N72-15754 "

O - :
CENTER FOR SPACE RESEARCH

"

%

i

e ¥ A N ot b -
- S e wE e W RS n ww w3 W S .
@ & L 45, A - = 3
PN .. - C % “ % RN
EREE s e a R
.« e "
“ . e e e
[ I - ki
N - o < .
. . - 2 W e - b
PR Y
B L
g ey, T G R e RETRRE B O o e O g KR S o oo S et 5 £ e
< & . ERF PRGN A ST . .
. ’ : - v PN &
= Y B T T S ’
N N £ B
. Mo WO e deeam we . ow w e aege ot a8

PO

¥z

MASSAL

OLOGY

i
N

TECH

OF

TE

va

a

i

3

5

o

friu

USETT

7

&

N

g

s

w

(SN
&

3
PR

S o

coa e A

B

a .

N F

DR
DN o

L |

B A

N N

¥, ~ ¥

*

EEEN

%

4 .

RSN

«

w

-

e

& & B

H
,M%

&
T A
3 TR

¥
&

P

B B 4

o
she W

O o

CE e

o 4

R

-« E

N
e
o
3w




TWELFTH ANNUAL PROGRESS REPORT
December 19 71

NASA Grant NGL 22-009-015

CSR PR-1462-2



MASSACHUSETTS INSTITUTE OF TECHNOLOGY

Center for SpaceAResearéh

Progress Report No. 12, covering researches
performed under NASA Grant NsG-386 (current
number NGL 22-009-015) for the period from
‘September 1, 1970 through September 30, 1971.



I. INTRODUCTION

» This progress report covers researches performed under NASA
grant NGL 22-009-015 during the period Seotember 1976 through
September 1971; i.e., it is ronghly_speaking an account of work
aone during calendar year 1971. Research carried out under this
basic grant is closelyerelatedAto some other-NASA flight programs
carried on bylthe_Center for Space Research; these relateo activ-
ities are reported here as part of the basic research effort.

At the present time work performed under this grant is

mainly in two broadly deflned areas: (a)."hlgh energy astronomy"

.;or astrophysics and (b) properties of ‘the interplanetary plasma.

IIf RESEARCﬁ ACTiVITiES RELATEb.TO HIGH ENERGY ASTROPHYSICS

| Durlng this past year work in experlmental astrophy51cs~ -
has been’ malnly in areas of (l) balloon-borne cosmic x-ray -
experiments, (2) rocket—borne cosmlc x~-ray experiments, (3) high
resolution x-ray 'spectroscopy, (4) preparation of the 0SO-H x-ray
experiment,‘(S) design and deyelopnent of x-ray experiments.ror
SAS~-C and for HEAO-A, (6) optical measurements and observations
related to the cosmic xeray program, and (7) 0S0-3 gamma-ray
experiment; A‘desoription of these researches follows.

1. Balloon-Borne Cosmic X-ray Experiments

The M.I.T. high energy Xx- ray astronomy group has . been
actlvely observ1ng in the southern hemlsphere since October 1967.

SiX'successful'balloon flights were. achieved during three éxpedi-



tions to Australia (i967, 1969, 1970). We give he;e'éAbrief
account of the main results obtained to date.

The first 6b$efvation of an x-ray‘flare from Sco X-1
was made on October 15, 1967.  Similar flares from Sco X~1 have
been obse:ved sﬁbseéuently by other groups. On the same déte
a véry:hard X~ray source was discovered in Centaurus (GX 304-1).
By March 20,.1969, this source had decreased its intensity by
at least a factor of seven. .

During the Oétober 15, }967; asAweli'as»during the
October 24, 1967, observatiohé, several sourées were aefected
near fhe galactic cénter._ Howéver,.the éources‘could notvbe
resolved (the angula; resolution of the telescépe in 1967 was
13° FWEM). | " | |

| On April 16, 1969, a new source was discoﬁered in
Cruk (GX 301-2). This source was absent-(at least seven times
weaker) approximately one month earlier. During the observations
~the source "flared up"” and its intensity tripled in about one
hour. | |

A new low béckground x;ray'detectof was built for the
féll 1970.expedition in'Australia5 Thé detector was 6riéntable
in azimuth as well as zenith angle'to énvaccuracy ofvapproximately
:0.3°. A puiSarémode system was included which allo&ed the arrival
time of éach individual x-ray to be determihed with an absoiute

accuracy of approximately one msec. .



On October 16, 1970, this instrﬁment»ﬁas carried»aloft
from Mildura, Victoria, on a 34 million ft3 balloon to a.maximum
altitude of 150,200 feet. During éight of the 10.5 hburs:the
_balloon was at altitudes above 144)000 feet. The x-ray sburées
near the galactic-cenier were carefully scanned with a 1.5° x
lS°.FWHM slit-typé collimator to dbtain acthate position deter—
minafions which will allow unambiguous comparison with thé X-ray
sources previously pinpointed'preciéely from rocket obéervations_
by Bradt et al. and Schnopper et al. of M.I.T. .The telemetry
system worked fléwlessly'throughout the 10.5}hour“float, and the
observatiohs were cqmpletely successful, | .f N

.Tﬁo subsequent attempts to obtain a §econd=flight'-
'féiléd; a 34 million ft3 balloon burst on November-?,‘l970, at

6 ft3_balloon showed

approximately 46,000 feet, and an 18 x 10
holes and seam splits shortly'aftér ihflation of the balloon had
started. A successfui second flight was finally made from Parkes
uéing a 10 million ft3 balloon.

.Most of fﬁe‘data from the 1970 flights have been analyzed
and some of the results have been.published...The discovéry of
thfee'time variaﬁle X-ray sources,‘bel}4, GX 301-2 and GX 304—1,'

- was a significant result. There is some indication that GX 1+4
shows a periodic'variation with-a period of 2.3 minutes. The-
existence of £he sources GX 301-2 and GX 304-1 have been cﬁnfirmed

by observations from the Uhuru satellite. However, Uhuru has not

yet detected GX l+4.



Also we observed'three sources in the region 330 <

A QII < 350°'near the galactic equator, at least one of these
is a new source. Spectra on all sources w1ll be publlshed
shortly. | a |

The Large Maéellanic Cloud was observed and also Vela-X.
No pulsar behaviorVWas observed during the Vela observations.
The data anlysis is still underway. ‘ |

The‘telescope is now'being'modified to fly again in
Australia duringba February--May 1972 expedition. Again the.

largest possible balloons will be flown, varying in size from
. 3 S o

¢ ) B 6

(W. Lewin, J. McTlintock,
G. Ricker, W. B. Smith) .

36 to 46 million ft

2. Rocket—Borne'Experiments in X-ray Astronomy

We have-continued'our'program'of k—ray astronomy from -
sounding rockets in.the l;10 kev energy range. Our most recent
ekperiment,consisted of a modulation collimator (2' of arc FWHM) for ._'
preoise x—ray source'locations and an'open bank of detectoré with
1 ms tlmlng resolution (~ 500 cm2 area) for an X~-ray pulsar search
The payload was. launched aboard an Aerobee 170 rocket on May 1,
1971. The region just ‘south of the galactic center, 335° <'£
< 355°, and Cyg X-1 were.observed during this flight..
| o The celestlal p051tlons of Cyg X-l GX 349 +2 and
'GX 340+0 were determlned w1th a preCLSlon of ~ 1' of arc. ~The

locatlon of Cyg x-l has greatly alded in. the 1dent1f1catlon of



of a weak radio source as the radio counterpart ef Cyg X-1.
Radio searches of the error boxes for GX 349+2 and GX 34040
will be carried out at NRAO by meﬁbers of our group in collab-
oration with NRAO personnel. |

.Cyg X-1 was shown te exhibit-repid fiuctuations in
X-ray intensity. Changes in intensity by factors of 2 or more
in time scales of 50 ms to several seconds were observed. No
evidence was found for true x-ray pnlsar activity in the fre-
quency range 0.2 Hz to'100 Hz.despite the interpretations of -
Uhuru data to the contrary. No flaring or pnising.activity wes
. found -in tne~x-ray signal from GX 349+2 or GX 340+0.

