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Abstract

This is the Final Technical Reporf on NASA Grant NGR33-011-009
entitled, "Feasibility Study for the Use of a YF-12 Aireraft as a Scientific
Instrument Platform for Observing the 1970 Solar Eclipse'". The study was
successfully completed in the fall of 1968 with a presentation to the Office
of Solar Physics at NASA Headquarters and with the submittal of supporting
scientific and technical reports.

That information indicated that a YF-12 or SR-71 type aircraft
could be instrumented with several cameras and a ten-inch, £/43.2 telescope
feeding spectrographic and photometric systems for measurements of the solar
corona and chromosphere, Spatial resolution radially across these regions
as low as twenty-five kilometers might be achievable. Total time for
observations could be as long as ninety minutes with most of that time spent
above ninety percent or more of the atmosphere.

A recommended schedule for aircraft instrumentation and flight
check-out was given at the presentation in 1968. Representatives in the
office of the Assistant Secretary of the Air Force for Research and Engineer-
ing, who controls operations for these aircraft, tentatively approved these
plans, ©No official costs were made available to the Principal Investigator
(P1), but such an undertaking was acknowledged to be expensive with estimated
costs in the one-to~six million dollar range. As a result of funding
constraints on NASA at that time and lack of success by the PI in his efforts
“to elicit additional financial support from other interested agencies, the
results of this feasibility study could not be utilized., However, the study
also included a short assessment of feasibility for all solar eclipses through
1981. The solar eclipse of 1977 in the northeastern Pacific Ocean was shown
to be. equally as useful for YF-12 or .SR~71 aircraft observations as the
eclipse of 1970, ' -

This Final Technical Report together with its references will review
the scientific and engineering findings of the study as presented in late 1968.



Background

In the winter of 1967 Mr. Robert D. Mercer, then an officer in
the U.S5., Air Force, made an approximate check on the velocity of the lurmar
umbra as it would travel over the earth during the solar eclipse of 1970.,
He found the minimum velocity to be about 1300 knots with the shape of the
velocity curve approximating the function for the derivative of the arcsin.
For alwmost 2 two hour period, using the minimum velocity as a midpoint, the
speeds would be below 2000 knots and decelerationfacceleration would not
exceed 1.0 ft./sec. This velocity/acceleration profile was well within the
capability of several new military aireraft then f£lying. It not only seemed
possible to follow an eclipse for a considerably longer time than would
otherwise be possible using scientifically outfitted aircraft, such as the
NASA Convair 990, but it also appeared feasible for the first time to move
within the umbra, particularly along its boundary. This latter capability
could permit study of the chromosphere for tens of minutes instead of only
ten to twenty seconds. TFurthermore, the high altitude capabilities of
these fast military vehicles would open up telluric passbands where data
had been excluded to previous observers, expecially in the infrared which
is badly attenuated by atmospheric water vapor over large spectral regions.

The first aircraft considered for this work was the XB-70A, the
test version of a supersonic bomber completing its schedule of flights for
the Air Force, However, discussions with Col. J. Cottoun, the chief test
pilot, revealed significant cperational and maintenance constraints that
would severely compromise its scientific utility. Col. Cotton suggested
that serious consideration be given to using the YF-12A, an aircraft with
a very unique altitude and airspeed flight eanvelope and three of which

were then available,

The sum of these ideas was presented'verbally to Drs. H, Glaser,
J, Gill and Mr. M. Dubin at NASA Headquarters in April of 1967 and followed
up with a proposal in writing. NASA and Dr, C. L. Hemenway mutually arranged
for Mr, Mercer to pursue the feasibility of this idea at the Dudley Observatory.

Prior to formal implementation of this study Mr. Mercer prevailed on
NASA Headquarters to transfer funds to the Flight Mechanics Branch of the
Computing and Apalysis Division at the Manned Spacecraft Center for the
development of a computer program to calculate eclipse locations, their
velocities, accelerations, and boundaries versus time and flight altitude.
Mr. Mercer derived the required vector equations, defined inputs and outputs,
and flow-charted the problem. Mr, R. Piersall performed programing, computer
checkout, and documentation. Attachment 1 to this report entitled, "Eclipse
Determination, Program D074, Project 1191," is a copy of that documentation.



Technical Progress under the Grant

Formal award of Research Grant NGR 33-011-009 to the Dudley
Observatory with Mr, Mercer as Principal Investigator (PI) was effected
in August 1967. This work was performed under the technical monitorship *
of Drs. H, Glaser and G. Oertel in the Solar Physics Office, Code SG,
upder the Office for Space Science and Applications at NASA Headquarters.
The initial collection of information on the YF~12A and its sister ship,
the SR-71A, was slowed while the appropriate administrative and security
arrangements were worked out by the PI, NASA Headquarters, the U.S, Air
Force and their prime contractor on these aircraft, the Advanced Develop-
ment Projects Group of the Lockheed-California Company.

Once the data on the eclipse track for March 1970 was available,
planning began to determine the most useful flight profile for observing
the chromosphere, which is more difficult to study than the corona. From
these profiles it was possible to compute accurate solar pointing and the
range of angles over which a heliostat would have to move to feed a fixed~
position, long focal length telescope, Consideration of other, non~-eclipse
investigations was carried out as a parallel effort under this study so
that proposed aircraft modifications could be justified in terms of their
fullest scientific utility. Although aircraft structural features were
not exactly known at first, some information was available on the contours
of the outer skin mold line. This was compared to the required observing
angles versus aireraft headings to determine the useable portion of the
velocity profile.

When detailed specifications on the aircraft did become available,
particularly operational capabilities, it was quickly apparent that the
total time in the vmbra would increase from sixty to about ninety minutes.
In either case, this would require the use of tanker aircraft for aerial
refueling., The group agsisting the Assistant Secretary of the Air Force
for Research and Engineering indicated that such support could be arranged
without difficulty. Also, at the suggestion of that office, consideration
for using the SR-71A, a strategic reconnaissance version of the aircraft,
was added to the study.

Data on the a1rcraft s instrumentation bays and on-board systems
showed that a ten-inch, £/43.2, Schiefspiegel telescope could be accommodated
and coupled with spectrographlc photometric and photographic systems. A
closed circuit television for remote monitoring and control of these systems
could also be included so that an Experiment Systems Operator (ES0) could
appropriately position and rotate a slit spectograph on the image of the
chromosphere or corona during flight. The ESO could also make use of the -
autopilot and on-board computer to vary flight path headings in order to
vary the position of the vehicle with respect to the umbral-penumbral



Technical Progress under the Grant ~ Continued

boundary for analysis of the chromosphere in radial slices as narrow as
twenty-five kilometers at the sun., This feat would represent not only

a five-fold improvement over ground-based resolutions, but also, it would,
provide an increase in observation time by more thanm a factor of one
hundred.

Finally, the success of the computer program for computation of
eclipse tracks and their related data permitted the study to be enlarged
in scope to include all solar eclipses over the expected operational life-
time of these aircraft. This effort indicated that the eclipses of March
1970 and October 1977 were the most ideally suited for these aircraft,
because the angle of the viewing port in the right~hand chine instrumenta-
tion bay would allow the heliostat to feed the full ten-inch aperture of
the telescope, While the eclipse of June 1973 would be the best of the
twentieth century, it would be too far overhead for good viewing by the
long focal length system. However, instruments mounted in the nose
compartment would have much greater flexibility in pointing, and, in
general, their viewing opportunities would only be a function of the
minimum in umbral speeds over the one-and-a-half decades investigated.
Eclipses in March 1970, July 1972, October 1977 and February 1979 would be
the simplest and least expensive to support in terms of aircraft operations
and maintenance, All matters considered, the eclipse in 1977 would be the
very best for utilization of this aircraft, The eclipse of 1970 provided
an ideal opportunity to begin this work, since it would have been the
initial check-out of this new capability, where all modifications to the
vehicle could be used again without change. A resume, showing specific
details for all of this work is presented as Attachment 2 to this report.

All of these data were presented to NASA Headquarters in late Spring
of 1968, The Solar Physics Office suggested that further information on
particular scientific experiments be developed, especially through solicita-
tion for expressions of interest from other scientists working in this
discipline. This was done by arranging an informal meeting at the Dudley
Observatory on 25-26 July, 1968. A full report of those proceedings is given
in Attachment 3 to this report. In addition to the government and university
groups represented at that meeting, the PI visited others at NASA and Air
Force Centers and contacted representatives from the Department of Defense's
Advanced Research Projects Agency and the Office of Aerospace Research in an
effort to build a breoader base in the government's financial support,
especially for the aircraft modification costs. _ o

While great interest and enthusiasm was expressed by all, the 7
constraints on funding which existed in government at that time were just too
severe, HNASA had to drop back in its total commitments, since the Apollo
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Lunar Program had passed through its maximum budget the previous year,

and only the major, on-going programs were allocated funds. The antic-
ipated expenditure for the eclipse project was several millions of dollars,
based on informal costing information supplied by the Lockheed-California
Company. The Solar Physics Office could do little if outside support of
sufficient magnitude eould not be mustered. Furthermore, that office was
well into commitments for Skylab experiments, especially those included in
the Apollo Telescope Mount, and felt that priorities could not be modified
or resources could not be spread at that crucial time. Hence, the 1970
eclipse opportunity had to be missed.

No additional work nor new developments have taken place from late
1968 to the present.

Conclusions

This study has resulted in the conclusions listed below. They
were verbally presented to NASA Headquarters in early Fall of 1968.

1. It is feasible to fly YF-12 or SR~71 types of aircraft in
solar eclipses for periods of one hour or more at altitudes
from 40,000 to 80,000 feet. Higher altitudes can be achieved
and maintained for correspondingly shorter durations of
observation time,

2. Information on most of the chromosphere and some of the corona
can be collected with greater accuracies and at lower
sensitivities than that obtainable from surface sites or any
other non-space vehicles by using such airecraft. Use of these-
instrumented aircraft together with eclipse geometries can _
provide more valuable and less costly answers to certain solar
physics questions than even the use of current-state-of-the-
art coronographs in earth orbit.

3. These aircraft can be modified to accept eclipse observing
payloads of quite complex design. This includes a long focal
length, ten-inch aperture telescopic system to feed spectro~
graphs, photometers and cameras in a chine bay and also more
compact photographic instruments, such as fast cameras and
spectrographic equipments in the nose compartment.



Conclusions - Continued

4.

The aircraft can be operated world-wide and can, therefore,
cover any eclipse track if permission for use of airspace or
overflight of territory has been granted where required. '
Difficulty in obtaining such permission can be anticipated
from countries with which the U.S. does not have close or
cordial relations. Aircraft and instrumentation maintenance
and aerial refueling by supporting tankers would be more
costly the more remote the eclipse track is from the
continental U.5, or its active military bases around the
world,

Unofficial cost estimates range from approximately $1 million
to $6 million, Preparation and participation in an eclipse
flight limited to the simplest modifications for installation
of scientific equipments in just the nose compartment would
require funding at the former figure. This same participation
with the fullest complement of scientific instruments possible
to completely utilize the aireraft's potential for solar
physics studies would be at the latter figure,

As further justification for the considerable costs associated
with permanent modifications to these aircraft, it must be
noted that upward viewing ports can be used to great scientific
advantage for such disciplines as stellar astronomy, planetary
atmospheres and atmospheric physics as well. A one-meter
resolution perpendicular to the direction of flight is
certainly possible, and this will permit the lunar occultatien
measurement of nearby stellar diameters by Fresnel diffraction
techniques. Flights at altitudes above most of the earth's
atmosphers will permit better spectrophotographic studies of
other planetary atmospheres. Finally, these aircraft can be
flown along tracks of constant solar elevation or depression
angles so that analytical studies can be performed on our own
atmosphere.

Recommendations

At the time of this report only one recommendation ean be made:

NASA should review the potential for solar physics
and other scientific studies made possible by these
aircraft and initiate a program for eclipse flights
at the earliest opportunity that sufficient funds
become available,
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1. INTRODUCTION

This solar-eclipse program produces data as a function of

time on the locus of the umbral-penumbral boundary at any
given altitude on or above the earth. This type of infor- *
‘mafion is not easily derived from the normal sources; that

is, from the available canons of eclipses, or from the
special-event circulars issued by the Nautical Almanac Office
of the U.S. Naval Observatory. The special-event circulars
are very accuraté, but they are usually issued not more than |
2 years preceding the eclipse; therefore, the planning-for
eclipses more than 2 years in advance or the comparison of
detailed ephemerides for several future ecllpses 1s greatly
restricted. '

Also, the data from either the canons of eclipses or from “the
5pecialfeven£ circulars require further extensive computation
to develop positional information on the umbral-penumbral
boundary than the data from this program require. The output
data of this eclipse program have been developed fdr,subse—l_‘
Quent combination with existing'automafic digital plotting
routines so that one tabulated listing of data and a variety

of-mapping and graphing routines can be requested by the user.

The basic formulation was done by Robert b. Mercer;hResearch-'*
Associate at Dudley Observatory, Albany, New York. - His work
was supported by The National Aeronautics and Space Admlnlstra-
tion under Research Grant NO-NGR-33-011-009. ' '



2. PROGRAM DESCRIPTION

. 2.1 GENERAL DESCRIPTION . -

The umbral-penumbral boundary positional information is
derived by a vector-form computation of the four elements
of the umbral.cone. The contacts of the four elements with
the oblate spheroid on or above the earth form the ends of
the major and minor axes of a surface figure that'is.élmost
elliptical. The apparent positions of the sun and moon

are used for the cone construction,'and the corrections

for atmospheric refractive bending -are included.

The listed output includes the time felated“positidns.of

an ellipse's focus and center; the ellipse's eccentricity;
the lengths and orientation of the semimajor and semiminor
axes, and the semilatus rectum; the velocity and a21muth of
the ellipse's ‘motion over the surface, and the p051t10ns

of the umbral cone centerline and the solar north or

south pole image points. In addition, it is possible to

. vary the radius of the solar disk so that image shadow’
pdsitions of the sublimb, chromosphere, and inner'gordnal

" features can be determined. It is also possible to make
time variations in the altitude of the surface of observa-
tion which is being intersected by the umbral cone durlng
the eclipse pass. Such a variation allows the computation
of all of.the parametérs necessary to develop or to anélyze
a complete flight profile for the observing aircarft. o

The main program flow chart is given in Figure 1,
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OUTPUT CONVERSION:
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END OF TIME LOOP
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Figurc 1. - Main program flow chart - Concluded.’ ot
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2.2 TECHNICAL DESCRIPTION

"Available planetary ephemeris data give the true positions
of the sun and moon as a function of time. Since eclipse
computations require the appa}ent rather than true positions '
of these bodies, the data must be obtained at the time of
solar emission and lunar passage of the light forming the
~eclipse. Because the orbits of the earth about the sun and
the moon about the earth are not circular, it is necessary |

to compute each time correction for a given eclipse.

—

[Rs el - - L
_ - |'s/E : _ P
’&ts = C , _ (1)
where
ﬁS/E = the position vector of the earth with respect to
' the sun; in all subsequent computations, it will
be the apparent position vector.
C = the speed of light in free space. (See Section 4.2.)
R
- M/E : '
Atm - C - . - . o (2)
“where
ﬁH/E = the position vector of the earth with respect to

the moon and, in all subsequent computations, the
apparent position. | ' '

[~
[l



From the planetary ephemeris data, the vectors defining the
umbra cone and the associated angles can be obtained as shown

in Figure 2.

Thé vector from the center of the moon to the umbral cone
apex can be computed from the following equation.

M/B . R - Rm S/M

s

'The magnitude is obtained from

R : R

m S

IEM/gl N ‘iﬁh/Al.+ IES/ML : | ' o ‘.. (éb)-

and the direction is the same as the unit sun-to-moon vector.

Where

Rﬁ = the spherical radius of the mbon'as_given in
section 4.2, Program Constants.

R = the spherical radius of the sun as given in

section 4.2, Prograwm Constants. (This quantity can
be adjusted by input as given in the Users Guide.)

)
~J
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The perpendicular projection of the moon-to-earth vector
onto the moon-to-umbral apex vector can be computed as
shown in Figure 3. ‘

- - (_ /’\\)»”\\

Rm/Pl RM/E ) Rm/A Rm/A | . : . (4) :

A vector from the earth-to-umbral apex 1s computed'ég the
sum of the moon-to-umbral apex vector and the moon-to-earth
rector. (See Figure 3.)

,RE/A = Ry - Ryse | = - - (5)’

Using the geometry shown in Figure 3, the umbra cone half
angle is computed from the radius of the moon and the mag-
nitude of the moon-to-umbral apex vector.

e =. sin~? (Rm/lﬁM,/Al) | .- - _ (6)- .

: Figufe.4 shows the ellipse defined by the umbra cone earth
intersetcion. This figure shows the major and minor axes
of this ellipse and the associated angles. '

The vector.on the umbra cone which intersects the eﬁdpoints

of the major axis of the intersection ellipse are computed as

S o R i /‘-.-‘
VI = Rp,n o |Rgys *ORgisin (o) Ry,
. :
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The positive sign gives the vector closest to the center
of the earth.

In order to find the minor axis intersection vectors it is
necessary to compute intermediate quantities such as solar

elevation and minor axis shift,.

The solar elevation above the intersection ellipse 1s

__/"'--\\
-1 "~ _ ——~
B = cos (RE/PA - RE/PB) . Rm/A (8)
where
IR = the vector from the center of the earth to the‘

E/PA
. major axis endpoint closest to .the center of

the earth (computed from line surface intersect
with vector V ).

RE)PB = the vector from the center of the earth to the
major axis endpoint farthest from the center of
the earth (computed from line surface intersect

with vector V ).

The minor axis shift due to the curviture of the earth is
computed from the solar elevation above the surface of the
intersection ellipse and the previously computed cone half
angle. | | '

tan o

Ll tan o + tan B ; : (9)




Using the above computation, the vector for the minor
axis can be computed.

—

— “ﬂ’#’fr#~#;\\‘\\‘““*

VZ = RE/S + RS sin aARS/M + C1 35 cos o RE/S x RS/M) X RS/M
) h ) . 1/2 '/\\
+ R {1 - sin2 o - Clz“cos2 a) ifk‘ X ﬁﬁM
T 7's _ , E/S sS/M
' (10)

. The length of the umbral shadow surface interééctﬂelements;_
the ellipse semimajor axis, the semiminor axis,.and the semi-

latus rectum; and the eccentricity now can be computed.

RE' i '_1 —— T - . ] .
A = 5= sin Re/pa ™ RE/PBI S _ - (1)
RE . . =1 /\‘ N ! .
B = gz sin ( Re/pc ™ RE/PDl) (1?)-
where
Rg /ec and Eﬁpr are vectors from the center of the'earth n

to the ends of the minor axis computed from VZ and the line
surface intersect routine. ' o '
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2 .
. 8% .
P o=z - __ (13)

et o

The position of the center of the ellipse is found by summing
the earth-centered vector defining the endpoint of the

major axis and then unitizing the resultant vector, giving

it a magnitude equal to the radius of the earth.

Ta;‘E/ﬁ3 - RE vé/PA * VE/PB) ' R : o - (15)

A unit vector parallel te the ellipse major axis pointing
toward  the subsolar end is computed as
Reon 7 ( E/PA VEPB) (16)

Equation (17) represents the position vector of the intersect
ellipse focus with respect to the center of the earth.

— _ A el = . A e\ » - | _
RE/P4 = €05 ( R ) RE/P3/T R1 sin ( R ) Rguw (17)



A unit vector in the ellipse plane pointing from the focus
toward local nol_'th is computed as follows.

E/P4 A e (18)
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3. USAGE

3.1 INPUT DESCRIPTION | -

3.1.1 Input Data Forms and Types

The normal type of input to this program is card input. The
format and description of the input is given in the Users
Guide, section 4.4. If plotting is desired, an input data
 tape must be requested from the author and mounted on logical

unit L.

3.1.2 Data Specifications and Definitions

The required input specifications and definitions are given
in section 4.4, The mathematical symbols are given in

- section 4.1, page 4.1.

'3.1.3 Sample Test Data

Figure 5 is a sample test deck for the solar eclipse on
. March ‘7, 1970, for output from 16:00 to 19:00 universal
time at a delta time of 3 minutes, which includes plot

output of the umbral-cone centerline and ellipse af an

altitude of zero feet above the ellipsoidal earth.



Column

1

A

1 2345678091011 12 13 14 15 16 17 18 Card No.
1 1 ol«lo |

2 6 0

3 1 0

4 1 0

5 3

g8 | |2

9 6

H 1{9] 9] ¢ 0 0

Mo [AlR 1]s|7]o

Figure 5. — Sample test deck for the solar eclipse of

3.2

3.2.1 Deck Setup

See Figure 0.

3.2.2 Required Input/Output Devices

March 7, 1570.

PROGRAM RUN PREPARATIONS

Two tapes must be used for normal output. The PCF tape,

which contains the source routines, is mounted on logical

unit A.

The second tape, which is a double-precision sun

and moon ephemeris tape, is mounted on logical unit I.

4060 output, the earth data tape is mounted on logical

unit L.

For'
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(TRIA

( L xqr cur

(%- ASG. L=DATA

(g— ASG 1=$LUNA

7 _ .
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Figure &, - Sample dech sstup.
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3.3 OUTPUT DESCRIPTION

The two types of program output include printed output and
'graphic or plot output. Refer to section 4.6, page 4.77,

for sample-printed output, and to section 4.7, page 4.86,7
for sample plot output.

3.4 EXECUTION CHARACTERISTICS | I

3.4.1 Programming and Analytical Restrictions

The calculations used in this program must be done in
double precision whenever possible.. The sun and moon
ephemeris tape contains 10-place significant figures.

Refer to section 4.2, page 4.2, for the program constdﬂts._

3.4.2 Storage Requirements

See Table I.

TABLE I. — PROGRAM STORAGE REQUIREMENTS

; Name | Storage Required
| SECL

-ANG 6258

ARLS

ART



TABLE I. — PROGRAM STORAGE REQUIREMENTS (Concluded}

Name
CROSS
CROSS 1
DOT

DOT 1

DLEAST -

FEEDER
GEDV
JPLEPH
MAMULD
MAXERR
MAXMIN
MAMULD
MINVOP
MPLOT
PLOTIT
QUAD
OUTPUT
UNVEC
UNVEC1

ORTH

Storage Required

1538

1438

538

528
4§408
408

1078

73018

3658

8
2148

101

3658

6Q138
2548

574
954y
112,

1108

1638'

[#3]
¥l

8 .



3.4.3 Accuracy Discussion

The program constants, given in section 4.2, are the greatest
accuracy factor involved in this program. Revision of the
constants may be necessary as better values become available,

3.6



4, REFERENCE INFORMATION

4.1 SYMBOL DEFINITIONS

The following is a list of the mathematical symbols with

a corresponding definition of each:

C

RE/S

=

E/M

RM

Rg /M

M/A

=

o)

E/PA

E/PB

The velocity of light

The vector from the center

center of the sun

The vector from the center
center of the moon

fean lunar radius

Mean solar radius plus the

radius

The vector from the center

center of the moon

The vector from the center

umbral-cone apex

The vector from the center

of the earth td'fhe

of the earth to the

current delta solar
of the sun to the

of the moon to the

of the earth to the

major axis end of the umbral-shadow ellipse

that is closest to the center of the earth

The vector from the center

of the.earth to the

major axis end of the umbral-shadow ellipse-

that is farthest from the center of ihe earth



4.2 PROGRAM CONSTANTS

Program Mathematical .
~ Symbol Symbol or Name Value i

A a . 1.0 er
B b  0.99664767 er

C \felocity of light _'.1.69210584 x 10° er}h'r‘
RM lunar radius 0.272506 er
RS solar radius ' 109.125084 er
ENM  n.omi./er | 3443.93412 |

RAD 180° /7 57.2957795

4.2



4.3 SUBROUTINE DOCUMENTATION

In addition to the subroutines documented in the following
pages, the subroutines listed below are used, but are not

documented.

CROSS — Double
CROSS1 — Single
DOT - — Double
DOT1  — Single
UNVEC - Double
UNVEC1 — Single

precision
precision
precision
precision
precision

precision

cross-product routine,
cross-product routine.
dot-product routiné.
dot-product routine,
unit-vector routine.

unit-vector routine.



SUBROUTINE ARLS

IDENTIFICATION
Name/Title —~ ARLS (Line ellipse intersec-
tion and atmospheric refrac- .
tion routine) _ 7
Author/Date. — Robert R. Piersall, January 1968
Organization/Installation — CAD-MSC o - |
Machine Identification — UNIVAC 1108
Source Language — FORTRAN V
PURPQSE

Subroutine ARLS computes the vector from the center of

the earth to the intersection of an element of an eclipse
umbra cone with the ellipsoidél.earth, or to the intersec-
tion of an input altitude above the garth's surface. The

vector is inertially referenced.*

USAGE

e Calling Sequence
" CALL ARLS(A,B,PB)

f Arguments:
Parameter : : :
Name In/Out Dimension  Type Description -
A In 3 .D.P.. Vector from the center

_of the earth to'a
- point -on the desired
umbral-cone element -

#See reference 1 for the refraction model.

1/69 . ' ARLS-1
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Parameter
Name

In/Out Dimension  Type Description

B

PB

&)

1/69

Out : 3

Out —

Common Array

D.P. Output vector from
the center of the
earth to the desired

intersection

Real Error indicator -—
If PB=1, a solution
exists -
"If PB=0, no solution
eiists'

COMMON/ECL/T(200) ,K,A,B,REA(3) ,RMA(3) ,BETA R51(9),
H(15,200),1

Name

T(K)
K<

REA
RMA

BETA

Description

Array containing the current time in hours

Array associated with the current data such

as time and

altitude; i.e., T(K) and H(I,X)

Equatorial radius of the earth plus the

altitude of

the atmosphere

Polar radius of the earth plus the altitude

of the atmosphere

Vector from
umbral-cone

Vector from

umbral-cone

the center of the earth to the
apex '

the center of the moon to the

apex.

Output angle of refraction

ARI.JS" 2
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Name . Description

RS1 Vector from the center of the earth to the
center of the sun . . -

I Current outer-loop value for the current
value of altitude

H(I,J)  Altitude for the ith case at the time point

T(K) for surface intersection calculations

e Storage Requirements
CODE —
DATA —

METHOD

An intercept is calculated at the edge cf the atmosphefe.
A vector parallel to the desired umbral-cone element solu-
tion is rotated toward the center of the earth through the
calculated refraction angle. A new intercept is then
found from the new vector with either the surface of the
earth or with an input altitude above the surface of the
earth. The derivation of the ellipse and line intersec-

tion is shown in the following discussion.

The equation of an ellipse is

where A and B are defined by the common array above
for the first pass, and on the second pass they arc the
equatorial and polar radius, respectively, plus the
current desired altitude. -

1/69 . ARLS-3
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The equation of a line is

X - Xl
X -

2 X

1

Y - Yl Z

Yz R}

where (Xl,Yl,Zl) and (Xz,Yz,Zz) are the components of

the two vectors

-R-J

1

and Eg which define a line.

The combination of equations (1) and (2) results in an

equation for X

as follows:

X

1/09

2 .
Xl)

(2}

2Y, (Y, - Y,) + 22,(Z, - Z,)
lz - Xl
[ 2 A® ' 21
(Y, -y, )" + ) (z, - 2,)
1 _ 2 '
(X, - X))
- - A
- r - —
LAy 2Y (Y, - Y) + 22,2, - 2,0}
1B Tl X, - X .
2
| 2 . A? e
(Y, - y,)° + 22 (Z, - Z,)
(X, - X)) A
2 1!
- - (3
ARLS-4
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The solution to this quadratic equation which places X
on the correct side of the earth, will give the following
solutions for Y and 2 .

(Y, - Y )X - X))

Y = Y. + - (1)
1 X, - X, |
iz, - 20X - X)) . . : :
s | .
Z = Z, % — - —(5)
1 xz. X; _

We now have a position vector with components (X,Y,Z) "
of the desired intércept of the umbral cone with the
ellipsoidal surface on or above the surface of the earth.

RESTRICTIONS

e Analytic
The calculations used in this program are restricted
to double precision.

¢ Range of Applicability
Given two points on a line, the desired height of the
atmosphere and the desired altitude above the earth,

this routine will compute the refracted intercept.

ACCURACY

An effort has been made to provide the maximum amount of

accuracy through the use of double-precision calculations.
However, care should be taken to input the required'infor~‘
mation to as many significant figures as are available.

1/69 ' : ARLS-S
4.8



CODING 1NFORMATION

o Internal! Constants

A = 1.0 ' — Equatorial radius of the earth
B = 0,99664767 — Polar radius of the earth
‘REFERENCES

1. Humphreys, W. J., Ph.D. of Chemical Engineering —
Physics of the Air, pp. 455-462. ‘

1/69 A ARLS-06
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SUBROUTINE ANG

_IDENTIFICATION
Name/Title — ANG (Greenwich longitude and
} geodetic latitude routine)
Author/Date — Robert R. Piersall, January 1969
Organization/Installation — CAD-MSC
Machine Identification — UNIVAC 1108 .
Source Language : — FORTRAN V '
PURPOSE

Subroutine ANG computes the geodetic latitude and Greenwich
referenced longitude from the position vector of the

desired point. Figure 7 illustrates the Greenwich lbhgitude,
the geodetic latitude, and the resulting unit vector R

where:
AE = Thé'current 1oﬁgi£udé of Greenwich
Ap = The longitﬁde of the desired point with
- respect to Greenwich '
F. = _The geodetic 1a£itude
USAGE

o Calling Sequence
CALL ANG(A,F,AL)

Arguments:
Parameter : T , . ‘ )
Name In/Out Dimension Type Description
A In - 3 D.P. Position vector
F Out - D.P. Geodetic latitude
AL Qut - - D.P. Longitude ) '

1/69 | - ANG-1
| 4.10
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e Common Arrays
COMMON/DATE/IYEAR,DAY ,HOUR

Name h Definition -

IYEAR - Current year
DAY ~ Number of days into the current year
HOUR  — Hours plus the decimal part into the

current day

COMMON/DATE/T(ZOD) K,A,B,REA(3) RMA(S) BETA RSl(Q),

H(15,200),1I

Name _ ‘ Description
T (X) .Array containing the current-time in hours
K Array associated with the current dafa such

as time and altitude; i.e., T(K) and H(I,K)
A Equatorlal radius of the earth plus the
altltude of the atmosphere ‘

B © Polar radius of the earth plus the altltude
o of the atmosphere ' '

-

REA Vector from the center of:the earth to the S

umbral-cone apex

EMA Vector ffom the center of the moon to the'
' umbral-cone apex - | '

~ BETA Output angle of refraction

RS1 -Vector from the center of the earth to the
center of the sun

1/69 | -~ ANG-3
4.12



Name ' Description

I ' Current outer-loop value for the current
value of altitude -

H(I,T) Altitude for the ith case at the time point
' T(K) for surface intersection calculations

o Storage Requirements

CODE — 367, | | S
DATA — 236 -
METHOD

The longitude and latitude are calculated in the following

manner :
TR
-1| ¥
A = tan =i - A
. [RX] z
where
AE = the current longitude of GreenWich,':_
R, =" the X component of the position vector,
: RYr = the Y component, and l
A = output longitude.
o R
F. = tan"?! z
¢ 2, 2
X Y
1/69 ' : ANG-4
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where

The geodetic

L .—l CA
. - ten [B Tan (FC)]
where
A = the equatorial radius of the earth pius_
the current altitude, and
B = -the polar radius of the earth plus the
current altitude.
C(1) = 1
R S T
, o lﬁL_{éli_l C(I)
c(r)y = + B/A
2 2 _-_ 2 R
vkos (F.)) + C(I)° sin” (F)) . .
c ¢
” ' a o
whéré
I = 1 to 3, and
|IR| = the magnitude of the position vector.
1/69 ANG-5

i}

the Z component of the posifion
vector, and

the geocentriculatitude.

i}

latitude 1is

4,14



RESTRICTIONS

o

Analytic
The calculations used in this program are restricted
to double precision.

Rénge of Applicability

This routine will calculate the geodetic latitude and
Greenwich longitude for any position vector on or
above the surface of the earth. (See figure S.j

The reference coordinate system shown in figure 5 is
the Besselian inertial, with the X and Y axis in

. the mean equatorial plane fixed at the nearest

1/69

Fal

beginning of the Besselian year. The vector X is
positive toward the vernal equinox, and lies at the
intersection of the mean equatorial plane and the
earth-sun orbit plane (ecliptic). The Z axis is
perpendicular to the mean equatorial plane and the
positive north, and the Y axis completes the right-
hand systems. The following is a list defining the

terms used in figure 5 with a description of each.

R = The.vecfor from the center of the earth.

to the reference point.

F. = The angle from the equatorial plane to
the position vector. ‘ '

F = The angle from the equatorial plane to

a vector which is normal to the surface
at the reference point. .

A = The longitude referenced to the

¥-inertial axis.’

ANG-6
4,15



A = The iongitude of Greenwich referenced
- to the X-inertial axis.

A = The longitude of the reference point
referenced to the Greenwich meridian.

ACCURACY

The program accuracy is limited by the convergence of the
geocentric to geodetic latitude and by the numerical
constants in the longitude of the Greenwich routine..

CODING INFORMATION

e’ Internal Constants .
RAD - 57.2957795 — Degrees per radian

- 1/69 ' . ANG-7
4.16



Z, (EARTH'S NORTH POLE)

.f.i_g_g_r_gfati-v V_erna}gquinox intersection of the celestial sphere.
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SUBROUTINE GEDV

. IDENTIFICATION

Name/Title

Author/Date
Organization/Installation
Machine Identification
Source Language

PURPOSE

GEDV (Geodetic vector
generation)

Robert R. Piersall, July 1968
CAD-MSC
UNIVAC 1108
~FORTRAN V

Subroutine GEDV computes and outputs a unit local vertical

vector computed from the input geodetic latltude and

Greenwich longitude.

‘USAGE

- -

© Calliﬁg Sequence

CALL GEDV(R,AL,F)

Arguments: -
Parameter ; o .
Name In/Out Dimension- - Type Description
R Out 3 -‘Reai_i Output-local vertical
' vector - '
AL In - -D.P. Greenw1ch referenced
4 L
: 'longltude
F In - D.P. Geodetic_latitude
o Storage Requirements _ -
CODE ---_618
DATA — 264
1/69 GEDV-1
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METHOD

A local vertical vector is generated from the geodetic
latitude and the Greenwich longitude by the following

equations.
X,, = COS [AL] COS [F]
Y, = SIN [AL] cOS [F] )
ZLV = SIN {F]

where
AL = Greenwich refereﬁced longitﬁde, and -
F = geodetic iafitudef—' o

CODING INFORMATION

o Internal Constants ,
RAD = 57.2957795 — degrees per radian

1/69 ‘ .. GEDV-2
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SUBROUTINE JPLEPH

IDENTIFICATION a
Name/Title — JPLEPH (Ephemeris Read
) ‘ g Subroutine) ot
Author/Date — Bob McClain, August 1964
Organization/Installation — CAD-MSC ' _
Machine Identification — UNIVAC 1108 ——
Source Language . — FORTRAN IV~

PURPOSE

Subroutine JPLEPH provides, as a function of time, 7
planetary positional and velocity data and/or a matrix for
inertial-to-selenographic coordinate fransformations.

USAGE

® Calling Sequénce _ S
CALL JPLEPH(KEPOCH,T,IWANT,RS,RB,PNL,IERROR)
e Arguments |

The parameters, both common and calling.arguments,'are”
defined as follows: ' L

Parameter ) ' : oo

Name _ In/Out - Description®
IYEAR In 'Year of base time (integer)
DAY, HOUR, In -Base time parametérs'(allrfealj
FMIN, SEC :

describing elaﬁsed time since 0 hours
Jan. 0 of IYEAR (GMT) (elapsed )
time of calendar year plus 24 hours)

*All output distances are in units of Earth radii (e.r.), and

velocities are in Earth radii/hour (1 e.r. = 3963.20006 U.S.
statute miles). . : .

JPLEPH-1
4.20



Parameter
Name In/Out ‘ - Description*®

KEPOCH - In Initially, this integer argument
must contain the desired Bessellan
year for reference epoch. (See ot
Method Section.) On subsequent
entries, if the reference époch
and base time remain constant, input
KEPOCH = 0 to bypass redundant
initiation.

T | - In Time, in héurs, relative to
base.time (real).

IWANT : . - Iﬁteger contrdl switch. -

RS (6 cells) out . If IWANT = 1

, Pposition only of
SUN WRT EARTH. )

b - If  IWANT = 2 , _pdsitidn only of
SUN WRT MOON.

If IWANT = 3 , not used.

If TWANT = 4 , mnot used.

If IWANT = 5 , not used.
RB. (12 cells) Out If IWANT = 1 , position and

velocity of MOON WRT EARTH.

1£ IWANT = 2 , position and
" velocity of EARTH WRT MOON,

*A11 output distances are in units of Earth radii (e.r.), and
velocities are in Earth radii/hour (1 e.r. = 3963.20006 U.S.
statute miles). : :

JPLEPH-2
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'S

Parameter

Name In/Out Description®
RE (12 cells) - Out If IWANT = 3 , position and

velocity of MOON WRT EARTH.

If IWANT = 4 , position and
velocity of MOON WRT EARTH,

If IWANT = 5 , not used.
PNL (9 cells) Qut If IWANT = 1, not used.
| If INANT = 2 , precession,

) nutation and libration matrix.
If IWANT = 3 , precession,
‘nutation and libration matrix.

If IWANT

4 ; not used.
- If TIWANT
nutation and libration matrix.

1

5 , 'precession,

IERROR ~ Out Integer validity indicator.
o IERROR = 0 if valid data
obtained. - o o
IERROR = 1 if KEPOCH not within .
limits., - .. . - 0 -0
IERROR = Z if KEPOCH and IYEAR =~ -
_inconsistent. o oL

- T
IERROR = 3 ‘if'read_:edundancyhf
(bad tape). K BRI

*All output distances are in units of Earth radii {(e.r.),
and velocities are in Earth radii/hour (1.e.r. = 3963.20006
U.S. statute miles). o : -

JPLEPH-3
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Parameter

Name In/Cut | " ‘Description¥®
IERROR - Out IERROR = 4 if wrong data file

(probable machine error).

IERROR =5 1if time beyond 11m1ts
for indicated epoch.

IERROR = 6 if wrong data record
~(probable machine error).

e Data In/Out
'~ The following labeled COMMON block is required for ,
data communication: ' .
COMMON /INPUT/ IYEAR, DAY, HOUR, FMIN, SEC, FILL(45).

METHOD

The coordinate system for referencing all data is ‘defined
by the mean equator and the ecliptic at the nearest
beginning of a Besselian year., The beginning of the
Besselian year differs from the beginning of the .
calendar year of the same number by only a fraction of a
day. This coordinate frame is geocentric, with the
X~axis in the direction of the vernal equinox, the _
‘Z~axis along the mean pole, and the Y-axis d351gned‘to
complete a right-hand coordinate system. -

rd

*All output distances are in units of Earth radii (e.r, }, and
velocities are in Earth radii/hour (1 e.r. = 3963.20006 U.s,.
statute miles),

JPLEPH-4
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The input tape, which was prepared from data provided

by the Jet Propulsion Laboratory, is divided into 49 files.
Each file contains a year (plus a minimum of 768 hours
overlap at each end) of data roughly centered about the
epoch of that file.

A mission to be run in the time period from July 1968
through June 1969 should be referenced to the epoch
1969.0, which is the nearest beginning to a Besselian
year., A 40-day table of data centered about the-
initial time will then be read. into core and retained
for subsequent interpolations. The tape will not be
interrogated until the time exceeds the llmltS of

the table in core.

At each entry, a S5th order Newtonian interpolation

subroutine (NEWT) performs 1nterpolat10n for only those
tables requested.

® Data Tape , _

' The data tape, MSC No. 0947, or a copy, must be
mounted on FORTRAN IV unit number 11 (7040/7094 o
logical unit number 15). This tape contains 49 files

of data arranged in 8-day records of the follow1ng
format

~RECORD NO. 1 (four- word flle 1dent1f1cat10n recard)
Word 1 NFILE — file number (1nteger) |
Word 2, JEPOCH — epoch of file (intégér)
Word 3, BTIME — base hour of file’ (real)
Word 4, IYRV ~ year of BTIME (1nteger)

JPLEPH-S
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RECORD NOS. 2-56 (278-word data records)

Word
Word
Word
Word
Word

Word

Word_

1,

x1,
yi,

NFILE — file number (integer)
NREC — data record number (integer, 1 to 55)

JEPOCH — epoch of file (integer) ’

HOUR — base hour of record {real)
IYEAR — year of HOUR (integer)
TABSUN — position and velocity components

array of sun with respect- to earth

in 4-day intervals {real)

x2, x3, vy, y2, y3, z1, z2, z3

x2, x3, y1, y2, y3, z1, 22, 23

TABLUN — position and velocity componénts

~ array of moon with respect to
earth in 12-hour intervals (real)

X2, x3, -
Y2, v3, .

«, x17
o,'y17

JPLEPH-6
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Word 126, PNL  — precession-nutation-libration
matrix elements array in 12-hour
intervals (real)

(1,101,(1,1)2, (1,1)3,+ « -, (1,1)17 :
(2,1)1,(2,1)2, (2,1)3,- - -, (2,1)17

L] L ] L » -

e . ® ) ] .

- . - - * L]

*

(3,3)1,(3,3)2, (3,33, + -, (3,3)17

RESTRICTIONS

This routine is restricted to the sun-moon-earth system ih
the interval of time from June 1, 1950 thfough July 31, 1999,
It requires submodules NEWT (for interpolation), FSFBSE |
(for data file menipulation), VCMSC (for vector manip-
ulation), and ..UN11, (an overlay file definition for

minimum IOCS). |

JPLEPH-7
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USERS GUIDE FOR THE ECLIPSE PROGRAM

1. INTRODUCTION ) ~

This program calculates parameters associated with a user-
desired solar eclipse. It also has the capability to plot

_ the centerline and the family of ellipses defined by the
intersection of the umbra cone and the ellipsoid representlng
the earth.

