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\\() Particle and Fields Experiments for a

Solar Probe

It is to be expected that the next few years will yield a fairly
broad and quantitative description of the behavior of particles and
fields in the vicinity of the orbit of Earth from Limes of minimum
solar activity to maximum. Such quantitative observationsal information
should go a long way toward providing a picture of what is going on in
space near the amnual path of Earth. I% wiil be possible to go much
further than at present in constructing a quanSitative model of the
expanding solar corona, which supplies the solar wind, and of the
extended solar magnetic field, which provides the interplanetary mag-
netic field along which energetic particles tend to propagate.

In spite of this quantitative progress, however, there will remain
outstanding several qualitative questions which can be answered only by
observations of particles and fields far inside and/or outside the orbit
of Earth, and far from the plane of the ecliptic.‘lzpe most fundamental
questions will be got at by observations 4o some relatively small frac-
tion of an astronomical unit from the sun. | This is nos to say that
observations out of the plane of the ecigftic, or tc some distance such
as 3 AU outward from the sun, would.not be extremely interesting and
provide much important information concerning éke Polar corona, the
evolution of the magnetic fields in the solar wind beyond Earth, and
the effect on galactic cosmic rays and energetic solar particles. But

the more basic questions of the structure of the solar corona and the

origin of its energy supply, the developmert of the blast waves that
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produce magnetic activity and often trap energetic solar particles, the
origin and development of the turbulence indicated by the interplanetary
field fluctuations at 1 AU etc. are to be pursued by a vehicle traveling
inward toward the sun.

To elaborate these questions and illustrate the kinds of experi-
ments that should be carried out on a solar probe, consider{ipe struc-
ture of the coronaQE There are a number of observational results which
suggest that the solar corona may perhaps consist of a large number of
fine streamers and filaments instead of being a more or less smooth and
homogeneous atmosphere. If such fine stresmers exist, they would be
expected to preserve their identity out to perhaps half an astronomical
unit into space. Indeed, the radio observations of Hewish give direct
indication of some kind of radial structure in the corona out at least
to 0.4 AU. Thus there is every reason to expect that if the corona is
principally a collection of fine streamers, a solar probe to, say, 0.3
AU should find direct evidence in the behavior of the plasma and mag-
netic fields. Calculations suggest that fine streamers may lead to a
large amount of disorder in the interplanetary magnetic field when they
bresk up at larger distance from the sun and lose their identity. The
break up of any fine streamers in the corona must be complete by 0.7
AU, since Mariner II found no direct evidence for individual fine
streamers in the solar wind.

A question that is a little: more subtle but hardly less important

to a complete understanding of coronal heating and expansion is whether

the solar corona is heated actively by the dissipation of waves to some
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very large distance into space. The alternative is that the corona is
heated actively to 106°K only in a relatively thin region at its base,
with thermsl conduction transporting the energy outward from there.
Recent calculation by Scarf and Noble show that it is not unreasonable
to assume the latter, i.e., the Mariner data on the solar wind can be
fitted with a pure conduction model of the corons. But on the other
hend the observations of temperature and density are nowhere so pre-
cise as to rule out active heating by wave dissipation to some very
large distance into space.

The development of the blast waves, and their attendant magnetic
field configurations, responsible for magnetic storms, cosmic ray
decreases, trapping of energetic solar particles etc., is presently
knovn only from the most idealized calculations. Direct observation
from a position close to the sun is essential to an understanding of
the origin of these blasts. We presently do not know at what eleva-
tion in the corona, 0.01 - or 2.Rg , the waves originate. Until the
elevation is determined, the energy supply responsible for the explo-
sion remains a matter of conjecture. The energy supply is of partic-
ular importance to the theory of the solar flare, since the blast wave
seems to carry away the major portion of the energy associated with

the flare phenomenon. {Close observation of the blast wave and its
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field configuration in space should help to clarify some of the ques-
tions of the origin of the waves. |
Finally, we note that the propagation of energetic solar particles

outward, and around, the sun is an interesting phenomenon in itself,

besides giving a large amount of information on the general configuration
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of the interplanetary magnetic field. For instance 1t is not known
whether the particles produced in association with a solar flare come
out into space along a narrow cone of field, and subsequently spread
out when their radial progress is impeded at distances of 1 AU or more,
or whether they are broadly released with considersble time delay from
the sun.

Now a solar probe to 0.3 AU carrying a suitable plasma detector
should go a long way toward aﬁswering these qualitative questions,
besides providing, of course, a wedth of quantitative data that is
otherwise unavailable. The plasma detector should give directional
information, for the study of blast waves, as well as the density and
mean bulk velocity of the plasma. If at all possible the plasma detector
should provide quantitative information on the rms. velocity of the plasma
ions in the frame of reference of the bulk motion. It would be extremely
valuable if one could measure the electron temperature of the plasma,
but no method has yet been devised.

The magnetometer should measure vector fields with a sensitivity
of 0.2 x lO"5 gauss and an absolute accuracy of 0.5 x lO'5 gauss.

The energetic particle detectors should cobserve protons, alpha
particles, and electrons over as much of the range of 1 - 1000 Mev
as possible, but in any case protons and alphas in 50 - 500 Mev.

Telemetering limitations at the large distances involved will
mean that only an extremely small fraction of the time resolved data
available from the experiments can be used. Since part of the impor-
tance of the experiments is to look for small scale (i.e., rapid fluc-

tuation) effects, some provision should be provided for data storage
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for a rapid sampling mode of operation. Such a mode would be used only
occasionally unless the information gained should be so startling as to
suggest otherwise.

The data obtained while the solar probe was around toward the other
side of the sun may be as valuable an aspect of the probe in exploring
the propagation of energetic particles as its close approach to the sun.

The question naturally asrises as to the closeness of approach to
the sun to make a solar probe of scientific value. It is obvious, of
course, that for a given set of instruments the closer to the sun, the
more decisive and comprehensive will be the information from the probe.
On the other hand, the technical difficulties (i.e., dollars, delay,
and failure) of the more advanced rocket systems, heat shields, and
power supplies needed for approach to 0.1 AU argue strongly against
attempting a very close approach right away. Thus, just as we believe
there is no justification for launching a solar probe at all until the
experiments carried by the probe have been carried out, and conditions
fully measured, near the orbit of Earth, so also #o we believe that
there is no justification for going beyond present technical capabilities

of about 0.3 AU until conditions in to 0.3 AU have been fully explored.

E,. N. Parker
6 August 1963
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3.1 INTRODUCTION

The sun, a typical star, dominates the interplanetary environment throughout its solar
system. Besides the fact that it comprises most of the material of the solar system
and serves as the principal energy source, it affects the spatial and temporal distribu-
tion of the interplanetary medium, and indeed serves as a continuous but highly vari-
able source of plasma which expands throughout the solar system. The distribution of
the interplanetary dust is to a large extent determined by the solar gravitational and
electromagnetic radiation fields. The ionization of neutral interplanetary gas occurs
due to solar ultraviolet radiation and possibly from charge exchange from the solar

plasma wind.,

Close to the sun, the solar magnetic field controls the motion of charged particles.
Energetic particles accelerated in chromospheric flares may be temporarily trapped
before being released into the outer weak field regions. Plasma streams emitted from
active regions may be strongly affected. Temperatures and densities in the solar
corona serve as the boundary conditions for the interplanetary plasma, which in this
region is just beginning its expansion. Proceeding out from the near neighborhood of
the sun, the solar magnetic field weakens, and is carried by the plasma wind to the
outer reaches of the solar system. Some systematic average structure of the distant
solar field must be discernible which serves to modulate galactic cosmic ray intensi-

ties and to guide energetic solar particles accelerated in the chromosphere.

The impingement of solar particles upon the earth can give rise to geomagnetic dis-
turbances, auroral displays, certain types of disturbances to radio communications,

and almost certainly to terrestrial weather effects.

A study of the solar magnetic field would, in addition to helping us understand the inter-
Planetary medium and charged particle propagation, offer a distinct possibility for
adding to knowledge of the sun itself. A recent theory due to H. W. Babcock1 describes

the 22 year solar cycle in terms of differential solar rotation and the consequent release
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from sunspot pairs of internal solar magnetic fields into the interplanetary space. This
theory predicts a consequent weakening of the general external solar magnetic field
throughout the period of increasing sunspot number, leading to ultimate reversal of the
external field. Measurements of the external solar magnetic field as close as possible
to the sun throughout a period of solar activity would be important for checking this
theory. An understanding of the structure of the solar magnetic field nearer the sun
would aid in an understanding of the corona and its change in structure with the solar
cycle. A search could be made for evidence of detachment of field lines. Improved
measurements of electron densities through the corona, achievable by radio propaga-
tion experiments, would also extend knowledge of this important region, at the begin-

ning of the expansion of the interplanetary plasma.

The distribution of meteoroid streams through the solar system is known almost exclu-
sively from observations of those which intersect the earth's orbit. Recent data from

the Soviet Mars I vehicle1 revealed a swarm which may not be observable from earth

and there are undoubtedly many more. Any knowledge of the variation of micrometeoroid
populations as a function of heliocentric distance would be an aid in distinguishing be-
tween details of theories concerning the possible origin of these objects from asteroidal
collision processes or from the comets. Improved estimates of meteoroid collision

probabilities for future space vehicles would be obtained.

Data from Mariner II showed large peaks in plasma current lasting for one or two days
with a recurrence in the solar rotational period. These peaks are strongly correlated
with terrestrial magnetic disturbances2 and thus also, apparently, with central solar
meridian passage of active solar regionss. A theory exists4 for the expansion of the
solar plasma along a tube of flow, but the theory cannot account for the change in
cross-section of the tube or its overall shape with distance from the sun. Neverthe-
less, using reasonable assumptions, the theory provides conclusions for the variation
with heliocentric distance of the plasma velocity and density. It would be highly de-
sirable to test, in particular, the theoretical conclusion that the variation of velocity

with distance is relatively slight until one approaches the sun closer than one or two
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tenths of an astronomical unit. The widths of the plasma beams as afunction of dis-

tance from the sun could also be studied on a statistical basis.

That the solar magnetic field strongly affects the penetration of galactic particles into
the inner solar system is known from the 11 year intensity modulation of galactic cos-
mic rays. Recent evidence5 indicates that during a period when solar activity was de-
clining and the high energy cosmic ray flux was approaching its maximum value, the
flux of low energy cosmic rays was declining. This argues for a solar source for the
low energy component. The steadiness of this low energy component requires either

its continual emission by the sun, or a storage mechanism for solar flare particles
with a storage time on the order of a month. The important question as to the origin

of these particles could be resolved by measurements taken as a function of heliocentric

distance.

The strong tendency for streams of high energy solar protons to reach the earth from
flares close to the western solar limb as opposed to the eastern limb indicates that the
paths of these solar particles outward from the sun, and hence the shape of magnetic
field lines, are portions of a spiral with considerable curvature. The curvature is prob-
ably different for plasma clouds previously ejected from solar flares of different intensi-
ties. The overall direction of the magnetic field should be controlled largely by the
plasma flow, but the manner in which the field lines connect to the sun is not understood.
It would be highly instructive to throw further light into this area by making measure-
ments close to the sun of energetic particles, plasma streams, and magnetic fields
which might allow a more detailed picture of the propagation paths and overall field

configuration to emerge.

The relatively low frequency of major solar proton events arising in flares has re-
tarded progress in understanding this important phenomenon. Space vehicles with
energetic particle monitors located at widely different heliocentric longitudes would

add to the number of these events for which definitive information is available. It would

be desirable to have vehicles whose heliocentric anomalies depart from the earth at a

(73]
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rapid enough rate so as to attain a large difference in heliocentric anomaly in a time
short compared to the vehicle lifetime. Such a rapid rate of departure is associated
with an orbit whose semi-major axis is considerably less than one astronomical unit.
Another aspect of such an orbit is the possibility for providing means for making a
crude measurement of the position on the solar disc of the larger flares. Measure-
ments of this sort taken of the solar hemisphere invisible from the earth would allow
an increase in the number of flare events for which correlations could be made with the

subsequent arrival of energetic particles.

Measurements of the interplanetary plasma, magnetic fields, energetic particles, and
interplanetary dust particles are presently under way in various programs of the Office
of Space Sciences and the NASA centers. These measurements, which will be made
mostly at heliocentric distances approximating one astronomical unit, will add to the
scientific understanding of the interplanetary particles and fields, particularly in the
case of the Venus and Mars probes which have made or may make a few measurements
in the region 0. 7 to 1. 6 Astronomical Units (AU). It wouldbe beneficial to the understanding
of the fields and particles in interplanetary space to include some measurements taken
at distances closer to the sun over a considerable period of time. This is particularly
true of the plasma and magnetic field measurements, which have a pronounced effect
on the other phenomena. A vehicle in a heliocentric orbit with a perihelion within ap-
proximately one-third AU of the sun would have the further advantage of giving an in-
strument package a large change in heliocentric anomaly in a relatively short time,
which would allow for more complete longitude coverage of short lifetime events and
for radio propagation experiments through large regions of the solar system and

through the solar corona.

The Solar Probe vehicle presented in this report has been designed to range over helio-
centric distances between 1. 0 and 1/3 AU with a corresponding orbital period of ap-
proximately six months and to provide scientific measurements contributing to the fol-

lowing scientific objectives.

3.1-4
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- Understand the flow of the solar wind, particularly in regions closer to the
sun.

-  Study the dimensions of large plasma clouds ejected fromactive regions and paths
followed through observations at widely different heliocentric longitudes to the sun.

-  Study the structure of the interplanetary magnetic field as close as possible.
-  Search for evidence of possible solar magnetic field line detachments.
- Hopefully, obtain data for better understanding of the solar cycle.

-  Study energetic solar particles and galactic cosmic rays -- search for steady
solar source or possible solar system storage mechanisms.

-  Study paths of propagation of solar flare particles by obtaining simultaneous
data at different heliocentric longitudes to study path widths.

-  Obtain data on more solar flare events by seeing flares on the back side of
sun.

-  Study distribution of electron density over long paths through the inner solar
system via radio phase shifts.

-  Obtain coronal electron densities as a function of depth and time.

-~  Search for new micrometeoroid showers as an aid to theories as to their
origins.

-  Study the micrometeoroid size distribution as a function of heliocentric dis-
tance to learn more about energy loss mechanisms.

These experiments generally determined the features of the spacecraft design and the
mission profile, within the limitations of present space probe technology. The follow-
ing sections describe the vehicle, the mission, and a representative experimental pack-
age which would yield a greatly improved understanding of interplanetary particles,
fields, and their propagation. In addition to the principal experiments upon which the
spacecraft design was based, a number of others should be considered for inclusion on

one or more of the spacecraft.

These experiments are described in a separate section below. In only a few cases
would these experiments require a modification of the spacecraft, and in most cases the
modifications would be relatively minor. Among these other experiments would be

ultraviolet or visible facsimile photography of active regions on the invisible solar
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hemisphere for correlation with the particle and field events observed and for possible
aid in solar flare prediction, a study of the neutral hydrogen distribution at various
distances, studies of the zodiacal light at perihelion, a search for VLF radio energy
near the local critical plasma frequency at perihelion, a search for evaporation neu-
trons from spallation reactions originating in chromospheric flares, and an improved

determination of the astronomical unit.

It is understood, of course, that final selection of the instrument package for such a
space probe would be made by the NASA following detailed consideration of proposals
submitted by various universities and government laboratories. During the course of
this study, helpful advice was obtained from scientists in various university and govern-

ment laboratories too numerous to mention. This help is gratefully acknowledged.

3.1.1 REFERENCES FOR SECTION 3.1

1. H. W. Babcock "The Solar Magnetic Cycle" - Symposium on Plasma Space
Science, Catholic University, June 11 - 14,

2. T. N. Nazarova, '"Meteoric Matter Along the Trajectory of the Mars 1 Probe
Flight' 1963 COSPAR Symposium, Warsaw, Poland.

3. C. Snyder, 'Direct Measurements of Solar Plasma', Symposium on Plasma
Space Science, Catholic University, June 11 - 14,

4. G. Kuiper, "The Sun' University of Chicago Press, p 3.
5. E. N. Parker, Astrophys. J. 128, 664 (1958).
6. P. Meyer and R. Vogt, Phys. Rev. 129, 5, 2275 (1963).
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3.3 PRIME EXPERIMENTS

In this section we shall review those interplanetary phenomena our understanding of
which would be very greatly increased by measurements which could be made by the
launching of one or more Solar Probe vehicles carrying instruments which are pres-
ently available or under nearly completed development. In order to provide a basis
for design of the Solar Probe vehicle, a nominal instrument package was chosen con-
sisting of five prime experiments involving seven separate instruments with an esti-

mated total weight of 36 pounds and a data requirement of 395 data words.

These experiments are believed to be of such unquestionable value that they (or simi-
lar experiments) are very likely to be selected in any final choice made by NASA on
recommendation by the Spacé Sciences Steering Committee. In addition, a number of
other instruments were identified which are likely candidates for inclusion in one or
more Solar Probe instrument packages. These additional experiments and instru-
ments are described in Section 3. 6 of this volume. Because of the large number of these
additional experiments, and because in some cases the feasibility or priority of the
experiment cannot be definitely established at this time, no selection within this group
has been attempted. Instead, ten additional pounds and eleven additional data words

were allocated to these priority "B" experiments.

The specification of some definite form of instrument package was required in order
to examine the types of constraints imposed upon the vehicle and mission. Considerable

flexibility, however, exists with respect to the details of the instruments carried.

The spacecraft design constraints deriving from the nominal instrument package
(priority ""A" experiments) are discussed in Section 3.4. Most of the experiments
considered on the "B" list would require at most minor vehicle design changes. It is
highly probable that some varying mix of instruments would be adopted for successive

Solar Probe vehicles.

3.3.1 REFERENCE DESIGN INSTRUMENT PACKAGE

The following is the list of instruments and their gross characteristics assumed for

the Solar Probe design reference instrument package:

W
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Weight Power
(1bs.) (watts)
1A Plasma Experiments
2 @ narrow angle electrostatic analyzers,
4 directions each 8.0 3.0
1 @ wide angle Faraday cup instrument 5.0 1. 5%
2A Magnetic Field Experiment Triaxial
Fluxgate Magnetometer 4,5 0.5
3A High Energy Charged Particle Experiment
@
1 e . 1.
ea. E, . X (dE/dx) telescope 7.5 0
1 ea. charged particle telescope 2.0 0.5
4A Integrated Electron Density Radio
Propagation Experiment
3 ea. Radio Receivers (50 mec, 400 mc,
2000 mc) 5.0 2.0
5A Micrometeoroid Experiment
Acoustic Sensor 4.0 10
Priority "B'" Experiments 10. 0 5.5
46. 0 15. 0

*10 watt peaks 30 ms duration

Data
Words

256
90

15

11

388

A more detailed discussion of each experiment and the corresponding phenomenon to

be studied follows.

3.3.2° SOLAR WIND (INTERPLANETARY PLASMA)

The presence of an interplanetary plasma streaming outward from the sun has been

detected recently by instruments aboard Luniks II and ]]Il, Explorer 102 and most

recently by Mariner II (1962). The presence of this solar wind had been inferred earlier

from a variety of indirect evidence, including the airglow and aurorae, geomagnetic

fluctuations, Forbush events and the appearance of certain types of comet tails.
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Based on the data which are available and the most widely accepted theory of the solar
wind, it is believed that the solar wind is an extension of the Sun's corona which is
expanding hydrodynamically into interplanetary space. The plasma consists mainly of
fully ionized hydrogen with a measurable fraction of helium nuclei. It is considered
likely that traces of other elements (fully or perhaps partially ionized) are present in
the plasma, but their detection awaits more sensitive experiments than have been

flown to date.

Because of the high electrical conductivity of the plasma, magnetic lines of flux prés-
ent in the corona tend to be effectively frozen into the plasma. Since the kinetic energy
density of the plasma is greater than the magnetic energy at distances greater than a
few hundredths of an AU, the magnetic field is carried along by the plasma as it ex-
pands into interplanetary space. Thus the structure of the interplanetary magnetic

field is intimately connected with the presence of the solar wind.

The recurrence of magnetic disturbances with successive passages of active regions
across the face of the solar disc suggests that more intense beams of plasma flow in
certain directions and that these rotate with the sun. The Mariner II plasma instru-
ment gave the first direct measurement of these beams, and showed that during the
time of observation, the plasma current in the beams was an order of magnitude higher
than the average plasma current. A strong correlation was found between the time of
occurrence of peak plasma current and the time of peak disturbance in the geomagnetic

field, with allowance for the difference in heliocentric longitude of the probe and earth.

The occurrence of a Forbush decrease in galactic cosmic ray intensity in conjunction
with intense magnetic storms is interpreted as due to the deflection of the cosmic ray
particles by large scale magnetic field systems associated with unusually dense plasma

clouds which reach the vicinity of the earth. The Pioneer V experiments showed that
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the Forbush decrease is indeed associated with lafge scale increases in the inter-
planetary field, but the spatial extent needs investigating. Since the magnetic fields
carried by these plasma clouds act to guide' solar cosmic rays, as discussed below,
the shapes of the clouds and the manner of their connection to the sun requires further

study in regions as close as possible to the sun.

The present experimental situation relating to the solar wind leaves open a large num-
ber of questions; nevertheless, the Mariner II experiment has provided several funda-
mental facts about the solar wind. The plasma instrument was a narrow angle device
which was always pointed directly towards the sun; at all times during the flight meas-
urable, although at times rapidly fluctuating, plasma current was detected. The cur-
rent is believed to move out approximately radially from the sun, although it is not
certain that the Mariner instrument was viewing the direction of the stream. Indeed,
Biermann's comet tail work indicates that the plasma moves out in slightly curved
paths which make angles with the radial direction of between 6° and 16°, Thus a possi-
bility exists that the plasma flux and density, as determined by the Mariner experiment,
might have occasionally been on the low side. It would therefore be desirable to ex-
amine the interplanetary plasma with a wide angle instrument to obtain a better meas-
ure of the total plasma density. To study plasma direction, complementary narrow
angle instruments are indicated. The density measured by the Mariner II instrument

was of the order of 4 ions/ cm3 at ~ 1 AU.

The Mariner II instrument measured a spectrum each telemetry frame from which a
measure of the mass motion velocity and temperature of the ionic component of the
plasma was determined. The mass transport velocity varied considerably (314 to 1250
km/sec) but had an average value of about 500 km/sec. The ion temperature can be
estimated to be about 105 to 106 °K, the specific value depending on the particular
spectrum analyzed. At times during the flight rapid changes in the plasma spectrum
were detected; at least one of these can be ascribed to the passage of a plasma shock
front. The sampling rate of the spectrum was too slow however, (3.7 minutes) to

study the energy turbulence in the shock front.
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A Solar Probe should carry plasma instruments capable of looking in several direc-
tions about the sun-probe line to determine plasma stream directions. A wide angle
instrument should also be provided to obtain a better measurement of the total plasma
density. The coarseness of the Mariner energy spectra makes temperature determina-
tions and observation of helium ions subject to considerable uncertainty. Therefore,

more energy resolution should be provided than was available for Mariner II.

Thus far no mention has been made of the electron component of the plasma. The
kinetic energy of electrons due to the plasma mass transport velocity is expected to
be much lower than that of the ions due to their small mass. On the other hand, approx-
imate equipartition of random thermal energy would be expected between ions and
electrons. Based on plasma temperatures deduced from the Mariner II experiments,
the random thermal electron velocity is expected to be much greater than the plasma
mass transport velocity so that the electrons should have a nearly isotropic distribu-
tion. Since the average electron energy is expected to be only of the order of tens of
volts, based on the ion temperatures measured by Mariner II, the vehicle electro-
static potential may act as a serious perturbation on any measurements of plasma
electron spectra, since plasma currents and photoelectric effect could easily result in
a vehicle potential on the order of ten volts which cannot easily be measured. Since
there are other difficult technical problems associated with measuring the electron
portion of the solar wind, we have not specifically considered any instruments de-

signed to measure their spectrum.

One of the most important missions for a solar probe to 0.3 AU will be to examine
the relationship between the solar wind and the magnetic fields as a function of helio-

centric distance.

3.3.2.1 PLASMA EXPERIMENTS

The requirements for the interplanetary plasma experiments in order to furnish a

quantitative understanding of the flow outward from the sun, the dimensions and

o



propagation of intense beams originating in active solar regions, and interplay with

the interplanetary magnetic field, are the following:

1. Instruments capable of determining the direction of the main plasma stream
with an angular resolution of the order of 5° to 10°. .

2. Based on the Mariner II spectrum measurements, the plasma analyzer should
cover the range of plasma ion mass velocities from about 200 km/sec to per-
haps as high as 2500 km/sec in about 30 energy steps.

3. Although the electron component of the plasma is of considerable interest, the
problems of making clear cut measurements of the electrons do not appear to

be solved at present. Therefore, a separate electron plasma probe need
not be provided.

4. One of the unique sets of data to be gathered by the solar probe is the plasma
density as a function of heliocentric distance. A wide angle instrument should
be employed to insure a good measurement of the density.

5. The most valuable spectrum data would be a series of snapshot-like spectra.
A spectrum gathered in a time of the order of a few seconds would be desirable.

6. Due to the fact that the solar probe orbital velocity will be of the order of 60
km/sec at perihelion which is roughly 12% of the average mass motion velocity
measured by Mariner II, consideration of this aberration effect should be
taken into account when the pointing directions for the plasma probes are
selected.

The above requirements can be satisfied by combining narrow angle and wide angle in-
struments. Narrow angle instruments have been developed which can examine plasma
currents in a number of directions lying near a given plane by utilizing hemispherical
electrostatic deflection plates and multiple collectors. Two such instruments can be
used to examine the angular direction of plasma flow near the plane of the ecliptic

and near another plane perpendicular to the ecliptic and containing the direction to~
wards the sun (see Figure 3. 3.2-1). Since vehicle aberration cffccts will be different
for ions of widely different velocities, the maximum current directions are not ex-

pected to be the same for widely different energy channels.

The large aperture available in the wide-angle plasma instrument will give a sensitive
measurement of weak plasma currents. The importance of the plasma measurements

justifies a certain amount of redundancy in the plasma instrumention.
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Figure 3. 3.2-1. Possible Orientation of Plasma Electron Analyzers

3.3.2.2 REFERENCES FOR SECTION 3. 3.2

1. K.l Gringauz et al. Proc. of 3rd International Space Science Symposium,
Washington, D.C. 1962,

2, H.A. Bridge et al. J. Phys. Soc. Japan 17 Supple. A2, 553 (1962).

3.3.3 INTERPLANETARY MAGNETIC FIELD

A considerable body of evidence regarding the nature of the interplanetary magnetic

field is available from observations of the following phenomena:

1. Appearance of filaments in the solar corona
2. Modulation of galactic cosmic radiation, including Forbush events

3. Terrestrial magnetic disturbances and ionospheric absorption events result-
ing from arrival of low energy solar cosmic rays

4. Observation of energetic solar particles originating in flares.
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Recently, preliminary measurements in situ, notably on the Pioneer V spacecraft,
have become available. The Pioneer V data indicated the presence of a rather steady
field of approximately 4 ¥, with occasional increases by an order of magnitude. This
probe measured the component of the field perpendicular to its spin axis, which lay
generally along the line towards the sun. A report on the experimen’c1 indicates that
the results are difficult to reconcile with many theories of the interplanetary magnetic
field. More recent measurements aboard the Mariner II spacecraft showed variations
in the interplanetary magnetic field over heliocentric distances from 1.0 to 0.7 AU
with a period of the same order as the solar rotational period, but a lack of zero cali-
bration and suspected vehicle induced fields prevented the attainment of a picture of
the interplanetary field at these distances. Considerable fluctuations were observed
and the data were consistent with an interplanetary field whose radial direction near
the ecliptic does not change, except possibly over regions extending on the order of

half way around the sun.

Coronal filaments which appear to outline magnetic field lines show evidence for a
rather ordered field in the immediate neighborhood of the sun's poles. An overall di-
pole field is excluded by the fact that the Pioneer V and Mariner II data would, if
extrapolated in this manner to the surface of the sun, give field strengths far in ex-
cess of those obtained by measurements of Zeeman splitting of optical lines. 2 A com-
parison of plasma particle energy densities and magnetic field energy densities de-
duced at a heliocentric distance near unity shows that any systematic intergalactic

field penetrating through the solar system should be swept out by the plasma wind.

At latitudes corresponding to those containing most solar surface activity, the coronal
streamers show evidence of closing at distances not exceeding a solar radius or so,
while lines emanating from the less active polar regions appear to extend to great dis-
tances from the sun. It has been pointed out3 that this general structure is consistent
with the expectation that clouds of plasma ejected from active regions would sweep

away the magnetic fields at small and intermediate latitudes, and that ultimate
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detachment of the corresponding field lines from the solar surface must occur through
dissipative processes. The magnetic pressures available in the coronal regions should
be completely inadequate to prevent the expansion of such relatively dense and energetic

clouds of highly conducting plasma.

That systems of magnetic field lines carried out to the earth's orbit must in many
cases retain a high degree of attachment to the solar surface is indicated by the high
degree of correlation between observations of the Forbush decrease and the frequency
and intensity of solar proton events observed at the earth from chromospheric flares.
Pioneer V served to prove that the Forbush decrease was not a geocentric phenomenon
but is connected with large scale magnetic field increases in the interplanetary space.
The magnetic field strengths observed during disturbed times were of the order of

40 vy, which are known to be adequate to cause a Forbush type decrease if the regions
involved extend over distances of the order of an astronomical unit. The high degree
of probability of occurrence of geomagnetic disturbances from large disturbed regions
of the solar surface indicates that, at least in many cases, the plasma clouds pre-
sumably giving rise to increases in the interplanetary magnetic field must extend over

extremely large regions.

