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Ultraviolet Radiant Energy From the Sun Observed At
11,190 Feet

Ralph Stair

This paper gives the results of some measurements on the ultraviolet and short wave-
length visible spectral energy distribution of direct solar radiation, made in September 1951,

at Climax, Colo., altitude 11,190 feet,

to 299.5 millimicrons for a number of air masses from 0 to 3.0).

Data are given for wavelengths extending from 535

A determination of atmos-

pheric transmittance as a function of wavelenpth results in caleulated amounts of czone

approximating 0.21 eentimeter (nip) for several days during September.

This value is in

good agreement with previous determinations by other methods, for the season of the vear

and the geographical latitude of Climax.

1. Introduction

A preliminary determination of the distribution of
radiant energy in the ultraviolet solar speetrum
made 8t Washington, D, C., in 1950 was previously
reported [1, 2].! This work, having shown great
promise for the instruments and method employed,
induced the attempt to make similar measurements
at a high-altitude station. An invitation from
Donald H. Menzel to make use of one of the Harvard
high-altitude stations for this work was opportune,
After a survey of the expected weather conditions
and the available accommodations at possible high-
altitude locstions, the Climax, Colo. station was
chosen for the month of September 1951.

Climax, Colo. is located on the continental divide
in the heart of the Rocky Mountains about 100
miles southwest of Denver, A location at the new
observatory station on Chalk Mountain, about 2%
milés west of Climax, was assigned for the work.
At this point the altitude is approximately 11,190
ft, so that about 35 percent, by pressure, of the
atmosphere is below the observer, The longitude
and latitude of the station are approximately 106°
12°30°" W and 39°23’45" N, respectively. Climax
was originally chosen by the scientific personnel of
Harvard University and the University of Colorado
for use as a high-altitude observatory for the study
of solar radiation because of its exceptional elimatic
conditions, '

At the temperatures prevailing within the solar
body, the atoms are multiply ionized. Only in the
outer layers of the solar atmosphere, where lower
temperatures prevail, do neutral and singly ionized
atoms occur and also small quantities of a few dia-
tomic molecules (for example, NH, OH, CN, etc.).
Solar-abserption—Fraunhofer lines—results, there-
fore, primarily from absorption by hydrogen and by
neutral and singly ionized atoms of iron, calcium,
aluminum, titanium, echromium, magnesium, and
other elements in the solar atmosphere.

According to current concepts of nuclear physics
[3], the solar energy is produced through the trans-
formation of hydrogen into helium within the highly

i Figures in brackets Indicate the literature references at the end of this paper.

heated central nucleus of the sun. The resulting
gamma rays are absorbed by the overlying gas layers,
which gradually transmit the generated energy to
the solar surface. In general, it probably requires
thousands of years by this process for a specifie
bundle of energy to reach the radiating layer, during
which time its wavelength distribution has been
reduced to that approximsating a black body near
6,000° K. At times flarcs are siected at terrific
velocities from lower solar levels of very high tem-
perature resulting not only in marked changes in
the radiating surface but In increased emission by
the flares themselves. According to Dodson [18],
the emission in these flares is primarily due to atomic
hydrogen. In the course of continuous observa-
tions during a time of excessive solar activity as
many as 83 flares, for which the H, intensity was
estimated to be at least four times the solar back-
ﬁro[und, have been observed within a period of 105
r [19].

The] amount and the spectral quality of the solar
radiant energy reaching the earth’s surface is alzo
affected by absorption of energy by certain vapors,

ases, or dust within the terrestrial atmosphere.

ne of these, ozone, was suspected [4], at an early
stage in astrophysics, because of the fact that the
spectra of all the stars, including the sun, terminated
at about 300 my.

The total solar radiant energy wvaries slightly
from time to time. Furthermore, it can be shown
from Planck’s law that the variations are more
pronounced in the ultraviolet spectrum. But another
factor enters the picture; namely, with greater short-
wavelength intensity more ozone will be produced in
the upper atmosphere. This results in a lower atmos-
pheric transmittance within the spectral region of
300 to 330 mu. Hence, although more ultraviolet
may be emitted, the amount passing through our
atmosphere may change but little or actually be
less than normal.

