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INTRODUCTHON ~-*H. T. HOWARD

Research at the Stanford Center for Radar Astronomy strongly emphasizes
both theoretical and experimental radio and radar studies of the lunar and
planetary atmospherés and surfaces, the sun and the interplanetary medium. This
work is= conducted with support from NASA and other federal agencies. The work
is ecarried out by faculty, senior researchers, and graduate student research
assistants working toward advanced degrees. Studies involving the propagation
of radio waves between ground terminals and a probe in space have received
special emphasis. This technique has been successfully applied to studies of
the earth's ionosphere, the cislunar medium, the interplanetary medium, the
solar corona, the atmospheres of Mars and Venus, and the surface of the moon.
Members of the staff of the Center have been or are involved in radio science
experiments on Pioneer, Explorer, Lunar Orbiter, Apolle, and Viking spacecraft,
and on Mariner missions to Mars, Venus, Mercury-Venus, and Jupiter-Saturn.

NASA éustaining grant NGL‘05—020—014 is central to the support and
growing analytical capability of the Stanford group. It amounts to approximately
20% of the overall fuhding but, unlike more specific contracts and grants, pro-
vides a focal point for the Center and direct or indirect support for nearly all
of the faculty, staff, and graduate students. The result is that we have been able
to maintain strong theoretical and technological transfer between some widely
diverse research areas., This was particularly evident in our early flight
program participation and is now most visible in our membershiﬁ on the various
interplanetary probe mission radio teams,

There are several areas in which this interaction has given the Center
unique capabilities. One of the early areas was the study of planetary atmos-
pheres and ionosphergs through dual-frequency propagation experiments and the

radio occultation method. That the techniques are well developed, but still



evolving,is evidenced both in the scientific literature and in individual work on the
teams influencing spacecraft radio design. Similarly, the theory and experiments
required to understand the characteristics of radio.waves scaftered from rough
surfaces has been developed along unique lines. Third, software and hardware
conceived while doing research and study under the grant has. béen carried to
completion on specific contracts and is running on the Stanford Radioscience
Laboratory XDS Sigma 5 computer. This is a versatile, locally controlled
computing facility which has analog tape handling capability, analog to digital
conversion interfaces and a considerable, but growing, library of scientific
data analysis and reduction programs., These are now used in nearly all of fhe
Center's research work. Finally, the ATS Faraday rotation polarimeders developed
Jjointly with other résearch groups have been operational for some time, A
refined version of thié equipment is due for installation at DSN Station 13 to
replace an earlier model and to provide accurate ionospheric information during
the Mariner Venus-Mercury flight,

In the following pages, individual staff and student contributions in
Section A outline current research activities at the Center. Particular
attention is called to the report of T. A. Croft regarding probe and radio
occcultation measurements of planetary atmospheres. Sgction B lists Recent
Publications, Technical and Scientific Reports, and Symposia Attended and

Papers Presented.



SECTION A

FACULTY STAFF AND STUDENT CONTRIBUTIONS

Horen Chang

Interplanetary Scintillations

The study of radio wave scintillations caused by plasmza density
fluctuations in the solar wind furnishes a powerful method for investigating
its turbulent properties. The modern theofy of scintillation is based on
ideas developed in V, I. Tatarski's book, "The_Effects of the Turbulent
Atmosphere on Wave Propagation" (Tatarski, 1967). The general formulae of
weak amplitude and phase fluctuations of a plane monochromatic wave in an
extended, smoothly varying random medium are derived from the wave equations
by using the method of smooth perturbations. Given the three-dimensional
spatial power spectrum of the refractive~index fluctuation, in, along the line
of sight. One can find the variance and the spatial covariance function of
fn p, where p is the power received at the plane of the observer. |

Recent papers by Cronyn (1970), Lovelace et al, and Jokipii and
Hbllwég (1970) support that ®n is a power-law spectrum. Definitely, a
power-law is more realistic than the Gaussian spectrum 6fteﬁ assﬁmed in early
Studies of interplanetary scintillations, Suppose the power-law &n can be

expressed as

@n(l,k,r)dh4kprq

where A = radio wavelength, 14 arises frgm the fact that the radio
refractivity is proportial to A

k = sPafial wave number

r = radial distance from the Sun

pP,4 ? exponents to he found
‘then by substituting this ¢n into Tartarski's weak scintillation formulae,
Young (1971) has shown that the vizﬁance of 4n p, Bzﬂn p, is

asymptotically proportional to for small &, where 6 is the

solar elongation angle. The calzuf#Sig;; of & Unp from a representative
set of our scintillation data appear to indicate that saturation occurs at
8 =~ 40° for 50 MHz and 6 ~ 99 for 423 MH=z, During unsaturated (or weak

scintillation) region, q = -3 seems to fit the data fairly well for both

frequencies.



Further work with our man-made point source data, including investiga-
tions of the power spectra and the temporal covariance, will hopefully shed
light on building up & better model of solar wind turbulence. This .is
important to the designer of an interplanetary communication system.
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T. A. Croft

Underlying Pheonomena Permitting Remote Observation

In studying the atmospheres by radio occultation or by entry probes,

one makes use of measurements of a few observable qualities of radio {or light)

signals:
1.

