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ABSTRACT

This report summarizes the results of the technical and scientific
research effort on radio communications in the tropical environment
conducted by the Staiford Kesearch Institute under the SEACORE Program
of the Advanced Research Projects Agency's Project AGILE [Contract
DA 36-039 AMC~00040(E)]. The work included studies of HF ionospheric
propay- .ion and prediction; MF and HF atmospheric radio noise; HF and
VHF pro agetion through tropical terrain including forests (jungle),
paddy fields, and mountains; modeling and measurement of the directivity
patterns of antennas emersed in forests; and the testing of selected

communications equipments in the tropical environment,

iii

-

e B AR SIS




ABSTRACT.

LIST OF

*PRECEDING PAGS BLANK-NOT FPILMED®,

s A

CONTENTS

ILWUSTRATIONS . ., , . ., . . . . ..

LIST OF TABLES.

ACKNOWLEDGMENTS , . . . . . . .

II

III

INTRODUCTION .

A.

Historical Review

1. Prefacing Remarks. . . . . . ., ., . . . . .
2, Laboratory Facility in Bangkok, Thailand .
3. Technical and Scientific Work,

Project Organization and rask Structure

Organizaiion of Current Report,

SUMMARY OF MAJOR TECHNICAL AND SCIENTIFIC FINDINGS

A.

Task A: Antenna-Envirorment and Antenna-System
Investigations.

Task B: Ionospheric and Frequency-Spectrum
Investigations,

Task C: System Test Format and Procedure
Investigations,

TASK A: ANTENNA-ENVIRONMENT AND ANTENNA-SYSTEM
INVESTIGATIONS . , ., . ., . . . .

A,

Mathematical Model of Antennas in Forest

Environment ., . , . . , . . . ., ., .
15 OBIEBOITR: v < 5 « @ @ B E D BT D 5Tk
2. Background , , , . e s e N, 8 R

3 T':e Forest-Slab Model., , . . . . . . . . .
Parametric Sensitivity Test., , . . .

- L3

iii

ix

xvii

xix

Lo BN

~N

11

11

13

15

17

17

17
17
19
22

e i




R

Measurements of Vegetation and Ground

COMBERBER " . . . % & o & ¢ s o o o 0.5 7 & o o

) Vegetation T msgtants ., . . . . . . . . . . .
2. Ground Cong niS8 ., ., . . . « 4 4 e e e e e .

Full-Scale Antenna Pattern Measuremente , , ., , .,

L Objective. . . . . v & o & o 6 & 8 e 0 0 e e
2. Background . . ., . . . . . .+ 4 0 e o

8, Measurement Technique, , . . . . . .

14, Results of Measurcments at HF, , . . ., .

8. Mcasurement Results at VUF ., ., , ., . .

s, SUMMBYY. . o « « & o o o o o o & o o 0
Comparison of Measured Antcnne Radiation Patterns
in Forests with Model Predictions , , ., . . . .
1. Objective, . . . . + « « o « « ¢« ¢ o o

s Background , . . .

: VHF Antennos . . . . . v ¢« o 4 o o o o e

2

3, HF Antennas, . . . . . . . . . .

4

5. SUMMELY. + . 5 « 5 & 6 e o s s & e @ e

Antenna Relative-Gain Measurements vith Vertical-

Incidence Sounders, ., . . . . +« ¢ ¢ 0 o« 0 e e
1. Objectives . . . . . . .

2, Background . , . . . . . . . . 4 e e e e
3. Measurement Technique, . . . . . . . . . . .
4, Results, , . . . . . & ¢« « « o v « o o o o o
8. Summary. . . .+« o« e e e e e 4 .

Antenna Impedance Results , , . . . . .

T Objeetive., . . . . + « ¢« v o o v o 0 e e
2, Background , ., . . . . . 4« o 0 0 e

a, HF Results . . . . . . « . « « .

41, VHF Results, , . . . . . . . .

VHF Xeledop System Loss Measurements, ., . . . . .
1, Manpack Xeledop System Loss Mcasurcments

i Resullti®s 5 ol o 6l 6 B 5 '8 @ 4 W 6 B o« @ 2w
3. Balloon-Borne Xeledop Tests, . . . . .
4. Reguilits.,, u giam ne 2 @ & & 5 % 5 o UG

Single-Tree Studies , , . . . . . . « « + .

L, Objectives . . . . . & ¢ ¢ + ¢ o o & « o o
2. Backgbound: . . . . . . & ¢ 6 e 4 e om s s oo
8, Signal Level and Antenna Impedance Tests ,
1. Secatter Pattern of an Isolated Tree, . . . .
5, Use of a Tree as a Shunt-Fed, Grounded

Vertical Anbemnm ., . . < ¢ & o o ¢ ¢ & & o &

vi

30
30
47

54
54
54
61
62
73
76

79
79
79
80
85
85

88
88
89
90
62
101

105
105
105
106
118

120
120
121
123
123

123
123
124
125
127

127




Iv TASK B: TONOSPHERIC AND FREQUENCY-SPECTRUM
INVESTIGATIONS . , ., . . , ., ., ... .. ....

A,

A,

-

Frequency Prediction, , , , ., . BT E S EEE

L foF2 Predictions at Bnngkok AN B W 3

2, Ionospheric Sounding Tests in Thailand over
Oblique Paths from 230 to 1320 km, ., . .

Ionospheric Signal Strength , , , , . e

|| HF Propagation and Communication Tcsls in
Thailand over Oblique Paths from 10 km to
1320 km, ., . . . . .. 0 e e e e e

2, Dipole Orientation Effects , ., . . . . . .,

Special Ionospheric Studies ., , , , ., . . . . .,
1. Faraday Rotation Studies , , , ., ., . , .

p Sudden lonospheric Disturbances, , . . ,
3, Magnetic and Ionospheric Storms., . .

1, Solar Eclipse Observation, , , . ., . .

5, Anomalous Ionospheric Reflections, , . . .
Noise and Interference. . . . ., . . . . . . . .
1, ARN-3 Studies, , , . e

2, Ratio of Signnl-Plus-Noibc to Noisc on HF

Field-Expedient Antennas , , . . . . . . .
8. Lightning-Flash Counter Studies, ., . . . .,
4, Interfcrence Considerations, . , . . . . .

\'4 TASK C: SYSTEM TEST FORMAT AND PROCEDURE
INVESTIGATIONE . . . . . & ¢« o ¢« v « v v v v o s o s

Early Tests with HF Manpack Radios, , ., . ., . .
1, ObjecthiVie - m 5 525 o o o 61 & 6 & & w & & 3
2 Background , , ., ., ., . . ., . .. . . ...,
3. Begults. . . . 6 . i 5 5 5 o o 0 w0 s

Tests with VHF Manpack Radios , , , . ., . . . .

i. Forest Test near Bang Sapan, Thailand,

25 Delta Tests near Bangkok, Thailand

3, Forest Tests near Rayong, Thailand , ,

4, Forest and Varied-Terrain Tests near
Chumphon, Thailand ., ., . ., ., . . ., , . .,

5. Antenna Substitution Tests with AN/PRC-25,

Definition of Range of VHF Manpack Radios , . .,
1. Objective. . . . . . . . . v v o v s o 4
2. BicEKground . . . . . . . . . % 4 v 4 b &
8. Results®. . .| . . . . . v 5 v o o o s « o %

vii

131

Lol
131

138

144

163
163
169
170
172
174

179
179

191
193
198

212
212
212
213




e | R iy WL N

gl s . T

\'2 | RECOMMENDATIONS, ., . . . . . . . .
; A, Technical Recommendations , , , ,

B, Putupye® Work . . . L 0 % S50 e

Appendix A--DESCRIPTIONS OF FORESTED MEASUREMENT
THAILARD , ., . . . . . « « ¢« « s o &

Appendix B=--PROJECT PERSONNEL, ., . . . . . . . . . « . « .
Appendix C--TECHNICAL REPORTS PREPARED UNDER THIS CONTRACT
REFERENCES . . . . . . . . o o o o v o v o o & o & s o o

DISTRIBUTION LIST. ., . . . . . « « + « v o « o o o o o &

DD For:a 1473

viii

227

233

251

L




Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

If1r-1

I1r-2

IT1-3

I11-4

ITI-5

ITI-6

Irr-7

Irr-8

IT1-9

ITI-10

ILLUSTRATIONS

Pnotograph of MRDC-EL in Bangkok, ., . . . . . .
Map showing Thailand Field Sites, . .
Project Flow Chart--By Task . . . . . . . . . .

Nomenclature and Coordinates for Idealized
Lossy Dielectric Slab Model ., , ., . ., .

Effective Antenna Length for Various Antenna
feights in Clearing and Forest, . . . .

Effective Antenna Length as a Function of
Reight above Good Ground--Zenith, , . . . . . .

Effective Antenna Length as a Function of
Antenna Height above Good Ground--ttorizon . . .

Effective Antenna Length at Zenith and Norizon
as a Function of Forest Heightw-ha =0,03 » ., .

Effective Antenna Length at Zenith and Horizon
as ¢ Function of Forest Dielectric Constant—-ha

® 0el3O i D EraEN . @ RLE 5 6 E PP P

Relative Power Distribution in the Vicinity of a
300-<() Open-Wire Transmission Line . ., .

Comparison of Measured Median Values of g'l and
r
5; at Five Tkailand Sites . . . . . . . i e i

Comparison of Median e and o, Measured in
Undergrowth at Five Sites ., lr ol M A AR =

Lateral Wave Attenuaticn Constant Crwmputed frum
OWL Measurements=--as a Function of Frequency,

ix

(4]

20

26

28

29

32

36

39




Figure

S l Figure

Figure

Figure
Figure
Figure
Figure
Figure

Figure

Figure

Figure

ITI-11

I11-12

IT1-13

I11-14

IT1I-15

ITI-18

[rr-17

II1-18

ITI-19

I11-20

[rr-21

I11-22

I1r-23

Loteral Wuve Attenustion Constarnt Computed ss
a Function of Frequency with Constant
CopMetiviTV,: . ¢ o A b e & o ute » b8 &

Lateral Wave Attenuation Constant Computed ag
Function of Frequency, with Varjable
Con@BeMivity., o 2 ¢ ¢ o o » 25 &

Permittivity as a Function of Willow Sample
MELERN . £ 30t € G 4 eNAE BEAE § I e

Varigtion of Attenuation Constant and Conduc-~
tivity as a Function of Willow Sample Weight,

Map o1 MF Ground Conductivity in Centyal,
Eastern, and Northeastern Thailand (uunits in
mmhO/M) ., . . . . . . e e e e e e e e e e

Median Surface Conductivity of Ground at
Selected Sites in Theilaad., ., .,

Median Surface Ground Permittivity Mecasured at
Selected Sites in Thailand.

Sketches of Antennas Measured with the HF
Airborne Xeledop., . . . . . . . . .+« .+ « o v o

Measured Radiation Pattern of the 8 MHz 6 23°
High Unbaslanced Dipole at Almanor--Eg at 8 MHz.

Mecasured Radiation Pattern of the 8 Miz, 23°
High Unbalanced Dipole at Almamor--!i9 at 8 MHz,
Measured Radiation Pattern of the 8 MHz, 23'
High Unbalanced Dipole at Almanor--Power at 8
BRA 'r e A B el el el e Ve BRI &G

Estimated Absolute Gain Versus Elevation Angle
for the 8 MHz, 23' High Unbalanced Dipole
Antenna at Lodi and Ben Mun Chit, ., . . . . .

Comparison of Measured Radiation Patterns of
the Monopole Antennas at Lodi, Almanor, and Ban
Mun Chit--Ee AEDMME . 6 . r i e s e B w s

53

(5}
[+1}

63

65

67

68




50 " LI

Figure I11-24 Estimated Absolute Gain Versus Elevation Angle
for the Monopole Antennas at Lodi, Almanor,
and Ban Mun cnn-—t:e at &Mz . Ll s . R RN 69

Figure III-25 Measured Radiation Pattern of the 6 MHz 5:1
Inverted L Antenna at Ban Mun Chit--Power at 6
Mz . . . L L . s e e e e aee TS Wi

Figure III-26 Mecasured Radiation Pattern of the 6 MHz 30°
Slant Wire Antenna at Bon Mun Chit--Power at 6
MUz . . . . . . . e e e e e e B P ETEEES 72

*®

Figure III-27 Measured Amplitude Versus Azimuth Angle of 50-
MHz VHF Anteunas in a Eucalyptus Grove--8°

Elevation . . . . . v o « « « o » w-. 2 SEIEE 74
%
I
Figure II1-28 Measured Amplitude Versus Azimuth Angle of 100- 1
MHz VHF Antennas in a Eucalyptus Grove--8- =
Blevatdon . . . . o & s 5. e o @aeda @it S R 75 ;

Figure IJI-29 Comparison of Measured and Cazlculated Effective
Lengths for Dipole in Forest and in Cpen., . . . . 81

Figure III-30 Comparison of Measured and Calculated Median
Radiation Patterns for the 16-ft High 6 MHz
Unbalanced Dipole in the Foliage at Ban Mun
Chit——Ee at & Mlz ., . . . L oL oLz .l RO R 83

Figure II1-31 Comparison of Measured and Calculated Median

Radiation Pattern for the 16-ft1 High 6 MHz

Unbalanced Dipole in the Foliage at Ban Mun

Chit——Ee at 6 Mllz . . . . . . i SeeubriiEERRRE 84
Figure II1-32 Comparison of Measured and Calculated Median

Radiation Pattern for the 75 MHz Unbalanced

Dipole in the Forest at Ban Mun Chit--E_ at 75

MBZ 0 & o o T R e b B e ke TR .9. . 3 P LE 86

RN

Figure III-33 Comparison of Measured and Calculated Median
Radiation Pattern for the 75 MHz Unbalanced
Dipole in the Forest at Ban Mua Chit--E_ st 75
WE o . 5 4 % e % 6 %5 ) e s CLANETE .B, T i 87

Figure III-34 Sketclkes of Special Dipole Configurations for
Relative Gair Measurements, . . . . . s & Epdld 41

xi




Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

III-35

III-36

ITII-37

III-338

II11-39

III-40

II1-41

II11-42

III-43

I11-44

[II-45

II1-46

I01-47

Relative Dipole Gain as a Funetion of
Ante e Gap@gthe 1000 0 Wi 8 8 e e s e B

Comparison of Computed and Measured Dipole Gain
Toward the Zenith as a Funetion of Antenna
Height in Clearing and Forest ., . .

Typical Relative Response Toward the Zenith of
6-MHz Field-Expedient Antenna , . . . . .

Measuved Dipole Galn Toward the Zenith as a
Function of Antenna Height--A. Several Sites.

Weasured Impedance of 8-MHz Horizontal Dipole
in Clearing and Forest--as a Funection of

Frequeney . . . ¢ ¢« o ¢ o « o o o s+ e s o

Measured Impedance of 6-Miz Horizontal Dipole in
Clearing and Forest--as a Funetion of Length,

Measured Impedance of 6-MHz Horizontal Dipole
in Clearing and Forest--as a Funetion of
Height., . . . « « « v « « o o o « o« o & o

Measured Resistanee of Balaneed and Unbalaneed
6-MHz Horizontal Dipoles in Clearing and
Forest--as a Funetion of Height . . ., . . . . .

Measure«d Impedance of 6-.3z 30° Slart Wire in
Clearing and Forest--as a Funetion of
Frequeney . . . « o « « « « « o o o & & o

Mcasured Impedance of 6-MHz 5:1 Inverted L in
Clearing and Forest--as a Funetion of

Frequeney ., ., . Me o 3P 8 FAE @ 5 e

Measured Impedance of 15,6-ft Monopole in
Clearing and Forest--gs a Funetion of Frequenecy

Measured Impedance of Tuned 15,6-ft Monopole in

Clearing and Forest--as a TFunetion of Frequeney .

Eftfeet of Rubber Plantation on Reeeived Signal
as MPX is Carried into Forest , . . . . . . . .

xii

29

100

102

103

107

109

110

111

113

115

116

127




Figure II1I1-48 Samples of the Received Signols in the

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Fiizure

Figure

Figure

II1-49

III-50

Iv-1

1v-2

IV=3

IV-4

1V-6

iv=7

1v-8

IV-9

IvV-10

IV-11

IV-12

Preliminary Study of the Scattering Properties
of an Isolated Tree , , . cBE B acliBels ERC

Measured and Calculated Input Impedance of
100-MHz A/2 Dipole Versus Distance from Trees
(height = 6.56 feet). . . . . . . . . . . . ..

Comparison of the Theoretical and Experimental
Scatter Patterns of an Isolated Tree and Mast

Comparison of Observed and Predict~d Monthly
Median foF2 for a Typical Monthk , , ., . . .

Median and Quartile Values of Errer Function of
ESSA foF2 Predictions from 1964 through 1967, .

C-2 Versus Granger foF2 Readings at Bangkok,
Thailand, . . . . . . . . . . ..

Percent of Time the Operating Frequency £xceeds
MOF on a Path of Length Less Than 50 km . . .,

Map of Sounder Sites in Thailand, . . . , . . .

Results of Oblique-Incidence Iunospheric
Sounding® « : a:a e s S v 5 5 @ e W W oW

MOF Factor as a Function of Lotal Time., .,

Block Diagram of CW Experiment Receiving and
Recording System, . . . . . . . . . . . . ..

CW Received Signal Strength at Prachuab , , , .,

Envelope Correlation Coefficiert of Signals
Received at Prachuab ., . . . . . . . . . ..

CW Received Signal Strength at Nakon Sawan, .

Envelope Correlation Coefficient of Signals
Received at Nakon Sawan , ., . ., . . . . . . .

xiii

126

128

129

133

134

136

137

139

142

143

145

147

147

148

148




Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

rfigure

Figure

Figure

Figure

Figure

Figure

Iv-13

Iv-14

IV-15

1v-16

V- 17

Iv-18

Iv-19

Iv-20

Iv-21

Iv-22

1v-23

Iv=-24

Iv-25

1V-26

Iv-27

1v-28

CW Received Signal Strength at Chiengmai.

Envelope Correlation Coefficient of Signals
Received at Chiengmai ., ., . . . . . . ¢« ¢« « «

S/N Ratic on Paths 2, 3, ard 4 as a Function
of Loeal Time

Time Delay Spread on Paths 2, 3, and 4 as a
Function of Local Time. . . . . . . . . .

Doppler Spread on Paths 2, 3, and 4 as a
Function of Loeal Time. . . . . . . .

Character Error Rate on Path 2 as a Function of
Local Time.

QL and QT Regions

Ayudhaya: 1.7 MHz CW, All Transmitting/
Reeeiving Antenna Combinations.

Nakornpathom: 5 MHz CW, All Transmitting/
Receiving Antenna Combinations.

Example of Results of Polarization Diversity
Test--Ayudhaya tc Bangkok .

Diurnal Variation of Flectron Content and
F-Layer Peak Eleetron Density and Solar Flux--
Descending Passes

Seasonal Variation of Peak Eleetron Content
Latitudinal Variation of Electron Content .

Diurnal Variation of Equivalent Slab Thiekness
and Mean Seale Height--Aseending and Deseending
Passes, . . . . « . .

Pereentage Change of foF2 During lonospherie
Storms., . . a e N G ST AN

Diurnal Variation of Perecent of Time foES at
Bangkok Exeeeds 3 MHz --deptember 1963 through
MEY 1965, . on s . 0 e e 0 e e

xiv

149

149

150

152

153

154

158

159

160

162

165

167

167

168

173

176




Figure

Figure

Figure

Figure

e

Figure

Figure

Figure

Figure

Figure

Figure

I1v-29

Iv-30

Iv-31

Iv-32

1v-33

1v-34

IV-135

foES and Percent Occurrence of Sporadic E at
Local Noon as a Function of Latitude in
Thailand, .

Mass Plot of foE; as a Function of Frequency
of the C-2 and Granger Sounders at Bangkok,

Percent Occurrence of Spread F and Sporadic E
at Songkhla, February 1967.

Querterly Time Block Median of Noise Power
(Fam) Observed at Laem Chabang during the
Period March 1966 Through February 1968

Quarterly Time-Block Median of Noise Voltage
Deviation (Vdm) Observed at Laem Chabang during
the Period March 1966 Through February 1968

Month-Hour Values of Effective Antenna Noise
Factor for 5.0-MHz Trapped Dipoles at Laem
Chabang .

Comparison of ARN-2 Monopole and Trapped Dipole
Observed Noise with CCIR Report 322 Predictions,
Laem Chabang, Thailand, Winter, 1967-1968

Comparison of Performance of Sets Using Dipole,
Slant-Wire, and Whip Antennas--All Tests in
Thailand (Spring and Summer, 1963).

Communication Success as a Function of Range
for HC-162 (AN/PRC-74) in Mountain and Varied-

Terrain . . . . . . . . . . ..

Intelligibility Versus Distance for AN/PRC-35
(XC-~3)--65 MHz.

xv

177

178

180

184

185

186

189

203

204




Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

EFF=1

Irr-2

III-3

II1-4

I11-5

I11-6

Irr-7

Iv-1

Iv-2

V-1

TABLES'
Summary of Measured HF Antenna Pattern Data
Available in STRs 10, 25, and 35. .

Summary of Measured VHF Antenna Pattern Data
Available in STRs 19 and 39D. . . . . .

Relative Gain and Jungle Loss for 6.05-MHz Antennas

at Ban Mun Chit ., . . . . . . . « « < .

Relative Gain Data for 6-MHz Antennas at
Chumphon. . . . . + + &+ « o & o o o

Relative Gain Data for 4-MHz Antennas at
Chumphon., . . . . . .

Relative Gain Data for 8-MHz Antennas at
ChampBhon-, . « « + « o o 5 5 « & o =« &

Average Reflection Coefficients for Three Trees
Sounder Site Operating Schecule . . . . . . . .

Distribution of Difference (pA) Between Observed
and Predicted Noise Powers, . . . . . .

Characteristics and Effective Ranges for PRadio
Sets Tested in Delta. . . . . . . . . . .

Typical Improvement in AN/PRC-25 System Gain
Obtained by Changing from Short to Long Whips

xvii

.

.

60

93

96

97

97

127

14C

188

208

212




*PRECEDING PACE BLANK-NOT FILMED®,

ACKNOWLEDGMENTS

Many organizations and individuals have contributed to the success
of the SRI SEACORE program. Considerable effort was required to plan,
coordinate, and carry out this complex project. 1t would be impossible
to acknowledge properly all of the numerous assistances we have received.
It is our pleasure to attempt to document and acknowledge the most signi-

ficant of these contributions,

At the head of the list are the ARPA-AGILE Communications Program
Managers (Washington, D.C.): Col, H., E, Tabor, Col, J. L. Jones, Col,
G. J. Ackerland, and Col. T. W, Doeppner, under vhose overall super-
vision the SEACORE program was conducted. Working closely with ARPA
as contract service agent were the personnel of the U.S. Army Electrounics
Command (USAECOM), Fort Monmouth, New Jersey, under whose guidance the
program has been conducted, The special attention and constant support
given to this work by Mr. R. A. Kulinyi and his staff (especially the
Contracting Officer's Technical Repreientatives, Mr. H. L. Kitts, and
Mr, R, N, Herring, and also Mssrs. M, Acker, D, Dence, and K. Murphy)

is especially appreciated.

In Thailand acknowledgment is due the Military Research and Develop-
ment Center (MRDC), which includes representatives of the Thai Ministry
of Defense and the ARPA, In particular, the support o{ the Commanding
Generals of MRDC, Gen. Singchai Mensuta, RTA; Air Marshal Manob Suriya,
RTAF; and Gen. Prasert Mokhaves, RTA; and the Communications Program
Manager, Capt. Prapat Chandaket, RTN; and the other Thal personnel
working on the communications program, including Commander Paibul

Nacaskul, RTN; and Wiug Commander Termpoon Kovattana, RTAF, is appreciated.

xix




The ARPA (Bangkok) personnel included the Field Unit Directors Mr. T,

W. Brundage and Dr. R. D. lolbrook, and Communication Program Managers

Col, J. Scoggin, Lt. Col. P, Collom, Col. J. L. Jones, and Lt, Col,
E. B. Howard, The assistance in Bangkok of Mr. €, W, Bergman of ARPA

and Lt. Col. J. A, Kranz, Capt. K. M, Irish, and Lt, Col. J. Valenti

of USAECOM during the initial phase of the work and Mr. R. K, Yee of
ARPA and Lt. Col. A. P, Sidon of USAECOM during the final phases also

is appreciated.
The responsiveness of the Sylvania Electronics Defense Laboratory,

Mountain View, California, in providing the laboratory to SRI specifica-

tion on a very short time scale is acknowiedged--especially the efforts

of Mr, C. Sibley and Mr., W, Bush.

