
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER

GREENBELT, MARYLAND 20771

USA.

August 25, 1972

Mr. Bruce Hartel
Mail Code 1610,
Martin Marietta Corporation
P. O. Box 179
Denver, Colorado 80201

Dear Mr. Hartel:

I am enclosing my comments on "Monitoring the total and
spectral irradiance of the Sun from the ASF." On the phone
I had discussed this with you. It took longer time in
writing than I had planned. Perhaps you may be able to
make some use of this in your September 20-21 presentation.
And if I can be of any help with slides or some other way
please let me know.

I am sending to Dr. R. D. Hudson a copy of this as also of
'Murray Mitchell's paper.

Some notes on Table 4.1 of Baseline Summary meant for your
consideration are typed separately. No copy of this is being
sent to Dr. Hudson.

In the Baseline Summary, p. 21, you speak of in-situ measurement
of the ambient. I fully agree with you that this is beyond
the scope of the present study. But, I think, it is of
importance to all experimenters that the spacecraft management
group look into this carefully. Dr. Kovar discussed it at
the September 70 conference. Recently I had occasion to examine
this problem; a brief paper (Paper 68 of SP 298) was written;
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I am enclosing a copy. Perhaps the experimenters can make
a strong case with the Spacecraft Management that contamination
monitoring is an essential housekeeping function.

Sincerely,

f, Hctus Aare
M. P. Thekaekara

P.S. I am looking forward to seeing you at the Houston meeting.

2



Appendix 1

Baseline Summary, ASF, Suggestions

The following suggestions might be considered for the next
edition, if any, of Table 4.1, pp. 18 sqq. 2.1.1 'Total solar'
should preferably be 'Solar total and spectral.' In 2.1.1
the wavelength range should be 1250 to 3500A and not 2000 to
3500A; otherwise the region 1250 to 2000 will be left uncovered.
It is a region where NRL data are 2 to 3 times higher than
more recent data, and the Sun apparently has a great variability.It is an important region for atmospheric physics. Resolution
should be 12 to 35A. Radiance level is given as 212 MR; should
be 21.4 w 2 nm~. Rayleigh is a useful radiance unit for
an extended object of low energy output. Solar energy should
rather be. expressed in irradiance units at 1A.U. You mayalso want to consider changing the title of column 4 to
Irradiance and Radiance levels.
3.2.2 Change title to 'Solar, total and spectral'; that will
help to show that the spectral distribution is an essential
parameter. Range and resolution were inadvertently omitted
in this line. If \/dA is 100, resolution might be put as 35 to
LOOA. But it should be noted that a prism instrument does
not give a constant A/ad If the slit width is set to give

100 at 5000A, it will be 300 at 3000A, drops to 40 around
11000A and increases to 130 at 26000A. Irradiance range 2.5 to
-4Wm-2 nm 1 is more correct. Field of view of 1° might be
too much a constraint; it can be increased, thereby decreasing
the constraint on pointing accuracy.

These notes on field of view and resolution apply also to line
4.2.2. The irradiance level is .8 to .002 Wm" nm Should
wavelength range be restricted to A<3um? A Michelson inter-
ferometer can conveniently be used up to or even beyond 15um.
Resolution should be the same as for measurement of clouds.and
terrain. emission.

1

A line 5.2.2, Solar total and spectral, in the range 50 to 15um
might be added. Entry in the 4th column of 5.2.1 seems to be
a typist's error. Lines 5.7.2 and 6.5.3 show solar studies under
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astronomy. Perhaps this was quite intentional , making it
a secondary objective. This is the wavelength range of
Earth emitted radiance and one where solar data are most
scarce and highly discordant. The question of the relative
importance of solar total and spectral measurements in this
range might deserve a closer look.

M. P. Thekaekara
Code 322
NASA/GSFC
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REPLY TO
ATTN OF: TN2

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
MANNED SPACECRAFT CENTER

HOUSTON, TEXAS 77058
ON

US.A

September 8, 1972

Mr. M. P, Thekaekara
Code: 322
Goddard Space Flight Center
Greenbelt, MD 20771

Dear Colleague:

Due to a scheduling problem the conference to discuss the results of
the Atmospheric Science Facility Preliminary Design Study has had to
be postponed from the September 20 date given in my previous letter.
This conference is now rescheduled for October 11-13,.1972. The
conference details, and the Martin-Marietta presentation will be sent
to you under separate cover.

I sincerely regret the inconvenience that this change of date will
have caused some of you and look forward to seeing you on October 11.

Sincerely,

Robert D. Hudson
Advanced Programs
Office

;



MARTIN MARIETTA CORPORATION DENVER
D/VISION

POST OFFICE BOX 179, DENVER, COLORADO 80201 TELEPHONE (303) 7945211

19 October 1972

Dr. Matthew P, Thekaekara
National Aeronautics and Space Administration
Goddard Space Flight Center
Greenbelt, Maryland 20771

Dear Dr. Thekaekara,

Thank you for your attendance at the Atmospheric Science

Facility conference in Houston and the contributions which you

made, We specially appreciated the presentation which you

made on the measurement of the total energy and spectral dis-
tribution of the solar constant.

During one of the discussions it was mentioned that you

were compiling a bibliography of the publications that resulted

from the Convair 990 flight to measure the solar constant. We

would appreciate receiving a copy of the bibliography along

with a description of prism spectrometer that you have been

developing.