Refraction, in the ray sense; that is, refraction of the body of
the energy on z scale large compared with A. This produces two
observable effects:
a, Signal strength variation due to focusing {or the inverse), and
b. Signal strength variation due to the dependence of antenna

gain upon angle,
Absorption along the refracted ray. Usually, analysis of this
phenomenon involves an integration of a scalar along the ray.
Refraction, in the diffraction sense; that is, change in the
RF phase angle due to small scale variation in the index of
refraction. Although this effect should be evaluated along a
refracted ray, it is & nearly-universal practice to assume that
the bulk energy flow is along straight paths and to treat the
scintillation as an added perturbatien. In most cases,.the
measured parameter is a signal strength which varies because the
induced phase differences lead to signal enhancement and/or
cancellation in the far zone where the resulting amplitude varia-
tion can be observed and analyzed to determine the statistics of the
turbulence in the medium. The phase variations are also observable.
Polarization angle is observed as a means for determining the
Faraday rotation along the refracted path, although in many in-
stances a straight-path approximation is used for aﬂalysis. In
addition, analysis almost invariably involves application of the
qusEi-longitudinal approximation for the ray equations in magnetoionic
media, and it frequent}y takes the form of an integration carried out
along & refracted ray.
Signal delay along a path, from which one can calculate the average

value of the refractive index on that path,



6. Signal frequency shift along the path, from which the time
derivative of the average refractive index can be obtained,
is closely related to 5, above. This is also an oft-used
parameter for the study of precise orbits, primarily by virtue
or the comparative precision with which frequency can be

measured,

Tools Being Developed at SCRA for such Studies

Analysis falls into two clear categories:
1. Working from an assumed medium, calculate the observables
mentioned above, or
2, Working from measured or assumed observable, calculate the
characteristics of the medium.

The first of these is typically a direct calculation involving few approxi-
mations and can be carried out with a degree of precision and realism which
is limited primarily by the time and effort which one is willing to devote
to the task., Such analysis is often termed "direct;" in contrast, the second
category is called "inversion” because of the comparatively cumbersome methods
which must be used and the relatively crude assumptions which must be made.

Direct analyses are useful in mission design and in evaluation of
inversion methods. Perhaps most importantly, the direct methods permit inclu-
sion of physical features that cannot be included in any known inversion methods,
so that it may be desirable to perform an inversion by indirection; that is,
by performing a large number of direct calculations followed by comparison to
the observables, with iterative solution toward a single goal. The inversion
methods are well suited for the interpretation of actual existing measurements.

With this introduction to analytic approaches, we provide a framework
for relating the following achievements, projects (completed or under way)
and plans for the future of our development of analytic capabilities by direct
and inversion methods.
DIRECT - For most solutions, the direct method involves setting up a model
of the planet or satellite with its atmosphere or ionosphere and then com-

puting rays through the medium from earth to the distant spacecraft in some



hypothetical location. All of the observables {except scintillation) can

be approached as an adjunct to such a calculation. For example, the ab-
sorption involves the continued sum of a computed loss per km along a path,
while the Faraday rotation is a sum of a computed angle per km along the path.
It would be possible to approach seintillation in this manner also, with a2
good physical basis.

About two years -ago, while seeking a possible relationship between the
ashen light of Venus and refraction toward the dark side, we developed a
versatile computer program which synthesized a model of the atmosphere with
several optional degrees of freedom. This was done using Basic, a computer
language which allowed time sharing so that the operator could build the
model anew with each execution in only a matter of minutes. This pfogram
then computed rays from a hypothetical transmitter located either on the
surface of the planet or at some fixed elevation above the planet. The
pressure-induced absorption was determined and the program also included a
provision for an absorbing layer of unexplained origin which had an optional
top and bottom altitude and an optional loss rate, This has bheen used to
perform design studies in conjunction with the Pioneér—Venus probe under
contract to NASA/Ames; the existence of the program and our capability in
this respect is a direct by-product of the sustaining grant. 7

This same approach to calculation can be used for occultation studies
by & modification wherein the transmitter height is raised in successive
steps while, at each step, one horizontal ray is launched. This provides
the occultation rays by virtue of the fact that each such ray has line
symmetry about a planetary radial drawn through periapsis. In this manner,
the program computes one-half of the ray and the other half is obtained from
symmetry considerations.

The main limitation upon this general purpose program has been its
lack of accuracy, one part per million on the time-sharing compiler at the
Stanford computer. Its compensating virtue is its convenience and ready
availability, coupled with eaze of modification which follows from the fact
that each line of the program is compiled as an entity. Furthermore, during
the execution, one may interrupt the middle of the cycle and change the
program, thus correcting logic errors without'having to re-execute the begin-

ning portion.



We have also developed a completely separate program which performs
2 similar calculation in Fortran in such a way that it complements the Basic
version. A much higher degree of accuracy is obtained and, furthermore, the
results are plotted and stored in various digital forms for use in further
calculations. As a practical mafter, the atmosphere model generation algo-
rithms are separated in a program which is independently executed, storing
the model in a dig;tal matrix. Further, the ray calculation is broken into
two programs, one of which is used for planetary probes and the other is used
for occultation simulation. It turns out that logic controls and the relation-
ships among the subroutines are sufficiently complex to justify the existence
of two separate programs to perform these two kinds of analyses, even though
the underlying equations are identical.

The planetary probe part of this program has been used in the afore-
mentioned Pioneer probe study, and the occultation portion of the program
is in the final stages of debugging at the time of this writing. It will
be usged in Venus occultation studies and in support of the MJS mission,

Finally, we are in the process of preparing a powerful computer pro—-
gram which performs ray calculations in a medium which has a three-dimensional
variation of the electron density and neutral density and which incorporates a
provision for magnetoionic.effects. This will permit us to study the Faraday -
rotation in the ionospheres of planets or the separate propagation of the two
magnetoionic components. This program is expected to have application in the
study of Jupiter and Saturn; it will also be useful in all radar astronomy &s
gn aid in understanding the deleterious effects of the earth's ionosphere
through which we must look. Furthermore, the three-dimensional aspect of the
program will permit us to study the neutral atmospheric variations on planets
when there is a horizontal gradient of the refractivity. This is known to occur
in association with weather fronts, dawn-dusk lines and other sources of in~
homogeneity. It is significant that no inversiqn methods can incorporate such
lateral gradients; réther, they make an assumption that refractivity varies

only with the distance from the center of the planet,



INVERSION Method - So long as one is willing to accept the approximation

of radial symmetry, it is possible to perform an inversion starting with

the measured data and working (in a sense, backwards) to derive the atmos-
pheric characteristics. The methods for doing this are simple in their
basis, depending upon the tractable form of the ray equations for propagation
in a thin, spherical homogeneous shell. The atmosphere is considered to con-
sist of a large number of concentric shells like the layers of an onion, and
the equations associated with each such shell are handled as an element in

a matrix. By this ﬁeans it is possible to formulate an approach to the
relationship between the observable parameters and the atmospheric model
which is similar in principle to the two axes of a matrix. We are planning
an inversion routine for use in conjunction with the ray tracing programs
described above. This Center has an extensive association with such inver-
sion programs which are invaluable for the processing of data; however, for
pre~launch analysis and for hardware design studies, like those in which

we are now involved, the direct approach is more practical as a means for

the solution of problems which relate the atmospheric models to the
observable parameters,