2. Instruments and Procedure

The observations on the spectral distribution of
the radiant energy from the sun at Climax, Colo.,
were made with the same Farrand double quartz-
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Firure 1. Relalive spectral-response faclors for the complete

speciroradiometer ag employed in the Climax measurements,
935 phototuhe, slit setting=0.08 mm.

prism spectrometer and auxiliary equipment (con-
sisting of the RCA type 935 phototube, 510-cycle
light modulator, tuned amplifier, Ballantine a-c
vacuum-tube voltmeter, and Leeds & Northrup
type A Speedomax recorder) as previously employed
at Washington [1, 2], except that a new type of
siderostat (designed to follow the sun) developed
by the Optical Division of the Naval Research
Laboratory was employed to reflect the sunlight
into the spectroradiometer. '
The entire equipment, except for the siderostat,
was sel up in & quonset hut with the entrance slit
" of the spectrometer toward the south. Through a
small opening in one of the windows of the building
8 beam ofgﬁ;ﬁjght was reflected through the entrance,

slit of the spectrometer onto the center of the first |

lithium-fluoride-quartz collimating lens of the
instrument.

The siderostat was of simple design, arranged
50 that a primary (plane aluminized) mirror re-
flected the heam of light along the polar axis of the
instrument. A second stationary mirror reflected
the beam horizontally into the spectrometer. Thus
each of the mirrors operated at fixed angles relative
to the Jight beam during the day. A synchronous
motor-drive provided for the automatic following
of the sun during the course of each day’s observa-
tions,

To assist in the proper alinement of the sidero-
stat and spectrometer and to reduce the amount
of sky radiation entering the spectrorvadiometer to
8 very low value, diaphragms equivalent to about
2- by 4-in. openings were placed at approximately
2 ft and 5 ft from the entrance slit of the spectrometer.
These, together with the relatively extensive dis-
tance {(about 8 ft) between the primary siderostat
mirror (spproximately 2 by 4 in.) and the spectro-
radiometer aided in keeping the solar beam on the
optical axis of the instrument.

In accordance with the procedure in the previous
work [1], no lens or mirror was employed to produce
an imsage of the sun on the entrance slit of the spec-
trometer because an integrated solar energy spec-
trum was desired. Although the spectroradiometer

was not used most efficiently, according to general
optical principles, because only a small part of
the total available aperture was employed, it was
expedient to operate it in this manner to eliminate
variations in light transmittance through partial
cut-off at the edges of some of the optical parts.

The accurate adjustment and calibration of the
wavelength scale of the instrument was accomplished
through the use of a mercury-arc discharge lamp.
After being unpacked and installed, each section of
the spectrometer was individually adjusted for
highest cnergy transmittance, and the combination
was locked-in for best adjustment at the 313.2 and
405-my emission lines. Wavelength settings of the
instrument were recorded for each of the intense
mercury emission lines between 313.2 and 578 mp
for application to the recorded dats on the sun and
on & tungsten-filament-in-quartz lamp, which was
employed in the radiant energy evaluations. The
Fraunhofer lines lend themselves ideally for use as

‘wavelength standards in the measurement of solar

spectral radiant energy. However, no such indices
are present in the spectrum of the tungsten-filament-
in-quartz lamp, so that a precise wavelength calibra-
tton, together with a system of chart index marking
was highly advantageous. For this purpose, an
index pen on the upper part of the recorder chart
provided an automatic method of wavelength
identification on the chart records. Index marks at
regular intervals defined specific wavelengths, so
that the three sets of data, that for the mercury
arc, the tungsten-filament-in-quartz lamp, and that
for the sun, were readily compared for wavelength
and relative speectral intensity.

The tungsten-filament-in-quartz lamp, manufac-
tured by the Westinghouse Electric Corporation and
described in detail elsewhere [2, 7] was employed in
the spectral radiant energy calibration of the entire
spectroradiometer, including all the optical and
electronic parts from the first siderostat mirror to
the recorder. The lamp served both as a standard
for relative speectral intensity and for absolute
intensity, in microwatts per square centimeter per
unit wavelength. This lamp was standardized in
terms of color tempersture [8], and its spectral
radiant energy was evaluated through the application
of published spectral emissivity data on tungsten [9
to 12}, The true temperature of 2,805° K, character-
istic of the radiation from the lamp, determined on
the basis of the observed color temperature and the
emissivity values of tungsten, establishes the spectral
radiant energy distribution for the lamp.