The fact that geomagnetic disturbances can occur periodically with successive solar
disc passage of M regions and the recent direct observations aboard Mariner II of
plasma current peaks with the periodicity of the solar rotation suggests. that magnetic
lines swept out by the plasma may retain a high degree of attachment to the sun.

A high degree of overall orderto the interplanetary field may therefore exist despite the
dominance of magnetic field pressure by plasma particle pressure, but this field structure

must be considerably more complicated than, for example, the geomagnetic field.

Evidence from solar energetic particle events4 indicates that, following the expulsion
of large plasma clouds from active solar regions, the interplanetary magnetic field
between the earth and sun tends to lie near the plane of the solar equator. Analysis of

two solar cosmic ray events indicated that the direction of the field near the earth's
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orbit must have made an angle of approximately 60° from the earth-sun line. Analysis
of the relative frequency of occurrence of solar flares resulting in energetic particle
arrival at earth shows that particle arrival is most probable for events occurring

near the western solar limb. The fact that, for the events analyzed, rise times for
energetic particle fluxes are much more rapid for flare events occurring near the
western limb, while flares near the central solar meridian give slow rise times,
strongly indicates that during these disturbed times, magnetic lines of force connect
the earth with the western portions of the sun. The difference in rise times of the
energetic particle fluxes is understandable, from this hypothesis, since particles from
flares near the western limb can reach the earth quickly by spiralling along field lines,
while those originating from flares near the center of the solar disc must diffuse
across magnetic field lines in order to reach earth. This interpretation is further
confirmed by the fact that for the latter type of events, the delay times are longer for

the particles with lower energies.

The hydrodynamical expansion theory of the solar plasma5 and evidence from the ori-
entation of comet tails6 indicates .that the plasma motion in the vicinity of the inner
planets should be principally in the radial direction. The plasma currents measured
by the narrow angle Mariner II instrument, which was pointed at the sun, appear to
give some confirmation of this expectation. On the other hand, if there is the expected
correlation between the direction of the plasma flow and the direction of field lines
swept out by it, the large deviations of the apparent field direction from the radial di-
rection, deduced as mentioned above from solar energetic particle events on two oc-
casions need to be explained. It is of course possible that the pitch angle of the out-
ward spiral described by the plasma flow and the field lines changes radically during
solar disturbances. The mean plasma velocity (500 km/sec) measured by Mariner II
corresponds to arrival at the earth at a time when the responsible active region would
be near the western limb but the shorter transit times sometimes observed from geo-

physical evidence indicates that the tightness of the spiral paths may be highly variable.
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The importance of the overall structure of the interplanetary field and its time vari-
ations indicates the desirability of performing in situ magnetometer measurements at
various distances from the sun which can complement and perhaps reconcile the evi-
dence based on other types of studies. In particular, it is desirable to make measure-
ments as close as possible to the sun in order to observe the transition to a more

ordered field and to search for possible field detachment processes.

As mentioned in the introduction, a recent theory7 for the sunspot cycle which seeks
to explain the periodic reversal of polarity of the leading spot in groups in northern
and southern hemispheres could be tested by measurements of the ordered solar field.
Magnetometer measurements aboard a Solar Probe might thus have far reaching
implications for solar physics as well as for the field and particle physics of inter-

planetary space.

For the measurement of the interplanetary magnetic field, the most suitable instru-
ment appears to be the saturable core flux gate magnetometer. This instrument has
adequate sensitivity (to 0.12 Y ), adequate range, and has proven itself in other space
probe experiments. The magnitude of the field fluctuations already observed in inter-
planetary space indicates that the greater sensitivity.of the gas-tvpe magnetometer.
such as the rubidium vapour device (sensitivity 0. 01 ¥) would not be warranted. Neither
do the temperature limitations of the sensing element (40° - 55°C) appear suitable for
boom mounting in an environment in which the solar heating flux will be highly variable

over the orbit.

For purposes of Solar Probe vehicle design, an instrument similar to one recently de-
veloped by the Schoenstedt Instrument Company for measurement of small fields was
assumed. This would be a three axis instrument which would cover the range between
instrument noise level (0. 12 ) and 500 or 1000Y . For periodic zero calibration, it

is necessary to mechanically reverse the direction of each separate sensor axis. Two
axes can be reversed simultaneously by a rotation about the third axis, but the third

sensor must be mounted separately with its own reversing mechanism. Two reversing



mechanisms are assumed in the vehicle design. Operation of the reversing mechanism
will be provided by an on board clock several times per day. Override capability may
be provided by radio command so that possible development of periodic instrument

zero drifts can be distinguished from fluctuations in field direction or strength.

Great care must be exercised in the entire vehicle design in order to insure that the
weak interplanetary field is not seriously perturbed by fields generated by the vehicle.
Quality control for all vehicle parts, components, and systems will include rigid

specifications for maximum induced magnetic fields.

3.3.3.1 REFERENCES FOR SECTION 3. 3. 3

1. Coleman, Davis, Sonett, Phys. Rev. Letter 5 (1960) 43
2. H. W. Babcock, Astrophysics, U., 118, 387 (1953)

3. T. Gold Proc. of the 2nd International Space Science Symposium, Florence,
1961, p. 828

4. K. G. McCracken, Proc. of the 2nd International Space Science Symposium,
Florence, 1961, p. 815

5. E.N. Parker loc. cit.
6. L. Bierman, Symposium on Plasma Space Science, Catholic U, June 1963

7. H. W. Babcock, loc. cit. , Symposium on Plasma Space Science Catholic U,
June 1963

3.3.4 ENERGETIC CHARGED PARTICLES

Our understanding of solar and galactic cosmic radiation has greatly increased over
the last few decades. However the number of questions which have been answered is
only a small fraction of the number of new questions that have been raised. Since the
discovery was made by Forbush and Lang in 1942 that high-energy charged particles
of solar origin bombard the Earth, much emphasis has been placed on studying the
nature of these particles and speculating on the mechanisms which produce them and
the manner in which these particles propagate through interplanetary space. Although
much work remains to be done in the vicinity of 1 AU, the need to study the solar

particle radiation as a function of heliocentric distance is becoming more clear.
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Recent evidence obtained by Meyer and Vogt indicates the existence of a significant
continuous flux of energetic particles, their measurements covering the range from

80 to 350 Mev. They further observe that this flux of particles decreases with the de-
clining level of solar activity while the galactic cosmic-ray flux increases. It is there-
fore suggested that these particles are of solar origin. A probe travelling toward the
Sun could establish their origin unambiguously since if they were of solar origin the
flux would increase with diminishing heliocentric distance, whereas if they were of
galactic origin the flux would diminish due to the increased shielding against cosmic
rays provided by the increasing magnetic fields. An alternative explanation requires
the trapping or storage of the solar cosmic rays emitted from a flare in a field which

would hold them with a characteristic time of about 30 or more days.

It would also be of extremely great interest to examine events following major solar
flares occurring during the flight of a solar probe. One of the questions which could be
answered if the probe was in an appropriate position would be whether or not the disper-
sion in onset times of first arriving energetic solar flare particles is a consequence of
diffusion through the general solar magnetic field. This field has been assumed by some

investigators to have an effect out to 50 - 100 solar radii (0. 25 AU to 0. 5 AU).

Of great interest to the astrophysicist is the abundance of nuclei other than protons or
alpha-particles in flare events. From the meager data which are currently available,
it appears that the relative abundance of Li nuclei in solar flare events is about 10_5
the abundance of Li in galactic cosmic rays. Appropriate instrumentation aboard a
solar probe could investigate this matter which has considerable cosmological signifi-
cance. Current thinking is that flares may provide a part of the source of galactic cos-
mic rays, that is, flares on other stars similar to our Sun. Since the flare spectrum
is not similar to the galactic spectrum, the hypothesis has been forwarded that flare

particles leak out of the stellar magnetic fields and are further accelerated in inter-

stellar or intergalactic space.

To explain the change in angular distribution of flare particles with time, i.e., the
change from collimated beams to isotropic beams, it has been suggested that in addi-

tion to diffusion across magnetic lines of flux in the inner solar system (distances less
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than 1 AU from the Sun), one might consider the possibility of particles being scat-
tered back from the expanding plasma shock front. By observing the various time de-
lays associated with solar flare particle fluxes as a function of heliocentric distance

such mechanisms might be investigated.

High energy galactic cosmic rays would not profitably be studied on a solar probe to
0.3 AU. The differences between the high energy flux at 0.3 AU and 1.0 AU
would not be sufficient for the types of instruments which could feasibly be carried on
the solar probe. Thelow energy galactic cosmic rays which could experience asignificant
modulationdifference between 1.0 AU and 0.3 AU would be studied gas amatter of
course along with the solar cosmic rays fluxes. Therefore an additional experiment

at high energies need not be planned at this time.

A great deal of information on the above types of phenomena could be gotten from an
experiment consisting of a pair of coincidence telescopes oriented in different direc-
tions. At least one of the telescopes should be capable of measuring specific ionization
as well as total energy in order to discriminate between particles of different mass.
The telescope elements would be thin semiconductor wafers, except that the last tele-
scope element might be a scintillator crystal. This instrument places no special re-
quirements upon the spacecraft design except that unobstructed viewing directions
should be provided. A number of possible viewing directions can be considered; their
selection should depend upon the provisional state of knowledge which is available at
the time the detailed experiment proposals are submitted. Two interesting directions
might be the direction towards the sun and a direction normal to this lying in the eclip-

tic plane. Such an arrangement would give two components for proton currents moving

away from the sun in the ecliptic plane, whose presence has been deduced by McCracken.

On the other hand, a search for and measurement of time delay for solar particles re-
flected backwards from magnetic inhomogeneities lying beyond the spacecraft would be
a great interest for distinguishing between different models for the propagation and
trapping of these particles. The viewing directions illustrated in the spacecraft draw-
ings of Volume II were chosen as being perpendicular to the ecliptic plane and in the

direction away from the sun, as suggested by one investigator currently active in this
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field. Reliability of the semiconductor detectors is enhanced by a relatively temperate

environment in the spacecraft interior in which the instruments are to be mounted.

Less elaborate energetic particle detectors, such as Geiger tubes, will almost cer-
tainly be proposed as well for the Solar Probe vehicle. Such a detector might have
considerable merit for the purpose of providing comparisons in data with data obtained
with similar instruments flown on other interplanetary space probes. Similar data

might also be provided by the singles rate of the first element of a coincidence

telescope.

3.3.5 MEASUREMENTS OF INTERPLANETARY AND CORONAL
ELECTRON DENSITY

Because of the complex spatial and temporal distributions of the interplanetary plasma,
and because the measurements aboard a Space probe are restricted to single points
of space, it is highly desirable to complement these point measurements with
integral measurements over large regions of space. The discussions above have men-
tioned some of the wealth of information regarding overall-interplanetary distributions 7
of plasma and fields derived from studies of their effects upon the trajectories of
charged particles. An even more direct method for studying large scale plasma density
distributions is by means of variations in phase of electromagnetic signals of properly
chosen frequency. Techniqués for studies of plasma densities through microwave probe
techniques are well established in the laboratory. The corresponding technique applied
to the low density interplanetary plasma requires the use of suitably lower frequencies.
Plans are being made by the Stanford Center for Radio Astronomy for the measurement
of line integrals of electron densities along radio propagation paths between earth and
the Pioneer probe by comparing the phase of modulation envelopes applied to two carrier
signals of widely different frequencies. For a study of the interplanetary electron den-
sities expected for path lengths of the order of 1/2 AU at a mean distance from the

sun of 1.0 AU, frequencies of 50 mc and 400 mc are suitable. Correction for the phase
shifts from earth ionosphere are quite important and accurate simultaneous ionospheric

measurements will be used for this purpose.
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For measurements along propagation paths lying on the average at closer heliocentric
distances, which will be available in the Solar Probe mission, the ionospheric correc-
tion will become less important. On the other hand, rapid fluctuations in overall
phase of the received signal on board the spacecraft may require greater re-
ceiver bandwidth so that phase lock can still be maintained even if large scale
changes in plasma density occur due to rapidly moving plasma clouds ejected from ac-

tive solar regions.

Perhaps the most attractive potential of such an experiment is the possibility for meas-

uring the overall change in the integral electron density as the path moves progres-
sively deeper into the outer reaches of the solar corona. In this region the phase shift
would be primarily due to the relatively short portion of the path lying deepest in the
corona, so a relatively good picture of the variation of coronal electron density with
depth would be achieved. It would be desirable to choose an orbit so that the propaga-
tion path ultimately grazed the limb of the sun. On the other hand, telemetry recep-
tion from the probe will be lost when the probe-earth-solar limb angle decreases be-
low 2 or 4 degrees. Since it is also desirable to obtain measurements as a function
of time of the densities at a given depth in the corona, an orbit has been chosen which
gives a relatively long dwell time for probe-earth-sun angles just beyond the telemetry
blackout limit (see Figure 3.2.2-4). When the probe finally passes behind the limb of
the sun, the earth-probe-sun angle is changing rapidly enough that telemetry blackout

is minimized.

Because of the possibility of losing phase lock between receiver and transmitter in the
phase measurement loop due to rapid changes in coronal electron density, comparison
of two higher frequency propagation phases should be made when the propagation path
passes deep in the corona. Preliminary considerations indicate that a third receiver
on 2 kme should be provided and the relative phase shifts in the 400 mc and 2 kme

modulated carrier measured.

The transmitter will be the 150 foot Stanford dish. Recent increases in transmitter
power available at this installation indicate that the experiment can be performed with

adequate signal to noise ratio over propagation distances as great as 2.0 astronomical
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units using omnidirectional receiving antennas aboard the vehicle. The measurement
will be made by comparing the phase of a 10 ke modulation envelope applied to the
carriers at different frequencies; the 400 me¢ and 2000 mec signals being compared

when the propagation path contains high electron density regions near the sun and the

50 mc and 400 mc signals being compared at other times.

Equipment for this experiment has already been developed with the exception of the

2000 mc receiver, which is currently under development. The antennas required are

as follows:
50 mec: 1/4 wave stub mounted perpendicular to the orbit plane (perpendicular
to the direction to earth)
400 mc: 1/4 wave stubs. In the design illustrated two were found to be re-

quired in order to provide a continuous clear view of earth,

2000 mc: use TM dish by diplexing from TM waveguide

In this way Faraday rotations along paths through the deep-corona might be detected.
For paths through interplanetary space, it might be possible to detect a rotation of the
plane of polarization due to a relativistic effect arising from the ordered motion of the
electrons in the solar wind. In the reference instrument package, provision for the
polarization measurements has not been shown. Such provisions might be added later

in the event that such measurements prove successful in the Pioneer experiments.

3.3.6 INTERPLANETARY DUST

The zodiacal light, a phenomenon observed for the past three centuries, has at various
times been attributed to the scattering of sunlight by dust particles whose radius lies
in the range .2 to 100 microns, free electrons with a number density in the order
of 600 cm-3 at 1 AU. fromthesun, and a combination of both. Before 1953 it was gen-
erally accepted that interplanetary dust was the principal scattering agent., Behr and

Sieden’copf1 performed a series of polarization measurements from which they con-
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cluded (assuming that the degree of polarization produced by light scattered from dust
particles is near zero) that half of the observed surface brightness of the zodiacal light
near elongation 35° was due to the scattering of sunlight by free electrons in interplan-
etary space. Their assumption that the coefficient of scattering is unity for
micron size particles has been disputed by a number of investigations. 2 Evidence that
interplanetary dust may also scatter highly polarized light has been introduced by

van de Hulst. 3 Recently Blackwell and Ingham4 using the facilities at Chacaltaya have
carried out an extensive optical measurements program in an effort to more accurately
define the constitutive make up of the zodiacal light. While far from being conclusive,
it is apparent that both dust and free electron components exist. Furthermore, it is
generally now believed that the zodiacal light can be regarded as the outer part of the
solar corona in which there exists a K - (free electron) and F - (dust particle) com-
ponent. Additional observations made at Chacaltaya also report a fluctuation in the

surface brightness of the zodiacal light at times of increased solar activity.

Recent in situ measurements from satellite probes conducted primarily by McCracken,
Alexander and Dubin5 in the vicinity of the earth yield higher spatial densities than those
obtainable from the zodiacal measurements. This has led Wipple6 to postulate a geo-
centric "dust belt" around the earth. The results of Mariner II, on the other hand, lead
to a much lower value than expected, recording only one or two impacts during the
flight with no impacts recorded in the vicinity of Venus. This is four orders of magni-

tude less than that recorded in the vicinity of the earth by the Explorer VIII satellite.

Therefore, to resolve some of these problems it is proposed that the dust component

in interplanetary space lying in the region .3<r <1.0 AU. from the sun be monitored
for the dust as well as the free electron component, and that in the event of a strong
solar flare be correlated, if possible, with any brightness fluctuations in the zodiacal
light. (The latter would be recorded via earth based observations.) Since an understand-
ing of the nature, origin and dynamics of this dust component may be an important clue
to our understanding of the origin and evolution of the solar system, the importance

of such an experiment cannot be overestimated.
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The proposed experiment is designed to measure the flux and momentum of cosmic dust
particles (momentum range 2.5 x 10_4 to 2.5x 1()-1 dyne-sec) in interplanetary space.
These measurements are to be obtained as a function of the distance from the sun. The
latter aspect of the measurements are of particular importance and have not been flown
before since the majority of similar experiments have been centered around the earth
with only a few probes extending out as far as the orbit of Venus. The experiment

is directed toward providing direct observational data to aid in a separation of the
zodiacal light source into a dust and an electron compqnent. The solar probe provides
the only vehicle to date that allows direct sampling of one of these, the dust component
near the sun. The radio propagation experiment on board the solar probe is designed

to measure the electron component.

The parameters of the cosmic dust environment requiring investigation are size, mass,
structure, chemical composition, speed and direction of motion, number density, and
distribution in space. Present non-recovery techniques measure only size and the

combination of mass and velocity (i. e., momentum and/or energy).

The instruments developed to date together with the quantity that they measure are

given below.

Type Measurement
(a) Crystal Microphone number density - momentum*
(b) Wire Grid number density - size
(c) Flash Detector number density - energy
(d) Thin Film number density - size

1. photosensitive
2. pressure

The crystal microphone detector will probably be most suitable for the solar probe

design reference package primarily for its reliable past performance, its simplicity,

* Note - The response characteristics of the microphone detector have been the subject
of numerous debates with reg 4;1 to ]llSt what quantity is being measured. The
arguments run from mv to mv to mv2. We consider it here to be an mv de-

tector, the commonly accepted view held by the majority of investigators active
in this field.
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and its inherent long life. The latter characteristic is not found in the the wire grid

and thin film types of instruments.

Two units are employed in an effort to record the momentum spectra of those particles
overtaking the probe and those being overtaken by the probe. This arrangement will
help define the number densities and momenta for particles having direct and retro-

grade orbital motions. This latter point is of interest in cosmological studies.

A conventional crystal microphone of small size and appropriate sensitivity is directly
mounted against a sounding plate which is acoustically isolated from the remainder of the
vehicle by rubber, polyethylene, or other suitable grommets. Additional acoustical
isolation can be provided by tuning the crystal to provide a maximum signal at ultra-
sonic frequencies high with respect to vehicle vibrational frequencies in the order of

100 KC.

A conventional 120 db gain voltage sensitive amplifier with a passband of + 10 kc cen-
tered at 100 ke receives the signal from the microphone. The pulse rate from this
amplifier is recorded by four counters of two binaries each fed from amplifier taps

separated by 30 db in gain. Thus, a crude momentum spectrum is obtained.

3.3.6.1 REFERENCES FOR SECTION 3. 3.6
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3.6 ALTERNATE EXPERIMENTS

The purpose of this section is to describe other experiments which could contribute

new information regarding the interplanetary physics in the region near the sun if in-

corporated into a solar probe vehicle with a perihelion of approximately 0. 3 AU. As

stated in Section 3. 3, the scientific instrument package assumed for vehicle design

purposes contains a weight, power, and data word allocation sufficient for some- ex-

periments in addition to those described in Section 3, 3, of which the vehicle design

takes explicit account. The alternate experiments which will be discussed are the

following:
1. Ionization Chamber X-Ray Experiment
2. Intermediate Energy Particles-Semiconductor
Detector
3. Lyman Alpha Experiment-UV Photometer
4. Zodiacal Light Experiment-White Light
Photometer/scanner
5. VLF Radio Noise Experiment (requires
VLF antenna)
6. TV Facsimile Experiment
7. VLF Antenna Impedance Measurement to
Determine Electron Density
8. Neutron Experiment (requires boom)
9. Energetic Electron Detector-Coincidence telescope
10. Experiment to Determine Surface-Charge
Generating Voltmeter
11. High Energy Cosmic Ray Experiment—
Coincidence telescope
12, RF Mass Spectrometer ‘
13. Improved Determination of the Astronomical Unit
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3.6.1 IONIZATION CHAMBER FOR DETECTION OF SOLAR X-RAYS

In order to detect large solar flares on the solar hemisphere invisible from earth,
means for their observation should be provided aboard a Solar Probe. The simplest
means of detection might be an ion chamber to detect soft X-rays. Work done with the
SR 3! satellite showed that large increases in X-rays in the 8 to 16 Angstrom band oc-
curred in conjunction with a class 3" solar flare and it is likely that this association is
quite general. Various degrees of sophistication can be considered in the design of a
detector of active solar regions. It has been proposed1 that a coarse matrix of photo-
diodes with a simple optical system could detect hot solar regions by ultraviolet light
and give a rough indication of their location on the solar disc. A more elaborate sys-
tem for optical examination of the back side of the sun utilizing a vidicon system is
described in detail in another item below. Here we will confine our attention to the
simplest flare detector, which is probably just a thin walled, gas filled ionization

chamber. Flare detection by radio noise is another possibility.

The relative infrequency of large solar proton events indicates that a serious effort
should be made to obtain as much data as possible from those which will occur during
the next increase in solar activity. Instruments to study the energetic particles are
recommended in Section 3. 3 above. For those events originating from flares on the
invisible solar hemisphere, it would be highly desirable to have an indication of the
time of occurrence and some measure of the intensity of the event so that information
regarding propagation times for particles of various energies would be obtained. When
further information is available regarding the intensities of solar X-rays generated in
flares of different importance, the flare X-rays might be used to trigger a high samp-
ling rate mode for the energetic particle detectors, so that accurate propagation time
and rise time information could be obtained despite the relatively slow average samp-
ling frame rates available on an interplanetary space vehicle. If a TV facsimile ex-
periment is also provided on board the vehicle, it might be desirable to trigger its pic-
ture taking by means of the same flare detector. By this means an actual photograph

showing the location of the flare would be obtained. Such knowledge of the flare location
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~ would be useful in obtaining information regarding propagation paths and widths of the

proton beams for more of these rare events than would be possible otherwise.

A suitable ionization chamber would have a volume of several cubic inches and would
be shielded from ionizing radiation in directions other than the sun direction. It would
be provided with a thin window whose thickness would be several mg/ cm2 of aluminum
and be filled with nitrogen to the order of one atmosphere pressure. Because of the
relatively large aperture required for the window, such an instrument would cause an
unduly large variable heat source to enter the instrument compartment if the aperture
were provided in the vehicle heat shield. For this reason an external mounting similar
to that chosen for the Faraday cup instrument should be provided so that the ion cham-
ber can dissipate the solar heat received via radiation from its back side with relatively
short heat conduction paths. Such a location is illustrated in the vehicle drawings in

Volume 1I of this report.

3.6.1.1 REFERENCE FOR SECTION 3.6.1

1. Action & Chubb, JGR 68, 3335, (1963)

2. J. A. Simpson, private communication

3.6.2 INTERMEDIATE ENERGY PARTICLES

It is believed that the energetic solar particles are accelerated in local regions sur-
rounding flares. The low energy plasma represents a more or less steady expansion
of the solar corona with continuous beams having their roots in the most active solar
regions with occasional intense clouds ejected from the regions of flares. A clean
cut distinction between these two types of particles may not, however, be possible.
On the one hand it is believed that polar cap ionospheric absorption events are caused
mainly by protons whose energy is of the order of 10 Mev, which impinge on the iono-
sphere when unusually intense clouds of plasma arrive from the sun. Whether these
energetic particles originate in the sun or are accelerated from the interplanetary
medium by the action of a plasma shock fronf is not known. On the other hand,
a weak source of low energy cosmic rays, whose intensity declines with solar

activity, has been mentioned above in Section 3.3. These particles must either
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be continuously emitted by the sun, or if their origin is in flare events, an interplane-
tary storage mechanism must be postulated. It would be highly desirable to per-
form experiments which would close the energy gap between the lowest which can be
measured by energetic particle techniques (5 to 10 Mev) and the highest which can be
measured by plasma probe techniques (perhaps tens of kilovolts)., Such measurements

would doubtlessly aid in understanding the phenomena discussed above.

The importance of a measurement of proton fluxes in the range of tens of kilovolts to
several Mev is such that it would deserve a place in a Solar Probe instrument package
provided suitable experimental equipment can be developed. Several groups are cur-
rently active in developing windowless solid state particle detection fechniques which
might be ready in time. Outstanding problems at present are detector and preamplifier

noise and detector stability.

3.6.3 LYMAN ALPHA ABSORPTION CORE EXPERIMENT
3.6.3.1 OBSERVATION OF ABSORPTION CORE

The solar Lyman alpha line has been shown to exhibit an absorption feat:ure1 when viewed
with a high dispersion spectrograph flown above the earth's atmosphere. This feature is
composed of two components, a broad weak reversal and a deep narrow central absorp-

tion core. A microphotometer tracing of the line is shown in Figure 3.6.3-1.

The broad reversal is believed to originate in the solar atmosphere whereas the ab-
sorption core is attributed to neutral hydrogen lying above the E-layer of the earth's
atmosphere but outside the sun's atmosphere. The emission line itself arises in the
chromosphere of the sun, The kinetic temperature required to form the line is in the
order of 60, 000 - 100,000°K whereas the temperature characterizing the emergent

radiation averaged over the disk of the sun is about 7200°K.

To define the spatial distribution of the neutral hydrogen cloud as a function of solar
distance is of great interest and is determined by recording the depth of the absorption
core as the solar probe vehicle approaches the sun. By observing the change in the
equivalent width of the core it will be possible to calculate the number of atoms / cm2
in a column lying between the probe and the sun, The total as seen from the earth's

2
vicinity has been computed to be in the order of 2 x 1012 atoms/cm’ .
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Figure 3. 6. 3-1. Solar Lyman Alpha Curve

Since the Lyman alpha line is quite intense (6 erg/cm2 sec), from which the narrow core
removes approximately . 1 erg/ cmz, detection problems are minimal. Thus a diffrac-
tion grating spectrometer of the type used by Purcell and Tousey appears adequate for

this experiment.

3.6.3. 1.1 Detector — The detector is a photodetector using a tungsten cathode and
LiF window. This combination has a spectral passband 1050A° < A<1800A°., The
rejection of the scattered near-U. V, and visible radiation within the spectrometer is an
important aspect of this combination of filter and photocathode. Operation at a pres-
sure of 10_5mm is required. This may be achieved either by evacuation of the entire
spectrographic system which allows the use of a windowless phototube and a LiF filter
(not recommended) or to use the LiF as part of the glass envelope around the photo-

tube with evacuation being limited to the phototube itself (recommended operation).

o
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3.6.3.1.2 Spectrometer — The spectrometer similar to the NRL instrument will use
a 50 cm, 1200 line/mm diffraction grating in the 13th order operation in a Rowland
mount with a predispersive grating ahead of the entrance slit mechanically deformed

so that the spectra appearing at the exit slit will be stigmatic over the entire length.

The dispersion from such a system will be in the order of 2. 6°A/mm with the exit slit
scanning across the line having an effective width of . 01°A. Thus the entire line which
is 1°A wide and the core which is 0. 04 to 0. 05°A wide at the half maximum point will be
resolved in enough detail to trace the disappearance of the core as the vehicle ap-
proaches the sun, The exit slit will scan through an arc of 1 mm in length along the
Rowland circle thus covering 2. 6°A in wavelength centered at 1216 °A. This will in-
sure complete coverage of the line plus a portion of the continuum on either side of

the line required for a reference comparison,

While it is not necessary to vacuum seal the entire spectrograph, it is necessary to
keep dirt away from the slits and thus clean assembly practices will have to be fol-
lowed. Slit widths are in the order of 10 - 15 micron. The gratings are coated with
fresh aluminum overlaid with magnesium floride in order to ensure sufficient light

efficiency.
In Figure 3. 6. 3-2 the angles of incidence and diffraction are exaggerated.

3.6.3.2 OBSERVATION IN EMISSION

Examination of the distribution of neutral hydrogen in the solar system could also be
made by an experiment sensitive to resonance fluorescence or de-excitation of gas
atoms at considerable elongations from the sun, This experiment could be performed
by photoionization chambers which look alternately perpendicular to the ecliptic plane
or in the ecliptic plane normal to the direction to the sun., Information regarding the
spatial distribution of neutral hydrogen in the solar system could be obtained by com-
paring the way in which the absolute and relative intensities of the Lyman alpha light

from the two directions changed as a function of heliocentric distance.
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Figure 3. 6. 3-2. Spectrometer

Significant instrumental characteristics of this experiment follow,

3.6.3.2.1 Detector — The detector is a photoionization chamber which consists of a
ceramic shell, gold plated on the inside, fitted with a highly polished central collecting
wire electrode, and incorporating a window of suitable transmission properties. The

filling gas and window material for the present experiments are given below.

Filling Gas Gas Press Filter Filter Thickness Quant, Eff. Spect. Range
CS2 15 mm Hg LiF 1 mm 50-60% 1050-1240 A°

NO 20 mm Hg CaF2 1mm 20-30% 1230-1350 A°

Note that the CS 9 detector covers the L @ range. The NO detector is reqliired to pro-
vide a calibration level outside the L « range. Relative as well as absolute intensities
are obtained,

Operation of these detectors for weak signals of the order of 107° ergs/cmz/ sec

require gas gains on the order of 200 to 300. This is provided by raising the collector

(YY)
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voltage. The exact amount depends upon the gas. For our purposes voltages in the

order of from 500 - 700 volts are likely to be required.

