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SHORTLY after the study of astronomy by radio
techniques began in earnest, a basic problem arose.
Three "sources" of radio flux had been delineated:

the sun, the cosmic-noise background, and the discrete
sources (radio stars). Were the discrete sources vari-
able, as the sun showed evidence of being, or was the
atmosphere modulating fixed-flux sources? The first an-
swer was that the radio-star sources exhibited intrinsic
fluctuations in intensity, but studies in Australia and
England utilizing spaced receivers indicated that the
earth's ionosphere and troposphere produced effects
similar to the "twinkling" of visible stars. The study of
"twinkling" or scintillation was the first of the upper-
atmospheric effects to be investigated in detail.

No fluctuating discrete sources (other than the sun
and the planets) have been found by radio astronomers.
The very absence of variable sources allowed the field
of radio-astronomical studies of the atmosphere to
flourish.

In addition to radio-frequency energy from the dis-
crete sources such as Cygnus A and Cassiopeia, the
cosmic-noise background radiation, the broad pattern of
the sky, also provides a high-level signal in the radio
spectrum to 100 Me. Using cosmic noise as the trans-
mitter, we can study the fluctuations of the overhead
terrestrial atmosphere. To examine the discrete sources,
the radio observatory needs highly directive antennas
and sensitive stable receivers. In the case of the broad-
band cosmic noise, the simple device of attaching an
antenna to a good receiver produces a signal level
greater than that created by receiver noise. The only re-
quirement for studying the absorbing medium between
earth and sky is stability of the equipment. Several
modern radio techniques achieve this, and a means for
studying absorption in the D, E, and F layers of the
ionosphere is open.

In time sequence, the next development after the
scintillation experiments was the study of lunar re-
flections. Again, as in the earlier discrete-source meas-
urements, the variations in the returned signals were an
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exotic points of interest on the Grecian island of Corfu. Jules Aarons,
the author of this report, is chief of the Radio Astronomy Branch of
the Air Force Cambridge Research Laboratories in Bedford, Mass.

38

enigma. Two separate reasons were found for the fading
of the lunar echo. Kerr and Shain of the CSIRO, Aus-
tralia, showed that the cause of one type of fluctuation
was the apparent rocking or libration of the moon as
observed from the transmitting and receiving station.
A major contribution to the studies of the ionosphere
was the isolation (by scientists at Jodrell Bank in Eng-
land) of the rotation of the plane of polarization of the
signal as the second cause of lunar-echo fading. As the
signal traverses the ionosphere the plane of polarization
is rotated because of the electron-density structure
within the earth's magnetic field. The rotation resulting
from the Faraday effect allows a means of studying
the integrated electron density beyond the limit of 400
kilometers which had previously been imposed by con-
ventional ionosounding techniques.

With the advent of transmissions from satellites,
distinct capabilities were added to ionospheric studies.
Satellite signals were coherent narrow-band signals;
from radio stars wide-band noise is observed. Narrow-
band signals, when shifted in frequency by the motion
of the satellite relative to the ground observer, as well
as by electron-density variations, can be measured by



simple techniques. Once the motion of the source, the
true Doppler effect, is calculated, the remainder of the
frequency shift can be attributed to the intervening
ionosphere. Doppler techniques are thus readily avail-
able for studying total electron density and gradients
of the electron concentration.

It was basically these capabilities and results that led
to the Advanced Study Institute concentration on the
subject of radio-astronomical and satellite studies of
the atmosphere. The stress was to be on the contribu-
tion to space physics of these transatmospheric trans-
missions, rather than on the techniques used to probe
the ionosphere from ground-based transmissions. The
Institute, which had concentrated on ionospheric sub-
jects in its two previous sessions, was directed by M.
Anastassiades of the University of Athens. The sponsor
was the Scientific Affairs Division of the North At-
lantic Treaty Organization.

The scene for the Institute was the Castello Mibelli
on the island of Corfu, Greece. I served as program
director, orienting the program toward a combination
of review of available material in each of the specialties
followed by original contributions. The time given for
each review paper varied from one to two hours, de-
pending on the amount of ground to be covered; the
contributions were one-half hour. The Institute took
two weeks with a relatively leisurely pace dictated as a
reaction to two pressures. The first was associated with
the type of conference run during recent years which
requires 7.5-minute papers followed by 2.5-minute dis-
cussions, simultaneous sessions, luncheon talks, and
evening invited lectures—rumor even has it that formal
technical breakfast discussions are being contemplated.
Many of the members of the group attending the Ad-
vanced Study Institute had been present at the recent
spring meeting of the United States URSI group, which
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M. Anastassiades of the University of Athens
served as director of the Corfu Advanced Study
Institute, which was held under the sponsor-
ship of the Scientific Affairs Division of NATO.

was run almost simultaneously with the International
Committee for Space Research, which in turn, was run
almost at the same time as the annual meeting of the
American Geophysical Union. In addition to the larger
technical sessions (each including simultaneous scien-
tific sessions), there were working group meetings. All
of this was coupled with the meeting of Glenn and
Titov. The need at Corfu for review papers followed
by longer contributions with time to discuss them was
expressed by all of the invited participants.