SCINTILLATION analysis does not f£all into the direct and inversion category,
but rather it is performed by the more traditional methods of statistical

and probabilistic studies, using the computer primarily as an aid in
assembling the statistics. The mathematical basis of the scintillétion is
similar in all applications, although the superficialities may be differently
treated by people who study the sclar wind, the ionosphere, the troposphere,
etc., in each of which the phenomenon ¢ is evident, Our expertise in this
subject is a byproduct of a current project now under way to determine the
nature of the solar coronal turbulence through study of scintillations on
radio signals at 50 and 423 MHz which we transmitted from Sfanford to
Pioneer 9 during its occultation by the sun. The capability thus developed
is applicable to planetary atmosphere scintillation studies in considering

the entry or occultation of space probes.



Michael S§. Frankel

Low Frequency Gyro~Synchrotron Radio Noise
from the Earth's Outer Radiation Belt

Electrons spiraling along magnetic field lines emit électromagnetic
radiation at radio wavelengths via the cyclotron and synchrotron emission
processes. Consequently, with the discovery of the Van Allen radiation
belts, the possibillty of detecting synchrotron radiation from superthermal
electrons trapped in these regions has become an important topic of research.
Studies, which to the present have been limited to frequencies above 2 MHz,
show that the radio noise from these electrons is not easily detected as it
is less than noise generated by galactic and extragalactic sources.

In this project, the problem of detecting cyclotron and synchrotron
noise from these superthermal electrons is analyzed for the frequency rahge
30 kHz to 300 kHz. Due to the earth's ionosphere, ground based observation
of this noise is improbable. Therefore, the calculations are made for an
ohserver in the interplanetary medium. In particular, the location is
chosen in the geomagnetic eguatorial plane at a geocentric distance of 32
earth radii. This position of the observer allows the theoretical ;esults
to be compared directly with data obtained from the Goddard Space Flight
denter {GSFC) radio astronomy experiment aboard the IMP-6 spacecraft,

The energy, radiated by the trapped electrons and propagated to 32
earth radii, is calculated using the equation of radiative transfer. To
solve this equation, models for the thermal and superthermal electron densi-
ties, throughout the earth's magnetosphere, are derived from in situ and
indirect measurements made of these particle populations.

The analysis shows that appreciable radio noise in the LF range is
emitted by electrons in the earth's outer radiation belt. The inner belt
does not contribufe power at these frequencies since it is located in the
plasmasphere, a region of high thermal electron density, which inhibits
radiation at these low frequencies. The intensity of the radio noise from
the outer radiation belt is positively correlated with Kp (the planetary
three-hour-range index). This correlation is due to the enhancement of the

stably trapped electrons during periods of sustained geomagnetic activity.
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For a frequency f in Hz (30 kHz = f =< 150 kHz), the average calculated
brightness, I(f), is given by a comnstant, M, times the frequency raised to
the (~-a) power, where both M and (a) vary with Kp as follows:

1 = Kp £2, log (M) = -12,82, a = 1,66; 3 = Kp £ 4, log (M) = ~11.50,
a=1.71; 5 SK_ <6, log (M) = =10.13, a = 1.82. The units of I(f) are
watts m_2 Hz-1 steradian .,

These theoretical results were compared with data from the GSFC
experiment aboard the_IMP—G, which detected radio noise in the LF range
emanating from the earth. The predicted increases in M and (a) with Kp
were found in the experimental data. Furthermore, the calculated increases
in these guantities are within 10% of those seen in the IMP-6 data, and the
experimental and theoretical values of (a) are within 9% for each Kp range.

The theoretical model, however, underestimates the noise intensity ob-
served on the IMP-6 by a ceonsistent factor of &. This factor is felt to be
within modeling and experimental errors., Conseguently, it is concluded that
detectable cyclotron-synchrotron noise in the LF range is generated by electrons
trapped in the earth’'s outer radiation belt, and the intensity of this noise
increases with increasing geomagnetic activity.
| Based on this conclusion, three applications of the results of this
study are suggested. First, the radio noise can be used to determine the
spatially integrated flux spectrum for the electrons trapped in the earth's
outer radiation belt. Second, the noise can be used to obtain an estimate
of the maximum inferplanetary electron density hetween the observer and the
earth. {An example of this application is given in the study.) Finally, the
ray path calculations in the analysis show that a radio occultation experiment
between two satellites can be used to determine the location of the plasmapause

as a function of Kp and/or time.

Don Johnstone

EM Scattering from Ocean Surfaces

The previously reported rough surface scattering cross section model
based on Rice's (1851) perturbation approach has been expanded to include

time varying surfaces.
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The first order terms in the resulting expression are clearly due to
first order Bragg scatter in agreement with radar scattering measurements
of ocean surfaces. BSecond order terms can be explained as multiple Bragg
scatter where EM waves are scattered successively from two different ocean
wave trains with the intermediate EM wave being either propagating or
evanescent. It is these second order terms which are expected fo explain in
part the radar results not attributable to simple first order Bragg scattering.

The general expression for radar cross-section obtained here reduces
to the special case reported by Barrick (1971) for backscatter at grazing
incidence when second order hydrodynamic effects and finite surface impedance
are neglected in the Barrick formulation. This reduced expression is pre-
sently being evaluated numerically in order to develop the numerical tech-
niques to be used eventually in evaluating the general eXpressions.

