W v
=z &

“Re0 9- 0u9=0 63
4 5,

ANNUAL REPORT
of the

E. 0. Hulburt Center for Space Research

"ﬁ;val Research Laboratory" :

‘Washington, D. C. o

to

The National Aeronautics and
Space Administration

for

Fiscal Year 1969

Herbert Friedman
Chief Scientist

1 July. 1969

j

FPACILITY FORM 802

-

Encl (1) to NRL Letter

N69-38294

{ACCESSION NUMDBCR]
-

/77

TRRU) 7150-6:HF: rmo

OF 2

(PAGES)

s77

/ SER:
m?nzb

(HASA CR OR THX OR AD NUMBER) {CATEGORY) Reprnduced by the
‘ CLEARINGHOUSE
-/ for Federal Scientific-& Technical

Informalion Springfield Ya, 22151




CONTENTS

ok ok .k ok ok % % k k %k * k % x Kk ¥ * ok k k ¥ %k k %k ¥ k¥ *k *k k ¥

)
I'..........'...l‘...‘ll..l....‘m‘

IIm_'New Disqoveries'in:Space Science at NRL
’ Du:["ing"the‘past Y?ar‘-,‘.o-loooclio..coco-c-qcoo------oiii

111, Upperﬁgif"Physice Breqdh.;w.}...,.....;.....,,.......Al
Iv. ﬁa&ieiﬁstronemf dench...;...........;.....}.........Bl
\C Rocket Spectroscopy Branch...........................Cl
VI. The Hulburt Center Appointees..,.....................Dl
Vil.ﬂ Publicatlons and Talks...............................El

VI1iI. E 0. Hulburt Center for Space Research and
: Laboratory for Cosmic Ray Physics Joint Colloquia....Fl



St

REPORT OF DISBURSEMENTS

NASA GRANT R09-029-063

- Loe ¥ N r ¥ ?ﬁ -=L'.?"-"—'ﬁri51_sa_ [5-1-S TS ‘, ;Z}
FISCAL YEAR 1969

i‘.’" [

L3

i

psSories. o fusivofs oo fo 3105, 0K

o 50,0
“am e s wlse !-‘..9 L LT 50 .zp
. T % P

. in mae o e \.\. w 16‘.53_
.;l-f, 15‘.30_'1; i

. dr., Wallops Is. .

1

I L R R N I I I I I I I BN

isc. Materials and Services.....................,..} 38.0

TOTALn--loouocootel----o$ OOQOK

ii



PRECEDING PAGE BLANK NOT ritMEL.

NEW DISCOVERIES IN SPACE SCIENCE AT.NRL
DURING THE PAST YEAR

The Space Science Division program has had substantial

successes in all elements of its flight program during the
‘past year.

- The following is a list of some of the more noteworthy

results:

1.

8,

An ﬁ-ray pulsar was found in the Crab Nebula, with

a repetition rate of 30.2 pulses/sec, corresponding
to previous optical and radio observations. (Aerobee)
A more accurate positional measurement confirmed that
M-87 is an extragalactic x-ray source. (Aerobee)

.Brigﬁt-giant,and super-giant stars. appear to be up

to one magnitude fainter near 1115 A than main
sequence  stars of the same spectral class. (Aerobee)
The infrared radiation at 63y from atmospheric atomic
oxygen was discovered. It is the principal mechanism
of radiafive cooling from the atmosphere above 120 km.
(Aerobee) '

Atmospheric radiation in the 10-30 micron band was
observed above 160 km altitude. (Aerobee)

Geocoronal airglow was found to have short-~term
fluctuations of less than 5% superimposed on a
monthly variation of solar origin of about 30%.
(0GO-1IV and 0S0-1V)

Obserfations of a series of 128 ultraviolet auroras
show only 3 proton-electron separations on the morning
side, with the proton aurora being poleward of the
electron aurora. (0GO-1V)

Far ultraviolet emissions in the edquatorial zones
were detected which completely encircled the earth

at altitudes less than 500 km. (0GO-1V)

An appreciable component of the extraterrestrial

Lyman-alpha background was found to be solar-related.

(0GO-111)
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12.

13.

14,

15.

16.

17.

18.

o . . .
Five new sources of Water vapor 11ne emission
discovered in the galaxy show remarkable
time-variability. L rree Cor. '
The small size and high brightness temperature of
galactic water wvapor sources indicates that the H,0
emission arises from maser action rather than from
spontaneous or thermal emission. ,
Observations of ammonia emission in Sagittarius
reveal that ammonia is formed in large,cool regions
of the interstellar medium and that, unlike the
observations for water vapor, there is no evidence
of maser action.

Lunar occultation studles at 21 cm. show that
neutral hydrogen is qulte_unlformly distributed
across the region of the galactic centér.,

The temperature of the surface and atmosphere near
the surface on.the sunlit hemisphere of Vénus is
not ,significantly greater than that on the night
side, és revealed from prelimiﬁary obsgryations
at 2.7 cm, .

The points of origin of coronal streamers on the

sun often do not correspond well with solar active

. regions. (Aerobee) 1

Vast changes in form and number, of solar coronal

streamers are found to occur within one day's time.

. (Aerobee)

The minimum solar continuum temperature (in the range
1520-17004) for July 1966 was 4670°K, a value 300°
higher than that inferredgfrom the solar ipffared

continuum. (Aerobee)

A possible detection of localized H-alpha emission
on Jupiter (aurora?) was made u51ng a double solid
etalon and an S-20 orthicon camera chain.

It will be seen that perhaps the two most remarkable

discoveries—--those of the emission from galactic water vapor by
maser action, and of the x-ray pulsar in the Crab--were made

from the earth's surface and from a sounding rocket,

respectively.

Nevertheless, the satellite programs are broadly productive in

iv



providing long-time monitoring or surveys of new phenomena
of grand spatial extent. Satellite 0S0-5 (0SO~F) was the
first of two NASA satellites launched during FY 69 which
carried NRL experiments. It has already provided many
excellent far ultraviolet spectroheliograms of the sun. The
second satellite, 0GO-6 (0GO-F), was launched as this review
went to press.



UPPER AIR PHYSICS BRANCH

X~RAY ASTRONOMY PROGRAW

15
A detailed analysis of the data from an Aerobee

rocket launched in September 1967 is now complete.

The flight obtained detailed x-ray spectra in the
photon energy range 1 to 13 KeV, plus an additional
spectral point near 1/4 KeV, from Sco SR-1, Cyg XR=1,
Cyg XR-2, and a region near the galactic pole. The
x-ray spectrum of Cyg XR-1 was found to follow a

power law, and was quite\different from the exponential
character (thermal bremsstrahlung) of the Cyg XR-2

and Sco XR-1 spectra. The flux of Sco XR-1 at 1/4

KeV fell exactly on the extrapolation of its 1 to

13 KeV spectrum, suggesting either very little
interstellar ébsorption between the source and earth

or a second, '"soft" component of x-ray emission in

the source. The Sco XR-1 data were also examined

for the possibility of line emission from Fe XXV and

Fe XXVI near 7 KeV. An upper limit of -3% of the
continuum x-ray flux was obtained, suggesting that

this source is not a supernova remnant (from which

8% would be expected), but not eliminating the possibility
that iron is present in cosmic abundances (1 - 2% line

emission).
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Because of the great current interest in pulsars
the x-ray counts from Sco XR-1, Cyg XR-1, and Cyg XR-2
were e%amined fof evidence of per;;dicity, using power
spectrum analysis and autotorrelatiop techniques. These
showed that 1ess‘than‘1% of the x-rays from Sco XR-1
(6% for Cyg XR~1 and Cyg XR-2) were Pulsed with any
period between 0,07 and 4 séconds.

An Aerobee rocket with improved instrumentation
was launched in March 1969 to observe ihe Crab Nebula,
and- to scan through a region in the gglactic plane and
through the Coma cluster of galaxies (near the galactic
pole). The unexpected discovery of optical pulsations
in the Crab prompted the inmediate search for periodicity
in the Crab x—féy data. This search led to the discovery
that the pulsar at the center of the Crab Nebula is also
an X-ray pulsar, and that 5 percent of the X-rays
emitted by the nebula as a whole occur in the two pulses
from the pulsar. Two X-ray pulses are emitted 30.2
times per second with a 12 millisecond separation between
the X-ray pulses. The first X-ray pulse is 2.5 milliseconds
wide, or less, while the second is about 5.0 milliseconds
wide. Both contain about the same X-ray energy. This
detection constitutes the first discovery of a pulsating
X-ray source and indicates that pulsars emit radiation
over an enormously broad spectral range. The X-ray pulse

[
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power excéeds the optical power by a factor of 200.
Hence, the Crab pulsar should be thought of as
primarily an k—ray source, with only incidental
energy production in the visible and radio portions
of the specirum,

The rocket that detected the Crab Nebula X-ray
pulsar contained detectors with larger collecting areas,
with better rejection of cosmic ray barticle events,
and with improved spectral response (0.8 to 12 KeV range
plus points at 0.65 and 0.27 KeV) than the previous
experiment, Thé spectral aﬁalysis now in progress,
will help to answer guestions about the extragalactic
X-~-ray emiséion, about x-ray absorption in our galaxy,
and’ about the nature of the x-ray sources (continuous
and pulsed) in the Crab Nebula.

Another Aerobee yocket, also launched in March
1969, gave a new measurement of much better statistical
and positional accuracy on M-87, confirming its
existence as an extragalactic X-ray source.

Two additional rocket firings are planned for

late fall from White Sands.
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SOLAR X-RAY PROGRAM

As will be seen from the following discussion
much effort has been expended in doing fifst—review
interpretations of data from satellites launched
within the past year and one-half, and in preparing
still other experiments for launch. This has
necessitated temporary deferment of complete interpre-
tation of earlier rocket data and of detailed examination
of some satellite data as they are received.

Solar Monitoring Experiments for NASA

Observatory Spacecraft

A, Bragg Crystal Spectrometer for X-ray Flare
Spectra, OSO0~1IV

Two Bragg crystal spectirometers covering the
wavelength regions, 0.63 ! to 3.8 ﬁ, and 1.6 4 to 8.4 ﬁ,
were launched in October 1967 aboard the 0S0-IV space-
craft. These spectrometers have the capability of
scanning over their total range in 13 minutes, for a
relatively quiet sun, or two minutes for an active
sun. Preliminary results of this experiment have
brovided information which will lead to improved
theories of solar pheﬁomena.

Detailed reduction of the data is now being
performed. Measurements of recombination edges have
been made for the first time. These spectra have shown
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(1) the dominance of X~ray continuum emission over
line emission below 6 } in the flare plasma, (2) the
existenqe 6f'innershe11 transition from partially
stfipped iohs as an‘important COmponenf of the X-ray
iine emiésion, (3) electron-temperatures of ~ 13
million degrees for the main body of‘gas emitting
‘between 1 and 8 !, (4) a deficiency in argon content
relative to calcium and iron, and (5) an absence of
strong emission from single electron'iron aﬁd calcium
ions. — | ‘

The instrument is still performing satisfactorily
after 1.5'yéars in orbit and still acquiring useful
data although the satellite memory malfunctioned 6
months after launch, -

B. X-Ray Ion Chamber Experiment for the Wheel
Se¢tion of OS0O-1IV

This experiment is patterned after the SOLRAD
experiments. The SOLRAD ionization chamber photometers
for the 0.5 - 3 &, 1 - 8 &, 8 - 20 i, and 44 - 60 }
bands are used in conjunction with peak-reading and
A/D conversion circuitry to adapt the sensor output to
the 0SO data format. An aperture wheel is used to
reduce experiment sensitivity as required by ground

command.
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The experiment was constructed by the Electronic
Engineering Branch of ESD and was launched in October 1967
aboard -the 0S0-1V spaceéraft. The experiment provided
data in both stored and continuously transmitted modes
until the satellite's recorders failed in May 1968.

Since that time only the continuously transmitted  data
have been available when recorded by a ground station.

C. X-Ray lon Chamber Experiment for the Wheel
Section of 0OS0O-V

This experiment covers the same X-ray wavelength
bands as that constructed for 0S0-~IV. It was, however,
constrﬁcted on contract by Consolidated Systems Corpora-
tion. The satellite was launched in January 1969 and the
experiment is working properly. As yet data are not

available from NASA for detailed processing.

D. Spectral Scan, Burst and Mapping Experiment
for 0S0-G ’ .

~Three Bragg crystal spectrometers (covering
the wavelength regions 0.63 ! to 3.8 ﬂ, 1.6 & to 8.4 ﬂ,
and 5 & to 25 ﬁ), two pulse height spectrometers
(covering the wavelength regions, 0.15 ! to 0.6 X and
0.6 L to 6 1), three broad band detectors to investigate
solar regions of interest, and one other broad band
detector to monitor the general solar activity and to
act as an in~flight caliﬁrator are to be part of an

instrument to be launched in the 0S0-G spacecraft,.
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This iﬁstrument is designed for peak of the solar
activity cycle. The launch is scheduled to take
place sometime in July 1969 and is now in the integra-
tién and tesﬁ phase. The results of this experfhent
wi}l»map th;;time history of the solar spectrum from

0.15 to 25 & and indicate the regions of solar activity.

E. Solar X-Ray Monitoring Experiments for 0GO-II
and OGO-1IV .,

‘'0GO-1I was launched in November 1965.-and
operated in the fully-oriented mode for only 11 days.
Since the NRL7X4ray experiment requifed proper solar
pointing for data acquisition this experiment yielded
very few useful data.

" The OGO-IV instrument was launched in Ju1§
1967 and provided useful data until the satellite's
tape recorders failed in Jamuwary 1969. This experiment
was bﬁsically similar to the SOLRAD monitoring experi-
ments in that it covered the 0.5 - 3 4, 1 - 8 %, and
8-16 i, and 44 - 60 i X-ray bands with the standard
SOLRAD photometers, It had two advantages over current
SOLRAD experiments: much greater dynamic range to
permit on-scale measurement during solar flares, and
provision for continuous monitoring by"means of tﬁe

spacecraft on-board tape recorder.
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F. Proportional Counter Spectrometer for 0GO-V

This experiment measures the gross features of
the solar x~ray spectrum between 2 and 20 Kev (0.6 -~
6 L). Launch occurred in March 1968. Preliminary
data reduction only has been performed as of this
date, in part because detector calibration drift must
be taken into account. Further data analysis will
be performed by the Martin Mariettia Co. undexr NRL
direction.

G. Proportional Counter and Scintillation
Counter Spectrometer for 0GO-F

This experiment is designed to make x-ray
spectral measurements in the range 2 to 20 Kev and
20 to about 160 Kev with a i16-channel pulse height
anal&zer. The instrument was built under contract by
Ball Brothers Research Corporation. Integration in
the spacecraft was begun in late 1967. Launch is

scheduled for June 1969,

H. Solar Radiation (SOLRAD) Monitoring Satellite
Program

The objective of the SOLRAD program is to perform
continuous monitoring of the solar x-ray and ultraviolet
emission in order to obtain data needed to increase our
understanding of solar processes, and to provide a set
of indices of solar activity upon which a system of
ionospheric disturbance forecasting can be based. The
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program employs small satellites counstructed at the
Naval Research Laboratory by the Satellite Techniques
Branch to cafry X-ray and ultraviolet photometers
sensitive to solar radiation bands which cause disturbances
in the earth's ionosphere. The satellite now operating,
SOLRAD 9 (1968-17A), was launched in March 1968 and
carries an on~board memory.

The new development of great significance
in the current program is the introdﬁction of almost
continuous solar monitoring and quick reporting of
x~ray flares in the 0.5 - 3 }, 1 - 8 i, and 8 - 20 A
bands. These data are recorded by the SOLRAD 9 satellite
and the daily time histories are sent to ESSA with a
one to two day delay to provide a continuous (except
for satellite night intervals) of solar activities.
No major flares or other solar activity events can
escape notice as long as this system continues to
operate. (Major denotes an event lasting at least
% hour.)

Real-time data from SOLRAD 9 are received at the
NRL ground station at Blossom Point, Maryland and
simultaneously re-transmitted to the Operational
Research Branch at NRL via a hard-line data 1link.
The data are immediately displayed in strip chart
form, reduceﬁ to energy flux units, and transmitted
in a standardized format from the NRI. SOFNET teletype
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The data are usually transmitted on SOFNET within

10 minutes of the end of a2 satellite pass. When

the data indicate .that a solar flare is 1in progress

a special alert message is transmitted before the

pass ends to alert personnel of the Solar Forecast Center,
NORAD Cheyenne Mountain Complex, Colorado. The data

are also transmitted by telephone to Solar Radiation
Section personnel who maintain an up-to-date plot of
Xx-ray energy flux. From the analysis of these data,
warnings of increased solar activity are sent to the

Naval Communications Command.

Data from the SOLRAD 9 memory are also received
at Blossom Point. The data are then re-transmitted
during regu1a£ working hours to the Satellite Technidues
Branch at NRL where they are pre-processed and delivered
to the Operational Research Branch for processing on
the Research Computation Center's CDC 3800 computer.
Plots of the memory data are sent by facsimile equipment
to ESSA's Space Disturbance Forecast Center (SDFC) at

Boulder, Colorado.
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The memory data are generally iﬁ the hands of SDFC personnel -
less thén 24 hours after memory read-out. Dufing the
Apollo-8 and Apollo-10 manned circdmlunar flights NRL
personnel were on duty around-the-clock in order to send the
SOLRAD 9 memory plots to the Space Disturbance Forecast. Center
withih one hour of reception of the data froﬁ tﬁe sétellite.(s)
Equipmen£ his been purchased to enable the Opérational
Résearéh Branch to pre-process the memory datd, and it is
expected that this bﬁrden‘will soon be removed from the
Satellite Techniques Branch.

Although the current SOLRAD program has produced a
considerable amount of data over the past few years there
are certain inhefent limitations to the development. of these
spacecraft toward continuous solar monitoring. The fact that
the satellites are flown in low orbits limits the amount of
data that can be collected in real time using a single
telemetry receiving station., A data.storage system can
and, in fact, ié used to bridge the periods that the satellite
is beyond the reception range of the gfound station. Even
with a data storage system providing continuous after the fact
coverage there are numerous periods that the-satellite will

spend in darkness due to the low altitude orbit. Increasing
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data coverage by use of multiple ground stations does not
improve real time data acquisition because of the delays
involved in transmission of data by ground communications
facilities. 1In addition, low altitude operation requires
broom magnets to protect the x-~ray photometers from charged
particle interference within the Van Allen belts and the
South Atlantic Anomaly. The net magnetic moment of the
spacecraft is thereby increased and torquing effects are
experienced due to interaction with the earth's magnetic
field. This torquing results in a decrease of spin rate with
time and a precession of the spin axis. Therefore an active
attitude control system is required aboard the spacecraft

to prevent data loss due to precession. The spin rate must
be maintained to minimizé precession and permit reliable
operation of the attitude control system. Because of these
inherent limitations in the operation of low altitude solar
monitor spacecraft it has been proposed that the operational
SOLRAD program employ high altitude spacecraft. With high-
alﬁitude spacecraft it would also be possible to measure
solar charged-particle fluxes. This is impossible at low
altitudes because of the shielding effect of the geomagnetic

field,
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Specifically, this phase of the SOLRAD program will
employ two or three spacecraft at high altitude. The
objective is to make solar x-ray flux data available
continuously in real time, Real time data acquisition
will enable personnel of the Solar Radiation Section to
make timely warnings of increased solar activity to ‘the
Naval Communications Command and the SOFNET teletype
exchange.

It is proposed than an orbital altitude between 18
and 20 earth-radii be chosen. Because of funding and man-
power limitations the introduction of this phase is programmed
over fiscal years 1969, 1970, 1971, and 1972 in the following
steps:

FY 69

Continue design and feasibility studies for
SOLRAD-HI to define:
(1) Spacecraft structure,
(2) Data format and on-board data processing required,
(3) Data and command link requirements for spacecraft
and ground station development,’
(4) Ground based data processing and data dissemination

requirements.
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Complete design of one low-orbit, spin-stabilized
spacecraft (SOLRAD 10) which will point its spin axis
toward the sun during all periods of satellite day.
This satellite will serve as a prototype of the
SOLRAD-HI spacecraft.

FY 70

Construct and launch SOLRAD 10, Complete design
and feasibility studies for SOLRAD-HI.

FY 71

Commence construction of two or three SOLRAD-HI
satellites.

FY 72

Launch SOLRAD-HI satellites.
Initiate design studies for future spacec;aft in the
SOLRAD series.

It must be stressed that continuing data analysis and-
correlations will be performed in order to develop the most
reliable criteria for prediction of ionospheric disturbances,
This effort is to be directed toward the requirement of a
6-hour warning of communications disturbance.

Funding and a launch vehicle are available for SOLRAD 10,
Funding and launch vehicle support for SOLRAD-HI are not yet

fully committed.
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FAR-ULTRAVIQLET ROCKET ASTRONOMY

As reported in the previous Program Review, an
improved version of‘the ali-reflecting image-converter
spectrograph used in the flight of 16 March 1967 was
constructed, with financial assistance from NASA
Marshall Space Flight Center. The improvements in-
cluded permanent magnet focusing and use of 'a .single
large objective grating (rather than the mosaic of
four gratings used previously). Also, an improved
photometer package, incorporating ﬁhoton'counters with
rectangular apertures mounted on a scanning piatform,
was built. In order to insure that the spectiral reso- -
lution of the spectrograph would not be degraded by
rocket ﬁo£ion during the exposures, a fihe—
stabilization system, based on a floated rate-
integrating gyfoscopé}was developed which is capable
of stabilizing the rocket in the pitch direction
(which is also the dispersion direction of the spectro-
graph) to avlimit cycle of better than‘i 10 arg’seconds.

The first flight of this instrument package took-
place 10 October 1968. Unfortunately, due to a failure
of the rocket attitude-céntrol system, the flight was’
unsuccessful and no stellar data were obtained.

The instrument package was flown again, this time

.successfully, on 30 January 1969. 8ix targets in. the
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constellation of Orion were observed, and stellar
.spectra in the 1000-1600A range, and photometric data
in the 1050-1180 and 1230-1350A ranges were obtained.
The fine-stabilization system demonstrated a capability
of stabilizing the rocket in pitch to better than * 10
arc seconds. However, due tc an optical problem, the
spectral resolution achieved was only about 3A, con-
siderably poorer than the instrumental capability of
1A. Névertheless, most of the experimental objectives
were achieved.

Both the spectra and the photometric data indicate
that the previously-reported stellar flux deficiency
below 1200A,indicaﬁed by the 16 March 1967 flight, was
probably instrumental in origin. The spectra from this
latest flight are considerably denser, and extend to
shorter wavelengths (about 1000A) than the previous
spectra.- The present results agree quite well with
model atmosphere theory in the case of main-segquence
stars. Bright-giant and supergiant stars, howéver,
appear to be up to one magnitude fainter near 11154
than main-sequence siars of the same spectral class.
The present spectra show, more clearly than on the
March 1967 flight, the P-Cygni-type line profiles of
the stronger lines produced in the atmospheres of the
5right giant and supergiant stars. In addition, these
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spectra include, for the first time, the strong O VI
resonance doublet (1032-1038A).

