AGENDA

Committee Meeting - December 5, 1969

The Solar Constant and the Solar Spectrum

95 ALM.

9:30 A_M:

9:45 A.M.

10:15 A.M.

10:30 A.M.

11:00 A.M.

11:20 A.M.

11:45 A.M.

1:00 P. M.

1:30 P. M.

Opening Remarks - M. P. Thekaekara
C. Duncan - Radiation Scales

Dr. R. Gast - Earlier Data

Coffee Break

Dr. A. Drummond - The Eppley Results

Richard Willson - The J.P.L. Data

Dr. D. Murcray - The Balloon Data U. of Denver

LUNCH
C. Duncan - NASA 711 - Thermophysics Branch Data

M. P. Thekaekara - NASA 711 - Thermodynamics
Branch Data

Discussion

Adjourn - Visit to the Labs
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INSTITUTE OF ENVIRONMENTAL SCIENCES

NATIONAL OFFICE
940 EAST NORTHWEST HIGHWAY MT PROSPECT. ILLINOIS 60057

AREA CODE 312

CLEARBROOK 5-1561

SOLAR RADIATION SIMULATION COMMITTEE

PLEASE ADDRESS REPLY TO

IES SOLAR RADIATION COMMITTEE ANNUAL MEETING MINUTES

The annual meeting was called to order by the chairman, Charles Duncan at 2:00 PM
on Thursday 29 April 1971 at the Biltmore Hotel in Los Angeles, California.

The meeting was conducted as a simultaneous annual and executive sub-committee
meeting. The chairman and membership chairman, Fritz Benning, determined

that a gquorum was present. F. Benning recorded the minutes in the absence

of Jim Webb who was unable to attend.

I. Committee Officer Reports

The chairman distributed copies of the annual report of the committee to
those present and asked for comments. (Copy included as an attachment).
No comments were made which required any changes in the annual report.
The annual report has been forwarded to the IES Technical V.P., Dr. Ray
Bouche of Endevco.

Fritz Benning, membership chairman, reported that an updated membership
list will be available for distribution near the end of May, 1971.

Gene Borson reported on the recent reorganization of ASTM Committee E-21
on Space Simulation. Sub-Committee 7 has become an official part of the
committee and is titled "Solar Simulation'". All members of this IES SRC
are members of E-21.70 Sub-committee of ASTM. The ballots which will be
used in the future for approval of tasks performed by this joint committee
will be the standard ASTM ballots. Two efforts are presently being con-
ducted by this joint committee: (1) Recommended Practice for Solar Simu-
lation for Thermal Balance Testing of Spacecraft; and (2) Engineering
Standard for the Solar Constant and Solar Spectrum.

I1. Recommended Practice for Thermal Vacuum Testing

This task was the subject for one of the colloquia at the annual meeting.
Most of the sections are near final form. Comments from the audience at
the colloquium session were noted by the responsible section leaders for
possible inclusion into their respective sections.

The recommended practice will include all definitions of special terms
which are a part of the Recommended Practice.




INSTITUTE OF ENVIRONMENTAL SCIENCES

NATIONAL OFFICE
940 EAST NORTHWEST HIGHWAY MT PROSPECT. ILLINOIS 60057

AREA CODE 312

CLEARBROOK 3-15€1

SOLAR RADIATION SIMULATION COMMITTEE

PLEASE ADDRESS REPLY TO

The Los Angeles Working Group volunteered to hold a local meeting on 17 May
to perform a final editing job on the sections before the Practice is sent
to committee members for a vote. This editing will not attempt to modify
the technical content of the sections but rather to make the Practice read
more smoothly and to place all items in each section which propesrly belong
in that section.

The Recommended Practice is to be mailed to all members for a vote about
15 June, 1971. All section leaders should forward a reproducible copy

of their sections to Gene Borson before 1 June, 197 1:

ILI. Solar Constant and Solar Spectrum

This task was also the subject of a colloquia session at the annual meeting.
Based on the material presented at the colloquium and the comments from
the audience, this task is now near completion.

This task is scheduled for a vote of the committee about 15 June 1971.
A final copy of the proposed engineering standard is to be forwarded to

G. Dumean by I June, 1971.

1V. Future Tasks

A new task "Aerospace Technology Relevant to Ecological Studies' was approved.
Dr. William Kline of the Smithsonian Institution was suggested as possible
chairman for this task. Other members of the task section will include Malcolm
Lillywhite, Dave Orbock, and Fritz Benning.

Also approved was the publicizing of aerospace facilities which might be

of use to ecological studies. Members of this committee who have suggestions
on this subject should forward them to the Publicity Chairman, Wayne Moore

of Spectrolab. Moore will prepare a series of news releases from these
suggestions. A second task, "Total Irradiance Calibrations and Detectors

for 20 Solar Constants Irradiance Levels" was approved and will be headed

by Dr. Andrew Drummond of Eppley Labs. Other members of this task section
include Ray Kruger, Dick Willson and Jim Kendall.

The committee also plans to hold at least one colloquia session at the
annual meetings in the future. The material covered by each of these
colloquia will be assembled and published in book form as a series of
monographs - The first of these will be the "Solar Constant and Solar Spectrum'.
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V. Miscellaneous

Radiometer intercomparison measurements may be performed at Mauna Loa,
Hawaii in the future. Dr. Drummond will keep the committee informed of
progress. The JPL intercomparisons at Table Mountain may or may not be
continued. Dick Willson of JPL should be contacted by those who have an
interest in these intercomparisons. Willson also has copies of the report
on the 1970 intercomparisons.

Terry Hershey is to coordinate the efforts of the Government Industry
Committee on High Energy Light Sources with the tasks performed by this

committee, specifically, the working sub-groups on Safety Considerations.

VI. Announcements

ASTM is sponsoring a meeting on 25-28 June 1972 in Los Angeles which will
include sessions on Test Methods, Aerospace, and non aerospace applications
of Aerospace Technology - Additional details can be obtained from Gene
Borson of the Aerospace Corporation.

The Sixth IES/AIAA/ASTM Space Simulation Conference has been scheduled for
the lst week of May, 1972 in New York City. IES is the host society for
this meeting. Charles Duncan has been appointed technical program chairman
and encourages each of you to submit papers for this meeting. This will

be held the same week as the IES annual meeting. The IES annual meeting
will be the first part of the week and the Space Conference the latter

part - One registration fee will cover both meetings. Additional details
may be obtained from Charles Duncan of NASA/GSFC. A copy of the call for
papers is included as an enclosure.

The meeting adjourned at 4:30 PM.

F. N. Benning
Secretary

Attendees

. Benning - Spectrolab . Hershey - Spectrolab

. Borson - Aerospace Corp. . Laue - JPL

. Drummond - Eppley . Lunde - Boeing
Duncan - NASA/GSFC . Matel - Hughes
Gallagher - MIT Lincoln . Orbock - Sperry-Rand
Griffith ~=JPL v Yuen = N RAL,

Enclosures

Annual Report less enclosures

Call for papers IES/ATAA/ASTM Space Simulation Conference




INSTITFUTE QF ENVIRONMENTAL SCIENCES

NATIONAL OFFICE
940 EAST NORTHWEST HIGHWAY MT PROSPECT. ILLINOIS 60057

AREA CODE 312

CLEARBROOK 51561

SOLAR RADIATION SIMULATION COMMITTEE
Charles H. Duncan
Code 762.4
NASA/Goddard
Space Center
Greenbelt, Md 20771

Annual Report

April 1970 - March 1971

Officers and Chairman of Sub-Committees

New officers were nominated and elected during this period.
These officers, sub-committee chairman, and section chairman
are shown on Enclosure 1. The term of office for the elected
officers is two years. New officers will be elected in the
even numbered years and shall take office on 1 July of the
even-numbered years.

Committee Reorganization

A survey of the membership of the committee was conducted dur-
ing this period. The information from this survey was used
to formulate a set of bylaws. These bylaws were adopted on
1 July 1970. Copies of the bylaws have been distributed to
all members, A copy of the bylaws is included as Enclosure 2.