The second pressure was to give ample time for dis-
cussing technical ideas outside of the confines of the
formal discussion periods. Within atmospheric studies,
there has been an increased number of papers combin-
ing many disciplines. Balloon and ground experiments,
cosmic-ray and solar measurements, comparison of re-
sults at various latitudes and longitudes, review papers
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Log periodic antenna (for studying refraction and
scintillation of radio stars) and 84-foot and 28-
foot parabolas of Air Force Cambridge Research
Laboratories, Sagamore Hill Radio Observatory,
Mass.

Photo by Berenice Abbott

incorporating solar radio astronomy, cosmic-noise ab-
sorption, micropulsations, and a myriad of other types
of observations are part of the literature. The need
for informal technical conversations among the mem-
bers of an international group of scientists representing
various disciplines was thus felt to be important.

The program started at 8 a.m. and ended at 1 p.m.
A few sessions from 6 to 8 p.m. were held with several
6 to 8 p.m. meetings of smaller groups both within the
NATO sphere and having common interests. Professor
Anastassiades opened the conference with remarks on
the general aims of the institute, i.e., to look at prob-
lems of transatmospheric studies in depth. In par-
ticular, the electron density structure by various ampli-
tude and frequency techniques would be stressed, both
the normal structure and the irregularities would be
considered, and we would then look at the needs which
would have to be satisfied by future instrumentation
of both satellites and ground stations.

In opening the technical sessions, H. Kallman-Bijl
summarized the contributions made with rockets, satel-
lites, and deep-space probes in understanding the struc-
ture of the atmosphere. The density, pressure, and
temperature variations show seasonal and latitude ef-
fects only below 100 km. From 200 to 800 km, a 24-
hour variation of density has been observed with in-
creased variation with altitude. The density around 650
km at night (during solar minimum) may decrease by a
factor of 200 when compared to daytime density (dur-
ing solar maximum). The composition of the major
constituents changes at 100 km and above. For the
identification of atoms and molecules, observations are
needed of diurnal variations, seasonal and latitude
changes, and ion ratios.

C. G. Little outlined in his review paper on radio-
star scintillations the types of studies made, i.e., ampli-
tude and phase scintillations of the discrete-source sig-
nals. The phase scintillations led to refraction variations
both in the vertical plane for rising and setting of
sources and in the horizontal plane by means of inter-
ferometers. The so-called point sources have angular
diameters of finite amounts 2.5 X .7 minutes for Cygnus
A, and 4 minutes for Cassiopeia. In turn, these might
be readily distinguished from a true point source, such
as a satellite, in amplitude of scintillations. Little
pointed out the broad-band, nonpolarized nature of the
point sources. He gave some results of his work in
Alaska, particularly the absence of an elevation-angle
dependence of scintillations.

In reviewing the theoretical aspects of radio-star
scintillations, Harrower first outlined the scintillation
observations the theory would have to satisfy—that is.
the height of the region (300-400 km), the size of the
irregularities (1-4 km), and the wind measurements. He
gave in detail the technique for studying the ionospheric
irregularity sizes and the winds by measuring the el-
liptical shadow pattern of the irregularities as one ob-
served radio-star scintillation from several spaced re-
ceivers.

In observing the rise and set of Cygnus A with a
large parabola and a multifrequency feed, Aarons re-
ported, the group at Sagamore Hill Radio Observatory
was able to separate ionospheric and tropospheric scin-
tillations. The latter were characterized by one-minute
periods and the former by shorter fluctuations. Observa-
tions of single and multiple scattering were made at
low angles of elevation with single scattering shown by
correlation at many ionospheric frequencies and mul-
tiple scattering characteristic of periods of high mag-
netic activity. Separation of scintillation types into
normal, low-angle, and cloud scintillation was made. A
basic difficulty is that of separating the subionospheric
geomagnetic latitude of the radio star from the eleva-
tion of the source. Radio stars observed from a middle
latitude site (40-50° geomagnetic north) have high
elevation angles at middle geomagnetic latitudes and
low elevation angles over auroral disturbed regions.