The présent results for the Lyman-o absorption
line, due to'interstgilar atomiC'hjdrogen; agree with
previous resuits, and also includé, for the first
time, that of the sta® cluster O Orionis, which lies
within -and excites the Orion Nebula. 'A measurement of
the Lyman-g interstellar line im this case is of

special signifiéanqe in that thetre exist 21-cm -absorption

measurements'of the atomic hydrogen, which proyide a
more direct and;unambiguous comparison ‘with the. Lyman-g
data than the 2l=cm eﬁission measureméntsd which are all
that are available for the other st;ﬁs. As previously
reported, there is a factor of 10 discfepancy between
the ﬁyman—a”absorption measurements and the. 2l-cm ‘
emission meaéurements in the Orion region.

The Lyman-g measurement for 6 Orionis indicates a
factor of 5 less hydrogen than the 2l-cm absorption
measurements, assuming a gas temperature of 100 °k. How-
. ever, the-two agree if a gas temperature of 20 %k is
-assumed instead. A number of pieces'of evidence indicate
that the absorbing hydrogen is concentrated .in the
close vicinity of the nebula. Therefbre, the present
results coﬂstitute additional support for a model of the

interstellar medium in which most of the gas is
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concentrated in cold, dense clouds in pressure equi-
librium with ; much more raréfiéd, and much hotter,
intercloud medium.

In addition to its interstellar Lyman-g
absorption line, another surprising discovery regarding
8 Orionis was that the interstellar continuous ab-
sorption by dust particles in the far ultraviolet here
is much less than was expected. Extrapolation of the
observed absorption at visual wavelengths into the far
ultraviolet, using extinction' curves found applicable
to most other stars, predicts a total absorption of
about 5 magnitudes near 1115A. However, assuming
8 Orionis to have .a normal spectral distribution for
its spectral class, as appears true of most of the
other stars observed after correcting for‘reddeniﬂgji
the observed flux corresponds to an ultraviolet ab-
sorption .only slightly greater than in the visible;
the indications are that the absorption is independent
of wavelength, or possibly decreasing toward shorter
wavelengths, rather than increasing as 1/A as expected,

and as appears valid for the other stars observed.

Al8



IMAGE TUBE RESEARCH

Futuré developments in image convertérs for space
application iﬁclude two types we have propose& for
studies of extrasolar X-ray sources, in conjunction
with a large x-ray telescope on an APOLLO Applications
Mission. One device is for direct imaging of x-ray
sources, the other is for'spectrqécop& using a grazing
,inbidénce, slit-type grating spectrograph."Bofh
instruments are designed to take advantage of the
increased quantum efficiency of alkali-halide photo-
surfaces for x-rays when used at large angles of
incidence. We also plan to develop a siit—type,
internal-grating image converter spectrégraph'for use
in the 900-2000A far-ultraviolet wavelength range.

The Naval Hlectronic Systems Command has beén
suPpofting developument of an intermal-mirror, front-
surface~photocathode Schmidt image coﬁverfer for use
in the visiblé wavelength range. 1In addition to
developing techniques for preparing the visible-
sensitive photog;thodes, we are investigating the
_use of microchannel intensifier plates for amplifi-
cation of the electron image pfior to display on a
phosphor screen. Tﬁe microchannel plates can have gains
of more than 104, with minimal resolution loss, making
the image tubes particularly suitable for night-vision

devices. However, this also has advantages for space
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and ground-based astronomy, particularly when tele-
vision techniques are used. For example, a micro-
channel intensifier allows the use of a standard
vidicon tube in place of the more complicated image
orthicon, for low-light-level television imaging.

A vacuum system and test facility for prepa-
ration of visible-sensitive photocathodes has been
completed and is now in full operation at the NRL-
Waldorf Observatory. A vacuum system for test and
evaluation of microchannel plates has also been con-
structed at the same location. Upon completion of
the initial phases of these two separate studies, it
is hoped to combine them in the construction of a
laboratory prototypé image converter.

Preliminary tests of low~resolution microchannel
plates have been performed, and have verified the
potentialities of these devices as indicated above. We
are now in the process of obtaining much higher-
resolution plates, on which more detailed and complete
tests will be performed.

Initial attempts at‘preparation of visible-sensitive
photocathodes were unsuccessful; however, manpower
limitations have prevented the problem fron being pursued

further.
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INFRARED ASTRONOMY PROGRAM

‘As'the culmination of five years of instrument
devélopméﬁt the infrared-pfogram is now prddﬁcing
data of great astrophysical and geophysical interest.
Problems of cryogenic design have beeﬁ'solved and
detectors and amplifiers are adequate for the job at
hand even tﬁough anothexr factor of 100 in basic sensi-
tivity can probably be attained with effort. Calibra-
tion of detectors for both spectral and absolute
photometric response continues to limit thg accuracy
of results obtained and-it will probably be necessary
to deveipp an "in-house'" capability in this regard.

One significant result of the infrared effort was
the ‘discovery of 63 -micron radiation from atomic
oxygen. iThis radiation had been predicted moré than
ten years 'ago by Professor Bates at Belfast to be the
major source of radiétive cooling of the upper
atmosphere; The radiation was discovered at the level
of intensity predicted during the analysis of the
latter portion of the infrared astronoﬁy rocket flown
in March 1968. The‘63—micron radiation was first
observed on rocket reentry at 170 km, and was oObserved
to grow until the detection system was saturated at
120 kn. Measurement of the intensity of the 63-micron

line is significant not only because it is probably
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the major mechanism of radiative cooling in the
atmosphere above 120 km, but also because it will
probably turn out to be the most accurate means of
measuring the distribution of atomic oxygen with
altitude. At i20 km the radiation is optically thin
looking up, and the emission is only mildly temperature
dependent.

A secénd‘result is the controversial, but possibly
highly significant detection of sirong point sources
in the 10-30 micron band of the IR, These point
sources are believed to be galaxies radiating 200 OK
radiation at many times their total optical output.
However, the results have pot yet been checked, and
could turn out to be produced by dust moving with the
rocket and not too far away. Supporting evidence for the
astronomical interpretation of the results is the strong
IR emission found by Hoffwan of NASA- Goddard Institute
for Space Studies, New York at 100 microns.

The 10-30 wmicron detector has about the same sensi-
tivity as the Ge:Ga used to observe the ©3-micron line
above and it shows saturated signals in the atmosphere
at altitudes above 170 km. Similar high altitude fluxes
have been reported by Markov but they are generally not
believed because the major atmospheric components are

atoms. or symmetric diatomic molecules which have no
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emission lines in the 10-30 micron region. We expect
that further £lights with better calibrated systems

will answer this question. .
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LYMAN ALPHA AIRGLOW OBSERVATION PROGRAM

This year observations of the Lyman-alpha
radiation obtained from the Naval Research Laboratory
experiments carried on the OGO-IV and the 0SO-1V
satellites, together with Balmer-alpha and NRL Lyman-
beta data, wefe analyzed by assuming that the-radiation
seen arises principally from the resonance scattering
of solar photons in the atomic hydrogen geocorona.
First, the theory of radiative transport in an
optically thick, spherical scattering medium was
developed for numerical calculation of the intensities
to be expected for a variety of geocoronal hydrogen
distributions. These results were then compared with
fheAexperimental observations and show that if the
solar Lyman-alpha flux was 6.5 ergs cm 2 sec * A *

(as was appropriate for the observational epoch) then

the mean optical depth above 650 km was about 1.3
(corresponding to 7.0 x 102 atoms cm °) for an

1100°K exospheric temperature. This value would
correspond to a concentration of 3 x 107 atoms cm °

at 100 km which is a higher concentration than originally
postulated by early theorists, but which stands in
contradiction to views of some theorists who have argued

that much more hydrogen is present in the atmosphere,
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The theory is also consistent with the observed nadir-
zenith intensity ratios of 0.84 and 1.20 for night and
day, respgctively. -
‘ The-geocofonal airglow was found to have short-term
fluctuafiops of less than 5% sﬁperimposed_on a monthly
(or 27-day) variation of about 30%. Thus, these variations
for the first time provide evidence for, and a monitor of,
the variéﬁility'of the Lyman-alpha flux at the center of
.the solar emission iing. Radiatiye transfer theory was
applied té the Lyman-beta problem to obtain solutions for
comparison with experimental observations of both Lyman-
béta.and Balmer-alpha. ‘The analysis agrees well with the
Lyman-alpha results if a non-terrestrial Balmer-alpha
background of some 3 to 4 rayieighs.is present in
addition to the airglow. This is an imporfant new
technique to identify the non~terrestrial component.
Lyman~-alpha intensities were also‘méasﬁred from
the 0GO-I111I spacecraft at altitudes from 5 to 19 earth
radii. The variation of intensity with distance implies
a hydrogen density at 50,000 km of about 25 atoms cm 2
for the summer 1966 epoch in the antisolar hemisphere.
Aﬁ spacecraft apogee a residual background.of 710nto 765
rayleighs was observed. Asymmetry of intensity variation
on eifher side of apogee suggésts an additional contribution
to the background of 150 rayleighs or more from the regioﬁ'

scanned in the galactic plane. (This differs from the
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preliminary conclusion repofted earlief that in the

bresence of fadiation belt interference noiénhancement

from the region of the galactic plane could be discerned.)-

Fﬁrthermoré, variation of the residual background

intensity at apogee apparently correlatés with the solar

rotational cycle. This suggests that ép appreciable

- fraction of thé backgrﬁund’combonent is solar-related,

"and provides a -new technique for distinguishing the

hydrogén in space which is associated with the sun irom

the hydrogen in the galaxy beyond. - ‘
"First-review" analysis of only the first six-months

of the more than 1% years of data from OGO-IV has now

been performed. Processing and interpretation of the

remainder of the data is proceeding.- Systematic

treatment of OSO-IV data has not yet'coﬁménéed and

awvaits receipt of the necessary tapes from NASA.  During

the past year three papers on the current findings have

been submitted for publication; others are in ﬁreparation:‘

A major unresolved question under review is the factor of

two differences'in background intensity reported by

French and NRL (and other) experimenters, (This may

arise from the different. areas scanned in the celestial,

sphere or from the different spectral ranges employed.)

0f course, the entire duestion of the specific oriéin |

of the background Lyman-alpha radiation awaits definitive-

interpretive treatment.
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METEOR ASTRONOMY AND ELECTRONIC IMAGING PROGRAM

Aﬁroral Studies

A. Low Light Level TV Project in Norway - This
equipmenf has been in operation-since October 196?.‘
A 1200 foot roll of movie film of aurora‘recorded in
Tromso has been sent to us for evaluation. The
equipment ééems tb be perforﬁing excellently in the
hands of the Norwegians. We have supplied times and
Ibok'anglés of OGO-1V passages near Tromso for
simuitaneous TV auroral recordingsfrom the gfound to
correlate with OGQ—IV auréfal measuremenfs‘during
November and December 1968, However,.OGO-Iv\reduced
data is ava;lable'only from August 1967 to mid-February
1968, and the‘@nalySis of this simultaneous data must
await 0GO-IV data reduction. .

It is p}anned to use a similar L2TV éamera
at the -Rocket Léunch Ranpge in'Andenes, Andoya, NorWay
during the one year sabbatical stay of Grady.Hipks
in Norway beginning in September 1969. The two LTV
stations at Andenes and Tromso will be separated by
approximately 100 Km and ideally situated to make
similtaneous triangulated measurements of the aurora.
in pérticular, a detailed study of pulsating aurora

as a functioq of altitude is contemplated. Ancother
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important phenomenon to be investigated with this
technique is the altitude of spectral emissions due to
excitation of Né, 02, and O thch is made possible

by the high sensitivity of L®TV equipment.

B. Last year we expressed the hope that NASA
funding would be obtained to permit Dr. Mozer (University
of California) to launch his auroral electric field
experiments from Churchill, Canada. We would then
collaborate by performing simultaneous L®TV experiments
from the ground. Unfortunately, the rocket program still
awaits the required finan%jal support.

C. We have reduced far ultrayviolet O0GO-IV data
covering the period 1 August 1967 to 12 February 1968,
We have begun processing of data for the ensuing year.
We are now able to define the geographic positions of
proton and electron auroras much more closely. The
results of 128 observations show only three proton-
electron separations on the morning side with the proton
aurora being‘poleward of the electron aurora. There is
an indication of little if any séparation at local
geomagnetic midnight. The morphology which emerges is
very closely that fitfing a theoretical model of Axford

and Hines (1961) in which a convection system in the

Axford, W.I. and C. O. Hines, Can. J. Phys. 39, 1433,
(1961).
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outer portion of the earth's magnetosphere separates
electrons and protons which afe later deposited in a
pattern such as we observe.

It should be noted}that the negative signal
in the OGd—IV space facing detgctor which was cited
in the previous report is in reality not auroral.

Rather; it is due to charéing of the detector wihdoﬁ
by iﬁcoming.particles crossing the auroral oval,

A new phenomenon has been discovered in tﬁe
0GO-1V data. Far ultraviolet emissions in the equatorial
zones were detected at altitudes less than 500 Km.

The occurrence fregquency reached a maximﬁm in late
October 1967 dﬁring the period Aﬁgust'1967 to February
1968. These emissions were seen dquite symmetrically at
12-15 degrees on either side of the magnetic dip equator -
(locus of points where vertical componeﬁt of the earth's
magnetic field 'is zero) completely encircling the earth.
In general, the peak intensity of the emissions was
equal north and south of the dip equator but in some
cases the intensity was three or four ‘times greater on
one side than the other. In rare cases, emission was
totally lacking on one side while clearly present on

the other. Recent comparisons of ‘''quick-look'" simul-

taneous scanning spectrometer.0G0-1V data of C.A. Barth
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(University of Colorado) show that the emissions
are at 1304 X and 1356 ! and due to oxygen. A

?adiative recombination theory
o™ (*s) *e » 0¥ + nyp’
followgd by
0" 40 (®°P) + = hy

has been proposed by W. B. Hanson (Southwest Center
for Advanced Studies) to account for the emissions,
The direct recombination photon is represented by
hy’ and- = hy represents the photons emitted in the'
cascade to the ground state.

Two papers on the 0GO-1V results are ready
for publication. One covers the polar aurora and

the other the equatorial aurora/airglow.
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AERONOMY

In the Aerénomy progran, 1968 has been a year of
experiment preparation and data analysis. New
instruments and techniques have been developed in both
the instrumentation and data reduction areas. 1In
addition, spécial electronics to meet the needs of the
ney instrumentation have been developed.

Aerobee NC 3.136

Aercbee NC 3.136 -has been in preparation for
"over a year, When flown in mid~August, at~night,lit
will carry.the ﬁost'domplete and complex group of sensors
that the Aeronomy Section has assembled into a single
payloéd. Two areas of interest are covered in the
payload. First is the instrumentation to measure the
ionospheric parameters: " positive ion composition, total
ion density, and electron density and temperature; second
are'the'optical experiments to measure the resonantly
scattered radiation in the 150-1350 % range that is
present in the night sky (also any airgiow emissions

that occur in the same wavelength range). Four optical
spectrometers and four photometers constitute the optical
experiments. The optical grating spectromefers with
Channeltron multiplier detectors are .set to detect the‘

following emission lines:
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a. Lyman-a (1216i)

b. Lyman-8 (10264)

c. Helium I (584})

d. Helium II (304})

The optical photometers, also with channeltron multiplier
detectors, cover the following wavelength bands:

a. - Molecular oxygen absorption cell for a.
féw Angstrom wavelength range in the region of and
including Lyman-«,

b. Indium thin film filter for 1070-740f%
(Lyman-8), ,
‘ €. Aluminum thin film filter for 150-8001%
(Helium I and II),

d; Aluminum—carbén thin film filter for
150-350% (Helium II).

With these spectrometers and photometefs both 1ine
identification and measurement of the intensity of the
far ultrayiolet‘resonantly scattered radiation discovered
in 1967 will be possible. The spectrometers are new
instruments for the Aerobee payload. The photometers_
are improved versions of the 1967 units., The main area
of improvement is in the use of thin film filters,‘which
are insensitive to visible light, look at a smaller field

of view for increased angular resolution, and have less
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response to Lyman-a radiation that penetrates the
fiims.'

Electronic Instrumentation

The increasing use of secondafy emission
electron maultipliers (photomultipliers and channeltrons)
as photon and charged particle detectors in rocket and
satellite~borne instrumentation has prompted the
development of higﬁ’voltage power supplies and pulse
amplifiers whose characteristics are insensitive over
the -20 to +55°C temperature range. For eﬁample, an
inhouse-developed power supply having é 100 u'amp output
at 3 KV does not vary more than 0.03% over the 70°C
temperafure range. We do not know of an equivalent
commercial unit that has this characteristic. Similarly,
the AC pulse amplifier that. detects the electron
muiltiplier signal has been made to have nanosecond
response and high gain that do not change over the 70°C
temperature range., It is anticipated that these
improvements in the flight electronics will allow us to
exploit the advantages that secondary emission multipliers
have over conventional electrometer detectors.

0S0~-1

An experiment is being proposed to NASA for
the 080~1 spacecraft to fly the photometers developed

for the rocket experiment. Such an experiment will
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proﬁide extensive geographic and temporal coverage
of the resonant radiation not available from rocket-

borne experiments.

Aerobee NC 3,187 Data Reduct;on

Datd reduction of the Aerobee NC 3.187 flight
of 10 August 1967 continues. Considerable progress has
been made in the computer reduction of the flight data
from'maéﬁetic tapes of the flight on the Division's
CDC 3100 computer. For éxample, ion mass spectra can now
be analyzed by machine, a task previously accomplished by
an individual laboriously scanniig a telemetry record and
recording signal amplitudes.

" Machine reduction of the resonantly scattered
radiation measured on this flight continues to provide
interesting results. On the ascent leg of flight the
Lyman—a ionization chamber detected an extra signal,
about 100 Rayleighs: out of 2000, above.the smooth
Lyman-a signal. At first it was thought the extra
radiation came from the galactic center region. However,
a decrease of the signal with increasing aitituﬂe rules
out this interpretation and properly ascriﬁes the
sigﬁal to either a temporal variation or airglow layer
emission of a_signal in the pass band of the ionization

chamber. Work is continuing on the Lyman-a, Lyman-B8 and
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Helium ?esonant radiation detected on this flight. Of
particular interest are the preliminary observa{ions that
the directions of maximum intensity‘of the radiation
detecteﬁ in the LyméﬁrB and Helium pﬁotometers come from
different places in the sk&. The Lyman-03 signal comes
from the North North East near the horizontal whereas
the Helium sigﬂal comes from the East North Eas£ at a

65° zenith angle: Unfortunately data ré&uction has not
been completed to permit a detailed discussion of the
possible feasons for this difference.

Future Plans

Rockets - After NC 3.136 is flown in -August,

NC 3.137 will be prepared for aAdaytime flight:- Current
plans are to include only ionospheric instrumentation
on the flight. '

- Blue Scéut Jr. rockets obtained from the Air
Force are available for ouf use at Wallops Station. We
desire to instrument one flight with the ionizing
radiation photometers carried on Aerobee NC 3.136, a
scanning spectrometer to cover the_300~1250ﬁ range,
ion mass spectrometers to cover the 1-35 Amu range, and
a neutral helium and nitrogen mass spectrometer. The
scanning spectrometer would identify all df’the EUV

radiation in the night sky. The helium-nitrogen
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spectroﬁeter would obtain an altitude profile of
these two constituents and assist in resolving the
problem of the helium budget in the earth's atmosphere.
Infrared - Cryogenic techniques developed
by D. P. McNutt at NRL open up the 10-1000 u wavelength
region to investigation by rocketborne instrumentation.
Within this range emissions from most of the important
minor constituents present in the atmosphere are fouﬁd,
i.e., NO, O

O,NOZ, N,0, ete. It is our intention

3 2
to exploit this breakthrough to determine the number -
density and altitude distribution of these minor
constituents of the atmosphere which play such an

important role in the D and lower E region processes.
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RADIO ASTRONOMY -~ CODE 7130

Thé basic-objective of the radio astronomy program is to
conduct fundamental research leading to new information of
\ﬁétrbnomiéal aﬁd'éstrOphysicél importance, and to invésti—
gate its application;in areas of interest to the Navy. The
current scientific program is directed to the ﬁolecular and
atomic éoﬁpositiqn and structure of the gaiactig:medium in
regions of possible star formation; the structure and
magnétid field qistributiéﬁ of the galaxy; the‘physical
properties of cosmic rédiO'sources, i.e., pulsars; quasi-
stellar sources, radio galaxies, supernova remnanfs, and
H II regions; ‘planetary surfaces and atmospheres; celestial
mechanics; relativistic effects; microwave emission and
reflection properties of the sea and planetarﬁ'suffaces;
and possible effects of mass on frequéncy. Areas of Navy
interest to which the program is contributing are: all
weather navigation, improvement of time-service in remote
areas, very .short wavelength radio propagation through the
total atomospheré of thé earth, remote microwave sensing
of ocean surface‘characteristics; the physical environments
of other plénets, ultimate sensitivity limitations on radio
and radar systems imposed by extraterrestrial radiation and
and the atmosphere of the earth, andﬁimpfovement of astro-

nomical constants.



PROGRAM
I.  GALACTIC AND EXTRAGALACTIC RADIQ ASTRONOMY

A. Molecular Spectral Lines

The recent discoveries of spectral line emission
from two molecular species, water vapor and ammonia, in the
galaxy at wavelengths near 1.5 cm wavelength have provided
the opportunity to mount a developing scientific program
that(utilizes the NRL capabilities in both short-wavelength
and spectral~line radio astronomy to good advaniage. This
work has so far been carried out in close cooperation with
the group iﬁ the physics department of the University of
California, Berkeley, which made the original discoveries
of the radiation ‘from these molecules in the galaxy.

The first studies of the water vapor line at a
frequency of 22,24 GHz with high resclutien, both angular
and spectral, were carried out using the 85-foot reflector
at Maryland Point in January-February 1969 and were followed
by a second series of observations in March and April. Ten
water vépbr sources in the galaxy have been studied to date,
of which five were discovered at NRL. In all cases except
one the radiating water molecules are found in the same
regions where OH molecules have been observed previously.
The one exception is the HZO source discovered at NRL which

is assoclated with the main continuum region in W3 where no



OH has been observed. In a number of cases there are intense
infrared sources nearby. The high resolution spectra measured
at NRIL éhow a number of sharp, Doppler shifted lines, with
some lines as narrow as 40 KHz and some much broader, spread
over a considerable range of frequency or radial velocity.

In the most cutstanding case, the H20 source associated with
W49, the spectrum is spread over a very wide range of at
least 200 km/sec in terms of radial velocity or 15 MHzZ in
terms of frequency. linear polarization was observed for

the radiation from two of the sources, but circular polari-
zation, although looked for, has not yet been observed.

The observations at Maryland Point showed that the
angular diameters of the H20 emission regions are small
cocmpared with the beamwidth of the 85-foot radiotelescope;
certainly 1eés than 1 arc minute. During the observations,
it was discovered that the H20 line emission froﬁ several
source regions is highly time variable, for example, three
of the most intense lines in the W49 spectrum essentially
disappeared over three weeks time (Fig. 1). Light travel-
time arpguments require that the diameters of these emitting
water vapor clouds be less than 0.06 light years in diameter
with corresponding angular diameters of less than 0.005 arc
minutes. These lines were very intense with antenna temper-
atures of 1700°K, and the brightness temperatures of the

sources must be greater than 50,000°K to correspond with
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Fig. 1 - Spectra of the central section of the 1.35 cm water vapor line spectrum
of the source associated with W49 showing time variations. The upper spectrum
was taken in rain accounting for the reduced amplitude.