'Presently we are COnstrueting e new'rqcket paylead for .
the study of very soft éeiextial X-ray sources (0.1--1.0 kev).
This experlment will utlllze a one-dimensional x-ray concentrator
made from a nested set of parabollcally curved glass plates.

We are planning to map the angular structure of Vela X and the
Cyg loop supernova remnants.,

(S. Rappaport)

3. High Resolution X-ray Spectroscopy

A. Bragg Spectrometer for the Large Orbiting X—ray

Telescope*..'The-M.I.T. focal plane Bragg spectrometer was among
the instruments proposed by the LOXT Consortium and approved for

Phase B study by NASA. The consortium, consisting of American

* Most of the funds for this work have been provided by the
Marshall Space Flight Center under contract No. NAS 8-24585.



Science and Engineering, Iﬁc., Columbia University, Goddard Space
Flight Center and M.I.T., has'proceeded with the formulation and
submission of a technical and management proposal for suéh a
study leading to a flight program aimed at the launch of the

nlarge ofbiting x-ray telescope in 1977. Meanwhile, preliminary

design studies and laboratory breadboard development of the focal

- plane spectrometer have continued atAM.I.T. A summary - of current
work follows. -

i.o Precisioﬁ_ﬁeaéurements of the rocking cUrVés'
of several crystals suitable for use in the LOXT and ANS spéc-
trometéfs havé been made with a cbméuter—controlled, two;crystal
spectrometer and data processor. For low energy studics, the
spectrometer is housed in a large vacuum system which also has
a built—ih x-ray-tube}  This tube canlbe‘differentially pumped
for windowless operation. The x—fay tube_is~also demountable,
and a wide range of screw-ih térgets are available for ccmplete
wavelength coverage. In a-preliminary investigatibn, L x-rays -
from titanium were detected with a sealed titanium wihdow propor-
tional counter and M x-rays from the same target were detecfed
with a Bendix channeltron hultiplier. Both of these were non-
dispérsive measurements, butlih each casé the onset of detectable
events occurred at the appropriate excitation‘potential. 'The
vacuum - chamber also contained a flow proportiohal-countér tube
systém. The cbunter tube window is demouﬁtable andva variety

of materials are available for use at low energies.



Novel featureé of the spectrometér in;addi—'
.tioh to the automated control and data acquisition éystem are:
(a) A laser alignment system featuring co-
aligned x?ray and laser beams. This system can also be used
without the'spectrometer‘in cases where co-aligned beams are
required for payload élignﬁents'sﬁch as will be reéuired on
'SAS-C and ANS. |
(b)  A fixed x-ray tube geometry in which
the instrument'is pivoteé about‘the~axis of the first crystél._
This eliminatés the cumbersome arrangements usually required-
for moving xéray tubes,7e5pecially whenvthey require'an attachéd
::vacuum system. | |
' (c) The unit is portable and‘can be trans-.
ported to field locations such as Brookhaven and the Natiohal
_ Magne; Laboratéry. . | |
| A payload testing facility has,alsorbeen
constructed. The unit consists of a motorized x-y table upon
which is mounted a motorized rotary table. ‘The axis of rotation
can-be either vertical or'horiiontal. Stepping motoré provide
the motion and the entire system is under the control of thé
same~compu£er-used for the spectrometry system.  This unit wiil‘_
" be used to study the optical énd x-ray properties of the modula-
tion cdlliﬁaﬁors to be used in the SAS-C payload. In addition,
the'cﬁmplete alignment (both opﬁicalvand x-ray) of the ASE/MIT ANS

payload will be made on this unit.



In.anticipatioh of some of the spectroscopy
requiremenﬁs in the Alcator and heavy ion programs and as an
ﬁpdate of the work towards the LOXT curvead crystal spectrometer,
we have designed and built a new instrﬁment which combines the-
_best features of éﬁr previous instruments. .The new instrﬁment
can be uéed»with detectors either bff or on the focussing circle
and Qith flat, singly or multiple.benf crystals of any radii.

For all of our work an extensive library of
software has been develo?ed. Thg computér system has been intef—-'
faced with a wide‘variety of:peripheral eqﬁipment. Many bf the
interface circuits were designed.and deyeloped'withinvthe group.

A complete range of crystal materials ranging
from quartz (2d = 4.25 A) to OHM (2d = 64 A) is available.

- (H. Schnopper, J.,Delvaille,

T. Egan, A. Epstein, K. Kalata,

A. Libertini, R. Sphval)

ii. A 24" diameter,‘stainleSs steél, aifquion‘

. pumped vacuum sysfem has been set up to provide a test bed for

a laboratory prototype of the LOXT curved crystal Bragg spec-
trometer. The prototypg has been designed and is now under
construction. An oil-cooledAx—rayAgun has been installed in
~one of the ports of the feed—through collar, and soft x-rays
generated by:this gun have been detected by a flow bropbrtional
counter with a l.ﬁ polypropylene window .and a channeltron photo--

‘electric detector. Measurements are being made to determine

-



the relative efficiencies of the two detectors. Meanwnile, a
- multiwire proportionalAcounter for use in the prototype curved
erystal spectrometer is being designed. |

(C. Canizares, D. Bardas,-

G. Clark) ’

iii, AAdlpplng tank for preparation of multilayer

lead stearate diffractors has been de51gned and is in construc-
tion. The design 1s adapted from that of B. Henke (Un;ver31ty-
of Hawaii). "The multilayers wiil have a 2d Spaeind of 100 i._
They will be deposited on a spherically curved_substrate'to match
the geometrical requirements'for'a spnerically'curved diffraction,
‘i.e., the Rowland circle. | |

(D. Bardas, E. Dietz,
C. Canizares, G. Clark)

B. NewASpectrometer Developments. A new instruﬁent
‘which is based on a combination of a Baez reflection'optics con- -
eentratbr and‘Bragg}crystal spectroscopy has been designedt The
design eliminates the interaction between the focusSing_geometry
and the spectrometer aberratlons. The two are essentially-divorced.'
A proposal for an 1nstrument based upon thls design will be sub-
mitted durlng the competltlon for the remaining space on board
LOXT (HEAO-C) |

(H..Schnopper; K. Kalata)



- 10 -

C. Labofatory X-ray Experiments Related to Astro-

Ehzsics.

i. A series of éxperimeﬁts has been carried
out using‘beams of heavy ions available at High Voltage Engineer-
~ing. A series of thin foil térgets are-irradiated with beams of
heavy ions from a Van dé.Graaff accelerator. The stripped ions
emit characteristic x-rays as théy emerge from the irradiated
foil. In the experiments performed so far, ions of bromine and
iodine with énergies bétween 3 and 15lmev were allowed to collide
with various target materials, and the energy spectra of sbft
x—rays'produced in thése col;isions were‘studied.using non-disper-
‘sive solid state detectors. The data frbm these initial éxperiments
are ﬁeing analyzed and a'new series of experiments is planned_‘
for the Tandem Van de Graaff Laboratory at Brookhaven National
Labqratory Qﬁefe ion energies ﬁp to 36 mev/ionic chafge are
available. | |

| (H. Schnopper, J. Delvaille,
K. Kalata, R. Sohval)

ii. A new fusion machine, the Alcator (high field
torqs)Ais béing constructed at the National Magnet Laboratory .