Membership

An intensive effort to recruit new members has been in progress
this year. A membership application form was prepared and
mailed to prospective members. This effort has resulted in
approximately 30 new members being added to the committee. The
membership of the committee is now 107. These members represent
12 government agencies or laboratories, 35 industrial companies,
4 universities, and 2 consultants. 52 of the total are con-
tributory members, 15 are consultaltory members and 40 regular
members. A copy of the membership application is included as
Enclosure 3 and the membership list as Enclosure 4,

Current Tasks

Seven tasks are presently in progress. Two of these are very
comprehensive and require considerable effort. These tasks are:




Recommended Practice for Solar Simulation for Thermal
Balance Testing

Engineering Standard for the Solar Constant and Solar
‘Spectrum;

Establishment of Total Irradiance Standard Detector;
Spectrum Evaluation Criteria for Solar Simulations;

Operator-User Test Data Interface for Solar Simulation
iTests;

Calibration and Standardization of Total Irradiance
Detector; and,

Establishemnt of test Data Format and Collection of Data
on Spectral Irradiances of Radiant Energy Sources and
Solar Simulation.

Tasks Under Consideration for Next Year

Four tasks are being considered for next year, these are:
1. New uses for Solar Simulation Facilities;
2. Solar Simulation Technology Applicable to Ecological Studies;

S50 Total Irradiance Calibrations and Detectors for 20 solar
constants; and,

4, Material for book on "Solar Simulation Optics and Radiometry'.

Work Accomplished in this Reporting Period

The work which has been accomplished by the committee during
this reporting period is:

1. Organization and conduct of two sessions at 16th Annual
Meeting in Boston, Mass.;

Workshop on "Radiometry" organized and conducted at 16th
Annual Meeting of IES;

Organization and conduct of two session at 5th ASTM, IES,
AIAA Space Simulation Conference in Gaithersburg, Md. in
September 1970;

Workshop on "Solar Simulation for Thermal Balance Testing
of Spacecraft" organized and conducted at 5th Space Conf-
erence;




Organization of two colloquia and two regular sessions for
17th Annual Meeting of IES in Los Angeles, Calif.; and

Established joint working group with ASTM committee E-21
on Space Simulation, and AIAA Thermophysics and Ground
Test Committees.

Work to be Completed During Next Reporting Period

The work scheduled for completion during the next reporting
period is:

1. Publication of IES document on "Solar Simulation Testing'";

2. Publication of IES dcdbument on "Solar Constant and Solar
Spectrum';

Preparation in final form of '"Recommended Practice of Solar
Simulation for Thermal Balance Testing of Spacecraft' which
will then be adopted by ASTM;

Preparation in final form of"Engineering Standard for the
Solar Constant and Solar Spectrum'" which will then be
adopted by ASTM; and,

Organize and conduct sessions at the 6th IES-ATAA-ASTM
Space Conference and the 18th Annual Meeting of the IES,

Meetings of the Committee

The annual meeting of the committee for 1970 was held in Boston,
Mass., during the 16th IES Annual Meeting. An addition meeting
was held at NBS during the 5th Space Simulation Conference.

The 1971 Annual Meeting is scheduled during the 17th IES Annual
Meeting is Los. Angeles, California.

The EAST sub-committee held a two day meeting at Lewis Research
Center in Cleveland, Ohio on 11 and 12 June 1970. Another meet-
ing was held at Goddard Space Flight Center o%f 16 March 1971.

The WEST sub-committee holds monthly meetings in the Los Angeles
area.

£) Bl
%‘7‘&0« “7% ({%&»zftfw"
Charles H. Duncan
Committee Chairman




PURPOSE

The purpose of this technical conference is to provide for a mean-
ingful exchange of information on advances in the space simulation
field. Major emphasis will be placed on ingenuity and new techni-
ques.

SUBJECT MATTER

I. Environmental Simulation

Papers are invited that deal with test techniques in the
following areas:

Powered Space Flight Dynamics

Solar Radiation
. Measurement and Instrumentation
. Facility Design Involving Novel and Unique Solutlonq
.- Predictive Testing

II. Long Term Efforts

Papers are invited that deal with the long term efforts of:

a. Weightlessness

b. Exposure to Radiation

¢c. Changes attributable to combinations of any of the
environmental stresses

CONFERENCE SCHEDULE

This will be the sixth conference sponsored by this tri-society
cooperation and it is scheduled 18 months after the fifth confer-
ence to provide time for more new subject material.

This conference will be held adjacent to, but not a part of, the
IES 18th Annual Meeting. The technical program of the conferences
will be coordinated to prevent overlapping and, the attendees will
be able to combine the two meetings and the IES Annual Environ=-
mental Equipment Exposition, the largest of its kind.

CALL FOR PAPERS
IES - AIAA - ASTM

SPACE SIMULATION
CONFERENCE

APRIL 30 - MAY 4, 1972
AMERICANA HOTEL

NEW YORK CITY, NEW YORK

“Space — The Unlimited Challenge”

WHAT TO SUBMIT

A Cover Letter Containing:

a. The name and address of the author's organization and

his position in the organxzatlon including department
or section.

b. A statement that the paper has not previously been pub-
lished or presented.

Three copies of a 200 word abstract or the completed paper.
Abstract to include:

a. Complete title of proposed paper.
b. A concise statement of the problem or objective covered.
c. An indication of the scope and methods of approach.
d. A summary of important conclusions with a statement
of data used to substantiate conclusions.

Submission of abstract is required on or before 15 August-
1971. Authors are urged to submit their material at their
earliest convenience. Authors will be informed of accept-
ance by October 1971. Complete papers due by 20 December
1971, Time should be budgeted for clearance procedure.

Abstracts and related correspondence should be addressed
to:

TECHNICAL PROGRAM COMMITTEE,
SPACE SIMULATION CONFERENCE
INSTITUTE OF ENVIRONMENTAL StIENCES
940 EAST NORTHWEST HIGHWAY
MT. PROSPECT, ILLINOIS 60056
(312) 255-1561

'SPONSORING

Institute of Environmental Sciences
940 E. Northwest Hwy.
Mt. Prospect, lll. 60056

American Institute of Aeronautics
and Astronautics
1290 Avenue of the Americas
New York, N. Y. 10019

SOCIETIES

American Society for Testing
and Materials
1916 Race Street
Philadelphia, Pa. 19103







IES SOLAR RADIATION COMMITTEE NATIONAL MEETING

Time: 2:00 PM - 16 September 1970

Place: NBS Lecture Room A

Proposed Engineering Standard for Solar Constant and
Solar Spectrum

Recommended Practice for Solar Simulation for Thermal
Balance Testing of Spacecraft

17th IES Annual Meeting at Los Angeles 26-30 April 1971
New Business

ADJOURN
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INSTITUTE OF ENVIRONMENTAL SCIENCES

NATIONAL OFFICE
940 EAST NORTHWEST HIGHWAY MT PROSPECT. ILLINOIS 60057

AREA CODE 312
CLEARBROOK 5.158)

SOLAR RADIATION SIMULATION COMMITTEE

PLEASE ADDRESS REPLY TO

Code 762

NASA Goddard Space

Flight Center

Greenbelt, Maryland 20771

September 4, 1970

Committee Membership
National Chairman

Proposed Engineering Standard for Solar Constant and Solar
Spectrum ;

I have been on leave and travel since the end of July.
During this time, some controversy has arisen among members of
this committee over the proposed engineering standard for the
solar constant and solar spectrum which is being prepared by
Section E-2 of the EAST Sub-Committee.

In order for the membership to be informed of the various
viewpoints in this controversy, I am enclosing a copy of several
letters and memos I have received since the end of July. These
are: letters from John Arvesen, Eric Laue, and Richard Willson,
and two memos from Dr. M. P, Thekaekara.

I would direct the attention of all members to Article IX,
Section 1 of the Bylaws of this committee. This specifically
states that each proposed new or revised standard must be approved
by two-thirds of the sub-committee sponsoring the work before
submission to the membership Chairman via the Solar Standards
Chairman for letter ballot of the whole committee., In this
particular case, the EAST sub-committee has to approve the
standard before it can be submitted to the full committee.

- However, discussions among members other than the sub-committee
section members involved is encouraged before new or revised
standards are submitted for ballot. In view of the great
interest in this particular effort, a special meeting of the
whole committee will be held in conjunction with the 5th Space
Simulation Conference as shown on Page 10 of the enclosed
announcement. The agenda will include this item along with
several others, If you are unable to attend this meeting and
wish to ‘express your viewpoint, write me a letter by return
mail and I will present these at the meeting.




