relatively large changes in 
intensity. 
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FIGURE 7.-Measurements of ultraviolet solar-radiation intensities, of wave lengths 
shorter than and including 3132 A, during some of the clearest days at Washing
ton. (See fig. 6.) 

From the data depicted in figures 6 and 7 it appears that the 
intensity of ultraviolet solar radiation, of wave lengths shorter than 
and including 3132 A, during the clearest weather, at a midlatitude 
sea-level station (Washington) at the noon-hour ranges from about 
75 J1.w/cm2 in midsummer, to 0.1 this value (about 8 J1.w/cm2) in 
midwinter. In figure 7 the noon-hour intensities, at the middle of 
each month (Feb., Oct.), are indicated at the intersection of short 
horizontal and vertical lines. 

(a) CORRECTIONS TO THE WASHINGTON OBSERVATIONS OF SEPTEMBER 1929 TO 
JUNE 1931 

In a supplemental note to the paper describing the ultraviolet 
solar measurements, made with a single thermocouple receiver and 
a pair of barium-flint exclusion filters (p. 976 of reference [3]) , atten
tion was called to the fact that the ultraviolet intensities required a 
correction (an increase in value) of 10 to 20 percent. 
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The intensities observed in Washington from September 1929 to 
January 1931, can be corrected by means of factors taken from 
graphs A or B in figure 8, which were worked out from the average 
data given in figure 7 of the previous publication [3} and from figures 
6 and 7 of the present paper. 

From graph A it can be seen that for air mass m=1.05 the ultra
violet intensities must be increased to (1.25X56 =) 70 p,wjcm2, and 
for m=3 they must be decreased to (0.4 X 3.8=) 1.5 p,wjcm2• For 
m=1.25 the values remain unchanged. Graph B, figure 8, converts 
the old microwatt scale to the new. For example, 56 p,wjcm2= 
70 p,wjcm2, new scale. 

The foregoing survey shows that, for low air masses, the previously 
estimated increase (of 10 to 20 percent) in the values of the sola! 
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FIGURE S.-Factors for correcting the ultraviolet Bolar-radiation intensities observed 

at Washington in 1929 and 1931. 
Graph B relates the old microwatt scale to the new scale 01 intensities. 

intensities was close to the herein recorded factors. But for large 
air masses the values must be decreased. These high intensities, 
for large air masses, resulted from the use of erroneous spectral
energy curves, which, in the entire absence of observational data, 
were uncertain extrapolations. 

It is of course possible that in 1929-30 the ultraviolet intensities 
were lower than average, as appears to be the case for the observa
tions made in 1934 (fig. 7); but owing to the errors of observations, 
and to the diverse atmospheric conditions under which these earlier 
measurements were made, it is impracticable to attempt a closer 
evaluation. They served their purpose at the time they were ob
tained, and with the development of more refined methods of measure
ment, these data are chiefly of climatological interest, showing the 
wide difference in intensities observed on clear and on hazy days. 
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The observations made in June 1931 with the balanced thermo
couple and exclusion-filter radiometer, depicted in figures 5 and 6 of 
an earlier paper [4], may be corrected by means of graph 0 in figure 8. 
The data are comparative, obtained under similar conditions, for 
several types of radiometers. The same solar spectral-energy curves 
were used, and the good agreement in the observations, made with the 
various instruments, is not affected by applying the corrections taken 
from graph 0 in figure 8. 

The practical significance of this correction is that in the physiologi
cal (erythemal) tests the total ultraviolet solar energy required to 
produce a minimum perceptible erythema is probably 10 to 15 percent 
lower than previously published [4, 6]. However, since, for the same 
person, skin sensibility is subject to a variation of 2 to 3 fold, this 
correction is of minor importance. If such a correction is made the 
agreement between the observed and the calculated erythemogenic 
efficiency is even closer than previously recorded [6]. 
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FIGURE g.-Diurnal variation in transmission of ultraviolet solar radiation through 
standard filters, see figure 1, observed at San Juan, P. R. 

The large circles are the calculated transmissions for ultraviolet spectral-imergy curves identified with the 
corresponding I\Ir masses, see figure 2. 

2. OBSERVATIONS AT SAN JUAN, P. R. 

The measurements of ultraviolet solar intensities at San Juan, 
Puerto Rico, were made during February and the first half of March 
1935. 