- and is scheduled for 6peratioh sometime in 1972. Highhresolution
xéray spectroscopy'will be used to étudy 2—rays emitted from the
hot plasma produced by this devicé.- Design and construction of
‘the nécessary instrumgntation'are.being carried out in collabo-
ration with the Alcator staff. -

(H. Schnopper, K. Kalata)
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4, 0SO-H X-ray Astronomy Experiment

The Orbiting Solar Observatory 0S0-H was successfully
launched ‘on September 29, 1971, and is now'éxpected to remain
in orbit for about 600 days.‘ All of the six scientific instru-
ﬁents, including the M.I.T. "Multicolor Survey of the Positions,

Spectra and Time Variations of Cosﬁic X-ray Sources," are func-
tioning well és are the spacecraft systems except for a failure
of one of the two'tape recorders. At present the prospect is
for at least a year of successful orbital operation which will
provide‘over 109 bits of x-ray data from the M.I.T. experiment.
ImﬁédiatélyAafter the 1auncﬁing we begaﬁ analysis of
"quick-look" data received dn-tapés sent déiiy by air mail from
the GSFC 0SO Control Center_where they are recorded from the .
Rossman and-Fort Myers passes. Aspect solutions defived from
the star sensor data are being obtained that agree within + 0.1°
with those obtained at'GSFC. |
| Backgréund counting rates are significéntly lower than
those which were used in the'preflight estimates of minimum soﬁrce
detectability. As expected, ‘in those orbital.revolutions that
carry the sate;lite.thfbugh the region of the South Atlantic
normally, the trappéd radiation swamps the détectors beforé the
radiation monitor automatically turné off the high voltage. The
veffectéAof'sporadic bursts of Low_energy‘charged particles at
~near -90° pitch angles are also frequently‘éeén. These effects

are sometimes confined to only a few azimuthal bins so that they
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do not necessarily interfere with the x-ray observations. All
together, about 30 percent of the data are lost due to trapped
particle interference. |

AAmong the soﬁrces which have been identified in the
quick-look data so far ére the‘Crab Nebula, Sco X-1, M-87, Ser
X-1, and several sources in the galactic center region,

During the first week of November the spin axis will
be maneuvered so as to'maintain Sco X-1 within the scan band-of
the 3° collimator; Simultaneous radio observations will be méde
with the»interferometer at NRAO in_coilaboration with R. Hjelming
and S. Rappaport. | |

. (G. Clark, G; Sprott, H. Bradt,

W. Lewin, H. Schnopper)

5. Future Satellite-Borne Experiments in'X—ray Astronomy

A. SAS-C: M.I.T. X-ray Observatory for the Third

. Small Astronomy Satellite. The engineering effort toward the

preparation of the scientific payload for the SAS-C is now paced
fér a launch in late 1973, based on the most recent funding'
schedule proposedvto NASA.

Flight prototypes of ‘all the séaled cguntérs have
been procured and their'géiné have beeh monitored regularly for
many months with a standard precision tesfing procedure. No
' serious problems'with the counters have been encountered.
| A soft'é-ray vacuum test'facility has been completed. -

It provides an 8" diameter beam of fluorescent x—réys at a distance
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of 25 feet frém the target. Various targets provide monochro-
matic x-rays at various wavelengths from 8 to 70 g. Intensities
at 25 fee£ are typically several hundred photons per cm2 sec.
The facility has been used tb measure the energj respénse of the
thin titanium window counters of the Sco Monitor Experiment (SME),
the transmission curveé of the 1y polypropylene windows for the
soft-x_rayAdetectors in-the Galactic Absorption Experiment (GAEf
and the réflebtivi£y of coated surfaces at glancing incidence in
connectioh with the;x—ray optics for the GAE énd a soft x¥ray
rocket experiment. | |
The facility has a fluoreséent x-ray generator -

adapted from the designs furnished by R. Novick of the Columbia’
University Astrophysics Laboratory. The generatbr consists Qf'
a high power4copper target-eray tube which irradiates one or
another of eight selectable.fluorescent targets with copper L
radiation. The generétor section of the facility is pumped by
a vac-ion and'sorption~systemvto eliminate contamination of the
targets by 0il from the diffusion—bumped experiment section.
The latter séctidn is twé'lengths of 8" diameter aluminum pipe
termiﬁating'in a cylindrical metal chamber mounted on a horizontal
.track. The experimentél section is pumped by two 8" diffusion
.pumps. | |

‘-  Experimentél studies of the dse of rise time-dis-
cfimination in backgréund'rejection have beén conducted with the’
aim of esfablishing theAgriterfa-fdr evaluation of the:flight -

circuits now in development.

G
a
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Engineering prototypes of the modulation collimators
have been completed and tested successfully for mechaﬁical.and
| thermal stability.
The laboratory prototype of the soft x-ray exten-
sioo to the galactchabsorptlon experiment has been completed
and is undergoing final evaluation in the soft x-ray test facility.
For these tests the unit is mounted in the vacuum chamber of the
test fac1llty on a dlgltally controlled rotatable table spec1ally
constructed for this purposef
Various computer systems have been evaluated for
use in the data analysis system. A scientific ptoposal based on
the Nova 800 has been submitted to the pr03°c+ office and is now
awaltlng action.
(H. Bradt; G. Clark, J. Del-~
vaille, D. Hearn, W. Lewin,
‘J. McClintock, G. Murthy,
S. Rappaport, J. Sachs, '
H. Schnopper, W. Shaw, W. Smith)
'B. HEAd-A

i, Integrated modulation collimator experiment

(AXR-2). The_pian B definition study for this experiment has
5een completed end the hardwére proposal will be submitted about
_November 1. The M.I.T. portion of this effort will oohsist of
:scientific direction of»the progxam and preparations for date
analysis‘of the flightvdata.' The hardware will be fabricated
by'American Science and-Engineering (Dr. H; Gursky of AS&E is

the co-principal investigator).
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The scientific objectives of the experiment
are:

(a) Determination of positions and structure
of galactic x-ray sources with a precision of 5 to 10 arc seconds.

(b) Detection of faint extragalactic x-ray
sources. | | |

The purpose of the Integrated X-ray Modula-
tion Collimator experiment (IMC) is to establish accurate infor-
mation as to location, structure and size of galactic and extra-
galactic sources. |

The experiment consists of two x-ray detec-
.tion units. One, the scanning-modulationfcoilinator (SMC) , views
in the +X direction and has the capability of measurlng angular
structure of detected objects as well as size. It will view the
entire sky during the HEAO mission. The objectives of the SMC
are: ’

(a) Determination of the celestial positions
of selected cosmic x-ray sources to a precision of about 5 arc’
seconds. | |

(b) Determination of theAangular size of
cosmic x-ray sources to alprecision oflabout 5 to 10 arc seconds
in the energy range of 1.0 to 15 kev.

| ' (c) Study of the structure of the x-ray
_ em1551on to a prec131on of 10 arc seconds in the energy range

of 1.0 to 15 kev.