These detectors average 1.4 inches in diameter, 1.5 inches in length, and have a win-

dow opening of 0.4 inch diameter,

3.6.3.2.2 Photometer — Each photometer consists of a pair of detectors, one NO and
one CSz, for which a single optical system is provided for the pair in which the detectors
are mounted side by side and equally displaced from the optical axis. This is possible

since quality imaging is not required.

The primary collector can be a five inch diameter spherical mirror providing a 1 de-
gree field of view for each detector. The detectors are mounted at the prime focal

surface and the effective aperture is approximately 4. 5 inches.

A sketch of this arrangement is shown in Figure 3. 6. 3-3.

It is to be noted that each detector does not look exactly at the same 1° field of view.

For this experiment this is of little importance.

N

SPHERICAL

DETECTOR I

5 _ __ __ _OPTICAL AXIS
MECHANICAL
SUPPORTS
DETECTOR #2

Figure 3.6.3-3. Photometer
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A conventional linear electrometer amplifier with a sensitivity of the order of 10_12

amperes per telemetered volt is required for each detector.

Since the strength of the expected signal is quite uncertain, possibility of saturation
exists. For this reason provisions may be required to remove the signal by a mechan-

ical shutter or by electrical de-activation of the instrument,

3.6.3.3 REFERENCES FOR SECTION 3.6.3

1. I. D. Purell and R. Tousey, Proc. of the First International Symposium on
Space Science, Nice, (1960) p. 550.

3.6.4 ZODIACAL LIGHT EXPERIMENT

A brief discussion of the zodiacal light was given in Section 3. 4.4 and the extent to
which the interplanetary dust contribution to its source could be studied by in situ
measurements using acoustic sensors was noted. The brightness of the zodiacal
light has been measured1 from the corona out to an elongation of 75°. Considerable
information could be deduced regarding the distribution of the source of this light in
the space about the sun by performing a similar experiment at a distance of approxi-
mately one-third astronomical unit from the sun. Alternate color filters should be
used ahead of the photometer detectors in order to be able to detect the degree to
which scatter light agrees in color with sunlight. In this way a separation can be ef-
fected between the electron and Mie scattering and the Rayleight scattered ccmponents,
Polarization measurements would also be of assistance here. The degree to which the
relative intensity of these components changes at various elongation angles would in-

dicate possible differences in heliocentric distributions of the respective sources.

The rapid removal of the dust component from the solar system by energy loss via
energy transfer to electrons, assisted by the Poynting-Robertson effect, re-
quires a large source of dust for its continual replenishment. Analysis of the helio-
centric distribution of this dust might distinguish between alternate postulated sources

of this dust, such as debris from asteroidal collisions or from comets.

co
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The zodiacal light experiment consists of optical filters, sensitive photometers and

an optical system capable of scanning. This experiment has been chosen for illustration
in the drawings of Volume II as a part of one of the alternate experiment packages and
is also shown in Figure 3.6.4-1 below. In this illustration, a scanning mirror with
only a single degree of freedom scans in elongation from the outer corona to elonga-
tions of perhaps 75°. The nodding of the space vehicle about the roll axis, due to the
Canopus tracker orientation system described in Volume II, gives scans which lie at
various angles between -15° and +15° of the ecliptic plane at different positions in the
vehicle orbit. Because of the relatively high intensity of light from the brighter stars,
correction for starlight should be made at the higher elongations. For this purpose
telemetering of the position of the scanning mirror as well as the photometer readings
would be required. The nod position of the space vehicle would be known from the orbit

position.

SUN SHIELD
45° MIRROR
VAL LA/ // /7,
PHOTO-
METER LIGHT SHIELD
FILTER
CHANGER

SCANNING MIRROR

SCANNING MOTOR

Figure 3.6.4.1. Zodiacal Light Experimental Optical System

The principal problem imposed in performing this experiment aboard the Solar Probe
is to prevent scattered sunlight from the solar paddles from entering the photometer
through the 45° fixed mirror illustrated. This can be accomplished by surrounding

the optical path between the two mirrors by a tubular light shield which prevents the
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45° mirror from seeing the solar paddles. Both mirrors are shaded from direct sun-
light by the projecting edge of the vehicle sun shield. Light scattered from the solar
sails can be prevented from entering the tubular light shield after second scattering
from the scanning mirror by using a mirror somewhat larger than the diameter of the

tube which would then block the paths of such light rays.

3.6.5 VLF RADIO NOISE EXPERIMENT

Two radio astronomy laboratories which were contacted during the course of this study
indicated an interest in VLF radio noise measurements aboard any space vehicle which
might be planned for flight in beyond the orbit of Mercury. The existence of large
amounts of RF energy trapped in cavities formed by plasma clouds characterized by
higher plasma frequencies cannot be excluded. If such phenomena existed, it would

be of extreme importance for understanding of acceleration of charge particles in in-
terplanetary space. The mean ion density of 4 cm"2 measured by Mariner 2 indicates
an average plasma frequency of 18 kc, but this plasma density was observed to be
highly variable. Based on Parker's calculations that the plasma velocity changes little
between earth's orbit and a heliocentric distance of one-third AU, one would expect

average plasma frequencies on the order of 60 kc at Solar Probe perihelion.

It has been pointed out by a number of workers that impedance measurements of VLF
antennas can in principle yield the electron density in the vicinity of the antenna; such
measurements could be made a natural part of a radio noise experiment, in which an-
tenna impedance mismatch is needed in any event to obtain absolute effective noise
temperatures, Such electron density measurements would complement any such meas-

urements which might be made by electrostatic analyzers or Faraday cup collectors.

The difficulties of measurement of changes in antenna impedance under practical con-
ditions where the uncompensated antenna reactance in vacuum might be rather ex-
treme due to antenna size limitations, and the logical case for first adequately per-
forming such experiments in the neighborhood of earth's orbit has led us to consider

this experiment only as one which might be proposed at some time in the future,
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3.6.6 TV FACSIMILE OF SOLAR SURFACE FEATURES

It has been speculated that in time there might be developed a means for predicting
major solar flares which result in intense energetic particle fluxes in interplanetary
space. Since early attempts1 to derive criteria for predicting periods free from major
solar flares based on observation of sunspot penumbras, there has been some renewal
of interest in flare prediction based on observation of characteristics of calcium plage
regions.2 Improved scientific understanding of these complex phenomena might con-
ceivably lead to useful prediction schemes, in which event observation of activity on
the invisible solar hemisphere could become crucial to the manned space flight

programs,

For prediction of solar proton events in the earth-moon space, the following qualifica-
tion must be stated regarding the potential value of observing solar activity invisible
from the earth. As summarized briefly in the sections above on High Energy Charged
Particles and Interplanetary Magnetic fields, energetic particles reach the vicinity

of the earth preferentially from flares on the western solar limb, It is unlikely that
flares that have rotated beyond the western limb by more than a few days contribute

to the events observed at earth, although in one case3 riometer measurements indi-
cated an intense flux oj/ rgetic particles incident on the upper atmosphere at a time
when no class 3 flare Wa. observed from earth, Thus, for possible schemes which

might be developed to predict large flares several days ahead, the observations on

which the predictions were based would have to be made at a time when the relevant
solar region was visible from earth., Regions which had not yet rotated into sight around

the eastern limb several days ahead of the flare would not yet be in a position to pro-

pagate any energetic particles to the vicinity of the earth.

In the event that a useful flare prediction scheme can be developed with a prediction
time of the order of a week or more, then the observation of the relevant activity de-
velopment behind the sun would be required, since in one week or more, active regions

not yet brought by rotation around the eastern solar limb would arrive near the central
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solar meridian or beyond at the time of the postulated flare, which would then be likely
to be connected to the earth moon system with magnetic field configurations favorable
to the propagation of energetic particles.

In order to obtain an estimate of the complexity of a system for observation of solar
activity in conjunction with a hypothetical prediction scheme with a prediction time ex~
ceeding one week, studies were made of solar photographs viewed with a digital TV
system, Positive transparencies of the solar disc taken in white light, H o and CaK
were scanned with various degrees of brightness quantization and raster resolution.
The white light and CaK data have relevance to the prediction schemes baséd upon ob-
servation of sunspot penumbra and calcium plage regions. Recent speculations4 on the
mechanism of acceleration of energetic particles in flares indicates that magnetic null
points may be involved. The presence of the appropriate magnetic field configurations
could possibly be deduced from observation of solar magnetograms, but an experiment
to examine magnetograms was not considered due to its complexity and the as yet un-

verified nature of the theoretical speculations,

As mentioned previously, such a TV facsimile experiment would also have the capability
of transmitting photographs of the locations of large flares invisible from the earth, if
a UV-sensitive vidicon were used. This data would be extremely useful in connection

with the study of the interplanetary propagation of energetic solar cosmic rays.

The results of the study of a digital TV system, with figures obtained from the white
light pictures are given in the following pages. This work was kindly contributed by
the Electro-Mechanical Research Corporation and was performed by them on a solici-
ted, unfunded basis.

3.6.6.1 SYSTEM REQUIREMENTS

The function of the proposed television system is to produce pictures of the sun having
sufficient resolution and dynamic range to show the location and size of typical sun

spots and flares., For obvious reasons, the size, weight, and power requirements of
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the system must be held to a minimum. It is equally important that the required data
be transmitted to earth with as few information bits as possible. Additional problems
which must be considered in the system design are the inaccuracies in the spacecraft

pointing vector and the variations in the distance to the sun during the mission.

3.6.6.2 PRELIMINARY DESIGN CONSIDERATIONS

The requirement of minimum size, weight, and complexity conflicts with the require-
ment of obtaining maximum picture detail per transmitted bit. Several typical sun pic-
tures were analyzed on the EMR EDITS (Experimental Digital Television System)
equipment to determine which trade-offs between complexity and picture quality were
most advantageous. The variable parameters in these tests were resolution and number

of quantizing levels.

Figures 3.6.6-1 and 3.6.6-2 are reproductions of the original white light photographs,
and figures 3.6.6-3 and 3.6.6-4 are representative of the pictures obtained using 256

scanning lines and three bit quantization to reproduce the white light sun photographs.

Figure 3.6.6-1. Reproduction No. 233 Figure 3.6.6-2. Reproduction No. 240
of Original White-Light Photograph of Original White~Light Photograph

Courtesy of the Mount
Wilson and Palomar
Observatories
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Figure 3.6.6-3. Transparency No. 233A, 256 Lines, 3 Bits

Figure 3.6.6-4. Transparency No. 240, 256 Lines, 3 Bits



These two reproductions retain essentially all of the pertinent information contained

in the originals. Figures 3.6.6-5 and 3.6.6-6 were made from the same transparen-

cies but with only 128 scanning lines and again, three bit quantization. Although the

qualitative inferiority of Figures 3.6.6-5 and 3.6.6-6 is obvious, a close comparison

of these with Figures 3.6.6-3 and 3.6.6-4 suggests that very little actual information

is lost by using the coarser scan.

Additional experiments were conducted with EDITS to determine whether or not suf-

ficient data compression could be achieved to make the use of 256 line pictures feasible,

on a data rate basis. The optimum compression technique for the "white light' pic-

tures is "run length coding'; analysis of the picture statistics indicates a compression

ratio of approximately 5:1. By using "run length coding", each 256 line picture would

require only 40,000 bits as compared to 50,000 bits for an uncompressed 128 line

picture,

3.6-16
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Figure 3.6.6-6. Transparency No, 240, 128 Lines, 3 Bits

On this basis, it would obviously be desirable to use the high resolution compressed
system provided that the penalty in system complexity and size is not too large. Un-
fortunately, a preliminary system design and parts estimate indicates that the com~-
pression equipment would add approximately seven pounds to the payload weight; this

is judged to be too severe a penalty to pay for the expected gain in system performance.
Another point against the compressed system is that the compression ratios for the

H, and C ak pictures studied would be as low as 2:1 or 3:1 because of their greater detail;
thus, the improvement realized by the added complexity is partly offset by an increase

in the required bits per picture.

3.6.6.3 SYSTEM DESCRIPTION - OPTICAL SYSTEM

Figure 3.6.6-7 is a functional block diagram of the major system components. The

vidicon objective lens provides a fixed field of view of 1. 5° on the vidicon target.
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With this field of view, the diameter of the sun's image varies from 0. 95 DT to 0, 33
DT (DT = length of side of useful square target area), at perihelion and aphelion, re-
spectively. The vidicon can resolve 500 lines across the full target and 500 X 0, 33 =
165 lines for the minimum size sun image; thus the system resolution of 128 lines is

not degraded by using the fixed focal length optical system.

The beam splitter directs a portion of the total incident light to a silicon radiation
tracking transducer; the sun tracker field of view is approximately 5°. The X and Y
error signals from the tracker drive the mirror servos to center the sun's image on
the vidicon target. Centering the image on the vidicon serves two purposes. First, it
assures that the total image is included in the vidicon field of view in spite of the space-
craft pointing vector inaccuracies. Second, since the image position is known, the size
of the scanning raster can be adjusted in accordance with the varying image size, to
maintain the full 128 line resolution across the image. Figure 3.3.6-8 shows the rela-
tive image and raster sizes at the extremes of the solar orbit. A total of six intermedi-

ate raster sizes will provide adequate scan utilization throughout the orbit. The raster

IMAGE SIZE
| AT PERIHELION

IMAGE SIZE
AT APHELION

I RASTER SIZE

AT APHELION VIDICON TARGET USEFULL AREA

Figure 3.6.6-8. Relative Image and Raster Sizes at Aphelion and Perihelion

AND RASTER SIZE AT PERIHELION



size changes can be accomplished by transmitting a three bit code word each time a
new size is required; the interval between size changes will be days, near aphelion,

and weeks near perihelion,

Optimum vidicon exposure is achieved by using a ten millisecond shutter in conjunction
with a neutral density filter having a density of approximately 3. 0; the objective aper-
ture is approximately 14 millimeters. In the event that H o °F Cak pictures are re-
quired, additional filters and a positioning mechanism, operated by command signals,

would be required and a longer exposure time would be used.

3.6.6.4 CAMERA ELECTRONICS

The camera tube is a slow scan, electrostatic vidicon capable of storing images for
several minutes before readout, with negligible deterioration. The vidicon power sup-
ply generates regulated voltages for all the vidicon elements including the heater; pro-
vision is also made for an eight step focus voltage adjustment which is set, if required,
by a 3 bit command word. Vidicon beam current is regulated to obviate the necessity
of commanded adjustments. Target voltage need not be adjustable, since the light

levels to be encountered are well known and remain constant.

The vidicon deflection amplifiers contain simple logic circuits to vary the digital ras-

ter size in eight steps; a single 3 bit command word is required to set the size adjust-

ment.

The video amplifier unit provides for a 3 bit command gain adjustment to match its
output level to the sample and hold unit; this is a precaution against possible build up

of long term drifts in vidicon sensitivity, sample and hold circuit gain and quantizer
threshold.

3.6.6.5 DIGITAL CIRCUITS

The synchronizer generates all timing waveforms required in the system. It supplies

sweep advance pulses to the digital sweep generator at the element rate of 133 pulses

per second.
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The quantizer provides a 3 bit parallel output for each element sample to the PCM
output unit. The PCM pulse train to the vehicle storage is at a 400 pulse per second
rate. Horizontal synchronizing code words are inserted at the end of each line by the
PCM output unit. Each picture requires 50,000 bits, yielding a frame readout time of
125 seconds at a PCM rate of 400 pulses per second.

3.6.6.6 SYSTEM IMPLEMENTATION

The entire electronic portion of the system, with the exception of the mirror servos,
can be implemented with circuits already designed and proven for Project Celescope.
This approach is definitely recommended because of the similar reliability require-
ments of the two equipments. The Celescope equipment makes use of micropower,
quad-redundant circuit modules to achieve a life expectancy of 10,000 hours in orbit,
after 10, 000 hour storage. The life expectancy of the Solar Probe Television System
will be even longer because of its relative simplicity and the fact that far fewer com-

ponents are required.

Detailed block diagrams of the proposed system were used to establish an electronic
part count, and size and power estimates were made. The estimates for the system,

including optics, are as follows:

Weight : 154 ounces
Volume : 175 cubic inches
Power Consumption: 12 watts (only when actually making a
picture, otherwise negligible).

3.6.6.7 REFERENCES FOR SECTION 3.6.6

1. K. A. Anderson, NASA TN D 700, Mar. 1961

2. J. B. Weddell, Paper P5 Bull. APS 1963 Summer Meeting, Alberta, Canada
|

3. G. C. Reid & H Leinbach, Geophys. Res. 64, 11, 1801, (1959)

4., J. E. Dungey, '"Null Point in Space Plasmas" Symposium on Plasma Space
Physics, Catholic U., June 1963
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3.6.7 VLF ANTENNA IMPEDANCE MEASUREMENT TO DETERMINE
ELECTRON DENSITY

Discussed in Paragraph 3. 6. 5, above,

3.6.8 SOLAR NEUTRONS

The possibility of detecting neutrons from the Sun has been discussed by Biermann,
Haxel, and Schliiter1 as early as 1951. Attempts to detect such neutrons by means of
instruments located near the Earth have so far given either negative or inconclusive
results. 2 A more extensive attempt to detect solar neutrons during quiet Sun has been
made recently by Haymes in balloon flights from Texas; the results are not yet avail-

able. 3

Here we will not discuss the mechanism of neutron production on the surface of the
Sun, nor make any estimate of the production rate of such neutrons. The phenomena
on the solar surface are not sufficiently understood to justify such a detailed discus-
sion in the present context. Suffice it to note however that neutrons are undoubtedly
produced in nuclear reactions taking place on the solar surface, especially in active
regions and during solar flares, These neutron-producing reactions will involve the
more abundant light nuclei (i.e., He, C, N, O) found both in the solar surface ma-
terial and in the solar-cosmic-ray beam accelerated in flares, It is reasonable to as-
sume that the energy of these neutrons at the time of production are on the order of

1 Mev if they are evaporation neutrons, from ''stationary' nuclei and on the order of
10 to 100 Mev if they are from direct processes, or from evaporation by nuclei mov-
ing at high velocity., There must also be solar neutrons of still higher energy, but
these must be very rare compared with neutrons of lower energy. Some of the neu-
trons will be moderated by the hydrogen in the solar surface, but these slow neutrons

have practically no chance of being detected as will be shown.

As far as solar neutron studies are concerned, the advantages of a solar probe (at

1/3 AU) over an Earth satellite (at 1 AU) arise from the following three considera-

tions: (1) The shorter distance the neutron must travel between source and detector
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increases markedly the probability of survival against decay; (2) The inverse square
law favors the solar probe by a factor of nine; (3) The solar probe is not subject to
the background due to atmospheric albedo neutrons. We now discuss the first two

points more quantitatively.

We know that the neutron at rest decays into a proton, an electron, and a neutrino,
with a mean life of about 1,000 seconds, If a neutron is moving with a velocity ap-
proaching that of light, its mean life is appreciably increased as prescribed by special
relativity. Suppose a collimated beam of solar neutrons is emitted in the direction of
a detector located at a distance R from the Sun. For an Earth satellite Re =1AU =
L5x 10'3 cm. For the solar probe, R=1/3 AU = 0.5 x 1013 cm. The fraction

f (E) of the emitted neutrons of kinetic energy E surviving to the detector is, on the
average,

-R/v (E) )

f(E)=e
7,7 (E)

where v (E) is the velocity of a neutron of kinetic energy E, 7 o is the mean life of

1
neutron at rest ~ 1000 sec., 7y =

1-p2

1
and 8 = &, and c=3x 10 0 cm/sec = velocity of light.

Eq. (1) can be written as

-R/c

L= T E® v ®

ce Rl @)

For v << ¢, Eq. (2) reduces to

-R/c 1

= —_— 2
f®=c 5 @)



Table 3.6.8-1 gives f_and fp for the cases R_ = 1 A, U. and Rp = 1/3 AU, respec-

tively, as a function of neutron energy. Also given in Table 3. 6. 8-1 are the quantities

_ fe
ge T 471 R
e
fp
g:
4 1R
P p

g is the average number of solar neutrons reaching a detector surface of 1 cm2 lo-
cated at a distance R from the Sun, per solar neutron emitted isotropically from the
Sun. The assumption of isotropy at emission is probably justifiable considering the

complex orientations of the charged particles in solar active regions.

The quantity of interest in Table 3.6.8-11is g /g For example, it is seen that de-
tection at 1/3 AU, is some 10 times as efflclent in detecting 1-Mev solar netrons
as one located at 1 AU. That fp/fe is about a factor of 10 smaller than gp/ge is ex-
pected since fp/fe does not take the solid-angle advantage of the solar probe into

account,

Obviously, the lower the neutron energy, the greater the advantage of the solar probe
over the Earth satellite, For neutrons below 0, 1-Mev, detection is perhaps hopeless
anywhere except for detectors very close to the inner corona. For néutrons above

100 MeV, the advantage of the solar probe is not remarkable, Since the neutrons of
greatest interest are in the 0. 1 to 100 Mev range, and since no conclusive detection

of solar neutron has yet been made from the Earth's vicinity it is desirable to search
for solar neutrons in the proposed solar probe. The considerable flux advantage of

the solar probe ensures that the merit of such an experiment will not be greatly dimin-
ished should solar neutrons be already detected in Earth satellites-when the solar

probe becomes ready,

One of the problems that will arise is that of the choice of design of neutron detectors.
The difficulty stems from the need to discriminate against charged particles and pho-

tons from the Sun as well as the neutrons produced in the spacecraft structure and in
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the detector itself, A particularly favorable position for solar neutron detection is
when the detector is on the same side of the Sun as the flare but is not magnetically
coupled to the flare. In this position, the detector is in the neutron flux but not in the
full charged-particle flux. Such a situation arises when the flare is near the central
meridian (as seen from the detector) or to the east of it. The neutrons produced in

the spacecraft structure can be eliminated by placing the detector on the end of a boom
or a cord extended from the main spacecraft. Neutrons produced in the detector ma-
terial as well as charged particles and photons from the Sun can be discriminated
against by means of various biasing and anti-coincidence arrangements. Perhaps the
most successful of such detectors at present is that of Mendell and Korff4 which de-

tects fast neutrons mainly in the range 1 to 10 Mev. In its present form, it weighs

some 70 lbs., and is obviously too heavy for the earlier solar probes. It is not at
present clear whether the weight of this detector can be greatly reduced. It is, how-
ever, to be expected that during the years before the first solar probe is ready, fast-

neutron detection technology will be much improved (e. g. solid-state neutron detectors).

3.6.8.1 REFERENCES FOR SECTION 3, 6. 8

1. L. Biermann, O. Haxel, & A Schluter, 2 Naherforschung 6a, 47 (1951)

2. M. Swetnick, H.A.C. Neuburg, and S.A. Korff, Phys. Rev. 86, 589 (A) (1952), and
T. A. Bergstralk & C.A. Schroeder, Phys, Rev. 81, 244 (1951)

3. R.C. Haymes. Phys. Rev. 116, 1231 (1959) and private communicate (1963)
4, R.B. Mendell & S.A. Korff, preprint (1963)

3.6.9 ENERGETIC ELECTRON DETECTOR

Following large solar flares, solar radio emissions are observed which appear to be
characteristic of synchrotron radiation from relativistic electrons, It is reasonable
to assume that the flare acceleration mechanisms which give rise to energetic proton
fluxes observed in the vicinity of earth would also be capable of accelerating electrons
to high energies. On the other hand, energetic electrons have not been observed in
interplanetary space during solar proton events. To some extent this may be related

to the difficulty of discriminating a weak flux of minimum ionizing electrons in the
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presence of an intense flux of heavily ionizing particles. On the other hand, radiation
loss and greater inhibition to diffusion across magnetic field lines might greatly weaken
the flux of electrons as compared to protons. It would be interesting to search for
energetic electrons at closer distances to the sun, Measurements of the spectrum of
electrons accelerated in flares and comparison with the spectrum of heavier particles

might give clues as to the nature of the acceleration processes.

Recent developments in thin wafer solid state detectors indicate that minimum ionizing

electrons can be discriminated in the presence of intense backgrounds of more heavily

ionizing particles. It is desirable, however, that more effort be expended upon per-
forming such an experiment in the vicinity of the earth's orbit before it is designed

for and flown on a solar probe mission,

3.6.10 EXPERIMENT TO DETERMINE VEHICLE SURFACE CHARGE

As mentioned in Section 3. 3. 2, measurement of the spectrum of the electron compon-
ent of the interplanetary plasma is expected to be considerably complicated by the
presence of a vehicle electrostatic potential, in the event that this is appreciable com-
pared to the mean energy of the electrons. The plasma temperatures deduced from
the widths of the ion energy distributions measured aboard Mariner II appeared to lie
in the range 105 to 106 °K, corresponding to energies in the range of tens of electron
volts. The vehicle potential due to photo effect and electron bombardment could easily
be important for the lower temperatures, assuming the electrons are in thermal equi-
librium with the ions. In order to interpret the electron's measurements in such a
case, some attempt should be made to derive the value of the vehicle potential relative
to space. This might be done by measuring the vehicle surface charge, which gives
the value of the normal component of the electric field, and comparing with theoretical
computations to obtain the vehicle potential. The following discussion is intended to

indicate a possible manner in which this might be done.

It is important to note that the escape of photoelectrons is not necessarily limited by
the space vehicle potential but by the potential drop to a possible potential minimum
within the sheath structure. 1 In that case there will be a double layer of space charge



outside the surface, negative near the surface and positive further out. The electric
field at the surface can, therefore, be reduced to a small value or even reversed.

Thus on the sunward side of the vehicle there may be a complicated sheath structure
because there the current flow is a combination (1) of the ion current which consists
only of those ions swept from the plasma by the relative gross motions of the vehicle

and plasma wind, (2) of the plasma electron current which is almost wholly accounted

for by thermal motion, and (3) of the photoelectric emission current, In contrast, on
the shaded side the only non-negligible current is that of the electrons whose space
charge effect in the absence of ions will be negligible. There will be no double sheath,
so that the surface field will be an accurate indication of a satellite potential different
from zero. These considerations are of utmost importance for the placement of the
relevant experiments, They tell us that if the vehicle potential relative to space is to be
found by neasuring surface charge, the surface used must be on the shady side of the
vehicle. An ideal position would be in the middle of the back surface of the vehicle.
This region would be well shielded from the sunward side double layer and the density

of surface charge would bear a fixed relation to the vehicle potential.

The surface charge yields a field strength, but a distance is needed in addition, in
order to find a potential, This, the Debye length, can be estimated from the plasma
temperature and density. Using the mean values deduced from Mariner II, we obtain
a Debye length of about 20 vehicle radii in the vicinity of the earth's orbit, so that

there the "ground" against which the vehicle potential exists can be taken as infinity.

The device to measure surface charge can be conceived as a generating voltmeter. An
insulated portion of the satellite surface is alternately exposed to space and covered
by a shutter which is grounded to the vehicle skin, The charging current is a direct
measure of the surface electric field, but there is, in addition, a particle current
because of the local unbalance of current to the collector. Electronically analyzing
the composite current, the charging component ca:tl be separated out, since the time

dependence of the two components is considerably different.
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The generating voltmeter can be calibrated using a scaled-down model which can dupli-

cate the particular geometries which can occur.,

3.6.10.1 REFERENCES FOR SECTION 3.6.10

1. Collected works of I. Langmuir Vol 5, p. 140

3.6.11 HIGH ENERGY COSMIC RAY EXPERIMENT

As discussed in Section 3, 3, 4, the principal new experiment in the field of energetic

particles which could be contributed by a Solar Probe vehicle would be aimed at

separating the lower energy particles into those originating from the sun and those
entering from outside the solar system. The frequency of occurrence and delay times
for various energies and directions observed during solar events could add greatly to
knowledge of propagation and possible trapping of these particles. Because of the range
of energies observed from solar flares and because the solar modulation of galactic
cosmic rays is expected to be greatest at the lower energies, primary attention should
be focussed on the range below several hundred Mev, as discussed previously. For
this reason, a cosmic ray experiment aimed at examining higher energies, say to

1 Gev, is here delegated to the alternate experiment list. In the event that future in-
terest indicated the desirability of performing an experiment at such higher energies,
other equipment than that indicated in Section 3. 3. 4 is indicated—Cherenkov detectors
for example. In any event, it is unlikely that such an experiment would fly on the earlier

Solar Probes.

3.6.12 RF MASS SPECTROMETER

Considerable interest hinges upon the measurement of the exact chemical composition
of the gases in interplanetary space. The Mariner II plasma detectors gave evidence
on some occasions of doubly ionized helium gas components participating in the general
mass motion of the more abundant ionized hydrogen. More detailed energy spectra

with improved instruments should add materially to these observations. A reasonably




precise measurement of the abundance ratio of hydrogen and helium in the solar wind
would give clues as to the abundance of these gases on the surface of the sun, which
would be helpful for the astrophysical calculations which use surface composition as

a boundary value for the internal composition problem,

The plasma detectors discussed in Section 3. 3. 2 should have sufficient energy channels
to give important information on relative abundances of charged ions of different masses.
Information on the neutral gas distribution will not be obtained; on the other hand most

of the interplanetary gas is expectéd to be ionized, particularly in the vicinity of the

solar probe perihelion. For this reason, it is considered that more work should be

done to detect the neutral gas component of the interplanetary medium before such an

experiment be considered for inclusion on a solar probe mission.

