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ABSTRACT

Measurements made at an altitude of 11,150 feet on Mauna Loa in
Hawaii with instrumentations recently developed at the National Bureau of
Standards have yielded new solar spectral irradiance values (outside the

atmosphere) within the region of 3100 to 5300 Angstroms 0 With two inde-
pendent polar-axis -mounted instruments, a double -quartz -prism spectro-
radiometer, and a photoelectric-filter radiometer, each incorporating
integrating spheres., closely agreeing spectral data were obtained on
several days during August, 1966. A short -wavelength solar curve thus
obtained agrees closely with the Johnson curve* near 5250 A, but averages
approximately 10 percent lower than the Johnson curve at shorter wavelengths,,
With the use of a new solar curve embodying the Smithsonian data without
change as tabulated by Johnson at wavelengths above 5250 A and our data at
wavelengths up to 5250 A, integration of the area under this curve results
in a value of the solar constant of 0.136 watt per cm^, or 1.95 calories per
cm^ per minute

«

*Fo S, Johnson, J. Meteorol. 11

,

431 (1954)
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io Introduction

The solar constant is the solor irradiance on a unit surface perpen-
dicular to the solar rays at the earth s mean distance from the sun. This
power has been measured by various observers with results ranging from
about 1.89 to 2 o 05 calories per square centimeter per minute * Measurements
of the total and spectral solar irradiance made by Abbot and others x of the

Smithsonian Institution established the solar spectral irradiance to a rela-
tively high degree of accuracy from the visible through the infrared* How

-

ever^ most of these data as well as those obtained by Pettit and other s^ did
not extend far into the ultraviolet region of the spectrum* These early
data were summarized by Moon3 in 1940. A later summary by JohnsonA in 1954
included Naval Research Laboratory Rocket data^ for the short wavelength
ultraviolet spectral region based upon carbon-arc -lamp calibrations^ (of

questionable accuracy but best available at the time) and measurements by
Dunkelman and Scolnik^ In the longer -wavelength ultraviolet and visible re-
tions of the spectrum from about 300 to 680 nm based upon an early NBS
standard of spectral irradiance * More recent summaries and discussions^
relating to the solar constant and the solar spectral irradiance have empha-
sized the lack of close agreement among the various investigators and the

argent need of more accurate spectral solar Irradiance data, especially in
the ultraviolet and visible regions of the spectrum.

Most of the early measurements by Stair et al^3 at various locations
have unfortunately served more to map the general shape of the ultraviolet
solar irradiance curve than to give absolute spectral values. This resulted
in large part because of an unnoticed difficulty in the performance of the
conventional spectroradiometer; namely, the problem of correcting for, or

eliminating, errors introduced into the measurements by variations in the

sensitivity of detectors 1 ^ over their surfaces. Nor was this problem re-
cognized or solved in the measurements by most other workers in this field*

In the development of new instrumentation and methods for the measurement of
solar simulator sources iZ it was found that the use of a diffusing or inte-
grating sphere at the entrance slit of a spectroradiometer eliminates the
errors introduced into the measurements by variations in the sensitivity of
detectors over their surfaces and of transmittance s of spectrometers over
their apertures. Only in the measurements by Dunkelman and Scolnik was a

relatively satisfactory diffusing surface employed in the form of a flat
MgCOg -block set at an angle of 45 degrees.

"The availability of new highly sensitive equipment with efficient inte-
grating spheres together with the urgent need for more accurate spectral solar
data in space work thus prompted a new investigation in this area.
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II. Instrumentations and Methods

In this investigation two instrumentations were employed, each mounted
on a polar axis to automatically follow the sun so that the recorded de-

flection was a measure of the solar irradiance on a surface normal to the

rays of the sun.

The instrumentations were located at the Mauna Loa Observatory which
is situated on the north slope of Mauna Loa, Hawaii (North Lat. 19° 32' 22".

152, West Long. 155° 34* 42"«528) at an altitude of 11,150 feet. This loca-

tion provides a station having uniquely clean atmosphere with an extremely
low water vapor content (except when atmospheric flow is up-mountain) „ In-
formation on the establishment of, and other details regarding this station,

may be found elsewhere^.