9°K

the direct diameter measurements and of the order of 10
to correspond with the smaller diameters inferred from the
short term variability. These extremely high brightness
temperatufes, greater than the dissociation teﬁperatufe of
water vapor, together with the narrow observed line widths
and other arguments indicate that the observéd radiation is
due to stimulated emission (maser action) rather than normal
spontaneous or thermal emission.

In some cases, the radial velocities of the lines
in a spectrum éppear symmetrical about a center suggesting

interesting systematic motions of the H,0 clouds such as

2
rotation, expansion or contraction about a center. The

large range of cloud velocities and small sizes of the source
regions suggest regions of star formation or activity.

The -distribution of ammonia and its velocity and
state of excitation have been investigated in the region of
Sagittarius B2, the most intense ammonia emiséion region now
known. Relative intensities of the (1, 1) (2, 2) and
(3, 3) inversion transitions at 23.69, 23.72; and 23.87 MH=z
respectively were determined and do not appear to correspond
to equilibrium conditions. However, the results indicate
that the ammonia is formed in large cool regions of the

interstellar medium and that unlike the water wvapor, maser

action is not observed,



One paper on water mél;cﬁle line ;aéiat;op has been
published and a second paper‘is‘in preparation, ‘A paper on
the ammonia 1line rgdiatibn is in breparation.

Because of the'scientific iﬁportancé of these
molgcular-liné’discoveries, a program of equipment develop-~
ment related to this project has been initiated. A general-
_purﬁose éomputef-controlléd filter—bani.system is under
construction, and is expectea to be completed in late 1969.
Development work is also underway for a 1oca1-oscillaﬁor
s&stem to:replace the one presently borrowed from the
University of California, and for a parametric amplifier ﬁo
increase-recgiving Sensitivity; ‘

Future plans includé an éxtensive program to’
determine motre precise characteristics of the water-vapor
timetvariatioﬁs; This should lead to fundamental infor—
mation about the physical processes involved. The results
obta;ﬁdble with the weaker ammSBia radiation have been
limitéd by signal-to-noise considerations. 'As SOOH'aS
more sensitive equipment is availab}e, extensive obser-
vations of tﬁe distribution of ammonia are planned. In
connection with this, plans are being formulated for a
cooperative:. program with the NASA Electronics Research
Center at Boston using their low noise parametric amplifier.
Observations of possible ammonia emission in the Jovian
atmosphere and comprehensive searches for other molecules

in the galaxy are planned.



B. Puldars
The new class of radio sources whici-emits periodic
pulses of vadio radiation and in one case x-ray and visible
light pulses aé,well, gives opportunities for new infor-
mation of astrophysical importance. In addiéion, the
accurate timing of the pulsesg is potentially useful for
praqtica; app}ications,and fox investigating.felativistic

effects.

1. Search for Pulsars

" In March ‘1968 a search of fhe positign of
the strong x-ray source Sco?piﬁs XR-1 was made for the
possible présence of radio pulsations. The ‘search was
made:psing the l40-f§6t radiohelescope of the National
Radio Astronomy Obsérvatory at Green Bank, Wést‘Virginia
at 234, 256 and 405 MHz. No pulsations with a time average

26 2 -1

'fldx density greater than 0.03 x 10 watts m = Hz and

with a repetition period between 0,1 and 5—SEConds were
found. Scorpius XR-1  has been found by Andrew and Purton

28 Latts m 2 w2l at

to have a flux density of 2 x 10~
4.6 cm. Extrapolating to 234 MHz, using the typicai
spectral in@ex of -1 for- pulsars, a flux density of .

27 yatts n~2 Hz~! would be expected. This implies

6 x ;0"
that any pulsations present must be less than about 3%

of the steady flux of the source.



In addition the positions of severai globular
clusters and known x-ray sources have been searched at 150
and 405 MHz using the 150-foot radioteléscope at NRL,
‘Sugar Grove, West Virginia."No pulse type radio signals
have been found to date,

A search for pulsations from the known radio pulsar
CP 1133 at 3 cm wavelength was made using the NRL 85-foot
radiotélescope. No pulses were detected and an upper limit
to the peak flux of the average pulse at 3 cm was- set at

10727 yatts w2 mz"L.

2, Mass on Frequency Effect

Observations of the pulse arrival times ffom
the pulsar CP 0950 were made during the month of August
when the line of sight to the pulsar approached within 5
-degrees of the sun in order to &est a suggested mass-on-
frequency effect, -The observations were made at 403 and
445 MHz using the 150-foot radiotelescope at NRL, Sugar
Grove, West Virginia. Although the ?redicted mass-on-
frequency effect was an order of magnitude greater than
the experimental error no evidence for it was found. A
period of 0.253 065 032 0 seconds U. T. * 4 x 1070 seconds

U. T. was determined for CP 0950 during August.

3. Annual Relativistic Experiment

An experiment using pulsars to measure an
effect predicted by general relativity has been in progress
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sincé August 1968. This relativistic'effect causes the
rate of an earth clock to vary as the gravitational
poténtial‘at the clock changes due to changes‘in the
earth-sun distaﬁce during the course of a year, 'The
éarying élock_rate Will’result in an accumulated clock
"error" with respect to some external constant clock which
varies sinusgidally with a period of one year. The maximum
"error'" is about 1.7 milliseconds and occurs in April and
October. 1In principle, it should be possible ﬁo use a
pulsar as the external constant clock to comﬁare with the
c¢hanging earth clock since pulse- timings with an rms error
of 400 microseconds are'routinély made. In ﬁractice there
are geveral diff;culties. The two most serious are: 1
errors ‘in ‘the doppler correction applied to the pulse
arrival times to account for the motion of the earth clock
"which are generated by inaccurate knowledge of the pulsar
position and (2) inherent changes in the period of the
pulsations from the pulSar with time. The first of these
gives rise to a sinusoidal "error" indistinguiéhable from
the relativigtic effect. However, the phase of this error
depends upon the pulsar position and can be sorted out by
using several pulsars at appropriately selected posipidns.
Ih order. to correct for the second difficulfy, the detailed
change in the pulsar.periocd must be known. Fortunately it

appears that the periods of pulsars are in general



increasing at a linear rate. Measurements to date of the
five pulsars selectéd for the anntial experiment indicate

that A P/P is indeed constant and ranges from 107 to

10716, As an example of the magnitude of this effect a

15 4i11 result in an

period increase of one part in 10
accumulated pulse'delay of one-half second in one year
for a pulsar with a period of one second. Even if it is
not possible to determine the relativistic effect in the
face of these difficulties, measurements of the positions

and period time depeadence of the pulsars are of great

significance in the understanding of- the nature of pulsars.

4., Application of Pulsars for Worldwide Timing

Service

Dr. G. Winkler, Director of the Time Service
of the Naval Observatory, is interested in the possible-use
of pulsars to supplement the worldwide 'time service. .At
present timing signals accurate to 100 pusec or better are
"available only in restricted areas over the surface of the
earth and at some locations accuracies of 1000 usec at
best ;re available. Dr, Winkler has asked that NRL look
into thé problem and: offer consultatién to the Naval
Observatory as to the possible use of pulsars to provide

worldwide coverage to 100 pgsec and provide time reference

for deep space probes. To date we have achieved rms
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timing errors of about X 400 psec and are continuing to

keep Dr. Winkler appraised of our progress.

5. Anomalous Dispersion Experiment

An attempt was made to detectwa relative
change in pulse arrival times due to anomalous dispersion
- in interstellar deuterium as the observation frequency is
moved Aacross a reéonance line, Froﬁ the magnitude of the
added delay it is pQSSAble to estimate the dggsity of
deuteriﬁm aioné the line of sight to the pulsar. The line
chosen was thg 327.4 MHz line of deuteriuﬁ and the pulsar
C? 0328 waé used as tpe sulsar sourcg.h No anomalous delay

was detected.

C. Variability of Quasi-Stellar Sources

Tﬁé intensities of both the radio and visible
radiation -from quaéi;stellar sources and certain peculiar
galaxies has been found to vary with time. These variations
provide an important source of information on the sizes of
the radiating regions from the time scale of the variations,
and on tpe na{qre gnd evolution of highly:energetic sourées
which may be built up through successive injections of
relativistic particles by explosive events.

Results of the variable source observing programs‘
at 1.5 cm- (intensity and polarization) and 9.55 mm-

wavelength (intensity) through mid-1968 were submitted for
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éublication. The results of the measurements so far do not
enable us to rule out or confirm the applicability of the
expanding source model to account for the variability of
these sources. In some cases the data are consistent with
rates of expansion relative to source radius smaller than
previously believed. The program is continuing at 1.5 cm
and 9.55 mm, expanded to 7 sources (3C 84, 3C 120, 3C 273,
3C 279, 3C 345, 3C 446 and 3C 454.3) and to measure
polarization and intensity at six-week intervals at each
waveiength. Because of equipment difficulties and insuffi-
cient antenna time, this program has not progressed as
plannéd, but we hope to continue observations at about
six-week intervals.

The linear polarization at 2.07 cm wavelength of
seven variable radio sources was measured during three-
obgserving periods between December 1865 and August 1967.
for five of these sources no changes in the degree or
position angle of polarizatidn were observed within the
iimits of error. Two of these, 3C 345 and 3C 454.3, were
unpolarized even though their total flux density increased
by about a factor of 2 over the observing interval implying
that the wvariable components of those two sources are not
highly polarized. The linear polarization of the remaining
two sources, 3C 120 and 3C 279, changed significantly over

the observing interval. The flux density of both of these
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sources also . approximately doubled over the observing
interval. 1In the case of 3C 120 the polarize§ flug-ﬂensity
and position angle remained unchanged again implying that
the variable component is unpolarized. However, in the
case of 3C 279 the degree of polarization about doubled

as did’the total flux and the position angle of the polari-~
zation rotated showing that the variable component of this

source is partially linearly polarized.

D. Propefties of Celestial Radio Sources from their

Polarization

) The state of polarization is one'of thé funéamental
obgservable properties of aﬁ electromagne{ic wave along with
its frequency, intensity, ana direction of arrival. The .
intrinéic polarization is determined by the mechanism of
generation of éhe radiation and the physicalipnoperties of
the source region, and specifically for cosmic synchrotron
radiation sources by the magnetic fiel& and relativistic
electron distributions.

Datq analysis of observations of the linear
polarization parameters and the intensities of 152 extra-
" galactic and 4 galactic sources at a waveleng;h of 21.2
centimeters was completéd. The final values and the resu1t§
of analysis of the degree of polarization of extragalactic

sources at this wavelength to study correlations with
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intrinsic properties of the sources and algo at 11 centimeters
to investigate galactic depolarization of the radiation-of
extfagalactic sources (see Program Review, 1968) are béing
publisﬁed in thé June 1969 issue of the Astrophysical ~
Journal (Bologna, J. M., Mcplgin, E., F., and Sloanaker,
R. M.). The final results;confirmed the preliminary finding
discussed in last year's review that there are no outstanding
correlations between the degree of polarization at 21
centimeters and the known physical parameters of the
sources. In addition to -the possible weak correlation with
the angular sizes of extragalactic sources previously dis-
cussed, thé degrees of polarization show a possible weak
correlation with the overall Faraday rotation measures of
the sources. Both of these effects could be associated
with the depolarization of the radiation in transit through
our galaxy. |

Data reduction of observations of the linear
polarization parameters and the intensities of 135 extra-
galactic sources at a wavelength of 25,5 centimeters was
completed.

The polarization of f£ive radio sources was measured
at 9.55 mm wavelength. For only 3C 273 and Taurus A was a
degree of polarization greater than the errors measured.
For Taurus A and Orion A the polarization distribdtion was

mapped with a 1.6 beam. Orion A was, as expected, unpolarized.



The polarization distribution of Taurus A agreed, con-
sidering the 1ikely effect of Faraday rotation in the
nebula, with the- 1.5 cm-wavelength map (see 1968_review)

made with the same size beam,

E. The Structure and Magnetic Field Distribution of

the Galaxy

The intrinsic polarization of radio sources is
modified -in propagation through a magnetoionic medium such
as the interstellar space of our galaxy, and the resulting
depolarization and Faraday rotation of the electric field
provide new ﬁeans for studying the magnetic fields .and
particles of our galﬁxj. ‘

Final values ﬁave been obtained for the degrees
and position ‘angles of linear polarization and the intensi-
ties of 135 gxtragalactic sources from observafgg;s.at a
wavelength of 25.5 centimeters. The degrees bf polarization
are being uééd to extend the study of galactic depolari-
zation to fhis wavelength, where the effect is theoretically
expedted to be 40 percent étronger than at'21.2 centimeters.
The position angles of the planes of polarization measured
at both 21.2-and 25.5 centimeters along with pogition
angles at other ﬁavelengths from other observers are being
used to determine the overall Faraday rotations of the

radiation during its passage through the magnetoionic
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interstellar medium in our galaxy and hence to study the
large-scale magnetic field and electron density distri-
butions in the galaxy. The results so far indicate that
many of- the appro#imately 100 measures of overall Faréday
rotgtiﬁn that have been reported in the literature by other
ocbhservers will be revised and that the new data will give
determinations of the rotation measures for possibly 40
additional sources.

Both the 21.2 and 25.5 centimeter polarization
data have been analyzed to study small-scale structure in
the polarized emission from the interstellar medium in our
galaxy in directions close to those of thé extragalactic
sources. (The polarization of the emission from a region
0.6 or 0.7 degree west of the source was measured with
respect to that 0.6 or 0.7 degree east of the source as
a referénce for each of the extragalartic sources.) The
polarized galactic emission at these wavelengths is
believed to originate within 1 kiloparsec or less of the
sun, probably within a few hundred parsecs (e.g., see
Mathewson, D, 8, and Milne, D, K. 1963, Australian J., Phys.,
18, 635; and Bingham, R. G. and Shakeshaft, J. R. 1967,
Monthly Notices R.A.S., 136, 347 who present evidence that
the polarized emission arises in the local spiral arm).
The data show considerable structure in the polarized

emission with an angular scale of 1.4 degrees or less
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corresponding to an extreme upper limit of 25‘parsecs‘and
more probébly to an upper limit on the order of 5 parsecs
for the linear écale of inhomogeneities in the local
galactiﬁ magnétic field and electron density distribution.
Compar ison of—the 21.2 and 25.5 centimeter results shows
that the brightness temperature spectral index of the
variable component of the polarized emission is close to
+2.5 in agreement with the brightness temperatdre spectral
index*of'the“fotal intensit& of the non-thermal component
of galactic emiésion.

It is planned to extend the decimeter wdvelength
observations with the NRAO 300-foot antenna of the linear
polarizations of extragalactic sources to a wavelength
of 31 centimeters for abouﬁ 200 sources to oﬁtain additional
and more reliable rotation measures for extragglactic
sources in order té study the large-scale sfruc%ﬁre of the
galactic magnetic field in greater detail. Thé obseivations
should also yield more detailed knowledge conéerning the
fine-scale structure and extent and shape of the magneto-
ionic medium reéponsible for galactic depolarization, since
the.depolarization should be more pronounped'at longer

wavelengths.

F. Millimeter Wavelength Properties of Radio Sources
New instrumental capabilities are being used to

extend the knowledge of cosmic radio sources into the
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wavelength region near the fadio—infrared boundary.

The results of our measurements at 4.3-mm wave-
length using the NRAO 36-foot antenna are complete. Seven
‘sources were detected and upper limits were established
for sixteen others. The measurements of the flux density
of Taurus A, corrected for polgrization, indicate that its
spectrum is power law through 4.3-mm wavelength and that
at 4.3 mm there is no indication that the spectrum is
upturned as has been previously suggested by other ob-
servers. The measurements of 3C 84, 3C 120{ Orion A,
3C 273, and Cassiopeia A agree within errors with measure-
ments either extrapolated from longer wavelgngths or at
nearby wavelengths. The flux density for planetary nebula
NGC 2027 also agrees within error with measureménts at
longer wavelengths, but the most probable valug_is con-
siderably higher thén the flux density expected for an
optically thin sourrce.

At 2.55 mm a new radiometer has been developed
using a single ended mixer and wideband (500 MHz) TWT
I.F. amplifiers. Its sensitivity is 0.2°K rms with a
2 sec time constant. In a recent observing period with
the 85-foot reflector we detected 5 compact H II regions,
2 planetary nebulae and 7 other sources. We plan to extend
these observations to detect more weak, guasi-stellar

sources, map extended regions, set limits on the flux
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dénsity from infrared sources, and map po}arization dis-
tributions. A significant observational factor at this
wavelength is that for sizeable fractions of time the
‘atmospheric noise fluctuations seem to be larger than
radiometer noise,

Ve hope-also to make measurements of infrgred
objects and search selected regions of the sky at 3-mm

wavelength using the NRAO 36-foot antenna.

G. " Lunar Occultation Studies of Hydrogen in the

Galactic Center Region

The high resolution given by lunar occultations
has been used to investigate the distribution and motions .
of “the neutral hydrogen gas in the galaétic cen{er régicn
through obserQations of the 21<cm hydrogen line.

" A series of 5 lunar occultations of ‘the 21-centi-
meter neutral hydrogén radiation in the galactic center
fegipn was oﬁsérveq, and maps of the characteristic '
occultation pattern were constructed with an angular
resolution of,Z arc minutes and a spectral resolution of
4 KHz. The use of several occultations has made possible
the construction of a two-dimensional model from the one-
dimensional individual occultations. The neutral hydrogen
is found to be qﬁite uniformly distributed acroés the

galactié‘center region, indicating that it is not intimately



associated with the core of the galaxy. The results were
presented to the American Astronomical Society and a paper
is being prepared for submission to Astrophysical Letters.
Further observational work on this program is not contem-
plated, since the series of lunar occultations of the

galactic center has now virtually ended.

H. Radio Emission of Infrared and X-Ray Sources

The positions of known infrared ahd xX-ray sources
are being examined for associated radiation at short radio
wavelengths with higher sensitivity than previously used.

In a project carried out jointly with Dr. Paul D.
Feldman, E. 0. Hulburt Center appointee, a search was made
using the 85-foot telescope for 1.6 centimeter radiation
from the nucleii of eight late-~type spiral galaxies which
may be associated with infrared emission previously observed
in the 10 to 30 micron spectral region at the E. 0. Hulburt
Center for Space Research (Feldman, P. D., McNutt, D. P.,
and Shivanandan, K. 1968, Ap. J., Letters to the Editor,
154, L131). A possible detection of 1.6 centimeter
radiation was obtained for three of the galaxies at an
intengity level of about 0,15 flux unit. This is roughly
the intensity-thai would be expected based on the thermal
model proposed by Feldman et al. 1968 for radiation from

dust grains assuming a source angular diameter of about
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2’ and an.equivalent black body temwperature of about 200°K.
However, further measurements are desirable to increase the
reliabilitj of the results and it is planned. to carry out
additional observations-in the near future and to extend
the measdremen&s to 2.7 centimeters wavelength to determine
if the spectra are actually thermal,

We have searched the region of some:bf the x-ray
sources whiéh have well determined positioﬁs fér 3 bm
radiation, and no radiation was found with fluﬁ densities

éreater_than a few flux units (1 flux unit = 10_-26 watts

m_2 Hz—l).

I.- Very Long Baseline Interferometry

The NRL Radid Astronomy Branch h%s-unique'facilw
ities in the short radio wavelength region, and the possi-
~bilities of setting up cooperative programs with other
institutions to-carry out vefy long baseline interferometry
ié'being pursued.

In December 1968 a VLBI experiment was performed
in collaboration with NRAO scientists using the-2.8~cm
parametric amplifier and the 83-foot reflector as one
station and a similarly equipped 60~foét antenna located
near Bochum, Germany as the other station. The experiment
was designed to pléce new limits on the sizes of -the

variable components of guasi~stellar radio source with the
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capability of resolving angular diameters of 3 x 10™% arc

seconds. The data tapes were lost enroute from Germany
and were found only recently. Computer analysis failed to
find interference fringes and the reason is not known. It
is planned to repeat the experiment between Maryland Point
and Cal Tech when VIB data recording and local oscillator

equipment becomes available,

I1. SOLAR SYSTEM RADIO ASTRONOMY

' The effort on solar system radio astronomy during the
past year was restricted because of the gréater effort
demanded by timely galactic and extragalactic work. 1In
particular, the great pressure for 85-foot telescope time
madé it impossible to secure the observations necessary for

some of the planetary programs.

A, Shorthavelengﬁh Spectra of the Planets

Good progress was made in the determination of
the spectra of Uranus and Neptﬁne. Observations made at
2.7 cm and 1.6 cm.wavelengths were successful and enocugh
data afe in hand to fix spectral points at 2.7 cm. Addi-
tional observations are necessary to firm up the spectral
points at 1.6 cm. No measurements have yet been ma@e at
9.5 mm. The measurements of Uranus and Neptune at 2.7 cm
wavelength correspond to changes of apparent antenna

temperature due to the planetary radiation of only 0.035°K



and 0.015°K regpectively giving disk brightness temper-
atures.near 200°K in both cases. Measurements of Venus,
Mars, Jdupiter, and Saturn are being made aiopg with
Uranus and Neptune, and good comparétive speétra of'all
of these planets will result.

The 4.3 mm plgnetarf measuremnents éppear to be
subject ¢o.tbo great instrumental corrections to be
uséfql. Ai 9.55 mm the change of gain of the 85-foot
reflector with elevation has been determined with
sgfficienf‘accuracy to establish the reliability of
~ measurements of Mercury, Saturn and Venus. YenUS'éhows
no phasé effgct at this wavelength within the iimits of
error. A paper describing these results is in prepara-

tion.

-B. Temperature DisfributiOn Over Venus

Except for isolated space probe meésurements,
information oh‘the-temperature of the surface and lower
atmosphe?e of Venus is available only from.measurements
of its thermal radioc emission. There is presently no
reliable infofmation on the temperature of the sunlit
surface of Venus from either source. Becausé the orbit
of Veﬁus lies inside the orbit of the earth, we see Venus
at ali phases of solar illumination. However, when Venus

is closest to Earth .and the intensity of its radiation



high?st, we see its dark side. We see its sunlit side

only when Venus is farthest from Earth and thé intensity of
its radiation is qbout 35 times less. For this reason,
most reliable measurements are restricted to the thermal
radio emission of the night hemisphere of Venus.

Fairly convincing evidence has recently become
available from radar measurements that the absorption of
radio waves in the atmosphere of Venus is appreciable at
wavelengths as long as 3 cm where 7 =~ 1. The thermal
emission at wavelengths much shorter than 3 cm must
originate in the atmosphere and indicate the temperature
at the appropriate atmospheric level, At wavelengths
longer than about 3 cm the thermal radiation will
originate mainly beneath the surface and indicate the
sub-surface temperature decreased by the surface emiss-
ivity. The thermal emission at wavelengihs somewhat
greater than 3 cm should give the best inﬁication of the
temperature at and near the surfacé.