2. PROGRAM DECK SETUP

The required deck setup is shown in. figure 6"£ége 3.3,
The PCF and DATA tape numbers may be obtained from the
author. - )

3. DATA REQUIRED

~

3.1 GENERAL INPUT DISCUSSION

The general input data must be in the following format.

- The input array number begins in column 1 with the corre-
' spondlno values from column 3 to column 33 in either -

. floating- p01nt or exponential form. '

Iﬁpﬁt

'Array Number . - .Definition.
1 | Yearhof desired}eciipse
2 i Day.of desired eclipse (from.ianuéry 0)
3 o Beginning time for calculﬁtioﬁs of
eclipse parameters (hr)
4 End time for calculation of eclipse

parameters (hr)
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Input

Array Number Definition
5 Time increment (min) -
6 Altitude of atmosphere above the equator

(ft) — (Internally set to 400,000 feet,
if not input)
7 Altitude of atmosphere above the poles -

(ft) — (Internally set to 400,000 feet,
if not input)

8 Input of 2.0, if plotting is desired
9 A Distance of view from earth for ﬁlotting
{e.T.)

3.2 SPECIFIC INPUT DISCUSSTON

3.2.1 Table Input

This program includes the following two table inputs for
eclipse parameter calculatlons

1. H — Altitude above the surface of the earth (ft)r

Zj DRS — Altitude above or below the solar radius
' height (ft) ' ' '

The following format must be followed for the table inputs.

Columns Definition for Altitude.
1 Must contain an H
7-8 Contain the largest number of complete (from

beginning time to end time) program phases for
all values of H . The number must be less than
16. fixed points.

4.29



Columns Definition for Altitude

9-11 Contain the input increment number desired for
this altitude, or a number greater than the
maximum number of increments if one value is
desired for a full phase. (Increment number = 1

- (beginning time-end time)

to time increment in fixed point.)
12-32 Contain numerical input tfloating poiet oT :_“-
exponential). _;ﬁw_~  .
-Celumns Definition for DeltavRadiue of Sun
1-3 © Must contain DRS.
7-8 . Contein the lafgest number of ceﬁplete prcg}em-

phases for all values of DRS. (Same restric-
 tions as corresponding input for H .)

9-11 = Same restrictions as corresponding input for
“H .
12-32 ' Same restrictions as corresponding input for

H -

At the end of the table input, a blank card must be
inserted.

3.2.2 Date Card Input Y

The next 1nput card is a Hollerlth card with the abbrev1a-
tion for the month in columns 1 through 3, the day of the
month in columns 4 and S and the year ending in column 9.

The table inputs and the date card input include all of the

required input for this program. As many phases -as desired
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may be stacked by simply referring back to the input array
table in section 3.1 of this Users Guide.

4. OUTPUT FORMS AND DEFINITIONS

Quantity Units Description
Ellipse center deg Greenwich referenced longitude
longitude of the center of the ellipse
defined by the umbra-cone earth
intersection. : -
Solar pole . deg Greenwich referenced longitude
1ongitudé of the visible solar-pole

projection onto the earth.

Delta solar n.mi. Input change to solar

radius ~ : radius.

Focus - ‘deg Geodetic latitude of the focus

latitude of the ellipse defined by the
e umbra-cone earth intersection.

Semiminor nami. Length of the semiminor axis -

axis - : of the ellipse defined by the

umbra-cone earth intersection.

4

Elevation deg Elevation angle as described
number above, with no atmospheric
atmosphere refraction.

Velocity “deg ~ Azimuth of the path velocity
azimuth : vector.
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Quantitx

Cone axis
" latitude

Ellipse center

latitude
Solar pole
latitude

Cone half‘

angle

Eccentricity
of eilipse:

Semilatus

rectum

- Time

Altitude (H)

Units

deg”

deg

deg

deg

hr:min:sec

ft

Description

Geodetic latitude of the umbra-
Cone axis as in cone axis

longitude

Geodetic latitude of the ellipse
center as in ellipse center .

longitude.

Geodetic latitude of the solar

pole in view,

The angle from the center di_
the umbra cone to the edge.

- Eccentricity of the above

defined ellipse.

Semilatus rectun of the
ellipse.

Current universal time.

Altitude above the'sﬁrfacé of

‘the ellipsoidal earth.
’
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Quantitv
Focus

"longitude

Semimajor

axis

Elevation thru

atmosphere

Path
velocity

Cone axis

longitude
Azimuth

of sun
Path width

Solar pole

direction

Units

deg

n.mi.

deg

knots

deg

. deg:

deg

‘Length of the semimajor axis of

Description

Longitude of the focus of the
ellipse defined by the umbra-
cone earth intersection,
referenced to the Greenwich
meridian.

the ellipse defined by the
umbra-cone earth intersection,

Elevation angle of the eclipse
centerline corrected for
atmospheric refraction.

Velocity of the umbra-cone path
at an altitude (H) above the
ellipsoidal earth.

Greenwich referenced longitude
of the umbra-cone earth inter-
section.

Azimuth of the vector from the

earth to the sun.
/

Width of the umbra-cone ﬁath.'

Angle from the ellipse major
axis to the line joining the
focus and the solar pole image
point. o )
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PROGRAM AND SUBROUTINE LISTINGS
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IMPLICIT COUBLE PRECISION (A-H.0-2)
© REAL DAY.DUH.F.PS.PO.X
DINENSION RMIC12).RSI(92.H(15.2003.BRSC15.200).T(200),
RSH{3 I RHAL3IRMP (33, REACIICC1001.VDI3).VC(3).V(501,
YEPICI).VSUNC3), YEP4(D ). VINCI) . VSHP( 3, YEC D)L VEPSL3),
YAZSP(3).VSPORCI). VLNV D) DVEP2( 3. VAZV(2)
+RESC4).RCML4), ITCL10.10).0UH(S03.ALOCLOO), ALO(20):ALCL25)
F(200),%(3.600)
COMMON/EPLZICP, X
COMMOH/DATE /I YEARL DAY, HOUR
COMMOH/ECL/ T+ Ky XYZ\ ZYX,REARMALBETAIP. RS, H-I
DATAZN 2707142/ 07H3 707547 07HSZ707MG 707 oo ) -
DATACOUMCI )4 =10 12)/54ADJUS, SHTED  »SHPOLE  +EHHORTH <GHPOLE o
1 EH 63t vEH +BHS0UTH LBHPCLE  « GHNEITHE.ENR POLE /
. DATA DUMLLBI/EH /DUMC49)/GHORS - / DUNCSCI/E6HA 7
37 RE=1.C000 : o , : L
. FER=2.092574147007 : ‘ T T A
F{78)= 1.0191152 , T T T
F{77)= 1.0i55938 , ] T e oL T
Yi=1,5921053405 T U U

At LI WY e

RH=0.272503D0 e B SR

. RS=109,12500400 < P S
.. EN#=3443.9311200 L S e
781 READCS. 1782)1,0UM{14) R S :
FFCI) 1789, 1789, T 1 e
S IFCLIZI0320C1+8)/10))1783. .
e L L
783 FLI+70)=DUHC14) . Sk , P
<, .50 10 1781 SR T PR S
Y. FORMATC(1Z.£20.4) o ST e e e
789 CONTINUE S A L S
IYEARZCF(71)41.E-4) , L e e e T
DAY= F(72} e L e T T e T
18 = F(73} L T T IR
1 & FL74) : L e e R T
DELT=F(75)/60.0 ST e T e e -

. XYZ >F{76) . P PP S
- 1CPs] : R O S
ICPC=1CP+34 T e

- 2¥X =FL77)

- IPLOT=(F(78)¢1.E-4)
HOUR =0. 90 .
FrInN=0.0

7. upP=D
S
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Kiwl
SEC = 0.0

- KP s IYEAR T
_IFL DAY .GE. 181.0 1 KP = KP#l

KHAX=(TE-TB)/DELTH]

. fHAXa]
© JHAX=}

33

1730
I?Sl

a7s2
1793
1794
§795
17355

139?

1794

D0 35 11=3,3

00 35 JJ=1.50 _

H{[I.JJ)=0. : -
DRSC1].dJ)30. ) .

LLLL=0 o

HJ=} ’

.= XHAX -

READ(S-I?Q!]UUH(45)OI JcDUH(?OJ
FORMAT(AG, 12+ 13.F12.0

IF¢ J .GE. KHAX) GO TU 1732

- JH=J S
" MI=d n '
lF(UUﬂCGS)-UUH(50)] l733-|793nl795 o AN
CC1)=DuiC20) ‘ -
00 1794 [l=iJ.JH

H{i.I13= CCL)/FER - -

IHax=]

- 60 10 178

TPCCUIL19)- Bua£65111798-1795.1799 oo

A ETIAT 1T1au
of 1737 11=W2

ORS(1. !!J’DUWEZUJ
: JHAR=2YS

£0 T0O 1720
CONTIRUZ

_ KP BESSELIAN YEAR

JCALL JPLEPdtKP-TB-l RE5L.RitlCs ll!

- Kp=D

Ceom

+ - ALPHS=0.0

" TAUNASRAT(TAUNDZVL
- RAQ= 57.2557793

; ELP = 0.001

H7a} .
IFCII .6T. 0) BR!TE(G.SSS] n7.11
TAUS= SORT(OOTIRS1.RS1D)I/VL
TAUA =DOTLRHL.RMIED .
S=0.700

ALPHAP=0.0Q

00 9 1t=1.1600
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= 1B
_ * {18 #TE2/2.000 _ _ .
T 901 4020 - T T e

HN=1
DO 902 LIx1.3
TLLI+3)x TCLIY-TAUN . . '
TLLi+E)= TLLI)-TAUS : e -
CALL JPLEPHIHP.TCLI*2), 1.RSI.CCHNTLALD. iN) )
MNaHN+3 ) . o oL
L JFCIN.GT.0) GO T0 993 e : ; N
. CALL JPLEPH{KP.TC(L1+5):1. C(NU)-RRI.ALD:IN) . T
* . NOsNGe3 - L C .- ]
- - [FCIN .GT. 0) GO 70 998 . ST S . T AT
802 CONTINUZ ) I .. . - oL e
D3 804 LI=l.] o ) oo T - . '
CCLI+30)=CCLIN-CCLI+1T) e ’
CCCLE#33)=CCLI+3)-CILI+22} ) e T
..7804 CCLLI+35)=ClLI+8)-CILI+25) - - .
. CALL UNVECLC.CD AR
CALL UMVECLCC(41.C04) - I )
© CALL UNVECCCC7).C(7
- CALL. UNYECC(C({31).CC
1 CALL UNYECLC(34).0C
SCALL UNVECCCII7).CC
+. CALL CRGSSCC.CL3] . - T o
L. 0 LALL CRGSS{CC4).C(24).C{34)) TR S . S -
T CALL CRGSSCCC72.0(37).C03733 - o e T
oo 0 CL30)sSERTLOQTICI31).€031133 KR
S L €43 Y=SRRTIDATICC(34).C(243))

) . .
) . . ST T -
) R - . " L. -
11} ’ : : e

)
12
ci31)
€037
CL37)
). CL3
34,
(373,

€{32)=50RTC0ITLEL37).€(37))} ) SEEEPEEEAERRR S

CALL DLEASTCY.C{30).3.3.ALO.KI!. ALc.o.o.ALu.u.cchl
. T1=-ALCL2) /02, 05ALCC3))
Tos 0 IFCIY JGE, 3) GO TO 965 . s B RS
T TCdw Y1-10.0D0/6.000. - T O T
' T(2)= T¢ I S e RS
T(3)= T1+10,000/6.000 . . S S

&0 10 991 : N R DU ERCL

- 9068 IFCIl1 .GT. 33 GO 7O S08 A N T ot s e el
S0 - T{)=T1-1.000/60, C00 O e -
- ¥E2I=TL T T e e T T T e T
.. ¥(3)= Y1+1.000/60. 000 - B T, T B Wl

4 .37



-

838
s

- 9N

402

‘240

‘:}-, 605

C
. € INSERT WO OP

. nal R -
[ <1 - h e [ . <
. EZi =5.0E-0§ e ’
, - T(99)=18 S
~ 419 IT{H.H)= DAY+T{99)/24,0 +EZ! R
by L. H=iel - S DU T
v FT0.0)2 TC99)+E21 C e T e
: TB1=1TIH.N) T e R
AHIN = (T{93)- TB11960.0 o e e
<7 HshMel T e LT LT
ct 0T ITUMLMY = AMIN SEZD S T ST
b AMINL = ITCH.N) ce e TR
o Matiel i
. ITCH.ND -(AH[N-AHIH!J*G0.0 osz: I
;o el ] P TR
R T - s . P oa

C02isOHeE Y

CLE3I=RICEN T )
URITECG.404) J11.CC2). C(33 to T T
404 FCRMATE 9% 354 PHYSICAL VALUZIS 3 SCLAR RADIUS = 16 o 36 M
‘1

TR FO.Z.3H RH /4D

r.  IWNSERT TiHZ CALCULATIGHS

GO 10 S0t

YRETE(B.911) IN

FORMATL// 74 J4%. 2THIPLEPH TERHIHAT!OH ERROR 15 «13)
READ(93) FARE

CONT IRUE

1
READ(S.402) DUM20).BUHC2L). 0U%C22)
FORAATC(AIAZdA4)

DO 4 I »1. IMAX
00 £ J =1« JHAX L A
KOP=0 L T T T e

¥RITE(E.220) ST LA
YRITE(G,240) B
FORHATL 2777217 1277) .o - ) .
YRITECE.493)(OUHIIT) o 11220.22) -
FCRAAT(44X. 275 DATA FOR SOLAR ECLIPSE ON AT+ 1XsA2:2Hs +A4/27)
Eta 3443.53412 - - R
J11=RSIELH

.lux. lShLUdAR RADIUS = oF7.2 +34 KA »10%, 1SHZARTH RADIUS = .
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i
S

xq

T tn-2416. 417,410 _ o L
416 1(89)=1E e _

G0 10 419 ‘ _ S
417 1(993=11 . s e

60 10 419 : \

48 YRITE(G,405)(CIT(M.N) . H=1.4).H=1.,3)

405 FCRMAT(OX.27HREY TIHES 2 RUM STARTS AT +13.14.,12.13

I 4X.13HRUN EMDS AT . 13.14,13-13 *3%.27HCLOSEST UNMBAAL APP
ZROACH AT L 13.14.13.13 2/) :
URITELG.40G)

"406 FORMAT({SX.4HTINE. /134 (1 HiY SEC), /74X, BHALTITUSE . 7%, 1 OHFOCUS LO

LHG 4X. 14HSERINAJOR AXIS 33X 14HELEV THRU ATHS. 3X, [ I4PATH YELOCITY
2 3% TLHCONE ARIS LONG.IX. I4HELPS CHIR LOMG3IX.14HSOLR POLE LOKG )
YRITE(G, 407}

- 407 FORMAT(SX.GHIFEET).EX. CHIDIGREES Y. 6X. I?H(HAUT MILES}.8X. SH(DZGREE

A4S), 8% THIKHOTS 1 X  SHILEGRCES) . BXe SHIDZGREES )« X, SHIOEGREES) /)
© WRITELG.403)

7.4ﬂ§ FORMATOISH DILY SCLAR RAD.4X. SHFCCUS LAT.SX, 14H5EHIHINGR AXI5.3%

EE
- C

'C 

l'.

1 ISHILEV NO ATHOS 4% ILHVELCCITY AZHTH,2X. 13HCOKE AXIS LAT.
-2 4%, 13HELPS CHIR LAT.4X%. I4HSOLAR POLE LAT )
URITE(G. 4090}

' -.4ﬂ9 FOAMATCI4H  (HAUT HIL?SJ SX.SHCDTGREES Y. 6Xa 12HIHAUTY NILESJ EX.

I SH(DEGREES)-BX  SHIDEGRTESY o TR SHIOZGREES ) 8%+ SH(DEGREES I B8R+ SHIDE
- 2GREES) 7 ) .
.- ¥RITE(G. 410}
- 410  FORMATEISH COHE HALF AhJL 3x -IZHECCEHYR!ClTY-GX-14HSEHILATU5 RECT
© Le3Xs ILHAZILUTH GF S}U.J4-1C’?A1H ViDTH. 4% 13HADJUSTED POLESX.
2 I[2¢PGLE 1N YIEW. 4X. 14ASGLAR POLE DIR)
¥RITE(B.411)

211 FORHAT(12H {OZGNEES) . 7N 1CHGF ELLIPST, 53X, 12H(NAUT MILES).EX.

3 SHIDZGREESI.7X. 1ZHINAUT HILES).5X. SHSTATERZNT.BX. SHSTATEHENT.EX.
- 2 BHLOZGREES) /7 ) _
YRITE(S.230) _ : . T
INSERT RO 0P 2 , _ A

DO 4 K =1. KMAX

H2=
HI=0
Hi=0. _ =
H5=0 e s e e
Ho=9 s . - :
INSERT MO OP 3 Lol
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RE » RE + H{I.K) R -
"o B2 = RS # DRSCJ.K) T
“h o TCK) m T +(K-1)eDELT : I
- T4 =T{K}-TAUH -

5 = T(K)-TAUS ' R

pEALL JRLEPHIKRSTH 41+ C.RNECo11) s e
IFCIT LGT. 0) WRITE(S.933) M7.1] : E e
CALL JPLEPHIKP.TS  .1.RS1.C.C. 110 - oL e S
. MI=7 S
. _IFCIT LGT. 0) WARITECS.8593) M7.[1 ' S e A
-89 FORMATLL2M ERR I JPL. 3K 12 +12,3Hn7» .12) e
DO 1191 1laj.3 . N R
RESCI1) = RSLEIDD Ll e T e
Co - REMC11) e RHICI]) R RS R

4391 RSHOIII=RMICIII-RS1CIL) : _ T T e T e

.- LALL UNVEC(RSM.C(10)3 - T S L S S

0 2 I3 L an e e e T i

e LY S R -
"2 RHALID)> R/ZCRZ-RHI*RASHLLIL) . D U
CALL UNVEC(RMA.C{493) S T =

€{52)=D0TCRNL.CL4913 - B

CALL CROSSCRSI.RSH,CL1)) o ST ST
. CALL UNVECLC.LCEE91) S e T e

"CALL CROSS(C(I.ESH.CLI) A TU SVULE SYP
:ALL UNVECLCC1).CL1)). = . TR R -

Il..- ]

- - . . . .. ~ .
: RHP[!H =:(521¢Ct![b483 ST e - A A
o - REACIII» RUICITI+RNALLILD : A IS
.7 CC4)mSTRTCOOTCRIA. RHAY - oo DL g BT it T
v €043 = ASIHCRH/CC4)) ' N ST T
S .+ ALPHA=CCQ) R
L . CLlleq)m ﬂSitl!)onsz!HCCt4)3-ctl!oS]oRZ-CGSECCQJJOCtII) -
-3 CLI1e7)m CULI1+4)-2.0aR20CO5(CC4))0CCII) ST e T
. CALL ARLSCC{5).V(4).F2) oo e
- CALL ARLS{C(B).Vv(7).E3) ) T ' e L

IFCADS(PBI-ELP) + »30 S e e T T e e

- IFLIPLOTY 4.4.887 S I )
308 CONTINUE O
€ COME BACK BITH VCE/P2]. VIE/P4). VtE/PB) _FROM ECLIPS . _ S T
o CALL ARLS(RH1.V,PD) PR FR R
) CALL UNVECLVL43.C(200) . o T
- CALL UNYVECEV(73}.CC23)) )
. EALL CRGSS(L{23).C{201.C{23))
A=R112.UGASIN(SQ?TCUOTtCt2-J 1231113
S .-nu 6 I = 1.3
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6 C{25¢11) ¢ V(B+111-¥(3+11) : : S o C
CALL UNYEC(C(25).C(2511 oo S C L
CALL UNVEC(V{1).C(25}) _ ST : ,
BETASACOS(OOTL(C(263.C{48))) ~ S . - Lot
: CORRECTJON MEEOED FOR REFRACFIGH o i St
CC1sTANCALPHAD/CTANCALPHA)+ TANCBETAD)D Lt T
" CALL CROSSCRS{.RSM.CC(13) L . : Lo
" £ALL CROSSCCLI.RSH.C(4)) ‘ S <L e .
CALL UNVECCC(4).C(4)) . S y ) . Tl T
CALL UNVEC(CL1).C(1)) o : L R :
CALL UNVECCRSM,CL10)) : - B I L
60 ? 1 =1.3 : S :
CC1I48)n SORTL1.0-Cles29COSEALPHAT S 52 SINt!LPHA)°-2I¢R2-CtII)
C L VCUILIERS1(J1I4R2vSINCALPHA)SCL1T493+C10R2PCOSCALPHAYSCCE[+3)
1 +CCI1+6)
L CE1eT7I=REALLD) A _ : : a
© ¥ YOCIIdevC{L1)-2.0eCL1146) - R LT
CALL ARLS{YC.V(10}.#3) LT e T T
CALL ARLS(YD.YCi31.P2) . R S ET LR
PC PD  WIEIPCY  V(E/PD) ol ooy e
. CALL LGVECEV(10)1.CC70)) R . o A
CALL UNVECLV(13),£(73)) R P S T .
CALL CROSSCECT0).CL(73).C) , S
BwR1/2. 08ASIH(SERTLO3TLCC) 3, C(l]]]! . T S
ECCa SQRTCABS(1.0-(B/A)#02)) L T e
SHLTRC =BoD/A o . . P
b 77 I1=1.3 . T TP S
" VEPICI1)oV(3+11) +VIE+11) : SO T T T e T
1*~ysuxcix) =Y(3+11) ~¥(6+11) - o - .. T
TALL UNVECLVER23,YEP32 e e B T
_-*~ CALL UNVECCYSUM. VSUN) . M Sl T
. pa g Il e 1,3 . ST S o
- VEP3L{{)=vEPIC(IIY=R]
] §$:€§§la- COSCASECC/REILVEPICIND oa:-s:uca:sccfns)avsuutl:3
® 0.
©ONTHI2)=0, ' : :
VIH(3) = 1.0 .
CALL CROSS(VEP4.¥YTH.CL13) L T VR
CALL CRUSS(CCI1).VEP4.CC(1)) o T e e T o
CALL UNVECCCC13.C0133 _ : ' T e e
. CALL CRGSS{YSUN.C(13.CC43) . S
v .. CALL UNVECCCE4).C(43) o N S A FEC ks
C(60)=DOT(VEP4,C{4]) - O
. IFCCL80)) 31.31.23 : Co T e T e
31 Hix o e S R
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jﬂl‘l‘

123

13
25

BT

BT

" 8% DO 25 [l % 1.3 S
las VECI1)=RSICIEIeVSHPCITY):

" CONTINUE ST
AZHaACOS(DATIVSUNLC)) A R e
AZ=QUADCAZM ML) . : . : R

VSNP  GIVEN VECTOR PARALLEL TO  UNS NORTH POLE
CC1)223,7RAD $27./(60,4RA0}3(8.26 -46.8415-.00435952+, 001805223
1/3600. sRAD _ .
CC2)= ATANCTAN(74,/RAD+(22, +84.+5)/(50. +RAD))/TOS(CL1) 2) ,
C(3)a 7.0/RAD + 0.2505/RAD - -
YSNP(3 J=RS#SINCC{Z) ) eSIHIC(3))

T WSHPL2)=RSeL~COS(CL1)I*COSEC(2))eSINCLLI))- SIN(Ctl!l*CUSCC(J)])

VSHP(3J=-RS'(SINEC(I}]’COSlC(Z)J!SlH(C(3)J-COS(C(t)JiCOS(C(3J) }

CALL UNVECERSM.C) - . C T e e
€2= BOTLC.VSHR) L R
;i(?QS(Czl RS'SlN(iLPHE) Jl3.l3-24 el e B A
= P A R AR SN -7
CONTINUE
1FCC2 JLE. 0.) 60 10 14 SRl
00 1 11=%.3 ) ST s
VSNPC11)a-¥SNPLI1) P
H3 =( ST T e T
CALL URYEC(RSM.C(1)) T
CALL USYECCYSKP.CL4]] . ST ’
f_'_l._l_l rr’HQfo'fl" [of .0 I of ) ) o

f‘l‘l
C(IJ-SQTT(DOT(CtIJ C(l))]
CL2)=S0RT{OATCVSEP.VELP)) A o
DO 12 §in1.3 o Tos T
CCIEI+3) =RSHIITI-VSHPLIT) , Tl T
CU3)=50RT{0ITL{C{4).L(4))3 ’ . Tt . -

CI=CL1I=C{2)/7003) . e 'ﬁ S 'h - o T
C4=RU/CLT) DR TR
SEPQ?P;?S{N§CS|S§3T(I 0-C4!’21~C405027tt 0-C3!'2JJ : - e

L CCHIs77)= REACID) ST T AT
21 SRR
c
- 17 CALL ARLS(VE,VEPS.P3)
‘€ COMEBACKYITH P{3)

RE&(IIJ=5lN(ALPH&)IS!R(ALPHAP)!RRACIIJGRH1(113
VE(IIJ=351(IIJ*VSEP(111

IF{¥4) « «18
IF{P3)16.135. 16

REACIII=CCII+77)

4.42



© - H4m) . - : ST
S 60 1617 e )

{6 CONTINUE . o L
" CALL CROSS{VEP4.VEPS.C) -
CALL CROSSLC,.VEP4.C) -
CALL UNYEC(C.VSPOR}
CALL UNYECC(YSPOR.LCY
CALL UNVEC({YSUH.CL4)) .
" CALL CROSS(C(11.C€042,C(4)) - *
. CALL UNYEC(C(4).VAZSP) -
. CALL UNVECCVEPA.VEP4}
© CC60)s DOTIVAZSP.VEPA)
IF{C(60}) 33.33.18

33 KSal S

18 CONTINUE
: zuanccscnortvspnn.vsuul) . o .
AZP & QUADCAZN.MD) N A
CONST TASLE FOR VEP2 e T
DVEP2ag.
USE CURVE FIT TO COUPUTE FOLLOWING
YEL =R1/RE{DIVEP23/0T7))
: ASSUH= MAX GF 10 DATA POINTS
ALDIRL)aTIR)
ALDIKL+10)=V(1]) o .
ALDLHL+20)av(2) .
~ ALDEKL+301=v(3) - oo
., - IF(KK-3}200.2i0.210 C
L9 KLe2 -
<7 ChLL DLEASTCALD.ALDC11).3.3.AL0. K!l ALC.0.0.C. 144 €101}
T DVEP2{11sALC(31e2,0eT(K) & ALC(2)
T -CALL DLEAST(ALD.ALDI21)43+3.AL0.K12.ALC. 0. 8.C. {4.C0101)
: DVEP2{2)=ALC(3302,CoTC(K) + ALC(2)
CALL DLEASTCALD,ALDC31)s30 3. ALD.N1E.ALC, U2 0.C0 14.C010))
© 7. DYEP2(3)=ALCL3)e2,00T{H) » ALC(2)
<D €£S8)= DVEP2(1)+V¥(2300,.23251G6142 L
. C(99)= DVEP2(2)-V(1)#0.25251G6142 . L
<0 7L €0100)= DVER2(3I) . : L.
R CL3100)= SORTLDOTLL(SS). ccsa::;:zua T LA
T b3 221 11=l.3 e T
ALOCTIL)=ALDCTII+1) . L T
ALDCI1+10)=ALOCLI+11) : L
ALDEI[+203=ALOCI]+21) oo S

aeonn

3221 ALDCIT+30)=ALOC11431) S
&7 cAL cROSSLY LvRMLCaIY . o e
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lalnls]

34
19

" CALL CROSSLC.¥.VLHV)

CALL UNYECTYLNY.VLHV)

.CALL MHYEC{DVEPRZ,DVEP2}

CALL CROSSIDVEPZ.VLKY VAZY)
CALL UNYECCVAZY.YAZY)
CCL)a DOTLVAZY,.V)

"IFCCCI]) 34.34.19

HEx}

CONT INUE
AZO=ACOS(DOT{OVEP2.YLNV]]
AZV aQUAGCAZD.HE)

GAMMA= AZV-AZ

0= 2.005027C{AiSlN(GAHHA]1052¢(B'CUS{GAHHA])!*2J

" CONVERSTON OF BUTPUT KEXT
QUTPUT

200

- 203

" za0

- 230
- 270

=o

GO TG 203
0.0‘0
AZV=0.0
KL=KL+1
KiaKH+1 .
HOP=NGP )
IF(NDP-S}ZTU-ZBUoZSO
HOP=Y
WRITE(G,230)
FORHAT(tHL ]
LONTINUE ’

TS
"Hul

ITCH. NI =TIN)ETL -
T0L=IT{H.N]

S AMIN={T(K)-TB11960,0 :
" HaNey \

ITCH. N3 AMIM+EZ]I»10Q.0 \

<0 ANIML =ITLH.N)
T HaHal
- LTCH.R)=CAHIN-AHLN1 3960, 0+EZT
| A=ASEN

B=8%ENH
DRSCIK]}=DASCI.K)*ENN
SHLTRC=SHLTRCIENY

.. DsDeEN

" CALL ANGCVEPZ,FP3.ALP3)

CALL AKGIVEPR4.FP4,ALP4)
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CALL ANGUYEPS.FPS.ALPS)
CALL ANG(Y FP2.ALP2)
BETAAP=OETAIP+57. 2357745

IFLH41561.561.562 _ ‘ L -
952 Maal : - o
63 70 353 o S
%51 nd=5

353 IF(M2) +» 584
© IF(H3Y + 4566
383 N9=d
GO 70 567
254 N8=11
60 YO 567
362 WNG=9
S67 HO9=N8s+}
’ HI=Mg+2
- ALPHATALPHARRAD
BEVA=RBETA®RAD
AZVeAZYORAD
AZ=AZeRAD
AZP=AZPsRAD
ANdlal
J!2= H{T.®8)22, 09257413087 +0.5
FL2I=ALP4
E'ES’JW.
F(4I=BETAAP+BETA
{33=CC1G0)
{5)=ALP2
{7I=ALF3
{8IepALPS
E DRSCIKIsENH
7l
C
i

2=
13)=FpP4
11)=8
123=EE7A
13)=A2Y
41=Fp2
SI=FP3
7
9
f
17

JefFPS

g

8
I1=ALPHA
BJ=ICC
9}=SHLTRC
JeAZ
2= RKZIP

lalate alalalars el

t
i
A
1
1
1
2
2
2

3=D ’
£(6:412) CITQR 1).M=1.3), JI?-{F(EI) 122,87, J13. CFCiEY. 11 10.

a%wﬂﬁﬁwﬂ%ﬂmﬂm1mwhwm

.‘U



805

307

2130008 (M) H=MB. MY (OUNITN ) « NaNBLNS) . F(22)

FORMATL 313./-11F.94. FB.3.6X.F10.5,3%,£14,7:.74.F10.3.8%.FE.2
29X FB. 3, 95.FB. 3.2 111.8X.F9, 3. BX.FI0,5.3X.E14.7.7%.F10.5%,92,
T 300, F7. 3, 10X F7,.3+/vE13. 8- 2%, E14,8-3%:F10.5.7%,F10.5: 7Xa
FI10.5+5%03A5.3X+2A6.5%X,F10,.5//)

FFLIPLOT-1) 4.B87,

TALL GEDVIEC(L. ISP ALP2.FP2Z)

ICP=1CP»} o . .
IFCICPC-ICP) » +£8%5 i L -
CALL CEDY(X{1,1CP)ALPS.FPS)
DG aés 11=1.3

CLIT3= Y{I[=3)-YEPIC(II}
CLIfe3)e VCI19)-VEPI({I]
RCIICICP=12=0.0 ‘ . D
1CPe (P2 . Lo
CALL UNVECCC.C3 : ’
CALL UNYECIC(L). T4

CALL ARG(Y(41.CLE8).CL912

- CALL GEGY{X(I.ICPY.LC(91,208Y)
- GCPallP+]

CH{3.10P#11=0.0
)

CALL ANGEVIT7)ACL6).CLON
CALL CEOVUXE1.ILP).C(93.6(813
A1, 1CP+1320.0
AL2.1€P+13=0,0

JCP=ICP+2

CTALL ANGIVLIIQ).CL8).CL31)

CALL CEDVIR{1.ICPI.CC9).CL8)3
JLP=1CP+L :
CALL ANGIVII3I.CIBILCISY)
LALL GEOV(X{1.ICPI,CLYT.CIBID
AC1.1CP+13=0,0

CORL2.1CP<1T=0.0

LI ICP#13=0.0 -

ICP=ICP+2 i

€9=0,000

DI Liei, 10

£O=C8+3, COU/RAD : ’
CLAI=(AcB/SORTIB2R3C05(LRI202240ASTNIES)%e2) /BN
D3 807 IPL=t.3

TOIPL+ I 0)=CCCIPLYCCOSICRY+CLIPL43 a5 HICA)IsCED)+YEPIL 1LY
COIPL+13)= COIPL+10)-2.9:{C0IPL+3)aSINICA}2L(T))
CLIPLeIB)=-CLIPL+137+2, 0aVEPI(IPL ]
COIPLe1S)=-CLIPL+100+2, BaVEPICIPL)

IPL=1CP+1T



CALL ANGLCE11}.0(8).C(9))
CALL GEOYIX(I.IPL3.C(9).C(8))

IPL=ICP+21-11 L o . -
CALL ANG(EL17).C(B). CES]) e e - -
CALL GEQV(X(}.IPL). CES).C(B)] - - - - -
IPL=1CP»20+11 L
CALL ANG(CL203.0(8).C(9))

CALL BEOVIX(1.IPLI.C{9).C(8)] :

- JPL=1CP+41-11 .
CALL ANGIC(I4).C(B).C(2)}] '
CALL GEDVEXCL.IPLILE(9).C(8))

. B0 CouFInuZ e [

00 812 II=1.3 ; . .
g X(11.TCP#+4132%C5 . 167413 : E . e T
812 X(I1,1CP+42)20.0 ; . P o
: 1CPatcPe43

CALL CEOVOX(1.1CP).ALP2.FP2) S

ICP=[CP+] . .o - . . .
ICPC=iCP+24 . : e oL
885 IFCICP LT. 523) 60 10 887 : . ) : o
© - 1PLOT=} ' T e T T
.§a7 IF(ICP-I] 4.4,
IFC1CP KE, §CPC-24) 60 TO & : - - - o
. 1CP=1CPoY . oo Lt
. ¥RITECG.720) ICP ’ -
720 FCONAY{ 3ISHI4HPOINTS PLOTED= -I3-lDX-!EHFLCT HAS STARTED b )
. FL20)=F(79) . .-
’ FC(67)sR51(1) ST e ; .
<7 FIGBI=R51(2}
T F{CII=RS1L3)
. > Cllrag.
S €e2)=0.0 . - S
C(33=0.0 . ‘ . T o Lo
CALL ANGCC.L(9). C(IO]] S T T
F(25)=24.553/N70 T A
- FL25)= (-13.918+CCI0))/RAD ' S o LT
. FL27)= -CL10)/7RA0 ) T ' - S
- CALL FILHAVLICY ' B R,
" CALL GRIDGN{GL.S31.61.851.900, 900-0-0] ©
CALL EPLOTLFL{25).F(253)+0.0.F(20), 0. 349055°5-G.- .-2.F.Ft2?)l
© o ICP=ILPe)
B33 IF(K NI, KHAXSZ J GO TQ 4
4 COuYINUE ] Lo . el LT
- &D YO 37 ] o S TR e
E,m . - Lt ) - . . T e M
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. SUBROUTIHE ANGCB.F ALY
. QOUBLE PRECISION A+B.F,AL.HCUR,T,G. H-CC-RHA-BETA- RSl 0,001

DIHENSTON ACS0).BC(32)

COMHON/ECLY T(200).K.G.H.CL(3. RHA{J).B;T&.RS!(S) 0t15 200
COHNON JOATEZ LYEARSDAY.HOUR )

LALL UNVEC(E.A) ‘ e
ACLI0)=DAY . e T
FsﬁihntatalfsﬂﬁT(S(lJ!v243(2]!!2})

AL= ATAMILA(Z).ALL])

c .o . v_-. L . _-"- .-;..—
€ LATIIDE CGARECTION B Lo
AC4)= 1,00000 - , T
 ACI5}= SGRT(OOT(D.83) e T T
. AL201a [.G0CCDG + OCJ.XK) - ST
- ACZIdm 6.9553476700 * OCJ.K)
A2y " CAC203492-AC21)992)7CAC2039AC15))
-]
attJ-Atzxifaczoxontzzz-Atq)JscarcccscrJa-2+At51--2-51u£F1-
10 AC4)=ACTY

L P ATANGACG)9AC203/AC2L ) TANCF))¥57. 295775500

C
E GREENIICH CCRRZCTION
. AL {{ITEAR-IS00. J#335. OfiTEﬂﬁ-ISBB.Ili JeQ. Snoiﬂ820-14
T ImUIYEAR-LISI0)ellS+LIYEAR-1957174 ..
e ACTImL ‘ oL
s "ACA)=. AC?Joozoo 56340220~14 . T -
s A(Gle €,2231033671755255900 ‘ T
_C PURT=AL(23) » P’lEJT—nczo) - T LT SR
: AC25)= 2. 737CC0200-39A08) S T
A{25)= 4,170074521910-22A(6) . . BTN -‘. ’ ta
S R(S)s CACZ3+AC01Q03)0AL25) : . ~
TLA(S)= A(S)el. 7221ngnooac4)¢(vsa1+r(r1J-Atzoa .
. Y=A(S)IZALG) < S
-AL9)=] : I T
- ACIN)= atSI-ACSJDA(G] . T
CAL={AL-ACE1)2007.225779500 C ’ .
- IFCASSCALY-Z00, €303 30,30.,20 -
S 200 AL=AL-SIGMN{E50.0D0.AL)
.- 30 JFCASSCAL)-180. 031&0-110-110
10 ALz h'-SIGJ{3o0.c.AL3
100 RITURN
.. EED
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SUBROUTINE ARLSCAA.ED.PE)

IMPLICIT DOUBLE PRECISION (A-H.0-2)

REAL P2 .

DIMERSION R1CGQ).AACI)BR(3).P{16] .
DATALPL1D,1=14162/1.94234D-3.1,143180-3.1.244020-3. l 344360-3.
1.44570-3+1.%9456650-3.1,711330-3,1.910160-3. 2, §152570-3, 2, 46770-2.

@ 2.87490-3,3,427600-7.4.203300-3.5, 35C600-3.7,194600-23.1,078770-2/

40

100

o1
14

I

?g::OEIECLI T2003,K.7+2,CC(3),RAAL33. B2 TA.R519),0(15. 2007
. :
BaY o o Co - -
HeZ : : P

DO 4 I=1.3 T

RI1CIIaCCCT) . S ST
R1£1+3) = AAC]) ST T L

PBal, 0 : - o : ;

R=57, 2957795 e

W=0,262516 C S L S
AsRI{4)-RI{1) : : : S Lo

T BaRI(SI-RIL{2) ' - T
C=RI{BI-RIL{3) C oo DT Ty T E e e
DzGes2/Hae2 ’ R . L

Ex(Bos2eConZaD)/Ane2
Ful{2,00R1(2)28+2, OiRl(SIGCGD)IA
" BIxF-2,02R1(1) «E
“AI=Esl .0
C1eRI(2I0p2+0eRRI ()02 FGRI(ISQElthllibz 00%2

© ARG=D1e#2-4,05A)eC]

1F(ARG) 500.%50.50 : .- ) .
R1{7)={-D1+SCATLARG)I/(2,02A1) C .
RI(BI=RI(2)¢BelRIL7I-NICI)I/A .
CRICZISRICII+CeLRI(7I-RICLIII/A
CALL UHVECELARS1.N1(40))

CALL UNVECIRLC7).A1{43))

RI(44)=> DOT(RIC40).RI1L43)) : o R S

1FCRIC44)) 100,101,101

RIC7) = (-D1-SCRTLANGII/C2. GeAl)
RILB) = RI{2) + Be(RIC7)-RI(1)3/A .
R1L9) = RIC3) + Ce{RI{7I-RI(1D37A e
CONTINUE _ : T
IFLIJXL) 14,4013 oL T

G1.0+0¢J.K) . ST i_-az-_'f:.'i- -

H3D.S3E6476700 + O(J.K)
TIRL=1 - ,
Do 62 I=1,9 L RN
RICI+41)=RICE) . C e
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0D K 1=1,2 ] L . et
1 "RICI+18]1 = —RHAL[) - — R
CALL UNVECCRLI(I9).RICI0)) - - R
CALL UNVECCRIC7ILRIC133) C. T -
AsDOTCRICI0.RI(13)) - e - ..

cu- REFRACTION MODEL ] [ T A
DOB= ACOSCA} S AT B
REF = DDD+R . - S R
.. IFLREF-90,000)205.205,215 . - ST
203 IF(REF-75,000) .210.210 . . N . -
- REF=REF /R : PR .
. A=2,922940-04+TANCREF)~ 3,240~ 07ITAN(R:F]"3 - -t - :
.. - GO 10 230 , - LT st L
--219 J= REF -74.0 - - T . Tl e
T L RIGIS)s t : ST T P
R1{18)= REF-74,0-RI1(16) : L
Aw pP(])+ AGS(RIHGJ’(P(IH)-PU)J] Lo oo T s S0
GO 10 230 )
215 ¥RITE(G.220) REF
229 FUR\L\T(I//l7GHG!‘#GDGCDCQIG!I@!'DI!!!IOODOGIQC'Q. INC{D"HT ANGLE G
- IREATER THAN 90 DEG AMGLE= «F8,3. 35[-!9!00-u.llnrtgnuuuupannniiuil;
220 ) ‘ . Lt . .
A=P(15) : ’ S S
. 230 BETAsA . L L e T T
- CALL UNVECLRI(] ). lelS)] . Lo S Lo
- CALL CROSS(RICIO).RICIS),RIC25)) T S
CALL URVECIRIC23).R1(25)) B P A -
- CALL CRGSSIRICIOI.R1C25).R1¢25)) o R AT S
“EALL UNVEC(RI(253.R1(25)) Co R

— .