A. The Conventional Double -Quartz -Prism Spectroradiometer

The double -quartz -prism spectroradiometer employed in this investi-
gation consisted of a modification of the instrument previously used on
Sacramento Peak14 and elsewhere . Solar irradiances as obtained with the
un-modified instrument for air masses of 0 (outside the atmosphere) and for
air mass 1 at Sacramento Peak are shown in figure 1. A layout of this in-

strument as modified for use at the Mauna Loa Observatory is shown in figure
2. The solar beam passes through a diaphragmed tube which limits the sky

irradiance to a small conical angle (defined by a tube 9 inches in length
with apertures of 2 inches and 0.5 inch) surrounding the sun.

The solar irradiance is diffused over the inner surface of a 4-inch
hollow sphere coated with BaS04 and MgO for high and uniformly diffuse
reflection.* Thus the spectrometer slit is exposed to a uniformly irradiated
area which completely fills the instrument aperture with the solar source
during measurement and with the standard source during calibration.* As a

result errors due no variations in spectrometer transmittance over the in-

strument aperture and to variations in sensitivity over the detector surface
are eliminated-^ . Diffusing sur faces

-

D and spheres 1 have been used by
others, but unfortunately most solar measurements of spectral irradiance have
been made with spectroradiometric equipment devoid of this important accessory
and so are of questionable accuracy

„

In the present measurements the irradiance is chopped at a frequency of
33 u 9 c/s before entering the spectrometer, and the modulated signal is picked
up by a photomultiplier at the exit slit of the instrument. An RCS type 1P28
multiplier phototube was operated with an overall voltage of 500 volts. The
phototube output was fed to a Brower model 129 lock-in amplifier-^ and thence
to a strip chart recorder.

The spectrometer is housed in a heavy aluminum box with the temperature
thermostatically controlled at the level normally reached near the middle of
the day* To eliminate the use of extraneous mirrors, etc., the spectrometer.
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together with the integrating sphere and diaphragmed tube, the chopper,
and photomultiplier detector are mounted on a motor -driven polar axis to

automatically follow the sun from early morning to late afternoon* For
other details of the setup reference should be made to an earlier report^*

In operation, a manually -controlled three-speed motor wavelength drive
permits forward or reverse rotation of the wavelength drum at any one of

three speeds., In the present work a single speed was employed with operation
in both directions, but with the reverse run used only as a check on the
forward run (with increasing wavelength) 0

Wavelength calibrations were obtained through the use of a mercury arc

lamp^ (see figure 3) and by making use of the known Fraunhofer structure of
the solar spectrum* At three arbitrary positions on the wavelength drum
pins were placed in the wavelength drive to momentarily operate microswitches
thereby superimposing pulses on the strip chart record (see the points marked
C in figure 3) * These index points permitted precise wavelength marking when
the standard lamp was in place*

Spectral radiant energy calibration of the spectroradiometer was accom-
plished through the use of an TQ'BS 1000-watt quartz iodine lamp standard of
irradiancei^, 19 (see figure 4). In order to permit rapid and precise setting
of this standard in exact position it was rigidly mounted on a four -legged
super structure which could within seconds be lifted and firmly clamped into
place. This mounting contained blackened shielding to prevent direct or re-
flected sunlight from entering the spectrometer during calibration with the

standard lamp*

B. The New Photoelectric Filter Radiometer.

’The photoelectric filter wheel spectroradiometer employed in this work
was originally set up in its general form for use in solar simulator spectral
irradiance measurements^z

o A modified form of the instrument was automated
and set up to cover the ultraviolet spectral region only, through the use of
ten filters (nine narrow-band and one wide -band) for use in a study of solar
and sky irradiance at two locations in the Los Angeles area^O. Following
the Los Angeles measurements the instrument was modified by placing a dia-
phragmed tube over the sphere opening as shown in figure 5. It was mounted
on a polar axis, and measurements of direct solar irradiance were made on
Table Mtn. (in California) as a function of air mass on several relatively
clear days from October 28 to November 1, 1965, before transporting it to