A brief description of climatic conditions was given in a previous 
paper [10]. It will, therefore, suffice to state that during the forenoon 
the measurements were often interrupted by alternate cloudiness 
(rapidly moving fracto-cumulus clouds) and sunshine. By noon, and 
often continuing throughout the entire afternoon, the whole sky was 
cloudless, except over the inland mountains to the south and south
west, where the morning clouds (now cumulus and strato-cumulus) had 
been blown by the prevailing north and northeast winds. Judged by 
the filter transmissions the air seemed to be the quietest and clearest 
(transmissions lowest) a short time after the sun had passed the me
ridian (see fig. 9). 
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The ultraviolet transmissions through the filters for various solar 
altitudes are depicted in figure 9. As mentioned in the earlier paper 
[10] owing to an apparent increase in ozone there was a marked in
crease in the transmissions after February 6. The general trend of the 
transmission curves for San Juan, figure 9, seems somewhat different 
from that of similar observations in Washington, figure 2. Moreover, 
for the same solar altitude, the percentage transmission is somewhat 
lower in the tropics, as previously noted [10]. As a result the assumed 
spectral-energy curves that give calculated transmissions in agree
ment with the observations at Washington, for air masses m=1.IO, 
1.20, 1.6,2.0, etc. (see heavy circles, fig. 2), are in good agreement with 
the San Juan observations for larger air masses, respectively, m= 1.23 
1.32, 1.80, 2.20, etc. (see large-size circles, fig. 9). It is to be noted 
that there is no regularity in the differences in the corresponding 
air masses, giving the same filter transmissions, at these two stations. 
However, owing to the paucity of the observations, this is probably 
to be expected. 

The graph showing the factors G, for calculating the ultraviolet 
solar radiation of wave lengths shorter than and including 3132 A, 
relative to the total measured with the photoelectric cell Ti-l, is 
illustrated in figure 5. By means of these factors the microammeter 
readings are converted into ultraviolet intensities as described on a 
preceding page. 

The ultraviolet intensities and the transmissions through the four 
standard filters (Ox. D, Ni., Ba-1, and Ba-3) were measured with a 
photoelectric cell, Ti-1, which had been calibrated against an ultra
violet standard of radiation [8] as described in the preceding caption. 

The various observations of ultraviolet intensities are depicted in 
figure 10. The time of the day (corresponding with certain air masses 
traversed by the rays) indicated in this illustration, applies to March 1. 

San Juan is situated lat. 18°28' N. and long. 66°6' W., whereas the 
time is the 60th meridian stu,ndard time. This accounts for the dis
placement of the (noon hour) time-scale relative to that of the air 
mass, in figure 10. 

The data depicted in figure 10 are interesting in showing the marked 
difference in the solar intensities on days when the sky was very clear 
(YO) and on a very hazy day (YH), which occurred on February 25, 
1935. During the forenoon measurements of March 7, the sky 
cbanged from very clear to very hazy, which condition is shown in 
the shor t graph (between 10 and 11 a. m.) in figure 10. 

The smallest air mass through which measurements were made was 
m=1.lO, the ultraviolet intensity being about 85 JJ.w/cm2 (March 7, 
1935). This may be compared with similar measurements on a very 
clear day in Washington, May 18, 1935 (fig. 6) when the ultraviolet 
intensity was 67 JJ.w/cm2 for m=1.10. This difference in intensity, 
amounting to 21 percent is, no doubt, to be attributed to differences 
in the ozone content of the stratosphere, as noted in a previous 
paper [10]. 

From the data in figure 10, it appears that for an air mass m=1.00 
to 1.01, which occurs during the noon hour for about 4 months in San 
Juan [10], the ultraviolet intensity, of wave lengths shorter than and 
including 3132 A, is 95 to 98 JJ.w/cm2, or about 20 percent higher than 
is ever attained in Washington (u.v. Q=75 JJ.w/cm2 for m=1.05). 
In this connection reference is made to a discussion of this subject 
in an earlier paper [10]. 
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In concluding the discussion of the foregoing measurements, it is 
to be noted that the calculated and the observed filter transmissions 
for the four filters (fig. 9) do not coincide so nicely as obtains in the 
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Washington observations (fig. 2). With rapidly changing local at
mospheric conditions (cloudy a . m., clear p. m.) and with a lower 
ozone content in the stratosphere, it is probable that the ultraviolet 
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spectral-energy curves, for different air masses traversed by the rays, 
are slightly different from the ones used in the calculations. That 
is to say, the assumption of reciprocity of density and length of air 
path traversed, for a heterogeneous combination of ozone in the strato
sphere and various conditions of water vapor in the lower atmosphere, 
is probably incorrect. A prolonged investigation would be necessary 
to answer this question. 