Future work includes incorporating second order hydrodynamic effects
and finite surface impedances in the general theory, comparing numerical
results based on this theory to radar measurements and finally developing
a technigque for deriving directional ocean spectra from radar cross-section
measurements.

Rice,S.0.,"Reflection of Electromagnetic Waves from Slightly Rough Surfaces,"

The Theory of Electromagnetic Waves, edited by Morris Kline, Dover
Publications, Publications, Inc,, New York, 1851, p. 351.

Barrick, Donald E.; "Dependence of Second-Order Doppler Sidebands in HF Sea
Echo Upon Sea State," 1971 G-AP International Symposium Digest.

Essam A. Marouf

Bistatic Radar Study of the Rings of Saturn

The system of rings surrounding the planet Saturn is a unique feature
in our planetary system., More than 350 years have passed since Galileo identi-
fied them in his telescope and they are still as puzzling as they are beautiful.
The brightness of the rings excludes the possibility of their being gaseous.

Also, they camnot be liquid since only He and H_, stay liquid at the rings'

2
extremely cold temperature (~65°K) and neither has been spectroscopically
identified. The rings exhibit differential rotation which excludes the possi-

bility of a rigid flat disc. For stability reasons, therefore, the rings are

12



most probably solid chunks of material, of unknown shape, size, size dispersion,
and radial distribution; orbiting Saturn in its equatorial plane in nearly
circular paths, each with its own Keplerian velocity. Although water frost
was identified to exist, the exact composition of the rings' particles is by

no means known yet. The composition is of extreme importance, however, fof

if these particles were the remanents of a satellite that failed to form, the
rings would be the only place in our solar system with the coriginal planetary
material still available for study.

Optical, radio, and spectroscopic studies over the past yéars have helped
us to learn a good deal about the general structure of the rings. Variation of
the brightness distribution as a function of the radial distance as well as
estimates of the optical thickmess of different reglons were reported., Observa=~
tions made with the rings in the Earth-Saturn plane revealed & thickness that
cannot exceed 10 Em and can be much smaller than that. Reflectivity spectra
were uged to give estimates of the particle size distribution. Theoretical
studies of the mechanical stability of collision-free models led to some bounds
on the total mass of the rings' material. '

Optical and radio observations are usually limited by the fact that an
observer has no control over the source causing the phenomena cbserved. Re~
ceived signals are incoherent in nature. Bistatic radar, thefefore, emaerges
as a new, powerful technique for the study of the rings. This research is -
primarily concerned with such study.

A coherent signal transmitted from a spacecraft, occulted by the rings’
plane, and received on Earth will scatter on the rings' particles before
reception. Because the rings' particles are randomly distributed in space and
moving with time, the received signal will be stochastic in nature. The mean
field, usually called coherent signal, would have a nagnitude that is reduced
because of the total power scattered in all directions as well as the real
absorption in the material of the particle. The phase, on the other hand,
would vary from its free space value. The rate of such variation shows as a
doppler shift of the carrier frequency. The integrated doppler is related to

the amount of material that has been encountered by thé wave, as well as the
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individual particle scattering properties in the forward direction, On the
other hand, the mean square field fluctuations about the mean field, usually
called incoherent signal, would show as a power spectrum, that is, spread in
frequency. This is naturally expected because of the time varying nature of
the system through which the signal has propagated. The shape, area, and band~
width of such spectrum is related to the collective scattering properties of
the scattering random slab (that is, rings), as well as to the craft antenna
beamwidth.

Explicit expressions relating all the previous measurable guantities
to the actual physical parameters describing the rings, namely, shape of the
particles, orientation, size distribution, packing fraction, thickness of
slab, as well as material, is extremely difficult in its full generality.
Even for the case of spheres having same size, the exact solution is very
difficult if one has to include all effects of multiple scattering between
the particles. However, explicit solutions were obtained when specializing
to the special case of large spheres (compared to wavelength} with small
packing fraction. Both coherent and incoherent received signals were ex-—
pressed explicitly in terms of particle density distribution, particle size
and slab thickness. Apﬁroximate analytical doppler loci were derived for
the case of narrow spacecraft antenna beam (3 m dish for A = 3 and 13 om).
These loci were used to derive the incoherent signal parameters.. For this
special model, it was shown that observed data can be inverted. Other nodels
are still being studied. Optimization of the spacecraft trajectory for best
conditions of inverting the data, for a general model, is now being examined.
Under study also is the problem of resoclution.

Theoretical power spectral densities for the monostatic radar case
(that is, both transmitter and receiver on Earth) have been worked out for
the cases of uniform, power law (or combination of both) radial particle
density distribution., The two-spike behavior of the derived spectrum agrees
in its general form with recently measured spectra at JPL. , The backscattering
results are used as bounds on modeling the rings for the study of the forward

scattering case.
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This research is being done with an eye on an actual occultation
experiment of the rings to be performed by the Mariner-Jupiter-Saturn

mission,.

Carl Mitchell

Communications Satellite System Computer Model

A computer model of a telephony-only satellite communications system
has been developed and computer coding is under way. It is to be used to
determine the particular set of output parameter values that yield the least-
cost system for a given set of input parameter values,
The input parameters include the following:
1. A description of the demand for service in terms of the number
of erlangs of traific between any two locations (cities, towns,
isolated farms or industrial plants, etc.) as a function of time.
2. The regquired guality of service, given in picowatts of noise power
in a telephone channel baseband width.
3. The location of and the boundaries of the area to be served. This
defines the dimensions, and gain, of the satellite antenna.
4. The frequency of the up-link and of the down-link.
5. Equipment cost data.
The output parameters include:
1. The diameter of the Earth-station antenna.
2, The effective input noise temperature of the Earth-station receiver.
3, The segquence of output powers of the power amplifiers for each Earth
station,
4. The least-cost type of satellite for the given situation.
5. The launch schedule for the satellites.
6. The ratio of space-segment costs to ground-segment costs,
7. The present worth of the costs of the total system.
The model is gquite comprehensive, Nevertheless, as implied by item number
in the 1ist of output parameters, it is not yet sufficiently general to handle a
situation requiring more than one value of G/T--i.e., more than one "size” of

Earth station--or more than one telephone channel quality specification. My goal
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is to achieve such generality, with up to three "sizes" of Earth station per-
mitted and determined, and up to nine different qualities specified.