Noci showed the 3-cm sunrise observations at Arcetri,
with tropospheric scintillations noted in the first few
degrees of elevation.

Tuominen, in his studies in Finland, measured fading
rates showing a small wind-velocity component in ad-
dition to the earth's rotation. A second effect observed
was the cancellation of the interferometric fringe pat-
tern. In the discussions, many possibilities were pointed
out which could produce this loss during the period
around midnight local time in the winter. One hy-
pothesis was that, during this local time period, small-
scale irregularities are present. A discussion of single
scattering versus multiple scattering ensued. Single
scattering by ionospheric irregularities, as Hewish had
shown, occurs when the mean-square phase deviation
produced by the irregularities is less than one radian.

PHYSICS TODAY
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ONLY JARRELL-ASH MAKESl l TYPES OF SPECTROMETERS

because no one spectrometer is versatile enough for
all analytical and research problems

WADSWORTH STIGMATIC SPECTROGRAPH

HIGH APERTURE SPECTROGRAPHS

F/6.3 plane grating
instruments for anal-

ysis of faint or short duration light sources as
encountered in combustion studies, shock tube
investigations, high temperature and free radical
studies; time resolved spectroscopy. Photoelectric
attachment available.

1M & 2M NORMAL INCIDENCE VACUUM SPECTROGRAPHS

1M 8.0.5M SEYA-NAMIOKA VACUUM SPECTROMETERS

Vacuum Scanning Spec-
trometers, Seya-Namioka
Model available in 1.0 or

0.5 meter models with optional camera and light
sources and detectors for absorption and emission
studies. Virtually universal monochromators, they
offer a complete scanning range from 0 to 10,000A.

6.65M VACUUM EAGLE SPECTROGRAPH

1.8M EVACUABLE EBERT SCANNING SPECTROMETER

0.5M EBERT SCANNING SPECTROMETER

f ^ i"*jit.-m/l*m' * °-5 meter Ebert-type
plane grating instru-
ment is available with

a variety of photomultiplier receivers and electronics
systems. Also available as a flame spectrometer with
full accessories. Applications include combustion
and reaction studies, flame temperature measurement
and atomic absorption spectroscopy.

5.0M VACUUM SPECTROGRAPH

1.0M EVACUABLE EBERT SCANNING SPECTROMETER

B
For direct meas-
urement of rela-
tive line intensi-

ties . . . ultra high resolutions. Equipped with 12-
speed precision linear wavelength scanning drive.
High aperature (F/8.6). Very high photoelectric speed.
Similar to 1.83M ultra high resolution spectrometer.

1.0M VACUUM GRAZING INCIDENCE SPECTROGRAPHS

3.4 and 2.25M EBERT SPECTROGRAPHS

These i n s t r u -
ments may be
fitted with mul-
t i p l e p h o t o -
mult ip l iers or
adapted for pre-

cise scanning work. The Ebert, with order sorter,
permits high resolution studies to be made with ease.
Plasma sources, laser, crystal studies, high temper-
ature measurements, combustion studies only hint
at the spectrometer's full range of applications.

Let us bring your files up to date
with complete information about
all eleven. Write for literature or
ask to have our analytical methods
engineer visit your laboratory.

Jarrell
Ash

JARRELL-ASH
COMPANY

26 FarweU Street
Newtonville 60, Massachusetts
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If the layer producing the scintillation is thin and
single scattering occurs, the shadow pattern on the
ground is a projection of the irregularity structure in
the ionosphere. However, if the phase deviations are
greater than one radian the correlation distance on the
ground is small, the bandwidth decreases, and correla-
tion at various frequencies is lost. Only recently have
examples been observed of this type of scattering from
radio stars.

In equatorial regions, Wright showed records of the
loss of fringe patterns for an interferometer. In a paper
co-authored by Koster, Wright gave for the scintillation
region, rather than the irregularity size, the equatorial
axial ratio of 7 with the east-west measurements as 442
km and the thickness less than 120 km. At sunspot
maximum on quiet days, scintillation is a normal night-
time occurrence. The absence of scintillation is an
almost certain indication of severe magnetic disturb-
ance. At middle latitudes, scintillation amplitudes and
rates increase with magnetic index.