3.6.13 IMPROVED DETERMINATION OF THE ASTRONOMICAL UNIT

In the construction of planetary ephemerides the unit of distance is the astronomical

unit, the unit of mass the solar mass, and the gravitational constant, the Gaussian

tem since the distance at any time between any two bodies in the solar system for
which the motions are adequately known can be expressed in these units, Conversely'
if the distance between any two bodies ‘in the solar system can be measured in a physi-
cal system of units, say the MKS system, always assuming that the orbits are ade-
quately known, such a measurement will yield the value of the astronomical unit in
meters. Thus the scale of the solar system can be expressed in terms of an absolute

rather than a relative set of physical parameters.

| The objective of this experiment is to provide a means for more accurately determining
the absolute value of the astronomical unit., Consider, therefore, the earth to be one
body, the solar probe the other, both in orbit around the sun. The orbital motion of
the earth is precisely known. From the launch and near earth tracking conditions

the orbit of the solar probe can be computed and an ephemeris compiled in the relative
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system of units. (This computation should include the gravitational perturbations due
to the other planets in the solar system as well as the earth and sun. ) By tracking the
probe we may continually compare the observed and computed trajectory parameters.
But since the tracking data is in a physical system of units the comparison can only
be made by the introduction of a proportionality constant, viz the numerical value of
the A, U, expressed in meters. By computing a least squares fit of the observed and
computed values of the observables along the entire orbit this constant will be con-

tinually refined and a more accurate value determined.

For the solar probe the observable is the Doppler shift in the probe's transmitter fre-
quency corresponding to the relative radial velocity difference between the probe and
the earth based tracking stations. By removing the effects of the earth's rotation and
revolution the absolute radial velocity of the probe in an inertial reference frame can

be obtained.

Such an experiment has been conducted in tracking the Pioneer V and the Mariner
Venus fly by, but unfortunately both of these probes lost contact with the earth after
having traveled only approximately 1/3 of one revolution in their orbits around the
sun, Thus the fit was over this limited portion of the orbit and the precision with
which the A.U. could be determined was only to the order of older determinations by
other methods (Rabe 1950). With the solar probe it is expected that a more accurate
determination will be made since Doppler tracking will be available over at least one

full orbit,

The solar probe should employ for this experiment a phase-locked transponder that
upon interrogation from the earth emits an R. F. signal in the 2 gc range with a fre-
quency known to an accuracy of one part in 1010 of the transmitted frequency. This
signal should be unmodulated and of a duration of at least 30 seconds once phase-lock
has been achieved. The Doppler shift in the carrier retransmitted from the vehicle
should be monitored and integrated during the periods when the DSIF is being used to
interrogate the Solar Probe. Sampling along the orbit should be as frequent as possi-

ble during an entire vehicle orbit. It appears that the equipment necessary to perform



this experiment will be available in the form of the DSIF - Solar Probe telemetry

link and that no additional experimental equipment will be needed.

3.6.13.1 REFERENCES FOR SECTION 3.6.1.13
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SUMMARY AND CONCLUSIONS

The present level of knowledge of the sun and its atmosphere is
based on the traditional combination of theory and experiment. How-
ever, experimental investigations have been limited by the difficulty of
simulating the sun and its atmosphere in the laboratory and by the
presence of the earth's atmosphere and magnetosphere. In the last
decade strides have been made in experimental investigation by the use
of rockets, earth orbiting satellites (e.g., OSO) and the first interplane-
tary probe, Mariner II. [A survey of the present knowledge of the solar
atmosphere is presented,_aescribing both the solar surface and the in-

terplanetary medium.

Even with the tremendous accumulation of experimental data since
1950, there is no certainty as to which, if any, of the many concepts of
the dynamic corona is correct. While some of these concepts differ
only in detail, others such as Parker's and Mustel's disagree funda-
mentally. These latter are discussed at length in order to point out the
areas of disagreement and the experimental evidence supporting areas
of each. Scientific measurements are discussed that would permit us
to evaluate the degree of validity of the various concepts in the develop-
ment of a broad concept of a dynamic corona, as well as to measure the
solar atmosphere at the particular time of flight. ;’ This discussion is
limited to experiments which are uniquely suited to a Solar Probe mis-
sion and which give information that cannot be obtained by observations
from the earth or earth satellites. These experiments revolve mostly
around measurements of the solar wind properties, the magnetic fields
and the energetic charged particles of solar and galactic origin. The
special requirements for these experiments are discussed, such as
magnetic cleanliness in the vehicle and interference to the particle de-
tectors by a radioisotope power supply. It is seen that a plasma probe
and charged particle detector gain in usefulness by being mounted on

a rotating platform. On the other hand the magnetometer and neutron
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detector need to be on a 25-foot boom. A discussion of a VHF trans-

mission experiment describes how one can get electron density infor-
mation in the outer corona by observing the dispersive doppler shift
of a VHF signal transmitted from earth to the spacecraft. The im-
portance of having magnetic field, plasma (solar wind) and energetic

charged particle detection for study of solar flare phenomena is

t

stressed. It is also seen that a single solar flare X-ray scanner can
increase the usefulness of other flare data by identifying the location
of flares which produces data onboard but cannot be seen from the

earth.

It is concluded that a solar approach in the vicinity of 0.2 to 0.4 Aﬁ\g
will satisfy most of the scientific objectives proposed. A launch "
schedule is proposed with a first launch during the quiet sun in 1967 and
then successive launches at eight-month intervals starting in 1969 so
that two spacecraft are in flight during the period of maximum solar
activity. In this way simultaneous measurements can be made by two
Solar Probes at different positions in the solar atmosphere and cor-

related with measurements from earth orbiting satellites (OSO) and

- \

earth based observations.

A bare minimum payload is presented to illustrate what instruments
would be considered absolutely essential to making the Solar Probe
worthwhile. These include magnetometer, plasma probe and charged
particle telescopes. A lightweight payload of 30 pounds is also sug-
gested. This adds two experiments to the minimum payload, the VHF
experiment and the flare scanner. An Atlas/Agena/X-259 launch
vehicle can inject this payload to a perihelion of 0.3 AU to be consistent
with a 200-pound spacecraft. A more complete experimental payload
is presented to be consistent with a 400-pound spacecraft that the
Atlas/Centaur/X-259 launch vehicle can inject to a 0.3 AU perihelion.
This complement of experiments weighs 60 pounds; it includes, in
addition to the above, a neutron detector, a white light corona meter, a

rubidium vapor magnetometer and a mass spectrometer.

A payload which would be typical for a mission going away from the
sun is also given. This includes a magnetometer plasma probe, charged

particle telescope and a large surface area micrometeoroid detector.
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|. MODEL OF THE SOLAR ATMOSPHERE

A, THE SOLAR SURFACE

1. Photosphere

Optical observations have yielded a great deal of knowledge about
the surface of the sun. The visible disk of the sun, referred to as the
photosphere, has a black body temperature of about 6000° K, although
the uppermost portion of the photosphere appears to be as low as
4500° K. The photosphere is decorated with brightened granules hav-
ing lifetimes of the order of three minutes and diameters of approxi-
mately 1000 km. At any one time there are about a million visible on
the photosphere covering about a third of the visible area. Structures
formed of this granulation have recently been found and given the
name supergranulation. This structure takes the form of small rings
of more intense granulation surrounding the normal granulation.

On this surface one sees the development of centers of activity.
These appear in general to be bipolar magnetic regions which are
thought to be due to twisted irregular magnetic field strands, which
were initially submerged below the solar surface and became twisted
as a result of the differential velocities of solar rotation. (The solar
equator is seen to rotate with a period of 25 days. The period lengthens
at successively higher latitudes, reaching 30 days at the poles.) Hav-
ing come to the surface, these centers of activity, referred to as photo-
spheric faculae, contain a number of sunspots--darker regions which
have magnetic fields with strengths estimated at several thousand
gauss. The darkness indicates a lower temperature,evidently due to
restricted motion in the large magnetic field. The magnetic fields in
the facular region surrounding the sunspots appear to be less than 100
gauss. The sunspot groups evolve in about a week from the appearance
of the first spots to the maximum development and then decay again
over a period of several weeks. The gas density at the photospheric

surface is deduced from the light intensity to be about 10—8 gm/ cm3.

2. Chromosphere

The boundaries of the chromosphere are defined in terms of optical
diameter of the photosphere at one extreme, and in terms of tempera-
ture and density of neutral hydrogen atoms at the other extreme. Just
above the photosphere, the chromospherlc temperature begins a rap1d
rise to an estimated ~50,000° K at 1000 km and then to ~1 million °K
at a height of about 3500 km. While the height of the chromosphere-
corona interface varies in both time and space, the 3500 km represents
an average height of this interface above the photosphere.

ER 13110-11



Photospheric faculae, which contain the sunspots, have chromos-
pheric faculae (plages) above them which are particularly bright in the

K line of singly ionized calcium and extend to dimensions of 10° km
around the sunspots. The material in the chromosphere shows definite
upward and downward motions although the relative amounts of each
are a matter of considerable uncertainty. The vertical velocities seem
to be of the order of 15 km/sec,although on the plages they appear to
be about half this value due to the stronger magnetic fields in the plages
estimated between 20 and 100 Gauss. On looking more closely at the
chromosphere, one sees many fine spicules or columns rising in the
chromosphere with many of them rising well up into the corona. The
plage areas are seen to be simply a denser packing of spicules. It is
also quite suggestive that energy transfer through the spicules accounts
. for the great heating of the upper chromosphere and the corona. The
supergranulation on the photosphere appears to be the base of the
spicules whereas no spicules appear to arise from the normal granu-
lation (Fig. 1). This chromospheric network of spicules is topographi-
cally identical with a magnetic network with a field strength compar-
able to plage field strengths. Thus the spicules, observed as a fine
mottling of the chromosphere, are the seats of the chromospheric
magnetic network,

3. Corona

The region beyond the chromosphere starting at ~3500 km above
the photosphere is called the corona. The outer boundary of the corona
has often been described as the outer part of the 'visible'" corona seen
in eclipse photographs although it 4s probably more realistic to de-
scribe the entire interplanetary space as part of the corona. The
activity in the corona is evidently very dependent on the situation in
the chromosphere below it. The coronal regions above plages seem
to have an increased density. A density ratio of a factor of 10 higher

than the surrounding corona has been seen above plages at a height of

105 km. The temperature in this condensation is somewhat higher

than the surrounding corona (vtwice) and the magnetic field is about

2 to 6 Gauss at 105 cm. The high temperature of the corona results
most probably from a flux of acoustic energy rising through the
chromosphere in the spicules., Calculations have shown that the flux
of acoustic energy from a region with a magnetic field of about 50
Gauss is about five to 10 times greater than the flux from the quiet
parts of the sun. The acoustic energy transforms into a shock wave,
dissipating its energy in the upper parts of the chromosphere and
causing the increased density and heating in the corona above it.

Coronal temperatures are usually deduced from radio observations,
emission line intensities, and emission line profiles. The line emis-
sion observed is produced by ions in high stages of ionization. The
radio observations and line intensities yield electron temperatures,
whereas the line profiles give ion temperatures. Although all of these
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Fig. 1. Chromospheric Spicules Rooted to Supergranulation of Photosphere
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temperatures seem to be of the same order of magnitude ('le6 deg),
the electron temperatures derived from line intensities rarely agree
with the ion temperatures derived from profiles of the same lines.
Thus, the determination of details of the thermal structure of the co-
rona is still an important problem of current research. In fact, any
heating mechanism will have to account for such a structure once it
becomes known.

B. SOLAR WIND

Evidence from many sources has pointed to the existence of a high
velocity stream of particles being emitted from the sun. Bierman
pointed out 12 years ago that the acceleration and the excitation and
ionization of type-I comet tails can be explained only by a continual
high speed streaming of particles from the sun. His analysis showed
that this corpuscular radiation is more intense during periods of en-
hanced solar activity, but there is no indication that this radiation
ever ceases even during extended quiet periods. This view is consis-
tent with ascribing the quiet day aurora and continual agitation of the
polar geomagnetic field to incidence of solar corpuscular radiation.
With this picture of a ""solar wind'' there can be no static interplane-
tary medium since all interplanetary gas would experience the same
acceleration as do the comet tails.

Plasma probes aboard the Russian Luniks and aboard Explorer X
satellite measured such particle fluxes intermittently. The Mariner II
plasma probe, directed toward the sun, detected a solar wind during
the entire four months of its flight path from Earth to Venus with ve-
locities between 300 and 800 km/sec and fluxes of about 1. 2 x 108 part-

icles/(cm2 sec).

A number of models of a dynamic solar corona have been developed,
with differences in models varying from the fundamental to mere sub-
tleties. Two concepts which are both comprehensive and fundamentally
different are those of Parker and Mustel. These are discussed below
not only to point out the differences in concepts, but to define the scien-
tific measurements that would not only permit definition of the solar
atmosphere at the time of flight, but would permit evaluation of the de-
gree of validity of each concept in development of a broad concept of a
dynamic solar corona. It should be noted that the same types of
measurements would be needed to verify or disprove any of the other
concepts currently under consideration.

ER 13110-11
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1. Parker's Model of Solar Wind

‘
¢ 0

Parker has shown (Fig. 2a) that starting with the generally accepted

coronal temperature of about 106° K, which extends out to several solar
radii by thermal conduction and/or active thermal heating, and if one
treats the corona as a hydrodynamic system tightly bound by the solar
gravitational field, then one is led to conclude the existence of a con-
tinual hydrodynamic expansion of the outer corona into space. The ve-
locity obtained for this outward blowing solar wind actually increases
with distance from the sun (Fig. 3). This is because the outward pres-
sure due to high temperature of the corona would not decrease as fast
with distance as the gravitational potential of the sun.

The energy necessary to maintain the coronal temperature in the
face of the energy blown off in this solar wind is considerably larger
(~100 X) than the estimates usually associated with radiation and con-
duction to the corona. Parker shows that hydromagnetic waves propa-
gating outward through the solar corona would convert all but a small
portion of their energy into suprathermal particles by a Fermi type of
acceleration, suggesting that this is the source of the large energy
necessary to maintain the temperature of the corona with its continued
expansion into the solar wind.

Parker's model of the solar wind consists, in its idealized form, of
an isotropic flow of gas radially outward from the sun. The general
solar magnetic fields are dragged out by the outblowing solar wind.
However, due to the rotation of the sun these magnetic field lines de-
scribe an Archimedes spiral. Further, on the basis of cosmic ray
modulation data, he expects that the magnetic spiral becomes highly
disordered somewhere beyond 1 AU, Admittedly there are a number
of qualifications which must be appended to this model, although the
fundamental aspects are still the same. For example, there seems to
be evidence that the gas outflow becomes less with increasing solar
latitude. Furthermore, there is evidence for a rather inhomogeneous
solar wind even in the equatorial plane.

2. Mustel's Model of Solar Wind

Mustel describes a rather different concept of the coronal expan-
sion. He envisions the expansion in terms of the continuous ejection
of isolated clouds of plasma with their frozen-in magnetic fields
oriented at random (Fig. 2b). Mustel argues that such a random char-
acter of the magnetic fields of the solar wind is consistent with the ob-
served radial and continuous motions from the sun of ionized gases in
comet tails.

ER 13110-1I
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The enhanced coronal density and elevated temperature above the
magnetic structure in the spicules of the chromosphere are seen as
the sources of gas outflow from the sun., Very slight increases in
coronal temperature cause a great increase in mass flow. The greatest
mass flow would come from the coronal condensations above the plages,
since the temperatures and densities are a little higher here than above
the spicules in the general chromospheric magnetic network. The gas
which thus escapes from the magnetic regions of the chromosphere
carries with it the magnetic field of the region. Thus the outflow of gas
is seen as a conglomeration of individual gas clouds, each carrying a
magnetic field. The large variations seen in the coronal occultation
of radio stars are cited as evidence of this emission of elongated plasma
clouds. These plasma clouds end up forming a rather amorphous group
of ""classical streamers," which would extend out to only 0.15 to 0.25 AU,

Mustel also describes plasma emissions from faculae or young
activity centers as being of a more filamentary nature. These R-rays,
as he calls them, which move radially out, and tend to be wound up
spiral-like at greater distances to the sun, consist of many thinner
threads which do not expand outward, presumably kept together by the
magnetic fields they carry with them. These magnetic fields are
probably much stronger than those carried by the "classical streamers, '
since they originate in the facular regions where the chromospheric
magnetic fields are stronger. These R-rays can extend up to great
distances from the sun and have been postulated as identified largely
with the streams of particles responsible for the 27-day recurrent
geomagnetic storms, The sources of these streams were introduced
as M-regions by Bartels in 1932 to explain the recurrent storms. Thus
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Mustel identifies new centers of activity as the M-regions whereas
Waldmeir has shown statistically that the recurrent storms can also be
connected with the activity regions from which the sunspots have since
disappeared.

C. SOLAR FLARES

Once in a while a sudden brightening is seen to occur in the vicinity
of a center of activity on the sun. This brightening, or flare, is ob-
served to occur in the upper chromosphere or lower corona. The
essential feature of the flare is that it has a great and suddenly ac-

quired density (103 to 105 times greater than the surrounding region).

It appears as many thin knots and threads having thicknesses of about

10 km. The flare seems to arise when two bipolar spot groups approach
each other. The magnetic energy density due to these groups in the high
chromospheric region far exceeds the kinetic energy of the plasma, so
that the approaching magnetic fields greatly condense the plasma. This
eventually reaches a point where instabilities occur, causing some sort
of sudden collapse of the plasma and the subsequent optical flare. The
mechanism of energy emission is not well understood. Numerical
estimates based on the observed size and compression ratios tend to
rule out (1) cooling of coronal gas which condensed in the flare, (2)
kinetic energy of the two approaching masses of gas and (3) release of
magnetic energy. Nuclear transmutations seem to be the most likely
source of energy release; this seems partially substantiated by the
tritium found in a recovered satellite nose cone which was in orbit
during a 3+ flare. '

Local electric fields can develop during the early phase, reaching

field strengths of 105 to 106 volts with dimensions probably not exceed-
ing 100 meters. These would accelerate electrons in many directions,
some of which would go downwards where they would interact with the
denser matter in the photosphere to progiuce X-ray Bremsstrahlung

which has been observed in the 1 to 0.1 A region during a number of
flares. Some would accelerate upwards into the chromosphere where
they would excite plasma oscillations in the corona. These have been
observed as the Type III radio bursts which are of a few seconds dur-
ation. In this time the radio noise changes in frequency at a rate of
about -20 mc/sec/sec. This decrease in frequency corresponds to the
decrease in the plasma frequency of the region of the disturbance as
the electrons move upward with a velocity of ~150, 000 km/sec

(8 x 104 ev).

The compression characteristics of the flare produce a hydromag-
netic shock wave, Matter propagates outward behind the shock front
with a speed of ~1500 km/sec. The upward speed of this disturbance
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is characteristic of a change in plasma frequency which is seen in the
slower frequency shift (-1 mc/sec/sec) of the narrow band Type II
radio emission observed in subsequent minutes of flare development.
The flow of matter which accompanies this shock wave is probably the
same flux of plasma which causes the sudden commencement of mag-
netic storms at the earth's magnetosphere.

The combining magnetic fields of two approaching spot groups can
produce a field configuration capable of trapping electrons which would
gyrate in the field emitting synchrotron radiation which is observed as
the Type IV solar radio noise continuum. The oppositely directed mag-
netic fields of the two approaching groups would ultimately cancel each
other, causing a sudden collapse of the magnetic field. This would in-
duce electric fields in a linear accelerator manner which from nu-
merical estimates based on the magnetic field strength, size, and life-
time of the flare could accelerate particles to Bev energies. Such
particles, protons, nuclei of helium and carbons, for example, have
been observed at the earth., The arrival of particles at the earth is
highly correlated with the observation of Type IV radio bursts from
flares. All proton events have had the long duration broad frequency
Type IV emission. Some 80% of the occurrences of Type IV emission
in the cm wavelengths have been associated with proton events seen at
the earth. The acceleration of particles could very likely be downward
as well as upward, in which case a large number of neturons would be
emitted from nuclear reactions between the accelerated particles and
the denser matter in the photosphere.

D. INTERPLANETARY REGION

The behavior of the sun certainly strongly influences the interplane-
tary region surrounding it as was shown in the discussion of the solar
wind,

It is evident that if the visible corona co-rotates with the sun, any
magnetic structure from the sun extending out this far most certainly
must co-rotate with the sun. However, there are difficulties in assuming
that the fields as far as earth are connected to the sun and co-rotate
with it. It has been estimated by Lust that a breakoff point exists at
about 0.25 to 0.40 AU,

The condition of the interplanetary region has a decided influence
on the cosmic radiation which can enter the region from interstellar
space. This has been inferred from the observed modulation in cos-
mic radiation through the 11-year solar cycle. (Cosmic radiation
levels during solar minimum are about double those during solar
maximum.) The changes through the solar cycle of protons and a's
have been seen to vary with magnetic rigidity in exactly the same way
as they do during a Forbush decrease. The Forbush decrease, more-
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over, has been shown to be associated with-a direct modulation by the
solar magnetic field rather than indirectly by a change in the earth's
field caused by a geomagnetic storm. This was shown by the existence
of the Forbush decrease in cosmic ray counters on Pioneer V which
was well away from the earth's magnetosphere. The magnetic field
interface between the solar field and the interstellar field would have

a profound influence on the modulating mechanism as well as would
the shape of the field within the solar region.

According to Parker's model of an ordered magnetic field inside
of 1 AU and a disordered field somewhere beyond 1 AU, one would
expect the disordered fields to act as a barrier keeping much of the
lower energy part of the galactic cosmic ray spectrum away from the
earth and the inner solar system. Thus, one would expect an increase
in cosmic rays as one moves outside of 1 AU but no appreciable change
in going closer than 1 AU,

The propagation of particles emitted from the sun during a solar
flare is also greatly influenced by the state of the interplanetary field.
The mechanisms involved have been subject to a large number of inter-
pretations. The prompt arrival of particles from west limb flares and
late or nonarrival of particles from east limb flares has been inter-
preted as being due to the guiding effect of '"garden hose" spiraling
magnetic lines of force., The exceptions have been explained by the
existence of a steady state magnetic field modified by the plasma cloud
from a previous flare. The exceptions could also be explained by the
existence of a cutoff in the co-rotation of the solar magnetic field dis-
cussed above., Thus, the existence of a spiral field within a sphere
somewhere inside of 1 AU would tend to give an increased probability
to the prompt arrival of particles from west limb flares but, at least
during certain periods, there would be no magnetic connection between
earth and sun,

Gold has described the concept of a ""'magnetic tongue'' type of plas-
ma cloud emission (Fig. 4a) from a solar flare to explain the various
flare effects seen at the earth; namely, Forbush decrease in cosmic
ray intensity, geomagnetic storm, and free access of solar protons to
the earth. The enhanced magnetic field forming the boundary of the
tongue causes the geomagnetic storm and also the interference with the
arrival of galactic cosmic rays. The magnetic connection which exists
between the sun and the earth once the tongue has engulfed the earth
allows free access of solar flare energetic protons from the sun to the
earth. The tongue also serves as a magnetic storage mechanism which

would account for the observed flux of solar flare protons long after
the flare has ended.

Parker explains that the solar flare data is consistent with his pic-
ture of a hydrodynamic blast wave which propagates outward from a
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flare (Fig. 4b). The observed temperature in the corona at the time of

a flare eruption is about 4 x 105 K. According to Fig. 3, this would
produce an explosive expansion of plasma moving with a velocity in

excess of 1000 km/sec. The resultant blast wave profile is shown in
Fig. 4b where the front of the blast wave (Rl) is a compression of the

slow moving (300 km/sec) quiet sun plasma which existed in the inter-
planetary region before the flare. The material emitted by the sun at
the time of the flare is behind the rear (Rz) of the blast wave profile.

The blast wave produces twisting and pinching of the quiet day mag-
netic field lines--a serious impediment to passage of cosmic ray
particles. Thus, the blast wave will store energetic flare protons be-

hind it and push galactic cosmic rays ahead of it, consistent with cos-
mic ray observations following a flare.

Hydrodynamic
blast wave

Trapped energetic \
solar flare protons

Guided and stored

Deflected galactic
cosmic rays

Deflected
galactic
cosmic rays

a. Gold's Magnetic Tongue b. Parker's Blast Wave

Fig. 4. Solar Flare Models
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Parker's disagreement with Gold's magnetic tongue concept is
based on the lack of an observed delay between the onset of geomag-
netic activity and the Forbush decrease of the galactic cosmic radia-
tion. The tongue, which then is supposed to impede the galactic cos-
mic rays causing the Forbush decrease, could not possibly arrive
sooner than six hours after the blast wave, Yet the cosmic ray de-
crease is usually observed with the first onset of geomagnetic activity.
The constriction and twisting of the existing magnetic field lines by the
blast wave could, on the other hand, produce the cosmic ray decrease
concurrent with the geomagnetic storm.

A much clearer picture of the propagation mechanisms should be
possible with observations closer to the sun since diffusion effects and
propagation time differences would be significantly reduced. The con-
clusions about the magnetic field structure resulting from interpretation
of the arrival of solar flare particles are of course always subject to
the fact that this describes the field at a time when it is probably dis-
turbed.

The fate of some of the high energy electrons accelerated outward
is not entirely clear. They lose energy, of course, in producing the
various radio emissions, but some small flux (~2% of proton flux) of
electrons with energy above 100 Mev has been observed at the earth
by Meyer and Vogt.

The fate of possible solar flare produced neutrons is also not well
known., Some search for these has been made on OSO-1, but no very
large flares have occurred during the time. The experiment was
hampered also by a background of albedo neutrons from the earth and
by secondaries produced in the vehicle. Moreover the short lifetime
of neutrons (~12 min) causes a large decrease in reaching the earth,
especially for the lower energies. A given flux of 3 Mev neutrons
which might be seen at 0.3 AU would be down by a factor of 900 at 1 AU,
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[l. SCIENTIFIC EXPERIMENTS

The preceding discussions serve to suggest some cf the areas of
knowledge about the sun and the surrounding interplanetary medium

which are still quite uncertain. The following discussion will present

ways in which a Solar Probe spacecraft would be uniquely suited to

filling some of these gaps in our knowledge.

marized in Fig. 5.

The discussion is sum-

Phenomena

Solar Probe
Advantage

Instruments

1. Solar wind
a. Mustel's amorphous plasma

b. Mustel's R-rays

c. Identify M regions

d. Temp, composition & vel

Var with position
] |

Plasma probes
Magnetometers
Mass Spectrometer

2. Magnetic field
a. Solar connected field
b. General mapping

Var with position

Flux gate magnetometer
Rb vapor magnetometer

3. Coronal electron density
a. VHF doppler shift (0.05 A U)

b. Separate E&K (electron)light
from F (dust) light (0.02 AU)

i |
Opposite side
of corona

|

VHF receiver (25 mc)

Corona white light meter

4, Solar flares
a. Energetic charged particles

b. Changes in plasma and
magnetic fields

c. Neutrons flux

1 order of |
magnitude g

Space and time
sorting with 3
points in space
(2 solar probes
+ Earth)

«—_X-ray flare scanner

Proton counter (rotating)
E&dE/dx telescope

Flux gate magnetometers
Plasma probe

Neutron phoswich

5. Cosmic rays
- a. Quiet time protons
(solar or galactic)
b. Modulation of
galactic cosmic rays

Variation with
position
L i

-——— E&dJE/dx telescope

-« Cerenkov teles cope

1 1
0.20.4 0.6 0.8 1.0
Perihelion (AU)

Fig. S. Scientific Objectives and Experiments
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A. SOLAR WIND

There is apparently quite a variance between Parker's and Mustel's
concepts of the structure of the solar wind. According to Mustel's
model, one should see intense R-rays sweeping past a spacecraft as
the sun rotates. Then as the craft reaches ~0.3 AU, one should begin
to see the amorphous plasma which he describes as arising from the
general magnetic structure of the chromosphere. The probability of
intercepting the narrow R-rays should increase with approach to the
sun. Parker's picture shows a much more uniform wind, which de-
creases in velocity with approach to the sun. The Mariner plasma
data tends to favor Parker's picture, but actually appears to be some-
what of a compromise between the two. However, the Mariner data
could be equally well fitted with a model solar atmosphere that is heated
isothermally to the earth or by one which is heated only at the base of
the corona. In order to disentangle these ambiguities, the mean veloc-
ity, average density and temperature of the solar wind must be known
as a function of distance from the sun. The intensity and direction of
magnetic field as a function of distance from the sun is also vital, since
this acts as a memory for the distortions and variations in the solar
wind. Since these quantities need to be measured as a function of dis-
tance from the sun, a spacecraft which covers 2/ 3 of that distance
would go a long way toward providing the answers.

Thus, if a spacecraft is to provide data for a firm model of the solar
wind and entrapped magnetic fields, it is most important that it carry
both a plasma probe and a magnetometer. In order to adequately meas-
ure the temperature of the solar wind, the energy spectrum and the
angular distribution of the plasma need to be known. The energy spec-
trum can be obtained by varying the potential on 1) a grid of a Faraday

cup as on Explorer X, or 2) the curved plates of an electrostatic analyzer

as on Mariner II. By using a narrow angle plasma probe which rotates
in a plane which includes the sun, one can measure both the angular
distribution and the average direction of arrival of the plasma. The
folded-in measurement of energy spectrum, divided by velocity, of
course yields the particle density of the plasma.

An alternative to the rotating plasma probe would be a fixed, elec-
trostatically scanned plasma probe which would essentially work as a
reverse cathode-ray tube. Such a device is being explored by the MIT
group. A great number of difficulties are involved in this type of de-
vice due to the necessity for very accurate geometrical alignment.

The ion composition of the plasma is very important to understanding
what sources in the sun are responsible for particles in the solar wind.
If one is to assume that all the solar wind ions are blowing out at the
same velocity (which is not unreasonable since streams of different
velocities are incompatible with the hydrodynamic picture of the solar
wind), then the composition should be identifiable from observation of 15
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separate energy peaks. In such a way the Mariner II plasma probe
suspected an a-particle peak during measurements of an enhanced
plasma. A mass spectrometer suited to the high velocity solar wind
would provide a much less ambiguous determination of compositions.
This would be especially true as one approaches the sun, where the
resolution of the peaks would get worse because the temperature Would
be higher and the bulk velocity smaller.