When completed, this model may be used in conjunction with the terres-—
trial facilities cost model reported on in the previous semiannual report as an
overall telecommunications system planning aid to identify the least-cost system
configuration,

One outcome of my effort to this peint is in the derivation of an ex-
pression, in closed form, that closely approximates the solution of the Erlang B
equation for the number of trunks, t, In the program, there is a need to con-
vert the number of erlangs offered a fully available trunk group to the number
of trunks required to serve at a specified grade of service. The Erlang B

formula (eg., 1) is used as the basis of these computations.
at/tl
P(B) = 1

t
k L}
k§1 a /k!

where is the number of erlangs offered to a trunk group of
trunks.

P(B) is the probability of blocking (i.e., the probability that any
person whose conversations are part of the a offered erlangs
of traffic, wishing to use the trunk group will find all trunks
already occupied)}.

It may be seen that for heavy traffic requiring a large number of trunks,
the use of thig formula is very awkward. Moreover, the problem in the program
(and in almost all other applications) is that P(B) and a are given and the
corresponding t is required. If eq. 1 were used, a time-consuming iterative
procedure would have to be generated.

I found that for various values of P(B), the function

t = a/r, where r =1 - exp(—klak)
was accurate to within plus or minus one trunk for all tabulated combinations
of a and t. For example, with P(B) = 0.001, use %k = 0.302 and k = 0.35

for a greater than 160.

Computation time is shortened considerably.
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Max North

Radio Acoustic Sounding System

Experiments with a Radio Acoustic Sounding System for measurement of
atmospheric parameters in the lower atmosphere have continued; The basic
system remains unchanged, with a low power 36.8 MHz CW radar and short, high
power acoustic pulses at about 83 Hz. A simple digital frequency counter
measures the period of each cycle of the radar doppler shift signal, allowing
calculation of the speed of sound and, therefore, the temperature at each
altitude. )

The experimental system under study is designed primarily to measure
temperature profiles. Normal operation provides temperature readings at 50 M
intervals with 0.2°C resolution, Accuracy is influenced by many factors,
including signal-to-noise radio, data processing method, and atmospheric
conditions. In the present configuration root-mean~square errors due to
noise are less than 0.5°C when SNR is only 10 db. However, since the speed
of sound varies slightly with humidity, temperature measurements can be in
error by up to 1.1°% if humidity is unknown, Large errors also result from
vertical winds, but these can normally be reduced considerably by averaging
measurements for a few minutes. Thus, if humidity can be estimated with
reasonable accuracy, the total RMS error should be about 1°C or 1less.

Range of the system is limited mainly by wind which, by displacing the
sound pulse, moves the focal point of the echo away from the receiver antenna.
During periodsa of very light winds temperature profiles have been obtained to
heights greater than 2.5 Km, but normally the maximum range is only about
1000 to 1500 M, Comparisons with profiles provided by radiosandes and a
captive balloon sounder have generally shown agreement within the predicted
error bounds, Recent comparisons have been used to calibrate the system below
300 M so now useful measurements are obtained down to about 150 M,

During one series of measurements a sudden variation in readings was
observed in a region near 400 M altitude. The changes were so rapid (a total
time of about 15 minutes) that the apparent temperature fluctuation probably
could not have occurred. It is more likely that the actual cause was the

passage ©0f & thermal through the region probed by the sounder, Thus, although
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vertical winds make temperature measurement more difficult, in certain cases
the winds can be detected and probably even measured.

Future work will involve improving the system to simplify data processing
80 that it will be practical to run for longer periods of tiﬁe. Experiments

are also planned for measurement of horizontal winds.

Mike Parker

Radio Wave Scattering from Rough Surfaces

Research activity during this period has centered around comparing
bistatic-radar estimates of lunar slope distributions with similar estimates
of slope distribution derived from stero-pair photography. Both the bistatic-
radar and the photographic data were obtained during flights of Apollo space-
craft. A computer program was written to convert from all directional slope
distributions obtained from bistatic-radar data to the unidirectional distri-
butions which result from photographic measurements. This allowed photographic
and bistatic-radar data to be compared directly. Preliminary comparisons of
the two types of measurement show excellent agreement between bistatic-radar
and photographic data at selected scale lengths. However, no comprehensive
theory exists to predict the observed sensitivity of the bistatic-radar data

to transmitted frequency.

Steve Russell

Digital Teleconferencing Study

A comparison of digital and analog techniques for satellite communica-
tions is presently under way. Most of the information being gathered concerns
digital technigques. Information is being gathered in five areas:

1. Modulation technigques and signal design.

2. Interference properties of digital modulation,

3. Multiple access techniques, with emphasis on their route

TDMA methods.
4, Channel and source coding.
5, Demand for information transfer.

All of these impact on the policy questions of the restrictions that should
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be placed on digital modulation, such as allowed frequency bands, allowance for
special service categories, and permissible EIRP.

A fairly thorough literature search has been completed on the first three
areas above. Using this data, some performance measures are being formulated.
Modulation and multiple access methods will be compared for several parameters
using the developed performance measures. It is expected that the results can
be used to modify a computer program that optimizes hardware configurations
for satellite teleconferencing services.

Work on the second two areas will start in earnmest in about one month.
Channel and source coding methods are expected to provide a great advantage
for digital transmission., The demand data will be useful in comparing the
ability of analog and digital techniques to service real needs.

The work is focused primarily on those technigues useful in providing
educational services as defined in an Ames-sponsored follow-on to a telecon-

ferencing study of two years ago.

R. A. Simpson

Monostatic Lunar Radar Studies

Experimental data from a 1290 MHz lunar echo study has been reduced and
interpreted. Major conclusions are based on the fact that subradar points
for each of the three observation days were widely separated. These conclu-—
gions are:

1. Shape of the power versus time curve can vary markedly depend-

ing on terrain at the subradar point. |

2. Gaussian rms unidirectional slopes are 4-5% in the Sinus Medii

and Schroter regions, but may be as much as twice this in the
highlands around Hipparchus.