Mauna Loa in August 1966 * In figure 6 is shown a section of a strip chart
illustrating the type of record obtained with this instrument*

In this filter radiometer the direct solar irradiance is collected in
an integ4ating sphere coated with a thick layer of BaSO,. dusted with MgO*
The entrance and exit ports are each 1/2 inch in diameter; the sphere dia-
meter is 4 inches* The entrance port is shielded with a tube and a 1 inch
defining aperture at a distance of 9 inches to limit the angular aperture
to a small conical angle surrounding the sun* The exit opening is covered
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by a shield and a Corning 9863 filter to eliminate any visible radiation
that might be transmitted by the ultraviolet filters 0

A filter wheel carrying the 10 interference filters and 2 blanks (zero

transmittance) was set at about 6 inches from the sphere exit port so that
a narrow beam of ultraviolet flux passed nearly perpendicularly through
each of the filters onto an RCA type 935 photoelectric cell as the filter-
wheel was step -rotated by a synchronous motor and geneva -drive mechanism.
In this manner, each filter and each blank (zero transmittance) was positioned
for a period of about 10 seconds sufficient time for the recorder to plot the —
phototube output on a chart (See figure 6). The optics, photoelectric detec-
tor and the motor drive were completely enclosed in a light-tight box painted
white on the outside and black inside. This assembly was mounted on a polar
axis to automatically follow the sun.

For purposes of calibration at intervals during each day an NBS 1000-

watt quartz iodine lamp standard of spectral irradiance^, 19 was precisely
positioned above the integrating sphere in a manner similar to that employed
with the prism spectroradiometer . The response through the 10 filters was
recorded for several rotations of the filter wheel » The spectral transmittances
of a set of 9 narrow-band interference filters used for this type of filter
radiometry are shown in figure 7* The filters actually used were from another
set having nearly identical transmittances and provided with a quartz seal at —
the edge for increased stability. Each filter has a half -band width of
approximately 10 nm and their centroids are situated near even 10 nm wave-
lengths from 310 nm to 390 nm 0 The centroid wavelengths of the two sets of
filters are given in Table I, as are also (in column 2) the relative response
of RCA type 935 phototube (#5) when irradiated by the NBS 1000 -watt quartz
iodine lamp standard of spectral irradiance #131 through Corning filter 9863
and each interference filter in turn.

An examination of column 2 of Table I discloses that there is a factor of
more than 10 between the highest and lowest instrument readings with the —
standard lamp. To keep all data on a reasonable chart scale, perforated metal
screens of appropriate transmittance were permanently placed over most of the
filters so that in all cases the shortwave spectral regions produced readable
deflections while the other spectral regions produced deflections not exceeding
the chart limits or the fatigue level for the phototube. The transmittance
values of these screens, which ranged from a few to as high as 70 percent, were
not measured as their effects cancel out in the calibration of the radiometer.
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III. Spectral Solar Energy Distribution

The methods for reduction of the data obtained with the two instrumen-
tations are similar, and most of the details are described in previous re-
ports on the use of the double -prism type of instrumentation 1 '-'. In each
case the measured value of spectral solar irradiance at each wavelength
defined by a narrow-band filter or by a Fraunhofer line is plotted as a

function of standard time. Mean values are read from the resulting plots
at selected air masses* The air mass has been computed from the cosecant
of the solar zenith angle and applies distinctly to the altitude of the

station at which the measurements are made* Air mass 1 is taken as the

mass of air directly above the particular station. For use in the present
work the air mass has been calculated through the use of the American
Epbemeris and Nautical Almanac, Balls Altitude Tables, and published data
of angular cosecants as described in previous reports^, 21 on so lar measure-
ments in various localities.