3. OBSERVATIONS AT FLAGSTAFF, ARIZ. 

The measurements of ultraviolet solar intensities at the Lowell 
Observatory, Flagstaff, Ariz. (elevation 7,300 ft) were made in the 
interval from the latter part of May into the first half of September 
1934. Graphs of the filter transmissions, depicted month by month, 
were published in figure 5 of the preliminary paper [10]. However, 
owing to the impracticability of working out all the data in detail 
(with a greater atmospheric transparency in the afternoon than in 
the forenoon) all the filter transmissions were plotted on a small
scale chart, similar to the herein-described figures 9 and 2, depicting 
the observations at San Juan and at Washington, respectively. 
From this chart it was evident that the spectral-energy curves 1, 2, 
3, etc., which gave calculated filter transmissions identifiable with 
the Washington filter transmissions for air masses m=1.10, 1.20, 1.6, 
2.9, etc., corresponded most closely with air masses m= 1.25, 1.35, 
1.85, 2.35, etc., at Flagstaff. 

Supplied with this information the factors G, for evaluating the 
amount of ultraviolet radiation of wave lengths 3132 A and shorter, 
relative to the total measured, are calculated. The graph from which 
may be obtained the factors G for various air masses is illustrated in 
figure 5. 

In view of the fact that further measurements are contemplated, 
using improved apparatus and technique, it is impracticable to work 
out all the observations of ultraviolet intensities obtained under 
various atmospheric conditions. In figure 11 calculations are depicted 
of representative data obtained with the photoelectric ultraviolet 
intensity meter, Ti-4, in May, June, and September, at such times 
when the sky was clear of smoke, as indicated in figure 4 and table 1 
of the previous paper [10]. 

A conspicuous feature of the observations in figure 11 is the much 
higher intensities in September than in May and June. September 
11 and 12 were very clear (VC) days, with a deep-blue sky and prac
tically no corona. Correcting for mean solar distance would reduce 
these intensities by 4.5 percent. Nevertheless there remains a differ
ence of some 7 percent that is ascribable to a greater atmospheric 
transparency in the autumn, as previously noted by others [10]. 

In addition to a greater intensity in the shortest wave lengths, 
there is also a much greater total intensity (in the ratio of 115-+-75= 
1.53 for m= 1.05) in the spectral band evaluated, for the same solar 
elevation at Flagstaff as at Washington. As noted on page 143 of 
the preliminary paper [10] this increase in intensity, amounting 
to about 50 percent, reduced the time to produce a minimum percepti
ble erythema to about one-half (9 to 10 minutes) that required at 
Washington. This lack of correlation of energy and time to produce 
a minimum perceptible erythema, at these two stations, is owing to 
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a change in spectral quality of the ultraviolet at the higher elevation, 
where there is a rapid increase in spectral intensity in the region of 
2900 to 2950 A, which is in the region of the maximum of the spectral 
erythemic reaction at about 2967 A. 

On page 146 of the preliminary paper [10j attention was called to 
two sets of measurements that were obtained on the San Francisco 
Peaks (Fremont Saddle, elevation 10,500 ft) under fairly clear atmos
pheric conditions. The total ultraviolet intensities, measured with 
the two titanium cells Ti-1 and Ti-4, at the noon hour on June 12 
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FIGURE H.-Measurements of ultraviolet solar radiation intensities of wave 
lengths shorter than and including 31313 A, during some of the clearest days at 
Flagstaff, Ariz., in 1934. 

and July 5, 1934, were in close agreement, the intensity values being 
about 155 Jl.wJcm2 for m=1.04 and about 150 Jl.w/cm2 for m=1.08. 
These values are about (155+115=1.35) 35 percent higher than the 
maximum intensities observed during the clearest noon hours at 
Lowell Observatory station (elevation 7,300 ft). The smaller 
difference (12 to 15 percent) in intensities, mentioned in the prelimi
nary report [10], is owing to the fact that no allowance was made for a 
difference in the factors G, for these two stations. 
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No controlled erythema tests were obtained. Such a test, under
taken on June 12, was interrupted by smoke from a forest fire on Crater 
Hill, some 6 miles to the west of the observatory. However, from 
the sunburn resulting from exposure of the face and hands, at this 
high altitude, it may be expected that a minimum perceptible ery
thema will be produced on the untanned skin in a proportionately 
shorter time (6 to 7 minutes) than that observed (9 to 10 minutes) 
at the Flagstaff station. 

(a) CORRECTIONS TO THE FLAGSTAFF OBSERVATIONS OF AUGUST-SEPTEMBER 
1929 

The ultraviolet intensities observed at Flagstaff, Ariz., in August
September 1929, by means of a single thermocouple receiver and a 
pair of barium-flint exclusion filters [31 can be corrected by means 
of factors taken from graphs A and B in figure 12, which were worked 
out from the data given in figures 6 and 9 of the previous paper [31 
and from figure 11 of the present paper. 
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Graph B relates the old microwatt scale to the new scale 01 intensities, see figure 8. 