As anomaly in data taken with the Subradar point in Hipparchus was
interpreted in terms of increased scattering area in the first observed range
bin due to Hipparchus' 1 km depression below the mean level of surrounding
terrain. An interpretation based on different slope distributions inside

and outside the crater is also tenable.
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The new slope distributions are consistent with recent bistatic analyses.

It is urged that the heterogeneous nature of the lunar surface be recognized,

Cal Teague
Bragg Scatter Probing of Sea State

The Wake Island synthetic aperture data have been analyzed in consider-
able detail and appear to represent 7-second ocean wave directional specirum
measurements of very high quality. Directional resolution on the order of 10°
has been achieved, and to that from waves traveling upwind is at least 254B.
This value is near the resolution limit of the experiment, so the actual value
may be higher.

The synthetic aperture data from each run were transformed separately
for each antenna direction. The antenna pattern measurements, made one or two
times each day, were used to generate a model for the antenna pattern. A
function of the form A + B cos 8, where A and B take slightly different
values each day (due to mechanical vibration and salt spray) was found to be
an adequate model. The vehicle velocity was measured by stopwatch between
the end points of each path; the fractional rms variation in the run times
was 0.008, Hence a constant velocity of 7.20 m/s was assumed for all runs,

For each run, a directional ocean-wave spectrum was computed from the
Fourier transforms, the antenna pattern model, the measured vehicle velocity,
and an assumed r3 propagation path loss (for a homogeneous extended target).
Echoes within 15° of the velocity vector were discarded. Finally, one or two
average spectra were produced for each day from 10 runs in different directions
and 10 range bins per run. These spectra are continuous over 360° {except for
one day when only data from taxi runs were used), and have a dynamic range of
25 dB and a resolution of approximately 10°, They cover a time period of one-
third hours each, and correspond to echoes from an annulus from 30 to 67 Em from
the island.

The spectra for all days are quite broad--nearly 180° at the half-power
points--and centered on the mean wind directicn for the 24 hours preceding the
measurement. (Hourly wind observations from the airport were available for the

entire duration of the experiment.) The total ehergy increases with wind
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velocity, although data for 2 of the B days fail to fit a straight-line relation.

Moments of the form I f(e)cospe sin89 d6 were computed for the radar data for
p,qg = 0,1,2. These were compared with corresponding moments calculated from
the Scripps buoy data for the two days that the bucoy was used, and the agreement
is quite good. Finally, various spectral models of the form hlo + (1-@) COS
8=g
(E—Ja)} were fit to the radar data. A four-parameter fit was tried first:
A was fixed at 2, and h, @, n, and 90 were varied for minimum squared errxor.
Then three-parameter fits were tried with 90 at the value from the four-
parameter fit, n fixed at 2 or 4, and h, @, and A varied for minimum squared
error. All gave results which were almost equally good.

it is believed that because of the dynamic range and directional resolu-
tion of these measurements, and the ideal (and locally instrumented) wind con-
ditions under which they were made, they represent a unique set of oceanographic

data for 7-second waves.

Publications

Teague, C.C., Tyler, G.L., Joy, J. W., Steward, R.H., "Synthetic Aperture
Observations of Directional Height Spectra for 7-Second Ocean Waves, "
Nature 13 August 1973,

Robert T. P. Wang

Video Data Compression

Television Video (Pictorial) Data Compression will become a topic of great
value when digital data transmission starts to receive the hardware attention it
deserves. Presently, no system exists where a data compression algorithm is
hardware implemented for use in a real-time television system. The research
conducted jointly with Dr. Dale Lumb, Captain Steve Noble, and Mr. Scott Knauer
of the NASA Ames Research Center is directed toward designing, building, and
testing a real-time data compression system using 3-dimensional block encoding
in the Hadamard Transform Domain. This system is designed specifically for use
in satellite relayed television used for educational and teleconferencing

purposes.

21



While the system is being designed and built at Ames Research Center,
the work at Stanford University has been in studying and understanding the
problem of visual perception as reported by psychophysicists_anq psycho-
physiclogists. This study is important to the understanding'of compression
strategies designed to optimize the algorithms in accordance to the visual
perception properties of the human observers--the ultimate receivérs of the
data.

A report is under preparation concurremtly with a paper designed to

disseminate this information to the data compression community at large,

John F, Vesecky and Michael S. Frankel

Observations of a Low Frequency Cutoff in
Magnetospheric Radio Noise Received on IMP-G

Observations of magnetospheric radio noise by the Goddard Space Flight
Center radio experiment on the IMP-6 spacecraft have revealed a quasi continuous
component at frequencies between 30 and 110 kHz, When the spacecraft is in
the interplanetary medium or the magnetosheath, a low frequency cutoff often
characterizes an otherwise power law spectrum. A positive correlation is observed
between this cutoff frequency (fco) and the solar wind plasma frequency (fsw)
as deduced from the Los Alamos plasma experiment on the same spacecraft--on
average fco ~ 1.3 fsw' If one pictures the magnetosheath simply as a homo-
geneous layer of plasma lying between the radio noise source at L ~ 4 to 7 and
the spacecraft in the interplanetary medium and having an electron density 2 to
3 times that of the solar wind, then one would expect fco > 1.4 to 1.7 fsw'
Within the limits of experimental error this simple model correctly accounts
for the ohservations, However, the data tend toward values of fco lower
than those predicted by the aforementioned simple model suggesting that signi-
ficant amounts of radiation may propagate through the highly turbulent and
inhomogeneous magnetosheath plasma at frequencies below the maximum plasma fre-—

guency in the magnetosheath.
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3208-1, NGL 05-020-01l4 and GA-1146, Stanford Electronics
Lahoratories, May 1970.