The other x-ray detection system is a
rotating modulatioh co;limator (RMC). It views along the spin
axis in the antisolar direction. It will view about one-seventh
of the sky during the HEAO mission. The scientific objectives
of the RMC are:

(a) 'To detect extragalactic x—fay'sourCes
over an energy’rahge from 1.0 to 15 kev at levels_of sensitivity

5

of 4 x 10” >, the intensity of the Crab Nebula.

(b) To measure the celestial position of
these soﬁrces with a potehtial accuracy of better than 45 arc

seconds.

General description of the IMC. The instru-

ment will contain six modulation collimator banks, each consisting -
of series of wire gfidé. Two of these are scanning modulation
collimators (SMC) which view in‘the +X direétion.. Four are
-rotaﬁing modulation colliﬁators (RMC) looking along the spin
axis-(—Z). Associated withAeach collimator bank is an array of
fbur‘seéled beryllium window proportional counters.

The two SMCs have four-grid collimatéfs,
each grid consisting of a set of equally spaced wires,~the spéces
being equal to the wire diameters. As the instrumeht is rotated
past a point source of x-rays, the_acceptanée of the outer grid
has a repeating triangular pattern, varying from 0 to 50 percent.
Each successive grid<iemoves one-half of the triangles, so.that

‘the acceptance pattern'of.the four-grid collimatér‘cohsists-of
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triangles of-half—widtﬁ>6, spaced 8 § apért. The gria wires of
the two SMCs are oriented at 20° to one another, each being ati
10° to the plane swept out by the normal to the face. In addi-
tion to the collimator grids, each SMC has an egg-crate collimator
to limit the field'of view to 4 x 4° (full width at half-maximum,
FWHM) . The FWHM of tﬁe triangular resolution elements is 30
arc seconds for one collimator, 60 arc seconds for the other.
Total Viewing area is 0.5 square meter.

The x-ray detectors for both the RMC and the
SMC are proportional counters WIth 25 p beryllium wihdows, filled
to a pressure slightly gfeater than oﬁe atmospheﬁe,‘with a mix-
ture of 90 percenf argon and 10 percent C02. fhe‘counter window
becomgs transparent'above 1 kev. AThe high energy cutoff is 15
kev, where the cdunterjgas becpmés transparent.

| The péinting direction of the SMCs is deter-

mined with a set of star sensors. There are two fihe aspect
'sensors; One possible configuration is a sét 6f slits paréllel
té one of the sets‘ongrid wires. The slits are 8 arc minutes
apart, and the senéor can measﬁre the pointing angle with‘an
accuracy of 3 arc seconds. In addition, as an alternate, imaging
star-field sensors are being considered. .

The four RMCs point along the spin axis in
the antisolar direction. Each has two grids, a field of view
éf 15 x 15° FWHM. The_toﬁal viewing area is 1 square meter.

‘Two of these units have*an'ahgulér resolution (FWHM) of 4 arc

T
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minutes and the other tWo'have 4,04 arc minutes reéolution. The
principle of operation is the same as for thé SMC except that an
X-ray source now travels in a circie‘in the field of view instea@
of crossing it along a-straight line. This face of the experimenp
has two fihe.aspecﬁ sensors of the imaging starfield type.

Thé x-ray electronics will amplify the signals
from.the proportionallcounters, provide rejection of unwanted
pulée by meaﬁs of antiéoincidence detection and pulse shape dis-
crimination; analyze pulse height and provide digital processing
and control of the data for output to telemetry. 'Housekéeping
rmonitors and in-flight calibfaﬁion control will be provided.

The aspect sensof electronics will similarly
amplify and pfoceés aspect daﬁa for output to telemetry.

(H. Bradt, G. Spada, S. Rappa-

port, W. Lewin, G. Clark of
M.I.T., H. Gursky of AS&E)

ii. High ehergy X-ray experiment (AGR-5). The

scientific objectives of the AGR-5 experiment are to detect extra-

galactic x-ray sources over an energy range from approximately

4 the

13 kev to 150 kev, at levels of sensitivity of 6 x 10
intensity .of the Crab ﬁebula. The experimen£ is designed to
measure the celestial positions of these sources with a maximum
uncertainty of 45_aré seconds in ordér to establish the unambigu-

ous association of these sources with their low energy x-ray and

optical counterpaftst
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Galactic x-ray sources will also be detected
(over the same energy range, with potentially the same  accuracy
'in position determinations and levels of sensitivity) when the
spin axis of the spacecraft is pointing in the general direction
(witﬁin 10° or_sq)’of the galactic- equator. |

The following drawing illustrates the cohfig—
uration of the equipmentvhardware. The experiment detects,
accumulates and proyides temporal and positional data for x-ray
events in the energy range of 13 kev to 150 kethhfough the use
of a modulation collimator, a Cfate detector system, data accum-
ulation electronics and precessihg electronice. The Crate con-
taéns four Phoswich aseemblies (x-ray detectors) which interface
with the data.accumﬁlation electronics. .Aﬁ active shield struc-
ture forms the wells of the Crate and is monitored'by nineipho—
tomultiplier tubes which provide anticoincidence information to
the data accumuletion electronics. The data accumulated is trans-
ferred to the spacecraft data storage and telemetry system.
| .'Aspect determination is provided to the exper-
iment by two star trackers}(one of which is a redundant spare). |
The aspect data provides‘x'and Y positional coordinatee‘of star
' sources to an accuracy'of better'than 30 arc seconds within the
15° x 15° FWHM fieldvof view. The relative view difections of
the star trackers aﬁd‘the x-ray  detectors is known through pre-
_fllght and 1n—fllght callbratlon, thereby permitting post-flight
 determ1nat1on of the p051tlons of x—ray sources to better than

-

45 arc seconds.
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The data generated, processed and transferred
to the spacecraft by the AGR-5 experiment may be characterized
as follows:

(a) Pulse'height data is quantized to six

energy channels within the 13 kev to 150 kev energy rahge of
" X-ray events.

(b) . Anticoincidence data is generated by

the reaction of the CsI(Na) shield material to charged particles.
The pulses generated are used as inhibit gates to the accumula-.
tion of simultaneous events in ﬁhe x-ray detectoxs.

(c) Veto count data is geneirated by the

.Csi(Tl) crysﬁals of the Phoswich x-rayldetectors.' These pulses.
' aré separated from the NaI(Tl) crystal pulsesjgenerated by true
x-ray events bydmeans of_the pulse shape discriminator circuits,
 and are a meaéure of the shielding action of.fhe CsI(T1) anti-
coincideﬁce shield.'d | | |

(d) Aspect data is provided by the star

£racker. Aspect data, digitized in X and Y coordinates to 12
bits, provides»positional‘referehce‘information for thediGR—S
expefiﬁent." o

| The expétiment opérates in.threé data modes.

In two of these, the fast timing mode and the normal event time

'tag mode, the pulse height data‘is tagged with a time-of-occur-
,‘rence word and enexgy channel designation. These two modes of
' operation provide high;time,resolution'for X-ray events but

.
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¢

differ in data rates. The remaining mode of operation designated

as the normal mode does not time tag each event but accumulates
x-ray events in each énergy channel éver é 40 millisécond period
before transfer to»the spacecraft data accumulation system.

| | The experiment will weigﬁ less thaﬁ 600 pounds.
A power budget of 15 watts is allocated té'the-experimeqt and

will be_provided by the spacecraft power distribution system;
'the.data rate allocétea the éxperiment is 600 bits per second.