Sincerely,
MARTIN MARIETTA CORPORATION

ECM: su

C
Edward C. Mangold

Nae 1640
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LL. HB. Meredith
Assiztant Birector

AG, 115277

Berean 15, LaGaw
Birsetar of systems Reliability
Suttie Sortie Study

in respones to your meme sf October 18, 1972 om the
2 concer in the need for such a study and

uxge that this Directerate be directiy involved. Toward
Rist whe 2 pYapeas@ Me, dd. d, Meyer of tue Tell €@nc byeluctlon
Division the Directorate representative.

as & ta MB Cc eaxr Constant
aac solas Spectrw prepared by Dr. Thekaukara,

31. LeGow

Av

ars
32151. C. Hew
2.2/8, Maurer

M. B, Toekackara
SelB. RB. Poxlifer
3.8/8. B. Nayar
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October 18, 1972

TO: Directors of

Shuttle Sortie StudySUB;

rhe results of the Space Shuttle Sortie Workshop held at the Center in
Aupust make it appear that the sortie mode has a number of potential uses.
Furthermore, our extensive experience in the flight experiment area and in
the balloon, sounding rocket, and small satellite system areas suggests that

Genter has unique capabilities for defining such systems. Serious con-
siueration is being given to initiating a study of a shuttle sortie missiou.
Such a study would complement the studjes of payloads, such as EOS, that
use the shuttle for launching and retrieving payloads.

While the published proceedings of the shuttle sortie workshop form a startiny
point for defining the objectives for such a sortie study they cover the tocal
»,ectrum and do not focus on the particular aspects of interest and concern io
the people at Goddard. Before initiating such a sortie study it is important to
identify the study objectives and ground rules that people at Goddard tink are
important and also those areas of Goddard that are particularly interested
participating in such a study. I would appreciate receiving any comments you
or your people have on this subject by November 10.

4

L. H. Meredith
Assistant Director

/267
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
MANNED SPACECRAFT CENTER ;

Houston, TEXAS 77058

E.US
REPLY TO

september 22, 1972ATTN OF:

Dear Colleague:

This package contains additional information on the Atmospheric
Setence Facility Conference to which you were invited. The
conference is scheduled for October 11-13, 1972, at the NASA-
Manned Spacecraft Center. We have enclosed here:

(1) An agenda for the conference.

(2) A list of motels in the NASA-MSC area.

(3) A progress summary on the Atmospheric Science Facility
prepared by Martin Marietta.

(4) A form to indicate your response to the review of the
Atmospheric Science Fecility.-

If you plan to attend the conference and are flying into Houston's
Intercontinental Airport, we recommend you take a flight to the
NASA-MSC area by Houston Metro Airlines. This commuter service:
takes about fifteen minutes and saves about a one hour drive.

You will need tox be badged at our Visitor Registration Building
at the Southwest gate of the Manned Spacecraft Center on the first
day of the conference. Car passes can also be obtained at the
same place. The conference is being held in the Building 31
Conference Room (Room #193) on the MSC site.
We are requesting that you return the form indicating your
participation of the review of the current status of the
Atmospheric Science Facility.
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I am looking forward to seeing you at the conference or receiving
your written comments on the enclosed Martin report if you are
unable to attend.

Sincerely, 2A
Dr. Robert D. Hudson

closyep
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MOTELS IN NASA-MSC AREA

Holiday Inn - NASA
1300 NASA Boulevard Number 1
Telephone: (713) 333-2500

Ramada Inn
2020 NASA Boulevard Number 1
Telephone: . (713) 332-3551

Nassau Bay Motor Inn
1600 NASA Boulevard Nuwtber 1 AESER VED 72
Telephone: (73) 488-3ho2

x PA Single

Sheraton Kings Inn
1301 NASA Boulevard Number 1
Telephone: (713) 488-0220



11. 1972 - Bldg. 31 Conference Room - MSC

OCTOBER 12, 1972 - Bldg. 31

ATMOSPHERIC SCIENCE FACILITY CONFERENCE

NADA-MANNED SPACECRAIT CENTER

AGENDA

OCTOBER

Registration

Welcome - Mr. Anthony J. Calio

Introduction - Dr. Robert D. Hudson

8 30 - 9:00 A.M

9. OO - 9:15

30

Presentation on Shuttle
Capabilities - Mr. Jack C. Heberlig 9 30 = 10:30

Break

Tour of Shuttle Mock-Ups

Lunch

ASF Presentation - Martin Marietta

Break

ASF Presentation, Continued

Tour of ASF Mock-Ups

10:30 ~ 10:45

10:45 - 11:4 7

Cocktail Party (Nassau Bay Motor Inn)

Discussion Session I: Scientific
Goals and Objectives

Discussion Sesston II: Main
Instrument Cluster

Break

Discussion Session II, Continued

Lunch

Conference Room - MSC

7:30

9:30 A.M,

10: 30

10:45

11:45

1:00 P.M,

1:00

1:00 - 2:00

2:20 - 2:35

2:35 - 3:15

3:15 -

5:30

8:30

9. 30

10: 30

11:45



Discussion Session TI, Continued 1:00 - 3:00 P.M,3

Break 3:00 - 3:15

Discussion Session III: Sclar
Monitors Group

- &.30

Discussion Session IV: Observer 30 :. 00
Previewer Group

OCTOBER 13, 1972 - Bldg. 31 Conference Room - MSC

Discussion Session V: Data Management, 8 : 30 10:00 A.M.
Manned Participation, Overall
Configuration, Future Activity