The SRI and subcontractor personnel who carried out the work are

listed in Appendix B,

XX

[ .

o




1 INTRODUCTION |

A. ﬂ!.torical Review

1. Prefacing Remarks

Under Project AGILE, the Advanced Research Projects Agency
(ARPA) of the U.S. Department of D.fense has been providing research .
and engineering support tc selected developing countries friendly to
the United States. In the summer of 1962, the ARPA asked the U.S. Army
Electronics Research and Development Laboratory (USAERDL), Fort Monmouth,
New Jersey,* and the Stanford Research Institute (SRI), Menlo Park,
California, to establish an electronics laboratory in Pangkok, Thailand,
under a part of Project AGILE called SEACORE--a loose o.ronym for South-
east Asia Communication Research. The SRI SEACORL work had two objec=
tives: first, to establish and operate a laboratory facility in Bangkok,
Thailand, and assist Thai personnel toward the end goals of providing the
Thai government with a research and development capability in communica-
LiCTQJEIectronics; and second, in the course of this work, to perform
research on various radio communication problems of mutual interest to

Thailand and the United States.

The estabiishment of the laboratory facility in Bangkok will
be discussed briefly, but the main purpose of this report is to summarize

the results of the scientific and technical research work performed while

the laboratory was under SRI directorship.

*

The U.S. Army Electronics Research and Development Laboratory was later
named the U.S. Army Electronics Laboratory and subsequently renamed the
U.S. Army Electronics Command (USAECOM) .

1
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2. Laboratory Facility in Bangkok, Thailand

The laboratory facility was designed by SRI during the fall
of 1962, built by the sylvania Electronics befense labvoratory in
Mountain View, Califormia, under coniract to USAERDL, and shipped to
Thailand in the spring of 1963. The main laboratory building consisted
of three 8-ft x 8-ft x 28-ft air-conditioned shelters connected to form
a tee (T). Four transportable air-conditioned field shelters were also
provided, as well as power-generating equipment, and an extensive assort-
ment of electronic test equipment providing a measurement capability from

dc well into the microwave part of the spectrum.

The laboratory was installed at a temporary location in the
Bangkapi section of Bangkok at 59 Petchburi Road extension. In addiition
to the T-van, the facility consisted of an adjacent generator house and
a leased three-story office huilding. In August 1963 the U.S. Army
Radio Propagation Agency, Fort Monmouth, New Jersey, provided a C-2
sounder for study of the equatorial ionosphere. Additional land was
leased for an antenna farm, and the C-2 was installed adjacent to the
T-van. Subsequently, one side of the T was filled in to form a store-
room--see Figure I-1, a recent photograph. The present T-=van compiex
(exclusive of the office building and C-2 sounder) provides about 2,000
square feet of usable floor space. Plans . urrently are being made for

a permanent laboratory facility at another site in or near Bangkok.

The laboratory, originally a part of the joint Thai-U.S.
agency called the Combat Development and Test Center (CD1C), had its
official opening on 4 October 1963. The CDTC was established to conduct
rescarch and development in the tropical environment; consequently, the
name was changed to the Military Resecarch and Development Center (MRDC)
carly in 1964. The laboratory has been called the MRDC Electronics

Laboratory (MRDC-EL) since that time.

2
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The MRDC-EL was operated under SR1 direction through 1967
(see Appendix B for staff listing). The development of the laboratory 1
and its work during this initial phage have been described in the Semi-
annuzl Reports prepared under Contract DA 36-039 AMC-00040(E), and in
Final Report 1, Vol. 1 (see Appendix C).‘.r The first phase of a transfer
of the respon: ibility for the MRDC-EL to the Thai began in January 1968
under Contract DAAB 07-68-C-0194 (SR1 Project 7163)., Since that time
SRI has piayed only a consultative and administrative role. Through
the summci of 1969, three SR1 staff members were consultants to i“e Thai
Director and his staff on problems they are pursulng such as HF point-to-
point communications, inter-village communications, etc. Since ‘hat time
tvo SRI staff members have been assisting the MRDC~EL, and this effort is

continuing under Contract DAAN-1-70-C-0550 (SRI Project 8306).

3. Technical and Scientific Work

The technical and scientific work in Thailand began in '963--
even before the arrival of the laboratory facility--with the testing of
selected manpack radios. During the course of the projecct, work was
performed on many different tasks (see Section [-B) at the MRDC-EL tin
Bangkok and at numerous remote sites (see Figure 1-2). Field work in
Thailand was completed in 3967, and analysis of most »nf the data obtained
has been accomplished and the results reported in Special Technical
Reports (see Appendix C). Several of these reports are still in prepara=
tion with USAECOM support under Contract No, DAAB 07-070-C-0220 (SRl

Project B8663).

x
References to reports on this contract will be made as discussed in

Scction 1-C and Appendix C. Refercnces to other material are given
at the end of this report.
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B. Projeet Organization and Task Structure

The SRI SEACORE effort originally was divided into three tasks.

Task I (Opecrations Analysis Program) dealt with commurnications-oriented
operations research and analysis. The results of this part of the pro-
gram have been summarizec¢ in the Task I Final Report (dated December 1966)
and will not be discussed further in this report. Task II (Scientifir

and technieal Investigations) dealt with estahlishing the MRDC Eleectronies
Laboratory and with the various seientific and technieal tasks undcrtaken
by the MRDC-EL in Bangkok and che SRI Communication Laboratory in Menlo
Park, California. Task III (CONUS Support) dealt with supporting the
MRDC-EL. The purpose ef this report is to summarize the results obtained
under Task II (and Task III, which was merged with Task II early in the

rrogram).

During the course of the SRI SEACORE work, the efforts under Task II
were grouped under various subtasks, and these subtasks were continually
reviewed and redefined as the program developed. The final set of Tech-

nical Guidelines (dated 20 May 1966) divided the work between three tasks:
Task A--Antenna Environment and Antenna System Investigations
Task d--Ionospheric and Frequeney Spectrum investigations
Task C--System Test Formut and Procedure Investigutions.

All of the work performed under the original Task Il will be summarized

*
in this report under this final task strueture.

*It should be noted that the work indicated in the 20 May 1966 Technical
Guidelines under Task C was not funded and hence was not undertaken.
This tusk hcading is relacively deseriptive of some of the work per-
formed under otlier (earlier) subtasks, and it will be used i this
report for the purpose of discussing such work.




A detailed flow chart 'as been prepared to assirt the readei in

following the Task II work progress chronologically in the context of
this structur: (see Figure I-3). Each block in the chart indicates a

significant step in the werk, and the corresponding report numbers are

given at the bottom of each block. Those blocks which are not connected

to others repiesent technical tasks performed as direct support to MRDC.

This chart, together with the list of reports, provides a guide and

reference to the work performed on this contract.

C. Organization of Cur+ent Report

The major technical and scientific results are summarized in
Section II. The remainder of this report is organized along the lines
of the final task structure, with Sections III, IV, and V summarizing

the results obtained under Tasks A, B, and C, respectively.

Numerous reporting techniques and report categories have bheen
employed on this project, and they are described in Appendix C-=which
includes a list of the reports. References in the text of this report
to Resesrch Memoranda (RM's), Special Technical Reports (STR's), and
Semiannual Reports (SAR's) prepared on this contract will be made by
simply giving the report number in parenthesis (e.g., STR 1). Appli-

cable reports also will be referenced in this manner at the beginning

of each major subsection.
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II SUMMARY OF MAJOR TECHNICAL AND SCIENTIFIC FINDINGS

A. Task A: Antenna-Environment and Antenna-System Investigations

1. The 3-layer slab model of a forest environment developed on
this contract is useful for predicting the average pcrformance of HF
antennas in forests und can be used for limited applicatlons on VHF
antennas in foresis. The model is more accurate at HF and it does not
account for the detailed variations due to scattering effects which
become important for freguencies above about 10 MHz~-especially for
vertical polarization. More work is required to incorporate the scat-

tering effects on a statistical basis.

The model correctly predicts that the most significant variable
controlling dipole gain toward the zenith is the height of the antenna
above ground and that at low elevation angles, the height of the forest
is also significant in determining dipole gain. The model also correctly
predizts an increase in low-angle gain in 1he broadside direction when

the dipole is in the forest,

2. The center-fed half~wave horizontal dipole is the best field-
expedient antenna for use on short HF skywave paths (50 miles or less),
and this antenna nced be clevated only to 2/10 above ground to be within
about 3 dB of the maximum gain (which occurs for a dipole height of about

3/8 rather than the commonly assumed height of )\/4).

8. Open-wire transmission line (OWlL.) techniques developed under
this contract are useful for measuring the electrical characteristics of
forests and ground to provide input data for mathematical mode ling of

antenna performance. Measurements from the OWls have shown that the

11




= 1,0 and ¢ between 1.01
r

foliage can be approximated bv a slab of ur

and 1.06.

4. Full-scale antenna measurement techniques developed by SRI

were employed on this contract. The results of these measurements

showed that the radiation puttexns of full-scale antennas should be

measured to fully understand the effects of environment oa antenna pcr=

formance. Measurements showed that the Ee (vertical polarization response

of the measured antennas) was affected by the forest more than the Ea

(horizontal polarization) response. The maximum directivity of the

measured monopole antennas occurred at higher elevation-angles when the

antennas were measured at forested gites than when measured in open arcas.

Measurements of the radiation patterns of VHF antennas in

forested environments indicated strong scattering creuted Ly the foliage

and it was necessary to process (smooth) the data statistically in owxder

to interpret the data in terms of model predictions.

5. Vertical-incident ionospheric sounders were employed to measure

the relative gain of field-expedient antennas ard from these measurements

and model data, estimates of the absolute gains of these antennas werc

derived. Measurements employing these techniques showea iiat the clements
of a half-wavelength dipole antenna can Sag approXimately 45° relative
to horizontal befcre 1 dB of gain toward the zenith is lost (proviaed

the feed point is elevated greater than A 10). The half-wavelength

dlﬁole antenna was shown to be the most effective radiator for propaga-

tion towsrd the zenith; followed by the inverted L, the slant wire, and

the monopole or whip which was the least efficient.

6. Measurements of the feed-point impedance of the various field

expedient antennas were performed. The impedance of a simple field-

expedient antenna typically increases as the antenna is moved from

12
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clearing to forest, and the antenna will resonate at a slightly lower

frequency in the forest. The impedance bandwidth of a half-wave hori-
zontal dipole antenna increased when it was moved froi a clearing to a
forest, whereas the measured impedance bandwidth of a monopole som:times

decreased when it was moved from a clearing to a forest.

B. Task B: lonospheric and Frequency Spectrum Investigations

1. The ESSA predictions of vertical-iuncidence critical freguency
.re the best available for the vicinity of Thailand and these predic=-
tions of monthly median values typically are accurate to within about
1 MHz. These predictions may be applied directly to compute the maximum
usable frequcacy (M'F) for oblique-incidence paths up to about 200 miles.
For longer paths, oblique-incidence predictions of the "MU " factor given

in this report should be used.

2. A preferred orientation (magnetically north-south) was pre=-
dicted and observed to exist for linearly polarized antennas (¢.g.,
dipoles) when used on certain short skywave paths in the vicinity of
the geomagnetic dip equator (which passes through the Malay Peninsula
south of Bangkok and the lMckong River delta south of Saigon). 3ignal
enhancements of 6 dB or more were commonly observed on short paths (less
than 50 miles) when using north-south alignment at both terminals re-
gardless of the path bearing, but for paths of about 150 miles or greater
the traditional broadside orientation produced the greater recelived sig-
nals. The signals received on adjacent north-south and cast-west dipoles
were uncorrelated (except when sporadic E was present) on paths of up to
aboit 800 miles, and "orientation diversity" appears to be attractive for

use with diversity raecelivers.

8. The signal-to-noise ratio on simple, field-expedient antennas

tends to be determined morev by relative gain for the desired signal than

13




by the noise discriwination properties of these antennas. There seemns

to be very little difference in the noise currents induced in NF antennas
placed in forests and those placed in adjacent cleared areas, and tue

noise on horizontal dipoles is relatively independent of dipole alignment.

4. Observations of MF and HF atmospheric radio nolse over a two-

vear period indicate that the gencrally accepted nojse maps (CCIRv Report -ﬂ
322) do not predict enough noise for Thailand Ly abowut 10 dB, but the data ;HJ
are in agreement with the CCIR Report 322 div-ral variation .f noise power. 4
Local electrical storms in Thailand (as det-cted with lightning flash _ﬂ

counters) can increase the average noise level in the lower part of the §

MF band by as nuch as 20 dB. The British Llectrical Research Asscciation

(ERA) counter was consadercd the best for 7 .cumenting the occurrence of

local storms, aud the results of the coun.er studies correlated well with

local meteorological activity.

5. The time-delay spread of pulses propagatcd ionosphercically on |
oblique paths out to about 800 miles was observec tu be betwwen 1 and 4 [
ms, und Doppier spreacs of a CW signal of 0.4 Hz to 1.4 Hz were observed
on these same paths. S/N and interference rather than time~dce “ay spread
or Doppler spread seemed to limit the performance ~{ the AN/MRC-95 radio
teletype on short paths in Thatland. For high S/N, the observid time=- j;
delay spreads probably cause errors due to frequency sclective iading. iy

This effect could be minimized by reducing the frequency shift of this >

equipment and this deserves more study.
6. Beacon satellite transmissions are usciul in determining

(a) The total eclectron content between a satellite : :
!

and a ground receiving site,

*

International Radio Consultstive Committee of th- International
Telecommunication Union, Geneva, Switzerland
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(b)

(c)

€ Task C:

The vertical incidence (v.i.) critical frequency

vs, latitude to within about 10 percent, and

The magnetic dip angle (vhen multiple receiving

sites are employed). |

System Test Format and Procedure Investigations |

1. Subjective tests with HF manpack radios in Thailand showed: .

()

(b)

(c)

The necessity for flexibility in changing

frequency to avoid interfering signals.

The feasibility and need of using HF skywave
where groundwave was not usable for communi-
cations with manpack radios in forested or
mountainous tervain over paths exceeding a

few miles.

The superiority of the center-fed horizontal
dipole ov2r the siant wire, and of the slant
wire over the whip antenna for use on short

HF skywave paths,

2. Subjective tests with VHF manpack radios in forests near the

range limit of the s=t showed:

(a)

(b)

The improvement in performance obtained by

clevating the antenna.

Improvement in performance by oending a whip
over (away from the set) to approximate a

horizontal antenna.



.! i --4: ‘-"I-L-".

; (c) Improvement in performance often could be

= obtained by moving around in an area of : ;:‘
only about 20-ft radius to find a location f}v
of higher signal strength. Difficulty in 3

using VHF (FM) sets while moving, which

often could be remedied by stopping at a

position of higher signal strength.

8. The need for a meaningful definition of the range of a VHF

manpack radio in gstatistical terms was observed and such a definition

(based upon propagation statistics anc voice-intelligibility tests)

was formulated.
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II1 TASK A: ANTENNA-ENVIRONMENT AND ANTENNA-SYSTEM INVESTIGATIONS

A. Mathematical Model of Antennas in Forest Environment (STR 16)

) Objectivc

The objective of the antenna-forest model work was to develop
a mathematical model for predicting the clectromagnetic fields in tke
region above a forest due to transmitting antennas located in the forest.
Applications are to HF skywave communications and to HF and VHF air-to-

ground communications.

2. Bnckground

Very little was known about the effects of living vegetation
upon antenna performaice or upon radio-wave gropagation when the SEACORE
work began in 1962 (see STR 17, a literature survey). Only limited
amounts of data were available for the case of ground-to-ground propaga-
tion in Junglgs,*lfz? and Jansky and Bailey (J&B) was tasked by the U.S.
Army Signal Corps and ARPA to obtain extensive additional data of this
type in Thailand as part of the SEACORE effort.” Jansky and Bailey also
were to work on the mathematical modeling for the ground-to-ground case
as it pertained to interpretation of their data. No data were available
for the HF skywave or {{F and VHF ground-to-air (or air-to-ground) cases,

and SKI was tasked to obtain such data in CONUS and in Thailand and to

*
The term forest probably is preferable to jungle, however, both are

used interchangably in this report.

References are listed at the end of the report.
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analyze the results in the context of a mathematical model. The SRI

theoretical effort was limited to determining the fieclds at a significant
distance above the forest caused by a tvansmitting antenna located in

the forest and, by reciprocity, the inverse case (i.e., transmitting
antenna located far above the jungle and the receiving antenna located

in the Jjungle).

Pounds and LaGrone* were the first to consider the macroscopic
effects of living vegetation from cn electromagnetic standpoint, and
they proposed to consider the forest as a dissipative (lossy) dielectric
slab. This approach also was used by Lippmann,5 who considered ground-
to~ground propagation in a jungle from the network theory point of view.
As part of this project, Taylor addressed himself to the HF skywave
problem (STR 16). He employed the lossy-slab model of a forest region to
compute the far-field (in air) directivity and gain of Hertzian dipoles
located in the forest part of a three-layer (air-jungle-ground) slab.
Sachs and WyattG first successfully used the slab model to explain the
J&B ground-to-~ground results in terms of a lateral wave propagating in
air along the air-forest interface. Subsequently, this approach has been

®=? for predicting the radio

successfully employed by Tamir and others
system loss (or basic transmission loss) for both ground-to-ground and

air-to-ground systems operating in the equatorial forested environment.

The remainder of this section will summarize the results of
Taylor's theoretical work on this contract with application to the SRI
airborne pattern measurements as discussed ir Sections III-C and 11I-D

and to the height-gain measurements discussed in Section III-E.
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8. The Forest-Slab Model

a. Nomenclature

As discussed above, the slab model approximates the forest
as a multilayer dielectric sandwich (see Figure 111-1 for slab and antenna
nomenclature). The uppermost region is the space above the forest,
characterized by c;o and Mo (both unity), the relative permittivity
and permeability of free space. The i layers below this region are
layers of forest (i = 1) and ground (i 2) characterized by their

2
complex refractive indices, R o where LR eri’ and where the respective
relative complex dielectric constants, cri’ are given by:

? .o 1 I I
€ =€ - je =€ - j60c =¢ (1-3j6 )
ri ri ¢ ri ri J 1ko ri J i

where the loss tangent, 61, is defined by

€ (o]
xi i
) = ’ = [
i € we ¢
ri o ri

and ci is the conductivity, ) 1is the free-space wavelength at radian
o
frequency w, and € is the permittivity of free space (all in MKS units).
o
Each region is assumed to be homogeneous and to possess the magnetic

permeability of free space (uo).

b. Assumgtions

The simplicity of the model permits a reasonably rigorous
analysis, but certain assumptions must be made. The assumption of a flat
surface cn the top probably is justifiable when one considers that the
surface roughness is small compared to tne wavelength--at least in the
lower part of the HF band. An actual forest is not homogeneous, and it

will not act as if it were homogereous for tree spacings greater than

19
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s TN about 3/20. Also, the effective conductivity in the vertical direction it

L% [
:. ‘ probably is greater than the effective conductivity in the horizontal |
Th— s
g.‘-'f.i direction (STR 19), causing an actuval forest to be anisotropic, 3

! ¢. Definition of Fl and F_and Relationship to Ee and E |
The dipole far-field 'atintion putterns in STR 16 and in .
. this section are presented in terms of i function: where F 15 the ratio of
the effective length of a short electric dipol: (with no end loading) in l'
-i the forest slab, to one-half the actual length of the short dipole in |
i free space. The relationship between the F functions for a liorizontal
1
. dipole and the E-~field coordinates of Figure Il1l-1(a) is:
|
: (1) Pattern in the plaue normal to the
| dipole (for polarization normal to
|
{ the plane of incidence)
' F (8 E
| 1( ) = I zI
|
! (2) Pattern in the plane of the dipole |
(for polarization in the plane of ;
incidence)
F (8) = |E
2( ) ' xl
Once }‘1(9) and F,_(8) are determined from the mode! equa-
e
tions of STR 16, the functions E‘(e,:&) and Ee(e,t) as depicted in Figure
ITI-1(b) ==the directivity pattern parameters measured with the airborne
pattern-measurement system--can be found by using the relationships:
i E,(8,4) =F (8,8) = F (8) sin § 0° <4 5+ 90°
4
| and
:6(9,') =F,(8,8) = F (8) cos # -00° < § < + 90°
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where
®
9 = elevation angle
¢ = azimuth angle relative to the dipole axis.
A program wus developed to provide contours of the cal-
culated E_ and t. radiation patterns. This program determincs at what

]
azimuth angle the relative -3, -6, -9, and -12 dB contours intersect a

given elevation angle. The resulting contours of constant response can
then be plotted to provide a contour map of computed relutive signal
strength similar to those produced from the measured data. Computed

contours are presented in Section I111-D for comparison with measurea

results.

4, Parametric Sensitivity Test

There are many factors that affect the radiation pattern of
an clementary dipole antenna placed in a forest. It is not feasible to
compute radiation patferns for all parameter combinations of interest.
Therefore, the results discussed here were obtained by choosing typical
values of each model parameter and then varying them, one at a time,

around this value, The parameters considered were:
(1) Antenna height
(2) Forest height

(3) Real part of the relative dielectric

constant of the forest

*
In this report (and in STRs 10, 25, 35, and 45D) @ is used to denote
the elevation angle, whereas 0 was the zenith angle (90° minus the

¢levation angle) in STR 16.
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(4) loss tangent of the forest

(5) Real part of the relative dielectric

constant of the earth

(6) Loss tangent of the earth.

a, Effect of Antenna Height (h.)

The most significant of the parameters considered
here is the height of thc antenna above ground. It affects both the
effective length of the antenna-slab combination and the input resistance,
gna therefore, changes the gain function quite drastically. Also, it 1s

one of the few factors that can be readily controlled in the field.

Figure II1I-2 presenti polar plots of FI(G) and F2(8)
with antenna height in wavelengths as a parameter. Figure I11-2(a) is
for the case of no forest; Figure II1-2(bh) is for an antenna in a dense
forest. To emphasize the importance of raising the antenna above the
ground, the same data are presented in a different way in Figures III-3
and IIl-4. MHere F, the field-imaging function, is plotted as a function
of antenna height for two specific angles, one at the zenith and one very
near the horizon (grazing incidence). Figure 111-3 shows that the forest
has litt)le effect on radiation toward the zenith. The anterna height
determinces whether the low-angle radiation iz stronger off the ends of
the eclements (F2) or broadside to the elements (Fl)' The vertically
polarized radiation off the ends yLredominates at very low antenna heights
(see Figure I11-4). It should be noted that the effects of antenna height
upon antenna impedance (and hence upon efficiency) are not included in
Figures III-2 through 1II-4 (this topic is discussed in STR 16 and in

Section I[11-E of this report).
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b. Effect of the Forest Height (hf)

Figure I1I-5 shows the effect of iorest height (in
wavelengths) on the patterns. The high-angle radistion is affected only
slightly, while the low-angle radiation is affected rather markedly--as
much as 10 dB relative to the no-forest case for this example. The
vertically polarized signal off the ends of the dipole at low elevation
'ngles (F2) decreases as forest height increases, while the horizontally
polarized signal broadside to the antenna (Fl) increas=s wicth forest

height.

C. Effect of the Dielectric Constant of the Fores. (6'1)
T

High-angle radiation (above about 30° elevation angle)
is relatively independent of the dielectric constarc of the forest as is
low-angle radiation off the ends of the dipole (Fz). Low-angle radiation

broadside to the dipole (}1) is more dependent on ell—-cspccially for the
r

greater forest heights--and increcases as e'l increases (see Figure 111-6).
r

d. Effect of the Loss Tangeut of the Forest (61)

The effect of 61 on Fl and F2 for both hi; a- and Jjow-

angle radiation is negligible.

c. Effect of Ground Constants (€'2 and 52)
r ‘

Neither g;? or 52 of typical ground are significant

“

variables,
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B. Measurements of Vegetation and Ground Constants

)1 Vegetation Constants (STRs 13, 42D, 43)

a. Objective

In order to use the lossy-dielectric-slab model of a
forest (see Sertion III-A), the macroscopic electrical properties of the
forest (conductivity, permittivity, and permeability) must be known.
Open-wire transmission line (UWL) probes offer one method of measuring
these properties. The objective of this section is to discuss the use
of OWL probes for measuring the electrical properties of forests and to

gummarize the meastar~d results obtained.

b. Background

The macroscopic electrical properties of the forest, con=
sidered as a homogencous and isotropic dielectric, can be adequately
described for our purposes by two parameters, the complex relative di-
eleciric constant, crl’ and the complex relative permeability, Mg
The two parameters can be computed from the characteristic impedance,

Z
e’

the space around the conductors is filled with the material in question.

and the propagntion constant, Yl’ of a transmission line in which

The problem of finding crl and U then, reduces to the prob’em of
finding the characteristic impedance and propagaiion constant of the
transmission line in air and in the forest. These values can be ob-
tained from measurements of the input impedance of the line using one

of two methods: the short-circuit-termination, open=circuit-termination

method or the variable-length, fixed-termination metho:d (S8Tks 13, 42D, 43).