(W. Lewin, J. Barker, .
P. Andra) B

6. Optical Instrumentation and Optical Observations

Related to X-ray Astronomy

A. Optical Photon Spectrum Analysis. Work on the

~digital logié.and computer interfaces was completed with the
exception of the magnetic tape recorder interface which remains
td be debugged. Preliﬁinaiy tests were conducted ofrthe entire
system consistiné of the EMI intensifier, SEC vidicom camera-
tube and the NOVA computer control and display system. A number
of problems were encountered in éonﬁection with high voltage.
‘insﬁlation.and_in the eiectronic manipulation’of the SEC camera
tube. These have been solyed, and further tests are underway to
. evaluate the effiéienéy with which individuél‘quanta incident

on the input~photdsurfaée will beidetected.

(G. Gilbert and G. Clark)
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B. Optical Studies of X-ray Sources and X-ray Source

Regions. (H. Bradt on sabbatical leave at Cerro Tololo Inter-
american Observatory) | |
X-ray source positions reportéd_by AS&E from their

" Uhuru satellite data wero.searohed extensively at optical wave-
lengths at Cerro Tololo Interamerican Observatory (CTIO) by H.
Bradt in collaboration with staff members of CTIO. No positive
identifications were forthcoming. | |

| During the same-pefiod; Sco X-1 was monitored
optically for about 12 continuous days while it was being simul-

taneouély observed at.irray_and radio wavelengths by Uhuru and

the NRAO interferometer, reSpectivély. This optical data together

with that obtained at Kitt Peak National Observatory and at
McDonald Observatory during the same period are being compiled
at M.I.T. for-early publication;

| Finally, near infrared observations of the complex
galaxy NGC 5128 (Centaurus A);'in collaboration with W. Kunkel
of CTIO, led_to the identification of its nucleus. |

(H. Bradt)

7. 0S0-3 Gamma Ray Experiment
The final paper describing the results from the 0SO-3
gamma ray experiment has been completed énd will be submitted
for éublication in tho near future. It includes all the results
derived from 16 months of:orbital-operation. Ad@itional work,f

was performed during the past several months to evaluate the



- 25 -

galactic and extragalactic contributions based on the assumption
that the galactic gaﬁma ray intensity is proportionalrto the
éolumnar density of atomié hydrogen as derived from radio obser-
vatiqns. This model does, in fadt, givé a satisféctory account

" of the observed direction distribution in all parts of the sky
except for fhe region near the galactic center where the concen-
tration of events implies a rate of pfoduction per hydrogen atom
that exceeds the general galactic average by a factor of three

or four.

(G. Glark, R. Borken of M.I.T.,
W. Kraushaar, U. of Wisconsin,
G. Garmire, CalTech) ‘
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III. RESEARCH RELATED TO THE INTERPLANETARY PLASMA

' Research in this area has concentrated on data réducfion
and analysis ffom pést and on-going programs, related theoretical
work and preparation of experiments for future launches. In the
following seétioﬁ the status of the data analysis program for
eéch;miésion is summarized, and a short account is‘given of the
related théoretical work during the past yéar. The work falls
naturally into two categories: (1) Plasma studies. in the intef—
planetary region and (2) piasma.studies in tﬁe"magnetosphere and
geomagnetic tail. Section (3)-summarizes-some qeneral theoretical
studies not relatéd to specific flight-progréms and (4) gives-

B

the status of the flight programs.

* 1. "Plasma. Studies in the Interplanetary Region

A, Expldrer 33 and Explorer 35)' Explorer 33 (AIMP-D)
was launched in July 1966 into é highly eccentricvearth orbit
. with apogee beyond the orbit of the moon. Explorer 35 (AIMP—E).
was launched one year later aﬁd achieved a~éuccessful lunar'orbit
which carries it around the earth once every 28 days. Data |
reduction and analysié wés started for each.experiment shortly"
Aafter launch énd is coﬁtinuing at the.present time.

i. Experimental status. The Explorer 33 experiment

~continues to operate properly, but periodically chénging viewing
directions limit the data coverége'of Explofer 33 to roughly two

~ten-week periods a year. A~m§1function-of the high voltage modu- -

"lation on our. Explorer 35 experiment caused a termination of
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useful plasma data after July 14, 1968. Since the end of 1969,
the tracking of Explorer 33 has been incomplete; nevertheless
useful data were obtained in 1970 and 1971.

ii. Data reduction and analysis. Data are again

being received from Explorer 33, and they are being reduced.and
processed. We expect tovcontinue receiving these data for an
equivalent of four months of tracking during 1971; The reduction
and analysis procedures are now routine.  Data from previous.
years have been sﬁbmitted tO’NSSbC in the form of both tapes .
and 27-day plots of.one.hour averages'of_plasﬁé parameters.' The
tapes.contaih data on.a time’scaie'of 2.5 minutes; this is the
highest time resdlutidn ;rovided by the experimént.énd represents

the basic data output of the experiment.

- iii. Scientific studies. A majorvstudy was com-
pletéd by Howe for his thesis. The location of the shock boundary
and its shape were determined between the subsolar point and 115

earth radii downstream. At 115 Re thé shock‘was-still well defined.

'The magnetopause shape was determined to’ 80 Re downstream, and

it shows general agreement with the fluid calculations of Sprieter

~and Alksne except that it flares out more in the dawn-dusk meridian.

The availability of data from both Explofef 33
ahd 35 provides an opportunity to use twé satellites to study the
respdnsé of the magnetosphere to,éhanées'in external solar ﬁind
cdnditions:_ oné satellite measures qonditions within the magneto- ‘;'

sphere while the other monitors the incident wind.' Using this
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method it was found that thé shock responds to upstream changes
'in flow direction by realigning. its orientation and expanding or
coﬁtracting in response to upstream pressure changes.. Most prob-
ably tﬁese changes in the'shock boundary reflect changes in.the
_size and orientatioﬁ'bf the magnetospheric cavity. The magneto-
pausé.respondé to upstream pressure changes also; there is some
indication of a delay in response to extérnal conditions.

Evidence was also found.for magnetqpause motion
even in apparently quiet solar wind conditions. ~ The average
motion appeared to have two superimposed_compénents wiﬁhvpefiods
_of roughly fifteen ﬁinutes and one hour. A modei sfimulating such
motion suggests that the 1ohger period motion has an amplitﬁde
roughly three times lafger than that of the shorter period motion.v
. A model with 'a magnetopause boundary layer.thicknessvbf approxi-
métely two R, is consistent with the observed boundary crossing
duration times; that thickness iS'someWhat larger than thicknesses
calqulating.using various theoretical assumptions.

o Thé plasmé fiow in the magnetosheath was also
studied_in the region 20 to 60 R, downstream from the earth and
was found to be in gbodlagreement with tﬁe predictions bf hydro—
dyﬁamics. The availability of upstream déta was cleaily crucial
to the Study.‘ o

| All of these studies were accomplished without
knowledgeibf the maghetiq.field;‘.Togétherlwith GSFC we have’
.déveloped a~mergedlplasma'hnd;ma§netic fiéld data tape'which wi11'
be'ﬁsed for:furéher studies. - “

~ (H. Howe, J. Binsack)
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B. Pioneer 6 and 7. The reduction of data from