One point I would emphasize regarding paragraph 3 of
Arvesen's letter is that it is not necessary to wait for
action by NBS on Spectral irradiance standards since relative
intensity curves of the solar spectrum are currently available
which can be made absolute by application of the value of the
solar constant using either the method of Johnson and the
Smithsonian Institution or other acceptable spectrographic
methods. :

See you in Gaithersburg in September.

o
arles H. Duncan

National Chairman
Enclosures:

.Arvesen Letter

.Laue Letter

-Willson Letter

. Two memos of Thekaekara

.Space Simulation Conference Program
-Agenda for Committee Meeting
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

AMES RESEARCH CENTER
MOFFETT FIELD, CALIFORNIA 94035

STP:234-1 : ’ August 17, 1970

Chfules % Duncan

NASA/Goddard Space Flight Center
Code 762

Greenbelt, Maryland 20771

Dear Mr. Duncan:

As members of the IES Solar Radiation Committee we are presently
charged with the responsibility of considering the establishment of
a Standard of the Solar Constant and Solar Spectrum. I am herein
forwarding to you for your consideration a copy of a paper
delineating the results of our independent investigations.

Of considerable importance to committee action regarding adoption
of a Standard for the Solar Spectrum is the fact that the National
Bureau of Standards is presently working on redefining the primary
Standard of Spectral Irradiance. This redefinition would affect
all prior spectral irradiance values based upon the Standard. The
proposed Standard for the Solar Constant would not be affected
because its value is based upon independent total radiometric
measurements.

I recommend that committee action on establishment of a Standard
for the Solar Spectrum be postponed until the National Bureau of
Standards has issued a corrected scale for the Standard of Spectral
Irradiance and that consideration be given at that time to all :
available data.

John C. Arvesen

Member
1ES Solar Radiation Committee
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Dr. Matthew P, Thekakara
¢ RASA Goddard Space Flight Cemter
Greenbelt, Maryland 28771

Dear Doctor Thekakara:

As indicated in todesya telephone comversation, enclozed
is a copy of the J. Plamondon 8PS article., While the data
presented is substantielly correct, sdditional analysis of the
{nstrument's test data has resulted in a slight decrease in
the reported solar irradiance and also a reduced error band,
Mr. Plemondon is preparing a paper which details the design,
calidration, and flight data reduction details. Unfortunately,
the desired "turn off" the sun manuever is not scheduled for
Mariner VIT until December, 1970. The spacecraft is still
heavily involved in the Einstein gravity axmrimnt and other
mapping work. Mariper VI cannot be rotated off the sun bacause
the storage batteries are no 1onaer functioning.

The data points in Fig. 12 are all that are availsble
during the flight since the aspace trncking mtwork vaa diverted
for other operationa,

It is regretteble there 13 confusion concerning the JPL
efforts. Please bear with us until the mattar is satisfactorily
resolved. I algo recognize that you as chairman can decide
that the Solar Irradiancs Committee work kas boea complsted,

In view of the current sctivity in thege fields; for exauple,

the enclosed letter, it might be wise to request a reconsideration
of this effort aas, if, mmnthovntmw:hlhnwbon
reassonably explained.

: 8incerely,

ECL: slw

Znclogures

ce: C. Duncan
R. Willson

Telephone 354-4321 . Twx 213-449-2451
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JET PROPULSION LABORATORY California Institute of Fechnology « 1800 Oak Grove Drive, Pasadena, California 91103
August 12, 1970
Refer to 371-RCVW:kam

Dr. M. P. Thekackara

Chairman; IES, Committee on the Solar Constant
and the Solar Spectral Irradiance !

Code 322

NASA, Goddard Space Flight Center

Greenbelt, Maryland 20771l

Dear Dr. Thekasekara:

The lack of response to the dissenting point of view expressed by E. ILaue,

J. Kendall, and myself to you prior to the Boston IES mecting necessitates
the re-iteration of my position on the past function and proposed conclusions
of the committee on the Solar Constant and Solar Spectral Irradiance.

The committee has held but one meeting. If there have been others, I have
not been included. I feel that a comprehensive evaluvation of the many
recent experimental measurements of Solar Irradiesnce requires more of the
committee's time. -

Questionaires were sent out persuant to the meeting, in which the committee
members were asked to give welghts to a list of solar constant detecrminations.
Some of the values listed had not been discussed previously in the committce
meeting, and others were incorrect representations of the values reported

by the experimenters, Some of the questionaires appear to have been discarded
in your final published analysis, since measurements given non-zerc veights
by myself and others were not included.

The majority of.the solar spectral irradiance model proposed by you at the

. Boston IES meeting was based on only two experiments--your CV-990
mesasurements and the X-15 filter measurementis. Suggestions that the committee
consider other recent solar spectral irradisnce mcosurements, such ss those

- of J. Arvesen and D, Murcray, have not been implemented to my knowledge.

The present proposed solar constant and spectral irradiznce model makes
heavy use of the GSFC-NASA Tll experiment. Four of the eight solar :
constant values considered in your iinal analysis are frem this one
experimental effort. The vast majority of the solar spectral irradiance
measurements used are those of the same GSFC effort. The GSFC-IASA T1X
measurements should be included in the comrittee's recommendations in a
proportion commensurate with their merits relative to other mcasurements.
There are numecrous other measurements to be considered.

I would like to have a better understanding of the rationnle producing the
solar constant and spectral irradiance model presented by yourself at the

Telephone i54-4321 Twx 2134702151
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Auvgust 12, 1970
Page 2 -

Boston IES meeting. Presumably, these quantities are meant to represent a
cross section of commitlee point-of-view. At the present time this does not
seerm to me to be the case. In the interest of gaining some form of -
consensus, I sm requesting that the following edditional committee action

. be taken prior to acceptance and publication of its conclusions. The
committee members should be supplied with copies of all questionaires and eny
additional material the chairman feels appropriate. Comparisons can then be
made between your proposed solar constant and spectral irradiance model and
the recommendstions contained in the questionaires. Discrepancies between a
direct use of the questionaire weightings and your proposed weightings
should be resolved to the satisfaction of the entire committee.

Sincerely yours,

Richard C. Willson

cc: John C. Arvesen; Charles H. Duncan{/%ric G. Laue; Fritz N. Benning;
Jon Geist; Conrad P. Mook; Eugene N. Borson; John R. Hickey;
Dr. David G. Murcray; Andrew J. Drummond; Jemes M. Kendsll, Sre;
Dr. Paul Cast; Dr. Henry J. Kostkowski; Raymond Kruger
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SOLAR RADIATION SIMULATION COMMITTEE

PLEASE ADDRESS REPLY TO

Dr. M. P. Thekaekara
Code 322, GSFC
Greenbelt, Md., 20771
September 4, 1970

Memorandum

To: Dr. R. P. Gast, Dr. A. J. Drummond, Dr. D. G. Murcray,
Mr. E. C. Laue, Mr. R. C. Willson.

From: M. P. Thekaekara

The letter of Mr. Richard C. Willson, dated August 12,
1970, gives me the occasion to review some of the work done
by the Committee on the Solar Constant and Zero Air Mass
Solar Spectral Irradiance. The task was well defined: to
propose values of the solar constant and the solar spectrum.
There was a deadline to be met: the IES meeting at Boston,

April 12 - 16, 1970.

That deadline is now long past; values endorsed by the
six members of the committee were proposed. I might regard
myself as holding a defunct chairman's job.

A questionnaire was distributed on December 30, 1969.
Two questions ware asked in the questionnaire: 1) What are
the relative weights to be given to the values of the solar
constant proposed by different authors? 2) Is the NASA 711
curve adequate? What changes would you suggest?

I had also requested comments, and had agreed that the
comments and the weights you give would be confidential.
What Mr. Willson wants me to do would go counter to this
agreement. I, for one, feel great reluctance in spreading
broadcast my criticisms of the work of other people for all
of whom I have a high personal regard. Such publicity would
generate more heat than light. But if several of you wish
it otherwise, I shall be happy to send a copy of your com-
ments back to you for editing before publication.

As for the first question about the solar constant
there were plenty of comments, hardly any for the second
question about the spectrum.




There was a fair degree of agreement among Dr. Drummond,
Dr. Murcray, Dr. Gast and myself about the relative welights
to be assigned. Dr. Murcray was of the view that all ground
based values being integrals of the spectral curves and
being based on different spectral standards should be re-
jected. Dr. Gast and I agreed with him, and to a certain
degree also Dr. Drummond, though he gave a high weight to
Labs and Neckel. Cary 14 value was excluded for the same
reason that it was an integral.

The six values of welghted averages were 135.0, 135.1,
135’1' 135.7’ ]36l7 a-nd 137090

The value 135.3 was chosen by Dr. Drummond and myself
as being a good compromise, one that might be accepted by
the entire scientific community with a high degree of con-
fidence. Discussions on the phone with Dr. Gast and Dr.
Murcray made it plain that they would be quite agreeable to
this value. Later I called Mr. Willson and Mr. Laue and
they too agreed to this value being presented as the recom=-
mendation of the committee. This was done during the week
of February 17.

