




















































































































































































































































































































































































































































































CNS EFFECTS - II 

URSI COMMISSION I (BIOLOGICAL EFFECTS) 

Wednesday, October 22 1524 

URSI Session B-8b, liMC East Ballroom 

Chairman: S. Cleary, 

Virginia Commonwealth University 

B8b-l MICROWAVE-INDUCED SHIFTS OF GONADOTROPIC ACTIVITY 
IN ANTERIOR PITUITARY GLAND OF RATS: H. 
Institute of Occupational Medicine, Poland 

Quantitative changes of gonadotropic activity in pulled 
pituitary glands of rats exposed to microwave radiation 
have been previously demonstrated in this laboratory. 
This summary presents the results of reinvestigated hor­
mone activities in individual pituitaries of control and 
of irradiated rats. Twelve 35-day-old male rats (I) were 
exposed 6 hours daily for 6 days weekly for 6 weeks to 
microwaves (2860 - 2880 Mc, c.w., 10 mW/cm2). Each day 
the animals were caged randomly in a perforated polyvinyl 
box spaced for pairs of animals and the box was placed in 
unechoic chamber before horn antenna in far field. The 
incident power density was verified with calorimetric and 
power meter methods. At the same time twelve control 
rats (II) manipulated and caged in comparable manner were 
placed in separate unechoic chamber without radiation 
source. Microwave-irradiated and control rats were kill­
ed on the next day (8:00 10:00 a.m.) after last expo­
sure and separated anterior pituitaries were stored for 
48 hours in cold acetone. The saline extracts of indi­
vidual pituitary homogenates were tested separately 
according to schedule: extract of single pituitary 
tested in single immature hypophysectomized rat. Thus 
six pituitaries of each group of animals (I and II) were 
tested for FSH (ovaries augmentation) and for GH (tibia 
enlargement) and the other six pituitaries were tested 
for LH (prostata augmentation). NIH-FSH-S7, NIH-LH-S15, 
and NIH-GH-S were used as standards. The following quan­
tities of hormones have been found in 
(X ± S.D. ± S.E.): (I) in irradiated rats - FSH: 655 ± 
123 ± 50; LH: 302 ± 81 ± 33; GH: 140 ± 37 ± 11; (II) in 
control rats - FSH: 635 ± 84 ± 33; LH: 197 ± 34 ± 14; 
GH: 134 ± 41 ± 13. The amount of LH was significantly 
higher (at p < 0.05) in pituitary gland of irradiated 
than of control rats. The results of this investigation 
support the earlier suggestion about the possible shifts 
of gonadotropic activities in pituitary gland of rats 
exposed to microwave radiation. 

225 



URSI Session B-8b 

B8b-2 THE EFFECT OF 1.6 GHz CW FIELDS ON TRACE METAL 
CONTENT OF SPECIFIC REGIONS OF RAT BRAIN: 
F. Chamness, H. Scholes, S. Sexauer, and 
J. W. Frazer, USAF School of Aerospace 
Medicine, Brooks AFB, Texas 

Studies of neurochemical changes in brain areas 
(Merritt, et al.) and trace metal content of brain 
areas (Stavinoha, et al.) had shown that fields of 
sufficient magnitude could produce alterations in 
trace metal content, which are regionally quite 
specific when animals were exposed to HF band fields. 
MacDougal, et al., have shown that the energy dis­
tribution in rats at 1.6 GHz possessed considerable 
asymmetry; but with fairly large amplitude power 
deposition in the floor of the brain. Utilizing the 
same exposure technique, rats were exposed to 
80 mW/cm-2 plane wave fields at 1.6 GHz in the USAFSAM 
anechoic chamber. Fields were determined with the 
NBS EDM-1B probe. Companion studies were m&de on the 
brains of animals exposed to an environment of 80°C 
in a warm air oven for an equivalent period of time. 
Brain areas analyzed included cortex, corpus striatum, 
hippocampus, hypothalamus, midbrain, cerebellum, and 
medulla with a modified dissection scheme for rats 
used by Glowinski and Iversen. Metals anaylzed 
were Na, K, Ca, Mg, Fe, Cu, and Zn, all by atomic 
absorption. Major differences from controls were 
found in the magnesium content of the hypothalamus 
in both hyperthermal and RF exposed rats. Interpreting 
the iron changes as due primarily to alterations in 
blood distribution, it appears that intracerebral 
circulatory changes were produced by hyperthermal 
environments which were rot produced by RF exposure. 
Decreases in zinc content were found previously in 
liver and increases in the zinc content in brain 
cortex of animals exposed to HF band radiation. 
The present results are quite similar to the latter 
findings and show that some cerebral effects are 
produced indirectly as a result of primary effects on 
other organs. 

B8b-3 INTERACTION OF MODULATED ELECTROMAGNETIC FIELDS 
WITH NERVOUS STRUCTURES: Chuan-Lin Wu and 
James C. Lin, Department of Electrical 
Engineering, Wayne State University, Detroit, 
Michigan 
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Low level electromagnetic fields amplitude modulated 
at brain wave frequencies have been shown to influence 
the conditioned and spontaneous electroencephalographic 
patterns in cats and to increase the calcium efflux 
from isolated brains of neonatal chicks. One 
hypothesis offered was that the electric fields 
induced in the brain were modifying the membrane 
characteristics of neurons either by triggering 
configurational changes on the surface macromolecules 
or by inducing small displacements of the surface­
bound cations. This paper examines the theoretical 
considerations for the induced fields immediately 
surrounding the central neurons. By using a 
"greater membrane model" as a basis, the possibility 
is discussed of the interaction of impinging low 
level electromagnetic fields with the central nervous 
system. A comparison between the effects of amplitude 
modulated and continuous wave radiations will also 
be presented. 

BSb-4 THE EFFECT OF 1.6 GHZ RADIATION ON NEURO­
TRANSMITTERS IN DISCRETE AREAS OF THE RAT 
BRAIN: James H. Merritt, Richard Hartzell, 
and James H. Frazer, Radiobiology Division, 
USAF School of Aerospace Medicine, Brooks AFB, 
Texas 

A considerable body of literature has evolved 
implicating radiofrequency radiation in effects on 
the central nervous system. The tissue of the CNS 
responds to changes in temperature so that changes 
in neurotransmitter content are expected if synthetic 
and degradative pathways have different temperature 
coefficients. We have exposed rats to 1.6 GHz rad­
iation at a measured power density of SO mW/cm2 
for 10 min, and have determined power distribution 
thermographically. Rectal temperature rise was 4°C. 
Serotonin and its metabolite S-hydroxyindole acetic 
acid, dopamine and its metabolite homovanillic acid, 
and norepinephrine were measured in seven discrete 
brain areas; namely hypothalamus, corpus striatum, 
midbrain, hippocampus, cerebellum, medulla-pons, and 
cortex. Parallel hyperthermal and normothermal 
controls were also examined. The hyperthermal 
controls were maintained in a 7SoC environment for 
10 min which resulted in a rectal temperature rise 
of 4°C. A significant decrease in hypothalamic 
norepinephrine content was noted in the irradiated and 
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hyper thermal groups compared to the normothermal 
controls. The hippocampal content of serotonin was 
decreased in the irradiated but not the hyperthermal 
animals. Conversely, cerebellar and cortical 
serotonin concentrations were decreased in the 
hyperthermal but not the irradiated rats. The 
dopamine content of the corpus striatum was signific­
antly lower in the irradiated group but not in the 
hyperthermal animals. The decrease in hypothalamic 
norepinephrine agrees well with other data suggesting 
that this neurotransmitter subserves a neuronal system 
to lower body temperature. The other changes noted 
above in this study fit well with thermographic 
imagery of rats exposed to 1.6 GHz radiation. The 
data reported here appear to indicate that the 
effects seen on the neurotransmitters are a result 
of RF radiation induced hyperthermia and not a 
direct effect on innervated tissue. 
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ASSESSMENT OF POWER DEPOSITION IN TISSUES 

BY NUMERICAL METHODS 

URSI COMMISSION I (BIOLOGICAL EFFECTS) 

Wednesday, October 22 1330 

URSI Session B-9a, UMC West Ballroom 

Chairman: A. W. Guy, 

University of Washington 

B9a-l NUMERICAL STUDY OF ELECTROMAGNETIC POWER 
DEPOSITION IN BIOLOGICAL TISSUE BODIES: 
p. W. Barber, Department of Bioengineering, 
University of Utah, Salt Lake City, Utah 

The interaction of electromagnetic (EM) waves with the 
biological system of man is a problem which is currently 
receiving cons.iderable attention from the medical and 
scientific communities. An important area of interest 
involves a determination of the power absorption 
characteris.tics of man as a function of the polarization, 
orientation, and frequency of the incident EM wave. 
The Extended Boundary Condition Method (EBCM) has been 
applied to the problem of obtaining quantitative power 
absorption information for a homogeneous prolate 
s.pheroid model of man. Preliminary work, which has 
previously been reported, has shown that this technique 
can readily be applied to power deposition calculations 
for man at relatively low frequencies. The EBCM and the 
long wavelength analysis method give exactly the same 
results at 10 MHz. More recent work has been concerned 
with making calculations at higher frequencies to 
determine the frequencies of maximum absorption, i.e., 
the resonant frequencies of man. Extension of the 
numerical work to bodies which are electrically larger 
has required the consideration of some interesting 
numerical problems. The calculation requires the 
solution of a rather unusual set of simultaneous 
equations. Although the matrix involved is not ill­
conditioned, the wide variation in the amplitude of the 
elements can result in appreciable error in the solution 
due to the finite precision arithmetic of the computer. 
This behavior, which is a consequence of the large 
dielectric constant of the muscle tissue used in the 
model, appears to limit the application of the EBCM to 
frequencies below 100 MHz. This, however, does permit 
a determination of the first resonance. The numerical 
results give the average power absorption and peak 
power absorption for man as a function of frequency, 
polarization, and orientation through the first resonance. 
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B9a-2 FINITE ELEMENT-VARIATIONAL CALCULUS APPROACH 
TO THE DETERMINATION OF ELECTROMAGNETIC FIELDS 
IN IRREGULAR GEOMETRY: S. M. Neuder, Division 
of Electronic Products, Bureau of Radiological 
Health, FDA, Rockville, Maryland; and P. H. E. 
Meijer, Catholic University of America, 
Washington, D.C. 

The problem of determining the fields and power 
deposition within dielectric bodies exposed to 
external electromagnetic radiation has been solved 
exactly only for a limited number of geometrically­
idealized cases. This paper describes a .theoretical 
formulation based on the finite element method and 
the variational calculus for the approximate calcula­
tion of internal fields in lossy dielectric media of 
asymmetric or irregular geometry. One application of 
this technique is that of determining dosimetric 
distributions in biological systems exposed to micro­
wave radiation. 

B9a-3 HIGH VOLTAGE ELECTRIC FIELD COUPLING TO HUMANS 
USING MOMENT METHOD TECHNIQUES: R.J. Spiegel, lIT 
Research Institute, Washington, D.C. 

With the advent of EHV transmission lines and the almost 
certain possibility of UHV lines, it becomes increasingly 
important to be able to accurately describe the transmis­
sion line electromagnetic field interaction with life 
forms. This paper develops a numerical method for pre­
dicting current and normal electric field distributions 
induced on humans situated in the near vicinity of the 
lines. The technique is based on the method of moments 
in which the human body is modeled as a collection of 
straight cylindrical sections. Various scenarios are 
considered, e.g., a well insulated person standing on 
the ground beneath the transmission line, an individual 
in good contact with the earth, or a lineman working in 
very close proximity to an energized conductor. The 
position of the arms is varied; for example, arms extend­
ed or down at the side. The question of biological haz­
ards from exposure to fields of these systems is also 
considered. 

B9a-4 ELECTROMAGNETIC POWER ABSORBTION IN LOSSY WIRE 
MODEL OF MAN: K.R. Umashankar and C.M. Butler, 
Department of Electrical Engineering, University 
Mississippi, University, Mississippi 
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An initial attempt is made to "model a man" by the junc­
tions of six straight lossy circular cylinder sections 
to represent various structural parts of the human body. 
In the presence of electromagnetic plane wave incident, 
this model is theoretically investigated and a computer 
program developed to calculate currents induced in the 
various portions of the lossy model for both vertical 
and horizontal polarizations of the incident field. 
Peak-induced currents are observed at the arm junction 
and the growing near resonance situation. For the var­
ious frequencies the electromagnetic power absorbed is 
considered. 

B9a-5 NUMERICAL SIMULATION OF THE EFFECTS OF NON-IONIZ­
ING MICROWAVE RADIATION UPON THE HUMAN BODY: 
A. F. Emery, Department of Mechanical Engineering, 
A. W. Guy, Bioelectromagnetics Research Laboratory, 
Department of Rehabilitation Medicine, 
K. K. Kraning, Department of Dermatology, and 
R. Short, Department of Mechanical Engineering, 
University of Washington, Seattle, Washington 

The human body was modelled by a finite difference 
numerical procedure to compute the thermal response of 
a man subjected to microwave irradiation of the entire 
body and the head only. Transient head and body temper­
atures and sweating rates were computed to determine 
the maximum levels of irradiation permissible for long 
time and short time exposures. Since the thermal 
response is strongly affected by the local sweat rate, 
four different models were used in which the hypothalamus, 
average skin and local skin temperatures, and the time 
rate of change of these temperatures were the controlling 
parameters. The best of these different models, as 
judged by comparison of the results with measured data, 
was then used in the microwave simulations. 
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POLARIZATION EFFECTS 

URSI COMMISSION I (BIOLOGICAL EFFECTS) 

Wednesday, October 22 1600 

URSI Sessiun B-9b, UMC West Ballroom 

Chairman: A.W. Guy, 

University of Washington 

B9b-l COLONIC TEMPERATURE CHANGES DURING MICROWAVE EX­
POSURE: Sandra H. Githens, T. Daryl Hawkins, and 
John Schrot, Department of Microwave Research, 
Walter Reed Army Institute of Research, Washingto~ 
D.C. 

Colonic temperature increases during microwave, plane­
wave exposures were found to be dependent on microwave 
frequency, E-field orientation, and the type of animal 
subject, revealing strong parallels to previously ob­
tained lethality data. Each of the experimental subjecm 
was anesthetized and exposed once to a 100 mW/cm2 signal 
for exactly 4 min. Colonic temperature change's of ex­
posed subjects were determined from pre-exposure and 
post-exposure temperature measurements and were compared 
to those of comparable sham-irradiated subjects. Expo­
sures during which the E-vector was parallel to the long 
axis of the subject consistently resulted in higher 
temperatures than did exposures with a vertical E-vector. 
For each type o~ animal differential frequency effects 
were most pronounced during exposures with a parallel 
E-vector. Mice (25-30 g) showed larger temperature in­
creases at 1700 and 2450 MHz than at 710 MHz. Small 
rats (100-125 g) and large rats (380-420 g) exhibited 
highest temperatures at 710 MHz. Comparing the temp­
erature changes across the groups of subjects of dif­
ferent size, an interaction of frequency and size was 
indicated. At 1700 arid 2450 MHz, a general inverse re­
lation between temperature increase and body size was 
evident. At 710 MHz, the rank ordering was reversed, 
indicating a direct relation between temperature in­
crease and the body size of the respective subjects. 
These colonic temperature changes are suggestive of 
differential absorption which is complexly determined by 
frequency, E-field orientation, and the dimensions of 
the experimental subject. 
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B9b-2 MICROWAVE FREQUENCY AND E-FIELD ORIENTATION INTER­
ACT WITH ANIMAL SIZE: John Schrot and T. Daryl 
Hawkins, Department of Microwave Research, Walter 
Reed Army Institute of Research, Washington, D.C. 

The interaction between microwave frequency, E-field 
orientation, and animal size was investigated using e­
lapsed time to tonic-clonic convulsion as the dependent 
variable. The frequencies employed were: 710, 985, 1700, 
2450, and 3000 MHz. The subjects were exposed in two 
E-field orientations at each frequency; namely, E parallel 
and E vertical to the long axis of the animal's body. 
At each frequency-orientation combination, groups of 11 
mice (25-35g), small rats (100-125g), and large rats 
(380-420g) were exposed. Individual exposures took place 
in an anechoic chamber (16' X 16' X 32'), with the ani­
mal restrained in a plexiglas enclosure. All exposures 
were performed with a 150 mW/cm2 CW signal. The results 
clearly demonstrate that the frequency, orientation, and 
body size variables contribute significantly in deter­
miuing elapsed time to convulsion. The horizontally 
aligned E-field produced consistently faster times to 
convulsion across animal size and frequency. In general, 
increasing ani~al size produced greater vulnerability 
(shorter convulsion times) with lower frequencies. For 
example, mice were most vulnerable in the 1700-2450 MHz 
range, small rats at 985 MHz, while large rats convulsed 
most quickly at 710 MHz. The frequency-vulnerability 
relationships were most clearly demonstrated with the 
E-field polarized horizontally. These data indicate the 
importance of considering frequency, orientation, and 
subject size when evaluating vulnerability to microwave 
exposure. 
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WEDNESDAY AFTERNOON, OCT. 22, 1330-1450 

INSTRUMENTATION AND TECHNIQUES 

URSI COMMISSION V 

Wednesday, October 22 1330 

URSI Session V-5, UMC 156 

Chairman: J. Welch, 

University of California 

5-1 APERTURE SYNTHESIS WITH A LINE ANTENNA: 
R. A. Perley and W. C. Erickson, Astronomy 
Program, University of Maryland, College Park, 
Maryland 

We describe a method in which we use the E-W arm of 
the Clark Lake "TPT" as an aperture synthesis 
instrument. Because of the unique phasing capabilities 
of the array, we can steer the N-S fan beam formed by 
the E-W arm to any desired position. Starting at 
hour angle -6 hr., and running for 12 hr., we then 
obtain a series of strip scans of the region in the 
sky of interest. Because the source rotates with 
respect to the beam, each strip scan contains new 
information on the source structure. By properly 
superimposing these strip scans in a computer, the 
source brightness distribution, convolved with an 
effective beam, is recovered. Computer software 
programs then perform a limited deconvolution of 
this map so that a total intensity map can be obtained. 
We have utilized this technique to synthesize maps of 
15 Abell clusters of galaxies at two frequencies, 
38 MHz, and 26.3 MHz, in an attempt to detect low 
frequency radio emission. 

5-2 EXPERIENCE WITH DUAL-HYBRID-MODE FEEDS: 
Alan T. Moffet, Owens Valley Radio Observatory, 
California Institute of Technology, Pasadena~ 
California 

Two dual-hybrid-mode feeds have been constructed 
following the designs of Minnett and Thomas of 
C.S.I.R.O., Australia. These are for use at the prime 
focus of a parabolic antenna with f/D = 0.4 and at 
wavelengths of 2.8 and 13.1 cm. Efficiencies, 
bandwidth, and other details of operating experience 
with these feeds will be discussed. 
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5-3 OPTICAL PROCESSING FOR RADIO ASTRONOMY: 
M. C. H. Wright, Radio Astronomy Laboratory, 
University of California, Berkeley, California 

Two optical informa,tion processors are described which 
could have advantageous application in radio astronomy 
data reduction. The first device is an acousto­
optical spectrometer providing up to 1000 channels 
in a 100 MHz bandwidth. The spectrometer uses' the 
Bragg interaction between a coherent light beam and a 
travelling acoustic wave generated from the radio 
signal. The bandwidth and resolution is appropriate 
for 7 rom wave spectroscopy at a cost far lower than 
traditional spectrometers. The second processor 
described is a convenient way to optically process the 
complex two-dimensional Fourier transform required in 
aperture synthesis. Examples are given of its use 
in optical post-processing and display of multichannel 
aperture synthesis maps. 

5-4 MICROWAVE MEASUREMENT OF MESOSPHERIC CARBON 
MONOXIDE: J. W. Waters, Jet Propulsion 
Laboratory, Pasadena, California; and W. J. Wilson 
and F. I. Shimabukuro, The Aerospace Corporation, 
El Segundo, California 

The J=O + 1 rotational carbon monoxide transition at 
115,271.2 MHz has been measured in the solar absorption 
spectrum. The measured absorption line is due to 
carbon monoxide in the earth's upper atmosphere which 
is produced by photodissociation of carbon dioxide. 
The strength and shape of the observed line have pro­
vided the first measurements of carbon monoxide at 
altitudes above 50 km in the terrestrial atmosphere. 
The measurements also have significant implication 
on vertical transport in the upper mesosphere and lower 
thermosphere. 

5-5 AN AUTOMATIC TELESCOPE WITH REMOTE CONTROL: 
J. C. Webber, K. S. Yang, and G. W. Swenson, Jr., 
University of Illinois, Urbana, Illinois 

The 120-foot radio telescope of the Vermilion River 
Observatory has been completely automated. A dedicated 
minicomputer controls telescope positioning and data 
acquisition, operating unattended according to a 
pre-determined observing list. Remote system access is 
provided via telephone line and modem, permitting direct 

235 



URSI Session V-5 

observing or program change from any remote location. 
Effective utilization of telescope time for the 
repetitive measurements necessary for variable source 
monitoring has been achieved. The implication of this 
success is that remote control and synchronization 
of large or widely-spaced telescope arrays is feasible 
at low cost. 
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THURSDAY MORNING, OCT. 23, 0830-1200 

WORKSHOP ON NEW NEEDS FOR TELECOMMUNICATION 

MEASUREMENTS 

URSI COMMISSION I 

Thursday, October 23 0830 

URSI Session 1-2, UMC 159 

Chairman: Robert C. Powell, 

Telecommunications AnalysiS Division, OT 

The following subject areas will be covered: 
energy, data communications, local distribu­
tion, susceptibility, and new technology. 
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ATMOSPHERIC EFFECTS 

URSI COMMISSION II 

Thursday, October 23, 0830 

URSI Session 11-9, UMC Forum Room 

Chairman: C.M. Crain, RAND Corporation 

9-1 SIMULTANEOUS REMOTE SOUNDING OF ATMOSPHERIC 
WINDS AND STRUCTURE: D. R. Jensen and V. R. 
Noonkester, Naval Electronics Laboratory Center, 
San Diego, California 

An acoustic bistatic wind sensor system capable of 
measuring the vertical wind profile has been operated 
simultaneously with a monostatic acoustic sounder and 
an FM-CW radar. These simultaneous observations show 
the nature and characteristics of low level wind 
systems associated with atmospheric structures in the 
marine layer such as multiple layers, wave motions, 
and turbulence. The bistatic acoustic sounder system 
used for the real-time readout of the vertical wind 
profiles will be discussed. Examples of simultaneous 
observations of wind profiles and associated atmospheric 
structures will be presented. 