A series of accurate measurements of the thermal
emission of Venus at 2.7 cm wavelength using the wide-
band tunnel diode radiometer was initiated in July 1968
when Venus was near superior conjunction (sunlit side
visible) and will be carried on throughout the 18 month
phase cycle to determine the dependence of the average

disk temperature on solar illumination. Several other



radio sources’ are used as calibrators and an accurate
comparigon of_fhe temperatures of the day and night ‘
hemisphere should result, Preliminary results of the data
obtained so féf suggest that the temperature of the surface
and the atmoéphere near the surface on the sunlit hemig
sbhere is not significantly greater than that of the night
gide. If a signifiéant phase variation is determined,
information on the surface material propert;es‘can be

derived,

II1I. RADAR ASTRONOMY

The*programlof'the Radar Astronomy Sedfioﬁ has‘
shifted its emphasis in the past year from radar astronomy
to radar aétro—geodetic measurements. The primary research
objectives of the prOgrém are the refined determinatiqp
of the geometric size and shape of the‘earth‘énd of the
moon. To achieﬁe‘these objectives will require the
utilization of high range resolution radar systems in
orbiting satelliteé.' This would provide adequate height
measurement accuracy and full coverage of the earth's
and mocon's surfaces. However to satisfy the high accuracy
requirements mmeeded in the geodetic applicétiqn, the
interac&ion of complex surfaces with narrow radar pulses
will be investigated to establish the relation between

the surface structure and the radar return. This



infofmation will be used to provide design criteria for more
efficient satellite radar systems and also to indicate how
the radar data should be précessed for obtaining sea-state
cohditions of the oceans and t0pographic information on solid
surfaces.

The satellite radar‘measurements on the earth will be
used to describe the ocean surface in terms of its absolute
height, height variations and sea-state conditions, and the
data will be applied to obtain the mean sea level, the
deflection of the vertical, a connection with world
geodetic datum, and global synoptic sea state conditions.

A similar analysis of lunar orbiter radar weasurements will
provide -the height and topographic information of different
regions of the lunar surface, In particular, height measure-
ments of the sub-earth region can be used as reference points
in future earth-based radar observations in applications to
celestial mechanics, navigation, time synchronization and
geometric geodesy.

Existing iunar radar data has been analyzed to evaluate
the effect of the surface structure on the shape of radar
return when using radar pulses which resolve the surface-
topography. The results indicate that the characteristics
of the leading edge of the returned radar pulse are related
to surface structure. Figure 2 shows the rise time of

return pulse as a function of increasing surface roughness.
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Fig. 2 - Comparison of lunar radar echoes from

snmooth and rough areas of the moon.
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From this effect, it is planned to investigate how narrow
pulses which resolve ocean wave heights can be used to
describe sea 'state.
* The sea-state studies are being supported by NAVAIR
and proposals have been submitted to NASA's GEOS‘C program
for use of aﬁ orbiting radar altimeter around the-earth.
Also plans are'béing made to study sea-staté effects on
mean height measurements from either Navy or NASA aircraft.:
It is éxpected that NASA's Apollo project will support the
lunar radap satellite program. -

Studies also have beeﬁ made, for Naval Ships Systems
Commgnd, concerniﬁg u%ilization of the moon as a radar

reference poinf in the sky for navigation and geodetic

applications. The study on navigation is completed and

will be issued as NRL Report 6814 about May 1969. The
geodetic study is feady for TID to process. Future work
will be concerned with the implementation of the results

of these studies;

IV. MICROWAVE SENSING OF THE SEA SURFACE

This oceanography project supported by SPOC, Nav Oceano,
is concerned with investigating the problem of obtaining
information about various sea surface éarameters from remote
passive measurements of the microwave radiation from the

sea., The experimental approach is first to make obsgrva?ions
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from an ocean tower wﬁere experimental parameters are most
easily controlled and ground truth is readily available.

With a basis of tower observations t6 provide fundamental
information and determine radiomefer parameters and techniques,
measureménﬁs_will he extended'to aifcraft platforms with the
ultimate goal of recommending a satellite borne system.

‘The first stage of this program is well underway.
Measurements were made during the last two weeks in March
from thé Ar gus Island'toﬁer, 27 miles southgest of Bermuda,
using microwave radiometers and polarimeters at 8.35 and
19.35 GHz. The vertical, 45 degree and horizontal linear
- polarization compbnents of the total radiation from the sea
surface as well as the instantaneous difiference between pairs
-of orthogonal components were measured as- a function of
incidence angle. Sea conditions during the observing periog
varied froﬁ"calﬁ with 2 to 3 foot swells to winds of 24 knots
and 6 to 9 foot waves. Good data were obtained for this
range of‘sea conditions and are currently heing aﬂalyzed.

No definite conclusions are possible until the‘data are
completely reduced, but in general, the results agree with
theoretical expectations for low sea states. The vertieal
and horizontal components are equal at normal inéidence '
and the horizontal component decreases with increasing
incéidence angle while the vertical component increases to a

maximum at Brewsters angle near grazing ingidence. 1In
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general the apparent microwave brightness feﬁperature éf
the seé is higher at the higher observing frequéncy. The
vertical comﬁonent at large incidence angles appears to be
most sensitive to sea state; decreasing with increasing sea
sféte. The spatial resolution of-the radiometers was -
sufficient to view a single wave at incidence angles below
about 65° incidence anglé. As the wave passed through the
angle of view, microwave brightness temperatufre changes D5
as much as 20°K occurred. The changes were highly corre-
lated at the two frequencies and‘arg présumably due to the
slope of the wave surface changing the effective angle of
incidence as the wave passes through'the angle of view.
This effect should be a function of wave height and direction
and hence may be more sensitive to sea state -than a spafial
average. It may also make it possible to separate out the
detailed effects of foam which are'believed to- greatly
ehhance the émissivity of the sea.

Further measurements are planned for this fall.when
very high sea conditions should prevail at Argus -Island.
In addition, measurements at Argus Islanq of ,the emissivity
of artificiaily generated foam, and simultaneous measure-
ments from the tower and from an aircraft are planned:for
this summer ., -Extensive measurements from aircraff are

being arranged for later this year.



V. MASS ON FREQUENCY EFFECT

Invéstigations of a possible éhange of frequency of
radio waves in the presence of mass not ﬁredicted by general
relativity have been continued.

Comparisoﬁ oﬁ the frequency of a Loran C transmitted
wave with a cesium-beam frequency standard which was moved
to different distances from the transmitter wés répeatéd
with greater éafe in monitoring possible variaﬁles which
may- affect the measurements. A path was chosen that
- permitted easy'reCeption of the ground wave which was mainly
over water. In addition several intermediate points were
taken instead o£ only two as was done previously. The
results shown in Figure 3 indicate a frequenéy change of
about 2 x 10712 per 1000 km.

A separate experiment was carried out to check the
slope of the curve as shown in Figure 3 using a differential
technique and Qyérogen masers to give absolute fregquencies.

. Under thé assumption that hydrogen‘masers behave as absolute
frequency standards and one maserjdoes,not differ_frém
another by more than 0.5 x 10“12, it should be possible to
use two different hydrogen masers, one at NASA, GSFC at
Beltsvillé, Marylénd and another -at NASA, MSP at Houéton,
Texas for comparing the received Loran C tranéﬁission at

the respective sites. Since there is a differential in

path length from the Loran C transmitter of about 1300 km,
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a Af/f of 2.6 ¥ 10-12 is expected, This experiment was
carried out and after making subtle corrections for the
respective masers the obseyved effect was reduced to

12 L 0.7 ¢ 10712

1.0 x 10~ which. makes the noted effect
marginal., It is hoped to repeat this experiment, but with
greater care in monitoring the masers' effect on the
measurements. Also the variation with digtance measurements
made with the portable cesium standard should be repeated
fo confirm the previous data.

An attempt.to detect an effect of the mass of the sun
on the pulse period of a pulsar when its line of sight path

approached near the sun showed no effect (see section on

Pulsars I.B.2,).
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HISTORY AND FORM'ATION.OF THE ROCKET SPECTROSCOPY BRANCH

Optical space research at the ‘Nav-ail Research Laborai:bry began many .
years ago with the experiments of Dy, E. O. Hulburt in probing the upper
atmosﬁ)here by means’ of searchlight beams. In 1941, studies of 'the high- i
altitude daylight si{y were commenced by Tousey and -Hulburt, in order to
‘investi‘gate the possibility of using: stars for navigation of aircrz;ft during the
daytime, This involved the brightness of the sky and alsg the iJ‘roperti'es of
the eye for obsériring stars agaiust‘a bright background. The'resulting series
of ‘paperé described measurements of the brightness of daytime, twilight and
night sky that have not been superseded even after twenty-five years, and data'
on,the ability of the eye to see point sources of lignt undér varying -conditions
unaided or with 'telesco\pic devices,

’._[‘hé space research program really started on its present course when
V-2 rockets became ax;ailable\'for scientific research. This Laboratory was
fortunate in obtaining the first sc;lar spectrun‘l extending into the ultraviotlet,
using an instrument carried in or;e of the first of these rocket;s in 1946. In the
following twenty'—tl‘lree years the program has increased steadily in magnitude,
corr;plexity, sophistic‘atifm and cost. The Rocket Spectroscopy Branch has
" scored on the average at least one "first" each year and has led all similar
research in the USA and elsewhere in almost every respect. .It has also been
a direct stimulus for the crea-ting of similar projects in the United Kingdom,

France, and the USSR, and to lesser efforis in several other countries.
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' With the c‘reation of the NJ}SA in 1958, a portion of the Branch transfe-rred
to the Goddafd Space Flight Center, newly formed largely from Naval Research
Laboi-atory'pérsonnel, but the majority stayed at NRL and reorganized as the
Rocfcet Spectroscopy Branch of the Atmosphere and Asirophysics Division, This
marked a rapid and still confinuing increase in the number and magnitude of optical
space research projects- at NRL. Projects proposed by NRL were soon accepted
and funded by NASA.

During the past year over 90% of the work of the Rocket Spectroscopy

Branch was carried on with funding direct from NASA.

TECHNICAL PROGRAM

Solar Researc‘h Using-Rockets

For close to a century before rockets became available, astronomers a.‘nd
physicists had fried unsuccessfully to observe radiation from the sun at wavelengths
shorter than about 2900 A in the ultraviolet. Suddenly, wif:h the possibility of
sending instrumentation ahove the earth's absorbing atmosphére, a tremendous
new field of astrophysical research was bpened. ‘ Within this field, solar research
occupies a central posit.ion foxl' many reasons, First, the importance of the sun
to life can scarcely be overemphasized; solar energy sustains practically every
living orga;:lisrn; it controis the earth's atm'osphere and the environment for life.
Second, through its ionizing radiations, it creates the ionosphere and makes possible
long distance radio communication; but flares and solar events sometimes disrupt
the layer and make impossible the communications system upon which we now rely.
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Third, the sun is a natural high temperature plasma laboratory, providing uniqué
opporiunities for the study of plasma physics and magnetohydrodynamics; for
example, sunspots, flares, and prominences -- all are examples of the inter-
action between plasmas and magnetic fields. Thus research in solar physics

is of importance to Iriany scientific disciplines, including biology.

Research on the extreme ultraviolet spectrum of the sun, carried on from
rockets largely by means of photographic spectroscopy, has been the backbone of
the Branch program for twenty-two years. The spectrum is now known fairly
well from the ultraviolet through the extreme ultraviolet and into soft x-rays.
This means that mc;st of the first generation experiments that are possible with
rockets have been done. The second generation has been commenced. These
include studies of the different spectral ranges with greatly inereased spectral
resgolution; the recording of the st.ructure present in the' sun's atmosphere in
selected extrem;a ultraviolet emission lines, and at increasingly great spatial
resolution; the profiles_ of selected emission lines at extreme resolution; and
the observation of the sun's white light corona without the aid of the total eclipse.

The next sfep forward in solar rocket research is about to be made possible
by the completion of simple systems that g_)oint an entire rocket, or the separated
instrument section, at the sun and stabilize it in all three axes. Until 1969, all
research was conducted with biaxial pointing controls which provide only two-axis
stabilization and limited space for instrumentation. NRL was the prime mover
in inducing NASA to develop the SPARCS {Solar Pointing Aerobee Rocket Control

System) three-axis solar pointing system. The first two post-development
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vehicles, were assigned to us, and were flown in June 1968 and February 1969.
This new system stabilizes the forward section of an Aerobee rocket, after
separation from the fuel tank section; it permits flying instrumentation nearly
twice as long as has been possible up to now.

With the rgzcent near 100% success in parachute recovery, it now becomes
posgible to conduct rocket experiments much more frequeatly, by reflying modified
or readjusted equipment, This can be done at a fraction of the cost and time

required to prepare new instrumentation.

Thé Future of the Solar Rocket Program

Looking ahead five years or more, we predict that the use of rockets for
solar research wili not decrease. Experiments conducted with the biaxial pointing
conirol will gradually be phase'dtout and be replaced by larger and more sophisti-
cated experiments flown in the three-axis stabilized solar-pointed rockets. Since
the lattér are only now becoming available, the experimental program that they
make possible is certain to continue for at least five years. Orbiting solar obser~
vatories and the manned space program offer, of course, the possibility of
accomplishing research that cannot be undertaken from rockets because of
shortness of observation time. These ¢orbiting experiments are far more
complicated to construct, more expez{sive, and require a long tiirne {0 prepare.

The rockejc program complements the orbiting and manned space program
in two ways, First, it provides the possibility of performing exploratory

experiments and conducting research that can be accomplished in a relatively
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short time. Becond, if makes possible the festing of instrume_rﬁs that are p;:'ototypes
of instruments for the orbiting and manned experiments prior to firming up the final
design of these ‘expensiv;e instruments. Therefore, we are certain that the rocket
program is here to stay.

Relation Beiween Solar Research Supported by Navy 6.1 Funds and by NASA

As discussed in the Annual Report for 1968, because of many commitments
to NASA, the workload.of the Branch has increased greatly in the last two years.-
The result is, that less than 10% of the Branch funds are from Navy 6. l,. more
than 90% are from NASA. Of the total FY 1969 budget, 9.2 M, 6.9 M went to
outside contracts for the preparation of instruments sponsored by‘ NASA, . ’Funds
spent in-house were about 600K RN 6.1, and 1.7TM NASA.

The largest single program is the preparation of experi;nents for the
Apollo Telescope Mount (ATM} of the Apollo Applications Program of NASA,

It is now realized that this program is far more difficult than was originally
anticipated. To meet the current launch date, December 1971, the prototype
instruments must be delivered in February 1970, and the flight instruments
seven months later.

Instrumeiltation for the Orbiting Solar Observatories (O50) OSO-F and
OS0O-H {orm the next largest commitment to NASA. OSO-E; became 0SO-V
on 22 January 1969 when it was placed in orbit, The experiments for OSO-H
are under construction, and are to be flown in late 1970,

.As a result of the NASA satellite programs, the manpowef of the Branch

has been increased, and has been applied largely on these NASA funded projects.
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Only one Navy-funded Aerobee rocket experiment was flown during this reporting
period. Work has been in progress 'toward the preparation of instrumentation
for only a sinéle Navy-funded Aerobee to be flown in FY 1970, and this has the
Solar Pointing Aerobee Rocket Control System (SPARCS), furnished by NASA.
Some instrumentation has been prepared-on'Navy funds for flight in extra space
in several NASA -funded Aerocbee rockets.

Reduction of existing data from the solar extreme ultraviolet {XUV)
program and the publication of results is lagging, and is a mattér of great
concern. There are two causes; the one is the great escalation of the NASA-
fundéd space research program, with its absolute requirements to meet
deadlines. The other is that it has not been possible to add to the Rocket
Spectiroscopy Branch staff the required astrophysicists who can accelerate data
reduction and general gnalysis and publications; there is only one reason for this
situation -- hiring restrictions.

Photography of the Sclar XUV Spectrum -- Status and Prdgress

1. $000_-_2000 &

The solar spectra obtained with the NRL: echelle grating spectrograph
in 1962 and 1964 have nearly the ultimate spectral resolution (0. 03 ﬁ) and pre- ‘
cision of wavelength (0.01 R); they are limited principally in "cleanness",
because stray light, a characteristic of echelle gratings, filled in the bottoms
of the Fraunhofer lines. -Furthermore, the spectra obtained with the echelle

spectrograph were from an average region covering the center of the sun.
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The next ;stage in the study of éhis spectral range requires the-use of a spectro-
graph employiné a large diffraction grating of the usual type, rather than an
- echelle, in order i{o‘i'edwe the stray light. Also the instrument must accept
radiation from a small region of the sun that can be chosen anywhei-e from the
center to the limb or into the chromosphere. Desigﬁ of a large spectrograph
of this type and const;‘uction has progressed very well. Tt is reported in
a later section under "ATM", Prior to the flight of ATM, however, it is
expécfed that spéctra will be obtained with a large instrument of this kind,
‘flown in an Aerobee-150 or 170 rocket and stabilized with SPARCS.

The reduction of the echelle spe‘ctra has progressed during the current
year, ‘but is not yet completed. The Atlas of Solar Spect_rum Lines containing
over 7,000 lines, held up in order to incorporate new laboratory resuits on the

' spectrum of iron, will be puialished by the end of this year.

Determination of the intensity distribution and line profiles from the
echelle spectra is impori:ant because of its connection with the upper atmos-
phere and ionosphex:ic physics, and also because the line profiles will make
‘possible the improved determination of the photospheric abundances of the
elements in the sun. - This project is now approximately 75% cor‘npleté.

The reduction procedure is as follows:

First the reduction-from photographic density values to intensities
is made by comparing the echelle spectrum with the Gottingen Atlas in the
wavelength range 3000 - 3500 A where they overlap; by computer, the
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photographic characteristic curve is adjusted until the intensity curve derived
from the echelle spectrum is in agreement with the Gottingen Atlas. To wave-
lengths shorter than 3000 A two procedures are followed. The first is to
deresolve the echelle spectrum until the detail agrees with the older low
resolution NRL spectra; the latter offered less difficulty in reduction to intensities
and are considered correct. ’I‘he;l the deresolved echelle spectrum is made to
agree with the low resolution spectrum by adjustment of the photographic
characteristic curve. Finally the characteristic curve, so determined, is
compared with the characteristic curve derived for the wavelength range greater
than 3000 A, and _possible errors are looked for. Lastly the non-deresolved
echelle spectrum is converted to intensities by means of this refined photographic
characteristic curve. Comparison is also made with the medium resolution
spectra obtained by the USSR for the range 2400 - 3000 A some ten years ago.
This proje_ct is suffering for lack of suitable personnel. It has been carried on
by Dr. E. F. Milone, an intermittent, but computer programmer assistance

has not been sufficient.

9. 2000 - 500 A

This region has been covered with the NRL double-dispersion normal-
incidence grating spectrograph with a resolution varying from 0.2 Ato 0.1A.
Excellent specira were obtained in 1962 and twice in 1966. This region is of
great interest in solar physics. There are many hundreds of lines and the

spectrum is very complicated. Within this wavelength range the radiation
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from the sun undérgoes tremendous éhaﬂges in character. At ‘the long wave-
length: end it origina‘tes largely from the outexl edge of the p};otosphere,
Progressing to shorter wavelengths thé radiation comes next fror_n the transition
region between the photosphere a‘nd the chrorr;osphere, where the sun's z;tmosphere
reaches its lowest temperature, curreintly estimated to lie bet;;/een 42600 and
4600°K ; then from the bottom of the chromosphere, next from-higher in the
chforhosphere ascending gradually tl:lrough the chromosphere:, and finally from
the corona v;fhere’ f;he temperature 'has' risen to more than' one million _de?greeg.
This is, of coﬁrse, an over-simplification, but serves to illustrate why the,
study in great detail of the spectrum in this range will contribute.essential

_ data for explaini-n'g' and understa;nding‘the physics of energy transfer in the

sun's atmosphere, which causeé energy to flow from a low to a‘ high temperature
I:egion. “The spect-rum itself is a complicated mixture; Fraunhofer linevs pre-
dominate at the long wavélength en‘d; there follows a contin'uur-n from the
chrom'osphere, rather than the photosphere, and o.verlyiﬁg it all are many
emission lines from atoms in various stages of ionization.

The further study of this region réquires spectrographs which are
lai'ger than‘can be flown in-the biaxial pointing control. Two such instruments
a_li*e being pI:epared -= one for the Aerobee-150 stabilized with SPARCS, and
a still larger instrument for the ATM. These will be described iate,r in the

section on ATM.
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-Thez"e are three research goals to be achieved with these large
instruments., The first is to attain gre‘ater spectral resolution; a value 0.05 A
seems feasible. The secon;i is to image the sun on the slit thus making it
possible to obtain spectra from the center of the sun, crossing the limb, and
into the chromosphere aqd corona. Both these goals can be realized with the
SPARCS stabilized Aerobee rocket and ;viﬂ1 the ATM. The third research
goal is to determine with increased accuracy the intensity distribution within
this speciral range, but here there are two persistent difficulties. The first
is the calibration of the spectrographic system; standard light sources and
methods of measurin.g radiation intensities are still far from satisfactory
within this spectral range. The second difficulty is the elimination of errors
in photographic photometry, for example, Eberhardt effeet, and also the lack
of uniformity of photographic emulsions for the XUV and well-controlled
development procedures. Work is progressing to reduce these sources of
error in connection with the spectrograph for ATM,

- 3. 500 A to Soft X-Rays

Photographic spectroscopy in the wavelength range 500 to 30 A
or less has been made possible by means of grazing incidence grating spectro-
graphs that are equipped with thin unbacked aluminum film filters. NRL has
pioneered this work. Spectra have been obtained from 630 A , overlapping
the range covered with normal incidence spectrographs, all the way to 33 A
in soft x-rays with the exception of the range 110 to 148 A for which
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a suitable filter h-as only recently been produc:éd. .Expe'riment S—,Oéo in the
Apollo program, is intended to provide the 'l'c;ng exi)osure times required-to
record this portion of the spectrum with éncreased resolution and to provide
the sensitivity to detect the _thousands of faint lines that are believed to be
present.

R-ece;'ltly, filters of beryllium have been produced that transmit over
the spectral range 110 - 148 A. Grazing incidence spectrographs, making
use c;f filters of beryllium and otl‘zer materials, are being constructed for
flight in aé; Aerobee-170 rocket during July 1969. Itis hofJed with these instru-
ments to cover the entire wavelength range photographically from 1216 A to
10 A with no significant gaps, and also to increase the resolution by a factor
of 2 or more over previous results. Spatial discrimination of a particular
region of the sun is difficult with a grazing incidence spectrograph; a collector
has been designed, however, to provide some degree of spatial resolution in
the direction parallel to the slit.