30




B 3
%
IJ_;t-i-—— - - e Wt o 2 ot = — | - ] = — - -
1
€. Limitations of the OWL Probes
1. Inhomogeneity Limitations
We desire to use the probes to messur: the average
value of the dielectric constant in a forest--probably an inhomogeneous
region. The averaging volume is determined by how the power carried in T
the transmission-line wave is distribuced ahout tie line. The relative
*
¢ power distribution vicinity of a 300-chm line 1is shown in Figure 111-7

where it can be noted that 95 percent of the power passes through a
circle of radius 1-1/2 times the line spacing centered on . line midway
between the conductors. This confinement of the power iz adequate to
permit isolation of the sensing region of the transmission line in a
forest from the ground and the air above the foresti and yet allow
vegetation in the region between the conductors, while utilizing con-

ductors of practical size.

2. Anisotropy Limitations

One would expect to be able to resolve anisotropic
effects if the fiecld about the probe were predominantly linearly polariz.d
and mos' of the power was contributed by the principal component. The
field about a two-wirc line is linearly polarized everywhere, but the
resultant lield varies in direction from poiat to point. Upon detailed
examination, it is apparent that a balanced two-wire transmission line
constructed of cylindrical conductors is not a satisfactory instrument
for determining the macroscopic anisotropic properties of dielcctrics

(STR 42D).

*
The power is distributed even closer to the conductors for lines of

higher characteristic impedance.
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3. Scatterer Limitations

A real forest is not a continuous slab of dielectric
material, but rather it is composed of groups of discrete scatterers
‘tree trunks, branches, etc.). The question then arises: Mos well can
a group of randomly spaced discrete scatterers be represented in the
slab model by only two parameters--the romplex dielectric constant and
the complex permeability? To answer this question; the effect of
scatterers near a two-wire transmission line was investigated experi-
mentally at the laboratory at the University of South Carolina and in
the tield (se¢ STR 42D). Dry and wet wooden bars and aluminum rods were
ured individually and in groups to simulate in the laboratory the effects
0f tree trunks and/or brencher. The measurcments on individnal scat~
terers yield equivalent circuits of the scatterers as lumped-constant
loads at the location of the scatterer alory the line. These vquivalent
circuits then were used to compute the effects of a random distribution
of such scatterers and to infer the effective macroscopic elcctrical
properties of a volume containing these scatterers. Mcasurements were
made on random distributions of these scatterers for comparison with the
computed values. Measurements on freshly cut vegeotation (tree branches)
and living vegetation w (e made to check the rcasonableness of the simu-
iation. Also, computations were made as a check on the validity of
ltepresenting a transmission line with discrete capacitive scatterers
(shunt capacitors) as a line with a higher d.2lectric constant and no
shunt capacitors (see Appendix D of STR 42D). The real part of the
relative dielectric constant was found to increase linearly with the
number of scatterers per wavelength placed along the line, and the real

part of the relative permeability remained essentially unity,
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‘The conclusvion of this study (STR 42D) was that a
ferest that consists of an ensemble of scatterers can be represented by
a slab with a single macroscopic descriptor, the complex dielectric
constant. Therefore, OWL probes are useful for estimating the macro-
scopic electrical properties of a volume containing living vegetation--
even when signilicant scatterers (e.g., tree trunks) are preseit--
although the results of OWL measurements must be interpreted with care.
1t is important to sample and average (or otherwise¢ smooth the results
guch as by computing the nedian value) in order to obtain a reasonable

estimate of the c¢ffective slab constant,

d. Lines Used for Measurcments

Several three~hundred=-ohm lines were constructed for use

at HFY and VHF. The HF line was made from 20-ft sections of 10-cm-diameler

aluminum irrigation pipes, whereas the VHF line was cons®ructed of !.6-cm-

diameter brass tubing plated with si1lver. These lines are discussed in

detail in STRs 13 and 43.

e. Results with OWL Probes

The majority of the results wers obtained in under-
growth with 'he small brass line, because the pipe line was cumbersome
and difficult to set up. The approach with the smaller line was to
sample on a matrix grid and obtain a statistical sauple of the desired
slub constants. The median results from five sites in Thailand* are
plotted ir Figures 1I1-8 aud 111-8., The o scale on Figure I111-9 is the

“"through-the-slab' attenuation constant (see the discussion of the

*
Detailed descriptions of these sites are given in 8TR 43 and in various
MRDC-ES5 reports. A brief description is given in Appendix C.
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"lateral-wave' attsnuation zonstant in the following section). Some of

the conductivity values at 75 and 100 MHz may be too high Jue to probe

.
limitations (see especially the loss tangent data), but the values
observed in the frequency range 6 through 50 MHz probably ave reasonable
estimators of the equivalent slab parameters. The conductivity curve

labeled Ban Mun Chit dense spot was generatecd from data taken in the

most dense vegetation found at any of the Thailand sites und is in-~
cluded as an example of an isolated pocket of very dense foliage. The

values from the other sites are surprisingly similar even though the

'1
|
|
i

forest sites yielding these data appeared quite different to the eye.
The spread of the Thailand OWL data is discussed in 3TE 43, but {1 may
be remarked that only rarely did the individual obscrved values of

c'l and p'l fall outside the bounds (which include mueasurement error):
r r

It should be noted, however, that a limitation in the manner in which
the probes were used probably caused the median values of ull to differ
r
from unity on the low side and caused the average values of ¢’ 10 be
rl

biased slignhtly high (see Appendix E in STR 42D). The most probable

The 1oss tangent data generally exhitmted a decreasing trend witi: in-
creasing frequency from 6 through 50 MHz: & 2= ¢.12 1'1/2 MHz. Bu:

from 50 to 100 MHz the loss tangent gencrally increased with increasing
frequency; and, since the conductivity dominates the expression for loss
tangent, it is possible that the OWl-measured corductivity values are
too high at 75 and 100 MHz,
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value of “:1 is 1.0, and a reasonable estimate of G'l for use in the
. =

slab model is between 1.01 and 1.06.

5. Discussion of the Uso of Vegetation Electrical
Constants in lateral Wave Computaiions

The measured values of the macrosropic electrical
parameters for the fegest can be used to compute 01, the slab attenua-
. .
tton constant for the lateral wave, whicn is reguired to calculate

antenna height-gain functiras for the ground-to-ground case:

172
s dB/m

ol 8.686(27/2 ) Im 3n~ = |
L o 1

A !
where | .> *the free-space wavelength in meters, and n = (¢ -
o ‘ i ri
JGO:I\ )l/2 is the complex refractive index of the forest. Computed
0
values of GL in dB/meter arc¢ given as a {unction of frequency 1in
Figure [i'-10. There is guite a bit of scatter at a given . Yequeacy,
but nevertheless there is a reasonable amount of agreement between the
values obtained at the different sites. For frequencies below 75 MEz
a reasonable approximate cxpression for 0I as a function of frequency 1s:

i

G = 0,009f + 0.1 in dB'm .
L Miiz
At 100 Milz the values are consistently higher than the lrend indicated
by the other values, and these values appear suspoct. Apparently the
conductivity values deduced from the line measurements werc high by

about a factovr of 2.

*
Note that this attenuation constart differs from the “through-the-slab”

attenuation constant given in Figure I11-9,
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Let us consider the effect of conductivity on JL
(see Figure [I1-11). For these computations, e;l was held constant at
1.038--a typical value in the frequency range 5 to 75 Milz. Notice that

at a given frequency allincruasus as 01 increases, and becomes indepen=-
dent of frequency for frequencies higher than some limiting frequenvy,

fL (e.g., IL:: 10 Miz for o, = 10-5 nho/m, 30 MHz for Zq © 3 X IO-r mho/m,
and 60 Mz for Ul = 6 x 1079 miio/m, etc.) Computed values of ﬂl for the

Pak Chony site and olso the approximate linear expression fo: Gl‘versus
(requency are shown for comparison, While the computaticns of QL with
constant e;l and GJ are useful to show the cffects of these variables,
the OWL duta indicate that computations bas.d upon the assumption of *1

increasiny with increasing frequency (and 8;1 constant) should be more

typical of actual aL variation with frequcncy.

A reasonable fit to the conductivity values of Figure

111-9 in the range 5 to 75 Mz is given by

_ 0.7
o = 0.45 X 10 f i
1 ( MHz) in mho/m

let us use this expression for Gl and calculate 01 {or various vaiues

4

of €/ . Tie results of such a calculation are shown in Figure II1-12.

rl N
Notice that a larger value of e'l at a given irequency corresponds to
— it B x‘ e
a smaller value of GL. The approximate linear expression for QL and

the OWL-measurecd data from Pak Chong again are shown for comparison

with the parametric curves, aund the trends are quite similar.
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g. Intrinsic Conductivity of Vegetafion as Inferred
from a Biodensity Experiment

The btomﬂss* concept expressed originally by Dr.
L. T. Burcham*® andg employed in Thailand by Mr. S. Sabhasri and Dr,
L. E. Wood*! led us to perform measurements uzt throe sites, which we
termed “"biodens.ty” experiments. These experiments consisted of placing
freshly cut vegetation in a dry wooden hepper nounted on a drayage scale
and measuring the sample weight and the input impedance of the small (VHF)
OWL inserted into the middle of the cut vegetation as a function of time
after cutting. By observing the welght change, and subtracting out the
weight of the wooden hopper, it was possible to relate the macroscopic
electric properties of the cut vegetation (computed from the impedance
readings) to the weight of the vegetation as a function of time after
cutting. An estimate of the volume of the sample permitted a con~ession
from sample weight to biodensity. Knowing the height of the uncut vegeta-
tion one could convert biomass to biodensity by dividing the biomass by
the height of the uncut vegetation (and an uppropriate constant). Thus,
one could theoretically convert biomass data to electrical constant
estimates. While the relationship betwecn the biomass concept and radio
propagation in forests has not been worked out to the point of being
use 'vi, except as a gross technique for differentiating between forests,

these experiments did yield some interesting results,

"
Biomass is defined as the weight per unjt area (e.g., tons/acre) of the

biolegical matter (primarily veg-tation),.

Biomass data (when accompanied by data on forest height and tree Spacing)
might be useful when trying to estimate the macroscopic electrical
properties of forests for which we have no rndio propagation data (OWL,
ne’ght gain, or path loss), but it does not appear to be directly useful
from the standpoint of predicting the performance of radio equipments.
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Figure 111-13 shows the relative dielectric constant
of a sample of freshly cut willows as a fnnction of sample weight, The
relationship is linear in each case for all but the lowest values {(driest
conditivn)., The average attennation constant for the OWL is shown in
Figure 111-14 as a function of sample weight for the same sample. Also
shown is the effective conductivity of the fraction of the sample volume
occupied hy bioplasm (mostly water)--gs inferred from the sample dimen-
sions and the weight change. These latter data indicate anm intrinsic RF
condnctivity of the willow bioplasm prior to cutting of about 3 10_2
mho/m. Notice that this intrinsic conductivity tends to increase as the
weight (and hence fraction of remaining water) decreases 1o about 800 1bs~—
analogous to the action in a salt drying pond--even through the attenua-
tion constant of the line is monotonically decreasing. Presumably the
oscillatory variaticns observed for small sample weights are coused by
the diurnal cycle of local humidity which is super~impesed upon the drying
process (and less noticeable at carlier times after cutting when the
change in water content due o this cycle is & smaller fraction of the

total water content).

A similar experiment was repeated af Ban Mun Chit,
Thailand. The sample was invaded by a c<lony of ants and, about 38
hours after cutting the sample actually exhibited a weight gain! 1t
was conciuded that this type of exprriment is not too practical in the
tropical environment. Ne.ertheless, it was possible to estimate the
intrinsic conductivity of the bioplasm at 0.025 to 0.05 mho/m. In spite
of the difficulties with this type of experiment another try was made at
Chumphon, Thailand. The results of that test indicated an intrinsic con-

ductivity of about 0.03 to 0.06 mho/m.

The results obtained in Thailand are reasonably con~-

sistent with the result of *he willow test in California, and indicate

44



118 i I T o=
O AVERAGE EFFECTIVE RELATIVE
DIELECTRIC CONSTANT FROM
VHF OWL
1.14 }—
e
° 1400
- 210CT o
N /moT
- 21 OCT.
Y90 =
>
=
2
-
e
b 3
ax
)
o
1.06 — o
1400
o220CT
O 1200 hours
22 OCT.
1.02 1 1 |
750 800 850 900 950
WEIGHT ) D-4:80-468R

FIGURE ilI-13 PERMITTIVITY AS A FUNCTION OF WILLOW SAMPLE WEIGHT

45



AVERAGE ATTENUATION @t i0 % —nepers/meter

WILLOW WEIGHT—Ib

FIGURE I1I-14 VARIATION OF ATTENUATION CONS:
AS A FUNCTION OF WILLOW SAMPLE v.<:GHT

46

7 o S T e B
z0cT
a4 r- -~ o )
”~
F
- ”~ -1
”
-~
v— f -
i PO94s
1340 ” 21 0CT
2 uc;u;,f N
- ”~ .o, .r“’n
3 s ~ e
1633 1000 1900
,h!in{:‘l 21 OCT 20 ocT
1 / .
£
/ s
= = -]
1 C
| )
2 | - T
,/"‘_Qn b
= , -2
e
e f 220¢T o
Q
'-JIZOO hours
- 22 OCT —
i b i
750 8500 8%0 900 950

D-4240-6€9P

AND CONDUCTIVITY

AVERAGE VEGETATION CONDUCTIVITY




that the intrinsic conductivity of living vegetation is the order of
0.04 mho/m. It wight be noted in passing that Dickinscn,‘z using an
even more indirect method, estimated the HF intrinsic conductivity of
eucalyptus stems at .24 mb/n, Hence, we might conclude that the in-
irinsic cenductivity of the bioplasm of living vegetation probubly is

between 0.01 and 1.0 mho/m &t HF an. VHEF.

2. Grouiad Constnqgg (STRs 29, 30, 43)

a. Obicctivus

The main reason for measuring ground electrical constants
is to obtein values for use in mathematical models to predict antenna
performatce and propagation loss between transmitting and receiving

antennas.,

b. Backgrounq

This problem can be considered to consist of two parts:
(1) measurements performed to document an environment with a view toward
determining the usefulness of certain mathematical models, and (2) meas-
usements perforwed to obtain input data tor mathematical models of proven
usefulness with a view toward equipment design, system performance esti-
mates, etc. Measurements were made under this program toward both of

Lthese basic objectives.

A review of the various techniques for ground-constant
measurements was made at the beginning of this project (TR 17), and

the following techniques were identified:
(1) Field-strength decreasec versus distance method

(2) Wave-1ilt method
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{3) Capacitor diclectrie methods

(4) Refllectilon coefficient methods

(5) DbC (and audio frequency) probe wethods
(6) RF probe methods

(7) Antenna impedance methods.

The field-strength-decreasce-versus-distance method con=
sists of comparing measured field=strength data wi‘h propagaticn curves
derived from a rigorous watheratical lormulation, and is usciul for ob-
taining an estimate of the effective conductivity of the ground over
areas with linear diwmensions of several tens of kilometers. This method
is most useful for frequencies in the lowcer part of the HF band and below,
and for regions free of vegeta'icn and major surfuce perturbations,
Measurements in the MF band werc made using this technique in central,

eastern, and norvtheastern Thailand (STR 29),

The wave-11i1t1 method consists of relating the tilt of th
resultant electric-iield vector at the air-grourd interface (produaced by
a vertically polarized transmitting antenna located on the grouno some
distance away) to the real part of the relative dielectric constant of

the ground as derived from a rigorous mathematical formulation.

Capacitor dielectric methods require tiunsfer of the so.l
Lo the capacitor, with probable change in compaction of the sample, loss
of moisture, and niscellaneous bother., This method was rejeeted in favor

of in situ techn .gues.

Reflection=coeffaicient methods, thoug:. promising for de-
termining effective ground constants (or surface impedance) of arregular
terrain, recquire a sysiems approach that becomes costly when properly
instrumented and carried out. These methods were not used in this

program.
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A specinl effort was made to investignce methods which
could be employed for in situ measurements in forsted terrain (STR 30).
The wave-tilt method was ruiet out because orf peatter from the treeﬁ*
(STRs b, 25, i3, 40, and 41). The techniyue of curve fitting path-loss
detn to mathenatical wodel calculations was ruled ovt because present
mode le for propagation in foreste.a terrajun incorporate ground constants
uhly as o velatlively insignificant effect.® Indeed, simple models that
negle~t the preseunce of the ground entirely have been used successfully
to describe wave propagriion over ferested terrain between antennas not
too near the ground-vegetation interface.  RF probe tcchniqucsla (STRs
30, 43) appear the most practical upproach to determining the constants
of surface ground beneath living trees, and DC or audio frequency probe
techniques (STRs 10, 30) appear the most practical for determiniug to
what depths the surface values can be extrapolated. Antenna impedance
methods require further mathematical development, but show prumise for
providing useful supplementary information on ground conductivity (see

STR 30).

c. Results

The results of conductivity measurements made using the
field-strength-decre .se-with~digtance method in central, ecastern, and
northeastern Thailand on 820 «Hz and 1455 klz (STR 29) are summarized
in the map of Figure II1-15. The areas over which these values probably

apply=-as indicated by the solid boundary lines--were de‘erwmined from

*
Sussequently, it was leasned that propagation was supported primarily

by a lateral wave when the separation between the transmitting and re-
ceiving sites is grewter than a few tentns of one kilometer.® The in-
terpretation of data from a stand~i. wave-t1ilt measuring setup (such as
that described in STR 29) obtained 1. a lateral-wave field in a forest

would regquire more stndy,
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naps of soil type, yeology, and topography. The range of values shown
includes the variation with scason (dry season and rainy season), with

the higher nonductivities generally occurring during the rainy secason.

Measurements of ‘;2 were made at approximately 42 sites
in eastern and northeas‘ern Thailand using the wave-tilt method at
27 MHz (STR 29). These measurements were made during the dry season,
but there were o casional showers during the period of measurement.
When these occurred it was necessary to wait until the suriace soil had
dried before applying the wave-tilt method. The observed values ranged
from 4 tc 48 with the lower values in the plateau arcas and the higher

values in the river valleys.

Open-wire transmission-line probes (RF probes) were used
at six sites in Thailand to measure 6;2 and c2 (STR 43). Measurements
were taken beneath living vegetation at all sites except the open paddy
field at Bangkok. At lLaem Chabang, on the Gulf of Thailnnd, data were
obtained on the open sandy beacl and beneath coastal brush growiag nearby.
At the Chumphon site, on the Maiay Peninsula (near the Isthmus of Kra),
data were obtained at two si‘es in an open, cleared area and at two sites
beneath the rain forest. It should be noted that tnere was standing
wat~r at each sample station at this site except Chumphon Forest I1.

Data also were obtained on ground constants beneath the vegetation at

the Pak Chong and Satun sites used by Jansky and Baiiey to make path loss
measurements and bencath the vegetation at Ban Mun Chit where SRI made
tests on antenna-vegetation effects with the Xeledop systems and iono-
spheric sounder systems. These results are summarized in Figures '11-16
and II1-17. In general, conductivity was greater when moisture content
was greater, and the trend of variation with frequency revealed less in-

crease with frequency for the higher moisture contents. Permittivity was
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lower when moisture content was lower; but the trend was for ;;2 1o de-

erease as the measurement frequency increased, with less variation with

fraquency for the lower moisture contents,

C. Fulil-Scale Antenna Pattern Mcasurements (SThs 10, 25, 35, 39D, 45D)

1, Qyjective

The radiation patterns of full-scale field-expedient H' and
VHF antennas were measured in several environments in order to gain a
better understanding of the cffects nf tropical forests on antennas and
propagation. The data from these measurements weve .lso used to verify
the mathematical model described in Scction I1I-A. Of primary interest
was the determination of the «ffeet of tronical forests on NF sky-wave

and HF and VHF air-to-ground propagaticn,

2. Background

The radiation patterns and gains of simple antennas operating
under ideal conditions (i.e., perfect ground, balanced feed lines, etc.)
have been thoroughly studied, but at the beginning of this work rela-
tivelv little information was available on the performance of these
antennas when they were operated in less than ideal corditioms--as is
necessary in general practice (STR 17). Of particular interest was the
effect of tropical forests and unbalanced feed lines on the radiation

patterns and fecd-point impedance (see Section I11I-F) of these antennas.

In order to measure the radiation patterns of full-scale
antennas, the airborre Xcledop (an acronym denoting "Transmitting
Elementary Dipcle with Optional Polarization”) sy=tem was developed by
Stanferd Research [(nstitute and was used on this contract to measure the

radiation patterns of HF and VHF antennas.
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HF radiation patterns were meucred while the antennas were

located in the following environments:

(1) Over an open, fle terrain near Lodi,

California (STR )

(2) In a U.S. conifer forest near Almaror,

California (STR £5)

(3) In a ¢ry evergreen forest near Ban Mun Chit,

Thailand (STR 35).

The results from these measurement sites were compared, and a comparison

of the measured and calculated patterns was made (STR 45D).

Sketches of the HF antennas measured at the three sites--
lodi, Almanor, and Ban Mun Chit--are presentea in Figure 111-18, and
a4 summary of the HF antenna radiation pattern data available is given
in Table III-1. Detajiled descriptions of the reasurement sites and
measurement antennas can be found in the Special Technical Reports
describing the individual measurements (STRs 10, 25, and 35). Only

selected examples of these data will ve presented in this section.
VHF measurements were performed at two sites, as follows:

(1) Preliminary measurements were conducted in a
cucalyptus grove near Newark, California

(STR 19).

(2) More comprehensive measuremerts were con-
ducted in a dry evergreen forest near

Ban Mun Chit, Thailand (STR 39D).