9-2 EFFECTS OF PHASE-FRONT DISTRIBUTIONS AND 
SHIELDING ON ACOUSTIC ANTENNA PATTERNS USING 
A TAPERED CYLINDRICAL STRUCTURE AS A MODEL: 
S. A. Adekola and Dean T. Davis, The Ohio State 
University, Columbus, Ohio 

This paper presents the formulation of a more general 
nearfield and farfield integral equation of a three­
dimensional cylindrical model of a shielded aperture 
antenna for acoustic echo-sounding, employing the 
free-space Green's function and the Kirchhoff-Fresnel 
Diffraction formula. The formulation starts with the 
reduced time-independent wave equation and the free­
space Green's function is applied in the Kirchhoff­
Fresnel diffraction physical optics formula resulting 
in the pressure field formulation of an acoustic wave. 
The redrafted, largely self-explanatory relative gain 
patterns, are reported for typical wavelengths. From 
the 70 dB sidelobe reduction obtained in the 200 region 
between 700 and 900 (where 900 corresponds to ground 
level), 40 dB is achieved through shielding and 30 dB 
through a proper choice of phase coefficient S, with 
only a corresponding 20 beamwidth increase of the 
mainlobe. The 900 sidelobe level reduction obtained 
by shielding ranges from 5 dB at H equals 1 ft. to 

238 



URSI Session II-Q 

39 dB and 40 dB at H equals 12 ft. and 13 ft. re­
spectively. Phase distribution effects and causes of 
pattern distortions are considered. The results are 
in excellent agreement with available experimental 
data reported in the literature and also supplied 
through private communication with other investigators. 
The linear and cubic phase distributions distort the 
antenna beams by nullifying the major-lobes creating 
conical beam patterns. Quadratic phase distributions 
smooth the nulls and raise the sidelobes. Periodic 
phase-front distributions produce a loss in gain. 
The contour plots, shown for typical angles and scale 
factors, give the three-dimensional visualization of 
the acoustic antenna patterns. 

9-3 VARIABILITY OF ATMOSPHERIC OXYGEN SPECTRA 
BETWEEN 40 AND 140 GHz: Hans J. Liebe and 
Jerry Hopponen, Office of Telecommunications, 
Institute for Telecommunication Sciences, 
Boulder, Colorado 

The variability of O2 spectra with frequency, pressure, 
and temperature was studied under conditions occurring 
in the atmosphere. Accurate line parameters, determined 
from controlled laboratory experiments, are used in 
analyses of attenuation and dispe-rsion rates and their 
sensitivities to small temperature and pressure 
changes. Results are presented covering conditions 
encountered over the first ten kilometers of altitude 
(200-3000 K, 190-760 torr). They are based on 
Rosenkranz's band shape theory that takes into account 
line inferences caused by pressure-broadening. The 
discussion centers on the usefulness of such informa­
tion when treating problems of bandwidth limitations 
impaired by turbulent air and remote sensing atmospheric 
state. 

9-4 MF~SUREMENT OF DIRECTIONAL SURFACE WAVE SPECTRA 
USING A TWO-FREQUENCY CORRELATION TECHNIQUE: 
D. L. Schuler and B. J. Zimmerman, Naval 
Research Laboratory, Washington, D. C. 

Recent experimental studies (Plant, W. J., "Studies 
of Backscattered Sea Return with a Dual Frequency 
X-band Radar," USNC-URSI Digest 1975 Symposium, 
Urbana-Champaign, Illinois) of the backscattered 
return from two-scale wave systems have demonstrated 
the feasibility of measuring long gravity wave spectra 
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with a compact two-frequency CW X-band radar 
interferometer. Gravity waves, through tilting and 
bunching of local capillary waves, create a propagating 
spacial modulation pattern which can be observed, under 
certain conditions, as a high correlation between the 
returns at the two closely-spaced transmitted 
frequencies. These conditions are that (1) the Bragg 
resonance condition be satisfied for the difference 
frequency and (2) the modulation is sufficiently 
well developed so that the effect is greater than the 
background Doppler spectra. The correlation is 
detected as a Doppler-shifted line in the spectrum of 
the product of the returns at the two frequencies. 
Improvements in the original radar's antenna 
configuration and method of signal processing have 
been effected in an effort whose aim is the production 
of directional surface wave spectra in a much shorter 
length of time than was previously possible. The 
advantages of making rapid directional spectra are 
that (1) the spectra will be derived from wave 
statistics which represent a nearly stationary temporal 
process and (2) the method then may be used as the 
eventual basis for a practical survey instrument 
mounted in an aircraft or satellite. Results with 
the radar operating in a swept frequency mode with 
real-time signal digitalization and recording 
indicate that a single directional spectra (10 complete 
spectra spaced over a 1200 sector) can be obtained in 
8 minutes with a spectral resolution of .02 Hz. 
Performing sufficient averaging (5 independent spectra) 
to reduce fluctuations increases the processing time 
to 40 minutes. Preliminary results of spectra will 
be presented and compared to wave staff data and to 
directional spectra obtained from photographs. A 
pulsed two-frequency L-band radar system (under 
construction) which will perform the necessary 
spectral averaging on a pulse by pulse basis will 
also be described. 

9-5 RADIOMETRIC DETECTION OF ATMOSPHERIC WAVE ACTIVITY: 
C. I. Beard, L. U. Martin, Naval Research Laboratory, 
Washington, D.C.; Douglas R. Jensen, V. Ray 
Noonkester, Juergen H. Richter, Naval Electronics 
Laboratory Center, San Diego, California 

Microwave (22 GHz) radiometers have detected atmospheric 
internal wave activity and localized it in altitude. 
Varying the intersection height of a narrow (3°) beam 
with that of a wide (22°) vertically pointing beam al-
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lowed localization of the source height. An objective 
of the experiment was to determine what information, 
complementary to other remote sensors, microwave radi­
ometers could furnish. The ground-based radiometers 
were located at NELC, San Diego, in a joint experiment 
in which NELC provided "atmospheric truth" with the 
FM-CW radar for comparison with the radiometer data. 
The acoustic sounder, lidar, radiosondes, and other 
meterological data completed the remaining "atmospheric 
truth." First results show both correspondences and 
differences between the microwave radiometers and FM-CW 
radar. Quiet periods and gravity-wave trains extending 
to an hour in length show correspondence between sensors. 
These results and differences between sensors will be 
presented and discussed. 

9-6 A PROTOTYPE TWO-CHANNEL MICROWAVE RADIOMETER: 
T. R. Larson, Mark H. Alspaugh, Ball Brothers Re­
search Corporation, Boulder, Colorado 

A two-channel microwave radiometer operating at 21.5 GHz 
and 37.0 GHz has been developed as a prototype for the 
front end of a satellite radiometer. Proper choice of 
components allows operation in either a Dickie or a whole­
power mode. System performance in either mode is measured 
using a twenty-channel on-line computer data acquisition 
system. Real system performance will be compared with 
predicted. The results of extensive tests to measure gain 
variations as a function of component physical temperature 
and supply voltage will be summarized. The feasibility 
of operating a whole-power microwave radiometer on a 
satellite will be discussed. 

9-7 DEDUCING REFRACTIVE TURBULENCE PROFILES FROM 
STELLAR SCINTILLATION MEASUREMENTS: G. R. Ochs, 
Ting-i Wang, R. S. Lawrence, and S. F. Clifford, 
National Oceanic and Atmospheric Administration, 
Environmental Research Laboratories, Boulder, 
Colorado 

We observe stellar scintillation, caused by atmospheric 
turbulence, with a set of spatial filters on the ground. 
By linearly combining the signals, observed at different 
spatial wavelengths, with appropriate weights, we syn­
thesize a path-weighting function centered at a specif­
ic height. The location and height-resolution can be 
controlled by changing the coefficients and spatial 
wavelengths of the linear combination. 
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Experimental data have been taken with a fourteen inch 
telescope. It turns out that the atmosphere can be 
divided into four independent layers with reasonable 
accuracy. The results agree roughly with the C~ pro­
files measured previously using aircraft-mounted or 
balloone-borne in situ sensors. 
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THEORETICAL DEVELOPMENT OF ELECTROMAGNETIC PROBLEMS 

URSI COMMISSION II 

Thursday, October 23 0830 

URSI Session 11-10, UMC 158 

Chairman: W.S. Ament, 

Naval Research Laboratory 

10-1 TRANSIENT ELECTROMAGNETIC RESPONSE FROM 
NONUNIFORM LAYERED MODELS OF THE EARTH'S CRUST: 
E. Bahar and M. Fitzwater, Electrical Engineering 
Department, University of Nebraska, Lincoln, 
Nebraska 

The transient electromagnetic response from various 
nonuniform layered models of the earth's crust is 
determined for Loran C pulse excitations. A full wave 
solution for the steady state electromagnetic fields 
is the basis for these investigations. The solutions 
are shown to satisfy the reciprocity relationships 
in electromagnetic theory. The complete expansion 
of the electromagnetic field consists of the radia-
tion term (continuous spectrum of vertically polarized 
waves) and the surface waves (discrete set of vertically 
polarized guided waves of the structures). 

The principal motivations for this work are: (i) to 
determine the distortions a radio wave pulse undergoes 
when it is scattered by a nonuniform stratified 
model of the earth's crust and (ii) to determine 
whether it is possible to extract from these 
electromagnetic signatures information regarding 
the electrical and geometrical characteristics of 
the earth's crust. Thus the distortions of the 
envelope of the plane wave and surf~ce wave response 
are examined for various values of the overburden 
complex permittivity and for different gradients in 
the overburden depth. Special attention is also 
given to the effects of the nonuniform overburden 
parameters upon the time of arrival of the response. 
These investigations are relevant to problems of 
navigation (by determining Loran-Ground effects) and to 
problems of geophysical prospecting. 

10-2 DYNAMIC RADAR SCATTERING FROM AN ENSEMBLE OF 
DISCS: Thomas M. Smith, M.I.T. Lincoln Labora­
tory, Lexington, Massachusetts 

The dynamic radar cross section (RCS) for an ensemble of 

243 



URSI Session 11-10 

circular discs is analyzed as a function of wavelength 
(frequency), polarization and disc size. Separate ana­
lytical expressions characterize the RCS of the disc in 
the Rayleigh and optics regions. Two different probabil­
ity distributions are assumed to describe aspect angle 
positions: one distribution is uniform over a solid angle, 
the other is pseudo stable about the trajectory velocity 
vector of the ensemble. Joint distributions, p(RCS, area), 
dependent on disc RCS and area, and normalized to a square 
wavelength, are developed for both right and left circular 
polarizations. Marginal RCS distributions, p(RCS), are 
determined from p(RCS, area) and assumed marginal area 
distributions, p(area). The p(RCS) curves are converted 
to cumulative RCS distributions which are used to develop 
frequency scaling relationships for the ensemble of discs. 
Being able to frequency scale dynamic radar data can save 
the time and expense required to remeasure targets or en­
vironments whose characteristics are already known at 
another frequency. Results from this study are applied to 
fragmentation clutter problems which occur when plate like 
structures break up while re-entering the earth's atmos­
phere. Ensembles of discs are used to model the extended 
clutter environment produced by a complex of plate frag­
ments with arbitrary sizes and shapes. This model indi­
cates t~at an ensemble of discs frequency scales such that 
the RCS is proportional to wavelength. 

10-3 CALCULATIONS FOR TROPOSPHERIC DUCTING ENVIRONMENTS: 
R. A. Pappert, Naval Electronics Laboratory 
Center, San Diego, California 

Full wave (Airy function) solutions for waveguide modes 
associated with trilinear refractivity layering will 
be presented. The ducting environments considered 
include both ground-based and elevated ducts and the 
method of solution allows for the inclusion of 
whispering gallery type modes. Comparisons between 
height gain and range measurements and the numerical 
modelling results will be presented for frequencies 
ranging between about 65 and 3000 MHz. Although in 
most instances approximate agreement between measure­
ments and calculations is found, some disparities 
suggest extraneous mechanisms such as mode conversions 
due to turbulence. 

10-4 WAVELENGTH DEPENDENCE IN RADIO-WAVE SCATTERING 
AND SPECULAR POINT THEORY: G. Leonard Tyler, 
Stanford University, Stanford, California 
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Radio-wave scattering from natural surfaces contains 
a strong near-forward, quasi-specular component that 
at fixed wavelengths is apparently consistent with 
specular-point theory. Some surfaces exhibit a marked 
wavelength dependence in this scattering that contra­
dicts the usual assumptions underlying the specular­
point models. Wavelength dependence can be introduced 
into quasi-specular scattering by a physical approxima­
tion that modifies the effective scattering surface 
with changes in wavelength. Gaussian curvature is 
taken as the controlling parameter. Wavelength 
dependence of the scattering, as expressed in terms 
of the mean-square tilt of the filtered surface, 
depends on an integral of the two-dimensional surface 
power spectral density. A uniform low-pass filter 
model of the scattering process yields explicit 
solutions for mean-square tilt versus wavelength. 
Interpretation of experimental results from planetary 
surfaces indicates that the asymptotic height-squared 
spectral densities fall at least as fast as an inverse 
third-power law of spatial frequency. Wavelength 
independent surfaces fall at least as fast as an 
inverse fifth-power law. 

10-5 PROPAGATION IN A STRATIFIED ATMOSPHERE: 
George Hufford, OT/ITS, United S.tates 
Department of Commerce, Boulder, Colorado 

Another method for computing fields in stratified 
media is presented. This one uses ray tracings and 
derives an integral which can be evaluated numerically. 
Results, surprisingly, show that microwave fields 
within a radio hole exhibit considerable variability. 
This apparent fading arises from a diffraction fringe 
system. One conjectures that its appearance in nature 
is not uncommon, and that this may very well be an 
important mechanism for the fading that is observed 
on microwave and millimeter wave links. 

10-6 PROBABILITY DISTRIBUTION OF IRRADIANCE 
FLUCTUATION OF BEAM WAVES IN A WEAKLY TURBULENT 
ATMOSPHERE: Y. Furuhama, National Oceanic and 
Atmospheric Administration, Environmental 
Research Laboratories, Boulder, Colorado 

The integral expression for the Nth-order moment of 
irradiance fluctuations of a finite beam wave 
traversing a weakly turbulent atmosphere is derived 
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by the parabolic-equation method. The expression for 
the Nth-order moment, evaluated within the framework 
of the first-order perturbation theory, is the same 
form as the Nth-order moment of the log-normal dis­
tribution. This fact shows a necessary condition for 
the log-normality of the irradiance fluctuation of the 
beam wave, although the log-normal distribution is not 
uniquely determined by the method of series expansion 
of the moments. This result is valid at all distances 
from the axis of the beam and the distribution function 
depends upon that distance. For the plane-wave limit, 
the value of the variance coincides, with the results 
of the usual first-order perturbation theory, and 
log-normality also holds. 

10~7 SCINTI~LATIONS DUE TO AN EXTENDED SOURCE IN 
EXTENDED STRONG TURBULENCE: V. H. Rumsey, 
University of California, San Diego, La Jolla, 
California 

The effect of the angular width of an incoherent 
source on the spectrum of intensity fluctuations due 
to strong turbulence extended over the path of propa­
gation is expressed in closed form. It is more 
complicated than the Cohen-Salpeter formula for a 
concentrated layer of turbulence. However, the 
scintillation index m for an isotropic turbulence 
spectrum ~n is simple. For example, when the turbu­
lence is uniform over path length z, ~n(q) ~ q-a, 
2 < a < 4, and the source has a Gaussian brightness 
distribution of angular width 6 , 

o 

m2 = 1 - ;; x Ex
2 

[1 - erf(x)] 

3U6 If o z 
= -z;- I' a = 3, where x 

and U » 1 is the intensity randomization (the Born 
approximation for m2 due to an incident plane wave). 
Thus for z : 1010A, 6

0 
~ 10-8 rad ~ 2 10-3 arcsec, 

m2 remains at unity for 4 <U < 1000 and then decreases 
sharply for U > 2000. As in the case of a concentrated 
layer, the exponent a in ~n is directly found from the 
variation of m with strength of turbulence. 
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INCOHERENT BACKSCATTER FROM ROUGH SURFACES-
THE TWO-SCALE MODEL RE-EXAMINED: J. Carl Leader, 
McDonnell Douglas Research Laboratories, 
McDonnell Douglas Corporation, St. Louis, 
Missouri 

A mathematical description of surface roughness as a 
superposition of two independent random height 
distributions of different scales provides an ex­
cellent model of many rough surfaces of interest. 
If initially-coherent radiation is scattered by such 
a surface, the small-scale roughness can diffract 
the radiation while the large-scale undulations 
determine the angular distribution and superposition 
of the diffracted energy. A recent derivation of the 
mutual coherence function caused by t~e interaction of 
spatially separate, rough-surface elements showed 
that this contribution could be identified as the 
coherent component. The cross section contribution 
resulting from the integrated intensity of the 
radiation scattered by the small-scale roughness is 
identified as the incoherent contribution. This 
paper reports new calculations of the incoherent 
cross section contribution using a physical optics 
model for the small-scale scattering process. The 
tilt angle of the local surface normal, with respect 
to the incident polarization vector, is considered, 
resulting in a first-order depolarized component of 
the backscatter cross section. Cross section angular 
distributions are calulated using numerical integration 
techniques and are compared with results of a double, 
stationary-phase integration for various values of 
the surface roughnes's parameters. The stationary 
phase calculations show that the stationary phase 
angle increases with increasing backscatter angle 
resulting in a reduced effective incident angle which 
is commensurate with the physical optics assumption. 
The calculated cross section distributions are 
shown to correspond to measured scattering data. 
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FEASIBILITY OF SCATTER RADARS ON THE SPACE SHUTTLE - I 

URSI COMMISSIONS IV AND III 

Thursday, October 23 0830 

URSI Session IV-5, UMC 157 

Chairman: M.J. Baron, 

Stanford Research Institute 

5-1 SPACE SHUTTLE CAPABILITIES: C.R. Chapell, Marshall 
Space Flight Center, Huntsville, Alabama 

5-2 AMPS MISSION PROGRESS: ATMOSPHERIC AND MAGNETO­
SPHERIC PLASMAS IN SPACE: F. Crawford, Stanford 
University, Stanford, California 

5-3 INCOHERENT SCATTER RADAR - I: Pierre Bauer, NASA 
Goddard Space Flight Center, Greenbelt, Maryland 
(representing CNET, France) 

5-4 INCOHERENT SCATTER RADAR - II: Pierre Bauer, NASA 
Goddard Space Flight Center, Greenbelt, Maryland 
(representing CNET, France) 

5-5 INCOHERENT SCATTER RADAR - III: M.J. Baron, Stan­
ford Research Institute, Menlo Park, California 

5-6 INCOHERENT SCATTER RADAR - IV: M.J. Baron, Stan­
ford Research Institute, Menlo Park, California 

5-7 TECHNIQUE OF COMPUTER SIMULATION OF SHUTTLE BACK­
SCATTER RADAR SIGNALS: F. S. Mozer, University of 
California, Berkeley, California 

5-8 TEST RESULTS OF SIMULATION OF SHUTTLE BACKSCATTER 
RADAR SIGNALS: F.S .. Mozer, University of Cali­
fornia, Berkeley, California 
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5-9 BISTATIC INCOHERENT SCATTER RADAR EXPERIMENTS 
INVOLVING THE SPACE SHUTTLE: Jan C. Siren, 
Department of Applied Physics and Information 
S'cience, Univers.ity of California, San Diego, 
La Jolla, California 

Incoherent scatter radar transmitters are too massive 
for flight aboard the space shuttle. Receivers, however, 
are relatively light and a combined orbiting package 
comprising a receiver, high-gain deployable antenna, 
timing, and data reduction equipment may be feasible 
for ionospheric studies. The orbiter would receive the 
scattered VHF waves transmitted by incoherent scatter 
radars at fixed sites. Because the orbiter would be in 
the vicinity of high-latitude radars only four times 
per day, and in the vicinity of near-equatorial radars 
only twice per day, the receiver must be sufficiently 
flexible to tune to the various transmitters' operating 
frequencies. Similarly, the timing equipment must have 
sufficient capability to synchronize the receiver to the 
various radars' pulse transmissions. Synchronization 
of the fixed radars' pulses to Universal Time (which 
has not been generally implemented at this date) as 
well as that of the orbiter's, would be necessary. 
Vector ion velocities within the scattering volume 
defined by the intersection of the two beams, would be 
measurable. World-wide patterns of ionospheric 
convection and densities, could be discerned from the 
near-simultaneous measurements made at widely scattered 
points. Establishment of a southern hemisphere 
incoherent scatter radar is recommended. 
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SOLAR AND PLANETARY OBSERVATIONS - I 

URSI COMMISSION V 

Thursday, October 23 0830 

URSI Session V-6, UMC 156 

Chai~man: T. Clark, NASA Goddard SFC 

6-1 OUT-OF-ECLIPTIC TRAJECTORIES OF LOW FREQUENCY TYPE 
III BURSTS: H. Alvarez, F. T. Haddock, and 
W. H. Potter, University of Michigan, Ann Arbor, 
Michigan; J. Fainberg, R. J. Fitzenreiter, and 
R. R. Weber, Goddard Space Flight Center, Greenbelt, 
Maryland 

Spin modulated radio astronomy data of traveling type III 
solar radio bursts at low frequencies have been used to 
determine the path of energetic exciter electrons through 
the interplanetary medium between the Sun and 1 AU. Since 
the electrons follow interplanetary magnetic field, this 
technique has Yielded the first radio visualization of the 
spiral structure of the magnetic field projected in the 
ecliptic (Science, 178, 743, 1972). By utilizing simul­
taneous measurements from 2 spinning spacecraft, RAE-2 
(GSFC experiment, spin axis in ecliptic) and IMP-6 (Univer­
sity of Michigan experiment, spin axis perpendicular to 
ecliptic) it is possible to determine the out-of-the­
ecliptic trajectory of measured type III bursts. Several 
type III bursts occurring on June 22, 1973, have been an­
alyzed. A striking feature of these bursts is that the 
path of radio emission close to the Sun moves out north­
ward of the ecliptic but at progressively longer distances 
it shifts southward. The trajectory crosses the ecliptic 
at about 0.5 AU. At 67 kHz the observed direction of 
arrival of the type II radiation is over 50 degrees 
south. considerable structure of the interplanetary mag­
nectic field in 3 dimensions is indicated. Several models 
of the radio trajectory inferred from this data will be 
presented. 

6-2 LF OCCULTATION OBSERVATIONS FROM LUNAR ORBIT: 
R. R. Weber, J,. Fainberg, and R. G. Stone, 
Goddard Space Flight Center, Greenbelt, Maryland 

In the frequency range of 25-83 kHz the RAE-2 lunar 
orbiter often measures sporadic 20-30 dB noise enhance­
ments. Lunar occultations indicate at least two 
source directions: the sun and the earth. in the case 
of solar occultations the average apparent source 
direction is a few degrees west of the sun, suggesting 
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that the high noise levels observed are of local origin 
and associated with the solar wind. Correlations 
between the low frequency noise levels and interplanet­
ary plasma parameters will be discussed. A smaller 
number of occult?tions of the earth are observed in 
the data. These occultations appear over a much 
wider angular range and are of magnetospheric origin. 

6-3 INTERPLANETARY SCINTILLATION OBSERVATIONS 
WITH THE 34.3 MHz COCOA CROSS, MAY-DECEMBER 1974: 
A COMPARISON WITH SPACECRAFT OBSERVATIONS OF 
THE SOLAR WIND: F. T. Erskine, W. M. Cronyn, 
and S. D. Shawhan, University of Iowa, Iowa City, 
Iowa 

Interplanetary scintillation (IPS) observations have 
been carried out· with the 34.3 MHz Cocoa Cross array 
during the second half of 1974 in order to locate and 
map both corotating and transient features in the solar 
wind. Scintillation index and square root second 
moment of the intensity spectrum have been measured for 
a group of over 60 scintillating radio sources having 
ecliptic latitudes b,etween -300 and +740

• Comparisons 
are made between IPS activity on individual sources 
and many-source averaged IPS properties for sources 
at high latitudes, and sources east or west of the 
sun. In addition, comparisons are made between IPS 
data and spacecraft measurements of solar wind 
particle density, velocity, and interplanetary 
magnetic field near 1 A.U., as well as with ground 
based geomagnetic data. 