Next came the question what relative weights should be
assigned to the different published values. The numbers
finally chosen were such as to give 135.3 as the weighted
average and to reflect the opinions of most of the members.
The relative weights had also to be such as to sound reason-
able to an outside public. A straight average of the welghts
we had assigned would not have given 135,53

Mr. Willson refers to new values being listed, incorrect .
representations and omissions. I presume the new values he
refers to are those of Kondratiev and Plamondon. They were
brought up at the meeting of December 5, Kondratiev by Dr.
Drummond and me, Plamondon by Mr. Laue, "because of the
publicity it had received."

Incorrect representation probably refers to Mr. Willson
himself. In December we had a published value 139.0 from
JPL TR 32-1365; in the answer to the questionnaire in January
he had 138.2; I heard that the value was further revised down-
wards later on.

The omissions from the final list are the integrals of
spectral curves and Mr. Willson's own value. For the integrals
the case seemed clear. For Mr. Willson's value, the case was
far from clear. There was no firm value we could cite at that -
time. A JPL committee was studying the question. The 2.2%




correction to the IPS scale was a moot question. If a value
above 138 was cited for Mr. Willson there was no plausible
set of weighting factors we could assign to the rest of the
values so as to derive a final 135.3. @NMr. Laue tells me
there is a firm value now, 137.0. But in March, a simple
omission seemed more courteous than trying to defend a low
weighting factor.

Thus we are left with 8 values. Four of these are
from independent experiments of GSFC NASA 711, They are
assigned a total weight of 22, compared to 34 for the other
four.

Next came the question of spectral irradiance. Dr.
Drummond had supplied some very extensive data. They were
based not only on the X-15 but on several flights of CV990
and B57-B. They had the great advantage of being in a scale
independent of the NBS spectral standards.

Dr. Murcray also gave some valuable information in the
IR. They were based not only on his findings but on those
of many others. The extension of the table beyond 20p was
made on the basis of these data. There was very close agree-
ment between the NASA 711 table and Dr. Murcray's values at
the 6 wavelengths he listed in the range 4 to 20u. Leaving
the NASA 711 table unchanged in this range was the result of
a discussion of the data between Dr. Murcray and myself.
Thus it is not true that Dr. Murcray's values were not used;
they were a rather striking confirmation of our I-4 data.

Nor is it true that the Cary 14 data (Arvesen, Griffin
and Pearson) were not considered. In fact a detailed com-
parison with the GSFC curve was made. Cary 14 data were
punched on cards and a normalized ratio graph was plotted.
The agreement was close over most of the range. A striking
exception was the range 0.525 to 0.675p. I had pointed this
out at the December 5 meeting and said that probably the
GSFC curve may have to be shifted upwards in this range.

That was my thinking till the middle of February 1970 when
Dr. Drummond's data arrived. In this range the Eppley -

- JPL data were almost exactly in agreement with the GSFC data.
On reexamining the curves due to the four GSFC instruments
in this range it was found that all four were in close agree=
ment, crossing each other at several points.

Shifting .the GSFC curve upwards in any range would have
entailed lowering it everywhere else so as to keep to the
integral value of 135.3. This would have been an unacceptable
change in the data of all the five GSFC spectral irradiance
instruments. The integral value of the GSFC spectral curve -
prior to normalization had been 155425,




The question of the Cary 14 data came up at the
IES meeting in Boston. The difficulties were pointed
out by Dr. Drummond, Mr. Duncan and myself.

The method of building up the proposed spectral curve
was discussed with each of the committee members prior to
the IES - Boston meeting, and it was endorsed by all.

Mr. Willson had written in his letter of January 9:
"T will have solar spectral distribution information in the
near future, but have nothing to contribute at present." I
do not recall receiving any such information.

One final word: it is not true that there was no
response to the letter which Mr. Laue, Mr. Willson and Mr.
Kendall wrote to me prior to the Boston IES meeting. The
letter did not seem to me as expressing a dissenting point
of view, Mr. Laue and I discussed it on the phone and he
told me that the letter need not have been written, and I
should .disregard it, that no reply was needed, and that he
would communicate to Mr. Willson the gist of our conversation.

(4]

/. / M—ML(
Me Po Thekaekara
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UNITED STATES GOVERNMENT
Memorandum

Mr. Charles H. Duncan, Head DATE:
Radiometry Section, Tﬁermophysics Branch

Dr. Matthew P. Thekaekara
Thermodynamics Branch

Solar Constant and Solar Spectrum

This brief memo is with reference to the letter which
Mr. Arvesen sent to you as also to several others including
myself about the proposed standard values of the solar’
constant and zero air mass solar spectral irradiance.
You were one of those mainly responsible for setting up
this task group. We had a rather well-defined though
difficult problem: to propose these standards. We had
also a deadline to meet: i.e., IES Meeting in Boston
in Apxil 1970,

Two points were raised in Mr. Arvesen's letter, that
his data from the Cary 14 should be considered and that
in view of the possible revision of spectral irradiance
standards of the NBS the proposed solar curve should
await further corrections.

As for the first point, the Cary 14 results were
carefully considered. In fact, until the filter data
of Eppley -JPL became available in February, the GSFC
curves from the four instruments and the Cary 14 curve
were the only ones available from high altitude measure-
ments. The differences were in the range 0.525 to 0.675u.
Elsewhere the agreement was well within the range of error
of the different instruments. In the range around 0.6p
where the four GSFC curves crossed each other and the
Cary 14 curve was distinctly higher, the filter data were
in almost exact agreement with the final GSFC curve.

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
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The proposed standard curve is based on two independent
scales, one referred to the NBS quartz iodine lamp and the
other referred to IPS 56. The Eppley JPL data are from a
radiometer calibrated on IPS 56 and the filter factors
are computed from transmittance curves and an idealized
source spectrum. Thus, there is no dependence on the
NBS spectral irradiance scale.

The IPS 56 has been accepted internationally. No
attempts have been made to compare the NBS spectral
standard with similar standards used in laboratories
outside the U.S. Attempts at a revision of the NBS
spectral standard had been begun in 1966; no results
have yet been announced. It is difficult to say how
many years more it will take before an international
spectral irradiance standard can be established. It
has been a long standing custom in spectroscopy to
insist on agreement between three independent laboratories
before a standard is accepted.

Meanwhile should we be satisfied with the Johnson
value of 139.5 mw cm—2 for the solar constant? Should
the solar spectral curve continue to be a 6000°K
blackbody curve in the IR as was proposed by Parry
Moon in 1940 and was adopted by F. S. Johnson?

The values which were proposed in April 1970 at
the IES Meeting were based on data which were thought
the best available at that time. No new data has since
been published.

%foﬁfa& /) f%/tbﬁcm

Matthew P. Thekaekara
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_THE EPPLEY LABORATORY, INC.

SCIENTIFIC INSTRUMENTS
NEWPORT, R.1.02840 U.S. A,

3‘September 1970

Mr. John C. Arvesen
Member, IES Solar Radlatlon Commlttee
NASA
Ames Research Center 5
- Moffett Field, cCalifornia 94035

. Attention: STP:234-1
Dear John,

Thank you for your letter dated 17 August 1970 in
.which you recommend the postponement of IES Solar Radiation
Committee action on the establishment (but which I prefer
to call endorsement) of a standard of extraterrestrial
spectral irradiance.

: I must very strongly oppose such a suggestion. But
"it is quite clear that you misapprehend the real position.
This in no way reflects upon you and probably many of our
other colleagues. The spectral curve which Dr. Thekaekara
and I have proposed was only finalized in May, when we
submitted a joint paper to "Nature". This contribution

..+ has been accepted, but we do not believe that it will ap-

- pear much before the end of the year since we still await
proofs. Also, the related (and more detailed) paper, by
me, was only presented, to a limited audienée, at the Len-
ingrad COSPAR Meeting.at the end of May. Therefore, there
- is not yet been any real widespread dissemination of the
material contained in these papers.

My reasons for opposing your prbposalAare as follows:

(a) The spectral reference advocated by Dr. Thekaekara and .

me is based not solely on Goddard monochromator results

. referenced to NBS spectral standards of irradiance, but,
-also on ‘the Eppley-JPL axrcraft fllter radlometry :

e
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. THE EPPLEY LABORATORY;, INC.