A summary of the VHF radiation pattern data available from the

two measurement sites is presented in Table I11-2.
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Tavle 111-1

SUMMARY OF MEASURED ¥ ANTLNKA PATTERN DATA AVA1lABLE IN 5Tis 10, 2%, and 35

(__ Data Availavle"
. ¢ g 1 Bau Mun
0 L} Lods Almanor Chit
Antenna Type (MHz)| Oiz) | (s7H 10) | (TR 25) | (STR 35)
Balanced Dipole with Cyound 6.0 3.0 R
Screen tin Clearing-- 4.0 6,¢,p
41=ft Nigh 6.0 t,ep
8.0 6.8.p
Balianced Dipole in Clearing-- 6.0 3.0 LIL IS )
41-11 Wigh 1.0 &,¢,p
6.0 SR
8.0 a,e p
Unbalanced Dipole in Clearing-- 6.0 3.0 g.c.p
41=-ft High 4.0 8¢, P
6.0 6,5, P
8.0 { g,¢.p
Balanced Dipole in Forest-- 6.0 6.0 i . nir
41-1t High
Unbalanced Dipole in Forest-- 6.0 3.0 B, P
41-1t High 4.0 8,,p
6.0 g, e.p
8.0 .o p
Unbalanced Dipolc in Forest-- 6.0 6.0 .8, p
16-1t Hgh
Unbalanced Dipole in rorest-- 6.0 6.0 2, 0.p
8-t Hlsh
2-ft=Migh Unt.lanced Dipole 6.0 2.0 ] .
4.0 & £,8.p g.vp
6.0 g, 8, & & p
8.0 e,s,p
10.0 §.% 6. P
23-1t-lligh Unbalanced Dipole K.0 2.67 &,%
5.0 8, LN 4
8.0 &, & &, AR
15.0 | &,¢ g ¢ p
Balanced Dipole over Ground 15.0 4.0 ¢ s L
Screen-- 5.0 ¢ s
16.4 ft High 6.0 ¢ s g,%.p
8.0 " 4 LA
10.0 * ¥
12.0 é.5.p
15.0 i # g6 p

>
Symbois for patterns are as follows: & is vertical polarizi lion response,

¢ is horizontal pelarization response and P 1s power reaponse,

+

The design frequency of the antenna denoted by { and the measurement
0

frequency 1s I..
¥




Tuk g Ta1=1

(Cont thued)

. Data Available
¢ , Ban Nun
o m lodi Almanor Chin
Antenna Type (MHz) | (MHz) | (STR 10) ) (STR 25) | (STR 25)
Sleeve Dipole 5.0 5.0 g, 5.p
8.0 B, v,
Sleeve Dipole 6.0 6.0 e
JEB=Type So-[t-tiigh Bulanced 6.0 6.0 I
Mpole
l‘ JEB-Type 40-1t-High Balanced .0 6.0 £ 5T
KLY ole
JER-Type 10-ft-lh, laaeed 12,90 12,0 g
Di:ole e
Monopole in Clearirg 5.0 6.0 &
Monopole on Edge of Cleariny 6.0 1.0 &
6.0 &
8.0 |
Monopole in Forest 6.0 1.0 &
6.0 &
8.0 g
Monopole 15.0 2.0 & £
2,67 &
1.0 ] |
5.0 g ]
6.0 & &
B.O 5 ]
16.0 &
15.0 g 2
JEB-Tvpe 80-f1-Nigh Vertical 2.0 2.0 ¥
JEB-Type A0-f1=-High Vertical 6.0 2.0 E
JEB-Type 20-ft1-High Vertical 12,0 112, 1
2:1 Inverted L 6.0 3.0 .51
1.0 &, 5P
é.0 g, 5. P
4,0 . P
2:1 Inverted L 8.0 2.67 | &,¢ .
5.0 -
4.0 2"
3:1 Inverted L 6.0 4.0
6.0
.0
5:1 Inverted L 10.0 1.0
6.0
1 10.0 &,8
] 30" Slant Wirc 2.8 | Bo | ®
4.0 8,0




Table 111-1 (Concluded)

Buan Mun
Chit
(STR 3%)
g,ep
a,0,p
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LN
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o 3 :
.'i';u Table 111-2
e
b SUMMARY OF MEASURED VHF ANTEXNA PATTERN LATA .
ol AVAILABLE IN STHs 19 AND 390"
| ' 1 end f | Duto Avaslable®
1 | o n
: ) e ) jw Ban hun Chit
Horizontal unbaianced dipole
1 in the elearing 50 B,:
Horizuntal unbalanced dipoie |
1 in the torest 50 i &, g,¢
| Borizontal folded dipeie §
in the forest 50 ] 9,*
B Verticai sieeve dipole
in the clearing 50 &,e
| Vertical sleeve dipoic |
] in the forest 50 8¢ &
I Vertiecal folded dipole
in the iorest 50 G2
1 Horizontal unbalanced dipole |
in the clearing I 5 A &
i-lm-t'zan-tai urnbalancved dipole
i in the forest 75 a2, &,
f
Htorizontal baianced dipole |
in the forest | 5 ! & ¢
{ | Horizental dipole with balun l s | &,
| | in the forest |
|
3 o= | vertical sleeve dipole
= in the clearing 75 €,
_f Vertical sleeve dipole 1
) , orest 5 g2 -4 5
Horizontal unbaianced dipole i
in the elearing 100 ! g,
; Horivontnl unbalanced dipole E |
in the forest | 100 i a,° g,°
] fHorizontal balanced dipole |
| e the forest 100 8,¢
’ Vlerticai sleeve dipole {
* | in the clearing 100 e i
g Vertical sleeve dipole ! |
S | in the forest 100 ié,= ] L. oF ]
r ?' Vertical balanced dipele 1 i | -
Lt therorest | aeo o 1
» % | |
~ ‘only linear piots of amplitude as a function of aztmuth irgle
'J.-'=- 1 and sample staiistical estimators of the data are presented in
s STR 19, whereas contour plots and statistical estimaters of the
“;',a measured data will be presented in ETR 39D,
Al
il 1§ . %

4 Pattern data are summarized as fullows: 8 18 veriical polariza-




5. Meagurement Technique

The instruymentation and data processing of the antenna measurc-~
ments are only briefiy described in this and the following sections. A
more detailed description can be found tle the reports describing the
measurements (STR: 10, 19, 25, 35, 39D, and 45D), and in the open

literature.l‘

The Xeledop transmitter is the primary component of the antenna
pattern-measurement system. Two of these transmitters were constructed--
ane for HF (2 to 30 MHz) and the other for VHF (50 to 100 MHz). Either
of these multiple-frequency transmitters i. towed behind an aircraft on
approximately 300 ft of dielectric rone. All of the eleztronics and
batteries for the transmitters are containud in a central sphere. Arms
extending from the sphere are fed as a balanced dipole antenna, whose
total length is always less than onc~half wavelength for the frequencies
used. Thus, the directivity pattern of the Xeledop is approximately that
of a Hertzian dipole for all measurement frequencies. The Xcledops can
be towed to transmit either horizuntally (Eo) or vertically (Ee--when
corrected for the transmitting dipole pattern) polarized waves. The
electrical symmetry of the Xeledops is such that the radiated polariza-
tion dep:nds only upon its physical orientation, and its rudiated power

remains constant for either polarization.

The signals transmitted by the Xe ledop are reccived by the
measurement antennas and recorded, along with information on the loca-
tion of the towing aircraft, in an instrumentation van at the measure-~

ment field site.

The measurement data are then processed to pruduce an azimcthal
equal-area projection (contour plot) of the measured signal strength. In

the case o{ the VHF measurements, it was necessary to process the data
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statistically in order to provide a more understandable and useful pre-

sentation of the data,

4, Results of Mcasurements at HF

The pattern-measurement techniqu. does not readily provide
absolute gains since the radiated power from the Xelzdop was not de-
termined. (The transmitters in the Xeledop were either replaced or
retuned between measurement sites.) Consequently, the relative gains
of these antennas cannoi be compared among sites by using only the data
available from the pattern measurements. Therefore, the primary dis-
cussicn in this section will pertain to the effects of the forests on
the directivity patterns of these antenra-. A more complete discussion
of the absolute gains of thesc antennas will be presented in Section

I1I-E anc¢ in STR 45D.

Examples of ti azimuthal equal-area projections used in
STRs 10, 25, 35, and 45D t. pr2sent the pattern-measurement data are
presented in Figures 11I1-19 through 111-21. These are patterns of the
8-MHz, 23-ft-high unbalarced dipole antenna when it was measured in
the conifer forest at Almanor, California, Figure III-19 shows the
E@ (horizontal polarization) response of the antenna and Figure I111-20
chows the EG (vertical polarization) response of the antenna. The
measured maximum responses of this antenna to the two polarizations were
within 0.5 dB of each other (EQ/E = 0.5 (B)--remember that the maximum

)

Eo response is at 90° and 270° from the axis of the dipole and the maxi-

mum EG response occurs on the axis of the dipele. The Ee and Ee daty
2 L)

were combined using Poynting's theorem (P = !EOI 0 IEel)), and combined

with measurement data obtained from flyving an orthogonal grid pattern

ahove the aiienna to provide the power pattern or optimum-reception
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FIGURE I1I-19 MEASURED RADIATION PATTERN OF THE 8 MHz, 23-FOOT HIGH
A UNBALANCED DIPOLE AT ALMANIOR—E’ AT 8 MHz
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FiGURE [11-20

MEASUREC RADIATION PATTERN OF THE 8 MHz, 23-FOOT HIGH
UNBALANCED DIPOLE AT ALMANOR—E, AT 8 MHz




FIGURE Il1-21 MEASURED RADIATION PATTERN OF THE 8 MHz, 23-FOOT HIGH
UNBALANCED DIPOLE AT ALMANOR—POWER AT 8 MHz
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2.

response pattern of the antennu as shown in Figure 111-21.* Figure
ITI-21 shows that the power pattern of this dipole is almost omni-
directional at high elevation angles. Figure I11I1-22 is an elevation
plane pattern of this antenna that was derived from the eontour plots
of the weasured data. Th: absolute gain was estimated using the model
of Seetion III-A, nnd the accuraecy of these gains are estimated to be
+3 dB. This figure shows an inerease in gain for P but not for Ee at
low elevation angles when the antenna was placed in the forest at Ban

Mun Chit--as predicted by the mathematieal model (see Figure I111-29),

The monopole antennas were basiecally 15-MHz quarter-wavelength
vertieal elements over 50-ft-diameter wire-mesh ground sereens. When
the antennas were measured on 6 MHz at Ban llun Ch”t, matehing networks
were installed to improve the antenna effieieney, but this should have
no effeet on tae relitive directivity patterns of the antennas. A
contour plot comparing the direetivity of the Ee response of the monopole
at the three sites is shown in Figure I111-23. The elevation angle of the
maximum response of this ante.una inereased whern the antenna was loeated
in the forest at Almanor, but it remained relatively omridireectional

when measured at the three sites,

The absolute gain was estimated for the monopole measured in
the forest at Ban Mun Chit and the data for Lodi and Almanor was nor-
malized to the Ban Mun Chit data to compare the performanee >f the
antennas at the three sites, as shown in Figure I111-24. The absolute
gains in this figure are estimated to be aceurate to 3 dB for an elee-

trieally short monopole. The figure shows that the elevation angle of

*
A deseription cf the measurement of the power patterns of full-scale

antennas and the interpretation of the data for applications at the
receiving end of the communieation link 1s presented in STR 25.
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COMPARISON OF MEASURED RADIATION PATTERNS OF THE
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the maximum response increased and the gain of the antenna decreased

whenr the antenna was measured at the forested sites.

At 8 Xilz, perturbatioas were observed in the pattern of the
monopole when it was measured at Almanor, whereas it remained rela-
tively osnidirectional at Lodi and Ban Mun Chit. The perturbations in
the pattern of the antenna at Almanor occurred through 15 MHz, but {1t
remained omnidirectional through 15 MHz when it was measured at Lodi.
No measurements were performed at 15 MHz at Ban Mun Chit. The pattern
breakup at Almanor at 8 MHz, but not at Ban Mun Chit, can possibly be
explained by the fact that the tree trunks were abcut half as far apart
at Ban Mun Chit. Although there are no data availaltic above & MHz at
Ban Mun Chit (except VHF data--see Section 111-D-5--that exhibit fairly
eitreme breakup of the patterns of similar antenna structures), it
appears reasonable to assume that the pattern would start to break up
at approximately 16 MHz, assuming this critericon is dependent primarily

upon tree spacing.

Two configurations cf thz inverted-L antenna were measured:
a 2:1 inverted L and a 5:1 inverted L. The EG patterns of these artennas
resemble those of a dipole antenna, wherecas the Ee patterns deviate from
those of a dipole in that they have a stronger response in the direction
of the vertical element of the antenna. The power pattern of the S$-MHz,

5:1 inverted L antenna measured at Ban HMun Chit is shown in Figure 111-25.

The power pattern for the 6-MHz 30° slant-wire an‘enna measured
at Ban Mun Chit (Figure 111-26) shows that the radiation of .his antenna
primarily consists of the ha component--mostly in the direction of the
counterpoise and away from tue direction of the sloping wire. 11t often
is erroncously assumed by field operators that the diccctivity of this

antenna is in the direction of the slanting element. The directivity
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FIGURE [1I-25 MEASURED RADIATION PATTERN OF THE &




. FIGURE 111-26 MEASURED RADIATION PATTERN OF THE MMz C° SLANT WIRE
ANTEMNA AT BAN MUN CHIT—POWER AT 6 MHz




of the slant-wire antenne should be considered when tie antenna ig in-

stalled in a communication 1link,

5. Measurement Resgults at VIF

VHF a.atenna pattern measurements were conducted at two sites—-
in a encalyptus grove near Newark, California (STR 19) and in a Thailanc
tropical forest at Ban Mun Chit (STR 39D). The measurements in Newark
were only preliminary meastvrements conducted prima:ily 1o evaluate the
VHF field instrumentation and to gain a better underatanding of the data-
processing requirements for the more comprehensive measurements to be

conduct»d later in Thailand.

Examples of the pattern data from the eucalyptus grove are
presented in Figures IIl1-27 and III-28. These data show the primary
polarization response of the 50~ and 100-MMz horizontal and vertical
dipoles for one of the elevation angles that was measvred. Because of
the significant variation in signal streng.h that was observes for a
small angular change in azimuth (particulaily for low-elevation-angle
measurements with vertically polarlzed antennas) it was decided to
pocess the data statisticaily in order to provide a more meaningiul

and useful presecatation of the data,

Statistical processing was performed only on th- data from the
vertical antennas, since thesze were omnidirectional in the absence of a
scattering medium and exhibited the greatest perturbation in the presence
of the trres. A purameter that provides an indication of how the signal
would change for air-to-ground communications while an aircraft is flying
past the antenna i{s the change in signal strength per degree of azimuth.
Statistical data showed that approximately 10 percent of the perturba-
tions in the pattern of the 50~ and 100-Mz vertical dipoles were greater

than 5 dB/degree in the area between 330° and 60° az'muth (area of
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greatest tree populsticn), but less than 2 percent of the perturbetions

were greater than 5 dB/degree for tho sector between 150° and 240°

azimuth (area of least tree population).

The cata from the measurements conducted at Ban Mun Chit were
processed to provide estimators within 10°-a:imuth sectors of the fol-
lowing parameters: (1) median signal strength, (2) standard deviation
of samples below the median (nulls), (3) standard deviation of samples
above the median (peaks), (1) mean signul streugth, (5) standard devia-
tion of samples below the mean (nulls), (6) standard deviation of samples
above the meas (peaks), (7) standard deviation about the mean, and (8)
the difference between the median and the mean. The estimators of the
median signal strength for the 10° azimuth scctors were contoured to
provide equal-9rea azimuth projection of the measured data as was done
with HF data, and the standard deviation data were tabulated in incre-
ments of 10° of azimuth by 5° cf elevation. An example of a measured
pattern (along with calculated data) is presented in Figures 111-32

and IIT1~33, and more will be presented in STE 39D.

The difference between the median and mean signal strengths
for each antenna was compared and it was fcund that this difference
exceeded 2 d3 for less than 5 percent of the l10-degree szimuth sample
populations for any one antenna pattern. Thus, one can assume that
the mean and median signal strengths are approximately equal but must
remember thet the samples are not Gaussian--as is shown by ‘he unequality

of the estimated standard devi..tions of the peaks and nulls,

6. Summary
The radiation patterns of selected HF field-expedient wntennas

were mcasured using the Xeledop technique when the antenna wer» erected
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over an open, flat field near lodi, California, in a pine forest near

Almanor, California, and in a tropical forest near Ban Mun Chit, Thailand.

The measured HF dipole directivity patterns show that generally
the Ee (vertical polarization) patterns tend to be affected more by the
scattering from surrounding vegetation than do the E° (horizontal polari-
zation) patterns. But for either pola.'ization, the relative response of
the antennas tends to be enhanced at low clevation angles when the an-
tennas were measured at the two forested sites. When considering the
dipole antenna (and other simple antennas) one should not rely on only
the primary polarization but should consider both polarization components
and their effect on the total radiated power. It has been shown that
the dipole antenna actually has an almost omnidirectional power pattern
near the zenith and, in come cases (espucially for very low antenna
heights and for measurement frcquencies below resonance), the Ee response
of the antenna is the stronger component. The EO component typically ex-

ceeded the Ee component by about 3 dB for resonant dipoles.

The measured patterns of the moncp.ie antennas indicate that
the lccation of the maximw. response of these antennas tended to occur
at higher elevation angles when the antenras were situated i: the forests.
The Ee and the power patterns of the 30° slant-wire antenna show that the
maximum response of the antenna is slightly down from the zenith and--
contrary to what is often commc1ly assumcd-~the direction of maximum gain
is in the direction of the counterpoise, which acts as an active part of
the antenna. The Ee response c¢f this antenna typically exceeded the

E‘ response by about 8 dB.

The relative gains for all of the-measured HF antennas were
tabulated. When the antennas were located in the forest, the horizontal
dipoles placed /8 or more above ground exhibited the greatest relative

gain. The dipoles typically were followed by the 2:1 inverted L, 5:1
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inverted L, 30° slant wire, monopoles, and loops in that order. This
is essentislly the same result that was obtained with the ionospheric
sounder when used to measure the relative gains a the zenith (see
Section III-E). The relative 'gain data nbtained for measurement fre-
quencies a few Milz off the design frequency indic~te the rather extreme

penalty to be paid for net ¢employing an antenna of the proper design.

The messurements of VHF antenna patterns indicated that the
forest at Ban Mun Chit was apparently more isotropic than the forest
considered at Newark, Califoriia. Although there were pattern pertur-
bations and fairly rapid fading was observed in the data from Ban Mun
Chit, these fadings (presumably caused by the predominantly vertical
tree trunks) were not as extensive as those observed at Newark where,
it might be noted, the forest was composed primarily of tall vertical

tree trunks.

The VHF data from Thailand were processed so as to provide
statistical estimates over 10° azimuth sectors, as derived from the
measured signal strength as a function of azimuth angle. The sta-
tistical estimators show that the mean and median signal strength are
quite similar for these data. The radiation-pattern data indicate that
the median signal strength is generally representative of that expected
for the antenna structures. The pattern data from the dipole antennas
indicated that the maximum signal strength occurred at higher elevation
angles when the antennas were located in the forest (as was the case
with the HF antennas) than when located in the clearing. The patterns
of the vertical-sleeve dipoles and the vertical dipole antennas, which
should have a fairly omnidirectional pattern in azimuth, became quite

perturbed when located in the forest.
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. Comparison of Mcasured Antenna Radiation Patterns in Forests

with Model Predictions (STRs 16, 39D, 45D)
1. Objective

In order to better understand the effects of forest on antenna
patterns and to evaluate the muthematical models, pattern data calculated
by the model described {n Section I11-A were compured to the measured

radiation pattern data described in Section l11-C,

2. chk" rcund

The rathematical model of an elementary dipole antenna sltuated
in a forest hay been desceribed in Scction I11-A. In this section,
measured and compited radiation pattern data are comparecd. Previous work

that is related to thisg section is as follows:

(1) Development of the methematical model of a dipole
in a fcrest and preliminary comparison of the
calculated petterns with measured HF data froa

open, flat terrain and forested terrain (STR 16).

(2) Measurement of radiation patterns of full-scale

UF antennas over open, level tcrrain (STR 10).

(3) Measurement of radiation patterns of full-scale
HF antennas located in a U.S, conifer forest

(STR 25).

{4) MNeasurement of the radiation patterns of full-scale

HF antennas located in a Thailand tropical forest
{STR 35).
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(5) Comparison of HF pattern measuremcnts from open, =
flat terrain, U.S. conifer forest, and a Thajland

tropical forest with calculated patterns (STR 45D). 7

{(6) Measured and calculated patterns of full-scale VMF
antennas located in a Thailand tropical forest

(STR 39D).

e HF Antennas

The mathematical model described in Section III-A was used
to calculate the expected radiation patterns of selected MF dipole
antennas measured at Lodi, Almanor, and Ban Mun Chit. The ground and
foliage electrical constants were estimated for the computations of the
Lodi and Almanor patterns, and the measured data from the open-wire
transmission-line prob ‘sed at Ban Mun Chit (Section III-B) were used

for the calculations o: the patterns for tha? site.

Figure II1-29 shows a ccmparison of the measured and computed ;
effective lengths for the 23-ft-high, 8-MMz horizontal dipole. The
measured values were taken from measurements performed at Lodi (no
forest) and Almanor (forest). The foliage electrical constants used
for the model of the antenna at Almanor were estimated from experimental
measurements made in a similar conifer forest in the State of Washington. :
Of particular interest is the cross-over of the directivity functions i
from the cas~ with no forest (solid curve) to the cave with the forest
(dashed curve), and the similar behavior for the measured values. Note '
also that the measured directivity pattern was enhanced at the lower |

eluvation angles when the antenna was measured in the forest, as was

predicted by the model. .
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FIGURE 111-29 COMPARISON OF MEASURED AND CALCULATED EFFECTIVE
LENGTHS FOR DIPOLE IN FOREST AND IN OPEN




The model was used to predict the expected radiation patterns

of the dipole antennas measured at Ban Mun Chit, Thailand. The ground
and foliage electrical constants used in the model were based on the
measured data presented in Figures IJI1-8 and 11I-15., These constants
were ¢ = 1.2, 6 = 0.0 for the forest. These param-ters are defined
in Section III-A. For nodeling purposes, the furest height (hf) at
Ban Mun Chit was assumed to be 65 ft; only 2 percent of the trees at

this site exceeded 65 ft.

Sufficient data points were calculated so that the computed
patterns could be plotted on t.e measured radiation contour plots. 1In
order to facilitate comparison of the calculated patterns with the
meisured patterns, the computed data were normalized by adding a constant
value to the calculated values so that the lower elevation angle of the
calculated 3-dB contour would align itself with the estimated mean
elevation angle of the lower portion of the 3-dB contour of the measured
data (this was estimated by visual inspection of the contou:r plot of the
measured data in each case). Physically, this procedure is similar to
adding n constant gain to the antenna through tae use of an amplifier, or
a loss of gain because ¢f a matching circuit or an impedance mismatch.
Figures II1I-30 snd III-31 are examples of the calculated aind mcasured
data. The s»lid cuives arc the contours of the measured data and the
dashed curves awe the contours of the computed data. Other examples
will be presented .n STR 45D. The data to be sresented in STR 45D
showed that the model would not predict the pattern distortion that
occurred below resonance. This distortion is presumably caused by
currents in the antenna feedline an< ihe model does noi account for
antenna feed lines. Also, the patterns of balgnced dipoles were pre-
dicted more acctrately than those of unbalanced dipoles--particularly
for frequencies other than the resonant frequencies of the antennas--

because of the feed lines not being accounted for in the model.
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FIGURE H1-30 COMPARISON OF MEASURED AND CALCULATED
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4. YHF Antennap
v a— o

The comjute: riodel described tn Section I11-A was waed to
calculate the expected radiation patterns of the VHF horizontal dipole
antennas measured at Ban Mun Chit. The ground and foliage electrical
constants used in the wodel were derived from the open-wire line, and
the calculaten patterrs were normalized in the same manner in which the

HF patterns were normalized,

Examples ¢t the calculated and measured patterns are shown in
Figures I11-32 and I11]-33. Although the calculated patterns did not
duplicate the median measured VHF patterns, as well as they did the HF
putterns, the calculated and ~edian measured ata were generally within
3 to 6 dB of ecach cther. From the exairpl 4 of calculated and measured
patterns availabvle, it appears that the slab model can predict the
average patterns of simple VHF dipoles to *3 dB in some cases. But Bre
example cases should be stucdied before any definite conclusions can be

made. Obviously, the model cannot ,redict the "fine structure” of e

puttern, but if m.re daia wore available, it appears that one could place

a figure of merit on the model regarding the prediction of the macro-

scopic (average) effects of the forest. In the absence of a more refined

model based on empirical data, a s*andard deviation on the scattering
caused by the macrog-opic features of the forest could be employed to
complete the model, 8o that the probability of the signal streneth ex-
ceeding a certain level at a given rangc in a solid angle from a tians-

mitting antenna, could be predicted.

The radiation patterns calculated with the multiiayer slab
model were compared to the meansured radiation pattern data. This com-

parison shows that the measured and modeled data compare quite favorably
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for the resonant frequeicies »f the M¥ nntennas. However, the compari-

son deteriorates for frequenciss below resonance, although the measured
and calculated results should be quite similar for frequencies below
vesonance, since the model agsumes an electrically short dinole. Part
of the dissimilarity between the measured and calculated patterns can
possibly be explained by the presence of the antenna feed )ine, which
becones an active part of the antenna when the antenna 18 used at fre-
Quencies other than resonance; the computer model does not take this
into consideration. Tie patterns of the balanced dipole wire predicted
Bore uccurately than “hose of the unbalanced dipoles--og¢~in a possible

indication of the feed line distorting the measured pattern,

Although the model was developed for predicting the radiation
patterns of HF antennas i{n a homogeneous, isotropic forest, 1t was used
with the parameters to define the forest and horizontal dipole antennrs
measured at VHF {n the Thatland tropical forest at Ban Mun Chit. Tne
resulting calculated patterns compare favorably with the measured median
patterns for the unbalanced dipole antennas. The greatest discrepancies
be tween measurcd and modeled patierns resulted from the 75-MNz antennas.
Although the model will calculate the average pattern, furtha develop-
Bent is required before {t will predict the rapid variations in the
patterns or a statistical estimator (or distributior function) for the

variations caused by scattering at VMF.