6-4 SIMULTANEOUS MEASUREMENTS OF RADIO BURST INTENSITY 
AND FAST ELECTRON FLUX AT 1 AU: R. J. Fitzenreiter 
and L. G. Evans, Goddard Space Flight Center, Green­
belt, Maryland; and R. P. Lin, University of Cali­
fornia, Berkeley, California 

Direct observations in the near-earth interplanetary medium 
have shown that electrons of energy -10-100 keV are the 
exciters of solar type III radio bursts at 1 A.U. (Lin, 
et al., Astrophys. Lett. 14, 191, 1973). Space experi­
ments which measure plasma parameters, particle fluxes, 
and radio waves provide a particularly suitable opportun­
ity to test quantitative theories of the radio burst 
phenomenon. We compare simultaneous IMP-6 measurements 
of the intensities of the radio emission (Goddard Space 
Flight Center experiment) and the flux of fast electrons 
(University of California experiment). We find that there 
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are two regimes in the generation of type III radiation: 
one where the radio intensity is linearly proportional 
to the electron flux, and a second regime, which occurs 
above a threshold electron flux, where the radio emission 
is proportional to the electron flux to the -2.5 power. 
These two regimes of radio emission are interpreted as a 
distinct change in the emission mechanism of type III 
bursts, i.e., that there is a transition from one mode 
of burst generation to another more efficient mode when 
the electron flux reaches a critical value. 

6-5 IMPLICATIONS OF PIONEER-II MAGNETIC FIELD MODELS 
FOR JUPITER'S DECAMETRIC RADIO EMISSION: R.A. 
Smith, J.K. Alexander, M.L. Kaiser, Goddard Space 
Flight Center, Greenbelt, Maryland 

Models of Jupiter's magnetic field derived from measure­
ments with the Pioneer-II flux gate and helium vapor mag­
netometers have been analyzed with a view towards under­
standing the origin of the decameter-wave radio emission 
(DAM) from the planet. In particular, we have calculated 
the geometry and electron gyrofrequency predicted for 
both the North and South feet of the Io-threaded flux 
tube at several altitudes as a function of sub-Io longi­
tude for the multipole field models of Acuna and Ness 
(1975) and Smith, et al. (1975). The Smith, et al., mod­
el predicts a maximum surface gyro-frequency equal to the 
observed high frequency limit of the DAM; the Acuna and 
Ness model predicts distortion of the field that would 
result in all the classical "sources" being located in 
the same vicinity of the Northern auroral zone; and both 
models tend to· favor a mechanism involving transverse 
propagation from a source in the Northern hemisphere. 
Although a detailed understanding of 'the DAM cannot be 
derived from either model, our calculations indicate 
that the beaming pattern of the emission may be determin­
ed by reflection from the ionosphere rather than by in­
herent beaming from the source region. 

6-6 RESULTS OF LONG-TERM SYNOPTIC MONITORING OF JUPITER'S 
DECAMETRIC RADIATION: J. K. Alexander and M. L. 
Kaiser, Goddard Space Flight Center, Greenbelt, 
Maryland 

The GSFC Jupiter Monitor Network has provided synoptic 
observations of Jupiter's emission at 16.7 and 22.2 MHz 
for the past 9-1/2 years, and this report presents the 
results of analysis of the large homogeneous set of mea­
surements for the apparitions of 1966-1974. We present 
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an update of the radio rotation period determination of 
Kaiser and Alexander (Astrophys. Lett. 12, 215, 1975) which 
includes provision for beaming effects due to variations 
in DE (the Jovocentric declination of Earth). Some esti­
mates of the magnitudes of possible long-term variations 
in rotation period are also discussed. The data clearly 
show the Io-independent emission features associated with 
the System III central meridian longitudes of all three 
major Io-related source regions as recently reported by 
other workers. In addition there is some evidence for 
heretofore unrecognized Io-related emission features which 
are apparently independent of central meridian longitude .• 
We suggest the possiblity of three kinds of emission: 
namely, (1) Io-stimulated, sharply beamed emission; (2) 
Io-independent, sharply beamed emission; and (3) Io­
stimulated, broadly beamed emission. 
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SUB-SURFACE PROBING 

URSI COMMISSIONS VI AND I 

Thursday, October 23 0830 

URSI Session VI-10, Radio Building 1107 

Chairman: L. Peters, Jr., 

The Ohio State University 

10-1 ELECTROMAGNETIC SCATTERING BY A THREE-DIMENSIONAL 
INHOMOGENEITY IN A DISSIPATIVE HALF-SPACE FOR 
HORIZONTAL ELECTRIC DIPOLE EXCITATION: 
M. Cauterman, P. Degauque, B. Demoulin, and 
R. Gabi11ard, Li11e University, Electronics 
Department, Villeneuve d'Ascq. France; 
F. Berthelot, Institut Francais du Petrole, 
Ruei1, France 

Some geophysical prospection techniques use the 
measurement in a borehole of the vertical electric field 
radiated by an electric horizontal dipole situated on 
the ground surface. The field amplitude may be used 
to determine the geometry of subsurface inhomogeneity. 
In order to improve the geophysical method, we develop 
a theoretical solution for the electromagnetic response 
of a three-dimensional inhomogeneity in a conductive 
half-space excited by a horizontal antenna. We assume 
that the emitting frequency is sufficiently low in order 
to use the quasi-static approximation. The solution is 
obtained in the form of an integral equations system 
which is reduced to a matrix equation and solved 
numerically. The cartesian components of the electro­
magnetic field in the inhomogeneity are determined. 
Therefore, the vertical electric field in the earth is 
calculated by integrating the half-space Green's func­
tions over the scattering currents. We apply this 
theory in the case of a thin horizontal and resistive 
inhomogeneity. The numerical results are compared with 
those obtained with scale model experiments. 

10-2 NUMERICAL STUDY OF THE EFFECT OF TWO-DIMENSIONAL 
CONDUCTORS ON THE SURFACE FIELDS OF A BURIED 
VERTICAL MAGNETIC DIPOLE: Charles H. Stoyer 
and James R. Wait, Cooperative Institute for 
Research in Environmental Sciences, University 
of Colorado, Boulder, Colorado 

Using a finite-difference method, the errors resulting 
from a laterally inhomogeneous overburden in source 
location of a buried magnetic dipole are determined. 

254 



URSI Session VI-IO 

Several idealized two-dimensional models are adopted. 
Particular attention is paid to longitudinal conductors 
that will channel the currents induced by the primary 
magnetic dipole source. In order to provide insight, 
we present equi-value contours of various field 
quantities observed on the surface. Of particular 
interest are the derived ellipticities of the magnetic 
field vectors in both the horizontal and the vertical 
plane. It is shown that the source location error, 
when using the tilt angle of the vertical polarization 
ellipse, is relatively small. Finally, some sugges­
tions are made on field procedures to determine the 
conductivity structure of the overburden in order to 
predict the location error in a given case. 

10-3 MICROWAVE REMOTE SENSING OF BOUNDED RANDOM MEDIA: 
L. Tsang and J.A. Kong, Department of Electrical 
Engineering and Computer Science, and Research Labor­
atory of Electronics, Massachusetts Institute of 
Technology, Cambridge, Massachusetts 

In passive remote sensing of the earth with microwaves, the 
brightness temperature reading of a radiometer depends on 
its angle of observation and on the microwave emissive 
properties of the observed area. Using the model of a half­
space random medium with a laminar structure and nonuniform 
temperature profile, we solve for the brightness tempera­
tures with a radiative transfer approach. For constant 
absorption and scattering coefficients, the brightness 
temperature is determined by a simple closed form formula. 
Physical interpretations and numerical results are illus­
trated and compared with previous theories and experimental 
data. In places such as ice or sno~ covered land or water, 
the half-space model fails to apply. A straight forward 
solution of the radiative transfer equations, which only 
accounts for incoherent effects, for a two-layer random 
medium found unsatisfactory in interpretation of experi­
mental data which demonstrate high degree of coherent 
effects. We resort to the Dyson equation and the Bethe­
Salpeter equation and derive a set of "modified" radiative 
transfer (MRT) equations that incorporate coherents. The 
temperature is assumed to be a constant. The nonlinear 
approximation, instead of the more popular bilocal approx­
imation, is applied to the Dyson equation in deriving the 
MRT equations. Under this approximation the principle of 
conservation of energy is shown to be preserved. The MRT 
equations are then solved and compared with solutions 
obtained from the Born approximation within their common 
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domains of validity. The results are in simple closed form 
and apply to both active and passive remote sensing. 

10-4 MICROWAVE REFLECTION FROM A UNIFORM COAL SEAM 
WITH A NON-UNIFORM SLATE BACKING: D. C. Chang, 
E. C. Read, and J. R. Wait, Cooperative Institute 
for Research in Environmental Sciences, University 
of Colorado, Boulder, Colorado 

There is a current need to determine the roof thickness 
of coal-mine tunnels in a continuous fashion. It has 
been proposed by J. W. Adams and D. E11erbruch of NBS 
to utilize interference phenomena when the roof is il­
luminated by a swept-frequency microwave beam. In order 
to understand non-uniformities in the roof structure, we 
in CIRES have undertaken to examine several relevant 
analytical models. Here we discuss a model that con­
sists essentially of a uniform slab of coal that is 
backed by a relatively highly conducting slate region 
that can be characterized by a locally defined surface 
impedance. The latter is taken to have a laterally 
periodic variation in its properties, but this is not an 
essential restriction. For an obliquely incident plane 
wave; we have calculated the actual surface impedance 
and wave tilts as seen at the coal-air interface. These 
results are then compared with the corresponding calcu­
lations where we assume that the structure is uniformly 
stratified in a local sense. This quantitative com­
parison is important in order to have confidence in 
simpler and more convenient layered media formulations 
that form the basis of previously developed inversion 
schemes. Other kinds of errors in such schemes result 
when the layer interfaces are non-planar; we shall dis­
cuss these briefly and mention the work in CIRES of 
J. Lytle and W~ J. Hughes who implemented some analyt­
ical studies in this regard as part of our cooperative 
program with the Pittsburgh Mining & Safety Research 
Center of the U.S. Bureau of Mines. 

10-5 DISCRIMINATION OF RADAR TARGETS IN THE PRESENCE OF 
NOISE: C. W. Chuang, and D. L. Moffatt, The Ohio 
State University E1ectroScience Laboratory, Depart­
ment of Electrical Engineering, Columbus, Ohio 

The capability of discriminating radar targets is degraded 
in the presence of noise. This paper investigates the 
noise effect on the predictor-corre1ator processing applied 
to noise-corrupted ramp response waveforms of radar targets 
which can be synthesized with 10 discrete spectral scatter-
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ing data. The end results of the predictor-correIa tor 
processing are curves of unity minus the normalized squared 
error between a measured ramp waveform and a calculated 
(using the dominant natural resonance of the target being 
sought in a difference equation) ramp waveform as a function 
of the sampling interval along the waveform. It is shown 
that in the presence of noise the discrimination capability 
using the predictor-correIa tor processing is degraded by a 
factor of (l-N/S) where N/S is the total noise-to-signal 
power ratio of the ramp response waveform. 

10-6 CHARACTERIZATION OF SUBSURFACE TARGETS: 
D. L. Moffatt and C. W. Chuang, ElectroScience Lab­
oratory, The Ohio State University, Columbus, Ohio 

Electromagnetic pulse soundings of subsurface structures 
yield amplitude vs. time records of the reflected signal. 
The response from a given geological or man-made anomaly 
is visually evident over isolated portions of the sounding 
record. In this paper, a characterization of these iso­
lated responses via application of Prony's method is 
suggested. Prony's method is simply an algorithm for 
fitting a finite exponential sum to a known function. When 
applied to transient response waveforms from free space 
radar targets, the resulting complex decay factors can be 
associated with the size, shape, and composition' of the 
radar target. tn the case of subsurface targets, the 
interpretation of the decay factors is much more difficult 
since they represent some complex combination of the antenna, 
the medium, and the target. Only in rare instances can 
the antenna and medium effects be removed. Nevertheless, 
the decay factors (and residues) are characteristic of the 
waveform and therefore at least partially characteristic 
of the subsurface target. This type of essentially auto­
matic classification of pulse soundings appears somewhat 
simpler than laborious comparisons of time and frequency 
(FFT) records in an attempt to identify similar character­
istics for a given target. The method is illustrated using 
pulse soundings of various dielectric and metallic pipe in 
a soil medium. Examples where the decay factors can be 
associated directly with a dimension of the target are 
given. Other cases where the decay factors are entirely 
ficticious, in terms of the targets' physical properties, 
are also shown. 
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10-7 GEOPHYSICAL SUBSURFACE PROBING WITH THE ELECTRO­
MAGNETIC INTERFERENCE FRINGES (ElF) METHOD: 
J.A. Kong, W.C. Chan, and L. Tsang, Department 
of Electrical Engineering and Computer Science, 
and Research Laboratory of Electronics, Massachu­
setts Institute of Technology, Cambridge, Massa­
chusetts 

The electromagnetic interference fringes (ElF) method 
was first used in 1955 by ElSaid to probe the under­
ground water in Egyptian deserts. The interference pat­
terns of the field components can either be measured as 
a function of frequence or as a function of distance. 
The distance ElF method has been studied extensively. 
The mathematical approaches used in evaluating the in­
terference patterns involve (1) the saddle point method, 
(2) the residue series method, and (3) the fast Fourier 
transform method. In this report we extend the similar 
approaches to study the use of vertical and horizontal 
magnetic dipoles in the ElF method. The results are 
compared with those for the horizontal electric dipole. 
In particular we find from the radiation pattern plots 
that the horizontal magnetic dipole (HMD) may be more 
effective in subsurface probing than the horizontal e­
lectric dipole (HED). In the endfire direction, the an­
gle of maximum power coupling for the HMD occurs at 

-1 2 J",: 
sin (2/(n +1» 2 while for the HED it occurs at 

sin -1«n2+l)/2n2)~. In the broadside direction, the 
angle of maximum power coupling for both dipoles occurs 
at the critical angle. However, for the HMD, the power 
is more concentrated in the critical angle direction 
which results in a sharper peak in the interference 
pattern. 

10-8 SUBSURFACE RADAR SOUNDING EXPERIMENTS IN 
ARCHAEOLOGY: Roger S. Vickers and Lambert T. 
Dolphin, Radio Physics Laboratory, Stanford 
Research Institute, Menlo Park, California 

A family of very short pulse radars operation between 
10 and 250 MHz has been developed by SRI for subsurface 
remote sensing in archaeology, mining, and geophysics. 
Three different archaeological experiments using the 
equipment are described to illustrate the potentials 
and limitations of subsurface radar techniques. These 
include sounding experiments at the pyramids of Giza 
searching for hidden chambers, a radar survey at Chaco 
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Canyon, New Mexico, where numerous walls, kivas, ~nd 
other Indian pieces lie buried in dry alluvium, and a 
search for buried Bristlecone pine stumps in alluvial 
fans of California's White Mountains. 
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11-1 ADAPTIVE ARRAY PROCESSING FOR HF SKYWAVE BACK­
SCATTER RADARS: T.W. Washburn and 
L. E. Sweeney, Jr., Stanford Research Institute, 
Menlo Park, California 

Adaptive beamforming techniques have been applied to an 
HF skywave backscatter radar. This radar utilizes a re­
petitive sweep-frequency CW signal format to produce 
range-Doppler maps and also employs a 2.5 km linear re­
ceiving array for 1/2 deg azimuthal resolution. Signals 
from eight subarrays of the receiving antenna were pro­
cessed with coherent receivers whose audio voltage out­
puts were digitized for minicomputer beamforming proces­
sing prior to range-Doppler analysis. In one experiment 
the radar was pointed at a repeater located at a range 
of 1300 km, while a controlled interfering transmitter 
was operated at the same range but about l~ deg away in 
radar azimuth. Comparisons are given between interfer­
ence rejection capabilities of a conventionally formed 
beam (with a modified Dolph taper) and an adaptively 
formed beam. Algorithms for both recursive time-domain 
adaptation and convariance-matrix-inversion adaptation 
were implemented. The characteristics of HF backscatter 
signals when processed via these beamforming techniques 
are described and compared. 

11-2 ADAPTIVE MULTIPLE-BEAM RECEIVING ARRAY: 
R. E. Langseth and Y. S. Yeh, Bell Telephone Labor­
atories, Holmdel, New Jersey 

A self-cophasing adaptive array which is capable of si­
multaneously receiving PSK modulated cochannel signals 
from different arriving angles is described. Instead 
of using pilots, the desired cophasing information is 
derived by processing the modulated carriers. This sim­
plifies the transmitting formats and also provides better 
cophasing performance since the full signal power is used 
to derive the phase information. The system requires 
that the carrier frequencies by separated by a small frac­
tion of their modulation bandwidth. The output signal 
from the array combiner is fed back to each individual 
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array element and mixed with the input signal. The upper 
sideband product then contains broadband PSK cross pro­
ducts and several carrier terms. Each carrier term is 
separated in frequency but contains exact phase informa­
tion for the cophasing of that array element. A narrow 
band filter can then be used to pick out one particular 
carrier and the array will be cophased to receive one of 
the many cochannel modulations. An experimental 4-elroent 
array has been tested. 

11-3 VALLEY FORGE RESEARCH CENTER ADAPTIVE ARRAY: 
Earl N. Powers and Bernard D. Steinberg, Valley 
Forge Research Center, Moore School of Electrical 
Engineering, University of Pennsylvania, 
Philadelphia, Pennsylvania 

Valley Forge Research Center has a continuing research 
program in the area vf large thin random conformal arrays. 
Such systems can yield high resolution, narrow beamwidth 
antenna patterns without the necessity of the very expen­
sive, mechanically and electrically well defined struc­
tures implied by classical array theory. During the last 
year Valley Forge Research Center has applied this theory 
to the implementation of an experimental bistatic radar 
system. Thi? system operates at L-band and employs a 
thin random array consisting of 16 receiving elements 
spread over a region about 100 wavelengths in length. 
This array has a main lobe beamwidth of 10 milliradians. 
The array beam can be scanned over the target region. 
The array elements are self-standing units which detect 

. . 
and measure the phase of the target wavefront and return 
this measurement to a central processor. The central 
processor is a real time, special purpose digital system 
which manipulates the outputs of the array modules to 
compute the beam pattern and to generate the appropriate 
phase correction to scan the beam. The target is illum­
inated by a separate transmitter located several hundred 
feet from the receiving array. This pa·per will describe 
the system structure and its performance in terms of 
beamforming and scanning. 

11-4 A BROADBAND ANTENNA ARRAY FOR SEA SCATTER 
MEASUREMENTS: M. T. Ma and L. H. Tveten, 
Institute for Telecommunication Sciences, 
Office of Telecommunications, U.S. Department 
of Commerce, Boulder, Colorado 

A nonuniformly spaced array of twenty-five side­
terminated vertical half rhombics is synthesized for 
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the entire high frequency band. The array is to be 
used for both transmitting and receiving, as a skywave 
Doppler radar for sea scatter measurements. The array 
has the capability for providing a maximum transmitting­
receiving product gain in the order of 60 dB at low 
take-off angles, a product azimuth pattern with a nominal 
beamwidth of 20

, a 400 sectoral coverage, a final product 
sidelobe level of -38 dB, and a grating-lobe level of 
-30 dB. 

11-5 A COMPARISON OF GAIN-PHASE AND SINGLE CHANNEL RE­
CEIVER PROCESSING IN AN ADAPTIVE HF ARRAY: 
Lloyd J. Griffiths, Department of Electrical Engi­
neering, University of Colorado, Boulder, Colorado 

Data for this study were obtained using the Wide Aperture 
HF Radio Research Facility which is located in the cen­
tral valley of California and is operated by Stanford Re­
search Institute. This facility is operated as a one-hop 
over-the-horizon radar system and utilizes transmitter 
and receiver arrays which are separated by about 100 km. 
Signal transmissions consisted of a linear, sawtooth CW 
waveform. Received signals were recorded on 8 adjacent 
sub arrays which spanned a total aperture of 2.56 km. 
Each sub array was composed of 32 linearly spaced mono­
poles with an interelement spacing of 10 meters. The 8 
subarray outputs were deramped using a common local oscil­
lator, converted to baseband and simultaneously digitized 
for purposes of off-line processing. The receiver band­
widths and digitizing rate were 960 Hz and 1921 Hz, re­
spectively. Previously reported results using this sys­
tem have demonstrated that simple adaptive beamforming 
methods can be used to combine the subarray outputs such 
that significant improvements in output signal-to-noise 
ratio may be obtained. The purpose of the present study 
was to compare performance of this adaptive processor 
with that achieved when in phase and quadrature receivers 
were employed at each subarray output prior to adaptive 
combining. Quadrature signals were synthesized using a 
32-point non-recursive digital filter and a sampling rate 
equivalent to one-half of the original rate. Comparative 
examples are presented demonstrating the performance of 
the two processors using identical data sets recorded 
during periods of high HF interference levels. It is con­
cluded that single channel adaptive processing offers 
significant advantages in this application. 
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11-6 COMPARATIVE SUTDY OF OPTIMIZATION METHODS FOR YAGI 
ANTENNA ARRAYS: E.K. Yung and D. Kajfez, 
University of Mississippi, University, Mississippi 

Three optimization methods, namely, the Rosenbrock me­
thod, the Fletcher and Reeves method, and the Davidon 
method via Fletcher and Powell (abbrev. DFP) , were com­
pared for their efficiencies to optimize the directivity 
of a six-element Yagi-Uda antenna array by varying the 
element lengths. The efficiency of the particular op­
timization method was measured by the total number of 
function evaluations required to optimize the antenna 
within the prescribed accuracy. It was found that when 
the number of optimization variables was fewer than 
five, the DFP method was the best among the three me­
thods studied. However, the Rosenbrock method was more 
suitable for an optimization problem with a relatively 
large number of independent variables, or when the start­
ing point of the search was badly chosen such that it 
was far away from any local minimum. The DFP method was 
used to optimize the directivity of the antenna by ad~ 
justing the element spacings. It was found that further 
improvement was possible as compared with the optimized 
results already published. Also included were two at­
tempts to reduce the sidelobe level. The first example 
was to optimize the root-mean-square sidelobe level by 
the DFP method. After optimization, the average side­
lobe level was reduced from 16.16 db to 22.87 db, with 
slight sacrifice (.7 db) in directivity. The second 
trial was to minimize the largest sidelobe by the so­
called minimax formulation. In this case, the Rosenbrock 
method was used as the DFP method was not applicable, 
since the objective function had discontinuous first de­
rivatives. The optimized radiation pattern exhibited 
equal-rippled sidelobes as expected, and the largest 
sidelobe was -25.2 db below the main lobe. 

11-7 DIGITAL PROCESSING FOR ENHANCEMENT OF RESOLUTION 
AND SIDE-LOBE RATIO IN IMAGING l\ADARS: Lewis R. 
Wilson, Hampton Technical Center, LTV Aerospace 
Corporation, Hampton, Virginia 

A Quadratic Convex Programming Method is described for 
the design of linear digital filters (tapped delay lines) 
which operate simultaneously on the quadrature components 
of the If data of an Imaging Radar prior to envelope 
detection. The optimization criteria are: (1) the max-
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imum side lobe is minimized and/or (2) the width of the 
central peak is decreased by a prescribed amount while 
the side-lobe ratio is simultaneously maximized. 