Figure 8 is a modified plot of the average data obtarned for 3 clear
days on Kauna Loa (Aug. 15, 18 and 19, 1966) when using the filter radio

-

meter * The plotted data were adjusted so that the nine curves could be shown
in ascending wavelength order with nc cross over. The solar irradiances out-
side the atmosphere are obtained by extrapolating these data to air mass 0 and
by applying calibration factors for instrumental sensitivity at the various
wavelengths. A similar procedure was followed in the case of the prism
spectroradiometer, except that solar irradiance was plotted directly as a

function of air mass. The use of different stand lamps and other variations
in instrumentation on the three days (Aug* 20, 21, and 23) on which these
data were taken required conversion of the data to solar irradiance before
plotting as a function of air mass.

The spectral solar irradiances for a mean solar distance (outside the
terrestrial atmosphere) are plotted in figure 9 as obtained with each instru-
ment for an average of 3 days (in each case) in August 1966 at the Mauna
Loa Observatory.

The prism spectroradiometer data are shown by the solid circles connected
with a solid line in the ultraviolet and by a dotted line from about 400 to

530 nanometers. The data shown in this curve were obtained with rather wide
slits on the monochromator. These slit widths were chosen to give a band width
of approximately 100 Angstroms in the mid-part of the spectrum for 'two reasons:
first to provide data for a wide pass band similar to that established in the
Johnson solar curve, but second and more important to increase the irradiance
available at the detector. The latter was most important since the integrating
sphere reduced the available flux at this position by a factor approximating
1000. As previously employed this spectroradiometer was usually set to give a

spectral dispersion of the type shown in figure 1, taken with ordinate modifi-
cation from reference 14.

The filter radiometer data are shown by the solid stepped line also in
figure 9. These data are shown for and apply to a 10 -nm band centered at the
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even wavelengths 310, 320 . . .

.

390 nm; although as shown in table I the

centroid for each filter is slightlydifferent.* * It is recognized that
a small error ; possibly not greater than from 1 to a few percent, re-

sults, but there is no easy way to calculate it or correct for it. The
only approximate solutions are to use filters precisely centered or to

plot the results at adjusted wavelengths « The complex structure of the

Fraunhofer spectrum results in uncertainties in any procedure.

As a rough mean of the results by the two instrumentations a dotted
curve has been drawn from the spectral region of 300 nm to join with the
prism spectroradiometer curve at about 400 nm. This curve is presented
as best representing the 1966 observations

„

IV. Atmospheric Transmittance and Ozone

The atmospheric transmittance curve calculated on the basis of the
solar data for the 6 days (Aug. 15,18,19,20,21 and 23, 1966) is given in
figure 10 „ It is to be noced that this curve is slightly higher than a

similar one obtained at Mauna Loa x^ a in 1957 „ It is believed that at
least part of this difference lies in the technique of plotting the flat
part of the curve 0 In both cases considerable difficulties were encountered
in keeping the aeisel electric generators operating at proper voltage and
frequency so that all readings scattered over a much wider range than if

commercial power had been available, even though a special crystal-con-
trolled electronic power supply was used to operate the . lock-in amplifier.
It is presumed that the ozone concentration in the upper atmosphere was
between 0 e'25 and 0.30 cm (based upon the Vigroux^ 0 transmission coefficients
for ozone) or between 0.20 and 0.25 cm (NTP) if based upon the Fabry and
Buisson^ transmission coefficients . This conclusion is based not only upon
our previous measurements 1^0 but also on other work at this station* as the

* Similar data obtained by using a different set of filters at Table Mountain,
California in 1965 are shown by the circles superimposed upon figure 1. These
data are slightly higher, especially in the spectral region of 320 to 360 nm.

A larger diaphragmed opening (2 inches) was employed permitting a much larger
conical angle of sky irradiance to enter the diffusing sphere and to reach the
detector. For this reason these data are too high by several percent. Also
smoggy conditions near the noon hour and in the afternoon render their useful-
ness questionable. They have therefore been neglected in setting up the mean
curve of figure 9.

* A summary report by Arlette Vassy^ includes a curve for the seasonal varia-
tion of ozone at the Mauna Loa Station. This indicates a value of about 0.275
cm (NTP) for late August* Measurements with the same instrumentation by one
of the authors (H.T.E.) and his staff on the six days covered in the present
work ranged from 0.283 to 0.292 cm, the mean value being 0.288 cm (all measure-
ments being based on the Vigroux coefficients)

.
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present calculations are widely scattered,, Thus (with reference to

figures 9 and 10) it may be presumed that the prism spectroradiometric
solar data at 312 nm are too high while the filter data at 310 are too

low, and that the correct value lies somewhere in between. The mean
curve in figure 9 has been so drawn.