E. Ant A Relative-Gnin Measurements with Vertical-lncidence Sounders
(STRs 18, 38D)

1. Objectives ;

The objectives of the sounder tests on field-expedient antennas
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(1) Measure their relative response toward the zenith i

(applicable to short HF ionospheric skywave paths); .

(2) Estimate the absolute power gain of these antennas;

$
¥
{3) Obtain relative-gain data on antennas located in (

and out of forests. |

2. Background '
i

It has been known since the early part of World War 11,
through the research of Herbstreit and Crichlow' and others, that the
HF skywave offers one solution to the problem of communication with low-
power manpack radios in mountainous or heavily forested terrain over
ranges greater than those readily achieved via groundwave (ranges
greater than a few miles). For short ranges, say less than 50 miles,
the HF skywave path is practically straight up to the ionosphere and
back down to the receiver. Consequently, the gain toward the zenith is
an excellent measure of usefulness of antennas designed for use with
pack sets on short paths. Under this contract, SRI has developed a
technique for measuring this relative gain toward the zenith by using

lonospheric r sunders (STRs 18, 38D).

Prior to the start of field tests in Thailand (Bangkok and

Ban Mun Chit in 1966 and Chumphon in 1967), some measurements had been
made on tactical antennas in the United States (STR 18). These tests |
provided a background for the later tests ir. a tropical environment. ! 1
The actual auntenna structures tested at Ban Mun Chit (SAR 6) were similar
to those tested with the sounders in open terrain in the Untted States,
whercas, the antennas measured with the sounders at Chumphon included

also the HF antenna structures whose directivity patterns had been

P Y ——

measured with the airborne Xeledop system (STRs 10, 25, 35, 45D),.




Details of the antenna structures are provided in the above referenced

SAR and STRs, The types of antennas vere:
(1) Horizontal dipoles
(a) HKalf-wave resonant
(L) Folded
{c) Short loaded
(d) Short
(e) Sleeve
(f) Fan*®
(g) Shirley-folded*©
(2) Inverted-L
(3) Slant wire
(4) 16.5-ft untuned vertica. monopole

(5) Vertical plane loop.

Most of these antennas are sketched in Figure 111-18, but some of the

dipole antennas are described in Figure 111-34,

8. Measurement Technique

The technique involves the use of three antennas--a trans-
mitting antenna, a reference antenna, and a test antennz. These three

*
antennas were placed on a north-south line, as close together as

»
At low altitudes the correlation distance is much greater in the mag-

etic meridian than orthogonal to it because of field=aligned iono-
spheric irregularitics.
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practical but not %0 close ss to ceuse significant mutus] coupliug, A

series of pulses were trepnsmitted up to the tonosphere snd received first
on the reference antenns snd then on the test antenna, shere the switching
between reference and test antennes «ss accomplished rapidly enough to
resolve the jonospheric feding, The difference in received saplitudes

in dB corresponds to the relstive gainm of the test sntenns, Even though
fading was present, usabile records were obtained shen the difference
between the echo Jumplitudes received on the two mntennss ressined con=-
stant, It was not practical to use this techanique when sporsdic E or
spreed F sere present becsuse of the resultsnt pror correlstion of the

signals received on the test snd reference sntenn.s,

4, Resulls

a. CONUS

The results of the CONUS tests indicated that relative
to a half-wave horizontal dipole at )/8 above ground, the response toward
the zenith of a 5:1 inverted-l. was down about 9 dB, a 30° slant wire was
down about 14 dB, and a 16-ft whip was down more than 20 dB. A messure-
ment of the height-gain function of the dipole iudicated that .t 3.10
above ground, the response toward the zenith was dosm only about 3 d8
{rom the maximum observed response (which nccurred between )\/B and 34
above ground). The rate of decrvase of gain with height became much
greater for heights lower than 3/10. A low-loss halun transformer was
observed to have relatively little effect upon the performance of half-
wave dipoles, and a ground screen made little difference in the relative
gain toward the zenith, The effects of a sloppy setup of the dipole were
investigated. 1t was determined that the radiating c¢lements of a nomi=
nally horizontal \/2 dipale can sag as such as 45° before the gain de-
creases more than 1 oB (provided the feed is elevated to 1/10 or greater),




angle between the dipole radiating elements und the vertical section of
transmission line by displacing the fecd line in the planc of the dipoly

had little effect upor the antenna response until the angle excuweded
about 45 degrees. These tests of olement sag and of feed-line dis;lace-
Bent were repeated in the forest at Chumphon, Thailand, and the atove

conclusions rv=sin valid when the dipole ia located in the forest.

b. Ban Mun Chit

The relative gains of selccted field-expedient sntennss
wore measured in the clearing and in the forest at Ban Mun Chit, Thailand,
the stte of the airborne pattern measuresents, and the same sntenna types
&8 used for the CONUS measurements were tested at 6.05 MHz. The reference
antenna wasg a dipole at 20 ft above ground=-about \/8 Two forest sites
¥ere used for these tests: the north site with a dense canopy and little

undergrowth, and the south site with less canopr and more dense upder-

growth. The results of these tests are summarizcd in Table 111-3,

Table 111-3

*
REIATIVE GAIN AND JUNGLE 10SS
POt 6.05-Mz ANTENNAS AT BAN MUX T
; Gain Relative to )/2 Dipole
Antenna 1/8 above Ground in Clearing | Effective Jungle loss
Type (dB) :
Clearing Yorth South North South
Area Jungle Jungle Jungle Jungle
1./2 Dipole 0.0 2L iy +1.%9 +1.2
3:1 lnverted=-L| =10.2 -12.5 -10.7 +R.8 4.5
30* Slant Wire | -11.8 -14.2 ~13.5 +2.4 +1.7
16 3-ft Whip | -31.7 -25.2 -25.0 =6.% 6.7
a3

I
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The gatn of the 16.5-ft whip was down about 32 dB relstive

to the dipole in the cleartng and only sbout 25 dB relative to the dipole
in the forest, Presumably the null st the zeatth was filled in someshat
by scettertng froe the trees, or possibly the whip was not truly vertical
shen fastalled tn the forest, but this effect sas a0t observed st Chumphon,
The effective jungle loss--the dtfference in relattive gain tossrd the
zenith between clurring and forest wes aboutl 1 to 2 dB for the snteannas
other than the whip, Stuce the dipole exhihited the grestest response
toward the zentth, additional tests were mede vith this antenua st 6 Mile
locluding & height galn test, The resulis of thts tert ipttcate that

the dipole could be lowered to only a foot or tso sbove the relatively

dry ground (:, & 1 sho/m) before tts gatn becomes Touparable stth th-

next best antenna structuce tested--the tnverted },,

¢.  Chumphon
Relative=gain tests 'ore also made v.th the sounder at
a fleld site near Chumphon, Thailand on the alay Perinsula about 3060
miles south of Bangkok, The Cuamphoi {ores! sas classified as a ficsh
waler svasp forest and this sms often watevr standivg on the ground,

The forest »ms about 15 fect tall and had a well-formed canopy.

THe main test fregqu nicy used at Chusmphon was 6.05 Mz
and mostl of the antenncs toslid were designod to uperaty on this fre=-
quenty. A few antennagz weiv designed to operate on 4.05 MMz /30° slant
wirc) and 8.10 MMz (2:]1 inverted L), to be compatible with the ajrborne
Xeledop direct_vity-pattern meacurement program /3TRs 10, 25, 33, 43Dh).
The discuss.un in this section pertains to the rosults of testis made

on the design frequencics of the antennas tested for relative gain at

the zenith.
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The results of the 6.05-MHz relative-gain tests are

presented in Table 111-4. The data have Ler . corrected for cable losses
but not for mimmatch losses or balun insertion losses. Recall that the
referonce antenna wus a haif-wave rescnant horizontal dipole placed at
32 ft above ground tn the clear.==--the height | ‘£ a feed-point im-
pedance of 30 + JC ohms. Since the receiver input was padded to 50 ohms
aad & 30-ohm coaxial cable was used (RG-8), tl.wre were no mismatch losses

assocliated with the roferesice antenna.

Testa a< 4.05 Midz were made on an unbalanced dipole,
the fan dipole, and a 30° alant wire. The results ¢/ these lests cre
sussarized in Table I11-5. The reference antenna sas s half-wave hori-
roatel dipole at 41 ft abova ground in the clvaring=--the height giving
a feed-point impedance of 30 + JO ohms.

Tests were made at 8.10 Milz on an unbalanced dipole, the
fan dipole, and a 2:1 inverted L. The results of thesc tests are sum~
sarized in Table 111-6. The roference antenna was a half-wave horizon-
tal dipole at 23 ft above ground in the clearing--the height giving a
feedpoint impedance of 50 + jJO ochms,

The relstive response toward the zenith observed for the
30° slant wire and whip in the clearinz at Chumphon were about the same
as in CONUS and vt Ban Mun Chit, But the relative response of the 5:1
inverted L was about 6 dB greater than at the other sites (i.e., down
only 4 dB relative to the dipoie). A 2:1 inverted l. was measured and
it was only abour 2 dB worwe than the dipole when in the clearing.
Perhaps the improved porformwance of the inverted L antennas at this
site 1s due to the improved effectiveness of the ground rod because of

the greater RF conductivity of the surface soil (see Figure 1131-16).

The eff{c~tive ,ungle loss for all these antennas was about 2 to 5 dB

e —————
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Table {71-4

REIATIVE GAIN DATA FOR 6-MHz ANTENNAS AT CHUMPHON

Antenna

Relative Gain (dB)

Folded Dipole
Short loaded Dipole
Sleeve Dipole
fan Dipole at 15 ft
Fan Dipole at 12 {t
Fan Dipole at 9 ft

2:1 Inverted L
i 3:1 Inverted L
4:1 Inverted L
5:1 Inverted L
| 20° Slant Wire

60° Slant Wire

10-ft Square Loop

3/2 Unbalanced Single-Wire Dipole
3./2 Balarced Single=Wire Dipole

Shirley Folded Dipole

3./4 Monopole with Ground Plane

iC
e

+0.5
0.2
-3.0
=32,1
-0.4
~2.4
~4.9
+3.0
~0.6

-0.8

-5.2 |

-2.8
-3.3
-5.8
-6.3
~-14.8
-14.8

-34.0

~25. 3

Notes: (1) Relative=-gain values corrected for cable
losses and mismatch loss of reference
antenna (0 dB since Z = 50 + j0), but not
for mismatch losses or balun
losses of the test antennas.

insertion

(2) A1l dipoles at 18 ft above ground except
sleeve dipolr (on ground) and fan dipole.




Table

111-5

REIATIVE GAIN DATA FOPR 4-MHz ANTENNAS AT CHUMPHON

| Relative Gain (dB)
Antenna Clearing | sungle
Unbe lanced Dipole at 41 ft 0.0 =7.3
Unbalanced Dipole at 61 ft ()\/4) -0.5 -
Fan Dipol!’ at 15 ft =12 -8:7
Fan Dipols at 12 ft -2.2 5.4
Fan Dipole at 9 ft =4.2 -6.7
30° Slant Wire -17.0 -19.8
Table 111-6

RELATIVE GAIN DATA FOR 8-MHz ANTENNAS AT CUUMPHON

Relative Gain (dB)

Antenna Clearing Jungle
Unbalanced Dipole at 23 ft 0.0 =3.1
Unbalanced Dipole &t 30 £t (0/4) -0.3 -3.6
Fan Dipole at 15 ft -1.0 =7.0
Fan Dipoie at 12 (1t -4.5 =90
Fan Dlpole at 9 g -7.0 =Ll
| 2:1 Inverted L =81 -6.1
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at 6 Mz, The enhanced gain of the whip in the forest was not ohserved

at this nite,

Figure I11-35 shows the relat.v- ga.n of a horizontal
dipole at 18 ft above grouwnd as a function of antenna length, The gain
measurenents were made as the toisl dipole length was decreased in 4 ft
incremeuts, and the results include the effceets of mismeich loss and
increase in cable loss ay VaWR inereased (the measurement cable was
several handred feet of RG-8). Notice thet the effective jungle loss
is slightly greater to.u that observed at Ban Mun “hit, Table II1I-3,
and that the maximum gain occurs for a slightly shorter length when

the dipole is in the forest.

Data also were obtained with the sounder at Chumphon,
on the response of a 16.5-{t whip on a jeep relative to the response
of a half-wave horizontal dipcle at 15 ft above ground in the clearing.
Supplerentary data were obtained with the wnhip mounted on z Land over
and on a wire cage constructed to simulate the jeep. The results of the

relative response tests are given in Ref. 17.

The height gain of a 6-Milz dipole was measured at Chumphon
in the clearing and forest. Measurements were alsv made of the ground
constants and vegetation constants using opeh-wire transmission=-line
techniques (see Section I1I-B). These values were used in a 3-layer
slab model for a dipule in a forest (see Section I1II-A) to calculate

the dipole height-gain function., The vector effective length of a

Hertzian dipole was computed and the results were assumed to apply to
a half-wave dipnle, Figure 111-36 shows the excellent agreement ob-
tained between model predictions and measured values when the measured
relative gain data are forced to agree with ecalculated absolute=-gain

values for the dipoie at 18 ft above ground in the clearing where we
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aie the greatest confidence in the model. Measured impedance values
were used to calculate the gain and to correct the relatyve gain values

for mismatch loss.

5. Summary
e — i

In summary, it was possible to use \onospheric sounder:. to
measure relative gain at the zenith for HF tactical antennas in the fre-
quency range 4 to 8 Mz, The technique is useful over the range of fre-
quencies for which the ionosphere provides propugation support at vertical
ineidence, The horizontal dipole at a height of /8 had the greatest gain,
and the height of this antenna could be reduced significantly before its
performunce became equal to the next best alternative, the inverte“ L.
The 2:1 inverted L had slightly more gain than the 5:1 inverted L, which
was superior to a 30° slant wire. The vertical whip antenna was the
worst antenna tested for gain at the zenith, having a gain 25 to 55 dB
below the half-wave dipole at 15 11 above ground. The results of the
antenna directivity pattern measurements indicate that the dipole and
inverted L exhibit their maximwn gain at the zenith, whereas the maximum
gain of the slant wire occurs at an angle slightly lower than the zenith
and whip has a null at the zenith. The 6-MHz relative response results
arc summarized in Figure I11-37. The absolute gain of 4 8-MHz half-wave
horizontal dipole relative to an isotropic radiator was calculated for
several other rites where height gain data were obtained using the icno-
spheric sounder technique. The results are summarized in Figure I111-38,.
The gain values obtained in the clearing at Chumphon and in the Bangkok
rice paddy are very similar; this is reassuring since the ground con-
ductivity was very high at both sites (25 to 125 mmho/m). Notice that
the gain of the dipole toward the zeuith reaches isotropic level at

about 6 ft * Z ft (2/25) above ground even for the relatively poor ground
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at the Ban Mun Chit site. Thin {mpiies that a 6-MHz hal’-wave dipole

is a relatively efficient sntenna for use on short HF skywave paths in
cleared or forested terrain even when elevated ot ly about as high as a
man can reach. This is contrary to the commonly held view that a dipole
must be placed one-quarter wavelength above ground in order to be an
efficient radiator toward the zenith. Indeed, our data (STR 18) have
sccwn that the dipole is more eftective (by about 1 %o 2 dB) as a
radiator toward the zenith when placed at )/8 above ground than when

placed au )/4,

The measured values of dipole height-gain tend to confirm
the use of the 3-layer slab model presented in Section 111-B when the
inpnt data to the model are known or a'e¢ derived from measuromehits of
grovund and vegetation constants using npen-wire transmission-line tech-
niques.* Since the model was tormulated to predict gain of the dipole
relative to an isotropic radiator, the mode! equations can be used to
estimate the absolute gain of the dipoie when nsed as a reference an-
terna. This model for the dipole provides a wavy to conver! the measured
relative gains to absolute gains, including converting the measured

directivity plots obtained with the airborne Xeledop system to absolute-

gain plots,

Recall from the discnssion of Section IIl-A that artenna height was
the only really significant variable affecting dipole gain toward the
zenith. Both the mode: predictions and the data summarized in Figure
ITI-38 indicate that refined estimates of ground and forest parameters
can improve such gain calculations only by about 5 dB for antenna
heights greater than )/40.
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F. Antenrss Impedance Results (STRULD, RM7, STRs 10, 18, 25, 26, 35, 36

3L, 41, 45D, 46D)

Lk ﬂupt!w!

The objective of this section is to present some examples of
measured impedances and some conclusions about the effects of forestis

on driving-point impedance.

2. Background

The feed-point impedance of field-expedient antennas is re-
quired by enginecers desiguing equipments or calculating antenna gain
for system calibrations (or performance evaluatious). The impedance of

®
antennas near ground is difficult to compute, and until recently very

few measureit data were available on antennas located in forests. During

the course of this project a great deal of impedance data have been taken

on antennas both in and out of forests us part of various measurement

programs:
(1) Early MF impedance measurements (RM )
(2) HF airborre Acledop measurementg (STRs 14, 25, 35, 45D)
(3) VHF airborne Xeledop measurements (STR 39D)
~{(4) VHF manpack Xeledop measurements (STRs 26, 46D)

(5) HY sounder measurcments of gain toward the zenith

(STRs 18, 38D)

(6) Sounder propagation studies (STR 38D)

The recently dcveloped technique of Andreasent® shows some promise
for computation of the impedance of arbitrary wire antennas.
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(7) Sinygle tree studies (SAR 6, STR 41;

seq Section I11-U of thig report).

Sketchez of the untenna types measured gre shown in Figure [11-18. The
detal.a of the antennas are given in the referenced reports. The measure=-
ment sites are described in detail in the referenced reports and {n STR

43. A brief summary of the Thailand sites is given in Appendix A.

3 HF Results

A. Horizontal Dipoles

Une of the standard test antennas used during the air-
borne Xeledop tests was 2 dipole cut to half-wave resonance at 8 Mz
and located at 23 ft above ground. The feed=point impedance of this
antenna is shown as a function of frequency in Figure 1171-39. The U.S,
clearing was at lLodi, California (STR 11), the U.S. forest was at lake
Almanor, California (3TR 25), the Thatland clearing was a* Chiumphon
(STR 38D), and the Thajland forest data were obtained at Ban Mun Chit
(STR 35).t Notice that the datra for the forestoed sites lie inside the
values for the cleared sites on the Smith chart and that the curvature
of the plot near resonance increases for the data from the Thailand
site (more dense vegetation). This implies that the impedance bandwidth
of the dipole ‘ncreased when the antenna was placed in the forest. As
expected, the site with the best ground (Chumphon--where there was
standing water) produced th. lowest input resistance at resonance, The

varialion i1 reactance at 8.0 MHz from site to site is not gignificant

*
The measur'ment sites will not be described in this section of the

report ' ar complete descriptions can be found in the referenced STRs,
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because physically different antennas were employed and the antenna
lengths were not necessarily identtical.

The effect of the forest on the wmpedunce of antennas
of the same length can be observed in Figure 111-40. This figure shows
the feed-point impedance at 6 MHz, of a center-fed dipvle located at
18 ft above ground at the Chumphon site as the antenna length was vavied
from 100 ft to 60 ft in 4-ft increments (i.e., 2 ft off each end after
each measurement). The important thing to notice is that for a given
antenna length the impedance is higher for the antenna located in the
forest, and the reactive part is shifted in a clockwise manner on the
Smith chart corrvesponding to & decrsase 1n the resonant frequency as

L

the "same’ antenna is moved from the clearing 1o the forest, The square
of the ratio of the resonant length .: the clearing to the resonant
length i{n the forest gives a rough estimite of the real part of the
effective relative dielectric constant of the forest, In this casc.
(78.3/72.2)?:s 1.04, which checks rcasonably with the vilue of about

1.05 determined with the open=wire transmission-line techniguc described

in Section 1II-B=-1,

Figure 111-41 shows the impedance of a 6=MHz dipole as a
function of height as it is lowered from 18 ft to 1 ft in the c.caring
from 18 to 0.5 ft in the forest. Notice azain the clockwise shift on
the Smith chart, of the reactive part and the higher impedance l.vel for
a given height for the antenna in the forest. The impedance begins (o
drop as the antenna is lowered from |8 ft to about 6 to @ {1, where the
fmpeaance s:arts to rise again. This is perhaps better {llustrated in
Figure II1I-42, which is a plot ef the real part of the dipole feed-point
impedance as a function of height above ground. The pair of curves on
the left were taken in the clearing at Chumphon wilh and without a balun,

and the pair on the right side were taken in the fores!:., Consider {irst
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the curves for the dipote In the c¢learing., I1 the ground had infinfte
conductivity, we would expect the reslstance of the dipore to drop down
towyrd zero as the antenna is lowered toward the ground. The driving-
soint resgistance can be defined as the sum of u radiation resistance and
a loss resistance., The height at which the impedance bhegins to risce cor-
responds to the height at which the radiation resistance is zbout equai
to the effective loss resistance. Notice also that the low-loss ferrite-
cere balun translormer, which had a 1:1 turns ratio, had a very smull

ceflect on the dipole resistance,

b. 30° S*ant Wire

The various 30° slunt-wirc antennas studied all resonated
very near 50 ohms, Figure I11-43 shows the results of measuremoents at
Chumphon. Measurements also were made on a 60° slant wire, which showed
essentialiy the same trends. The cl'lect of increasing the angle of the
slant wire is to causec the feed-point tmpedance on the Smith chart tr

shirt counterclockwise, with the real part staying essentially constant,

c. Inverted Ls

impedance measurements were aiso muade on inverted-L
antennas designed so that the combined length «f the vertle.l and hori-
zontal wire sections was three quarters 51 i wavelength, Thesc antennas
were fed against a (=1/2-ft copper ground rod. When the ratio of the
lengths of the horizontal scction to the vertical section was 2:1, the
feed=point impedance at resonance ranged between about 125 and 200 ohms,
vypically being greater in the forest than in the clearing. As the
ratio of horizontal to vertical sections was increased frow 2:1 to 5:1,
the impedance dropped for antennas in bhoth clearing and forest and the

observed impedance of a 5:1 inverted L at vesonance ranged from about
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50 to 150 chms. Figure 1ll=44 ghows the driving-point impedance versus
trequenc for o 5:1 inverted L oat Chumphon, Notice again the increase

ol Imprdance in the Yorest and lower resonant I'requency in the Jlorest.

d. Vertical Monopole

The impedance of a 15.6=1t wonopole with a 50-{t-dlameter
ground screen wus scagured in an open plowed field at lodi, Caliloruia
(STR 10) and in a pine forest at Like Almanov, California (STR ©5). The
resuils of these measurements are shown in Figare 111-45.  The impcedance
of the monopole neur resonance is slightly higher in the lorest thar in
the clearing. The impedance bandwidth of this antenna appeqrs to be
about the same in clearing and lorest. This seme antenna with o matching
nitwork was set up at Ban Mun Chit, Thailand (STR 35) and measused at
6 MHz in the clearing, at the edge of the forest and in the lorest. For
these tests the antenna was fed through a 50:300-ohm balun and resonated
in ecach location with a lerrite slug inductor in series with the monopole
clement. The results ol these tests are given in Figure 111-46. Notice
the decrease in impedance at rvesonance as the antenna is moved from
clearing to lorest. This rcduction possibly is due to mutua?l coupling

to nearby tree trunks,

c. Concluding Comments

The results of measured feed-point impedance ciscussed
above indicate that the impedance of a simple field-expedient antenns
typically increases as ihe anteraas are moved from clearing to forest,
and the antenna structure resonates at a slightly lower frequency in
the forest. The change in resonant ‘requency for a given horizontally
polarized antenna is related in an approximate manncr to the real part

of the relative diclectric constant of the forest by the square of the
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ratio of the resonant freguencies in clearing and forest or by the
square of the ratio of fength required for resonance in clearing and

forest,

The impedance bandwidth of a half-wave horizontal dipole
increases o8 the antenna is moved from the clearing to forest and this
increase is enough to compensate for the shift of resonant frequency just
discussed. In other words, an MF dipole designed for operation in the
clearing with a system requiring a VSWR of less than, say, 3:1 would
probably be able t¢ meet this VSWR specification even when the antenna
was operated in the forest, whereas this mirht not be the case for a
vertical monopole placed too near a tree .runk in the forest. [adeed,
the impedance bandwidth of a monopole may be reduced when it is taken

from o clearing into a forest.