Break 10:00 = 10:15

Discussion Session V, Continued 10:30 11:30
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Monitoring of the Total and Spectral Irradiance
of the Sun from the Atmospheric Science Facility *

by

M. P. Thekacxara
INTRODUCTION

Two important documents hava reeently been issucd on the
Science Objectives of the Atmospheric Science Facility,
Preliminary Baseline Summary of March 1972 and Baseline
Summary of May 1972. Comments on these summaries have
been requested from the scientific community. The comments
offered here are concerned mainly with one particular aspect
of the science objectives, one part of the observational
program of the ASF, namely the measurement of incoming solar
irradiance, both total and spectral, in the wavelength range
which contains most of this energy. Other aspects of the
Science objectivesinclude studies of thealbedo and emitted
radiation of the Earth atmosphere system , aurora and airglow,
solar radiance in the XUV and for IR ranges. Considerable
research has been done in these areas from rockets and

ummanned satellites over the past twelve years; the talents
.of many have been brought to this effort; instrumentation
at high levels of sophistication have been puilt. The ASF
is the first major effort in the U. S. space program to
include as an important and integral part of its science
objectives the monitoring of solar energy and its spectral
distribution in the wavelength range where the Sun exerts
most influence on the Earth.

The Preliminary Baseline Summary states: "Associated with
monitoring the radiation emitted or reflected from the Earth
is the determination of the solar. constant and its distribution
into spectral components" (PBS p. 4). In the listing of
experiments (PBS pp. 7 and 8) solar spectrophotometry is included
in the four wavelength ranges, .03 to -1254m,.125 to - 35mm,

.35 to 1.0um and.1.0 to 5.0um. More specific details about
these measurements are given in Table 4.1 of Baseline Summary
(BS pp. 18-20). The wavelength resolution of equal to
100 which we had suggested in the questionnaire response of
January 13 has been adopted in PBS and BS as an acceptable

*Presented at the Atmospheric Science Facility Conference,
Manned Spacecraft Center, Houston, Texas, October 12, 1972
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minimum. The Bascline Summary states: "The requirement for
Simultancous measurements over several wavelength ranges was
expressed quite strongly, both at the 1970 Scientific Objectives
Conference and by subsequent correspondence with the scientific
community. In addition, low resolution monitoring of the
incoming solar flux (solar constant) in support of the airglow
and Earth radiation budget experiments is required, which
would involve the use of a unique, independently pointable
instrument for that purpose™ (BS pp. 20-21).
JUSTIFICATION FOR THE SOLAR MEASUREMENT PROGRAM
Since solar irradiance measurement in the visible and near IR
has not hitherto been attempted from satellites, the scientific
justification of such a program needs to be elaborated more
fully. The wavelength range proposed for spectral irradiance
measurement is what would be scanned by a prism monochromator,'
'the prism material being quartz or lithium fluoride. The lower
limit is about O.2um; the upper limit is about 2.5um for a
"quartz prism and 4um for a lithium fluoride prism. Assuming for
the solar constant and the solar spectral irradiance the design
values proposed in the NASA Space Vehicles Design Criteria

>

monograph, NASA SP 8005 (Reference 1), of the total solar
irradiance at one astronomical unit, 1353 Wm7", only 13 Wm7
is outside the range 0.2 to 4um,0.01% of the solar constant
is below .2yum and one percent above dum. The solar constant
would be monitored with an absolute cavity rzdiometer, an
Angstrom compensated strip pyrheliometer or some similar
instrument calibrated on the International Pyrheliometer
Scale IPS 56.

2

In discussing this solar irradiance experiment it is well to
recall the remarks made by Dr. A. E.. Porter about Expts T025
and T027 proposed for Skylab A to monitor contamination. He
said: "The two experiments are constantly in danger of being
dropped off the spacecraft. They don't contribute to Earth
resources; they don't pickup lunar rocks; they are totally
unglamourous; they cost money; and they take up time and
space." (Reference 2) All this is true also about measuring
the energy of the Sun. Besides, there are other objections
often raised. Has not the Sun's energy been measured for over
half a century? Is it not known with sufficient accuracy?
Why go to a satellite for what can be measured from the ground?
Similar objections were raised already in 1961 when Dr. Hanel

. Proposed a spherical blackbody to measure the solar constant.
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(Reference 3). Several improved versions of this detector
were built, but the experiment failed to get approved for
any satellite. These objections continue to be raiscd
though the answers to them are fairly simple and straight-
forward. In tha ASF Scientific Objectives Conferences solar
spectrophotometry was mentioncd as a possibility, but the
wavelength range proposed at that timo was only in the Uv
1100 to 4000A and in the IR 20 to 300 um (ASF Preliminary
Analysis, December 1971, p. 5). Including the whole spectral
range of solar irradiance is a-most welcome change introduced
in the PBS and BS.
ATMOSPHERIC PHYSICS OBJECTIVES
It must be emphasized that the solar measurements on board
the ASF are in support of the Earth oriented measurements.
The objective is atmospheric physics, not solar physics. We
are in full agreement with the major goals in atmospheric
research as stated in the B.S. "The ASF should be designed
to perform experiments that are in accordance with national
goals," (BS p. 12). These experiments are intended mainly for
extending the ability to make useful prediction of weather,
monitoring contaminants and source and sink mechanisms for the
timely topic of air pollution, studying the Earth's radiation
balance and long range climatic effects, understanding the
dynamics of the atmosphere and the physical and chemical processes
in the upper atmosphere. Five objectives have been identified
as primary, namely, airglow, radiation budget, aerosols, atmos-
pheric structure and minor constituents and pollution, (BS p.14).
For all of these objectives and experiments,solar. irradiance,
total and spectral, is the most important input parameter.