00 12 j=1. : _ i . e
CCRICI)= Rl(l’24)'SIN(AJ-R!(I+9}ﬂCOS(A!0Rl€I+S) R
. 12 RICTI+3I=RI{1+6) S e e i e T T
931 CONTIHUS R ST N U SRS
GO 10 40 . _ S e R R e e
. 13 CONTEiUE S A AR R SRS
435 CONTINUE : : e e TR s e T e
DO 337 1=1.3 - L e e T
(387 BB(I) = RICI+5) BV
-~ RETURN ' S
506 PB=0.0 ' S
. DO 1187 I=1,3
1187 83(1) =0,0
. RETURN"
© END
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SUBROUTINE ART((C)

DOUBLE PRECISION A.C.C1.C2

DIHERSION AC20)
DATA(A(!)-I=75-90]/0.UUI04234-0.001l43l8-0.00!24492-0.00!34435.
0=0014457-0.00154655-0.00171139-0.0019!016.D.C0215257-0.0024G7?'
9.0028749-D.3034275-0.0042033¢0.0053688-0.0071946-0.01028?711

ane b

o
Lol =27 )

19

20
4

23

€=Lre57,2957795
1F(C-90,001) 2.2.5
C»100.¢-C
[F(C-25.0000) 4,3.3
CeC/57,2557795

RETURN

IFCC-S0.01310,10.20
I1F(C-90.0311.19.12

1=C
Cixl
C2=C-C1

C= ACTI*AGSIC20CACT+1I-ACII))

RETLAN
CoALSH)

CRITUAN

ERITE(G.22) C
FORIAT(47

Crl. 0
RETURN

END

H INCIDEHT ANGLE GREATER

THAN 90 T

4.51
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SUBROUTINE CROSS{USEL.USE2.£) R .
QQUBLE PRECISION A.B.C.USEL1.USE2 ' ) _

DIHENSION A(3)eBL3)C{3) . USENCL).USE2(L)

DO 11 = 1.3 .
ALY » USEICI) ) oo S
BEIY = USE2(1) S
CCLI=AC2)sBCI)-AL3)0C2)
€C2)=A(2)0BC1)-AC1)08(3)
CC3)=AL1)#8{2)-AL2)eBL1)
RETURN -

- END - o R

. . N o
- s )
. p, -
P : . )
- . ' ¢
- ’
. - s -
; Sl Ia .
o ) ’- .
. 1 . -
- Y e
~er . L R
T 2 LT .
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SURRQUTINE CROSSIC(USEL.USE2.C)

DIHZHSION A(33.8(3),C{IIUSELL]).USE2(1)

g2 11 = 1.3 .

AC1) = USEICT) o -

BCIY = USE2(1) R .
CL1)=A(23+8(33)-A(3)+B(2] . . n o e
CL2)=AC3)e8C1)-A01223(D) LT o -
€CL31=AL1):BL23=AC2)28(1) ;

RETURN ) R .
£1D ) - . - - :- _ .-

- . -k
N
-
. . L
: .
»- .
. » -
. ] - s
A - .
' B B - -
- - o
. 7 . -
. . -
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_ ,
FUXCTION DAT{A,B) : - R
QOUALE PRECISION A.B o _ R .

00T . _
DIKENSION A(31.BL(3) o LT
D07 = ACIISBUL) + AC2)sB(2) + A(1aB(I) Tt o
RETURN T 7 R | AU
END . . o S T T

ta . )
~ . . - .
- o =
. B .
- [
* -
P -
N :
- iy T
. . co. . . W R DR sooTh eI
OO . S N K o L s - }
‘e )
. . 7 . .
. - . i
- . y
: - .
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FUNCTION DOTILA.B)
OIMEMNSION AL3).B(3)

COTla A(lJBB\l)+A(ZJ!Bt2}*A(JJ'Bt3]
- RETURN

END
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SUBROUT INE GEDYLX, AL.F) L oo T
DOUBLE PRECISION AL.F.R o Coe

OIMENSION X[1) s T '
R257,295779500 L e e
XC1)=COSCAL/RVSCOSLF/R) o R
X{2)=SINCAL/R)*COSLF/R) L : - T . ;
X(3I=SIN(F/R) - Lo - - Tl
RETURN . ot T : I, . ' -,

“END R P
3 ..vl. -
- . . S )
3 ‘. T ‘.A . rs
a .‘- “.
- R N -
= - -
* - : -
) . ok
R
. -
.
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5/25/67
SUBRQUTINE
COHMON /DA

QOUBLE PR

THIS SUBROUT!
MOON AND EART
FGR SELENOGRA
FOR ALL DATA

KEAREST BEGIN

"EGUINOX. THE

COHPLETE A RI
THPUT. .0
KEPOCH -

R 1

T .
FUANT -
eUTAUT... I

‘RS -

PAL .-

Y2 CHANGES HOUR 70 DOUBLE PRECSSION . JPLEDD

JPLEPH (KEPGCH.TT, T¥ANT.R5.R3.PHL. LERROR) JPLE GO
TEZ IYEAR. DAY, HOUR ' . JPLEDD
ECISICH HOUR o - JPLEGO

) JPLEGD
NE 1S DESIGNID TO PROVIODE EPHEMERIS DATA FOR THE SUM. JPLEQD
H AND A MATRIX OF PRECESSION - NUTATION - LjBRATION JPLEQD

PHIC COORDIMATE TRANSFCTHATIGNS. THE CGORDIMATE SYSTEM JPLEOD
15 DEFINID BY THT MZAN EQUATGR AND THE ECLIPTIC AT THE JPLEGO

HING OF A BESSELIAN YEAR. THE X AX1S TO THE YERNAL JPLEO}

2 AXIS ALGHG THT MIAM POLE. AMD THE Y AXIS DESIGNED TO JPLEO!

GHT HAND CCORDIMAIE SYSTEM. ’ JPLEQ!

- JPLEOL

(NON~INTEGER ARGUMINTS ARE DOUSLE PRECISIOND : ngEg:
‘ L

ON IMITIAL EMTRY THIS ARGUMENT SHOULD CONTALM THE JPLEQ!

DESIRED CISSELIAN YEAR FOR REFEREMCE EPGCH. IT SHOULO JPLEO!
BE AN INTEGER I THI CLGSED INTERVAL FROM 1931 THROUGH JPLEO1
1893, THT BASE TIHZ(D=SCRIEZD GY THE FIRST 5 ARGUNIMTSJIPLED
OF LABELED CGHUHGN IHPUTY HUST FALL In THI & CALENRDAR JPLEQ2
HONTHS FRICT TO G AFTER THIS EISSELIAN YEARS START. JPLEDR2
ON SUSSEGUZINT ENTNIES. [F REFENEHCE EPCCH ARD BAST TINEJPLEQZ
REHAIN CONSTANT, INPUT IEPGCH = O TO BY-PASS REQUNCANT JPLEQ2

INITIALEZATIGN. JPLEQ2
: .<PLED2

TIHZ (HOURSY RELATIVE TO BASE TIKT DISCRIBED IN COMMOM.JPLEOZ
INTEGIR CUNTROL SYITCH. DETERHINES GUTPUT FGRHAT . JPLEQ2
. - . - JPLEOZ

F oIvaur . e . JPLEQ2
=] =2 - =3 . . mq ‘=5 JOLEQD

. : . T .JPLEN3

POS. ONLY POS. ONLY  NOT - ROT T OmOT - JPLEDZ
SUN ¥RT SUN HRY UsSED USED USED . - JPLED3
EARTH HZGH : e JPLED3
112 CELLS) €12 CELLSY - . SoL T n e . .- JPLED3
' R se JPLEQ3

PGS ¢ VEL PGS & YEL POS + YEL POS + VEL  ROT - JPLEQZ
HOGH ¥ARY EADTH ¥RT  HGSN ¥RT  KGGN uRT USED . JPLEOZ
EARTH HooH EARTH EARTH . JPLEC3
(24 CELLS) (24 CELLS) (24 CELLS) (24 CELLS) - 5PL§G4
. : PLEDS

Nor . LIGRATION LIeRATION  NOT LIBRATION ~ JPLEOA
USED BATRIIK FATRIX UsED - HATRIX JPLEGH

€18 CELLS) €18 CELLS) . - €18 CELLS) JPLEQ4
L C T : JPLEQ$
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s
¥

JPLEO4
DATA TAPE (LOPY OF MO. ) HUST BE HUNG ON FORTRAN TV UNIT 1% JPLE 04
- (704077094 LOGICAL NO. isagngos
LEOS
. DOUBLE PRECISION TOP.BASET.EDT.TTAPE. TNORM.TT.RS. R PNL.BUFF, - JPLEDS
") YREC.T.0Y.TAB.OSUH, OLUH. ASUN. ALUN.DSORT JPLEOS
OIMENSION BUFFU(275), TAR(1243).DSUNCI1.3), DLUNISI.15),ASUNI3.6), . JPLEDS
i DY(5).ALUH(I7=ISJ-RS(IJ.Ra(l3-PHL{1)-KB(5) JB(I). INLS).TLS ] JPLEOS
2 18UF(352) T JPLEOS
EOQUIVALENCE CTAB € 1).DSUN ) » (TAB [ 34).DLUY ) JPLEQS
1, (BUFFL  43.ASUN ) » (BUFFC 22).ALUN ) . tBUFs( 1).1BUF }  JPLEGS
. LOGICAL SETUP : JPLEOS
O DATA (HBUI)»1=1a53/4#33, 5197, 0801 ). In1.5)/404. 007, CIN(1). 128,53 JPLEQS
1 /9.10.18.9.18/.JEPGCH. NORG. EDT/1951. 0.5, 899088880839898650-37 JPLEOS
IERAL = 0 o . ' . - JPLESS
-~ JEPOCH = KEPGCH . B : T LT JPLEQS
~ © IF CIEPGCH) 35.65.5 ‘ : o . - JPLESS
3 IF {IEPOCH.GT.1550 .AND. TEPOCH,LY.2000) GO TO 19 . oo JPLEUS
"{ERR = 1 . I <.t T L JPLEDS
) EFOCH MOT BITHIN LINITS o T - .- 1.0, JPLEQS
.. 60 10 223 : S ..t . JPLESS
. 15 BASE T = 24,C00sDAY & HSUR + EDT o .. .- o 7. JPLEES
© 10P w B750.0D0 : T s JPLEGY
;-IF (HGDC{IYEAR-1.4) .£0. 0) TCP = §704.600 - . . - .. ..  JPLEOZ
T .IF CIYERR - I1EPGCHY 25.20.25 L TeL et JPLEDT
20 TREC = EBASE T + TOP . P . JPLEOZ
60 TO 35 Co AL T et e L JPLERY
TREC = BASE T T TR T T L S JPLEOZ
IF (IYEAR® !EPUCH) 30.33.30 LT S0 "EPLEQY
JEAR = 2 R LT JPLEQY
. EPOCH AND BASE YEAR IMCOHSISTENT . . T s JPLEO7
60 10 225 LT T JPLEQY?
3% §SKIP = 1EPOCH - JEPOCH S sl T . JPLEDS

_ IF CISKIP) S0.45.50 : LU e SPLECD |
43 IF {1JRG) €5.55.65 S AL e LTl LT LT JPLEGY
. SHIP TO DISIRED FILE et e el o T - QPLEGB
S0 CALL FS2SFL (11, ISKIP. L 1} e T el s = JPLECD
IF {L)Y S52,55.52 . Tl Tl T JPLERD
52 IERR = 3 T e T LJPLEERB
C READ REDUNDANCY WHILE SK!FFING FILES o - T IBLECD
53 HORG = 0 ..l JPLECS
. JEP3CH = 195t . T T e AT - APLECD

T REVIKD Il - e e T U

nRanne

25
. 30

CJERROR ~ INTEGER YALIOITY INDICATOR. 1ERR=0 If ALL OK. NGN-ZERO JPLEO4
YALUES REFERENCE ERROR CONDITIONS. SEC CONMMENTS IN CODE.JPLEOY
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- 60 Y0 225

53

READ C11) L.JEPOCH.BTIHE.L
SETUP = FALSE.,
RORG = -4

- IF CIEPQCH -~ JEPOCH) B0.65.60

G0 10 53

. " 80
» 100

103

-”.!la

C. 113

1208
125
- 327

129

130

1ERRt = 4
FAILED TO GET THE RIGHT FILE

KREC = {TV+TREC-BTINE)/132.060 + 1.000
IF C(NREC. GT 1 .AKD, HREC.LT.53) 6O 10 73
1ERR = 5 ’

€60 10 225

NEED 10 GET A KEY TABLE JNTO CORE
SETUP -= TRUE,
1 = HREC -~ 2
IF (1) 83.85,390
1 =1
Gd 7O 100
IF {1.GE.52) 1 = 51.
ISP = 1 -~ RORG - 5
IF C(ISXIP) 115.125.103
pa 110 Ja).IsK(P :

SPACE UP TO THE RIGHT SET CF R:CGRDS
EEAQ (1)

¢ 70 123
1SRIP = ~15HIP
DO 120 J=1.15K1P
- BACK UP YD THE RIGHT Sa! Gr RECORDS
BACKSPACE 11 ’

03 150 §I=1.5 o el
: NOY BUILD THE TASLE - e

£AD (113 BUSF
IF CI1-1) 135.127.135 ST,
HORG = 1EUFL2Y ST
TTAPE = BUFF(3) : .

If (HORG-1) 129.136.129

IERR = € : _
FAILED TO GEZT THI DESIREO RSCORD
G0 10 53 . o -
J3 =0 : -

- K = @

835

1F (1BUFC4) LEQ. IYEAR+1] TIAPE = ITAP; * TDP )

11s] 140 J'l 3

4.59

TIHE OF YEAR BEYD&D LIHITS FﬁR THIS EPOCH
“IF (SETUP .AND. NREC.GT.MORG .AND, HREC LT.HORG#4) GO T0 §53

L]
-~
h']
-
m
L
X



. 149

145
150
iss

. 180

L>J+ 3

D3 140 K=1.2
DSURKLL.K) = ASUNLT.XD
Jd = JJ + 2

0G 145 J21.17

L= J + K

00 145 X=1.15
DLUMCL.K) = ALUN[J.K]
Kl » KK + 1§

NGRMALIZE TINZ 10 STHQTING TIHE OF CORE TABLE

THORM = BASE T « T¥- TTAPE

Kt = [WANTY .
IF (K - 331 1608.163. 165

S SET uP 10 IHTERPBLATE FGR SOLAR POS!T!UN
T = THORIH/SG. 000

KBASE = 0
JOASE = ]

. JNGET = 3

165

170
175
180
- 185

~ 390

~1fss

200
11

KSTEP o 1}
ASSIGH 163 TO 15Y
G0 T0 250

T = THORACL2.L00
KBASE = RO{RU)
JBASE = Ja(nK}
JUSEY = JHIRK]
RSTEP = 0]

CASSIGH 170 TO Jsu
SIGRE GUTPUT YECTCRS

63 10 259

- J1F (THORK .LT. 0.800) THC?H = THDRH + TDP

SET UP T0 IHTEAPCLATE FOR HOON VnCTGRS AhDIGQ HATRIX .

GO TO €175,155.1659.153.203).1

00 140 1=1.3

RSCIY = EUFFCLY

03 130 I1=1.3

ROCL) = BUFF(1+2)
RILI+5) = BUFF{1+G) -
IF (KK - 33 215.203.215
Do 240 I=1.3

RS{I) = EUFF(I) - EUFF(1+3}

R3(1) = -SUFFCI+D)
RSCI+53 = -CUFFL1+E)

03 210 1=1,9

PHLCE) = BUFF([+3)

IF (KX - 5] 215.225.225

4.60

JPLELD
JPLEL3
JPLELD
JPLELD

~WAPLE L4

JPLEYS

Tt JPLEL4

JPLELS
JPLE14
JPLET4
JPLE14
JPLELS
JPLEL4

. JPLELS

JPLELS
JALELS
JPLELS

T IPLENS

JPLEIS
JPLELS
JPLELS
J7LELS
JPLELS
JPLELS

© JPLELS
JPLELS

JPLELIG
JPLEIG
4PLEIG

T JPLELG
- JPLEIS
_-JPLEIG

.JPLELG

JPLEIS

L IPLEY?
- JPLENT

JPLELY
JPLEY?

| JPLELT

JPLEL7

" . JPLELZ

JPLEL7
JPLELT

.. SPLELT
JPLELD



215

RBLS5) = RDCIYsRALL} + RBC?J'RB(2J + RB{3j*RB(3)

»

RO{4) DSCRT{RB(S5])
RB{B) = ROLLIRE(S)
IF (KK .GE. 3) GO TO 225

RS{3) P RSC1)oRS{1) + RSC2I*RS(2) + PS{3IIeRS(I).

"R5(4) » DSORTCRS(S5))

2z

L
259

?’
C '

=
- 0YL{2) =
OY(3] = TAD(K+4I-TAZ(R+3)- Tf“(u03]*TAU(K*2]-BT(2]
"
=

1
K» .+ Xsr1ce

R3(&) = RS(43+R5LS)
IERRDR = 1ERR

INTERPULAT!OH SECTIOV (5TH DRD'R HEUTOH FED. DIF.)

RETUAN
Ke T - 2.¢
=T = T - FLGBT(K)
ﬂ = K & KBASS

<~ < CALCULATE T COSFFICI
V2] = €T - 1,000)eTL1)/2.000
TC3) = €7 - 2.C00)eT(2)/3.¢00
TC4) = (T - 3.0D0IeT{3)/4.C00
-¥ES3 = (T - 4,€20)2T(43/5.000

DIFFERINCE 3 POINTS CN E1THIR S10E GF IND, VARIABLE

DO 255 J=J0ASE.JNSET
DY(1) = TADLR+2I-TAD(He1)
TAD(K+3)-TA3CK+2)-0Y¢

DY{4)
0Y(sy

, BRANCH EACK
. B0 YO ISY.C165.170)
END

ENTS

13

TADEK'JJ-J.ﬂ(TAP(FOx) =TES(R+3))-TAG(K+2)-0Y(3)
TACLIK+G) -4, e(TAYCKSSIsTAG[K+3)) 46, sTAB(H+§ I+ TAB(K+2)-0VL4)IPLEZD
AND !HTCPPBLAIE I EACH TrOLE

BUFFLJY = TABIK+#1) + TC1)oDYC1) & TL2)0DY(2) ¢ I(31=DTL3}
+ TL5)2DY(4D + T(5)eDY(S)
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JPLELR
JPLELR
JPLELR
JPLELS
JPLEIR
JPLE1B
JPLELQ
JPLEILS
JPLELD
JPLE1S
JPLEIS
dPLELS

. JPLELS
. JPLELS

JPLEIS
JPLELS

- JPLELS

JPLELSD
JPLELD
JPLEZ0
JPLE2D
JPLE2D
JPLEZ2Q

JPLEZD

JPLEZD
JPLEZD
JRLE2D
JPLE2Q

"FPLE2]
S JPLE2L
T JPLE2%



-

SUBROUTINE HPLOT(GLAT.GLOM. THETA.DIS. SCALE, XX. Y¥. ISEL.RY.RAGR)

naannane T

oen GLAT IS5 THE LATITUDE OF THE POINT BEMEATH THE YIEWPOINT, HCASURED MPLTOO
DEGREES PLUS NGRTHM FROM THE EQUATOR. HPLTOQO
o%e GLON IS THE LONGITUDE OF THE POINT BEMEATH THE VICWPOINT., HEASUREDMPLIOO
OEGREES PLUS EAST FROM THE GREEMWICH MERIDIAHN, : HPLTOO
osr ISEL QETERMINES THE BACKGROUMOD, [F "HMPLTOD
: ISEL = 1. GNLY PICTURES SHOWING COASTLINES WILL BE FOSMED. MPLTOQ
ISEL = 2. PICTURES SHOWING BOTH GRID LINES AND COASTLINES ¥ILMPLIQO
BE FORMZO,. . HMPLTOS
DIHENSION XD{181}.YOC1811.XPRC2).YPR(2Y N HALTO
DIMENSION XZ(J).VZ(J).ZZ(S).A(B).B(SJ-AP(J)-RS(JJ.R?(IJ.VT(B)- .
IPVE3)a V{3, 500). HLOC25). AHAT( 2} - . .
DATh(XZ(lJ-l=1-33£l.0-0.0-0.0/(Y2(Il-1=l-3]!0.0-1.0-0.01
DATACZZC1)a121433/0.0,0.0,1. 04007770/ :
DATA UTUO/.BdSOGSBSE-!I.DTEHI.l745329251.0?!VE/.372654826E-II- HPLTO:
‘§ DHETY/-1.3552634/, DHNTY/-1.570735337 . . #PLYOL
CCHUON/EPL/ICP. XPLOTEL3.600) L , LT -
REVIND 14 LT o . mPLYOE
T XMAR = 451.0 T B A P (- I
_YHAR = 451,90 . O S s T LS HPLYO
- DISR =ARSIN (1.0 7/ DIS) ) . LD - © T OMPLIOI
I . RAG w SCALE / (2.0 * DISR) S s T e s - HPLTC2
- X maXX 2 DISR .. . .. S ST T oo HMPLYO2
Y = YY /7 DISR ST e e T T e CMPLYOZ
Coe i AWMmaX ‘ e T o T U APLTO2
LU AVYmaY o e SRR S =T Th 114
oo T ZEK = RAG . - T e e T e KPLTO2
o 210 » RAG = T . LT T 0. HPLT 6
s YT w ZYB - ’ h ’ . KeL102
;- CALL PLGT!E!-l.-ZKK.ZXX--ZYB-ZYB-X?.TP-I-lo!H ) L r?L;Og
~ . - PLTG
O COMPUTE ROTATIGN HATRICES FGR GLAT.GLON.AKD THETA.... T EPLTC3
P CALL HPAHAT : o : - Lo .. KPLTOZR
R - o T I oo KEPLIOD
CPLAT = GLAY . L e e T e e T HPLYES
- PLON » GLGY oo T L T T RPLTOT
- THE = YHETA ) . - T ST e e . EPLIO3
L © CL=CAS{PLGTY Ces LT T T T e L L s RRLTUY
i T SLESIN{PLON) : - ot T e T e L RPLTOS
CP=CAS(PLATY . S Tl e e T KPLTO2
. SP=SIN{PLATY R oD - R KPLTO3
STHE = SIH{THE) - [ Voo Se0 s o KBPRTQ4
CTHE = CQOS{THZ) : " Ty Joeoeviiooes 07 HPLTO4
. AHATI1) = -SLaCTHE ~ CLaSPeSTHE U 20T meLtea
- AHAY(2) = SLaSTHE - CL#SP&CTHE T Tl e L HPLTO4
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LT

- 100

ETY

120

130

T 130

140

‘ 180

non.

170

AHATL3)

AHAT(4)
AHAT(S)
AMAT(S)
AMATC(7)
AHAT(B)
AHAT(Z]

J=lrs2s1

a
-
=
£
=B
E
=

CLeCP
CLaLTHE « SLe#SPaSTHE
~CLASTHE - SL#5PeCTHE
SLeCP
CP3STHE
CPoCTHE
sp

PLOT THE HORIZOM.,veuss
CALL HPHORZ

- 00 100 1=1.331.2

- ANG=2FLOAT(13/37,293578

X0CJy=COSCANG )
YOLJ)=5IMIANG]

CONTINUE
HPT=l
KN = 18]
LHU=2

O0 170 I=f.KN
X0l =x001)-AvX
Y01 =avD{I}-AvY

3-ZXX)1120. 5204150

[F(YZIP+ZYEYIGO. 130,130
JFCYZIR=-ZYT1140. 1604166

“IFCABSIED

YZ2ipP=yDl

XPRCLLUA Yax0l
YPRILEWD)=YD]
Lyui=LHUR-

1

IFCLEYAI150.150.170

CALL VECTRIXPR{1I.XPAC2I.YP

[RHSES )

XPR{2)=XPR(]1)
YPR{2)=YPR(1)

60 TG 170
LuUH=2
CONTHIUE

[F . CHN.LT,. 1003 63 TO 176

PLOT THZ TERAINATGR LINZ

K¥=9%
- CALL UNVECIC

RYIE7). V1)

RAS=ATANZIVTL2].¥T({1})

RCIDLYPREZIC1)

4.63

HPLTO4
FPLTO4

. HPLTGa

FPLY 04
MPLTO4
KPLTOZ

- RPLTES

PPLYO5
rALToS
RPLTOS
KPLTOS

- EPLTOS

FPLYES

. EPLTCS
rRLTES

PLICS |
#PLICS

CLOEPLTCS |
_PLTes

FPLTGS

- FPLTCE

| e & R
F2PLINS

. EPLTES

FPLTRY
PPLTO7
EPLTO7

L EALTOT

EPLYOT
EALTO7
=PLT07
EALTU7
FPLYO07

T - sPLI07
- - FFLTCR
- FPLYCO



ALONG=RAS-RAGR

V1(11=CO5(ALGHGY -

' RS(IJHAPAT(lJDVT(I)0AHATt4}¢VT(2)oAHAT[7J-VT(3) - -

CVTC2)=SINCALGHG)

CALL UNVECICYT.VY) L s
RS(2} = AHAT(238VTC1)*AHATIS)eYT{2)+AMAT(R) VT () .

B RS(B)!AHAT(BJ'VT(lJ*AHAT(G)OVT(ZJ'AHATISJIVT(BJ

71
l12 EENRL ST R PR
. STGPeS0 RT(PVCIJHPV!l)*PV(ZJlFYfz}) R }, | T
.80

BT

A=

noan

189

130

. 200

210

" CALL BRGRID

© IFCYLGN)160.200.200
PHUL »-SIGN{1.Q.VLAT)

INUL=5 . A

CALL CROSS1(ZZ.RS.A) . g

CALL UNVECTCALA) - : .

CALL CROSSI€A.RS.B3 ' . L KRR

CALL UNYEC1{8,8) : e T
DO 70 I= t:361.2 : e el e LT
ANG = FLOAT(1}/57.29578 ~ ST . -

D) 71 K=l.3 S e -t .h:u - f | A

AP(H) = A(K)GCGStANG]*BtﬂibSIN(AHGJ o « 7
CONTIHUE

IF (AP(31-0,0) 70,72.72 C s T e

CALL GRIH (1.015.AP) : vl L.

IF {STOP.05.1.0) GO 10 70 . T
NEDET! . R
XO(S1nAPLL) . : ST T T x
YOLJ) = APC2) i B T T U
CONTINUE - oL T e T
KN=J : S o P T T
GO 10 110 - . ST R - ot oe

IHhOEXa2 - e e e T e e T

G0 TO (520-[00]- ISEL ) e e e .

Eo Tn 501 ) A ) . .' ). i ) ,“ - . .- 4; ._:‘_" . .-_“:V_ _7_ ‘ :
. 'L:--"--_-'l
PLET THE LAT LONG G?la. IF DESIRED vieoewns’ .- - KPLTED
CALL LIGHT
VLAT = GLAT » 57,255779%
VLON » GLGH » 57.2357785 R
VLON=350, G+VLOH . L S
LCONTINRUE . R :

IHUL=C 130, 6-AESCVLATI) /2. 0+1.0 T e
IFCIHUL-£8)210.220.220 - T

4,64 *



220
230

240

C2%0
- 269

‘g0 10 220

INUL=1HUL-8]
CONTINUE
PLON=0,0
OLAT= DT¥0
DLON= OTEN
D03501=1,38
IFCFLOATICI-13/9)-FLOATCT~13/5.0)240.250. 250
PLAT=0MZTY+PHUL
IZLe JHUL ~ TNUL,
GJ TC 260
PLAT=DH NTYIPHUL
1ZL=a 1HUL
CONTINUE | -
LNuN=2

T COL=COS{PLCN)

-i_2f’

-SOL=STH(PLON)

0G3303=l,12L
CoP=CAS(PLAT)
SAP=SIN(PLATY)

VI(1)=COP2CCL o . S

¥TC(2)=C0P=50L

VI(3)=50P
PV(IJﬂAHAT(l)GVTtl)#ﬁHRT(d3’VT(2]#AH&T(7)‘VT(33
PYC2I=ANATO2IeVT (1 J4AHATISYeYTL2)+ALATCOI#VT (32

- PYCII=ANATIIIoVTCI I+ AHAT (G VT2 +ALIAT(S)eVT(3)

iF (PY(3)-.05) 270.270.251

TSALL GRTH (1.D15.PVY

STGP380 ﬂT(PV(!]#PV[lJ*PV(Z)DPVCZ))

- IF (ST0P.LT.1.0) GO YO 284

270
.280
290

300
310

. YPRE2)SYPR(1)

LEUHa2

€0 T0 330 _
XPOaPY( 1) -AVX

IF (AL CXPD)~7XX)290. 290, 270
YPJaPV(2)-AVY
IFLYPO+ZYD)270.300. 300
IFCYPO-2YT)3104270,270
XPRILEUY=XPO

YPRCLEUN) =¥PO

LT LMUMSLEUWT-1
7 320

IF(LKU{3330.320, 330 ’
CALL VECTRCXPR{1).XPR(2}. YPR(I).YPRCZJ 1)
LU=} .
XPRC2)=XPRC1)

4.65

HPLTOS
HPLT (I

-, MPLTE9 S

HPLTIO

T HPLYIO
-, HPLTLD

HPLTLO
HPLTIO
HPLTIO
HPLTID

 WPLTLO

HPLTIG
HPLTIO

T ORPLTIL

HPLT1E
EPLTIY

- HPLTI1E
- BALTI
T OHPLTIL

EPLTIL
HPLTILL
HPLT11

- KPLTIY

HPLTI2
FPLT12

HPLT12

. HPLTIZ2
- KPLT12
#PLT12

HPLTI2

- HPLTL2
- EBPLTL2
-HPLTL3

HPLTIZ3
FPLTI3

o HPLYLZ
- HPLYI3

HPLT1Z
HPLTL3

- - HPLYI3
HPLTL3



1
S - -
1
| -
i . L. . T ’ .
330 PLATEPLATSDLAT#PHUL . o R . . TOHPLYLY
340 PLOMN=PLOM+DLON . . R ‘ : . HPLTL4
350 CONTINUE - R S HPLYI4
. 501 CALL LIGHT . ] o - [
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SUBROUTINE UNVEC(A.D2

DOUBLE PRECISIOH A.B.C

BIHENSIGN AL3) « B(D)

Ca SORTCAL1)9324A(2)002¢ A(3)9e2)
DO 3 In1.3 .,
B8(I)a ALL)/C

RETURN .
EKD .
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"END
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SIMBARY DATA ON
SR-T1A TYPE ATRCRAFT
CAPARTLITTES & LIMITATIONS
AS AN CBSERVING PIATFORM FOR

SOTAR ECLIPSES & OTHER SCIENTIFIC STURIES

- Robert D, Mercer
Research Associate

Novezoer 8, 1568 .

Dudley Obsérvatogy
Albany, New York



" Selentific observations of a total solar eclipse for perieds up to
30 m:lnutes at altitud°s of about 70 000 feet are technically feasible,
and the wmsual capability to malntain a position along the wrbral-
pemmi:ral, bourdary will present e ard wusueal coportunitles for solar
i:mstigaticns that can not_be rade avallable from ballcens, rockets,
or sstellites,ar from the grourd. It could provide more useful tlme
in a single eclipse than the sum of all previcus events; in fact, it
would incresse corcral cbservation time more than an order of msgnltude
anil chramospreric observaticon time more than tm orders of magniticde.
A potentia.l capability exists to resolve relgnts rear the solar ljzﬁa
to 25 km or less, amd all points cn the circumference of t& disk are
e‘qually sccessible for study. Carﬂflﬂly controlled positiming of the
aircraittousearegimofammontm 1L:rzarlin:bwillpmducea
kndfe—edge f‘reﬂ of Balley's Peads for cotaining the very lcw balght.
resolution crucially important to any_pl'waically scurd study of the
chrtm::spl’ﬂfe ard its interface with the Dhotosprrre 'b;elcs and the E
- corera above. Atmospreric seeing would be jnnrcved by cbzservaticns
_n:aﬁaethmug‘;l (1) mclcudcwernrshadmtbarﬂs (2) on_yabcutasm _
F.g of overlying atmosprere, (3) 0.50 mlerens of water vapor ard lsas
prasking by ‘otber tellurle. absorpticon, and (4) considerably reduced
scatt.er:mg ard polarizing contributicns from background light.

A serdes of elght eclipses #ill oecur gver the next elev»n and e
palf years (see attached 1ist ard diagm) A of these eclimes ars
'acr.aesaible using this type vnhicle ’.-rhic.h can be asrlally refusled, even
thovgh more than half of ths best ecl:!pse cbhzarving lccatlons ccour

aver water or In very remote reglens of the world. -



SCTENTIFIC REQUIREMENTS & POSSIBIE METHODS OF ACCOMPLISHMENT USING AIRCRAFT AS OBSERVING PLATFCRMS

1.

 SCIENTIFIC REQUIREMENIS

TMPROVE TEMPORAL, RESOLUITON BY
INCREASING NUMBER & DURATION

OF CBSERVATIONS

IMFROVE SPATIAL RESOLUTION OF TMAGE
EXTEND USEABIE SPECTRAL RANCE
IMPROVE SIGNAL-TO-NOISE

IOWER THRESHOLD OF DETECTABILITY

INCREASE TYPE & SIMULTANEITY OF
CBSERVATIONS

MATNTATN RESPONSTBIE CONTROL

OVER COETS

H,

METHODS OF ACCOMPLISEMENT

MAXIMIZE DURATTION IN BCLIPSE UMBRAS &
AIONG THEIR BOUNDARIES (1, 2 & L)

. UITLIZE MIGHEST ALTTIUDES (2, 3, L & 5)

MAXIMIZE OPTICAL APERTURE (4 & 5)
MAXIMIZE FOCAL IENGTH (2 & 5)
MAXIMIZE NUMBER & TYPE OF EXPERIMENTS
BY UIILIZING AVATIABIE WEIGHT; VOLUME
& PRESENT ATRCRAFT SYSTEMS (1, 6 & T)
USE MODIFIED ATRCRATT IN THE MAXIMUM
POSSIBIE NUMRER OF ECLIPSES & USETUL
NON.ECLIPSE SCIENTIFIC STUDIES (6 & 7)

MINIMIZE APPARATUS MODIFICATIONS & OPERA-
TIONAL TECHNIQUES FOR EXPERIMENTS (7)

MINIMIZE ENGINEBERING MCDIFICATIONS & NEYW

_FLIGHT TECHNIQUES FOR THE AIRCRAFI (7)
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YF-124/SR-714 Capabilities Useful for the Marck 7, 1970 Soler Belipse

Anproximately 20 minubtes observing time within the usbra, and wanuevrzranilit
2long the umbral-renucbral boundary.

Best operating altitudes are 60,000 to 80,000 feat {(18.3 to 2h.Lk ;).

Telescopic system can b2 accommodated with lO inch aperture, up to 2% Teetssingle-
rass, neliostet stabilized iwmage to saveral arcseconds per szcond, and carvied ab
ambient pressure in the rignt-tiand =squipment bay.

Up to It additional b 1/2 inch windows can be installed in the nose section subject
w0 reduced pointing accuracy and stabilization.

Experiment systems observer .availeble in-flight for remote chservations,
alignments, and flight path modification. Radio tontact "1*h.*l ooserve
0351ible during the eclipss flignt.

Mors than 1000 lbs. and 20 cubic feet available for experimental anparstus in addi

£2 the same amount used for the telescopic : }5tﬂm or multiple tele P

hand eguipment bay. DMore than 2 kilowatis of powsr ayailasble in 2
se, 400 Hz or 28 volts DC. On-board timing system availoble w

art in 107 or access to WWV. Filtered coonling air will bte availabia 7

eguipzeat bays are normally maintained ab +8“°“ and nose compariment at +1

Esternal skin temperature will be approximately 250°F with a very in

Somz Further Astroncmiczl Studies Utilizing V:_i ie
todifications Proposed for the 1970 E~1‘p

(‘0

Subsequent eclipse fligants thrﬂdghQUu uhe.l9TO's

Uﬁ»CllUS”d solar physics Sthdlgo with emphasis on improved capabilitias
earth atmospheric attemuation reglons of the speetrum. . '

bh
LK
chk
4
{

Stellar astronomy of low intensity sources, and extensicn of rounr based sp=c ral
stuiies in the attemeated regions. : :

Planstary atmospharie studies
Wide area survey work on the aurora, airglcw, Zodiscal light, and Gegenischein.

Infrared surveys of the lunar surface.
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ECLIPSE DATA - MARCH 7 1870
Velocity (knots) |
2500«

v VeloCity
—w = Acceleration

2250 ‘ saernss Byaceleration
2000}
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16100 - R | H
S ' Ephemeris Time (hours)

Acceleration (Ht/sec?)




EXPERIMENTS OPERATIONAL PLAN - GENERAL

Misasion Experimental Objectives Time Avallable | Altitude Range Eclipse
‘Phase of Interest “in Minutes .1in Feet (Km.) | Path Location
A 1., Corona 15 40,000 to East Limb
' 2. Wide Field Work 65,000 across disk
3. Zodiacal Light (12.2 to to west limb
19.8)
B 1, Chromosphere 20 65,000 to West 1limb
2., Phvtosphere : 75,000 along limd
3. "Limb Darkening" (19.8 to to north
4, Active Centers 22.9) 1iwb
c 1. Corona 20 65,000 to North 1imb
2, Wide Field Work 75,000 to center
3. Zodiacal Iight (19.8 to and back out
4, Calibvration Data 22,9) to elther
' polar limb
D 1. Chromosphere - 30 65,000 to | Either solar
2, Photosphere , 15,000 pole liwb
3, "Linb Dorkening" . (19.8 to along limb
(L, Active Centers. ) 22,9) to cast limd
E 1. Corona 5 75,000 to Eact limb
' 2, Wide Field Work 60,000 across disk
3. Zodlacal Light (22.9 %o to west limd
’ 18.3) 2
Total Time 90 - " Minutes -




PHASE A | . | PHASE B - © PHASE C




AIRCRAFT POSITION & OBSERVING DATA FCR MARCH 7, 1970 ECLIZSE

POSITION INFCRMATION VERSUS UT  f 1823
SOTAR AZIMUTH FROM A/C (°) 39.3° 90.0° §1lo.g°
'SOEAR BIBVATION FROM A/C (°) - H s17 | 6340 | guke
A/c EEADING (°) ] 61.9° | 60.0° | s7.2°
A/C AITTTUDE EFT) § bo,000 {75,000 {ko,000
g " 1) S H 1229 | 22.85 | 1219
LONGITUDZ OF WBRAL CENTERIINE - 3109,96"?-: ; 9k.6°W {81l.71°W
| - LATITUDE OF WBRAL CENTERLINE  H 6.60°W { 18.3°F |31.85°N
s .
W4BRAL VELOCITY (IMNOTS) H 1k65 1311 1656
.o " (101/H0UR ) q 2715 2h29 3089
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ALRCRAFT ATTITUDE STABILITY INFORMATION

FLIGRD CONTRAOL STABIIITY CHARACTEAISTICS
(Maxi=um Values - Occoring less than 3% of time)

ANCUTAR RATE FREQUENCY
AXIS . (MH113rndians/see) (Cycies/see)
Pitch 3.5 .25
. Roll 3.5 = 0.75
Yaw 1.7 0.50
' 3.5 ' 1.00
L0% FREQUENCY STRUCTURAL VIZRATICNS IN VERTICAL DIRECTION
EZCITATION Iipumy RESPONSE OprpuT
Accelaration: 0126 Rate: ' O.Tﬁ.milliradians/sac
Occurance Fraguency: 65% of tize Frequency: 2.3 cyeles/sec
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TOTAL S0LAR BCLIPSE DATA FOR 0O88E

FROl VEHICLES AT 70,000 FT., ALTITUD

DaE MIN. VELOCITY, 1 SOLAR HDIZVATION] EARTH RECION TN
oL & U, 7. MAY, & ET V| BRA LAT, & REMARYS
[ 3
$ win, ‘ MIN. Y e a1

. a . .4
22 Zep.] . 1675 Kis. 19.2° Artic-Russiz-China ! Very low elavation, too soon
1358 | 1125 Hrs, 18.5° 55,0°2, $2,0°N { for seientific/diplo. arrang
T bar, 1300 Kis. §3.3° _ ,F%xécP-U.S.-Eanada Excellent for Morth Amesrican
i¥70 1127 Hrs. 62.7° Q7.4°%W, 15.1°H phssrvers,
10 Jul. 1590 Kts. Lg,5° _ Russia-Alaska-Canada i Moderate elevation. Cood
1972 1950 Hrs. Le ke 191.0°W, 62,2°H for N. Amer. cbservars.
30 Jun.{ 1170 Kts. - B5.5° Atlantic-Africa- Exezllent but located in
I - Ind. Qc. _ somewhat romolte rezions.