The reduction of the data on the spectral distribu-
tion of the ultraviolet radiant energy from the sun
was accomplished in a manner similar to that
previously reported [1, 2]. Most of the essential
data employed in this evaluation are given in table
1, iliustrating the various steps involved in obtaining
the instrumental spectral response factors (see fig. 1},

.In the present work the entrance and middie slits
of the spectrometer were zet at about 0.09 mm—a
value that gave a resolution of about 1 myu at 300 mu
(to 2 to 3 my at longer wavelengths). The final
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TABRLE 1.

Relative speciral-energy data on standard tungsten-filemeni-in-quartz lamp ard ils application in the calibration of the

spectral-response factor of the speciroradiomeler

Relative Relati Absolute Recorder Instrtl'l-l
ONArgY | ponissivity eative energy from responsa menia

Wave [ength ﬂ:f; of sgneé:rtgr;l Rmp in t‘?ﬂg";ﬁ_ &g"gﬁas:
T=ROPK | PSSR | o famp | GWIDD/O8 | o sensi. | factors

Cym 14,380 € tivity t | (col. 6+5)

1 2 2 4 5 6 7
WMy .

300 66.2 0. 422 a7.9 0.048 0. 00087 0. 0181
310 971 427 4.6 . 072 -00215 - 0290
320 130 am £0. 2 L104 L0048 0413
330 105 1438 85. 4 ‘148 - 0087 0588
340 264 L443 117.0 L202 L0158 L0767
3% i 4 205,60 '35 043 1o03
: .356 L0429 -1205
370 598 450 264. 8 457 20813 1341

380 741 L4851 334.2 \577 “0249 1471
390 920 ~452 115.8 719 L1150 -1509
400 1128 462 500.0 880 .153 . 1739
410 1361 . 453 616. 5 1,066 1203 L1004
420 1624 452 7340 1. 269 . 264 . 2080
430 1917 . 451 64,6 1,405 a4 - 2204
40 2041 L4490 1006. 2 1,740 1433 . 2500
450 2505 48 1162.6 2,010 .53 L2701
460 2078 447 1331 2 302 .83 . 2580
470 3381 - -5 1505 2. 603 78l -3039
480 3830 444 1701 2.942 097 . 3185
400 1208 442 1809 3. 283 1,083 -3209
500 4787 441 2111 3,651 1.233 L3377
BolE B | = | iw ||
530 6302 -440 2812 4 863 1,584 1307
B0 6564 .39 3057 5. 286 1. 626 - 3076

slit was then set at the minimum value such that
most of the radiant energy passing through the first
two slits reached the phototube at all wavelength
settings between 300 and 600 my.

For operation of the equipment, commereial
110-v., 60-cycle alternating current was available.
Frequency control was assured through interpower
connections, but voltage fluctuations were very
large, probably partly because of heavy and irregular
power consumption at the nearby plant of the Climax
Molybdenum Co, The voltage changes, however,
usually remained within the controlg limits of a
1,000-va voltage regulator that had been incorpo-
rated into the equipment. It was only during a
gingle tempor power failure that measurements
were mterrupte(i’ because of power difficulties.

Measurements of the speetral radiant energy from
the sun were made at Climax over a period of about 3
weeks during September 1951. On each day, except
when clouds inierfered, data were taken between
about 7.30 a. m. and 4.30 p. m. Trees and moun-
tains prevented observations at earlier or later hours.

. These limitations, together with the season of the
year, confined the messurements to solar angles
(zemith distances) corresponding to alr masses
between about 1.25 and 3.00° Snow: and the
accom anymg cloudiness interrupted the work on
several days. During the 3 wecks (September 6 to
27} there were three snowfalls, totaling .approxi-
mately 7 in. These not only rendered the air more
free of haze and smoke but kept down much dust
occasioned by temporary public and private road

1< Ajr mass™ ag employed here refors to tho amount of atmosphere traversed

};Jg the solar rays. It is nomerically equsl to the seeant of the zenith angle of
8 su,

construction and by heavy traffic over nearby
unpaved roads.

