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ABSTRACT

This literature survey was conducted to examine the field of millimeter-
wave remote sensing of the environment and collect all relevant obsefvations
made in the atmospheric windows near 90, 140, and 230 GHz of ocean, terrain,
mamrmade features, and the atmosphere. Over 170 articles and reports have
been examined; bibliographic references are provided for all and abstracts are
quoted when available. Selected highlights have been extracted from the
pertinent articles.
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INTRODUCTION

Interest in the millimeter-wave region has been increasing because of
potential applications in secure communications links, high-resolution radar,
tactical target detection, and surveillance systems, and because of develop-
ments in millimeter-wave system components. Compared to use of the microwave
spectrum, use of the.millimeter-wéve spectrum permits antennas to be of
smaller size and permits wider information bandwidths to be incorporated.
Millimeter waves aléo propagate under a wider variety of environmental condi-

tions, relative to optical wavelengths.

The purpose of this literature survey was to examine the field of
millimeter-wave remote sensing of the environment and to collect all relevant
available observations made in the atmospheric windows near 90, 140, and 230
GHz of ocean, terrain, man-made features, and the atmosphere. We have empha-
sized measurements rather than theory and passive rather than radar studies.
Although we strove for completeness in this survey, there are undoubtedly some

reports that have escaped our attention.

A supplementary classified document contains entries in which the

extracts or the author's abstract is classified.




ARRANGEMENT OF BIBLIOGRAPHIC ENTRIES

Every article examined has an entry in this report. Entries are listed

alphabetically by author's last name and include the following information:

1.

An asterisk (*) in the upper cormer of the page indicates that the
article deals principally with theoretical studies, radar work, or
frequencies other than 90, 140, and 230 GHz.

The title.
The author's name and address.
The bibliographic reference.

The DTIC number, followed in parentheses by The Aerospace Corporation
library access number.

If the referenced document is classified, the level of classification
is indicated below the DTIC number. If the extracts or the author's
abstract is classified, an additional entry is included in the
supplementary classified document. (There are five classified
entries.) :

The author's abstract.

Selected highlights (not meant to be exhaustive) appear under
EXTRACTS. For four very pertinent entries, the entire article is
reproduced in the Appendix.




ALTSHULER AND EBEOGLU

SECOND DOD WORKSHOP ON MILLIMETER WAVE TERMINAL GUIDANCE SYSTEMS (ADVERSE
WEATHER EFFECTS)

Edward E. Altshuler
Deputy for Electronic Technology
Hanscom AFB, MA 01731

David B. Ebeoglu
Air Force Armament Laboratory
Eglin AFB, FL 32542

Report No. RADC-TM-76-9, May 1976
ADA-026 270 (A76 5072)

A one-day workshop was held at the Air Force Cambridge Research
Laboratories (AFCRL) on 28 January 1976, on the subject of Millimeter-Wave
Measurements in Adverse Weather. This workshop was organized by the Air Force
Armament Laboratory (AFATL), Eglin AFB, Florida in conjunction with AFCRL,
Hanscom AFB, Massachusetts, and was a part of the DOD Joint Technical
Coordinating Group (JTCG), and Sensors and Seekers Subgroup, coordination
activities.

The objective of this workshop was to extend the level of understanding
of the adverse weather problem within the DOD, so that millimeter-wave systems
can be designed and tested effectively. The key frequencies of interest are
35 and 95 GHz. Invited papers were presented by nationally recognized
researchers from laboratories that had investigated the effects of adverse

"weather on the point-to-point propagation of microwaves. These papers
reviewed measurements, described measurement techniques, and reviewed and
recommended instrumentation. It was concluded that a broad program of

controlled experiments to measure the effects that precipitation .and wet
- background would have on system performance should be conducted. In addition,
it was recommended that flight tests of millimeter-wave systems under actual
adverse weather conditions be carried out. (Authors)

EXTRACTS:

This document contains brief summaries of the 9 papers given at the
workshop.

The following relevant paper from this workshop has a separate entry in
this survey:

Cloud Attenuation at 35 and 95 GHz and Attenuation Diversity Measurements at
30 GHz, by A. W. Straiton, University of Texas, Austin, TX 78731,




APLETALIN, KRAFTMACHER, MERIAKRI,
USHATKIN, AND CHIGRIAI

MATERIAL RESEARCH AT SUBMILLIMETER WAVELENGTHS WITH THE HELP OF BEAM WAVEGUIDE
SPECTROSCOPY METHODS

S. N. Apletalin, G. A. Kraftmacher, V. V. Meriakri, E. F. Ushatkin,
and E. E. Chigriai

Institute of Radioengineering and Electronics

Academy of Sciences of the USSR, Moscow

Anglo=~Soviet Seminar on Atmospheric Propagation at Millimeter and Submilli-
meter Wavelengths, Nov. 28-Dec. 3, 1977, G1-G9, Institute of Radio~
engineering and Electronics, Moscow.

The determination of dielectric properties of water and other materials
at submillimeter wavelengths is very important for propagation problems as
well as for some other applications. We have investigated at submillimeter
wavelengths some materials = 1liquids, low loss solid materials, and
ferrites. (Authors)

EXTRACTS:

Primarily submillimeter data. The only millimeter data are:

Dielectric constant = E' + {iE”

Compound E' E” Frequency (GHz)
propane iodide 47 428 230
iso-propyl iodide 44 ' 552 230
benzyl chloride 46 220 140
benzyl iodide 57 115 " 140
mixture of benzyl

bromide and chloride 51 161 140
water 73 89 140

NOTE: All values measured at 20°C.




ARPA

REPORT OF THE ARPA/TRI-SERVICE MILLIMETER WAVE WORKSHOP

APL/JHU QM-75-009, ARPA TIO-75-3, January 1975
Naval Electronics Laboratory Center
Compiled by: Applied Physics Laboratory, The Johns Hopkins University,

8621 Georgia Avenue, Silver Spring, MD 20920
ADA 089 512 (A79 06241 V1)

An ARPA/Tri-Service Workshop to define an integrated program for the
development and military utilization of the millimeter (1l mm to 1 cm) portion
of the electromagnetic spectrum was held at the Applied Physics Laboratory on
December 16-18, 1974. (L. D. Strom, DARPA) ’

EXTRACTS:

The following pertinent article is entered separately in this document:

FL B. Dyer, Radar Clutter at Millimeter Wave Frequencies.




AU, KENNEY, AND KERR"

MICROWAVE RADIOMEIRIC TEMPERATURES OF AIRCRAFT

Benjamin D. Au, James E. Kenney, and David W. Kerr
Airborne Radar Branch, Radar Division

Naval Research Laboratory

Washington, DC 20375

NRL Memorandum Report 2801, May 1974
AD=-530 342L (A78 0528) '

CONFIDENTIAL

Microwave radiometry was investigated as a possible sensor technique for.
detecting low~flying aircraft from shipboard. If feasible, it would have the
advantage of being all weather, day-night, and passive. Radiometric target
size of B~727, B~737, and DC~-9 commercial jets, a P=3 turbo-prop military
aircraft, and A6 and F4 jet fighters were measured using a ground—based X=band
radiometer. Radiometric target sizes of the attack-sized aircraft were so
small that it was judged unlikely that microwave radiometry could form the
basis of a practical passive system for detecting aircraft attacking an EMCOM
ship. (Authors)




AUMILLER*

AN AIRBORNE 90-GHz RADIOMETER

B. Aumiller

Deutsche Forchungs— und Versuchsanstalt fuer Luft- und Raumfahrt
Institut fuer Flugfunk und Mikrowellen

Oberpfaffenhofen, West Germany

Translation of DLR-Mitt 74-05, 1974 (European Space Research Organization)
(A76 02054) :

This report describes the development, construction, and performance
tests of an airborne 90-GHz radiometry receiver for thermal millimeter wave
radiation measurement. A modified Dicke principal having 2 reference noise
sources 1is used in the receiver, thus ensuring reproducible absolute
calibration. The design of the circuit is dealt with hereinafter, with the
exception of the theory of the thermal millimeterwave radiation and antenna
problems. The description of the individual units is intended to explain
their mode of operation and to make signal tracing possible. The chapters on
alignment, performance test, and calibration give instructions for operating
the radiometer and for quantitative analysis of the measurement results.
(Author) .




BAIRD

MILLIMETER AND INFRARED IMAGE SCANS OF REENTRY VEHICLE TARGETS

J. M. Baird

Hughes Rasearch Laboratories
3011 Malibu Canyon Road
Malibu, CA 902635

Technical Report Calspan 23963, September 1976
(A80 01114) :

This report describes the methods and equipment used to take image data
on reentry vehicle targets at 3.2-mm and 10.6-um wavelengths. The work was
sponsored by the Calspan Corporation of Buffalo, N. Y., within the framework
of programs originating with Ballistic Missile Defense Advanced Technology
Center (BMDAIC), Huntsville, Alabama. The measurements were made using Hughes
image scanning equipment. (Author)

EXTRACTS:

This report describes data tapes; no éample data were presented.




BASHARINOV, BORODIN, EGOROV,
AND SHUTKO

MICROWAVE RADIATION CHARACTERISTICS OF DRY AND MOIST GROUND COVERS

A. E., Basharinov, L. F. Borodin, S. T. Egorov, and A. M. Shutko
Institute of Space Research
Academy of Sciences, Moscow

Meeting of the Soviet-American Working Group on Remote Sensing of Natﬁral
Environment from Space, Feb. 12-17, 1973

NASA Technical Translation F-14975
N73-26153 (A79 06610)

Microwave measurements from space can be used to detect fires, measure
soil moisture and temperature, measure sub-ice soil temperatures and the
thickness of ice cover, as well as in the search for subsurface water.
(Authors)

EXTRACTS:

1) Observations made above dry, uniform cover devoid of dense
vegetation permit measurement of the monthly mean ground temperatures from
radio~brightness measurements in a single centimeter-wave channel. Thus,
latitudinal changes in temperature of the surfaces of Australia and North
Africa were established from measurements made by radiometers aboard
satellites. The findings were in agreement with the monthly mean air
temperatures in these regionms.

The latitude trend of the temperature is less well-expressed for the
Sahara; this is completely in accord with the known picture of the temperature
regime in this region. Spectral contrast measurements show that the diurnal
thermal trend has a marked effect on the brightness temperature as measured in
the short-wave region of the centimeter band.

2) Pronounced contrast characteristics are to be expected in the
presence of fires. Observations of radio-brightness contrast in areas of
burning peatbogs and forest fires yielded abrupt increases of 100°-300° above
the background temperature at 8 mm wavelength.

- 3) Measurements of the radio brightness characteristics of moist
surfaces in the Soviet Union (cm-band) and in the United States (cm and dm-
bands) have shown that the brightness temperature and the moisture content of
the soll are correlated.

Measurements above salt-marshes showed considerable variation in
brightness--by as much as tens of degrees Kelvin--in the absence of patches of
open water on the surface. Estimates show that such variations in brightness
correspond to fluctuations in moisture content of 7-10%. The accuracy of the
ground moisture estimate made from microwave radiometer data was 3-57% for
surfaces lacking vegetation cover. The influence of vegetation was
significant in the centimeter range and was at times evident in the decimeter
range.

4)  Satellite measurements made over Antarctica revealed a correlation
between the monthly mean glacier temperatures and the radiometric
temperatures.

Due to the weak absorption. of microwaves in snow cover, brightness
temperature observations can be used to estimate ground temperature.

5) The authors recommend using centimeter wavelengths to determine the
temperature of the ground cover in the absence of a vegetative cover.
However, with a vegetative cover, or for measurements on snow-covered ground,
they recommend wavelengths of 10 - 30 cm.

9




BAUERLE

NEAR EARTH RADIOMETRIC MEASUREMENTS AT 2.17 MILLIMETERS (138 GHz)

D. G. Bauerle
Ballistic Research Laboratories
Aberdeen Proving Ground, MD 21005

BRL Memorandum Report No. 1658, June 1965
AD-366 497(A66 00668)

CONFIDENTIAL

Radiometric characteristics of ground targets and near—earth millimeter
wave propagation in the 138 GHz "atmospheric window" are examined. A Dicke
type radiometer 1is used to measure the radiometric temperature difference
between certain ground based targets and their natural background. The
variations in radiometric temperature contrasts are noted for gross changes in
atmospheric weather. (Author)

EXTRACTS:

1.  Dry snowfall does not change the target-to—-background temperature
contrast, but heavy wet snow can eliminate all temperature contrasts.

2. Any amount of rainfall from a light drizzle to a heavy thunderstorm,
will completely eliminate all target-to~background contrast.

3. Ground fog and light cloud cover will reduce only slighcly the target—-to-
background contrast.

4, Heavy rain clouds can raise the apparent sky temperature to the ambient
background temperature, eliminating target-to-background contrast.

10 .




BECHIS

ATMOSPHERIC INFLUENCES ON PASSIVE MILLIMETER-WAVE SEEKERS: MEASUREMENTS,
MODELING, AND SYSTEMS APPLICATIONS

K. P. Bechis

The Analytic Sciences Corporation
Reading, MA 01867

Proceedings of the Workshop on Millimeter and Submillimeter Atmospheric
Propagation Applicable to Radar and Missile Systems
Technical Report RR-80-3, 143-148, February 1980

The overall effectiveness of millimeter wave radiometry in passive
missile guidance and target detection systems is influenced principally by
atmospheric effects on signal propagation and on the contrast brightness
temperatures between targets and thelr surroundings. The attenuating effects
of clouds, rain, and other aerosols, along with atmospheric molecular resonant
absorption lines, must be considered in predicting the effectiveness of both
up~ or down-looking mm-wave radiometric systems. This paper presents
measurements of various sky brightness temperatures and attenuations through
clear sky, various cloud overs, and precipitation (made with the University of
Massachusetts 13.7-m mm~wave radio telescope). This paper also describes a
very flexible mathematical model and FORTRAN program (at the Analytic Sciences
Corporation (TASC)) capable of predicting the performance of a passive up- or
down-looking radiometer at any altitude, zenith or nadir angle, in any weather
environment, and for any postulated target. (Author)

11




BEEBE et al.*

94~GHz SENSOR TOWER TEST PROGRAM: FINAL REPORT

M. E. Beebe, J. Salsman, et al.
Missile Systems Group

Hughes Af{rcraft Co.

Canoga Park, CA

(213) 883~2400, Ext. 10353

Report No. MSG 6507R, February 1976

Done for MOMT at Eglin AFB. Comments by Beebe on September 12, 1979:
"An old report with very limited data. Georgia Tech now has far better data.”
Report not obtained.




BLUE

PERMITIVITY OF SEA WATER AT MILLIMETER WAVELENGTHS

M. D. Blue
Georgia Institute of Technology
Atlanta, GA 30332

Project #A=1784, August 1976
NASA=CR~148719
N76 30911 (A79 06609)

Measurements of reflectivity of sea water and ice at 100, 140 and 180 GHz
are reported. Measurements on water covered the temperature Tange 0 to
50°C. No anomalies in the dielectric properties of water due to the presence
of either salts or organic matter were found. The reflectivity of water and
its temperature dependence are consistent with recent dielectric properties
models derived from data at other wavelengths. The index of refraction of ice
{s constant at 1.78 throughout this region. (Author)

EXTRACTS:
Sea Water Tap Water Tap Water Tap Water

Temperature -5 to =20°C 20°C 20°C -10°C
Frequency (GHz) 99 103.8 135.6 135.6
Reflectivity 0.0785 £ 0.0112 0.392 % 0.014 0.341 £ 0.002 —
Change in reflectivity with

temperature near 20°C —— 0.0036/°C 0.0042/°C e
‘Index of refraction 11.78 £ 0,08 3,24 - 1 1,825 2,94 - 1 1.52 1.78 £ 0.02
Dielectric constant 13.17 ¢ 0.27 7.16 = 4 11.825 6.33 - 1 8.96 -—

The 103.8~GHz reflectivities at 20°C of Gulf of Mexico sea water and tap water
are not measurably different.

*lmaginary componen:t has not been determined.