Pig. 1Airglow is induced by the Sun's irradiance. at certain wavelengths.
The radiation balance of the carth has the Sun's energy as the
input. Aerosols and pollutants are studied by what they
absorb and scatter from sunlight and absorption and scattering
have a strong spectral dependence. It is solar irradiance
which dominates the physical and chemical processes in the
atmosphere. The major parameter for numerical simulation
through atmospheric models and forecasting mesoscale phenomena
is the Sun's input energy. To cite a simple ecxample, a NASA
Space Vehicles Design Criteria monograph (Reference 4) cites
from an carly publication by Von der Haar the following figures
for global annual average for the radiation budaet of the
Earth-atmosphere system: incident solar,349* wm?; reflected
solar, 105Wm7*; Earth emitted IR, 230 Wm which gives a net2

Note: 349 is 1/4 of the Johnson value of 1396
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fig.2

radiation budget of 14. Wm The incident solar irradiance
is based on the now obsolete value published in 1954 by
Johnson. If instead the NASA design value of the solar
constant (Reference 1) 1353 Wm72, is adopted, the annual
average incident solar irradiance is 338 Wm and the net
radiation budget falls to 3 Wm
SPECTRAL DISTRIBUTION IN THE VIS/IR
The cnergy incident on and measurable by the ASF belonds to
three main categories: incident solar and reflected solar
both on the sunlit side of the Earth and Earth emitted IR
all around the globe. The Baseline Summary divides this
energy into six wavelength ranges. It is instructive to find
what is the relative distribution of 'the energy in cach range.
The distribution is shown in table I. Only two significant
figures are given for the percentages of spectral distribution.

-2

2
-2

Table I
Energy Distribution by Wavelength Range

Wavelength Range Percentage of irradiance in the wavelength
range due to
the Sun Earth reflected Earth emitted

solar energy IR
From To
300 1250A 0004
1250 3800A 4.5 near zero
3500 LOOOOA 65 80 near zero-
1 Spm 30 20" 6
5 15m 47 -- near zero 53

15 150um ,019 ; 45
150 o um -0004 2.1

The percentages for direct solar irradiance are based on NASA
design values of Ref. 1. The detailed spectrum of Earth reflected
and Earth emitted IR varies considerably according sky and terrain
conditions, but the percentages in the ranges listed remain about
the same. The values given here were obtained by integrating
the areas under the spectral curves given in Ref. 4, figure 1
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- for Earth reflected (from solid stratus cloud formations,
Convair 990 data)-.and figure 5 for Earth emitted IR (from
mid-latitude ocean, Nimbus 4 data). The percentages for
solar and Earth IR irradiance are also shown graphically
in figure 1 which is reproduced from figure 4.1 of BS (p.17)
with two narrow vertical bars added, to the left for solar
irradiance and to the right for Earth emitted IR. The height
of the bars is' on a relative (0 to 1) scale, normalized to
the maximum percentage, visible/near IR for solar irradiance
and long wave IR for Earth emitted IR. All wavelength ranges
are represented at approximately the same level of emphasis
in the BS for both primary and secondary experiments. This
is not true for the relative distribution of energy. Though
the solar energy in the XUV and for UV ranges is quite small,
a relatively greater emphasis on experiments is placed hecause

of the interestin the effects of the high energy photons
on the upper layers of the atmosphere and the well-known large
variations in solar flux.
No direct measurements of the Sun from the spacecraft would be
necessary if we know to a sufficiently high order of accuracy
the values of the solar constant and solar spectral irradiance
and we also know that they are truly constant and independent
of all other variable solar phenomena. "It would be sufficient
to adopt the values available in literature, for example, the
NASA design values, and apply the corrections for the seasonal
changes in Sun-Earth distance. 'Nor would the solar measurements
be highly necessary if it were known that the changes in solar
irradiance are minimal and have little or no effect on the
atmospheric phenomena which are being studied.
UNCERTAINTY IW IRRADIANCE VALUES
But, as a matter of fact, the solar constant and the solar
spectral irradiance are not known very accurately, they are
subject to variations over undetermined ranges and these
variations have an effect on the Earth-atmosphere system
apparently far in excess of the magnitude of the variation.
These are the three main reasons for making direct measurements
of the Sun concurrently and in the same spectral bands as the
measurements directed towards the Earth and the atmosphere.