B. MAGNETIC FIELDS

The magnetic fields along the path of the spacecraft can be measured
in both direction and intensity quite accurately by using a combination
of a rubidium vapor magnetometer for an accurate absolute scalar
field measurement and a triaxial flux gate magnetometer for accurate
directional measurements.

The necessity of maintaining the vicinity of the magnetometers free
of locally produced fields is probably one of the most stringent condi-
tions imposed by the experiments on the spacecraft. Every attempt to
eliminate and minimize the use of permeable materials must be made
by all the spacecraft subsystems as well as by the other experiments.
Also, self-canceling currents must be used to fullest advantage, es-
pecially in the solar cell panels. The largest single spacecraft magnetic
field most probably would be from the permanent magnet on the com-
munications transmitter. A typical 20-watt TWT tube provides mag-
netic fields with a maximum strength of 60 ¥ at two feet from the center
of the tube. Above all this, it is simply necessary to remove the mag-
netometer from the near vicinity of the spacecraft by putting it on a
long boom. A reasonable upper limit for total allowable spacecraft
fields would be 200 ¥ at 3.5 feet from the spacecraft center. This would
produce a field of 1/2 ¥ at the end of a 25-foot boom, which would
enable micropulsations in the solar field to be detected above the space-
craft field.

By allowing the spacecraft to continue spinning slowly before final
stabilization as was done on Mariner II, the contribution of the space-
craft field to two axes of the triaxial flux gate magnetometer can be
subtracted out. Also the contribution to all three axes can be obtained
by making measurements with both the triaxial magnetometers and the
Rb-vapor magnetometer during a slow deployment of the magnetometer
boom. A simple extrapolation to 1/r = 0 would give a falrly accurate
measure of the residual contribution of the spacecraft field in the fully
deployed position. The flux gate magnetometers have a problem in that
their zero level tends to drift. This problem can be avoided by periodi-
cally rotating the triaxial flux gate magnetometer through 180 degrees.
This reverses two of the axes, making it possible to subtract out the
zero drift in these two axes. The zero drift in the third axis can be
subtracted out by comparing the sum of the squares of the three-axis
readings with the square of the Rb-vapor magnetometer reading.
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It was mentioned above that the magnetic field serves as a historical
record for the plasma variations. It is therefore quite important to
measure this in as many parts of the solar system as possible. Mag-
netic field measurements during the onset of solar flare effects, along
with plasma and energetic particle measurements, can go a long way
toward deciding between the Gold type of magnetic tongue and the Parker
blast wave. This is especially true if two Solar Probe vehicles are at
different parts of the solar system at the same time.

An interesting possibility for determining the direction of the mag-
netic front would be to add simple flux gate magnetometers on the solar
trim stabilization booms. By measuring the relative times at which
the magnetic disturbance arrives at the various magnetometers, one
can reconstruct a profile of the motion of the front. For a front moving
at 1000 km/sec and a spacing between magnetometers of 10 meters,
one gets a difference of 10 usec, which is easily measurable.

Magnetic field measurements as one approaches the sun should be
compared with those taken beyond the orbit of earth. Parker predicts
that somewhere beyond the orbit of earth, perhaps as far as 1.4 AU,
the magnetic field configuration breaks up into a disordered field, which
is believed to act as a shield keeping out the lower end of the galactic
cosmic ray energy spectrum.

The approach to the sun is necessary to determine if the magnetic
fields break off at 0. 25 to 0. 4 AU as predicted by Liist.

C. ENERGETIC CHARGED PARTICLES

The galactic cosmic radiation consists of protons, heavier nuclei
and a small flux of electrons (about 3% of total) as observed near the
earth, These particles, which enter the solar system from some-
where outside, are potentially useful probes for identifying the solar
magnetic fields. However, when we can observe them from only one
spot in the solar system, their usefulness is very limited since they
are thus too ambiguous to read. It would be very desirable in this
sense to observe the cosmic radiation particularly from vantage points
well outside the orbit of earth. In particular one would look for elec-
trons and the low energy protons (<100 Mev) and other nuclei which
are thought by Parker to be impeded from entering the inner solar
system by disordered magnetic fields just beyond the orbit of earth.

In looking at the low energy (<100 Mev) part of the cosmic radiation,

Meyer saw a peculiar phenomenon which led him to suspect that protons
in this energy range are emitted by the quiet sun, at least during the
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active part of the solar cycle. His data (Fig. 6) taken in 1960 and 1961
showed the normal increase in galactic cosmic radiation as the 11-year
solar cycle approaches minimum. Thus the protons with E> 100 Mev
show an increase between 1960 and 1961. On the other hand the protons
with E<100 Mev show a decrease from 1960 to 1961 as though these
were in reality of solar origin and would therefore be expected to de-
crease with the decreasing solar activity. It would be possible to really
decide whether such protons are actually of solar origin by approaching
the sun. At 0.3 AU, if they are of solar origin they should increase by
a factor of ten. If not, they should either decrease or remain constant.
The observations from Mariner were not really able to distinguish this
effect. The approach to 0. 72 AU only allowed a factor of two increase,
which could easily be missed with the broad energy range allowed by
the detectors. This would amount to a change of only about 10% in
these detectors.

15 September-1960

O 8 August 1961

Proton flux

Proton Energy (mev)

Fig. 6. Proton Cosmic Ray Spectra Variation with Solar Cycle Variation
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The energy spectrum and particle composition of charged particles
both from the sun and from the galaxy form a vital part of the studies
which are uniquely suited to spacecraft flights ranging over a distance
from ~0.3 AU to ~3 AU

It is very important to the understanding of solar flares to know
something about the particle composition and energy spectrum of the
particles emitted. These factors are very largely beclouded in meas-
urements at 1 AU by the poorly understood propagation history of the
particles. Measurements made simultaneously from two Solar Probes
at different approaches to the sun, along with measurements made
from one of the EGO, IMP or Pioneer vehicles, would go a long way
toward obtaining an understanding of the propagation mechanisms as
well as the source spectrum and composition. Since one cannot, of
course, predict when a solar flare will occur, it would make no sense
to talk about detailed planning of relative positions of Solar Probe ve-
hicles for most significant observation of flare phenomena. It makes
sense only to plan to the point of having two vehicles in transit at any
one time in significantly different portions of the solar system.

A telescope to measure loss rate (dE/dX) and total energy (E),
similar to those used by MacDonald at Goddard and by Simpson at the
University of Chicago, is a very attractive device for determining both
energy and composition of the charged particles emitted from flares
as well as for the low energy portion of the cosmic radiation. The use
of such a telescope would require the readout of a 15-bit word for each
particle detected or the use of a two-dimensional multichannel pulse
height storage.

If a solid-state detector four-element telescope similar to Simpson's
is used, the count rate of galactic particles would be of the order of
0. 3 cts/sec so that the 15 bit readout for each particle would amount
to an average bit rate of 4.5 bps. Thus this scheme would be about
adequate for the galactic radiation. However, the greatly increased
flux from solar flares (up to four orders of magnitude) would prohibit
the use of this scheme. For solar flare measurements, either the
counting rates must be determined on the basis of microseconds of
observation, or a large storage unit must be designed into the data
handling system. Either approach will keep the bit rates within reason-
able limits. Spectral information can be obtained from counting rates
for various coincidence combinations of several elements of the
scintillation telescope such as used on Explorer X. This information
would not be limited by the bit rate.

A device which would be quite useful for determining the electron
versus proton composition would be an organic crystal such as stilbene
or the liquid scintillators which exhibit different pulse shapes for elec-
trons and protons. Connected to a photomultiplier tube and proper pulse
shape differentiating circuitry, it could be used with two simple multi-
channel analyzers to obtain energy spectra for both. This would involve
a total of 2 x 64 x 10 = 1280 bits for a 10-bit (1024-count) memory in
each channel., At a readout rate of 1. 05 bps this could be read out in
20 minutes.
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D. NEUTRONS

There is good reason to believe that fast neutrons are emitted from
a solar flare as discussed by Hess and by Chubb. Hess and Schrader
looked for them on OSO-1 and did not find any. However, these ex-
periments were plagued with albedo neutrons from the earth and sec-
ondary neutrons from the spacecraft. An even more serious limitation
in performing such an experiment on an earth satellite is the loss of
neutrons due to B-decay on the way between the sun and earth. Thus
a given flux of 3-Mev neutrons which might exist at 0. 3 AU would be
down by a factor of 900 at 1 AU. Therefore an approach to 0.3 AU
would be a great help in determining whether neutons are emitted
from flares.

The electron-proton device described above can be modified further
to detect neutrons by adding a thin shell of scintillator plastic around
the outside of the stilbene but optically separated from it. Another
photomultiplier tube looking at the scintillator shell is used for anti-
coincidence or coincidence. If a pulse occurs in both scintillators it
was caused by the entrance of a charged particle. But if only the stil-
bene scintillator registors a pulse, then it was produced by a neutron
(the knock-on proton in the stilbene makes the pulse) or a gamma ray
(the scattered electron makes the pulse). The pulse shape discrimina-
tion of the stilbene can then separate out the proton from electron
pulses (identified by the scintillator anticoincidence).

Due to the ever present problem of local production of secondary
neutrons in the spacecraft by solar flare protons, it is imperative that
a neutron detector be placed on a boom extending well away from the
spacecraft. A 25-foot boom would be adequate to keep the secondary

néutron flux from most flares below 0. 01 neutron/cmzsec.

Consideration has been given to the use of a radioisotope power sup-
ply in lieu of solar cells, This appears to cause considerable back-
ground difficulty in the neutron detector and in the charged particle
detectors. The solid-state diodes in a Simpson-type particle telescope

would see a count for every 250 neutrons/ cm2 having an energy greater
than 1.6 Mev. Ifs counting rate of galactic cosmic rays is of the order
of 0.3 count/sec so that the neutrons from the radioisotope source

should be reduced to at least this rate; i.e., to 75 neutrons/cmzsec.
A scintillator detector such as MacDonald's telescope will be consider-
ably more sensitive to neutrons At the neutron detector the flux of neu-

trons with E> 0. 5 Mev must be kept down to about 0. 1 neutron/ cmzsec.
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E. CORONAL ELECTRON DENSITY

A knowledge of the coronal electron densities is very important to
the development and understanding of the various models of the solar
atmosphere. There are several ways in which a Solar Probe can make
a very significant contribution to this knowledge.

1. VHF Transmission in the Solar Corona

By virtue of the fact that a Solar Probe spacecraft will pass behind
the solar corona, it is in a unique position to provide a platform for
receiving a coherent signal through the corona. Thus, by transmitting
a VHF signal to the Solar Probe along with the UHF tracking signal,

one can measure the dispersive doppler shift of the VHF caused by the
motion of the spacecraft.

In a fully ionized gas, the phase delay of a signal of frequency w in

a fegion of plasma frequency wp = 27 (8. 97 x 103 Nllz), is given by

5 1/2

)
ot ()

For the purpose of experimental planning, it is assumed that, in
the outer corona, the density is

_ 2
N=-3
r

where r is the distance from the center of the sun measured in astro-

nomical units. This form puts the optically measured density of

~2 X 103 at 0.1 AU in fairly good agreement with measured densities

at 1 AU.

Method of measurement. In this experiment, a sinusoidal signal of
about 25 mc is transmitted from the ground to the Solar Probe vehicle
when the vehicle is in such a position that the path of propagation will
pass through the corona with a closest approach to the sun of about
0.05 AU. Assuming the transmitted wave will have the form

XT {t) ~ cos pt

the received wave will have the form

XR(t) ~ cos (wt + 0q + eS)
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where 0 is the phase delay due to the ''free space'' distance traveled
neglecting plasma effects, and es is the additional phase delay due to
the plasma.

The phase shift due to the plasma alone is

2
f
B' = ,,(f_l_’) per free space wave length.

0
3 1/2 _
Since fp =8.97 x 10" N (r) is not constant over the entire path, the

total phase delay due to the plasma
2

= 7 3
Bs = ;—;—2—(8. 97 x 10%) ISN(r) ds for path s
0
or
T 3 2
0 = 5 (8.97 x 10°) N (r(0))L
DY

0

where r(0) is the distance of nearest approach to the sun and L is an

effective 1ength for this path. The effective frequency shift is there-
fore

de 2
_ s _ 7 L 3,” dN(r(0)) dr(o)
s T g T ;2zx @9Tx100) THmy T
0
dN(r(0))

At any r(0), ~ar() ™ be calculated from the assumed density con-
tour and

d—:i—,g—o—) from the trajectory.
For a perihelion of 0.3 AU it is found that wg Will be about 7 cycles/

sec. Frequencies of this magnitude can be readily measured. A
method of measurement appropriate to the Solar Probe vehicle is de-
scribed below.
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Method of data reduction. If it is assumed that the density has the
form ’

N = Nyr(0)”
where v is a parameter, then it is seen that

’ 2

- 7 L 3 dr (0) _ _

inws = ln[—gf 5 (8.97 x 10°) ] +on —g— + fn ( NO) v 4n r(0)
0

In this equation, the term on the left is a known function of a meas-
ured value, the first term on the right is a constant, the second term
on the right is a function of ry known to the extent that the trajectory

is known, and the third term is an unknown constant as is ¥ in the last
term.

‘Hence it may be seen that

Y = ﬂn(—'yNo) -y 4n r(0)

This is obviously a linear equation in £4n r(0). If several measurements

are taken at each of several values of r(0), values for N0 and ¥ can be
determined by regression analysis.

Since regression analysis yields a measure of ""goodness of fit" for
any given formulation, the same data can be used to compare several
different formulations.

This experiment will include a group of measurements of the coronal
density at a range of radii about 0. 05 AU and a density profile is em-
pirically derived from this data. The choice of this radius interval is
related to the choice of the 25-mc frequency. If, with this frequency,
measurements are made at much smaller radii, plasma attenuation will
cause almost complete degradation of signal detectability. Also refrac-
tion effects, which are virtually absent within the prescribed range,
would make the data virtually uninterpretable. To extend the range to
larger radii does not appear feasible because the frequency shift effect
would become immeasurably small.

Another frequency, of course, could have been chosen. Had it been
a much higher frequency, its effective range of observation would have

ER 13110-I1
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been much closer to the sun. Such observations would be of less value
since observations of the inner portions of the corona have already been
made during eclipses. Had the frequency been much lower, impractic-
ally large antennas would have been necessary.

Method of implementation. It was shown above that the density pro-
file can be obtained by measuring a frequency shift in addition to the
regular doppler shift. To do this, it is necessary to have a knowledge
of the transmitted frequency and of the ''free-space'' doppler shift, or
of the sum of the two frequencies. The latter is accomplished by
utilizing the center frequency (carrier) of the Solar Probe communica-
tions link since, in the radial range of interest, an S-band signal is
unaffected by the plasma.

The communications carrier frequency, 2113-5/16 mc is obtained
by frequency multiplication of a crystal-generated sine wave. In the
"turnaround transponder, ' in the Solar Probe vehicle (see Vol. IV), it
is processed as shown in Fig. 7a.

The experimental frequency (about 25 mc) is also derived from the
same crystal oscillator (assume it is 28-11/16 mc). The exact fre-
quency must be dictated by the FCC. Figure 7b indicates the processing
of this received signal.

If the signals at Point B, Fig. 7a, and Point B!, Fig. 7b, are multi-
plied, the output of the multiplier will be a signal with a beat-note at
0.4x Wge The final step, therefore, in measuring v s is a beat counting

process.

The onboard implementation other than this circuit is quite simple,
including a simple dipole antenna.

The ground system parallels, but is simpler&han, the communica-
tion system and can be made entirely compatible with DSIF. The ground

power required during operation will be between 104 and 105 watts de-
pending on the available antenna size. An antenna in the 50-foot range
would require a signal with power near the maximum.

Conclusion. This discussion indicates that, using a single frequency
in the VHF portion of the spectrum, the mean electron density in a finite
range of distances from the center of the sun can be measured quite ac-
curately under quiescent conditions. Furthermore, a formulation con-

sistent with these results can be determined to extrapolate outside this
range.
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If data is desired outside this range, it can be acquired by using
several frequencies. This would necessitate a more versatile antenna
and more complex circuitry.

Data can be gathered on both sides of the sun in order to test the
symmetry of the sun's atmosphere, or, if approximate symmetry is
assumed, to justify the assumption that a quiescent state exists.

Finally, it may be concluded that these measurements will not
seriously interfere with any other function of the vehicle mission.

2. Se;garation of K corona from F corona

. " .

‘The K part of the coronal light is that part which is due to scattering
of sunlight from coronal electrons, while the F part is that due to scat-
tering of sunlight from dust particles. The K light intensity gives a
measure of the electron density in the part of the corona from which
the light is being observed. The zodiacal light is light scattered from
dust particles further away from the sun. The F and K portions are
generally separated in the measurements by observing the depth of the
Fraunhaufer absorption lines in the solar spectrum. The F light shows
absorption lines characteristic of the dust particles. These tend to be
filled in by the white K light scattered from the hot electrons. The K
light, moreover, is polarized. Following the electron density gradient
the K light falls off rapidly with distance from the sun. It becomes
very difficult to measure the K light from the outer parts of the corona,
since the signal-to-noise (F light from the intervening interplanetary
dust) ratio becomes very bad. Thus if one were to take the same
measurements from close up to the coronal region under investigation,
then this signal-to-noise ratio would improve by at least the factor
shown in Fig. 5, which assumes a uniform distribution of dust in the
interplanetary space. The device necessary would be a white light
meter with a polarizer to separate the polarized K light from the unpo-
larized F light. This device would be mounted on a rotating platform
so that it would scan through the corona and on out to observe the
zodiacal light as well. This would provide valuable new data about the
spatial distribution of the zodiacal light scattering particles.

F. OTHER ELECTROMAGNETIC OBSERVATIONS

The majority of observations of the sun in the electromagnetic spec-
trum can be made quite adequately from an earth satellite. Because of
the much higher payload weights and communication bit rates, they can
generally be done much better on an earth satellite than on a deep space
probe.
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1. Solar Flare Scanning

There would be considerable value to having some sort of device to
identify the location on the solar disk of a flare when it occurs. This
is because about half of the flares which will produce charged particles
observable from the spacecraft during its lifetime will not be on the
part of the disk which is visible from the earth. The charged particle
and neutron data obtained then would be relatively useless since there
would be no flare to identify with these data.

Such a device would also be quite useful in following the development
of a center of activity as it moves across the back side of the sun. This
would have some value in manned space flight protection since activity
centers which have produced flares tend to be the ones which will pro-
duce more flares. Hence, when a center of activity is observed to be
generating several flares on the back side of the sun it can serve as
an early warning.

This scanner would probably take the form of an X-ray detector
which has a thin vertical slit and is mounted on the rotating platform.
Thus the phase of the rotating platform when flare X-rays are observed
would identify the longitude of the flare. The latitude would be inte-
grated out by the vertical slit since this information is not necessary.

2. Lyman a Detection for Interplanetary Neutral Hydrogen

An experiment which would scan the sky for the Lyman-a light in
search of solar Lyman-o light scattered by intérplanetary neutral hy-
drogen would be well suited to a spacecraft going out beyond 1 AU. The
distribution of neutral hydrogen in the solar system is vital to an under-
standing of the fate of the solar wind and the connection between inter-
planetary and interstellar space.

G. MICROMETEOROID MEASUREMENTS

The results of Mariner II micrometeoroid experiment do not argue
for much emphasis on such an experiment aboard a spacecraft approach-
ing the sun. However a mission going to 2. 4 AU would be well into the
asteroid belt and should certainly have some micrometeoroid detection
on board.
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[1l. SPECIFIC MISSIONS

A. SUITABLE ORBITS

In weighing the various advantages of approach to the sun as illus-
trated in Fig. 5, we can conclude that most of the scientific objectives
could be reasonably satisfied with a perihelion of 0. 2 to 0. 4 AU.

In a mission directed out away from the orbit of earth, a minimum
requirement at 1. 4 AU would be required to look for Parker's disordered
fields. The micrometeoroid experiments would want to go out to the
asteroid belt which begins at about 2.1 AU and extends to about 3.5 AU.

Orbits out of the plane of the ecliptic would probably be best delayed
until a little bit more has been learned in the ecliptic in order to refine
the models. The principal reason for this is that for any real signifi-
cance one should go at least 30 degrees out of the ecliptic. This already
becomes quite expensive in launch energy.

B. LAUNCH SCHEDULES

It would be very worthwhile to launch a first Solar Probe as early
as reasonable, probably in 1967 to gain base line information about the
solar atmosphere during the more quiet part of the solar cycle. Fol-
lowing this date, there certainly would be a desire to make changes
in the experiments and perhaps in the spacecraft on the basis of what
is learned in the first mission. A 1 to 1-1/2 year lead time to the
next launch would provide this opportunity. Then successive launches
at perhaps six or eight month intervals would be made in 1969, 1970
and 1971 in order to have 2 Solar Probes in space simultaneously during
most of the time of maximum solar activity. More detailed discussion
of this possibility is presented in Vol. III, Mission Analysis and Flight
Operations.

C. MINIMUM PAYLOAD FOR SOLAR APPROACH

What is the minimum payload the Solar Probe can carry and still
achieve worthwhile scientific objectives? The answer depends to a
large extent on who is answering the question. Avoiding the truism
that anything is better than nothing, we can nevertheless come to a
reasonable estimate of what would be considered a minimum payload.
Certainly of prime importance are the quiet solar atmosphere and the
solar flare phenomena. Thus a triaxial magnetometer and a plasma
probe would be certainly necessary. The plasma probe could be a
split plate Faraday cup with variable voltage grid as proposed by the
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MIT group for Pioneer. A charged particle detector similar to
Simpson's depletion layer detector telescope would then be able to give
a crude spectral identification of the solar flare charged particles.
These three instruments would therefore be considered absolutely
minimal for a scientifically meaningful mission.

(1) Triaxial flux gate magnetometer on boom.
(2) Split plate Faraday cup plasma probe.

(3) Depletion layer charged particle telescope.

D. LIGHTWEIGHT PAYLOAD FOR SOLAR APPROACH

Considering now a payload which allows somewhat more than the
minimum, we would gain very much by the addition of two more ex-
periments. These would be 1) the VHF propagation experiment to
determine the electron density profile and 2) the X-ray solar flare
scanner to double the probability of getting significant data from the
solar flare effects on the other detectors. This payload would thus
consist of :

(1) Triaxial flux gate magnetometer on boom.

(2) Split plate Faraday cup plasma probe,

(3) Depletion layer charged particle telescope.

(4) < VHF transmission experiment.

(5) Solar flare X-ray scanner.
Weights and bits rates have been derived for this complement of ex-
periments (Vol. IV, Chapter I) and have been included in a 200-pound
vehicle (Vol. V, Chapter I) design that the Atlas/Agena/X-259 launch
vehicle can inject to a 0. 3 AU perihelion.

E. FULL PAYLOAD FOR SOLAR APPROACH
To make the best use of a Solar Probe mission, we have indicated

that a trajectory with a perihelion in the vicinity of 0.2 to 0.4 AU
would be very significant scientifically. As has been discussed in the
section on Scientific Experiments, several experiments can use the

Solar Probe vehicle to distinct advantage in addition to those listed for
the lightweight payload. A typical payload has been defined which

ER 13110-I1
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could be carried to full advantage by a 400~pound Solar Probe (Vol. V,
Chapter I) that the Atlas/Centaur/X-259 launch vehicle can inject to a
0. 30 AU perihelion. This increased vehicle weight permits the dis-
tinct advantage of putting some of the instruments on a rotating plat-
form. The plasma probe is the first candidate for this platform since
the angular distribution of the plasma would give us the complete pic-
ture of the plasma temperature and record momentary changes in the
plasma direction. The charged particle telescope has also been added
to the platform to look for the anisotropies in the solar flare particles,
which are seen even at the earth during the onset of the flare storm.
The solar flare X-ray scanner can be made more simply if it scans
the solar longitudes by virtue of the platform rotation.

‘Four additional experiments have been added above those listed for
the lightweight payload. They are 1) a neutron detector to search for
solar flare neutrons, 2) a rubidium vapor magnetometer to greatly
improve the accuracy of magnetic field measurements, 3) a mass spec-
trometer to determine the composition of the solar wind as a function
of solar activity and of position and 4) a white light corona meter for
measuring the coronal electron density and interplanetary dust dis-
tribution. ‘

(1) Triaxial flux gate magnetometer on boom.,

(2) Narrow angle rotating plasma probe.

(3) Rotating charged particle telescope.

(4) VHF transmission experiment.

(5) Rotating X-ray flare scanner.

(6) Neutron scintillator on boom.

(7) Rubidium vapor magnetometer on boom.

(8) Mass spectrometer,

(9)' White light corona meter with polarizer (rotating).
This complement of experiments is by no means unique. For example,
it might well be argued that an additional charged particle telescope de-
signed for larger energy range flexibility would be preferable to the
mass spectrometer. Also the additional magnetometers on the solar
stabilization booms discussed above could well be added to detect the
angle of approach of magnetic fronts. The particular complement of
experiments listed above was chosen to ensure that the vehicle design

is compatible with a wide variety of possible experiments, rather than
to define the scientifically optimum grouping.
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F. MISSION AWAY FROM THE SUN

The main objectives to be achieved in sending a spacecraft out
beyond the orbit of earth are involved in looking for the fate of the
solar atmosphere as it proceeds outward beyond the orbit of earth
and in learning more about the true galactic cosmic radiation. Ex-

periments recommended for such a mission would therefore still in- -

volve the magnetic field and plasma measurements and charged par-
ticle detector. The micrometeoroid detector would also be added.
Thus, we could have the following complement of experiments:

(1) Triaxial flux gate magnetometer on boom.

(2) Split plate Faraday cup plasma probe.

(3) Charged particle telescopes (two energy ranges).

(4) Micrometeoroid detector.

These experiments do not require any new or unusual instruments.
The primary requirements over instruments already flying are pro-

tection against increased thermal environment and--if a radioisotope

is used--shielding of the particle detectors against neutrons.
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CHAPTER 11
SCIENTIFIC OBJECTIVES

1. SUMMARY

Any space probe leaving the influence of the Earth will have opportunities
for conducting experiments to advance the state of solar-interplanetary
physics. The solar probe will not only provide a carrier for scientific
instrumentation, but will also have a capability for exploring regions of
interplanetary space heretofore untouched by other space programs. Be-
cause there are innumerable possible experiments and objectives which
can be accomplished by the solar probe, the basic task of the scientific
objectives study has been to optimize the choice of experiments to achieve

maximum scientific utility with each probe and with the entire series.

The scientific objectives task involves iteration of four basic steps, along
with interfaces with mission analysis and spacecraft design efforts. The
first step is the selection of provisional scientific objectives for the solar
probe seriesv,/ba.sed on guidelines which permit the focus on select, and
presumably the most important, objectives from the ensemble of possibili-
ties. The second step is the ‘?identification of sets of experiments which
best fulfill these objectives. ‘:_I:Iext is the determination of measurements
required to conduct the experiments. The final step is the selection of
instruments to accomplish the measurements. In a basic sense, then, the

selection process yields a set of instruments which perform the measure-

ments needed to fulfill the scientific objectives of the solar probe.

The method chosen to establish the objectives was to view the solar probe
as part of the total program of deep-space experiments and to derive the
objectives which should most logically be associated with it. Objectives
proposed on the basis of the guidelines were evaluated in terms of imple-

mentation capability to insure that the best selection had indeed been made.

2-1
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Results of the study are presented in the following paragraphs and enum-

erated. . in Figures 1 and 2.
2. GENERAL OBJECTIVES OF THE SOLAR PROBE

Observational solar astronomy became possible with the invention of the
telescope in 1608; however, it has only been within the past 150 years that
real progress is solar physics has been made. During this time, the
spectrograph, the spectrohelioscope, the coronagraph, and other instru-
mental techniques which made possible the observation of the solar spec-
trum were invented and employed in investigations of the physical and

chemical conditions in the solar atmosphere.

As a result, a great body of knowledge about the sun has been acquired,

the bulk of which is the result of observation of its electromagnetic radia-
tion spectrum in the two principal windows of frequencies that pass through
the earth's atmosphere. One is the range between ionospheric critical
frequencies and frequencies absorbed by oxygen and uncondensed water
vapor in the troposphere (about 10 to 10,000 Mc/s). The other is the
combined optical and infra-red ranges (about 106 to 107 Mc/s).

In recent years, balloons, high-altitude rockets, and earth-orbiting observa-
tories have provided the means for extending the observations to the ultra-
violet, X-ray, and gamma ray parts of the spectrum and also to radio
frequencies between the ionospheric and interplanetary plasma frequencies

that is, between about 10 Mc/s and 10 kc/s.

Present interpretations of solar phenomena are in many cases founded on
too narrow a basis of observations. It is important to realize, therefore,
that future progress is solar physics must be based on the availability of
a large quantity of observational data. To produce as much as possible of

this data would be the major scientific objective of the solar probe.

1 1
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At the outset, it would seem advisable to define the region in space that
might logically be regarded as the domain of a solar probe (disregarding
for the moment the problem of placing a vehicle in a given trajectory about
the sun and the fact that only four probes are being considered for the
first mission), It seems reasonable to define the boundaries of the region
as those encompassing the volume of space under the direct influence of

the various solar electromagnetic and particle emissions.