V 0 The Solar Constant

The solar constant has been defined in an earlier section of this
paper as the solar irradiance available upon a unit surface perpendicular
to the solar rays at the earth^s mean distance from the sun* Hence, when
one knows the spectral irradiance at this position the total may be found
by integration over the limits of the. solar spectrum -- which for practical
purposes is from about 100 nm to 10,000 nm. The spectral data reported in
the present paper cover only a small part of this range. However, most of
the remainder is either insignificant in total amount (only about 1 percent
lies outside the range of 300 to 7,000 nm) or else has been measured to a

relatively high degree of accuracy » The range from about 500 nm to 7,000
nm falls in the latter category,. Hence, the present measurements cover that
least known spectral region of 300 to 500 nm.

The tabular values representing the Johnson curve are also plotted in
figure 9o As noted earlier the measurements by Dunkelman and Scolnik in the
spectral region of 300 to 680 nm were incorporated in this curve „ But this
was after their first being increased by 6 percent^ to match the Moon3 (or

Smithsonian scale) curve in the infrared, the match being made at 600 nm„

An additional adjustment of the Moon curve of 2 0 8 percent upward (by Johnson)
resulted in a total increase of the Dunkelman and Scolnik data by about 9

percent. Since the NBS standard of spectral irradiance*? employed by Dunkei-
man and Scolnik had values that are about 4 1/2 percent" 5 high compared to

those of the recently developed quartz-iodine lamp standard of spectral
irradiance, it appears that their data as used by Johnson might be about 13

percent high in the spectral region of 300 to 680 mru The calibration of

their standard^ was based upon color temperature and published values of

tungsten emissivity, but it was the best available from the National Bureau
of Standards at that time. Since then the new quartz -iodine lamp stand-
ards 1*^ ^9.?25 based upon the radiance of a blackbody at a known temperature
have been developed. The latest of these standards is the 1000 -watt lamp
illustrated in figure 4.

In terms of the 1966 Mauna Lea spectral solar data we find the Johnson
curve to be (on the average within the spectral range of 300 to 520 nm) about
10 percent high. Hence it is concluded that the original Dunkelman and Scolni
data were probably closer to the true value than the resulting Johnson curve
in this region.

In setting up Table II the incorporated data are given for the same wave-
lengths as used by Johnson^'. Since, as indicated above, the spectral values
for wavelengths within the spectral range of 220 to approximately 310 nm were
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arbitrarly matched to the Dunkelman and Scolnik data (which was raised
about 9 percent and based upon a high standard) we have accordingly lowered

these data^ over this spectral range by 13 percent from the values originally
published by Johnson^** For the region of 310 to 525 nm the mean of the

Mauna Loa data as shown in Figure 9 were used* For the region of 525 to 7,000
nm the Smithsonian data, as tabulated in the Johnson curve, were used without
change.

An integration of the complete solar curve as tabulated in Table II

results in a solar constant of 0*136 watt per cm2, or 1*95 calories per
cm2 per minute* It is interesting that this value agrees closely with the

mean of the data reported by the Smithsonian Institution through the years.
Also of interest is a similar value recently obtained by Drummond^ et. al.

as a preliminary result of filter radiometric measurements on high flying
aircraft. It is also interesting to note that when the Sacramento peak
measurements by Stair and Johnson^ are increased by 4 1/2 percent because
the standard of spectral irradiance used at that time is now recognized as

low by that amount, the resulting^value for the solar constant is reduced
from 2*05 to 1*96 calories per cm2 per minute*

The authors express their sincere appreciation to the Environmental
Science Services Administration and in particular to Dr. Helmut Weickman
and the members of the staff of the Mauna Loa Observatory for making that

station available and for assisting us in many ways in this work; also to

Mr* William R. Waters of the National Bureau of Standards for assistance
throughout the investigation.