1573 1136 Hrs, 85.3° L,6°E, 19.0°N

20 Jua.i 1220 Kts. 3L.5° Ind.0c.-8.Austr, Low elsvation over watsr.
' Basin Remote bub near Bustraila.

1973 Ohh6 Hrs., 3k, 5° 103.1°E, 31.8°8

23 Oct. § 1280 Kts. 70.8° Africa-Ind.0c.- Excellent and mosily over
_ Aagtralia water but remote.
1975 0511 Hrs. 70.8° ‘ 9L.5°E, 29.56°8

12 Oet. ] 1125 Kts. 67.5° North Pacific- ] Excellent and mostly cover
: : South America water. U.S. & Hawaii nearbhy.
1977 {2034 Hrs. 67.2° 121.6°%W, 12,9°H :

o6 Féb. 1505 Kis. 26.1° U.S.-Canada- Low elevation. Useful for
? Crzenland - vehicles already modified.-
1979 1649 Hrs. 25,6° 97.2°¥W, 50.5°N - , . -

Fzo. | 1135 Kts. 77.2° Africa-India-China Zxcallent but located in
1530 0849 Hrs. ' 76.9° 15.8°E, 0.7°8 somewhat remote ragions.

T Jul, | 1390 Kts, 54.5° Russia-Forth Pacific {lModerate elevation but long
1951 0349 Hrs. 54, L° 135.7°E, 52.7°W seientific/diplo. arranz.
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Vel (knots) ECLIPSE - DATA - JULY 10 1972 Accel (ft/sec?)
2000~ S | ;o ~1.0
 — Velocity ';'
-~-~ Acceleration |
Dece[‘eration
1900- -0.8
1800~ |06
1700- -0.4
1600- - 0.2
1500 : : limmeareeny , - 0.0
- 1900 1930 . 2000 . 2030

Greenwich Mean Time {hours)



ECLIPSE DATA-JUME 30 1973
o ' : Accel(ft/socz)
! r1.5

Vel {knots)

- 2500y i
— Velocity
-—- Accéleratio_n.
Decele_ration
2000- 1.0
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1500-
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1300
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1100 1200
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Frontisplece. 'Moodle"--the mood of the discussions captured in a doodle by participant Donald H. Menzel.
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PREFACE

In midsummer, 1968, R. D. Mercer was nearing completion of a
technical review on the suitabllity of SR-T1A type supersonic air-
craft as possible observing platforms for significantly extending
duration of totality during solar eclipses. The study showed that
such flights are feasible and provide the observer with a unique
systems base. Since this method of observation would requlire a
large and carefully planned program to be effective, 1t seemed wise
to bring the preliminary results to the attention of at least a
small group of potentially interested investigators as early as
possible, Wider dissemination of this Information was also plamned
in the form of a digest of remarks made at an informal meeting of

‘this group. On rather short notice, then, sixteen persons kindly
apreed to gather at Dudley Observatory last July to discuss some

of the sclentific aspects of such a supersonic flight., A taped
recording of the discussions was of good quality and has allowed

us, with the permission of the participants, to provide thls rather
complete account. We are very pleased to acknowledge our appreclation
for the cooperation given us by all the particlpants.

For the detalls of the SR-71lA ailrcraft, we are grateful to the
Air Force YF-12A/SR-71A Program Office and their contractor, the
Lockheed Aircraft Company. The NASA Manned Spacecraft Center and
the U. S. Weather Bureau provided computations and analysis of the
eclipse track, vital to this conference as well as to the feasibility
study. :

We are also very grateful for the efforts of Mrs. Christine
Bain, Mrs. Elizabeth Sterrett, and Mr. David Wachtel in the pre-
paration and dissemination of this report.

R. D. Mercer

D. C. Schmalberger

iv
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Left to right, front row:



CURTIS 1.. HEMENWAY

Dudley Cbservatory

T should like to welcame all of you to Dudley Observatory
and wish you a fruitful stay.

Perhaps I can tell you briefly about the relationshlp be-
tween the Dudley Observatory and the State University of New York
at Albany. Dudley is an old institution, founded in 1852, and is
indeperdent of the State University. I serve as Director of the
Observatory and as Chalrman of the Department of Astronomy and Space
Science at the University. We are hopeful that the cooperative re-
lationship that we are establishing between the Observatory and the
University will strengthen both institutions measurably and that in
a few years we will have an important astronomical center here in
Albany. We will have a staff of nine professors this year; and our
Ph.D. program begins in the fall, although we have had a Master's
program almost two years now.

The purpose of this conference is to give consideration to
the science that can be carried out with a supersonic aircraft.
I might say that this idea probably originated in many people's
minds but I first heard of it from Bob Mercer. Prior to coming
here, Bob was with the MOL program and prior to that was the ex-
periments coordinator for the Geminl program and also the Mercury
program. He is used to thinking in terms of enormous programs ard,
also, is used to the very large and detalled techrdcal problems that
result when one tries to do something of this order of magnltude.
We were so intrigued by this idea of his that we prevailed on him
to come here to Albany to do graduate work and make this his major
field of interest.

As you see, we propose to run a tape recorder today. It has
been our experience, and certainly yours too, that when you are at
a meeting somebody has a nice idea but later nobody can phrase 1t
in quite the same way, and we sometimes have a problem recalling
the exact sense of a coment.

T would like to thank you all for coming here. We are going
to reverse the order a little bilt because of time constraints on
some people who have to get away. Don Schmalberger wlll act as
moderator and will next make a few additional comments. Then Dick
Thomas, since he must leave about midafterncon will make whatever
comments he would like next. He has been briefed this morning on
some of the technical capabllitles of the aircraft that is being
consldered.



SCIMALBIRGEFR: T would like to metke only sone peneral remarks at
this time and add particular comments later. In some ways 1t would
be easier for the scientist looklng at potential uses of this alr-
craft for eclipse experiments and studies of the solar atmosphere
if one had all the parameters of the aireraft. As it is, we find
out we don't have all the Information we would like. We do have a
. great deal, however, and Bob will elucldate this for you.

Now, just a brief statement about what I think are probably
the most salient features about the whole thing., I think that
the group 1s interested in considering in what ways this program
is unique. I feel that the answer to that is in the total time
duration and a possibly large plate scale; hopefully, therefore,
great time resolution and great spatial resolution in the solar
atmosphere. I would, myself, consider these the greatest sclentific/
technical features that we have available and that we can capitalize
on in terms of experiments.

As for comparison of things that can be dohe with other air-
craft at lower altitudes, recall that certaln aspects of infrared
or visual work, for example, can be done from 990's at 37,000 feet
or so. The extra galn by perhaps a factor of two in altitude 1s
not tremendously significant at these altitudes—it is the duration
that's the crucial thing. So what I have done with Bob, in a very
rough way, is to look at some kinds of trial systems which he or I
will discuss in more detall later. The idea of these was to generate
things we would discuss as a group. We don't think we have any
"pest" system; in fact we've gone through modifications ourselves
always looking at the plane in terms of the most optimlstic thing
we could get out of 1t. The hope 1s that out of this meeting, as
an ad hoc working group, we can both solidify some of our own plans
and also come up with a general package including the sort of in-
struments which are llkely to be the most effective on a first

flight.

With that very brief introductlon, I'll turn the program over
to Dick Thomas who has some comments he'd like to make but who
mist leave the meeting shortly.



RICHARD N. THOMAS

Joint Institute for Laboratory Astrophysics

T've already been told a bit about the capabilitles of the air-
craft; and I should mention that most of the things that I want to
suggest here have come from talking with Alistair Gebbie over the
last couple of years.

To me, the ailrcraft has three noteworthy charactertistics: the
-height it can attain, its speed, and its physical length. let me
draw a picture of the sun, and ask: what are the outstanding pro-
blems that one would like to try to solve In terms of the capabllities
that you have here? They are these: let me plot here temperature
versus height, and I'm also going to, somehow, try to plot another
parameter here, which is uniformity of the surface against helght—
1t's a hard thing to do but I'm going to try. The temperature drops
off rapidly, comes down to a minimum, and then goes up again. Now
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the helpht scale in this sketch is something like this: this point
(A) 1s at a helght of about 500 kms in the solar atmosphere. This
region (B) 1s around 500 kms thick. These distances on the abscissa
are above a helght zerc with respect to unit tangential optical
depth at around 5000A along the line of sight.

So we have a region here of about 500 kms with a temperature
minimum. And at the time that we did all of this eclipse work on
the basls of the 1952 eclipse, most of us thought that the temperature
minimm was around 4000-4300 or something llke that: but I was never



sure whether it was a real situation or not. Now everything That
T could see of the thinking on the temperature minimum over the
last three years—the last five years—has been that estimates of
the temperature at the minimum have been polng more and more to-
wards this 4750. Remember, at the Tucson meeting it was supposed
to be—well some sald 3800, others sald 400, or 4500. Some of
these results have now been revised and 4750 plus or minus 100
degrees seems to be a reasonable value. What 1s very interesting
however, is the way in which the temperature falls to the minimum
in this region (C), and the way in which 1t rises ocut of the mini-
mum in this region (D).

As far as I can see there are two kinds of experiments which
really make some contributions to these things: One is the sub-
millimeter reglon—the reglon between a tenth of a millimeter and
a millimeter (although I can put in a factor of two, one way or
the other). This gives me the region right in the minimum and
up into here(D). All of the observations so far are essentlally
a point integrated over the temperature minimum. We don't really
have good spatial resolution. The other reglon, in which cne has
some good resolution, is the work which Jim Faller and Spencer
Weart did over the last several eclipses (handicapped by clouds
and the like). 'They have very cordially given to Kathryn Gebble
and myself some of the data that they obtained, and Spencer has been
leading us by the hand looking at 1t. So we have hopes that we can
do better in this reglon than we had done in the 1961 monograph
by Athay and myself, where we used essentlally Dick Dumnn's data
plus a few poor points that we had from the 1952 eclipse.

Now, there are two kinds of uncertainties here: What is the
temperature structure in each of these regions?; and, second:
What 1s the degree of homogenelty of the solar atmosphere in these -
two regions? The temperature structure 1s extremely lmportant
from the standpoint of the basic science. I can get a temperature
rise, maybé up to about 5800 degrees, according to a sugegestion
that Cayrel made based on the old planetary nebula model. If I
have any further rise, however, it has tc come from mechanical
heating in the atmosphere.

In spite of all the work that has been done since the 1945~
1947 period on mechanical heating in the solar atmosphere, we
really don't know anything of 1ts detalls. Our models are weak,
our empirical evaluation is weak; we don't really have a lot to
say about the kind and degree of mechanical heating in the at-
mosphere. So it's most essential to be able to lmow what the
temperature distribution is in order to work back and ascertain
how mucH mechanical energy 1s being put in., If you know how much
1s comlrig in, you can make a distinction between all the various
mechanisms like gravity waves, acoustic waves and so on.



At the time we did this thing 1n 1961, the temperature at
the 500 km level was belleved to be about 6300; and from that
jevel rose gradually until, at about 1300 kms, it really began
to jump up. The bip questlon is, then, does it go up to coro-
nal values here or is there a plateau for 1000 kms or so, at
the end of which it rises up to coronal values?

Now, again, right in this region (E) it becomes very clear
that the sun 1s inhomogeneous (unless we do a lot to the helium/
hydrogen ratio). But it 1s not clear what the inhomogeneity
situation is below here. Because of the solar granulation, we
ynow there are inhomogeneities down in here {(C). Now a lot of
people think that what happens is that they fade out, you have
the homogeneous region (B) above, and in here (D) you get the
chromospheric granulation. I'm not sure how much of this 1s
terminology and how much 1s science—1it would be very nlce to
Know.

wWhat we would 1like to do 1s to supplement things like Hgy
f1ltergrams, which glve you a very high level in the solar
atmosphere, by something which glves you a picture in here (B).
Alistair has been pushing very hard; and it would be very nice
to have even rough pictures from the submillimeter regime of
the sun over this minimum region in order to answer this question
about inhomogeneities--at the same time that you are answering
some questions about temperature structure, you see. So there
1s really a sequence of experiments which you could make here.

More than anything else, I would recommend for our con-
sideration here the observation: let us not take an alrplane
and load it up with ninety-five experiments each of which, if
it comes off well, will give us epsllon contribution to our
xnowledpe. Because if we have ninety-five, some of them are
bound to succeed: so, we go home feeling happy. I would much
rather see you put one or two experiments in the aircraft which,
{f they come off, really tell you something in detail. Pick a
really good payload, do your best to make it work; and i1f it
doesn't work—OK, you tried. But at least you tried for signi-
ficant experiments.

Now it seems to me that the kind of aircraft that Mike
Bader has in California could work in conjunction with the eclipse
observations and also outside of eclipse, of course, SO that one
could do steadlly a couple of experiments at a time. Things that
can be done with a balloon or with a slower moving aircraft are
only done redurndantly with this aircraft. That is why I put this
point down; for it seems to me that what I could have with the
SR-71 aircraft is a long interferometric base line, and the speed
to follow the eclipse.



The other region of possible interest is the rocket UV.
There, you might met to the MgIT lines at 28004 but that's the
most you can expect. So 1t seems to me that you're forced into
the far infrared and the submillimeter reglon of the spectrum for
your thinking (with the possible exception of using Spencer's
equipment at all wavelengths), For example, I can do the kind
of work that Allstair and Mike Bader did in their first obser-
vations with the interfercmeter. Maybe I can get some information
on the Inhomogeneities, and then progress to a longer base line
interferometer; maybe I could use the rigid frame of the airplane,
We were talking about this this morning; and it seems one can get
25 feet, possibly U0 feet. Certainly, on that aircraft you have
out there, Mike, I can get close to 100 feet. But the point 1s
that T have double the height with the SR-71 aircraft compared
to the 990. So it seems to me one wants to use these things in
tandem, doing part in one plane and part in the other. These
experiments should always be thought of not as just one experi-
ment at the time of the eclipse but an experiment both in eclipse
and out of eclipse employing both the 990 and the SR-T1.

BADER: Just what is 1t you want to get out of the submillimeter
region? Just what do you want to see?

THOMAS: If I plot opacity to a given depth in the sun as a
function of wavelength, or, if I plot as a function of wave—
length how deep into the solar atmosphere I see, then it just

S0 happens that in the submillimeter range I hit the region of
the temperature minimum. If I look at a wavelength of S5000A,
for example, I don't get anywhere near it; get down into here (C)
someplace. It's just the combination of circumstances. We do
hit the temperature minimm region in the submillimeter waves,

It seems to be a long flat minimum. ‘That means two things: from
center to limb, in the submillimeter region, I see about the same
region of the disk; and, second, if I scan from, say, one milli-
meter to a tenth of a millimeter, aggin, I see about the same
portion of the disk. Differences would give me the temperature
gradient.

We have a plece of equipment which 1s particularly aimed
at submillimeter waves and it, in turm, 1s particularly aimed
at one of the last boundaries of solar work; important not just
for empirical structure but for knowing the theoretical medel of
the atmosphere, both with respect to heating and with respect to
Inhomopenelties. And I would like to stress also that what is
seen In the last twenty years in the literature about how well
we understand these problems is misleading. We are no better
off than we were when I wrote my thesis in 1946-1948; there is
a lot of discussion but no tying down. If I can take the Nice



symposium as a mood summary of the situation there is literally
an uncertainty of a factor of 10 or 10? in the amount of mechan-
ical energy comine into the atmosphere, and that's largely because
we don't know what are the sources of this mechanical enersy. 350
this, to me, is a very pressing scientific problem.

SCHMALBFRGFR: Do vou expect that the submillimeter center-limb
variation gives you the beeinning of the temperature rise or are
you still in the isothermal zone?

THOMAS: T don't think we know well enough because I don't think
we know the opacity. We'll pet the answers to that from the ob-
servations. Incidentallv, I'm all for limb darkening observations
in the visual reesion of the spectrum, eetting ecood line profilles
and the like. Until I talked to Jim Baker, I wasn't convinced
that one could use this alreraft to ret line profiles because 1
didn't think vou could stabllize well enourh to eet elther line
profiles or interrated intensities in the reelon of, say 4000A

to 5000A as a function of heirht. He tells me vou can but then
you'll be usine very short exnosures—-that's something for which
vou can put him on the snot. I think he's talkine about thousandth
of a second exposures with imare converters or Imare tubes, but
I'm iemorant of these possibilities. TIf it could be done, thourh,
I'd chanre mv thinkine, Mavbe one should look at the visual on
this, too. In any event, what should be arrued are thinms unilaue
to this kind of heieht, speed, and lensth.

HFMENWAY: Dick, does this type experiment consume a sienificant
portion of the potential ninety minutes that this project would have?

THOMAS: VYes, sure! That's exactly why the speed is important.

HIMENWAY: Put why do vou need extended time for this tyve of
observation?

THOMAS: You mean why do I undnuely need 1t?

HFMENWAY: Yes.



THOMAS: You're nuttlner me on Liee spol!  (Laughter) Ho, Curt; I'd
like to be able to compare events durdine eclipse with those outside
of eclinpse. Comment, Alistair?

GFBBIE: Yes. I think you may very well need the time to pet the
flux; because durine the eclipse you will be workinge with only a
very small pvart of the sun, and these are only rather flabby photons
we are dealing with. (laughter) _ '

HEMENWAY: You mentioned that we ought to focus on a 1imlted number
of experiments but vou've mentioned only one that you've placed a
consliderable amountt of emohasis on.

THOMAS: HNo, I've mentioned three. Each just happens to operate in
the submillimeter resion. One 1s the exact dunlication of what
Gebbie has already done; a second 1s to use a medium aperture mirror
and try to ret a pleture of the sun In these wavelengths; and the
third 1s to use a loneer, say 25 foot, baseline interfercmeter. An
additional exmeriment is the kind of work that Spencer VWeart and Jim
Faller did with a beat technique of comparine what soes on in one
part of the spectrum with that in another part of the spectrum.

MENZEL: How "sub" is "sub"?
THOMAS: A third of a millimeter, plus or minus a factor of three.

GEBBIE: T would say that with this heirht capability one should
ro to a hundred microns.

PASACHOFF: Are you nronosine to image? With what kind of resolution?
THOMAS: That will depend on the aperture we have.

GEBBIE: With something like a two foot aperture, one could think
of makinsm a hundred nicture points across the sun.

MFNZEL; Does this point vou see at a third of a millimeter carrespond
to unit tanrential ontical depth?



THOMAS: No; radial.

MENZEL: But then you are not interested in -doing this at an
eclipse?

THOMAS: No! The problem is that the temperature minimum 1s very
flat and the optical depth decreases as we g0 toward the limb.
Unfortunately we don't know encugh about the tenperature distri-
bution or the opacity to say in what manner it does so—and that's
why we want to do it. And we can't observe from the ground because
of the high opacity in the earth's atmosphere.

GERBIE: You can't build an interferometer blg enough to get the
14imb darkening. The initial interest would be to get the total
sun outside eclipse.

SCHMALBERGER: What you're saying then is that you rieed the speed
of the plane to get adequate fluxes at the limb. You really need
ninety minutes! .

GEBBIE: Yes, you do. To do a good 1imb darkening experiment
you will need all the time you can get. '

SCHMALBERGER: Thank you for your comments, Dick. If there are
no further questions, I'1ll call on Bob Mercer.
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ROBERT D. MERCER

Dudley Observatbry

The idea for this flight occubred to me about eighteen months
ago. It is not new, but I happened to know about the particular
aircraft we will be discussing and I had looked at its capabllities
with regard to such a flight. As a result, I felt we could do some-
thing with an aircraft of this nature and so went on to ask: What
are the sort of things that one can do with this aircraft, even in
very gross terms, sclentifically? It 1s this toplc we will be dis-
cussing here, and to establish a frame of refererce I shall present
some of the results I have and some suggestlons about what might be
done. _

The alrcraft has an astro-inertial navlgatlon system on it,
and we will know position to about a tenth of a nautical mile. But
1f you can take a series of position fixes and put them together
after the flight you might be able to resolve the position of the
aircraft much better than that. Then we're talking about just a
few hundred feet in position with respect to the umbral shadow or
something less than a hundred kilometers on the sun. Also, of course,
we'll be able to extend the usable spectral range and improve signal-
to-noise ratios without more sensitive detectors.

We have talked about the possibility of using two aireraft.

It is important to note that two aircraft, at this eclipse, future
eclipses, or even for solar work done outside of eclipse, can
accomplish things which two aircraft used at different times could
not do. However, for our immediate consideration, the two-alrplane
idea is not an essentlial scientific requirement. Also, it's rather
more involved with regard to breakdown of costs. So we looked at
the sort of things we could do in terms of a single alrcraft.

We asked: What could be the maximm duration we could get?
What is the highest altitude obtainable? Now, a lot of these things
tie together. If you want to go to higher altitudes, you're golng
to diminish your range and time in the eclipse. The exact point where
you get on the velocity profile of the path will determine how long
you can stay in it; also, what altitude you want to use. What 1s
the maximum optical aperture? With the present aircraft, it looks
like the maximm aperture is about ten inches.

THOMAS: I thought you were saying about 14 by 29 inches.
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MERCER: That is the maximum size of the extermal wirdow through
which a heliostat would look in order to obtain a useful ten-inch
aperture, The problem is that the alreraft 1s moving from west

to east along the eclipse path, and there 1s quite a wide traverse
of the solar position with respect to the aircraft. The aircraft
moves more than 2000 miles during this period and the sun is going
through almost a sixty degree arc. 5o one 1is roing to have to have
a bigper outer window just to get an unvignetted ten inches.
Remember we were looking at optimizing—-how big can you get? That
was the ldea here.

Maximizing focal length—there are lots of ways this can be
done, depending on the amount of optical folding, the experiment,
and the scattered light in the system. Dr. Baker, here, can give
us some help in some of these areas. We have considered the possi-
bility of a ten-inch aperture system at about f/40 to £/50 as a
trial system for our study because NASA has queried us concerning
costs from time to time, and we wanted to use some set of Instru-
ment parameters as a knd of straw-man in terms of* potential ex-
periments one might do. There's nothing rolden about such a system,
of course. The values can be changed and should be looked at in
terms of what seience needs doing and what experiments will get
that done.

I would very much like to emphasize my agreement with what
Dr. Thomas just sald about overcrowding of experiments. We ought
to 1imit the number to a few, but those to be done well. I should
tell you, too, that I've had a letter from Gordon Newkirk (who
couldn't be here personally) saying the very same words. Dr. Houtgast,
who couldn't be here either, has also written us, and I'll pass his
letter arourd for all of you to read. He wanted to identify what
experiments he is interested in seelng done on such a vehicle; or,
at least, those he would like us to consider.

We can talk not only about eclipses, but non-eclipse work as
well. There's a list of non-eclipse work which comes to mind
readily and which I sent to all of you. Certainly uneclipsed solar
work as well as stellar observations could be made with this air-
eraft. I talked to Cerard Kuiper about some of the things he had
a need for doing aboard such an airplane once it is modified with
an upward-looking window. Using the aircraft for these other
things would keep the costs down for each experiment.

For eclipse work we necessarily picked a target event (see
Pigure 1). I picked the 1970 eclipse for several reasons. In the
first place 1t's generally rnear the U.S. We're using a new vehicle
in a new way, and as a result the operational costs increase very
rapidly the further away you get from the U.S. We ought nct



Fig. 1- —

Path of the March 7, 1970 total solar eclipse. (Grid
and eclipse track computer generated by Computation
and Analysis Division, NASA Manned Spacecraft Center;
globe photograph courtesy Rand-McNally and Company).
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experiment with a new technique as far away from our boundarles

as we can get. This flight could be operated out of the United
States, and the modus operandl for' the 1970 eclipse would be to
take off from the West coast, fly to a point about 110° West and
6° North, refuel from a tanker aircraft, and shortly after re-
fueling begin climb and acceleration from about 400 or 500 knots—
the tanker speed-—so that in 15 minutes the observing alrcraft
would be at about the 70,000 foot region and moving at a speed of
about 1400 knots. We would collect data while tracking the umbra,
with the maximm solar elevation occurring at about 95° West and
18° North, and continue on until we have to drop away to meet
another tanker aircraft. If, for some reason, we didn't meet that
tanker, several good airfields would be nearby. That's one of
the reasons for having the final refueling near the Florlda coast,
because they do have to concern themselves about aircraft safety-
of-flight. The alrcraft costs many millions to bulld. They were
bullt, as you know, for reconnalssance purposes (a basic need in
the military) and so that cost has been written off. We can take
advantage of that. Also, it looked like good timing; we might be
able to make the necessary preparations for thls eclipse; but
after that, the next eclipse near the U.S. is not until 1977, off
the West coast. So, if we don't get a start on this new observing
technique pretty soon, we're going to be starting with eclipses a
long time off.

Fipure 2 shows the velocity curve for the 1970 eclipse. The
ajircraft has a capability of about 2000 nautlcal miles an hour,
but that's only when it's up to full speed ard there's virtually
no acceleration or maneuverabllity left. The 1970 eclipse has a
fairly low minimum velocity as eclipses go, around 1300 knots.
If you utilize the bottom part of the solld curve, you can get the
90 minutes duration, and you have the acceleration capabllity which
gives you the maneuverability about the umbral-penumbral boundary.
That, of course, was a new feature that was very exclting because
of the work you could do on the chromosphere.

Figure 3 is just a typlcal eclipse pattern. This is near
maximum during the 1970 event. The solid black arrow shows the
direction of motion of the path. The tick mark at the upper left
indicates the solar North Pole. The size of the pattern 1s about
85 by 75 nautical miles at this point.

MENZEL: Is that the umbra?

MERCER: That's right; a view of the umbra projected on the earth.
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Firure 4 is a picture of the airplane, in the event that you
aren't familiar with it. This is the SR-71A. There are several
of these strategic reconnaissance ailrcraft flown by the Strategic
Alr Commard.

THOMAS: Can you glve us some dimensions?

MERCER: From tall tip to nose 1s about a hundred feet; that's about
the length of a DC-9. It's a two-man airplane; the pilot sits in
front, ard there's a systems operator behind him in a tandem fashion.
Figure 5 is a three-view of the alrplane taken from the Revell model
kit plans. There is a stub "wing" rumning forward along both sides .
of the fuselage right up to the nose; it is called the "chine",

Basically vou have three equlpment bays on the alrcraft. One
equipment area is in each chine, ard you get access through a set
of underslide doors. These areas each have a bulkhead at thelr
longitudinal midpoints and are about 26 feet in overall length.
The underside chine doors can come off; that is, they can be com-
pletely disconnected for installation, ground test, or removal of
equipment. The third equipment area 1s in the nose. 1In the baslc
airplane there 1s electronic equipment in the nose. There was also
a less complex nose bullt for test work, called a "light-weipht nose",
which is simply 2 titanium shell around a rib and lonperon section.
Such a nose can be made into a very useful equipment bay. Several
hundred pounds of ballast are used when flying with the light welght
nose, anyway, te oroperly position the aireraft center-of—gravity.

DUNN: You mean you can cut a window in the nose?

MERCER: Yes, indeed.

PASACHOFF: What are the problems with heating?

MERCER: At the speeds we're talkling about, the stasnation temperature
is about 322 °F, and the skin temperature is going to run about 250 °F.
The nose 1s insulated to some depree, and 1s cooled by ducted air.
Inside the nose bay it is only about 160 °F, and 80 °F 1n the chine
bay areas. To pet an alrflow through for cooling, the bays are all

at amblent pressure plus a little overpressure of about one pournd per
square inch.



Fig. 4. — Front and right side views of the SR-T1A aircraft, built
for USAF Strategic Alr Command by the Lockheed Aircraft
Company (official U.S. Air Force photographs).
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Mg. 5. — Three-view drawing of the SR-T1A aircraft. (Drawing courtesy of Revell, Inc.)
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BAKFR: What is the basis for the 10 inch window dlameter?

MERCER: = It can be a little larger depending on the type of equip-
ment and experiments one wants to use. So I don't want to say that
ten inches is a final number. But it's an upper limlt 1f you want
a long focal length system where you have to lay out the optlcal
path in the longitudinal direction in the chine bays, and you have
to view the object with a heliostat behind a flat window.

BAKER: Tt would have to be an elliptical or rectangular window.

MERCER: That's correct. We are talking about a 2% by 14 inch
rectanrular window, as a matter of fact. This provides room for the
heliostat to move and vet not strike the window in one extreme
position; but also not vignette the image 1in the other extreme,

and it will still allow a 10 inch beam to come down the bay. The
window can be at the forward or aft end of the bay but we recommend
it be aft so that it's nearer the center of gravity of the alrplane.

PASACHOF®: . Can you please show that bay from the top and the slde
view?

MERCFR: TFieure 6 shows this. The chine has one upper surface and
one lower surface. For our purposes we would need to be looking up
from the rieht hand side. You would have to cut open the right hand
side and put in a flat window that would lie flush with the skin, or
nearly flush, which is possible since the amount of curvature 1n the
upper chine skin line isn't very much. But there mirht be a slight
shock wave off of the window. How bad, we'll have to walt and see,
because we will be flying at speeds above Mach 2.

BADER: How much room do you have back from the window before you
hit the floor? What 1Is the distance alons the window normal inslde
the bay?

MERCER: The normal to the window is at 58° elevation but the bay
1s trapezoidal in cross-section. The distance downward, inside the
bay and alone the window normal, to this opposite cormer runs about
24 to 28 inches, but the bay is petting smaller in width. T have more
accurate drawinegs and will show them to anyone interested in detalls.
If you alipned a heliostat, for instance, with one heliostat gimbal
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-

PMg. 6. — Schematic drawing of SR-T1A instrumentation bays in
side and end views of left chine bay and nose cone.
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axls almost mutually perpendicular to the window normal ard to
the aircraft longitudinal axis and having a clearance of eleven
inches below the window, that would glve just enough space so
that the far edge of the mirror doesn't touch the inner wall.

S0, you can re-direct the optical path to get an image ruming
longitudinally. You can get a 10 inch aperture in this way, but
you're pushing 1t, and a properly proportioned heliostat is not
available today. That means we might have to have special speci-
fications on the gimbals to keep them narrow enough.

BADER: What is the 29 in the 14 x 29 inches?
MERCER: It 1s distance along the longitudinal axis of the vehicle.

MANKIN: Is there any possibility of having an opening with no
window?

MERCER: No, I would say not. You're moving at Mach 2.2 to 2.5
arnd the shock would cause extremely disturbing forces. I don't
know what the termperatures or pressures would be in there. The
ram pressures would be very great,

BAKER: What is the pressure on the window plate?

MERCER: Well, thls bay 1s normally at ambient pressure. However,

1f you want cooling, you must dump air into the bay at slight over-
pressure forcing it to run down the length of the bay, or else intro-
duce a cooling air duct along the bay that people can tie their
equipment into.

BADER: Bob, do you have any numbers on the time, the duration, if
you ran a constant bearing course? In other words, a preliminary
trade-off between that and the full aperture of the window dimension?

MERCER: You mean you want to keep the same angle to the sun all

the time?

BADER: That's right.



MERCER: Well, you'd move out of the eclipse pretty quickly
because you've only pot about 80 miles across that shadow.

If you kept constant angle, it would be necessary to fly a

curved course, ard ....

BADER: Well, you'd seem to stay with the shadow.

MERCER: No. You can't, you see; because the shadow 1s going
off in a northeasterly direction and if you try to fly a curve
to keep this angle constant you can't do that and stay with the
shadow. The two are incompatible.

MENZEL: Not unless you're in orbit.

MERCER: Well, it's even worse there. If you kept a constant
angle for the period you're interested in, you would very quickly
move to one side. Maybe you'd pet the equivalent of 150 miles
from the time you started until you pgot out of it, but 150 miles
at the speed of this eclipse is about six minutes.

BADER: You wouldn't fall back, because that's just about the
speed of the sun.

MFRCER: You still couldn't do what you said because you would
get out of the umbra. For non-eclipse work, it's an entirely
different story. You could do that sort of thing there, assuming
you just wanted to look at the solar disk from some particular
angle. Now, there might be other eclipses that fif the constant
bearinr mneuver a little better but we'd have to look at these
individually.

BADER: I'm still puzzled. We did something like this with the
990 in the Southern Hemisphere. We held a constant bearing path
and flew in the same general direction as the shadow. We
lengtheneé the eclipse by 50 to ....

MERCER: But you were poing from east to west. That was a help
on that matter. This time we're going the other direction; so,
it tends to make that angle change very rapidly.
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BADER: Oh, we are on the other side of the alrcraft!

MERCER: That's right. This 1s the problem. Now some eclipses
in the Northern Hemisphere do have the properly directed kind of
curve. The 1973 eclipse in the Szhara has such a curvature. It's
a very hieh eclipse; it's about 85° or 87°.

MENZEL: You mentioned 26 feet as the length of this bay?

MERCER: Yes; and maybe all of that lsn't usable on the right
side because there is a recorder there. It's on the ernd of the
middle bulkhead, but 1t can be moved forward with an extension
cord. So one can put it on one end, and then have the remalning
volume of the two bays for equipment. I should emphasize that
we can't remove all of the material in the bulkhead between the
two bays. We can only take out some of 1t.

GEBBIE: Could there be a window at each end of the bay? Windows
of approximately the same size?

MERCER: Yes; there's no reason why several additional windows
couldn't be put in. Then there might not be any need to get
between the two end-to-end bays. This allows possibilities of
one experiment in one bay and another experiment in the other
bay. Or, one could put a window at each end to get a long base
line for interferometry work. Costs must certainly be considered
but it can be done.

HEMENWAY: The secord window is not quite the cost of the first.
MERCER: No, that's right.
THOMAS: Could you give us the cost for a window if it were small?

MERCER: Well, the trouble is, we haven't gotten a cost 'rmom the
contractor yet

THOMAS: I see. Would you estimate that the experiment might cost
about $3000 or $40007



MERCER: We should ask someone from NASA since they will be
fundine, some of this, certainly.

OERTEL: What are wvou askine me exactly?
MERCER: Well, we're asking vou how much money, for instance ....

OERTEL: wé've asked you to come up with an estimate on what 1t
would cost. We would look into the possibilities of comlng up
with that monev. The first number you've eiven us 1s $10 million.

VMERCER: For the total oneratilon.

OFERTEL: Yes; and for the moment I don't see where this money
would come from.

MFRCER: OK; but if $8 million of this were cperations, and the
Alr Force sald they mipht plck this up, then 1t mlieht turn out
that there would be about $2 miliion left over. This would allow,
say, a million for modifications and a million for experiments,
or numbers similar to this with different breakdowns denending

on what we're poine to do.

THOMAS: Well, it doesn't take a million to put a hole in an
aircraft. It seems that $10,000 would be more like it.

MFRCER: This is a titanium alrcraft thourh!

THOMAS: Ewven so. All I'm really askine is the cost of one
window versus the cost of two windows. Both of them toeether
are a very minor thing compared to the whole cost. What really
costs 1s what the Alr Force 1s nuttine In for oreratine the alp-
nlane. All the rest of this exnerimental expense 1s relatively
trivial.

MFRCER: Apreed. In other words, 1f the experimentatlon and
modification costs are $2 million, that's minor compared to the
operations. And I'd simply add that since this is in a super-
sonic aireraft made of titanium the window really has to be
aerodynamically clean.
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BADER: It's got to be tested, too!

MERCER: Yes. It's not simple. Maybe we won't need that big a
window. The reason for the 29 inches is that the aireraft has
ribs every 15 inches in this region. Thus, if you're golng to
put a window in, it ocught to be about 1Y% inches or 29, or some
multiple of 15 inches less space for a mounting frame. You don't
actually need the full 29 inches for your clearance (it's some-
thing like 25 inches for the optical clearance) but with heating
differences at the edmes and bending, it was advisable to go to

this length anyway.
MENZEL: Will they cut out a rib, or will there be one ....

MERCER: Yes, they can cut out a rib, and they will reinforce
arourd it. The contractor has notified the Alr Force that they
know the basic problems relative to this project. They are ready
to po ahead with a study on how much it costs to do all these
things but they are maintalning that they need money to do the
detailed engineering study. And right now the Air Force 1s looking
to me and to NASA and asking: "Is there any way that you can
supply money to us so that we, in turn, can have the contractor
complete the costing of this project?"

THOMAS: What amount of money is needed for this englneering study?

MERCER: Well, the Alr Force is telling me it could be anywhere
from $15 to $50 thousand; they don't know.

BAKER, Are the surfaces structural on all sides of the chine?
Could you modify them to pet bipger bays?

MERCER: Well, the outer wall of the chine bays runs the whole
lenpth of the chine. Now, if we put the window in, we will have
to et 14 Inches clearance to take care of the elevation change

in the 1970 eclipse; so, they would have to move a 30-inch section
of that wall outwards.

BAKER: T wonder if they could change the shape of ....
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MERCER: 'They can't move Inward, towards the center of the
fuselage. This is load bearing structure and insulation around
the fuel tanks. The fuel cell area can't be touched, and this
is most of the center fuselage from behind the second man back
to the tall.

BAKER: Could they change the upper chine surface to give more
area in the bay?

MERCER: You mean, "Could they fair it in a little higher on
the upper side of the chine?" Yes, but you'd be talking about
a major modification, plus the fact that this would be an aero-
dynamic change and would certainly require wind tunnel testing,
flight testing, and so forth. In our work we've simply tried to
stay away from such modifications, We've tried to keep changes
internal and not touch the outside except to get a window on the
surface, and this has to be as simple as possible.

Now T might mention another thing. 'The airflow is penerally
longitudinal, but there's a vortex effect off of these chines.
The air flows up and around, glving a very large dlameter vortex.
So, the air actually streams slipghtly diagonally Qownward from the
expected longltudinal flow direction on the upper surface of the
chine. It's washing downward at the same time it's flowing back.
This 1s good in some ways because it keeps the boundary layer
thin by cleaning it out on the top-side. There are some tests
on this that we would have to perform.

I was concerned about the refueling which goes on right
behind the systems observer's station on top of the fuselage.
T asked them to consider a cover over the observing window but
it's impossible to pet a cover on the outside. That's a major
modification. I asked them to consider a frangible throw-away
cover, but the engine inlet is very close by, and sc 1s the taill.
So, during refueling they would have to assure that all pumping
and residual drainine had ceased before they disconnect in order
to have the minimum amount of fuel in the slipstream and to pre-
vent any kind of an oily surface forming on the observing window.
That would be something of concern, but we feel we can overcome
that problem.

The cooling air ducted into the equipment bays comes from
the engines. This air 1s bled from the last stape of the engine
compressor section for various internal operations. It is cooled;
but below about 45,000 feet it still contains a lot of water vapor.



By delayinp the use of cooling alr until the aircraft 1s at
45,000 feet, it will be dry. After filtering, it can be dumped
into the bays directly or first ducted through the experimenters'
equipment. Althoush 1t 1s cooled down to -30 °F at one point
there 1s the possibility of some engine oil in that alr, and the
contractor has suggested everything from falrly heavy oil content
to no oil at all. So, this is a problem we had to concern our-
selves with from the very beginning, and 1s one of the main
reasons we considered enclosing all the optics in a box.

Another advantage of uslng a box would be the additional
stiffness ard control of focal aligmments., In flipht these two
bays, from end to end, can move up to three-quarters of an inch
in the pitch direction in large air bumps. The thought that we
had would be to bulld a box that hangs inside the bay-—a box that
has its own stiffness and acts as an exoskeleton, so to speak,
around the optles. It would provide the stiffness by being hung
on some sort of shock absorbing type hangers. One can hanp a’
1000 pound box in there without any trouble even if tied at only
a couple of points so 1t 1s free to sway and take advantage of
its own inertial stability. Furthermore, 1f we had a box of this
nature, we could duct the cooling air inside the bay but ocutside
the optics and pet some cooling effects to keep the temperature
from pettineg too high in there while avoiding the air currents and
oll problems inside the box. It could be almost air-tight, and have
cold plates or cooling areas on the outside of the box to get some
heat out of those areas where light concentratine optics might
require it. Thus, you see, the exoskeleton box has several nice
features that we like. It would also require a tle-in to the
outer window using some sort of flexible bellows. The shock ab-
sorbing haneers would counter ailrcraft sway from roll or pitch,
diminishing their amplitude and rates so that the hellostat could
better follow and stabilize., I think with the proper desigm of
the hellostat, we could get about the same values of stability
that Mike Bader is pettinge in the 990, or on that order. That is
about 5 arc secords——right, Mike?

BADER: Yes.

MERCER: Equipment in the nose is poing to eet more loads, more
bumping and jostling, and so forth; so, if you put something up
there it will be a little different.

DUNN: Do you lmow anything about the vibration?
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MERCER: I have some numbers here. There are two kinds. There's
a high frequency sort of buzz, the systems operations vibrations.
There's also low frequency vibrations due to attitude changes or
local bumps in the alr. The U.S. Weather Bureau has done a pretty
thorough study for me at the season of the eclipse around 70,000
feet:; and there are fewer bumps than there are at 40,000 feet, ard
only 15 to 50 knot winds. So, chances are, the air is fairly
smooth. Filots'! and crews' comments also indicate that they only
very occasionally run into the kind of bumps that, say, shake them
off autopilot, although that can happen in the 990 frequently in
bad weather. '

PASACHOFF: Have they done some studies in the ones that have been
modified for aerial reconnaissance to check on this?

MERCER: VYes, they have. I don't have that data. If T had, T
couldn't mive it out here anyway, because 1t has to do with the
capablilities of the ailrcraft for those purposes.

LIEBENBERG: Well, it must have been done for the structural desien
of the aircraft. It would have to do with how long before fatigue
sets in.

MERCER: That's true; but the structural consideratlions are different
from those of stability for optical reasons. And, araln, you can
use imape stabilization devices on the optical systems to compensate
for some of these other thinps. There are several ways to solve

that problem, and I don't know how they have done so. It probably
deperds on what resolution they are looking for and what the opera-
ticnal conditions are.

PASACHOFF: Well, you say that even if you had a number, you
couldn't give it to us—which is reasonable, I guess. But, then,
will the Air Force let a group of civilians make a very careful
measurement of the optical stability of the alrplane for scientific
dissemination and publicatlon?