Radar Astronomical Techniques

Taylor reviewed studies of the earth's ionosphere by
lunar radar techniques, stressing recent observations of
total electron density by moon bounce. The 1954 work
at Jodrell Bank, attributing the slow fading to Faraday
rotation, led to the immediate identification of one
component of the Sputnik fading as having the same
cause. The total number of electrons in the bottom
of the ionosphere (from 60 km to the height of the
maximum number of electrons in the F2 layer—ap-
proximately 300-400 km) as compared to the top of the
ionosphere (from the 300-400 km height to several
thousand kilometers) varies from 1:3 to 1:5. The Fara-
day rotation of phase is inversely proportional to j2

and directly proportional to the product of the secant
of the angle of elevation, to the angle between the
earth's magnetic field and the line from the observer
to the moon, and, most importantly, to the total number
of electrons in the column illuminated by the transmis-
sions. New results reveal a drastic decrease in total elec-
tron content at the Jodrell Bank geomagnetic latitude
during the severe magnetic storm of November 12-13,
1960.

Using large antennas and high-power transmitters de-
signed for radar reflections from rockets, Millman re-
ported on reflections from Echo I done at the low-
latitude station of Port of Spain, Trinidad. He obtained
results by estimating angular polarization rotation. In
this case the estimates are bolstered by ionospheric
sweep-frequency sounder data for the lower ionosphere.
At 400 Me it was found simple to eliminate ambiguities
in the equation, since experimental data moved some
hypothetical Faraday rotational angles too far out of
the realm of possibility.

Both in the review and in subsequent discussions, the
problem of ambiguities in Faraday rotation came up.
The solution used by Evans for determining the exact
number of rotations (since every 180° phase shift gives

a null) was to use two closely related frequencies
(differing by the order of 1%). An ionospheric satellite,
S 66, is being planned with transmission at two fre-
quencies, 40 and 41 Me, again in order to be able to
count the total number of rotations.

Satellite Studies
Mass spoke on effects of the atmosphere on satellite

signals, providing an extensive review of Doppler meth-
ods for determining electron density (including the
work that he and Vassy had done), the Faraday rota-
tion of polarization, and scintillation observations. In
addition, he introduced concepts on measuring electron
density at satellite altitudes. For Faraday rotation, the
methods of calculation (1) assume no horizontal gradi-
ent factors; (2) utilize the point where 6, the angle
between the propagation path and the earth's magnetic
field, is 90°, and therefore the rotation is zero; (3) as-
sume a model ionosphere, the lower part of which is
deduced from ionospheric soundings; (4) employ geo-
metrical techniques. Mass also pointed out that, for
horizontal gradients, once the total electron content
under one point of the trajectory is known from other
measurements, then gradients can be determined along
the whole trajectory.

Since the Doppler shift is slightly altered from its
free-space value because of dispersion in the medium,
the frequency beat between two coherent frequencies is
proportional to total electron content, as de Mendonca
pointed out, if motion is along the stratification. If mo-
tion is perpendicular to the layer, beat-frequency data
yield information on local electron density. De Men-
donca illustrated his technique of eliminating am-
biguities by integrating the differential Doppler fre-
quency rather than using the difference in slopes. He
uses the time of closest approach to obtain his constant
of integration.

Burgess, who had proposed in the past the technique
of combining Faraday fading and Doppler data, com-
pared electron density obtained from Faraday measure-
ments alone and the combination of Faraday fading
and differential Doppler frequency. Each technique
showed internal consistencies but differences between
the methods. He emphasized the need to find a method
of using Faraday fading alone since this is the simplest
type of measurement.

Golton, extending Burgess' method, has computer-
programmed his data and the necessary equations. His
results show a decrease in mean summer midday elec-
tron content as the sunspot number descends towards
minimum.

One new parameter in ionospheric physics for meas-
uring changes in total electron content is that of
equivalent slab thickness (y) :

-i • max

where nt is the total number of electrons in a column
and iVmax is the maximum electron density in the VI
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NUCLEAR ROCKETRY
The Los Alamos Scientific Laboratory has openings for scientific and engineering personnel in Project
Rover (nuclear reactors for rocket propulsion).
At Los Alamos, New Mexico, located high in the pine-covered mountains of northern New Mexico, a
small nucleus of scientists and engineers is creating the modern technology and basic research to
make nuclear reactors practical for space propulsion. These reactors generate many thousands of
thermal kilowatts per cubic foot of core, yet start-up time is measured in tens of seconds. Precise
sensing of reactor system conditions and fast response command of power and propellant flow are
requirements which challenge the best of current reactor and rocket engine technology.
In an atmosphere of inquiry and imaginative applied research, individuals are pooling their diverse
skills and challenging their competence to solve the expected and unexpected problems posed by nu-
clear rocketry.
At the National Nuclear Rocket Development Station near Las Vegas, Nevada, the most powerful re-
actors ever built are being tested and analyzed by the Los Alamos Scientific Laboratory. There, an
expanding $45,000,000 complex of test facilities and equipment provides the setting for exciting
permanent positions in nuclear rocketry.
Visionary and experienced scientists and engineers at all degree levels are invited to apply for positions
in: Reactor Stress Analysis/Experimental Heat Transfer/Materials Engineering/Applied Mechanics.