It is well known that the various processes that take place within this
region are largely controlled by the magnetic fields and plasma, or highly-
ionized, conducting gas, which evidently have their origin on the sun.
Further, as the recent plasma experiments performed on Marirer II have
showrn, the plasma energy density is much greater than the energy density
of the magnetic field. It is known from magneto-hydrodynamical theory
that in this case the solar magnetic field is carried along by the solar
wind into interplanetary space and, moreover, the existing interplaretary
magnetic fields give little or no hinderance to the plasma flow, but rather
are carried along more or less radially by the flow. Further, the inter-
planetary fields influence the propagation of the primary and solar cosmic
rays; that is, the relativistic particles that arrive at the solar system
contiruously from all directions in the galaxy and those that occasionally
are ejected at the time of a chromospheric flare and travel outward through
the corona. Although the energy of individual cosmic ray particles is
quite high, the particle flux is low so that the cosmic ray energy density

is small compared with that of the magnetic field. As a result, the par-
ticles have little effect on the magnetic field, but are confined to spiral

paths along the field lines.

It is clear from considering this one aspect alone that the processes taking
place on the sun and in the interplanetary space form such a system of
complex and interrelated phenomena that what is observed 1s usually the
total intricate picture and it is often difficult to distinguish individual
features. The hazard consists not in putting all these things together

and treating them as one great complex bundle, but in thinking that we
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presently know how to disentangle them and treat them separately,
rather than as aspects of an overall picture. The point here is that
many of the so-called interplanetary phenomena are essential aspects

of solar physics.

It seems reasonable to conclude at this point that the contributions to
the long-range, broad investigation of solar phenomena by means of

deep-space probe must ultimately involve phenomena taking place not
only in the outer layers of the solar atmosphere itself, but also in the
remainder of the interplanetary cavity, including the region out of the

ecliptic and the transition to the galactic medium.

The interplanetary cavity is obviously not the exclusive domain of the
Solar Probe, since it is occupied by the planets and their satellites,
comets, asteroids, etc. It is not the region in space alone, but rather
the region together with the specific objectives that distinguishes one
mission from another. The problem then is to sort out from the broad
objectives of deep-space investigation those that are directly related to

the sun.

Existing knowledge about the sun and awareness of the many questions
that have arisen in attempting to explain the various observations made
on earth and elsewhere are essential elements in establishing objectives
for the Solar Probe mission. (In this connection much of the material in
the appendix serves as a necessary background for the present discus-
sion.) From such considerations, it has become increasingly evident
that many questions about the sun, especially those concerned with the
nature, structure, and extent of its outer atmosphere, can never be fully
answered without the aid of direct measurements in space. Full advan-
tage should be taken of the seemingly unlimited possibilities afforded by
the deep space probe. A Solar Probe is clearly a necessary step for the

continuing advancement of solar astronomy.
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3. SELECTION OF OBJECTIVES

On the basis of what is presently known, it would appear that a solar probe
can be most effectively employed in the following areas of investigation:

a. Investigation of the nature of fields and particles in the inter-
planetary medium by direct measurements along the probe's
trajectory

b. Monitoring of the interplanetary and coronal electron content
by radiowave methods

c. Extension of the observations of solar and cosmic electromagnetic
radiation to the low-frequency spectral regions near the inter-
planetary cutoff, which heretofore have been inaccessible to
observation

d. Special encounters with other objects in the solar system.

The classes of experiments for the solar probe program may be grouped

in the categories of particles and fields, physics observations, and special
encounters. In general, both particle and field measurements and also
special encounters are extensions of observations which have been or can
be made from satellites, sounding rockets, balloons, or Earth observatories.
Hence, this class of experiments appears justified only if their inclusion

in the solar probe leads to a significant improvement in capability or if

a correlative measurement is desired.

Examination of desired experiments leads to the interesting conclusion

that an optimum choice of controlling objectives in the interests of scienti-
fic diversity is possible. In particular, most of the special encounters

and physics observations are categorized as singular observations whose
required locales are within the regions also required for investigation of
particles and fields. The sole exception is the class of observations con-
cerned with defining solar topography. Hence, the solar probe program
could be totally oriented by requirements of particles and fields objectives
if it is acceptable to obviate this topography class. Assessments, presented

in the Appendix, clearly indicate that the class requires payload weights,
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technology and communication capabilities far in excess of reasonable
capability of a Solar Probe, and/or exclusive devotion of the vehicle to
this single experiment which appears undesirable. Thus the choice of

controlling objectives of the solar probe leads to the following question:

Can a payload be specified which yields maximum scientific di-
versity for any phenomenological measurements when its orbits
and trajectories (i.e., locales) are constrained to those required
for logical development of understanding of particles and fields

for phenomana?

It follows that an affirmative answer to this question establishes an opti-
mum choice of controlling scientific objectives for the Solar Probe. Ex-
amination of Figure 2 strongly suggests that from the viewpoint of experi-
ments per se, an affirmative answer is indeed suggested. To confirm
this requires examination of the logical development of a particles and

fields program.

Among the most demanding theories of the interplanetary medium are
those relating to the configuration of the interplanetary medium which
accounts for Forbush decreases and associated phenomenological obser-
vations (Parker, Gold and others). It appears reasonable to assume that
provision of capability to effectively evaluate such theories could serve
as basic evidence:of substantiation. This requires integration of both
observation and data retrieval capability as shown in the Appendix.
These.studies, which involve statistical sampling considerations, appear
to confirm the validity of the Solar Probe for such application. They can
logically be generalized to suggest that given a basic measuring instru-
ment (e. g., magnetometer, particle telescope), the Solar Probe offers
the basic capability of defining structure, form and composition in a
manner which is totally consistent with a major advance in interplanetary

medium understanding.

' .
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Also of concern to assessing logical development would be required se-
quence of flights. It appears obvious that the Solar Probe should first
be concerned with examining phenomena in the ecliptic plane since the
bulk of our scientific knowledge and theories stem from a base of such
knowledge. Once this critical link is established, the interest should
shift to out of ecliptic observations to indicate the validity of derived
conclusions. Within the frameworkof our present knowledge, the cover-
age provided by mutually corﬂpatible trajectories appears totally ade-
quate for initial examination of planets and comets. Since there are a
large number of opportunities for such encounters, there appears to
be no penalty involved in permitting somewhat limited examination as

a means of determining if a more intensive exploration is warranted.

In summary then, it appears that almost total compatibility with all
potentially desirable experiments exists within the framework of a con-
trolling set of scientific objectives derived from particles and fields
considerations. It is recognized, however, that this condition may not
continue to exist with further accumulation of scientific knowledge, par-

ticularly from initial launches of the Solar Probe itself.
4. CONSIDERATIONS OF EXPERIMENTS

It is not the intent here to present an exhaustive list of experiments,
but rather to discuss a representative few, either quantitatively where
detailed calculations have been carried out, or qualitatively where no
precise numerical conclusions can be drawn. It is hoped that what fol-
lows illustrates the type of problem involved in the various categories

of experimental techniques.
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4.1 GENERAL

’_A primary class of experiments that should be considered are those in-

volvmg transmission of radio signals through the interplanetary medium.
The basic reason for this choice is that such experiments effectively portray
the characteristics of large spatial areas and serve to markedly enhance

the coverage regions of the solar probe. Included in this category are

solar cosmic emission and bistatic radar experiments.

Figure 3 illustrates optimum regions of the solar system for performing
several of the electromagnetic experiments under consideration. The
VLF galactic noise experiments is seen to be unique in that the low fre-
quency cut-off of the interplanetary plasma decreases in frequency with
increasing distance. The bistatic radar experiment is of interest at all

distances from the sun, as are the Lyman-a and zodicacal light experiments.

4.1.1 Solar and Cosmic Emission

Much additional knowledge about the production and acceleration of solar
cosmic ray particles and other chromospheric flare effects might be ob-
tained by extending the observations of solar dynamic emission spectra to
frequencies below the F-layer cut off at about 10-20 Mc/s. Such emission
might be found to extend to frequencies as low as the critical frequency

of the interplanetary gas, roughly 10-20 kc/s.

At the same time, the observation of cosmic radio emission at frequencies
near the interplanetary critical frequency would be of great value is study-
ing the properties of the interplanetary plasma. It is expected that at
these frequencies the optical depth of the medium is fairly large and a
significant refractive bending of radio ray paths occurs. Thus both re-
fractive and absorptive effects, combined with those due to the magnetic
field and to the continuous changes in the medium brought about by the

streaming solar plasma will have a marked influence on the observed
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cosmic radio emission spectrum. The observations of the cosmic radio
emission can only be extended to very low frequencies, of the order of
20 kc/s, by sending the spacecraft to a point well away from the dense

parts of the solar system, possibly even into the galactic medium itself.

Although at frequencies near the critical frequency, the radio propaga-
tion characteristics of the interplanetary medium may complicate the
measurement of the cosmic emission spectrum, use may be made of

this phenomenon to study certain features of the medium, such as the
electron density in the vicinity of the vehicle. In such an experiment a
VLF receiver tuned to say 20 kc/s would be carried in the spacecraft
whose trajectory passes through the level at which 20 kc/s is the local
critieal frequency. As the spacecraft crosses this level, the reception
cone would shrink completely, resulting in a sharp decrease in the re-
ceived emission. Thus, by recording the received noise level as a func-
tion of time, the electron density along the spacecraft trajectory could
be studied. However, owing to the expected variation in the critical fre-
quency of the medium and for other reasons, it would be desirable to
sweep the receiver over a band of frequencies, say 10 — 100 kc/s. Such
an experiment would also provide data on the solar radio bursts that

might occur in this frequency range during solar active periods.

4.1. 2 Bistatic Radar Astronomy Experiments

A bistatic radar system is one in which the transmitter and receiver
are at different locations, in contrast to the usual (monostatic) radar
in which their location is the same. This approach allows very large
antennas and high power transmitters to be employed on the ground

and only lightweight receiving equipment in the spacecraft.

The usual method of investigating the properties of a thin, highly ionized
gas, such as the solar corona, which is not accessible to direct observa-

tion is to observe the effects impressed upon the wave during transit of the
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intervening medium. By employing this technique it would be possible to
make some deductions about physical conditions in the corona.  The observ-
able effects might include alteration of the frequency, polarization, ampli-
tude and also the phase and group delay of the received signals from the

values that would have been observed in the absence of the solar medium.

Although many types of radio experiments are possible, probably the
easiest one to implement involves the differential Doppler frequency shift.
In this method two harmonically related frequencies are radiated by the
ground based transmitter and received at the vehicle. The refractive
index of the ionized gas is different for the two frequencies and thereby
affects the Doppler shifts differently. Consequently, the received fre-
quencies are not precise harmonics, and if the highest received frequency
is divided by the integer ratio of the two transmitted frequencies and
compared with the lower frequency. there is a beat between the two which

is a measure of the integrated electron density along the propagation path.

Although the physical principles involved are basically the same in all
applications of the technique, there are certain unique aspects in employ-
ing it in investigating the solar corona. For example, because the Doppler
shift is proportional to the relative velocity component in the direction of
the departing ray at the transmitter and since there are two ray paths
connecting the Earth and probe, a direct ray and a refracted, ray, there is

a different Doppler shift associated with each of the two ray paths.

As the probe approaches superior conjunction with the Sun, the refracted
ray moves away from the Sun while the direct ray moves toward the Sun.
The two rays eventually merge and disappear as the probe passes behind
the radio occulting disc of the Sun. As these events occur, the two Doppler
frequencies would also be observed to approach each other and finally
merge into a single frequency just as the signal disappears at occultation.
The duration of the occultation period depends on a variety of factors; at

a frequency of 100 Mc/s it would likely be of the order of a week. At the
end of this period, the probe emerges from behind the Sun's occulting disc

and the events described above are repeated in reverse order.
2-13
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In the presence of a magnetic field the radio signals will be split into
ordinary and extraordinary propagation modes. Thus, there would be
associated with both the direct and refracted rays two components of
different delay, polarization, and frequency shift. In this case there
will be four independent Doppler modes. Furthermore, radio waves
propagated through a turbulent, irregular medium would be affected by
both the spatial distribution of refractive index and by its variation with
time. For example, random fluctuations in the phase path between the
probe and Earth would give rise to a corresponding fluctuation in the

Doppler frequency shift.

Rather than discrete frequencies, a broadened spectrum would therefore
be expected. Careful measurements of these effects might be used to
determine the magnitude of the coronal magnetic field, velocity of random

motion of inhomogeneities, and drift velocity of plasma clouds.
4.2 SOLAR PLASMA

In considering the plasma measurements that can be made from an inter-
planetary space probe, much use can be made of the data already obtained
from previous flights. The principal value of the preliminary measure-
ments obtained along the Mariner II trajectory, for example, is that of
establishing the dynamic range, sampling rate, sensitivity, and other
characteristics of various instruments for more detailed measurements

of the various phenomena observed.

It is clear that both small and large scale structure in the plasma-magnetic
field distribution will be found under various conditions of solar activity.
For example, the requirement for fast time response is pointed up by the
Mariner II data (Neugebauer and Snyder, 1962) in which the magnetic storm
of 7 October was observed. It was desired, but not possible, to analyze
the structure of the shock wave, which apparently passed the spacecraft
at a velocity of 504 km/sec, because the time resolution was not fine

enough.

2-14
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The Mariner II results together with observations of the disturbance in
the Earth's magnetic field, the variation of-the galactic cosmic ray flux,
and other phenomena reveal characteristic periods of the plasma and
magnetic field variations ranging from a few seconds to a few days. Ide-
ally, continuous measurements should be made for the duration of the
flight, but practical considerations rule against this procedure. It would,
however, be desirable to have a sampling rate and measurement period
that would allow detailed study of the small-scale structure of the medium
and the magnetohydro-dynamic shock waves which give rise to rapid time

variations in the medium.

The study of free electrons in the solar atmosphere and the interplanetary
medium is an important aspect of solar research. Except for the more
energetic electrons which are counted along with cosmic ray protons by
the high-energy particle detectors that have been flown on various space-
craft, there have been no direct measurements of electrons in space. In
particular, there have been no direct measurements of the relatively low-
energy electrons in the solar wind. There are probably present, but be-
low the level of detectability of the plasma spectrometers that have been

employed to study the proton component of the solar wind.

Most of the observational data on various aspects of solar phenomena in-
volves the region of space within a few solar radii of the sun; that is, in
the chromosphere and corona; and it is in this region, where correlation
with other types of data would be possible, that electron density meas~-

urement would be of greatest value.
4.3 MAGNETIC FIELDS

Any magnetometer measurements of the vector magnetic field along the
Solar Probe trajectory would be performed as a part of the broad scientific
investigations of the physical processes causing the magnetic fields of the

sun, the planets, and the interplanetary space. The major objectives of

[\
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these experiments would be (1) to study the interplanetary magnetic field
and its fluctuations, which presumably result from interaction with plasma
clouds ejected from the sun; (2) to investigate the nature of the magnetic
field in the transition region between the solar corona and the interplane-
tary medium, which, if, such a region exists, may occur where the coronal
streamers are observed to end at about 30 to 50 solar radii (0.14 to 0. 23
AU) from the sun; (3) to study the nature and extent of coronal rays, which
are evidently magnetic tubes of force stretching out, presumarly from the
M-regions on the surface, to perhaps 300 solar radii (1.5 AU) or more; (4)
to determine the extent of the interplanetary magnetic field and the nature
of the transition to the galactic magnetic field; (5) to determine the extent
of solid-body rotation of coronal structure and, possibly (6) to study mag-
netic fields of planets (Mercury, for example), provided a trajectory could
be found that would not only provide an encounter with the planet but would
be compatible with the primary experiments. Clearly, not all of these
would be amenable to investigation by the same vehicle since totally dif-

ferent trajectories would be required in many cases.
4.4 SOLAR NEUTRONS

The question of whether or not solar neutrons are produced in the active
region at the time of a solar flare has important implications regarding
the processes taking place. The question might be settled by an experiment
that would detect the presence or confirm the absence of solar neutrons

in the interplanetary medium following a large flare.

In dealing with the problem of ascribing an optimum trajectory for the

solar neutron experiment one encounters the nearly complete lack of basic
quantitative data regarding the expected flux levels as a function of helio-
centric distance, which would be needed to make such a judgement. About
all that is known with any degree of certainty is the half-life of the neutron
decay process, which seems to be about 15 minutes. It is quite clear,

therefore, that any attempts to detect the presence or confirm the absence

of solar netrons in the interplanetary space following a major solar flare

2-16
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should be made as close as possible to the sun as the flux is expected

to drop in an exponential manner with increasing heliocentric distance.
5. ON THE SELECTION OF TRAJECTORIES

It is natural to inquire where in space the first probe should be sent, when
it should be sent, in what sequence the others should follows, and whether
or not the trajectory should be the same in each case. There are numerous
factors that must be taken into account in attempting to answer such ques-
tions. For one thing virtually all of our present knowledge about the sun
and the interplanetary medium is based on observations made either in

or relatively close to the ecliptic plane, and, with one or two notable ex-
ceptions, is limited primarily to conditions in the region between the sun
and the earth. Consequently, it would appear that for the first probe there
is much to be said for a trajectory that is in or only slightly inclined to the
ecliptic and which takes the probe in as close as possible to the sun. Per-
haps in this way our present knowledge could be best employed as a basis
for interpretation of the data that would be obtained.

It is clear that observations should also be made out of the ecliptic. There
are several reasons why an orbit that is inclined at an angle of between say
15 and 90 degrees with respect to the ecliptic would be desirable for, say,
the second probe. For one thing, the variation with heliocentric latitude

of various features of the interplanetary medium is of great scientific
interest. For example, is there any anisotropy associated with the solar
wind, or does it stream from the sun more or less uniformly from equator
to pole? For another, the spacecraft would be out of the zodiacal dust
cloud, which is confined approximately to the ecliptic (actually the plane

of Jupiter's orbit). As pointed out by Goldberg (1962), one of the inherent
limitations to observation from observatories traveling in the ecliptic plane
is the background brightness produced by the scattering of sunlight by the
interplanetary dust. This limitation could be removed by orbiting the
observatory about the sun in a plane highly inclined to the ecliptic.

2-17
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If the bistatic radar experiment is included in the family of experiments,
there is another factor that should be taken into account in the selection

of trajectories. In order to take full advantage of the unique opportunities
afforded by the bistatic radar measurements to obtain information about .
electron densities in regions close to the sun there are certain constraints
imposed on the trajectory. If the plane of the probe's trajectory is only
slightly inclined (that is, less than about two degrees) to the ecliptic,

there are no special requirements. For launches in the ecliptic any peri-
helion (or aphelion) distance is suitable for this experiment. On the other
hand, if the trajectory is inclined to the ecliptic, then there are only cer-
tain orbital periods that allow the greatest amount of information to be
derived from this experiment. If the probe's orbital period is in synch-
ronism with that of the earth, then regardless of the inclination, when the
spacecraft arrives at one of the inodes of its orbit, it will be in superior
conjunction with the sun as viewed from earth. This particular configura-
tion guarantees that the probe will pass behind the sun's radio occulting
disk and therefore that the maximum amount of information will be derived
from the experiment. There is an endless number of such synchronous
orbits; however, only three achieve superior conjunction in one year or

less. The three are as follows:
a. Perihelion at 0. 260 AU, equipment lifetime six months
b. Perihelion at 0. 528 AU, equipment lifetime one year

c. Aphelion at 2.17 AU, equipment lifetime one year.

Case b. above would appear to be the optimum choice for the first-genera-

tion solar probes that include the bistatic radar experiment.

Interpretation of the data that would be obtained on the first one or two
flights should permit the drawing of at least some conclusions to guide
subsequent efforts. It is conceivable, for example, that unexpected ranges
of measured quantities may be encountered, and it may in this or some
other way become necessary to adapt the techniques employed to different

requirements.
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The objective of missions involving a single probe should probably be
regarded as primarily that of gathering temporal data on the various
phenomena. However, spatial variations exist and effects would <cer-
tainly be present in the data, but it would be difficult to interpret any
data obtained along a single trajectory in space terms of these spatial
variations. In some cases the earth can provide a second point of ob-
servation, but, as a rule, its strong magnetic field and atmosphere
substantially influence or totally shield the phenomena that otherwise
might be observed. Moreover, for trajectories such as that envisioned
for the Solar Probe the distance between the earth and probe would prob-

ably be too great to provide synoptic data for much of the flight,

Nevertheless, knowledge of the spatial component could lead to a better
understanding of the structural features associated with certain phenom-
ena and perhaps shed some light on the solar processes involved. It
seems worthwhile, therefore, to consider the possibilities of obtaining
such information. An obvious way, would be to launch two spacecraft

in rather quick succession, say one or two months apart, on trajectories
that would allow simultaneous measurements to be made along a double
path through space. Another method would be to launch the remaining
probes within one or two months of Mariner or Voyager launches, since
some of their instrumentation will be capable of making interplanetary
measurements. Clearly, there is much to be said for sending the re-

maining two probes along such trajectories.
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I. OUILINE CF THIS STUDY

A scientifically instrumented space vehicle capable of epproaching
significantly closer to the eun thun orbiting Derth eateliites appesrsy
feasible from a technological point of view at the present time. The
rapid growth oi the space sciences snd the construction o¢f larger and
larger bocster rockets lends promise that both the feasibility and
desirability of such vehicles will evolve considerably in the pext few
years, For these reasons, it seems useful to think tevisously a“out
degirable experiments that poesibly might be carried out abvard such
a8 gpace craft. We have inltisted, with support fros Ames Research Cenber
NASA, such a study with parvticular crphaeis on experiuenis reiative
to electromagnetic radizticn from the sun and the natuve 57 he inter-
planetary medium. We have not concidered in detail the aany interaeting
experiments relative to particles and fields cezgurements near the gun.
This choice was wade with the understanding that other groups were

congidering the particles and fieldis experiments and does not reflect

a3

either lack of interest on our part or a feeling thzt thege experiments
are less useful. 1Indeed, it secxs immediately evident that® many of the
more interesting experiments aboard such a space crafi will involve
particles and fields measurements.

This report is the cutgrewth of informsl discuseions along the lines
mentioned above with various sciertists in the Roulder, Colorado, community
interested in solar, irnterplametary and terrestrial atmoepheric phenomena.

Some of the discussicns were of s seminer type with strong audience

participation and others were private. Ue have uot zttempted to label all
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ideas expressed nor criticisms of {dess with the usmes of particular
individuals. Thus, this report hss been influenced by msny pecple, even
though, in most cases, they are uanamed. The responsibility for accurate
reporting and detailed comments, however, lies solely with the authors.

fThg nature of our discussicns cen be suunarized by the followiag
quesézsns indicative of our generael approach to the subject: (1) What
experiments would be useful to carry out from a space vehicle approsching
the sun from Earth? (2) What is the specific scientific purpose of these
experiments? (3) At what maximum distance from the sun do these experiments
offer enough improvement over similar experimeu’s carried aboard orbiting
Earth satellites to justify the added technical difficulties of approaching
near to the sun? (4) What are the general requirements of the gpasce craft
for pointing accuracy and control?

The first question led to a rather uvaeritical listing of experiments,w
some of which could be immediately discarded whea chollenged by questicns (2)
and (3). We have retained some of these casily discurded experiments in
this report for the sake of completeness and future reference. 1Ir doing so,
we do not wish to imply that our list is compiete in eny semse. The list
represents simply those axperiments that were of interest to some member
of the discussion group. The second question asks essentially for a
gcientific justification of a proposed experiment in order to distinguish
the meritorious experiments from those that are suggested sfmply because
they become possible under the particular circumstances. The third question

is difficult to enswer in many cases and involves some knowledge of the

technical difficulties of performing such experiments. We have considered
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thege difficulties only in crude terms, and becauvse of thiz limitation
we have set the maximum distances in equslly crude terms. The fourth
question is similarly involved in techmology. W¥e have imclcvied it becausze
it is relatively easy to answer withcut knowing detailsg of instrument
design, etc., and because it is helpful in the planning of a3 solzr probe
vehicle. We have specifically avoided detsiied comsideraztions of weighe,
power and telemetry requirements.

The discussion that follows is not intended in any way as a proposal
for support of specific space experiments. It is intended only as a guide

to those who subsequently may wish to propose experiments.
I1. General Ccnsiderations

The scientists' wish to observe the sun and its space environment
from vantage points nearer to the sun than the orbit of Earth is prompted
by a desire to gain better physical understanding of the sun and its
enviromment, An observing station nearzar the sun would experience a
greater density of radiant flux from the sun snd would view 2 sun of
large angular diameter. A4As a result, small features on the sun and faint
emiggions would be relatively easier to detect. Purthermore, the natuxre
of solar phenomena is such that we cannot safely assuae that an observer
at Earth is capeble of detecting all that trznspires on or near the sun.
In particular, magnetic field configurations near the sun may change
markedly with little or no detectable change at the orbit of Earth; and
clouds of solar plasma may be ejected from the sum in asgociation with

many flares, or other solar phenomena, without ever producing an observed

effect at the orbit of Earth. Firally, an observer at Earth can acquire



only very rast ted observaiticns of sach vhencienz es zodiacsal iight, the
Fecerona sué the solar wind, Ghsszrvatious at closer apereacnge to the gun
offer hope for great icgrovencrts in the quriity an
availeble for the study of svoh phenomensa

The gun is an extended source rather than a2 point source, and the

advantagee to be gained by a close approach muct be carefully considered.

-2

A given fecussing lens will intercept radiant flux in proporticn tor ,

where T is the digtance from ¢ lens tc the sun. The image formed, however,
. . . -2 . .
tnoreases in erea in proportion to ¥ C with the vesult that the surface
intensity in the imoge is corstant., Thus, a specitrograph, for cxzeaple,
with a giver imaging system and s fixed giit ~hat fs smoller then the solar
image will not expcrience any iucrcase in the flux zassing through the
slit &s r 1s changed. The ratic of imsgs azca to slit ara2a, hcowever, will
-2
irncrcage in propertien to r °, znd the syectrograph will pgain in spatial
regolution of the sclar image. ©n “he cthev hand, if the gain in spatial
resolution is szerificed Ly enlavging the entrance slit of the spectrograph
. ea i . . . o =2
the flux recaived will increese in proportieon %o z °,
R o =1
Linear resolution on the sun increasges in rroporiion tor  as r is
decreagsed. At a fixed distancs from the sun, c<he theoreticsl linear
resolution is proportional to the dicmeter of the objective flux collector.
Thus, an approach to 0.1 A.U. iz equivalent to increacing the diameter of
the flux collector at 1 A.U. by a factor of 10, or iacreasing the flux
. 2
collecting power by a Factor of 107,

We have arbitrsrily adepted an incrcase in theoreticzl linesr

resolution of & factor of 10 as the marginel value for studies aimed at




- ‘ -
.

S
increased gpatial resclution, f.e., the incrascod vesclution socrmes a
compelling factor when v -2 0.1 Ay
3ince the total flux vercived Ly & coulls inivoarss Lo pronovtion

3
-2

tor 7, a theovetiesl incresse in usofol {lux of a facior i
at 0.1 A.U. 1In many caces, howgrer, this total incveszss cavnob be
utilized because of design problems. Again, we have szet ©.1 A.7. as the
general marginal conditiun for studies voquiring greater flux levels.

Some notable exceptions to this sriiirary condition wiil arise, howaver.

In getting the above limits, we recogeize that evvrent technology wakes

it far wmore difficelt to reach 2.1 A.YU. thea £5 veach 9.3 A.8., and that this

H

alone may offset the advantages gnined by shovier distance from the sun.

We have not taken this into considerstion. Instead, we have proceeded under

the assumpticn that the difficulty of aclieving a mejor reduction in r is

rougnly compsrable to inecveasing efther flux collecting power or the

. - . . .2 .
sengitivity of flux detacticn by ¢ frotor of 10%, A galar probe at 0.3 AU,

would very definitely prazsonl sirong advaslajses in inc

0¥
-

resolution on the esun and sinimun cheorvalle intenzi:
seems to us to be wore wezlistic lo sttoupt o achleve this saue gain

by increasing the flux garharing znd dote

o

ctiog power of instrumeats eboard

Earth satellites by a factor of 10.

?vA further advantage of a close solar probe over an Barth sstellite is
in tﬁ;’}equired accuracy and stebility of pointing. For example, a solar
feature svch as a spicule or granule with 1YV of are angular size at the

orbit of Earth subteade 3.3" of ave 2t 0.3 A.1. zud 10" of sre a> 6.1 A.Y.

The pointing accuracy and stebility of the space vehicle regquired to

observe such features is therefore substentially lezs than at 1 ALY

v
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Again, the reletive expense of thils gein moet be wei

engineering difficulties, which ve do not feel competeat o ‘udge. Fov

this veason, we have excluded fruem our stuwdy any consideraticn of experinen

degigned primarily for achieving high spetial resolution. We heve inclided

some experiments where merely "better® reuolution is dogired, howevar.

I1I. SUMMARY OF SUGCESYED EXFRERIMENTS

A. - Lyman-o; Interplanetary Abscrnition. (Suzpested by J. W. Warwick ani

E. P. Tedd)

The purpose of this experiment is to detoridne the distribution of
neutral hydrogen in interplanetary space by asearchiog for a marrow
absorption feature in the solar spectrum near Lymen-a. For a stationary
nydrogen gas, the absorption ccre in Lyman-ct would have a Doppler width
of about .04 to .12 Angstroms, correeponding to zsaumed temperatures of

4

10" and 105 °K, respectively, Tie depth of the akgorption festure will

depend upon the cumber of peuzral hydo

(A]

sen ataes between the probe and
: A R . 12

the sun. & depression by about 0.1 would oocur if theve weve 3 x 1
neutral hydrogen atoms in the optical path from prote to sun. At a probe
distance of 1 A.U. this would correspend to an average neutral hydrogen

2
density in interplanetary space of about .2 per ca”. (The abaor sption

~13
coefficient at line center for Lyman-% i3 0.56 % 10 for o temperature

13 5

of 104 °K and 0.19 x 10" for a temwperature of 107 °K.)