MERCER: If you do it using a heliostat, and there is no knowledge
about what the aircraft is putting in and what the heliostat is
taking out, then ....
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PASACHOFF: Any sclentific publication is poing to try to separate
these as much as poasible.

MERCER: Well, that may be a problem; we'll have to look into it
further.

DUNN: You don't know of a Dutch roll frequency or anything 1ike
that?

MERCER: No. But there 1s a fueoid motion in piteh, they say,
under certain conditions. You always have to consider specific
flight profile, the altitudes used, and sc forth, to determine
exactly what some of these vibrations will be, T do have some
basie vibrational numbers, however.

DUNN; Well, these other ones are the ones we need to design the
heliostat, We know what the heliostat will do, ard if we know
what we're trylng to take out, I can tell you how well we are
roing to gulde.

MERCER: Well, let me give you what numbers I've picked up, and
you can calculate some of this,

DUNM: On the 990 it's the Dutch roll.

MERCER: Yes, I know, and it may be so for this aireraft. At the
higher altitudes you ought to have less stability, but at the
higher speeds you're getting better dynamic pressures so that you
mey be able to hold against the instabllities. I'11 list these
data on the board. I hope these are the kind of numbers that help
you out. (See Table 1),

DUNN: If T have the numbers right, it does.
BAKFR:1 What's in the fuselage proper? Can that be made known?

MERCER: Yes; 1t's Jjust fuel. The round portion of the fuselage
almost from behind. the second man back to the taill is all fuel.
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TABLE 1

ATTTTUDE, STABILITY AND STRUCTURAL VIBRATION
INFORMATION FOR THE SR-71A AIRCRAFT

Flipht Control Stability Characteristics
(Maximum Values - Occurrine less than 3% of time)

_ Anpular Rate Frequency

Axis (Milliradians/sec) (Cycles/sec)
Pitch 3.5 0.25
Roll 3.5 0.75
Yaw 1.7 0.50
3.5 1.00

Low Frequency Structural Vibrations in Vertical Mrection

Excitation Irmmut Response Qutput

Acceleration: 0.12 G Rate: 0.76 milliradians/sec

Necurrence Frequency: 68% of time  Frequency: 2.3 cycles/sec



BAKFR: Is there no way of stealing space out of that volume?

MERCER: No. In fact, it's sealed and has a thermal isolating
svstem around it. It's used as a heat sink, and the bays must
be insulated from it.

SAKER: I had a feeling they would have put the fuel in the
chines instead of the fuselage. .Tust to pet a space there for
optical ....

MERCFR: The problem is they wouldn't have enough fuel volume.
They apparently can do enough with available working space in
the chilnes and the nose section.

DUNN: Are the bays in the chines?

MERCER: That's correct; the bays open right into the chines.
That chlne cross-section that I drew was a trapezoid. Almost
the whole width and leneth of 1it's bottom surface are used as
doors to the chine equipment bays.

- Table 2 and Fleure 7 eive the idea we had for flying in

the 1970 event. This, again, is an example of a possible flight
prorram. The idea 1s that we would join the eclipse track while
climbing and acceleratine right after breaking off with the tanker
aireraft. The umbra would be behind, but catching up quite rapldly,
and in the 15 minutes 1t takes to set up to speed we would pass
through the umbra and be stationary on its western limb. We

would eet a very erood pass right through the center during this

15 minute period. It would not all be at the maximum altitude
since we would be climbine 2ll that time. '

Then, within the limited muneuvering canability at these
speeds--there are 400 or 500 knots additional to call upon-——
we might work our way around the edee of the shadow doing work
on the chromosphere. FEwen Whitaker is prepared to provide me
with mood data on the lunar limb for the particular libration
conditions of the 1970 event. One might wish to know exactly
where a Balley Bead would be formed, for example, to be used
for limb darkenine studies. Or you can pet to an area that you
know 1s poing to be devoid of any beads, over a nice, flat mare,
This ecould be very carefully worked out in advance so that you
would lnow where to po on the umbral bourdary and what work to
best do there.
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EXPERIMENTS OPERATIONAL PLAN
EXAMPLE FOR MARCH 7, 1970 ECLIPSE

of Interest

1.
2.
3.

.

£00 I -
»

E0 R
L] - [ ] »

W B =

T™ime Available
(Minutes)

Corona
Wide Field Work
Zodlacal lLight

Chromosphere
Photosphere
“Limb Darkening"
Active Centers

Corona

Wide Fleld Work
Zodlacal Light
Calibration Data

Chromosphere
Photosphere
"Limb Darkening"
Active Centers )

Corona
Wide Field Work
Zodiacal Light

Total time:

15

20

20

30

Q0 Minutes

Altitude Range
Feet (Km.)

40,000 to

65,000

(12.2 to
19.8)

65,000 to

75,000

(19.8 to
22.9)

65,000 to

75,000

(19.8 to
22.9)

65,000 to

75,000

(19.8 to
22.9)

75,000 to

60,000

(22.9 to
18.3)

Eclipse
Path Location

East Limb
across disk
to west 1limb

West 1imb
along limb
To north limb

North limb
to center
and back out
to either
polar limb

Either solar

pole limb
along limb
to east 1imb

East limb
across disk
to west limb

et
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Fig. 7. — Flight paths of SR-71A alrcraft relative to umbra during operations shown in Table 2,

££
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In the middle of the flight, at some time near maxlmum
elevation, we could schedule another slide in across the umbra
and back out, spending time wherever we felt it would be immortant
to study the coronal imace.

Then we can come out to the edee at the southern pole point
or back to the northern pole point and work our way over to the
east 1limb. By the time we pot low on fuel and had to leave, we
would agailn ret another pass through the center of umbra. By
usine operational optimization like this, we can get the 90 minutes.
If we did not optimlize and just tried to catch up and stay on the
velocity profile, the time would be considerably less. Unless you
do optimize the duration drops down to 60 minutes. ‘

MANKIN: TIs the 1limit the fuel capacity?

MERCER: It is the fuel capacity for this narticular flight with
its constraints of operating conditions, chanres in altitudes,
chanees in airspeeds, and so on.

Firure 8 shows the changing aspects of the 1970 eclipse with
resnect to the flirht direction of the aircraft ltself. At the
besinnine of the eclipse it would be about 40° off the alrcraft
nose ard about 52° elevation. You can also see what the maximum
elevation and final values would be. The ecllipse traverses a
great circle route of some 60°. I think this figure may help .
answer the aquestion that Mike asked. It shows what a wlde chanpe
there is in relative bearins. If one tried to hold a constant
bearing angle, vou can imapine how short a time one would stay in
the eclipse. I've also included other position and veloclity data
from some calculations that we've already made.

LIEBFNBERG: What's the attitude chanre of the aircraft as a
function of fuel usame? Is there any?

MERCFR: Very little. Tt's a funny alrplane; it flles and climbs
at about the same pitch angles, or changes a couple of deprees,
perhans. Tt usually sits nose up about 6°. When you climb, 1t
moes to, perhaps, 7° and in level flipht is about 6°, then goes
back to 5° or so durine descent. That's about it; 1t doesn't
change a lot. In this particular eclipse there would be little
effect with respect to the change In hellostat angles required;
that is, it doesn’t cross-couple very badly with the pimbal angles.
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POSITION INFORMATION VERSUS UT

SOIAR AZIMUTR FROM A/C (*)

1738

1823

SOIAR EIEVATION FROM A/C (*) 51.7* 63.4° 51.4°
A/C HEADING (*) 67.9° 60.0° 57.2°
A{c AITTTUDE EFT; 40,000 75,000 | 40,000
" KM 12,19 22,86 12,19
LONGITUDE OF UMBRAL CENTERLINE 109.96°W 9&.6‘\4181.71'»!
LATITUDE OF UMBRAL CENTERLINE 6.60°N § 18.1°N {31.85°N
UMBRAL VELOCITY ixmcrs) 1465 1311 F-1.656
" " KM/HOUR ) 2715 2429 3069

Fig., 8. — Aircraft position and observing data in March 7,
1970 eclipse for operations plan of Table 2.
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Table 3 1s a resume sllde of the eclipses for the next 12 years.
The velocities shown are the minimum speeds. The 1968 eclipse
minimum speed is 1675 knots and the lmplicit picture 1s equlvalent
to takine a similarly shaped curve to that In Figure 2 with lowest
value at 1675 knots. If an alrcraft has a 2000 knot capability you
couldn't spend as long a time in the 1968 eclipse, for instance, as
in the 1970 eclipse. And, secordly, you certainly don't have the
maneuverability. It would just be a hard task to stay up with an
eclipse like this one in 1968 for any useful length of time compared
to one at, say, 1300 kmots. This is a very lmportant reason why we
feel the 1970 eclipse should be the tarpet event and why we proposed
in our feasibility study that it be used.

Now in 1972 there's an eclipse that occurs in Alaska and Canada,
and it could be used very easily; but you note that the speed 1s
1600 knots minimum, and we certainly couldn't do as well there. The
maximum elevation 1is 46°; so that 1f we use the same window we couldn't
get the same usable aperture It might drop to 8 inches or & inches
and we would have to look through it at an angle even further off
the normal. Certainly for polarization work that might be very
difficult.

PASACHOFF: Your minimum velocity, of course, just depends on the
latitude of observation. Because it depends on the component of the
earth's rotational velocity subtracted from the eclipse speed, and
is least when you're c¢leosest to the equator.

MERCER: That's right, and you see from Figures 9 and 10 that these
are the better ones. In 1972 we will have one close to the equator;
it's across the Sahara and is a good one because 1t's so slow. Wlth
a maximum elevation of 85°, however, we are polng to have to look

up through the window at an angle that we wouldn't like, because in
the chine bay you can't get around undernearth the window unless you
modify further out into the chine area. The modification could be
done, if that's desired; without it you might still be limited to
somethin? with a 6 or 8 inch aperture. If you subtract 58° from the
elevation angles required you will get the best look angles through
the window,

Te 1974 eclipse is a good eclipse. It's low speed; however,
1t's in Australia, and it would reauire that the left-hand side of
the aircraft be modified rather than the right side. Both the 1974
and 1976 eclipses require left-hand modifications: so, if you already
had the right-hand confimuration, additional modifications would be
necessary. '



TOTAL SOLAR ECLIPSE DATA FOR OBSERVATIONS FROM VEMICLES AT 70,000 FT'. ALTTTUDE FROM 1968 TO 1981

TABLE 3

Min. Vel. Solar Elevation Geog,.. Remion

Date UT of vmin Max. & at V Coords. at Vmin

22 Sep. 1675 Kts. 19.2° Arctic-Russia-China
1968 1126 Hrs. 18.6° 66.0°E, 52.0°N

7 Mar. 1300 Kts. 63.3° Mexico-U.S.~Canada
1970 1127 Hrs. 62.7° 97.4°W, 15.1°N

10 July 1590 Kts. Le.s® Russia-Alaska-Canada
1972 1950 Hrs. 46,40 91.0°W, 62.2°N

30 Jun. 1170 Kts. 85.5° Atlantic-Africa-Ind.Oc.
1973 1136 Hrs. 85.3° L_6°E, 19.0°N
20 Jun. 1220 Kts. 34.5° Ind. Oc.-S. Austr.
1974 o446 Hrs. 34,5° 103.1°E, 31.8°3
23 Oct. 1280 Kts. 70.8° Africa-Tnd. Oc.-Australia
1976 0511 Hrs. 70.8° 91.5°E, 29.6°S

12 Cet. 1125 ¥ts. 67.4u° North Pacific-S¢ th America
1977 2034 Hrs. 67.2° 121.6%, 12.99
26 Feb. 1505 Kts. 26.1° U.S.-Canada-Gre land
1979 1649 Hrs. 25.9° 97.2°W, 50.5°N
16 Feb. 1135 Kts. 77.2° Africa-India-China
1980 0849 Hrs. 76.9° 45 .8°E, 0.7°S

31 July 1390 Kts. 54.,5¢ Russia-North Pacific
1981 0349 Hrs. 54, 40 135.7°E, 52.7°N

1t

Remarks.
Very low elevatlon, too soon

for sci./diplom. armmemts.

Excellent for North American
observers.

Moderate elevation. Good
for No. Amer. cbservers.

Excellent but located in
somewhat remote reglons.

low elevatlon over water.
Remote but near Australia.

Excellent and mostly over
water but remote.

Excellent and mostly over
water; mainland & Hawall nearby.

Low elevation. Useful for
vehicles already modified.

Excellent but located in
somewhat remote reglons.

Moderate elevatlon but long
scl./diplom. arrngmts.
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Mg, 9. -— Polar plot of total solar eclipse paths in Northern
Hemisphere durdng 1968-1981. Arrowheads touch tracks
at points where velocity is minimum.
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Fig. 10. — Polar plot of total solar eclipse paths in Southern
Hemisphere during 1968-198), Arrowheads touch tracks
at points where velocity is minimum. -
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BADER: I think the 1973 eclipse is, too.

MERCER: No, the 1973 eclipse is in the Northern Hemisphere and
cuts across the Sshara. The eclipse path on the earth starts in
the Atlantie, poes across the Sahara, and into the Indian Ocean.

BADER: But the sun is way up north; so, if you fly from west to
east, you have to have left side windows.

MERCER: Well, it's 85° elevation, Mike, but it's still off the
right side. :

BADER: The declination of the sun may be 23°, and the latitude
of observation may be 15° or so.

MERCER: No. The Sahara is up 20° and more in latitude—30° even--
S0 you're still north of the sun's declination, but not by much,
of course.

In 1977 there's a good eclipse at very low speed, at very good
elevation angles, simllar to 1970, and 1t goes down the Pacific
between the Hawallan Islands and the U.S. west coast. The 1979
eclipse is a quick, highly curved path that starts in the Pacific,
cuts through Washington state and poes up into Canada. It's high
speed and simdlar in that regard to the one in 1972. In 1980 there's
a2 pood one, but 1t's quite a distance away from the U.S. Like the
1973 eclipse, it would require a long, long staging operation for
the airplane. By then, though, we should lmow what we are up
against. By 1981 we're back to Russia again as in the 1968 eclipse.

Obviously, the Northern Hemisphere 1s the most profitable place
to be for eclipses over the next decade or so. The little arrows
on Flgures 9 and 10 touch the umbral paths at the minimum speed points.

~ Figure 11 shows a tentative schedule for attempting the 1970
eclipse, and it gives the key points in time. We would try to shoot
for completing our feasibility study by July 1, 1968. If NASA or
NSF or the Air Force 1s going to decide to do something with this
alrplane on the 1970 eclipse as a project it should be decided by
about October 1, 1968. It's possible this can slide, but we will
be cutting into the time needed to prepare. It depends on what
experiments are worth doing and how complicated they are on this
first attempt. If a box 1s used for the bay, as we here at Dudley
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have talked about, equipment work for the box, testins, and
checkout could be done separately while the contractor 1s
modifying the aircraft, installing the external window and
equipment box hanper-type cormection points. This would require
a minimum of interface work which always takes lots of the time
and coordination that can be horrerdous. Then there will be
some ground testing and flisht testing time to check out some of
these problems that we have already talked about, some practice
runs prior to the eclipse flight, and so forth. After the eclipse,
the box would be removed and the alrcraft returned to use on
other projects. If there are no other projects, perhaps we could
continue with some non-eclipse work; it would depend on the
situation. But after modification it would be possible to ask
for the aircraft when it's not scheduled for other work.

LIEBENBERG: The initiation day of the project is dependent very
much on the total funding avallable.

MERCER: It most certainly is.

LIFBENBERG: Under what assumption did you set the length of
time for modification and instrument construction? Under the
minimum cost expended, or what?

MERCER: Well, this, again, is a problem. Let's say somebody
already has an experiment or has equipment already bullt up, then
1t would be larpely a matter of modifications.
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LIEBENBERG: The aircraft modification is longer than the experiment

construction; so, never mind the equipment. Let's Just look at the
aircraft.

MERCER: OK.
LIEBENBERG: How firm is that mumber that you have obtalned?

MERCER: The Alr Force actually feels that they could do it in less
time than this. Modifications for the test nose section, which is
not now being used, could commence immediately and would not affect
the alrcraft's flight schedule. _



43

LIEBENBIRG: So for nose experiments, the lead time could be as
little as six months? '

MERCER: Perhaps so, perhaps longer: it would depend on the extent
of those modifications. We would 1like to have the nose ready to go
on the airplane by the middle of 1969, at least for some ground
testing. But it might be that one could use dummy loads or their
equivalents for such tests. 3So you might not have to have the ex-
periments ready by that time if you could show that the Interface
tests faithfully reproduce the characteristics of the experimental

gear.

LTEBENBERG: I'm just trying to develop how this schedule in Figure 11
1s related to the use of the nose section versus the chine area or
to the number of dollars that you have to spend.

MERCER: Until we get this answer from the alrcraft contractor on
what it's poing to cost and the man hours, it's very difficult to
answer the second part of your question. For the first part of your
question, let me answer it this way. We feel that if the chine area
modifications are as we have talked about them here with a window
put in, hanger polints installed, the flight recorder moved and its
electrical lines extended, then, they can build a kit for these
modifications. The aireraft can remain flying on other projects
during all this time. The aircraft probably wouldn't be pulled out
of the inventory until mid-1969 and quite probably several months
later than that., The Air Force 1s talking about delaying the pull-
out until about September or October of 1969, at which time the kit
could be installed. Sco the aircraft might only be involved, not
flying, that is, for about a month ar two.

LIEBENBERG: What would be the last possible date that you could
start a modification in the alrcraft and make the eclipse date?
That 1sn't the number you have on the slide, is it?

MERCER: No, but do you mean the last, possible date for touc
the aircraft? ‘

dL;ZEBENBERG: 'No, starting with project go-ahead, what 1s the last
te?
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MERCER: Well, once you can define something, they could begin to
deslgn and builld kits.

LIEBENBERG: No, no, you missed my point. Slnce these numbers are
variable, presume I can talk you down to January 1969 for project
go-ghead. Then you could still have an experiment in the chine
area ready to fly in the eclipse, 1s that right?

MERCER: That's right, depending on the degree of complexity of the
experiment and what the modifications are that are required for
that experiment. TFor the numbers shown we used the case of more
complex experiments. We assumed the maximum aperture that we could
pet; we based it on using the 14 x 29 inch window. If you do less
with the airplane or don't require those things, then it will help
to relieve the time constraint.

LIEBENBERG: Well, you see, the case I'm trying to make is that the
1ikelihood of your getting a go-ahead by October 1968 is small.
Your October start date really isn't the date which affects the
science that is going to get done, should the project be approved
later on.

MERCER: Well, obviously, there's planning and coordinating with
what the airplane 1s going to be doing. If this isn't planned, 1if
the Air Force isn't informed that we want the airplane at some
particular date, if this is left wide open, then you take a chance
that you may squeeze yourself too close. You may run up tremendous
costs because they have to move faster than they thought to get the
airplane ready. Things have to be set up in a permanent manner
eventually but a target date for each phase of planning is essential.

LIEBFNBERG: Presumably this is one of the parameters that you want
to determine in a cost study.

MERCER: That's exactly right; because once we know the manhours it
takes to do this work, then we would know in what order these man-
hours would have to be expended.

HFMENWAY: Bob, would it be falr to say that if you do simple
experiments, not the optimum or maximum, that you could probably
start about January 1, 19697
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MERCER: Sure, if you worked only 1n the nose, you could possibly
get away with starting as late as March., Because the nose not now
being on the airplane means that you could begin to do modification
work very quickly amd then plug 1t on the alrplane.

PASACHOFF: What about the slide bay, the chine area?

MERCER: The alrplane wouldn't have to be pulled out to mate the
nose ard do the test flylng until very late. Of course, how much
flight testing they might feel would be necessary to prove out those
windows, I couldn't say. It might mean a lot fewer hours with the
nose modification as opposed to the big window in the chine, I just
don't know.

PASACHOFF: May I ask Dr. Baker or Dr. Dunn what kind of glass or
window might have to be put in to provide the stabllity and structure
to take care of the heat transfer?

DUNN: It would have to be quartz with titanium frames around the
windows,

MERCER: That's exactly what we were thinking. Of course, now,
lockheed said that for structural reasons they would have to have
a minimum window thickness of five-eighths of an inch, but 1t would
probably be pretty hard to work a flat that would be less than that
and yet be that big, 14 x 29 inches.

BAKER: You can, but it gets pretty hard and costs a lot.

MERCER: I think they would want a minimum of five-eighths of an
inch there for that big pane.

BAKER: For the heat transfer you might even need the double windows
that we talked about. There's another thing to consider. There are
materials other than quartz which have better stabllity when you
include the change of index as well as shape. How bad and what they
would be for various optical materials, I can't say right off hand.
Quartz does have a dn/dT.



h6

GEBBIE: So you have to monitor the temperatures.

'BAKER: You have to know just how badly the windows are affected
under these particular coxiitions. '

deGASTON; That temperature effect may be worse than just the 250°
on the glass, too, since the conductivity of titanium is probably
considerably better than that of glass.

MERCER: Well, the alr temperature doesn't get any hotter over the
¢lass than over the titanium skin. The outside temperature should
‘settle down to the 250°. '

deGASTON: Then this cooling air that goes down the bays doesn't
actually cool the titanium skin?

MERCER: No, as a matter of fact, in the bays there is Insulatlon
material around the walls., When I discussed the optical equipment
box, I didn't mean to imply that it would be right up against that
wall. The box 1s smaller than the bay, because there 1s insulatlon
material in there. '

PASACHOFF: Dr. Baker, do you know the transmission of a one inch
or three-quarter inch thick quartz window? ‘

BAKER: It's pood down to about 2.6 microns; it depends on whether
there is any water in the quartz. You can get materials with better
transmissions further down from Corming.

PASACHOFF: How much further down?
BAKER: Several microns.

GEBBIE: You are referring to fused sllica! People working in the
infrared use "crystal quartz", which 1s much more transparent at
300 microns and completely essential at 100 microns. I doubt if we
could live with even a quarter of an inch of fused quartz for
infrared work.
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DUNN: Down in the Infrared you wouldn't use quartz at all.

SCHMALEERGER: We might use Cervit where you have a very good
temperature coefficient. This is its main selling point.

BADER: The transmisslon is no pood.

SCHMALBERGER: The transmission is good down to about 5 microns
except for some water absorption at arcund 2.5 microns. With the
latest compositions one can get down to about 4.5 microns with still
usable transmission at 2.5 mlerons, I don't know about the optical
quality going through 1t with this thermal problem. How does it
conpare to quartz?

BAKER: So far, I think, 1t's rather poor in its transmission
optical quality. There's some Schott material developed for the
infrared which goes down, I think, to 6 or 7 microns but I'm not
sure beyond that.

GEBEIE: Generally speaking these things are not good for the very
far infrared.

BAKER: Right,

GEBBIE: But polymers like PTFE (Polytetrafluorcethylene, "Teflon")
possibly would do,

BAKER: What about temperature?
GEBBIE: PIFE would withstand that.

SCHMALBERGER: Bob will now take a minute to relate some relevant
comments from the letters of Houtgast and Newkirk, nelther of whom
could come to the meeting.
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MERCER: We had particularly hoped to have Drs. Houtpast ard

de Japer attend our meeting, although we reallzed that 1t would

be unlikely due to the extreme distance and short notice. However,
the group at Utrecht recelved the handout material and did discuss
our proposed flight. Dr. Houtgast has conveyed some very useful
remarks concerning worthwhile scientific tasks in a letter. I will
quote the more important parts:

"We all agree that the planned observations are
absolutely necessary for the needed progress in the
investigation of the outer layers of the sun's atmos-
phere and related obJectives.

I give you the followingz list of observations which
we think are needed in thls stage of solar research arnd
for which the advantapes of a very high speed, high alti-
tude aircraft are clear, because of the relatively long
observation time ard the avoidance of disturbances by the
lower atmospheric layers (scintillation, water vapour) .

1. The intensity behaviour of interesting chromospheric
emission lines in the infra-red; He lines at 10830 A
and 2u, the Paschen and Bracket lines of hydrogen.

2. The spectral reglon arourd the Balmer jump at X 3640 A,
at different heights in the high photosphere and low
chromosphere; for this a spectrograph of high resolving
power is needed.

3. The contlnuous spectrum of the chramosphere at different
heights; one wants to know the intensity-: curve over
a wide range of A.

4, Darkening at the outer limb of the sun at several wave-
lengths, from u.v. to i.r., Both methods, photo-
electrically (T. de Groot) and photographically (H. Heintze),
should be used.

5. Exposures of the corona, with fillters ard polarization
optics, especially into the far outer corona in coronal
streamers. '

6. Fine structure photographs of the corona; comparison
and changes in the structure over the maximum time
during the flight, combined with

7. Spectra of the inner corona with high spatial resolution.
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8. Every other spectral repion, however small, for
the determination of line profiles near the sun's
limb, inside and outside; hiph spectral resolution
with slit-spectrograph and therefore relatively
long exposure times."

Dr. Gordon Newkirk, of the Hiph Altitude Observatory at Boulder,
Colorado, has also contributed very pertinent comments. In fact, his
remarks are almost ldentical to some already made here, particularly

. Thomas' expressed concern for doing an experiment urndquely suited
to the aireraft and doing that experiment well. lLet me quote from Dr.
Newkirk's letter which states in part:

"As you already mentioned, there are numerous research
programs that could be carried out from this platform. Since
I will not be able to attend your meeting myself, perhaps I
could make a couple of comments regarding its utilization.

If we learn from the experience of eclipse observation with
conventional jets, there was a lapse of several years and a
couple of eclipses before people really became convinced that
these new-fangled gadgets were any good to the astronomers at
all. I suspect that the same phenomenon will ocecur with this
supersonic aireraft. It would appear that the best way to
demonstrate 1ts feasibility and usefulness would be to take

as a Tirst attempt an experiment which 1s both simple ard which
can be done only by such a vehicle. Observation of the corona
or chromosphere 1n the Infrared or extremely long duration
observations of the corona or high anpular resolution ob-
servations of the chromosphere all seem to fall in this class.
It appears to me that the most lmportant thing, however, is
that the chosen experiment truly represent something which
cannot be done as well from the ground or from conventional
aircraft. Otherwise, your supersonic aireraft experiment takes

on somewhat the character of golng over Niagara Falls in & barrel.”

MERCER: With that I would 1like to turn the meeting over to Dr.
Schmalberger, _

PASACHOFF: In summary, could you say a word about just where this
stards with NASA®?

MERCER: The only thing that now exists is a feasibility study;

I am now working under a prant from NASA to look at the feasibility,
originally, of using a YF-124 aircraft as an eclipse observing plat-
form. We originally said the 1970 eclipse, but we have broadened

it since then to include later eclipses and some non-eclipse work,



50

and we have now moved to the SR-71A aircraft because we think
we can get that. This study is about to draw to a close. We
just about have the concluslons that we need except for these
money figures which must come from the contractor. He knows the
procblems for this study, but we cannot provide these; they must
be provided by the contractor. You have Just heard the gist of
what T will be sending to NASA. At that time we will be pro-
posing to them that a project be instituted to use the aircraft,
and at the present point, they have asked us to ascertain if
possible, what significant scientific work we could do with the
aircraft. We have called this meeting, therefore, to apprise
you of what has been done and to elicit from each of you what
further remarks you might 1like to make and which we would very
much like to include (at your discretion, of course) as to the
value of this new vehicle ard what it could do well, what should
be done, what should be emphasized, and so forth. Not only as
regards the 1970 eclipse, which 1s certainly the first priority,
but for all the work that we have discussed. I hope to close up
and report to NASA by the middle of August. A digest of this
meeting will be prepared and each of you will get a copy, as
will the others who could not attend but who are correspornding
with us. ' '

At this point, then, it's up to NASA and other apencles who
might wish to provide financial support for the sclence. In
addition it's up to the Air Force to support the necessary air-
craft operations. We've gotten encourapement from each of these
groups separately and now we are trying to obtain Jjoint agreement
for project so-ahead. But for now 1lt's just a feasibility study.

BAKER: TIs it possible for us to get any cross-section drawings
of the different statlons?

MERCER: T have some which are more accurate than the sketches
I have shown here that I may be able to supply you to work with.

BAKFR: Would it be possible to have a nose cone of a different
shape? Does it have to be that needle nose?

MERCER: Well, you do have to fair into those chines; and if you
have to have that, you can't very well have a new shape for the
nose cone. The needle nose is undoubtedly required to form the
initial shock front ahead of the alrcraft, I don't mean to
discourage anyone, but, perhaps, if early flights prove successful,
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we could conslder such types of changes for improving the alrcraft's
use in the far future. I do mean to discourapge such changes for
the 1lmmediate future, because I just don't think we will have the
time for such things.

BADER: I have a feeline we don't have to be quite so vague about

the costs., On the basls of my experience with the NASA 990, I would
say that you're talking something like half a million dollars, outside
of operations costs., What I'm thinking of 1s something like $150,000
for alrcraft modifications and $250,000 for the experiments, and
another $100,000 to buy the pllot a sandwich.

MERCER:  Are you talking about a modification just in the chine
area, just nose, or both?

BADER: TI'm thinking of putting the window in the airplane chine
and beefing up a couple of hard points to attach the instruments.

HEMENWAY: What are these numbers you're sugpesting, Mlke?

BADER: Well, obvlously, I'm no expert on that airplane, but I'm
thinking something like $150,000 to do the aircraft modifications
and $250,000 to eet a heliostat a telescope, an attachment point
beef-up to take 9 G loadins, and maybe, a little data reduction.
Then you add another $100,000 to round 1t out to $500,000. This
sounds like a good suess. For every experiment that you add on

top of thls——putting another small hole in someplace--you're probably
adding another $100,000 per experiment beyond this. I think it's

a reasonably pood cuess,

MERCER: I hesitate to hazard a ruess, because it is just a guess
on my part. I don't know how cleanly faired in with the external
surfaces these installations will have to be, and thinegs of this
nature. TIt's certainly going to be différent than the 990 in that
reFard, because it's supersonic and a titanium airplane,

LIEBENBERG: The factor probably goes up right along with the speed.

BADER: Three years apo the original 13 observation windows on the
990 cost, as I recall, about $80,000 or so. We did not have to take
out any structural members.
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MERCER: But you are not worrled about external edees. Just a
slight edge on one of these windows on the SR-71A 1s polng to cause
a shock wave for certain.

BADER: OK, so I'm saying that your one window installation, in-
eluding the removal of one rib, is going to cost you something like
$150,000, and maybe, you can throw in a couple of hard points wlth
the window mount to save a little there. So, I don't think 1t's
going to be very far off; 1t's a reasonable number.

HEMENWAY: Even for an alrplane that is titanium, not aluminum?
MERCER: And remembering that external modifications must be flush?
BADFR: Well, you see, we got 13 windows for $80,000.

MERCER: One point here, it might be possible--~I haven't contacted
anyone about this as yet——to get some NASA people at Ames or lLangley,
some aircraft structures people, to look at this and tell us what it
would take to do the job. This would be one way to get estimates
in-house, so to speak. , ’

BADER: Let me put it another way: these are not estimates that
you can propose as firm numbers to NASA, but I think they are useful
numnbers for Liebenberg and Goetz to pet together on, because they
should be very close. It's something they can start thinking about
and take home wlth them.

HEMENWAY: TIt's obvious that the financial side of this needs to get
very careful consideration and is, in fact, one of the reasons we
wanted to get people together. I have a feeling that thls might more
appropriately come after we have explored more fully what actually

is unique about this alrcraft, if we are to Justify going after the
money for it.
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JOHN C. BRANDT
NASA Goddard Spaceflight Center

As a first thing, I think I would disagree as a matter of
philosophy. I think if you are going to talk about something which
costs like an OSO satellite you certalnly wouldn't want to run it
for one experiment. I agree that, on the other hand, one should
not go the other way and attempt to put too many experiments on
board. I think that for the pegple who will be plcking up the
operational costs for this thing one had better have more than one
experiment.

Now Dick Thomas as you know is Interested in the chromosphere,
but I would like to point ocut that there is another part of the sun
which actually requires an eclipse study called the coronz, and this
"new and novel" plece of the sun is, I think, far more worthy of
discussion than one might ordinarily have inferred from Dick's re-
marks. If one wanted to be "anti-Thomas", and I am not, it could
be polnted out that one doesn't even need an eclipse to do those
studies; and it seems to me that the point of this airplane 1s that
you can prolong an eclipse ....

DUNN: That's not true at all, amd I'll get to that; but you've
got te have an eclipse to do the chromosphere.

BRANDT: Well he so stated.

WEART: I think that he was merely pointing out that one can do
some of it outside of eclipse.

BRANDT: Well, anyway, ninety minutes 1s as much eclipse tlme as
we have had in the history of astronomy. And my own interest on
this 1s that T have always wanted to know the structure of the corona,
and I'm afraid we still don't know this yet. If you go through the
literature you can't find any photoelectric wide-band photometry of
the corona that has an accuracy preater than about five per cent.
With Livingston and Trumbo, a few years apo, I attempted to alleviate
the situation but the weather over the eclipse site would not co-
operate even though we had a nice long eclipse (this was the 1965
eclipse in the South Pacific) which lasted for four minutes. Ard
that was great to have an eclipse that long.
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Just as one possible thing that one could do for the corona
that hasn't been done and which I think needs to be done would be

a simple--here 1s the moon—spiral scan out to about five solar
radii. We have done this once and find that thls accumilates some-
thing 1like 5,000 points along, this scan; and by using reflection

and transmission optics one can get ultraviclet, blue, and infrared
(about 6800A) points simultaneously. This is the kind of measurement
one can use to infer any sort of velocity and temperature structure
in the corona. T think it would be a shame to devote the entire
experiment to the chromosphere regardless of how valuable the data
on the chromosphere are. It still 1sn't immedlately clear to me
that you need the eclipse.

HEMENWAY: John, isn't 1t possible to bulld something llke this
which would be largely automated? .

BRANDT: Yes, sure. The only thing the observer would have to do
would be to center this thing and tell it to go. Then after each
scan he might have to re-center it.

HEMENWAY: Did you say this was a visual instrument? Narrow 5and?

BRANDT: Actually wide band—several hurdred Angstroms wide, close
to the B, V, R on the Kron system, but not exactly.

WEART: Couldn't you do this Just as well using a balloon coronagraph
of some sort?

ERANDT: Yeah, but you don't have ninety minutes!

HEMENWAY: How large an aperture would you need for this?



BRANDT: Well, we used & 16 inch aperture before, 20 a ten inch
aperture will be only a factor two,

BADER: What was your comment with re@id to "ninety minutes"? |
it certainly can't take ninety minutes to run a scan!

BRANDT: Oh, no, ninety minutes is gliven as the maximm total time
avallable. The best eclipse you can get on the ground 1s something
like four minutes, and thils allows you one or two scans but with
poor statistics. Glve us ten scans, which we could pick up with

a flat like this, and ....

BADER: You mean then that you're talking about something like
two mlmutes per scan?

BRANDT: Yes, two minutes per scan-—and there's nothing sacred

in that, it just happens to be a convenient duration. We may have
to scan sliphtly longer, however, to make up for the loss in
aperture,

BAKER: What focal length do you think would be most useful for
your scanner?

BRANDT: I don't have it here but when we did it, it was feet—
many feet, twenty feet or something like that.

MANKTN: Is time the only advantage here, or do you also gain by
belng above the atmosphere?

BRANDT: You also sain from the altitude by knocking the sKy back-
ground down as far as you can reascnably hope to get it.

LIEBENBERG: Between the ground and about 40,000 feet during an
-eclipse you get an improvement, that is to say a reduction, in the
scattered lieht by something like a factor three.

BRANDT: Remember that anything you do with regard to the data with
a view to determining temperatures or anything like that involves
differentiating so you are really eager to get scattering down as
low as you can possibly eet.
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DeGASTON: But what dces this plane get you that a spacecraft
won't get for you? Why not a coronagraph in space?

BRANDT: W%ell, I would hesitate to commit a whole spacecraft to
something 11ke this until I had proven that it was wortiwhile,
mﬂl LA 3

LIEBENBERG: So far the coronagraphs that have been up there haven't
done much external to five solar radii, have they?

BRANDT: - Well, Tousey has sald he's had a lot of trouble with those;
and I have not looked into it in detail. But, again, I wouldn't do
this on a satellite because this would involve you in a data pro-
cessing problem that you wouldn't believe! And anyway, I'm looking
for 10 scans and not 10% scans, which i1s what you'd get from a
satellite,

At that altitude you can go almost twice as far from the disk.
You should be able to get to eight solar radii, maybe ten.

GEBBIE: And what is the physics of what you are expecting to get?

BRANDT: 'The real physlcs 1s complicated but what.you get is a two
dimensional light distribution which you ascribe to the scattering
of photospheric light by electrons, and this enables you to get the
line-of-sipht density of electrons. If you then make an assumption
about spherical symmetry this give you the logarithmic gradient of
the electron density which ls proportional to the temperature.

BADFR: There 1is some work, unfortunately unpublished, by Ed Ney and
a graduate student at Mirmesota which was something like thls. They
got some broad band pictures from our airplane at 40,000 feet with a
band centered at about 8000A, and they were seeing out to fourteen
radii. ‘

BRANDT: That's interesting, and with a knowledpe of the backeground

at 40,000 feet I think we can make a reasonable extrapolation to
higher altitudes. You recall that at five solar radil, give or take
a little bit, you run into the F corona anyway. It lsn't immedlately
clear that you are petting real coronal data beyond that point because
then you have to subtract out the F corona, which is severe.
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DeGASTON: I'm sure you must be familiar with Gordon Newkirk's
experiment to go up on the ATM; and I'm curious: with the ex-
ception of the region within the first 1.6 solar radii, it seems
you will be duplicating what he plans to do!

VOICE: But when do you think the ATM will go up?

DeGASTON: Well supposedly, as of now, I understand it's to be
sometime during the first six months of 1971.

HEMENWAY: T think it can be startling how many times programs are
forced to be postponed, and delayed, and so on. I wouldn't want
you to hold your breath waiting for the ATM to go up.

BRANDT: Even if the time were not important, I would match this
experiment with the cost of that one, any day. Let me emphasize
that I do not think this is the only coronal experiment one should
do--I am emphasizing that the corona is Important. There are a
lot of things to be done in the corona that have never been done
properly. There is not extensive photoelectric photometry of the
corona and this is the kind of thing that can be done on this -
eclipse plane.

BADER: It seems to me that you need a pretty long focal length
for this experiment but you don't need a terribly large aperture,
do you?

BRANDT: Not really—we would ret into photon statistiecs trouble
aeain,

HEMENWAY: Can you build your instrument such that it is able to
take the vibrations and motion in the alrcraft? Suppose, for
example, that you had a time record of the motion; would this be
adequate?

BRANDT: Yes. Even when we did this in the South Pacific we
weren't sure that the program would correctly reproduce the spiral
that we wanted. But we didn't care. All we wanted to know was:
when the measurement was made, where was it pointing? In principle
we don't care—as long as the freauency 1s not too high.
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HEMENWAY: In other words the puiding problem on this experiment
1s a relatively easy one.

ERANDT: Yes, it's a relatively easy thing--just so we have a
recording of ....

BADER: 1It's possible the Air Force may not wish to release that
data.

HEMENWAY: But he might even have a recorder built into his instrument!

BRANDT: No, no, no. You don't have to tell me where my experiment
is pointing relative to the ailrplane!

MENZEL: But you have to know where you are relative to the sun!

LIEBENBERG: In this particular experiment, you are Integrating
over time to get your data points and so the averape effect may be
the relevant datum and hence not classified.

MERCER: I'm not so certain that the problem is that seriocus. In
any event, we may be able to arrange for the preliminary reducations
to be made within classification constraints and then the f4nal data
released unclassified to each investigator for the complete study.

BAKER: Are you proposing that the scanning be done at the image or
by the heliostat mirror?

ERANDT: The way we did 1t was we had a nutating flat, but this is
a point which will have to be looked into.

BAKER: Because it might fit the present configuration rather well-
with the ten inch aperture and twenty foot focal length, say.

DUNN; The fecal length, though, is just a mechanical pfoblem, right?
Because you don't really need the focal length if you can get the
light onto the photomultiplier.
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MENZEL: Yes, I think you could do with a much, much shorter
instmument.

BRANDT: Yes, I agree.

DUNN: Have you considered multiple chamnel Instruments for your
experiment? I mean, thls is a ten chamnel instrument and it comes
out to forty minutes, right? That is, on the ground-—while it's
a one channel instrument working forty minutes in the air.

ERANDT: I don't urderstand.

DUNN: Well, you're using one collector. I was suggesting you use -
a multiplexer of some sert. Use ten photomultipllers, and ....

BRANDT: We already use different photomiltipliers and reflection/
transmission filters to measure three colors simultanecusly.

DUNN: These are the three colors?
BRANDT: Yes.

DUNN: But I was thinking of taking care of the speed problem with
miltiple systems. Nowadays it seems like everyone's goling to a
Channeltron, or a ten-cell, or even hundred-cell, system to beat
the speed. T think the scattered light might be a problem though.

BADER: I would point cut that the room available on this aircraft
is going to be rather limited. If one wishes to introduce an ex-
periment usineg full aperture there isn't going to be a lot of space
left for other experiments. ' '

SCHMALBERGER: Unfortunately, the larme focal length is desirable
for some purposes. And In our trial systems we've found that when
folded beams are needed, they very quickly eat up the available
volume. Getting back to this experiment though, do you require a
minimm of four minutes at a given point—at the center of the
umbral shadow, for example?