13




BLUE AND PERKOWITZ"

REFLECTIVITY OF COMMON MATERIALS IN THE SUBMILLIMETER REGION

M. D. Blue
Georgia Institute of Technology
Atlanta, GA 30332

S. Perkowitz
Emory University
Atlanta, GA 30332 .

'1EEE Transactions MIT-25, No. 6, Jume 1977, 491-493,

The appearance of an illuminated scene at submillimeter wavelengths is
determined by surface reflectivity. Reflectivities of some man-made and
natural materials have been measured. The results provide some insight for
evaluating possible applications of submillimeter radiatiom. (Authors)

EXTRACTS:

Nafural and man-made samples' reflectivities were measured at 20 to
200 em~* (600 to 6000 GHz, or 0.5 to 0.05 mm).

14




BOMMARITO, STOGRYN, POE, DICKEY,
AND OLSON

'MICROWAVE IMAGER SENSOR STUDY

J. J. Bommarito, A. P. Stogryn, G. A. Poe, R. D. Dickey, and B. C. Olson
Aerojet ElectroSystems Co.

1100 West Hollyvale Street

Azusa, CA 91702

Volume I = Executive Summary, Volume II ~ Final Report
June 1976
ADB~012 514L (A78 05315)

This final report details the work performed on a study to develop an
approach to the detection and quantification of precipitation over land and
water backgrounds and to determine the accuracy to which sea surface winds
could be measured utilizing satellite~borne passive microwave radiometry.

Prior work had indicated that detection of precipital activity might be
restricted to ocean surface backgrounds. A major breakthrough in the modeling
of precipitation signatures was realized by the incorporation of the
scattering effects from rain particles into the analytical model which
previously considered only absorption and reradiation effects. It was
determined that precipitation can be effectively detected over both land and
ocean backgrounds and classified into light (2 mm/hr), medium (2-10 mm/hr) and
heavy (10 mm/hr) rainfall rates with a combined 37- and 94-GHz imaging

microwave radiometer. The results of the theoretical model were verified at

37 GHz wusing data obtained from the Electronically Scanned Microwave
Radiometer on Nimbus 6 and extensive ground truth data.

It was determined by theoretical analysis that sea surface wind speed may
be inferred from microwave data over a large range of conditions with an
accuracy of better than 2 meters per second with a combined 19.35- and 37-GHz
sensor. .

A hardware study was performed and a preliminary design of a dual-
polarized mechanically scanned system operating at 19.35, 37 and 94 GHz was
generated. This design is compatible with the measurement accuracy
requirement for precipitation detection and quantification, sea surface
measurement, and sea ice mapping. The system is also compatible with the
physical constraints imposed by the DMSP Block 5D-2 vehicle and utilizes near
term (1976-1980) hardware technology. Concepts for next generation systems
utilizing far term technology (mid 1980's) were also investigated. (Authors)

15




BORDER"

MILLIMETER WAVE RADIOMETRIC TARGET ACQUISITION SYSTEM

Robert L. Border

Aero jet-General Corporation
9200 East Flair Drive

El Monte, CA 91734

AFAL-TR=-70-31, March 1970
AD 512 228 (A70 06022)

CONFIDENTIAL

Description of a 19.35-GHz passive radiometer.

16




CHANTRY”®

DIELECTRIC MEASUREMENTS IN THE SUBMILLIMETER REGION AND A SUGGESTED
INTERPRETATION OF THE POLEY ABSORPTION

G. W. Chantry

Division of Electrical Science
National Physical Laboratory
Teddington, Middlesex, England

IEEE MTT-25, No. 6, 496-500, June 1977

Modern activity in the field of extra~high-frequency dielectric measure-
ments on polar liquids is briefly reviewed and the means for carrying them out
briefly described. It is now possible to determine the co%plex permittivity
(and hence the complex refractive index) over the range 10° = 1013 Hz to an
absolute precision of 1 percent and it is therefore worthwhile to reexamine
the "liquid-lattice” theory which was put forward some time ago as an explana-
tion for the additional Poley absorption. This theory is found to give a good
account of the absorption spectrum of liquid chlorobenzene in the microwave,
millimeter, and submillimeter regioms. (Author)




CIOTTI, SOLIMINI & BASILI*

SPECTRA OF ATMOSPHERIC VARIABLES AS DEDUCED FROM GROUND-BASED RADIOMETRY

P. Ciotti, D. Solimini, and P. Basili
Istituto di Elettronica

Facolta di Ingegneria

Universita di Roma

Via Eudossiana 18

00184 Rome, Italy

1978 International IEEE/AP-S Symposium and USNC/URSI Spring Meeting,
Washington, D.C., May 1978

Ground-based radiometric observations have proven to be effective means
for remotely determining both the static and the dynamic thermal vertical
structure of the lower troposhere. Since the meteorological parameters are
random fields, the atmospheric radiance measured by a ground-based radiometer
fluctuates randomly in time, and, under suitable conditions, these fluctua-
tions result essentially from atmospheric temperature fluctuations. A rela-
tionship between the spectral density of the output of the radiometer and the
spectrum of the atmospheric temperature is obtained, and in particular the
special case of frozen turbulence is investigated.

In the experiment which is reported the downgoing radiance has been
measured in several bands of the infrared in which the atmosphere exhibits
different absorptions. The low-frequency spectral density of the fluctuating
radiance has been computed both by a suitably windowed fast Fourier transform
and by the maximum-entropy method. The latter technique is shown to yield
either high spectral resolution or enhanced smoothing according to the order
of the prediction filter which controlled the spectral estimation procedure.
Data are presented on two classes of spectra corresponding to different sta-
bility conditions of the atmospheric boundary-layer. (Authors)

EXTRACTS:

Atmospheric modeling and comparison with data taken around the absorpcion
peaks of CO, (4.5 micrometers) and Hy0 (6.4 micrometers).

18




COFFRIN™

MILLIMETER RADIO TRANSMISSION FOR INTRA-BASE COMMUNICATIONS

W. E., Coffrin

Raytheon Company

Communications Systems Laboratory
141 Spring Street

Lexington, MA 02173

CR-13, 15 July 1971
AD-901 371

. The multiple pair cable used in current intra-base communications tends
to complicate system installation, operation, and maintenance. An exchange
area radio net using a low cost and lightweight transceiver would be a major
improvement. This study investigates the suitability of digital transmission
on millimeter radio for the intra-base system.

A base communication model is derived to 1illustrate the telephone
transmission requirement and the physical characteristics of the intra-base
system. A radio system concept is developed and evaluated. Background
studies cover design questions in the " areas of propagation, system
installation, system self-interference and radio design. . A cost analysis
indicates the economic practicality of the system by comparison to multiple
pair cable system costs. (Author)

19




CONCORAN”

FAR-INFRARED-SUBMILLIMETER PHASED ARRAYS AND APPLICATIONS

We. Je« Concoran
Institute for Defense Analyses
Arlington, VA 22202

1EEE MIT-22, 1103-1107, Dec. 1974
The concept of a phased array of far—infrared (FIR) or submillimeter
(SMM) waveguide lasers that can be scanned electronically is presented.

Grating lobe reduction by computer analysis is shown. Possible applications
of SMM arrays are considered. (Author)

20




CORSI, DALL'OGLIO, FONTI, GUIDI, MELCHIORRI, MELCHIORRI,
AND NATALE

ATMOSPHERIC NOISE IN THE FAR INFRARED (300-3000 MICROMETERS)

S. Corsi, G. Dall'Oglio, S. Fonti, I. Guidi, B. Melchiorri, F. Melchiorri, and
V. Natale :

Infrared Section of Florence TESRE Laboratory -

Consiglio Nazionale delle Ricerche

Florence, Italy

F. Mencaraglia

Cattedra di Fisica dello Spazio
University of Florence
Florence, Italy

P. Lombardini and P. Trivero
Laboratorio di Cosmogeofisica
Consiglio Nazionale delle Ricerche
Torino, Italy

S. Sivertsen
Auroral Observatory
Tromsoe, Norway

LEEE MTT-22, No. 12, 1036-1041, December 1974

Noise measurements in the frequency regions 5-200 Hz and 5.2 x-lO'A to
8.3 x 10~2 Hz have been performed in the wavelength region between 300 and
3000 micrometers from. the high altitude observatory of Testa Griga, Italy
(3,500 m). In the high frequency region a specially designed Ge bolometer
operating in background-limited-infrared=photoconductor conditions matched to
a l.5~m telescope has been used, while at low frequencies a radiometer
designed for atmospheric transmittance measurements was employed. In both
regions no excess noise with respect to the photon noise relative to 300° K
blackbody has been detected. (Authors) :

21




CRANE™

ATTENUATION DUE TO RAIN—-A MINI~REVIEW

Robert K. Crane

Lincoln Laboratory

Massachusetts Institute of Technology
Lexington, MA 02173

1EEE AP-23, 750-752, September 1975.

This i3 a brief review paper on rain-caused attenuation. The paper is a
mini-review sponsored by the Wave Propagation Standards Committee of the
IEEE. The paper reviews progress on the development and verification of a
theory of rain-caused attenuation. The paper also considers the statistical
models required to predict attenuation. (Author)

22




CRANE

RAIN EFFECTS IN THE 10 TO 100 GHz FREQUENCY RANGE

R. K. Crane

Environmental Research and Technology, Inc.
696 Virginia Road

Concord, MA 01742

Proceedings of the Workshop on Millimeter and Submillimeter Atmospheric
Propagation Applicable to Radar and Missile Systems, Redstone Arsenal,
AL 38509, 0. M. Essenwanger and D. A. Stewart (editors)

Technical Report RR-80~3, 24~31, February 1980

Rain can significantly affect the operation of active or passive sensor
systems operating with 10 to 100 GHz or higher frequencies. Reasonable models
are available for the estimation of the magnitude of the specific attenuation
and backscatter cross section per unit volume produced by rain of known inten-
sity. Occurrence prediction models are also available. Model calculations
are presented and combined with observations. (Author)

23




CURRIE, DYER, AND EWELL*

CHARACTERISTICS OF SNOW AT MILLIMETER WAVELENGTHS

N. C. Currie, F. B. Dyer, and G. W. Ewell
Engineering Experiment Station

Georgia Institute of Technology

Atlanta, GA 30332

AP-S Digest, October 1976

A series of radar measurements were performed at 35 and 95 GHz in order
to determine the penetration and backscatter properties of snow. The radars
utilized for these measurements were relatively short pulse (approximately
50 ns) systems employing relatively narrow antenna beamwidths (approximately
1 degree). Both of the systems were dual polarized, that 1s, either
horizontal or vertical polarization could be transmitted, and the parallel and
cross~polarized component received. Both of the radar systems were triggered
simultaneously, and the antennas could be accurately aimed using boresighted
riflescopes; these features permitted truly simultaneous pulse—by—pulse data
to be obtained. Both of the systems employed logarithmic receivers and
suitable sample—and~hold circuits so that true pulse-by=pulse data were

recorded. The systems were installed in a truck-mounted instrumentation van

with a temporary shelter erected on top for protection of exposed equipment
from the enviromment; mylar windows were provided for each of the systems to
view the measurement area. (Authors)
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CURRIE, DYER, AND HAYES”

RADAR LAND CLUTTER MEASUREMENTS AT FREQUENCIES OF 9.5, 16, 35, AND 95 GHz

N. C. Currie, F. B. Dyer, and R. D. Hayes

Engineering Experiment Station

Georgia Institute of Technology ,
Atlanta, GA 30332

Contract DAAA-25-73=C-0256, 2 April 1975
AD-A012 709 (A76 01485)

A series of measurements of radar backscatter from foliage and other
natural objects have been made at frequencies of 9.5, 16.5, 35, and 95 GHz.
The geometry of the experiments and the equipment were chosen so as to provide
data useful to the equipment designer in the choice of operating frequency for
his particular mission. Amplitude statistics for both horizontal and vertical
polarizations were obtained. "Noncoherent spectral measurements and
correlation properties were investigated in detail as functions of frequency,
incident angle, and windspeed. Limited comparisons are made between previous
measurements and analyses and the current experimental results, and certain
properties of the results are discussed in relation to the phenomenology of
land clutter. Extensive summaries of the data obtained are included as a part
of the report. (Authors)

25




CURRIE, HAYES, BOMAR, APPLEGATE, _
HOOVER, AND DYER : ;

3

RADAR MILLIMETER BACKSCATTER MEASUREMENTS, VOLUME II, TARGET SIGNATURES

Nicholas C. Currie, Robert D. Hayes, Lucien C. Bomar, Marshall S. Applegate,
Ralph A. Hoover, and Frederick B. Dyer

Engineering Experiment Station -

Georgia Institute of Technology

Atlanta, GA 30332

Report No. AFAL-TR-77-92, Vol. 2, July 1977
ADC 015 118 (A79 07104 V2)

CONFIDENTIAL

A series of radar backscatter measurements of the reflectivity properties
of snow, wet/dry foliage, and man-made targets have been made at K-band
(35 GHz) and M—~band (94 GHz) in support of the Millimeter-wave Contrast
Guidance (MCG) Seeker program. The results are presented in two volumes:
Volume I gives the snow and wet/dry foliage reflectivity results and Volume
II, presented here, summarizes the signature measurements on man-made
targets. The measurements of the radar and radiometric signatures of man—made
targets were conducted at 35 GHz and 93 GHz. Radar cross—section azimuth cuts
were performed for depression angles of 20 degrees, 29 degrees, .40 degrees,
and 49 degrees, for horizontal and vertical polarization. Passive radiometric
cuts were also performed but for a limited subset of the targets. The results
of these tests are discussed along with descriptions of the test site,
measurement procedures, and the targets on which the measurements were per-
formed. The results include comparisons of the data for similar targets, dis-.
tributions of the cross-section values, polar presentation of the target
responses, spectral properties, and a description of a brief target modeling
effort for one target. Recommendations are made as to further testing and
analysis which are needed to fully characterize the target signatures.
(Authors)

See also the extract in the supplementary classified document.
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CURRIE, HAYES, AND WARNER "

MILLIMETER TARGET SIGNATURE MEASUREMENTS

N. C. Currie and R. D. Hayes
Engineering Experiment Station
Georgia Institute of Technology
Atlanta, GA 30332

C. L. Warner
Air Force Armament Laboratory
Eglin Air Force Base, FL 32542

Proceedings of the Sixth DARPA/Tri-Service Millimeter Wave Conference
Tactical Technology Office (Editors), Defense Advanced Research Projects

Agency, 1400 Wilson Blvd., Arlington, VA 22209, p. 225-237, November 1977
(A78 01438) :

SECRET

Previous programs aimed at determining the military usefulness of passive
millimeter-wave radiometric guidance techniques have concluded that a severe
range limitation exists due to the small target-to-background contrast.
Various signal processing techniques have been explored to enhance the
probability of detection; however, it presently appears that the active radar
mode of operation is necessary to achieve adequate detection ranges with the
limited apertures available in small missile airframes. Design for operation
in this mode requires a thorough evaluation of target and background
signatures for the frequency regions of interest. These signature
measurements are necessary to generate target detection algorithms, evaluate
effects of target scintillation on guidance aimpoint accuracy, determine the
minimum dynamic receiver signal range necessary for proper performance, and
predict probable target-to-background signal ratios. (Authors)

See also the extract in the supplementary classified document.
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%
CURRIE, HOOVER, BOMAR, AND WARNER

RADAR MILLIMETER BACKSCATTER MEASUREMENTS ON HARD TARGETS

No C. Currie, R. A. Hoover, L. C. Bomar, and C. L. Warner, II
Engineering Experiment Station

Georgia Institute of Technology

Atlanta, GA 30332

AFAL-TR=77-13
AD-COl 261L (A78 00461)

CONFIDENTIAL

A series of measurements on the active cross—section of armored targets
- has been made at 35 and 93 GHz. Radar cross-section and passive radiometric
contrast azimuthal cuts have been performed for depression angles of 20, 29,
40 and 49° for horizontal and vertical polarizations. These data are discuss=~
ed in the report along with descriptions of the test site, the measurements
procedure, and the targets on which the measurements are performed. Data
analysis includes comparison of the results of similar targets and preliminary
distributions of the cross—section values. Recommendations are made as to
further data analysis which should be performed on the data collected during
the tests. (Authors)

See also the extract in the supplementary classified document.
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CURRIE, MARTIN, AND DYER®

RADAR FOLIAGE PENETRATION MEASUREMENTS AT MILLIMETER WAVELENGTHS

N. C. Currie, E. E. Martin and F. B. Dyer
Engineering Experiment Station

Georgia Institute of Technology

Atlanta, GA 30332

Georgla Institute of Technology Project No. A-1485-100, 31 December 1975
AD-A023 838 (A79 06021)

A series of radar measurements on the penetration of foliage has been
made at frequencies of 9.4, 16.2, 35, and 95 GHz. Comparison measurements
were made using both one-way and two-way techniques at 9.4 and 16.4 GHz, and
two~way techniques only at 35 and 95 GHz for similar foliage areas. The bulk
of the measurements were made at depression angles below 3°, although a few
one-way measurements were made at 9.4 and 16.2 GHz for depression angles near
30°. Attenuation properties, polarization ratios, and noncoherent spectral
and -correlation properties were investigated as a function of frequency,
polarization, depth of foliage, and wind speed. Limited comparisons are made
with published data for the lower frequencies. (Authors)

EXTRACTS:

95-GHz experimental measurements of radar foliage penetration:

1. Attenuation varies as a function of foliage depth. . Maximum depth of
radar penetration was about 4 meters-at 95 GHz.

For a single oak tree the average dry attenuation was 4.5 (£1.6) dB/m and
the average wet attenuation was 12,2 dB/m.