The covera:‘gé of the region between 1000 and 500 A is incomplete due
to insufficient exposure of the spla,\,}j“‘spectx}um,‘ which becomes weaker as one
. RN AR

\ <

goes progressively shorter in wavelength. Even exposures for the full 2 to
3 minutes available at rocket altitude record no more than a few dozen emis-
sion 1ines, and no continuum at all —-- certainly a small fraction of ‘the- hundreds
of emission lines that must be there. Thus the spectroscopic identification of
, the emitting ions ?'.n the chromosphere and corona is hampered I;)y insufficient
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wavelength coverage in this region. The answer is probably to be found in a
faster opticél system and reflectances and/or the longe;- e:l{posure tin‘xes available
in the Apollo 8-020 experiment, being prepared for ﬂight in the Apollo Applica-
tions Program. ‘ ,

Extreme Ultraviolet Spectroheliograms

Perhaps the most fruitful method of studying phenomena taking place in
the solar atmosphere has been the observation of the sun's disk in various
. monochron;atic radiations, first made possible with the spectroheliograph
invented by Hale, and more recently carried out on a routine basis by the
H-alpha patrol telescopes that make use of the birefringent monocl;romatic
filter invented by Lyot. These observations made from the ground are
confined to the sun's photosphere and the lower chromosphere. Extreme
uliraviolet spectroheliograms, Which.must be recorded from rockets or satellites,
offer the possibility of observing for the first time phenomena taking place in the
upper chromosphere and corona. Thus they complement the observations from
tl;le ground, providing a full-scale, three-dimensional mapping of the sun's outer
atmosphere.

NRL has pioneered the development of extreme ultraviolet spectro-
heliographs, commencing in 1959 with the photograph made in the light c;f the
Lyman-alpha line of hydrogen. Since 1963 spectroheliog‘réms have been |
obtained in the region from 630 A to 171 A, the range where the thin unbacked
aluminum film filter, by excluding completely all long wavelength stray light,
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. métkés"-pqssible ’r;he use of diffraction gi'atings at normal incidence.

During the pz-ist year, the NRL normal incidence grating spectroheliograph
has been flown sucecessfully on two occasions -~ 22 September 1868 and 16 April
1969. The spectroheliograms for 1966 - 1969 show consﬁicuous changes which
are associated with the increase in solar activity as the 1969 maximum of the
sunspot cycle 1s appr‘oa.ched. In particular, in 1968 and 1969 the chromo-
spheric fine mottling was present in the line at 630 A froi-n- QV , whereas it
appeared-to be absent in 1966. The limb-brightened ring sufrounding ‘many of
the disc images in lin‘es of higher stages of ionizat'ion‘has increased in extent
as the solar cycle l;as advarced, and now encircles thé sun completely. © The
spectroheliograms obtained on 22 'September 1968 will be discus:sgd in a later
section dealing with this particu-lar flight. XUV spectroheliogr;ims are also
being obtained from OSO-V and will be discussed in a separate section.

The futﬁre ﬁlans are to fly extreme ultraviolet spectrohéliographs as
often as ‘possible. The insirument flown from 1966 to 1969 produces'images
of 4.6 mm diameter. This will be reflown at least twice during the forth-

- coming year, and will be used for XUV flash spectra during the 7 March 1970
eclipse. A larger instrument is to be flown in the SPARCS stabilized rocket
as part of the ATM p'rogram during ‘the summer, 1969. Fdr further details

of this instrument and the ATM spectroheliograph, see section under ATM.
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XUV Coronagraphs

The XUV heliograph described in tile report for 1967 is now termed an
Xuv coronagra'.ph, because it produces a photographic image of the sun's
corona in the extreme ultraviolet. This instrument, flown for the first time
on 27 July 1966 uses an off-axis paraboloid to form a-solar image directly on
the photographic film. Three thin aluminum filters in series are employed
to cut out all solar radiation except the band 171 A to 500 - 700 A. Thus,
. the image is simply that of thé compliete group of images re;orded separately.
in the spectroheliograms.

In addition to the flights of 27 July and 12 November 1966, XUV
coronagréphs have been flown on 9 May 1967, 27 and 29 April 1968; and
during this reporting period, on 22 September 1968, and 16 and 17 April
1969. Analysis of the XUV coronagrams has been only qualitative. The
images show great éetail; of special interest is the region beyond the limb.
Here, emission of great intensity extends to about 5 arc minutes beyond the
limb, produce:d by active regions close in front olf » on, or behind the limb;
This XUV emission coirresponds closely to the emission recorded witﬁ a Lyot
coronagraph from the ground usin_g the Fe XIV 5303 A line. However, in
the XUV the emission is far more intense than in the visible forbidden lines.
Great detail is.often seen in this coronal emission. On long exposures, h,owever,
XUV emission is traced far out from the limb  The extent appears to be highly
variable. On 9 May 1967 the emission extended to one diameter beyond the
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limb in the equatofial regions but only about 10 m’inutes bey'-on'd the limb over
the poles. On other dates the emission waé less.

The excitation mechanism and origih of the XUV coronal emission far,
from the limb requires elucidation. An instrument for obtaining low resolution -
spectra of the coronal emission at these great heighis has been designed, and
was carried in the unsuccessful rocket flight of 14 August 1968. The emission
seems to be too intense to he produced by collisional excitation and far too
intense, of course, to be attributed to Thomson scatt-ering by electrons, which
" is the source of the white light corona. It is proposed that resonance scattering
of the radiation emitted from the low corona is.required in addition to collisionaI'
excitation. It is also necessary that the abundance of the iron ions be greater
than expected from the photospheric abundance of iron, but t-his increaé-ed ion
abundance is already known to be required to explain the relative intensities of
the various coronal lines in the XUV.

It is planned to fly an XUV coronagraph on every possible occasion in
order to record the changes taking place in the XUV corona over the sunspot
maximum. For the TV system, based on this instrument, see the section on
ATM. Using three-axis stabilized insiruments, it is hoped that detail will
either be found, or proved absent, in the XUV corona far above the sun's surface.

White Light Rocket Coronagraph

Until 1962 the sun's white light corona had been observed only when

there was a total eclipse of the sun. Rockets offered the possibility of observing
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the corona without a total eclipse, by carrying coronagraphs (o altitudes above
the Iight—scatte_zring atmosphere whose glow prevents detection of the outer
corona from the ground, and even from stratosphere halloons. The first
rocket coronagraph, flown by NRL in 1963, did indeed succeed in photographing
the white light corona without an eclipse from 3 to 11 solar radii. ‘

The coronagraph.has been -progressively improved. Every flight‘ (except
one in 1963) has been successful and the instruments have been recovered with
little damage.

The corona has been recorded on the following dates: 28 June 1963;

28 April 1966; 12 November 1966; 9 May 1967; 5 October 1967; 27 and 29
April 1968, 22 September 1968; 16 and 17 April 1969.

The rocket coronagraph work was originally undertaken to prove out the

coronagraph to be flown in the second NASA Orbiting Solar Observatory (OSO-II).
- However, the rocket coronagraph work is continuing, since it is proving valuable
for the study of the changing corona. In 1971 it is expected that daily images

of the corona will be obtained by a coronagraph being constructed for OSO-H,
The rocket coronagraphs will also be flown when OSO-H is in orbit, for calibra-
tion purposes.

Use of a three-axis pointing system for Aerochee (SPARCS), is being
considered for future rocket coronagraphs, since this makes possible flying
a much larger coronagraph, that will enable the corona to be observed somewhat
closer to the sun's limb than 3 R, the minimum attainable with instrumentation

flown in the biaxial pointing control.
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Particles Photogﬁaphed at High Altitude

The rocket coronagraph described above has the additional characteristic
that it can detect minute particles in space with extreme sensitivity provided that
they are moving with nearly the velocity of the rocket. This is true because of
the tremendously enhanced ability to seatter at very small angles. Thus
a particle 1° or 2° away from the sun shines with an intensity of the order
of a million times greater than one located 90° from the sun provided it is in
the tens of micron diameter range.

On each of the ten r‘ocket coronagraph flights thus far, particles were
detected in the altitude range 130 km up to peak (approximately 200 km) hoth
on ascent and descent. In all flights after the first, the use of a pair of corona-
graphs made it possible to triangulate and so to determine the distance of each
particle from the rocket

For the particle;s which stayed longest in the field of the coronagraph,
it was determined that they followed approximately the same trajectory as the
rocket, and probably originated from it. Many other partigles, which passed
through the fiéld rather quickly, had an undetermined trajectory. They
appeared in groups at a relatively large distance from the rocket, and were not
associated with any event on the rocket (e. g., the release of despin weights).’
These may have been naturally occurring micrometeorites.

Not only does this type experiment provide a possible means for investi-
gating particulate material in space, a prf;:ctical application of the coronagraph,
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proposed by Code 7140, is to fly a scaled down coronagraph in the Apollo

program in order to investigate the ¢leanness of tile atmosphere and environment
in the neighborhood of the Aiaollo spacecraft. An instrument of 'this type is bheing
constructed by the Manned Spacecraft Center for flight in AAP-2, making use of
the results of a design study conducted in December 1964 by Code :7140 for the

Manned Spacecraft Center.

ROCKET EXPERIMENTS LAUNCHED IN ¥Y 1969

XUV Solar Spectrographs and Spectroheliographs [NE-3 183]

An experiment package containing a new, high and :spatial resolution
hydrogen Lyman-alpha spectroheliograph, various broad-band spectroheliographs,
and improved and specialized XUV grazing incidence spectrographs was launched
from WSMR on 14 August 1968. Because of a propul‘sio‘n deficiency the altitude
was low and no data were obtained. However, the instruments were recovered
in good condition ﬁey will be reflown iﬁ the summer of 1969, modified, as
is described in ai later section.

The separate instruments making up the payload for NE —3‘. 183 were the
following:

(2) }} hydrogen Lyman-alpha (A 1216 f&) siaectroheliograph designed to
produce 5 arc second spatial resolution, some five to eight time-s better than

the original instrument flown in 1959;
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(b) An XUV coronagraph (heliograph) with exchan;geé,bie‘ filters;

170 - 500 A using aluminum; 170 - 250 A using aluminum plus carbon, thus
excluding fhe intense high chromospheric line of He I, 304 A.

By comparison, it was hoped to obtain qualitafive new data on the.speétral
composition of the XUV coronal emission;

(e) Twenty;six pinhole cameras with Varic;us filter combinations, to
obtain further qualitative information concerning th‘é-‘ c_hrombsphefic and coronal
emissions in the’ XUV and soft x-ray regions;

(d) Five grazing-incidence grating spectrographs with high spectral
resolution and with different filters, covering different wavelength ranges,
over the entire-range 2 to 260 A.

(e)l A ﬁew coronal spectrograph using a grating at g;‘azing incidence
and a special, image collector. ~ This instrument was designeél to cover 170

to 470 A, and to inriage a section cﬁ the corona-across the spectrum, 'in order
to recor:i changes in the XUV coronal spectrum with height abc;ve the sun's
limb.

White I_:ight Coronagraphs

(2) Flight during the total solar eclipse of 22 September 1968 [ NE-3. 220]
One of the most interesting things to do with the whlte light corona-
graph experiment is to launch during the day when a total solar eclipse takes

place. In this way, the corona can be recorded from the sun's limb all the way

to 9 solar radii, the inner sSection from the limb to 3 radii being provided
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by photographs obtained during the tgtal eclipse from the ground or from aircraft
and the outer section obtained with the roqket coronagraphs; at the same time
extreme ultraviolet solar images and sﬁectroheliograms can be obtained from
the rocket experiment. This was indeed accomplished during the solar eclipse
of 12 November 1966.

Another opportunity arose on 22 September 1968.  This total eclipse
took place in Siberia. No aireraft experiments were carried out to our knowledge.
However, several parties from the western world were invited to Siberia.

By good fortune, a rainy spell cleared up during the night-and the ecli;;se was
seen under ideal sky conditions. However, the sun was low in the sky, hence
the attenuation of the light from the sun's corona was increased and the sky was
brighter, therefore, the corona was followed only to about 2,5 solar radii.

The NRL rocket flight was highly successful. It took place about
four hours after the-total eclipse. A composite print of the corona is shown
in Figure 1, with an eclipse photograph introduced in the center, to the proper
scale and orientation. Also introduced is the prediction of the solar streamers
made by Schatten on the basis of the solar magnetic field pattern recorded at
Mount Wilson. The difference between the predicted and actual electron streams
show the complexity of events occurring on the sun.

The rocket picture has many streamers, some sharp, others diffuse,
but without curvature, as has always been found in the rocket corona images.

The streamers connect in a general way with the outermost parts of the corona

-
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photographed dv:ring the total eclipse; but the correspondence is far from
perfect. Why? There was a time interval of about four hours between the
eclipse photograph and the rocket photograph of the outer corona. Could the
corona have changed its structure in that interval? Such changes have not
been observed in eclipse photographs, in the rare cases where this time span
occurred between observations at either end of a long eclipse path. It does

" not seem likely that the outer corona would change ifs appearance more rapidly
than the inner corona, although observations are completely absent.

There is another more subtle reason why the rocket photographs
may contain coronal features not visible in the eclipse photographs. In the
latter, the observed features lie very close to the plane of the visible limb,
because streamers projected from the front (or rear) face of the sun, toward
(or away) from the ocbserver, would be foreshortened and faint, and practically
invisible against the bright limb featpres. However, in the outer corona,
streamers p_rojected from the face of the sun may become visible against the
faint general background. Thus, some streamers seen in the r;acket photograph
may indeed be unrelated to those seen in the eclipse picture.

Rocket coronagraphs can he used to clear up some of these questions,
since with them the corona can be observed at nearly any time. Obviously, the
possibility of short-time changes in the corona can be investigated by launching
two coronagraph instruments several hours apart. If the change in form of the
streamers is not great, then it is possible to answer the second of the two
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qu;astions 'also; namely, what is the point of drigin of the streamers? If the
streamers rotate rigidly with the sun, and if the .same streamers can be identi-
fied in both photographs, then the change in their apparent position will reveal
the point of origin.

Such an experimeélt was carried out in two NASA-supported rockets
laun(;hed 48 hours apart; the first on the 27th, and the second on the 29th of
Aprii 1968. The results were described in the Report for 1968. The results
were encouraging, in that the same streamers apparently were registered iri
both photographs. However, the calcu‘lated points of origin did not correspond
to significantly active regions on the sun's surface, and it was asgumed that the
result was distorted ’by some change in the form of the streéuners. It was
decided to‘ repeat tilis dual Iaunch. in 1969; the results are described in the next

paragraph.

16 April 1969 [ NE-3.222]
(by Duat launch of coronagraphs - {17 April 1969 [NE-3. 223

This double launch was a reflight of the payloads-described above,
but with a 24-hour interval between rather than 48 hou.rS' .

Excellent records were obtained (Figure 2), but they have com-
pounded the corona mystery rather-than solved it. The 2‘4-hour change in
the coronal streamérs was far greater than in the 48-hour interval previously
obsérved, and no streamer can be identified with certainty from one photograph

*

to the next. It is certain that the changed apﬁearance is only partly due to
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) sollar rotat.ion, am.i that vast changes in-fox;m and number .of rstreamers have
occurred. This result is unexpected, and requires further slnalysis. It
would be most fruitful to carry out further rocket research dux:ing a total solar
eclips;a_. An opportunity to carry out such experiments iq_ presented by the total
sola;r eclip’s'e which passes up the east coast of the United‘Sta.t;as on 7 March
19;70. The experi'ments to be conducted by Code 7140 are discussed in a later
section.
(¢) Extreme ultraviolet spectroheliograms

All of the coroﬂagraph experiment packages described aI;o;ve carried
XUV ‘heliographs or spectroheliographs fo record solar disb:feature;s' and inner
corona. A few from the- 22 September 1968 flight are shown in Figures 3
and 4. They are among the best we have obtained; analysis of these images
is far from complete.

Figure 3 shows the extreme ultraviolet spectroheliograms for
the Lyman—alpha: line of He II, 304 A, .an.d‘ the adjacent resonance lines of
P ‘Fe XV, 284 A, and Fe XVI, 3835 A, that originate at a: temperature of
several million degrees Kelvin. The chromospheric network shows in good
detail for the He II image as does an extremely large prominence. The image
is covered with centers of activity. The highly ionized iron images, however,
show that emission in these lir;es takes place only from the coroné. above centers
of activity. There is no emission from the disk as a whole, bui emission takes

place above the limb from the corona produced by the solar surface features
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both behind and in front of the limb.

Figure 4 shows the detail present in a section where there is high
activity,. In Mg IX and Te XV there is much emission above the limb in the
corona, but there is structure present in Mg IX that is absent in Fe XV.

In He II, 304 A, the same emission appears to be preseﬁt, howeve;-, it is
in reality produced by the resonance line of Si XI which is nearly blended
with He II, the separation being 0.4 A. Thisis clearly shown by the dark.
arc tl;at separates the one image from the other. Emerging from the center
of the coronal Si XI -emission, is a sharpl;y defined curved plume. This is
believed to be a surge prominence in He II, 304 A. The conclusion is that
the coronal and chromospheric emission above extremely active regions shows
detailed structures that are not alike when ochserved in lines that originate
from different altitudes in the so}ar atmosphere. Some correlation with the

white light coronal structﬁres is expected, but as yet it is not apparent.

XUV High Resolution Spectrograph

An XUV high resolution spectrograph was flown on 11 February 1969.
This was the prototype instrument for ATM, known as FDVU-B. Itis

described as part of ATM on page C44.
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ROCKET EXPERIMENTS BEING PREPARED FOR LAUNCH IN FY 1970

XUV Spectroheliographs and Spectrographs

NE-4 234

The experiments for NE-4. 234 include those described on pages
C18 and CI9 and flown unsuccessfully in NE-3. 183, with n;jany modifications
and additions. This project is mostly financed by RN 6.1, with NASA providing
the SPARCS pointing system. The original payload was constructed and flown .
in a hiaxial poinﬁng control, and an Aerobee-150 rocket. Rather than refly
the instrument in exactly the same configuration, it was decided to redesign the
payload to fly in the SPARCS (the three-axis stabilization systefn), and an
Aerobee-170 rocket.

This was a major decision, but the advantages offered by the new
vehicle, three-axis instead of two-axis stabilization, is so great that we
decided to proceed at once, even thoggh this meant a delay of four months
to a year. NASA was willing to provide one of their first six SPARCS; with
the cooperation of NASA, the second Aerobee-170 was made available.

The advantages are, that much more payload space and weight is avail-
able, hence more instruments could be flown; and with three-axis stahilization,
there is no loss of spatial resolﬁtion in spectréhéliograms with long exposure
" times.

The experiments to be flown are the following:

{1) Hydrogen Lyman-alpha (1218 f&) spectroheliograph produeing
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5 arec seconds or better spatial resolution (see pages C18 and D13).

(2) Two XUV spectroheliographs for 170 - 740 A Ttis hoped that
3 arc seconds spatial resolution can be achieved from 260 to 460 fi, with
degradation {0 no worse than 10 arc seconds at the extreme wav-elengths.

(3) Two of the XUV coronagraphs described on page C14 will be flown,
one with aluminum, the other with aluminum and carbon filtérs, to try to’
analyze, qualitatively, the contribution of the different XUV emission lines to
the corona. By photographing with {wo instruments, simulfaneously, more
definitive results will be obtained than by photographing aiternately, exchanging
filters, as attempted before. |

(4) Coronal Grazing Incidence Spectrograph

This experiment uses an improved version of the instrumez;lt described
on page Cl9e, It employs a far-off-axis paraboloidal surface to obtain spatial
reso}ution along the slit of the spectrograph of 4 minutes or betteér. This
experiment will complement the XUV spectroheliograph experiments described
in (2) above; the latter experiment will yield very high spatial resoclution of
features on the solar disc and extending a short way into the corona; many of
these features will be obscured by the overlapping of the disk images produced
by spectrum lines that are close togéther in wavelength. This coronal spectro-
graph should give a spectrum produced by a single radial slice‘into the corona,

with no problem of overlapping.
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Several experlments of this type, covering a combined wavelength
range of 0 - 1050 A will be flown. Each of these experimer!xt‘s'will have a dif-
ferent grating blazed to have optimum se.nsitivity in a particular portion of the
-above wavelength range, and filters which will eliminate blending of lines of
higher orders of shorter wavelengths with low order lines. -Spectral resolution
of from 0.08 A -.0.005 A will be obtained.

(6) Low.resolution, multlple exposure grazing incidence’ spectrograph

The&purpose of this experiment is to obtain over the projectory-
-a larg_e‘number of low resolution spectra taken at different altitudes, in order
to determine the effects of spectrally selective atmospheriq 'fttienuation on the
experiments described in (2) through (5} above.
(7) Pinhole camera experiments

-‘ Several pinhole camera experiments to obtain low -spatial resolution
images of the solar dis]_& and corona in integrated sunlight of‘ different bandpasses
within the wavelength ranges 0 - 170 &, and 510 - 1100-A will be flown as
pomplementary experiments to the XUV coronagraph experiménts,discussed in
{3) above,

An éttempt will be made to launch this payload during a solar flare.

All the instruments that provide spatial reso_lution (1), (2), {3), (D), WOL;ld be

expected to record the flare; (2) will produce flare spectra; (1) and (3) will
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show the development of the flare during the four minutes of time covered by
the useful part of the flight. The spectrographs (5) wiil show many more lines
if the flight oc'm;rs during a flare.

Thanks to the expected stabilization produced by SPARCS (1 arc
second or better), these experiments should yield for the first time, spatial
resolution of XUV solar features that equals the resolution in the visible region
of the solar spectrum that is achieved by ground-based solar observatories.

XUV Line Profile Experimenis

The following instruments have been designed and constructed with
RN 6.1 funds:

(a) Lyman-alpha and Lyman-beta profile spectrograph;

. {b) Xﬁv spectroheliograph (170 A - 600 A);

(e} A 304 A profile spectrograph or grazing incidence spectrograph.

If is not certain when these instruments can be flown, Most of the
construction has bf_aen completed, but the process of focussing and adjustment
is likely to require considerable time. It is hoped to launch during FY 1970,
but we are committed to much ad;:litional work in the experiments for the total
eclipse of 7 Ma.rch 1970.

Rocket Experiments connected with ATM

These are described under ATM. A reﬂfght of FDVU-A is planned

for the summer of 1970, and of FDVU-B on 11 September 1970.
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Solar Eclipse of 7 March 1970

On 7 March 1970 a total solar eclipse will come up from Mexico to the
east coast of the United States. - ’.[“he most unique aspect of tl;is eclipse is that
its shadow can be reached by rockets launched from Wallops Island. Code 7140
plans one launch from Wailops Island and two from the White Sands Missile Range.

T Rocket Observations in the Total Eclipse Shadow’

The proposal by Code 7140, accepted by NASA, is to launch an -
Aerobee-17 O_rociiet out of the Wallops Island Aerobee Tower into the shadow.
This rocket will carry seven different experiments, all reguiring precise pointing

.to the sun,- which until now has not been possible dufing an eclipse. A special_
new pointing system for this purpose has been developed by‘Cocie 7140 together
With,tl;e Aerojet-General Corporation to achieve precise poi.n_ting at the sun's
thin remaining crescent, just before entry of the vehicle into the total shadow,
and then to keep this pointing during totality. The systc‘em is no;v under construc-
tion at Aerojet —Gex'leral Corporation.

The seven.experiments are the following:

- This instrument is designed to photograph the ultraviolet
spectrum of the coroﬁa containing the high-ionized iron lines, with very high
spatial resolution during the flash phase of the eclipse, and to obtain a long
exposure of this region dqring totality, showing the spectrum of the corona_.