BRANDT: Yes, but it doesn't have to be precisely at the center.
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DONALD H. MENZEL

Harvard College Observatory

T think that John has given most of my talk for mel I do
have a few additional points regarding this experiment which I
think is one of the most outstanding problems and which I think
is uniquely streamlined for this particular pilane. It makes use
of the height because of the darkness of the sky, and it makes
use of the speed because we do get the longer eclipse—and I think
that that's necessary since it gives us the longer duration. I
think it's important, also, because working in the corora we don't
have to have quite the accuracy of pointing that we need for some
of the experiments. )
There is one thing that John saild with which I do disagree,
at least in principle. He used the term 'F corona'. Now, there
are two coronas. The K corona 1s supposed to arise from electron
scattering and is the one which 1s supposed to have most of thils
structure and which contributes most of the corona that we think of

as corona when seen with the naked eye. But theoretically, 1f in

the space between the earth and sun there are lots of scattering
particles—dust particles, micrometeorites—then these should pro-
duce, in addition to this K corona, a corona which is called the

F corona (for Praunhofer corona because 1t shows the Fraunhofer
spectrum) and it should be symmetrlcal. A model of this corona worked
out some years ago by van der Hulst seems to have been Sjust adopted
by the whole solar community as the final corona. I have myself

been makine some observations, and I question on experimental grounds
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the accuracy of the van der Hulst model. T believe that he over-

estimtes the amount of scattering in interplanetary space and that
he overestimates the amount of the contribution from the F corona.
Now T don't know what it is that i3 producing the Fraunhofer lines
that have been recorded at so many eclipses from the ground. 'There
have not been adequate checks in many cases; liks putting the slit
of the spectrograph across the center of the eclipsed moon {0 see
whether you get the lines of the Fraunhofer spectrum in here, in
which case 1t could be aseribed to scattered sky light, to which I
think part of the phenomenon 1s due.

Now there are two ways, and T think only two ways, of separating
these two coronas. One of them 1s tracing this corona out by some
means, photographic or (preferably) by the electronic spiral scan
tecinique that Johnhas in mind, going out as far in radius as
possible with a wide field instrument—out to at least eight or ten
solar radii. Thus one can find out whether this ray structure per-
sists out to these great distances. I've seen some of Tousey's photo-
graphs taken from rockets which have a portion of the fleld blocked
out but you do see this ray structure extending out to distances of
five to eight radij. T think that this in itself is evidence that
my conclusions about the F corona are correct. Because otherwlse
this ray structure would not show up--1t would be drowned out by the
F corona according to van der Hulst's model. I don't think that van
der Hulst conslders his model sacred; for, after all, he had to put
some mumbers in so he made some guesses using imperfect eclipse data
trying to fit something in at large distances with a forward scattering
theory. So he did a nice piece of work, but I think this ares needs '
to be studied and questioned. I think it is the most cutstanding
problem of the sun's outer envelope. I think that John has already
made the point, but T agree with him, that the corona be the number
one consideration. You can have the corona visible way out only with
the dark sky available under these conditions of long duration and
high altitude of the aircraft,

Now there is one further way of getting infarmetion in addition
to the three colors—the gradients should be different in the three
colors. But polarization is also an important characteristic, and’
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I should like very much to say that some additional filters ought

to be made so that the polarization can be studled in the three
colors: Red, Visual, and Blue. With two directions of polarization,
and without polarization, that would make a total of nine different
scans; and I think it would be quite possible to develop multiple
channel scanners that would get this kind of information. I think
it's far more important than the chromospheric experiment.

I'm sorry that Dick Thomas had to leave because I had a number
of questions I wanted to ralse. But I think that if his experiment
does need high altitude it can be better done outside of eclipse,
because I can see no advantape to the eclipse study except using
the moon as a shutter. I think it is a tremendous waste of eclipse
time. If the experiment 1s to be done I think it would be better
done at a nunber of frequencles. This theory that he used, which
I am quite famlliar with, 1s a model atmosphere. It's very senslitive
to changes in the model, and I think that the changes in 1llmb
darkening as a function of frequency are what are golng to resolve
the questions that he ralsed. Tt is a very legitimate problem, and
all of us who have worked on the chromosphere have worried about 1t;
but as an o0ld chromospheric astrophysicist I would say that the
corona rates gr'eat priority.

SCHMALBEFRGER: Are there any comments?

- DeGASTON: Tt appears that Newkirk will be getting three polarizations
to remove any deseneracy. Would you care to comment?

MENZFEL: Three aren't necessary to remove depeneracy. You need either
two or four. Two are adequate. T've just finished looking at some
of the material on polarization from the 1966 eclipse. It helps to
have four polarizations.

HEMENWAY: Do you dishelieve the measurements from the zodiacal light
which seem to fit continuously to the F corona?

MENZEL: Depends on what you mean by “continuously'--1t all depends
on how you draw "that line”.

BRANDT: Well, there's a gap in there, and 1f you draw on log paper
anything will fit.
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DeGASTON: Has anyone looked at the size of the F coronz in various
colors? You mentioned the earth sky scattering problem, and one would
expect that the ¥ corona would appear larger in blue light, then, than
in the red. '

MENZEL: No one's ever measured anything like this.

LIFBENBERG: People do measure scattered sky light at times of eclipse,
Unfortunately, for example, the results of the 1963 and 1966 eclipses
are miles apart!

MENZEL: All I'm saying is that I think that the contribution from
the F corona has been preatly overestimated. And I think that all
the discussion this guestion has raised typifies the current lack of
urderstarding. .

LIEBENBERG: One further point is that even if you put your slit across
the moon you ought to see Fraunhofer spectrum still, because of scattering
in the earth's sky. So you may not be able to resolve the problem
immediately.

MENZEL: You can calculate that the earthshine 1s, I think, a considerably
smaller contribution than the F corona. Of course, I'd like to see the
spectrum of the corona done, too; especially, the spectrum of the outer
corona.

BAKER: Over what range? The maximum?

MENZEL: The maximum! Just need one of those nice lenses you desipn
that's complete flat from 12,000 to .... (Laughter).

HEMENWAY: Would Dr. Gebbie 1like to make a comment at this point?

GEBBIE: It does seem to me that 1f one poes into this new spectral
region that there is a definite possibllity one might somehow be able
to answer the question about the chromosphere that Dick was raising.
And let me say at this point, in agreeing with Dr. Menzel, that I don't
think Dick exeluded the possiblility of a spectral analysis in anything
he said. It's just simply that one wants to get both spatlal and
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spectral resolution. The amount of information intake 1s finite
and one is forced to apportion it spectrally and spatially. I
don't think he in any way excluded that posslbility.

MENZEL: Well, I wasn't really criticizing his proposal, I just sald
that I think that it isn't important for this particular vehicle.

GEBBIE: The only other thing I have to say about the possibilities
for far infrared and submillimeter observations 1s that there may

be some surprises. This is a point one can not afford to neglect.
No observations at all have been made in this region; and, after all,
sclence is a blt based on this: that we don't know exactly what
we're looking for. If the amount of observation goes up in the way
that the visible has since Newton, the surprises become fewer and
fewer unless one does go to a new spectral reglon.

MENZEL: I think you have completely convinced us that this should
be done from a high flying plane but outside eclipse. I think that
there may well be some very Interestine things come out of this,
but it should come out of knowledge that we gain outside of eclipse
first. '

GEBBIE: T completely apree that some work should be done outside
eclipse first.

HEMENWAY: Do you think that the operational costs for this project
would be justified by the spiral scan study and the coronal work
were they to amount to as much as ten million dollars?

BRANDT: Are you asking me that? The answer 1s, No.

MENZEL: I do, I say this because if this is going to be done at all;
that is, 1f the plane is going to be flown at all, T think that this
imowledge will have a tremendous bearing on solar physics in general.
Tt's related to the solar wind problem, to problems of Interest to
NASA and others, and so on.

BRANDT: I agree, but I still think the price is high. NASA could
put up nearly a whole 0SO for that.
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HEMENWAY: But, John, how do you feel about the fact that the plane
could be used for a whole serles of eclipses and that different ex-—
periments could be carried at the same time: Does this alter your
opinion?

BRANDT: No. Because the total cost is in the airplane and the fuel.

PASACHOFF: On the other hand, if the plane was not engaged in
carrying solar instruments it might simply be up flying for practice

that day.

BRANDT: Well if you want to look at it that way it's a different
problem. _

BADER: I think that is a good point. There are various reasons
why the planes might be flyineg at any given time. I think that the
whole costs should not be ascribed to the experinments. :

LTEBENBERG: I think the important point being overlooked is that
the performance of this plane for an eclipse is simply not yet
matched by a satellite, and particularly so for the far IR and good
pvhotoelectric photometry of this intermediate corona.

(There followed a near unintellligible exchange among several present
cancerning problems of coronaeraphs in satellites and balloons.
Liebenberg has reported that the exchange alluded to occulting disk
and aliemment difficulties, and local vehicle atmosphere problems,
in satellites. These problems, he added, have been solved in the
case of the natural eclipse. Fds.)
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JAY M, PASACHOFF

Harvard College Observatory

T would like to say first that I think it wouyld be a mistake
to make a ninety minute scan from a fast plane at a total eclipse
of the sun without devoting a major fraction of the time to a very
sensitive outer corcnal experiment. A couple of things: the
polarizations are very important, and I would also stress that the
rapld, extreme reduction in the background in the infrared means that
1t would be very important to get an infrared color in addition to
the normal colors. If we could get one at two microns thls would
give a factor of five in wavelength compared to the blue, and this
could be useful in diseriminating among theories. There is a third
method for disentangling, as you know, the F and K coronas, having
to do with the depths of the lines observed. So it would be very
important for this, and other reasons, to have a spectrograph taking,
spectra of the outer corona as far out as we can go ard with the
longest exposures we can make for this purpose. Then there 1s the
Blackwell gap. Those of you who have seen the paper recall that
there's a line here and a line there with a gap bétween about fifteen
and fifty solar radii, between the outer corona and the imner
zodiacal light, which still remains to be filled with observations
and we certainly ought to do it.

Now let me say & word about the outer corona itself, the so-
called F corona, which we've been saying let's strip off ard throw
away and see what's really around the sun., Let me Just point out
that what we are throwing away is itself a useful physical quantity,
the result of scattering of sunlight from particles malnly between
the orbits of Mercury and the earth. If we can get observations of
the polarizations at very widely separated wavelengths {(1f we are
using the spiral scan experiment, we can easlly get an infrared
photometer) then we can use these varlous differences to galn in-
formation about the scattering properties of these particles which
11l interplanetary space.

The infrared is something that comes to the minds of us all.
I imow that at our observatory Drs. Goldberg, Noyes, and Dupree have
been talking about getting spectra in the near infrared. This ties
in with some discussions I had some years age with Dr. Pollack and
Dr. Menzel about observing the transition zone at the 1965 eclipse.
The transition region ought to be about a couple of seconds of arc,
if you want to have the corona extending down to the tops of the
spicules. It is not satisfactory just to observe the transition zone
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with low spatial resolutlon; you want to find ocut what it actually
looks 1lke. Now there are various ions of Intermediate stages in
the transition zone, say FeVI and FeVITI, which are just not observed
because the volumne in the transition zone is too small. With the
capabilities of this experiment, with the long time for exposure and
the dark sky, we could perhaps observe some lines and get some in-
formation about this layer of the sun about which literally nothing
1s known. I mention that this is certalnly something that cught to
ba seriously consldered.

We have spoken about using, the moon as a shutter. I would also
point out an additional use of the moon as a knife edge. If we can
stay in the center of totality for a long time we can, of course, stay
at the edge. And, although "chromosphere" has become a nasty word in
this meeting--possibly because submiliimeter 1s getting into radlo
astronomy, and most people here are optical astronomers, and ne'er
the twain shall meet—there are a number of important things that can
be done about the chromosphere and about the fine structure of the
chromosphere with the unique capabilities of this experiment. If we
can observe the so—called flash spectrum for a while we can get greatly
improved height resolution. We can, for example, use a slit spectro-
grach 1f we 1ike and know exactly where we are and not have to worry
about the problems of integrating over slleces from the moon upward
that one always has to do with eclipse cbservations. One can take
time serles, because we can sit in the chromosphere for a long time.
And let me mention that i1f we can get ninety minutes of corcona and
compare that with the four minutes that Dr. Brandt sot at hls eclipse
(which sounds like a large ratic) let us remember that we get two or
four seconds of flash spectrum on the ground at each eclipse. With
proper gpulding we could get ninety minutes of flash spectra! This
is a remarkably exciting possibility. We could have problems in fine
structure with seeing, and I'm particuarly Interested in knowing
what the seeing will be right outside this plane. This will have to
do with the kinds of flow of air across the plane, whether we'll get
a lot of eddies, whether laminar flow will develop around our window
(we hope), and so forth, .

We have one other great advantage of being at this height in that
we can be above a lot of the scattering backeround and can get some
continuum observations of spicules and can observe some fainter lines
in spicules. In fact, very few lines have been observed in spicules—
perhaps fewer than a dozen, including those of only one ion, calcium
(strontium lines have been marginally "found" in some unpublished
results but no others). It seems that the spicules are certainly
linked to the magnetic fields, or are gulded by masmetic fields, and
1t would be very interesting to see just how the ions are moving in’
the spicules and are linked to the magnetic fields. All these things
are related to just seeing different elements in different ionization
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stages. We can see these new things only with this setup.

Lastly, we can make simultaneous observations over various
levels. That is, we could look at things over a wide dynami.c
range. We could use film like EXG's XR film with a dynamlc range
of a million, although there are then other problems with dig~
entangling what's going on. At the very least, we could take a
graded sequence with different kinds of f11m, perhaps different
- cameras, at least different exposures with short time pericds,
locking at the structure of the sun in one continuous swoop from
the spicules up through the lower corona to the upper corona. Ard
1f we could do this with a little bit of time resolution, taking a
time sequence, we could perhaps follow the entry of energy or matter
into the corona from the chromosphere. Thus perhaps we could follow
a disturbance coming up from the chromosphere into the corona and
see exactly how these reglons are dynamlcally linked. So some kind
of motion pictures over a wide dynamic range of these kinds of
phenomena could also be very useful. These are some things that I
think ought to be considered for some of the rest of the time that's
left after our coronal observations.

SCHMALBERGER: Do we have any comments on Jay's remarks?

MERCER: I have one I would really like to ask Dr. Baker. A lot of
people have expressed Interest in polarlzation, so I would like to
ask you: What are the polarization problems we would have with the
window? We would be looking anywhere from, say, zerc to thirty de-
grees off the normal. What problems would you envision owing to
heating and so forth?

BAKER: Well they may be rather severe because with heatihg; there
will be strains in the material. I think it could be a real problem.

MERCER: I have been thinking of polarization and ways to study this,
and T was thinking of using the nose sectlon. Some perscns have
asked: Could you have protrusions and openings? While we could never
allow a continuously open window, short duration openings to change
something around might be possible. Even if a shock wave forms during
the changeover, when you get through things must be flush again. This
may be possible but, on the other hand, there may be only a short time
interval that such a window 1n the nose 1is aimed in a preferential
direction.
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PASACHOFF: If you measure intensities, even intensities without
polarizations, and you are looking at something polarized through
a polarizing window, then you are going to have lower yalues of
intensity.

- BRANDT: I should think you would have less.

LIEBENBERG: Well, the other polnt 1s that during the eclipse you're
changing the angle by a sipnificant amount due to the bearing of the
sun with a heliostat inside that is pulding out the short-term
fluctuations, and that is introducing changes in your polarization,
as well. And if you are operating at these kind of angles, it loocks
like you are not only changing these angles but also you will be
working in a region in which these things are pretty sensitive,

BAKER: Well, maybe the characteristics of the window could be cali-
btrated against temperature and strain in some way. It may be also
that the window might best be made of homogenized Ultrasil, which
would give us the best change, I think, at least for polarization.

MERCER: T was considering possibly that something could be done in
the nose area this way, although you might not use a heliostat behind
it, because again we'd have all the problems Dr. Liebenberg brought
up concerning reflecting angle polarization problems,

DUNN: Coelostats may not be as bad as they used tvo be. In the preen,
for example, OCLI has this very, very high reflection coating now
which they claim has virtually no polarization even at high angles.

BAKER: Over what spectral range?

DUNN: This one was best at about 5,000A. It save out going into

the blue, unfortunately.

SCHMALBERGER: A point with regard to the XR film 1s that you get the
dynamic range all right but you do so at the expense of spectral cover-
age. That 1s, there are three density ranges in the film which give
you the latitude but these ranres are sensitive to different reglons
of the spectrum. So for continuum observations it will be valuable
but with a source radiating lines it may cause some problems of inter-
pretation.
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MENZEL: But I was told that that 1s not the case, and that the
f1lm itself does not have separate sensitivitles. I asked that
question and was told, "No", but I may have misundersteod; although,
I don't remember what the rest of the answer was.

BAKER: This would imply some photometric mcertainty in the pictures
you've taken.

PASACHOFF: Perhaps one-.could do better with a small battery of
cameras for different wavelengths.

MENZEL: Wouldn't there,be some way of callbrating this by allowing
your light to go through a beam splitter? You could measure both
beams and that way tell whether there is a- chanpe of polarization
or not.

BAKER: I think we could try semething llke that. And it had best
be tried quite early!

MERCFR: T've talked to people at the Visibility Laboratory in San
Dlero. They did an experiment where they were concerned with
scattering of light off a window, and this brings up another question:
What 1s the scattered light problem with that outer window? The same
problem occurred on thelr experiments in the Gemini program. They
measured the scattered light by photometrilcally viewing a light trap
through the window on the outside of the spacecraft. Another thing
we might ask is: How constant do you think it might be? Say you
made a measurement of the polarization--although I muess, 1t would
really be a study of the pradients across the window--and see edge
effects and how deep into the center of the window these things go.
Tests like that might tell us which times on the flight profile we'd
be locking through the most constant reglon of the glass. That time
might dictate the mission phases, so to speak.

BAKER: It isn't just the polarization elther! TIt's the variation
of the index of refraction; and thls varles with material, too.

BRANDT: Perhaps someone here knows the answer to this: Just what
is the expected polarization of the K corona at two solar radil?
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LIFBENEFR3: Well, polarlzatlon approaches rouphly one for the free
electron scattering component at large distances, ripght? What you're
really asking is: What is the fraction of the total continuous
spectrum that is scattered by the free electrons?

BRANDT: T think that is a useful rmumber to know; for, after all,
this 1s the number you're going to be shooting for when you ask
whether the glass is, say, order-of-magnitude the same or, e.g.,
a factor of ten less.

(2]

MENZEL: We have van der Hulst's calculations for the K corona in
Kulper's book. From there, the K corona goes up to 65% at 2 1/2
solar radii.

LIEBENBERG: I think that's very suspect, isn't 1t?

MENZEL: Well, of course, that's for the K corona alone; and van der
Hulst says it will be dropped about 27% due to the F corcna. I have
found, in general, that the corona shows higher polarization than he
predicts.

PASACHOFF: This 1s a seventeen year old datum—has it been updated?

MENZEL: No, I don't think so substantially. This is regarded as
if it came from Heaven.....{laughter). '

DUNN: Wasn't he at Harvard at that time.....(More laughter).

MENZEL: T don't know--1t says here words to the effect of:
Courtesy of photographs taken by R. Dunn at Harvard Observatoryf. S0
even 1f it did come from Heaven.....(More laughter).

BAKER: If you wish to get both high resolution and high efficiency
on your flash spectrum I think you are striving for something very
worthwhile; but some of the equipment problems may be formidable.

LIEBFNBERG: I think a point that might be made is that the guidance
for a slit spectrograph is required to be of the same order as the
resolution that you can produce by using the moon as a shutter.
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BAKER: T think the appropriate thing is to think in terms of a
moving f11m spectrograph.

MENZEL: I haven't devoted too much time to the chromosphere, because
the chromosphere is pretty thin and the pulding ....

PASACHOFF: But everything that goes out has to go through it!

MENZEL: Agreed, I'm slmply noting that as things open up one may
be swamped by even a little patch of photosphere.

MERCER: Well, of course, we can slide into the proper position, ard
with a2 minimal positional chanere, we could hold on some level very
accurately.

MENZEL: Of course, you've pot the problem here of the way in which
the moon covers the atmosphere. A mountain on the moon can make a
difference of two to three seconds in the actual time that the
flash would appear.

WEART: We know what the edme of the moon would look like for a
glven eclipse.

MENZEL: All ripht, but you can't go up there and shave it down to
make it smoother!

WEART: No, but you can deconvolve the influence of the lunar 1limb
after the fact,.

FPASACHOFF: 1T think that this exchange overlooks the solar atmos—
phere itself-—at least if one 1s interested in a replon as high as
6,000 km above the limb--for, then, the few seconds you might be off
are unimportant. ,

MERCER: Remember that we will know pretty well what the periphery
of the moon wlll loock llke In advance so that we can be careful to
choose a regsdion of maris rather than a mountainous area, at least
to the depree that that will be possible for any glven eclipse.
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We could arrange that a slit spectrograph look at a region above
a pretty flat area chosen in advance.

BAKER: Is 1t possible to join the two chines by a tube through the
central portion of the fuselage?

MERCER: That was one of the first things we looked at. The fuselage
exterds completely below the chines in cross section. We can des-
cribe this as a sort of oval for the main part of the fuselage with

the chines flared out on either side. The oval portion contains
fuel, and insulation material to separate it from the chines.

BAKER: What I'm really askine is: Can we put, say, a ten or twelve
inch diameter hole through the central area to get high dispersion
with less folding?

MERCER: Just to put a tube through would not sacrifice much fuel
so that this might be possible on future flights with the type air-
craft. At this stape it would be what 1s termed a "major modifi-
cation” but it is definitely something which we hoped for in the
future.

BAKER: Another point. There's a questlon in my mind of whether
or not 1t might be desirable to have a type of photography on the
corona which would be like a spectrohelicgram covering about three
derrees, maybe four. This way one could get, say, five, six, or
ten lines and simultanecusly build up images in selected coronal
emission lines.

PASACHOFF: With interference filters?
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RAKFR: No, done by spectrohellographic techniques but with wide
r1eld optics instead of the optics one is usually restricted to.

MENZEL: T think 1t would be interesting but I think I would glve
priority to the coronal spectrum. I'd 1like to get the spectrum with
some short, medium, and long exposures. I'd like to set spectra
showing the continuous part of the lrmer corona for a comparison
with the kind of distribution in the outer corona. That has never
been done. And it's quite important, because, theoretically at
least, there's a difference between the two.

VOICE: Of course, the line intensities fall off rapidly as you go out.

" DUNN: I took some pictures at, oh, just a half a radius or so, at
about 36A/mm,

MENZEL: What lines?

DUNN: Well, all we really mot were coronal continuum and scattered
1ight in the H and K lines, which also showed some absorption.
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RICHARD B. DUNN

AFCRL Sacramento Peak Observatory

"I want to stress the chromosphere problem again, a little big,
to glve you some 1dea what might be done there. This is a bit bold,
I guess, because as Gebble says when you get wrapped up 1n Dick
Thomas's problems you really get wrapped up.

This experiment goes back to the 1958 eclipse, then the Canary
Islands' eclipse in 1959, and then finally with success in 1962,
Basically we used two large spectrographs; although originally we
had three, with the third intended for line profiles. First I'll
talk penerally about the two spectrographs which were successful..
Here we were trying to measure integrated brightness above the limb
of the sun using what Jay called the knife-edge effect of the moon
moving across the sun. The characteristics of that system are glven
in Table 1, where I include some of the mmbers for the profile
spectrograph which, recall, was not used at the 1962 eclipse.

In the Integrated brightness experiment there were two cameras
you will note. There was a grating flip between exposures on alter-
nate cameras so that film was being transported in one camera while
being exposed in the other. This resulted in a height resolutlion
equivalent to time intervals of about three tenths of a second, with
about two tenths of a second exposures.

A point on the film size, too. It is pessimlistic, because we
actually had three exposures on each frame in order to cover the full
anticipated brightness range; but we only used the center one because
the cameras weren't quite fast enough to really burn In the second
and third exposures, although the second exposure did show lines like
H and K, and Hy quite nicely. Finally, the image sizes are elliptical
since we used some of Jack BEvans's optical techniques to compress the
image, This was done by coming onto the grating at one angle and
coming off at another. ‘

Now the speed of the eclipse is of the order 200 to 300 lm/sec,
So with three tenths of a second between exposures, we get something
like 60 to 80 km intervals for data points. Of course, we are
interested in the low chromosphere, which is all over in 500 km; and
in 1500 km or so you've gotten just about all the curve you're going
to get, so you can see that 1500 km divided by an average of, say,

75 km per point will give you something like twenty points,



Aperture
Focal ratio
Focal length
Dispersion

Resolutlion

Spectral Range

Exposure
Ht resolutlon

Film size
Image axes

TAELE 1

ECLIPSE SPECTROGRAPH DATA

Integrated

9 in
£/18
75 cm

6 mvA (UV camera)

80,000

UV 3500-7000 A
IR 3600-8800 A

0.22 sec
0.3 sec
6 in x 24 in
2 in (major)

0.66 in (minor)

Profile

12 In
£/12

200 cm
2-3 A/nm
250,000

4000-6000 A

0.5 sec
100 km
6 in x 24 in
2 in (major)

0.2 in (minor)
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Now I don't think there's any point to doing this experiment
arain from an alrplane. The wavelength region 1s perfectly acces-
sible from the ground. Menzel did it back in the thirties and it
was done at the 1952 ecllipse quite beautifully, with a lot of theses
coming cut of that one. The 1962 experiment was successful; the
data is coming out, and the Information 1s there. So 1 think one
would have to put moderately low welpht on this.

" The thing we were not successful with was the experiment for
the line profiles as a function of helpght. You see, in this one you
Just take a part of the sun, ard as the moon poes across the sun you
interrate over all above the exposure layer, This is the jumping
film technique. {Menzel's origlnal experiment used a moving plate,
and there's advantapes to using that, too.) You, then, have to take
thils curve of intesrated bripghtness versus time and put it in the
form of an Integrated briehtness versus height, and finally differ-
entiate this to get back to intensity versus helght; and then, pre-
sumably, you can draw your conclusions from that.

. WEART: What was the lateral scale in the lmape?

DUNN: Tt wasn't too bad. You see, this dimension--major axis of
monochromatic imare ellipse--was two Inches; and so, we felt that
we had a chance of seelne what, at that time, people were calllng
spicules. In other words, if you took a spectrogram with a small
coronograph and you pot these "blobs™, and you were pretty sure you
were well above the top of the chromosphere, you would resolve some
spicules, and that was one of the parameters we wanted--to be able
to cet down Into what one was calling splcules—-then.

VOICE: But you don't think vou saw them?

DUNN: Yes, I think we saw them—at least we saw what they were
then calline spicules. What I call splcules are the things that
you take on a nice ten or fifteen inch image, working off the slit
Jaws with the slit rleht in the spicule. This would be more cone-
vincing, but you're probably getting the same thing if you take the
eclipse and catch the moon when it is definitely at the top of the
chromosphere~-you're undoubtedly getting nothing but spicules there
after about 10,000 kms. They are just a 1ittle more smeared out
than one would like.

So that's the basic problem. HNow, if you want to extend this
to line profiles, then you've eot to get enourh dispersion to re~
solve the lines; and most of these lines in the low chromosphere are
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very narrow—on the order of a tenth of an Angstram— s0 we hoped
to do something with the helium lines which are somewhat wider.
We, therefore, designed a spectrograph with a system that had the
characteristics given in the secord colum of Table 1.

Here, Jack Evans ran the aperture up to twelve inches. In-
cldentally, all three of these instruments were fed by a single
sixteen inch mirror. The spectral resolution is based on the length
of the prating. The spectrograph lmage quality was not as good
owing to troubles with the correcting plate arnd other problems re-
lated to transmitting Schmidt optics. The free spectral range was
cut short of covering the full Balmer serdes because the Schmidt
wasn't wide-field enough; so it was aimed, then, at the wealth of
helium lines in about the 5,000A region. For this spectrograph,
the lmage was compressed in the ratio ten-to-one; and the idea here
was to mn the whole chromosphere through the slit and have it be
only twenty microns on the plate, you see, This 1s because 1it's
very difficult to suide anything well. You've got seeing worklng
against you on the ground even during the eclipse. The only way
you can really get the height resolution is to take the whole blob
in and then try to differentiate the curve. So we ran the entire
chromosphere through this slot about 0.2 mm wlde, and it was then
compressed by the ten-to-one factor to twenty microns on the final
image. In this way the whole chromosphere was supposed to be on
the same order of, or less than, the instrumental profile of the
spectrograph. Here, again, the number of points that you can hope
for 1s approximately—well, for 1500 kms—about fifteen points.

And you've pot to remember that you're going to differentiate this
thing later, so you need high accuracy to do this. Now, this ex-
periment, I would say, was unsuccessful. Tt was slow-—as I recall
we needed another factor two or three In speed-—and we didn't have
as many points as we really would have liked. You see, you could
pet another factor of almost two with the other spectrograph. You
didn't really have as much resoclution as you'd like to have 1n order
to get the tenth Angstrom lines, so that you were sort of llmited
to wider lines of, say, a half Angstrom wide. And this particular
spectrograph was very soft.

This instrument could be lmproved immensely for an airborme
version like you're talking about--only because of the long ob-
serving time involved. For instance, if you want to talk of a
ninety minute eclipse and say we're stretching a four minute one to
ninety minutes then we have a factor of something on the order of
twenty or so in time. Back here at 200 to 300 km/sec we went
through the whole region we are interested in in something like
fifteen to twenty seconds, including spilcules and everything. Up
here now, we could devote twenty times that to each limb so that
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now we're talking about 300 seconds. The only time that we really
need to run this thing durlng eclipse would be for this 300 se-
cornds unleas you want to re-start. 1If there is some way you could

- start the eclipse over and over again you could get more and more

pictures all the way through. But I'm not famlliar enough with the
relationship of the plane to the eclipse shadow, and so forth.

MERCER: We can weave back and forth across the chromosphere for,
say, several minutes, making several cuts back and forth through 1it.
This could be done very slowly, and one could almost set the rate
at which you slide over. :

DUNN: You'd have to know exactly where you are on this whole thing

because we are using the moon as a knife edpe to know what the helght

Is. So you have to know where you are in order for us to go back
and do that. I don't know but what, when you stretch an eclipse
that 1s four minutes long ard orlginally had fifteen or thirty se-
conds of chromosphere time, that it's simply scaled up to a longer
eclipse. I just suess we pet something like 300 seconds.

MERCER: You pet an advantage because, as I mentloned, you can stay
right on the edme sc that, in fact, when you match the speed of the
eclipse you can have, relatively, an infinity of time. You can get
a factor of at least a hundred in time on the chromosphere.

DUNN: On a ground based eclipse the problem is that if you have

a very long eclipse then the moon is very larpe with respect to the
sun and you only get a very short crescent. Is it possible to stay
for the whole ninety minutes on the cm'omsphere" (Facetiously.)
(Laughter. )

MERCER: No, 1t's not; but we could stay in the chromosphere for
about 60 minutes.

DUNN: Well, I don't know how many factors of ten I could get but
I assume we could get about 300 seconds. So, let's say I have that
factor of twenty, and of course if that could be 200 we'd be that
much better off. Then, 1f the aperture is about the same, one
could work up the following system for the 1970 eclipse:
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Aperture 12 in
Focal ratio /12
Resolution 500,000 max
Dispersion 0.5 to 1A
Exposure 1 to 5 sec
Ht resclutlon 10 km

Data points 150

We assume that the motion of the moon is only about ten to [ifteen
km/sec. Note that with the higher dispersion there would be a
factor of about two to four loss; and, also, that there 1s a factor
ten in the exposure. The ten kilometer heipght resolution then gives
us about 150 points in the 1500 lm. Of course if you could get more
time on it you could do even better.

Now there are two aspects of this. This is what I would call
a very sophisticated experiment to hang on an airplane and do right.
You'll met some pictures maybe but about half the work is calibration
and trying to see what you've got. The other thing one would have
to review on this is: What are the line profiles eoine to do for
vou? Back in 1958 people seemed to think they would help some;
nowadays, people who have been locking this over haven't been de-
mandine: Look, we've pot to have this thing done! So T think that
before one would enter this vou'd have to talk to peonle like Don,
here, Athay, ard Jefferies, and see what we're roing to met (especlally
in the light of the H and K profiles the latter are working on). Also,
you're still integrating over the line of .sight. A lot of these things
are optically thick, and there are a lot of blobs that you are inte-
srating over.

MENZEL: You also have relative motions with lots of Doppler shifts.

DUNN: Yes, I think that will all have to be reviewed. Now, I could
picture the instrument but it would not be a trivial job. You are
driven to an echelle richt off the bat because you want this high
dispersion. So you're soing to have to take a small part of the

1imb and use this echelle. You'll still need this compression to

ret the entire chromosphere into the thing. So I think you'll need
thirteen feet of ontics before vou get a reasonably sized image for
the avatlable area, You'll be workins with square plates or square
£11m; but vou'll be better off on film transvort since you won't have
to transport as fast, and so on. I really don't think it ought to
be the first experiment to go into an aircraft like this, and I think
it would all have to be reviewed from the sclentific aspect. But if
you want line profiles in the chromosphere it's the only way that I
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can think of for petting the height resclution at the same time
that you pet the larpe disperslon.

T did take a look at those vibration numbers. Take the 3 1/2
milliradians per second maximum, and assume a sign wave for 1t at
that particular freguency, and it does look llke you could make a
reasonable eircle for 1t but just barely. It's not as nice as the
990 because the 990 had a Dutch roll frequency of 0.2 sec™! which
is another factor of about ten that you could track better with,
you see. I realize, of course, that these are prelimlnary numbers.

- If one could make a recording such as Whittaker used to make on the

950, then you'd know exactly what you had to take out.

MFRCER: But the maximum is supposed to occur only about three
percent of the time.

DUNN: You can't tell from those numbers. What you need are three
strapped pyros and a recording coming off. With that you could tell
whether you could mulde thls way. You can't beat the torque motor

servos and things, which are just great, and you've pot that hellostat

to move around; but if you plot the open loop response versus fre-
quency, about the best that Whittaker and that group could do—and

= 40 db/dem.de

Opun Llw‘f

ain e 20 db/decade

< 30

F negquency (cbs)

that's about the best that I've seen—1s something like a twenty db
per decade slope at around thirty cycles. On the original hellostat
(the one in the 1965 eclipse), they actually came up with sixty db

which 1s a very tough one to stabilize; and so they back off on that
at the 1966 experiment and came down to forty db. Now the accuracy
with which you'll gulde is just proportional to this open loop gain
at the frequency that you are interested in. So if you have a lot
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of chaff up at thirty cycles you're not polnp to take 1t cut at
all. While the further you pet. down here the better you are.

For example, at 0.2 cycles T think Liebenberg had a gain of 200
there: so that he could take a 200 (arc) second peak-to-peak sine
wave and knock 1t down to one second, you see. But as you move
out in frequency you can't eet enourh gain, ard you find you have
a blg fight just to pet factors of two. Golng from 30 cycles to
60 cycles with a big heliostat mirror, even a ten or fifteen inch
one, 1s rough. So I think you can probably expect a curve 1like
this with about a 30 cycle crossover and a pain of about ten at

5 cycles. T sure wouldn't expect more than that.

LIEBENBERG: Dick, was the hellostat on the 990 anchored solldly
into the alreraft? '

MFRCER: I thought they were shock-mounted?

RADFR: Some of the experiments were shock-mounted but not because
of heliostats. The shock mountires were for interferometers and
things of that nature.

DUNN: You've pot to have something for syros to act against.

LIEBENBERG: Well, the auestion comes up when you begln to look at
the points at which you begin to tie a box into the alreraft.

MERCER: 1T think the key here 1s that 1f the gyros are stablilized
on the base of the hellostat which is inside the box it senses only
the changes 1t sees inslide the box. And if the box is itself 1so-
latine some of the alrcraft freauencies then the heliostat doesn't
have to work as hard. :

LIEBENBERG: 1In that case the ryros have only to work agalinst the
box. That may be sufficient 1f the box is massive enough.

DUNN: T think that before you get finished with this thing you're
goilng to have it bolted down solidly to the alrcraft. For exanple,
1f you work up this instrument to take up in a 990 and go through
only one landing!!! TIt's like taking your instrument and hitting
it with about the bilggest mallet you can buy. DNow don't get me
wrong—they never seem to get out of focus—I just don't under-
stand 1t (we had more trouble with the ground based one actually).
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You make it a part of the alrplane up to 9 g's and even thep you

“find yourself wordering how 1t held together, you see. I had

another, small spectrograph we flew in the 990; and although we
chipped a few optics we never seemed to go out of focus or ad-
Justment.

MERCER: Well the box can be strengthened for landings and takeoff's.

DUNN: I know—but this is another complication; ard when the chips
are down they'll want that thing bolted to the aircraft. That's
really what it comes to. On the high frequency vibration--I don't
imow., I imagine you'll have a ball trylng to stabllize a spectro-
graph like this. I think you've pot to do a lot of calculating and
a lot of experimenting, find the node points, etc. I think that the
very first thing you want to do if this thing 1s to run is to see
if the Air Force will fly a test run with some strapped gyros ard
get this sort of thing to see if you can get the vibration ocut. Amd
you might do this at your three tie points. If those chines are 1ift
elements I think you're liable to get quite a bit of motion out of
them. :

MERCER: Well they don't po out very far, and we won't be in outer-
most tips of them—we'll be tied to the roots pretty well. And they
get only about 15% lift out of them compared to what would be gotten
with just the oval fuselage,

DUNN: Well that's all I wanted to say about this. I don't think
there 1s any point to doing an old jumpine film experiment. I think
you could extend the line profile measurements significantly here
providing people like Jefferies, ard Don, and other people who have
worked on these things can show you that if they get line profiles
they can do something with them.
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SPENCER R. WEART

California Institute of Technolory

I'm all for a spectropraph, althoueh it may be that we should
think seriously about this as somethine for 1972. If I read the
pronosed schedule ripht we have about three months to a "eo-no go"
declsion, and then about eight months in which to rzet thines ready
for a trial on the airplane. Tt does seem a little tight, so I
would like to sureest one simple experiment that could be nut on.
T know 1f Thomas were still here he would say: lLet's decide on
what we want to see and thev try to build somethine to see 1t.

T would like to see the continuous intensitles in the chromo—
sphere and the photosphere; this could be done with filters and
photomultipliers. I ouwht to take just a minute to repeat some-
thing some of you already know; namely, why it is really valuable
to have these things.

Thomas mentioned vesterday this temperature minimum region
in the atmosphere. I think this region tends to be overloocked in
importance simply because rood data on 1t don't exist. Nevertheless,
this is the place where the spicules start and unguestionably this
i1s the place where important enerpy transactions are taking place.
So it would be very nice to know what the temperature, pressure,
etc. are In this repion. You have the temperature minimum from the
upper end of the photosnhere to about 500 ¥m and then a homoreneous
rerion out to 1,000 to 1,500 km, and the real inhomogeneities don't
start till vou ret above this layer. So that it's possible to do
something which only requires the assumption of spherical symmetry.
Of course another auestion that can be answered is: How homopeneous
1s 1t9 'That can be done by lookine at different points around the
sun.

The emission one zees in the continuum is a function of the
electron, nroton, and hydrogen denslties, non-LTE departure co-
efficlents, temperature (as a function of heieht), and wavelength.
Heient and waveleneth, of course, are the parameters that we put in.
For densities there exist theories; e.r. 1f it's hot enourh you can
say np equals ne. There exists a theory for the departure coeffi-
cients. So there remain only the two parameters, ne and Te, and
if I measure the intensity of radlation at two wavelengths 1 can
find them. That is, 1f T measure the continuum intensitles versus
heirht at two wavelengsths I can, in principle, extract the electron
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density and temperature as functions of height. While it is in
principle possible to do this at any two wavelengths 1t 1s in fact
done more easily by picking the best wavelengths—above and below
the Balmer continuum, say, as Thomas and Athey did in their book
for their model of the chromosphere, although above and below the
Paschen continuum might be a lot easler to do. Then if one could
get one more wavelength, say out in the infrared, this would provide
a check on the whole thing and, in particular, a check on the
proton density and the departure coefficients. So, in order to
establish a model for this part of the upper photosphere and chromo-
sphere, including both sides of the temperature minimum, all we need
1s contimum intensities in three wavelengths as functions of height.

It doesn't seem like a very hard thing to do. Let's assume
that we have available a telescope that could also feed another
experiment, Dr. Brandt's for example. All we need to do is to drop
a little mirrer down into the beam and work the image down into a
slit so we can get the integrated intensity. Then we would pass
thls through dichroic mirrors and onto three photomultipliers. Beam
splitters certainly exist now and, in fact, by 1970 we may be able
to get 1/UA solid Fabry-Perots. Photomultipliers and pulse height
analyzers are now available in very small boxes. And the only thing
whlch couldn't be ready to go next month, say, would be the things
behind the pulse height analyzers--the digitizers and dats recorders.
It's possible, however, that these problems are already solved be-
cause of the alrcraft's own problems of instrumentation. It may be
that this problem may be reduced to simply plugglng in to the right
medule. :

That is about all I'd care to say, but perhaps I should point
out why this experiment should be done by this plane. One would
like about five minutes of time and try for something iike a ten km
helght resolution, assuming we can find the positicn of the plane,
from ground telemetry or assuming the pillot has a black box of some
sort,

Consideration of the height of the plane comes in at two places
here. First, in the IR one can go to the 1.6 or 2.2 micron windows
without getting into too many problems with the alrplane window.

The second thing, which may not have occurred to you since we haven't
really thought seriously about the problem of obtaining ten km re-
solution from the ground, is the matter of the shadow bands. These
are the alternate light and dark bands seen moving along the ground
during an eclipse at frequencies up to at least thirty Hz. So if
you try to do it from the ground you simply have to know exactly
what the shadow bands are doing, and then take this extra slgnal

out of your data to know what the chromospheric intensities were
actually doing,
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MENZEL: It's impossible to take them out because they're just
not that regular.