It is shown that the price paid for these improvements is 
(1) a loss in (S/N) out as compared to the conventional 
Matched Filter Receiver and (2) an increased sensitivity 
to phase errors due to spurious motions of the target or 
receiver. Moreover, the analytical problem becomes in­
creasingly difficult as greater improvements are sought. 
Specifically, greater improvements require longer filters 
(more delay line taps), giving rise, in the numerical 
solution procedure, to matrices which are increasingly 
large in dimension and increasingly ill-conditioned. 

11-8 ELEMENT PATTERN BOUNDS IN UNIFORM PHASED ARRAYS: 
W. Wasy1kiwskyj, Institute for Defense Analyses, 
Arlington, Virginia; and W. K. Kahn, The George 
Washington University, Washington, D.C. 

This paper delineates limits within which the radiation 
pattern of a single excited element in an infinite reg­
ular array of terminated elements may be modified through 
a uniform feed or matching network. In the absence of 
grating lobes the pattern is limited by the universal 
cos 6 bound. When the array spacing admits grating lobes, 
it will be shown that this bound is effectively reduced 
by a factor dependent on the radiating elements employed 
in the array. The factor may be computed from any ele­
ment pattern, e.g., from the pattern of a single excited 
element in the open-circuited array environment. These 
results lead to a classification of the conditions re­
sulting in "blindness" of an array. Certain instances 
of "blindness" are necessary in that they cannot in prin­
ciple be removed by an adjustment of the feed network, 
while others can, in principle, be tuned out. Detailed 
analysis of an array of slots covered by a dielectric 
slab is presented as an illustration of the general 
theory. 

11-9 CORRELATION MATRIX METHOD FOR THE ANALYSIS 
OF FINITE PHASED ARRAYS: A. I. Zagh10u1 and 
R. H. MacPhie, Department of E1ectricaf 
Engineering, University of Waterloo, Waterloo, 
Ontario, Canada 

A novel and simple method is introduced to analyze 
finite phased array antennas, and is based on 
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calculating the cross-correlation integration between 
the elements' electric fields. This takes care of 
both the mutual coupling effects and the edge effects. 
The correlation integrals lead to the mutual powers 
between the elements and thus to the total power 
contributed by every element. Applying the principle 
of conservation of power, we calculate the elements' 
admittances and reflection coefficients. The latter 
are employed to determine the electric fields across 
the element apertures which were used for the 
correlation integrals in the first place. This closed 
loop procedure produces a set of linear equations with 
the element reflection coefficients as their variables. 
The equations are solved by simply inverting the 
matrix that results from the correlation integrals; 
this is called the correlation matrix. The elements 
of the correlation matrix are scan-independent 
integrals multiplied by relative phasing factors, 
thus very convenient for fast calculations. The 
method is applied to arrays of narrow slots to show the 
behavior of the elements' reflection coefficients with 
the scanning direction. The relative amplitudes and 
phases of the electric fields across the different slots 
are then calculated in a simple and exact form. The 
method can be extended to arrays of wide slots with a 
consequent complication in the formulation. 

11-10 ANALYTICAL AND NUMERICAL STUDY OF A LENS ARRAY 
SYSTEM FOR LIMITED SCAN: Giorgio V. Borgiotti, 
AFCRL, Hanscom AFB, Massachusetts 

It has been shown recently that the dimensionality or 
the "number of degrees of freedom" of a beam scanning in 
a limited sector is given by the product of aperture in 
wavelengths by scan sector (measured on "sine" space). 
In this paper a design method and numerical simulation 
results are presented for an antenna system for limited 
two dimensional scan. The system uses a number of phase 
shifters equal to the theoretical number N of degrees of 
freedom, and features independent controls of sum and 
difference beam shapes. The radiating aperture consists 
of a "boot lace" lens, with a linear outer and circular 
inner profile. This lens geometry plays a basic role in 
the good scan and wide band performances of the system. 
An array, whose size is determined by the scan require­
ment and lens focal length, is located on the focal plane 
and is focused on the inner lens profile. The array is 
fed by a Butler matrix having N input ports. N variable 
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phase shifters are inserted between the input ports of 
the Butler matrix and a beam. forming network, having two 
separate inputs for independent control of sum and dif­
ference patterns. 
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B10a-1 EFFECTS OF WEAK LOW FREQUENCY ELECTRIC FIELDS ON 
CALCIUM EFFLUX FROM ISOLATED CHICK AND CAT BRAIN: 
S. M. Bawin and W. R. Adey, Departments of Anatomy 
and Physiology and Brain Research Institute, 
University of California, Los Angeles, California 

Freshly isolated chick cerebral hemispheres were equi­
librated with a calcium Ringer's solution containing 
45Ca2+ for 30 minutes. Washed tissue portions were then 
exposed to sinusoidal electric fields at either 1; 6, 16, 
or 32 Hz, with electric gradients of 5,10, or 56 ViM in 
air for each frequency for 20 minutes. 45Ca2+ efflux 
was. then measured in 0.2 m1 of supernatnat and compared 
with efflux from unexposed control samples. All tissues 
were maintained at 36 0 C and checked for specific activ­
ity after the experiments. A frequency sensitive "tun­
ing curve" showed sharply reduced efflux of 15 to 20 
per cent at 6 Hz (p<0.05) and 16 Hz (p<O.Ol) for 10 ViM 
fields. Similar but slightly smaller reductions (p< 
0.05) occurred at 56 ViM. Threshold was around 10 ViM, 
but non-significant trends occurred at 5 ViM. Cat 
visual, auditory, suprasy1vian, and sensorymotor cortex 
tested at 1, 6, 16, 32, or 75 Hz, 56 vIM showed signif­
icantly decreased effluxes at 6 Hz (p<0.05) and 16 Hz 
(p<O.Ol), but with non-significant trends at all other 
frequencies tested. At 10 VIM, non-significant de­
creases occurred at 6 and 16 Hz. Oscillating ELF fields 
at 6 to 30 Hz thus reduce Ca efflux, whereas, weak VHF 
fields amplitude modulated at the same frequencies in­
crease efflux (Bawin, Kaczmarek, and Adey, 1975). A 
model for both effects based on cooperative interactions 
of Ca with fixed charges on stranded biopo1ymers is 
proposed. 

B10a-2 LONG-TERM EFFECTS OF WEAK 45-75 Hz ELECTROMAGNETIC 
FIELDS ON THE SLIME MOLD, PHYSARUM POLYCEPHALUM: 
B. Greenebaum, E. M. Goodman, and M. T. Marron, 
Division of Science, University of Wisconsin­
Parkside, Kenosha, Wisconsin 

Cultures of the slime mold, Physarum polycephalum, have 
been continuously exposed to weak (2.0 G, 0.7 Vim) 75, 
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60, and 45 Hz electric and magnetic fields, applied si­
multaneously to simulate electromagnetic radiation. As 
a result of exposure to this radiation, nuclear division 
(mitosis) is slowed. The onset of the effect appears to 
be frequency dependent; the time for two cell cycles 
(normally 14-16 hr) is increased by 1-2 hr after 90-120 
d of exposure at 75 Hz and after shorter exposure times 
at 60 and 45 Hz. If cultures showing the delay are re­
moved from the fields, the mitotic delay slowly diminishes, 
becoming indistinguishable from the control after about 
30 days. Other effects induced by exposure to electro­
magnetic fields include a slowing of reversible proto­
plasmic streaming and a depression in the rate of res­
piration (02 uptake/mg protein/min). Exposure does not 
affect the ability to complete either the sexual or 
asexual life cycles. Experiments seeking thresholds 
have found no significant mitotic delay in cultures ex­
p'osed to 0.4 G, 0.15 Vim 75 Hz fields. Experiments are 
in progress to determine whether these effects are due 
to electric, magnetic, or a combination of fields. 

BlOa-3 EFFECTS OF THE FIELD FREE SPACE ON THE CIRCADIAN 
ACTIVITY RHYTHM OF THE HOUSE SPARROW, PASSER 
DOMESTICUS, AND OF THE SONG SPARROW, MELOSPIZA 
MELODIA: Virginia Bliss and Frank HeppnEir, 
Department of Zoology, University of Rhode Island, 
Kingston, Rhode Island 

Experiments were performed to test the hypothesis that 
changes in the earth's electromagnetic field can act as 
a Zeitgeber for birds that normally demonstrate pronoun­
ced circadian rhythms. Two identical Helmholtz coils 
were constructed. Each coil contained eight nonmagnetic 
cages arranged symmetrically within the computed field­
free space. The birds' activity was monitored with an 
event recorder. The experiment was conducted in a 
soundproof room at a constant temperature. Oscillations 
in background noise from the power supply and recording 
apparatus were masked by a white noise generator. Eight 
birds (one bird/cage) were placed in each coil. Each 
group consisted of four House Sparrows and four Song 
Sparrows. All birds were entrained to an LD 9:15 cycle. 
The experimental group was placed on an electromagnetic 
field 9:15 cycle (9 hours field-free space: 15 hours 
earth's electromagnetic field) that coincided with the 
LD cycle. All birds were maintained at the LD 9:15 
cycle. After several weeks, all birds were placed in 
constant darkness. The electromagnetic field 9:15 cycle 
was maintained for the experimental group, and all 
activity was tested for periodicity. 
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BIOa-4 EFFECTS OF 45 HERTZ ELECTRIC FIELD EXPOSURE 
ON RATS: N. S. Mathewson, G. M. Oosta, 
S. A. Oliva, and A. P. Blasco, Armed Forces 
Radiobiology Research Institute, Defense Nuclear 
Agency, Bethesda, Maryland 

This is an investigation to determine if vertical 
sinusoidal electric field exposure at 45 Hz can affect 
the adolescent rat. Exposures were conducted in six 
identical chambers which are horizontal air gap 
parallel plate capacitors. Each chamber can have its 
applied electric field individually varied, and contains 
16 uniformly illuminated cages. The cages are designed 
to house one animal, to allow the food and water con­
sumption to be measured and to produce a minimum 
perturbation of the applied field. Electric and 
magnetic field map data indicate that 45- and 75-Hz 
magnetic field levels were less than 2 mG and electric 
field variations within the cage areas are typically 
+ 5%. Exposures at electric field strengths from 2 to 
100 V 1m were performed. for 28 days. Animal growth 
during the exposure period was estimated by monitoring 
the body weights of all animals. Gross metabolism was 
estimated by monitoring the food and water consumption 
on a per animal and per gram of body weight basis. At 
the termination of the 28-day exposure period animals 
were sacrificed and the following analyses performed. 
A complete blood count was obtained on each animal. 
The serum protein and lipid fractions of each animal 
were monitored by performing selected serum biochemical 
assays. A necropsy was perfromed on selected animals 
of control and irradiated groups. An analysis of data 
from 18 groups of 16 animals each at five electric 
field strengths is in progress. Preliminary indications 
from this analysis suggest that 45-Hz vertical electric 
field exposure does not significantly affect rats. 

BIOa-5 EXPOSURE OF DOMESTIC FOWL TO ELF ELECTRIC AND 
MAGNETIC FIELDS: W.K. Durfee and P.R. Plante, 
Department of Animal Science, and P. Martin, 
S. Muthukrishnan, and C. Polk, Department of 
Electrical Engineering, University of Rhode 
.Island, Kingston, Rhode Island 

The domestic fowl (Gallus domesticus) was used in two 
series of experiments designed to evaluate the influence 
of continuous wave, extremely low frequency (ELF) mag­
netic and electric fields upon: (1) growth, develop-
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ment, and hatchability of the chick embryo; (2) early 
post-natal growth and development of the chick; and 
(3) growth of the sexually immature bird. Special 
equipment was constructed to provide uniform ELF fields 
at identical frequencies and amplitudes for continuous 
exposure of embryos and chicks throughout the preincuba­
tion holding, incubation, and hatching periods and 
through the first four weeks of brooding. Continuous 
(non-modulated) magnetic fields at frequencies of 45, 
60, and 75 hertz, and electric fields at 60 and 75 hertz 
were used. The magnetic fields were maintained at 1, 5, 
8, or 30 gauss and the electric fields were maintained 
at 1, 10, or 3600 volts per meter. These ELF fields had 
no s'ignificant or consistent effects on: (1) hatchabi­
lity of fertile eggs; (2) embryonic survival during the 
most critical stages of development; (3) early post­
embryonic growth (to four weeks of age); and (4) learning 
and memory consolidation in the neo-nate chick. Growth 
and development to ten weeks of age was not affected by 
earlier (four-week) exposure. A 60 hertz,S gauss 
magnetic field had no effect on metabolic activity of 
chick embryos as determined by embryo growth rate and CO 
production. Similar experiments using modulated fields 2 
are currently in progress. 
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BlOb-l EFFECTS OF WEAK ELF ELECTRIC FIELDS ON SCHEDULE­
CONTROLLED BEHAVIOR OF MONKEYS: Rochelle G. 
Medici, Brain Research Institute, University of 
California, Los Angeles, California 

Behavior of monkeys in weak, low frequency fields has been 
extensively evaluated in a recently completed three-year 
study. Schedule-controlled behavior of the kind used to 
assay low doses of drugs was shown to be sensitive to weak 
electric fields in an earlier study (1970). In the present 
series of experiments, frequencies from 7 to 75 Hz at vol­
tages from 1 to 100 Vim were randomly presented in three 
different experiments to performing macaques (both implanted 
with EEG electrodes and unimplanted). Significantly shorter 
interresponse time and reduced variability of responding 
were observed for a specific frequency (7 Hz) at 10 Vim. 
At higher voltages the effect occurred at other frequencies 
as well, and the magnitude of the change was markedly in­
creased. 

BlOb-2 EfFECT OF AC ELECTRIC FIELD APPLICATION UPON 
HUMAN'VISUAL THRESHOLD: S. Sugiyama and 
K. X:j:.zuno, K .. 7::'!ls·ei Gakuin University, Nishinomiya, 
Hyogo, Japan 

Contrary to the fact that the DC K. F., having either 
minus or plus polarity, affect the human visual 
threshold :j:.n such a way that the CFF is elevated or 
depressed according to the polarity, the AC E.F. whose 
frequency is 60 Hz did not change CFF level and the 
20 Hz AC E.F. whose frequency is lower than the CFF 
level depresses s.uccessive CFF. Iil Sugiyama's book 
(1970), he suspected that the 60 Hz AC .E.F. application 
to a human subject whose visual threshold is depressed 
by other reasons neutralizes his' functional level. This 
means that there seems to be a threshold of human visual 
functioning to accept the outer energy of the AC E.F. 
whose :frequency is different. It was again suspected 
that the AC E.F., whose frequency is below a certain 
level of threshold depresses the photic CFF, while above 
the threshold there is nQ facilitatory or inhibitory 

271 



URSI Session B-10b 

effects, but, such higher frequency E.F. neutralizes the 
excessive functional state due to other reasons such as 
visual fatigue. In this experiment a 90 Hz AC E.F. was 
applied at the same time when CFF was depressed by 
application of low frequency photic stimulus in order 
to depress the functional state. The result was compared 
with the depression state made by application of low 
frequency photic stimulus. The result shows that 
depressed functional state could be normalized to some 
extent by application of 90 Hz AC E.F. 

BlOb-3 IMPACT OF EXTREMELY LOW FREQUENCY ELECTROMAGNETIC 
FIELDS ON ANIMALS IN NATURE: Bernard Greenberg, 
Professor of Biological Sciences, University of 
Illinois at Chicago Circle, Chicago, Illinois 

A study is reported of long-term biological impact of 
extremely low frequency low intensity antenna radiations 
and electromagnetic fields at the Navy's project 
Sanguine Wisconsin Te~t Facility. Population cycles 
and densities, predator-prey proportions, oxygen 
consumption, and respiratory quotient of various test 
and control animal populations living in nature have 
been monitored for up to 6 years. The animals 
belong to 4 phyla and include soil arthropods (mites 
and· springtai1s), 2 species of earthworms, a slug, 
the woodlouse, and the redbacked salamander. They 
are all sedentary and some produce large populations 
and several generations a year, giving reasonable 
assurance that adequa·te size populations are 
continuously exposed over many generations. A marginal 
difference (0.05>p>0.025) in 02 consumption of woodlice 
was noted in 1972 but not in subsequent years, and 
a like difference in redworm was noted in 1974 but not 
previously. Otherwise there were no significant 
differences in 02 consumption and RQ between test and 
control animals measured in summer or fall for 3 
years. Between-year and within-year population 
analyses of mites and springtai1s living in various 
habitats and soils under the antenna and in control 
plots do not reveal any significant alterations 
attributable to the operation of the Sanguine 
antenna. In addition, we have no evidence from 
observations of the animals in nature and microscopical­
ly of any differences in gross behavior, habitat 
selection, or external features and pigmentation. 
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BlOb-4 PHYSIOLOGICAL BASIS OF HUMAN ELECTRIC SHOCK 
THRESHOLD,! William P. Moran, University of Tulsa, 
Department of Physics, TulSa, Oklahoma 

Quanti tative analysis of threshold responses of humans 
to electric shock as a function of frequency and 
waveform using passive cable membrane models based on 
physiological data shows: (1) there are stimulus':" 
independent frequency-independent (d.c. to 100 kHz) 
thresholds for detection and let-go, (2) the Falk-Fatt 
tmpedence measurements on animal muscle can be fitted by 
the same model, (3) the model shows that Falk and Fatt 
incorrectly model the seat of the electrical excitation, 
(4) the :model identifies a cable parameter responsible 
for vartations of the threshold over population as a 
resistive i:mpedence outside the membrane, (5) the 
in vivo response of muscle may be related to the 
thres,holds of the. Hodgkin-Huxley theory for multiple 
action potenttals. Deviations of the constant parameter 
sub-threshold cable model from the data are similiar to 
those observed by Schwartz and by Falk and Fatt. 
Mechanisms of rectification, distributed time constants, 
and negative differential conductivity will be considered 
in characterizing the deviations. Applications in 
transmission line hazard assessment and other safety 
problems will be covered. Suggestions for new in vitro 
measurements will be given. 
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Bll-l USE OF DIELECTRIC MICROPROBES FOR ELECTROMAGNETIC 
FIELDS MEASUREMENT: A. Deficis, Microwave Depart­
ment, O.N.E.R.A.-C.E.R.T., Toulouse Cedex, France 

Since 1971, our research department has been studying 
dielectric probes for measuring the penetration of elec­
tromagnetic waves in not-clearly defined media. These 
probes call for the following technology: dielectric 
light conductors; a dielectric thermo-sensitive system; 
an electromagnetic waves absorbing coating. These devices 
allow measurement of power density of irradiated waves 
in ambient media, nearby dioptres, or even near metallic 
conductor areas. The techniques we are proposing per­
mitted us to reach some quite interesting characteris­
tics which justify their use in many fields such as: 
fundamental research for the study of microwave pene­
tration in phantoms or real media; medical research for 
the control and dosimetry of radar radiations; industry 
for the study and optimisation of irradiators and micro­
wave ovens. The probes, we realized, operate in the am­
bient temperatures (10 to 40oC) range and their sensitive­
ness depends on the temperature range width of the liquid 
crystals used. The transducer response speed depends on 
its mass, i.e., on its thermal inertia. Measurement of 
the field must be obtained before any thermal exchanges 
are established with the outside medium. ' A previous 
calibration must, however, be made at each frequency. 
Therefore, we can say that there is a maximal sensitivity 
of 0.5 mW/cm2 with a 10 mS response time. The transducers 
dimensions are small: their diameters are .,:;;500)1 (not 
sheathed) and <2 mm (P.T.F.E. sheathed). These charac­
teristics are given only as guidance, but we are our­
selves impro~ing our techniques. As a consequence of 
the above, these probes can be used in very many fields. 
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Bll-2PERFORMANCE OF THE LCOF PROBE IN CALORIMETRIC AND 
TISSUE TEMPERATURE MONITORING APPLICATIONS: G.K. 
Livingston, C.C. Johnson, and C.H. Durney, Univer­
sity of Utah, Salt Lake City, Utah; and T.C. Roz­
zell, Office of Naval Research, Arlingotn, Virginia 

Since heat has been shown to exert an inhibitory effect 
on malignant tumors, hyperthermia is receiving intensive 
study at many biomedical research centers. Accurate de­
termination of tissue temperature is of paramount impor­
tance in studies of this type. Where microwaves are em­
ployed to produce heat, conventional thermometric methods 
are unsuited because of perturbations induced by metallic 
components of the sensor. The metal-free design-of the 
liquid crystal optical fiber (LCOF) temperature probe 
obviates this difficulty. The electronic, fiberoptic, 
and liquid crystal systems and their integration into a 
thermal~sensing device have been described elsewhere. 
This paper presents reflectance vs. time data obtained 
during a series of calorimetric and hyperthermic experi­
ments which provides a critical evaluation of LCOF probe 
performance parameters such as stability, accuracy, and 
longevity. Experimental results have consistently shown 
that reflectance for the body temperature probe (32-4SoC) 
does not remain constant over the course of one day's 
experiments, but drifts gradually downward, perhaps an 
inherent problem associated with liquid crystal fatigue. 
If the shift in the probe's response is monitored by per­
iodic calibration, the accuracy can be held to O.loC and. 
often less. Otherwise, the drift problem would result in 
errors of up to 0.2SoC when only one calibration is per­
formed per day. The drift problem is less serious in 
lower temperature probes. Probes of 8-10 months age are 
still functional and providing reliable data. 

Bll-3 A BIREFRINGENT CRYSTAL OPTICAL THERMOMETER FOR 
MEASUREMENTS OF ELECTROMAGNETICALLY-INDUCED HEAT­
ING: T. C. Cetas, Division of Electronic Product~ 
Bureau of Radiological Health, FDA, Rockville, 
Maryland 

A thermometer has been developed which uses the optical 
activity of a Y-cut single crystal of LiTa03 as the 
temperature-sensitive element. Polarized light propa­
gates through the crystal in two modes, the ordinary ray 
and the extraordinary ray, which have indices of refrac­
tion nO and ne. At room temperature, n ~ 2.2, B = 
ne-no = 0.004, and dB/dT = 4.4 X 10-S/oC. The intensity 
of light passed through a sandwich of properly aligned 
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sheet polarizer, crystal, and analyzer is a function of 
B and hence also is temperature dependent. A thermometer 
probe was constructed by bonding this sandwich to a bun­
dle of optical fibers (along with a dielectric mirror so 
that the sensor would be at the probe tip). Half of the 
fibers conduct light from a light emitting diode (LED) 
to the sensor tip while the other half conduct light 
from the sensor to a photodiode detector. The proto­
type uses a crystal 0.1 rum thick. A temperature range 
of 300C with an O.loC resolution is attained. Slow 
drifts equivalent to 0.50C/16 hr (i.e., 1%/16 hr in out­
put signal) resulted for various prototypes and have 
been associated with photodiode and LED drifting. A 
model now under construction uses an optical switch to 
permit periodic referencing of the photodiode to the 
LED output. Hence component drifts will be eliminated 
from the calibration. Tests of the probe in air and 
in phantom materials while being irradiated by micro­
wave fields of up to 1000 mW/cm2 showed no direct probe 
heating. 