Shin, Y. C., Polarization Transfer of Radio Waves and its Applications,
Technical Heport No. 3680-1, NSF 1148, SU-SEL-69-057, Stanford
Electronics Laboratorias, May 1970,

Landt, J, A. and T. A. Croft, A Plasma Cloud Following a Solar wind
Shock on 9 July 1966 M2asurad by Radio Propagation to Pioneer 6,
Sciertific Report No. 1, NAS 2-4672 and NAS 2-1759, SU~SEL-70-001,
Stinford Flectronics Lahoratories, PFebruary 1970.

diushell, D. J., Synthesis of Linear Antenna Arrays using Z Transforams,
Scientific Report No. 34, NGL 05-020-014, SU-SEL-70~-008, stanford
Electronics Laboratorizs, February 1970.

tyler, 6. L., D. H. H. Ingalls, and R. A. Simpson, Stanford Telemetry
ionitoring Experiment on Lunar Explorer 35, Final Report,
NA5 4-7347, 5U-SCL-69-06A6, Stanford Electronics Laboratories,
Jctoher 1949, :

Tyler, G. L., Digital Spectral Analysis of Bistatic-Radar Echoes fron
"xplorer XXXV, Technical Repoart No. 3609-5, NAS 5-49347,
SU-3EL-69-063, Stanforl El=ctronics Laboratories, October 1969,

Pomalaza, -J., Remote Sensing of the Atmosphere by Occultation Satellite,
Tezhnical Report No. 3670-1, NAS 9-7020, SU-S5EL-69-045, Stanford
Elactronics Laboratoriess, September 1969

Sites, M. J., Coded Frequency Shift Keyed Sequences with Applications to
Low Data Rate Communication and Radar, Technical Report No. 3606-5,
On 225(83) and NR 373-360, SU-SEL-69-003, Stanford Electronics
Laboratories, September 1969. ’

Atps, R., Entropy of Printad Matter at the Threshold of Legibility for
RFfficient Coding in Digital Image Processing, Scientific keport
No. 31, HGL 05-020-014, SU~-SEL-69-012, Stanford Electronics
Laboratories, March 1969. )

Tyler, G. L. and H. T. Howard, The Refractivity of Carbon Dioxide under
Simulated Martian Conditions, Scientific Report No. 33,
NGL 05-020-014, SU-SEL-69~013, Stanford Electronics Laboratories,
March 1969,

croft, T. A., Mtethodls and Applicatioans of Computer Raytracing, Techknical
R2port Mo. 3903~112, SU-SEL-69-007, ONR 64, Stanford Electronics '
Laboratories, January 1969

Fj214bo, G. ard V. R. Eshlaman, The Atmosphere of Venus as Studied with.
ths Mariner Vv bual-Frejuancy Occultation Experiment, Final Report,
NGR 05-020-014, SU-SEL-69-003, Stanford Electronics Laboratories,
January 1969.
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Stanford Center for Radar Astronomy

Symposia Attended and Papers Presented

fyler, 5., L. and He T. Howard, Bistatic Radar Inference of Lunar Surface
Properties, paper pres2nted at the Lupar Science Symposium on
Seophysics of the Moon and Planets, Clearlake, Texas,
January 1973. !

Zroft, T. A., Traveling Regions of High Density Observed in the Solar
Wind on August 3 and 9, 1972, paper presented at Fall AGU,
San Frarcisce, California, December 1972.

Patersosn, A. M. and E. M. North, Optimized Radio Acoustic Sounding
System for Measurements of T2mperature Profiles, paper presented
at Workshop in Atmospheric Acoustics, Boulder, Colorado,

July 1972,

£shleman, V. R., The Radioc Occultation Method for the Study of Plane-
tary Atmosphares, presa2nted at NATO Advianced Staudy Institute,
Istanbul, Turkey, August 1972.

Sites, M. J., Geophysical DPata Transmission From Automatic Stations
in the Antarctic Via Farth Synchronous Satellites, IEEE 1972
Nitional Telecommunications Conference, Houston, Texas,

December 19772.

Croft, T. A., Anomalous Type III Bursts Explained in Terms of Inter-
mittent Solar Wind Strzams Observed by Pioneer Spacecraft, COSPAR
Madrid, Spain, May 1972

Sites, ¥. J., Geophysical Data Transmission from Automatic Stations in
the Antarctic via Parth Synchrononus Satellites, SCAR Symposiunm,
sandefjord, Norway, May 1972.

Stnart, G. F. and M. J. Sites, An Electromagnetic Interference Survey
of *he Hut Point Peninsula Area of Antarctica, SCAR Syamposiunm,
Sandefjord, Norway, Hay 1972.

“roft, T. A., Solar Wind Concentration in Tinme and Space, Spring A3U,
Kashington, D. C., April 1972.

Howard, H. T., Bistatic Ralar Studies of the Moon, Division of Planetary
Science, AAS, Hawaii, March 1972.

Tyler, G. L. and H. T. Yoward, Bistatic Radar Observations of the Lunar
Surface with Apollos 1% AND 15, 3rd Lunar Science Conference,
Houston, Texas, Januacy 1972. :

Feagyune, C. C., Bistatic Ralar Measurement of Directional Ocean Wave
Spactra ir the Hdawaiian Islands Area, Fall AGU, San Francisco,
california, December 1971,

Lusignan, B. B., The Role 2f Satellites in Telecommunications in the
Developing Countries, Joint National Conference on Major Systems,
Anaheim, California, October 1971.
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#oward, H., T., Pistatic Radar Results, Apollo 15 Investigator's
Symposinm, Lunar Science Institute, Houston, Texas, October 1971.

Tyler, G. L., Preéliminary Results from Apollo 15: Bistatic Radar
dbhsorvations of the Moon, Symposium on Geophysics of the Hoon,
Lunar Science Tnstitute, Houston, Texas, October 1971.