From figure 12 it can be seen that for air masses m=2 to m= 3, 
the earlier data remain practically unchanged; but for smaller air 
masses there is a gradual increase in the numerical values 42 JJ.w/cm2 

(0Id)=42 JJ.w/cm2 (new scale); 56 JJ.w/cm2 (old) =63 JJ.w/cm2 (new scale); 
70 JJ.w/cm2 (old) =86 J.Lw/cm2 (new scale). 

In concluding the presentation of the data on ultraviolet solar
radiation intensities (of wave lengths shorter than and including 
3132 A) at these three stations (Washington, San Juan, and Flagstaff), 
it is of interest to obtain an approximate estimate of the intensity 
outside of the terrestrial atmosphere. 

Following the procedure commonly employed in meteorology, this 
estimate is obtained by plotting the observed intensities on a loga-
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rithmic scale (ordinates in fig. 13) against the corresponding air 
masses, as abscissas, and extrapolating the graphs to zero air mass. 

Figure 13 is a small-scale reproduction of the graphical determina
tion of the extraterrestrial ultraviolet solar intensity by this method. 
Graph A represents the average curve drawn through the observa
tions, at Washington, taken from figure 7 for the year 1934. Similarly 
graph B depicts the data observed in 1935. These curves, when extra
polated to zero air mass, intersect at the same point (at 560 p.w/cm2), 

as they should if the atmospheric (ozone) absorption which was 
higher in 1934 is eliminated. It is to be noted that all these graphs 
are slightly curved in the lar~er air masses, which is probably to be 
expected, since the radiation IS not homogeneous. 

Graph 0 represents the intensities observed at San Juan when it 
was very clear (VO). It is taken from the upper curve in figure 10, 
and on the logarithmic scale it appears to be approximately a straight 
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FIGURE 13.-UltralJiolet solar intensities plotted on a logarithmic scale and extra
polated to zero air mass in order to obtain an estimate of the intensity outside the 
earth', atmosphere. 

line. When extrapolated to zero air mass an ultraviolet intensity of 
650 }.Lw/cm2 is indicated. 

Graph D represents the intensities observed at Flagstaff in 1934. 
It is the average curve taken from figure 11, and on the logarithmic 
scale it appears to be slightly curved for large air masses. When 
extrapolated to zero air mass an ultraviolet intensity of 590 }.Lw/cm2 

is indica ted. 
The avera~e value of the ultraviolet solar intensity for zero air 

mass, determmed by extrapolation of these four graphs, is 590 p.w/cm2 • 

The close agreement in the extrapolated values is probably to be con
sidered fortuitous [13]. 

It is to be noted that this estimated value of about 600 }.Lw/cm2 rep
resents the intensity of the radiation comprised in the spectral band 
of wave lengths shorter than 3132 A, and does not include appreciable 
radiant flux, of wave lengths shorter than 2900 A, that may be pres
ent outside the terrestrial atmosphere. This is a five- to eight fold 
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increase as compared with a 20 to 30 percent increase in the total 
intensity of all wave lengths. 

Whether there is appreciable radiation of wave lengths shorter than 
about 2900 A outside the earth's atmosphere is an interesting ques
tion. In a recent communication Pettit [12] calls attention to his 
observations which show that, even after presumably completely 
eliminating the absorption by ozone, there is an abrupt and continu
ous. drop in the solar spectral-energy curve, of wave lengths shorter 
than 3000 A, outside the earth's atmosphere-a well-known phenom
enon for all known terrestrial sources, and probably to be expected of 
the complex radiation emanating from different depths of the solar 
surface. 

The spectral intensities of the above-described energy curves for 
different air masses, when extrapolated to zero air mass, show a con
tinuous drop with decrease in wave length, in good agreement with 
Pettit's [12] average solar spectral-energy curve outside the earth's 
atmosphere. Data on atmospheric transmission coefficients and on 
the ultraviolet spectral-energy distribution outside the atmosphere 
will be given in a future communication. 

In conclusion, it is relevant to add that the success attained in de
picting the ultraviolet solar spectral-energy curve outside the earth's 
atmosphere, by means of the photoelectric cell and filters, indicates 
possibilities of obtaining, in a similar manner, the spectral-energy 
distribution of stars (particularly blue stars), to determine whether 
there is a continuous drop in intensity with decrease in wave length, 
as observed on the sun. A large chrom-aluminized mirror would be 
required; but since a sharply defined stellar image is not required, the 
cost of such a mirror would be greatly reduced. 
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