The work reported in this paper was supported by the National Aeronautics
and Space Administration*

* In a later publication^ Johnson has revised his curve for wavelengths
shorter than 260 nm, based upon some new measurements by Detwiler z ?, et al*

These changes are small radiometrically and do not affect the value of the
solar constant significantly.
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LEGENDS TO ILLUSTRATIONS

1, Spectral distribution of the irradiance from the sun (after Stair
and Johnston, Ref, 14) with ordinate reduced approximately 4,5 per-
cent to correct to new standard of spectral irradiance. Circles in-

dicate solar intensities from Table Mountain filter measurements of

1965c

2, Optical layout of Carl Leiss monochromator and block diagram of com-
plete double quartz -prism spectroradiometer as employed in solar
irradiance measurements,. The polar axis is not shown and the sphere
with the diaphragm is rotated 90° for purposes of illustration,

3, Section of strip chart record illustrating the performance of the
double monochromator as set up for this work with a high pressure
mercury arc as source, The sharp "dips" at C result from impressed
wavelength signals 0 The dip at S results from an arbitrary sensitivity
shift to keep the complete spectrum on the same scale.

4 0 The NBS 1000-watt standard of spectral irradiance,

5 a Block diagram showing the instrumental setup of the spectral ultraviolet
filter wheel spectroradiometer «> The box containing the optics and motor
drive was placed on a polar axis to automatically follow the sun,

6, Section of strip chart covering 5 rotations of the filter wheel daring
mid-morning, This shows the constancy of the zero deflection and the
gradual increase in solar irradiance during this period of about 12

minutes,

7c Spectral characteristics of the optical components of the ultraviolet
filter wheel spectroradiometer (as used at Table Mtn») , New (and similar)
narrow-band filters were employed on Mauna Loa. The ordinates are exact
for the nine filters, divided by 5 for Corning glass No, 9863, but relativ
only for the phototube, standard lamp and for the smoothened solar curve

„

8, Determination of the deflections representing the spectral solar irradianc
outside the atmosphere. Mean of data for three days in August 1966,

9, Solar spectral irradiance curve outside the earth* s atmosphere, corrected
to mean solar distance. Open circles, Johnson data (from ref, 4), New
data, mean for 3 days in August 1966 on Mauna Loa for each instrumentation

10.

Atmospheric transmittance above Mauna Loa Observatory, altitude 11,150
feet. The ozone transmittance curves are based on the Fabry and Buisson
transmission coefficients (ref, 23),
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Table II. Solar Spectral Irradiance Data

Wavelength X is given in nanometers for the center of the spejtral
band, the mean zero air mass spectral-irradiance E^ is in W ,

AX is the wavelength interval used in computing £Eq_^ and P0-X. IE0-*
is the summation of the irradiance for the represented and shorter wave-
length intervals in units of 200 times W cm”2 , and is the percentage
of the solar constant associated with wavelengths shorter than the long-
wavelength limit of the represented wavelength interval.

Finally, E
g is the solar constant in W cm” 2 and in cal cm” 2 min, "1.