Eshlemin, V. R., Radio Science Zxperiments on the Outer Planets Grand
Tours Missions, Fall URSI, UCLA, September 1971.

fvler, 8. L. and H. T. Howard, Dual-Frequeacy Bistatic-Radar Observa-
tiogns of the Hoon with Apollo 14, Fall ORSI, Commission Vv, UCLA,
September 1971,

Eshleman, V. R., 2adio Sci=nce Experiments on the Quter Planets Grand
Tours Missions, AA3, Seattle, Washington, June 1971.

Vesecky, J. F., Type TII Snlar Radio Bursts at 20 to 100 kHz, URSI
spring Meeting, Washington, D. C., April 1971.

roft, T. A., HMeasurement of a sSolar Wind Plasma Strean which Endures
Several Konths but is Intermittent on a Time Scale of about One
pay, Solar wind Conferznce, Asilomar, california, March 1971,

Landt, J. A., The Detection of Solar Wind Discontinuities in Dual-
Fraquency Radio Mecasursments of Interplanetary Flectron Content,
Solar Wind Conference, Asilomar, California, Harch 1971.

ryler, G. L., 8. A. Simpson and H. J. Moore, Lunar Slopes: A |
Comparison of Photographic and Bistatic Results, Fall AGU
$aa Francisco, California, December 1970.

Lorfali, Ge. M., J. F. Vesecky and D. P. Kanellakos, Travelling Iono-
spheric Disturbances Observed near the Time of the Solar Eclipse
5f darch 7, 1970, Fall AGU, San Francisco, California, Decenber 19740.

paterson, A. M., C. C. Teague and G. L. Tyler, Bistatic-Radar Observa-
tisns of Long-Pa2riod, Directional Ocean-Wave Spectra with LORAN A,
Fall AGY, San Francisco, Califormnia, December 1970.

“roft, T- A., Evidence of Temporal Fluctuation in the Solar
wind, Fall AGU, San Francisco, California, December 1970.

culhane, J. L., J. F. Vesecky and K. D. P. Phillips, The
Coolinyg of Flare Produced Plasmas in tne Solar Corona,
TAU, Brighton, England, August 1970.

rvler, G. L., Aigtatic-Radar Observations of the NMoon (papetr
read by J. F. Vesecky), 1AU, Brighton, England, August
1970,

Tyler, G. L. and LK. A. Simpson, Attended short course:
flectromagnetic Probing in Geophysics, University of
Colorado, Roulder, Colorads, August 1970.

Morrison, A., Orbit Deterwmination for a Weather occultation
satellite, AAS/AIAAR Astrodynamics Conference, University
of california, Santa Barbara, August 1970.

Janky, J., R. Taggart andl 8. b. Lusignan, Low Cost Recelvers
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,fOCMUSQ in Tnstructional Broadcast, IEEFE 1970 Interna-
tinnal Conference on Communications, San Francisco,
Califnrnia, June 1970,

croft, T. A., Measured Average 3olar-Wind Density Along a
Line from Earth to Spacecraft in Solar Orbit, COSPAR,
gssi, tay 1970.

Vasecky, J. F., Flare Assopiated Microwave Bursts and the
Heitirg of Quasi-Tharmal X-Ray Sources, URSI Spring
Meating, Washington, D. CT., April 1970.

Lusigran, 8. B., Low Cost BTV Receivers, ATAA 3rd Conmunica-
tiosns Satellite Systems Conference, Los Angeles,
California, April 1970.

Eshleman, V. R®., Badio Measurem=nts of the Atmospheres of
Mars and Venus, EBell Telephone Laboratories Symposium,
Holadel, New Jersey, January 1970,

Eshleman, V. R., Planetary Exploration: Will There be
Evantual Colonization of the Planets?, AIAA Conference,
Bth Aerospace Sciences Meeting, New York, January 1970,

Fshleman, V. R., The Role of Accurate Radio Measurement in Space
Experiments, S.F. Branch, Precision Measurements Association,
San Francisco, California, January 1970.

croft, T. A. and H. T. Howard, The Life of Corotating Struc-
tures in the Solar Wind Deduced from Electron Content
Measured Along the Path from Earth to Pioneer Spacecraft,
Fall AGU, San PFrancisco, California, December 1969.

Landt, J. A, and V. R. FEshleman, An Estinate of the Spatial
Fxtent of a Flare-Induced Plasma Cloud using Columnar
Elactron Content, Fall AGU, San Francisco, California, December 1969.

Conklin, E. K., H. T. Howard, J. S. Miller and E. J. Wampler,
Sianltancons Nptical and Radio Observations of the Crab
Nebular Pulsar, Stanford University Electronics Research
Review, Stanford, California, August 1969

Eshlewman, V. R., J. A. Landt, H. T. Howard and T. A. Croft,
Solar Wind Electron Content Measured Botween the Earth
and Pioneer and Mariner Spacecraft, Stanford University
Electronics Research Review, Stanford, California,
Aagust 19469,

Lusignan, B. B., Space Applications in the Stanford Center
for Radar Astronomy, Stanford University Electronics
Research Review, Stanford, California, Aagust 1969.

petorson, A. M. and M. J. Sites, Coded-Frequency Shift-Keyed
Sejuences with Applications to Low Data-Rate Conmunic-
tion and Radar, Stanford University Electronics Research
Review, Stanford, California, August 1969,

Simpson, R. A. and G. L. Tyler, Contour Mapping of Lunar
Electrical Properties, Stanford University Electronics
Research Keview, Stantord, California, BAugust 1969.
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Tyler, G. L. and K. A. Simpson, Bistatic Lunar Measurements
of Topographic Variations in Lunar Sucrface Slopes with
Explorer XXXV, IAU Symposium on Planetary Atmospheres
and Surfaces, Woods Hole, Massachusetts, August 1969.

'yler, 6, L. and H. T. Howard, The Refractivity of Carbon
Disxide under Simulated Martian Conditions, URSI
Sysposium, Washington, -D. C., April 19469,

"yler, G. L., Probing Planotary Surfaces and Subsurfaces
with Bistatic-Radar, Coaference on Scientific Applica-
tions on Radio and Radar Tracking in the Space Progranm,
Jet Propulsion Laboratsry, Pasadena, California,

April 1969. :
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