Bll-4 OPTICAL ETALON TEMPERATURE SENSOR FOR MICROWAVE 
TISSUE HEATING APPLICATIONS: D. A. Christensen, 
Departments of Electrical Engineering and Bio­
engineering, University of Utah, Salt Lake City, 
Utah 

For monitoring tissue temperature changes in the presence 
of microwave fields in bioeffects, thawing, and hyperther­
mia applications, we have developed a non-metallic meas­
urement system wh:i.ch uses a small optical etalon as the 
temperature sensor connected to the display module by an 
optical path. This avoids the metallic connectors and 
associated field perturbations normally encountered with 
thermistor-type systems. When the temperature of the 
etalon (a small optical flat coated on opposite sides to 
form a cavity) varies, linear thermal expansion and 
changc3 in the index of refraction will cause a shift in 
the resonant wavelengths, thereby shifting the wavelength 
positions of nulls in reflectivity from the etalon. One 
method for tracking the amount of wavelength shift, and 
thus the temperature change, utilizes an external voltage­
tunable Fabry-Perot interferometer whose transmitted wave­
lengths are locked to the etalon's reflectivity nulls by 
a synchronous detection technique. Theory predicts, and 
experiments have verified, that the d.c. tuning voltage 
to the interferometer is linearly proportional to the 
temperature variation of the sensor. We have experimen-
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tally tested two etalon types with this system. The first 
etalon, fabricated from 0.145 rum thick crown glass, was 
tested from 22°C to 70°C over its extrapolated tempera­
ture range of 1540C, while the second sample, made from 
3.2 rum thick fused silica, gave a range of 11.loC. Temp­
erature resolution was better than 0.5 0C and 0.050C, 
respectively, over these temperature ranges. 

Bll-5 A TEMPERATURE PROBE FOR RF HEATED MATERIAL: 
R. R. Bowman, National Bureau of Standards, 
Boulder, Colorado 

Measuring temperature of radio frequency (RF) 
heated material would be easy except that conventional 
thermocouples and thermistors use leads that grossly 
distort the internal field and also produce heat 
directly due to the induced currents. An effective 
solution to this problem is to use leads made with 
materials that have low conductivities. The probe 
described below uses leads made from carbon-loaded 
PTFE that has a conductivity of only 4 S/m. When 
small cross section leads of this material are 
encased within insulators to make a temperature 
probe, the heat produced by the probe can be less 
than that produced by an equal volume of material 
with a conductivity of 0.5 S/m (muscle tissue has 
a conductivity of about 1 to 2 S/m). The probe 
described here uses a thermistor for a temperature 
sensor. To minimize the errors that could result 
from the large and unstable lead resistances, a 
high-resistance thermistor is connected to two pairs 
of the high-resistance leads to permit a "four 
terminal" measurement. Several models of this type 
of probe are under development. For EM bioeffects 
research a probe has been developed with a one 
millimeter O.D. plastic tube, a "flake" thermistor, 
and plastic high-resistance leads with about l60kn/cm 
lineal resistance. Using a current injection of 
about 0.3 ~A, the d.c. heating in the thermistor is 
less than 0.1 ~W and the heating along the leads is 
less than 0.05 ~W/cm. The 90% response time of the 
probe is about one-half second. The direct heating 
of the thermistor by the RF induced currents in the 
high-resistance leads is less than O.OloC for a 
heating rate of 1°C/minute in the surrounding 
material. The sensitivity (O.OloC) and stability 
are much better than existing probes, and the relative 
cost should be low. Thermographic tests of the probe 
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in simulated tissue models will be presented to 
demonstrate that the probe causes only small field 
perturbations. 

Bll-6 QUANTIFICATION AND MEASUREMENT OF INDUCED 
FIELDS INSIDE FINITE BIOLOGICAL BODIES: 
K. M. Chen, B. S. Guru, and D. P. Nyquist, 
Department of Electrical Engineering and Systems 
Science, Michigan State University, East Lansing, 
Michigan 

When a finite biological body with heterogeneous elec­
trical properties and an irregular geometry is exposed 
to an incident EM field, the induced internal EM field 
can be very much complicated. A tensor integral 
equation method is used to quantify the internal elec­
tric field induced by an incident EM field in various 
finite biological bodies. Numerical results on the 
internal electric field will be interpreted. Exper­
imental method to measure the induced internal electric 
field will be described. The major difficulty in the 
probing of the internal field in a finite conducting 
body is the calibration of an implantable probe. The 
probe (dipole or loop type) response is proportional 
to the strength of electric or magnetic field at the 
probe location, but is also influenced by the medium 
parameters at the location and the geometry of the 
body. The later dependence arises because the internal 
impedance of a probe and the probe driving voltage 
are strongly dependent on the heterogeneity of the 
medium and the relative location of the probe in the 
body. Thus, a position dependent calibration factor 
for a probe is needed before one can deduce the induced 
internal field from the measured probe response. 
Experimental results on the dependence of the probe 
impedence upon the probe location in a volume of salt­
water and the induced field distribution in the volume 
excited by an incident EM field will be presented. 

Bll-7 EXPERIMENTAL CALIBRATION OF A MINIATURE 
ELECTRIC FIELD PROBE WITHIN MUSCULAR TISSUES: 
A. Y. Cheung, M. L. Swicord, and H. I. Bassen, 
University of Maryland, Institute for Fluid 
Dynamics and Applied Mathematics, College Park, 
Maryland; and Division of Electronic Products, 
Bureau of Radiological Health, FDA, Rockville, 
Maryland 
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A miniature (~ - 2.5 rom) isotropic electric field probe 
consisting of three non-interacting components has 
been successfully calibrated for near field measure­
ments in free space. Analysis employing the trans­
mission line theory of a buried insulated antenna was 
performed. For the 1 to 12 GHz frequency range for 
this particular probe's dimensions and geometry, the 
impedance modification due to probe-medium interaction 
is frequency dependent but is insensitive to changes 
in dielectric parameters of the tissue over a wide 
range. The coupling modification is less than an 
order of magnitude except when the probe is placed 
close to an interface (muscle-bone, muscle-fat, etc.). 
The above theory suggests that for deep implantation 
measurement, there is no ambiguity caused by changes 
in E and tano due to temperature rise within the 
sample. The probe can be used for implantation 
measurement from 1 to 12 GHz without design modifica­
tion. The probe was experimentally calibrated inside 
large slabs of simulated muscle tissue with assorted 
dielectric properties (35 ~ E ~ 45 and .1 ~ tano ~ .4) 
situated in a known "plane wave" field generated 
within an anechoic chamber. 
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11-1 EFFECTIVE WAVE TILT AND SURFACE IMPEDANCE OVER A 
LATERALLY INHOMOGENEOUS TWO LAYER EARTH: W. J. 
Hughes and J. R. Wait, Cooperative Institute for 
Research in Environmental Sciences, University 
of Colorado, Boulder, Colorado 

Using a perturbation method, we consider the effect of a 
simple two-dimensional model on the electromagnetic 
fields at the surface of the Earth for a postulated down 
coming plane wave. We examine the calculated change in 
the surface impedance and wave tilt due to lateral 
inhomogeneities. It is found that the magnetic wave 
tilt (Hz/Hx) is most seriously affected by such anom­
alies. This may have important consequences on electro­
magnetic probing of non-uniform portions of the earth's 
crust. 

11-2 THEORY RELATING TO REMOTE ELECTROMAGNETIC 
PROBING OF A NONUNIFORM COAL SEAM: R. Jeffrey 
Lytle, ClRES, University of Colorado, Boulder, 
Colorado 

The effect of lateral inhomogeneities on electro­
magnetic remote probing of layered structures is 
considered. The excitation is taken to be a plane 
wave incident at angle 8

0
, We determine the variation 

of the fields (Ey' Hx' and Hz), the surface admittance 
Ys ' and the wave tilt W with angle of incidence 8 , 
with distance from the air-coal interface, with 0 

electrical contrast, and with the layer profile (e.g., 
sinusoidal, step, and slant profiles). Both low 
frequency and high frequency cases are illustrated 
and compared with corresponding results with no lateral 
inhomogeneities. We find that the surface admittance 
and the fields Ey and Hx are "good" indicators of the 
local structure, whereas the field Hz and the wave 
tilt are not. However, the wave tilt is a good 
indication of subsurface anomalies. As the observation 
point is moved away from the air-coal interface, the 

280 



URSI Session II-II 

"information content" regarding the lateral. inhomo­
geneities rapidly decreases. Thus measurements 
performed on the surface or measurements dependent 
upon the fields at the surface, e.g., reflection 
coefficients, are more sensitive to lateral inhomo­
geneities than measurements performed away from the 
surface. 

11-3 IN SITU HIGH FREQUENCY DErERMINATION OF THE 
ELECTRICAL PROPERTIES OF ROCK: R. Jeffrey 
Lytle, Lawrence Livermore Laboratory, 
Livermore, California 

Experiments were conducted to determine the in situ 
relative dielectric constant Er and conductivity cr 
of hard rock with respect to propagation of high­
frequency radio waves. The experiments were performed 
in Yosemite National Park and in the Brooks Range in 
northern Alaska. The experiments at Yosemite involved 
propagation through more than 1,000 feet of granite. 
The Alaskan experiments involved propagation through 
more than 550 feet of limestone in a permafrost state. 
The experiments involved the use of pulse, continuous 
wave, and swept frequency measurements of time of 
arrival, signal amplitude, phase shift, and polariza­
tion to discern the relative influence of the dominant 
propagation paths. The experimental data was reduced 
to models of varying complexity including a single 
homogeneous layer, and up to fourteen individually 
homogeneous layers. The effect of seasonal variations 
(for Yosemite) and temperature (for Alaska) is evident 
in the data. For this high frequency sampling of 
large volumes of rock, relative dielectric constants 
of 5-15 and conductivities of 2 x 10-4 and 2 x 10-3 

Sim were obtained. 

11-4 A REMOTE-PROBING METHOD FOR DETERMINING THE 
THICKNESSES AND CONSTITUTIVE PROPERTIES OF 
PLANAR LAYERED MEDIA: R. Jeffrey Lytle, 
ClRES, University of Colorado, Boulder, 
Colorado 

A technique is given for determining the thicknesses 
and the electrical constitutive parameters of a 
planar layered medium such as a coal seam in a mine 
environment. Time-domain experimental data are 
analyzed with Prony's method to determine the natural 
frequencies of the layered medium. Explicit 
relations are given (for dielectric layers) for 
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determining the thicknesses and dielectric constants 
from the experimentally determined natural frequency 
results. Explicit expressions are also given (for 
conductive layers) for calculating the electrical 
thickness from natural frequency results. These 
natural frequency results are useful when using either 
a pulse excitation or a swept frequency excitation. 
Extensions of the technique to a non-planar medium 
and practical implications of the method are discussed. 
The basic concept is also applicable in acoustical· 
probing. 

11-5 ELECTRICAL CONDUCTIVITY STRUCTURE OF THE 
INTERIOR FOR A NON-SPHERICAL EARTH-MODEL: 
Janardan G. Negi, Instituto de Geociencias e 
Instituto de Fisica, Federal University of 
Bahia, Federacao, Salvador, Bahia, Brazil and 
U. Raval, National Geophysical Research Institute, 
Hyderabad, India 

Spherical-earth models have dominated the global sol­
utions of the electromagnetic induction in the 
earth's interior. The relaxation of the classical 
geometrical condition even by small magnitudes has 
considerable influence in determining the electrical 
parameters of interior. Powerful perturbation theory 
is applied on well-known spherical solutions to 
quantitatively demonstrate the influence of deformation 
of spherical models. 

11-6 A TRANSIENT UNDERGROUND RADAR FOR BURIED PIPE 
LOCATION: Jonathan D. Young, ElectroScience 
Laboratory, Columbus, Ohio 

The problem of locating pipes, conduits, and drain 
tiles is common to municipalities, utilities, and 
contractors. This paper describes the development 
of a new device for sensing both metallic and non­
metallic pipes called a transient underground radar. 
The three fun~amental parts in a transient underground 
radar are a transient generator, an antenna, and a 
time-domain receiver-processor. The mode of ope~ation 
resembles a time-domain reflectometer, except that 
radiated electromagnetic fields are used rather than 
the confined fields of a circuit. The transient 
generator produces a periodic ramp or step, which is 
radiated downward by the antenna probe. When the 
downward-propagat~ng energy impinges on any region 
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of constitutive parameter change an echo is produced. 
Thus a plastic pipe (8 change), a non-ferrous metal 
pipe (0 change), and a ferrous metal pipe (0 and ~ 
change) will all produce an echo. Furthermore, 
free-space studies have shown that the transient 
return of such scattering is unique with respect to 
object size and shape as well as material composition. 
Several features of the prototype implementation of 
this system concept are to be described. In par­
ticular, the basic antenna and processor properties 
to achieve adequate target illumination and good 
clutter discrimination are discussed. Finally, some 
preliminary results of field tests will be presented. 

11-7 PULSE PROPAGATION BETWEEN TWO LINEAR ANTENNAS 
IN A HOMOGENEOUS ISOTROPIC LOSSY MEDIA: 
Geoffrey A. Burrell and Leon Peters, Jr., 
ElectroScience Laboratory, Columbus, Ohio 

The operation of subterranean radar systems is strongly 
dependent upon the characteristics of the medium and 
the antenna. Normally the antenna would be mounted on 
a ground-air interface. Determining the range of such 
a subterranean radar involves computing the return 
pulse transmission loss for a given depth for finite 
length antennas on the interface. "The presence of the 
interface involves the Sommerfeld integral and would 
lead to excessive integration time. We have computed 
the transmission loss for pulse propagation between 
two linear finite length antennas in an infinite 
ground medium using the Method of Moments and the 
Fast Fourier Transform algorithm. The computations 
have been done for a wide range of <pulse widths, 
antenna lengths, and ground parameters. The effect 
of the ground-air interface is then approximated by 
simple reflection theory. The results are summarized 
in a set of design curves. Physical explanations are 
given for the various characteristics of these design 
curves. The transmission loss for pulse propagation 
presented in the design curves is a pertinent design 
parameter because the frequency response of the radar 
is almost constant up to a certain cutoff frequency 
(the Low Frequency Window). Hence the design curves 
are good for any signal which is approximately band­
limited within the Low Frequency Window. Insulated, 
partly insulated, and non-insulated elements have been 
considered. 
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11-8 IMPULSE RADAR SOUNDING IN PERMAFROST: A. P. Annan 
and J. L. Davis, Geological Survey of Canada, 
Ottawa, Ontario, Canada 

A VHF impulse radar system operating on the ground is a 
viable technique for mapping the near surface geological 
structure and electrical properties of permafrost. A 
fixed antenna configuration transported over the surface 
yields a reconnaissance map of two-way travel times for 
subsurface reflectors. Wide angle reflec~ion and 
refraction (WARR) sounding determines propagation 
velocity versus depth when performed in layered areas. 
To obtain a WARR sounding, one measures travel time 
versus antenna separation. These techniques were field 
tested in the Tuktoyoktuk region of the Mackenzie River 
delta N.W.T. Data recording was on a graphic display 
for initial field analysis and on analog magnetic tape 
for subsequent processing. Reconnaissance surveying has 
mapped structural features at various depths between 3 
and 30 m. The electrical loss of the soils at a site 
limits the penetration depth. Clays and silts attenuate 
the radar signal more than sands and gravels. WARR 
soundings have determined dielectric constant versus 
depth in layered areas. Digital processing has 
permitted better interpretation and identification of 
features not easily visible in the graphically recorded 
data. 

11-9 PERFORMANCE OF DIGITAL FILTERS FOR NOISY 
GEOPHYSICAL INDUCTION SIGNATURES: E. A. Quincy 
and H. C. Wu, Department of Electrical Engineer­
ing and Department of Geology, University of 
Wyoming, Laramie, Wyoming 

The average probability-of-error for matched digital 
filters used to classify noisy electromagnetic induction 
signatures is derived and evaluated as a function of 
signal-to-noise ratio. Known induction responses from 
two geophysical models are considered. They are the 
conducting half-space and the horizontal thin sheet. 
The received data consists of one or the other model 
response plus additive independent Gaussian random 
noise. Each model response is assumed to have equally­
likely occurrence. The minimum probability-of-error 
receiver for classifying these noisy responses is 
comprised of parallel digital filters with one matched 
to each model response. Then the outputs are summed and 
compared to the optimum threshold in order to decide 
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which model response is present. The digital filters 
are matched to the model responses in the frequency 
domain since the available model data is given in that 
domain. Many induction systems operate at a single 
frequency or at two frequencies while some systems 
use wideband techniques. Consequently, performance is 
evaluated for these three cases showing the effect of 
using more frequency measurements on probability of 
error. The analytic performance is compared to 
empirical performance obtained by Monte Carlo simulation 
of the receiver. Performance for these highly corre­
lated models is also compared to the case of uncorre­
lated models. 

11-10 PREDICTING THE ELECTROMAGNETIC PROPERTIES OF SOILS 
IN REMOTE AREAS BY THE STUDY OF THEIR CLIMATOLOGI­
CAL AND GEOLOGICAL ENVIRONMENTS: 
Louis Mittelman, Jr., and Robert A. Falls, CM/CI 
Department, USAMERDC, Fort Belvoir, Virginia 

Over the years, there has been an increasing need by 
Government agencies and industry to determine the elec­
tromagnetic properties of soil textural types (sand, 
sandy loam, silt, silty loam, or clay) under various 
climatic conditions. One objective of this research 
would be the ability to recommend the most suitable 
electromagnetic underground radar for a particular cli­
mate and region. This paper intends to show that the 
collection of climatological data and soil textural in­
formation would help in the prediction, within reasona­
ble limits, of the electromagnetic properties of soils 
on a continental or world scale. Accurate data on at­
tenuation and permittivity for major soil textural types 
has been obtained under laboratory conditions. Attenua~ 

tion and permittivity of soils are primarily a function 
of temperature, moisture, and density. The potential for 
forcasting the electromagnetic "climate" within the near 
surface of a geographical region at VHF/UHF frequencies 
has been demonstrated at a few locations, and its prac­
tical application depends in'part on the availability 
and resolution of climatic and soil textural data. 
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12-1 PROGRESS AND PROBLEMS IN REMOTE SENSING OF 
ATMOSPHERIC PARTICULATES BY LIDAR: V. E. Derr, 
G. T. McNice, R. E. Cupp, and N. L. Abshire, 
National Oceanic and Atmospheric Administration, 
Environmental Research Laboratories, Wave 
Propagation Laboratory, Boulder, Colorado 

Hydrometeors and 1ithometeors of the earth's atmosphere 
have important effects on radiation balance and climate. 
The measurement of particulate characteristics by 
remote sensing is a formidable problem, but is neces­
sary to avoid expensive and unrepresentative in-situ 
measurement. Progress has been made in partially 
identifying and measuring the concentration of 
1ithometeors by the use of mu1tiwave1ength, polariza­
tion sensitive 1idar, with the aid of minimal in situ 
calibration. Thus 1idar may be used to determine the 
concentration of 1ithometeors and their motion 
through diffusion and advection. Hydrometeors in 
clouds may be analyzed for relative ice and water 
concentration when multiple scatter is small. The 
theory will be examined and experimental results 
obtained with a mu1tiwave1ength polarized lidar beam 
will be presented. The talk will conclude with a 
discussion of outstanding problems. 

12-2 THE POTENTIAL OF PROBING POLLUTION-PRONE PLACES 
BY FM-CW RADAR: R. B. Chadwick and K. P. Moran, 
NOAA/ERL/Wave Propagation Laboratory, Boulder, 
Colorado 

During the winter of 1975, an FM-CW radar was operated 
in an upland valley in the mountains west of Denver. A 
variety of other sensors participated in the experiment 
and several joint observations of atmospheric phenqmena 
were recorded. In addition, it was found that the FM­
CW radar was a very reliable predictor of when the ef­
fluent from a small kiln would pose a pollution hazard 
in the valley. Results of the experiment will be dis­
cussed and implications for oil-shale development 
pointed out. 
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12-3 DIELECTRIC PROPERTIES OF SOILS AT X- AND L-BAND 
FREQUENCIES: J. W. Rouse, Jr., R. W. Newton, 
and W. R. McClellan, Texas A & M University, 
College Station, Texas 

The remote measurement of soil moisture content with 
active and/or passive microwave sensors is dependent 
upon the complex permittivity of soils at various 
moisture levels. An examination of these behavior 
characteristics was made using a waveguide method at 
3.0 cm and 21.4 cm wavelengths. Measurements of the 
complex permittivity of clay, clay loam, sandy clay 
loam, and ~and were obtained for moisture levels from 
dry to saturated. The L-band results show a pronounced 
transition region in the real permittivity data as the 
water accumulation increases from a state of absorbed 
water (tightly bound water layer surrounding soil 
particles) to a state of relatively free water (solvate 
and pore water). The position of the transition region 
is heavily influenced by the percent clay in the soil. 
Dielectric measurements for moisture levels below the 
transition region are virtually independent of soil 
type. The results obtained are compared with earlier 
measurements and with theory. 

12-4 MEASUREMENT OF DIURNAL VARIATIONS OF VEGETATION 
SCATTERING COEFFICIENT: Fawwaz T. Ulaby and 
Percy P. Batlivala, The University of Kansas 
Center for Research, Inc., Remote Sensing 
Laboratory, Lawrence, Kansas 

Although diurnal variations of the scattering character­
istics of plants in the optical part of the spectrum 
have been extensively ~eported in the literature, 
prior to the measurements presented herein, no such 
note had been reported at microwave frequencies. 
Measurements of the backscattering coefficient of 
densely planted fields of sorghum were conducted using 
a radar spectrometer mounted atop a 20 meter truck­
mounted boom. Data were acquired at 8 frequencies 
between 2 and 8 GHz, 2 polarizations (HH and VV), and 
6 incidence angles (0° to 500 in 10° steps) at 
several times during the 24-hour diurnal cycle. The 
results indicate that off-nadir, the scattering 
coefficient of all fields exhibited a diurnal pattern 
having a peak close to dawn and a minimum around 
6 p.m., and that the magnitude of this variation is 
most pronounced at the lowest frequency in the 2-8 GHz 
band with HH polarization. As an example, at a 30° 
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angle of incidence the difference between dawn and 
6 p.m. is 5.5 dB at 2.75 GHz, decreasing to less than 
0.5 dB at 7.25 GHz. 