'Mr, John C. Arvesen ‘2 - . 3 September 1970

programs conducted over several years and referenced
: to IPS:; =

The integral under this curve has been adjusted to fit :
‘what we believe is the best acceptable value to date of
the solar constant of radiation;

This value does not depend in any way upon NBS radi-
ometric standards.

For your information, I therefore give below three
tables extracted from my COSPAR paper (with change of
numbering) . ;

Table 1. High-altitude measurements of the solar constant: 1961-1969

: ~ Solar Constant
Source ; ae MW cm'2

Murcray '« Univ, of Danver =~ . 7 . 133.8
McNutt and Riley  GSFC - 134.3
..Duncan and Webb . GSFC : o ae o e 13409
- McNutt and Riley ~~  GSFC = e 13502
Plamondon - JPL 35 3
Kondratyev et al. Univ. of Lenlngrad . 135 .3
Kruger GSFC 2y 135.8
Drummond et al. Eppley-JPL 136.0

Mean (weighted) = 135.3

-

25 Epgley—dPL principal aircraft broad bandpass filter measurements.

: : i ’ Total»'
NASA .. OGl*- RG8 Mean =Mean
‘Month  Aircraft  Series' A(nm) $526 >688 >607 <607
s D : -2

mW cm

Gulv-Avg, = B.57B. . @ 7. 100.2. 73.9 B87.0 49.0
March, . B-57B 3. .40l % 3.4 37,3 487
Cctober @ - X-1% <L ©101.6 734 g7.5 48.5
October “eves98 - 4 - o 100.9 7J3.6 87.3 4B.7
June-Aug. - CV-=-990 it ‘ - 1009 *13.3 B7.1 48.9

(5 sets with 34.series) - _-\ :.} jf :lOl.0f'73.5 87.2 48.8
' 0 abd a0.3% .
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Mr. John C. Arvesen -3= : 3 September 1970
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Table 3. Eppley-JPL aircraft narrow bandpass filter measurements
and GSFC corresponding monochromator etc. results

E-JPL
‘A (nm) E~JPL = GSFC - GSFC A (nm) E-JPL GSFC

mW em™2 o " i mW em™2

235-344 5,52 524 1,05 % 508592/ 14.9 - 14.7
292322 2 .98 . 2,58, L.087 535603 . 12.1% . 11.6
.295-365 6.99 6.29 1.11 565-631 o 10,9
398-344 4,22 3.88 1.09 595-645 ' 8.83 . 7.89
334-403° 7.78 7.63 .1.02  603-663 . L 5.94
355-430 10.1 10,9 0.99 ' 603-697 - retd 1
1 410-474 118 1 17.9 0.99 = 631-697 : 9.62
430-490 11.5 1.8 0.97 © 645-700 7.91

446-500 10.6 10.8 0.98 697-943 28.1
. 490-565 13.3 13l 0.97 1250-2000 18.0

D

Mean agreement (20 wavelength intervals) E-JPL:GSFC = 15%

Note:  E-JPL values underlined are derived differentially from
e adjacent pairs of broad bandpass filters; other E-JPL
values are from narrow bandpass interference filters

< You will observe that the agreement between the filter
and monochromator data is remarkably good. Allowing for the
different measurement, calibration and extratrapolation to
zero air mass problems, Dr. Thekaekara and I consider that
the best reliability which we can place upon absolute energy
values derived for such generally small wavelength intervals
is somewhat better than #*5 per cent; and this is born out by
the results integrating all these uncertainties. It is

' doubtful whether the present NBS standards of spectral irradi=-

~ ance'can be trusted to better than this figure in many of the
bandwidths tabulated above. L

ot I personally believe that this>prop6sed'spéctral
standard is the best obtained so f£3jr, that there would appear
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to be little opportunity to properly contest the curve
until a satellite measurement program becomes realistic,
and that we should not wait for such an indefinite period
before putting our affairs, in this respect, in order.

" Sincerely yours,

R/ S PR
v Be -d s D;\J{u@ld
" Chief Scientist
Member ; A
IES Splar Radiation Committee




PROPOSED NEW ENGINEERING STANDARD FOR THE SOLAR
CONSTANT AND ZERO AIR MASS SOLAR SPECTRAL IRRADIANCE

By: Matthew P. Thekaekara
NASA, Goddard Space Flight Center

APPENDIX

The following is an appendix to the paper of the
same title printed in the Proceedings of the 16th Annual
Meeting of the IES,

The values from Table I considered for a final
weighted average are given below. They are in units of
milliwatts cm~2. After each value is given in parentheses
the relative weighting factors assigned to it on a scale
of 0. .to 10,

U. of Denver Balloon 133.8" (4)
GSFC A 6618 13453 (3)
GSFC A 7635 134.9 (3)
GSFC Hy-Cal 135.2 (8)
JPIL. Mariner Cone 1353 - 10)
U. of Leningrad Balloon 135 3 (10)
GSFC Cone 135.8 " (8)
JPL-Eppley X-15, NASA 711 360 (10)

The weighting factors are based on evaluations and
criticisms offered by members of the committee.

Maximum weight is given to the values obtained from
the JPL Mariner, Leningrad Balloon, and Eppley-JPL Air-
craft, since the final values in each case are based on
a large mass of data. A high degree of reliability is
assigned also to the values given by GSFC Hy-Cal and
GSFC Cone. These represent two independent scales; a
large number of data points were considered; a careful
technique of extrapolation to zero air mass was utilized.




The U. of Denver Balloon value is also worth serious
consideration. That it is so low points to some of the
basic problems of radiometry in general and solar radi-
ometry in particular. The two GSFC Angstroms yielded
relatively fewer data points and hence are given less
weight.

The proposed value of the solar constant, which is
the weighted average of the eight above values is 135.3
mW cm~2 or 1.940 calories min~% cm™2,

The estimated error 'is #2.1 mW cm~2 or #0.03 cal
min-1 em™2. We believe that this estimate of error,
1.5%, is quite conservative, considering the large amount
of high altitude measurements on whith it is based. This
revised value of the solar constagt is 3.1% lower than
the Johnson value of 2.0 cal min™~ cm™2 which used to be
accepted formerly.

For the zero air mass solar spectral irradiance
practically all the available data apart from those of
the GSFC experiments on board NASA 711 Galileo are deduced
from ground based measurements. They were not considered
to be sufficiently significant to modify the NASA 711
curve. The high altitude data recentiy made available
by A, J. Drummond form a notable exception. They are
based on the Eppley-JPL measurements made vith a multi-
channel filter radiometer carried on board X-15, BS57B
and Convair 990. Over most of the spectral range the
results are in close agreement with the GSFC data. The
differences are well within the experimental uncertainties
of the two sets of measurements.

In the wavelength ranges where several of the Eppley-
JPL filters are in agreement in showing a slightly dif-
ferent value from those of GSFC, a weighted average of
the two sets of data was taken. This produces a small
revision of the GSFC curve in the wavelength range 0.3 to
0.704 and increases the integrated area under the curve,
the solar constant, from the GSFC value of 135.1 to the
new proposed standard, 135.3 mW cm™2.




The proposed standard for zero air mass solar spectral
irradiance is presented in tabular form in Table IV and
graphically in Figure 7. The following differences between
Table III from NASA 711 and the revised Table IV should
be noted The energy in the range 0 to 0.1l2u is 0.6 micro-
watt cm~2; it is based on the findings of H. E. Hinteregger.
In the range 0.12 to 0.24 Table III was based on the NRL
data, which both Heath32 and Parkinson and Reeves38 have
found to be about 2.5 times too high. The values have
hence been adjusted downwards. 1In the range 0.22 to 0.30
the correction to NRL data assumed for Table III have
been confirmed by Heath and hence no changes were made.