4.  VHF Results

a. Gencral Comments

Impedance data werce obtained at VHF as part of the man-
pack and airborne Xeledop programs and as part of the single-tree studics,
This section will cover the Xeledop 1wpedaae data, and the single-tree
data will be covered in Scction 17I-H, The feced-points of the antennas

were 10 ft above ground unless otherwise stated,

b. Airborne VHf Xeledop--Ban Mun Chat

The horizontal (Lalanced and unbalanced) and vertical
(sleeve) dipole antennss cmployed at this site are described in STR 39D.
The impedance data obtained at resonance for the horizontal dipoles in
the clearing were typicsily about 50 ohms compared with 150 ohms for the

vertical slecve dipole. In genzral, the driving-point resistance of the
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horizontal dipoles in the iorest was atout 5 to 10 ohms higher than for
the same type of antenna in the clearing, whereas, the resictance of the
vertical sleeve dipoles generally was substantially lower (e.g., 50 ohms

lower) in the forest.,

c. Manpack Xuledop

The ontennas n,cd for this study werc balanced half-wave
dipoles constructed of telescoping automobilz antesnnas arljusted to rese-
nance while the antenna was horizontally poiarized at the ¢jen-delta
site near Bangkok., The resulting antenna lengths were: 117.5 inches ac
50 MHz, 77.0 inches at 75.1 MHz and 6U.5 inches at 100 MHz. These
lengths were used throughout the program. A North Hills model 1100EB
(1:1) VHF balun transformer was mounted at the feec, and the trans-
mission line was brought away from the radiating elements at right angles
for at least the first 2 ft. The measured impedance data obtained at the
delta and beach sites (STR 26) were very consistent: 46, 60, and 56 ohms

resistive (to within 10 percent) at 50, 75, and 100 Milz respectively.

Additional data were obtained with unbalanced half-wave
dipoles adjusted for zero reactance at each site. Tinese antennas were
used as part of the manpack Xeledop calibration procedure. Data were
obtained in the delta, at the beach, at Chantaburi (rubber plantation),
and in the clearing and in the forest at Chumphon., The antenna was placed
at 10 ft above the open ground and over a 10-by-10-ft chicken-wire ground

gcreen.  The results of ithese tests were quite consistent. Data also

*
.

were obtained over the open ground with the feed at 5 ft and at 20 ¢
For all the 10-ft and 20-{t test configurations, feed-noint resistance
vas in the range 60 to 80 ohms for all frequencirs and sites for both

polarizations. At 5 ft above ground the range was 55 to 115 ohms, with

119



the higher values occurring for vertical polarization at 50 MHz and the

lower values occurring for horizontal polarization at 100 MHz,

G. VHF Xeledop System Loss Measur:ments

1. Manpack Xeledop (MPX) Tests (STRs 19, 26, 36, 46D)

a. Objective

The objective of this work was to study short-range

(ground=to-ground) VHY propugiiion in various tropical terrains,

b. g:_‘x_ckground

The VHF Airborne Xeledop transmitter described in the
previous section was adapted for use in a backpack configuration. This
unit was carried along surveyed trails at several :i*es over ranges of

0D to 0.5 miles:

(1) Eucalyptus grove--Fremont, California

(SA 5, STR 19)
(2) Open delta--Bangkok, Thailand (SA 6, STR 26)

(3) Sandy beach--Laem Chabang, Thailand

(SA 6, STR 26)

(4) Coastal brush--Laem Chabang, Thailand

(SA 6, STR 26)

(5) Wet~dry second growth tropical forest--

Ban Mun Chit, Thailand (SA 7, STR 46D)

(6) Fresh~water swamp (rain) fores.

Chumphon, Thailand (STRs 36, 46D)
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(7) Rubber plantation--Chantaburi, Thailand

(STR 36)

\8) Bamboo forest--Chantaburi, Thailand

(STR 36).

2. Results

The results of the initial tests with MPX system in open
terrain and in the coastal brush were reported in STR 26, Example
analog records from the fresh-water swamp, bamboo forest, and rubber
plantation were published in STR 36 and in Reference 19. Figure 11I-47
shows the effect of a rubber plantation on received signal level as the
MPX was carried into the forest. A standing-wave pattern can be observed
at the clearing forcest interface.* The major results obtained in the
wet/dry forest at Ban Mun Chit and the fresh-uater swamp at Chumphon
will be reported in STR 467, and this -eport (which will be printed on
Contract No. DAAB07-070-C-0220, USAECOM, Fort Monmouth, New Jersey) will

include:

(1) A calibration of the MPX system
(2) A summary of the MPX results from all sites

{3) A comparison of the measured data with propagation
model predictions of median signal strength versus
frequency, transmitter-receiver separation, and

artenna polarization and height

*

Thls interface effect also was observed at Chumphon (sec Figures 21-23
of STR 36) where the spatianl fading pattern in the ciearing was much
more pronounced for horizontal polarization.
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(4) A study of the fading characteristics as a
function of distance down the trail and radio

frequency

(8) A comparison of MPX measurements with data taken

with AN/PRC-25s in oten and forested terrain.

3. Balloon-Borne Xeledop Tests (STR 46D)

a. Obicctivc

The objective of this work was to measure VHF height-gain
functions in the forest, with possible application to balloon-borne

relays.

b. Background

A light-weight version of the VHF MPX (transmitting on
50, 75.1, and 100 MHz) in both vertical and horizontal polarized con-
figurations was constructed for use with an aerodynamic balloon (Kytoon).
This .nit was used successfully to make height-gain measurements up to
severul hundred feet at the Chumphon, Thailand site (fresh-water swamp

forest).

4, Results

The results of this work will be reported in STR 46D,

H. Single-Tree Studics (STR 41)

1. Objcctivcs

The objectives of this work were to study at VHF:
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(1) The variation in received signal level as a
function of tramsmitter location in proximity

to u single ‘ree

(2) The input impedance of an clectric dipole as a

function o! distance from the tree trunk
(3) The scatter pattern of an isolated treo

{4) The radiation pattern of such a ‘ree v ~hunt-
fed as a grounded vertica!l tenna in - ¢ r o
better define the effect of vegetation on radio-

~»ave propagation and antenna/vegetation interaction.

2 Background

The first group of experiments was designed to determinc the
variation of signal strength and the impodance of an antenna in the
neighborhood of an isolated tree. From these measurements, the maximum
dista-.ce between tree and sutenna for which there is significant effect
upon received signal level and antenna impedance can be determined., The
second group of experiments was designed to determine an equivalent
radius of the tree in terms of the radius of the alurinum mast. With
the equivalent radius, the cross scction and the scatter pattern of the
tree can be vvaluated theoretically., If the properties of a single tree
are kuown, then a model of propagation of radio waves in a Jjungle might
then be based cn the distribution of the .aearest-neighbor distance of
trees in that forest and the principle of superposition. The last ex-
periment was to determine the directivity of an isolated tree shunt fed
as a grounded vertical radiator. The bulky shape of such a radiator
suggests it will have significant directivity, and this is a possible
factor to offset the low efficiency of a tree antenna as reported by

Dickinson.}?
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Two isolated trees were chosen at Laem Chabang. One of thenm
was a rubber tree, for convenience called tree "A." The helght of Tree
A was approximatefy 65 feet. The diametesr of the trunk at the point just
above the ground vas 26.8 inches and reduced to 19.2 inches at 4 feet
above the ground. The area within 300 icet of the tree was absolutely
cleared. The second tree (''B") was a mango, having a height of 30 feet
and a trunk diameter of 20.2 " iches at the point just above the ground.
Some bushes less than 5 feet nigh were at a distance of 130 feet from

Tree B. However, the arca within 130 feet of tne tree was cleared.

3. Signal level and Antenna Impedance Tests

Data obtained on the feed-point impedance of half-wave vertical
dipoles in the vicinity oi vertical tree trunks demonstrated a variation
with separation distance similar to that of dipole above a lossy plane
surface (such as the earth). Conscquently, it was decided to try to
model the mutual impedance using c¢ecuivalent plane-wave reflection co-
efficients determined from the standing-wave pattern of the MPX records
as the MPX was walked past tie trec. Examples of received signal level
as the MPX was walked up to (and past) a single tree are given in Figure
I1I-48. Notice especially the periodic fading in the direct path, and
also the drop in level in the shadowed path. It is possible to scale
this type of record for the amplitude (null depth) and phase (null
location) of an equivalent plane wave reflection coefficicnt.* The
average results obtained from three trees (the smallest of which was

30 ft tall) are summarized in Table I1I1I-7.

%
These reflection coefficients apply only to the direct path (positive
distance from tree in Figure 111-48).
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Table 111-7

AVERAGE REFIECTION COEY¥FICIENTS FOR 'HMRLE THLAS

Frequency (MHz) | Reflection Coefficient
50 0.22/180°
75 0.27/180°
100 0.38/145°

Based on these values of the reflection cocfficients at each
frequency, the comparison of the theoretical anpd experinental values of
the input impedance in the vicinity of an isoloated tree was performed
and reported in STR 41. An example is showa in Figure 111-49, Agree-

ment between the experimental and model values is good.

4. Scatter Pattern of an Isolated Tree

A model tor the theoretical scatter pattern of an isolated
tree was developed in STR 41. An cexample of the computed and observed
scattern patterns for a 20-ft aluminum cylinder of radius 2 in are
given in Figure 111-50 along with measured results for Tree A and Trec B.

The agreement between the measured and modeled data is "reasonable.”

5. Use of a Tree as a Shunt-Fed, Grounded Vertical Antenna

An isolated 41-ft tree was usecd successfully as the antenna
for onc end of a 500-km communication link operating on 9 MHz by driving
the tree with a shunt feed attached to a nail driven into the trunk
several feet above ground (8TR 41). The conclusion from this work was
that, while trees will not replace wires as antenna ¢lements, more study
of their use as antenna clements secemed Justified. .1 subsequent test at
VHF indicated that the directivity of such a driven tree was not omni-
directional but that the maximw measured radiation occurred on the

feed side of the tree.
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IV TASK B: IONOSPHERIC AND FREQUENCY-SPECTRUM INVESTIGATING

A, Frequency Prediction

1. foF2 Predictions at Bangkok (STRs 15, 28,10)

a, Objective

An cbjective of this work was to compi e several available
prediction techniques of the monthly median vertical-incidence critical
frequency (foF2) with observations make at Baugkok with a C-2 vertical-
incidenre sounder, to determine the best prediction source and document
its quality, and to consider whether & locally generated correction
function would improve the predictions sufficiently to Justify such
alditional effort. A second objective of this work was to determiune
tue lowest useful tuning range for HF manpack radios intenced for use

on short icnospheric skywave Paths in Southeast Asia,

b, Background

The C-2 ionospheric sounder began operation at the MRDC-
EL site in Pangkok in September 1963, and the sounding results have
been publist2d in monthly fonospheric data bulletins (IDB) tnrough the
present. The monthly median observed values of fol?2 for the period
Septemoer 1363 thrcugh March 1965 were compared with preliictions fren
the U.S. National Burvrau of Standards (NBS) in Boulder, the Indian
Nutional Physical Laboratory {(NPL) in New Delhi, and from SR1 (SR1/RPA)--
based on work done by SRI {or the U.S. Army Radio Propagat.on Agency

i (RPAY. This comparicton !STR 15) indicated that the best predictions

e
b
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*
wers those of NBS --although the quality of these predictioms did not

greatly exceed those by NPL and SRI/RPA (sce Figure IV-1 for an example
comparison)., It might be noted that a lasic limitation of any of these
prediction methods is the lack of accuracy of sunspot number predictions.
The remainder of the effort was devoted primzrily to the study of the

NBS predictions (STRs 28,40).

Gid Results

'The yearly median error functions (predictcd-minus-
observed monthly median values of fo’2) for the ESSA predictions for
1964 through 1967 together with quartile bounds, are shown in Figure
IV-2, The error is almost always positive ()Hrediction exceeds obser-
vation) and less than about 2 MHz. The predictions for 1967 are notice-
ably better than in previous years. There are two possible causes for

this improvement:

(1) ESSA began incorporating C-2 data from

Bangkok into the predictions;

(2) ESSA improved their prediction program
(hy changing coordinates for their

numerical maps).

Let us consider for a moment the accuracy of the measured
values that we are checking against the predictions. During two inter.
vals a Granger Model 911 step-frequency sounder was operated at Bangkok
concurrently with the C-?, The Granger sounder data were scaled in

Menlo Park and plotted against the Bangkok-scaled C-2 data for the

*
The Central Radio Propagation Laboratory (CRPL) of the NBS has since
become part of the Environmental Science Services Administration (ESSA).
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same hour (see Figure IV-3)., It is not possible to say which of these
sounders produced the more accurate data, hut the results of this test
indicate a typical ambiguity of somewhat less than 1 MHz on any given

reading,

The percentage of the time a pProposed operating frequency
for a short-path (less than 50 km) would have exceeded an estimate of
the maximum observed frequency (MOF) for such a path (based upon C-2
sounder datu)* Also was tabulated for the interval September 1963 -
March 1965--a period of low sunspot number (see Figure IV-4), The

determination of MOF included the effects of sporadic E,

d. Conclusions

The ESSA predictions of monthly median foF2 are the best
available. So long as Bangkok C-2 data are used by ESSA to generate
the predictions, the predicted values should be within 1 MHz of the
actual observed mcnthly median values most of the time. This accuracy
Probably is sufficient to preclude the need for locally generated correc-
tion functions--should the MRDC-EL (or some other group) decide to dis-

seminate frequency predictions within Thailand,

A lower design frequency of 2 MHz for HF manpack radios
probably should be sufficient to ensure about an 80-percent chance for
the existence of an operating frequency below the MOF during the hour
of lowest MOF (about 0430 hours, local time) during a period of minimum
solar activity, Outage during any given day due to not being able to

operate below the MOF should occur less thun 1.5 percent of the time

Here the assumption is made that foF2 values observed at vertical in-
cidence by the C-2 sounder closely approximate the MOF values that

would have been observed over the shor: oblique path had oblique-
incidence sounders been used.
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during sunspot minimum; and when the whole ll-year solar cycle is con-
sidered this lower design limit szem: most adequate, It should be noted
in passing that frequency management difficulties (i,e,, obtaining fre-
quency assignmunts) may preclude the use of the channele just above 2

MHz,

2, Ivnospheric Sounding Tests in Thailand over Oblique
Paths trom 230 tu 1320 km (SARs 7, 8, STR 418D)

a, Objectives

Two Granger Associates Model 911 oblique-incidence sounders
with a capability of sounding from 4 to 64 MHz were used at vertical and
oblique incidence at six sites throughout Thailand (see Figure IV-5) to
obtain data pertinent to frequency prediction on short and intermediate
length paths (SARs 5-8). The major objectives of the ionospheric sound-
ing part of this study were to measure the following for at least one

month on each path as a function of time c. day:

(1) The vertical-incidence critical frequencies
(foF2) at sites remote from and at Bangkok,
and the maximum observed frequency (MOF) on
oblique-incidenc: paths in order that a MOF
factor (ratio of MOF to foF2) for the F2
layer based on data from the C-2 sounder at

Bangkok could be determined;

(2) The lowest observed frequency (LOF) on these

same paths;

(3) The maximum multipath spread observed with
the sounder system (see 3ectiop IV-B-1 for

these results);
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(4) The occurrence of anomalous layers such as
spread F and sporadic E (these results are

discussed in Section IV=T),

b. Sounder Site Operating Schedule and Procedure

A chronological description of field site activity is

given in Table IV-1, The sounders and auxiliary equipment were in rela-

tively continuous operation during this eleven-month perind, although

some interruption of the oblique soundings and communication tests was

inevitable during times when changes in site were belng made. The

oblique~incidence sounders were operated on a 30-minute schedule, whereas

the C-2 was operated on a 15-minute schedule,

Table IV-1

SOUNDER SITE OPERATING SCHEDULE

1966 | 1967
Month
Site Apr | May | June | July | Aug | 3ept | Oct | Nov | Dec | Jan | Feb
*
Bangkok 1 1
Chantaburi ) 1
Prachuab 2 2 2
Nakon Sawan 2 2 2 3 3
Songkhla 3 3 4 4 4 4
Chiengmai 4 4 El 4
!

*
Numbers refer to paths shown in Figure IV-5.
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e, Results

Figure J1.-6 presents the time-block median MOFs and LOFs
for the paths of Table IV-1 as u function of local 11mc.‘ Only the
north-to-south peths were scaled, since the south-to-north data proved
to he essentially identical. Also included for comparison are the
median values of foF2 for the observation period (see Table IV-1l) o:
Bangkok.f Let us define a MOF factor (for use in Thailand only) that
is the ratio of the F-layer MOF to the value of foF2 from the Bangkok
C-2. This MOF factor (see Figure IV-7) was calculated 2s a function of
local time using morthly median values to Sllustrate the relative use-
fulness of Bangkok C-2 data to estimate the MOF on longer paths, These
data indicate that foF2 at Bangkok is an excellent esiimator of MOF
on the 440-km north-south path (path 2) and a good estimutor of the
320-km east-west path (path 1). On longer paths the MOF factor could
be used (in the absence of ifonospheric predictions) fcr the oblique
path, The peak in MOF factor between 0400 and 0600 hours apparently

results from a sharper decrease in foF2 (pre-dawn dip) than in MOF on

the oblique path,

*Thc MOFs shown are the F-layer values and do not include the effects

of sporadic E. Sporadic E was primarily a daytime phenomenon with
sunrise and sunset MOFs of abcut 8 MHz on these paths and noon muxima

of about 6, 12, 16, and 20 MHz on paths 1-41, respectively, The LOFs

on paths 1 and 2 are limited by the lower frequency limit of the sounders
(4 MHz),

fThe detailed (hourly) vertical-incidence sounding results from both the
Granger sounders and the C-2 are presented in data bulletins (sce
Appendix C). The detailed oblique sounding results are tabul:ited in

an appendix of STR 48D, but this report was not printed for distribution.
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B. Ioaospheric Signal Strength

1 HF Propvgation and Communication Tests in Thailand
over Oblique Paths from 440 km to 1320 km (SAR 8, STR 48D)

a, Objecti ves

Communication equipments (CW system and FSK tel~type
system) were operated on the same paths as the sounders (Section IV-A-2)
in auxiliary experiments, The major objectives of the auxiliary experi-

ments were to measure as a function of local time:

(1) Signral strength and S/N ratio on north-south

(N-S) and east-west (E-W) dipoles,

(2) Envelope correlation of signal on N-S and

E-W dipoles,

(3) Time-delay spread (actually measured with

the sounder but reported and discussed here),
(4) Doppler spread, and
(5) FSK system performaice,

for paths 2 through 4 (see Figure 1V-5) where ~he propagating ionospheric

modes had been documented by the sounders,

b, Description of the CW Tests

CW transmissions (400 W) were made into half-wave length
horizontsl dipoles oriented at 4 degrees to the earth's magnetic field
and located at the height above ground yielding a driving-point impedance
of 50 ohms (roughly 25 ft), N-5 and “~-¥ dipoles adjusted to 50-ohm
height were used for receiving, and the receiver bandwidth was 100 Hz,
The receiving and recording system °mployed is shown in Figure 1V-8,

The SRI Correlation Computerag was used to generate a continuous record
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of the normalized cross-correlation of the input signals, The SRI
Doppler Spread Meter®! was used to measure frequency dispersion of tha

CW signal (a distortion measure),

The CW transmitter operated continuously except for being
turned off for 5 minutes twice an hour (at the time of the ionospheric
sounding descrived in the previous section) in order to provide positive
signal identification and an opportunity to observe the background noire

level,

e Results of the CW Tests

The received signal strength valu2s on both N-S§ and E-W
dipolesr--as well as the envelope correlation--are presented in Figures
IV-9 through IV-14 for path 2, Plots for the other paths are generalily
similar, The E-W dipole generally produced the greater signal st: ngth
Ly about 5 dB, Decile bounds on the received signal strength are shown,
Note the pre-dava decrease in signal level and increase in decile bounds

when the operating frequency is above the MOF., The propagation is via

a scatter mode during this period. The correlation coefficient was

*
essentially zero (signals uncorrelated) except during midday or other
times when sporadic E was significant in supporting the propagation

mode.

The signal-plus-noise-to-noise ratio [(S + N)/N, see
Fi,-ure IV-15] was computed by subtracting the observed noise level (in

dB) trom the observed signal (plus noise) level. It was not possible

*
The SRI Correlation Computer is inherently not very accurate for un-
correlated signals, and correlations between 20,2 (sece dashed lines in
Figures IV-10, 12, and 14) can be assumed to be essentially zero.
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to compute (S + N)/N during much of the day because the noise values
were not available (see Section VII of STR 47). The (S + N)/N values

were about 5 dB higher for the E-W dipoles, but the noise picked up

by the N-S and E-W dipoles was essentially the same. This same conclu-
sion regarding the lack of sensitivity of dipoles' noise to dipole
orientation in the tropics was reached when the noise on horizontel

dipoles was studied indepencently at another site in Thailand (STR 47),

Time~-delay spread was estimated by me~suring the spread
ot the echoes observed from the oblique sounding records. These results
are presented {n Figure IV-16, Frequency-spread values observed over

these paths with the SRI Doppler Spread Meter are given in Figure IV-17,

d, RTTY Tests

An AN/MRC-95 teletype unit was operated over path 2,

Figure IV-18 gives th: observed character crror rate as a function of
local time. The number of errors is high at night due to low signal-
to-noise (plus inter .ence) ratio. The eflect of the decreased daytime
(8 + N)/N around noon also can be observed. The data sample is very
small, however. A =imilar test during daytime (0700 to 0900 and 1500

to 1900 hours) on path 3 during October 1966 indicated that the prob-
ability of character error often was between 3 X lonlm-nnd typically
about 10-1. On path 4 the probability of character errors typically

=2 .1
was 10 to 10 between 0500 and 0800 and between 1500 and 1700,

In general, the ‘S + N)/N (and interference--especially
at night) seemed the controlling factor in performance of the AN/MRC-95
on the puths tested, The effect of Doppler spread was not significant,
but time-delay spreads in excess of 2 ms seemed to be the controlling
factor for (S + N)/N greater than about +15 dB, Reduction of the {re-

quency shift of the AN/MRC-95 from 850 Hz to a val'¢ about one-tenth as
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large should provide an improvement in performance over short siywave
paths, Tn; envelope correlation data suggest that a further improvemernt
migh. be obtained by providirg for a dual diversity capability and using
N-S and E-W dipoles in the orientation-diversity mode. The AN/MRC-95
system perforuance should be modeled for binary error rate,‘ however,

and the model validated by lab simulation and field test before firm

recommendations for changes in the system can bhe made,

2, Dipole Oricntation Effects (RUS, RMSR, STR ¢, STR 31)

a, Ohjective

The objective o. the dipovle orien ation study wvag to
determine the effect of antenna alignment upun tecetved signal )evel

on short-range skywsve paths,

b, Background

When dipolcs are used for poinv-to-point HF communications
and when the bearing of the other station is known, it is common practice
to align dipoles at right angles to the direction of interded propagation
(1.e., broadside alignment for main-beam-to-main-bear coupling). When
such an antenna (dipole) orientation is used on long ionoépheric skywave
paths, the result is to maximize the received signal (see Section V~B-1);
but, generally speaking, dipole orientution is relati: »ly unimportant

on short skywave paths of less thaus ubout 100 km. This is because the

L

There i8 no simple relationship between hinary errors (which are easily
computed) and character errors (which are easily measured) for the
AN/MRC-95. Hence, it would be desirable to measure binary errors in

a future field test, even though this would require special instru-
mentation, {f model velidation is attempted.
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signal path is almost straight up to the ionosphere and back down and
the dipole is essentially an omnidirectional antenna for directions near
the zenith wivn place. at heights of N\/4 or less, An exception to this
general ruie fer short paths exlists at low gromagnetic 'atitudes, where
a preferred orientation exists because of the nature of the ionospheric

22 that a N-S alignment

reflaction. The magnetoionic theory predicts
should be used for linear antennas (e.g., dipoles) on both ends of a
short skywave link regardless of the bcaring angle between the stations
when operating sufficiently near the geomagnetic dip equator (s 5, RM SR,
STR 9, STR 31). The path geometrie. for wilcin N-S alignment is better
than other possible aligiments may be determined from the magnetoionic
theory with reasonable accuracy (sec RM 5R and STR 31), but the exact
amount of superiority of the N-S alignment is difficult to compute
because of lack of accurate, deta;)ed knowledge oy the collision and
plasma frequency height profiles--especially for the region below about
90 km. Consequently, a field measurement program was conducted in

Thailand to check the existence and magnitude of the "dipole orientation

effect,"

c. Results of Theoretical and Experimental
Investigations of Dipole Orientation
Effects in Thailand

1) Theoretical Cunsiderations

The details of the tleory are given in RM 5, RM 5R,
5TR 9, and are repeated in STR 31, The discussion here will center on

the results of the theoretical study.