12-5 COMPARISON OF SKYLAB ACTIVE AND PASSIVE 
MICROWAVE MEASUREMENTS WITH SIMPLE 
THEORETICAL MODELS: Arun $obti, R. K. Moore, 
and F. T. Ulaby, The University of Kansas, 
Remote Sensing Laboratory, Lawrence, Kansas 

The 13.9 GHz Skylab radiometer-scatterometer measured 
the response of ocean and land surfaces at thousands 
of points on the earth. These measurements at 
angles near vertical have been used in the geometric 
optics, and the exponential correlation function 
physical optics, models for scattering, and the 
plane surface model for emission, to show the type 
of surface parameters indicated by the models. The 
geometrical optics model was used to calculate the 
measured mean slope and dielectric constants based 
on returns from forest, from farmland, and from 
sandhills; and the computations were repeated using 
a version of the exponential-correlation coefficient 
physical optics model used by radar astronomers. 
Similar computations were made for the ocean and 
for an ensemble of all data from North America. 
Mean slopes between 3.90 and 5.60 were indicated 
for the different terrains, with rather good 
correspondence between results obtained using the 
two models. Voltage reflectipn coefficients 
ranged from 0.144 (exponential, forest) to 0.53 
(ocean, both models). The low value obtained for the 
ocean may be in part due to saturation of the 
instrument on the very strong returns from vertical 
incidence. Oceanic brightness temperatures were 
compared with the theory for emission from a smooth 
surface with various assumptions about the sea 
physical temperature. The shape of the angular 
response is in accord with theory, but the responses 
are biased higher than theory predicts. This can 
be explained by elevation of the measured temperatures 
by presence of intervening clouds whose characteristics 
cannot be known because of lack of information.· 
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12-6 CORRELATIONS BETWEEN MICROWAVE SCATTERING AND 
EMISSION FROM LAND AND SEA AT 13.9 GHz FOR 
VARIOUS INCIDENCE ANGLES AND POLARIZATIONS: 
Arun Sobti and Richard K. Moore, The University 
of Kansas, Remote Sensing Laboratory, Lawrence, 
Kansas 

The Skylab 13.9 GHz scatterometer-radiometer was 
operated over a wide variety of ocean and land areas. 
The correlation between retGrns to the scatterometer 
at various angles and polarizations, to the radiometer 
at various angles and polarizations, and between 
radiometer and scatterometer, was obtained from the 
consolidated land and ocean data sets. Over the ocean 
a strong correlation was obtained between polarizations 
at all angles of incidence, except vertical where 
pointing errors can make a big difference. Strong 
correlation exists between like-polarized responses 
over the ocean at incidence angle between 300 and 500

, 

but the correlation between cross-polarized responses 
at these angles is weaker. The scattering return at 
150 is poorly correlated with that at any other angle, 
with a correlation of only 0.55 even with 300

• The 
cross-polarized response is, however, well correlated 
with like-polarized response at the same angle. Over 
the land the correlation between responses at different 
angles is weaker, and a negative correlation that 
is significant exists between 44° and 17° responses 
for vertical polarization scattering. Possible conse­
quences of these correlations are discussed for various 
types of application. 

12-7 THE SCANNING MULTICHANNEL MICROWAVE RADIOMETER: 
F.T. Barath, California Institute of Technology, 
Jet Propulsion Laboratory, Pasadena, California 

12-8 THE BACKSCATTER SPECTRUM SIGNATURE OF PERIODIC 
WATER WAVES OBSERVED FROM NADIR: 
David E. Weissman, Department of Engineering and 
Computer Sciences, Hofstra University, Hempstead, 
New York 

The spectrum of the backscattered signal received by a 
nadir-aligned stationary CW microwave radar that illumi­
nates several wind driven water waves at any instant 
shows discrete spectral enhancements and depressions 
caused by the periodic variation of the reflectivity of 
the surface. The water waves travel perpendicular to 
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the beam axis of a simple narrow beamwidth horn. Obser­
vation of the spectrum of the synchronously detected sig­
nal indicate that separated scattering areas such as wave 
crests and troughs which maintain some coherence during 
their translation across the illuminated area cause this 
continuous spectrum to have peaks and valleys. These can 
be directly related to their differences in range and re­
lative time delays along the water wave trajectory. A 
single isolated moving scatterer imposes a linearly vary­
ing Doppler frequency modulation on the returning signal 
and is characterized by a smooth monotonic spectrum. 
However, the presence of two or more scatterers within 
the beam produce identical but delayed signals whose in­
stantaneous frequencies are displaced and they combine 
at the receiver to yield a resultant signal whose fluc­
tuating amplitude displays beats due to these frequency 
differentials. Measurements of the spectrum displaying 
this effect, obtained with a laboratory X-band radar and 
wind wave tank, will be presented and a theoretical in­
terpretation will be discussed. 
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URSI COMMISSION III 

Thursday, October 23 1330 

URSI Session 111-6, UMC 158 

Chairman: D.D. Crombie, OT/ITS 

6-1 THE SCREENING OF MICROPULSATION SIGNALS (1-100 
mHz) BY THE ATMOSPHERE AND IONOSPHERE: W. J. 
Hughes, ClRES, University of Colorado/NOAA, 
Boulder, Colorado; and D. J. Southwood, 
Department of Physics, Imperial College, 
London, England 

A study is made of the screening effect of the 
atmosphere and ionosphere which lets only part of a 
micropulsation signal (1-100 mHz) reach the ground. 
Using four ionospheric models, we find that the 
previously predicted ionospheric rotation occurs 
under all conditions, but that at night the ionosphere 
reflects much less of the incident energy, that is, 
it becomes a much better energy sink. We also find 
that the ionosphere-atmosphere system strongly 
attenuates signals w~ih large cross-fie:d wave 
numbers (k > 1/50 km ). This results ~n only the 
gross structure of magnetospheric wave fields being 
observed on the ground. This may explain some of 
the discrepancies between model calculations and 
observational results. It also means that we will 
not be able to determine the scale size of a magneto­
spher~c resonance from earth-based observations if 
the scale size is much less than about 100 km at 
ground level. 

6-2 ANALYSIS OF SPE-PRODUCED PROPAGATION DISTURBANCES~ 
B. Gambill, Jr., J. D. Illgen, and R. R. 
Rutherford, General Electric - TEMPO, Santa 
Barbara, California 

This paper describes the effects of a SPE (Solar 
Proton Event) on several VLF and LF propagation paths 
in terms of signal amplitude and phase. Theoretical 
values are compared with the observed VLF and LF values 
using VLF and LF propagation prediction techniques. 
VLF analyses include both WKB approximations (slow 
variation in the direction of propagation and a crude 
approximation of magnetic field effects) and solutions 
which consider magnetic field effects and mode conver­
sion when WKB does not apply. The LF analysis included 
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a ray theory approximation. Electron and ion density 
models used in the analysis are briefly described. 
The VLF data was complicated by path geometry, day/ 
night terminator relationships, and low earth conduc­
tivity (Greenland). Because of the complexities, the 
data provides a stressing test on VLF models. Satellite 
measurements are briefly illustrated to substantiate 
the observed effects. 

6-3 NIGHTTIME PROPAGATION ANOMALIES OBSERVED AT TWO 
VERY LOW FREQUENCIES: F. K. Steele and 
A. H. Diede, U.S. Department of Commerce, 
Office of Telecommunications, Institute for 
Telecommunication Sciences, Boulder, Colorado 

Recent nighttime phase and amplitude anomalies have 
been observed on the 10.2 and 13.6 kHz signals from 
Trinidad, West Indies, as received at Boulder, 
Colorado. The anomalies, in some cases, are.com­
parable in size to the normal diurnal variations on 
these signals and occur predominantly at 13.6 kHz. 
These observations, when taken with independent 
confirming observations, suggest a localized 
ionospheric anomaly that may be significant to 
radio navigation. 

6-4 RADIATION FIELDS ON THE EARTH'S SURFACE DUE TO 
LINE SOURCES IN THE IONOSPHERE: T. M. Chu, 
F. Einaudi, and J. R. Wait, CIRES, University of 
Colorado, Boulder, Colorado 

The radiation fields of specified sources in the iono­
sphere are formulated. A stratified planar model is 
adopted for the ionosphere. An equivalent scattering 
matrix of an anisotropic inhomogeneous region is derived 
for a plane wave with an arbitrary incident angle. The 
plane wave spectrum representation is obtained for the 
primary waves in the source slab and for the fields on 
the earth's surface with the aid of appropriate scat­
tering mat~ices. Finally, the wave fields are found 
by evaluating the plane wave representations. Extensive 
numerical results are presented. The frequency range 
is from 75 Hz to 10 kHz. The effects of dip angle and 
height of the source on the amplitude of the field are 
investigated. The six Cartesian field components on the 
earth's surface are calculated for the range from the 
point just below the source to ten megameters for both 
east-to-west and west-to-east propagation. The accuracy 
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of final results due to using slabs of finite thickness 
and a finite number of plane waves are demonstrated. 
Wave impedances, phase velocities, and attenuation rates 
are derived from the results and compared with some 
analytic and experimental data. 

6-5 COMPARISON OF THE RATES OF CHANGE OF PHASE-PATH AND 
GROUP-PATH DUE TO THE MOTION OF THE OBSERVER: 
S. Silven, GTE Sylvania Incorporated, Mountain View, 
California 

If an observer of an electromagnetic field is in motion 
with respect to the source of the field, he measures a 
frequency which differs from the source frequency. The 
difference is the Doppler frequency, which thereby pro­
vides a measure of a component of his velocity. This 
component, known as the "Doppler velocity," is equal to 
the rate at which the observer crosses the surfaces of 
constant phase-path from the source. If the medium of 
propagation is dispersive, this is not identical to the 
rate at which the observer crosses the surfaces of con­
stant group-path. A derivation is presented of the 
relationship of the Doppler velocity to the time rate of 
change of group-path. In the geometrical-optics approx­
imation the difference is shown to depend on orientation 
of the velocity vector with respect to the wave-fronts 
and on the dispersive effect of the medium. Based on the 
derived relationship, a method for possible determination 
of velocity components both normal and tangential to the 
ray path is suggested. Application is made to the case 
in which the observer is moving horizontally near the 
earth's surface, in which the propagation medium includes 
the ionosphere. 

6-6 MEASUREMENT OF MULTIPATH PROPAGATION DELAY TIMES: 
R. L. Johnson, Southwest Research Institute, 
San Antonio, Texas 

An algorithm has been developed to measure intermode 
propagation delay times in a multicomponent wave field. 
The technique exploits the effects of wave inter­
ference in somewhat the same manner as was done by 
Appleton and Barnett in their experiments of 1925 
demonstrating the existence of downward reflections 
from ionospheric layers. The measurement is independent 
of the source modulation, and hence does not require 
the use of a coherent transmitter. Mutliple delay time 
measurements can be made simultaneously since the 
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algorithm is not inherently constrained to two pro­
pagation modes. A mathematical model is presented 
~hich characterizes the signals received at two spatially 
separated antennas. The complex degree of coherence 
function is then computed which, in turn, provides a 
measurement of the intermode delay times. Results of 
computer simulations are given which demonstrate per­
formance of the algorithm under two and three mode 
conditions. Finally, results are presented from 
experiments over the Ava, New York to San Antonio, 
Texas HF propagation path during which delay times 
were measured between one hop and two hop skywaves. 

6-7 HORIZONTALLY POLARIZED WAVES IN IONIZED MEDIA 
WITH VARYING ELECTRON DENSITY AND COLLISION FRE­
QUENCY--ENERGY CONSERVATION AND RECIPROCITY RELA­
TIONSHIPS: E. Bahar and B. S. Agrawal, Electrical 
Engineering Department, The University of Nebraska, 
Lincoln, Nebraska 

Considerable effort has been made to derive full wave so­
lutions for the electromagnetic fields in horizontally 
stratified media in terms of mathematical functions tabu­
lated in Handbooks. While they do not provide solutions 
to the general problem in which the complex permittivity 
of the media is assumed to vary arbitrarily, they provide 
an important basis for tpe analysis of electromagnetic 
waves in inhomogeneous media. Thus using the Green's 
function technique, for instance, the solutions are for­
mulated in terms of integral equations involving compar­
ison functions that are chosen from the list of permit­
tivity profiles for which closed form analytical solu­
tions are knOWIt. 

The method employed in this paper to compute horizontal­
ly polarized electromagnetic fields in an ionized media 
with varying electron density and collision frequency 
profiles is based on the conversion of Maxwell's equa­
tions into a set of loosely coupled first order differ­
ential equations for the wave amplitudes. Special atten­
tion is given to permittivity profiles with critical 
coupling regions where the familiar WKB approach fails. 

The reflection and transmission coefficients and the 
characteristic surface impedance for a horizontally 
stratified layer of finite thickness is computed as a 
function of the transverse wave number and excitations 
of both propagating and evanescent waves are considered. 
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The reciprocity and realizability relationships are for­
mulated and the numerical results are in agreement up to 
at least four significant figures. The computed values 
for the reflection and transmission coefficients and the 
characteristic surface impedance are also shown to be in 
good agreement with those derived from closed form ana­
lytical solutions for special permittivity profiles. 

6-8 A COMPARATIVE STUDY OF MEDIUM-FREQUENCY 
SKYWAVE FIELD STRENGTH PREDICTION METHODS: 
John C. H. Wang, Federal Communications 
Commission, Washington, D.C. 

Recently CCIR stressed the needs for continued study 
on nighttime medium-frequency propagation curves and 
formulas for worldwide applications. Several pre­
diction methods such as the FCC method, European 
Broadcasting Union method, and the new USSR method 
have been documented by CCIR. FCC has taken extensive 
field strength measurements in 26 propagation paths. 
Altogether 261 path-years of data covering a full 
sunspot cycle were .released in 1971. Recently FCC 
engineers have applied different CCIR prediction 
methods to these propagation paths. This paper 
presents the results of these calculations. 
Calculated and measured field strengths will be 
compared and analyzed. Possible refinements of 
existing methods for U.S. application will be 
discussed. 
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FEASIBILITY OF SCATTER RADARS ON THE SPACE SHUTTLE - II 

URSI COMMISSIONS IV AND III 

Thursday, October 23 1330 

URSI Session IV-6, UMC 157 

Chairman: F.S. Mozer, 

University of California 

6-1 MAPPING AURORAL ELECTRIC FIELDS FROM THE SPACE 
SHUTTLE WITH HF RADAR: F. W. Perkins, 
Princeton University, Princeton, New Jersey and 
G. D. Thome, Raytheon Company, Sudbury, 
Massachusetts 

In this paper we suggest an exp'eriment in which a 
coherent HF radar on board the Space Shuttle is used 
both for mapping the auroral field and for studying 
the spectrum of the "turbulent" field-aligned density 
striations found in the auroral ionosphere. These 
density irregularities present large scattering cross 
sections to HF radars when viewed normal to the earth's 
magnetic field. At F-region altitudes we expect 
these irregularities to move with the local E x B 
velocity and therefore we expect that the Doppler 
shift of the HF returns from a scattering volume at 
this altitude will be a measure of the local electric 
field. The geometry of the situation is such that 
ground based radars can look normal to the earth's 
field over only a very limited portion of the auroral 
F-region. By putting the radar in space the 
geometrical constraints are greatly reduced and as the 
spacecraft moves it should be possible to produce 
for each orbit a "snapshot" of the electric field 
distribution over much of the polar F-region. In 
contrast to conventional topside sounders, an 
HF radar for auroral mapping must be coherent and 
must be able to resolve returns in angle of arrival. 
Power requirements are higher and frequency flexibility, 
though desirable, is not essential. A representative 
monostatic radar on board the Space Shuttle would 
operate at 30 MHz, would have a two-dimensional 
phased array antenna 100 meters on a side, and would 
require a kilowatt of average power. Alternately, 
a bistatic configuration could be used in which the 
transmitter and a small non-directive antenna would 
be on board the Space Shuttle and the phased array 
receiving antenna would be on the ground. This 
would eliminate the need for a large antenna in 
space, but would complicate the operation and 
analysis of the experiment. 
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6-2 COMPUTER SIMULATION OF THE IONOSPHERIC 
EXPERIMENT OF THE APOLLO-SOYUZ TEST PROJECT 
(ASTP): Mario D. Grossi and Ray H. Gay, 
Smithsonian Astrophysical Observatory, 
Cambridge, MassAchusetts 

A computer simulation has been performed of the 
ionospheric experiment of the Apollo-Soyuz Test 
Project (ASTP). ASTP is the first example of 
USA/USSR cooperation in space and is scheduled for 
Summer, 1975. The experiment consists in performing 
dual-frequency Doppler measurements (at 162 and 324 MHz) 
between the Apollo Command Service Module (CSM) and 
the ASTP Docking Module (DM), both orbiting at 
221 Km height and at a relative distance of 300 Km. 
A network of ground stations will also operate and 
will collect differential and rotating Doppler 
data in DM-to-ground radio paths. The computer 
simulation has shown that, with the Doppler measurement 
resolution of approximately 3 millihertz provided by 
the instrumentation (in 10 seconds integration time), 
ionospheric-induced Doppler Shifts will be measurable 
accurately at all times, with some rare exceptions 
occurring when the radio path crosses regions of 
minimum ionospheric density. The computer simulation 
has evaluated the ability of the experiment of 
measuring changes of columnar electron content 
between CSM and DM (from which horizontal gradients 
of electron density at 221 Km height can be obtained) 
and of measuring variations in DM-to-ground columnar 
content (from which an averaged columnar content and 
the electron density at the DM can be deduced under 
some simplifying assumptions). The simulation has 
confirmed the expectation that simultaneous measure­
ments of horizontal gradients and space-to-ground 
columnar content substantially increase the accuracy 
of data inversion. 

6-3 THE INVERSION OF DIFFERENTIAL AND ROTATING 
DOPPLER DATA COLLECTED BY THE IONOSPHERIC 
EXPERIMENT OF THE APOLLO-SOYUZ TEST PROJECT 
(ASTP): Ray H. Gay and Mario D. Grossi, 
Smithsonian Astrophysical Observatory, 
Cambridge, Massachusetts 

The preparation of the analytical approa~h and of the 
related software to be used in the inversion of the 
differential and rotating Doppler data that the iono­
spheric experiment of the Apollo-Soyuz Test Project 
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(ASTP) will collect has been recently completed. 
These data will be collected in space-to-space paths 
(between the ASTP Docking Module and the Apollo 
Command Service Module that will orbit both at a 
height of 221 KID, at a relative distance of 300 KID) 
and in space-to-ground paths (between the Docking 
Module and ground). The Doppler links will operate 
at 162 and 324 MHz and will have an accuracy better 
than 3 millihertz over 10 seconds integration time. 
The ASTP Mission is scheduled for Summer, 1975. While 
waiting for the actual experiment data, the inversion 
approach has been tested with the "dummy" data obtained 
with a computer simulation. We found that a measurement 
accuracy of 1 to 10% in the value of the horizontal 
electron density gradient at 221 KID altitude can be 
achieved, in space-to-space paths. For space-to-ground 
paths near the orbital plane, we have identified and 
compensated for, possible effects of the horizontal 
gradients on the received differential Doppler shifts. 
In the two cases that we have considered, it was 
possible to reduce the gradient-associated errors in 
the inversion that leads to the columnar electron 
content by approximately one-half. Accuracies of 
5 to 10% in columnar electron content are achievable 
with this gradient-compensation technique. 

6-4 THE APPLICATION OF GROUND-BASED DIGITAL 
IONOSONDE CONCEPTS TO EXPERIMENTS ABOARD THE 
SPACE SHUTTLE: J. W. Wright and R. N. Grubb, 
NOAA/ERL, Space Environment Laboratory, 
Boulder, Colorado 

The design concepts for a modern research ionosonde 
involve programmable (minicomputer) control over all 
aspects of u£er interaction, system function and 
monitoring, scheduling, data acquisition, data 
processing, display and retention. From an RF trans­
mission standpoint, these system concepts include 
active pulse and CW capabilities throughout the 
0.1-30 MHz range at substantial radiated power levels. 
They include a wide variety of signal reception and 
processing capabilities for echo recognition and pa­
rameter digitization "(in active sounding' modes) arid for 
passive observations of natural and externally 
generated signals. High time, frequency, and ~arameter 
resolution is maintained throughout. We believe 
that these concepts correspond almost identically to 
those desirable within the shuttle for a general­
purpose HF ionospheric and plasma research facility. 
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This paper describes our ground-based hardware pro­
totypes in further detail and illustrates some 
rel~vant software in action. 

6-5 TRANSMITTER POWER REQUIREMENTS FOR SPACE SHUTTLE 
SCATTER RADAR EXPERIMENTS: Kenneth J. Harker, 
Institute for Plasma Research, Stanford University, 
Stanford, California 

A study has been made of the transmitter power 
requirements for scatter radars on the Space Shuttle 
for three different types of experiments: (1) measure­
ment of the ionic component of the incoherent scatter 
spectrum; (2) measurement of the plasma line enhanced 
by natural processes such as energetic photoelectrons; 
and (3) measurement of the spectrum of the plasma 
line artificially enhanced by ionospheric modification 
with high-power HF radio waves. Our study consisted 
of calculating the power required for the radar 
transmitter to produce a backscattered Signal equal 
to the system noise level for a sequence of ranges 
between 1 and 200 km. In the case of the modification 
experiment, calculations were also made of the HF 
transmitter power required to produce a power flux 
at the reflection point equal to twice that required 
for exciting the parametric decay instabilities. 
Results of these calculations and conclusions regarding 
the feasibility of the experiments will be presented. 
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VPI and SU 

7-1 ELIMINATION OF MULTIPATH EFFECTS DURING PLANETARY 
OCCULTATIONS: Thomas A. Croft, Stanford University, 
Stanford, California 

During a planetary radio occultation, a spacecraft may 
encounter one or more regions of multipath propagation. 
The associated receivers make use of phase-lock 
techniques which discriminate against the weaker modes; 
either the strongest mode controls the receiver or else 
the mode mixture leads to a result which is useless for 
occultation study. For downlink signals, (i.e., from 
the spacecraft to earth) this problem has been overcome 
through wide-band.predetection recording followed by 
elaborate variable-band Fourier analysis in digital 
computers. This has permitted the tracking of multiple­
frequency loci as evidenced by multi-peaked spectra. 
So far no investigator has succeeded in extracting 
amplitude measurements from a multipath occultation of 
sufficient quality to permit derivation of planetary 
parameters. No method for extraction of either 
frequency or amplitude has heretofore been found for 
uplink multipath. Here it is shown that a dispersive 
delay can be applied to the signal-pIus-noise before 
detection or other processing, with the result that 
multipath is eliminated. This benefit is based upon 
the geometric observation that only one propagation mode 
exists for anyone height of ray asymptote; the added 
dispersion has the effect of cpanging the time axis into 
an asymptote-height axis. Since the dispersive delay is 
added before any signal processing or detection, this 
approach may permit phase-lock receivers to track all 
the strong and weak sig~als. This removes the mai;-­
barrier which has prevented the complete reception of 
multipath occultations by phase-lock receivers, with 
the result that spacecraft may be able to perform this 
task. Such an added capability would make uplink 
occultations practical, and it would also make outer 
planet relay radio links better able to serve the 
needs of occultation science. 
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7-2 LOW FREQUENCY RADIO EMISSION FROM THE OUTER 
PLANETS: Larry W. Brown, Goddard Space Flight 
Center, Greenbelt, Maryland 

Low frequency radio emission from Jupiter, Saturn, and 
possibly Uranus have been observed by the IMP-6 space­
craft. These emissions were identified through a direc­
tion-finding analysis of the phase of the observed modu­
lated signal detected from the spinning dipole antenna. 
The data covered a period of 500 days from April 1971 to 
October 1972. Over 300 Jovian events were observed at 25 
frequencies between 425 and 9900 kHz. The spectrum shows 
a primary flux peak at 8 MHz and a secondary peak at 1 
MHz. Correlation with System III longitude shows a simi­
liarity between frequencies near the primary peak and the 
lowest frequencies of earth-based observations. Near the 
secondary peak other sources playa larger role. Corre­
lations with satellites 10 and Europa appear weak. The 
first Saturn bursts were similarily identified at 15 fre­
quencies between 375 and 2200 kHz. About 24 Saturnian 
events were observed with a peak flux near 1 MHz. The 
RAE-2 spacecraft in lunar orbit has confirmed this obser­
vation through the detection of bursts using occultations 
of Saturn by the Moon. The IMP-6 data has been analyzed 
for possible emission from Uranus. The angular separation 
of Uranus and the Earth is small, but 4-7 possible Uranus 
events have been observed at times of greatest apparent 
separation. These are unique in spectral behavior, 
peaking at 475 kHz and observable only at 4 frequencies 
between 375 and 600 kHz. 