The scientific goal is to obtain with high spatial- resolution, information about
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the chromosphere-corona trangition region. The different iron lines from

Fe IX to Fe XVI and Mg IX ‘represent a wide variety of different temperatures.
By observing their intensities during the flash p;hase we should be able to analyze
and localize the temperature jumps from the chromosphere into the corona.

It is also possible to determine iron abundances as function of altitude in the
corona, if any change is present. Using this slitless type spectroheliograph
provides us during the eclipse with the unigue opportunity to obtain pure spectra
of the corona, not overlapped _by spectra from the active regions on the

disk. It also allows us to abandon the previously used aluminum filfers and

in this way to increase the speed of the insfruments.

The goals are the same as for XUV Spectroheliograph I, but other
lines wiil 1:;e observed (Ne VH, SiXIl, Hel, OIV, Ne VI, Ne V, O 111, Mg‘X,
OV, NI Ol OII OV, NIV, Ne VIII).

This instrument is designed {o obtain the flash spectrum of the
chromosphere in all the Lyman lines except Lyman-alpha, and also the Lyman
continuum. Measurements of the intensities of those lines as function of altitude
in tile chromosphere will for the first time allow us to determine the population
of all hydrogeg levels and to check theories about deviations from local thermo-
dynamic equilibrium. Beside the Lyman series lines a number of other lines that
originate in regions of different temperatures can be measured with very high

spatial resolution,
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Thié instrument will photograph the hydrogen-Lyman-alpha line in
the chromosphere with very high spatial and spectral resolution; it will enable
us to determine the profile of this line as function of altitude in the chromosphere.
This instru:ﬁent is designed to photograpﬂ the flash spectrum of the
photospheré—chromosphere transition layer. The continuum in this region is
beliew;:d to originate in the very outermost and coolest region of the photosphere.
The eclipse provides a unique opportunity to check this theory, and to measure
the exact value of the photospheric boundary temperature. Also it will be
possible to recor@ the CO absorption bands which are important to explain the

intensity of the ultraviolet spectrum in this region.

This instrument covers the same region as Instrument No. (5) above.
It does not allow investigation of different regions in the chromosphere around
the solar limb, but will provide exact photoelectric measurements from which
the temperature profiles can be derived. Use of this photo;eleétric instrument
insures obtaining new results even if the payload should not be recovered from

the sea,
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(7) Multicolor Visible-Light Corena Camera
This experiment is designed to obtain photographs ;:,f the corona
and measure polarization in three different wavelength bands. It will photo-~
graph the corona out to 50 solar radii into the transition region corona-
zodiacal light. The main goal of the experiment is to separate in this region
the K and F corona by determining the wavelength dependency of the polarization,

which is caused by gcattering of sunlight by small particles and electrons.

I, Rocket Launches at White Sands Missile Range

Solar Eclipse of 7 March 1970

Two unexpected and important resulis of the rocket c;)ronagraph
experiments are described on pagezs ? ?2(1) the features of the outer white light
corona change very rapidly, and (2) there is an apparent mismatch between -
eclipse cc;ronal featux:es and oufer coronal features when these are photographed
within four hours of each other. The mismatch may be due to the time interval
or because the rocket coronagraph can record foreshortened streamers not
detectable in an eclipse photograph.

An opportunity to investigate both these matters more fully occurs
during the total eclipse of 7 March 1970. One coronagraph package would be
launched from the White Sands Missile Range while the inner corona is simulta-
neously being recorded on the east coast. A second flight from White Sands
\_Nould be launched later that day or early the following day to record the short

term change.in the outer corona. Either of the choices would give an interval
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less than the 24 hours between the 16 and 17 April 1969 launches, which

revealed such large changes in-the outer corona,

EXPERIMENTS IN THE NASA ORBITING SOLAR OBSERVATORIES (OSO)

1. 0OSQ-V (formerly OSO-F)

The proposal to repeat the OSO-II (OSO-B2 prior to flight) spectro-
heliograph experiment in OSO-F was ac;cepted by NASA on 19 August 1963. The
experiment has been improved in many'respects; for example, twice as many
wavelengths as ir; 0OS0-1 will be monitored. Every precaution possible was
taken to make the NRL experiment immune from the electrical breakdown
problems that béset.the earlier effort. NRL also assumed the responsibility
for integrating the University College of London (UCL) x-ray ‘experiment into
the NRL instrument case,

Much difficulty was encountered with the reliability of the Bendix
Channeltron photomultiplier detectors used for sensing the XUV radiation.

The probable explanation of many of ‘the failures that.occurred during testing
waé fracture of the delicate glass capillary (3 mm bore, 1 mm o. d., 50-mm
long and bent into a semic ircle), which was encapsulated together with a pre-
amplifier in a cerrinﬁc-filled hard epoxy potting compound. It appeared that
the encapsulating material was not sufficiently elastic to prevent breakage Qf
the capillary during thermal cycling. As a result, a great' deal of effort was
expended from September 1968 to January 1969 in preparing for flight, channel

photomultipliers which were built by the Mullard Research Laboratories,
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Redhill, Surrey, England, and were twice as large and therefore stronger than
those made by Bendix.

The OSO-F satellite was successfully launched on 22 January 1969 and
thereupon became officially known as OSO-V. The NRL spectroheliograph
has operated almost perfectly from the electrical point of view.  Excellent
spectroheliograms with 1 arc minute spatial resolution are being obtained
in the Lyman-alpha line of HI, 1216 A, and the Lyman-alpha line of He II,
304 A. The spectroheliograms in Si XII, 499 A, Ne VII, 465 A, and
in Fe XVI, 335 f&,. are ver;} good. The sixth detector, for Fe XV, 284 A,
although electrically sound, seems to lack sensitivity to this wavelength and
little but 1216 A stray light is being detected.

After three months of operation, the instrument sensitivity is stiil
high, even thouéh it has decreased by nearly an order of magnitude. This
is believed to be caused by contamination of the grating, that reduced the
reflectance.

In the OSO-V experiment, the objective-type grating 'spectrograph
forrs a spectrum of solar images in the plane of the photomultiplier detectors.
As the spacecraft makes a raster scan of the sun, each detector traces out
_a square pattern centered at a predetermined wavelength. The number of
picture elements per square raster is restricted to 1920 by the limitations
of the telemetry system. With 48 elements per raster per scan line and

40 lines per raster, each element has an aspect ratio of 5:6 and covers

C34



approximately 1 a:r.c minute' on a side. Appropriate si,g:nals for synchroniza-
tion purposes are included in the ddta to faciiitate picture reproduction in the
) iaboratory.. |

A systém has been developed to produce picto;*ial images from the
satellite data. First thé raw dat; rece'ived from the Goddard Space Flight
Center on magnetic tape are proceéséd by the NRL Research._Computa;:ion
Center (3800—Computer}, and put on perf.orated paper tape, This tape is
then read into System Logic ‘which controls an oscillbscr;pe‘. The sc"lope ;race's
the 40 ré.ster’lines, each céntaining‘ 48 digital words; a photog}*aph of-the
scope reproduc;eg the original raster scan of the sun. ‘ The': l-aart ;)f‘ the system
that required a special design technique was the production of thg picture-
forming element <;n the oscilloscope in the rectangular form required to
reproduce a satisfa:ctory picture.

Some typical solar images are illusi;rated in Figlire 5.

2. 0SO-H

On 1 July 19668 a.proposal was submitted to NASA to fly.an improved

O50-1I white light coronagraph and also a coronal XUV phoi;qm;ater. This was
accepted. The prir;nary ohject of the double experiment is to cbserve solar,
burst phenomena associated with ﬂa-Lres, first as an enhancement in th;a Xuv
corona, a‘nd then as a travelling bright spot in the white ;light electron corona,
associated with a re‘agion of increased electron density. A _second object of the

white light and XUV coronagraph experiments is to record the day-to-day

C35



changes in the coronal streamers that form a part of the solar wind, to separate
them from the zodiacal corona, and to correlate them with the XUV corona.
Launch is planned fo‘r Dec.ember 1970.

The investigations of the_ white light coronagraph were concentrated on
the choice of a new detector to improve considerably the signal to noise ratio of
the low contrast picture of the outer corona. Proposals for point-by-point _
scanning procedure were considered, but rejected because of the lon';o_; sampling
period required to obtain a single coronal picture. We decided to use the newly
developed SEC Vidicon which is able to integrate all picture elements simul-
taneously and store the picture for a long period, during which readout into the
spacecraft telemetry can be done, Furthermore by applying a data compres-
sion scheme, One entire coronal picture can be read into the spacecraft telemetry
in approximately 6 - 8 minutes, A study contract to build a bx-'eadboard
instrumentation of the experiment, awarded to Electro-Méch_anical Research®
(EMR), Sarasotz_a., ‘Florida, about a year ago, has been followed by a production
contrac-t.

The XUV coronagraph, imaging the sun in the 150 - 650 A band, will
use the scanning scheme of O30-II -~ OSSO~V with four detectors at fou‘r different
positions in the image plane. The arrangement of the detectors together with
the 60X 60 arc minute field covered during the spacecraft raster-scan mode
will allow covering the corona in XUV -out to 3 solar radii, thus overlapping
the field of the white light coronagraph. |
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.Progress on OSO-H has been slower than expected because of the
described difficulties encountered with 0SO-V. However, ir'l the spring of
19692 NASA announced its decision to construct OSO-I, J, and K in a much
larger configuration, and also to build OSO-H in this same improved form.

As a result, the NRL OSO-H instrument package is }:.»eing redesigned for a box
with dimensions 12X 6 x 52 ifiches, instead of 8 X 4 X 48 inches. This is
a great advantage because with twice the volume, interface problems are greatly
reduced; also with the new spacecraft much greater power is available and
weight is no longer critical.

It is required, however, to attempt to maintain the same schedule --
prototype delivery, April 1970; launch, December 1970. Therefore the work
is proceeding.on a crash basis.

3. Apollo 8-020 Sclar XUV Spectrograph

- The objective of the expesriment is to phetograph the XUV and
X-ray spectrum of the sun in the wavelength region from 200 to 10 A. The
wavelength region below 200 A is more variable during periods of enhanced
solar activity than any other solar radiation; hence it is of direct interest in
connection with ﬂa;‘e prediction, and the prediction of the quality of radio
communications at various frequencies during solar storms. This spectrum
is also of interest in connection with the development of methods for nuclear
power production because of the physics of the sun's ﬁigh temperature plasma

is direetly related to laboratory plasma research.
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Low resolution spectra of the sun in the wavelength region from 33 A
to 100 & using grazing incidence spectrographs have been obtained by NRL
with soun;:ling rockets on various cccasions and have rt.ecorded the region from
2 A to 28 & with an x-ray crystal spectrometer. However, all devices
utilized to measure radiation in these wavelength regions are inherently insen-
sitive and the exposure time possible during a sounding rocket. flight is limited
to 4 minutes. By making exposures of up to an hour's duration during the
flight of an Apollo spacecraft, utilizing an instrument with finer spectral resolu-
tion, it is anticipated that as many as an order of magnitude more spectral lines
can be recorded.

This experiment has complefed environmental testing and was originally
scheduled for flight on the second Apollo manned mission. However, all
experiments not direcily related to the Lunar Mission have been removed from
main-line Apollo Lunar Missions.

In January 1969 the Manned Space Flight Experiment Board (NASA)
restored Experimeﬁt 8-020 and authorized it.s flight in AAP-1/2, the first
two flights of the Apollo Applications Program. [ATM, in AAP-3/4, docks
with AAP-2, which is the Orbital Workshop, to complete the "Cluster.]

The project has been reactivited, and work is in progress. Several
modifications will be necessary to accommeodate existing experimental
hardware to its new interfaces in the Cluster. Flight hardware delivery is
scheduled for August 1970, f;.nd the AAP-1/2 launches are scheduled for .

August 1971,
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4. Apollo Telescope Mounting (ATM)

The experiments for ATM beiﬁg undertaken by Code,’i' 1f10 are the
most c-omplex' program ever undertaken by the Branch. ’I‘It;e first instrument
is an XﬁV pht;tographic spectroheliograph covering the wavelength range of
170 - 650 A amgl -is‘ four timesnlarger than the largest ever flown in a rock.et. ‘
The second experiment is a photographic spectrograph 'design;ad to provide-
high resolution spectra of very small selgacfed features on the sun, cox;ering
the waveleng:;th:_range ‘970 -~ 3940 A. The third instrument is an I;(UV cloéed-
TV system that Wi'li produce an irhage of the sun for study by the astronaut,
for his use in ppin_ting_ the instruments and deciding when to make exposures,’
and for providing valuable scientific material for study by the scientific staff
after transmission to ground. |

The pi‘esent ATM concept represents .the culmination of a program
commenced in 1964, when NASA authorized the development of the Advanced
Orbiting Solar Observatory (AOSO). Code 7140 proposed éxpe‘riments whiqh'
were accepted for flight in the first AOSO and contracted fhe_ development and
construction of the instruments to the Ball Brothers ﬁesearch ‘Corporation

(BBRC). In September 1965, three months after cancellation of the A0SO ‘
spacecraft program, we were asked to consider flyiélg the sam.e or modified
instrumfents in the manned Apollo program. Our proposal was accepted and

design and construction of these instruments began on 12 September 1966.
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The development of the instrumentation and also of the ATM itself
has 'proved to be extremely difficult, largely because of the time schedule |
' which was compres‘sed from the very beginning. This shortnes-s of time
req{;li;ed that the design of the different experiments and the various components”
of the ATM itself be carried on in parallel, and there was little opportunity for
intercommunication. As a result, a great deal of iteration has been qu!:lired
in order to avoid conflicts between the different subsystems (and so to arrive
at a complex system that will attain all the §cientific objectives). In spite of
every effort, the initial schedule has had to be extended. Currently the launch
date is set for the second quarter of FY 1972. The second ATM mission for
which this Laboratory was authorized to design instruments,has been tabled,
and no work by NRL is in process.

The cost of the project has increased with its complexity and with
the time required before launch. The current forecast for the cost of this
project ;:hrough launch is approximately 27 million dollars. _ Although the
greatest part of the work is being done by BBRC under contract to NRL,

a considerable amount of research is required in-house at NRL. Further-
more, the task of monitoring the outside contract is formida}:rle and the equiva-
lent of twelve perso.ns (full time} are involved. This is insufficient to handle

the project properly; several more persons are needed at the present time and

the peak involvement has not yet been reached.
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2. ATM Instruments

The, ATM coronal 'XUV spectroheliograph i& a normasl-incidence
concave :grating instrument employing a Ad-meter radius of curvature,

3600 lines/mm diffraction grating to form a spectrum consis.;:i'ng of monochro-
matic images of the sun. The spectrum will be photographed through a thin _
unbacked aluminum -filter which eliminates long wavelehgth stray light. Two
positions of the grafing permit photographing the spectrum from about 171 to
650 A. The fesohiti‘on over this range will vafy delsending on wavélength,
approaching 1 arc second in the optimum region, averaging betteI-' than 5 arc
seconds, and reaching 10 arc seconds at the long wavelength end. Sufficient
film will be carried to make 800 exp'osur;és during the mission. ’I“he-instru—
ment will be operated by the astronaut in several modes. 'In one mode, routine
exposures will be made once each day for mouitoring purposes. In a second
m;)de, exposures in rapfid succession will'be made when a flare takes place to
study the cha‘ngé in both emission spectrum and area of the sun's surface from
which the various emission lines in the flare spectrﬁm ofigipélte.

The secc;nd instrument, the XUV chromospheric spectrograph,
employs a 2-m radius 6(;0—1ine/mm g-rating at normal incidence together with
two pre_dispersel_; gratings mounted on a turret so ;chat théy can be interchanged._
The one predisperser seleci;s the first order spectrum from the main grating
which covers the wavelength range 1940 - 3940 R; the second predispex;ser

selects the second order spectrum from the xr;ain grating which covers the

C41



range 970 - 1970 A. The spectral resolution goal is ©0.04 A in the short
waveiength range and 0. 08 A inthe long. The sun's image is focussed on
a slit with an off-axis paraboloid in such a wéy that it is possible to record
the radiation from a select‘ed area of the sun as small as 2 arc seconds wide
and 20 arc seco.nds long. Provision is made for 6400 separate exposures.
" The instrument will bfa operatéd_ iI; three principal modes by the astronaut.
Tn the first mode, spectra will be taken across the photosphere-chromosphere-
corona interface in steps that may be as small as 2 arc seconds, i.e.,
1500 km on the sun. In the second mode, the instrument will be pointed at
particular regions which are of special interest such as plage regions, promi-
nences, and filaments. Changes in the spectrum of a given plage can be
followed as it approaches the limb during the course of the sun's rotation.’
In the third mode, the‘ spectrum of a flare will be photographed. This will be
accomplished by pointing the instrument at an active region where a large flare
is likely to appear, and waiting until the flare does appear. In this way, it -
will be‘ possible to obtain spectra during the initial explosive phase of the flare.
The third instrument to be flown is an XUV closed-TV system.
This is a novel instrument, the first.of its kind. . If employs 2 1-m . off-axis
paraboloid to form ap image of the sun on a phosphor surface which is covered
with a thin aluminum filter. Thus radiation, restricted to the range 171 A
to approximately 600 A, falls on the phosi)hor and is converted into visible

light. The phosphor is placed in contact with the fiber optics faceplate of
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an SEC Vidicc;n camera and the output from the camera is displayed ona TV
scope viewed by the astronaut and is transmitted to the ground when the ATM
is over selecied receiving stations. The XUV solar image shows many
features that simply do not éxist as seen from'the ground in ' H-alpha or CaK
light. | Tht;.s the XUV monitor will provide data on the XUV appearance of the
sun, with the aid of which the astronaut will be able more i_ntelligently to
operate the XUV spectrographic instrumentation. These XUV images can
be transmitted to ground in real-time, if suitable equipment: is installed in

the Cluster. It appears probable that this will be done, and that ATM will
provide XUV images of the sun in real-time.

5. The Future of ATM

It now appears quite certain that the first ATM mission will be
launched during early 1972. The NRL experiments are on schedule and
developing well. Follow-on missions, however, are under study by NASA,
It seems clear that the ATM project at NRL will extend through 1972; then
reduction of the specira will require some years.

6. ATM. Rocket Flights

In association with the ATM project, prototypes, or flight design
verification units (FDVU) have been developed for flight in the Aerobee-150
r;Jéket, stabilized to point at the sun in all three axis' by means of SPARCS.
There are two instrument packages. The first,‘ FDVU-A, carries a half-
sized photographic spectroheliograph and an XUV TV system making use of
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the SEC Vidicon. Signals from the Yidicon are transmitted in real—time. to
ground, where a TV picture is reconstructed. ' The second, FDVU—B; |
carries a scaled-down photographic spectrograph equipped with a limb pointing
system.

The first flight was scheduled during May and June 1968.
An attempt was made to launch from White Sands during a solar flare. The
White Sands Missile Range personnel provided a great deal of support and
had things arranged so that the rocket could be held ready for almost instant
launch during the greater part of three weekends as well as some time during
the week. Because the sun was quite inactive, a solar flare did not appear
until the last possible day made available for the project. The rocket was
indee.d launched dui:’ing an importance-one N-flare on 8 June 1968. Launch
took place 3 minutes after the flare was observed at the flare station in ESSA,
Boulder, Colorado, and reported to the personnel at the Blockhouse.
Unfortunately the mechanism provided by NASA for separation of the payload
from the tg.nk section failed to operate and the SPARCS was required to stabilize
the entire rocket along with the payload. This was a task far beyond its design
and pointing was not achieved. No data were obtained, and the instrument was
c}estroyed because the parachute failed to deploy (due to the sepa.ration system
malfunction).

This instrument is now nearly reconstructed. Launch is planned for the
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summer of 1969; an(‘:\ again, the fligh‘t wili, be made when a solar flare has
appeared.

The XUV spectrograph was finally placed in satisfactory ﬂight
condition in late i)ecember 1968. Flight took place from the V{’hite Sands
Missile Range on 11 February 1969. The flight was excellént in gll but one
respect. Correct absolute pointing of the instrument was 1'101: achieved, through
a combination of unusual errors; the instrument was pointed. 70" off-limb in
licu of on-limb. However, the SPARCS held the pointing with excellent
stability, and the ir;strument was recov.ered in good -condition.

Faint, but valuable spectra, -Lyman-alpha of hydrogen, aﬁd
‘ two coronal 1inés f_né Fe_: XII were cbtained, The-instrument is being prepared

for reflight on 11 September 1969.

7. The Bir11-Time Vector Magnetograph

In‘ ;)rder to aséist the a;stronauts in‘p-xj'eparing for flares, NRL
proposed to construct a real-time magnetograph for use on the ground. Informa-
tion furnisileﬂ by this instrument might well alert the astronaut.as much as
several minutes before an active region commences to blossom into a flare. '

A second purpose for the magne‘tograph project is to obtain ﬁew,
critical solar information that may lead to an understanding of the nature of.
solar flares. This, inturn, will assist greatly in flare prediction, and thus

contribute importantly to ionospheric warnings.
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We are, as of now, far away from an understanding of the
mechanisms whiéh can trigger ilares in active regic'ms. It seems to be certain
that the initial energy of a flare can be a release of magnetic field energy, but
even this process is not at all understood. Furthermore it seems quite uncer-
" tain whether all the energy released in a flare is of magnetic origin. Hydrogen-
alpha‘ pictures, which represent to a certain extent the chromospheric magnetic
structures, do not show very much change before and after a great flare has
occurred. Therefore possible other energy sources remain to be taken into
account. To get more insight into the flare {riggering mechanisms, extensive
studies of the magnetic field structures and the electrical current systems
accompanying the magnetic fields have to be made.

Most of the observations until now deal only with the longitudinal
component of the magnetic vector. It has been found that flares occur
preferentially at points where the longitudinal component is zero. This has
not yet led to a plausible flare theory; the reason for this is that the observations
of the longitudinal field describe only a part of the entire magnetic vector.
Furthermore, they have rarely been made with sufficient frequency.

The real-time vector magnetograph was designed in the first place
to measure all three componenis of thg magnetic field, and in the second place

to present a record of the changing field that is continuous in time.
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Three proposals have been ﬁrepared concerning the '"Real-Time
Solar Magnetograph". Early in the planning we were engaged, together with
Westinghouse Defense and Space Center, Baltimore, in evaluating a real-time
magnetograph u}hich uses an analog computer for immedi?.te data display on
a TV screen.(G. Brueckner, "Real-Time Solar Magnetograph', A. Jensen,
"Solar Magnetograph Imaging and Display System™). It became obvious,
however, that the technical difficulties of such a system would be tremendous
and furthermore that the costs of the apparatus would be very high.

As an alternative to this situation, we proposed using an already
existing third generation digital computer for the data reduction which has the
necessary time sharing devices to use:the instrument in discrete short time
intervals over a long time period. ¥ such a computer can be used, the
development of new electronic systems can be abandoned.