Pioneer 6 was started in January 1966. This work and a similar
program related to Pioneer 7 were supported under NASA contract °
NAS 2-3793 administered by Ames Research Center. The Original
contract expired on June 30, 1968, and suppbrf fér continuation
of the work has been given undér-NASAfgrant NGR 22-009-372 and
NGL 22-009-015.

i, Experiment status. Pioneer 6 is still send-

ing back data of excellent quality. It is now close enough to
Earth to alléw tracking with the 84—foo£ antennae at DSN stations.
e o Pioneer 7 is not iﬁ'goodicondition; Its -
.orbit is éuch_that.tracking can be done oﬁly.Wiﬁh the 210-foot
antenhae. _The sun pulse failure has made.our'data difficult to
analyze though still-usableh but magnetic field daté ére no
longer aﬁailable. | |

ii. Data reduction and analysis. The major

'portion of the data received from Ames has been processed to,
the point of'obtaining élasma parameters. The graphical display
of data received thié caiendaf yearrhas been éomewhat delayed
by an effort, now cbﬁpléted, fo dévise a more efficient process-
‘ing system which coﬁverts newly received data tapes to permanent

‘output format in one week.



We have already submitted to NSSDC 27-day
plots of one-hour averages of.solar wind speed, number density
and thermal speed for data from both spaceéraft over a three-
year period. Since the submission of that data, we have iecovered
significantly more'data from that same time period, received and
anély?ed daﬁa from two more years of tracking, and completed our
analysis of solar wind flow directions. We have discussed with
NSSDC the possibilities of publication and distribution of these
more complete data, and the plans are at the stage Qhere we

expect to be ready to proceed shortly.

iii. Scientific studies. ,During:the past year

our attention has been focussed on waves and discéntinuities in
the interplanetary éolar wind. Chao compléted_hisvthesis work
Awhiéhiinvestigated a number of shock-like ‘discontinuities obéerved
in the data froﬁ Pioneer. He showed that thé discbntinuities
.satisfied the Rankine-Hugoniot relations by combining plasma,
magnetié field, and transit time information. Chao'’s analysis
also supported a model in which there is generally a significant
decrease in the anisbﬁropy of'thermal‘preséure behind shocks.

In cooperatioh with Burlaga at GSFC, é»reverse slow shock and

a forward slow shock were found.

| Martin, Belcher and Lazarus haveAcompleted

an ihvestigation of abrupt changes in plasma and magnetic field
-data from Pioneer‘6. This'study extends the direct plésma-field

evidence for outwardly bropagating Alfvénic fluctuatiqns and
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discontinuities to timé scales of one minute in the spacecraft
frame (scale lengths on the order of 20,000 km). The frequency
of occurrence of Alfvénid or rotational discontinuities was
found to be higher in high speed sﬁreams. A large number of_
events were found whose ratio of field toAvelocity change was
such as to exclude their being Alfvénic, but which still had
vector changes in field and velocity nearly parallel. This
observation suggests the presence of some type of magnetoacoustic
disturbénce and is being investigated further. .

' (A. Lazarus,iJ. Belcher,

J. Chao, R. ¥artin)

C. Mariner 5;' The data anai?sis ffom Mariner 5 was
supported by grant NGR 22-009-289 for a pefiod of two years.
Since then it_haé been  supported under NGR 22-009-372. As will
 be discussed below, most of the data reduction and analysis
have been completed.

i.  Experiment status. The Mariner 5 spacecraft

transmitted data for a period of about five months, from mid June
to mid November 1967.

tii., Data reduction. The original data tapes have

been used to produce summary tapés which contain our.measured
currents ready for analysis. The reduced data have:been analyzed.
under the assumption of a convected isotropic Maxweilian velocity
‘aistribution. Alpha particle number density, bulk speed and
'thermal speed pérameters have beeen obfained for approximately_-:

half the spectra taken. Flow directions have been obtained with.



accuracies of betterithan 1°. A combined plasma magnetic field
and trajectory tape has been made with the cooperation of the
magnetic‘field'experimenters from CalTech and JPL. One-hour
averages of solar wind parameters have been plotted on a 27-day
basis. These graphs aré intended to be the initial submission
to NSSDC and will be followed by more detailed plots and the
tape bf merged parameters. ‘

iii. Scientific studies. Turner, in work leading

to his dissertation, studied the nature of discontinuities in.
plasma paraméters. He required steady state conditions in the
neighborhood of the discéntinuities'and was thus studying a
somewhgt lower. frequency pprtion of £he spectrﬁm than the studies
of Belcher et al. referred to earlier in connection with Alfvénic
changes. Turner found both Alfvénic and tangential discontinu-
-itiesf' The tangential discontiﬁuities had surfaces found ﬁo be
preferentially parallel to the spiral direction and perpendicular
to the ecliptic plane. The Alfvénic discontinuities were more
prevalent in high speed streams.

| Goldstein did an extensive analysis of-tﬁe
Cross ana péwer spectra of plasmé and magnetic field pa:ameters'
observed from:Mariner 5. 'He found that for periods up to one
day, the power in the field and plasma‘components was proportional
to (period)n where‘n was between one and two. The dependence on

the period was weaker for periods from one to ten days, and cross



spectra showed that a distinct change in behavior occurred at
a period of approximately one day. For periods less than one
day, the fesulte are mostly accounted for by outwardly propagat-
ing Alfvén waves, but additional processes are required to
-account for all the fluetuations.. For periods greater than. one
day, models of eorotating stfucture and‘symmeﬁrically expanding
solar wind can accouht for the observed coherences and phases.
| Lazarus and Goldsteih used the flow angle

determinaﬁions to'esfiﬁate the angular momentﬁmrflux carried off
from the sun by,the solar wihd. The magnitﬁde of the flux was
found to be sufficient (if continuous) to slow the solar rotatien
pericd to l/e of its present value in £he age of the sun. Thus
the solar wind is an important mechanism for increasing_the solar -
rotation period. |

| Beleher (to‘be published) has develeped a

variation of the method of Davis and Smith (Trans. AGU 49, 257,

1968) used for inflight determination of spacecraft field zeroes
on Mariner 5. ’The new method is based on the premise that during
periods of primarily traheVerse (Alfvénie) fluctﬁations, the
direction of maximum variation of the field is perpendicular to
the average field direction;..The basis and results of the new

method are the same as those of Davis and Smith, but in practice

'e 1t requlres ‘less computlng time and fewer 1n1t1al assumptions

_about the size of the spacecraft field, and also utilizes the-
hlnd51ght avallable from: the exten51ve wave studles of comblned

Mariner 5 plasma and field data.

' (A. Lazarus, J. Belcher,
J. Turner, B. Goldstein)



2. Plasma Studies in the Magnetosphere and Geomagnetic
Tail .

'A. 0GO-1 and 0GO-3

i. Experiment status. O0GO-1 was launched on

- September 4, 1964, and OGO-3 on June 6,»1966; both satellites
were deactivated late in 1969. At that time the proton and-
electron experiments on both satellites were still operating.

ii., Data reduction and analysis. All data

received from 0GO-1 ana OGO—3,up.to mid 1967 were processed at
M.I.T. on an IBM 7044. This machine was replaced by an_IBM |
360-65 in March 1968,‘leaving about one year's data from 0GO-3
unprocéssed.v_These déta have been of particular interest because
the orbit of 0GO-3 in 19C7 and 1968 had precessed to a high
inclination and afforded an opportunity to measure electron
distributions in a pfeviously unexplored and particularly inter-
eStipg regioﬁ of the magnetosphere.