WEART: Sometimes they are. At the Bollvian eclipse they were
as regular as a venetlan blind.

MENZEL: We're not talking about the same thing. These are like
the patterns at the bottom of a swimming pool on a sunny day. The
rays are semi-focused by patterns of denser or more rareflied air
passing over you.

WEART: There are some results, unpublished as yet (Faller and
Healy), which show that shadow bands are wavelength dependent so
they are not strictly density effects alone, there is ...,

MENZEL: Wavelengths may be involved all right.

WEART: In any event the point here is that since they are an
atmospheric effect we should be above that at 70,000 feet and we
don't have this problem. Why not a conventional plane, then?
Because you simply need this duration--you need five minutes.

SCHMALBERGER: Thank you Spencer. We are open for comments.

LIEBENBERG: I'd like to make several comments., One 1s, that in
order to know where you are looking at to within ten km you've got
to know not only where the plane 1s on the earth but also where the
moon is relative to the earth-sun line. And it's not clear to me
that one has that information coming directly out of the Naval Ob-
servatory, for example.

MERCER: The program I'm using right now for analysis of the speeds
and so forth uses the JPL positions of the earth and moon with
respect to the sun. I'm not famillar with all the details but in

any case these are being revised. However, these are the data I

am using for calculating these eliipses amd to get this 1imb work ....

BADER: It's not satisfactory.
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MERCER: Tt may not be.

WEART: We don't need exactly ten kilometers. We must have 100
kilometers and fifty would be very useful. This would glve us

about a half a scale helght. And, anyway, 100 kilometers with

five percent accuracy 1s better than anything we now have.

LIEBENBERG: The second point I want to make is that with regard

to these modules we've talked about I think you might be falling
into an error which was alluded to yesterday. In the chines, the
pressure is that of the amblent atmosphere at 70,000 feet; and 1
suggest that you won't find modules off the shelf providing high
voltages for your photomaltlplier tubes that you can take up to
these altitudes and have operate without arcing over. I don't think
you can bulld up the Instrument you're talking about in the trivial
length of time you might expect.

WEART: I'm evidently overemphasizing the triviality. As far as
the voltage program goes, it's chlefly the basic photomultiplier,
you would say? One could pot it.

LIEBENBERG: Yes, you can do that. But at the present time it's
done by each Individual and requires fairly careful heating to
assure zero leakage.

WEART: Oh, OK. I'm not really talking about buying them off the
shelf, I'm speaking with respect to the relative ease of these pro-
blems compared to other possible experiments.

MENZEL: I really can't see much advantapme to doing this on the
plane. In fact 1n the continuous spectrum the problem is to
separate the contribution of the chromosphere from that of the

corona, with the corona the dominating thing. So if you're wandering
in and out of the ....

WEART: 1I'm not proposing to met intoc the spicular chromosphere.
By the time you get up above about 1,000 to 1,500 kilometers all
you get is Thomson scattering and it's not temperature dependent,
anyway. I'm taiking about the very low chromosphere; and here the
chromospheric continuum is extremely bright, and you don't have to
worry about ...
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MENZEL: Are you talking about the continuum beyord the Balmer
1imt or beyond the Paschen 1imit? Because, in my opinion, it
is not as bright as you have indicated. I think the coronal
continuum, even at these low levels, ternds to dominate.

WEART: Even at the photosphere?
MENZEL: Of course not.

WEART: But this experiment is supposed to run from the photo-
sphere on out. I agree that there is a point where the coronal
contribution can be large, and it seems we disagree on where
this point is. In visible wavelengths, or at least in the
Paschen continuum, this point 1s pretty far out.

LIEBENBERG: It's not clear to me where we stand with work from
the groud with a large, say fifty foot, spectrograph.

DUNN: Do you mean what can we do to get 100 kilometers, let

alone ten, from the grourd? Well that's still a seventh of a
second of arc, and you're just not golng to do it. You Just can't
get this sort of resolution internally—even with a space vehicle.
You simply have to use the relationshlp of the sun to the moon.

WEART: Furthermore, remember that in trying to look at the temp-
erature minimum you have a tremendous scattered llght problem.

SCHMALBERGER: On the other hand, if you could get something signl-
ficantly urder 75 km resolution over an extended period this would
be quite an achievement.

WEART: Well, in conclusion, let me say that I think we all want

a spectrograph. And maybe this can't be built in eight months,

but we ought to start on something. If anyone can come up wlith
something simple that can get line profiles I'd really be delighted.
Especially if it can get absolute Intensities, too.

SCHMAIBFRGER: Next we have Dr. Baker. Jim?

(Liebenberg notes he has worked on profiles using an instrument
which could be built and tested in a relatively short time, Eds.)
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JAMES G. BAKER
Harvard College Observatory

I would say that we have quite a few practical problems with
this geometry, not the least of which, really, is overcoming the
temperature. As we discussed yesterday on the Littrow problem,
there is a possibility of using different materials. Offhand I'd
say that Heraeus homogenized Ultrasil, perhaps, would be a good
candidate for the first window, at least if we only put in one
window. If we had a double window, there's a possibility that we
could combine materials—of the inner window with respect to the
Heraeus quartz of the external window—in such a way as to maintain
a constant optical path through the two of them in spite of temper-
ature change. With the Heraeus quartz you have a dn/dT, where T
is the temperature, of something like 3 x 10~° per degree C. This
gets to be significant when we're talking about delta T's of,
maybe, 100 degrees or more. There are several optical glasses
that have negative dn/dT's so that it is possible to combine the
two if you can get adequate thermal susceptivity along with radi-
atlon, sharing the temperature gradient to achieve this total con-
stancy of optical path. Thus, one may get good optical resolution
through the window in spite of the difference in temperatures.

It would be nice to evacuate the equipment; but maybe this
isn't possible? But if at least ought to be considered. We're
not at very high pressure anyway, to be sure. But if you're talking
about a 26 foot total optical path and you're near walls that are
hot, it might be deslirable to evacuate. That would get rid of
some of the problems of the residual air. Or, perhaps in the absence
of that, you might possibly have a helium-filled instrument, although
this isn't as simple or trivial as it sounds. I've had a lot of
practical problems with trying to use helium. You either have to
have complete purity or do without; because helium that is mixed
with ordinary air takes a very long time to settle down, and you
simply can't have an instrumental atmosphere which isn't either
altogether helium or no helium. '

I think we're in really very fine shape with respect to mirrors,
at least. As most of you know, we have the Owens-Illinols Cer-vit
material which has perhaps some variation in quality but, in spite
of that, you can get mirrors which will maintain their optical shape
rellably over a wide range of temperatures. This 1is particularly
important with respect to maintaining focus under adverse conditions
of the alrcraft. We also have the Corning ULE material which is
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nearly as pood with respect to thermal expansion and, I think,
better with respect to homogeneity, surface quality, and surface
polishing. So, we should surely want to take a close look at
that. Beyord that, of course, we have the ordinary fused slllca
and the Heraeus quartz, which 1s apparently extremely good. The
shop people are also Introducing two types of titanium glass with
very low thermal expansions that will also be usable for mirrors.
So, I think that as far as our needs with mirrors are concerned
we're in excellent shape. We're limited, unfortunately, to this
10 inch diameter more or less but there are no problems whatever
in that size.

With respect to fitting the queer reometry of the chines, this
would probably take some work with the drawings in front of me.
With these I could see Just what we can put Into such queer spaces
in view of the tracking problem. I would like to mentlion that there
are a nurber of possibilities for getting direct imaglng, systems
that are very compact. With respect to Dr. Brandt's scannlng pro-
blems, the ordinary Cassegrain is compact enough. But 1f we wanted
to, we could also use an off-center, off-axis Cassegrain to clear
the pupil of an echelle secondary. This would be all right 1f we
had, say, a 10 inch aperture, at f/20. This would be very easy
for an off—center Cassegrain. Or, we can even use what is called
a Schiefsplegel, which is simply two on-axis mirrors that are
tilted in such a way as to cancel the astipmatlsm, so that you can
pive 1t a sharp stismatic polnt at least with a modest size pupil
around it. A 200 inch focal lenrth, for instance, could be gotten
into a space of less than 5 feet, without undue difficulty.

There are other ways of folding optics. I have, for instance,
a three-mirror system with an off—center correcting plate that has
a scamner covering an unusually large fleld. For example, you can
have a 10 inch f/20 system—which is hardly more than 50 inches long
and wnich will cover an 18 inch wide film—but 1t 1s a scanner.
Otherwise, you get a preat deal of stray light. And you have to
build up a picture by scarming techniques-~the film synchronized
with the motion of the hellostat mirror--in order to obtaln a
complete picture of the intensity variation near the sun. But
already, then, thils 1s about a 6 degree total field, about 12 solar
diameters more or less, when the sun is centered in the field of
view. So you could get a high resolution, long focal length scan
of that kind with such a system involving three mirrors.

There is another, smaller, three-mlrror system that might have
some utility for the outer corona. We're apain limited by the 10
inch aperture pretty badly, and so thls becomes practically a baby
instrurent. In principle, it could be as larre as 30 or U0 inches
in diameter, but where we are limited to 10 inches this three-mirror
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systen is only £/1. At f/1 it is a 10 inch focal length, and this
means you have a very small scale; but it's a high precision thing.
For' photographic purposes you could use finer grained materials.

It has a three degree coverage at f/1, so that you could consider
the possibility of using this wlith interference filters for a set
of solar diameter scans of different monochromatic lines, or you
could use it as a direct viewing camera without filters; or with
wide band filters for studying the outer coronal structure but, as

I say, only to [ solar diameters. This 1s a very compact little
instrument. If it's 10 inches 1n diameter, 1t's only about 7 inches
long., It starts out with a parabolold (P) with a sphere at its very

limit (S). It has a sinrle secondary mirror, and it has to have
some baffling. The focal plare lies at tie point F. In spite of
simplicity, it is exiremely highly corrected at f/1 on a flat sur-
face so that by calculation it can be as large as 30 inches in
diameter and still be diffraction limited at /1. It will recsolve,
say, 1200 or more line palrs per mm ...

LIEBENBERG: Fifty inches diameter did you say?

BAKER: Yes, but not for this project. It could be as large as

50 inches, but here it's i0 inches. I'm just saying that in prin-
ciple it 1s a highly corrected system. What you would have to do
would be to thread film; and, in this case of the 10 inch, it would
be only about 16 mm film because of the small scale. That's already
sufficiently narrow to go ahead with the film right on across the
aperture without losing too much 1ight. You can also have the film
go through the fins which hold the focal surface edgewise, over 45
depree rollers, over the image surface, and then over 45 degree
rollers again to go cut the other fin. You would have your spools
on the outside and could take hundreds of pictures with this f/1
system. With some loss of light, there is also a possibility of
putting a filter in this region behind the primary, but T think it
1s really quite inefficeint to do so.
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SCHMALBERGER: What is the field of this system, agaln?
BAKFR: This is three degrees at /1.
DUNN: Could you draw the optical path; what's the sphere for?

BAKER: Tt's a Cassegrain. "he light after the secondary 1s

fairly collimated, and if there's room at all for a filter there
you'd want an annular type of illumination. You can work with an
interference filter in this parallel beam. Mathematlcally, the
field is larger than 3 deprees, but the baffling problem of keeplng
stray light off the film limits it to 3 deprees. That's all that
can be recommerded; but here we have seven solar diameters, arnd
that really isn't so bad. This camera in a 10 inch is not very
spectacular; as a 30 inch it would be, of course. But you can't
use more than 10 inches here., On the other hand, you could tuck
this off into a corner, it's so tiny. It could be completely
automatically operated, of course. With time exposures, it glves
a very faint form of backgrourd and, of course, you don't need to
center it on the sun. You could also move it around. You wouldn't
need to feed this with a flat. It's so small that you could direct
it through a window. Tf made of Cer-vit or ULE, of course, the
focus would be highly stable. And you slmply could direct it
around the whole eclinse repion, three depgrees at a time, covering
almost everything with this very wide vision photographlcally.

SCHMALBERGER: Have you built one of them?

BAKFR: No, I've calculated a number of different applications and
I've been toying with the ldea of having cne buillt for high re-
solution photopraphy because with very finely grained film it
should be able to do 500 to 600 line pailrs per millimeter photo-
graphy in spite of the small field. For solar work, I mention 1t
here as a fact tmat 1t can be done. It's not an easy thing to make
this parabolold because it's f/0.7. But there are automatic machines
available for making paraboloids, and with good testing methods,
coating procedures, and pood opticians, I think that it could be
managed. We counted on getting 1C0 lines per mm without undue
difficulty. Well, anyway, it's a possibility.

For large scale photography-—if I stay off spectrographs, be-
cause we have already covered it, and it might require mich more
study, anyway, because of the pgometry——it is possible now to bulld
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an apochromatic objective, but perhaps one shouldn't tie down such
an expensive airplane with direct large scale photography when it
takes up all the room. But I just mention it as belng possible
that you can now obtain glasses, certainly in 10 inch diameter,
which will give wide fleld, so-called apochromatic results. You
can have a 200 inch focal leng;th extending from 3500 to 4500 A in
one section diffraction limited. You can have another such lens
from, say, 4500 to 8000 A, diffraction limited, which means that
with a 10 inch aperture that you could count on getting something
around a half second of arc which, however, 1s in cross product with
the vibration problems and with the exposure time. I mentioned to
Dick Thomas at lunch yesterday before 1 knew that we were limited
to 10 inches, that with a thousardth of a second exposure and a 30
inch aperture, and with everything completely optimized with the
best techniques available, that it is possible to get below 1/3
second of arc and, perhaps, to toy with 1/5 second. You can see

we are far from that here, however, because we are restricted from
30 down to 10 inches and something more than a thousandth of a
second. Perhaps we can use that but we won't have enough quanta,
enough light intensity. So we are probably restricted to things on
the order of a hundredth of a second or slower with work where
resolution 1s concerned. This means, perhaps, that we would be
lucky to get something around a second of arc in actual practice.

I didn't pet to tell Dick that 1t wasn't as pood as I told him
earlier before he left. We have these practical problems, of course.

One other, minor, point. It 1s possible to choose optical
glass in some cases that could be athermal with respect to focus,
quite apart from mirror systems that you have, in your refractive
elements. According to the application, it might be possible to
design simple elements with the proper glass so that we will not
change focus when the temperature changes. This might be important;
for you have no control inside the aircraft with some thermal gradients.

I think this is about all that I want to comment on other than
saying, again, that it wlll require lmowlng exactly what the geo-
metry of the space 1s and what the actual targets are for the
sclentific problems in order for one to come up with some recommended
systems involving these principles.’

OERTEL: What might be the time scale for doing something like that?

BAKER: I'm not so much worried that 1t can't be done quickly as to
think that the people who can do it are tied up with other equally
important projects. The experimental equipments would not be limited
by the time it takes to construct them, but more by the avallability



of personnel ard priority of the work versus present projects at

three or four different, large companies. So, that's the problem.
Where it's in conflict with some classified work, you never really

know how the prlorities are going to come out. But of itself, I
think if it were simply one problem without conflict, 1t could be

done by several different groups in a matter of a few months, I'm -
sure. .
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MICHEL BADER

NASA Ames Research Center

These will be comments about what the NASA CV-990 might do,
rather then a contribution to the llst of posslible solar physics
experimental studles. Don Llebenberg felt that a few words about
what the 990 is likely to do may be useful for comparison so I'll
just put a few figures on the board. The 990 operates at a maxi-
muen altitude of 40,000 ft. and that in itself is an important
figure. Totality on the pround is 208 seconds. For this parti-
cular eclipse, the 990 happens to have the wilndows cut on the
wrong slde; so, instead of Increasing totality, we will diminish
totality. Preliminary calculations show that on the 990 we would
pet 165 seconds.

I have a few numbers here which are about to be published in
the Journal of Meteorological Research. These refer to overhead
water vapor content in microns of precipltable overhead water
vapor at various altitudes. And for comparison purposes I've dug
up a few related figures. At Mt. Wilson on a mood day you have
something like 7,000 microns; and at the Catalina Observatory in
Arizeona, T was quoted a figure of 750. At 30,000 feet we're down
to 80 microns. On the days that we were taking data, the tropopause
was in the general region of 36,000 to 38,000 feet. For these con-
ditions we found that at 4G,000 feet we were down to 8 microns
overhead water. We also operated the Lear Jet which is capable
of golng to 50,000 feet, so we have a little more data, At
45,000 feet, we had something like 2.5 microns; and at 50,000 feet
the data becomes a little less precise but it's somewhat between
1.5 and 2.5 microns of overhead water.

LIEBENBERG: How does that agree with the Canadians?

BADER: I don't know. I'm not familiar with their data. But I
might say that we have three different methods of measuring this
and that they all agree within something like 10% to 15%. The
three methods were these: Filrst, looking at spectra of the moon
in the region between 1 and 3 microns; the moon has no water at-
mosphere, so that the spectral features seen are due to telluric
water vapor. The second method was to look at the sky temperature
in the 6 to 7 micron band of water. 'The third method was to
measure the sky temperature around one millimeter. And those three
methods interestingly enough all agree. The sky temperature type
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of measurements at the 6.3 micron band are such that you can
extrapolate and get agreement with the flgures that were gotten
from the Lear Jet around one millimeter. I don't know about the
Canadian data. I would like to get a reference, 1f you have one.

Other figures that might be of interest on the 990 are that
the amount of space avallable is about 80 feet long and the fuse-
iage is 11.5 feet in diameter. We don't have any specific ex-
periments in mind for the 1970 eclipse, yet. We normally carry
about ten experiments, depending on the size and weight of the
group of experiments, So this 1s open for anything you propose.

VOICE: Since you are on the other side of the alrcraft, how does
this affect your windows? Could you take that many for this
eclipse?

BADER: We're flying the other way.
VOICE: ©h, that's right.

BADER: I'm quite convinced that we wouldn't get funding to cut
windows on the other side of the airplane.

VOICE: You can't fly upside down? (lLaughter.)

MERCER: No, the engines fall off at a 45° barnk angle on this
airplane. It just wasn't stressed for it.

BADER: If we were able to fly the right way—this 1s a fictitious
fipure—but if we were able to fly the ripht way, I have calculated
that we would get 336 secords. But we just can't fly that way.

DUNN: If you had the money, could you get the wlindows put in by
eclipse time?

BADER: Yes, there's enough time to get it done,

DUNN: Does it affect the other projects?
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BADER: We have an extremely busy schedule, so, 1t would have to

be worth the priority. But one reason why people would not ook very
favorably on cutting additional windows on the other side, is that
we are about to modify the alrplane to take a 36 inch telescope,

S0, people Just don't want to put any money into modifications that
will be useless after the 36 inch goes in.

DUNN: Is that true in terms of future eclipses, Mike? Or do you
think the 36 inch will take up so much space that ....

BADER: Well, the 36 inch will be just ahead of the wing and will
only take up about one-third of the room, but it takes about two-
thirds of the available payload weight. The welght of this instal-
lation, including aircraft modifications and so forth, is going to
be on the order of 10,000 pourds. _

LIEBENBERG: Is that with or without instrumentation?

BADER: That's the whole thing. The aircraft modifications, the
telescope with its own stabilization, and allowing for 400 pourds
Oof experiments.

PASACHOFF: That still leaves 5,000 pounds, which is more than we're
asking for this whole other plane.

BADER: That's right. It does leave about 5,000 pounds, but with

a 15,000 pound payload, you begin to cut into the range of the
airplane. There 1s another problem. The 36 inch telescope is going
to be positioned approximately centrally, so that non-telescope
related experiments are going to be using space starting about the
center of the airplane and going on back. Ard, the farther back you
g0, the more the airplane shakes and vibrates and wobbles. The aft
pgsitions, though acceptable, present additional stabilization pro-
blems.

DUNN: Would you use the 36 inch on the eclipse?

BADER: After the 1970 eclipse, conceivably.



DUNN: Then it seems to me that you have to {aKe into consideration
all these calculations of how rmzny right-handed eclipses. Wnich
side 1s 1t set up for?

BADER: The 36 inch?
LUNN: Yes.

BADER: We are planning the 36 inch to look out the left side of
the airplane. However, we foresee the possibility of making it
ambidextrous. It's going to cost a few hundred thousand dollars
more to get the 26 inch to look out both sides bu“ we think we see
a way of doing this. The proposals as they now stand have the
telescope somewhat off center, but in at least one of the proposals
it is only 10 inches off center.

DUNN: It would make an extremely powerful eclipse instrurent to
have the 36 inches. I think it would be a shane not to make it

50 that you could elther reverse it, or so that it wil: work on

the next ten years of eclipses. Because taking a 36 inch tele-

sccpe to an eclipse even on the pround is formidable, you see.

BADEF: Another problem is the elevation range obtainable. The
aerorautical englneers and others keep telling me that you need
some structure to keep the alrplane together. The way we are
looking at 1t now, the elevatlon rance would be 35 to 75 degrees,
which is sulted for most astronomlcal objects. But, of course,
we are ten degrees short of that 85 derree elevation for the 1973
eclipse. Still, that's not too bad. If you are willing to lose
a little totality, you can catch it at the lower elevation part
of the eclipse path.

One other thing I wish to mention relates more directly to
this high altitude SR-71 alrplane. In addition to the 990, the
Aines Research Center is using a Lear Jet for astronomy, partly
because it can fly up to 50,000 feet; and anctherreason is that
it's much less expensive to operate. We are set up right now,
working with Frank Low from Rice University, with a 12 inch tele-
scope looking through an open port, observing in the sub-millimeter
region. This is, of course, quite interesting. It's very similar
to what could be done presumably in the future with the SR-T1.
Frank Low will start around 20 microns and go up to 1 millimeter.
He wants to do a general sky survey to find out just where the

u8
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infrared spots are in the sky. More particularly, he wants to look
at Saturn and Jupiter (which are obviously of interest, especially
around 20-25 microns), the galactic center, Eta Carina, the Orion
nebula, and the Crab nebula

All these things could also be done from this higher altitude
airplane, the SR-T1l, only presumbly even better. From the ground
to 30,000 feet, you get about a factor of 10 decrease In overhead
water vapor; then, polng across the tropopause gives you another
factor of 10, and from there to 45,000 or 50,000 feet another factor
of 2 or 3. With the SR-T1l, we're talking about an extra 20,000 to
30,000 feet, and maybe you get another factor of 10 improvement.

DUNN: Could you make any comments at all, Mike, on what the cost
per flight is on both these aircraft, the 990 and the Lear Jet?

BADER: Yes, The 990 costs about $2,500 per flight hour. The Lear
Jet is a factor of 10 less, $250 per flight hour.

DUNN: So there's Just no comparison between them.

BADER: Well, the éomparison 1s that you can put ten experiments on
the 990 but only one experiment on the Lear Jet. So the cost per
experiment 1s the same.

DUNN: There's no comparison to the SR-71.

BADER: ©Oh, no!

MERCER: As a matter of fact, I've been quoted prices on this. The
Air Force quotes prices on what they say it costs them to operate
this airplane as $25,000 per flight. So it's another factor of 10
above the 990,

SCHMALBERGER: That seems to bring the comments on Mike's talk to
an end, and I think we would all appreciate a short break.



SCHMALBERGFR: I think we're all together now and Mike Bader
has a comment he'd llke to append to his talk. I, perhaps,
interrupted, and he didn't get a chance to make 1it.

BADER: No, I was going to mention it but forgot. These are
the figures on the stability of the 990: ‘

Pericod Roll Pitch Yaw
(sec) (arendn) (arcmin) (arcmin)

5 +12 +3 +6

100 +i2 +6 +12

I would like to say, also, that we have available for loan to any
experimenters (on a first-come-first-served-basls, essentially)
three gyro-stabllized mirrors, and those mirrors will glve us
better than 10 arcseconds stability in this kind of environment.
And, this is 10 arcseconds almost indefinitely. For short ex-
posures you can do better; maybe 3 to 5 arcseconds under some
conditions. The size of our window (12 x 14 inches) and the size
of the mirrors are such that you can accommodate a 10-to-12 inch
telescope without vignetting. We also have access to a couple of
other heliostats that are a little bit smaller and would only
accommodate an 8 inch telescope. Of these other two, one belongs
to the Air Force, Ken Kissel at Wright-Patterson; the other one
belongs to Douglas Alreraft. We are able to borrow those. 1
thought of this because somebody asked me the question, "What is
the cost of putting an experiment on board?" We do have other
equipment available on loan, such as stands and mounting brackets.
A stard that will take the hellostat and the experimenter's tele-
scope might cost one to two thousand dollars by the time it is
stress analyzed, but here it 1s aiready avallable.

BAKER: What window temperatures do you find at that altitude on
the 9907 Are the windows heated?

BADER: The windows are cold. The bourdary layer really doesn't
heat them up very much. The outside air temperature is -50°C, and
the window may be a little warmer than that. Actually, we blow
some warm dry alr on the inside to prevent condensation from the
cabin air.

100
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BAKER: TIt's below the compartment temperature, then?

BADER: Yes, that's right. We bleed air from the air conditioner
onto the windows, and keep them free of cabin molsture condensation.

BAKER: How much trouble do you have with turbulence when you do
that? Do you detect any problems?

BADER: We haven't been bothered by it.

DUNN: Anyway, you don't have any air pollution problems up there.
(Laughter) '

BAKER: Turbulence can be a problem. If you test it in the laboratory,
it scares you.

BADER: Using these heliostats we've taken pictures with resolutions
in the 1 to 3 secords of arc range. So the boundary layer and the
turbulence in the past have not bothered us down to about 2 to 3
seconds of arc. And, we're going to try for better. We don't know
for sure how much better we can do.

BAKER: You could use double windows with circulation between them,
I suppose.

BADER: It could be dene.
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A. NEAL DE GASTOH

Bellcomm, Inc.

T've had a chance to sit back here, and hear everybody else's
comments. Perhaps 1 have an unfair advantage in talking for the
experiment that I have in mind. But as the talks progressed. I
fourid that, in general, it seems that my experiment could take ad-
vantage of this unique method of eclipse observation.

If we take a look at an externally occulted photograph we
note that the further away we put the occulting, disk, the smaller
the angle subtended by the objective lens of the disk becomes. Now ,
the moon is 230,000 miles or so away from us, and so it makes the
angle very small, and it will be a long time before the state-of-
the-art arrives when we're in the position of building this kind of
coronagraph. So by staying on the edpe of the shadow, we can use
this flight to see in a reglon, where we can observe down into the
chromosphere for long periods of time, as has been polinted out, many
orders of magnitude longer than 1is possible on the ground. So, it
must be done at an eclipse to pet the 100 km or better resclution
at the sun, which is possible with this 100 foot positlonal accuracy,
provided this JPL matrix works out right.

Some of the other experiments that are suggested, for instance
looking at the corona, could be done from inside the shadow. From
the middle of the shadow, in fact, you're still going to see down
to at least 0.3 of a solar radius above the limb of the sun. Further-
more, the argument of there being less scattering from the sky by
using an airplane such as this to look at the corona is made even
better if one uses a satellite. I haven't been talking to people
to get exactly what the cost of launching is but I understand it 1s
approximately 15 milliion dollars for an 080 launching, including
the launching, the experiment package, and all that goes with 1t.
Just what the launch may cost, I can't remember—what ATET pald to
put up COMSAT and TELSTAR satellites. But it seems to me the figure
is around $2 million. We're comparine this with about $7 million
as the cost to the Air Force. So these things can be done in space
with better avoidance of scattering and comparable cost, and
apparently Gordon Newkirk has aiready bepun this on the 0OSO pro-
gram. Certainly excellent data 1s expected from the Apollo Telescope
Mount program. So the necessity for an eclipse 1s not a unique
requirement for looking at these regions of the corona.
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As for heipht, one can look to the 990 to achieve 40,000 feet
in elevation and compare this with 60,000 to 70,000 which would glve
a person the opportunity, 1f the windows were on the right slde
anyway, of up to maybe 4 minutes during the eclipse, Several channels
would considerably increase the time. However, since the order-of-
magnitude increase for locking at the lower layers of the chromosphere
and, say, the reversing layer 1s such a higher order of magnitude,
it would require that many more--some order of magnitude-—-number of
channels to do this type of work on the lower chromosphere. '

What I'm proposing then is that we cash in on the uniqueness
of a plane that can stay with the shadow and fly at this high an
altitude. That 1s, we have to take advantage of the fact that we do
need the eclipse to do chromosphere work, and second of all, we will
be able to get a reasonable amount of tlme—15 minutes or so out of
the 90 minutes. Twenty minutes is fantastic compared to anything
else which is possible. And, in the words of the first speaker, Dr.
Thomas, we ought to see if we can't satlsfy some theoretical questicn
or questions in doing this.

I have one that I'd lilke to propose. It has already been stated
that one may possibly obtain llne profiles stepped up through the
chromosphere. Dick Dunn has made this argument, or asked the question,
"Maybe people aren't really that interested in these lines anymore?"
Scme work that I did on my doctoral thesis gives me another reason
I'd 1llke to look at chromospheric lines. If we go back to the time
that Adams was at Mt. Wilson Observatory, and Hale also, Adams wrote
a paper in which he and Hale inspected some of the plates that they
had at Mt. Wilson. They had observed the lines of the reversing layer,
and had other plates that they had taken with the spectrograph of
the chromospheric hydrogen lines (H,, Hg, ard HT) and they compared
these. They pot Doppler shifts, and compared one 1limb with the other.
This could be redone on this high flylng experiment. They found out
that the chromosphere was apparently rotating at 0.14 km/sec faster
than the reversing layer which indicates, then, that there is a differ-
ential rotation. In fact, as high as one could po above the surface
of the sun apparently, in the direction of rotation the velocity of
the chromosphere was greater than that of the reversing layer.

Despite the fact that some of us might hold other beliefs or
prejudices to the opposite, if we examine some of the other evidence
in the chromosphere, it leads us to say, "Well, this certainly seems
to provide a pood explanation for these phenomena". For instance,
there's an 8 degree mean lean in the direction of rotation of the
filaments. One explanation of the east-west asymmetry in sunspot
occurrence is that they're tilted in the direction of rotation so
that as they come up over the east limb, they glve us an apparently
larger diameter; that is, they are more face-on to us, according to
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the cosine law, than when they o over the west 1imb,  ‘This can
be explalned by the fact that the layers of the photosphere at
the top are moving forward faster than if they were in the, say,
root of the magnetic field, i.e., the spot its marmetic fleld is
tied into. So that there's a shear exerted on the spot which
causes a tilt. If this were the case, one would expect to tilt
the spot so far, and then the marmetic tension would resist further
tilt, and it turns out that the recurrent spot tends to reach
about a maximum of 7.6 deprees. Also, older spots seem to have
a slower rotation rate than newer spots. The rewer spot would
- still be moving more with tne surface of the photosphere., S0,

we have this spectroscople evidence. We have the fact that the
filaments lean, the sunspots tilt, the filament rotation rate,
according to the d'Azambujas, is greater than that of the sunspots
as determined by Newton and Nunn, and one can argue that the
differernce 1s in the proper motions of the filaments and spots.
The difference does show, however, that even with the careful
work and within the limits put on their results, the filaments
did come out rotating faster.

What could be done then, or what I'm proposing, is to stuay
lines. Dick Dunn has emphasized that the wider the lines; the
less elaborate the spectrograph has to be to set the resolution.
One can step up throurh the chromosphere nesr one side of the
equator, on a path, say, iike Bob has drawn in hls eclipse shaaows.
I would like tc get a little bit above and below the equator on
both sides. As one steps up through here at some point, maybe
100 km intervals, one can not only ret at the line profiles, tut
by comparing the shift at one limb with that at the other limb,
we can also determine what the rotation rate is—from the reversing
layer right up throuch tne chnromosphere. 'This would be deflnite
spectroscopic evidence on the rotation rate of the sun at these
latitudes. Then we would not nave to continually rely on statis-
tical derivations done by observing spots and filaments. We
actually would have tiea it down; not only meriaionally, tut also
with height. This 1s the type of experiment I am proposing.

Some of the technlcal problems are, "How do we want to
measure that 0,14 km/sec?". I firured, well, a good way to get
a handle on that would be to measure to .01 km/sec. This requires -
a dispersion of about .C3 A or better. I was thinking of some-
thing like the hvdroeen lines, and that seemed to give me a fine
spectroscopist's desifn figure--a resolving power of about 1,000,000,
If it appears that we can do something with a resolving power of
about 500,000, it might give something to us. We won't need to
worry about a polarization problem in this due to the window, and
it doesn't seem as if the vibration should be too much of a pro-~
blem in this unless the exposurs tums out to be fairly long.
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Dick burn's spectrograph seems like it's already derigned to pretty
much accomplish this. This sort of equipment is avallable. It might
be expensive; cost about $100,000 to $200,000.

Before concluding, I want to bring out one other thing. While
one 1s on the 1limb, this light path would allow for other experiments.
There's certainly room for others to be done., Ferhaps there's a way
the 1light path could be shared wlth somebody else--certainly the
aperture could-and one could have a mirror or something to shift the
window from one experiment to the other. It would seem that we would
want several experiments on a flight like this to Justify the expense
of it. So then, in conclusion, I would say that the unique advantage
that the flight could capitalize on is the fact that you have an eclipse
arnd you're able to travel with it. Second of all, 1t appears to be
technically feasible; and third, it will serve to answer certain
theoretical considerations arxd provide valuable data for future

" reference.

LEEENBERG I assume it has been quite recently possible to pick off
hunks of the upper chramosphere.

DE GASTON: I haven't heard of anything stepped up through the chromo-
sphere. For instance, the reversing layer didn't seem to ....

LIEBENBERG: With splcuies you cught to be avle to use spicules on one
slde or the other of the average.

DE GASTON: If you're up In spicule area, then you're liable to pet

- quite a broad line.

PASACHOFF: One should look at rare earth lines of which a number are
visible in scientific photographic spectra taken outside of eclipse.
They are very narrow li-cs.

DE GASTON: Are you able to get this within 100 or so km?

MENZEL: Let me say that the Adams and Hale height scale was based on
Mitchell's chromespheric heights and is absolutely meaningless. The
second thing is that the data were statistical. There was a good
chance for systematic error, and I long ago was familliar with it., I
remember having gone through this 40 years ago, and more or less dis-
missing it as not being a real phenomenon.
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LIEBENBERG: This would seem to be an experiment that could be
tested on the ground, for example at Kitt Peak.

MENZFL: I think that the large solar telescope at Kitt Peak 1is
perfectly adequate to at least test this and see what the order of
magnitudes are.

LIEBENBERG: One ought to examine the limits, at least, that you
could carry the experiment to by doing some of thls from the ground.

DE GASTON: In principle, I agree; bubt that's what Hale did, or
rather, I should say that he wrote up what Adams did at that time.
It could be tested to see if we come out wich the same result, But
this flight would do it right; and do the hicher requirement to get
the line profiles, just as before, locating the reversing layer.

LIEBENBERG: It falls under the category of experiments that are
‘nice to do from the airplane; but it is, perhaps, something for
which the information could be gathered in other ways.

DE GASTON: Well, though, the seeing resolution on the grournd 1s at
best, say from Kitt Peak, about 1.5 arcsecorxs.

SCHMALBERGER: Ch, you can get 1t better than that.

PASACHOFF: You can get it, 1f you wait to pet it. Dr. Dunn is the
expert on specific numbers, but one would think that 1f you sit
around and wait for long enough, you could get it at a fractlon of
the cost of the airplane.

SCHMALBERGER: As a matter of fact, at Kitt Peak, Keith Pierce has
been getting chromospheric plates in a continuing program that's been
running for, I would guess, about 5 years now. Perhaps, one could
lock at these, particularly for the rare earth lines around H and K,

PASACHOFF: Canfleld has just completed a study of Cerium II. 'His
thesis was for Boulder,
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SCHMALBERCER: Actually some of yow data might be availlable already.
You ¢an check and see. o

LIEBENBERG: At Kltt Peak you pet 1esolving powers of up to 1,000,C00.
So maybe you can do ihis esperiment on the grourd.

SCHMALBERGER: Well, st least one can get a preliminary estimate of
what the observable <ifects might be.

MENZEL: I think what 1s really indicated here, with the new kinds
of spectrosccplc enulpment, 13 to repeat the type of spectra that
Hale took with ruch inferdor eguaipment miny, many years ago, and
in doing so, seein, now whetiicr the effect really still persists.
I'd be willing to bet that it coesn't.

LE GASTON: I'm willing %¢ cioange my mind on it.
VOICE: One cculd go back to Hale's firs% plates and try to measure it.

DUNN: TI'd like to do it om ry plates. Just to keep the record
straight, the eclipse spertrograph wus pretty much a disaster, the
one that did line profiles. 1 thouzht sonecne asked me how much -
money it would cost to do a spectrorenh that might be airborne,
and I would have guessed $200,000. Nowadays, it might cost more
than that. -

BADTR: Only about & factor c¢f two ve four. (Laughter)

MFNZEL: There's cae further point to theze chrorospheric detectors.
I've worked so much with the chromocphire that I'm going to try to
project myself on this plane and see what is essentially a slowed-
down picture of the sun poing into 2n eclipse. And, I don't see
the tremerdous advantage of 1it, except the-—-pa-haps, the improved
sesing. The helght resolution aoesn't cyem to me to be very nuch
greater because of the tremerious irrepularities on the moon itself.
Ard, T don't think you know whare you are that accurately.

DE GASTON: Well, if you know where the plane is within 100 feet,
especlally on the smothest part of the maria, we've got enough,
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MENZEL: I'm sorry. I've never seen the smooth part of a mare.
It's always rough and rugged. ‘

WEART: Two points. First, the moon's 1limb can really occult the
sun with at least 100 km accuracy because the convolution integral
can be evaluated. The second point is whether one really needs good
seeing from the airplane, Just gathering the light intensity may be
enough. In the infrared for example, you Just cari't do any kind of
experiment in an ordinary eclipse because you don't have time to
gather enough photons.

MENZEL: That's true.
PASACHOFF: But you can with this plane.

WEART:  Yes, sure. You have 5 minutes instead of 5 seconds, and you
can sit there and pather them up. It depends on the wavelength region
you're interested in.

MENZEL: Yes, but that's a different problem. The problem that one
deals with—the high resolution of the spectrum—— I'm interested,
I'd love to see it, but I just have a feeling that it's beyond the
art—right now, at least. It's nice to talk about, but I'd hate to
be given the responsibility of trying to design ard build the equip-
ment which would do 1t. And, I don't think that it would perform.

GEBBIE: I'd like to comment that if you've got time—the extra time
these speeds would allow—you could trade this for resolution wlth
interferometric techniques. Now, I would be the last to suggest that
you put a refined interferometric spectrometer on this aircraft, but

T think 1t is not fully without substance to think in terms of gaining
spectral resolution by observation time, and it should be kept in '
mird,

SCHMALBERGER: Perhaps on a subsequent flight.

BRANDT: Another thing; actually two things. First of all, if you
do an experiment, or a series of experiments that cost this much,
you don't attempt anything that hasn't already been tried and are
reasonably certain is going to work. A lot of these experiments that
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have been suggested are preat experiments, but 1f we were doing
something like this on 0S50, for example, you would start out by
trying a rocket flight or two to see if anything happened at all.
If the equipment worked, if your ideas were sound, you would then
contemplate putting this on a satelliite., You would not make this
first step going to the state-of-the-art limit which I hear in al-
most every fleld we have taken.

Also, on that same line, you have to be really sure that the

results are capable of rather straightforward interpretation,

Everybody says 1t would be n’:e to have thls, or not to have that,
but as several of the chromospheric people themselves pointed out,
you have to rigorously go over the theoretlical bases for inter-
preting these llnes to be sure you're going to get anything, even
if you do get the results.

These two polnts are the same as those I made on the corona:
that i1t be simple, done before, and since it's optically thin, you
don't have the complications in the interpretation which could ruin
everything. : '

. But—even as I think Dick Dunn has mentloned on interpretation
of chromospheric observations—he, himself, is not sure. I think
the person who proposes such a chromospheric experiment has to
guarantee in his own mind to certain of us that he 1is certain he
can get good results out of it.

WEART: Well, nobody can ever assert that. Let me point out, with
respect to simply looking for the continuum, that this has been done
by a number of people and defined completely. A lot of it not very
good perhaps, but the:2 are a number of people who've locked at the
continuum including Faller and myself in 1966. As far as interpre-
tation—in 1961, Thomas and Athay published a book in which they
interpreted continuum observations. So we do know how to do it.
Moreover, let me point out that for the corona you're going from

4 minutes of observing time to 15 minutes, gaining only a factor

of four ...

MERCER: A half hour was what I was aiming for.

BRANDT: More time on the subject does not necessarlily mean that
you can Interpret the data.

WEART: OK; let's say you go from 4 minutes to 40 minutes. In the
chromosphere we are comparing 5 secords to 40 minutes; this will
surely yleld extra information about the chromosphere.
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SCHMALBERGER: I think that this topic Neal has brought up is
interesting and that it's definltely worth looking at albeit,

perhaps, one should make some preliminary studies on it.
Bi11 Markin now has a few comments he would like to make. .
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WILLIAM MANKIN

University of Massachusetts

I'd like to mention first what Dr. Strong and I have been
doing at Massachusetts. We flew a balloon thls past March to
measure limb darkening curves in the far infrared, 10 to 100 microns,
for the same type of information that Dr. Thomas was talking about
yesterday. Since the data are still being analyzed, I can't tell
you what the results are. It looks as if the data refer only to
the region below the temperature minimum, rather than above, so that
you need to go to longer wavelengths than 100 microns to see above
the minimum.