Usually the data were recorded in the general order
lustrated in figure 2, except that each curve was

4 5 678
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Fiaure 2. Representalive dafa taken from a seclion of the
recorder chart.

September 28, 1951, approximately 10:30 . m., air mass 1.40.
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repeated before passing on to the next amplifier
setting. Ordinarily the amplifier was first set at a
high sensitivity (sensitivity 8) so that only the
spectral intensities for the shorter wavelengths
appeared on the chart. Successively lower amphtfier
sensitivity settings (7 to 1) were made so that dif-
ferent parts of the solar spectrum appeared on the
upper portion of the chart, the previously reeorded
values being compressed on the lower part of the
record. Usually the small interval of time (about 1
to 2 min.) between records reflected the change in
solar intensity resulting from the small change in
the sun’s zenith distance, or in the air mass. An
appreciable range of the solar ultraviolet spectrum
was thus automatically plotted within a very short
interval of time. 'This rapid scanning speed, made
possible by the high sensitivity of the detecting and
amplifying equipment, was many times faster than
that obtainable through the photographic or the
point-by-point radiometric methods previously em-
ployed by other observers [4, 21, 25].

Except for a few days during the early part of the
work, the temperature within the building surround-
ing the spectroradiometer and recording equipment
was maintained at 70° F (plus or minus a few
degrees). Ordinarily the electronic equipment was
placed in operation about 30 min or more before data
were recorded and was left in continuous operation
until measurements were concluded for the day. As
a further check on the sensitivity of the electronic
equipment throughout each day, numerous checks
were made through the use of a secondary standard
lamp that could be momentarily placed i front of
the spectrometer entrance slit.

Since in a lens-prism spectrometer there are a
number of reflecting surfaces (on the lenses and
prism faces) where the transmitted beam is incident
at angles differing from the normal, a certain amount
‘of polarization of the transmitted energy necessarily
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FicvrE 3. Relative response of the complele equipment as
affected by light polarization by the siderostatl and the spectrom-
eler.

Polarization factor versus air mass.

occurs, Furthermore, since there are two mirror
reflections of the light beam by the siderostat before
it enters the spectroradiometer, there is a varying
amount and direction of polarization in the inecident
beam. As a result of the combined polarizations,
the amount of radiant energy reaching the photo-
tube varies as some function of the relative angles of
the optical elements of the system. In the case of .
all the optical components, except the primary
siderostat mirror, there was little change in the angle
orientations during the measurements at Climax, A
study was made therefore to determine the amount
by which the transmitted radiant energy was affected
by the combined polarization effects of the siderostat
and spectroradiometer as functions of both the wave-
length and the primary mirror angle. ‘The results of
this investigation indicated that for wavelengths
shorter than about 550mu the polarization effects
were independent of wavelength of ineident radiation
within 1 percent. An over-all change approximating
10 percent in the transmitted energy occurred be-
tween an angular setting of 30° and 150°, that is,
between positions of the sun corresponding to air
mass 2.0 in the morning and air mass 2.0 in the
afternoon. These data are summarized by the curve
in figure 3.

3. Spectral Solar Energy Curve

The observations of the solar spectral energy
distribution requires measurements on & source that
is rapidly changing in intensity and gpectral quality,
The small (sometimes large) fiuctuations resulting
from variations in the transmission characteristics
of the terrestrial atmosphere are largely eliminated
through making the measurements at a high-altitude
station above most of the dust and smoke commonly
present in the lower terrestrial atmosphere.