The Eppley-JPL data were used, as stated earlier, for
the corrections in the-range 0.3 to, 0.704. The maximum
changes are +2.3% at 0.34u, =-0.7% at 0.454 and +1.6% at
0.634. In the range 0.70 to 20u the spectral irradiance
values of NASA 711 have been retained. The few entries
for wavelengths between 20u and 1l ,mm are based on the
combined data of many different observers as quoted by
Shimabukuro and Stacey.39

37

More detailed information about the new proposed
standard of zero air mass solar spectral irradiance will
be available in a monograph to be published by the committee
on "Solar Electromagnetic Radiation" in the series "NASA
Space Vehicles Design Criteria."
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TABLE 7

Solar Spectral Irradiance - Proposed Standard Curve

wavelength in microns

2 -1

5
2

Solar spectral irradiance averaged over small bandwidth centered at A, in Watts cm
Area under the solar spectral irradiance curve in the wavelength range 0 to A, mW cm
Percentage of the solar constant associated with wavelengths shorter than A

Constant - 135.30 mW r:rn"2

N06H 129.695 95,858
20054 130.285: 96,294
.N0LA 130.795 96.671
L0043 131.250 97,007
.00390 131,660 97,3103
.00350 132.030 97,5838
.N03210 132.360 97.8277
.00260 132.645 98.0382
.00226 132.888 98,2479
.00492 133.097 98,3724

000010 .00059992 20004k 25.6001 | 18,921
000003 00072999 00053 26,629F | 19,681
«000007 .00077399 .00057 27.6421 | 20.430
.000023 «00092999 «00068 2R.6236 | 21,155
+N00063 +00135999 200100 29.6011 | 21.R78
2000125 «00229999 «00169 IN.5766 | 22,599
2000271, «00427399 «00316 31.5421 | 23.312
N01N7 «01098% .0081 ) : 32.4926 | 24,045
00229 027784 0205 33,4214 | 24,701
00575 «NE7984 0502 3u.3379 | 25.379

NHAAWNINNNNN
e 8 6 s o 2 o ¢ 0

WD OBIND NS

«0728 35.2591 | 264059 .00166 133,276 93,5047
260742 : -00146 133,432 94,6200
27.418 -NN135 133.573 98.72738

L0064 198534
SODEET 131684 0971 33'3532
. 0N «162984 .1200 .09

.nnzg: 193559 1430 37.9979 | 28.08% « 00123 133.702 18.8192
.00723 227384 .1680 38.8821 | 28.737 .00111 133,819 98,9056
00704 «263059 .1900 39,7519 | 29.380 3.0 |.00103 133.926 98,9847
0104 +306659 «226 40.6131 | 30,017 .N0095 134,025 99,0579
.0130 +365159 269 41,4669 | 30,648 «NDO0A7 134.116 99,1252

0185 4563909 328 42,3169 | 31.276 > 100078 134,198 99,1861
«548159 405 63,1711 31f907 3 00071 134,273 99,2412

<0232

0204 657159 o485 44,0289 | 32,541 00065 134,301 99,2915
.N222 « 763659 564 44,8876 | 33.176 5 | 00059 134,603 99,3373
0315 « 897909 663 45,7441 | 33,809 .00053 134,459 99,3787
0482 1.09715 <810 46.,5971:| 34,439 200048 134,509 99,4160
0584 1.36365 1.007 47,4426 | 35,064 .0N04LS5 134,556 99,4504
«N514 1.63815 1.210 48.2796 | 35,683 9 | 000G 136,599 99.482195
«0603 1.91740 1.417 49,1079 | 36.295 0003830 4134.63905 99,511500
«0RRY 2.26040 1.655 49,9284 | 36,902 .0001750 134.91805 99,717708
N7EL 2.60365 1.924 51.5469 | 38,093 .N000990 135.05505 99,818965
.Nazp 3.00215, 2,218 53,1322 | 39,270 0000600 135.13455 99,877723

0975 3.45340 2,552 . 54,6899 | 40.u21 . 0000340 135.18355 99,913939
1059 J.96190 2.928 56.2174 | 41,550 «N0N0250 135,2150% 99,9372210
-i081 4.49690 3.323 57.7159 | 42.657 «0000170 135.23605 99,9527L2
<1074 - 5.03565 3.721 59,1869 | 43.744 «0000120 135.25055 99,96345A8
1069 5.57140 bo117 60.6284 | 44,810 0000087 135.26090 99,97110%
«1093 6.11190 4,517 62.0429 | 45,855 1000055 135.26800 99.976356
«1083 6.65590 4.919 63.L284 | 46.879 .0000049 135.27320 99,980199
«1068 7.19365 5.316 64.7849 | 47,882 0000038 135.27755 99,94 14
«1132 774365 5.723 66,1139 | u3.864 .N000031 135.,28100 99,985964
.1181 8.321910 6.150 67.4159 | 49,826 0000024 135.28375 ag,9a7oa7

«1157 8.90640 6.582 68.6909 50769 .0000020 135.28595% 99,9896272
«1120 9.4756% 7.003 69,9386 | 51.691 .0000016 135.28775 99,9080051
.1098 10.0301 7.413 75,7934 | 56,018 +N0000N610'| 135.29328 ag9,9a6n3¢
«1N94 10,5791 7.819 81.0309 | 59.889 .000700300:| 135.29555 99,9971 4
.1189 11.1509 Bo2tl B5.7234 | 63,358 .000000160 | 135,29670 99,997564
« 10629 11,8054 R. 725 ! 90,0334 | 66543 .00000009% | 135.2973& 99,998037
«1h40 12.5736 9,293 93.9859 69, 460G .0N0000038 | 135,295800 99,998525
«1751 13.4224 9.920 100.675 74.409 .000000019.| 135.29828 99.398736
«1774 14,3036 10,571 106.055 78.385 | «n00000007 | 135.29854 99,9948928
« 1747 15.1839 11,222 110,455 A1.637 2000000003 | 135.29860% 99.599002

.1693 16,0639 11.858 116,115 | Au.302 0| 135,30000 |tnn,onanon
.1639 16.8769 12.473 117,230 | B6.6LS
.1663 17.7024 13.083 119,885 | 88,607
.1810 18.5706 13.725 | 122,135 | 90.255
.1922 19,5036 14.415 | 123.920 | 91.589
.2008 20,4856 15,140 ] 125,345 | 92.642
.2057 21.504% 15,991 | 126,690 | 93.0489
. 20€€ 22,5321 16,653 127.455 | 9h.202
«2048 23.5606 17.413 125,300 | 9u.826
.2n32 24,5809 18.167 129,035 | 95.3780,
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PROPOSED SPECIFICATION FOR THE SOLAR
CONSTANT AND AIR MASS ZERO

SOLAR SPECTRAL IRRADIANCE

These pages should replace page 8 (table 5),
page 9 (table 6) and page 10 (figure 1) of
the "Proposed Specification for the Solar
Constant and Air Mass Zero Solar Spectral
Irradiance" distributed for ballot to member-
ship in September 1971. All values

have been changed to SI units in conformity
with ASTM recommendations.
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INSEITUTE. OF ENVWMmVMENTALSKHENCES

NATIONAL
940 EAST NORTHWEST HIGHWAY MT PROSPECT. ILLINOIS 60057

AREA CODE 312
i o ~ ~
CLEARBROOK 1561

SOLAR RADIATION SIMULAT!ON COMMITTEE
1 November }

SE Ammr & REPLY TO

NASA/GSFC
Code 762"
Greenbelt, MD 20771

TO : Committee Membership

FROM: National Chairman

I. The mlnutes of the Joint Meeting with ASTM Committee E-21.,70
held in Los Angeles, CA on 5 & 6 October 1971 are enclosed. Both
the Recommended Practice and Engineering Standard were approved
by this Committee. More details are in the minutes.

II. The IES has approved the printing of the '"Colloquium on Solar
Radiation'" proceedings which were presented at the IES Annual Meeting
in Los Angeles in April 1971. These will be printed in the standard
book size with hard covers and will sell for approximately $10. Dr.
A. J. Drummond of Eppley Laboratories is coordinating this effort.

III. The program for the IES-AIAA-ASTM Sixth Space Simulation Con-
ference is nearly finalized. Approximately 75 papers are presently
planned for presentation. This conference will be held at the Ameri-
cana Hotel in New York City on 1-3 May 1972. The IES Annual meeting
will be held at the same hotel on 2-4 May 1972, The Government Industry
Committee on High Energy Light Sources also plans to hold its semi-
annual meeting on 4&5 May 1972. This committee will hold its annual .
meeting on 3 May. ASTM Committee E-21 also plans to meet during this
week. There should be something of interest for everyone, so make
your plans now to attend. Preliminary program announcements will be
mailed by IES early in January 1972.

IV. Dick Nichols, IES Technical Vice-President, has appointed me
Manager, Physical Science Division of the IES Technical Committees
effective 1 November 1971. This is a new position created by the
revision of the constitution and by-laws earlier this year. Terry

L. Hershey, the Vice-Chairman (WEST) has agreed to assume the duties

of National Chairman of the committee until the new officers are elected
in 1972, Also, Tony Matel of Hughes Aircraft Company has agreed to
assume the duties of Vice-Chairman (WEST) during this period.