CONTROL SYSTEM DESIGN
Design and design modifications of closed-loop control systems and programmers for reactor and
flow systems to achieve test objectives.

DATA SYSTEM ANALYSIS & PROGRAMMING
Analysis of digital computer requirements for inputs, outputs and numerical analysis in the context of a
total information system from physical variable to data displays. Determination, planning, flow-dia-
gramming and programming considering real time, delayed time and extensive data checking and edit-
ing requirements for digital computer processing.

REMOTE CONTROL EQUIPMENT & TOOL DESIGN
Design of tooling and equipment for remote control handling of reactor assembly, disassembly, and
maintenance.

Qualified applicants are invited to send resumes to: Director of Personnel, Division 63-19
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scientific laboratory
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layer. Roger, utilizing several spaced ionosoundings,
compared satellite data with the moon reflection results
of Taylor. He found for the most part excellent agree-
ment. The equivalent slab thickness shows a relative
constancy by day and during part of the night with y
ranging from 200 to 300 km. E. Vassy discussed elec-
tron density measurements by use of Doppler data ob-
tained simultaneously at several stations, a technique
worked out by Mass.

Satellite signals scintillate at times so that the clean
Faraday peaks are disturbed by modulation. Auroral
observations of scintillation were reported by two con-
tributors. Frihagen, reporting on 20 Me and 108 Me
spaced-receiver experiments near Oslo and Tromso in
Norway, found scintillation regions at altitudes between
300 and 500 km with elongation along the lines of force
of the earth's magnetic field. Liszka, observing at
Kiruna, Sweden, in the auroral zone, found good cor-
relation of his scintillation data with auroral sporadic
E, a lower-altitude phenomenon. Liszka reviewed sev-
eral experiments in auroral-zone reception of satellite
signals, stressing the general prevalence of irregularities
in reception compared to the normal recording of Fara-
day rotations at lower geomagnetic latitudes. The height
of the region producing the irregularities was to be in-
vestigated further. Both Liszka and Frihagen plan on
operating a joint program of spaced-receiver and cor-
relation studies at several sites in Norway and Sweden.
Both data and interpretation would be compared.

In reviewing instrumentation for radio-astronomy
techniques, Whitney outlined the stringent stability
needs. Techniques of switched radiometry maintain sta-
bility to 1 part in 1000 for atmospheric studies. Basi-
cally a known stable signal is compared with antenna
temperature, and the difference is measured. Dieter, de-
scribing a complex differential Doppler system for
satellite signals, approaches recording of the raw data
with the analysis system and computer as integral parts
of the experiment. The basic potential is for synoptic
results in a field where satellite passes have been
analyzed intensively but sparsely.

Cosmic Noise Absorption

Hultqvist reviewed nondeviative absorption measure-
ments by observing the apparent changes in cosmic
noise. The refractive index for the primary frequency
used in auroral zones, 27 Me, is nearly unity. The dis-
sipation of energy results from collisions of electrons
with other particles. The D layer and the F2 layer are
the altitude regions where most of the normal absorp-
tion takes place in middle latitudes; absorption at E-
layer heights is also observed in auroral regions. The
most dramatic event observed is the polar-cap absorp-
tion, the proton-produced signal decrease after some
large flares. The time of flight of protons from the flare
eruption on the sun to the start of the slowly increasing
absorption in the auroral polar cap (one-half hour to
several hours) has been measured. Daytime absorption

is four to six times greater than night for these events.
The results obtained recently in Kiruna on sunrise and
sunset absorption were discussed in detail by Hultqvist.
Holt and Landmark presented a paper disagreeing with
aspects of the theory of Hultqvist, in particular on the
role of photodetachment and recombination in the D
layer. Holt and Landmark found auroral day-to-night
ratios of 2.2, concluding that photodetachment was of
importance for auroral absorption.