Data on the spectral solar radiant energy are
given in table 2 for a single solar zenith angle cor-
responding to air mass {secant Z)=1.40 for four of
the days during which extensive series of measure-
ments were made., Mean values for & number of
selocted air masses are given in table 3. Data on
other days during the investigation, and not included
in these tables, differ but little from those employed
in the preparation of the tables. Data for selected
air masses fafl approximately on a straight line (see
fig. 4) when plotted in terms of the logarithm of the
deflection (intensity) as a function of air mass.
Extrapolating these lines to air mass 0 gives the
logarithms of numbers representing the spectral solar
infensity outside the earth’s atmosphere. From
determinations at about 25 separate wavelengths
between 300 and 540 mp for each of the 4 days (ap-
proximately 100 determinations) the M, factor in
column 7 of table 2 was determined from a smooth
curve passing through a plot of the wavelength
against the multiplying factors required to give the
values of the intercepts at air mass 0. Most of the
data for one day (September 26) employed in this
evaluation are shown in fizure 4. The slopes of these
lines define the atmospheric transmission coefficients
discussed in greater detail below.
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#ily oulside the atmosphere through graphing
the logarithm of the observed data as o funclion
of the solar angle (air mass).
Climazx, Calo., Beptember 26, 1951,

TaeLe 2, Speciral distribution of radiant energy from the sun,
Chimaz, Colo., September 1951

Altitude of station, 11,180 (t, Alr masg 1.40 and outside the atmosphere, air mags 0.
Energy in microwntts per square centlmetor por 10 ma.

1 2 3 4 ] 6 7 8
Sept. 18. | Bept. 17. | Sept. 19. | Sept. 28. | Mean, M, h
Wavelength | Airmags | Airmass | Airmass | Airtnass | Airmass fact:: Ajrmess
1.40 1.40 1.40 1.40 1.40 T 0
e

9. 5 7.1 6.1 6.3 7.2 6.7 100 £70
302. 5 8.3 14.9 14.7 15.0 13.3 55.7 T4l
04 40.8 40.9 43.0 4.7 43.1 28.9 1246
306 72.3 65. 2 1.1 73.1 70.4 16.7 1178
309.2 128.3 120.1 124.5 120. 4 125.8 0.2 1283
310 124,71 114.6 120. 0 126.7 121. 56 B.60 1045
312 223 208 2156 202 217.0 B. 38 1384
314.9 2457 258 281 280 263.0 5.05 1328
315.8 280 287 275 283 6 4. 64 1282
316. 5 264 247 258 206 ?60 4.30 1116
317.8 378 350 360 375 66 3.87 1415
318. 5 353 325 338 360 342 3.85 1315
321.1 435 408 413 429 421 3.48 1466
321.7 418 380 396 410 404 3.40 1372
3228 404 330 84 397 39 .25 1272
323.5 388 360 386 3 373 3.16 1174
326. 5 480 422 451 461 451 2w 1339
327.5 622 567 581 5492 501 2.78 1842
328. 5 6RO 52 553 i) 562 2.69 1512
330.3 82 645 659 667 663 2.5 1705
331. 5 610 b8 &7 602 504 2. 50 1486
3329 flg 575 591 606 567 2 45 1481
332. 48 03 566 580 542 Jil:1i1 2.42 1418
385.8 619 503 596 609 604 2,38 1426
337 542 510 528 526 526 280 1210
340.8 G52 615 638 634 €35 2,33 1415
341.7 628 580 614 605 L 221 1345
343. 6 642 804 628 621 624 2.18 1360
345 540 505 527 623 24 215 1126
B48.6 i) 650 568 813 SE0 208 1211
361. 6 38 601 619 606 618 .04 1256
2.6 598 56b 524 574 firg) 2.02 1170
a55.1 B84 646 660 648 662 1.%7 1304
358 500 470 486 484 485 1.92 821
360 620 654 625 B26 616 1.80 1164
481 B4 567 581 506 587 1.87 1087
363.8 876 626 38 | B0 850 1.84 1186
3471 806 772 T 818 708 1. 80 1438
368. 6 73 744 V78 0 85 179 1360
a7 R03 74 a01 745 T L76 1396
378 849 623 645 645 641 L72 1101
a7h. 4 E70 346 873 871 865 1.68 1462
480.7 815 o 428 82) 818 ©l.68 1570
38h 575 554 573 T 568 1. 68 B4
287.7 710 604 710 706 705 L.64 1156
301.5 891 874 804 888 889 162 1441
394 685 633 659 657 i) 1. 60 1046
204. 1 778 740 768 Ti5 ) 1L58 1209
W7o 59 716 748 78T 745 1. 587 117
403. 3 1355 1254 1294 1276 1205 1. 52 1068
404 1301 1202 1244 1240 1247 150 1870
410 38 1228 1280 1310 1200 1.47 1857
416.8 1410 1331 1352 1355 1365 1. 43 1951
£21 1346 1516 1348 1343 1351 140 1891
424 1362 1297 132G 1325 1326 1.38 1830
425 1187 1137 1156 1159 1162 1.35 1569
432 1363 1306 1322 1348 13356 134 175¢
436 1408 1346 1351 1374 1372 1.33 1825
441 1652 1513 1505 1840 1528 La 30m
447 1647 1501 1504 1817 1613 1.28 2080
4587 1472 1630 1630 1641 1643 1. 28 2103
488 1561 1518 1522 14535 1534 1.26 1833
432 1612 1571 1568 1577 1582 1.25 1978
487 1501 1473 1463 1473 1478 i.24 1832
497 1566 1547 1532 1547 1548 1.2 1004
500 1549 1527 1518 1533 1631 1.22 1868
509 1578 1568 1548 1568 1569 1.21 1856
520 1518 1481 1481 1481 1496 1.20 174
526 1612 1673 1560 1579 1583 1.195 1892
530 1643 1621 1558 1618 1620 1.19 1928
535 1583 1568 1541 1591 1570 1.185 1861
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TaBLE 3. Spectral distribution of radiant energy from the sun for selected air masses, Climaz, Colo.
Altitude 11,180 ft. Mean for 4 days in September 1961. Radient energy in microwatts per square centitteter per 10 Bva.