The optical design uses as the key element a 0.15 A half-width
Zeiss birefringent filter to isolate the magnetic sensitive iron line, 5250 A.
Two KDP crystals will be placed in front of the filter tov use the in.strument
as an analyzer for either circular or linear polarized light. To derive all
four Stokes. parameters it is necessary to obtain six different pictures and get
the different pictures of the three pairs of opposite position of the analyzing

optics. For this purpose an image will be generated behind the birefringent
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filter on the faceplate oF af-SEC Vidicon tube. After integrating the picture
on the tube's target this can be read ouf and by means of an analog to digital

converter transferred via a buffer storage memory into the computer. The
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design- also’ _i_ncluded an,: automatic shifting device to s_;l_lift the .passband

of the birefringent fil-ter from th.e center to the wings. of thg 5250-A "line to get
optimum signals for the "longitudinal and for the transverse Zeeman effect:
Fur-thé‘rmore, local Doppler-effect line displacements can be measured in this_
way and can be taken in accm;nt by the computer for the' data r'eduction However,
NRL does not have at its disposal a computer which meets that requirement.

'About a.year ago, an agreement was reached between NRL's Space Science

Division and the Space Science Laboratory of tllle Marshall Space Flight Center |
to build the magn'étograpl; as a joint project. NRL is designing and fabricating
the optical system behind the tel'escope,' and is also supervising a contract for
design and fabrication of the elelctronic syste;m which is necessary to convert

the polar.‘fzéd‘pictures into digital signals which can be fed into a computer.
NRL!s responsibility includes guidance to develop the necessary- cémbuter
software for an appropxjiate data reduction to transform the polarized pictures
into magneti.c fie;é strength mafs_s.' ..‘MSFC is providing an 1108-UNIVAC
'computer, which is eduipped wi‘th time~sharing devices and which is able to

take on-line data with a 1 MHz-bit rate.. MSFC is also prc-)viding a 30-cm
Cassegrain telescope, 2 tower for this telescope, and the necessary buildings.
Furthermore, MSFC w:iil provide the; data communication llink from the telescope
to the computer and the necessary data display units, Beéide the Space Science
Laboratory at MSFC, the Computation Laboratory is engaged in establishing

the complicated computei‘ programs.
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The status of the project as of now is the following:
(1) Telescope: The 30-cm Cassegrain telescope has been modified to
increase its stability. An H-alpha telescope is'under installation now, to
provide the H-zlpha pictures simultaneously with the magnetograms.
A video link system has been installed to transmit H-alpha pictures and
magnetograms. An interference filter of 30-cm diameter for the main
telescope has been purchased to serve as a prefilter for the maénetograph
and keep the solar heat out of the telescope.
(2) Buildings: The new solar tower at Huntsville, Alabama, -which will
carry the instrument has been ;:ompleted.

(8) The data link between instrument and computer has been installed also.

(4) Electronics: Because of lack of funding the entire electronics system

could not bé order;ed as early as desired. The contract was gwarded in

March 1969, delivery is expected in September. The system design is
finished, it is now only a matter of fabrication.

(5) Birefringent Filter:  This key element was received from Zeiss during
the summer of 1968, and has been tested at the Kitt Peak National Observatory.
The quality of the filter exceeds all expectation. The half-width of the frans-
mission curve is 130 mA, which is the theoretical value.

(é) Qﬂi_c_a_l_’_l_‘z‘:_iyf{gg System:  The optical system, which provides a parallel
beam through the Zeiss filter and a relay lens to transfer the monochromatic
image onto the SEC Vidicon, has to be provided by NRL. The mechanical

parts have not been completed (as of now because.of delays in ESD). The
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contract for the optical components has been awarded. It is expected that the
systein can be assembled sometime in August.

If the present schedule can be maintained, the magﬁetograph snould be
assembled this fall and be operational by next spring at-the latest.

The financial situation of the project is rather bad. There is no money
available if, during the checkout period, additional equipment will be needed or
changes have to be made, No funds have been provided to operate the system
and work ;}n the reduction of the data. This will therefore be taken over
entirely by the Marshall Space Flight Center. NRL's role in. this very promising
project will decrease necessarily.

Night Airglow

1. Night Airglow Research from Rockets
Support for night airglow research from rockets by RN 6.1 funds
was withdrawn-as of 1 July 1968. During FY 1969, at the réquest of Dr. H.
Friedman, a brief article was written summarizing the work dur-ing the Inter-
national Year of the Quiet Sun (IQSY) for inclusion in the ANNALS OF THE
COSPAR. Further reports concerned with the results of this program will be
written as time permits. A le;rge amount of data, accumulated since the start

of the program in 1955, remains to be reduced and interpreted, especially

results on the OH layer.

T Yt e o ey T e T o 1 & T L et - —— . ——

As a follow-on to the program of airglow horizon photography

conducted by Code 7140 in Gemini IX, XI, and XII, an airglow experiment

C50



was approved in 1966 for'flight on main-line Apbllo and given the number S-063.
The object was to photograph the sunlit earth in spe;:tral baﬁds that include and
exclude the ozone ultraviolet absorption bandg; the resulting photographs would
provide a global mapping of ozone clouds. A second object was to photograph
the twilight airglow horizon, to obtain global altitude distributions of resonantly
emitted airglow lines; a final choice of emission lines had not been made, but
3914 & of N; and 2972 A of OI were under consideration. )

After the Apollo fire, development of this experiment was terminated.
Recently, howe\.rer, the Manned Space Flight Experiments Board of NASA
placed it in the active category and authorized its flight in AAP-1/2 provided.
certain technic:al problems could be solved. Code 7140 is currently studying
the situation but has not yet reached a decision whether to co‘ntinue the program

or to decline.

III. Supporting Research in the Laboratory

A program of research in the extreme uliraviolet (XUV) spectral
region is, carried on in the Laboratory, largely in support of the XUV space
research program of the Diyisioz:x. This receives 30% funding from ONR,
and 70% from NASA, ‘ Two laboratories are involved; the one, in charge of
W. R. Hunter, ig devoted to research in optical and photoelectric properties

“of materials, - This includes mirrors; gratings, films, and photomultipliers
and a contract for research in gratings. The other, under Dr. S. G. Tilford,
is a modern spectroscopic facility for the study of atomic and molecular XUV
spectira of astrophysical Ainterest,

Dr., Marshall L. Ginter, Associate Professor at the Institute of

. Molecular physics at the University of Maryiand is engaged on an intermitiant
basis in work in the XUV spectroscopic laboratory reducing XUV épeétra of the
hydrogen-halide molecﬁles, obtained with the 21-ft vacuum spectrograph. He has
also contributed to the planning and design of components for the high temperature
furnace system. In addition DJ;'. Ginter has been involved with the analysis of the

"emission spectra of the '3A' bands of carbon monoxide.
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¥. Research on Optical and Photoelectric Properties of Materials

(1) Reflective coatings and optical constants
One of the major problems to be overcome in the design of
sophisticated XUV instrumentation for space research is to produce mirror
surfaces of high reflectance, in order to permit the use of a number of reflec-
ting elements, (Transmission optics cannot be used, of course,} This is
especially difficult for normal incidence, and becomes more difficult the shorter
the wavelength.

' Past studies have shown that those materials that have inirin-
gically high reflectance, such as aluminum, are chemically active and quickly
form compounds, e.g., aluminum oxide, that reduce the reflectance greatly.
Hence they must be protected by an overcoating to prevent conversion of the
material to oxide or contamin‘ation by other active compounds or elements.

A good 'examp.le of this procedure is the highly reflecting films of aluminum
overcoated with MgF; or LiF developed at NRIL in collaboration with Dr.
G. Hass, Director of the Night Vision Laboratories of Ft. Belvoir, Virginia. -
The high reflectance of these protected coatings is limited Lo
Wavelengths- longer than about 1000 A because the overcoating materials
become absorbing at the shorter wavelengths causing a reduction in reflectance.
Below 1000 A, the best reﬂectc;rs yet discovered are platinum and iridium,

and they have less than half the reflectance of dielectric coated aluminum at

wavelengths greater than 1100 A, its region of high reflectance.
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There are many materials that have not yef been ::-:tudiéd;
usually there are special difficulties in producing smooth coatings.- Work is
éohtin;ing in the search for a- sil;gle material, or a combination of materials
that have higher refléctances thaﬁ platinum, iridium, or gold. These studies
include n;)t only reflectance measurements at normal incidénce, but also the
determinatioh of the optical constance, n, the index of réfra-ction and k the
extinction coefficient, from oblique inéidence reflectanc;a measurements.- When
the optical constants of a number of materials are known, inultilayer reflecting
éoatings can be designed that will have special prop_erties for usé 1n };he design
of rocket and satellite instrumentation. The optical constants thefx';selves are
also of interest in connection with solid state theory’-and the structure of solids.

‘ Another possible approach to the production .of a highly reflecting
coating is by alloying.of materials, however, this program has not been imple-
mented to date because of manpower shortages.

(2) Thin unbacked film filters

Quite a bit of effort has been put into the study of aluminum films
to increase their transmittance, to ruggedize them so they can withs’-aandthe
vibrational and acoustic environment of sateliite launchings, and to decrease apd
prevent formation of pinholes, This wox:k contiﬁues since alliminum filters are
very essential for the solar program. Several filter materials other than
aluminum have been used in rocket instruments, f01: example, indium. Trans-
mittance characteristics of other materials such as silicon, germanium, tin,
and bismuth are under study. Eventually, as the optical properties of filters
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are cataloged, multi_layef filte_rs will be possible. ‘ Also, as with refl_e:cting
coatings, alloyiﬁg Iﬁay prove useful. Because of 'tl;e imﬁortaz;ce of this
program and the manpowerllimitation, researeh on t1;1in filn_1 fil;:ers has been
carried out on- cc;ntract and is directed by Code 7140 personnel. = One contract
is with [;eg:'sonhel at the University of Pennsylvaﬁia. This has resulted in smalil,
but highly valuable pinho‘leff'ree filters of beryllium, carbon, titanium, tellurium,
antimony, and samarium. These n';ateria.ls have high transmitfance in the dﬁfi—
culi regions 110 — 150 A, and 620 - 710 A, together witit special tr?.ns:amiséion
characteristics elsewhere in the XUV. The prqject is continuing in an effort
to prodt‘me rugged filters of these materials that are large énough for use with
the XUV spectroheliographs. | '

The second contract on thin film filters is with Sigmaéx:on,
Incorporated. The purpose is to develop the large aluminum filte]:‘"s ‘(llx 10
,inche;q) required for the XUV spectroheliograph for f:he Apoll'c Telescope
Mission. The filteps are s'upported on 2 mesh. They must wit'hsta‘nd
extremely higl'l vibration and acoustic environme;pts, and must not acquire
pinhole:s or otherwise deteriorate over a period of several years. 'Progress
here has been slow, but satisfactory.  This contraict is expected to be con-
tinued until ATM is in o¥bit and th(_are is no longer a possible need for these
large filters on an emergency basis.

(3) Diffraction gratings
Diffraction gratings are the only dispersing devices available

for the XUV, where prisms are opaque. Bausch and Lomb Incorporated (B&L)
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is far ahead of any other company in producing diffraction gratings for this
spectral range. However, there is a great deal that is still ac-complished by
trial and error. With the support of NASA, NRL has conducted a joint program
of research on diffraction gratings with B&L s§nce January ‘1964. The purpose
is to improve the efficiency of diffraction gratings for the XUV by better control
of the groove form and increased reflectance of the coating. The joint effort
has been applied to three areas — (1) improvement in grating efficiency by better
control of groove shape, blaze, and selection of the material to be ruled;

{2) study of graj:ings used in grazing incidence in the XUV; _and (3) a study of the‘
suitability of replica gratings for use in experiments that will be in orbit for

long periods ‘of time.

Considerable improvement has been made in control of groove
shape and blaze by the perfection of an electrc-)n mi.croscope t_echnique to measure
the groove shape,- and by ruling in gold, rather than the usual aluminum. The
electron microscope technique is now routinely used to measure groove shape of
test rulings before; starting the ruling of a master grating, and also to exarmine
portions of the master after ruling to check that no mishaps occurred during
ruling. Also, as a result of studies using this technique, . B&L. can now make
very finely spaced rulings (3600 ;4800 grooves/mm), with a high degree of
success,

To study gratings in grazing incidence, B&L has had designed
and constructed by its subsidiary, ARL, a special instru:ﬂént that can measure
the efficiency of gratings in grazing incidence and can accommodate a wide
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variety of gratings. Efficiencies can be measured from about 13 A to greater .
than‘ 100 A. Th‘is' instrumer;t can also be used to measure mifror reflectances
at grazing incidence. It is now being installed at the B&1, plant in Rochester,
New York.

Exposures to hig‘h vacuum and temperature gyc_ling simulai:ing
the conditions expected in earth-orbiting vehicles has demonstrated that B&L °
replica gratings should not degrade when used in satellites. A study still to
} be done is to investigate the effect of particle radiation on réplica gratings.

An important part of the NRIL in-house grating program is the
precise measurement of grating efficiencies for the actual gratings that-are
flown in rocket and satellite instruments. These data are required for the
development and calibration of all work back from the XUV solar instruments
flown in the space brogram. On these measurements depen;i the accuracy of the
results on the intensity distribution, both relative and absolute, of_th;'-j sun's
radiation.-

Research on photomultipliers for use in the XiIV_has been in
progress since about 1963. One paljt of this work has as its purpose the improve-
Jment and perfection of photomultipliers for use in the laboratory to make the
measurements described in the previous sections. .No one tyI'Je of photomlulti-
plier (PM) has been fpund that is universally acceptable for all tasks; windowless
PMs employing metallic or semiconducting cathodes and dynode surfaces have
very low noise levels and are extremely useful for looking at very weak signals,
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héwevei', their i'(f,‘sponse is highiy no'nunifor-m for different positions on the
cathode. On tﬁe othier hand, vigualiy sensitive PMs, coated with a fluores-
cing m-aterial are much more uniform, a;nd despite their comparatively high
backgramd curxr“entI and sensitivity to long wa\felength-Stfay‘ligh;:, are most
useful in'precise photometric measurements.

Another part of the program is the study of the tiny single-
channel PMs that were chosen for use i;rrthe NRL éxperime,nts 0S0-I, OSb-V :
and to be flown in OSO-H. These have been studi(;d in both the current
measuring ;"nb'd‘e aﬁd t.he pulse counting mode: ~ Also studied are-the stability,
sensitivity, over-all life,” and freedom from breakdown. _M-"any improvements
have been made in the method of ﬁsing these detectors ,‘ for exa;nple, encapsu-
lation of the detector and a solid state preamplifier in plastic. The use of this
type of multipliei'. was pioneered at NRI: and only recently has this work been -
commenced at other laboratories such as the Harvard College Observétory.

In an attempt to improve-the efficiency of PMs at very short
wavelengths (less than 300 ;3;), a study of the photoelectric emission from
metal, compound and multilayer cathodes will be in‘itiated. Reports of quantum
yields rgaching as much as 70% at isolated wavelengths in this region from
metal cathodes coated with dielectrics indicate the desirability of conducting
such a program. This study, in turn, ‘wi‘ll require establishing a subsidiary
program to measure absolute intensities,  This subsidiary program will also

be very useful in calibrating rocket and satellite instruments.
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_While on sabbatical leave from September 1967 ~ 1968 at the
Imperial College of Science and-Technology, London, W. R. Hunter developed
instrumentation for studying the XUV transmittance of window matellials at low
temperatures. He succeed in measuring the change in the shori; wavelength
transmission limit of 2 number of materials as a function of temperature, over
the range 10°K to 373°K. Because these window materials are in common-
usage in XUV space instrumentation, the knowledge of change in cut-off with
temperatt;re is of p'ractical value, and is necessary also -for proper interprétation
of results.

Mr. Hunter ha_s‘ proposed a laboratory study of the XUV optical
properties of ice containing controlled amounts of various impurities, because,
according to current theories, this is the compositi_on of interstellar grains.

- Procurements for t‘his project are awaiting funding.
(6) Vacuum contamination monifors

In the Apollo ‘Telescope Mission there exists a need for real-time
monitoring of the cleannéss of very large vacuum systems in which the entire'
ATM is to be tested. It is of utmost importance to prevent the deposition of
contan}inants on the optical surfaces of the experimenté, because to remove the
experiments and clean or replace the surfaces is a million-dollar undertaking.
dJointly with Dr, G. Hass of Ft. Belvoir, development of two real-time XUV

reflectometers is underway.  When placed in the thermal vacuum chamber,
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these devices should warn of the presence of a contaminant before it has
caused a significant degradation of the experiments. Involved in this work

is the general study of contamination of optical surfaces.

2. Research in XUV Spectroscopy

A lab(;ratory XUV spectroscopic program was initiated at the Naval
‘Research Laboratory in 1961 under the work unit title "XUV Spectroradiometry"
(71N01-02). The function of this pregram is fo assistand fUI';’liSh guidance to |
the Branch in interpreting results of rocket investigations, and to develop experi-
mental laboratory programs in the va:cuum ultraviolet region. -Sp‘ecifi‘cally, the
the lab;)ratbry WaS'de;signed to conduct origindl spectroscopic investigations of
gases that might ;De observed, 'spectroscopically, in the atmospheres of'the sun
and the plahets. Such information is necessary for identifying aﬁd analyzing -
spectr.-a obtained: in the Branch'_s progrtam and for a complete understanding of
fundamental ‘physi.cal and chemical processes occurring in bot}lz th'e é.tmospheres
of the sun and the planets.

This inci'eas-ed understanding of the elements and compounds occur-
ring in the sun and tl_le atmosphere of the earth, is required for developing
theor'ies' which will make possible the corre-ct forecasting z'in‘d prediétion of solar
and subsequent terrestrial events. The forecast of such events is of fundamental
importance because they affect radio communicatiops, and probably also cause
changes of some kind in the weather pattern.

Equipment available for experiments on a‘.tOIl'-liC and molecular systems
in the laboratory inciudes a 21-foot normal incidence vacuum spectrograph,
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a 3-meter grazing incidence vacuum spectrograph, a. l-meter normal incidence

vacuum spectrometer, and a photoelectric comparator -microphotorrieter equipped

with a magnetic tape recording system.

The high resolution instrumenté are used to study fnolecula_.r species
of atmc;spheric interest and hiéhly ionized atomic species. The monochromator
is employed to study light sources and to perform absorption coefficient and
pressure dependent absorption studies, Most of these experiments are conducted
in the vacuum region below 2000 & .

Specific problems under investigation include the: observation,- .
interpretation, ‘and classification of the vacuum ulf:raviolet spectra of 1;}_1e atomic
species NIV, OV, ‘NII, OIV, OHIL NelV, NeV, Ne VI, H and He;
the molecular species N, Oj, CQ, NO, CO,, HCl, DCIl, HBr, DBr,

K1, and- DI; and the line and band specfra which ocecur in :;,irglow, aurora,
and the sun.- ‘ ‘ L

The spectrosgopic léboratory has heen ava,iléble to E. O. Hulburt
Center Associates, and NRC-NAS postdoctorals for pursuing their individual
research projects, and also to several Universities to perform experiments
which could ﬂot be accomplished at their own laboratories, Universities which
have utilized ou;'-facilities include Ricé University, the Pennsylvania State
University, Vanderbilt University, the University of.Arizona, the University

of Maryland, York University, j:he Catholic University of America, and George-

town University.
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Duririg the past year much time and effort have been expended in
setting up and puiting back into 6peration the experimental equipment listed
on the previous pageé after the move into the new building. " Both high-resolution
vacuum Spectirographs have now been reinstalled and refocusing is nearly com-
pleted. In addition, a new grating mount has been installed in the 21-foot
instrument. A magnetic tape unit has been installed on the Grant comparator
to permit completely automatic recording of photographic density as a function
of position on a photographic plate or film. Upon completion of computer
programs already initiated, the time required to reduce photographic spectral
data will be gréatly reduced. Our high temperature vacuum furnace has also
been delivered and many of the auxiliary vacuum pumping, fill, and optical
systems -h?.ve also been built. With this high temperature system, we plan
to look at unstable species likely to be present in the solar spectra; it will be
operational by the middle of this year.

From <‘)u‘r high resolution studies of the CO molecule, both
absorption and emission, 21l Rydberg states below 12 e.v. have now been
observed and correctly characterized. This includes the C lsn state which
formerly was thought to be a 3T state and the new j 2zt state. These
identifications and characierizations provide the first example of a complete
correlation between theoretically predicted and experimentally observed elec-
tronic states for a molecule with a molecular weight greater than four . For
the important fourth positive system of CO we have found that the maximum

occurs in the potential energy curve for this state, at least 350 cm *
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above the accepted dissociation limit. This indicates an unusual perturbation
between this stéte and one of the higher energy electronic states which may
give some insight into the dissociation process of CO.

The analysis of the spectrum of N IV is almost completed.
Numerous levels, many showi'ng unusual autoionization effects, have been
classified above the first ionization limit. Many new levels also have been
assigned in the spectrum of N HI.

Almost the complete spectrum has now been photographed for
each of the hydrogen 7ha1ide molecules HCl, DC], HI, DI, HBr, and DBr.
These specira are of interest because infrared vibration-rotation lines have
recently been identified in somt-ls planetary atmospheres. However, the first
electronic transitions for these molecules occur in the vacuurm ultraviolet
region which cannot be observed from the ground. Such transitions may be
very important when rocket or satellite spectra are obtaix';ed from such sources,
These six molecules also provide one of the few examples at present available
to study a spectrum at high resolution, up to and beyond. the ionization limit,
and at the same time fo study a series of molecules which exhibit many similar
molecular, physical, and spectral characteristics. So far, more than forty-
five bands have been analyzed for HCl, forty bands for DCl, f{ifty bands
for HI, several for DI; about thirty-five each for HBr and DBr have
previously been partially characterized. These band systems appear to
exhibit some unusual electronic coupling characteristics, but do not show well

pronounced Rydberg series.
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We have also reported some unusual auroral displays which we
observeq from Ft. C“hurchill during a solar flare. These results indicate
an unusual enhancement of the OI 6300 A radiation which correlates witl}
an apparent enhancement in the vibrational temperature of molecular nitrogen.
In the future we plan to extend and ekpand the program of new cbservation;
identification, and classification of electronic energy levels of atoms and
molecules of astrophysical interest which have not yet been investigated.
This incl_udes the search for new species with the high temperature furnace
and the study of emission sources in the vacuum ultraviolet.:

Wé shall continue the study of interactions between the various
‘energy levels a‘.tomi'c and molecular sy'stems, and comparé a;nd correlate the
observed results with present theoretical predictions. We also plan to _
develop high resolution ph;)toelectric techh;ques aﬁd im}estigate improved
wavelength standards in the vacuum ultraviolet region.

3. Interpretation of Results

Data reduction and interpretation of results are carried on within
the Branch in a variej;y of ways. Generally, ‘;aach é;roup has the responsibility
for its own data reduction, interpretation, and writing up of the results. There
is frequent collaboration, ~however, between different groups. For example,
the observations of the OI 5577 A and 6300 A lines in the night airglow
made by the night airglow rocket group were intérpreted jointly by them and

Dr. S. G. Tilford of the laboratory spectroscopy group.
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The solar XUV pro'gram, however, ha§ resulted in such a large
mass of data that a separate group has bg’en formed {o assist in the reduction
and analysis. T};is is in charge c-)f Dr. K. G. Widing who is assisted by one
ha.llf—timg professional, E. O. Hulburt Associates, and summer students as
available. .The data reduction itself is extrémely time eonsum‘ing and requires
meticulous-work. Following this, comes the analysis of the ol.aservat‘:ions and
interpretation.-

The principa}l results from this program in the last year o‘r s0 are
the following:

The preliminary work on the energy distribution in the solar
continuum down to 14_50 A was completed. The principal observational
material utilized was the set of ten rocket spectra photographed 27 July 196_6
‘for the specific purpose of ol?taining a set of graded exposures suitable for
photometric calibration. Of especial interesi is that measurements of the
continuum in the pi'eviously uncalibrated spectral band 1520 - 1750 A are
available for the first time.