V. I wish to thank each of you for your support and efforts on
committee activities during my term as National Chairman.

(s &, /ﬁ«%

Charles H. Duncan
National Chairman

Enclosures




Joint Meeting - Subcommittee 7, Solar Simulation of Committee E-21, Space
Simulation of ASTM; with IES Solar Radiation Commiteee and AIAA ground test
and Simulation.

October 5 & 6, 1971
International Hotel
Los Angeles, California

Joint Committee Chairman - Terry Hershey

A. Review of final draft of "Recommended Practice for Solar Simulation for
Thermal Vacuum Testing of Spacecraft" and final vote before submission

to E-21 Committee.

The committee reviewed all comments (written and oral) concerning the
final draft and resolved all items. Several changes in wording, cor-
rections to units, and clarifications were made to each section. The
section co-ordinators were asked to submit these final changes to C.

Duncan at GSFC for assembly into document.

The subcommittee formally voted to accept the Recommended Practice. and
submiit it for ballot to the E-21 Committee.

Tentative data for ballot is mid-November, with schedule for printing

of approval Practice in time for IES Annual Meeting, May 1972.

Review of final draft of "Proposed Engineering Standard for the Solar
Constant and Solar Spectrum" and final vote before submission to E-21

*Conmittee.

The committee resolved all comments concerning the proposed specificatioﬁ‘
and made a few minor changes in wording. Spectral irradiance was defined
more explicitly and agreement was made to use the ANSI standard nomenclature,
Ei The specification was adopted by unanimous vote and will now go to E-21
Committee for final ballot.

The ASTM booklet on form and metric units practice guide were suggested :

as documents for the commlttee s use in future activities.
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TABLE 6
SOLAR SPECTRAL IRRADIANCE - PROPOSED
STANDARD CURVE ABRIDGED VERSION

WAVELENGTH IN um

SOLAR SPECTRAL IRRADIANCE AVERAGED OVER SMALL BANDWIDTH
CENTERED AT A, IN W-m-2.um-1

Do. A PERCENTAGE OF THE SOLAR CONSTANT ASSOCIATED WITH WAVELENGTHS
SHORTER THAN A

SOLAR CONSTANT - 1353 W-m-2

A € Do. 2 Ex [Do-a
J 4 x 104 ; 1639 | 12.47
.03 5x 104 ; 1810 | 13.73
23 7x 104 . 2008 | 15.14

128 | 1.7x103 . 2066 | 16.65

8.1x 103 ' 2033 | 18.17

0.05 0. 19.68

0.10 | 21.15
0.14 . 22.60
0.19 4 24.01
0.27 ; 25.38
0.41 S 268.74

0.56 ; 28.08
29.38
30.65
31.91
33.18

34.44
35.68 : 5.9
3.8
40.42 f 1.8
1.0

8

25
49 x 102
18x102
38x104
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Paper No. 82

PROPOSED SPECIFICATION FOR THE SOLAR CONSTANT AND AIR
MASS ZERO SOLAR SPECTRAL IRRADIANCE

IES Solar Radiation Committee and ASTM Space Simulation Committee E-21

FOREWORD

This Specification for the Solar Constant and Air Mass Zero
Solar Spectral Irradiance resulted from a joint effort between
the Institute of Environmental Sciences Solar Radiation Com-
mittee and the American Society for Testing and Materials
Committee E-21 on Space Simulation. It was the subject of
a colloquium session held at the 17th Annual Meeting of the
Institute of Environmental Sciences at Los Angeles, Califor-
nia, 26-30 April, 1971. The material upon which this spec-
ification is based is now in the process of being published by
the IES as a case bound book which will be titled '"The Solar
Constant and Solar Spectrum. "

Members of the two committees and other interested
persons have contributed to this specification by offering
comments and suggestions. The task originated in the East
Sub-Committee of the IES Solar Radiation Committee and

was assigned to a sub-committee section which consisted
of the following individuals:

Dr. Matthew P. Thekaekara,

Chairman - NASA AGoddard Space Flight Center
Dr. Andrew G. Drummond - Eppley Laboratory
Dr. P. Rupert Gast - Air Force Cambridge Research

Laboratories

Eric G. Laue - Jet Propulsion Laboratory
Dr. David G. Murcray - University of Denver
Richard C. Willson - Jet Propulsion Laboratory

The document is planned for eventual publication by
ASTM in the Book of Standards. The present reproduction
of this document is the draft as approved by the IES Solar
Radiation Committee. The document now has to be voted
on by ASTM and may be revised before it appears in the
ASTM Book of Standards.




It is printed in this proceedings to give it a wider dis-
tribution among those who may find it useful in their work.

Charles H. Duncan
Chairman, IES Solar Radiation
Committee

1. SCOPE

1.1 This specification defines the solar constant and the zero air mass
solar spectral irradiance for use in thermal analysis, thermal balance
testing, and other tests of spacecraft and spacecraft components and
materials.

1.2 This specification is based upon data from experimental measure-
ments made from high altitude aircraft, balloons, spacecraft, and the
Earth's surface. The stated accuracies are based on the estimated ac-
curacies of the measurements, calibrations, and radiometric scales.

2. DEFINITIONS OF TERMS
2.1 Air Mass (Optical Air Mass). The ratio of the path length or radi-

ation through the atmosphere (1,) at any given angle, Z°, to the sea level
path length toward the zenith (1;)

AM = Im = gecze, forz° < 62°.

Z

Symbol: AM1 (Air Mass One), AM2 (Air Mass Twh).

2.2 Air Mass Zero. The absence of atmospheric attenuation of the solar
irradiance at one astronomical unit from the Sun. Symbol: AMO.

2.3 Astronomical Unit. A unit of length defined as the mean distance be-
tween the Earth and the Sun, 149,597,890 +£500 Km. Symbol: AU.

2.4 Irradiance at a Point on a Surface. Quotient of the radiant flux in-
cident on an element of the surface containing the point, by the area of
that element. Symbol: E: Unit: Watt per square meter, W+ m™2 .

2.5 Irradiance, Spectral. The irradiance per unit wavelength interval at
a specific wavelength, or as a function of wavelength. Symbol: E).
Unit: W-m?.um.
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2.6 Integrated Irradiance. Spectral irradiance integrated over a specific
wavelength interval from A; to A,.
”}\2
Symbol: E7\1‘}\2=_I7\1 Exd A Unit: W ¢ m-2
2.7 Additional definitions will be found in E349.

3. SOLAR CONSTANT

The solar constant, based on the average of the values shown in
Table 1, is:

1353 W+ m=2 . Estimated Error: +21 W* m2 .

Table 2 summarizes the results in different units and Table 3 pre-
sents the total solar irradiance at various planetary distances from the
Sun.

4. SOLAR SPECTRAL IRRADIANCE (AIR MASS ZERO)

The zero air mass solar spectral in('ild%‘ie is based on data from the
NASA 711 research aircraft experiments" *~’ (see Table 4) with ad-
ditions and revisions based on other recent measurements(16), Previ-
ously compiled solar spectral irradiances were based on ground based
measurements(17 t0 25) and some measurements from rockets(26), Spec-
tral irradiance data from the NASA Ames Research Center(2?) were not
included because of calibration uncertainties. Further discussion on the
methods of calculation and historical information can be found in Refer-
ences 3, 16 and 28 to 31.

Table 5 presents the solar spectral irradiance in tabular form for
the range 0.12 to 1000um. The first column gives the wavelength (A ) in
um; the second gives the spectral irradiance (E) ) at A in W+ m-2:ym-1 ;
the third gives the total irradiance for the range 0 to X (Eq_3) in W+ m™2;
and the fourth gives the percentage of the solar constant associated with
wavelengths shorter than A, (Dy_ ).

Table 6 presents an abridged version of Table 5. Figure 1 plots the
Standard Solar Spectral Irradiance. A

The irradiance in the range 0 to 0.12 um (nearly 0.006 W - m2 ) is
based on Hinteregger's results(32), In the 0.14 to 0.20 um range, the
values are based on Naval Research Laboratory data(17, 26) that have
been adjusted downward because of data by Heath (33) and Parkinson and
Reeves(34), In the range 0.20 to 0.30 pm, the values of the Goddard
Space Flight Center curve have been retained because of confirming
Nimbus satellite data(33). The Epply-JPL data were used for revision in
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Table 1

SOLAR CONSTANT

Platform

Detector

Reference

NASA 711 Aircraft
NASA 711 Aircraft
NASA 711 Aircraft

NASA 711 Aircraft

Soviet Balloon

U. of Denver
Balloon

Eppley-JPL High
Altitude Aircraft

Mariner VI & VIII
Spacecraft

JPL Balloon

Hy-Cal Pyrheliometer
Angstrom 7635
Angstrom 6618

Cone Radiometer

U. of Leningrad
Actinometer

Eppley Pyrheliometer
Eppley Pyrheliometer
Cavity Radiometer

Cavity Radiometer

1368

1,23

1,23

Average Estimated Error

1353
21

the range 0.3 to 0.7um(%-13), The 20 to 1000um range(°-13, 16)
irradiances were computed from the combined data on the brightness
temperature of the Sun from many different authors as quoted by
Shimabukoro and Stacey(395),




Table 2

THE SOLAR CONSTANT
(Conversion Factors)

Solar Constant = 1353 W m-2 (21 W * m2 ) [preferred unit]
0.1353 W - cm2
- 135.3 mW * cm2
1.353 x 106 erg *cm-2 « sec-!