2. Dry measurements 1indicate that the attenuation constant varies
directly with the log of the frequency, and 1is essentially independent of
polarization,

The foliage examined was deciduous: oak, dogwood, hickory, maple and
sweetgum,
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DARPA

PROCEEDINGS OF THE EIGHTH DARPA/TRI-SERVICE MILLIMETER WAVE CONFERENCE

System Planning Corporation
1500 Wilson Boulevard
Arlington, VA 22209

" August 1979
(A80 00326)

SECRET

These Proceedings contain papers presented at the Eighth DARPA/Tri-

Service Millimeter Wave Symposium, held on 3 to 5 April 1979, at Eglin Air
Force Base, Florida. . Papers were presented on millimeter wave guidance,
surveillance, target acquisition, and fire control systems, and on components,
phenomenology, simulation, and modeling.

10.

i1.

12.

The following pertinent articles have separate entries in this survey:

Reflectivity Characteristics of Clutter and Targets at 35 and 95 GHz by
J. A. Scheer, D. L. Odom, and R. C. Haraway.

Millimeter Wave Propagation Measurements Over Snow by D. T. Hayes et al.

Reflectivity and Emissivity Characteristics of Snow, Ice and Wet Ground
at Millimeter Wave Frequencies by R. D. Hayes, J. A. Scheer, and R. Lane.

Multifrequency Millimeter Radar Sea Clutter Measurements by R. N.
Trebits, N. C. Currie, F. B. Dyer, and J. J. Teti.

Results of MIRADCOM Workshop on Millimeter and Submillimeter Atmospheric
Propagation Applied to Radar and Missile Systems by R. L. Morgan, J. D.
Stettler, and G. A. Tanton.

Effects of Smoke Obscurants on Millimeter Waves by J. E. Knox.

Millimeter Wave Ra&ar Transmission Through High Explosive Artillery
Barrages by F. C. Petitio and R. Harris.

Near-Field Target Measurement by E. L. Johansen and A. Moffet.
Millimeter-Wave High-Resolution Plan Position Indicator and Azimuth-
Elevation Imagery for Surveillance and Classification by J. H. Parker and
L. P. Johnson.

Covert Sensing From Space by R. F. Ogrodnil.

Millimeter Wave Measurements of Targets and Clutter by B. S. Yaplee,
J. P, Hollinger and B. E. Troy.

140 and 220 GHz Development Work at BRL by R. A. McGee.
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DARPA

PROCEEDINGS OF THE SIXTH DARPA/TRI-SERVICE MILLIMETER WAVE CONFERENCE
Tactical Technology Office
pefense Advanced Research Projects Agency

1400 Wilson Boulevard
Arlington, VA 22209

November 1977
(A78 01438)

SECRET

These Proceedings contain papers presented at the Sixth DARPA/Tri~-Service
Millimeter Wave Symposium, held on 29 and 30 November 1977, at Harry Diamond
Laboratories, Adelphi, Maryland. Papers were presented in four sessions:
Tactical Systems, Strategic Systems, Phenomenology, and Components.
The following pertinent articles have separate entries in this survey:

1. Detection of Strategic Targets with a NMMW Satellite by G. A. Gordon.

2. Radar Tracking of an M-48 Tank at 94 and 140 GHz by R. A. McGee and J. M.
Loomis. .

3. Target Detection by Millimeter Wave Radiometry by R. S. Roeder, R. E.
Wilt, and M. M. Milstead.

4, Propagation Effects for Millimeter Wave Fire Control System by T. N.
Patton, J. J. Petrovic, and J. Teti.

5. Scattering Measurements at 35, 94, and 140 GHz From Metamorphic Snow by
D. T. Hayes et al.

6. Millimeter Target Signature Measurements by N. C. Currie, R. D. Hayes,
and C. L. Warner. ' ;

7. Passive Radiometer Performance in Foul Weather by M. West; Jr. and J. R.
Ashwell. '
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DAVIES, PARDOE, CHAMBERLAIN, AND GEBBIE

SUBMILLIMETRE~ AND MILLIMETRE~WAVE ABSORPTIONS OF SOME POLAR AND NON-POLAR
LIQUIDS MEASURED BY FOURIER TRANSFORM SPECTROSCOPY

M. Davies and G. W. F., Pardoe
Edward Davies Chemical Laboratory
University College of Wales
Aberystwyth, Cardiganshire, England

John Chamberlain ,

Division of Electrical Science
National Physical Laboratory
Teddington, Middlesex, England

H. A. Gebbie R
National Bureau of Standards
Boulder, CO 80302

Transactions of the Faraday Soéiety_gg, 273, 1970

An assessment of the Fourier transform spectrometer indicates the advan-
tages to be gained from its application to the millimetre~wave region (10 to
2 em "), The attainable resolving power is ad?quace for the study of broad
absorptions which occur in liquids below 100 em ‘. With a mercury arc source,
appropriate beam dividers, and an indium antimonide detector at 1K continuo?s
refraction and absorption spectra have been obtained below 50 em * (to 2 cm
for some typical polar and non-polar liquids.

Results for water, aniline, 1,4~diocan, cyclohexane, decahydronapthalene,
dimethyl acetylene (2-butyne) and l~octyne are reported and considered in re-
lation to earlier microwave dielectric data and far infra-red measurements.
Water and aniline show strong, almost featureless, absorptions which are pro-
bably due to the superposition of three or four processes. The nom~polar and
weakly polar liquids show much smaller absorptions: 1,4-dioxan has a profile
consistent with a zero permanent electric dipole momenti 2-butyne and l-octyne
show a rising linearly with v over the range 5-50 cm The origin of the
absorption in non-polar liquids 1s different from the dominant mechanism in
polar liquids although the peak values for both lie in the submillimetre-~wave
regions. The non~polar absorption peaks occur at frequencies which correlate
with those calculated for molecular collisions in the liquids using the formu-
lations of Mie and Bradley. (Authors)
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The shaded area represents the contribution of the Debye dipolar

is proportional to s and v (O v.
Tt is 35 % of the total area.

absorption to the area A beneath the curve.
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DEIRMENDJIAN

FAR INFRARED5AND SUBMILLIMETER WAVE ATTENUATION BY CLOUDS AND RAIN

D. Deirﬁendjian
The Rand Corporation
Santa Monica, CA 90406

April 1975
ADA-021 942 (A76 00650)

Newly determined optical constants for water at far infrared and
submillimeter wavelengths, as revealed by a recent survey, are used to
estimate water cloud and rain attenuation over the wavelength range between
12 ym and 2 cm. For this purpose new analytic dropsize distribution models
simulating fog, nimbostratus clouds, and rain corresponding to rainfall rates
of 10 and 50 mm/hr, are set up. The corresponding volume extinction and
absorption coefficients are computed according to polydisperse Mie scattering
theory at specific wavelengths and presented in tables and graphically in
plots for purposes of interpolation.

It is found that cloud extinction may exceed 50 nepers per kilometer in
the A< 100 ym region whereas for wavelengths longer than 200 um, under near

“saturation conditions, water vapor absorption should be the dominant

attenuator. The greatest attenuation by heavy rain may be expected around
5 mm with a value of about 5 nepers per kilometer. The results also suggest
that, in the presence of non-precipitating water clouds or fog there may be a
relative transmission "window” centered around 1.3 mm. (Author)

EXTRACTS:

Complex indices of refraction of water = 2.50 - 1,091 at 1 mm
= 2.5604 - 0.89471 at 2 mm
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DIGEST"

DIGEST OF LITERATURE ON DIELECTRICS, VOLS. 36 & 37 (1972-3)

Library of Congress 45-33864
45-335828 v |
45~335818 |

EXTRACTS:

Frequencies of measurement were rarely indicated, but when specified they
were 0.l or 10 GHz.
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DOWNS

A kEVIEw OF ATMOSPHERIC TRANSMISSION INFORMATION IN THE OPTICAL AND MICROWAVE
SPECTRAL REGIONS

A. R. Downs o

Ballistics Research Laboratory

Aberdeen Proving Ground, MD 21005

BRL Memorandum Report No. 2710, December 1976
ADA 035 059 (A79 06032)

Much information has been generated over a long period of time on the
transmission through the atmosphere of radiation of various wavelengths. This
report represents an attempt to consolidate some of the available information
into a single report. This report addresses five wavelengths each in the
optical and microwave regions. Attenuation mechanisms considered are Rayleigh
and Mie scattering and absorption by both water vapor and water drops.
Atmospheres characterized by visibilities between 0.1 km (fog) and 325 km
(clear air) and by rainfalls at rvates up to 64 om/hr are considered.
Pertinent formulations and tables are provided to assist in calculating
attenuation coefficients characteristic of a wide variety of atmospheres, and
the adequacy of the data bases upon which such calculations rest 1is
assessed. A limited amount of information is also provided on .the attenuation
characteristics of smoke and dust. (Author)

EXTRACTS:
The waveléngths of 0.55, 1.06, 2., 3.8, and 10.6 micrometers are exam=

ined. Computed rain absorption and transmission coefficients for frequencies
of 9.375, 35, 94, 140, and 240 GHz are tabulated.-
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DUDZINSKY”

ATMOSPHERIC EFFECTS ON TERRESTRIAL MILLIMETER WAVE COMMUNICATIONS

S. J. Dudzinsky
Rand Corporation
Santa Monica, CA 90606

Report No. R=1335-ARPA, March 1974
AD-780 602 (A74 05916)

This report, prepared as a contribution to the Defense Advanced Research
Projects Agency's study on Millimeter Wave = Technology, combines the most
current information on the transmission properties of millimeter waves with
currently available meteorological data to derive a methodology that may be
used by the design engineer in estimating the performance of millimeter-wave
systems in the atmosphere and in the presence of rainfall. An understanding
of atmospheric transmission losses, especially losses due to rainfall attenua-
tion, 1s required to properly design reliable millimeter-wave communication
links and other millimeter-wave systems that rely on propagation through the
atmosphere. The emphasis here is on high=reliability communications in which
outages are 0.l percent (530 min of outage per year) or less, but the method-
ology described applied to higher outage systems as well. (Author)
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DYER®

RADAR CLUTTER AT MILLIMETER WAVE FREQUENCIES

F. B. Dyer

Sensor Systems Division
Engineering Experiment Station
Georgia Institute of Technology
Atlanta, GA 30332 '

Report of the ARPA/Tri-Service Millimeter Wave Workshop

APL/JHU QM-75~009, ARPA TI0-75-3, January 1975

Compiled by Applied Physics Laboratory, The Johns Hopkins University,
Silver Spring, MD 20920

The purpose of the discussions presented here is to provide an overview
of the current status of clutter measurements at millimeter wavelengths and to
suggest some areas where additional measurements might be fruitful. Back-
scatter from rain, land clutter, and sea clutter at the principal millimeter
radar bands is reviewed and related to benchmark data obtained at X band.
Although only data obtained by Georgia Tech investigators are presented, it 1s
believed that they represent an important area of current interest. Because
the investigations are actually still being actively pursued, many of the
results reported are preliminary in nature and should be considered as subject
to change. (Author)
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ATMOSPHERIC ABSORPTION MEASUREMENTS IN THE REGION OF 1 mm WAVELENGTH

R. Emery
Goddard Iastitute for Space Studies
New York, NY 10025

Infrared Physics 12, 65~79, March 1972.

Using a Froome—=type plasma-metal junction harmonic generator, high resolu-
tion transmission measurements have been made on the atmosphere in the wave=~
length’range 0.5-3.0 mms Theoretical spectra have been computed for submil-
limetre=-millimetre wavelength atmospheric absorption due to water vapor using
the kinetic equation form for the line shape.

Measurements were made on the basic parameters of the main water vapor
absorption lines occurring in the wavelength range 0.65-3.0 mm. The pure
water vapor line width parameters are found to be constant for_the three main
absorption lines in this range and equal to 0.55 % 0.05 cm ‘. The water
vapor-nitrogen line width parameter for the 1l.64-mm wavelength 1line is
measured to be 16 per cent larger than theory, having a value of 0.1lll %
0.005 cm'l, and is constant over a range of pressures.

Comparison between theory and observation for the absorption in two sub-
millimeter wavelength windows strongly favors the kinetic equation form of the
line shape rather than the mores usual Lorentz shape. (Author)

+
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EMERY, MOFFAT, BOHLANDER, AND GEBBIE

MEASUREMENTS OF AN?MALOUS ATMOSPHERIC ABSORPTION IN THE WAVE NUMBER RANGE
4 cm~! TO 15 em™

R. J. Emery, P. Moffat, R. A. Bohlander, and H. A. Gebbie
Appleton Laboratory

Ditton Park -

Slough S13 9JX, England

Journal of Atmospheric and Terrestrial Physies 37, No. 4, 587-594, April 1975

Field measurements have been made of atmospheric absorption in the wave-
number range 4 cm - to 15 em © [2.5 mm to 0.7 mm], usiqg a 200-meter hori-
zontal transmission path and at a resolution of 0.2 em ‘. The results are
compared with theoretical spectra based on water vapor monomer absorption, and
anomalous absorption spectra are presented. There is support from some pre-
liminary laboratory work. A binding energy of between 0.4 and 0.8 electron
volts per molecule is derived for the water vapor complex responsible for the

absorption. (Author) o
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ESSENWANGER AND STEWART

PROCEEDINGS OF THE WORKSHOP ON MILLIMETER AND SUBMILLIMETER ATMOSPHERIC
PROPAGATION APPLICABLE TO RADAR AND MISSILE SYSTEMS, Redstone Arsenal,
20-22 March 1979

0. M. Essenwanger and D. A. Stewart, editors
Research Directorate

U.S. Army Missile Laboratory

Redstone Arsenal, AL 35809

Technical Report RR-80~3, February 1980

A workshop on millimeter and submillimeter wave propagation through the
atmosphere was held on 20-22 March 1979 at Redstone Arsenal, Alabama. This
workshop served as a forum where scientists in diversified fields exchanged
information on the latest results and discussed controversial issues and unre-
solved problems.

The first few papers were concerned with MICOM needs. They specified the
operating regions of interest for tactical applications and explained the
rationale for the selection of these regions. The Terminal Homing Measure-
ments Program was described.

Several papers discussed absorption by water vapor. Classical theories
do not adequately describe the measured absorption in window regions between
strong absorption lines. Alternate methods of explaining the discrepancies
are to introduce reasonable modifications to existing models of line shapes or
to consider the effect of water vapor dimers.