Measurements of the solar constant have been made over a

long period of time, starting from the pioneering work of
Pouillet in 1838. In 1906 Hahn's standard work on Nctcorology
published without preference three values of the solar constant
which were currently proposed. In the now preferred units of

they were Pouillet's 1230, Langley's 2140 and Anastrom's
2790. Tha margin of uncertainty has diminished
since then, but even now the solar constant is not known to an

accuracy at all comparable to that of other physical constants,
velocity of light, electron charge, Planck's constant and the like.
In 1954 F. S. Johnson derived the valuc 1395 Wm7* which was

accepted as definitive, at least in the United States, till
yecently when measurements made at high altitudes led to a lower
revised standard, 1353 Wem 2 This figure has been accepted as the
the NASA design value (Reference 1) and has been proposed as
standard value for testing in the Book of Standards of the
American Society for Testing Materials (Reference 5). .The
-estimated error in this value is +1.5 percent. This has been
based on nine values derived from extensive series of independent
'Measurements made by different types of total irradiance detectors

and Mariner space probe. These nine valucs vary between
a minimum of 1338 and a maximum of 1368, a range wider than the
error limits assigned by the individual experimenters to their
values. Most of these determinations required troublesome
corrections for the residual atmosphere and water vapor above
the aircraft or balloon, transmittance of the window material
and other causes.

Wm 2

from high altitude platforms, Convair 990, B.57 balloons,

fig.3 .The standard spectral irradiance curve is based mainly on the
results obtained by a group of experimenters from NASA/GSFC.
They used four instruments for » 0.3 to 4um, two monochromators,
Perkin-Elmer and Leiss, a filter radiometer and a polarization
type interferometer, but not all of them covered the whole

Table 2 range. The instruments were mounted in a Convair 990 jet
(Page 18)aircraft. The solar spectrum was scanned at an altitude of

1-16 km. At this altitude the residual absorbents are 20%
of the permanent gases and about 0.1% of the total water vapor
content of the atmosphere. Hence the measurements are signi-
ficantly more accurate than at ground level. However, the
spectral curves obtained by the aifferent instruments were not
identical as shown in Figure 4. The data from a Cary 14 flown
by NASA/Ames are also shown in the figure; these data were not

Fig. 4
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used in the derivation of the standard curve because of
calibration dictieulties. The differences between the
Perkin-Elmer, Leiss and filter radiometer in the ranges
45 to .65um and .85 and 1.05um are relatively large.

Another set of data on which the standard curve is lased was
obtained by the Eppley-JPL team in several scrics ot flights
on board Convair 990, B-57B and X-15 rocket aireralt. The
instruments were filter radiometers which give the integrated
solar energy over the transmittance band of each filter. The
Eppley-JPL values and the values obtained from the weighted
average of the NASA/GSFC curves as also the ratio of these
values are given in Table ITE Of the 20 spectral bands,
have ratios between 0.95 and 1.05; the other 9 ratios lie
outside this range and four of them are greater than 1.10.
These differences among the data of the GSFC instruments
and between the GSFC weighted curve and the Epplcy-JPL data
may be due to instrumental errors, errors in the extrapolation
to zero air mass and uncertainties in the spectral irradiance
standards. The GSFC experimenters used 1000 W quartz iodine
lamps as calibration standards. The Eppley-JPL standard was
the Angstrom pyrheliometer (IPS 56 scale) and the spectral
'sensitivity of each channel was computed using the transmittance
function of the filter. The standard solar spectral curve
Was derived by modifying the GSFC curve over the range 0.3 to

in the light of the Eppley-JFL results and normalizingit to the value 1353Wn



TABLE IIr
Eppley-JPL Filter Radiometer Measurements with Corresponding

Results from GSFC Solar Spectral Curve

mW com" E-JPL2

A (nm), GSES,

235-344 5.52 5.24 1.05

272-322 2.78 2.58 1.08

295~365

298-344

334-403

355-430

410-474

6.99 6.29 dell
4.22 3.88 1.09

7.78 1.02

10.1* 10.2 0.99

11.8 11.9 0.99

430-490 11.5* 11.8 0.97

446-500
a* Values derived10.6 10.8 0.98

490-565 differentially fro13.3* 13.7. 0.97
adjacent pairs of

508-592 14.9 14.7 . 1.01 broad bandpass
filters; other

535-603 E-JPL values are12.1* 11.6 -1.04
from narrow bandpa

565-631 12.1* 10.9 1.11 interference filte
measurements.

595-645

603-663

603-697

631-697

645-700

697-963

8.83 7.89 1.12

10.3* 9.24 1.11

15.0* 14.1 1.06

10.3* 9.62 1.07

8.47 7.91 1.07

28.2* 28.1 1.00

L,250-2,000 18.0 0.96



Differences of considerably greater magnitude have been
observed between the standard curve and earlier solar curves

Fig.6,7 proposed by other 'authors. These differences are shown
graphically infigs. 6 & 7.The X-axis is wavelength in um;
the Y=axis is the ratio k PA where P,, P, are the irradiance
according to one of the earlier curves and the standard curve
respectively and k is a normalizing constant which makes the
area under the other curves equal to that under the standard
eurve for the spectral range common to both. This mode of
presentation permits the differences in spectral irradiance to
be studied independently of the differences in solar constant.
The relatively high values of the ratio for Johnson in the
visible and for Nicolet at 2um and the low values for Nicolet
and for Labs and Neckel in the visible and near UV are parti-
cularly worthy of note.
VARIABILITY OF SOLAR ENERGY OUTPUT
A closely related problem is the variability of the values of
the total and spectral solar irradiance. At the NCAR Seminar
on "Possible Responses of Weather Phenomena to Variable Extra-
gerrestrial Influences," J. M. Mitchell presented a review
paper entitled "The Solar Inconstant." A copy of that paper
is included here. (Reference 5) The author says (p. 157):
I think it is a curious thing - I am tempted to use the word
shocking, but I don't think I need to say that that in the
year of our Lord 1965 and in the year of our Satellite 7,
going on to 8, we have yet to put an instrument into space
above the atmosphere to find out once and for all whether the
solar constant is changing along with all the other features
on the Sun that we know are changing." And a little later,
(p.158): "Clearly we should be giving highest priority in our
space program to any promising scheme to get an accurate
measure of the radiative temperature of the Sun over all
wavelengths.