However, the problem of rewriting the 7044
0Go prbgrams for the 360Ais a formidable 6nevand, despite good -
infeﬁtions, has not been done. Recently we became aware that a
7044 was still operating in-the Boston area and, through-the
‘.cooperation'pf Dr..Paul Fougere of the Air Force Cambridge Research'
Laboratories, we have been able to process most of the remaining
. raw data. | _ | |
0GO-3 data from the periodVAugust 1967

~ through August 1968 have been processed and plotted. These



data provide the first detailed mapping of the eléctron distri—
bution in the predawn secfor of the magnetosphere; when their |
analysis is completed, they will fill in the gap in the éverage
_picture of the electron distribution previously derived from
OGO data (Vasyliunés: J." Geo. Res. 73, 7519, 1968).‘

The étudy of the relation between the plasma
sheet and the auroral oval was continued; the earlier statistical
analysis was extended,'and siﬁultaneous observations by 0GO-1
and by g:ound—baséd all-sky cémefas were analyzed in chlaboration
with Y. I. Feldstein of.Izmiran, Moscbw._ The inner edée of.the
plasmé sheet is observed ﬁo_éoinéide with magnetic field lines

" passing through the equatorward edge cf the auroral cval {as

defined statistically for a-given'degree'of geomagnetic activity). -

To test whether this'relationvholds ihétantaneously-or merely

in an average sense,.a COmparisoh of inner édge observations by

the 6G0—1 satellite with simultaneous éll—sky camera pictures

was made. In all ﬁhe available céses of simﬁltaﬁeous observations,
aﬁ'aﬁroral arc is found at the instantaneous_positién of the

inner edge of the blasmaAsheet;.additional arcs are sometimes
_present at higher latitudes., The intensity and energy spectrum

of the isotrbpiC‘plasma sheet electrons, when mapped to the iono-
sphere, correspond to the observed average auroral precipitation.

The beam component of the plasma sheet electrons, recéntly reported .

by Hones and co-workers, may be associated with individual auroral

forms.-



A comparison of ‘0GO-3 observations in the
magnetotailAdUring the period‘ApriI——July'l969 with low altitude
observations by the polar-orbiting-sateliite OV1-18 is being '
undertaken~in collaboration with R. D. Sharp énd_colleagues of
Lockheed Palo Alto.ReSearch Laboratory.

(v. Vasyliumas)

B. Egplofer-35. See Section III.1l.A for status of
experiment and data redﬁction. |
Déta takeﬁ in the distant geomagnetic féil (lunar
r.distances) reveal low fluxes of positiﬁevions'with flow vecto?s
‘pointing féward the.earth. ‘Isolated instances of flow away from
the earth are also seen. These results with a discussion of the
theoretical_impliéatioﬁsarelbeing prepared for publication.

(A. Prakash)

3. Theoretical Studies

A. Theoretical Studies of Magnetospheric Plasma

i, A model of auroral arcs and auroral particle

acceleration. This work was completed and submitted as a Ph.D.
thesis by Wiiliam J. Burke. The‘assumption of strong pitch angle
diffusion within the plasmé sheet predicts an appfoximately uni-
form electron precipitation over thé-auroral_oval; To explain‘
the 6ccufrence'of individual éuforal'arcsi we postulate that

the return cﬁrrents'associated-with the uniform precipitétion



maintain large parallel electric fields, through anomalous
_resistivity. We show‘that magﬁetospheric convection iéads-to
strong localized eléctron‘accelefation where there are horizontal
gradients in the parallel eiectric field. The model prediéfs;
in agreement-with observation#: (a) long thin regions of
enhénced precipitation, alighed with the auroral o&al, (b) an
electron energy spectrum with a sharp peak superimposed on a
continuous background, (cj a field-aligned current carried by
precipitating electrons within .the érc; with.a"returnvcurrent
outside of the arc, (d4) coincidence of thé equatorwardmost arc
with the inner edge of the plasma sheet.

(V. Vasyliunas,; W. Burke)

ii. Some implications of Liouville's theorem for

magnetospheric processes. In the absence of wave-particle

interactions, Liouville's theorem states that thg distribution
" function remains constant along particle trajectories. _Wéve—
'§article interactions fesult in mixing of trajectories_and:
hence can'reduce but not increase the distribution function.

If it is proposed that particles in a certain region originate
from some other region, a nécésséry (but not sufficient) condi-
tion for the validity of the proposal is that the final Qalue
of the distribution functién be less than or equal to tﬂe
-initial value. - Applying this test'to the proposed origin of

various particié populations in the maénetosphere, it is found

-



that: (a) plasma sheet particles may come from the solar Qind,
but considerable heating is required; (b) ring current protons
may originate from the plasma sheet but only by a néarly adia-
baticAproéess; (c) eléctrons in the "trbugh" region must be at
leastly partly of ionosbheric 6rigin; (d) suprathermal (¢ 10
kev) protons in the solar wind can be completely ruled out as
éignificant contributors to the ring current; (e) electrons
within the "monoenergétic" peak.of the auroral spectrum may .
originate from the plasma sheet but only by a nearly adiabatic
process; the_low energylpart of the éu:oral spectrum must be
of ionospheric origin. | |

(V. Vasyliunas) -

iii., Effect of the ring ¢turrent on magnetospheric

convection. The self-consistent approach to the modelling of

magnetospheric processes [described in V. M. Vasyliunas: "Mathe-
matical Models of Magnetospheric Convection and Its Coupling

to the Ionosphere," in Particles and Fields in the Magnetosphere

(B. M. McCormac) ed., 1970)] was extended to include a ring cur-
rent, éonsisting of adiabaticaily behaving protons conyeéted

" inward fromxthe magnetofail. The ring current has the same
effect as a region of enhanced Hall conductivity in the iono-
sphere; quantitatively the.effect is very large (corresponding
to a conductivity value of 'some 300 mhos) and the convection

is almost completely terminated at the inner edge of the.ring'



current. Observations of convection at lower latitudes must,
-therefore, be transient effects; the relevant time scales and
a possible connection with substorms are being studied.

(V. Vasyliunas)

B. Theoretical Studies of the Solar Wind.

i. Propagation of large scale, transverse waves

in solar wind. .The investigation of the propagation of large

scale transverse disturbances originating lnAthe selar corona
has been carried out. This'inVestigation-represents, in some
reséects, a‘generalization of the work of Belcher on the prop-
agation of Alfvén waves in the solar windf‘ The‘concept-of an
Alfvén wave is only tenable when the wavelength is very small
in cemparison with'the scale -of the system, i.e., when the WKB
approximation is applicable. ' It has been shown that,.when the
. scale length of a transverse disturbance becomes an appreciable
fraction of the scale of the system, the familiar relations
characterizing the Alfvén waves Le.g., the equality between the
magnetic energy density of the wave} §B2/8ﬂ, and the.kinetic
‘particle energy_density, a/2) p 6V2, associated with the wavel
no longer hold; In fact, for a given radial distance from the
sun, one can define a crltlcal wavelength and a critical fre-
quency which separate the Alfvén wave reglme from that of the
~large scale transverse}dlsturhances. One of the important

features of the latter regime is the following. In contrast

-
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to the Alfvén waves, the large scale disturbances transfer a
comparatively small amount of their energy directiy into the
streaming motion of the solar wind plasma. In the limit of very
low freQuencies (say, periods of the order of a few days) their
-energy .flux is eséentially conserved. . The other interesting
-feature of these disturbénces ié that they exhibit a certain
kind of dispérsiveness, i.e., the wave numbers are no longer
locally proportional to the frequency.