Other effects on atmospheric propagation and instrumentation for
measuring these effects were also discussed. Absorption and scattering by
hydrometeors, dust and  smoke were considered. Additional papers were
concerned with terrain effects, turbulence, natural atmospheric emissions,
refractivity gradients, and the relatively new method of pulse generation by
swept=-gain superradiance. (Authors) '

EXTRACTS:
Pertinent articles have been entered separately in this document:

1. Rain Effects in the 10 to 100 GHz Frequency Range, R. K. Crane.

2. Seasonal Atmospheric Emission at 94 GHz, J. H. Rainwater, J. J.
Gallagher, and P. B. Reinhart. ‘

3. Measurements of Attenuation Due to Simulated Battlefield Dust at 94
and 140 GHz, J. J. Gallagher, R. W. McMillan, R. C. Rogers, and D. E.
Snider. ' ’ _

4, Atmospheric Influences on Passive Millimeter-Wave Seekers: Measure-
ments, Modeling, and Systems Applications, K. P, Bechis.

5. Millimeter Wave Attenuation in Moist Air--«A Review, H. J. Liebe.

6. Dust Clouds-—Models and Propagation Effects, J. H. Thompson.
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ESSIG

A SAMPLING OF MILLIMETER WAVE TECHNOLOGY IN EUROPE--FALL 1977
F. C. Essig

Physics Division

Naval Weapons Center, China Lake

ADB 026 692L

EXTRACTS:

A survey of experimental European research sites in the millimeter-wave
region.
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FORAL

MILLIMETER RADAR INVESTIGATION

Marvin J. Foral

Aero~electronic Technology Department '
Naval Air Development Center '

Warminster, PA 18974

Airtask No. A370370E/0018/3F34371709, 26 March 1973
AD~910 157L (A79 06629)

The first effective radar system operating at 95 GHz was constructed and
- tested at NAVAIRDEVCEN, Hanover, New Hampshire, Boca Raton, Florida, and
Montauk Point, Long Island. 'The tests were conducted with various targets
over land, snow and water. These results and possible applications of the
radar system are discussed. (Author) ' :
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GALLAGHER, McMILLAN, ROGERS, AND SNIDER

MEASUREMENTS OF ATTENUATION DUE TO SIMULATED BATTLEFIELD DUST AT 94 AND 140 GHz

Js Je Gallagher, R. W. McMillan, and R. C. Rogers
Georgia Institute of Technology

Engineering Experiment Station

Atlanta, GA 30332

D. E. Snider
U. S. Army Atmospheric Sciences Laboratory
White Sands Missile Range, NM 88002

Proceedings of the Workshop on Millimeter and Submillimeter Atmospheric
Propagation Applicable to Radar and Missile Systems, Redstone Arsenal, AL 35809
0. M. Essenwanger and D. A. Stewart (editors)

Technical Report RR-80-3, 100-108, February 1980

During the £all of 1978, a series of measurements, called DIRT I, of
electro-magnetic wave propagation through simulated battlefield dust were con-
ducted at White Sands Missile Range. This paper gives an overview of the entire
DIRT I test as well as detailed results of those tests for millimeter wave (94
and 140 GHz) frequencies.

Attenuation measurements were made over an instrumented 2 km range. In the
center of the range, explosive charges of different sizes were detomated, and the
resulting signal level was compared to that existing before the explosive
event. - Measurements were also made of attenuation caused by artillery shells
fired into the center of the range, and of that caused by burning diesel oil and
rubber. :

Both magnitude and duration of attenuation were found to vary with the
amount of the explosive, sometimes reaching 30 dB and 20 seconds respectively.
Copies of chart recorder tracings showing attenuation of both explosion products
and  oil smoke are presented. 0il smoke  propagation measurements show

"scintillations of 3 to 5 dB. (Authors)

EXTRACTS:

Additional reports on the DIRT* I measurements are: ‘ '

1) Measured Effects of Battlefield Dust and Smoke on Visible, Infrared, and
Millimeter Wavelength Propagation compiled by J. D. Lindberg. An entry for this
report is under Snider, McMillan and Gallagher.

2) Millimeter Wave Propagation Through Battlefield Dust by R. W. McMillan,
R. Rogers, R. Platt, D. Guillory, J. J. Gallagher and D. E. Snider. This report
is entered under McMillan et al.
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GAMBLE AND HODGENS

PROPAGATION OF MILLIMETER AND SUBMILLIMETER WAVES

William L. Gamble and Tony D. Hodgens
U.S. Army Missile Research and Development Command
Redstone Arsenal, AL 36809

U.S. Army Missile Research and Development Command Report No. TE=77-14
22 June 1977
AD-023 662L (A79 06507)

This report presents the results of a literature survey of the effects of
the atmosphere on millimeter and submillimeter wave propagation. The regioms-
investigated were confined to a range of 35 to 408 GHz (8.570 to 0.835 mm). A
summary of existing theoretical and experimental data is presented for various
atmospheric conditions. Meteorological uncertainties and their effects on
attenuation measurements are described. Areas where supplemental data are
required for an understanding sufficient to the needs of systems designers are
presented. (Authors)

EXTRACTS:

Clear air: " Considerable differences exist in experimental (and
theoretical) data.

Inclement weather: Attenuation through standard atmospheres with fog

(visibility = 100 m, T = 18-24°C) and with rain (T = 23° C) are compared with
theoretical values.

Rain: Almost no experimental data exist on the volume reflectivity of
rain above 100 GHz. Graphs of average backscatter and measured attenuation
vs. rain rate. '

Fog and haze: Characteristics of advection and radiation fog vs. liquid
water content.

Smoke, dust, plumes: . Experimental data virtually non-existent. BRL made
94- and 140-GHz measurements through fog, oil, and hexachlorocethane smoke dust
from 155-mm howitzer white phosphorus rounds and a moving vehicle. No measur-
able attenuation recorded.

Snow and hail: Experimental data practically non-existent (some work
performed in USSR). Attenuation of wet snow was 2.5 times greater than that
of an equivalent rainfall (wet snow has 30-407% greater water content than dry
snow). Overall, propagation through snow is expected to be excellent unless
heavy wet snows are encountered,

Weather conditions: Weather conditions are divided and averaged, separa-
ting the four seasons. Charts for W. Germany and central NATO of rainfall
rate, temperature, frequency and duration of fog, and average cloud ceilings.

Several of the authors' figures follow.
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GAUT AND REIFENSTEIN"

fNTERACTION MODEL OF MICROWAVE ENERGY AND ATMOSPHERIC VARIABLES

Norman E. Gaut and Edward C. Reifenstein, III
Environmental Research and Technology, Inc.
58 Guinan Street

Waltham, MA 02154

NASA CR-61348, April 20, 1971
N71-25079 (A79 03037)

Results are presented for a study of the effects of water vapor, liquid
water and ice upon radiative transfer processes at microwave frequencies and

. in the far {infrared. The fundamental processes by which these species

interact with microwave energy are discussed, and their statistics analyzed in
terms of their application to a range of remote sensing problems.

Theoretical expressions for the water vapor absorption coefficent at
microwave frequencies are reviewed, and an efficient computer oriented
algorithm 1is presented for 1its computation. The Mie theory is reviewed, and
the unit volume effects of typical liquid water and ice cloud distributions of
the spectral region from 10 cm to 10 microns are examined. Characteristics of
the two dimensional distributions of water vapor, liquid water, and ice in the
atmosphere have been collected on planetary, synoptic, meso and microscales,
and are examined in terms of remote sensing applications. Extreme values of
each are established as a function of scale size and related to the
attenuation and noise energy produced and their fluctuations in time.

The information content of radiosonde and cloud data has been used in the
4=D Atmospheric Model and Cloud Statistics Program. This model is examined
for its utility in simulating and predicting the influence of the atmosphere
on surface observations from a space observer. (Authors)
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GENERAL PRECISION®

FINAL REPORT ON A MILLIMETER WAVE RADIOMETER GUIDANCE MEASUREMENT PROGRAM

Systems Division
General Precision, Inc.
Aerospace Group

Wayne, NJ 07470

Contract No. DA-30-069-AMC-621(R), October 1964
K2091014 (A65 05284)

CONFIDENTIAL

A field measurements program was conducted to evaluate the performance of
a closed~loop 35-gc passive radiometer system. This work, under the sponsor=
ship of Ball;stic Research Laboratories, Aberdeen, Maryland, was performed
using an experimental radiometer guidance system developed by Aerospace
Systems Division, General Precision, Inc.

This report correlates actual data with system performance predicted by a
theoretical model. The data supports the theoretical model, within the con-
straints imposed by characteristics of the experimental equipment and the test
sites. '

This measurements program has resulted in several significant accomplish—~
ments:

= Effective passive tracking of stationary and moving targets in their

natural environment have been demonstrated.

= Tracking ranges and angular rates . approaching predicted values were

achieved.

= Specific improvements in equipment parameters to improve system perfor-

mance have been identified. These parameter improvements are well
within the state~of~the-art. .

= Successful semi~active tracking was also demonstrated.

Recommendations are made for additional effort which will demonstrate the
full potential of passive millimeter-wave tracking. Such an effort would
require the use of improved equipment in a test site affording visibility from
an elevated vantage point. (Author)
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GEOPHYS1CS®

HANDBOOK OF GEOPHYSICS

Revised Edition, 1960

United States Air Force

Air Research and Development Command
Alr Force Research Division
Geophysics Research Directorate
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GIBBINS, WRENCH, AND CROOM

ATMOSPHERIC EMISSION MEASUREMENTS BETWEEN 22 AND 150 GHz

C. J. Gibbins, C. L. Wrench, and D. L. Croom
Science Research Council

Appleton Laboratory

Slough, Great Britain

Anglo-Soviet Seminar on Atmospheric Propagation at Millimeter and
Submillimeter Wavelengths, Nov. 28 ~ Dec. 3, 1977, K1-K5
Institute of Radioengineering and Electronics, Moscow

Atmospheric emission measurements have been made under clear sky
conditions at frequencies between 22 and 150 GHz. These measurements have
been used to determine the total one-way atmospheric attenuation at the
zenith., Comparison between experimental results and theoretical calculations
indicate that at the higher frequencies, the attenuation due to water vapor is
in excess of that predicted by up to about 60%. (Authors)

EXTRACTS:
95 GHz: Zenith attenuation versus total precipitable water (W, in cm):
A (dB) = 0.41 (+ 0.04) + 0.35 (£0.02) W
Compared to the 90-GHz measurements of Shimabukuro and Epstein:
A (dB) = 0.16 + 0.40 W [Std. Dev. = 0.18]
150 GHz: 7enith attenuation versus total precipitable water (W):

A (dB) = 0.28 (£0.25) + 1.19 (20.14) W
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GNISS AND MAGURA®

MILLIMETER WAVE IMAGING OF GROUND BASED OBJECTS

H. Gniss and K. Magura
Forschungsinstitut fuer Hochfrequenzphysik
Forschungsgesellschaft fuer Angewandte Naturwissenschaften e, V.

Forshungsbericht Nr. 1-78

Lfd. Nr. 153

Wachtberg~-Werthoven, January 1978
(ABO 00444)

This report deals with the problems concerning the recognizability of
millimeter wave images, which were obtained from various targets (models of
ground based objects) at 36 GHz in laboratory experiments. Of special
interest is the dependence of the image fidelity onm lateral resolution of the
mapping aperture and the form, orientation and depolarization properties of
the target. Because of the spatial distribution of only a limited number of
scattering centers on the object, which depend on aspect angle and
polarization generally, the image fidelity is affected strongly. Smoothing of
the resulting image intensity fluctuations 1is obtained through incoherent
superposition of independent partial images. Finally, the image disturbances
resulting from ground and environment clutter are investigated. (Authors)
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GOLDHIRSCH*

PREDICTION METHODS FOR RAIN ATTENUATION STATISTICS AT VARIABLE PATH ANGLES AND
CARRIER

Julius Goldhirsch

Applied Physics Laboratory
Johns Hopkins University
Laurel, MD 20810

1EEE AP-23, No. 6, 786=791, November 1975

Fade depth and space diversity statistics of propagation along earth=-
satellite paths have been calculated from radar reflectivity data of rain
using modeling procedures. The reflectivity data base was obtained during the
summer of 1973 at Wallops Island, VA, using a high resolution S-band radar
{nterfaced with a computer and digital processing system. Fade statistics
have been calculated at various path angles at several frequencies between 13
and 100 GHz. Subsequent analysis has demonstrated the ability to predict the
following: 1) fade statistics at other path elevation angles given similar
type statistics at a particular path angle, 2) space diversity statistics at
other frequencies, given similar type statistics at a particular frequency,
and 3) fade statistics at a third frequency given similar type statistics at
two other frequencies. Although a specific data base was used pertaining to
the climatology at Wallops Island, the techniques developed are general and
may be applied to existing or future "fade measurements” at other climatologi-
cal locations. (Author)
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GOLDSMITH, PLAMBECK, AND CHIAQ

MEASUREMENT OF ATMOSPHERIC ATTENUATION AT 1.3 AND 0.87 mm WITH AN HARMONIC
MIXING RADIOMETER

P. F. Goldsmith, R. L. Plambeck, and R. Y. Chiao
Department of Physics

University of California

Berkeley, CA 94720

LEEE MTT-22, 1115-1116, December 1974

The atmospheric attenuation at "1.3 and 0.87 mm was measured above Mount
Hamilton, California in the period December 5 to December 9, 1973. The total
beamwidth of the 120" Lick Observatory telescope used in the Coude configu-
ration was measured to be 3' at 1.3 mm. (Authors)

EXTRACTS:

The attenuation at 1.3 and 0.87 mm is due primarily to water vapor
absorption lines at 2.25 mm (183.3 GHz), 0.926 mm (323.8 GHz), and 0.795 mm
(377.4 GHz). The authors state "the present measurements confirm the expecta-
tion of Ulaby and Straiton that their predicted attenuation between the lines
{{.e., at 230 GHz] is too low compared to the attenuation near the line
centers,” but give no predicted attenuation values to compare with their
measurementse.

Calibration measurements were taken as the temperature difference between
an absorber (Eccosorb AN=72) at liquid nitrogen temperature and at ambient
temperature.
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GORDON"™

DETECTION OF STRATEGIC TARGETS WITH A NMMW SATELLITE RADIOMETER

G. A. Gordon

R & D Associates

Post Office Box 9695
Marina del Rey, CA 90291

August 1977
(A77 05360)

SECRET

New analyses of aircraft and ship detection performance of a passive
radiometer operating in the NMMW region.

EXTRACTS:

This document is a rough draft of the article which appears in Proceed-
ings of the Sixth DARPA/Tri-Service Millimeter Wave Conference by the same
author and title.

At 1.3 mm wavelength, even.a cloud with extreme ice density (0.3 g/m3) and
max%mum thickness (7 km) has negligible effect on target visibility. For 0.l
g/m” ice crystal density the attenuation rate is estimated at 0.04 dB/km at
1.3-mm wavelength.
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GORDON"™

DETECTION OF STRATEGIC TARGETS WITH A NMMW SATELLITE RADIOMETER

G. A. Gordon

R & D Associates

Post Office Box 9695
Marina del Rey, CA 90291

Proceedings of the Sixth DARPA/Tri-Service Millimeter Wave Conference
Tactical Technology Office (editor), Defensed Advanced Research Projects

Agency, 1400 Wilson Blvd., Arlingtonm, VA 22209, p. 63-71, November 1977
(A78 01438)

SECRET
This paper considers the performance of a satellite-based radiometer

operating at near-millimeter wavelengths for detecting strategic targets such
as large aircraft. (Author)

Extracts are in the supplementary classified document.
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: GREENEBAUM AND KOPPEL"

A STUDY OF MILLIMETER AND SUBMILLIMETER WAVE ATTENUATION AND DISPERSION IN THE
EARTH'S ATMOSPHERE

M. Greenebaum and D. Koppel
Riverside Research Institute
80 West End Avenue
New York, NY 10023

ADA~Q15 544 (A79 07630)

A summary 1s presented of new calculations of atmospheric absorption line
parameters and of a slant=path absorption line model intended for use in the
millimeter and submillimeter wave spectral regions. Results of a literature
survey concerning altitude-~dependent attenuation and dispersion in this spec-
tral region, as well as weather-dependent scattering and fading strengths, are
also summarized. Recommendations are given for improving the data base and
for reducing the uncertainties in the model predictions.