In Canada a group of riometers (Relative Iono-
spheric Opacity Meters) was set up along a line of
geomagnetic latitudes from 56.4° to 82.5° N. For
auroral absorption, Hartz reported a peak from 60° to
65° Geomagnetic North with a fall in absorption both
north and south of this region. Norwegian results from
a chain of riometers had maximum absorption of cosmic
noise at about 67° G.N., indicating that the auroral
belt takes an elliptical form in the Northern Hemi-
sphere, dipping down in the Hudson Bay region.

In middle-latitude observations by riometer tech-
niques, Anastassiades showed the important contribu-
tions of the F2 regions. At Athens, peak absorption
occurs in the summer around noon. Comparisons have
been made with other middle latitude stations, notably
at Stanford and New Delhi. The close correlation be-
tween sudden cosmic-noise absorption and flares has
been looked at statistically. Optical maxima precede
absorption maxima by approximately two minutes.

Incoherent Scatter
Within the field of atmospheric studies, a new tech-

nique has been evolved, that of incoherent scattering
from free electrons. First postulated by Gordon and
verified experimentally by Bowles, this method has
been used to determine the detailed electron-density
profile to an altitude of several thousand kilometers.
Millman, reviewing theory and observations, compared
results obtained by several high-powered radar installa-
tions. For the future, measurement of ionic constitu-
ents (by Doppler studies of returned pulses), mag-
netic-field variations, and electron to ion temperatures,
remain to be done. Millman's technique of Faraday-
rotation recordings of the incoherent scatter signal
allows for absolute measurements. The probing wave
suffers zero rotation below the D and E layers; all
subsequent rotations can be counted from this point,
thus eliminating ambiguities present in single-frequency
satellite and lunar studies.

The Solar-Terrestrial Relationship

Details of the solar-terrestrial relationship have be-
come more sharply denned with the advent of the IGY
and with rocket and satellite observations. As Boischot
pointed out in the sessions on solar effects, decimetric
and centimetric measurements of flare bursts and slowly
varying activity (the latter linked with sunspot regions)
are readily available data sources. Other contributors
described the solar x-ray and UV radiation, high-veloc-
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ity protons from flares, and the somewhat slower solar
plasma streams. C. Warwick discussed the sudden iono-
spheric disturbance (SID), the solar-flare-produced in-
crease in absorption in the D layer. Mogel, in 1930,
compared transmissions over intercontinental paths and
found for sunlit circuits a fadeout of signals. New ob-
servations show a close relationship in the time of oc-
currence of SID's with centimeter-wavelength bursts
associated with the flash phase of the flare. She dis-
cussed models of the mechanism for ionization in the D
layer, including the x-ray contribution (hard and soft)
and Lyman alpha and Lyman beta.

Coutrez and a group from the Royal Observatory of
Belgium presented a paper on the sudden enhancement
of atmospherics (the SEA), another effect of .D-layer
ionization by solar flares. The signal level from at-
mospherics in the 27-kc range is recorded continuously.
During SID's, the amplitude increases. If the altitude
decreased, Coutrez found, on theoretical grounds, that
a power increase should result. The time relationship
between the flare and the flare-produced SEA is poorly
defined. In half the cases, the SEA maximum precedes
the flare maximum, and, in the remaining half, it is the
other way around.
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In addition to producing short-wave fadeout and
sudden enhancement of atmospherics, the SID has
other manifestations. At high altitudes (E and F layers),
the phase, frequency, and angle of arrival of 15-20-Mc
ionospherically reflected signals varied, Kanellakos re-
ported. About 83% of Class 3 flares produced these
fluctuations in signals.

In searching for the mechanism for the production of
sudden cosmic-noise absorption, another effect produced
by solar flares and another manifestation of the SID,
Holt compared the variation in absorption with solar
zenith distance. He concluded that x-ray intensities
during solar flares produced the SCNA, the hard x rays
below 1.5 A contributing considerably to the ionization.

Planetary Radiation

Sampling radiation from the planets across the radio
spectrum has produced exciting observations, with in-
terpretation still being in its infancy, J. Warwick, in re-
viewing black-body, nonthermal, and burst-like radia-
tion observed in planetary studies, gave as coherent a
picture of planetary atmospheres as the present ac-
cumulation of data would permit. The radio astronomer
has been observing planets by reflection techniques
(Venus) and by passive methods, and the result has
been the expansion of planetary atmospheric studies
and a knowledge of the astronomical unit. Planetary
atmospheres, ionized and neutral, and magnetic fields
are undoubtedly the next areas to which radio astron-
omy will contribute.