Fig8

Fig.9

The author presents a large mass of observational data in
support of these statements. He shows that there is a real
possibility that the energy received by the Earth-atmosphere
system from the Sun is variable and that such changes have
an effect on many terrestrial phenomena and mainly on the
weather. The data include the wintriness index of the northern
hemisphere sea-level pressure pattern, the annual frequency
of Etesian winds in Athens, the annual march of temperature
in different cities of Europe, changes in meridional sea level
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pressure, etc. There are many changes in the Earth-atmosphere
system. which have 'a strong correlation with changes in the
Sun, in the number of sun spots, the rotation of the Sun, and
non-periodic types of solar activity.
Several attempts have been made to determina tha variation of
the solar constant with the eleven year solar cycle. The
most extensive data are those of the Smithsonian Institution.
But the difficulties due to atmospheric corrections and the
changes in radiation scales prevent an exact evaluation of
the magnitude of the change. Kondratyev and his co-workers
at the University of Leningrad (Reference 6) have analyzed
'the data from their balloon measurements over a period of
six years. They conclude that the maximum value of the solar

ig.10 constant coincides with Wolf numbers 80 to 100, and that the
solar constant decreases by 2 to 2.5 percent during sunspot
maximum and minimum. A slightly different conclusion emerges
from the data of the Lowell Observatory Solar Variations
Project where the photometric magnitude of outlying planets
Neptune and Uranus were measured relative to the magnitude of
the background stars. During a cycle of sunspot number change
from 2 to 200 , the blue magnitude of Neptune changes by 0.2,
which is equivalent to a change in the solar constant of 1.4%.
Mitchell shows that this figure is in agreement with net long
term trend in the Smithsonian data over the period 1925 to 1951.

If there are changes in the total energy emitted by the Sun,
there is no reason to suppose that these changes affect all
spectral regions uniformly. The known changes in the UV range
below 3000A are quite inadequate to explain the changes in the
solar constant. The sunspots are at a relatively lower tempera~
ture of 4000 K. The blackbody curve of 4000K is obviously red-
shifted compared to that of 6000K. During a sunspot maximum,
if the radiation from the rest of the solar surface remains the
same, the solar constant should be less, not greater than during
a sunspot minimum. If the solar constant is greater during sun-

spot maximum, as is apparently the case, greater sunspot activity
is accompanied by higher temperatures outside the sunspots. The
combined effect on spectral distribution would be quite different
from that during sunspot minimum.

The changes in solar irradiance in the UV below 2500 A and in
the microwave range between 2 cm and 10 m have been well established
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They vary by a factor of two or three in the UV and over a

far wider range in the microwave range. The irradiance due
to the Lyman - @ emission is 5 ergs cm * and is subject
to vary by 20 or 30 percent. Lyman - a accounts for about
two-thirds of all the energy below 1250A. The changes in the
range of greatest solar output, 3000A < < 4 wm ara not
likely to be of this order of magnitude; nor can we assume
that the changes are as small as in the solar constant itself.
While there is a great deal in literature about changes in
the solar constant and their effects on weather, there is
hardly any mention of changes in the spectral distribution.
The reason is not that changes do not exist, but they are
totally unknown and unexplored. Ground based measurements
of the-solar-spectral irradiance cannot yield the accuracy needed
for detecting. changes and relating them to solar events and

cyéles. Detailed spectral measurements from high altitude
aircraft have been reported by only one group of researchers,
the NASA/GSFC team, and these measurements were made over a

limited two week period.
EFFECTS ON THE EARTH ATMOSPHERE SYSTEM
That the Earth-atmosphere system reacts to changes in the
input energy of the Sun is a well established fact. The
density of the ozone layer changes from day to night. The
changes in the jonization layers of the upper atmosphere and
their dependence on solar phenomena have been studied in great
detail because of their direct consequences for radio communi-
cation. The geomagnetic disturbances have a periodicity of 27

days superposed on an eleven year period in agreement with the
rotational and Wolf number cycles of the Sun. Long period
correlation with sunspot cycle has been observed in such
weather related phenomena like the water level in rivers and
Jakes, annual growth rings of petrified and living trees and
and the advance and retreat of glaciers. There are also the
other.data cited by Mitchell as mentioned earlier.

2

Fig.1l

None of these effects is dependent solely on the total input
energy, the solar constant; they are strongly wavelength
dependent. The atmosphere is far from being a neutral density
filter; nor is the land and ocean surface of the Earth an
achromatic absorber. The Earth albedo spectrum is different
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from the solar spectrum. Ozone production is due to the UV,
as also erythemal effects. Photosynthesis essential for all
life support, is due to two wavelength bands centered at
4400 and 7500 A. Other resonance phenomena are the photo~
morphogenic responses like seed and flower Gevelopment, shape
and sizo of laaves, plant haight, movement of leaves (as in
tho mimosa); the associated wavelenghts are 6600 and 7300 A.
Absorption by water vapor with all its major effects on the
making of weather is in narrow wavelength bands, all of them
beyond 7000A, which is the more poorly known part of the
solar spectrum. Specific wavelengths are responsible for
the atmospheric dissociation of the molecules of oxygen,
nitrogen and water vapor.