A list of the 318 absorption lines of the molecular oxygen isotopes of
principal concern in atmospheric transmission below 300 cm * is included,
together with their integrated strengths at 296 K, line widths, lower-state
energies, and identifying quantum numbers, in the format of the AFCRL Atmos-
pheric Absorption Line Parameters Compilation. Reference is made to a series
of Technical Reports which give complete documentation of the calculations
leading to these values and to similar calculations for carbon monoxide, as
well as of a detailed description of the SLAM program. (Authors)
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GRUENER

SIMULTANEOUS RADIOMETRIC MEASUREMENTS AT 32 GHz AND 90 GHz

K. Gruener
Deutsche Forschungs— und Versuchsanstalt fuer Luft— und Raumfahrt
D 8031 Oberpfaffenhoffen, Federal Republic of Germany

Proceedings of the 9th Intermational Symposium von Remote Sensing of the
Environment, 15-19 April 1974, 151-157, Envirommental Research Institute,
University of Michigan, Ann Arbor, MI 48104

ADA 008 469 (A77 00616)

The paper gives an 1insight upon a part of the present experimental
activities in the area of microwave radiometry. A preliminary selection of
measurements which were made from a stationary platform 21 meters above ground

is discussed. (Authors)

The entire article has been reproduced in the Appendix.
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GUENTHER®

INDEX OF 3.2-mm AND 10.6-ym IMAGE DATA TAPES

B. D. Guenther

Physical Sciences Directorate

Technology Laboratory

U.S. Army Missile Research and Development Command
Redstone Arsenal, AL 35809

Technical Report TR=77-2, 1 February 1977

This report describes radar image data of military vehicles at wave-
lengths of 3.2 mm and 10.6 um available on magnetic tape from the Physical
Sciences Directorate. This report is to provide an index of the available
. {mages for prospective users. Additional study of the images and methods of
processing them will be carried out at Hughes Research Laboratories and the
U.S. Army Missile Research and Development Command. (Author)
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GUENTHER" ,

SUBMILLIMETER RESEARCH: PRELIMINARY REPORT ON MILLIMETER AND INFRARED IMAGES
OF MILITARY VEHICLES

B. D. Guenther
Physical Sciences Directorate
U.S. Army Missile Research, Development and Engineering Laboratory

U.S. Army Missile Command
Redstone Arsenal, AL 35809

Technical Report RR=77=-4, 10 November 1976

A summary of the types of radar images obtained at 3.2 mm and 10.6 um are
presented along with samples of some of the images. (Author)
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GUENTHER, BENNETT, GAMBLE, AND HARTMAN

SUBMILLIMETER RESEARCH: A PROPAGATION BIBLIOGRAPHY

B. D. Guenther, J. S. Bennett, W. L. Gamble, and R. L. Hartman
Physical Sciences Directorate .
U.S. Army Missile Research, Development and Engineering Laboratory

U.S. Army Missile Command
Redstone Arsenal, AL 35809

Technical Report RR-77-3, November 1976
This report is an annotated bibliography given on the subject of

submillimeter propagation. . Several articles are recommended as a good
starting point for reviewing the current state-of-the-art. (Authors)
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HAYES, LAMMERS, MARR, AND McNALLY

MILLIMETER WAVE PROPAGATION MEASUREMENTS OVER SNOW

D. T. Hayes, U. H. W. Lammers, R. A Marr, and 1st Lt. J. J. McNally
Rome Air Development Center
Hanscom AFB, MA 01731

Proceedings of the Eighth DARPA/Tri-Service Millimeter Wave Conference

System Planning Corporation (editor), 1500 Wilson Blvd., Arlingtonm, VA 22209,
p. 91-100, April 1979

(A80 00206)

SECRET

Data are presented showing the scattering properties of snow as a func~
tion of frequency (35, 98, and 140 GHz), incident angle, polarization, snow
type and free water content. Data are also included to demonstrate the effect
of snow cover on multipath propagation at the same frequencies. (Authors)
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HAYES, LAMMERS, MARR, AND McNALLY

SCATTERING MEASUREMENTS AT 35, 94 AND 140 GHz FROM METAMORPHIC SNOW

D. T. Hayes, U. H. W. Lammers, R. A. Marr, and J. J. McNally
Rome Air Development Center

Electromagnetic Sciences Division

Hanscom AFB, MA 01731

Proceedings of the Sixth DARPA/Tri-Service Millimeter Wave Conference
Tactical Technology Office (editors) Defense Advanced Research Projects

Agency, 1400 Wilson Blvd., Arlington, VA 22209, p. 216-224, November 1977
(A78 01438)

SECRET
The normalized backscatter coefficient from metamorphic snow has been
measured as a function of incidence angle. Measurements were also made for

various bistatic angles. Among other factors the effect on the normalized
backscatter coefficient of free water in the snow was determined. (Authors)
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HAYES, SCHEER, AND LANE

REFLECTIVITY AND EMISSIVITY CHARACTERLISTICS OF SNOW, ICE AND WET GROUND AT

MILLIMETER WAVE FREQUENCIES

R. D. Hayes and J. A. Scheer
Engineering Experiment Station
Georgia Institute of Technology

Atlanta, GA 30332

Captéin T. Lane

Alr Force Armament Technology Laboratory

Eglin AFB, FL 32542

Proceedings of the Eighth DARPA/Tri-Service Millimeter Wave Conference
System Planning Corporation (editor), 1500 Wilson Blvd., Arlingtom, VA 22209,

p. 101-108, April 1979
(A80 00206)

SECRET

The data presented in this paper will assist in determining the potential
for the capability of processing techniques to enhance the target in the clut=~

ter background. (Authors)

EXTRACTS:

Vertical Polarization

2' tall grass
(water on the ground)

4" grass
(75% soil moisture)

Snow falling (1"/hour)

Emissivity Calculated from Radiometric Data

94 GHz

0.86

0.98
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94 GHz

Horizontal Polarization

0.78

0.96
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HILLS, WEBSTER; ALSTON, MORSE, ZAMMIT,
MARTIN, RICE, AND ROBSON

ABSOLUTE MEASUREMENTS OF ATMOSPHERIC EMISSION AND ABSORPTION IN THE RANGE
100-1000 GHz

Infrared Physics 18, 819-825, September 1978

R. E. Hills and A. S. Webster
Cavendish Laboratory
Madingley Road

Cambridge CB3 OHE, U.K.

D. A. Alston, P. L. R. Morse and C. C. Zammit
Polytechnic of Central London

115 New Cavendish St.

London WIM 8JS, U.K.

D. H. Martin and D. P. Rice
Queen Mary College

Mile End Road

London El 4NS, U.K.

E. I. Robson

Preston Polytechnic
Corporation Street
Preston, PRl 2TQ, U.K.-

A spectrometer has been constructed which consists of a polarizing
Michelson interferometer with a cooled detector, hot and cold reference
bodies, a tilting mirror and a computerized control and data handling
system. It has been used to obtain well-calibrated spectra of atmospheric
emission as a function of water vapor content and zenith angle. Preliminary
analysis of spectra taken at 2400 m on Tenerife shows that the opacity in the
millimeter wavelength windows is low, is proportional to the secant of the
zenith angle under stable conditions, and is well correlated with the readings
of near=IR hygrometers. (Authors)

EXTRACTS:

Preliminary results only.
No reduced data for a frequency near 230 GHz were presented.
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HO, MAVROKOUKOULAKIS, AND COLE"

RAIN-INDUCED ATTENUATION AT 36 AND 110 GHz

K. L. Ho
Department of Electronic Engineering
Hong Kong Polytechnic, Hong Kong

N. D. Mavrokoukoulakis and R. S. Cole
Department of Electronic and Electrical Engineering
University College London, London = WClE 7JE

Results are presented of the ratlios of the rainfall attenuation measured
simultaneously along a common path at 36 GHz and 110 GHz. These ratios agree
well with the theoretically derived ratios assuming the Laws—Parsons distribu-
tion. (Authors) p
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HOFER AND SCHANDA

EMISSION PROPERTIES OF WATER SURFACES AT 3 mm WAVELENGTH

R. Hofer and E. Schanda
Institute of Applied Physics
University of Berne

3000 Berne, Switzerland

Proceedings of the URSI Commission II, Specialist Meeting on Microwave
Scattering and Emmission from the Earth 23-26 September 1974, 17-23
(QC 809, M6 161)

Antenna temperature and forward scattering measurements at 94 GHz on
water surfaces in a temperature range between 7 and 45°C are compared and dis-
cussed. The angular dependence of the considerable atmospheric contribution
in this frequency region according to the secant-law is verified and taken
into account for all measurements. Oil-polluted water and surface waves are
studied. (Authors) :

EXTRACTS:

Dielectric constant (¢ = E' - iE") measurements:

E' E" emissivity
Water T = 9°C 9.4 8.6 0.66
15 7.3 10.6 0.63
- 20 -_— — 0.62
23 8.0 13.2 0.60
0il film 2.5 7.6 0.67
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HOFER AND SCHANDA

EMISSION PROPERTIES OF WATER SURFACES AT 3 mm WAVELENGTH

R. Hofer and E. Schanda
Institute of Applied Physics
University of Berne

3000 Berne, Switzerland

Proceedings of the 9th International Symposium on Remote Sensing of the
Eavironment, 15~19 April 1974, 17«23, Eavirommental Research Institute,
University of Michigan, Ann Arbor, MI 48104 :

ADA 008 469(A77 00616)

Antenna temperature~ and forward-scattering measurements at 94 GHz on
water surfaces in a temperature range between 7 and 43 °C are compared and
discussed. The angular dependence of the considerable contribution of the
atmosphere in this frequency region according to the secant~law is verified
and taken into account for all measurements. An oil-polluted water surface
and surface waves are studied. (Authors) ‘

The entire article has been reproduced in the Appendix.
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HOFER AND SCHANDA

SIGNATURES OF SNOW IN THE 5 TO 94 GHz RANGE

R. Hofer and E. Schanda
Institute of Applied Physics
University of Berne
Sidlestrasse 5

CH-3012 Berne, Switzerland

Radio Science 13, No. 2, 365-369, March—April 1978

A long-term observational study of the microwave emission and scattering
behavior of snow under quasi-controlled conditions was started recently on a
high-altitude Alpine test site. Results of the first set of measurements,
carried out with five radiometers at frequencies of 4.9, 10.5, 21, 36, and
94 GHz, are reported and preliminary interpretations are given. The spectral
reversal of the brightness temperature and its dependence on look angle and
polarization provided a means to distinguish between different snow states and
to estimate the wetness factors of the surface layer of the snow pack. From
an electromagnetic scattering standpoint snow cover is an excellent medium to
use for studying volume scattering. (Authors)

EXTRACTS:

Snow characterized according to wetness:

a) dry=-no liquid water content.

b) wet=-more than 1% liquid water content. Causes. a blackbody behavior at
36 and 21 GHz: shows no angular variation and the brightness tempera=
ture is nearly identical to its physical temperature.

¢) humid==lies between dry and wet. Brightness temperature at higher
microwave frequencies may change 50 K or more due to changing humidity
within less than a half hour.

At 94 GHz the snow surface acted almost like a diffuse scatterer with only

slight variations due to look angle and polarizatiom.
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noce”

MILLIMETER~WAVE COMMUNICATLON THROUGH THE ATMOSPHERE
D. C. Hogg |

Bell Telephone Labs

Crawford Hill Laboratory

Holmdel, NJ 07733

Science 159, Number 3810, 39-46, 5 January 1968

The known and unknown features of short radio wave propagétion are dis-
cussed.
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HOLLINGER®

PASSIVE MICROWAVE MEASUREMENTS OF THE SEA SURFACE

James P. Hollinger

E. O. Hulbert Center for Space Research
Naval Research Laboratory

Washington, D. C. 20390

"Journal of Geophysical Research 75, No. 27, 5209-5213, Sept. 20, 1970

Passive measurements of the sea surface were made in March and April 1969
from the Argus Island tower at 8.36 and 19.34 GHz over a range in wind speeds
of from calm to 10 m/sec. These measurements show a definite dependence of
microwave brightness temperature on wind speed and on sea foam. This depen-
dence is the same at the two observational frequencies within the error . of
measurement. (Author)
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HOLLINGER"

PASSIVE MICROWAVE MEASUREMENTS OF SEA SURFACE ROUGHNESS

James P, Hollinger

E. O. Hulbert Center for Space Research

Naval Research Laboratory -
' Washington, D.C. 20390

IEEE GE-9, 165-169, July 1971

Passive microwave measurements of the sea surface were made from Argus
Island tower at l.41, 8.36, and 19.34 GHz over a range in wind speeds from
calm to 15 m/s. These measurements show a definite frequency-dependent cor-
relation between the microwave brightness temperature and wind speed. This
dependence results from roughness effects of the compact sea surface associ-
ated with wind=-driven waves. (Author)
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HOLLINGER®

REMOTE PASSIVE MICROWAVE SENSING OF THE OCEAN SURFACE

J. P. Hollinger

E. O. Hulbert Center for Space Research
Naval Research Laboratory

Washington, D.C. 20390

Preprint, 1970

The important potential of all-weather determination of ocean surface
wind fields by means of remote passive microwave sensing is discussed. The
wind speed dependence of the microwave brightness temperature of the sea is
interpreted as resulting from small-scale wave structure at wind speeds below
about 15 to 20 m/sec and from the increasing coverage of sea foam at higher
wind speeds. Measurements of these two effects are combined to estimate the
total microwave brightness temperature dependence of a wind driven sea as
viewed from a satellite. Taken together the two effects allow the determina-
tion of ocean surface wind fields over the entire range of wind speeds. The
sensitivity to wind speeds increases with observational frequency and is most
pronounced from horizontal polarization at larger incidence angle. (Author)

EXTRACTS:

Frequencies of l.41, 8,36, and 19.34 GHz are explored.
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*
HOLLINGER, KENNEY, AND TROY

A VERSATILE MILLIMETER-WAVE IMAGING SYSTEM

James P. Hollinger, James E. Kenney, and Ballard E. Troy, Jr.
Space Science Division

Naval Research Laboratory

Washington, D.C. 20375

IEEE MTT=-24, No. 11, 786=793, November 1976

A new millimeter-wave imaging system has been assembled at the Naval
Research Laboratory and flight-tested using the NASA/Wallops C-54 aircraft.
The system incorporates an oscillating mirror and interchangeable radiometer
units making it particularly adaptable to variations in the operational
frequency, polarization, and the angular resolution. Flight tests of the
system have been conducted at 90 GHz and simultaneously at 22 and 31 GHz using
a dual frequency radiometer. The imaging system and data processing are
described and some of the 1initial flight test results at 90 GHz are
presented. (Authors) :
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ISHAKOV, SOKOLOV, SUKHONIN, AND CHERYSHOV

ATTENUATION OF RADIO WAVES AT WAVELENGTHS FROM 0.45 TO 4.0 om IN THE EARTH'S
ATMOSPHERE THROUGH THE SLANT PATHS

I. A. Ishakov, A, V. Sokolov, W. V. Sukhonin, and V. I. Cheryshov
Institute of Radioengineering and Elecronics
Academy of Sciences of the USSR, Moscow

Anglo-Soviet Seminar on Atmospheric Propagation at Millimeter and
Submillimeter Wavelengths, Nov. 28 = Dec. 3, 1977, J1=J6
Institute of Radioengineering and Electronics, Moscow

1.5 to 0.4 mm wavelength measurements of the total zenith absorption
(cloudless atmosphere), and attenuation from clouds have been made near Moscow
and in Armenian SSR at an elevation of 3250 m. & mm measurements of cloud and
rain attenuation have been taken at Gorky. (Authors)

EXTRACTS:
. Zenith attenuation in clouds at wavelength of 1.26 mm:
altocumulus 0.16 dB
stratus - 0.16
cumulus 1.75
congested cumulus 8.7
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JOHANSEN AND MAFFETT”

NEAR-FLELD TARGET MEASUREMENTS

E. L. Johansen and A. Maffett :
Eanvironmental Research Institute of Michigan
University of Michigan

Ann Arbor, MI 48104

Proceedings of the Eighth DARPA/Tri-Service Millimeter Wave Conference

System Planning Corporation (editor), 1500 Wilson Blvd., Arlington, VA 22209,
p. 57-66, April 1979

(A80 00206)

SECRET
During the program, ERIM made high resolution radar images at 34.1 GHz,

analyzed the images and made radar maps of three armored targets to support
seeker modeling and analysis. (Authors)
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KAMMERER AND RICHER®

CROSS SECTION MEASUREMENTS OF US ARMY TARGETS BY 140 GHz RADAR

Je
Ballistic Research Labs
Aberdeen Proving Ground, MD

E. Kammerer and K. A. Richer

BRL Report No. 1785, August 1966

AD 378 097 (A73 03226)

CONFIDENTIAL

Some backscatter data needed in the solution of the near-earth missile
guidance problem have been taken at a radio frequency of 140 GHz (2.] milli-
Measurements to determine the characteristics of radar
cross section versus target azimuth angle were made for military targets hav-

meters wavelength).

ing maximum dimensions between
were an M67A tank, a 2 }f ton
Helicopter and a man carrying
linearly polarized signals and
in the' literature for similar
radar. Observations on clutter
are included. (Authors)

800 and 5300 radar wavelengths.
Shop Van,
small arms.

an M116 Personnel Carrier,
The measurements were made with
are compared with cross section data reported
military targets measured by lower frequency
and target obscuration by foliage and rainfall

These targets
a UH-1B




KAMMERER AND RICHER"

140 GHz MILLIMETRIC BISTATIC CONTINUOUS WAVE MEASUREMENTS RADAR ‘?

J. E. Kammerer and K. A. Richer
Ballistic Research Labs

Aberdeen Proving Ground, M@ 21005
(301) 278-4289

BRL Memo Report Number 1730, January 196
AD=-484 693 (A66 07916) A .