This experiment would inmvolve crude peinting towards the gun and a

o

spectral resolution of about .1 A, Tais would vot give an zccurate profile

for the abgorption component, but would be sufificient to glve the total

atsorption. A resolution of 0.01 is required for studies of the absorption

profile, vwhich would provide valiable cew darta

o~y
et
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1f the interplanetary neutral hydrogen is moving outwards from the gun
with sn average radial velocity of, say, 500 km/sec, the absorption line
would be ghifted 28 to the viclet of the rormal Lyman-% live, and would
be difficult to cbserve as an zbsorptican line.

The density of peutral hvdrogen atoms in intexplanetary space ean be
estimated from data obtained by Zuslover ¥ and from more genercl considevations
(zee appendix). On the basis of the observed solar wind flux alene, there
would not be enough neutral hydrogen withia the orbic of Borth to detect
by this technique. A relatively smsll change in the wind £flux, however,
could result in detectsble amounts of neutral hydérogen,

In view of the uncertainty in the amount of interplanctary hydrogen,

E2 5

experiments to detect it should be ficwn atcard ccbiting Earth satellites
or gpace probes going beyond the gec-coronz. In the event that these
preliminary experiments successfully datect interplenetary neutral hydrogen
a solar probe experiment to de ‘“ulse “he rediel distribution of the neutral
hydrogen between 1 and 0.5 4.¥. would be of great value. Arn experiment
capable of resolving the profile of che abserption core in Lyman~- wonuld

echance the value of the experiment.

-t

B. - Lyman-0; Interplanetary Scattering. {Suggested by R. G. Athzy)

The purpose of this experiment, again, is to defteimine the digtribution
of nzutral hydrogen in interplaretary space by searching for Lymen-0 emission
produced by scattering from neautral nydrogen atoms

If we assume, for convenience, that neutrel hydrogen is uniformly

distributed in interplanetery snace, the Lyvman- photon £lux arising at
t’ £ o P =
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9 . -2 -1 .
2.3 x 10 n R, om 7 oae2 7 .y
and the flux arising frem a point cpposite ©le sun
¢ o ~2 -1
5.3 210 2 Rity, o~ see &, {4

where n, iz the aumber of gcattering atoms in 2 cubic centineton, v is the
probe-sun distance and R is the Esril-son disrance. A Lfmaﬁ—u photon
ouvnter capable of detectins 1 x 107 photons per gec, would thevafiore be
able to deteet at 1 AU, an average oy 2 .12 looking st 90° to the sune
probe lipe and on averege g, > .2 Icekipg dircetly away from the sun.

If n, is propoertionel to v %, the wwerical coefficients in equations (1)
and (2} eve reduced by factors of akuut 2 ard & recpectively, sad n is
redefined as the ambient n, in the vicinity of the probe {see appendix).
Gbvicusly, o, carnot continue to increase tewsrds the sun and the
aporeximation that nhci r-l ig intended ouly in the vicinity of the probe
and at prester distancesg from the sun.

It

H\

thare is encugh neutrsl Idrosen ian interpianetary space “c be
chsorved in this way, chsnges fn Lo emiuvalen with orientatisa of the
instrument and with distance fream (Ne sun shoold provice the aacessary
data to determine concentraticns end gradients of meutval hydrogea., The
cbservations meed oaly racord fotel flux in Lywmaa~- and preferably
shiould scan acrosg the plane of the ecliptic,

Measuremente of Lyuarn-o emistion scattered oy ipterplsnetary neutral

uyiregon appear to Le goaerat gizpier %o cavry out than meoasurecents of

the central abeerption core is direct zolar Lyugn~C vadigtion and would

al
L inkd

oy

Ry

iy

de ezecntialily the same Jdatn, Ia priaciple, thic techoique is capabie
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of detecting much smaller coancentrations of moutral hydrogen than is the
absorption experiment., Sinece the feasibllity of this experiment depends
directly upon the sensitivity of the Lyman- photon ccuaterg employed,
we will not attempt to predict its success or failuve. Again, studiss
of the line profile would subs:antially incresse the value of *he data,
The profile of the scattared Lymrn-o line would be eggentialiy the same
as the profile of the centrael absorption core,

As in the precedine experiment, prelicinary observatiens from orbiting
Earth satellites or space probes should precede zhe cloge golar preba. A
golar probe experiment, if initiated, shovld approach within 0.5 4.0,

of the gun,

C. - Lyman-q; Coronal Electron Scattering. (Suggested by I. bhman)

Electrons in the solar corona will scatter the chromospheric Lyman-x
line, and, because of the high velocity of the elect. <, the line profile
of the scatteved light will be considarebly brosder than in the normal
solar spectrum. The purpose of this expeviment is to provide & unique
and accurate measuve of the coromal electron temperature by measuring
the profile of the scattered Lyman-o line. The mean Doppler velocity of
coronzl electrons (asswming 1 = 106 °K) is 5500 km/sec, which produces a
Doppler width in the profile of the peattered iyman~-Q line of 228, A
spectrograph with 1§ regolution would glve a sufficiently azccurate profile.

The flux of Lymen-o photcns at the orbit of Earth due to coronal
scattering is of the order of 1.4 = 16° en™? gee™ ! In crder to obtain

profile informaticon, this flux must b

5 - - i
an average fivx of 1.4 x 107 em 2 see i at the orbit ef Sarth.

fir

divided into about 10 bands, leaving



The coronal flux wsy be muth legs than the total flig Jue to iaters
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pievwmry catiering. Howesver, L the coromz s Larad arn oG Dhoucn soantor
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the counter can be shilelded frew all imberplanerary flux ewcopc 7hat avising
the eolid angle cubtended by the corona. This laitter flug is companvable

to the corcnal flux if the probe f3 2t 1 4.9, ond iy, €.1. 1If the praobe
is at 0.3 A.U., presuwmably the interplanstary flux decreases umorkedly and
the coronal flux increases by a faccowr of gbout 10, 4t 0.1 A.¥. the coronel
flux increaseg by a factor of 162 comperad to the flux at 1 AU, and the
interplanetary {lux deczeaszs a:till further. Since the profile of the
coronal scattered Lywan- is about 284 wide whovess the profile of the
interplanetary szattered Lyman«Y is nbhout 0.14 wide, the two conponents
could be separeted with rather orude spaotroscopic resoletisn.

This would be a veluable experiment to caerry out. The advantage of a

close &pprosch to the sun, however, wmust be weighed In terms of insirumental

izies and the distribduticn cnd deasity of faterplsnetary neoutral

hkydrogen. I£ 4t turng vt thaz ‘ohorpinnaelary geactering of Tyman-o
') H 5 >

to be gained in this experiment by a clsse appioach o the sua.
D. - Separation of F and ¥-Corouns {Sungesced by &. G. Athay}

The true zolar cocrona (K-corona) et all gsolar latitudes at suaspot
maximuem or near the solar eguator 2t sunspot wlpimum merges at sbout ome
radiue above the golar iimb with a faise F-corons pruduced by forward
scatterinsg by interplanetary dust. It is lilely that the interplanctary
dust is very tenuous near the sun e2nd relatively deuser at greater distances.

A solar pgrecbe at 0.3 A.U. would cee an F-corons with 1ts intensity reducad
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by at leagt a factor of 3.3 ar fector of 10, A
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reduction by a faoeter of 3.3 4n the brighinesr of (he Fecerona would me

it comparable with the brishitness of the f-crrens fat the times znd
\
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indicated) at gbout tvwo radil steve the solar limb, end 2 reduction in the
F-corona brightness by & fector of 10 wonld walke the &wo couparvchie im
brightness at distances varying {rom 3-10 radii above the solar lind.
Direct obgervations of the coveaz at 0.3 4,U. 2ould, therafere, ahow much

more of the gtructural destail of the
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at 1 4A.0.

Tnterpretation of much coronal date in terws of the sparisl an
thermodynamic properties of the corcase deponds quite hesvily on owr abilicy
to separate accurately the F and X components of the coroma, Hence, this
experiment could be of considerable value., Observations couild be made in

white light ard would require either imsging or scanning of the corcna.

E. - 3-D Cerona.

Cae of the major unzolved problems of the golar zimacphere ig the
nature of the spatial irregularities in density and touperziuwre. The
structure is compiox, and the proper inmvevpretaticn of srectroscopic

data depends quite critically ou the prcais

La

icun with wiaieh the goowetlry

can be gpecified. The effzctive path length through vhich emergent corcnal
radiatica originates is long compared to Individual feooturcs in Che corona.
As a result, many of these featurss are cbegenrved by chance euperpesition
and over-lapping with other features.

Tne great digtance of the sun frem Harth wakes interprofatlion of the

spatial coafiguration of sny observed cororal struchures Cifffevlt. For

nosition
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example, it is not known whether the long equatorial stveamwerg of the corona
at sungpot uinimum form & continucus disk enciveling the cun or whether they
&re digcrete features like spokes radiatisg from a ceatvel hub.

If we assume that a given sireamer ir a spoke-liks structure we cannot
tell where it is anchored in relation teo features on the solsr disk without
forming a three dimensicnal corcmal picture.

Simultaneous pictures of the corone made from two points which subtead
en angle of about 10° or greater vhen viawed from the sua could be used to
construct three dimensional medels of the eorena that are cenziderably
superior to models currently available. The success of sueh a program

depends substantially on the er

i)

tial resolution of the victureg and on the
angular separation of the chservinz points.

Cne pilcture of & pair, of course, could be obtained from a white light
coronagraph aboard an orbiring Esrti: cgstellite or from the ground at a total
solar eclipse. A similar ipstruweat ztoerd o space probe cculd provide
a good seccnd picture. Siace the primary raquiremeat is to get adequate
angulaxr sepzration of the tws chbscrving points there is no particular

regson for a cleoze spproach to the sun.

F. - Zodisczl Light and #-Coroas. {Sugpested by G. H. Rewkirk)

From the intensity =nd polarization of the zmcdiscal iight and the
veriation of these quantitjes with elongation angle from the sun it is
possible, in principle, to detsrmice the size distrilbution of particles
in the interplanetary mediuwr:, The interpretatiscn of such observations is

greatly complicated by the facz tha

v

aot only the size distribution but

8lso the spatial digtributicn of the scaiveving particles must be inferrad
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from the cbgervetions. With sc many porswcteors reavired to dpseribe the
interplenetery dust it is nct murprisipz that the observations lead o
ambiguous results. Observaiions of the sodiazal lisht o the P-ccrona
from a '"Clcse-In Solar Obsewvatory® ag it elowly spproached the sun
would be of inestimeble value since the jarameters of the spatinl 2istribution
could be inferred direczly from the obascrvaticans.

Also by performing such an experirent we wight well he sble o enswer
the question of how large a sphers of particle-froe cosce ths gun has
carved out of the interplanetary medluz, Seversl acthors have ssiimated
that the eolar system within the orbit of Venus is esgentially frea of
interplanetary particles. Such mezsurcuents could not only answer the
direct question of what is the distribucion of imterplanetsry material
in the imner solar system, bul would also shed light on the rather
intriguing preblems of the dynawics of the interplanetary particles.

The instrumentation roguire! to okgerve the intensity, the peclarization,
and the direction of pelarizatiecs of the zodiscal iight at representative
angles covering nesrly the eative shy would be relatively simple. The
cone of epproximately 20° helf-asgle centared on the sun would be excluded

+he
from measurement in crder to kzep the opticel system og/ﬁlctsmeter to
the simplest possible form. The sun shield of the egatellite could be uged
as a rather large occulting disk to prevent direct phorospheric light
from striking amy portion of the zodizcal light photoneter, which would
be on the anti-solar side of the vohicle. The exact program by which

the zodiacal light photometer would star the shy would, of courae, depzad

upon the type of satellite stabilizatico.
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The sccuracy with which thz chservations would be Tequived vould be
approximately one percent in relative inteusity. To accoamplian this
stability most simply it would be necessary to csiibrate the photometer
on the attenuated radiation of the direct solsar disk seen through the axis
of the satellicte.

We make the, aduittedly fnexperienced, guess that a zodigeal 1ight
photometer-polarimeter of approxizately 2 or 3 inch aperture and its
asgsociated electronics would weigh approximately five to ten poundsg.
Assuming that the photometer were to examine the zodiacal light in 10° by 10°
semples we find that approximately 500 sampling positions in the sky would
be required. With 3 pieces of darg to an accuracy of one percent from each
sampling position we should need approximetely 1.5 x 105 pleces of
information while the satellite i3z in a given position in the solar
systen. Under the additional assimption that data is degsived from
leagt ten different . .atigas in the solar svstem from 1 A.U, to 0.3 AV,
approximately 2 x 106 pieces of information would be reguired during the
entire operation of the experimen:.

The slightly different form of z2cdiacal light photometry involved in
observing the F-corona requires a more gophisticsted piece of equipment but
would also promise more information sbout the size end spatial distribution
of the zodiacal light particles. This experiment would involve an
externally occulted coronagragh copable of exsmining the zodiacal light
and P-corona froa approximately 2° from the center of the sun out to
approximately 50° from the center of the sun. Such data have an igherent

simpiicity of interpretetion Lecause the scattering fuactions from very smalil
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particles are geaerally sin~le waluad 1lghin 2 cor resing arprlae of 20°
or 30° and the swbigeity prozert ir sodicecl Tight meaguremente at largev
scattering angles is vemoved. The indcruasion hondiing faciiity veyuired

for this experiment would be approximately ¢n order of magnitudo graller

than that requived for the zodiacal light photometry,

G. - White Light Detection of Fluaoma Clouds. ({Suggested by R. G. Athay)

A plasma cloud ejected from the sur may contain erough electrons to
give the cloud appreciable brighimess in the vigual spectruw arising from
scattering of sunlight. At an sugular distence of 10° from the sun, &
plasma cloud in which the product of electron dergity. s and cloud

15 cm'z would have ebout the gawe brightness as the

diameter, L, is 10

zodiscal 1light at the ssme elongaticn angle. This velue of neL is

arrived at by extrapolation from the ceronsl brightness. At 0.5 radii

beyond the solsr limb, (neL} corora = 1017 cm'z. &t 10° from the limb

the fluz density of photespheric radistion is reduzed by about 10°2 zad

e cloud with a L ~ 1050 cn"? ceuld he asbout 1074 ag bright &s the corona

at 0.5 radii. This {s compeveble to Che brishitness of the zodizcsl light,
A zodiacal light photometer scanning scross the plane of the ecliptic

near the sun would be capable of detectinz such clowds. In this case there

is not so much advantage in a close approach to the sun. On the other hand,

a zodizcal light or F-coroma photometer would almost automaticaily detect

thege clouds if properly progracmed.

H. - Solar Neutrons. (Suggested by E. P, Tedd)

It is probable that the cuter regions of the sun’s atmoaphere may,

-

at timeg, produce energetic neutrons capable of esceaping the pravitationsl
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H

of reutron producticn upon the elovon
be peinted ou® Chat noutronn ovnl:

will have a lerge probability of

PN

Several attempts to measure zoler routrons ho

or ambiguous zesulte and it {5 clear that at s disrexn

tens of Mev an? lezs.

6ﬂb

1 N erreiey

unit the mber of guch nautrons carnot be larse
neuitens in the eartii’s outer strmisphers azising from

i-6
and froa albofo processee. In the cxpevinents thuo
the neutrona produced 4a the asuncsphere by cosmic rays
procesges undcubtedly mask the rresonze of selar ooutr
further be peinted cut that in the rrodusticn processes menti

the neutron gpectrum produced shovld he expected to te
with appreciable production oaly ot enovgien lowsr “ho
probably with the producticn comeontrarad priogrlily at

-15-
field of the gun. At times of solaw activity, protsns with znergies of a
few Mev up to hundreds of Mev are clzerved *o emonate from tho sun.  Such
profons will alwmost ceriginly tioing with nuclei, ceusing
charge exchange ecattering acd producine Snst neutvons. Oiher possible
& Lo
interactions are ruclear disinbegrsticons aznd cvanorstions {otar-formation),
&
Star productien in the sclar corcua then ~an leoad ©o neuntvens of at leqae
10 Mev energy. A mechaniim cuch as this indicates o ctreng Jependense

of the enerpy spectrum of nouirens preducsd in ensrpstle scler evens
weculd be of great volue in underctaniiaz woth “he natuce of these avents
and the nature of the swrroevnding solav atmoaphere,

n made with negative

ce of one astreoncmical

coapored to the numbter of

primovy cosmic rays

fcr sceemplished,

and Ly albedo
one. It chould
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4 solar probe traveling Rewsrds the sun presente sn spcellans

opporiunity for cn expeviuent dayi o fetesi and rogiter thoe
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saianceuent in the countiag rate

{
-

obtaiped oo sueh & satellite, in zéddivicon o the aimpls
b

sifeh
would erhance the solar nsutrun covnting rate 2t 0.3 AU, by a factor of
sbout 10, would be encowmteresd due to the increased survival praosebilizy

of the iower energy solir neufrons., The ephfmend counting rate due to

£
increzsed survival probebility alese “or a S melosted eneyzies o oa

setellite at G.3 4.0, is sheemn ic Toble T. saiitieorally the Yachground

of neuircns in the outer atmoscheres of tha eareh uhich have plagued asrlier

attempts to detect solar neutrons will be

KReutrons in interplanetary space which teleng to the primary cosamilc
ray flux will probably be omall in nuvcbsy eaé also of exceedingly high
energy so that they will be of no imporiance as a background £o the

exrerimert b5 deleet solay neulyaons.

ever, cuevilce rediation will produce
1w emevgy neutrens within the spoce crefs itself, which will ephance
tho backgreund neise. Alse, zhe sun iteelf wiil vioduce vogmic ray albedo
nevtrons in great quantity. Since theéce noutreus ave not of direct interest
in comnecticn with wveutrons prodvced b
albedo nzutrcne must be regarded as part of the aolce background. Thus,
while it is fimpovtant to escepe the terrestrisl neutrons and to move cleoser
to the svn, a close epprsach to the cun wmay be detremental.

In essence, the problem of deteczine salar nevirous vrodaced lecally

in the sup is just the problem of tryiny eo segerate ot these neutrcus froa

those produced by the solar cosmiz vay albede.  Since the lceally procucad
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neutrons are supposedly praduced by soloy periticles of nosy osenic
P v

energies the energy speciv o of these pevtyons gy be guile siuiizr to

that of the albedo neutronz. Thus, one would to

1 A

in solar neutreon flux produced by & local ot spoav” on the sup. In Shis

sense, the only advantege of gulsg

(2]

loge o the sun is to increzge the

otal solar neutron flu: to covntable

l-l

evel

’.43

If the meutrons produced locally in the solar eftmosphere Ly solar
activity have a soffer enoviy spectrun then the albede neutvens, an apis
to something like 0.3 4.7, would te iee, futre wouid appear
to be relatively li:ttle advantene im o cloce arproech to the sun, wo loug

as the space craft is far encugh av

neutron slbedo. This achievement alc educe the naise backe

ground.

Tn spite of the increased sirnal to beckground advantzge to be enjoyed
by a neuvtron detector well remove! from tervegirial neutroms, it would
be desirabie to make the detectosy divectlonal znd to srrangs for it to point

avay from the sun at leest onze

PR

n & while Zo crder to demonstrate definitely
that peutroms arc cowing fvea the sua. The divecticnality required cf the
detector for this purpose is of & cxude wnture only aand pointing could be

correspondingly crude.
Table 1

Neutron Survival Probability at (.2 A.U. Relative to thot
(T = 13 minutes)

Neutron Enerpgy (Mev) Relative Survival Frobabiliiy

Gl3
4
0

o

P

£ 1.9 A0

9.1 2.2
1.0 1.
10 24.5
30 4.9
100 2.9

%

L)

b
[

-

-
[}
€
I3
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I. - Y. V., and Z-Ray.

Ultraviolet and X-vay data for the sun ars

spatisl regelutieca »n the solar dial

Ecth of theze problzmes could be sebe s

0.1 A.U. or closer. At the presere, houvover, it sowre pore adventageous
to concentirate on the perfection of doteulers and .ores fermtng devices

than to expend our energy in a close colar nrako,
Xp 5 i

J. - Backside Soclsr Activity.

FProaz tipe to tive 4t is eugergtud g zabluicy

of the sun can result 4in suoy

While such suggestione cre not rar
phenonena, as more data sre gecumulnted. Fuverthiless, it would be of
interest for some applicatinmg to monibtor zati-i%; on the side of ¢he sun

opposite Earth. Thore does not seem o be any corpelli ing reason for a

clogse approsch to the sun however.

X. - Radsr Scundinz of Civons.

Study of the solar cotune

91

ind coliyw activiiy by means of reflected
radar signalg holds promise of yisldiag signifizent new information that
will a2id in understending these pheucmeva. Fver et distances of .3 A.U.
the power requirements Zor a transmitter /receiver system mwounted nn g

solar probe are larze and probably eliminats this exporirent ot pregeat,

41

However, & new technique of spac: vacdsr g uroutny heg be2en dezaribed
3 ra

recently, principally by V. R, Esblenan. The Ceehnique Is salled "bi-static
radar &stvonomy”. Ir & bi-ststic systom the experiosnt slves three
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locations: the Earth as a platform fer a powerful rader tranguitter and
a large tracking antenns; the cbisct of stuvdy, in this case the solar
corona; and a receiver on & space probe nzar the sun. Radar pulses travel
from the transmitter tc the receiver on the probe by the direct path and

also by a path reflected from the corcna. Several freguencies could be

transmitted simultaneously to mecsuze the dispersion and other physical

properties of the prepagatiang mediim. The coambiration of signals following

the two paths acd their receptiss at ths probe, togother wich the possible
multiplicity of frequancies provide unique opporiunities fors (1} self-
calibration of the measurcments, since the inptrumental deluy times and
delays iamposed o both signaie by the interplanctayy nodiun srould be
canceled out; (2) the detection of effecze that derend en the angle of
incidence; and, (3) ccculration prercuena. Oerecuitations of radio stars

by the solar corons have, of course, teen ohserved frequently but the
small engular diameter eud time delay cecsurement poeesibilivties of the
bi-static radar approach weculd givé considerably more ianforwation than

can be derived from the vadio star measurements.

For this experiment, a close approach to the sun isg inlighly desirable.

L. - Faraday Rotation and Doppler Shift. (Suggested by D. E. Billings and

C. G. Little)

The reception of a radio sigmal of known initial polarization from
a tramsm’iter on 3 solar probe would vield information on the magnetic
field and electron density of le interveniong mediue. The Doppler shift
of the signal, produced by phese chiftg in 1scel irvegularities, in a

similey manrer would indicetc the zrient of motions along Che path of the

<
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signal. In effect ous would —ap

dengity diacwwibutleoa, or orduvied v arh of e owlgpsl,
Supevismpoged upon this woul Sheade Moo uLdavion 4:

In fact, the lcesl time varlelion moy he shovrs courursd o the PTORTRES
of the probe in orhit., AL best it fs 1l%ely o b0 a 4] ificele experingni

to {nterpret. OCne further Jifffaulty (o e sacvcumoet of the Favadsy
rotation is imtreduced by the wiircur counicisuidce: fu the polarizitios

of the signal in Craversing nhe ilcacaphove I Ly vwell ectelllished Yot

there are peiic e fu fhe lgnonpiiere tiiish
alter the ol degigoed Yo ossacula Tereday

rotation 1

of Faraday rotation in the ionosshiz o

The object of this experimeunt s

snsce enviveonsent
between the probe and Barth. A clese 3w is thevefove
dezgireble,
{Zugoered Lo 00 @, Litele)

k]

e T Tama PR . . s oy emewamii e o : wn e T
e elecivon denzity in 2 prCoe presumadly could be

determined by the susitarion

wzeiilationg., A ewept low-
frequency radiz sippal tranenfried Sien € probe wooid srodice anelillations
of the clectrons frvidiated

al. 4t the local plosus Ivegueany

a resasraat osciilation would veouw

circuitry. This technique providac

electron dengitieg in the visiniy ¢! the nrole, Lut fon oo ol oz oo be
influenced by the velicle itself.
. L ]
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Thare are, of course, detoctors zaypelle of worpiring Afvactis ¢hs
local fom demsity meer a gpace prila. Thia tochafgve is both singler oo

carry cut snd eimpler to interpret fnen “he vlaera oszeillaotion erpeviment,
Since there ig, st pregent, uo
densgity differs locally from the ion density ia free space, it appears
that the plasza oscillation expezricent would not add to the direct

detection of the local ion dansity.

N. - Sclar VLF Fmission.

The pessible existence ~of VIF aalicnion iIn

impocrtance In solar physics ond offers o poasitle odd

studying the solar atmcsphewe., A close sgolasr preote, for zucaple, wfzhe
detect "whistler™ type phenomens in the fora of Vi¥ ecizsisg treopped in
the sun's general magnetic field. This zal oxher shensmens ssaonizted wit
VLF emissicn would give valuable infowma2tion on the over-sll strecture
of the solar atmosphere 2ui the =0

netic field. Such an experiment

would vaguire a very alose approech to the sun, within 0.1 A.U. ¢t leset.

C. -« Radio Spectruu Gradient, Suggested by D, Lund)

Th2 purpose of this experiment is to provide clues to the emission
mecheniam(s) for radio emigsion in the solar coronz. Thais informetion is
n2cegsery in order to be able to write correct gource functionms for the
radiative transfer problem.

Th2 knowm emission mechanisme produsze redically diffevsnt speacivel

-

U -y o N » . R % ~ s 1.4 % - Y ™ v .
"signatures." These spsctye may be dizstivsgished by the slope of e

s
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spectrzl pow=i density with froquencr., It is propoced to sample these
slcpes at a nmber of digcrete iow frequencies down to the plesns frequency
corregponding to known elec:rn Qengiiss ir the region beltucen
Earth.
Directisnal inforamaticn i nacengacy Lo dlaolete &
as being of solar origin. Since the froguency cousiderstion fatroduced

above requires antenna structies whicl are gmall cowparved to the wave-

length, directional informatior mus? be devived frem sutenna v2gponse
winima, rather than nexize, Improvencs” of the sfanal-tu.ncice ratic by
placing the experiment close t¢ ths gun 45 clearly deefvobic, bus fhe

experiment could be cerried cut 5t rha crbit >f Ea

P. - Fields, Particles aad Ples g,

KLl

While we have not given de:atled con pideretion to the many fields,
particles and placma ewperiwarnt. thrg 8ve guggested by = close golar probe,
we subzmit the followimg gemeral remerke. Solar events res3ulcing in an

ejection of plasma cleuds with cmbaddod wepnitie fieide that penety

& £ rafe
&t least ag far as the orbit of rerth ere wov ialregusat.  Ir T2ems very
3

probatle that &t distances frow the sup of fhe crder of 0.3 - 0.1 4.0.
such plesma-mignetic field eveni: w.11 be corsiderably nore froguent
than at 1 A.U,

The sola: mechanicn leading to the ex

and photons iz not understocd. Part of the difficuity in suterntins e

si temiE g

interpret ava:ilable dats in tercs of raveicsl wechanisn ie that svec e

that are otherwige very similar soc:idineg

~ . Eat . o~ Te .- 4 ~a
L 4 Pralace snzrgellio parricies
- 5 > . -~ [ “ -
ard sometimes do not. This fovecs ve fo cong have wal yet
" v
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discovered a really satisfactfory link betveen the gooduction of vavticles
of either high or lov emergy znd cvhor siecilie Chuve levierica of rolatod

solar evente. Hany specific optical ard radio clsrac evwigsics
have been prcposed 2s being clossly veletod to polan sroton everts. It
must be admit: ed, however, that acnc of these prerosed relationships
purport to amswer the basic guestion of just how the emergetic particles
are accelerated and what specific relationship the acceleration mecharism

has to the production of the relsted cpticel or radio even:. These

=

questiorns mug: be answered, kut theyr canmot be until we know much more
concerning the tetal flare event, beth in the slectromagueiic and particle
gpectrunm,

Particlen, fields ard plasu: cloud cbservaticns nesr the sun at the
times of sclar flares hold promise of incressing greatly our knowledge of

the flare phenomenon, Hc one can predict wizh ceriainty just how much we

stand to gain by such chservetionz, bhul certainly =his is 2 rromising
space experiment with great poteutini revavd,

For thege experiments, s=n approach to chout 9.3 AU, from the =un
would be very vazluable. An gpproach to 0.1 A.U. would be considersbly
more valuable, however.

In the scme vein, the siudy of solar wind particles as a function of
radial distance from the sun would zdd much to our understanding of this
important phecomena and, hence, 0 cur uvnderstending of the corona. For

oYy
this purpose, one needs clogely 3puce§rs=siauitaneoue)observaticns of the
magnetic field vectors, velocitice and dznsities of particies and kinetieo
temperatures £3 dofived Dy particle zozions in cach of the three cocvdinates

r, 2 and ¢.

- X
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Unless the solar probe approaches within .05 A 0., the solsr wind
date will not add greatly o Zate ol tsined at the orbkic cf Kavrth. An
approach this close would be valuable for stuvlylag solar rotslion at these
distances and would further erhacze the velue of the active sun experiments

mentioned in the foregoing.