I don't want to get into the argument on chromosphere versus
corona, because I think both are interesting. But I do think that
for this sort of work the usefulness of the moon should not be dis-
counted; ard to do far infrared work, you do have to get altitude,

To get altitude you're limited in the size of your telescope to some-
thing on the order of 10 to 20 inches. At 300 microns the resclution
of a 10 inch telescope is only 5 minutes of arc which means that as
far as the limb darkening curves go, you Just don't get anyl You
can only go out to a cosine theta value of 0.73 compared to 1.0 at
the center. So for practical purposes if you're going to do any

1imb measurements at very long wavelengths you have to use an eclipse.
There has been one experiment at 25 microns using an eclipse, 1966,
by Noyes, Beckers, and lLow (Solar Physics, 3, 36, 1968). The other
alternative for doing thils is that you do absolute radiometry at

long wavelengths which, with the accuracy you need, is extremely
difficult to do. In principle, the data are equivalent to limb
darkening data.

For work outside of an eclipse, I don't really see the advantage
of an aircraft over a baloon. The balloon doesn't shake around like
the aireraft does. You can have as large or larger apertures, and
on the aircraft you might have to make everything automatic anyhow.
So that, except for the eclipse, I don't see the great advantage for
the aircraft. '

The only other thing I want tc mentlion is another possible
experiment which can possibly be done with a balloon-borne corona-
graph; that is, measurements of the thermal emlssion of the F corona;
again, for the same purposes Dr. Menzel mentloned, namely, helping
to separate the K corona and find out how much F there 1s. There
have been balloon measurements made at one wavelength, ard it would
be nice to do the spectrum. The advantage of using the airecraft in
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an eclipse would then be avoiding all the difficulties of doing
1t with a coronagraph. The disadvantape of the aircraft would
be the window. It would be a very serlous problem for anything
beyond the wavelength of a couple of microns.

MENZEL: Which way do you mean "beyond"?
MANKIN: Longer wavelengths.
MENZEL: OK, that's what I thought you meant.

BAKER: Do you happen to know how many U-2 flights Dr. Strong is
involved with for other than limb work?

MANKIN: There was one flight with the U-2, several years ago. The
1imb work is balloon borne, not aircraft. .

BAKER: I was just wordering whether you know the cost per hour of

operation, among other things. As a guess, I would imagine it would
be in the $2500 per hour category.

LIEBENBERG: That might be right, but the package welght 1s probably
reduced, too, isn't it?

MANKIN: The package welght was about 100 pounds on the U-2, while
the balloon package welghs just over a ton,

BAKER: Well, you'd have about 300 or 400 pounds. The compartment
size 1s small, but it's a better shape than the SR-71, and one
could do quite a few things with that, In fact, if it's not ex- .
pensive, it might be a good idea to have that also in thls eclipse,
if it could be worked out with the proper Air Force people.

SCHMALBERGER: 'Two questions. One: What was the altitude? Amd the
other: Is this the same instrument that was described in "Stars and
Stellar Systems"—in John Strong's paper there?



113

MANKIN: The altitude was 90,000 feet (89,300). The instrument,
the package, and the englneeriny inalde the instrument was the
same. The framework ard the puidance system were roughly the same.
The telescope ard radiometer were different. The telescope was an
88 inch focal length, 15 inch aperture, Corning low expansion
coefficient quartz, and the radiometer used broadbard filters—
half a dozen fllters at different wavelengths.

One other point that I might mention. There was a French
balloon flight from Meudon by Lequeux and Gay in Jamuary for the
same purpose. Thelr method was different; they were measuring ab-
solute intensities with an Interfercmeter at the center of the disk.
But they did high resolution from which they could get preliminary
values for the water vapor, obtaining 0.077 + 0.015 microns above
82,000 feet and 0.022 + 0,007 microns above 93,000 feet; although,
their balloon was descending during those observations and may have
swept away some of the water vapor that might normally be observed
due to contamination. So, these are two more points for the list
that Dr. Bader had on the board.

BAKER: Can you glve any ldea of the total cost of your balloon
flight tc compare with these other things we've talked about?

MANKIN: On the order of $100,000 for everything. This is per flight
ard includes rebuilding the basic framework and bullding whatever
special equipment is needed for that flight. It doesn't include

the fact that we have two of the original platforms. I don't lmow
how mich we needed for the development of those, but they've been
around for years. We've had something like 16 flights. The balloon-
borne coronagraph I mentioned is also on the same platform and is
returmed with the system.

BRANDT: We ran a gamma ray program out at Palestline, Texas, and
for all practical purposes it compares to the costs that you quoted
as costs.

SCHMALBERGER: I'd now like to turn the meeting over to Dr., Liebenberg
for his comments.



114

LONALD #. LTEBENBERS
National Bcience FOMndabion

Let me put on two hats for about three minutes each. The first
subject 1s to look for a moment at another diseipline of interest
at an eclipse—namely, the alrglow studles. There aren't people
here to speak to that point so I'd just like to say a couple of words
in their behalf. This particular eclipse poes for a long distance
through part of the mid-latitude reslon of the upper atmosphere.

In this region, you're not rumning into auroral problems; and won't
be influenced by the equatorial electrojet. You are flylng along
the path that was described by Bob, that takes you through a pretty
stable region of the upper atmosphere. That means that over this
path length during this time, you could, indeed, do some spectral
studies of alrglow amd sky scattering which, I think, would have
some value. You would have an advantapge because the alrcraft can
maintain a relative eclipse attitude in a reglon of relatively
unchanging upper atmosphere and because it takes a long time to
collect photons at an effective sipnal-to-nolse ratlo. The alrglow
‘lines are very faint. The sky backeround is still falrly bright,
and so it takes some luck to pet valid polarization effects in sky
scattering experiments. In reneral, people have not had sufflcient
time at eclipses to take into account the changing features of the
solar shadow relative to their own location., In this particular
eclipse you could maintain your position relative to the shadow.

If the aircraft's path was chosen so that the plane could travel
along the northern part of the eclipse path, experiments could
search for the daytime aurora. This problem has provided a real
challenge and the hiph altitude platform would ¢ive a decrease in
the backpround lirht and hence a sipnificant improvement in sigmal-
to-nolse ratio. The 1970 eclipse is a sood one because you can
anticlpate a failr amount of remaining solar activity. You get up
to an L value--and, for those unfamiliar with it, it's essentlally
a maemetic latitude—of 9. 1n fact, this rarticular eclipse has
the interesting feature that a rood fractinn of the eclipse 1s at
a falrly constant L value over the last part of the eclipse. While
some fleld line anples are chancing, the narmetic latitude that you
observe from is actually pretty constant.

_ Next, I'd like to make Just a couple comments on the corona
because—now I'm not speaking from the NSF point of view at all,
but from my own observations—! would like to remark that the
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"difficulty in observing the coronal emlssion lines is that you are
limited 1in the number of photons you can collect. You'd like to
obtain llne profiles, emission line profiles, so that you can write
down some informatlon about the ion velocity distribution. In order
to do this with some depree of accuracy, you can attempt to recon-
struct the curve from a certaln number of observations made to glve,
say, 100 resolvable points in the profile. Or you can look at the
problem from the stardpoint of the frequency response of the system
looking at a line with arbitrary shape difference--departure, say,
from a Gausslan function. In elther one of these methods, you need
something like 100 points to detect the kinds of departures from a
Gaussian velocity distribution function to an accuracy of perhaps 1%.
Now, some valuable work has been done at the level of 20 points
resolution of the line profile. In fact, that's what we have ob-
tained in previous eclipses. So it's a question of really setting
about collecting photons. In the focal plane of an instrument fitted
with fiber optics, as we used in 1966, we were able to inprove the
rate of data collection by using three photomultipliers and one
photographic experiment similtaneously. Yet, in order to build up
any information from a point in the emission corona that's at, say,
1/2 solar radius or greater you still find that you're I‘a:lrly time
limited. You have to make a decision as to whether you'‘re pping to
devote the entire eclipse of 4 minutes or 3 minutes to collecting
data about one emission line per photomultiplier tube, or whether
you stay interior to one-half solar radius and then collect information
on a mltiplicity of lines or positions. So up to the present there
is no useful line profile data beyond one solar radius. The photo-
graphic measurements that we've made have been carried out, getting
reasonably good signal-to-noise ratios, to about 0.8 of a solar
radius from the limb. In this case, then, there's no question but
what the 30 minutes or 90 minutes or some fraction of that time scales
directly into pretty much the total amount of information you can
collect about the radial change of the velocity distribution function
of ions along the line-of-sight. This, of course, is a key plece of
information in putting together a rmdel of how energy gets pumped
into the corona and how the solar wind formation occurs from the
gravitationally bound coronal materlal--neither of which questions
have been answered because of time.

SCHMALBFRGER: Questions on this? I have one. I'm not sure I
understand how it's formed.

LIEBENBERG: Well, this is the intensity of the profile versus wave-
length.

SCHMALBERGER: Oh, this isn't velocity distribution--what you called
f(v) as a function of v?
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LIEBENBFRG: No. But 1t's an analog of that.
SCHMALBERGER: For cne line, at one position?

LTEBENBERG: Yes, at one position integrated along & line~of-
sight similar to the limitations of most visual coronal information.

SCHMALBERGER: OK. So, iIn other words, you need profiles, arnd you
need an instrumental half width of something like a fifth or a tenth
the line profile?

LIFBENBERG: Yes.

SCHMALBERGER: 1 see; but your main polnt is that you want this as
a distribution over the fleld!

LYEBENBERG: That's right. To do this photographically, you can
superinpose an interferometric pattern here, as several people have
done, Including myself. That's fine, except that now you will need
the photometric accuracy of better than 5 percent if you prefer to
improve upon this--particularly when the information that you're
locking for i1s out in the wings.

MANKIN: The aurcra arnd alrglow; could they use the other side of
the airplane?

LIEBENBERG: Quite possibly.

MERCER: You did mentlon observing the aurcra. If we want to get
the maximum solar elevation and get the best speed for the eclipse,
we would be at latitudes Just about crossing Mexico, too far south
on the 1970 eclipse track for good aurcoral work.

LIEBENBERG: But I was looking at it after you refuel.

MERCER: Gh, I see. Well, by the time you got down to refuel, you
cammot again get on the eclipse track. You can't catch up; so, you
couldn't go on beyornd that time. The veloclty would now be well
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beyond what the aircraft 1s capable of doing in acceleration, and
s¢ forth., ‘ '

LIFBENBERG: Now, if I put on my NSF hat for a moment, I would remark
that I think there are enough good experiments having to do with solar
physics that, considering the kind of payload that is available and
the time scale, it would be a mistake to try and include every in-
teresting experiment on one aireraft.

- MERCER: Actually I think the aurora and alrglow experiments would

be very excellent ones to look at for 1972 where we'll be up at very
high latitudes. We'll be right there to see the daytime aurora.

BADER: Don, can you say a little more about this aurora experiment.
What do you expect to see at such a low latitude?

LIEBENBERG: Remember, L = 5. Under the probable disturbed solar
conditions this latitude is somewhat south of the auroral oval in
the daytime.

MENZEL: What are your units?

LTEBENBFRG: Well, OK. Let me give you a thumbnail sketch, if I
can have another few mlmutes. The earth's magnetic field in the
dipole representation, is such that a magnetic line of force which
extends cutward and crosses the equator at 5 earth radii defines

a locus of points in intersection on the earth's surface that is
the L = 5 line.

MENZEL: OK.

LIFBFNBERG: At L values greater than 8 or 9--where this nomenclature
begins to break down--~the field lines become very distorted compared
to the dipole approximation. Remember that this magnetic axls is

at some angle relative to the rotational axis of the earth~-ard,

now, if T look as the earth is rotating around, it is carrying the
center of that magnetic dipole around with it, and this provides,

I hope you see, an off center locus of points where I anticipate
finding auroral-like behavior, that is, precipitation of electrons.
In the evening sector I see this as the formation of an aurora, and
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I see that in the midnight sector the aurcora has gone about as

-far South as it's likely to get. On any eriven day this locus of
polnts 1s called the aurcoral oval. The auroral zone is something
different. That's the locus of points that define thls oval
rotated around on the earth so that this function becomes seasonal.
The appearance of the aurora cccurs over a wlde band of geographlc
latitude. S0 what one can expect to see in the daytime is that
there ought to be electron precipitation cccurring on the front
side (day or solar wind side), i1f you belleve in the current model
of the process, and should produce an aurora.

BRANDT: Can't satellites see the precipitation?

LIFBENBERG: Satellites see the preclpltation of electrons but not
the daytime aurora.

BADER: So that the question 1s, "Why don't aurorae occur at lower
geographic latitude?"

LIEBENBERG: Well, I'm not sure that we have a rood handle on the
precipitation mechanlsms such that we can descrine the enerpy spectrum
variation from day to night. We don't know that the enerpy spectrum

of electrons precipltating in one repion 1s the same as in others.

That's a satelllite experiment that T don't belleve has been accomplished.
You clearly could have nighttime auroral observations durine an eclipse,
and obtalnine daytlime auroral observatlons in several wavelengths

would be valuable. Suppose we consider guroral brightness as a

function of altitude. This can provide an analog, of the energy dis-
tribution functlon of the exclited electrons.

BRANDT: T have a funny feeling that if you asked Joe Chamberlain
whether this was worth doing, he would say, "No." Somebody should
call him up and ask him.

LIEBENBERG: Yes, that may be ripht. However, the point I'm trying
to make is that the electron precipltation problems are certainly
important, and that some thought could be given to the use of this
aircraft in lookineg at thils problem. Joe Chamberlaln and the auroral
physicists should be contacted.

BRANDT: If you want to do auroral physics, it would be better Jjust
to go do the zone with actual measurements in the case of electrons.
Assume that 1f you had electrons, you'll have an aurcra, rather than
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simply, say, observe on the day side and look for the 5577 A line
and say, "Aha, there's an aurora.” I don't see our needing it.

LIEBENBERG: I think we could make an even stronger case for doing
such experiments but that is belaboring this point at present. I
don't see that the SR-71 1s necessarily unique to the aurcral pro-
blem. For the airglow problem, it may be a slightly different matter.
In any case the experts in the field should be contacted.

PASACHOFF: On the other hand, the point is well taken that,
perhaps, something can be done from the other side of the plane.

MERCER: For our other eclipses we'll have to examine where the
L numbers arrive on the 1972 and 1973 events.

MENZEL: And presumably this experiment could use a very small window.

MERCER: That's right.



DONALD G. SCHMALBKRGER

Dudley Observatory

- There are at least two problems which we are interested in at
Dudley. And in discussing them with you 1t appears we'll be faced
with this chromosphere-or-corona problem agaln.

We tend to favor in importance the reglon of upper photosphere-
low chromosphere which Dick Thomas spoke about vesterday. That is,
in that region where we all assume the temperature to be essentially
constant up to the location of the chromospheric rise. One question
we would like to look at 1s the turbulence in thils layer—or at least
what passes for tubulence, the non-thermal velocity parameter you can
insert into the theory when calculating line profiles and which, at
least in lower photosphere calculations, purports to be turbulence.
Now there are some very zood observations gotten by Roddier on a
very few lines which resulted in a model with very small, almost
vanishing velocity in the low photosphere and increasing with helght
to about 3 1/2 km/sec in the uppermost layers. I'm speaklng there
of layers within the temperature minimum where the radial optical
depth at 5,000 A is about 10~? to 107*; thus, at or above the region
of unit taneential optical depth at the same wavelength. A model I
derived a few years aro 1s anisotropic in the lower photosphere with
both components in excess of three km/sec; both components decrease
with height, the field becoming, isotropic and about one km/sec in the
upper layers. The decrease in this model occurs at about the same
optical depths at which Roddier's model 1s increasing with helght.
And I should point out that Roddier's model is not the only one with
height increasine turbulence any more than the one 1 obtalned 1s the
only model with turbulence decreasing with heleht. This, it seems
to me, 1s an unfortunate state of affairs which could be resolved
relatively directly if we could get line profilles for the temperature
minimum area and the layers immediately adjacent radially. For many
problems, too, on the dynamics of both the chromosphere and corona,
one is concermed about the nature of the underlylng medium for pro-
viding the initial conditions in a boundary value problem. So you'd
like to know the model for these layers as well as possible.

For the profile calculations within this isothermal reglon one
can use LTE theory as a first approximation. In many cases, in fact,
one is almost going to be forced to do scmethine like this because
the information vou want wlll be from lines which orleinate lareely
within these layers alone. That is, they are not things like H and
K, or Hy, and so forth, which are formed over very much ereater, and
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far more complex, layers. It would be very nice, then, to get

high resolution with good spectral purlty to look at some lines
formed in this reglon. I don't know which lines in particular,
as yet, but, fortunately, weak and moderately strong lines most
useful for the purpose are scattered all about the visible, and
selection can be governed more by instrumental criteria.

Another type of work, and for the same region of the atmosphere,
that I'd like to counsel is for limb darkening observations—and _
these in the most canonical way. They should be done in a number

of wavelengths, not necessarily too far Into the infrared, but with
extremely high spatial resolution; again, to look at this same locale.
Spencer Weart has described the method of analysis, which need not

be repeated. I think it's very important to pin this region down-—

I don't think it can be overemphasized. There Just isn't any ob-
servational detall on these layers and the diverse models of present
thecory reflect our lack of knowledge.

With these sorts of things in mind we have looked at some tele-
scope-spectrograph desiems, always with a view to keepling the system
as simple as possible. The problem you face immediately, of course,
is how does one get a large plate scale without a large focal length
and still retain something which is achromatic, i.e., using simple
reflecting elements throughout. The simultaneous requirements of
high spatial resolution, high chromatic resolving power, and high
dispersion pose no end of problems. It may be that a modified
version of the small three element camera Jim Baker talked about
may be useful in this connection. In any case, the numbers we need
for a spectrograph are easily calculable and found to be very simllar
to the sort of things which Dick Dunn has already noted—with a ten
inch aperture, comparable focal ratio, and chromtic resolution in
excess of 300,000. For rough purposes we looked at a long focus
telescope with the hellostat, telescope, ard spectrograph in a long
box to be suspended inside the right aircraft bays. The hellostat
is aft In the aft bay and throws the beam forward to the telescope
primary at the forward end of the aft bay. In one arrangement, the
beam is then sent back toward the heliostat forming an lmage next
to it; in an alternate configuration, the primary has a focal length
twice as long with a flat swung into position at the earlier, nominal,
focal plane. Or the second mirror could be a figured element. 1In
this connection we considered the possibllity of a Schiefsplegel
which seems to combine structural simplicity with a high degree of
correction built-in, or at least it so appears. There, one has two
spheres and the spherical aberration vanishes; moreover it can be
made zplanatic or stigmatic by a simple tilt of the secondary. Since
we would be feeding a spectroeraph we would prefer the latter, of
course. When we looked at this at first we were considering an
unfolded long focal length primary so our numbers were based on a
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slower system than now secms required but for that system, which

was /50, we had the cholce of no spherdcal aberration, and elther

a comatic blur of about 0.2 secs of arc in the stigmatic con—
figuratlon, or an astigmatic circle of least confusion of about

0.6 secs of arc in the coma-free arrangement. It would be ideal

if we could chop this system in half so that only one bay would be
occupled with the heliostat, telescope, and guiding equipment. The
forward bay could then contain the line profile spectrograph, the
coronal scan system of John Brandt, and a lower dlspersion spectrograph.

How we go about fusing the various preferences expressed here
into a functional experiment package I don't know yet; but I think
that a justifiable system must include a study of line profiles to
try to separate out dynamical effects from thermal effects 1n this
isothermal region, If you have a local velocity field whlch 1s not
macroscopic mass motion—the very problem with splcular regions ard
higher levels—if you can stick to microturbulence in your thinking,
then the profiles in this region can be calculated; the theory's
there. BEven if the velocity field 1s anisctropic, for example (and
I don't think it is), the terperature field 1s not; so that one
could distineuish between the two, even if one had to po to a non-LTE
analysis. I think it is cruclal that an experiment be done on line
profiles and that a portion of this flight be devoted to it—-there
is just no other way to get the spatial resolution and sufficient
exposure time.

Now with regard to some of the earlier comments. 1 think 1t
was Dick Dunn who posed the guestion of who needs these line proflles.
] think we all need them, and for these purposes I've just mentioned.
You don't necessarily have to go through the non-LTE problems because
we won't be dealing with lines l1ike H and K, H,, and so on, which 1
noted earlier and which are the only things that you can solve con-
vincingly in non-LTE. If I have a two or three level atom, the odds
are 1 can solve the problem in non-LTE; but 1f you take on a forty
level atom it's going to take a little time! It's true that you can
take the problem to a larger computer but you will still be forced
to approximations on the radiation field, collision rates, etc. In
short, I think that by a not unreasonable choice of lines one can use
relatively unsophisticated theory to learn at least something about
this presumably lsothermal reglon.

Obviously, I concur heartily with Weart's preference for some
continuum observations and I would hope that we can do scmething like
this for the 1970 eclipse. Ilebenbere's comments with regard to a
possible experiment to 100k at the velocity distribution in the corona
is a very important consideration, Perhaps this could be coupled with
the wide field, hish resolution camera which Jim Baker described. This
instrument would seem ideal for some photography we would like to do
ourselves.,
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I would emphasize that the hipher layers which Don Menzel

‘referred to as the source of Doppler shifting mass motions on a

macroscopic scale are quite above the isothermal reglon I was
discussing earlier. I don't see how they might cause serious
problems in the analysis. We would be looking at lines which are
optically thick in deeper layers. Should it be necessary to
approximate the influence of the spilcular region at the upper end
this might be possible with a two, or three, component atmosphere in
those layers--it's something to be looked at.

Two final comments. First, with regard to John Brandt's
caution to adhere to experiments which admit of straightforward
interpretations. This is clearly very sound advice—and consistent
with our hope for isothermal region profiles. Second, an historical
remark,

It was exactly one hundred years apo--indeed, in Aupust 1868--
that Janssen went to India to observe an eclipse and, during the
course of the observing run, devised a new technique for continuing
observations outside eclipse. Some of the lines he used were
unidentified at the time but his work prompted a search that con~
tinued for almost thirty years and was not broupght to a close until
Ramsay finally identified the source as helium. One wonders what
this aircraft might reveal!

I think that before we say farewell Don Menzel has a surmary of
experiments he would like to convey to you.
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DONALD H. MENZEL

'Harvard Collepe Observatory

I've become aware of the fact that Dr. Baker, for exarple, has
satd, "How can we do it in 19707 WUe ought to be shooting for 1972."
It seems to me that as things get more and more complicated, that's
where we would wind up. So, I've been trying to think, "What would
be a useful and attractive, minimal program that concelvably we
might get off the ground in 19702" I think that I have glven the
impression that I'm very much adverse to studies of the chromosphere.
I'm not, at all. I think there are several, very good proposals,

{f we had time enough, and if the instrumentation was avallable.
Itm not adverse to high resclution spectroscopy, but arain, just to
make this comment—I keep seeing in my mind's eye, sittine up

there in the observer's seat looking at this eclipse of the sun,

I see Bailey's Beads as the pllot weaves in and out. I see them
getting bleger and smaller and then a big flash of the photosphere
showine, and then I think that the advantares that you have—-that
you're thinking you have in terms of inteeration—because you're
mentally trving to slow down the actual visual eclipse seen from
the ground. T don't think that's what you're erolng to have here;
and T think you'll find it very difficult to take a long exposure
photosraph here and have any of this hirh scale resolution in height
that you consider so important. Maybe T'm wrong,.

Maybe they can navieate that plane so accurately that they know
precisely how this thing would look--just like the slow motion
pictures of an eclipse elther at the berinning or end of totality.
But, even so, the profiles at high resolution are interesting and
it is important. 5o, also, is the experiment for the continuous
spectrum of the chromosphere. On the other hand, that, also, takes
very high resolution, because there are lots of very flne lines.

As they flow topether, they look just 1ike continuum and there's no
way that I know of for distinpuishing between the faint line back-
ground and the continuum. And, I still think that in the ordinary
spectral ranges we can et enougn resolution from the ground with
hiph dispersion. You may have to wait a few eclipses, or have several
eround based expeditions in order to pet one which has the seeing that
is necessary. I've been on a number of eclipse expeditions. Some of
them had superb seeing, and some of them had "Mousy" seeing—to use
the technical term!
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So, I'm polne to propose several possible experiments, and
I'm poineg to include one that 15 for those who are interested in
the chromosphere as well. But I'm golng to start with the problem
of the corona! From the standpolnts of understanding the darkness
of the sky, the extent of the corona, the important nature of the
problem, because this is the way of connecting the sun with the
Interplanetary medium. These are problems that are full of interest,
a lot more Interest than just to the proup of some narrow specialists
like myself, who happen to be interested in them from the theoretical
standpoint. And so, I visualize here some instrument——maybe 1t was
Jim Baker's f/1 camera system. I think probably that 1t is almost
too small a scale. I think I'd like an £/1.5 or f/2 and it may well
be a lens. I want something that will be, say, 6 inches in aperture.
Then with a 12 inch focal lenpth it's strictly an £/2. It would
glve a solar image about 1 mm in diameter, if I haven't made a
mistake In a decimal point or something, and a scale of about 2 mm
per degree. So that you can cover 30 degrees with 60 mm. It's
the sort of thing that would ego readily on a 70 mm film ....

DUNN: A focal length of 12 inches? That would be about 3 mm.

MENZEL: Just a second—that's right, a diameter of about 3 mm.

One must review my calculations. Then that's 6 mm per degree,
S0 that we then have something on the order of only 10 degrees for
60 mm, although I would prefer having somewhat larper film than that.
Cover something on the order of, say, 20 degrees. Ten degrees on
each side of the sun would be adequate. '

LIEBENBERG: Well, we should put the solar image to either side of
the plate. Then you could use the 70 mm film to cover it.

MENZEL: Yes, yes; we could. But now this camera could be made to
do the spiral scanning that John Brandt has been talking about. He
was talking about something of extremely long focal length, but 1
don't think that the long focal length is critical. I would like
to see this done 1n at least three colors, and maybe, also somewhere
in the infrared, if it's possible to do it. Since you're golng to
take some fairly long exposures, you will get out a considerable
distance. You may also want to try some polarization experiments.
I think that we jumped a little bit fast in saying that the window
would give us polarization problems. I have the feeling that that
can be licked. It's not a question of the pressure of the air on
the outside, it's sinply the difference of temperature, and there
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mist be some way of overcominp that or mindmizinge it, even 1t we
just weaken the thickness of the plass. Olome experimentation would
be necessary there to see whether that is a hazard or not.

I would prefer the spiral scanning, if that can be worked in.
On the other hand, the photopraphy gives you more Information over
a glven frame, because of the integration. You're integrating
everything at the same time; so, you can carry through a bigper
program, though with less accuracy.

Now, the next thing is the problem of the detection of new
coronal lines, which we have not actually discussed., I think there
are a good many, new coronal lines to be detected. Here again, this
ties in with the work that a pood many of the theorists are golng at
the present time—predicting the positions of new spectral lines,
trylne to identify old ones; and it's a definlte advantage that we
have here, because many of these lines, which I think are new lines,
will lie out here in the infrared where there are some strong at-
mospheric absorption bands—water vapor and so on. If we can pet
above a siegnificant portion of the atmosphere, this will mreatly
strengthen these lines relative to the absorption, enabling us to
detect them, T would say this should be a slit spectropraph. And
this is a miltiple purpose spectrograph--thls is one of the by-
products. It should have dispersion of, let's say, 10 A/mm, and
I'd say, it should po from about 3300 A to 9000 A, plus or minus,
depending again on the avallability of film. This would require
that the detectable wavelengths be broken up into at least two
spectral regions. 1 suggest, perhaps, a grating spectrograph in
which we use a first order on one side, second order on the other,
or something of that sort; but in any event a slit spectrograph,
employing a camera or lens of, in thls case, about 60 inches focal
length. This could go into the desipned box and will glve you a
good spectrum of the chromosphere as 1t comes out of the bright
lines in the corona, and also of the coronal continuum. I would
suggest that it may be desirable to put a beam splitter into this
equipment-—one like Dick Dunn used on some of his spectra—so that
we can have not one intensity but 3 or 4 intensitles, so that we
can have sufficient gradations to tie in with standardization and
identification. This spectrum would also help us answer one problem
that Jay Pasachoff and I are particularly interested in.

In the 1930's, I think it was,~-maybe it was in the late 1920's--
Grotrian, observing the contlnuous spectrum of the inner corona which
1s extremely bright and which is penerally ascribed to scattering by
free electrons, said that he saw very highly broadened H and K lines.
This 1s a slit spectrograph, incidentally. I've used a slltless
spectrograph, which should have had adequate resolution for the
purpose, for the same objective and have found no trace, whatever,
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of this supposed depression. That was for two eclipses; and Shayn,
the Russian astrophysicist, in 1936 also found results that apreed
with me. Van de Hulst accepts without question the determinaticn
of Grotrian because it fits with his concept of the F corona. And
he makes some critical statement, that may, perhaps, have been
justified, that perhaps it was missed by Menzel and Shayn because
it required more precise photometry. Jay and 1 recently rephoto-
metered the plates, and we still find no evldence of that depression
(Publ. Astr. Soc. Pacific, in press). I think this observation may
answer this question. Also, in the longer exposures of the H and K
region, it would probably show emisslon lines and get a repetition
of the experiment that Righinl and Deutsch did from an airplane
several years ago. The interesting point was, I think, that the K
line seemed to show the bripght line, but there was no evidence of
this whatever in the H line. What is thls, and why?

There's a third experiment which I think rates a higher priority
than this one. Thils is a low dispersion spectrum of the F corcna,
with a dispersion, say, of 20 A/mm to 40 A/mm with a camera lens,
say, of 6 Inches diameter, 30 lnches focal length--possibly 15 inches—
and covering an area, so far as the spectrum 1s concerned, not only
of the sun, but an area of about 3 degrees, say three and a half
degrees or four degrees on elther side of the sun, This probably
alsc should be done 20 as to get the bright, strong reglons, and
then the weaker regions. In this way, we should be able to see the
scattered light over the center where the moon 1s as a standardization,
see what the distribution is, and finally the amounts of Fraunhofer
llnes that have been recorded., This is something that has, to my
mind, never been adequately done. It's difficult to do from an
ordinary plane, difficult enough to do from the ground; and I have
some doubts about how well 1t has been done from the ground, bacause
of the difficulty of eliminating scattered lipght. Here with a dark
sky you've pot an unusual opportundty.

Now the fourth experiment that I'd llke to see done is a
distinctly chromospheric experiment, and I would suggest that the
simplest thing is the jumping film—down in the 8000 to 11000 A range.
Possibly this is the region which should be scamred. But, at least,
you should record the flash spectrum down in this range as you come
through with the chromosphere on the edge. Now thls does not suffer
seriously from any possible difficulty in puiding. You also have a
chance to do some integration here. The old problem of the infrared
corona was that you didn't have enough time, you were taking it from
the ground, but you can now talke an exposure readily of several

secords or more, if you want, without tremendously reduclng your
resolution.
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So these are, I think, a minimum thing yet they all contain
very important problems. Maybe they're not the most important
problems, but I think that the equipment that 1s necessary to put
these tomether would cost less than 10% of the funds that would be
necessary to build some of the very highly speclalized equipment
which we have discussed here.

SCHVMALBERGER: Are there any other flnal cémments of a direct
nature?

HEMENWAY: John, could you get good statistics with a 6 inch
aperture?

BRANDT: I don't think that would be a serious problem. You'd get
10,000 points if you can't pet 40,000,

SCHMALBERGER: Have the people who've done work with the hieh plate
scale sort of problems tried to pet high spatial resolution? You've
done some of this, Dick. What do you think is practically realizable?

DUNN: I think you've sot a small space there to work with. These
last two experiments are certalnly the sort of ones that I did on
the NASA nlane. We had a pyro-stabillized telescope with a 10 inch
aperture and about a 40 inch focal length, and we covered the
resion from 2900 to 9000 A, at 36 and 18 A/mm. And these plates,

I nust say, are superb. The water vapor is essentially nonexistent.
And we did pick up a number of new lines, very strong ones, in the
middle of the A band; so the resolutlon is about 1 A.

SCHMALBERGER: When was thls?

DUNN: Well, that was in 1965 and 1966. I guess we don't advertise
around. The '65 airborme results are in Bader's initial publication.
The '65 results from ground base with identical instruments 1s
coming out.

For '66, now, I've given all the plates to Billings. He has a
student who wants to work on them. I tried to get one of Lou
House's students, but Lou had them loaded down. The plates are
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available. And I also traced the 18 A/mm spectrum, and sent a copy
Yo Jay Pasachoff for this H and K thing. So, there is work going on,
I think. You can argue avout 10 A/mm ....

MENZEL: Did your spectrum show the Fraunhofer lines?

DUNN: It didn't really, no. And I can't visualize how you could
get a cleaner looking spectrum.

MENZEL: Well, this shows that there 1s, at least, some evidence that
one could pgo out further, and that the continuum is not a Fraunhofer
continuum. But I've maintalned that the Fraunhofer is something else--
scattered light.

DUNN: There's no sipn of the H and K emission on any of these plates,
and I just don't know. I think Deutsch and Righinl have not said
anything further on this.

PASACHOFF: As far as I recall from reading whatever they published
and reading the transactions of the IAU, they are not claiming any
dip.

DUNN: They get the lines. There's no doubt about it. But they just
don't understand why they get them.

PASACHOFF: The emission lines, but not the absorption. Ard, as far
as the scattering, Grotrian's paper, when retranslated, reads a lot
different from what people report it as being.

MENZEL: Dick, apart from the H and K absorption, did you find in the
outer corona any evidence of a Praunhofer spectrum?

DUNN: No. Well, when T got about a half of a diameter out it Just
looked like H and K absorption ; that's about all. But no 400 A lines.

PASACHOFF: Grotrian didn't find it either. This i1s a real red herring.
Grotrien sald, "We looked, and the coronal and photospheric experiments
agree to our accuracy, and our accuracy 1s a tenth of a magnitude.™

And then much later on he said, "Maybe we may see a small depression

of a couple of hundred A arowd H and K." But he's already said that
it's less than his error.
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DINN:  Well, somebody ourht to do it arain photoelectrically.
Jack Fvans was interested in it. He dld a paper on 1t years agn,
I ruess. ‘ '

PASACHOFF: Well, Brandt did it, and he says he's thinking about
reducing the data.

SCHMALBERGER: Well, T wonder if we couldn't wrap it up. One
final question; more general but I don't think it was brousht up
yet. Addressed more to Jim Baker than anyone, I suess. This
problem of windows in the nose cone--whether you get flat windows
or curved windows; and what sort of things you can do with them?

MERCER: They can utilize flat windows. Within limits they don't
have to be curved to match the cone shape. But right now the
maximum 1s five inches between these ribs, and they'd prefer to
stay that way. Maybe we can break through a rib and reenforce
around it so we could set ten inches.

BAKFR: What is the base diameter inside?

MERCER: Well, it poes from about 14 inches at the small emdi, to
about 40 inches back where it connects onto the alrcraft. We're
talking about a lensth of seven arxd a half feet. Those are the
outside dimensions but if you look in end-on at the thingz, you would
see these chine extensions which are dumy fairings, and you
couldn't work into these. They've just added these on to fair in
this chine as it comes forward along the fuselage. Every flve
inches there are ribs, ribs running all the way arourd, just like
rings, really, and I have the dirmensions on this at several
stations. It's not exactly a straieht cone—there's some
longitudinal curvature to it. It's a very slow curvature over

this long distance, you see, and almost straight for short distances.
At intervals of 90° around its periphery (starting at 45° off the
vertical) there are longerons which extend the whole length of

the nose cone, so that the lonperons and the ribs are the skeleton
structure,

SCHMALBERGER : Yés, but what sort of confipuratlon can you put on
the outside of this thing that's form fitting to that contour but
is still not an abomination optically?
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BAKER: Well, if you're absolutely forced to do that, you probably
could compensate it inside at some conjugate image. But it would

be better, of course, to keep the window plane. I was just wondering:
Is 1t conceivable that this thing could be made to rotate?

SCHMALBERGER: You mean the outer shell? I don't think so.

MERCER: No, but 1t may be possible, as I noted earlier, to build
or to cut a round hole or a special shape that might have several
windows in it. These windows might be stored inside, but could
come out so that you could have several window types for one ex-
ternal opening if you're concerned, say, about eoing through
several spectral reelons with different type materials. You
momentarily open a reenforced aperture to automatically slide one
of several window materials in place and it quickly comes flush
with the outer skin.

BAKER: Could we take out a sectlon of the transverse stiffening
member and strenethen the hole that's left with other members? -

MERCER: By transverse, do you mean the lonrerons?
BAKER: No, I mean the ribs. And then reenforce in some other way?
MERCER: Yes. Just carry the structural load around.

BAKER: This would give us a lareer window. What is the heating
on flat windows, do you have any idea? :

MERCER: Well, araln, it would be pretty much the aerodynamic
temperature at these speeds and it would still be arcund 250 °F,
The stagmation point temperature at the end of the spike 1s 322 °F,

BAKFR: Would it be higher than at the windows that are back in
the chines?

MERCER: I don't know that that is necessarily the case,



BAKER: Well, maybe what vou've pot in this plane 1is not truly
fair; it mieht be a higher temperature.

MERCER: This 1s true. It could be a little higher because of
localized aerodynamic effects, I think, but I don't know what
these are. We can pet data on these depending on where we declde
the wirdows ought to po. ‘

BAKER: Otherwise it is essentially hollow?

MERCER: Yes, and, in fact, the Lockheed people mentloned that,
perhaps, the equipment could be put in here by mounting on a bip,
pallet that slides out or comes out on ralls. Then, of course,
we'd have to put the windows in the nose cone shell separately.
But 1f the experimental apparatus must be tied directly in with
the windows, it mav be more corrlex because you would not be able
to work back in the nose cone once the instrument pallet 1s in
place if you have to tie the window into the front end of your
instrument. It rav be that vou could slide the pailet 1In and
then make some other comnections from the outside by a rotation
of an external window flanre to lock 1t in place, so that the
window would actuallv be more tightly tied to the experiment.
There would be some mechaniczal nroblems here.

BAKER: Well, I think by all means, we should use that space
although T'm not sure what experiment we can do from there.

MFRCER: Well, anvtime thev use thls lirhtwelrht nose, because of
center-of-rravity vroblems, thev have to nut about 4nd pounds of
welrht in 1t for ballast or somethins on that order, anvway.

BA¥FR: Well, normally, the radar.
PASACHOFF: What about fivins without radar?

MHRCER:  Well, we would take off the rormal nese which contains
the radar and other things.

PASATHOFR: Thev don't need the radar for rilotine? -
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MERCER: No, the radar is not needed for our tracking purposes.
We could use the inertial navieation system. Baslcally the alr-
craft uses a stellar-inertial navigator with stellar sensors.

MENZEL: I'd be very cheap ballast. (Laughter)

LIEBENBERG: Is there a difference in the avallabllity of power
up in the nose area?

MERCER: No, because 1f you took the normal nose off at the
bulkhead you'd have all the power for the radar avallable at that
point.

LIFBENBERG: Yes, but does that include the 115 volt power?

MERCER: Yes, they use all that power in the equipment up here,

and there's cooline up here avallable also. So you can get cooling.
Now, normally, there's a layer of insulation around the inside of
the nose cone shell structure, but you can cut it away if you have
to. You Just put up with whatever additlonal tenperatures you get
as a result of this. Just blowing alir into this nose bay you can
met the internal temperature down to 160 °F; that is, if you just
dumped alr into the nose cone and let it bleed out through small
norts.,

MANKIN: How long before flight would vou be able to get to the
equipment to do thineg like put liouid helium in?

MERCER: This would }ust be a matter of desisming your experimental
equipment in such a way that vou have a serviceable type of cryogenic
container—one where you fill it and let 1t bleed off during the
mission.

MANKIN: OK.

MERCER: We would set up the preflipht orerations in such a way for
thils special requirement that you could plue in with a cart and top
off at the last possible minute--an hour or maybe 30 minutes prior
to enrine start.
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MANKIN: Sort of throuph an extermal filler line.

MERCER: Yes. I think this could be arranped if such an experiment
were done. After all, it was done just like this with Gemini space-
craft flights.

SCHMALBFRGER: Certainly, 1if you had the small, three-clement, camera
that Jim Raker was talking about, you could simply pop one or mare
of those in the nose without much trouble. With any long focal
length, you could fold the beam to get into the bay. I think it
would be worth considering, however, with regard to your own plans,
in which bay you'd be most effective scientificaily and, at the same
time, where you could occupy the least space.

BAKER: Well, on this nose cone again, they don't want to rotate
it, apparently. But, can it be unbolted and moved in azimuth on the
round?

MERCER: Well, no; it can't because these two chines are not symmetrical.
They're down a little bit below center, I believe. '

BAKER: They joln, I see.

MERCER: They joln at the nose and must mate with the forward fuse-
lage chines.

BAKER: It's welded to the nose cone?

MERCER: Yes, I think it's actually welded right to these nose cone
longerons. The elevation is 45° to the longeron locatlons, so that
if we're looking at 51° elevation as our minimum for the 1970 eclipse
there wouldn't be interference. Of course, you have to reassess

this problem for different eclipses.

BAKER: Do you have drawings of that nose cone, too?

MERCER: I have some very crude information.
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. SCHMALBERGER: A partine remark, then, before I turn it over to
Curt Hemenway. And that is to say that we've been recording this
meeting, as we pointed out at the begirning, and will make up a
digest of the tape in, perhaps, the form of a report of the Dudley
Observatory and may send some brief copy to Sky ard Telescope,*
Tn any case, if you have something that you have written up, and
you'd like this to appear with some “sort of incluslon such &s &
table or a picture, pet it off to me at your earliest opportunity
With that, then, we'll turn it over to Curt. ‘

WEMENWAY: T think we'll just adfourn, It's lunch-time, and some
of us have to leave in the early afternoon,: Thank you, all, very

s

(#¥This article has appeared; Sky and Telescope, 37, 20, (January), 1969)