A laboratory model continuous wave bistatic radar operating at heretofore
unmeasured millimetric wavelengths 1s being used in a field measurements pro-
gram to explore the effects of the near—earth environment. Operational at a
radio frequency of 140 GHz (2.1 millimeters wavelength), the radar frequency
generating and receiving equipment are described and measured sensitivities
are listed. The radar is adaptable to fleld measurements programs that cover
" a range of operational frequencies extending into the submillimeter wavelength
region of the spectrum. (Authors)
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KEELTY AND CRANE™

MILLIMETER INVESTIGATIONS, VOLUME 5

Jo. M. Keelty and R. A. Crane
Research Laboratories

RCA Limited

1001 Lenoir St.

Montreal 207, Canada

RCA Report No. 3576-B/96690-3, January 1969
AD-857 436L (A71 00667)

Volume 5 contains samples of the computer analysis of various parameters
salient to the description of system performance. Printouts detailing precip-
jtation-rates, error-run data, and signal strength variations for various
meteorological conditions and a section discussing the results of a helicopter
interference test are included. (Authors)

EXTRACTS:

Frequencies of 15 and 35 GHz are explored. ' -
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KEIZER, SNIEDER, AND DE HAAN

RAIN ATTENUATION MEASUREMENTS AT 94 GHz: COMPARISON OF THEORY AND EXPERIMENT

W. P. M. N. Keizer, J. Snieder and C. D. de Haan
Physics Laboratory INO

P.0. Box 96864

2509 JG The Hague

The Netherlands

AGARD Conference Proceedings No. 245, February 1979
Millimeter and Submillimeter Wave Propagation and Circuits
Edited by E. Spitz and G. Cachier

Since October 1977, measurements have been made of attenuation at 94 GHz
caused by rain on a 935-meter terrestrial path. Simultaneously, the raindrop
size distribution has been measured with a distrometer, together with the
rainfall intensity recorded with three rapid-response rain gauges spaced about
500 m apart along the propagation path. »

Using the actually measured raindrop size distribution and assuming
spherical raindrops, the attenuation caused by rain has been calculated with
the aid of Mie's scattering theory for water spheres. The result is compared
with the measured data. In the case of uniform rainfall along the path, good
agreement has been observed between the measured and the calculated attenua-
tion.

This paper deals with the description of the propagation link, the
experimental results, and the comparison between theory and measurement. The
paper describes also the decrease of antenna gain at 94 GHz due to water on a
1.2-m Cassegrain auntenna. For accurate propagation measurements it is
absolutely necessary to equip the antennas with protective shelters.
(Authors) :

EXTRACTS:

Two of the authors' figures are shown.
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KING, WHITE, WILSON, MORI, HOLLINGER, TROY,
KENNEY, AND McGOOGAN -

90 GHz RADIOMETRIC IMAGING

H. E. King. J. D. White, We Jo Wilson, and T. T. Mori
Electronics Research Laboratory

The Aerospace Corporation

El Segundo, CA 90245

J. P, Hollinger, B. E. Troy, and J. E. Kenne
Space Sciences Division :
Naval Research Laboratory

Washington, D.C. 20390 .

J. T. McGoogan .
Applied Sciences Directorate
Wallops Island, VA 23337

SAMSO Report No. TR-76-37, 19 February 1976

A 90-GHz (3-mm wavelength) radiometer with a noise output fluctuation of
0.22 °K (RMS), with a scanning antenna beam mirror, and the data processing
system are described. Real~-time radiometric imaging of terrain and man-made
objects are shown. Flying at an altitude of 1500 feet a radiometer antenna
with a 2° halfpower beamwidth can distinguish landforms, waterways, roads,
runways, bridges, ships at sea and their wakes, aircraft on runways, and
athletic fields. A flight taken at an altitude of 3000 feet with approximate-
ly 2000 feet of clouds below the radiometer demonstrates the ability to dis=
tinguish bridges, rivers, marshland and other landforms even though the clouds
are optically opaque. The radiometric images of a few representative scenes
along with photographs of the corresponding scenes are presented to demon=~-
strate the resolution of the imager system. Antenna temperature distributions
of a variety of land targets are tabulated and the complexity of deriving
target brightness temperatures from the measured antenna temperatures are dis-
cussed. Applications of millimeter-wave radiometric images for ¢ivil and
military Systems are described. (Authors)

EXTRACTS:

Several 90~GHz radiometric 1images and a tabulation of antenna
temperatures of selected targets are shown.
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»  KING, WHITE, WILSON, MORI, HOLLINGER, TROY,
. KENNEY, AND McGOOGAN

ANTENNA TEMPERATURES OF SELECTED TARGETS

Temperature, °k
Frequency
Targets . {14 GHz 19 GHz 90 GH:z
Vegetztion 237416 | 239411 | 279.543.5
' N=12 N=12 | N=39
Concrete (Runway) i ———— 266+
N = 288
® Docks 190+ 11 189 + 5 259 +7
N= 4 N= 4 N =303
Ocean Water 105 + 6 114 + 3 207 +6
N = 14 N = 16 N = 242
Ships at Sea | _ R 159 +13
‘ N = 255
Ships at Dock 80 < 100 168 +12
N =1 N =1 N =168
C-54 A.rcraft (on Runway) — —— ' 225 +9
N =18

N = number of samples
lo = 4 values

4 ships, 425 {t to 708 ft lengths
* 5 ships, 250 ft to 750 ft lengths

3t 4
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KING, WHITE, WILSON, MORI, HOLLINGER, TROY,
KE\’\E’x AND McGOOGAN

90 GHz Radiometric Image*

ASSATEAGUE ISLAND THROUGH CLOUD COVER **

. RADIOMETRIC IMAGE

Imags width compressed by a
factor of 2:1

*

**Flight Aftitude - :mo ft
Clouds B8roken - 800 ft - 1100 #t
Clouds Soliid - 1100 ft - 2800 ft -

*Flight Support: J. T. McGoogan, NASA Wailops
Data Processing and Support Equipment: J.P. Hollinger, NRL
Radiomster: The Asrospace Corporstion, Electronics Ressarch Laboratory
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90 GHz Radiometric Image*
CHINCOTEAGUE ISLAND THROUGH CLOUD COVER **

RADIOMETRIC IMAGE

tmage width compressed by @
factor of - 2:1 '

(8

(V009K ANV “RINNIA

‘R0NL ‘MIONITIOH ‘IMOW “NOSTIM “IIIHM ‘ONIX

**Flight Aktitude - 3000 ft
Clouds Broken - 800 fr - 1100 f¢t
Clouds Solid - 1100 ft - 2800 ft

| *Flight Support: J. T. McGoogan. NASA Wasllops
] Data Processing and Support Equipment: J P Hollinaer ARy
% Radineeotnr Tha A i M




KING, WHITE, WILSON, MORI, HOLLINGER, TROY,
KENNEY, AND McGOOGAN

80 GHz Radiometric Image*

'RADIOMETRIC IMAG

¥ Fiight Support: J.T. McGooqan, NASA Wallops
Data Processing and Support Equipment: J.P. Hollinger, NRL
Radiometer: The Asrospace Corporation, Electronics Ressarch Laboratory
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KING, WHITE, WILSON, MORI, HOLLINGER, TROY,

KENNEY, AND McGOOGAN

90 GHz Radiometric Image”

SHIP AND WAKE

RADIOMETRIC IMAGE

- veg T FLITT" .“‘.P_l""m ..=. -,:I
L Tt . .

o “,' . g :. K A K

PHOTOGRAPH

*Flight Support: J.T. McGoogan, NASA Waliops
Deta Processing and Support Equipment: J.P. Hollinger, NRL .
Radiometer: The Aerospace Corporation, Electronics Resesrch Laboratory
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‘90 GHz Radiometric Image *
CHINCOTEAGUE ISLAND

RADIOMETRIC IMAGE

PHOTOGRAPH

* Flight Support: J.T. McGoogan, NASA Wallops
Data Processing and Suppont Equipment: J.P. Hollinger, NRL
Radiometer: The Aerospace Corporation, Electronics Research Laboratory
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90 GHz Radiometric Image
RUNWAY - NASA-WALLOPS STATION, VA

RADIOMETRIC IMAGE i ‘

* Flight Support: J. T. McGoogan. NASA Wallops
Data Processing and Support Equipment: J. P. Hollinger, NRL
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KING, WHITE, WILSON, MORI, HOLLINGER, TROY,
KENNEY, AND NMcGOOGAXN ’

SAMPLES

TEMPERATURE DISTRIBUTION OF VARIOUS TARGETS,
94 GHz

fg | SHIPS AT SEA N = 255 |
10 Ao T=150£13

L 700 WL 300
20 ' | TOWN N = 300
L D A e LS A

/0 250
| | DOCKS N = 303
10t . MIJM T=288 7
0 ; . : ) . : ! ; . : ; L oM C WMahe . :
— 700 750 300

23 . VEGETATION -
10 : | N = 395 }
20 T=17795+135
o ;
0 4 n } ¢ y { 'x . s \ y N 1 f . .

200 250 300

Al CONCRETE frunwayl |
20+ N = 268 "\
| T =266«
0 | X
(e ————— %0 30
30 OCEAN WATER
201 Mh N = 242
1% 4 T =207 ¢

ANTENNS TEMPERATURL (degrees Kelvin)
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EFFECTS OF SMOKE OBSCURANTS ON MILLIMETER WAVES

J. E. Knox :

U.S. Army Armament Research and Development Command
Ballistic Research Laboratory

Aberdeen Proving Ground, MD 21005

Proceedings of the Eighth DARPA/Tri-Service Millimeter Wave Conference

System Planning Corporation (editor), 1500 Wilson Blvd., Arlington, VA 22209,
p. 127-134, April 1979

(A80 00206)

SECRET

In November 1978, BRL measured attenuation through obscurant clouds at
35, 94 and 140 GHz. The obscurants included fog, oil, white and red phospho-
rus, CS, and some foreign and experimental materials. The sensors used for
the attenuation measurements were low-power, pulse radar, range-gated onto a
corner cube reflector at a range of 600 meters. The reflected radar power was
recorded during each obscurant test.

Dust was found to be the only obscurant to affect transmissivity. The
maximum attenuation observed during the tests was 0.4 dB. Therefore it is
concluded that none of the obscurants would have adversely affected a system
which depended upon a millimeter wave sensor to track a target. (Author)
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RNOX

MILLIMETER WAVE PROPAGATION IN SMOKE

Joseph E. Knox

U.S. Army Armament Research and Development Command
Ballistic Research Laboratory

Aberdeen Proving Ground, MD 21005

Electronics and Aerospace Systems Conference (EASCON)
Volume 1I, Conference Record 79CH1476, Oct. 9-11, 1979
Arlington, VA 22209

The transmission of millimeter waves was measured through clouds of
typical battlefield smokes and obscurants at 35, 94, and 140 GHz. Dust dis-
persed by a high explosive detonation was the only obscurant to affect trans-
missivity. The smallest transmissivity observed in that case was 91%. It is
concluded that none of the materials dispersed would have prevented a milli~
meter wave sensor from performing its mission. (Author)

EXTRACTS:

Data have been taken by radar with a one-way path length of 800 meters.
The author's discussion and data are attached.
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DISCUSSION

The test results for the smokes were
not unexpected. The sizes of the smoke
particles generated during Smoke Week 11
vere 0.5 to 20 microns in diameter, or
less than 0.01 times the wavelength.
szthe:more, the materials were noncondyc-
tive. Por these reasons, one would not
expect interaction between the radar sig-
nals and the smoke.

The radars did see the dust clouds,

however. Since range data could not be.

correlated with radar signal attenuation,
we must look to other sources of informa-
tion for an explanation. ’

The largest sized particle which
could be measured by the range instrumen-
tation was 13 microns. One of the parti-
€ipants was operating a particle counter
with a particle size window around §0
hicrons, and it detected a "significant”
number of particles. Calculations show
that Particles 1larger than 100 microns
could still have been falling through the

radar line-of~-sight during the time of
maximum attenuation, approximately 20
seconds after firing time. It is likely,
then, that the attenuation was 8 result of
blockage by larger pactticles than were
sampled by the range instrumentation.

‘There were  no obscurants at Smoke
Week II which would have prevented a mil-
limetre wave sensor from operating. There
still exists a need to demonstrate the
transparency of these obscurants to mil-
limetre waves under other operating condi-
tions, however. For example, phosphorous
is anhydrous, and will absorb moisture in
amounts which are very sensitive to the
relative humidity in the air. It would be
worth-while, therefore, to conduct .a
series of tests under conditions of very
high humidity.

BRL plans to continue  measuring
attenuation through obscurants, especially
any which are new or  experimental. With
this in mind, BRL is presently assembling

a set of radars (at 35, 94, and Q40 GHz)

which will be used solely for propagation
measurements, both chamber tests and@ open

air tests.
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NUMBER

23
23R
26
29
30

ATTENUATION

o W
148CHz

g. sd

248

2. Sd

8dB

8. 5d

84CH=

\p—— —

3SCH=

a 1
MINUTES AFTER FIRING TIME
FIGURE 4. ATTENUATION DUE TO
H. E. QUST.

Table II.

AMOUNT
OF H. E.

Sea.
bea.
Geﬂo
Sea.
6ea.

S51b.
51lb.
151b.
151b.
51b.

Maximum Attenuation
During H.E. Dust Trials.