125.7 W « ft=2

1.940 cal* em™ « min™ (0,03 cal » cm™ - min!)

0.0323 cal - cm™2 * gec]
= 429.2 Btu* ft2 « hr!
0.119 Btu -+ ft2 - sec™!

1.937 Langleys *min-!

The calorie is the thermochemical calorie-gram and is defined as
4.1840 absolute joules. The Btu is the thermochemical British ther- |
mal unit and is defined by the relationship: 1 Btu (thermochemical)/
(°F x 1b) = 1 cal- g (thermochemical)/(°C x g). :

The Langley, however, is defined in terms of the older thermal unit
the calorie * gm (mean), i.e., 1 Langley = 1 cal-g (mean) - cm~2 ;
1 cal * g (mean) = 4,19002 joules.




Table 3

SOLAR IRRADIANCE AT THE PLANETS

Solar Irradiance
W+ m2

Perihelion

Aphelion

Mercury

14309.0

6211.0

Venus

2621.0

2551.

Earth

1399.

1309.

Mars

709.

487,

Jupiter

55, !

45.

Saturn

13.

Uranus

Neptune

Pluto




Table 4

SPECTRAL IRRADIANCE INSTRUMENTS ON BOARD THE NASA 711 GALILEO RESEARCH AIRCRAFT,
USED FOR OBTAINING THE GSFC CURVE OF SOLAR SPECTRAL IRRADIANCE

(References 1, 2, 3)

Instrument

Energy
Detector

Type of Instrument

Aircraft Window
Material

Wavelength Range
(4m)

Perkin-Elmer
Monochromator

1P28 Tube,
Thermocouple

LiF Prism
LiF Prism

Sapphire
Sapphire

:3=0.17
7T-4

Leiss
Monochromator

EMI 9558QA,
PbS Cell

Quartz Double,
Prism

Dynasil Quartz
Dynasil Quartz

.3=-0.7
a6

Filter
Radiometer

Phototube

Dielectric Thin Films

Dynasil Quartz

3 =1.2

P-4 Inter-
ferometer

1P28 or R136
PbS Cell

Soleil Prism
Soleil Prism

Infrasil Quartz
Infrasil Quartz

I-4 Inter-
ferometer

Thermistor
Bolometer

Michelson Mirror

Irtran 4




Table 5

SOLAR SPECTRAL IRRADIANCE - PROPOSED STANDARD CURVE

- Wavelength in micrometers
- Solar spectral irradiance averaged over small bandwidth centered at A, in Wem 2. um >
- Integrated solar irradiance in the wavelength range o to X, in Wem

D _, - Percentage of solar constant associated with wavelengths shorter than A.

Solar constant - 1353 Wem 2

Note: lines indicate change in wavelength interval of integration.

Dy E D E D

o=k 0=\ o-A o-h

+000b% 352,591 |[26.059 1221.23 90,261

00053 361.826 |26.742 1230.78 90,967
00057 370.976 (27,418 1239.25 91.593
00068 379.979 |2s.084 1246.78 92,149
80100 380.821 (28,737 92, 644
00169 29.380 93.088
«00316 30,017 290 93,489
00811 30.648 94,202
.02053 31.276 94,826
67988 05024 #31.711 |31.907 1290.40 95.373

+98585 .0728 440,289 |32.541 1296.95 95.8580
1.31488 33.176 1302.80 96.2903
1.62985 33.809 1307.95 96.6710
1.93560 34,439 1312.50
2.27385 35,066 1316.60
2.63060 35,683 1320.30
3.06660 38,295 1323.60
2,65160 36,902 1326.45
4.43910 18,098 1323.88
5,48160 531.329 |39.270 1330.37 92,3724

6.5716 5464899 |K0.621 1332.76 98.5047
7.6366 562,176 | 41.550 1334, 32 98.6200
8,9791 +6636 577.159 |42.657 1335.73 98,7238

+8109 591.869 |43.76b 1337.02
1,0078 6064286 | 4h.810 1338.19
1.2107 620.429 | 45,855 1339.26
1.6171 534,284 |45.879 1340.25
1.6558 BLT.849 | n7.882 1341.1€
1.9243 661.139 [48.864 1361.98
30,0218 2.2188 674,159 49,826 1362.73 99.2412

1383.4161 | 99.291507
1366.0341 |99,337331
1364.591 [99.378721
1345.0991 [99.616045
1345.5641 | 99.450613
1345.9961 | 99.482195
1366.3906  [99.511500
1349.1806 | 99.747708
1350.5506 99.818965
1351.3456 | 99.877723

34,5344 6864909 |50.769
39,6191 699.386 |51.691
45,9691 711.616 |52.595
50,3566 723.59 |53.480
55,7161 735.314 | 54,346
61,1191 766.779 | 55,196
66,5591 56.023
71,9366 56.834
774366 2 57.627
83.2191 790,176 | 58,401

coolos Nans

89,0641 800.419 |s9.158 1351.8356 |99.913939
94,7566 810,434 | 59,899 1352.1506 | 99.937221
10003016 820.226 | 60,622 1352.3606 [99.952742

829.799 |61.330 s 1352.5056 |99.963459
839,164 |62.022 1352.6091 |99.971108
868,336 | 62,700 1352.6801 |99.976356
857.329 |63.365 1352.7221  [99.980199
866,184 |64.019 1352.7756 | 99.983414
874.929 | 64,665 1352.8101 | 99.985964

151.8391 11.222 883,564 [65.306 1352.8376 99.987997

cw eNoMFrrrre

'S
-

160,439 11.858 832,08 [ 65.934 ] .02000 [1352.8596 |99.989623
168.7691 12,473 300.50 66.556 +01600 |1352.8776 99.990953
177.0261 13.083 908,79 67.168 +00810 99.995037
185,7066 13.725 916.90 67,768 «00300 99,.996718
195,0366 14,415 924,84 68,355 -00160 99.997568
204,8566 15.160 932.60 68,928 00094 {1352.9734%
215.0161 15,891 940,18  |69.488 -:g:i: ;:sz-“gq 99.998525
225.3216 16.653 975.58 72.10% 2 L}

235.6066 17.613 1007.10 |74.435 00007 |1352.9855 |99.998928

245.8091 18.167 1035.30 76.519 400003 [1352.9865 99.999002

256.001 18.921 1060.80 78,404 .00000 (1353,0000 g0.000000
266,296 19,681 10a3.88 80,109
20,630 1104.75 81.652
21.155 1123.63 B83.047
21.878 1161.00 | 864,331
1157.23 85,530
1172.23 86.639
1186.10 87.665
1198.90 88,611
363.379 25.379 g 1210.60 89,4675




Table 6

SOLAR SPECTRAL IRRADIANCE -
PROPOSED STANDARD CURVE ABRIDGED VERSION

WAVELENGTH IN um

E SOLAR SPECTRAL IRRADIANCE AVERAGED OVER SMALL BANDWIDTH
CENTERED AT A, IN W-m-2.um-1

Dyo.A» - PERCENTAGE OF THE SOLAR CONSTANT ASSOCIATED WITH WAVELENGTHS
SHORTER THAN X\

SOLAR CONSTANT - 1353 W-m-2

A Ea Dg.
1 4x 104
.03 5x 104
.23 7 x 104
1.7 x 10-3
8.1 x 103
0.05

0.10
0.14
0.19
0.27
0.41

0.56

9.5
5.9
3.8
1.8
1.0

6

.25
4.9 x 10-2
1.6 x 102
3.8 x 104
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Figure 1. Solar Spectral Irradiance.
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5301 Bolsa Avenue .
Runtington Beech, California 92647
(71k4) 896-2170

Notification of acceptance will be mailed to authors Ly June 4, 1973.
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