Most of the instruments on board the Atmospheric Science
Facility are directed towards the Earth. They measure the
energy radiated by the Earth-atmosphere system in all wave-
length bands. All the energy they measure is what the Earth
and atmosphere receive from the Sun and reradiate either at
the same wavelength or a longer IR wavelength. Any changes,
cyclic or non-cyclic in the Sun cause corresponding changes in
the radiation received by Earth atmosphere system, with 8
minutes lag for photon flux and about 16 hours lag for
corpuscular flux. Solar events such as flares cause corpuscular
emissbn of which the effects are observed in aurorac, geomagnetic
disturbances,changes in cosmic ray flux, increase in ionization
of the D layer, possibly localized heating of the atmosphere.
Changes in photon flux though small apparently act as a trigger
mechanism which upsets a delicate energy balance and causes
large scale meteorological effects.
CONCLUSION
Thus it is seen that it is of extreme importance that the
Atmospheric Science Fecility should measure the solar radiant
flux simultaneously with the measurements by instruments
directed towards the Earth and the atmosphere. Both the solar
constant and solar spectral irradiance should be monitored.
Tis can be done with sufficient accuracy from the ASF since
the instruments and data tapes are recoverable and calibration
with reference to irradiance standards can be made in flight
and after flight. Thus. we can eliminate the serious uncertainties
due to residual atmosphere as in high altitude aircraft and
to detector degration as has been experienced in the UV sensors
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of Nimbus and IR Sun sensors of ERTS. Solar irradiance data
should be made imbediately available to the other experimenters
on board who have their instruments directed towards the Earth.
Specifjcations as to wavelength resolution, field of view,
pointing accuracy, etc., as given the Baseline Summary (pp.18,19)
Aare adequate; but perhaps these may need a closer. study as
experiment design progresses.
In this connection it is well to note that not only the ASF but
also other atmospheric science programs are planning to make
solar irradiance measurements. There is a growing awareness in
the scientific community of the need of this type of measurement.
Of special interest is the Complex Atmospherics Energetics
Experiment (CAENEX). It is being conducted by the Soviet
Commission of the Global Atmospherics Research Program (GARP).
The general aim of CAENEX is to investigate the flux and flux
Givergences in a closed volume in the troposphere, using air=
craft and balloons, supplemented by satellite and surface measure-
ments (Reference 7),.The proposed program of observations and
calculations has eight sub-headings, the first of which is
"Observations of the solar constant and its possible variations."
The program will be extended over a period of five years. A
pilot study was made in the fall of 1970. This program does not,
however, include any detailed study of the solar spectral irradiance.
A second subprogram of GARP, the GARP Atlantic Tropical Experiment
(GATE) also plans to measure the solar input flux, but the
experimental details have not yet been fully specified.
The experiment proposed for the Atmospheric Science Facilitywill probably be the first major attempt to measure the total
and spectral solar irradiance over the entire wavelength range
with sufficient degree of accuracy and resolution. It will
provide the answer to a number of questions which have often
been raised but never answered about solar terrestrial relation-
ships. It will also be an essential contribution to the five
primary objectives of the ASF, in particular to radiation budget
and atmospheric pollution.
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MEASUREMENT OF TOTAL AND SPECTRAL SOLAR
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SOLAR SPECTRA RRAD ANC

wavelength in micrometers

E,
in Wm-2

Solar spectral irradiance averaged over small bandwidth centered at um

- Integrated solar irradiance in tha wavelength range o to A, in Wm-2

= Percentage of solar constant associated with wavelengths shorter than 1

Solar conatant 1353 W
-2

Note: lines indicate change tn wavelength interval of integration
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SOLAR CONSTANT: NRL VALUE 1395Wm- 2

NASA DESIGN STANDARD 1353Wm
+ 1.5%

BASED ON VALUES RANGING FROM
1338 TO 1368.

SOLAR SPECTRUM UNCERTANITY
i

_ SCATTER AMONG GSFC CV 990
SPECTRAL CURVES

DIFFERENCES BETWEEN GSFC AND
EPPLEY-JPL DATA

OTHER SOLAR CURVES WIDELY DIFFERENT.
SPECTRAL VARIATIONS UNEXPLORED

AND UNKNOWN
4



SOLAR CONSTANT AND SOLAR SPECTRUM

1) ARE NOT KNOWN ACCURATELY

2) ARE SUBJECT TO VARIATIONS OVER
UNDETERMINED RANGES

3) AFFECT THE EARTH-ATMOSPHERE SYSTEM
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INFLUENCE ON THE EARTH.ATMOSPHERE SYSTEM °
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UNITED STATES GOVERNMENT

Memorandum
Dr. L. H. Meredith DATE: November 3, 1972
Assistant Director

TO

Dr. M.P. Thekaekara
Test and Evaluation Division

FROM

supject: Shuttle Sortie Study

1. Solar Constant and Solar Spectrum

In response to your memorandum of October 18, 1972, our
group welcomes the opportunity to offer our comments on
the Shuttle Sortie Study. We are particularly interested
in participating in. such a study. An objective of prime
importance to our group is the monitoring of the solar
constant and the extraterrestrial solar spectrum.