7-3 PRELIMINARY RESULTS FROM ARECIBO RADAR 
OBSERVATIONS OF CANDIDATE VIKING C-SITE 
LANDING AREAS ON MARS: R. A. Simpson and 
G. L. Tyler, Center for Radar Astronomy, 
Stanford, California; D. B. Campbell, Arecibo 
Observatory, Arecibo, Puerto Rico; 
G. H. Pettengill, Department of Earth and 
Planetary Sciences, MIT, Cambridge, Massachusetts 

Preliminary results from Mars observations taken with 
the new S-Band system at Arecibo will be presented. 
These were obtained during August-September 1975 and 
cover latitudes of 0-12 0 S. Areas proposed as Viking 
lander C-Sites will be emphasized. The 1975 S-Band 
data will be compared with those obtained during the 
last opposition at Haystack (3.8 cm), Goldstone 
(12.5 cm; vid Downs, et al., Icarus, in press), and 
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Arecibo (70 cm) observatories. Analysis in 1973 showed: 
(1) Mars surface is very heterogeneous, (2) radar 
scattering is essentially independent of wavelength, 
(3) radar behavior is only poorly correlated with 

° photography, (4) rms surface slopes range from O.S to 
3°, and (S) dielectric constant varies from 1.7 to 3.S. 

7-4 MARTIAN TOPOGRAPHY DETERMINED BY RADAR DURING 
THE 1971 AND 1973 OPPOSITIONS: P. E. Reichley 
and G. S. Downs, Jet Propulsion Laboratory, 
California Institute of Technology, Pasadena, 
California 

The Goldstone radar system was used at a wavelength of 
12.6 cm to probe the Martian surface during the 1971 
and 1973 oppositions. The surface probed by the radar 
lay between _140 and _220 latitude. Surface cells 
isolated by the radar system were 9 KmE-W by 110 Km 
N-S. Altitudes were calculated from signal time-delays 
measured relative to a triaxial ellipsoid. The alti­
tudes from both oppositions were combined into a self 
consistent set and interpolated to form a uniform grid. 
Contours of constant altitude were calculated at 200 m 
intervals. The altitudes are presented as maps of 
grey shades, where each grey shade represents a differ­
ent altitude. The contours are presented in conjunc­
tion with Mars charts derived from Mariner 9 television 
pictures. 

7-S IMPROVED SURFACE SLOPE PROBABILITIES FROM RADAR 
DATA: B. J. Lipa and G. L. Tyler, Center for 
Radar Astronomy, Stanford University, Stanford, 
California 

We describe an improved method of deriving surface slope 
probabilities from radar frequency spectra. The original 
method involves the inversion of a linear integral equa­
tion. When the data contain noise, the solution for the 
slope probability as a function of tilt is often poor in 
the sense that it oscillates, whereas it is believed that 
it should be smooth. We have included this requirement 
in the mathematical constraints on the sQlution and ap­
plied the method to radar data from Mars, resulting in 
slope probabilities which have significantly less scat­
ter than the unconstrained solution. These were fitted 
with Gaussian and Hagfors laws and the latter found to 
give the best fit. Because of the theoretical inconsis­
tencies of the Hagfors law due to the assumption of a 
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non-analytic autocorrelation function, we derive an al­
ternative description of slope probabilities assuming 
that a filtered version of the surface with a parabolic 
autoco~relation function interacts with the radar wave. 
We show that the resulting modified Gaussian law gives 
an improved fit to the Mars slope probabilities. The 
analytic technique developed can also be used to predict 
variations in slope probability density with wavelength. 

7-6 NEW RADAR ASTRONOMICAL OBSERVATIONS OF PLANET 
EARTH AT 13.9 GHz: Nura Itbos, Drahcir Eroom, and 
Sasnak Ytisrevinu, Remote Sensing Laboratory, 
The University of Kansas, Lawrence, Kansas 

Martian radar astronomers have recently had an unusual 
opportunity to observe Planet Earth from the Balyks 
spacecraft placed in orbit of about 50° inclination 
around the distant planet. The radar device used.an 
ICW modulation at 13.9 GHz with a beamwidth (effective) 
of about L 50 from a height of 435 km. With this 
instrument measurements were possible at near-vertical 
incidence from relatively small areas on the planet, 
so it was possible to distinguish different areas on 
the planet and use the techniques of radar astronomy 
heretofore reserved for observations of large parts 
of the planetary disc. The large blue areas we know 
as maria were found to have a mean slope of 4.2° 
to 4.330

, depending on the model used, and they have 
a dielectric constant of over la, indicating the 
presence of some material not found in quantity on 
Mars. Because of possible saturation of the instrument, 
the mare may in fact have even larger dielect constants. 
The large brown and green areas embedded in the maria 
seem to have the same roughness as the maria, at 
least as observed at this short wavelength, but 
their dielectric constant is much smaller, on the order 
of 2, indicating the presence of relatively dry soil 
or rocks. Slopes for different parts of these areas 
differ more than their dielectric constants. The 
theory was applied to near-vertical measurements, but 
it is interesting to note that the returns from the 
maria drop much more rapidly beyond 100 than do those 
from the brown and green continents. Clearly, use of 
other frequencies or finer resolutions or both are 
called for to better define the planetary surface. 
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12-1 SUBSURFACE COMMUNICATION BETWEEN DIPOLES IN 
GENERAL MEDIA: DESCRIPTION AND INTERPRETATION 
OF RESULTS: R. W. P. King and B. Sandler, 
Gordon McKay Laboratory, Harvard University, 
Cambridge, Massachusetts 

In his book, Dipole Radiation in the Presence of a 
Conducting Half-Space, Banos provides a detailed -
analytical study of the problem of communicating 
between two points in the ocean by means of electric and 
magnetic dipoles. His general formulas involve 
complex integrals which are reduced to simple expressions 
in certain special cases. These correspond to limited 
ranges_ of the parameters. A numerical study of the 
general case for antennas in sea water was made by 
Siegel and King and compared with Banos' special cases. 
This numerical approach has now been generalized to 
apply to other than conducting half-spaces. The 
three cylindrical components of the electric field 
maintained by a horizontal electric dipole in sea water, 
lake water, and earth have been computed and compared as 
functions of the distance between the source and the 
receiver. The frequency is one parameter over a wide 
range that includes lake water (oe = 0.004 Slm, 
Eer = 80) as a good conductor at the low frequencies 
and as a good dielectric at the -high frequencies. The 
applicability of Banos' special formulas to limited 
ranges is considered. The fields in all three media 
are interpreted in terms of direct and lateral-wave 
transmission. 

12-2 COUPLED INSULATED ANTENNAS IN A RELATIVELY DENSE 
MEDIUM: CURRENTS AND ADMITTANCES: R. W. P. King 
and T. T. Wu, Gordon McKay Laboratory, Harvard 
University, Cambridge, Massachusetts; and 
L. C. Shen, Department of Electrical Engineering, 
University of Houston, Houston, Texas 

The analysis of the insulated dipole in a relatively 
dense medium is extended to coupled, individually 
insulated elements arranged in a circular array. It is 
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shown that the transmission-line-like distributions 
of current are preserved for each phase sequence but 
with different complex wave numbers that depend not 
only on the electrical properties of the insulating 
and ambient media but also on the coupling among 
the elements. The complex wave numbers, the input 
admittance·s, and the current distributions have been 
calculated and presented in graphical form for a 
two-element array with symmetrical and antisymmetrical 
excitations. The parameters chosen in the example 
correspond approximately to a two-element array 
insulated by an air column immersed in fresh lake 
water at 300 MHz. 

12-3 THE TERMINATED INSULATED ANTENNA: Kuan-Min Lee 
and Ronold W. P. King, Gordon McKay Laboratory, 
Harvard University, Cambridge, Massachusetts 

The center-driven insulated antenna end-loaded with a 
bare quarter-wave section has been investigated 
theoretically and experimentally. This antenna has 
been analyzed in terms of the theory of the bare 
antenna and that of the completely insulated antenna 
in a relatively dense ambient medium. A simple trans­
mission-line-like solut~on is obtained. Input admit­
tances computed from the theoretical formula have been 
shown to agree well with measured results with air­
insulated monopoles in both salt water and fresh water. 
Three different thicknesses of insulation and various 
lengths were used in the experiment. For a short 
antenna, the magnitude of the current distributions 
for a terminated insulated antenna is quite constant, 
whereas that of the completely insulated antenna has 
a triangular distribution. This would give a better 
directivity as far as the field pattern is concerned. 
By adjusting the radius of the insulation, it is 
possible to match the characteristic impedance of the 
insulated antenna to the apparent input admittance of 
the monopole antenna to obtain a nearly pure traveling 
wave even for a longer insulated antenna. 

12-4 RADIATION CHARACTERISTICS OF STEPPED-DIPOLE 
ANTENNAS: T. C. K. Rao and M. A. K. Hamid, 
Department of Electrical Engineering, University 
of Manitoba, Winnipeg, Manitoba, Canada 

The. radiation characteristics of a dipole antenna can 
be significantly improved by varying the diameter along 
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the length of the radiating cylindrical surface away 
from the generator. Earlier experimental work on a 
symmetrical dipole antenna with two symmetrical steps 
on each arm and analysis using Sche1kanoff's concept 
of average characteristic impedance by Hamid, et a1., 
confirmed the increase in antenna bandwidth and better 
matching with the feed line. Due to the various 
reflections at the step-junctions, the resulting 
current distribution is primarily dictated by the 
electrical length and diameter of each section. To 
determine the current distribution, the radiated 
electric field and the input impedance, the problem 
is formulated by the boundary value method and later 
reduced to an integral equation of the Wiener-Hopf 
type which is solved asymptotically by the method 
suggested by Hurd for a long uniform antenna. The 
results for the input impedance, which ·are also confirmed 
by numerical solution using the method of moments, 
are shown graphically to establish the advantages of 
the multi-stepped dipole. The final objective is to 
optimize the antenna bandwidth by Rosenbrock's method 
leading to an optimum design of the electrical length 
and diameter of each section and to compare with the 
analogous design of a stepped circular waveguide 
transformer. 

12-5 RADIATION FROM A COAXIAL APERTURE INTO A LOSSY 
HALF-SPACE: Chalmers M. Butler and 
Robert D. Nevels, University of Mississippi, 
University, Mississippi 

The results of an investigation are presented for the 
problem of a coaxial waveguide terminating in a ground 
screen and radiating into an infinite homogeneous ha1f­
space of arbitrary electrical characteristics. The 
waveguide is excited by a TEM incident wave, and the 
ground plane is both perfectly conducting and infinite 
in extent. An integral equation is formulated for the 
unknown electric field in the aperture, which fully ac­
counts for the higher-order modes in the coaxia~ guide 
as well as the coupling between the lossy half-space 
and the coax. This integral equation is solved numeri­
cally and results are presented for various cases of in­
terest. For selected .cases, measured input impedance 
and reflection coefficient in the waveguide are compared 
with calculated results. 
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12-6 PROPERTIES OF THE HORIZONTAL WIRE ANTENNA OVER 
AN IMPERFECT CONDUCTOR WITH SPECIAL APPLICATION 
TO THE BEVERAGE WAVE ANTENNA: Robert M. Sorbello, 
Gordon McKay Laboratory, Harvard University, 
Cambridge, Massachusetts 

An experimental investigation of the properties of 
horizontal wires over an imperfect conductor, including 
the special case of the Beverage antenna, has been 
undertaken. Distributions of current and charge as 
well as input impedance have been measured with antennas 
that are .5A to 1.5A in lengt~ and are placed at heights 
ranging from .OIA to .25A above a variety of media 
including moist earth, fresh water, and salt water. 
The effects of the wire height and the different media 
on the antenna wave number will be discussed along 
with the observed transmission-line-like distributions 
of current and charge. Comparisons will be made 
between measured distributions and the results of a 
theory recently developed by King, Shen, and Wu. This 
theory will be extended to include the case of the 
Beverage antenna, and a comparison with measured results 
will be presented. Owing to its transmission-line-like 
characteristics, a novel way of loading the Beverage 
antenna has been investigated which avoids making 
physical contact with the medium below the antenna. 
This method of loading provides a good matched condition, 
and traveling-wave current distributions have been 
shown, experimentally, to exist on the wire. 

12-7 TRUNCATION OF INFINITE SHEATH SPIRAL ANTENNAS: 
B.R. Cheo, Polytechnic Institute of New York, Farm­
ingdale, New York 

Two solutions of Maxwell's equations on the infinite sheath 
spiral antennas were published a few years ago. One solu­
tion (Cheo, et al., AP 9, 527;'61) corresponds to an excita­
tion of the structure at the center (CE). The second solu­
tion (Laxpati and Mittra, Proc. lEE; 114, 3, 352;'67) 
corresponds to an excitation by a ring of voltage generators 
(RE) connected in series with the spiral wires p = K exp 
(-a~) at a radius p from the center. The RE solution, 
though only given f8rmally in a double integral, revealed 
a branch singularity, leading to a surface wave. This led 
to the discovery (Cheo and Rusmey, Rad. Sc., 3, 3, 267;'68) 
that for the CE solution the input power goes almost entire­
ly to the surface wave when the azimuthal variation of the 
solution takes the form of exp(-jn~) (n>O). Since a push­
pull type of excitation consists of both exp(±jn~) modes, 
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the surface wave would cause a gross perturbation when the 
structure is truncated. This problem is the concern of 
this paper. We shall consider the case of tightly wound 
spirals, for which the surface wave is tightly bounded to 
the structure, and strong reflection would occur when the 
structure is truncated. We consider that the reflected 
wave is mainly due to a source distribution at the edge. 
For this the RE solutionis explored in detail. We show 
that the RE solution approaches the CE solution in the 
limit p + 0, and that the RE solution is uniquely deter­
mined oRly when the termination at the center is specified. 
We show that by superimposing the CE and RE solutions one 
can gain the insight of the problem caused by truncation 
and that the radiation is mainly due to the reflected wave. 

12-8 BACKFIRE ZIGZAG ANTENNAS WITli MODULATED :PITCli: 
Roger Forse and Paul E. Mayes, Electrical Engineering 
Department, University of Illinois, Urbana, Illinois 

A simple nonresonant antenna can be devised using two zig­
zag conductors. It was previously shown by Mayes that 
balanced periodic zigzag antennas will operate in a back­
fire mode. The antenna current decays with distance from 
the feedpoint. The rate of decay depends primarily upon 
the pitch angle and conductor radius being small for large 
pitch and/or small conductors. Since it is relatively easy 
to vary the pitch as a function of displacement along the 
antenna axis, a feasible means of controlling the antenna 
current distribution results. Achieving high front-to-back 
ratio depends upon the current being negligibly small at 
the end opposite the feedpoint. Low sidelobes result when 
the current decreases in an almost exponential manner. 
However, for a narrow beam there must be appreciable cur­
rent over the entire antenna. 'A computer analysis of 
bifilar zigzag antennas illustrates some ways in which the 
current distribution can be controlled to achieve given 
desired results. Experimental results are presented which 
show agreement with the computations. 
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Chairman: S. Michaelson, 

University of Rochester 

B12-l THE EFFECTS OF ENVIRONMENTAL TEMPERATURE ON 
THERMOREGULATORY, SERUM LIPID, CARBOHYDRATE, AND 
GROWTH HORMONE RESPONSES OF RATS EXPOSED TO 
MICROWAVES: William M. Houk, S. M. Michaelson, 
and D. E. Beischer, Naval Aerospace Medical 
Research Laboratory, Pensacola, Florida, and 
University of Rochester, Rochester, New York 

Long Evans rats were exposed to 2450 MHz (cw) horizon­
tally polarized microwave radiation at room temperature 
(22.5° C), at low (17.5° C) as well as higher (27.5° C) 
environmental temperature. Three different exposure 
intensities (10.2, 19.6, and 30.5 mW/cm2) (± 0.8 dB) 
were used in a 1.8 x 1.8 x 1.8 m semi-enclosed anechoic 
environmental control chamber. Sets of four animals 
were exposed simultaneously to a selected temperature 
and radiatio.n environment for 150 minutes with a 60-
minute post-exposure period following. After exposure 
the animals were weighed, decapitated, exsanguinated, 
and colonic temperature measured within 90 seconds 
after death. This procedure with sets of four animals 
was repeated with the animal sacrificed at different 
times during the exposure period. None of the sham­
exposed rats demonstrated significant colon temperature 
alterations in the normal low or high temperature 
environments. In rats exposed at room temperature to 
10.2 mW/cm2 , there were no differences in colon 
temperatures compared to the sham-illuminated group. 
The 19.6 and 30.5 mW/cm2 exposure groups were observed 
to have from 0.7 to 1.0° C colon temperature increases 
in the normal environment. Cooling the room negated 
the colonic temperature increase in the 19.6 mW/cm2 

exposed group, and suppressed the increase in the 
30.5 mW/cm2 group. Heating the room caused all colon 
temperature responses seen in all three microwave­
exposed animal groups to rise incrementally (0.3, 0.8, 
and 2.4° C), with an obvious generalized stress 
response observed in the 30.5 mW/cm2 irradiated group. 
The complex serum parameter interrelationships which 
correlate with the environmental temperature alterations 
and the microwave exposures will also be presented. 
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B12-2 THE EFFECTS OF 19 MEGACYCLE IRRADIATION ON MICE 
AND RATS: W. B. Stavinoha, M. A. Medina, 
S. T. Weintraub, D. H. Ross, and A. T. Modak, 
University of Texas Health Science Center at 
San Antonio, San Antonia, Texas 

Mice and rats were exposed to irradiation of 19 mega­
cycles with a magnetic field of 55 amperes per meter 
and an electric field of 8000 volts per meter in a 
"near field synthesizer." After exposure of mice for 
40 minutes per day for 5 days a substantially higher 
death rate was seen in both the irradiated and ther­
mally heated male mice as compared to similarly treated 
female mice and male control mice. The irradiation 
and thermal treatments produced an average rise in 
rectal temperature of approximately 1°C. After ir­
radiation, 28% of the male mice died while only 5% of 
the female mice died. Thermal exposure produced a 
death rate of 21% in male mice and 3% in female mice. 
After one exposure of rats for 40 minutes the average 
rise in rectal temperature was approximately 1°C. No 
lethality was observed in either irradiated or ther­
mally heated animals. In rats no remarkable changes 
were seen in the levels of acetylcholine or catechol­
amines after RF or thermal exposure. Significant 
changes were seen, however, in the concentrations of 
several cations in the brain after exposure. Most 
notably, the concentration of zinc in the cerebral 
cortex increased from 0.28 ~mole/mg to 0.53 ~mole/mg 
after irradiation. 

B12-3 LONG TERM EXPOSURE STUDIES OF HIGH PEAK POWER 
(HPP) PULSED ELECTROMAGNETIC RADIATION ON MICE: 
T. C. O'Grady and Z. R. Glaser, Biomedical Re­
search Laboratory, Naval Surface Weapons Center, 
Dahlgren, Virginia 

Three separate groups of mice were exposed to HPP pulsed 
radiation over a 6-month period, 1 hour per day, 5 days 
per week as follows: Group I, exposed from birth to 
180 days total exposure, consisting of 59 experimental 
animals and 29 control animals; Group II, exposed from 
birth to 180 days also, consisting of 77 experimental 
animals and 22 controls; Group III, exposed from birth 
to 60 days of age. At 20-day intervals in Groups I and 
II (every other day or biweekly in Group III) 6 experi­
mental animals and 3 control animals were sacrificed 
and analyzed for a variety of biological parameters. 
These parameters included clinical blood chemistries 
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(hematocrit, white blood cell count, platelet count, 
differential counts), serum electrophoresis, liver, 
heart and skeletal muscle enzyme activities, and gross 
morphologies. The exposures were made between the 
plates of a HPP pulser operating at ~27 MHz with a field 
strength of ~100 kv/m, pulse duration ~200 nsecs, and a 
repetition rate of 20 pps. The presence of changes in 
any of the biological parameters mentioned above would 
be indicative of a stress effect due to the effects of 
the radiation. 

B12-4 INVESTIGATION OF ELCTROMAGNETIC EFFECTS OF A 
1000 FT. TV TOWER ON MIGRATORY BIRDS: D. G. Burks 
and E. R. Graf, Electrical Engineering Department, 
Auburn University, Auburn, Alabama 

A high incidence of bird collisions at a 1000 ft. TV 
tower north of Tallahassee, Florida, has motivated a 
study of possible electromagnetic effects in bird navi­
gation. Data collected over a 19-year period (1956 to 
present) concerning daily bird kills, number of birds, 
species, and position found formed the basis of a cor­
relation study to determine factors responsible for high 
bird kills. Evidence indicates that bird navigation is 
a complicated process involving the integration of many 
sensory inputs including sight, pressure, smell, and 
magnetic field. Of special interest in our study were 
bird responses to (1) TV radiation from the tower, (2) 
disturbances of natural magnetic and electric fields, 
and (3) lights of the tower. Interference with the 
bird's navigation process that results in an attraction 
to the tower is responsible for bird kills not resulting 
in random incidence. A discussion of'the electromagne­
tic environment of the tower and theories of bird navi­
gation as pertains to this problem will be presented. 

B12-5 SOME DEVELOPMENTAL AND BEHAVIORAL FACTORS OF LOW 
INTENSITY X-BAND RADIATION: C. W. Kindt, 
D, M. Bowden, F. A. Spelman, and M. K. Morgan, 
Regional Primate Research at the Universicy of 
Washington, Seattle, Washington 

Four pregnant Sprague Dawley rats were exposed to low 
intensity X-band radiation for the duration of pregnancy 
(21 days). The offspring were further exposed at the 
s:ame level for an additional 28 days. Appropriate 
controls were done. Several developmental, behavioral, 
and physiological determinations were performed on the 
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offspring and the mothers. The determinations included 
weight gain, righting, exploratory behavior, eye opening, 
ear flap development, internal and external anatomic 
malformations, tooth eruption, corticosteroid levels and 
adrenal weight, and maturation of reproductive systems. 
The rats were used in an attempt to determi"ne possible 
toxic effects of this type of low level radiation on the 
developing organism. This experiment precedes the use 
of infant monkeys in a remote respiration monitoring 
system using X-band radar. 

B12-6 THE BIOLOGICAL SIGNIFICANCE OF RADIOFREQUENCY 
RADIATION EMISSION CHARACTERISTICS ON CARDIAC 
PACEMAKER PERFORMANCE: John C. Mitchell and 
William D. Hurt, USAF School of Aerospace 
Medicine, Radiobiology Division, Brooks AFB, 
San Antonio, Texas 

The effect of radiofrequency (RF) radiation emission 
on cardiac pacemaker function is a unique bioeffects 
phenomena. Dependent on the pacemaker type and design, 
and on the frequency, peak E-field intensity, pulse 
width, and effective' pulse repetition rate of the 
incident RF signal, the pacemaker may cut off 
completely, revert to a fixed interference rejection 
mode of operation, experience intermittent disruption, 
or be totally unaffected. Experimental evidence is 
presented for a wide variety of tests conducted under 
controlled laboratory conditions and in the vicinity of 
numerous types of RF emitters prevalent in U.S. 
population centers. These test results are discussed 
in terms of their clinical significance, technical 
feasibility of designing pacemakers to avoid electro­
magnetic interference, and appropriate design goals to 
achieve overall RF environmental compatibility. 

B12-7 BROADCAST RADIATION: A SECOND LOOK: R. A. Tell 
and D. E. Janes, EPA, Washington, D.C. 