The geonetry of the ray path (actually the wave
normal) relative to the earth's magnetic field at the point of entry
into the lower part of the ionosphere is of primary importance in deter-

mining whether it is advantageous to align dipoles N-S for use on short
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tkywave pathr, If the angle between the wave normal and the earth's

static magnetic field, 9, is a righ: angle (transverse propagation),

than one cun usually obtain larger received signals using N-S dipoles.
But this special geowetry exists only on a few paths, so the [ogical
quesiion arises: "Mow far from the purely transverse geometry, 6§ = 90“,
at entry into the ionosphere can the path get before the advantages of
dipole orientation are lost?' If the path is nearly rensverse, the same
propagation equations apply as for the transverse casc  and the condition
is said to be "quasi-trantverse'--(i.e., QT).?* The angle for which

the QT condition applies is a function of muny varisbles, but for a

given grographicul location the main variation is with radio frequency.
Figure 1V-19 shows how far off the purely trensverse condition the path
can be in Thailand and still satisfy the QT criterion. There is still
some benefit of N-S alignment until the "quasi-longitudinal™ (QL) condi-
tion is reached--at which poiant there is no preferred orientation for
dipoles on short paths., Figure 1V-19 also shows QL as a function of
frequency. The process of determining QT and QL for a given path is
rather involved nd will not be dealt with here. An example is given

in Appendix B of RM SR, however.

2) Mes  :ent Results

Data were cbtained during December 1962 and January
1964 between Bangkok and two remo' ' recelving sites: Ayudhava (about
66 km to the north) and Nakorn Pathom (about 66 km to the west). CW
transmisaions of 400 ¥ were made from Bangkok on 1.7, 3, 5§, and 10 MRz
and receive. at the remote sites. At each site two dipoles (N-5 and
E-W) were employed at A/6 above ground for each test frequency and all
four combinations of transeitting and receiving antennas were used,
The results of these tests ar: summarized in STR 31 and Figures IV-20

and 1v-21 show an example of the results,
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It was shown that the N-S/N-S antenna combination
produced the greatest received signals on both paths most of the time,
as predicted. Hence, the predicted dipole orientation effect is seen
to exist, But the mean received signaliy on the other antenna combinations
are not too far down from those for tie N-S pairs, and this suggests the
possibility of a diversity receiving system employing a pair of dipoles
(one N-S and the other E-W) located very close together so as to achieve

magne toionic-component diversity,

A test of this diversity idea was made on the Bangkok-
Ayudhaya pat} during March 1965. The 3.95-MHz transmitting dipole at
Ayudhaya was ortented NE-SW §0 as to generate both magnetoionic components,
The signal received at Bangkok on N-S and E-w dipoles was recorded--as
well as the output of an SRI-made post-detection diversity combiner and
the SRI Correlator. An example of the results of this test is shown
in Figure IV-22, Notice tha: the envelope correlation vartes rapidly

about zero, and that the cumbiner greatly reduces the fading,

Similar tests were made ou longer paths (up to 1320
km) as part of another test serics (see Section IV-B-1), and the envelope
correlation usually had a zero average even though the QT approximation
was not valid., When sporadic E was present ithe mean correlation rose
as high as 0.5, but even with this degree of correlation, diversity

reception should provide significant improvements over a single channel,

Note that at a field installation employing this type of diversity it
might be more convenient to drive n N-S and an E-W dipole in phase

while transmitting rather than to put up a third dipole for transmitting--
especially {f a T/R switch can be used to separate the dipole feeds on
receive,
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3) Conclusions
The predicted orientation effect exists, but tts
magnitide cannot be accurately computed without better electron content
and colliston frequency profiles below 90 km than current)y are available,
For operation in the field on short ionospheric skywave paths near the
magnetic equator, it may be advantageous to align the linearly polarized
antenna (e.g., dipole) north-south, but 1t probably will be more important
to have & center fed horizontal dipole trimmed to the half-wave resonant
length and elevated at least A/10, The availability of antenna supports
to elevate the antenna probably will be more important than the alignment,
At base stations, however, it probably will be advantageous to put up
both K-S and E-W dipoles. The better antenna for a given path can then
be selected un observed performance, and the option of orientation
diversity is available.
C. Special lonospheric Studies
1. Faraday Rotation Studies (STRs 14, 33, 34)
8. Objectives
The Faraday rotation studies were primarily of a scienti-
fic nature, The objectives of this work were:
(1) To document total ionospheric electron content
as a function of local time, season, and solar
fonizing flux;
(2) To study the equatorial snomaly;
(3) To study the use of satellite Faraday
rotation data to estimate vertical-
incidence critical frequency:
163
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(4) To study the use of Faraday rotation records
to measure the dip angle of the earth's

magnetic field.

b, 0lck§roqu

Transmissions frow three satellites, Transit 1V-A, San
Marco B4-~A, und 5-66, were recorded at Bangkok in order to study the
total electron content Letween the satellite and the recording station
as deduced f{rom the Faraday rotetions, The main duta analysis efforts
were devoted to Transit 1V-A (STR 14) ard $-66 (STR 34). The rotation-
rate wethod of analysis was esed to determine total content at about
14.2°N latttude near Bangkok, and the total-rotations method was used
to determine content as a function of distance away from about 14,2°N
latitude along the essentially N-S track of the satellite, The analysis
of total content as a function of latitude was extended by the use of
data from satellite receiving stations 1o the north and south of Bangkok
(Singapore and Nong Kong 1n a cooperative study of Transit 1V-A record-
tngs, and Songkhla and Chiengmal 1n an MRDC-L1, study of $-66 recordi:s:-
The analysis of the recordings from these low-latitude stations was
facilitated by the fact that most of the records showed a distinct
signature shen the line from the satellite 1o the receiver was orthog-
onal to the carth's magnetic field, In addition to permitting the uge
of relattvely sinple instrumencation and data reduction techniques,
the time of occurrence of this event (termed Tn\ could be used along
with the satellite ephemer.s to estimate the dip angle nf the ecarth's

magnetic field (SR 33),

c. Results

The major analysis effort was devoted to the 8-66 records
Figure [V-23 shows the total electron con ent for descending (north-to-
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south) passes of §-686, the peak clectron density of .he F2 layer computed
from C-2 data, and 10,7-cm solar flux, The diurnal variations of both
total content and peak electron density are clearly visible, The rela-
ttonship between peak total content and solar flux was essentiglly

-20 ~ -1
1lnear up to flux levels of 1.6 % 10 14 Ha

. The seasonal varia-
tion of peak electron content is illustrated in Figure IV-24, which also
includes 1964 data from Transit IV-A, As expected, the seasonal peaks

in total content occur during eyuinoctial periods,

The varlation of total content with latitude and time cf
day in Figure IV-25 (Transit IV-A data) shoss a daytime minimum centered
o the magnetic dip equator. A similar varistion in peak content (and
hence foF2) occurs, and this phenomenon is known as the equatorial
anomaly., A nighttime anomaly of this type was observed from the $-66
data (STR 34). The fonospheric dynamics causing these anomalies are
still under active study by scientists working on cqustorial aeronomy,
Data of the typs presented above are useful in checking proposed dynamic

models of the iouorphere,

The ratio of total content (from Faraday records) to
peak density (from C-2 records) can be used to compute the equivalent
alab thickness of the ionosphere, Flgure IV-26 shows the diurnal varia-
tion of the equivalent slab thickness (and the related cuantity, the
cquivalent scale height) of the ionosphere near hangkok. By arsuming
that the equivalent slab thickress is independent of latitude near the

*
dip equator, one can use the value of slab thickness for Bangkok and

*
This proved to be a reasonable assumption {or the ranges of letitude

constidered here,
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total content data for sites remots from Bangkok to estiwmste the penk
electron denuity (and hence foF2) for the remote sites. Such foF2
estimates wore made for Songkhla and Chiengmai, and the resulting values
agreed typically to within 10 percent or better with vertical-incidence
soundings made at these remote sitea between Novembur 196€ and March
1967 (STR 34). It misht be noted that data from a vopside (satellite)
sounder could also yield data on foFZ versus latitude, and data from

such & source should be conasidereda in any future studies of this type,

The results of magnetic field dip angle estimates made
from the ro times of Faraday rotation records cbtained at Banghkok,
Songkhla, Nukhon Sawan, and Chiengmai indicate that the magnetic dip
equator (at ionospheric heights) crosses the Kra Peninsula of Thailand
at about 9.30°N. This result is in good agreement with other measurements

and maps (STR 33).

2. Sudden Ionospneric Disturbances (STR 50D)

a, Objective

The objective of this work was tc study the Bangkok C-2
sounder records of foF2 and [min during the time immediately after a
sola.' flare to determine whether the usable frcquency spectrum (defined

for the purposes of this discussion as foF2 minus fmin) was affected,

b, Results

The interval ol this study was September 1963 through
December 1966--a period of relatively low solar activity. One hundred
and ninety-six flares of importance 2 or greater occurred during this
interval, and eighty-seven produced sudden icnospheric disturbances
(SIDs) cdetected on thke various instruments at MRDC-EL. Forty-one of

these 5IDs caused a change in the usable frequency spectrum as observed
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on the hourly sounder scan itmmedistel'’ after the $1D, For flares of
importance 2 or greater the effects occasionally were still noticeable
during the second hour after the 81D, In almost all cases the usable
spectrum decreased from its monthly median value by 20 to 70 percent,
although the effects ranged from a slight increase to a complete fade

out.

3. Magnetic and lonnspheric Storms (STR 50D)

a, Objective
The objective of this brief study was to observe the
effect of magnetic and ionospheric storms on fo¥F2 and on HF atmospheric

noise,

b, General Comments

Magnetic storms are disturbances of the carth's magnetic
field which may last from a few hours to several days. The observed
intensity of the disturbance depends upon--among other things--the
observing statior s location. The increased ifonospheric currents
associated with the storms tend to bc concentrated in the auroral zones.
The earth's field fluctuates over wider limits during a disturbance
than it does in normal conditions: about seven-tenths of one percent

at Bangkok versus about one-tenth of one percent during a normal period.

slagnetic storms are generally classified as either of two types: sudden

commencement (SC) or gradual commencement. The SC storms begir abruptlv

and almost simultaneously all over the carth. During a solar flare a
large quantity of energy ie emitted from the solar aimosphere. Among
the many geophysical phenomena associated with this outburst of energy

are SC-type geomagnetic storms and ioroshheric disturbances. The solar
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radio outhursts of low=-frequency energy can be related to SC-type geo-
magnetic storm. while the higher frequency energy (X-ray) is closely

connectud with 51pg, °2

lonospheric storms often accompany magnetic disturbances
a8 described above, The tonospheric storms may last from a few hours
up to four or five days. There are several fonospheric phenomena which
may occur during an ionospheric storm, Among these are rvadio blackouts,
enhanced sporadic E, decrease in the occurrence of spread F (for low-
lati tude stations), and depression of the 1aytime critical frequencics

of the F2 layer fmmediately after the storm begins,

G, Results

The planetary magneiic range index (Kp) was used as the
source for determining when a magnetic storm occurrcd.‘ The ionospheric
storms considered were associated with magnetic storms that had a Kp
index of 6 or greate. The start time or the fonospheric storms wus
taken as the hour nearest in time to the start of the magnetic storm,
The start time of the fonospheric storm is casily found when the storm
is associated with a sudden—commcnccmcnt—typc aagnetic storm, However,
it is more difficult to determine accurately the start time of magnetic

Storms that do not have & suddep commencement. bSixty-one of the 137

principal magnetic disturbances observed at Bangkok between September

After the installation of the rubidium-vapor magnetometer at the Tangkok
laboratory in 1965, it also was used successfully to document the occur-
rence of such storms, Magnetograms of the three most disiurbed days
during each month in 1966 was reproduced in the quarterly geomagnetic
data bulletins (see Appendix A for a list of these reports),

171




R SO oo

1963 and June 1987 were of the sudden-commencement type., The change of
the total field intensity during the storms had a range of from 35 gamma

up to 300 gamma,

The average variation of [oF2 during s7 of the largest
storms 1s shown in Figure 1V-27, The percent change in foF2 was found
by comparing the values on the storm days to the foF2 on a quiet day
nearest in time to the storm day. In general, the fof2 increases during
the storm except for a period of about 1 to 3 hours Just afier the begin-
ning of the storm and again about 30 hours later when a decrease is
seen.  The change is typically less than 10 percent and hence, on the
average, should not be toe significant {er most operational radio

cireuits,

A statistical analysis of the 5-Mi'z atmospheric noisec
at Laem Chabang as a function of storm time for the same 37 storms in-
dicated that the notse 1s generally slightly lower during en ionospheric
storm; howev-:r, the variation s almost negligible from a radio system

staindpoint (typically less than 3 dB),

4, Solar Eclipse Obhscrvation (STR 32)

a, Objoctlgg

The main objective was to monitor with vertical-incidence
sounders the ionospheric changes over Bangkok during the 23 November
1965 partizl eclipse of the sun (maximum obscuration of 88 percent at

1017 hours local time),

b, Description of the Experiment

ITonogram data were obtrsined from the C-2 ionosonde and
a Granger sounder operating at the MRDC-EL. Apother Granger sounder
was used in the fixed-f{requency mode (7.05 MHz) to measuse the variation

172

T | S VPSR Yttt

|
{
|




SWEOLS DIHIHISONOI ONIMNG €304 30 IONVHI 3IOVLANIOHId (Z-Al IHNOIS
[ €4 1T 38 Y
MMUD 01 BAMs LNOY — JIL WHOLS
[ ¥ s} (] (] 5 (1] iw Ew [ &L iC L ET (-1} G (13 C ] | 5
3 S N T O N S e i 177
~\ ->
i\/\/\</|\ /\/\/3\4 )
- o]
L1l it bttt L ily ]

Oi+

Sis

ok

S+

GE+

[y}
™~
~

wadiad — JONVHI adod



in signal strength o{ echoes frowm the F layer., Data aleo were obtained

with & rubidium=-vapor magnetumeter at the same site.

&, Ftsults

The main feature of the lonogram ohscervations was a
stratification of the ¥ layer. The critical {requency of the Fl layer
(foFl) decreased during the eclipse, but un "F1.5" layer was obsorved

te form during the latter half of the eclipse. Also, the regular F2

layer experienced a rapid and signifacoent virtual heilght increase,

The 7,05-MHz signal strength increascd during the first
part of the eclipse due to a decrease of nondeviative absorption in the
D layer (which, in the absence ~f the solar ifonizing flux, had begun

to recombine). Later, the signal strength decreased rapidly due to

deviative absorption in the F region as the critical {requency approached

I 7.05 MMz, but recovery was very rapid as the stratification disappeared

and the new F2 layer again supported the propagation path, An cclipse

I can cause enough loss of HE skywave signal from devistive absorption

to result in communication outage on short paths at low latitudes for
a brief pertod (less than an hour), but the freguency of occurrence f
eclipses is so low that as a practical matter for radio operators this

effect is not important,

The diurnal variatior of the total geomagnetic field
intensity (F) was only about one-third iis normal value--presumably

pecause of reduced current amplitud: in the solar-driven E region.

5. Anomalous lonospheric Reficctions (STR 15, IDBs)

a. Objective
The ohiective of this scientific work was to document

the océurrence of sporadic E and spread F in Thailand.
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b, Sggrudic K

The diurnal and searonal variations of sporadic E (E')
at Bargkok during a pertod of mirimal solar activity are presented in
figure 1V-28, which shows the percentage of the time 105“ exceeds 3 MHz.
It is apparent from this figure thag Hs is more prevalent during the
day. The latitudinal variation and percent occurrence of (oE' &t noon
are shown :n Figure IV-29, and the higher values of both foE' and
percent occurrence are observed nearer the dip equator, This is due to
the greater system seusitivity o! the Granger sounder. Figure 1V-30
shows a mass plot of simultanec.s observations of roE8 using both sounders
at Bangkok from 4 April until 7 May 1966. Notice that the €2 data of
Figure IV-292 fall below the Granger sounder data. There is considerable
gcatter to the points, but it appears that the more sensitive Granger

system shows a higher observed value by about 2 +2 MHz.

Two types of E were cbserved., The higher latitude sites
]
(Chiengmai and Nakon Sawan) generally exhibited "L type sporadic E,
whereas the southern-most site (Songkhla) showed almost entirely "q"

type sporadic E. These two types of £ are defined ns follows:
s

1(L) \ flat E trace at or below the normal E-region
s
miaimum virtual height in the day ur below the

E-region minimum virtual height at night,

q(Q) An ES trace that is diffuse and nonblanketing
over a wide frequency range, the spr.ad being
mest pronounced at the upper edge of the
trace. (This type is common in daytime in the

vicinity of the magnetic equator.)

Intermediate sites (see Figure IV-5) showed a mixture of
the two types. Bangkok predominantly L type and Prachuap predominantly

q type.
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The virtual height of the Es remajnod relatively constant :

between 100 and 110 km through the time period of observation and at

all sites,

gs Spread F

The lengthening of the received echoes from the F2 layer

referred to as spread F was also uobserved at these gsites. Our observa-

- tlon of spread F conflrmed vhat has prevliously been reported, At the
lower latitudes the spread F 1s primarily a nlghttime phenomenon begin-

| ning around 2000 hours local time as the Es begins to disappear. It

tends to increase in llkelibood of cecurrence throughout the night to

a maximum of around 80 percent just prior to the dawn, at about 0500

local *ime, Figure IV-3Ll snows a typical plot of percent occurrence

of spread F and sporadic E at a low-latitude site,

There also appears to be s scasonal variation, the inci-

dence being markedly lower i1n the winter months of November and December,

D. Noiuwe and Interference

1. “dN-3 Studles (STR 27, 37, d7)

a Ob!cctives

ol 7

The objectives of the MF and HF atmospheric radio noise

studies using the ARN-3 noise-measurlng equlpment in Thailand were to:

(1) Document the noise rvceived on a vertical
monopole antenna and compare the results
with values predlcted by the CCIR noise

maps,
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(2) Compare the noise received on horizeonval
dipoles with the monopole results and vith

CCIR predictions,

(3) Ouserve the increasc in average noise power

%
'Qn‘ during local storms,

b. Background

Noise, in one form or znothcr, provides the ultimate
Limftation on the performance of any radio system., The principal type
of noise affecting MF and HF radio communication systems in the tropics
is (in the absence of interfering signals) the atmospheric noise result-

ing from lightning discharres,

Significant progress in documenting atmospheric radio
noise has been made during the last decade (from the International
Geophysical Year to the present). A worldwide nctwork of identical
atmospheric radio noise recorders (desigpation ARN-Z),E4 developed
and operated undec. tne supervision of the U.S. National Burcau of
Standards, has provided data on the veiticsl comporent of mean noise
power at sixteen locations,aﬁ ard these dota have becen used to improve
existiig noise maps®® based on meteorological data and previous noise
data, The noise maps describe the vertically polarized components of
the incident noise field upon a given receiving site as a function of

site location, radio frequercy, time of day, anc :iason ot the year,

A two-ycar measuremont program was unde-taken in Maich 1966
at Laem Chabang, Thailand (13.05 N, 100.9 E on the Gulf o° ihailand--
about 90 km southeast of Bangkok) with cquipment having e:sentially
the same technical specificaitions as the ARN-2 and called ARN-3 (STR
27) to obtain data for comparison with the values given ir the Interna-

tional Radio Ccnsultative Committee (CCIR) Report 322.7" Late1i in the
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‘,
peasurement program the equipment was modified to enable additional
measuroments with horizontal dipole antennas. This section presents
the results of these measurements along with a comparison between the '

observed values and the CCIR Report 322 predictions, and a comparison

of notsc measured at the same site on vertically and horizontally polar-
ized antennas, The effect of local electrieal storms un the observed
nolse levels (not considered in CCIR Report 422) is discussed in connec-
tlon with the lightning-flash counter (focal storm detector--see STR

49) work in Section IV-D-3,

e, Description of Equipment

The ARN-3 was designed to measure two noise parameters
useful in estimating the amplitude probablility distribution (APD) of
the noise: Fn and Vd. The effective antenna noise factor Fa’* represents
the mean noise power available from the terminals of a hypothetical
lossless antenna relative to the thermal noise power available from a
passive resistance at To = 288.4° Kelvin., The voltage deviation, Vd,
is the ratio (in dB) of the mean-squared noise voltage to the square

of the average voltage of the noise enveiope, where both voltages are

measured after linear detection [i.e., V, = 20 log (Vv A~V )]. 0Of
d 10 rns avg

L5

2
course, (vrms) is proportional to the mean noise power.

The ARN-3 equipment was deseribed in detail in STR 27,
and the modifications to faeilitate measurements with the dipole antennas
were deseribed in STR 47, The ARN-2 monopole antenna was constructed

from drawings supplied by the U.S. Environmental Science Services

*
The units of F, are dB above kT b, where k is Boltzmann's constant
and b is the cquivalent noise bandwidth of the device observiag the

nolse. |
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Admintstration (ESSA), Boulder, Colorado, and i3 identical to the antenna
used with the U.S, Mutional Bureau of Standaurds (NBS) ARN-2 atmospheric
noise recorder,?*  Two trupped dipoles (for magnetic orientations N-S

and E-W), approximating half-wave horizontal dipoles at 2.3, 5.0, and
10,0 MHz were constructed for horizontal-antenna noise measurements,

b The receiving equipment was time shared with 12 minutes of cach hour on

the monopole, the two dipoles, and a dummy load,

ﬁ d, Results

1) Observed Values

The median values of F observed with the standard
a

monopole during each 3-month season/d-hour time block (denoted Fam)

for the period March 1966 through February 1968 are presented in STR 37
(see Figure IV-32). The corresponding values of Vdm (median values of
Vd) are given in Figure IV-33. A study of the data from each frequency
(showing each hour's median for a given month) indicated that the noisc
power generally increases from day to night by approximately 25 dB

and that the average decile range of roise power variation about the
month's hourly median is typically 20 dB. 1t should be noted that data
; for a two-year period are not suffiecient to define seasonal variations

l with any confidence. nevertheless, seasonal variations of up to 10

dB were observed for a given hour with maxima in the sprir, and fall,

The monthly median values oi Fam observed each
hour with the N-S and E-W ¢.noles from August 1967 through February 1968
are presented in STR 47, and an example is given as Figure IV-34, The
monthly-median atmospheric noise power observed in the lower part of
the HF band during nighttime with horizontal dipoles at 23 ft abovy
ground is relativcly independent of frequency and season--in direct

contrast to ohservations of noise on a vertical mounopole at the
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same site., Typical nighttime values for the dipoles lie between about
55 and 70 dB (to the nearest 6 dB) above kTob. There is a significant
daytime variation of the noise in the {requency range 2.3 to 10 MHz,

with a minimum in observed power occurring between about 1000 and 1100

hours local timc,

2) Comparison of vVertical Monopo.e Data
with CCIR Report 322 Predictions

Expected values of atmospheric norse power Fﬂ for
any geographical location and any time block and season cuan be deter-
mined from ccntour maps and conversion curves contained in CCiR Report
422, Using the CCIR report, a complete set of expected noise values
for Laem Chabang for all scasons and time blocks and the four frequencaes
of measurement (0,53, 2.3, 5.0, and 10.0 Miiz) was generated., The corrcs-
ponding ex cted and measured values of noise power were then compared.
This comparison showed that the observed noise was always higher than
predicted, a result that is in agreement with a conclusion reached by
1bukun?? in his study of noise in Nigeria. The discrepancies betweern
Thailand observations and predict’ uis are shown in Table 1V-2 and an

example comparison {is given in Figure 1V-35,

The simplest reasonable correction to the CCIR
curves would be to add 10 dB to each predicted atmospheric noise value

at MF or HF regardless of time of day, season, or frequency. This

correction could be improved upon by taking season and time of day

into consideration as follows:

(1) For winter add 14 dB to all predicticus,

(2) For the otler seasons, add 14 dB to predic-
tions between 0800 and 1800 local time, and

add 7 dB to the predt sns for other times.
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Table 1V-2

*
DISTRIBUTION OF DIIFERENCE (A) BETWEEN
OBSERVED AND PREDICTED NOISE POWERS

Runges of the Fraction of Data in Each Range of 4 - %
Difference (A) | Spring | Summer | Autumn | Winter | Average
A &5 27 35 52 12 35
b'< 4 %10 12 38 21 K 33
10 < A £ 15 i9 i7 17 17 i7
i < A 520 8 8 6 21 10
20 < A 4 2 q 16 5
*
A= F (measured) - F (predicted), in dB,
an am

Examination of detailed data from Singapore and Nea
Delhi, as weil as limited data from Northern Thaiiand and CCIR predic-
tion curves reveals that t.c Laem Chabang data cannot be appiied directly
to other parts of Thailand., lowever, peographicai corrections, given
in Table VI of STR 37, can be applied and should yieid predictions tha:

are adequate for engineering purposes,

In addition to measurements of atmospheric noise
power Fn, data were obtained on the voltuge deviation Vd. Observations
of the mean voltage deviation Vdm were aimos. always iower than the
predictions of CCIR Report 322. The closest sgreement was obtained at
10 MHz (typically within 2 dB), and the poorest agreement was ohtained
at 5 Mz (typically within 4 dB), The observed values were never greater
than the predicted values on 5 Mllz, and they were seldom more than 1.5
dit greater than the predictions for any of the other measurement fre-
quenciesa., The observed diurnal variation nf vdm foilowed the predicted

trend best at 10 MHz during ail seasons, but the agreement was only
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fair for the other measurement frequencies dur.ng summer and poor for
other seasons, The seasonal variation (for both predicted and observed
values) indicated o lcose correlation with local storminess--the smaller
values of V occurring during winter (when there were fewer local storms).

dm
The CCIR predictions indicated a ecrease in V1 with Jncreasing fre-

dm
quency for all times except winter days, and this variation was not
vbserved., The values at 0.53 MHz typically were lerg~~ than or com-
parable t¢ the values at 10 MHz, but the values at 5 MHz (and often

2.3 MHz) were usually lower than the values at 10 MHz. Pussibiy mure

interference was experienced on 2,3 and 5 MHz than at 0,53 or 10 MHz.