Continuum measurements‘in this spectral band are of signifi-
cance to solar phfsics because the radiation in the 1520 - 1700 A range is
believed to originate in the coolest surface llayers of the sun, 'and the equivalent
black body temperature of the radiation should measure the vaiue of the mini-
mum ter.nperature at the solar surface: In agreément with this expectation,
the measured continuum temperature of 4670 + 75°K inthe 1520 - 1700 A

band was lower than anywhere else in the solar ultraviolet spectrum.
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Althbugh the fneasured tefnperature pa-ssef's through a minimum
in the 1520 - 1700 A band, the value detefmined (4670 + 75 °K) is in conflict
with observations in the solar infrared continuum, where the me'asured mini-
mum temperature is 4350 + 200 %K ; The reason for this discrepancy is not
yet clear.

" The status of the program ‘ofywavelength measurement and line

identification in the solar ultraviolet spectrum is as follows:

| - The reduction of the measurements .z‘md line identificat.ions
below 800-A is nearly complet;ed. Some 800 chromospheric and co‘ronal
emission lihes Wére recorded, mainly on grazing incidénce sﬁectra {33 - 600 Bx)
photographed in MaAyv and . September 1963, and February.a'nd July 1966.- The
accompanying variation in the relative line intensities-as the solar activity
d.ecreased from: tﬁe high levels of 1963 toward th_e low level of February 1966
provided phys‘icé.l support to the line identifications hased on wavelength
coincidence by 'enabling us to pick out the "hot" ioﬁs from the cooler ones
(for example, Fe XVI 335 A). Reference also was mad:e to the XUV spectro-
heliograms of golar active centers, where the lines of the high t'emperature
ions’ are always enhanced. .

The installation of a large Grant meaéuring engine -\yith digital
readout of the screw position onto IBM punched cards will greatly speed up
measurement of solar spectra and spectroheliograms. The programs to
process the digitized positions from. punchfad cards into calculated wavelength

are already available,
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4. Future:Plans

A large amount of solar XUV materiai is on hand awaiting
study, analysis, interpretation. It is clear that our theoretical group will
have to be increased, if we are to fulfill our responsibility to NASA fo make
available within a reasonable time the results of investigations carried out

with their funds.
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THE HULBURT CENTER APPOINTEES

PARENT
APPOINTEE INSTITUTION PROJECT STATUS
Dr. George A. Doschek Univ. of X-ray flare spectra planning Data analysis
Pittsburgh for 0S0-1
Dr. Paul D. Feldman Johns Hopkins Solar Infrared Astronomy, Aerobee NF 3.193 scheduled
10-500 u. Aerobee + BPC to be launched August 69
(Dr. D. P, McNutt)
Dr., Richard C. Henry Johns Hopkins Celestial X-ray sources, UV Experiment in Blue Scout
Airglow studies. Blue Scout, Jr Jr scheduled for launch
+ Pointing Control Aug. 69 (Dr. G. R.
Carruthers). Data
analysis
Dr. Stephen W. Kahler Univ. of Calif., Solar X-rays, laboratory x-ray Data analysis
Berkeley studies (Mr. J. F. Meekins)
Dr. James D. Kurfess Rice University Celestial gamma-ray spectroscopy, Balloon experiments
x-ray balloon experiments. tentatively scheduled for
Balloons launch and
(Dr. T. A, Chubb)
Dr. Barry K. Moritz Univ. of Maryland Theory and Behavior of solar Data analysis
. corona
Dr. N. Paul Patterson Yale University Ultraviclet radiation from Aerobee NB 3.202 scheduled
celestial sources, Aerobee + ACS for launch August 69
(Dr. G. R. Carruthers)
Dr. Dianne K. Prinz Uniwv. of Maryland Lyman-« solar flare studies. Experiment in Aercbee
Aerobee + BPC NE 3.183R scheduled for
launch July 69
{(Mr. J. D, Purcell)
Dr. Thomas C. Winter, Jr. US ARMY Planning and preparation of NRL ATM Team
ATM experiments
Dr. James H. Hunter, Jr. Yale Stellar formation, low light level Observation and data
photometry of variable stars and analysis
————————— the planets
Dr. Eugene F. Milone Gettysburg Solar Spectroscopy Data analysis
Dr. Marshall L. Ginter Univ. of Maryland Laboratory Astrophysics Data analysis
FISCAL YEAR 1970
Dr. Seth Schulman Columbia X-Ray Astronomy, particle physics
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Horan, D. M., McClinton, A. T. Jr., and Kreplin, R. V.
"Solar X-ray Emission during the Flight of Apollo 8
(21 Dec. 1968-27-Dec. 1968)," NRL Report #6917 (to
be published). :

McClinton, Jr., A. T.
"NRL Solar Radiation Monitoring Satellite 1965-16D X-ray
Data Plots," Space Disturbance Laboratory, Solar
Geophysical Data Descriptive Text and Index, Dept. of
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National Capital Astronomers
Washington, D. C.
5 April 1969

Shivanandan, K.
"Infrared Astronomy" (5 Lectures)

1969 Erice Summer School on Cosmic Physics
Erice, Sicily
19-24 May 1969

Henry, R. C,
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Sadeh, D., J. P. Hollinger, 8. H. Knowles and A. B, Youmans
"Search for an Effect of Mass on Frequency During A Close
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Joint research with Codes 7100 and 7120; listed with 7120 papers.
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7130 Publications Cont'd

Knowles, 8. H., C. H. Mayer, NRL; Cheung, A. C., D. M. Rank,
and C. H. Townes, Univ. of Calif., Berkeley
"Spectra, Variability, Size, and Polarization of H20
Microwave Emission Sources in the Galaxy,"
Science 163, 1055 (March 1969}; Erratum Science 164, 57
(1969). — -

Knowles, S. H.
"Determination of the Astronomical Unit from Hydrogen-Line
Radial-Velocity Measurements," Astron. J. 74, 291 (1969).

Hobbs, R. W., H. H., Corbett and N. 4. Santini
"Observations of Variable Radio Sources at 9.55 MM
Wavelength," Astrophys. J. 156, L15 (1969).

Bologna, J. M. E. F. McClain, and R, M. Sloanzaker
"Polarization of Discrete Sources at 21-Centimeters
Wavelength and Galactic Depolarization," Astrophys. J.
(In Press, June 1969),
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SPACE SCIENCE DIVISION
Code 7130
Papers Submitted for Publication:

Refereed Journals:

Johnston, K. J. and Hobbs, R. W.
"Polarized Brightness Distribution of Taurus A and
Brlghtness Distribution of Orion A at 9.55~-MM
Wavelength," (Submitted to Astrophys. J., January 1969).

Hobbs, B .W., Corbett, H. H. and Santini, N. J.
"Observations of Radio Sources at 4.3 Millimeters
Wavelength,!'" (submitted to Astrophys. J., January 1969)

Por L b - i

KnowIes, §. H.,, Mayer, C. H., Cheung, A. C., Rank,,D M. and
Townes, C. H.

“Observatlons of H,O0 Line Emission at 1.35 cm,Wavelength

in the Interstella¥ Medium," (Submitted to Astron. J.,

April 1969). - R :

3 ) .

Knowles, S. H., Mayer, C. H., Sullivan, W, T. III, and
Cheung, A. .C.

"Further Observations of Variability of Galactic Water

Vapor Ewission," (Submitted to Science, May 1969). '

Cheung, A..C., Rank, D. M., Townes, C. H., Knowles, S. H.
and Sullivan, W. T. III
"Distribution of Ammonia Density, Velocity, and
Rotational Excitation in the Region of Sagittarius B2,"
(Submitted to Astrophys. J. Ltgps.; .May 1969). .

McCullough, T. P, and Waak, J. A.
"Intensity and Polarlzatlon Measurements of Varlable
Sources at 1.55-CM Wavelength," (Submitted to
Astrophys. J., March 1969) )

Shapiro, A., Uliana, E. A., and Yaplee, B. S.

"Direct Planetary Topographic information for Radar
Measurements," (Submitted to J. Geophys. Res., May).
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Code 7130

Papers Submitted for Publication (Cont'd):

Other Major Publications:

Mayer, C. H.
"Thermal Radio Emission of the Planets and Moon,™
Chapter, Surfaces and Interiors of Planets and
Satellites, ed. A, Dollfus (Academic Press, London),
In Press.

NRL Formal Reports

Shapiro, A. and Yaplee,'B S.
"A Tunar Radayv Navzgatlon Caacept," NRL Report 6814
(In Press).

Other Publications:

Hollinger, J. P.

"Remote Microwave Sensing of Sea State,' Informal
Letter Report 7130-235, NRL Problem 71G01-04,
December 1968,
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SPACE SCIENCE DIVISION

7130 Talks

Knowles, 8. H.
"Application of Spectral-Line Radial Velocity Measurements
to Solar Parallax Determination"
Harvard University Colloguium
Cambridge, Massachusetts
11 September 1968

Knowles, S. H.
"Measuring the Solar System with Radio Astronomy Techniques"
National Capital Astronomers-
Washlngton, D, C.
5 October ‘1968

Knowles, S. H. and W. T, Sullivan (Univ. of Maryland)
"21-cm Lunary Occultations of the Galactic Center"
AAS Meeting-
Austin, Texas
10~13 December 1968

Friedman, H., G. Fritz, R. C. Henry, J. P. Hollinger, J. F. Meekins
and D. Sadeh
"Absence of Pulsar Characteristics in Several eray Sources™
AAS Meeting
Austin, Texas
10-13 December 1968

Hobbs, R. W.
"Millimeter Wave Radio Astronomy"
Four College Observatory, Amherst
Mount Holyocke, Smith Colleges and
University of Massachusetts
Amherst, Massachusetts
10-11 March 1969 .

Shapiro, A,
"Planetary Topography from High Rapge Resolution
Radar Measurements"
Conf. on Scientific Applications of Radio and Radar Tracking
in the Space Program
JPL
Pasadena, California
9-11 April 1969
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7130 Talks Cont'd,

Hobbs, R. W.
"Observations of Radio Sources at Millimeter Wavelengths"
Univergity of Texas Seminar.
Austin, Texas
13 May 1968

Hobbs, R. W.
"Very Long Baseline Interferometry As A Means of Determining
Distance"
DoD Geodetic/Geometric Tri-Service Quarterly Meeting
Naval Research Lahoratory
22 May 1969

Hollinger, J. P.
"A Consideration of the Possible Uses of Pulsar Type
Radio Sources to Geodesy"
DoD Geodetic/Geometric Tri-Service Quarterly Meeting
Naval Research Labhoratory
22 May 1969
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SPACE SCIENCE DIVISION
Code 7140

Publications in Refereed Journals

Koomen, M. M., R. Tousey and R. T. Seal, Jr.
"The Lunar Crescent and Earthshine Observed at 2°
Solar Elongation,™ MOON AND PLANETS (Vol., II) -
ed. A. Dollfus (North-Holland Publ. Co.) 187-185 (1968).

Purcell, J. D., R. Tousey and M. J. Koomen
"Extreme Ultraviolet Heliograms and the Sun's Corona,'
Space Research VIII, Vol., 1, ed. A, P, Mitra, L. G. Jacchia
and W. S. Newman (North-Holland Publ., Co.) 450-457 (1968).

Koomen, M. J., R. T. Seal, Jr., and J. Lintott, NASA/MSFC, Houston.
"Photograph of the Night Airglow from the Gemini Series of
Manned Spacecraft," Space Research VIII, Vol. I,
ed, A, P, Mitra, L. G. Jacchia and W. S. Newman (North-
Holland Publ., Co.) 683-691 (1968),

Tilford, S. G., and J. T. Vanderslice (Univ. of Maryland)
"ngh Rfsolution Vaiuum Ultra 101e$ Absorption Spectra of the
Bln+ - and J T+ Transitions in Carbon
Monox1de,” J. of Molecular Spectroscopy 26, 419-431 (1968).

Tilford, S. G., J. D. Simmons and A. M. Bass (NBS)
"The High Resolution Absorption Spectrum of the Carbon
Monoxide Fourth Positive System in the Vacuum Ultraviolet
Region, " Astrophys. J. 155, 345-358 (1969).

Tilford, S. G.
"Evidence for the Reclassification of the Upper State of
the '3A' Bands in the Spectrum of CO: The c Sme X 1y+
Transition," J. of Chemical Physics 50, 3126-3127 (1969).

E 22



'7140 Major Publications

Tousey, R. . .-

; "Line Ident1f10at1ons in the Solar Extreme Uitraviolet
and X-ray Regions,'" Beam-Foil Spectroscopy, Vol, II,
ed. Stanley Bashkin {Gordon and Breach Publ. Co.)
485-524 (1968) .,

Widing, K. G.
"Solar Research from Rocket and Satellites,”
Astronautics and Aeronautics 7, 36-43 (1969).

Winter, T, C., Jr.
"Apollo Solar Experiments-~-Paving the Way for Advanced

Space Observatories," Astropauties and Aeronautics %,
64-71 (1969).

Tousey, R., G. D, Sandlin and M. J. Koomen
“"Photographs of Coronal Streamers from a Rocket on 9 May 1967"
IAU Symp. No. 35, Budapest, Hungary, ed. K. 0. Kiepenheuer
(D. Reidel Publ., Co.) 385-388 (1968),

7140 Formal Reports

Winter, T. C,, Jr. and G. E. Brueckner
"Effects of High-Energy Protons on Photographic Film,"
NRL Report 6797 (1969).

7140 Other Publications

Koomen, M, "J., R. T, Seal, Jr., J. D. Purcell and R. Tousey
"More on the 22 September 1968 Solar Eclipse,"
Sky and Telegcope 37, 356-357 (1969).

‘Winter, T. C., Jr.

"The Army's Role in Space"”
Military Reviews, 48 No. 7, 82-86 (1968).
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7140 Publications in Refereed Journals (Submitted)

Widing, K. G. and J D. Purcell
"Brightness Temperatures in the Solar Ultraviolet Contlnuum”
1450-2080 A"
submitted for publication in Astron. J. January 1969

Tilford, S. G., J. W. Meriwether and W. M, Benesch
"Correlation of a Solar Flare with a Visual Aurora"
submitted for publication in JGR February 1969

Howard, R. A., J. T, Vanderslice and 8. G, Tilford
"fon Densities in the Night Ionosphere®
submitted for publication in Planetary and Space Science
April 1969

Innes, K. K., H. D. McSwiney, Jr., J. D. Simmons and S. G. Tilford
"Analysis of the E'IB - X 1A, Electronic Transitions of
Pyrimidine-d and dy Vapors"
submitted to J. Molécular Spectroscopy April 1969 .

Hunter, W. R. and S. A. Malo
"The Temperature Dependence of the Short Wavelength Trans-
mittance Limit of Vacuum Ultraviolet Window Materials"™
submitted to J. Physics and Chemistry of Solids May 1969

Hunter, W. R.
"Comments on Optical Surface Degradation frOm Combined UV
Radiation and Outgassed Materialsg"
submitted to J. of Vacuum Science and Technology June 1269

Ginter, M. L. and 8. G. Tilford

"Reanalysis of the '3A' Bands of CO: The CSII and 3II Transition”
J. Molecular Spectroscopy (In Press)

7140 Other Publications (Submitted)
Winter, T. C., Jr.

"DoD Solar Experiments in NASA Prototype Space Station”
submitted to Military Review (Dept. of the Army) January 1969
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SPACE SCIENCE DIVISION

7140 Talks

Packer, D. M, and I. G. Packer
"Optical Techniques for Study of the Upper Atmosphere'

Annual Meeting of the Optical Society of America

Pittsburgh, Pennsylvania
9-12 October 1968

Tousey, R.
"Spectroscopy from Bpace Vehicles" '
Delaware Valley Section of the Soglety for Applied Spectroscopy

Philadelphia, Pennsylvania

15 October 1968 (Invited)
Tousey, R. :
"Two Decades of Space Spéctroscopy"
NBS
Gaithersburg, Maryland
(Invited)

4 October 1968

Brueckner, ‘G, E, and M. Magyard
"Calibration of Solar Magnetograms Obtained with Narrow

Band Birefringent Filters
AAS Meeting

Pasadena, California
18~-21 February 1969

Koomen, M, J., R, T. Seal, Jr., and R. Tousey
"Coronal Streamers Photographed on April 27 apd 29, 1968"

AAS Meeting
Pasadena, California
18-21 February 1969

Widing, K. and J. D, Purcell
"Brightness Temperatures in the Solar Ultraviolet

Continuum: 1450-2080 A™

AAS Meeting
Pasadena, California
18-21 February 1969

Purcell, J. D, and R. Tousey
"XUV Solar Features Observed on September 22, 1968"

AAS Meeting
Pagadena, California

18-21 February 1969
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7140 Talks Cont'd.

Winter, T, C.
"Apollo Telescope Mount”
NBS
Washington, D, C.
27 February 1969

Hunter, W. R., G. Hass and J. B. Ramsey '
"Reflectance of Semitransparent Platinun Films
on Various Substrates in the Vacuum Ultraviolet"
Optical Society of America Meet1ng
San Diego, California -

11-14 March 1969

Hunter, W. R,
"Light Sources for Stellar Telescope Calibration
from 700 A to 7000 A" )

Hunter, W. R.
"Light Sources for Stellar Telescope Calibration
from 700 A to 7000 A"
Workshop on Optical Telescope Technology
NASA-MSFC
Huntsville, Alabama
17 May 1969

Sandlin, G, D.
""Solar UV Observations"
Department of Astronomy
University of Maryland
26 May 1969
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E; O. HULBURT CENTER FOR SPACE RESEARCH
AND
LABORATORY FOR COSMIC RAY PHYSICS

JOINT COLLOQUIA
Fall 1968 - Spring 1969
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29 August 1968
"BOUNCE-RESONANT SCATTERING OF AURORAL-ZONE ELECTRONS"
Dr. Aharon Eviatar, Tel-Aviv University, Ramat-Aviv,
Israel

6 September 1968
"COLLAPSE OF INTERSTELLAR GAS CLOUDS AND FORMATION OF
STARS"
Dr. James H. Hunter, Upper Air Physics Branch,
Space Science Division, NRL

19 September 1969
"HIGHLIGHTS OF THE COSMIC~RAY CONFERENCE IN CAMBRIDGE!
Dr. Maurice M. Shapiro, Chief Scientist, Laboratory
for Cosmic Ray Phyéics, NRL

26 September 1968
"DISCOVERY OF HIGH ENERGY GALACTIC GAMMA RAYS"
Dr. George W. Clark, Center for Space Research,
Massachusetts Institute of Technology -

3 October 1968
"GYRO SYNCHROTRON RADIATION AND SOLAR RADIO BURSTS"Y
Dr. Reuven Ramaty, NASA, Goddard Space Flight
Center, Greenbelt, Md.

17 October 1968
"PULSARS™
Prof. Frank D. Drake, Director, Arecibo Ionospheric
Observatory, Puerto Rico

31 October 1968 .
"LEMAITRE TYPE OF COSMOLOGICAL MODELS"
Prof. Edwin E, Salpeter, Inst. of Theoretical
Astronomy, University of Cambridge (Leave of
absence from Cornell University) .
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14 November 1968 .
"X-RAY SPECTROSCOPY OF THE SUN FROM 0OSO-II1"
Dr. Werner Neupert, NASA, Goddard Space Flight
Center, Greenbelt, Md.

21 November 1968
"SOME RECENT ADVANCES IN GALACTIC RADIO ASTRONOMY"
Prof. Gart  -Westerhout, Director of Astronomy,
University of Maryland, College Park, Maryland

5 December 1968 .
"COSMOLOGICAL MODEL CF OUR UNIVERSE"
Dr. Hong-Yee Chiu, NASA, Institute for Space
Studies, New York

9 December 1968
"OSCILLATING MODELS OF THE UNIVERSE"
Prof. Nathan Rosen, Technion--Israel Institute
of Technology

17 December 1968
"DISCOVERY OF MICROWAVE EMISSION OF NH3 MOLECULES IN
THE DIRECTION OF THE GALACTIC CENTER
Pr. D. H. Rank, University of California,
Berkeley

6 January 1969
"STRUCTURE AND MOTIONS OF THE FILAMENTARY ENVELOPE
OF CRAB NEBULA"
Dr. Virginia Trimble (leave of absence from
Cambridge University) Department of Astronomy,
Smith College, Massachusetts

16 January 1969
"THE EARTH'S PARTICLE RADIATION ENVIRONMENT"
Dr. James 1. Vette, Goddard Space Flight Center,
Greenbelt, Maryland

23 January 1969
"ARE COSMIC ELECTRONS ANISOTROPIC?" .
Prof. James A. Earl, Department of Physics and
Astronomy, University of Maryland, College Park,
Maryland

30 January 1969
"ATMOSPHERIC PHYSICS PROGRAM AT ADELAIDE"
Prof. John H. Carver (Visiting Scientist from
University of Adelaide, Australia), Space Science
Division, NRL
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12 February 1969
"THEORY OF THE ISOTROPY. OF THE COSMIC BACKGROUND"
Prof. Charles Misner, Department of Physics,
University of Maryland College Park, Md.

27 February 1969
"RADIATIVE TRANSFER IN THE PLANETARY NERULAE"
Dr. George A. Doschek, Research Associate,
. E. O. Hulburt Center for Space Research, NRL

20 March 1969
"100 MICRON OBSERVATION OF THE GALACTIC CENTER"
Dr, William F. Hoffman, Goddard Institute for
Space Studies, New York

24 March 1969
"ON THE ORIGIN OF THE MOON"
Dr. Fred Singer, Deputy Assistant Secretary of
Interior, Department of Interior, Washington,
D, C. .

3 Aprll 1969 .
"MODELS OF DISCRETE X-RAY SOURCES”
Dr. Herbert Friedman, Chief Scientist, E 0.
Hulburt Center for Space Research, Space Science
Division, NRL

7-9 April 1969
. LECTURE SERIES:
No. 1 - "ENERGY TRANSFER FROM THE SUN'S CENTER
THE THE EARTH" )

No. 2 - "THE SOLAR MAGNETIC FIELD"

No. 3 - "THE FATE OF THE MAGNETIC FIELD”

No. 4 - "SOLAR FLARES" y
Dr. David M. Rust, Sacramento Peak Obsgervatory,
Air Force Cambridge Research Laboratories,

10 April 1969
"THE LIGHT OF THE SUPERNOVA OUTBURST"
Prof. Phillip Morrison, Massachusetts Institute
of Technology, Cambridge, Massachusetts

17 April 1969
"OBSERVATIONS IN YNFRARED ASTRONOMY™
Prof. G. Neugebauer, Dept. of Physics, California
Institute of Technology, Pasadena, California °

23 May 1969
'"USE OF THE PEPSIOS SPECTROMETER IN AERONOMY AND
ASTRONOMY "
Prof. F. Roesler, Department.of Physics, University
of Wisconsin, Madison, Wisconsin -
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