As part of its program to determine the health and 
environmental effects of exposure to nonionizing 
radiation, the Environmental Protection Agency is 
gathering and analyzing information on sources which 
produce radiation levels in the environment. The 
question of broadcast stations as environmental 
sources of nonionizing radiation exposure has been 
previousLy addressed by the authors. This paper 
extends the results of the previous work. This 
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investigation is developed around vertical radiation 
patterns and data supplied by the FCC on the 
heights of transmitting antennas above ground and 
above supporting structures such as building roofs. 
In particular, power densities at roof and ground level 
are calculated for areas very near FM broadcast 
installations using recent information on steep 
depression angle radiation from commonly used FM 
transmitting antennas. Associated field measurement 
data are also discussed and the overall implications 
of this analysis are examined in terms ~f present 
RF exposure standards and philosophy. 

B12-8 HEALTH HAZARDS IN MICROWAVE FIELDS: K. D. Woolas, 
Medical Officer, MOD, United Kingdom 

Few papers are contributed by occupational health physi­
cians having medical care of microwave workers. This is 
remarkable as their work in preventive medicine is the 
ultimate object of so much research, conducted by engi­
neers or physicists, into microwave hazards. The use of 
rats, rabbits, and other small animals for experiments 
has the advantage of strictly controlled conditions and 
the great disadvantage that the results of such work do 
not always clearly extrapolate to human beings. Among 
populations of work-people exposed to microwave fields 
there is a wealth of clinical opportunity for research, 
but the problem is, as always, what to look for. Much 
work has been concentrated on discovering the threshold 
of specific macroscopic damage to discrete organs such 
as the formation of cataracts in eye lenses. It was 
upon such work that the present 10 m. Watts/cm2 safety 
level has been based. The Russian standards, which are 
not based on such heating effects, cause much heart­
searching among occupational health Doctors, as nowadays, 
in industrial medicine, far from preventing gross damage, 
it is not even permissible to detract from the quality 
of life of workers in any industry. Instead of seeking 
gross pathological changes resulting from microwave ex­
posure therefore, we should be on guard against the oc­
currence of more sublte effects which detract from indus­
trial comfort or an individual's efficiency. For instance, 
recent work has shown that protracted exposure to low 
power microwave fields can cause small vacuole formation 
and abnormal striation in the eye lens. Whilst this 
damage is nothing so gross as cataract, causing no dis­
cernible opacity, it would cause impairment of the lens 
elasticity. The focusing capacity is therefore impaired 
and hence the usual onset of presbyopia in middl~ life 
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occurs at an earlier age. Investigations into changes 
of this degree in human populations are advocated and 
preventive measures are discussed. 

B12-9 CRITI:CAL ASPECTS OF HUMAN VERSUS TERRESTRIAL 
ELECTROMAGNETIC SYMBIOSIS: E. Stanton Maxey, 
Biophysics Consultant,Res.earch Division, Miami 
Heart Institute, Miami, Florida 

Man's terrestrial electrical enyirolUllent includes four 
known variables: electrostatic fields, magnetic fields~ 
field modulations, and aerion (positive and negative) 
concentrations. Nature imposes harmonious variations 
in these four factors. Laboratory studies often attri­
bute biological changes to yariati.ons in a single factor 
without adequate consideration of the remaining 
variables. The human organism exhibits revealing 
electrical characteris·tics. Brain waves physiologically 
present at frequencies paralleling the terrestrial 
Schumann resonance and sfer:i:.cs. S·tates of conciousness 
and decision making abilities are correlatable to 
cerebral alpha, beta, and theta-frequencies. Can brains 
be entrained to terrestrial field modulations in the 
same way that ma1DlUalian hearts become synchronized to 
external rotating magnets? Aerions, positive and nega­
tive, affect numerous biological responses including 
blood pH and serotin fluctuations, changes in pulmonary 
oxygen exchange efficiency, and variations in the degree 
of left/right electroencephalographic synchronization. 
The travel of all charged particles is influenced by 
both electrostatic and magnetic field factors. Currents 
induced into the human organism by earth's electrical 
forces are subtle but biologically highly significant. 
Working spaces such as aircraft cockpits, where rapid 
response and precise decision making are critical, should 
be conditioned with regard to aerion concentrations, 
magnetic fields, electrostatic fields, and field modu­
lations. Efficient human function in the man/machine 
link can thereby be augmented. 
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Thursday, October 23 1330 
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B13-l BIOMEDICAL ASPECTS OF RADIOFREQUENCY AND MICRO­
WAVE RADIATION: A REVIEW OF SELECTED SOVIET, 
EAST EUROPEAN. AND WESTERN REFERENCES: Zorach R. 
Glaser. Biomedical Research Detachment, Naval 
Surface Weapons Center, Dahlgren, Virginia; and 
Christopher H. Dodge, Congressional Research Ser­
vice, Science Policy Research Division, Library 
of Congress, Washington, D.C. 

A survey of recent selected Soviet and East European 
references reveals few new trends in the interpretation 
of the effects of radio frequency and microwave fields, 
at least at the clinical level. Soviet and East Euro­
pean investigators continue to report a variety of re­
versible changes in nervous and related functions which 
can occasionally be correlated with changes in animal 
behavior and organelle shifts under experimental con­
ditions. Western investigators, on the other hand, have 
been largely unsuccessful in repeating these findings 
under their own laboratory conditions until somewhat 
recently. There is now some evidence that some Western 
investigators are beginning to obtain certain functional 
and morphological data suggestive of Soviet and East 
European findings. Recent Soviet, East European, and/or 
Western experimental findings, coupled with the pressure 
of public opinion, may have a significant effect on 
their unique positions with regard to the occupational 
exposure levels. This report reflects the authors' 
continuing efforts to comprehensively compile the world 
literature on the subject, and complements an earlier 
review of the subject presented in Richmond in 1969. 
New emphasis has been placed on experimental and theo­
retical research. 

B13-2 THEORETICAL CALCULATIONS OF POWER ABSORBED BY AN 
ELLIPSOIDAL MODEL OF MAN AND ANIMALS IN AN ELEC­
TROMAGNETIC PLANE WAVE: Habib Massoudi, 
Carl H. Durney, and Curtis C. Johnson, University 
of Utah, Salt Lake City, Utah; and Stewart Allen, 
Brooks AFB, Texas 
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A perturbation technique is used to find internal elec­
tric field, the absorbed power distribution, and the 
average absorbed power density of a tissue ellipsoid ir­
radiated by an electromagnetic plane wave when the wave­
length is long compared to dimensions of the ellipsoid, 
a/A < 0.1. Expressions for the average and peak absorb­
ed p~wer inside an ellipsoidal model of man and animals 
are given. The expressions show that the average and 
peak power absorption in the ellipsoid are strong func­
tions of frequency, size, and orientation with respect 
to the incident plane wave field vectors. Six different 
orientations of the ellipsoid with respect to the inci­
dent wave field vectors are considered, and comparisons 
of calcualted data with preliminary experimental data on 
monkeys are given. A physical explanation for the strong 
dependence of absorbed power on orientation of the ellip­
soid is given. The results for the ellipsoidal model 
of man are compared with those of the prolate spheroidal 
model. 

B13-3 TIME-COURSE OF ADRENAL RESPONSE IN MICROWAVE­
EXPOSED RATS: Ronnie Guillet, W. Gregory Lotz, 
and Sol M. Michaelson, University of Rochester, 
Rochester, New York 

Adrenal function was studied in unanesthetized young 
adult male Long Evans rats exposed to microwaves by 
determining corticosterone levels in sequential blood 
samplep obtained via chronic indwelling jugular cathe~ 
ters. Samples were taken before, during, and following 
exposure to microwaves (2450 MHz, CW) at power densi­
ties of 30, 40, or 60 mW/cm2 for lSc, 30, or 60 minutes. 
Plasma corticosterone levels rose in all rats (6/6) ex­
posed to 60 mW/cm2 , regardless of duration of exposure, 
most within 15 minutes, all within 30 minutes of start 
of exposure. Plasma corticosterone levels rose in all 
rats (6/6) exposed to 40 mW/cm2 for 30 or 60 minutes, 
but not in those (2/2) exposed for 15 minutes. One of 
four rats responded with an increase in plasma cortico­
sterone to exposure to 30 mW/cm2 • Plasma corticosterone 
levels tend to plateau during exposure and, in general, 
began to drop sharply following termination of exposure, 
returning to baseline within 30 minutes in all cases. 
The data on rats exposed to thermogenic power density­
time relationships demonstrate the transient nature of 
the response. 
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B13-4 THYROID RESPONSE TO LOCALIZED MICROWAVE EXPOSURE: 
Richard L. Magin, Shin-Tsu Lu, and Sol M. 
Michaelson, University of Rochester, Rochester, 
New York 

Previous studies reporting microwave induced changes 
in thyroid gland function in man and animals have not 
specified the site of action of the microwaves on a 
particular part of the hypothalamic-hypothysial-thyroid 
axis. Localized microwave exposure of the canine 
thyroid gland was undertaken to determine its thermal 
sensitivity. The experiments were conducted at 2450 
MHz utilizing a small (2" xl") dielectrically loaded 
rectangular waveguide applicator. One of the two 
paired thyroid glands was heated with microwaves while 
the other was used as a control. Both thyroid glands 
were surgically exposed and blood collected directly 
from caudal veins draining each gland so that its 
thyroxine secretion rate could be determined. The 
glands were allowed a one hour equilibration period. 
One gland was then subjected to a two hour exposure to 
microwaves. The animals were divided into three 
groups accordin§ to the temgerature rise in the ex­
posed gland (39 C, 42°C, 45 C) with at least five 
animals per group. A sham-exposed group (37°C) was 
also studied. An increase in the exposed gland's 
thyroxine secretion rate (ng T4/min) was observed in 
each group with smallest increase occurring during the 
39°C exposure and successively larger increases during 
the 42°C and 45°C heating. These experiments thus 
show that thyroid gland function can be stimulated by 
temperature increases at the gland of 2°C or more 
above normal. 

B13-5 THE INFLUENCE OF MICROWAVE EXPOSURE ON NEURO­
ENDOCRINE FUNCTION IN THE RAT AND DOG: S. M. 
Michaelson, University of Rochester, Rochester, 
New York 

Functional changes in the neuroendocrine system of ani­
mals and humans exposed to microwaves or radio frequency 
(MW/RF) energies have been reported. It is suggested 
that these changes are due to 1) direct stimulation 
of hypothalamic-hypophysial (H-H) activity resulting in 
changes in production, excretion, or utilization of 
trophic hormones or other endocrine substances; 2) in­
direct stimulation via the central nervous system; and 
3) stimulation of H-H activity due to thermal inter­
actions at the hypothalamic or immediately adjacent 
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levels of organization, the hypophysis itself or the 
particular endocrine gland or end-organ under study. 
Because of the importance of the neuroendocrine system 
in physiologic regulation and integration of body 
function, studies are being performed in rats during 
various periods of their lifespan (prenatal, postnatal, 
juvenile, adult, old) to relate hormone levels (adrenal, 
thyroid, growth hormone) to various regimens of low to 
high (1 mW/cm2-80 mW/cm2) 2450 MHz (CW) microwaves 
by single acute and repeated or chronic exposures. As 
these studies are developed, dogs are to be subjected 
to regional or whole-body microwave exposure for assess­
ment of individual endocrine sensitivity and interspe­
cies comparisons. The first phases of these studies 
have been initiated and the results will be presented 
as a series of four interrelated papers. In general 
these studies show that endocrine perturbation can 
occur in rats and dogs acutely exposed to certain power 
density/time durations of 2450 MHz (CW) microwaves. 
Such perturbation, however, is of a transient nature 
and is related to increase in temperature of the body 
or the individual endocrine gland. Chronic exposure at 
low power density (1-10 mW/cm2)wi11 be required to 
establish the physiological significance of these 
neuroendocrine perturbations. 

B13-6 PSEUDOSUBSTRATE BINDING TO RIBONUCLEASE DURING 
EXPOSURE TO MICROWAVE RADIATION AT 1.70 AND 
2.45 GHz: John W. Allis and Madeline L. Fromme, 
Experimental Biology Division, Environmental 
Protection Agency, Research Triangle Park, 
North Carolina 

The binding between the enzyme ribonuclease and several 
pseudosubstrates was measured during coincident exposure 
to 1.70 or 2.45 GHz electromagnetic radiation using a 
crossed-beam exposure-detection system. This enzyme, 
isolated from bovine pancreas, hydrolyses ribonucleic 
acid at the position of the pyrimidine nuc1eotides. 
Measurements were made spectrophotometrica11y between 
240 and 300 nm using a difference spectral technique, 
i.e., in the sample chamber enzyme and binding agent 
were in the same solution but were kept separate in the 
reference chamber by use of split compartment ~e11s. 
The pseudosubstrates, which bind to the enzyme but do 
not undergo reaction, were 2'-cytidine monophosphate 
(2'-CMP), 3'-cytidine monophosphate (3'-CMP), and 
3'-uridine monophosphate (3'-UMP). Association constants 
for these agents range from 9 x 10 3 M-l to 300 x 10 3 M-l 
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at pH 5.5, where all experiments were performed. The 
solutions in the sample chamber were irradiated at a 
waveguide termination in an apparatus previously de­
scribed. Measurements were performed immediately after 
exposure had begun and after exposure for 30 minutes. 
The absorbed dose rate for the irradiated samples was 
40 W/kg. All experiments were carried out at 25°C 
and the temperature of the sample and reference solutions 
was monitored continuously. No difference in the binding 
of ribonuclease in irradiated solutions and unirradiated 
controls could be detected. 

B13-7 CHRONIC LOW-LEVEL EXPOSURE OF RABBITS TO 
MICROWAVES: Esther S. Ferri and Gary J. Hagan, 
U.S. Department of Health, Education and 
Welfare, Food and Drug Administration, 
Bureau of Radiological Health, Division of 
Biological Effects, Winchester, Massachusetts 

Few studies have been done to determine whether 
biological effects do not occur after chronic low­
level irradiation at 10 mW/cm2 , the level recommended 
as a safe exposure maximum for the general population. 
This laboratory studied six rabbits exposed to 2.45 GHz 
CW radiation in an anechoic chamber to an incident 
power density of 10 ± 1 mW/cm2 for 8 hours per day, 
5 consecu"tive days a week for periods ranging from 
8 to 17 weeks. Monitored daily for possible radiation 
responses were body weight, food and water consumption, 
and coat condition. Weekly, counts of total red 
and white blood cells were made and the lens of the eye 
was examined by slit lamp for changes. As controls, 
the same observations were made on six litter mates 
of the above group, similarly treated and sham-
exposed during identical periods of time. Animals 
were restrained with foamed polystyrene. A slight 
lowering of food and water consumption was observed 
in the irradiated group during the first week of 
exposure. The lowered consumption was not accompanied 
by a detectable weight loss. No other differences 
were detected between experimental and control 
animals. No latent effects were observed up to 
two months post-irradiation. 
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B13-8 MICROWAVE FREQUENCY AS A FACTOR IN THE INDUC­
TION OF LENS OPACITIES IN THE RABBIT EYE: 
Gary J. Hagan and Russell L. Carpenter, 
U.S. Department of Health, Education and Welfare, 
Food and Drug Administration, Bureau of 
Radiological Health, Division of Biological 
Effects, Winchester, Massachusetts 

The role of microwave frequency in the experimental 
induction of lens opacities was tested by irradiating 
the eyes of rabbits for 30 minutes at several power 
levels of either 2.45 or 10 GHz continuous wave 
radiation. The aim was to discover whether the 
lowest incident power density provoking lens changes 
in at least 50% of the irradiated eyes in each group 
was the same or different for the two frequencies. 
In an anechoic chamber, a dielectric lens was employed 
to focus radiation on the eye region, with distances 
from the emitting horn to the dielectric lens and 
from the latter to the eye kept the same in all 
experiments. Effects were observed by ophthalmoscopy 
and slit-lamp biomi~roscopy. It was found that at 
10 GHz, lens changes were induced at a lower power 
density than at 2.45 GHz. At 10 GHz, the power 
density causing change in 50% of the subjects was 
250 mW/cm2 • At 2.45 GHz, it was 320 mW/cm2 • 

B13-9 A STUDY OF THE EFFECTS OF MICROWAVE IRRADIATION 
OF THE RAT TESTES: Gabriel J. Muraca, Jr. and 
Esther S. Ferri, U.S. Department of Health, 
Education and Welfare, Food and Drug Administra­
tion, Bureau of Radiological Health, Division of 
Biological Effects, Winchester, Massachusetts 

Because of the thermal sensitivity of the mammalian 
germinal tissues, the testes constitute a critical 
organ of interest in the study of microwave biological 
effects. To investigate the possibility that thermal 
stress by microwave irradiation induces unique 
biological effects, as opposed to conventional 
heating, the ,testes of albino rats of the Sprague­
Dawley strain were exposed in vivo to 2.45 GHz 
continuous wave radiation and histologically compared 
to testes heated by immersion of the scrotum in warm 
water. Preliminary experiments indicated that an 
intratesticular temperature rise to 40°C by microwave 
irradiation, maintained for periods of five to 
twenty-five minutes, produced degenerative changes in 
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less than 50% of the animals exposed. Temperature 
rises to 38°C and 42°C were also investigated for 
single and repetitive exposures. In both microwave 
and water bath experiments the intratesticular 
temperature was continuously monitored and maintained 
at selected temperatures for chosen periods of time. 
The testes of one hundred animals were exposed to 
microwave irradiation and fifty animals had their 
scrotum immersed in warm water. Similar histological 
damage was observed in both exposure categories with 
observations classified in four categories from 
normal to severely damaged. Results are not incon­
sistent with a thermal mechanism of microwave injury 
to the testes. 

B13-l0COMPARISON OF THERMAL EFFECTS IN THE RABBIT EYE 
FROM MICROWAVE RADIATION AND FROM EXTERNAL HEATING: 
Russell L. Carpenter and Gary J. Hagan, U.S. 
Department of Health, Education and Welfare, Food 
and Drug Administration, Bureau of Radiological 
Health, Division of Biological Effects, Winchester, 
Massachusetts 

If sufficient in power and duration, Microwave radiation 
causes two demonstrable effects in the rabbit eye: (1) a 
prompt increase in intraocular temperature and (2) after 
several days, formation of opacities in the posterior 
subcapsular cortex of the lens. Whether these two 
occurrences rest on a cause and effect relationship is a 
question that has neither been resolved nor satisfactor­
ily addressed experimentally. We therefore have under­
taken experiments designed to raise intraocular 
temperature by the same amount as occurs during a 
cataractogenic exposure to 2450 MHz microwave radiation 
and for the same duration but without employing micro­
waves. This was accomplished by external application of 
heat to the scleral region overlying the ciliary body. 
thus heating the blood flowing to it, the iris, and the 
corneal limbus. The heat source was a thin copper 
girdle shaped to the contour of this region of the eye. 
Soldered to its upper surface was a circular brass tube 
which carried a flow of water from a thermostatically 
regulated water bath. In an initial series of experi­
ments, water bath temperatures were correlated with 
temperature measurements made by thermocouple in the 
vitreous body close behind the lens. We found that this 
type of heating inflicts more severe damage than does 
equiv~lent microwave heating. We observed local venous 

321 



URSI Session B-13 

stasis as well as hemorrhage in ciliary body and iris 
vessels, corneal neovascularization, and many instances 
of extensive hyphemia. The few opacities which developed 
were in the anterior lens cortex, thereby differing in 
location from those induced by microwaves. 

B13-ll THE USE OF STRIPLINE TO STUDY MICROWAVE BIO­
LOGICAL EFFECTS: R. L. Seaman and H. Wachtel, 
Department of Biomedical Engineering, and W. T. 
JOines, Department of Electrical Engineering, 
Duke University, Durham, North Carolina 

Rectangular coaxial transmission line (stripline) has 
been found to be especially convenient in studying the 
effects of microwaves on small biological preparations. 
Plane wave propagation, as in an antenna far field, 
along the stripline provides the basis for a straight­
forward calculation of absorbed power by a preparation 
placed in the inter conductor space. This experimentally 
verified formulation provides knowledge of absorbed 
power during irradiation by monitoring input power to 
the stripline. Only low input powers (lor 2 watts) are 
required to produce absorbed powers on the order of 100 
milliwatts/cm3 • Our modified stripline allows obser­
vation of and access to the preparation. We have used 
the stripline technique to irradiate isolated neural 
tissue while recording electrical activity from the 
neurons. The confined electromagnetic fields allow 
essentially artifact-free recording and insure investi­
gator safety. Intracellular recordings from individual 
neurons of Aplysia indicate effects on neural activity 
and synaptic efficiency at absorbed power levels of.a 
few milliwatts/cm3 • Neural output of the optic nerve 
of Limulus is changed by similar absorbed power levels. 
Results were obtained at experimental frequencies of 
1.5 GHz and 2.45 GHz. Stripline has provided an ex­
cellent means of minimizing many of the problems associ­
ated with researching microwave effects on neural tissue. 

B13-l2ELECTROMAGNETIC FIELD EFFECTS ON ISOLATED NERVE 
TISSUE: Sheldon S. Sandler, Bioelectromagnetics 
Laboratory, Department of Electrical Engineering, 
Northeastern University, Boston, Massachusetts 

A technique has been developed in the laboratory for ex­
posing isolated nerve tissue to a known electric field. 
Freshly dissected frog brains are placed in a coaxial 
exposure chamber and are subjected to a known electric 
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field. Both thermal and non thermal field effects are 
possible. In previous experiments in our laboratory in 
which large motor neurons of the spinal cord were exposed 
to high-voltage sub-nanosecond pulses which produce neg­
ligible thermal heating, no gross histological damage to 
the nerve cells was found. New experiments have been 
performed to see if there is any field effect that can be 
seen on the electron microscope level. A series of ther­
mal heating studies have also been initiated to correlate 
tissue damage to the specific local electric field and 
the local power density in the tissue. 

B13-l30PTICAL ETALON TEMPERATURE SENSOR FOR MICROWAVE 
TISSUE HEATING APPLICATIONS: D.A. Christensen, 
Departments of Electrical Engineering and Bioen­
gineering, University of Utah, Salt Lake City, 
Utah 

For monitoring tissue temperature changes in the presence 
of microwave fields in bioeffects, thawing, and hyper­
thermia applications, we have developed a non-metallic 
measurement system which uses a small optical etalon as 
the temperature sensor connected to the display module 
by an optical path. This avoids the metallic connectors 
and associated field perturbations normally encountered 
with thermistor-type systems. When the temperature of 
the etalon (a small optical flat coated on opposite sides 
to form a cavity) varies, linear thermal expansion and . 
changes in the index of refraction will cause a shift in 
the resonant wavelengths, thereby shifting the wavelength 
positions of nulls in reflectivity from the etalon. One 
method for tracking the amount of wavelength shift and 
thus the temperature change, utilizes an external volt­
age-tunable Fabry-Perot interferometer whose transmitted 
wavelengths are locked to the etalon's reflectivity nulls 
by a synchronous detection technique. Theory predicts, 
and experiments have verified, that the dc tuning volt­
age to the interferometer is linearly proportional to 
the temperature variation of the sensor. We have exper­
imentally tested two eta Ion types with this system. The 
first etalon, fabricated from 0.145 mm thick crown glass, 
was tested from 220 C to 700 C over its extrapolated tem­
perature range of lS4oC, while the second sample, made 
from 3.2 mm thick fused silica, gave a ran§e of 11.loC. 
Temperature resolution was better than 0.5 C and O.OSoC, 
respectively, over these temperature ranges. 
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