1 2 3 4 § 1 2 k] 4 5
Wavelength Alr Enass Alr 1111:158 Alr gmss Alr gmss Wavelength Air lalﬁss Ajr ;nnm Air 1:2nass Air 1311&5&
My my
200, 6 870 25.1 0.9 0.0 367.1 1438 046 622 400
2.5 741 41. 9 2.4 .1 268, 6 " 1369 B4 507 305
304 1246 112.7 10. 2 .0 71 1396 033 623 416
3048 1176 157. 4 21.1 2.8
30%. 2 1233 245 46.9 8.9 378 1102 749 509 44
3.4 1462 1005 602 476
310 1045 225 48.7 10. 6 380.7 1370 047 456 453
312 1384 370 8.7 26. 4 388 845 658 459 320
414.9 1328 4190 132.1 41. 7 /T 11566 813 571 401
315.8 1282 429 142.8 48.1 :
316.5 1116 365 138.8 40.6 381. 5 1441 102} T24 513
394 1046 748 535 333
317.9 1415 540 208 78.6 396. 1 1200 | 873 431 456
318. 5 15 504 183 73. 4 970 1176 848 615 446
3211 14846 821 263 111.3 408.3 1568 1481 1084 B4
2Ly 1372 574 240 100. 5
322.8 1272 548 224 9.2 408 1870 1401 1080 786
. 410 1887 1441 1085 8332
343.5 1174 619 220 101. 2 416. 8 1551 1513 1173 90%
325. 5 1339 617 284 130. 7 421 1891 1488 1171 021
227. 5 16842 788 283 185 424 1830 1454 1156 019
8328. 4 1512 4 360 182 :
330.3 1705 870 444 226 428 1569 1267 1023 826
432 1789 1452 1179 957
33L.5 1486 ki) 402 209 438 1826 1485 1215 992
332.9 1461 72 408 216 441 2001 1651 1362 1124
333.6 1416 754 402 - 214 447 2080 1785 1447 1200
335.8 14%6 e 41% b4
337 1210 668 i) 456.7 2108 1764 1478 1241
468 1933 1839 1360 1178
340.8 1415 451 256 452 1078 1677 1441 1226
341.7 1345 785 438 247 487 1832 1561 1349 1157
343. 6 1360 T80 448 257 487 1504 1543 1417 1223
45 1126 653 39 220
348. 6 1211 717 423 251 500 1568 1621, 1408 1219
A 1888 1647 1438 1265
5L 5 1256 754 453 k7 520 1794 1575 1384 1215
3462.6 1170 00 420 260 528 1802 1666 1467 1202
355.1 1304 8014 496 306 530 1828 1703 1505 1329
358 931 585 366 231
360 1184 740 470 298 635 1861 1648 14681 1284
361 1097 703 450 288 '
363.8 1196 74 502 325

3
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Ficure 5. Speciral distribution of the radiant energy from the

aut.