The above outlined studies have been carried
out both analytically'(when>some simplifications were permissible)
and numeriCally (when it was clear that the simplifications for
analytical purposes would remove us too far from the real situa- .
tion)i The results have Zeen applied to test thé consistency
between the theoretical predictions anq the empiiica1~profi1es
of the solar Wind'velocity,‘density and temperature. It was
concluded thét,‘as far as the transverse fluctuations are con-
cerned, only the Alfvén wave (i.e., the relatively high frequency)
regime'can play an important role in the acceleration of the solar
wihd; Our findings in the regime support strongly the ideas put
forward independently by J. Belcher, and Arazraki and Couturier
- (see the next report). |

(B. Goldstein and S. Olbert)

ii. Wave driven stellar winds. Analysis of plasma

and magnetometer data® from Mariner 5 has demonstrated the'frequent ‘

occurrence of large amplitude, outwardly propagating Alfvén waves .



in the solar Wind. The waves are most probably generéted at or.
near the sun. 1In an effort to determine the effects of these
waves on the dynamics of the solar wind, Belcher (ég. J. 168,
. 509, 1971).and, independently, Alazraki'and Cduturier (Astron.
& Astrophys. 13, 380, 1952) haQe developed idealized_models-which
include eneréy fluxes due to coronal Alfvén waves, assuming no .
wave damping, a polytrope relation between densitY-and pressure,
and a non—rotatihg suh: Thé,waves exert an effective pressure
on the_expanding solar corona; analogous to a radiation_préssﬁre,
and the'inCIusion of fluxes due to,Alfvén waves can cause signi-
ficant changes in solar wind-streaming pfoperties at 1 AU for"
reasohable conditions at 106 km. These wave-modified wind models
have two notable featufes: (a) all of the wave énergy flux across
the base of the coroha is eventually converted to kinetic stream-
ing ﬁotion of the wind, with the majority of the energy conver-
sion takiné place relatively close to the sun_(<'30 RO); (b) when
sqfficiently energetic, the waves alone, with no additional energy
soﬁrées, can drive the solar wind.

| The thrust of recent work has been the appli-
.cation of the above theoretical model £0'thebgenéral stellar wind
‘problem, in particﬁlar to stars with magﬁetic fields much higher
than solar fields (but still radial), aﬁd coronal temperétures
_much'iowef than the solar corona. The stellar wind models con-
sidered are purely waye—driﬁen in-the sense thatzthe stellar .

coronal expansion is taken to be purely adiabatic, with the only
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.énergy flux driving the wihd due to outwardly propagating Alfvén
waves (presumably generated in a.cbnvective zone). In the moét
generalAcasé, the non~relativistic model must be extended to
include the possibility of Alfvén Velqcities and stellar wind
‘streaming velocities closé to the spééd of light. -Stars with
cool, tightly bound atmospheres qnd‘strong magnetic'fields Qill

have H2/41rc2

> p (or VAlfvén ~ ¢) near the top of the.atmosphere
since H falls as Y_z'with o falling éxponentialiy; Also, stellar
wind solutions with very small mass fluxes may become extremély
energetic far from the star since individuai particle énergiés
at infinity are proportioﬁal:to thé ratié of the initial wave
eneréy flux to the mass flu# (this quantity may be very lérée
for small mass fluxes). V )

| 'Accordingly, a relativistic extension of the
earlier model has been developed, inclﬁding“a relativistically
correct expression fof thé conserved enerﬁy flux énd the differ-
ential equation of motioﬁ for the wind. A machine prégram has
béen‘deﬁeloped'to solve theseAeQuations numerically for given
initial conditions close to the star.l At the present,'é wide
class of “wind" solutioné is being.generated for a varieﬁy of
stéllar conditions. 1In ﬁéhy'situations, we obtain stellar Wind
solutions essentially similar to the solar wind case. In'sbme
cases, we can obtain extremeiy energetic winds (V_ = c) although
with very low mass fluxes. Also, for some ranges of initial

conditions, "wind" solutions to the equations do not exist. We:-
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are actively engaged in investigating the astrophysical appli-
cability and significance of .these numerical results.

(J. Belcher, S. Olbert) .

iii,"Corotating structures in the solar wind.
Digital computer procedures have been used to solve{numerically
the'hydrodynamical equations for the following model of the solar
wind: (a) The short term fluctuations and the mégnetic field
are ignored. (b) The solar wind is assumed to be stationary in .
the frame of reference corotating with the_sun.nu(c)-The radial
and the azimuthal components of.the StreamingvVelocity as well
as the density and the pressure aré allowed ﬁb'have, at a properly
~chosen reference surface around the sun, various longitudinal
variaﬁioﬁs-ofvfinife amplitude. With such assﬁmptions the problem
is_intrinsically nonFlinear and cannot be éolVed by anaiytiéal
means. Our computerAstudies of the spatial behavior of such
corotational structures lead us to the folloWing conclusions:
(a) Positive longifudinal gradients in the radial wind velocity
- steepen as the radial distance increases. (b) The compression
of the plasma p¢curs in the steep grédient region; the sharpness
and the height of the compressed density profile along the azi- .
:muth increase with_distance'frpm the sun. (c) Typical large scale
solar wind sfreéms seem’ to require formation of forward and reverse.
shock pairs at largé radial disténces. (d) The phase angle rela-

tions between the densify, the streaming velocity and the thermal

-



speed of the solar wind can be made to agree with the observed
phase angle relations for a reasonable choice of inner boundary
conditions.

(B. Goldstein, G. Siscoe)

L iv. Modification of shock structure by Alfvén

waves. Scholer and Belcher (Solar Physics 16, 472, 1972) have
considered the effects_of Alfvén wavés on the structure of fast
MHD shocks in the "sudden" approximation (wavelengths 1ong‘c6m-
pared to the shock transition region). Their:results are being
extendea to the "adiabatic" épprOximatioﬁ (wavelengths short
compared to the tranéition fegién). These theoretical stddies
afe suggested by Mariner 5 observations of Alfvén waves aé théy
interact with and are amplified by shocks and compression regions
in the solar wind. A detailed study of these interactiohs, both

theoretically and phenbmehologically, is in progress.

(J. Belcher)
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4. Status of Flight Progfam

A. IMP H and J. The flight unit for IMP H has been

completed. Prior to delivery of the unit, extensive tests and
calibrations were perfdrmed in our plasma test facility. Envi-
ronmental testing ét the subsystem level has been completed at
GSFC,'and tﬁe experiment has been integrated into the spacecraft.
Environmental and systems testing of the spacecraft has begun,
and launch is scheduled for mid 1972.
The IMP J unit is being assembléd -and tested.
| (H. Bridge, J. Binsack;
A. Lazarus, R. Butler)
B. MVM-73. Design of the instrument for the'Venns%
VMercury flyby is coﬁplete in host areas and fabrication of
mechanical Components.is under way. Prototypés*of fhe two
electrostatic ahalyzers have been built.: _
(H. Bridge, R. Butlef of M.I.T;,

S. Bame of Los Alamos,
K. Ogilvie of GSFC)
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