C4
C4
(o}
C4
C4

MAXIMUM ATTENUATION

35 GHz 94 GHz 140 GH=z

B.E. Dust is dust dispersed by detonating high explosives.
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KONDRAT'YEV, RABINOVICH, TIMOFEYEV,
AND SHUL'GINA * |

MICROWAVE REMOTE ENVIRONMENT SOUNDING -

K. Ya. Rondrat'yev, Yu. I. Rabinovich, Yu. M. Timofeyev, and Ye. M. Shul'gina
Main Department of Hydrometeorological Service

USSR Council of Ministers

All-Union Scientific Research Institute of Hydrometeorological Information
World Data Center, Information Center, Obninsk

Prepared at the A. I, Voyeykov Main Geophysical Observatory
NASA TT PF-16930, July 1976
N76-27449 (A79 06608)

Microwave remote sounding has two principally important advantages: 1) a
multipurpose nature in the sense that the measurement data of outgoing micro-
wave radiation can be used for remote indication of the parameters of the
atmosphere, the underlying surface and the upper soil layer (depending on the
sounding frequencies selected), and 2) all-weather applications which make 1t
possible, for example, to perform thermal sounding in the atmosphere, regard-
less of cloud conditions. It is these circumstances that attract great atten-
tion to the development and application of microwave remote sounding
methods. Despite the great potential of microwave remote sounding, there is
no doubt that the further development in the remote indication of environ-
mental parameters will proceed (as is the case at present) along the lines of
combining different spectral ranges. Specific capabilities of microwave
remote sounding are considered, beginning with an examination of the physical
basis of the method. (Authors)

-

e
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*
KRITIKOS AND SHIUE

MICROWAVE SENSING FROM ORBIT

H. N. Kritikos

Moore School of Electrical Engineering
University of Pennsylvania
Philadelphia, PA 19104

J. Shiue
NASA Goddard Space Flight Center
Greenbelt, MD 20771

IEEE Spectrum 17, 34-41, August 1979

Enhanced devices penetrate cloud cover to provide data for weather pre-
diction and terrain analysis. (Authors)

EXTRACTS:

Microwaves can detect soll moisture because the soil dielectric constant
changes in the presence of water. Moisture increases the reflection coeffi~
cient, causing a decrease in emissivity (¢ = 1 - R).

Reflection and emissivity are dependent upon frequency, polarization,
angle of incidence, material inhomogeniety, and surface roughness (emissivity
is less sensitive to the latter).

A difference in brightness temperature can reach 70 - 80 K between wet
soil (emissivity = 0.6 - 0.7) and dry land (emissivity = 0.8 - 0.9), with dry
land having a higher brightness temperature than the wet soil.

A sharp contrast in emissivity exists between water (e = 0.3 - 0.4) which
is highly polarized and exhibits a large dielectric constant, and sea ice (¢ =
0.8 - 0.9). Water has a lower brightness temperature (lower dielectric con-
stant) than sea ice.
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KUKIN, NOZDRIN, RYADOV, FEDOSEYEV,
‘ AND FURASHOV

DETERMINATION OF THE CONTRLBUTION OF WATER VAPOR MONOMERS AND DIMERS TO
ATMOSPHERIC ABSORPTION FROM MEASUREMENT DATA IN THE 1.15-1.55 mm WAVELENGTH
BAND

L. M. Rukin, Yu. N. Nozdrin, V. Ya. Ryadov, L. I. Fedoseyev,
and N. 1. Furashov

Radio Engineering and Electronic Physics 20, No. 10, 7=13, October 1975

The components of the water vapor absorption coefficient that are linear-
ly and quadratically dependent on the absolute humidity of the air are deter-
mined from measurements of the dependence of the received radiation intensity
on humidity. The linear component, together with a certain portion of the
quadratic component, takes into consideration the self-broadening of the H,0
monomer lines, and identifies the dimer absorption coefficient. It is noted
.that experiments lead to values of monomer absorption coefficients that are
about 30% larger than those obtained from theoretical calculations, and they
give a value for the dimer absorption that is about 2.5 times smaller than
that calculated in (1). (Authors)

(1) A. A. Viktotova and S. A. Zhevakin, Dokl. Akad. Nauk. SSSR 194, No. 3,

‘ 540, 1970.
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KULPA AND BROWN

ABSORPTION OF NEAR-MILLIMETER RADIATION BY LIQUID FOGS

S. M. Kulpa and E. A. Brown

U.S. Army Electronics Research and Development Command
Harry Diamond Laboratories :
2800 Powder Mill Road

Adelphi, MD 20783

Fourth International Conference on Infrared and Millimeter Waves and Their
Applications

IEEE Cat. No. 79 CH 1384=7 MIT, December 10-15, 1979
Post-Deadline Digest Contributions, 30-32

Interest in the near-millimeter wave portion of the spectrum stems prin-
cipally from the fact that in limited visibililry situations such radiation
offers a compromise between the high-resolution capabilities of infrared and
low-loss propagation characteristics of microwaves. Since fog penetration is
a central concern, numerous estimates have been made in attempts to quantify
near-millimeter wave attenuation effects in such environments. In this paper
we compare various calculations of absorption effects based on limited theo=
retical and experimental data for the temperature and frequency dependence of
the near-millimeter wave dielectric constants of water. (Authors)

The entire article appears in the Appendix.
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‘ KULPA AND BROWN
NEAR-MILLIMETER WAVE TECHNOLQGY BASE sTupY

"Stanley M, Rulpa and Edward A. Brown ' '
U.S. Army Electronics Research & Development Command

Harry Diamond Laboratories

2800 Powder Hil] Hoad

Adelphi, M 20783

November 1979

Volume I: Propagation and Ihrget/Background Characteristics
HDL~-SR-79-8

This document g 8 comprehensive summary of the Near-Millimeter Wave
(100-1000 Gﬂz)”technology base and {tg Potential applications. The state of
the art is reviewed, and technology 83aps are identified, Volume I contains
the analysis of various factors influencing atmospherice Propagation ang
target/background signatures, Comparisons are made between theoretical
Predictions angd limited experimental data ip several key areas, Topics
discussed include clear air absorption, the effects of atmosphericn
pParticulates train, fog, clouds, etc.), turbulence, measurement techniques,
and the signature charactertisticg of a variety of targets and backgrounds at
near millimeter (NMM). wavelengths, 4 Summary is given of research thruysts
which would be useful in establishing a more reliable data base for evaluating

. the material ip this volume. (Authors)

EXTRACTS:
Chagter l:

1) 1s variable In both strength and spectral distribntion; 2) ‘does not appear
to depend in any simple way on the standarg meteorological variables of temg~
Perature or water vapor density; 3) g strongest at high levels of 8aturation,

sky at Holmdel, New Jersey, is _
A(dB) = 0,35 Q.

Shimabukuro and Epstein measured the zenith opPacity at 90 GHz g5 a func-
tion of the surface water vapor density and found
' A(dB) = 0,17 + 0.06 q.

Sokolov, Sukhonin, and Ishakov report measured 238-GHz zenith attenuation
alB) in clouds: altocumulus, 0.16; 8tratus, 0,16; cumulus, 1,75; ang cumulus

‘ gestus, 8,7, '
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KULPA AND BROWN

Detailed studies (vertical polarization) of rain attenuation at 94 GHz on
a 1000-m terrestrial path have been made by Keizer, Sneider, and de Haan.
Figure I-19 shows the measured attenuation versus rainfall rate for a l-km

path length.
Richard et al. show measured attenuation at 140 GHz (700-m path length)

versus rate iﬁ-?igure I-22.

Chapter 3:

Bauer et al. (BRL Report #538) published a plot of experimental 140-GHz
one-way attenuation in fog versus visibility (Figure III-11). BRL has also
shown that at 140 GHz no measurable attenuation is observed due to dust caused
by vehicular traffic. This dust is sufficient to severely attenuate near-
infrared and optical links. Figure I11I-13 displays experimental 140-GHz rain
attenuation versus rain rate. . :

Attenuation (dB/km) -

100 GHz 140 GHz 220 GHz

Fog (T = 10°C, 3

visibility = 10 m, w = 0.3 g/m”) l.4 2.25 3
vehicular dust ' negligible negligible negligible
rain (10 mm/hr) 8.7 8.7 8.3
snow (10 mm Hzo/hr)

dry ' ~h o b ~, 4 ~yy 1

wet ~8,7 ~8.7 ~8,3

Table III~-5 also presents the attenuation (dB/km) due to liquid water in
a radiation fog at 24°C, for wavelengths 1.2, 2.3, and 3.19 mm.

We include here the authors' extensive list of references.

Volume IV contains classified information of interest.
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. KULPA AYD BROWN

' -
K ATTENUATION (dB/ksn) DUE TO LIQUID WATTR
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KULPA AND BROWN

AVNENUALIION (4870 md
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_ RAINSALL RATT tmemsrift)
Figure 1-19. Measured (A) and calculated (+) 94-GHz

attenuation versus rainfall rate. Caleulsted values
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Fatk: length. 1 k.

DUTIRINGSE MIAS - CALC

38

EX X

ATHINUABION (dRIbnd
o
<@
4

-

BRANEAL, PATE imm wA,

Figure 1-29. Difference betwemn messured and cal

culated rain attznuation at 94 GHz.

3
b
3
-

£

z

<

§

< b

- -
b

Z 5

-

< I
>
=
-
ok ‘l% PR 'll'll! i s adadd

VIS ® . UTY am)

Figure [I-11. Plot of 130-GHz one-way attenuation in

fog versus visibility. D. G. Bauer et al.

Bailistic

Research Laborasories. [nterim Mcmorandum Report

538 (January 1977).

104



KULPA AND BROWN

A ® Qilwm

‘W“I‘ﬂﬂ‘ll’.l.ll
GUAPSVE NEIVNNILLY

| ) 1
» » » -

Lttt
TP ATURS IO . .
IM-19. Plot of Joud and fog liguid water attemu-

vessus temperatare for the indiczted wave

length.

=

Fgure
ation

"
-

e PO
]
[ VY L

b
\‘HUU\J”HMHUM

3
- M u e

TTYTW I 1 3 biassns s 2 fasssna s
» . -

B

N lasaal o 2 2

lanes d 5 2.

i

WF&MM&@&IA&Q‘RW
rainfall rate.

- -
-

Y Or) NOIVARILIY IVE

-

VARSISTY (am

Figare I-23. Measured attenuation at 140 CHz versus

visibility.

WAVELDNGT™

20. Plot of cJoud and fog liquid water attenu-

Figore [I-

gth.

ation versus wavelen

105



KULPA AND BROWN

Richard et al'” have measured rain attenua-
tion at 140 GHz together with rainfali rate and
optcal visibility. Interestingly, even over their
relatively short path length (700 m), the three
distributed rain gauges often showed differences
of up to four to one. Their attenuation
measurements were performed when all three
gaugss gave close agreement, thus somewhat
assuring a uniform rain rate. Figure 1-22 shows.
their measurements correlated with rate. The
scatter observed is roughly consistent with
values spanning the various types of distribu-
Hons, as shown in figure [-19. Figure 1-23 shows
the correlaton of the 140-GHz attenuation and
rain visibility measurements. The large scatter of
the data indicates a weak relatonship. As
discussed earlier, this stems from the fact that the
water dioplts ‘as 3 HITUTR O lenpisovare
renders data such as that from Diermendijian
unce. :nin by as much as a factor of 2. This is
especially ue for wavelengths less than 2 mm
where both Rozanberg and Ray agree that the
imaginary part of the refractive index drops sig-
nificantly as the temperature drops.

Since fog is by far the most fre-
quent condition causing severely restricted
visibility in Europe, it is worthwhile to estimate
the total attenuation of NMMW radiation during
fog (including absorption due to water vapor and
oxyzen). Water vapor will be near saturation
during fog so that a knowledge of the tempera-
tures at which fogs occur is sufficent for such an
estimaticn. Essenwanger® has determined that 80
percent of fogs in Western Europe occur with an
absolute humidity less than 7.5 g/m’ and that
only 7 percent of such fogs occur when the rela-
Hve humidity is greater than 9.4 g/m?.

"V W Aznard ) E Rammrre gnd R. G, Reiz. 160-CHz Arersa
hon end Ovneal Visitilizy Meesuremeny of Fog, Rmim. and Snow.
U.Sn Army Ballistic Resec—th Laborstorws Memorendum Repor,
ARCPL-MR.- 2800 (December 197).

0 M“&t".‘:ﬂ‘" Esnmeriow of the Tewreerwrure During Fog in *

Europe Musile Research and Deveiopment Command (in press).

m4. DUST

Natw=lly occurring dust storms are not
a problem in Europe in the sense of causing at-
tenuation of NMMW radiation. According to
Hinds and Hordale'? visibility is reduced to Jess
than 2 kilometer only once every 10 years. BRLY
has shown that at 2.1 mm (140 GHz), sufficent
dust to severely atienuate near-infrared and op-
Heal links caused no measurable attemuation at
NMM wavelengths. This dust was generated by

. vehiaudar t=ffic.

WD G. Zaue, R. A. McGee. ] E Knsw., end H. B Wellace.
142-GH: Eeamrider Fezsidilicy Eszeriment, Bailisnz Research
Letareronies. Interim Memgrendum Repert Ne. 538 (Jenwsry 1577).

g D. Hinds and C. D. Horzale. Bourdsry Laver Dus: Ocrurrence
IV, Asmospheric Dust Over Seieciad Geogeephiz Areas. USA Elec-
mronizs Commard ECOM-DR-77-3 (June 1577).
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“KUNZI, WUTHRICH, AND SCHANDA™

A mm-WAVE SCANNING RADIOMETER FOR TERRAIN MAPPING

K. Kunzi, M. Wuthrich, and E. Schanda
Institute for Applied Physics
University of Berne

3000 Berne, Switzerland

Seventh International Symposium on the Remote Sensing of the Environment

Je J. Cook, et al. (editors), Environmental Research Institute of Michigan,
Center for Remote Sensing, University of Michigan, Ann Arbor, ML 48104,
1971

A narrow-beam, microwave radiometer working at 94 GHz with a real=time TV
display for terrain mapping is described. The research areas for this instru-
ment are mentioned. Further, a survey of the mathematical analysis of the
blurring of contours or measured objects through the antenna pattern and the
output integration are given. This effect is demonstrated by scanning a point
source. (Authors) '
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LAWRENCE, CLIFFORD, AND OCHs”

THE DISTRIBUTION OF TURBULENT FLUCTUATIONS OF REFRACTIVE INDEX IN THE
ATMOSPHERE

R. S. Lawrence, S. F. Clifford and G. R. Ochs
NOAA Research Laboratories
Boulder, CO 80302

The turbulent fluctuations of temperature that are responsible for scin-
tillation and image distortion of light waves and for most of the troposheric
forward scatter and scintillation of radio waves occur irregularly throughout
the atmosphere. The refractive~index structure parameter C_ 1s distributed
irregularly in space so that a given volume often contains ofie hundred times
the magnitude of an adjacent volume the same size. Measurements made with
high=speed temperinure probes reveal a number of interesting features of the
distribution of C°, and some of these will be discussed. However, an under=
standing of the cfimanology of refractive-~index fluctuations will require con-
tinuous measurements from ground-based sensors. We describe a technique,
already in use, for using scintillations of starlight to measure the smoothed
vertical profile of Cn §hroughout the atmosphere. We are presently developing
methods for profiling Cn along ground-to—ground line~of-sight paths. (Authors)

118




LERNER AND HOLLINGER®

ANALYSIS OF 1.4 GHz RADIOMETRIC MEASUREMENTS FROM SKYLAB

Robert M. Lerner and James P. Hollinger
Advanced Spaced Sensing Applications Branch
Space Science Division

Naval Research Laboratory

Washington, DC 20375

Remote Sensing of the Environment 5, 251=269, 1977

Results from the 1.4 GHz, §-194, microwave radiometer located on the
SKYLAR satellite are presented. The objective of the investigation 1s to
establish the degree to which quantitative measurements of sea surface temper—
ature, salinity and related marine wind fields can be made using the $194
radiometer. The analysis of the S-194 data demonstrates that it is possible
to make measurements of the brightness temperature of open ocean areas with an
RMS absolute accuracy of 1.3 K over a wide range of environmental condi-
tions. The §-194 is relatively insensitive to sea surface temperature changes
and, even though measurements are available over a range in sea surface tem=
perature of 30°C, mno significant change 1in the measured antenna temperature
was detected. ~However, S-194 i{s relatively sensitive to changes in surface
salinity and the analysis of data taken over the open ocean shows that
salinity can be determined to an accuracy of 2 parts per thousand. Further,
it is shown that it is possible to accurately model complex regions such as
lakes and bays, where a significant portion of the antenna beam is filled by
land, and obtain excellent agreement between calculated and measured antenna
temperatures. Open ocean measurements, obtained over the wide range in winds
gpeeds of 0 to 48 knots, show the antenna temperature to be weakly, but
unambiguously, correlated to the wind speed. The wind speed dependence
determined, of 0.16°K/knot, {indicates that surface wind speed can be measured
to an accuracy of 8 knots using the s-194. (Authors)

119




LIEBE

MILLIMETER WAVE ATTENUATION IN MOIST AIR-—-A REVIEW

H. J. Liebe. - .
National Telecommunications and Information Administration

Institute for Telecommunication Sciences
Boulder, CO 80303

Proceedings of the Workshop on Millimeter and Submillimeter Atmospheric
Propagatiom Applicable to Radar and Missile Systems, Redstone Arsenal,
AL 38509, O. M. Essenwanger and D. A. Stewart (editors)

Technical Report RR-80~3, 118-128, February 1980

Considerable attention is currently being given to EHF (30-300 GHz)
systems, in part due to their ability to penetrate most adverse atmospheric
conditions (dust, smoke, clouds, fog, light rain). To assess the "all-
weather” capabilities of such systems requires accurate predictions of the
propagation effects under varying conditions of weather, height, location,
etcs This complex task involves molecular absorption from oxygen, water
vapor, and several trace gases (03, CO, etc.) and absorption and scattering
loss from particulates. Most applications will operate in the four spectral
windows of the EHF region. Observations in clear air by laboratory and field
experiments have found in these windows the existence of anomalous water vapor
absorption (AWA). Anomalous implies that no reliable model exists to predict
the effects of AWA. In particular, it was found that AWA increases in a com=
plicated manner with humidity.