COlimax, Colo,, SBeptember 1951, (Mean of 4 days.)

Some of the data from table 2 (mean for air mass
1.40 and 0 are shown jn figure 5. In order to simplify
the illustration of these data, the wavelengths in
table 2 for air mass 1.40, were chosen so that they
included maxima and minima as well as the points of
inflection on the solar energy curve. The data
(tables 2 and 3) are nominally tabulated in micro-
watts per square centimeter per 10 mu. They might
better be represented in terms of 1-, 2-, or 3-mg inter-
vals because the effective slit widths were within this
range. ,

The solar-energy curves shown contain numerous
absorption bands varying in magnitude both in
spectral width and in intensity of absorption. If -
reference is made to the Rowland maps and wave-
length data [5, 22] and to the Utrecht photometric
atlas of the solar spectrum [6], it is found that each
band results from one or more groups of intense
Fraunhofer lines. In table 4, which lists the approx-
imate wavelengths of the principal absorption bands
as recorded in the present investigation, are also
listed the prineipal elements and diatomic molecules
responsible for the observed absorption. The wave-
length positions of these absorption bands are in
close agreement with those of the main concentra-
tions of the winged lines [15] in the solar spectrum. -
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TaBLE 4. Location of principel Fraunhofer absorplion regions
of the ultraviolet and shori-wavelengih visible portion of the
solar spectrum, and (from the Rowland and Ulrecht maps) the
elenents in the solar atmosphere primarily responsible jor the
various bands.

¢ Very strong lines result from absorption by the elements marked in boldface
¥De.

1‘::?;:1’; Principal absorbing elements
mu

310 Fer, Ni1, Mn1, Al 1, OH.

316.5 | Fer, Fe1r, Cr 1, Ni1, Ti r, OH.
318.58 | Car, Fer, Ti1, V1,

323.5 | Fer, Ferr, Tinr, Ni1,

328. 5 | Fer, Fer, Tii, Tim, Cor.

331.5 | Fer,Fer, Zro, Na1, Tim, Nit, Mg, Co1.
337 NH, Ti, Nit, Cra, Co1.

345 Fei1, Mni1r, Tirmr, Nizr, Cou.

358 Fer, Ni1, Vi, Sc1r, Co1, Titr, Cri.
375 Fer, Niz1, Tii, Ti,

385 Fer Mgi1, CN.

394 Cam, Al 1, He,

397 Ca 1.

406 H3s.

428 Fer.

436 Hey.

447 Fer1, Tir, Tia, Ca1, Mnr.

468 Mnr, Fer, Ti, Nir

487 Hg, Fe 1.

500 Fer, Fexr, Tir.

520 Mg 1.

535 Fer, Fe1r, Ca1, Crr,

Iron appears to be the principal ultraviolet absorb-
ing material in the solar atmosphere. In spectral
regions where some of the other important absorbing
meterials have superimposed Fraunhofer lines—in
particular, the region between about 340 and 397
my, where Ca 11, NH, CN, and possibly the Balmer
continuum of hydregen, show sirong sbsorption—
there results a spectral region departing significantly
from the normal black-body curve. There appears
to be little absorption due to Fraunhofer lines and
bands near 330 my, and at shorter wavelengths much
less than in the 336- to 394-myu region, because the
envelope of the part of the solar spsctrum at wave-
lengths shorter than 330 mg is much closer to that
of expected 6,000° K black-body curve. '

4, Atmospheric Transmittance and Ozone

The atmospheric transmission curve, depicted in
fipure 6 represents the average data for the 4 days
(September 16, 17, 19, and 26) covered by tables 2
and 3. In this illustration the logarithm of the
obgerved transmittances of unit atmosphere (at
Climax) for the different wavelengths are plotted as a
funetion of the wavelength, which in turn is expanded
[21] according to the function—{g—1)2A~* of the
Rayleigh law of molecular scattering, log TR=—325*
@BN)"Hu—1A—% Hloge. Sineefor the zenith position
the atmospheric depth, H, and the molecular density,