Q. - Gravitationel Red Shift. (Sugzrsted by P. Bender)

A further experiment to ke considered for a low periges solar satrellite
is a measurement of the slowirg dowe of light goinz by the zun. One vergion
of the experim:at would be to put a frequency cisndard aerd a pulsed low
threshold lager abozrd the sastellite. With a 1O-Q vadicn beax simed at the
Earth aand a 0.1 joule ovtput thig gives about 363 ?hﬁtgna/meterz of collector
in 1()'7 sec anc in less then 2 11 bacdwidth. This should be compaved with
fluctuations ir scattered sunlight necr the 1imb in s roughly 10"8 sterradian
solid angle for a comparable time. Since the soler diclk givee sbout
5 x 10° phctons/ﬁeterz, in 14, 1078 sterradians, and 107/ sec, the fluctuations
about 0.1 golar radius from the limb should be small. The laser would flash
perhaps every few minutes at times centrolled by the satellite frequency
standards and the received pulses couid ke timed with respect to freguency
stendardg on the Earth to better than 10-7 gec. Since the experiment would
take of the order of a day and a frequency standard uncertainty of ome part
in 1011 would give a 10-6 sec per day time uncertainty, the msjor uncer-
tainties would probably be in the zatellite frequency standard aad in

the knowledge of the sateilite orbit,
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For a satallite passing bshind the sun,

due o light passing thvough fhe sua's grevivsiional Field is civen Loy
the general thesory of relativity {J. Websy, private cemmwicarion) ass

At = E% (tar 4+ 3~ 262 D) , {3)

<

where v and R are the distances ¢f the patellite sud Earzh from the sun
and D is distance of closest approach of the esrth-satellite line to the
center of the sun. The mazinue rate of change of At ceeurs &t the limb

and is

&y m L ZGH 1 4D ¢
I o 3 R dt ° @
pad NS

where RG is thz sclar vodive, For 3 0.3 8.7, poviges orilt, the result
1 -5 - me - 1. - L3 -
ig about 10 7 e por day on the Jirazt pass about 4 mopths alter launch
-5
and about 2 x 10 7 sex per 4oy on avothsr pnasg &hout O months gfter launch.
Ancther vazsion of the experirent vuld Le o have 2 transponder

-
- 2 % P ;. o Ty - §
aboard the gat-lilte and weasuve the time direecils, However, 13 7 gec

timing over wore than 1 AU, using conventicaal yicrowave comaunl

5.

dy
Ch
it
g

ationg
gystems seems Jifficult. Whether £ laser transponder would be simpler
than a frequen:y standard eboszrd is haerd o guesz.

The impor:ence of s faivly small perigee comes from the resulting
faster passage behind the sun apd thug lower stability requiremznts on
the frequency :tandard. Alsc, if the periges is near the orbit of Venus
or further out it will take two yoers or meve for the vahicle to moke

4

its first pasz behind the sun. Tso zasy-to-snalyze orbits ave those

B

shnrhey than the savth's. These put the

P DR ™ & & T
v distazess of .52

rid

aitsr youvnch ot goks

bt
4
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0.09 A.T. and give ratec of chunse Ffor the time deley of shtout 25 microsec/day
and 150 microsec/day. The 0.53 4.U. pirigee orbit would not be q:
suitable for the experiment as & clcser crbiv lLocguse of
of passes per yzar but would be ugalie., Y7 ariis uncer €

; taintien sre enall

enough the predicted chsnge in delsy could be checked to 5% oz hetter.
3 ¥

IV. Condensed Sumaciy of Euperinos

e
0
o]
o
4
e

the foregoing suggestions in rfeves of their selent? Jie wesis. Wa alsgo
include an indication of the Jesirilie maximo nistonce e gua,

and a general indication of required poiating

b
e

tion and indicating naximum distances, we have peld little or uw strention
to either the difficulty o7 sttaining a close appreceh or the difficulties
iovolved in carrying out the enggssted expevinent given the nacessavy

vehicle.
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V. Appendix - Added ¥otes on Suggested Eupe

A. The sbgorption Cove of

e

T Py e g
¢ leutrel Councnent

of Interplanetary Hyarogen Gzs.

Some of the phyeical preperiies of the interplanctary gas Jollow

fairly déirectly from general secphys

!

zal zad sctuopl.ysicel cimoummciances.
e - -3 -4 3
Por example, the xamge in cemzity values iles botuwewn 1 om - arnd 107 e

o

proton-electron pairs.
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in interctellsr space, and the lstter, the Chopman valua from orgastic

storm data. Explerer X data give a proten don

[L1]

for protons with emsrgies near 500 ev. A plausible deasity of peutral
plus ionized gas i3 then, say, 30 se°3 at tha Torth's distance from the
sun. If the pss oviginates st the sun, with a velcecity exceeding the
escape velocity (e.g. the solaxr wind}, and moves at subetantially constant

speed v st theEarth's orbit, gay at 300 n/sec, then the flux of atons

. 2 . \
at distance ¢ is nv 4xx” = 3, where n ig nusbev density and § ig e consfant.

~ 3 -1 - - -~ &
Takiog n = 30 and v = 300 kmecec ~ at 1 A0, Q= 2.5 x 1 seg
12 1
4 x 10°° graams-gsc .

1,

With this simple model o¢f th? inis

the problem of the absorptiocn, by th2
central regions of the chromespheric Lyman-o line. Tue optical depth v,
o

&t line center of the ianterplanetzry line, i3

Y
= f ¥ 61 {‘ ® 5
o é hl o éx (5)
©

- -1
If the pas flows 8t an aversse veleeity of 250 km-see 7, the Lyman-o

iine sbscrption {or exission) will be shifted 14 to the blue of the



chreomospheric lipe. Since the chromesphevic lio

we coull obscerve the ras o

planetary emission in the Lyran.y Idms vather vian ivz gbhoory

3

the backgrowd solar rzdlstion,

On the staer hend, if ve zgsume thet the density is constent {at

2 .

say a = 107), and the gas 1» ststionary, we can fiad the way inwhich
reversal of Lywman~Y weuld build up in the plomerary syster =3 one cbsesves
the sun from diffevent digiarcss,

Th2 abgorstion rate of Inwon-conTinum phictons by a neulrel hydrogea

. ] ‘i . . 4

atom waving with velccities loas than akout 107 km/sec with respect to

the gun $g given by o ¥ whzre » de the shoorpifon caeifizicet in the
7 Qe E

v

Lyman-continues and P Zz the Iysso-coniicuw: vhoton figxk. Over the
108 A . - RS £ R S 9

first 1904 of the Lymap.continmm, G, % 5% i0 ea and B~ 6 x 10

1 o . .
ca  se:  at the crbit of the Earth, hiug, the zhsorpticn rate is

The collisional ioafzetion rate for s rovtral hydvosen ztom depends
upon elrctron density and rempeveture, The collision vateg are:

9 4 4 5

temperature x 10 5= 10 1x10

colliiaional icunizatica -12 -9
3 a

rate ses” 7 » 10 ne 1z 16 -7 n

2 x 10

- 4 2
the orbit of Earth we expect T < 3 x 10 and n, < 107, so that
photoelectric ifonizatices probsbly prodosiaate somevhat over zollisioral
ionizationa.

h the sum, electron density, tomperatura and Lymsn-

— K F{ P 2 feer 149 ¢. ey o1 o ST SR SN o 2 $
contirem Tlux density 21l incroase., The Iyman-contismme flux density



iacrezses in proportion to v T, and

. 7 , , v 5w
the same law up to zhoul .1 4%,

L3
-

- - - 3 -T2 < [ - * .~ - 4 .4 &
incresses fzoter than gnrd coilis 3 coglocdnate o ouhis
o, - [T [ s om e T I
eZfect zlone. Aiszp, The ki nTer e giil

restly increzse the colligdonal fonination vate.
né‘)t 003 A:Us’ Eht? S hi v

in which case colliigionel

ates by factors of about 1017 reszpactively.

Ify in sddition to stetie or thersal lubterplenetavy hydrozen, there are

golar wiad protess of denslty o¥, charge euthonges collindons will play an
2]

iuportant role In the ig

the charge exchange ecrosgegestlicn fer the I -~ 1 tranaicion i about

~15 o e .
10 o, apd the jouizetien vate of thermel hydrogen atoms by golar

Dy

wind pretons will be ateouz 3 x 0

{cnization vate ten fimes &n

reaction., In
that of the go

. [ ~ T 7 Y e W s enem ey s S
we Zake n_ of the oxder of 20 nnd &n owereps wivd e

"3

exnhanges its electyen with o

reaction vomoves a neutyal

t,

and must be considered

~ s rwd tele 1 L e S5
giony witn the foniwstion pronzeoos.
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I the precence of Che salasy
P

7 . .
3 x 10 /ng gsec, and 1in the absence of golar wing ¢

3 x 107 sec.

S,

1.2 » 10 /n sec at 107 °¥,

to be of the order of IGS °K,

in the preszice of the goler
r

’..
(34

tize ig therefore 1.2 x 9
the order of 5 x 1", which p
rate.

larger value of n. egtinared
> B

n
:
- 3. 2 03 P
gtoms in & columa ofF 1 oom
il
is #bous 1077, and
fa ghout D.06. Thia 1r oooyp

-
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silves o, 20 L0 w 10 i the nre
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Sy,
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time

» the doniznticn time at 1 A.U. te about

is of the crder of

7

32

b
The recombinaticn tine is 20 ¥ /n eec gt 107 °K and

o

taer 1 A.0. we oupent the sloctron temperature
Thig pivan
ool {7}
,2
witkd g
5
fi_ {S}

o gy b A oy tm e oo , . T
vLtnt. be oon ovppey lieii, we get o= 107 and
’ 2

b )
gonne of Dhe

reconbination
grc and the eellicionsl iforization tiwe is of

robably exceeds th

v

charge exchsnge ionization

- 4
Thus, we exrect nP/ﬂﬂ = & x 10 " and W, o 4 x 10 1f we taka the
& Iz

b An e Eod 7 . 5 I e
FOOV Ine aanisy of fhe Lymaneor Line
ot N 2 e SR e .

amiin ¢l $niog IO SIENN 634 ) 4]
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.. x = v ‘_ﬁ "; "1
studi in the presence of a golar uind of Ylux 107 profosa ca © see )
- P ; < all 2
the expected emount of meurwal hlr TOULE De gl mest (YT imoa 1 oex

column apd an absorption cove in Lymon~y weuld be very Jifficoit oo deiect

2gajnat the bachkground selsr radiaticon.

The detectability of iviterplaneisry h

Iy
tﬂ

ydrogen by ecetieving of Lymon-o
radiation 1is discuesed In the nozt seciion.

The feregolng celenlstizne aosume *hal there is o seurral
<o

[y

yArogen

-

Eeedipg intoc the ialerpisac

fwowever. Sclar promivences of
fead peutral Iy

prominence eject

atoms plug protons
be neutral. 4 comparzble =

for timeg of the order of 15

interplanctary epace 4z given by the avesescs of che dust graips producing
the zedizcal light and the Penorora. Thaoe perileles could net persiat

«l wirthout either beiag swept
cut of the golar system or diuvinZesrsted. Trelr continvous precence in

interplanetery space fmplics thuat they are eithor continuoualy replenisghed

i

or that the zolar wind ic {altornitetsnt, “The fiix of paziicles in the soler
wind depends heovily on the tempovoture struvcture of the cutar corona.
It &5 therefore quite plavnible fhat thae goler wiad intensity diminisheg

~i ey 1oy B mndd -
strongly near sunspol mimimim,
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=34
We conclude then, that although the iikelihood of there being enocugh
neutral hydrogen in interplscetary space to detect by either Lymsn-o
abgorption or emission experinents is vather small, we ghould not coumpletely
dismiss these experiments from the list of intervesting and profitable

ones to be carried out aboard a close golar pwebe.

B. Lymen-O Scattering by Interplenetary Hydropen.

Lyman-0 emission scattered by interplanetery hvdroger 15 1llustrated

by the following geomeiry:

//Z

R

If the photon flux deneity from the sun is 5(:)’ the flux scattered iato a

1 enz aperture at the probe by a volume Zmz sinx dx da is

COSQ r

Zxaz sipa dx da Ry ~3 @, £® dv , (93

lez:a
where O is the angle between the direction to the scattering volmme and

the normal to the aperture and 25 is the density of neutral hydrogen.

For the case uunder considerstion, we may sssume that .z@ is uniformly
distributed over a bandwidth of 1A, which is wide compared to the effective

width of Cz‘v. We further asssume that @, i¢ Gauseien sud ohtain
2]
E>

. . : .’\. . - P . o
f &, E® dv @ ~J: 4 vy C'A:3 }5@ mondn 0 }i"ﬂ PN \ = 5 g 18 £ €LY
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The soisr photon flux £® wey ke written

where L@ = 2.7 % 107" cm 7 see " g the fiux Jewsliy aft fhe erhit of Baveh.

7
Thus, the total scattersd flur, .E?, zeeeing through the 1 en epertwe
at p is
o /2
-3 _Z¢ . sipy ceor?
- { r - AUY CoelY o~ -
LP LA 2" o[ | by Ty A da {143
o 0 T 24
4 5 % P
= 3.8 x 10 " RT [ -% ap
oo g

3 N iy - - ) -
At 90° to the probe-gun idpe, £ ¢ % & 2% tn 2 Jirsciicon osposite the
sut d = r + a and in the divectisg of the sun £ = r « 2, If we fake
QH = constant, we ¢itein

. 2
L (90°) = 5.5 x 107 o, R =83y 07 Ry

it

"
»
P Y
[
iy
“aat?

L3 -

4 2 o . gpmE
Lp(180°) =3.5gi0 " n == 5.3 = 10 I {14)

aad

o

’Lp{ﬂ”} = 8x 0 p, = 10w 1T a2 {153

readf
Er S
¥
o
n

The lattor esse L _(0%) sssumes thai o, = 0 ifngide 0.3 400,

>

o 1 .
If we toke nHoC a 7, we abfain

- g j4d
L{90°) = 5.3« 10 o) 2, 16)
¢ on

and

.
.

ia'S
f
o
[

A
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where né is the amblent dengity near the probe. Agoin L {0} ssaumee

n, = 0 ifaside 0.3 A.0.

C. Coronal Electron Sczttering of lymsn-d.

A zubic centineter of the iouey

2. L A1
of abocut 2x (n/%) Ly ~ 7.5 = 12 ?

2 P
fluz per cm” and per gen &t Doeih.

-25 2 . N - 3
is 6.6 = 10 c snd the covonel Lpois ehout 3 ow 107,
Thus, the pheten fiw: scattered by 1 o™ g ahowt pat Lo,

7, -~ &5 - g e &Y x (TR . - O S ¥
The effective path longin Jor g Ssogonsiel tay through th

ccrong 13 approxiuataly (2 R H}
. i ) ) . H
scale height. Hence & ! em™ tanzestial ¢olumn scsitera abour 16

Jomts

P

photous

w2 -
per sec. Of these scattered photons, & freetion 3.6 x 10 8, or 5.6 x 10 16

. . . 2 .
photons per sec, will pass through e 1 em” apevture at the cvhit of Earth.

4

The flux of scatterved Iymaz-Q photons from the sntire coronn at the orbdit

& ,
of Earth 13 1.4 = 18° cm © gec’ 7. The flux at 0.1 5.0, 4o 1.4 x 10° ca™  sec

nr,

The coronel scatfeved Tyman-y £1lux mrst be conpared with the inter-

plauetary scatterion from the same 20114 zpgle. The sollil sugle sube

tended by the coroua out o TR is 3 x 1 eferrelisns and the rrecsding
. ; . - . -3 :
expreseisns for Lp(ﬂ*} muat b cerrzetel By & factor 1.2 x 10 7. Thus,
at 1 A4, we obtein
7
Q - N ! R b
L {0°) = 1.6 x 10 q, {13)
p x
for R, = conslant
7
Lp(&”} » 2.1 x 19§ n {20%
for K fmfat>6‘:},U,ati%§=iﬁi'IQJ 400 ZEom > 3.1, the
EY bt vt
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interplanetary scattering from the divoctic

-
2
I~
)
oy
1Y
[
o
&3
]
+
2
=
pA)
C?‘
lve
&2
oy
b
~
'

able to the coronzl scatterins

i

ehgorved ef L AV 4r 0.3 AU the covomal

H

scattering would increszee Ly 2 factor 10 and the interplsnefaory ansltlinr.
ing would presumably diszappear,
The mean Doppler velocity of corensl elcctions frosuaingy ESJ“K) is
550C km/sec, and the Doppler width of the zcattered Lyman~-0 line will be
asbout 22K, 4 spectrozraph with 34 vesolution would give reliable infovmation
on the lire profile aund weuld permit @ devermiration of the electron
temperature,
The profile of the interplinetrry sestiered Lyven=¥ will pregumably
have & Doppler width of about 0.04 -~ 0,134 due to therms] | Sroadening at
a teszyerature of 104 - 10°°
This report was prepered wrier a great from the Ames Research Center,
Natioral Aevcrauties znd Spece ‘fdmipistration. The authors are indebted
to E. K. Parker for gome ¢f ¢he ideas exyrogaed concevning Siffevent

suggested experisents.
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Chapter 1,

SOLAR PROTE REPORT

ERRATA SHEETS

WDL-TR2133

/- (t‘( - - : t/ L V’

/i j ;o
G-

p. 1.6, Table 1, change spacecraft weight frem
*290.5" to "300,5" for both launches,

Chapter 2,

Chapter 3,

Mission Analysis

p. 2-7, line 17, chenge to read "specinl encounters
are unique, whereas solar physics measurements are
extensions of observations which have been or can..

p. 3~19, Figure 8, lower curve, change title te

-Atln/Agena/x-zsg'*

p. 3-21, Fi?pre 10, first line of tiile, change teo
Ag

read "Atlas/Agena D/Antares .

Chapter 7, Communications

Page 5-11%
Page 5-120

Page 5-125

Page 5-126
Page 5-128

Page 5-1&1

Page 5-148

Page 5-149

Line 4, change "order diversions"™ "to size®,

Item {a) under Frequency Modulation with Feedback,

change "FMFM" to "FMFB".

Paragraph 7.6,3.3, line 1, change to read "The Frame

Regilter. e "

Second paragraph, line 2, change "M} to" M =3,

Third paragraph, last line, change "n=15" to "m=15".

Figure 10, statement should read "The tolerance is

interpreted as the number..."

Second paragraph, line 8, add asterisk (for footnote)

to last word "measurements",

Last line, change "excessive™ to "successive®.

Second paragraph, line 5, change *improving" to "defiming®,




b *

ERRATA _

Chapter 9

WD1~TR2133

Program Development

Page 9-9

Page 9-30

Page 9-31

Page 9-40

Figare 1-2, sixth major heading from top, change
*Spacecraft Subsystem" to "Spacecraft System",

Figure, "Component Assembly and Acceptance Test
Plan", add figure number “1-4",

Figure 1-5, figure in top left corner, add title
"Component Screening Test Schedule”, Figure in
bottom left corner, add title "Component Acceptance
Test Schedule", Figure on right side, add title
"Component Qualification Test Schedule",

"Figure 4-1%, change to "Figure 2-1",



ERRATA ~ WDL-TR2133

Al,1-12

Al,1-13

Al.1-1%
Al.1-17

Al,2-2
Al,2-7

Al,.2-12

A1,2-16
Al.2-18
Al,2-19

Al1,2-20

Al.3-2 &
Al.3.3

Al.3-5
Al,3-9

A13-13
Al1,3-16

Al,3-22
A1.3-30
Al,3-31
Al,3-32

Item
Line 15 should be "Mean Distance from Earth, Q‘Z

Line 2 "After Smith [1960]" should be "After Smith [16]",
Type IV lyirst should read "Following after a large flare"
and "circular",

Reference 9 should be "pp 161-168, 1958",

Line 3 "BM (b. polar magnetic)" should be "BM (bipolar
magnetic)®,

Line 2 "scattering or" should be "scattering of",

Line 8 "radium" should be “radius®,

ti the i 1 should b NA(2) 4
qua on 7, e integral shou e |7 —
TTmf2 Pa.

Line 12,"about Kc/s" should be "about 8 Kc/s",

Line 18,"expression for""should be "éxpression for&™.

Equation 14 left side should read 'GEEM?JQ);
=0

Line 2,"at q—o" should be "at g=o",

Line 5,"(1) in Sec. I and eq. (7) in Sec., 2" should be
wl . - { o= ~e

#{1) in Sec. 3 and eq. {7) in Sec., 7".

Page numbers should be reversed,
Line 12,"NDS" should be " [Nds".

Line after eq, 5,"distances" should be “distances, llp and Ry,
eq, 8 should be T = ]"IT/I(nP - ne),.

Line 2, change "9" to "3".

Line 6,"2 x 1010/" should be "2 x 1019/(8,7)2",
Line 7,"(8.)2 = 2,64 x 108" should be "= 2,6k x 108*,

Line 2,"relativeistic” should be "relativistic”.
Delete

Delete

Change Table "1" to "3",

Add after page Al,3-32, "Figure 3" enclosed,

-3 -



RECEPTION-CONE

NONPROPAGATING REGION PLASMA 1LEVEL

Fig 3, Variations in the reception-cone of cosmic radio emission

for a particular wave frequency.
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WDL-TR2133

Appendix Al,5

Al . 5"10

Al,5-12

Al,5-16

Third paragraph, line 2, change "Figure 2" to
"Figure 5",

Third paragraph, line 3, add "zero and" to end of
sentence,

End of third paragraph, add text from page Al,5-14,
third paragraph, starting with "From Figure...", and
continuring to the end of the first paragraph on p.
Al1,5-15, with the sentence ",,,.at the same thickness”,

Second paragraph, line 6; change "dish® to “disc"
and all subsequent occurances on this page,

Line &, "P} V] = Py V5",

e



FRRATA - WDIL-TR217%3
Appendix A-1

WDL-TR-E320
Page Item
2-1 In line 7 of Section 2.2, the frequency "3000"

should read "9400%,
2.3 Delete Fignre 2.2,

2-10 The label "OUTBURSTS (TYPE II)" identifies the
dashed curve (after Coutrez) that begins in the
upper left-hand corner of Figure 2-6 as well as
the burst data indicated by x's in the upper
right-hand cormer, :

The solid curve in the lower right-hand pertiom
of the figure should be labelled "SVC (AFTER
EAKINUMA and SWARUP)",

3-5 In the first paregraph under Section 3.2.1,
line & should read "for the 60-foot, 85-feot"
and 210-foot reflectors...". In line 5,
delete "60-foot".

3-7 At the beginning of iine 4, add "For the ‘min’
conditions,",

3-17 In Section 3.2,2.2 lineg3 to 6 should read as
follows: "and will be identical in general for
the same diameter-frequency product., For example,
the 30-foot/1200 Mc antenna temperature curve
in Figure 3-5 and the 60-foot/600 Mc curve in
Figure 3-6 exhibit maxima and minima at the same

angles,”

3-33 At the end of line 7, add "at ¥ertical
polarization,”

4.3 In Figure 4-1 the second Gp in the numerator of

the equation for C/N should read “Gp".
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Appendix B - 1 & 2

Page Bl1,1-A4 Table II, change exponential as shown below:
Z N By
1 4000 Bp ~1-13 2-20
Page B1,.1-9 Line 10 should read, "for t £ 29,5 hours®.
Line 16 should read, *N = 3,77 x 109%,
Page B1.1-16 TFigure & is incomplete,curve should appear as beleow:
f
{0
/
0.l 4
Z 4+

Page B1,1-20 Figure 8, add titles under the twe cross sections shown:

top a, Spherical Model.

bottom b. Disc Model
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Appendix B-3

B1.3.6.1-3

B1.3.6.1-4

A-ppendix B-A

B4, 1-4
B4,3-2
Bh, 4-2

Configuration: Add -
First Columm headings O
Second Columm headings %L
Third Columm heading: —f£
Fourth Columm heading: X Inches
Fifth Columm heading: Y Inches
Item VI Super Insulation:
First Columm heading: Eff
Second Columm heading: _462__

Under 0.3 A.U., change "10" to "510%,

Line 27, add after 8 watts/ft2 "except at
relative large separation distances",

"I'
Equation (1) = I Tip
Line 16' Il.3o2 - .A'. B e o L]
Line 17, Change "H" to "H",
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Book B, Appendix 5 -~ Communications

Page ii Section B-5.5, add title "Data Bandwidth Compression”,
add page "B5,5-1",
Delete last line,

B5.1-3 Line 9, change "B," to "B,".
B5.1-4 First equation, change "t," to "To",
B5.1-5 Equation (1), "Ggv - Lg".

B5.1-6 Middle of page, add " = Z (approx.)" after equatien fer -)-.)—: .
. o
B5.1-8 Line 12, change 198,%4 to 201,

Last line, after "Section", add "5.3",

B53.1-10 Last line, change "range" to "usage",

Bj.1-12 Second line, change "1,5" to "1.8",
Item No, 6, R = "2" AU,
Item No, 13, change "L* to "K".

B5.1-13 Second line, change "1,5" te "1,8",
Item 25, (af = .55).
Item 31, (A¢ = ,46),
Item 33, (2Byg = 1 cps).

B5.1-14 Second line, change “1.5" to "1.8%,
Ttem 25, §A¢ = ,55).
Item 31, (Af = .46),

B5.1-15 Item 6, R = "2" A,U,

B5.1-16  Item 25, gAﬂ - .55;.
Item 31, (Ag = .46

B5.1-17 Line 2, change "point 2" to "part B",
B5.1-18 Line &, change "0228,6" to "-228,6",
Line 7, change "203,6" to "-203,6",
Line 17, equation 7, change "(+1)" te "(+ 7)'.

B5.1-21 line 6, Section "B5,6".
Line 14, change "A.M." to "A,U,",

B5.1-25 Delete dotted line in lower part of Figure 3,

B5.1-26 Second paragraph, line 5, change "8t" to "85".




ERRATA - WDL-TR2133

Book B, Appendix 5 -~ Communications - (Cont. from pp. 10)

B5.1-28 Equation 9, change "118,7" to “-118.7",

B5.2-13  Line 4, "eould be saved if ,..,".
Line 10, change "prevents" to "permits®,

*25 sin 2 > 50",
Add to the table:
“MASE~-PM & MASK-FM, P- 0, By - BK > 50, reg. 10*,

B5.2-20 Table Ilé. MPSK-PM & MPSE-FM, change "2p - Px-> 50" to

B5.2-2% Add title, "Figure 1 - Area Under Gaussion Curve,
BS5.3-2 Lines 8 and 9, change "S/N" to 'sr/u/n'.

B5.A-17 Line 13, middle term of equation should read
"(X53 « Xt +X3+%x24+1)

B5.4-20 At the input, a connection should be added from the
first binary adder to the first flip-flop.

35.5-26 Eqn‘tiOn 3’ Pn,k - '1- _gn seoe
B5.4-27 Should be numbered *B5.4-34", The next page in text
sequence after B5.4-26 will be B5,4-28,
Third paragraph, line 1, last word, add “Ao‘.
Fourth paragraph, line 4, add "1," after "fixed",
B5.4-31 Third line, change "channes™ to "channel”,
B5.4-32  FEquation 11, change "K r-1" to "K r - 1%,
B5.4-39 Line 3, change "Dinit"™ to "Binit".
B5.4-46 Title, change "Infinitive" to “Infinite Length",
BS. =47 Title, change "Infinitive" to "Infinite Length",
B5.8 Figures 2.4, 2,11, 2,13, 3.3, delete,

B5,11-1 Change Section "5,11" to "5.5" and page numbers 5,11-1
through 5,11~19 to 5.5-1 through 5,5-19. . ‘

B5.11-k Fourth paragraph, line 5, change "y = adX" to "Ay = ag4X",

-3
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Book B, Appendix 6 ~ Power

B1.1-2 Refer to page Bl.1-36 for Table 1A,

B1.1-7 Refer to page Bl,1-34 for Table 1,

*7.8 br*

B1,1-10 Paragraph 3.3.2, change equation from 5 te
" L] L] " ” "

1.8 hrl o3 from L2 ¥r" ., "1.9 yrg™ /
ﬁ') re e ~) x j-, r

B1,1-18 Third paragraph, line 2, change "thermionic" to
"thermoelectric®,

B1.1-36 Table 1.A, change "Curium 144" to "Cerium 144",

Bl.2-1 Last line, change "leads™ to “loads",

Bl1.2-5 Change Figure references as indicated below,
Figures 12, 13, 14, 14, 16 and 17 should be changed
to Figures 10, 11, 12, 13, 14 and 15, respectively,

B1,2-7 Pg equation near bottom of page, change to read:

P P[ 0.6 tlll]
o" exp T

Bl1.2-9 Paragraph 1,2,1,5, change *Figure 18" to *Figure 167,

B1.2-10 Third line,change "Figure 19" to “Figure 17%,

B1,2-22 Paragraph 1,2,2,5, line 2, Section "1,2,1,5",

B1,2-25 Delete entire page,

B1.2-27 Paragraph 1,2,3.1, second paragraph, line 1, change
*drypton" to "Krypton",

Bl.4&-7 Delete,

Bl1.4-8 Delete,

B1.5-19 Change Figure number from "19" to "20",

B1.5-20 Change Figure number from "20" to "19",
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Beok B, Appendix 6 - Pover - (Cont. from pp. 12)

Bl,5-27
te Figures 27 through 30, Values for Power (Pnax.) and
B1.5-30 current (I) are divided by Electropsmittance (Np) of
the associated filters. Values of Ny are as follows:

Figure 27,Np = 0,65
Figure 28,71p = 0.83
Figure 29,7)p = 0.69
Figure 30, = 0,5

B1.5-33  "Relative Spectral Response of Gy Ag Solar Cell" sheuld

refer to curve labeled "Spectral Solar Irradiance in
Space™ and vice versa.

Book C, Appendix 1 - Data Handling

Cl.1-1 Paragraph 1.1, line 3, add Section "B-5-6",
Cl,1-4 Last line, Sections "B-5.6 and B-5.1",

C1.1-5  Middle of page, delete "Section", add "Chapter 6
of the main text",

Cl.1-7 Line 9, delete "Section", add "Chapters 1 & 2 of
the main text",

Cl.1-9 Footnote, change "33-38" to "33-83",

Cl.1-12 Last paragraph, line 2, add "Section 7.7, Chapter
5 of the main text",

C1,1-13 Third paragraph, line 3, add Section "B-5",

Cl.1-14 Paragraph 4,2, change "Figure 4,2-1" to "Figure
4,1.2",

Cl1,1-16 Change "Table 2,1-1" to "Table 5.0-1",
Footnote, change "33-38" to "33-83",

Cl1.1-17 Footnote, change "See AMR" to "See Appendix C-1,2",
add to end of sentence "AMR",
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