In 1967 our group made a series of flights in the CV 990
jet aircraft at 11.6 km. We measured the total and spectral
irradiance of the Sun with a wide variety of instruments.
The data obtained from these flights became the main basis
for developing revised values of the solar constant and
its spectral distribution. These values have since become
a standard for usage at a national and international level,
replacing the older standard which had been proposed by
the Naval Research Laboratory in 1954.

madevto determine "spectral
distributionjfrom outside the atmosphere. A few solar
irradiance studies have been made in the X-ray and UV
ranges which account for less than half percent of the
total energy of the Sun. The major problems in measuring
the energy in the whole wavelength range are that sensors
tend to degrade, instrument packages cannot be retrieved
for post-flight calibration and sufficient degree of accuracy
cannot be attained.

No attempts (by any of the satellite experimgpters)have been

fi
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SUBJECT: Shuttle Sortie Study

2. Space Shuttle an Ideal Platform

The space shuttle in the sortie mode with flight duration
of six to thirty days affords the opportunity for making
a more precise evaluation of the Sun's energy. As was
pointed out by C. W. Matthews, Associate Administrator
of NASA, at the Sortie Workshop (Proceedings Vol. I,
p. 1-30) the sortie mission is an analog to the Convair 990
airborne laboratory. The severe limitations of size and
weight of satellite experiments are no longer a handicap.
The wavelength range of special interest is from 0.2 to
4um. This range contains all but one percent of the Sun's
energy. Adequate precautions can be taken for calibration
with reference to standards both during flight and after
flight. State-of-the-art radiometric standards for bothtotal and spectral irradiance can be carried on board.
The entire solar disc or any special surface features can
be studied with adequate field of view and pointing
accuracy. On board participation by the experimenter
permits selection of special problem areas on the disc,
unusual solar events or specific spectral regions of
greater variability. The main objective is the energy
output of the whole Sun and its spectral distribution,
and the variability of these quantities with periodic
changes of the Sun such as rotation and sunspot cycles
and non~periodic changes such as flares and prominences.
These can be studied almost continuously with a highly
automated but retrievable experimental package, requiring
minimal attention from the on-board scientist.
3. Summary of Appendix I, Atmospheric Science Facility
As Appendix I to this memorandum is enclosed a paper
which discusses in greater detail this problem, in so
far as it relates to one of the working groups of the
Shuttle Sortie Workshop. The Atmospheric and Space Physics
working group developed the concept of an Atmospheric
Science Facility (ASF) as a candidate module for the
Space Shuttle Sortie mode and requested comments from the



3

SUBJECT: Shuttle Sortie Study

scientific community. This paper is a presentation which
was made at the ASF conference in October 1972. It gives
a detailed justification for monitoring the energy of the
Sun in the wavelength range where most of that energy lies.
The reasons given are 1) the solar constant and the solar
spectrum are not known with an acceptable degree of accuracy,
2) they are subject to variations over undetermined ranges,and 3) they affect the Earth-atmosphere system through these
changes. There is a great deal in literature about thevariations in the solar constant, though the results ofdifferent authors are not in agreement. There is hardly
anything in literature about the variations in spectraldistribution in the range between the UV around O.3um
and the microwave region. This is not because changes do
not exist but because they are totally unknown and
unexplored. There isa growing awareness in the scientific
community of the need of such measurements, as evidenced
by the plans for the GATE program and the Soviet CAENEX
program.

4. Importance to Other Discipline Areas

As stated above this paper deals with the question of
solar energy from the viewpoint of the Atmospheric and
Space Physics working group. A strong case can be made =
we shall not attempt togit here - for such measurements
from the viewpoint of many of the other working groups.All the reasons given here are equally applicable for
Meteorology and Atmospheric Environmental Quality. This
group plans for measurement of the solar constant withhalf percent accuracy (Proceedings Vol. II, p. 7-6) but
does not mention the spectral distribution. Space
Technology discusses (p. 1-J-1) the physics and chemistry
laboratory in space; solar radiation along with zero-G
and vacuum is its unique environment. -Solar concentrators
are among the sources of energy for Materials and Space
Manufacutring (p. 2-10). For the discipline areas of
Earth and Ocean Physics, Oceanography, Earth Resources
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and Surface Environmental quality, Planetary Astronomy,
Infrared Astronomy, etc., the solar irradiance is a
primary source of calibration, and the energy measured
by their instruments is mainly that reflected or scattered
from the solar energy. For UV and Optical Astronomy the
Sun is a star, the brightest and the nearest. And for
Solar Physics the precise monitoring of the total and
spectral irradiance @ the Sun is of the greatest importance.
An answer might. be found for the question often raised but
never answered whether the Sun is a variable star.

5. Conclusion

We enclose here as appendix Fa monograph of the NASA Space
Vehicles Design Criteria series, SP 8005, entitled "Solar
Electromagnetic Radiation." The design values presented
here were generated mainly from the flights of Convair 990.
We believe that the experience gained in obtaining these
data and the inputs received subsequently from users of
these data in many different discipline areas can be of
advantage for the proposed study of the shuttle sortie
mission.

M. P. Thekaekara
Thermodynamics Branch
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