X ,nm EX AX EE0-X po-x

220 0.0026 5 0.0026 0.01

225 .0037 5 .0063 0.02

230 *0046 5 .0109 0.04

235 .00 47 5 .0156 0.06

240 .0051 5 .0207 0.08

2U5 .0056 5 .0263 0.10

250 .0056 5 .0319 0.12

255 .0088 5 .0407 0.15

260 .on4 5 .0521 0.19

265 .0176 5 .0697 0.26

270 .022 5 .0917 0.34

275 .020. 5 .1117 0.4l

280 .021 5 .1327 0.49

285 .030 ^ 5 .1627 0.60

290 .046 5 .2087 0.77

295 .055 5 .2637 0.97

300 .054 5 .3177 1.17

305 .059 5 .3767 1.39

310 .067 5 .4437 1.63

315 .072 5 .5157 1.90



320

325

330

335

340

3*45

350

355

360

365

370

375

380

385

390

395

4oo

405

4l0

415

420

425

430

435

44o

.075

.063

.093

.091

.092

.096

.101

.105

.104

.109

.115

•113

.115

.107

.108

.109

.150

.180

.178

.178

.177

.171

.157

1163

.174

5 .5907 2.18

5 .6737 2.1*8

5 . .7667 2.82

5 . .8577 3.16

5 .91*97 3.50

5 I.0U57 3.85

5 1.11*67 1*. 22

5 1.2517 4.61

5 1.3557 1*.99

5 1.1*61*7 5.39

5 1.5797 5.82

5 1.6927 6.23

5 1.8077 6.6-6

5 1.91J*7 7.05

5 2.0227 7.1*5

5 2.1317 7.85

5 2.2817 8.1*0

5 2.1*617 9.06

5 2.6397 9.72

5 2.8177 10.1*

5 2.99 1*7 -11.0

5 3.1657 11.7

5 3.3227 12.2

5 3.1*857 12.8

5 3.6597 13.5



445 ®l86 5 3.8457

450 ,192 5 4,0377

455
“7 01

<e) d* 5^ du 5 .
4.2287

460 41 i50 5 4.4187

465 ai.90 5 4.6087

470 ®190 5 4.7987

475 .194 5 4.9927

480 ,195 5 5,1877

485 al84 5 5,3717

490 .183 5 5.5547

495 .190 5 5.7447

500 ,190 5 5.9347

505 0X89 5 6.1237

510 *192 5 6.3157

915 ,194 5 6.5097

520 ®191 5 6.7007

525 a192 5 6.8927

530' a 195 5 7.0877

535 a 197 5 7.2847

540 a 198 5 7.4827

>45 a!98 5 - 7.6807

550 *195 & 7.6757

555 a 192 5 8,0677

14.2

14.9

15.6

16.3

17.0

1 »7 *7
•^M(

18.4

19.1

19.8

20.5

21 3 2

21.9

22.5

23.3

24.0

24.7

25.4

26.1

26.8

27..

6

28.3

29.0

29.7



560 .190

565 .139

570 .187

575 .187

580 .187

585 .185

590 .1814

595 .183

600 .181

603.75 .1795

6l0 .177

620 .17**

630 .170

6Uo .166

650 .162

660 .159

670 .155

680 .151

690 .116

700 .111

710 .111

720 .137

730 .131

8.2577 30. *4

8. 1*1+6T 31.1

8.6337 31.8

8.8207 32.5

9.0077 33.2

9.1927 33.8

9.3767 3*4.5

9.5597 35.2

9.71*07 35.9

9.8305 36.2

10.181*5 37.5

10.5325 38.8

10.8725 *40.0

11.201*5 U1.3

11.5285 **2.5

11. 81*65 **3.

6

12.1565 I4I4.8

12.1*585 **5.9

12.751*5 **7.0

13.01*25 *48.0

13.321*5 **9.1

13.5965; 50.1

13.8665 51.1

5

5

5

5

5

5

5

5

5

2.5

10

10

10

10

10

10

10

10

10

10

10

10

10



7*0 s 130 10 14.1265 52.0

750 ,12? 10 14.3605 53-.Q

765
*1 00^

& t,

.