N, are constant, the resulting plot of the logarithm
of the atmospherie transmittances becomes a straight
line in those spectral regions wherein the Rayleigh
law of pure molecular scattering is applicable. In
the present case, any scattering, other than molecular
was small and simply has been combined with the
molecular geattering in giving a straight line of pos-
sibly slightly lesser ordinates. At wavelengths
shorter t%ﬂn about 340mpu ozone absorption enters
the picture. This results in transmission data that
drop below the straight line representative of scatter-
ing alone. The difference in ordinates for any wave-
length in this region between the straight line and
the observed data is a measure of the ozone absorp-
tion for that particular wave length.

In order to translate optical absorption data in the
ultraviolet spectral region into specific amounts of
ozone, absorption coefficients of the pure gas are
required. In the present case, data given by Fabry
and Buisson [16] were employed in %e calculations
of the two curves (fig. 6) representing amounts of
ozone required for a similar amount of optical ab-
sorption. On the bagis of these data, about 0.21 cm
of ozone {nip) was present at the time this solar
investigation was in progress (September 1951).
This value is in close agreement with the average for
the same season of the year as obtained for a similar
latitude, Washington, D, C. [17].

The multiplicity of Fraunhofer absorption bands
(as obgerved with a prism instrurnent) in the ultra-
violet golar spectrum suggests the need of great care
in using a double-prism instrument such as an ozone
meter, unless & reasonable region of the spectrum is
scanned to assure that intensity settings are being
made on specific wavelengths. A very small change,
or error, in wavelength calibration may result in the
shift of the specirum setting from & Fraunhofer min-
imum to & maximum, or vice versa, between two
absorption regions. On the other hand, & scanned
spectrum, such as that obtained in the present work,
offers an ideal method for evaluating ozone, because
g definite pair of wavelengths may be chosen with a
definite assurance that no error in wavelength setting
can be made.
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5. Summary and Conclusions

This work, although performed under ihe expected
difficulties of transporting about 1,200 Ib of delicate
electronic and optical equipment to a more or less
isolated mountain station and setting it up and
gﬁerating it I a temporary building, demonstrates

e relative ease with which the ultraviolet spectral
distribution of the radiant energy from the sun may
be measured with this equipment. From the data
obtained, the spectral distribution of the ultraviolet
(also part of the visible) radiant energy from the
sun has been determined for various air masses at
the earth’s surface (altitude 11,190 ft) and for out-
side the earth’s atmosphere. From the changes in
spectral mmtensity as a function of air mass (solar
angle) the atmospheric transmission coefficients and
the total atmospheric ozone content have been deter-
mined. These determinations are in good agreement
with the best published values. The spectral-cner,
distribution curve shows much greater Fraunhofer
structure than previously reported data for prism
ingtruments. e rapidity of recording assures a
complete spectrum before marked changes can occur
n intensity as the result of air-mass change.

The relative ease with which the ultraviolet spec-
tral distribution of the radiant energy from the sun
may be measured suggests the use of this type of
mmstrument and method for routine use in weather
and ozone studies and in the determination of the
radiant-energy spectra of some of the brighter stars
[23]. Photoelectric equipment of this type is at
least a thousand times as sensitive as the best radio-
metric apparatus ﬁI:rea-*n?.n.tly available. As limited
amounts of spectral data have heen obtained radio-
metrically for some of the brighter stars, there ap-
pears to be no question regarding the feasibility of
using a photoelectric spectroradiomster in conjunc-
tion with a large telescope on some of the stars or
possibly brighter nebulas.

The author expresses his deep appreciation and
gratitude to Walter O. Roberts and other members
of the High Altitude Observatory staff for placin
the facilities of the Climax station at our dispos
and otherwise rendering assistance to us while there;
to Norton Baron for helpful assistance in the opera-
tion of the equipment in the field; to Russell Johnston
for carrying out many of the tedious caleunlations
involved; and to the personnel of the Optics Division
of the Naval Research Laboratory for their intense
interest and other cooperation in the investigation,
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