Summary and The Future
It is customary for any study group to conclude the

formal program of a discussion session with a review
of the direction of present research, as well as to
speculate on the nature of future work. The Advanced
Study Institute, therefore, held informal discussions on
needed research, as well as the possibilities of different
avenues of approach to transatmospheric studies. A
summary of the directions indicated by the participants
follows.

In reviewing the work to date on radio-astronomical
and satellite techniques for atmospheric study, one is
struck by the advantage gained when one technique or

Passage of Transit IV A (54 Me)
into auroral regions on October
4, 1961. Nulls are Faraday rota-
tions; heavy black fluctuations
are scintillations. Both geographic
and geomagnetic latitudes are
given.

iEV 1359
nlOCI 4, 1961
i'!l;l96l OMICRON 1
'54 MC

E.S.T.
2320
2315
2310

LONG.
55.36
65.15
84.39

LAT.
32.5
47.3
60

ALT.
942
965
986
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FOR PRECISE SPECTRAL ANALYSIS

Optics Technology MONOPASS interference filters are de-
signed for precise spectral analysis in the 400 millimicron
to 2.7 micron region. MONOPASS filters permit highly sensi-
tive spectral measurements since each filter passes only an
extremely narrow band of wavelengths, and rejects all others
from X-band to X-ray. Individual calibration curves for each
filter assure pinpoint accuracy, with each curve set in
laminated plastic and bound in a rugged volume for perma-
nence. MONOPASS filters are available in complete sets, or
may be ordered to specification.

VISIBLE SPECTRUM SET 10A includes ten MONOPASS fil-
ters to isolate principal lines as K, Ca, Hg, etc., from 706
millimicrons to 404 millimicrons, important in flame chemi-
cal analysis. Four neutral density filters and a linear spectral
"wedge" filter are included. Price, $395.00.

VISIBLE SPECTRUM SET 12A includes ten MONOPASS fil-
ters uniformly spaced from 400 millimicrons to 700 millimi-
crons, as well as four neutral density filters and a linear
spectral "wedge" filter. Price, $395.00.

INFRARED SET 15A includes ten MONOPASS filters spaced
at every 0.1 micron between 0.8 micron and 1.75 microns.
Price, $450.00.

INFRARED SET 20A includes ten interference filters on 1"
diameter substrates spaced at every 0.1 micron between 1.75
microns and 2.75 microns. These filters are blocked out to
3.2 microns on the long end and to X-ray on the short end
Price, $450.00.

NEW! RUBY LASER SET 50A includes seven ail dielec-
tric mirrors and beam-splitters at several values of attenua-
tion, designed to withstand high LASER powers without de-
terioration, plus MONOPASS Filter at 694 millimicron ruby
wavelength. Price, $395.00.
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type of measurement is supplemented by a second. The
frozen picture of the ionosphere provided by a satellite
passing from horizon to horizon in a few minutes can
be contrasted to the slow atmospheric changes recorded
by radio-star and moon-reflection techniques. The in-
strumental complexity and vastness of the incoherent-
scatter station is in sharp contrast to the simplicity of
satellite-ground receiving equipment. The minimum
data for any ionospheric study are supplementary solar
and magnetic observations; the needs for the total pic-
ture include many simultaneous measurements of the
same phenomena.

Many suggestions for future satellite instrumentation
for ionospheric studies were put forth. Most scientists
in the field anxiously await the ionosphere-beacon units
with their closely spaced frequency transmissions, co-
herent oscillations, and multifrequency output. Using
this instrument, many of the problems brought to the
fore in the chapters on electron-density measurements
will be eliminated and the data analysis will be rela-
tively simple and unambiguous.

In addition to the currently planned satellites, C. G.
Little suggested measuring differential absorption of the
ordinary and extraordinary modes at frequencies not
too far from the critical frequency of the F2 layers.
The technique would be a comparison of depth of Fara-
day fading nulls to determine the ratio of O to E
modes. J. Warwick emphasized the need for a 1-2-Mc
radiometer placed in a polar-orbit satellite, whose pur-
pose would be to attempt to detect emission at the
gyro frequency of electrons in the earth's magnetic
field. The importance of the inclination of the satellite
was stressed since observations of cosmic noise in the
1-10-Mc portion of the radio spectrum are being
planned. T. Hartz pointed out, for example, that the
Canadian topside sounder will monitor cosmic noise in
this range at the 1000-kilometer-height level.