This paper reviews the AWA problem before the background of the known
molecular absorption characteristics and discusses possibilities to gain a
better understanding of the underlying physical phenomena. (Author)

EXTRACTS:

We include the author's list of references and several graphs of
attenuation versus water vapor.
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LITVAK, WEISS, AND DIONNE”

SUBMILLIMETER-WAVE PROPERTIES OF THERMOSPHERIC ROCKET PLUMES

M. M. Litvak
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Observability of rocket plumes at thermospheric altitudes using high-
resolution submillimeter—wave spectral line radiometry has been investi~
gated. Calculations that include collisiomal, radiative, and flow effects
indicate that low=lying rotational transitionms of plume species, particularly
water vapor, have gufficient optical depth and spatial extent for satellite
applications. (Authors)
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LO, FANNIN, AND STRALTON

ATTENUATION OF 8.6 AND 3.2 mm RADIOWAVES BY CLOUDS

L. I, Lo

Sperry Support Services

Sperry Rand Corporation
Huntsville, AL 35809 f

B. M. Fannin and A. W. Straiton

Electrical Engineering Research Laboratory
University of Texas

Austin, TX' 78737

- At

1EEE AP-23, No. 6, 782-786, November 1975

Measured attenuations associated with a wvariety of cloud conditions at
wavelengths near 8.6 and 3.2 mm are reported. Two specific events, during
which heavy -rain clouds covered the sky, are examined and statistical data
collected over_ 'a 6-month period on a variety of cloud types are presented.
The number of observations of some cloud types was not large and it was not
possible to account for the gaseous attenuation with sufficient accuracy to
get reliable values for the attanuation by the cloud droplets from a number of
cloud types. The clouds causing the largest attenuations were the rain-
bearing cumulonimbus. - Of the non-rain clouds, the two types for which the
sample sizes are adequate and attenuations are sufficient for meaningful con-
.clusions are stratocumulus and cumulus, their 35 GHz/95 GHz mean attenuation
‘values being 0.18/0.61 and 0.12/0.34, respectively. (Authors)

EXTRACTS:
The following 95-GHz cloud attenuation data has been corrected by
accounting for zenith angle and then subtracting attenuation of eclear sky

data:

Cloud Type - Ground lLevel Water Measured Cloud Attenuation and

Vapor Density (g/m3) Standard Deviation (dB)
altocumulus 16.8 £ 1.43 -0,23 ¢+ 0.30
altostratus - . 14,7 £ 1.53 0.30 £ 0.05
stratocumulus 18.9 = 1.68 0.61 % 0.41
stratus 19.1 + 2.30 0.12 £ 0.24
nimbostratus 20.8 £ 0.31 0.11 £ 0.24
cumulus 18.7 £ 1.81 0.34 £ 0.36
cumulonimbus 18.1 £ 2.39 . 2.36 £ 1.86

- The authors note that “the cloud attenuation values have been 'norma -
ized' by dividing by the secant of the zenith angle, which can be misleading
for locallzed clouds with pronounced vertical development.”
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Lukes*

PENETRABILITY OF HAZE, FOG, CLOUDS AND PRECIPITATION BY RADIANT ENERGY OVER
THE SPECTRAL RANGE 0.1 MICRON TO 10 CENTIMETERS

G. D. Lukes
Center for Naval Analyses
Rochester, NY

Naval Warfare Analysis Group, Study 61
AD 847 658L (A70 1692)

To determine attenuation values over a wide range of wavelengths, an ana-
lytical methodology is developed to accommodate the population of droplets
according to size in unit volume of several models of water-occluded atmo-
spheres. The etent of penetrability of cloudy and rainy atmospheres 1is then
demonstrated analytically as a function of wavelength. Unique phenomena
appear at wavelengths from about 100 microns to 2 millimeters, in part due to
the population of droplets by size in clouds and rain, but also due to the
strong wavelength dependence of the complex index of refraction of 1liquid
water. The submillimeter band is accordingly given special emphasis. Most
layer-type clouds, especially if of maritime origin, are readily penetrable at
these wavelengths. Attenuation due to rain of moderate intensity is found to
decrease slowly with decreasing wavelength below 2 millimeters. Further, pro-
nounced forward scatter in moderate rain, adding to the forward transmission,
first begins to appear at a wavelength of 2 millimeters and becomes increas-
ingly more pronounced the shorter the wavelength. None of these trends would
be predicted by simple extrapolation of experience at microwave frequencies.
The analysis of attenuation by water droplet atmospheres draws on the Mie
theory of absorption and scatter by spherical droplets. It is shown that the
essential condition of incoherent scattering is satisfied by haze, fog,
clouds, and rain. Multiple scatter in clouds for radiation at submillimeter
wavelengths and longer 1s found to be exceedingly weak and may be ignored.
The question of possible effects of multiple scatter in rain is not settled
analytically, but 1if such scatter cannot be ignored, it 1is unquestionably
multiple incoherent scatter. This suggests the application of radiative
transfer theory to elucidate more definitively the effects of scatter in rain.

The absorption profile arising from atmospheric gases 1s structured in
fine detail from 0.4 micron to 3.2 centimeters by extensive search of the
literature. Gaseous absorption along a zenith path through a cloudless mari-
time polar atmosphere is computed for wavelengths from 164 microns to 3.2 cen-
timeters. Seventeen windows of elevated transparency in this profile are
identified. A stratocumulus cloud and rain are then induced by turbulence in
this model atmosphere, and comparative and composite values of attenuation due
to clouds, rain, and gases are derived. From 345 microns to 3 millimeters,
the contribution by cloudy and rainy atmospheres to total atmospheric attenua-
tion is found to be relatively minor, even at the wavelengths of gaseous win-
dows.

Because of requirements forged by its scope, the study provides an exten-
sive data base on the population of droplets by size in various water-occluded
atmospheres. The exremes are remarkable: thick fog ms, have over 100 billion
droplets per cubic meter of 0.4 micron droplet-radius peak population compared
to a mere 200 in mist of 75 micron peak population. The chemical properties
of liquid water are drawn from some 80 sources in order to structure the real
and imaginary parts of te complex index of refraction over the spectral range
of 0.1 micron to 10 centimeters, essential to the application of the Mie
theory. (Author) '

EXTRACTS:

Tabular and graphical data follow.
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McGEE"

MILLIMETER WAVE RADIOMETRIC DETECTION OF TARGETS OBSCURED BY FOLIAGE

Richard A. McGee
Ballistic Research Laboratories
Aberdeen Proving Ground, MD 21005

BRL MR No. 1901, January 1968
AD 667 962 (A79 07150)

The problem of passive detection by millimeter wave [35 GHz] radiometry
of metallic targets obscured by foliage and other vegetation is defined and
discussed. A model of the foliage obscuration situation is presented and
evaluated on the basis of data collected in a field measurement program.
Results obtained show the millimeter wave radiometric obscuration; hence, the
maximum range of a radiometric system will be reduced linearly with optical
obscuration instead of theoratically with a square root relationship. Further .
refinements of the model are discussed and are to be included in a general
foliage penetration model to be evaluated at a later date. (Author)
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’ ' McGEE"
140 AND 220 GHz DEVELOPMENT WORK AT BRL.

Aberdeen Proving Ground, Mp 21005

proceedings of the Eighth DARPA/Tri=-Service Millimeter Wave Conference

System Planning Corporation (editor), 1500 Wilson Blvd., Arlingtom, va 22209,
Pe 243-248, April 1979

(A80 00206)

SECRET
The Ballistic Research Laboratory (U.S. Army Armament Research and
Development Command) at Aberdeen Proving Ground, Maryland, 1s carrying out
» experimental programs with 140 and 220 GHz radars. These radars use solid

gtate sources and are primarily used for near earth propagation and target
tracking experiments. (Author)
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McGEE AND LOOMIS"

RADAR TRACKING OF AN M=-48 TANK AT 94 AND 140 GHz

R. A. McGee . :
U.S. Army Armament Research and Development Command
Aberdeen Proving Ground, MD 21005

J. M. Loomis
U.S. Army Missile Research and Development Command
Huntsville, AL 35809

Proceedings of the 6th DARPA/Tri-Service Millimeter Wave Conference

Tactical Technology Office (editors), Defense Advanced Research Projects
Agency, 1400 Wilson Blvd., Arlingtom, VA 22209, 123-128, November 1977

(A78 01438) ‘

SECRET

This report provides a description of the 94-GHz and 140-GHz - radar
systems used in the ground-based tracking of M-48 tanks. (Authors)
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. : McMILLAN, GALLAGHER, AND cooK*

CALCULATIONS OF ANTENNA TEMPERATURE, HORL ZONTAL PATH ATTENUATION, AND ZENITH
ATTENUATION DUE TO WATER VAPOR IN THE FREQUENCY BAND 150~700 GHz

R. W. McMillan, J. J. Gallagher, and A. M. Cook
Engineering Experiment Station
Georgia Institute of Technology
Atlanta, GA__ 0

1EEE MTT-25, No. 6, 484-488, June 1977

ae—————

The results of calculations of antenna temperature at zenith, both with

and without the sun viewed as a source, are given. Horizontal path and total

. zenith attenuation. are also calculated. Each of these calculations was made
over the frequency band 150-700 GHz, using data from the 24 water—absorption

l1ines between 150 and 1000 GHz . (Authors)
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McMILLAN, ROGERS, PLATT, GUILLORY,
AND GALLAGHER :

MILLIMETER WAVE PROPAGATION THROUGH BATTLEFIELD DUST

R. W. McMillan, R. Rogers, R. Platt, D. Guillory, and J. J. Gallagher
Georgia Institute of Technology

Engineering Experiment Station

Atlanta, GA 30332

Donald E. Snider
Atmospheric Sciences Laboratory
White Sands Missile Range, NM 88002

Report Number ASL-CR-0026~1

In order to assess battlefield obscuration at visible, infrared, and
millimeter wavelengths, the Dusty Infrared Test I (DIRT-1) was conducted be-
tween 2 and 14 October 1978 at White Sands Missile Range. As part of this
test, millimeter transmissometers at 94 GHz and 140 GHz were operated by per-
sonnel of the Georgia Institute of Technology.

Preliminary conclusions are: tactical size explosions can produce large
attenuation (up to 30 dB) at millimeter wavelengths for short periods of time
(1 to 2 seconds). Total attenuation was measured——it is not possible to sep=
arate absorption and scattering. (Author)

EXTRACTS:
Additional reports on the DIRT I measurements are:
l. Measured Effects of Battlefield Dust and Smoke on Visible, Infrared,
and Millimeter Wavelength Propagation compiled by J. D. Lindberg. An
Entry for this report is under Snider, McMillan and Gallagher.
2. Mé;surements of Attenuation Due to Simulated Battlefield Dust at 94

and 140 GHz by J. J. Gallagher, R. W. McMillan, R. C. Rogers, and D.
E. Snider.
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McMILLAN AND SNIDER"

ATMOSPHERIC TURBULENCE EFFECTS ON INFRARED AND NEAR-MILLIMETER WAVE
PROPAGATION

R. W. HcMillan

Georgia Institute of Technoloy
Engineering Experiment Station
Atlanta, GA 30332

D. E. Snider
Atmospheric Sciences Laboratory
White Sands Missile Range, NM 88002

Fourth International Conference on Infrared and Millimeter Waves and Their

Applications :
1EEE Cat. No. 79 CH 1384-7 MTT, 119-120, December 10-15, 1979

Scintillation of electromagnetic energy traversing the turbulent atmo-
sphere is caused by refractive index inhomogeneities in the path that cause
phase shifts, giving rise to gelective reinforcement or degradation of the
energy across the beam. The resulting energy distribution is log normal,
characterized by a variance that is a function of the degree of atmospheric
turbulence. These inhomogeneities also cause angle of arrival fluctuations,
depolarization, frequency shift, and thermal blooming; although the latter
three effects are thought to be of minor importance in the NMMW spatial
region. ‘

Most of the original work on atmospheric turbulence was done in Russia by
Chernov and Tatarshi, who treated mainly optical fluctuations and neglected
the effects of absorption on the fluctuation intensity. This approach has
worked well for optical wavelengths, as attested by the large number of turbu-
lence papers which show reasonable agreement between theory and experiment.
More recently, several other Russian workers have examined the problem of mil-
limeter and submillimeter wave fluctuations; which requires [sic] that
absorption by atmospheric comstituents, mainly water vapor, be considered.
This approach was apparently first taken by Izyumov who solved the wave
equation using a complex index of refraction to account for absorption and
thus obtained expressions for amplitudes and phase fluctuations valid for NMMW
propagation. This work was refined by Gurvich and by Armand, Izyumov and
Sokolov, who obtained the reasonably tractable expressions used for
calculations in this paper. (Authors)
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McMILLAN, WILTSE, AND SNIDER”

ATMOSPHERIC TURBULENCE EFFECTS ON MILLIMETER WAVE PROPAGATION

Re We McMillan and J. C. Wiltse
Engineering Experiment Station

Georgia Institute of Technology
Atlanta, GA 30332

D. E. Snider ,
Atmospheric Science Laboratory
White Sands Missile Range
White Sands, NM 88002

EASCON 1979 Conference Record, Electronics and Aerospace Systems Conference,
October 9~11, 1979
1EEE Publication 79 CH  1476=1  AES

The effects of atmospheric turbulence om the propagation of optical
signals have been thoroughly analyzed by other workers; in the case of
millimeter microwave radiation less work has been done, and theory predicts a
strong dependence of the gscintillation amplitude and angle of arrival
variations on the humidity structure parameter C. in addition to the
temperature structure parameter Cps This paper extends the work of several
Russian authors to the point of calculating both intensity and angle of
arrival fluctuations in the atmospheric windows at 94 and 140 GHz. The
" ecaleculated results are compared to experiment for both frequencies, and
reasonably good agreement is obtained in both cases. (Authors) :
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MCSWEENEY AND SHEPPARD

MILLIMETER AND SUBMILLIMETER WAVE DLELECTRIC MEASUREMENT