§
20 14.3713 54.8

800 . *1127 50 15.9983 58.9

850 « J.GO3 50 17.0013 62.6

900 *0895 50 17.8963 65.9

950 ,0803 50 18.6993 68.9

1.000 ,0729 50 19.4243 71.5

1037*5 6 O68O 25 19.7643 72.8

1100 * O6O6 100 20.9763 77.2

1200 *0501 £00 21.9783 80.9

1300 *040 .0 100 22,7903 83.9

M£rOO *0328 100 23 • 44t>j 86.3

1500 .026? 100 23.9803 88.3

1600 • 0220 100 24.4203 89.9

1700 ,018.2 100 24.7843 91.26-

1800 • 0152 100 25.0863 92.38

1900 e 01<i j

f 4 100 25.3431 93.32

2000 •01079 100 25.5589 94.31

2100 e 00917 100 25.7423 94.79

2200 •00785 100 25,8993 95.3.7

2300 •00676 100 26.0345 95.8.7

2400 •00585 100 26.1515

•

96.3.0

.00509 100 26.2533 96.6?2500



2600 .001*1*5 100 26.3423 97.00

2T00 .00390 100 26.1*203 97.29

2800 .0031*3 100 26.1*889 97.54

2900 .00303 100 26.51*95 97.76

3000 .00268 100 26.6031 97.96

3100 ,00230 100 26.61*91 98.13

3200 .00214 100 26.6919 98.29

3300 .00191 1G0 26.7301 98.43

3^00 .00171 100 26.761*3 98.55

3500 .00153 100 26.791*9 98.67

3600 .00139 100 26.8227 93.77

3700 ,00125 100 26 . 81*77 98.86

3800 .00111* 100 26.8705 98.94

3900 .00103 100 26.8911 9$.:02

1+G00 .00095 100 26.9101 99.09

1*100 .00037 100 26.9275 99.15

1*200 .00080 100 26.91*35 99 .a'

1*300 .00073 100 26.9581 99.27

1*1*00 .00067 100 26.9715 99.32

1*500 .00061 100 26.9837 99.36

1*600 .00056 100 26.991*9 99.40

1*700 .00051 100 27.0102 99.46

1*800 .0001*8 100 27.011*7 99.47

1*900 • G00l*l* 100 27.0235 99.51



5000 •00042 100 27.0319 99.54

5275 « 00036 450 27.0643 99.66

6000 000021
.

. 1G00 27.1063 . 99.81

7000 • 00012 1000 27.1303 99.90

47500 ® 00014* 1000* 27.1574 100.00

Total 27.1754

Eg- *1356 W/c321^ or la947 cal/(cm^« min)

Effective Value



LEGENDS TO ILLUSTRATIONS

1. Spectral distribution of the irradiance from the sun (after Stair

and Johnston, Ref. l4) vith ordinate ! reduced approximately U.5

percent to correct to new standard of spectral irradiance. Circles

indicate solar intensities from Table Mountain filter measurements of

1965.

2. Optical layout of Carl Lei3s monochromator and block diagram of complete

I •

|

double quartz-prism spectroradiometer as employed in solar irradiance

I-
'

measurements. The polar axis is not shown and the sphere vith the

diaphragm is rotated 90° for purposes of illustration.

3. Section of strip chart record illustrating the performance of the

double monochromator as set up for this work vith a high pressure

mercury arc as source. The sharp ’‘dips” at C result from impressed

wavelength signals. The dip at S results from an arbitrary sensitivity

\ ,
shift to- keep- the complete spectrum on the same scale.

4. The NL3 1000-watt standard of spectral irradiance.

5. Block diagram shoving the instrumental setup of the spectral ultraviolet

filter wheel spectroradiometer. The box containing the optics and

motor drive was placed on a polar axis to automatically follow the

sun •

6. Section of strip chart covering 5 rotations of the filter wheel during

mid-morning. This 3hovs the constancy of the zero deflection and the

gradual increase in solar irradiance during this period of about 12

minutes.
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7 • -Spectral characteristics of the optical components of the ultraviolet

filter wheel spectroradimeter (as used at Table Mtn. ). New (and

similar) narrow-band filters were employed on Mauna Loa. The ordinates

are exact for the nine filters , divided by 5 for corning glass No.

9863 , but relative only for the phototube , standard lamp and for the

smoothened solar curve.
1

i

8* Determination ax’ the deflections representing the spectral solar
i

!

4
. irradiance outside the atmosphere. Mean of data for three days in

August 1966 .

9« Solar spectral irradiance curve outside the earth*s atmosphere, cor-

rected to mean solar distance « Open circles, Johnson data (from

ref. 4). New data & mean for 3 days in August 1966.on Mauna Loa for

each instrumentation.

10. Atmospheric transmittance above Mauna Loa Observatory, altitude 11,150

feet. The ozone transmittance curves are based on the. Fabry and

Buisson transmission coefficients (ref. 23)*
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