In reviewing the transatmospheric studies at middle
and equatorial latitudes, there appeared to be many
avenues of research to which relatively small efforts
have been attached. The small number of observatories
working in these geographical regions, many of them
inadequately equipped in comparison with auroral-zone
geophysical institutes, could well be better instrumented
during the International Year of the Quiet Sun. M.
Anastassiades outlined the sparsity of riometer sites,
particularly of the multifrequency variety, at middle
latitudes. Since the work of International Geophysical
Year on solar activity stressed auroral research, the
IQSY could well put its resources behind middle-lati-
tude and equatorial-region research. E. Golton described
future work in Singapore, designed to emphasize the
variation of upper-^-layer profiles in equatorial regions.

At the present time there are only a few observa-
tories working in low-latitude regions, and they are
performing measurements over a very limited range.
Closely spaced riometer studies, differential mode-ab-
sorption experiments, and ELF-VLF observations all
hold possibilities for future middle- and low-latitude
work.
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On the subject of interrelationships in multidisci-
plinary research, the increased needs for "relating"
were apparent to all. Fitting a total picture to an in-
dividual observation requires consistent long-term solar
measurements. Satellite observations are needed to go
beyond the present measurements of density variations,
a very significant and needed addition to atmospheric
physics. H. Kallmann-Bijl outlined ideas of needed
measurements on ion and neutral-particle densities as
a function of height, diurnal variation, and solar-iono-
spheric conditions. Future space programs should in-
clude rocket measurements in addition to satellite ob-
servations for low-altitude data, as well as information
on fluctuations in the 200-km region and beyond.

On the subject of absorption, B. Landmark and B.
Hultqvist both agreed on the need for additional ob-
servations using both balloon and rocket techniques to
supplement ground measurements. Within the sphere
of ground measurements, comparison of data is needed
from the cross modulation and the riometer techniques.
The expansion of absorption measurements at low
latitudes is certainly of importance in understanding
the mechanism of absorption in detail.

The radar-reflection technique, with both man-made
targets and natural satellites, is not outmoded by satel-
lite transmissions. G. Millman advocated the use of high
frequencies (400 Me) for Faraday-rotation studies,
emphasizing the ease in eliminating ambiguities from
single-frequency measurements by use of this band. He
stressed the need for data on the total refraction
through the earth's atmosphere. The possible future of
incoherent scatter was outlined. Valuable contributions
from this field would yield a better understanding of
geomagnetism, the constitution of the atmosphere, and
of electron and ion physics.

N. Taylor suggested the extension of the Faraday
technique in studying other planets. The possibilities of
exploring planetary atmospheres by Faraday-rotation
observations are quite exciting. This research would
lead to an increased understanding of the magnetic
field of the planets, the ionized atmosphere, and solar
control data.

Conclusion

Coming away from an intensive session of this type,
two divergent ideas seem to be present: one. that every-
thing is done and done well, and, conversely, the nag-
ging thought that only a rough beginning has been
made. Even if atmospheric physicists look backward,
they must explore the available data more fully. As C.
Dieter pointed out, the systematic exploration of a
known technique to obtain synoptic information calls
for observations made with automatic data-analysis
equipment and a computer program.

Certainly, once an end is in sight, tedious data
analysis is archaic. However, even in space physics,
where the enormous capability of the computer is so
important a factor, there is need for individual crea-
tivity and ingenuity.

Physicists
At the Bendix Research Laboratories Division
a new fundamental program has been
started in the Quantum Physics Department.
The following positions are open in our
expanding Research Division:

(1) Physicist with excellent theoretical train-
ing for pioneer work in the field of induced
transitions (masers). A challenging oppor-
tunity to lead a group in the design and study
of materials and new pumping schemes.
Prerequisite: PhD in Physics. Some experi-
ence, but not necessarily in the above field.

(2) Semiconductor Materials Specialist to
head group working on crystal growth, per-
fection and doping problems of Ill-V com-
pounds and maser (laser) crystals. Prerequi-
site: PhD with good theoretical background
in crystallography and experience in crystal
growth and structural research.

(3) Solid State Physicist to lead a group con-
ducting basic investigations of quantum
effects in solids (tunnelling phenomena, hot
carriers, microplasmas, etc.), and to ulti-
mately indicate new device principles for
transfer to our Solid State Development
Department. Prerequisite: PhD in Solid
State or Physics, special knowledge in the
theory of electrical properties of metals and
semiconductors.

Our laboratory facilities include the latest
X-ray equipment, electron microscope, laser
research equipment, infrared-optical spec-
troscopic equipment, maser equipment,
also usable for paramagnetic studies.
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Southfield, Michigan
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