3) Comparison of Horirontal Dipcle Data
with CCIR Predictions

Data from the trapped dipoles at Laem Chubang and
from the unbalanccd dipoles at other sites in Thailand were compared
with the CCIR Report 322 predictions for the standard ARN-2 monopole
(see Figure IV-35), and an approximate correction function was generated.
Figure 20 of STR 47 shows these corrections as a function of frequency

for day and night,

At 10 MHz, when applied directly to our horizontal
dipoles, the CCIR predictions for the monopole gave values that were
too low by 5 to 10 dB during day ano by 15 to 20 during night. The
noise maps give reasonable estimates of the noise power avaiiable from
horizontal dipolc antennas located at A/4 to A/8 above good grourd ror
the frequency range 5 tu 6 MHz during daytime; the map values were too
low by about 5 to 19 dB at night. The maps yield velues too high when
applied to 2,3-MHz horizontal dipoles at one-sixteenth wavelength above

ground by about 0 to 5 dB during day and 5 to 1C dB at night,
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1) Comparison between Dipole and Monopole Results

The noise power from a horizontal dipoule at 23 ft
above ground was significantly less than the noise power from a vertical
monopole in the lower part of the HF band.* This difference is greatest
during daytime but tends to decrease as frequency increases, becoming
negligible at 10 MHz (see Figure 17 in STR 47). The average variation
of noise frum day to night generally is greater on the dipoles than on
the monopoles, as muy be expected cunsidering their directivity patterns
and ilonospheric absorption. The noise on the N-S dipoles is essentially

the same as on the E-W dipoles.

2. Ratio of Signal-Plus-Noise to Noise
on HF Field-Expedient Antennas

a, Objective

It was our objective to observe the signal-plus-noise-
to-noise ratio (S8 + N)/N, on selected HF field-expedient antennas
operated on a short (100-km) skywave path, to determine the best antenna

from a signal-to-noise standpoint.

The actual values are applicable only for dipoles at 23 ft above ground,
however, and a correction for antenna height-gain effects would be
required to obtain estimates of the dipole-mono, .e difference for other
antenna heights (h < A/4) above good ground. Extrapolation to dipole
heights greater than one-quarter wvavelength probably would 20t be too
reliable becruse of significant changes in the directivity pattern of
the dipole, whereas oxtrapolation to lower heights involves primarily
antenna efficiency,
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Yo}, Background

Although the relative gains of selected HF field-expedient
antennas for tle desived signal have been measured using the ionospheric l
sounders and the airborne Xeledop system, it was decided to make a brief
check of the (S + N)/N wien receiving on a short path. A 50-watt trans-
mitter operating on about 6 MHz was set up at Bangkok to drive an effi-
cient half-wave horizontal dipole on a lC-minute key-up/key-down cycle.
At Laem Chabang, the following receiving antennas were used: A/4 mono-
pole, 30° slant wire, 5:1 inverted L, and a A/2 dipole at AN/8 above
ground, The test was periormed around noon on two svcocessive days during

January 1968,

€. Results

The dipole exhibited the greztest (S + N)/N. The average
(S + N)/N on the slant wire typically was 2 to 4 dB below that on the
dipole, whereas the inverted L was typically 6 to 8 dB worse than the
dinole. As expected, the (S + N)/N on the monopole was signiticuntly
lower--about 26 dB below the dipole. The noise picked up by the inverted
L was typically only about 0.5 dB greater than the dipole¢ noise, whereas
the noise on the slant wire and monopole was typically 2 to 3 dB greater
than the dipole noise. Evidently the difference in signal gain was
more important than the noise pickup in determining the cdifference in
(8 + N)/N. The performance of the monopole relative to the dipole is
about as one would deduce from vertical-incideu:e sounder relative gain
measurements, but the slant wire and inverted L, while down in perfor-
mance from the dipole, exhibited an inverse relationsh’p to tha’” deduced
using the sounders. The presence of a counterpoise on thc slant wire--
as well as proper alignment (elevated section pointing away from Bangkok)--
contributed to the superior performance of this antenna over the inverted

L (userd without counterpoise) at this dry, sandy site. Also, as the
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path length in ‘reasez "rom 0 km (vertical incidence) to 100 km (Laem
Chabang to Bangkok), the gain of the properly aligned slant-wire antenna
increases whereas the gain of the inverted-L antenna decreases--as

revealed by the airborne Xeledep measurements (see Section 111-C),

Informat sn on che signal-plus-noise (and interference)
to noise (and interferen~e) ratio on a path of this length may be jnfer-
red from the 50-mile data obtained during the HF manpach tests over
varied terrain during sunspot minimum (RM 3). Theee results at 3.6 MHz
for the 15-watt HC-162 (AN/PRC-74) indicated roughly a 20-percent chance
of communication with whips, a 50-percent chance with 30° slant wires,
and a 75-percent chance with N/2 dipoles at AN/10 above ground--during

any 24-hour period (see Section V-A),

3. Lightning-Flash Counter Studies (STR 49)

a, Objectives

The objectives of the lightning-flash counter (LFC\ work

in conjunction with noise recordings were to:

(1) Better establish the characteristics of

the disturbance caused by lozal thunderstorms,

(2) Assess the relationship (for use in noise
predictions) between local thunderstorm
intensity and such long-term climatological

parameters as the thunderstorm day.

(3) Establish some basic thunderstorm information

for "hailand,
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b, Background

It might be noted that there nre two separate groups of
engineers interested in the counting of lightning flashes, each with
different objectives. Radio engineers are troubled by radio noise
generated by lightning tlashes, which interfere with radio communica-
tions. In order to estimate the interference, information op F1~td
.nunderstorm activity is necessary, the lignining-{flash counters can
assist in supplying this information. Also, electrical engineers engaged
in th* construction of surface power lines need to decide what measures-—-
if any--of protection from lightning strikes are desirable., Tae cost
of installing various kinds of protective devices has to be balancad
against the likelihood of strikes. Accordingly, knowledge of the inci-
dence of lightning as a function of geography is desirab’e. Both elec~
trical and radio engineers have based much of their work upon the meteor-
ological statistic of the thunderstorm (T/S) day. This is any day during
which thunder is heard; it is noted as a routine ot most meteorological
sta..ons. For examrle, Figure 18 of STR 49 is a map of annual occur-

rence of thunderstorm days in Thailand.

Although the T/S-day statistic is useful, its applicability
{s limited. There is no indication, for example, of the violence of
the activity on a day with thunder. Also, especially regarding the needs
of radio engineers, the T/S-day statistic ylelds no information on the
diurnal trend of lightning activity or the variation of diurnal trend
with season., This tvpe of information is potentially available from
lightning-flash counters (LFCs). Although the data presented in this
~~ction are of value to both electrical and radio engineers, the emphasis
in the remainder of this discussion will he based primarily on the needs

of the radio engineer.
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In a tropical country such as Thailand, radio noise has

two main components:

(1) High background due to noise signals
propagiated from the major centers of

thunderstorm activity

(2) Noise that is due to local lightning

activity,
In this section we deal with the second source. Details are pruviced
in STR 49,
c. Equipment

A CCIR-type counter (peak response at 10 kliz and down
6 dB at 1.5 and 40 kHz) was installed at Bangkok and was operated with
a 5-m vertical antenna and a 6-volt threshold from May 1964 through

November 1967,

A lightning-flash analyzer (LFA) was designed to work
off the 7-m standard ARN-2 vertical monopole employed with the ARN-3
at Laem Chabang. This unit was intended to give data in the CCIR (VLF)
pass band and the ERA* (ELF, nominally between 6-dB points of 200 Hz
and 2 kHz) pass band for threshold levels of 1, 3, and 10 volts. Equip-
ment desigr problems reduced the utility of this instrument, which was

operated from September 1966 through October 1967,

Finally, an ERA-type counter (on loan from Prof. S, A,

Prentice, University of Queensland, Brisbane, Australia) was employed

*
British "Electrical Research Association.”
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at the Laem Chabang site during the last three months of 1967, The
counter sensitivity was adjusted so that the counter was triggered
when the field develcped at the antenna (within the bandwidth of the

counter) exceeded 5 V/m (thr shold voltage of about 3 V),

d. Results

The results of the lightning-flash counter studies are
detailed in STR 49, Here we mention only some of the nighlights as

follows:

(1) The seasonal trend of lightning activity,
as measured by mean daily count per month
(Dm), is similar to seasonal trends (l0-year
average) in thunderstorm activity as measured
by T/S days. A close correlation was not
observed, however, and should not be expected
because Dm varies considerably from year to
year, The median daily count with the Bangkok

instrument was 41,

(2) The distribution of daily counts is approxi-
mately log-normal with a stapdard deviation of
20 dB about the median, but departures are

noted for high daily counts,

(3) Peak activity occurs between 0600 and 1200
in the early months of the year, 1200-1800
during spring, and 1800-2400 during late
summer and fall. Activity from 2400 to 0600
is low except during autumn and winter. The
results are consistent with meteorologica?

data.
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(4)

(5)

(6)

(7

A gencral relationship between mean daily
counts and long-term average T/S day per
month (Tm) waus established empirically for

the Bangkok instrument as

D =271 for T £ 3
m m m

2
D = (2/3) T ifor ' >3
m m m

It was possible to »btain an approximate
relationship between the intensity of local
Iightning activity (in counts per hour as
moritored with lightning-flash counters) and
the increase in atmospheric noise over the
monthly median background Jevel for thai hour
(in dB as observed with the ARN-3 system).
This is discussed in STRs 37, 47, and 49,
Typically, a local thunderstorm increases

noise¢ power at 0,53 MHz by some 15 dB,

The results have been extended, through the
use of Tm data obtained at many sites by the
Thai Meteorological Department, to permit an
estimate of the probability of a local storm
(and hence the probability of a several-hour
period of communication difficulty at MF and
HF) for any location in Thailand as a function

of month and time of day,

The ERA-type counter i3 more suitable than
the CCIR-type when the main objective is tn
document the occurrence of "local" electrical

storms. The antenna height-threshold voltage
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combinaticn should be adjusted to yield a
fairly short effective range (e.g., 20 km),
and this eiffective range should be verified

by observation to the extent practical,

4. Interference Considerations
i a, Objectives

The main objective of this work was to observe spectrum
occupancy in the HF band, and a secondary objective was to note the

occurrence of radio-frequency interference (RFI) at HF and Liif.

b, Background
Although spectrum occupancy studies in Southeast Asia
were not an offictal part of the SRI SEACORE program, some data of
this type were obtajined. Interference observations were made as part
of the HF manpack radio tests (RM 2, RM 3), and the lower part of the

HF spectrum {2-12 Mlz) was monitored at MRDC-EL (SAR 4). Other occur-

rerces of RFI were noted.

€. Results [
The following results were obtained: i
(1) Interference from other transmitters was i
observed during the HF manpack radio tests, !

and it was concluded that flexibility in

choice of operating frequency is highly
desirable. ’

(2) The HF spectrum from 2-12 Mz was monitored

at Bangkok during the summer of 1964, and




<

(3)

(4)

"z hSE

peak signal occupancy was observed around
6 MHz with a minimum in the 2-12 MHz band
durirg local afternoon (period o!f maximum

ionospheric absorption),

Local interference limited the performance
of the Bangkok C-2 sounder at the low-
frequency end of {ts sweep (below about

3.5 MHz),

It was observed (but not documented) that

some local stetions did not meet International
Telecommunication Union (ITU) and U.S, Federal
Communications Commission (FCC) specifications
regarding bendwidth, frequency tolerance and

stability, and spurious emissions,?®

Severe interference at VHF was observed from
automobile and power boat ignition systewns
(apparently few vehicles in Thailand employ
interference suppression devices). Comnunica-
tion sites should be located several kilometers
from such sources where possib.e, and special

*

interference precautions should be taken when

this is not practical,

For example, it was found necessary to employ carefully balanced
horizontally polarized eiectric dipoles at the MRDC-EL site in Bangkok
in order to obtain useful data on 20 and 40 MHz during the Faraday
rotation rxperiement discussed in Section IV-C-1,
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(6)

(7)

Sufficient noise at VHF was observed to

origirate from loca) clectrical storms
(when present) so as to change the

quieting of an AN/PRC-25,

The impulse noise data of Figure 41 in SAR

8 was identified as atmospheric noise

subsequent to the publication of that report.
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V. TASK C: EYSTEM TEST FORMAT
AND PROCEDURE INVESTIGATIONS

A. Early Tests with HF Manpack Radios (RMs 2, 3)

. 1. Objec.ive

The objective of the carly HF manpack tests was to document
and rank order the performance of selected sets in several tropical

terrains,

2, B:ckground

Performanc: tests with the AN/GRC-9, AN/TRC-88, TRP-4, and
HC-182 were carried out over ranges out to about 25 miles in three types
of terrain (delta, forest, and mountain), and similar tests were also
periormed over varied terrain (one terminal in mountains and the other
in the delta) out to 50 and 100 miles. The signiiicant test variables
were the type of set, the type of antenna, the communication range, and
the time of day. The test frequency was noninally 3.6 MHz for these

tests,

The antennas used were an improv.sed half-wave dipole (doublet)

elevated to about A\/10, a A/5 30° slant wire, and a 15-ft vertical whip.

Random number lists, ten digits long, were employed as test

messages. These test messages were transmitted both ways on a fived

o —

frequency every two hours for two days, and the resulting data werc

tabulated to indicate the communication success during the 48-hour period.
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8. Results

The results of voice comparison tests (see Figure V-1) indi-
eated that the two more modern, higher powered sets (iC-162 and AN/TRC-88)
were significantly better than the other sets tested (in order of de-
creasing overall performanee: 77-AM, TRP-4, and AN/GRC-9). The old
AN/GRC-9 was clearly the poorest sct. The advantage of the frequency
flexibility permitted by the synthesizer of the HC-162 (now the AN/PRC-74)
was noted with regard to avoiding interfereners. The half-wave horizontal

dipole at \/10 above ground proved the best antenna regardless of set
type.

The data on the performanze of the HC-162 ir jungle and moun-
tainous terrain ‘vere combined and smoothed as a function of range and
antenna type (see Figure v-2). The ordinate of Figure V-2 approximates
the probability of successful communication--defined here as the average
probability of eorrectly communieating a random digit (witnout repeating)
during a 24-hour period. The dipole operated primarily via skywave and
provided reasonable performance ralatively independent of range or time
of day. The whip was definitely inferior to the dipole for ranges of 5
miles or greater. It overated primarily via groundwave from dawn until
early afternoon and with decreasing suecess out to ranges of 10 to 20
miles. For greater ranges, the whip began io operate viz skywave with
inereasing effectiveness as the antenng directivity for the skywave path
inereased. The slant wire represents a compromise between the dipole
and whip: it is better than the whip for groundwave, but it is inferior
to the dipole for skywave, Itn overall performanece is inferior to the

dipole tor ranges of 5 miles or greater,

Diurnal effeets are also important, Regardless of the type
of terrain or set used, the best time for communication on 3.6 Miz was

during the day, typically beiceen 0700 aud 1700 hours, and the worst
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period typically was from midnight to dawn. The best four hours for
groundwave were between about 0900 and 1300 hours and for skywave, be-

tween 07U0 and 0900 hours in the morning and between about 1500 and 1700

hours in the afternoon,

Brief CW tests in the delta, in the mountains, and over varied
terrain generally confirmed the results obtained with the voice tests,
These tests, like the voice tests, had significant limitations, which
are discussad in detail ir M 3, Small differences in performance are
not meaningful. The best results were obtained with the HC-162, followed
by the 77-AM, AN/TRC-88 (misaligned for this test), TRP-4, and the
AN/GRC-9--which was significantly worse than the others., The HC-162
did have tlie narrowest bandwidth (2,7 kHz), but it should be noted that
none of the scts tested had the capability for reducing the IF bandwidth
for CW operation. Therefore, this potential advantage of CW over voice

was not realized.

B. Tests with VHF Manpack Radios

1§ Forest Test necar Bang Sapan, Thailand (RMs 2, 3)

a. Objective

The objective was to test two available types of VHF man-

pack radios over the same paths as the HF tests described above,

b, Description of Test

AN/PRC-10 and AN/PRC-25 sets were tested on 40 MHz during
March 1963 at the forest siie used for the HF tests described abtove,
Tests were mad< using both 3-ft and 10-ft whip antennas, near ground

level and elevated. Random digits were used as test messages.
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e, Results

Using their long whip (10-ft) antennas, both the AN/PRC-10 4
and AN/PRC-25 generally worked well at ranges up to 3 miles in moderately
forested areas; although during one test, enndueted through extremely
dense undergrowth, tntal loss of signal oeeurred at less than one-half
mile. Elevation of one or both antennas produced deeided range in-
ereases. Use of & base-station antenna height of 30 feet (bamboo mast
only) resulted in abou: 3 miles of "effeetive renge' in eommunieation
with a manpaek uait in moderate to dense undergrowth, With both an-
tennas elevated to 70 {t, exeellent results were obtained with both sets
out to 5 miles. No diurnal efferts were observed. It was estimatced
that the sets were operating near the thresiiold of the FM deteetor. No
signals were reeeived at 10 or 22 miles. No signifieant differenee in
performanee betwzen sets was observed, although the frequeney diift of

the AN/PRC-10 was a nuisanee.

2. Delta Tests near Bangkok, Thailand (STR 8)

a. ijeetive

The ohjeetive of these tests was to obtain a measure of

the effective range of seleeted VHF radios in the dry paddy fields near

Bangkok.

b. Deseription of tne Tests

Tests were made ruring April 1964 with the AN/PRC-25
(with and without a power amplifier that could be adjusted for 15 or 35
watts), with the experimental AN/PRC-35 (XC-3), and with the Motorola
llandie-Talkie (Model H21DCN-1000). The base of each set was elevated

2.5 ft above ground. The separation distanee between the sets was
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increased until the carrier-plus-noise (C + N) decreased to a level 10
dB above the noise voltage measured with no carrier present, and the
corresponding range was termed the effective range. Concurrent voice !

intelligibility tests-~both simple counting tests and the more elaburate

Fairbanks Rhyme tests--indicated that this definition of effective range

corresponded to a word intelligibility of about 50 to 70 percent,

€. Results

The results of these tests along with the set character-

istics are summarized in Table V-1. It was also observed that at the
range limit, elevating both the transmitting and receiving sets from

2-1/2 to 10 ft restored the signal strength to a usable level,

Increasing the trunsmitter power of the AN/PRC-25 with
the auxiliary amplifier from 2 watts to 15 or 35 watts provided observed
range increases slightly greater than those predicted when assuming a
(l/d)2 variation of field strergth. Increasing the transmitter power
from 15 to 35 watts, however, produced observed range increases some-
what less than those computed in the same manner. Nevertheless, it
should be possible to use the (l/d)2 law to compute range changes corre-

*
sponding to power changes in open delta terrain to within 25 percent,

212 Forest Tests near Rayong, Thailand (STR 11)

a. ObJectives

The main objective of these tests was to obtain additional
operating experience with VHF manpack% radios in jungle to facilitate
writing a test plan for future testing of such sets in the forest environ-
ment. Secondary objectives were the subjective determination of cperating
range and observation of electromagnetic effects that affzcted set per- :

formance in the jungle.

* 2
Note that a (1/d) 1law for field strength corresponds to a «+0 loglo(d)

variation for power,
207




&7 S L°0%S 8C°0 S 1 £'2 a1y1eL-alputl B1010)0K
Z2°¢€1 0°¢c¢ 1¢ . . 13131 (due m-cp
£°0 o1 R 5 p
0°6 0°cg cg Yyirm 6z-Dud/NV
021 0°S1 1S JoTyridwe M-gy
0 o

0°'8 0°S1 cg E oL i Yiim ‘Gg-DUd/NV
b LT c9
i 6°1 18 £°0 o1 0°L1 SZ-0Ud/NY
2k 0°¢ cg
b1 20 c9
o] L°0 15 20 £ S 01 (£-0X) cg-dDud/NY
0°¢ 8°0 ce

(sa11m) (s131eM) (ZHW) (A™) axn art) RETS

a8uey inding | Aouanbaay 9STON yi3uag | 1yStom

B9ATID9]JH Jdamod 93eaaavy | PUuaIUY

VLTIA NI Qdls3L SLAS OIavy ¥od SIONVY JAILO3JdT ANV SOILSIHILOVHYHD

1-A a1qelL

208




b

VS

E. Egsulis

Subjective range tests with the AN/PRC-10 made on 50 Mz

near Rayong (Southeastern Thailand) during late 1964 and early 1965 in-

[ mp— e —— WS

dicated maximum ranges of between 1.5 and 2.5 miles when the long (10-ft)
whips were employed at backpac height. Significant fading was observed
for ringes Yeyond about 1/4 mile, and this was attributed to scattering

rathe. than detuning of the sntenna by the vegetation (SAR 4). This

..

scatter (multipath) was observed to produce partial cancellation of the
field in a quasi-periodic manner as well as partial depolarizacion of
the transmitted signal. These observations indicated that a statistical

definition of the range is required for VHF manpack radios operating in

forests,

4. Forest and Varied-Terrain Tests near Chumphon, Thailand

a. Objectives

The main objective of these tests (November 1967) was to

field check operating suggestioiis for improving marginal VHF manpack

[ communications in forests. A secondary objective was to observe the

range limits of the AN/PRC-10 and the AN/PRC-25 at this site,

b. Forest Tests of Operating Techniques

The following suggestions were proved valid for improving ‘

i
communications when operating with the short (3-ft) whip ip forested .
terrain. They are listed in an order determined by considering both the

ease of implementation and the probability of success.

=
|

(1) Tilt antenna to 45° away from the se».

(2) Rotate tilted antenna or rotate set and

antenna set up as in (1) above.
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(3)

(1)

(5)

(6)

(7

Move around 5 to 15 feet.

Change to long anteana (or other antenna)
or elevate set plus antenna up to 10 or

12 ft, whichever i8 easier,

Move out into a clearing or up on a hill-
top (or hillside, preferably the side
toward the other terminal) if the tactical

situation will permit.

Elevate antenna or set plus antenna as
high as possible--if auxiliary center-fed
dipole with feed cable is available, con-
sider clevating it (horizontally polarized)

and rotate it for maximum received signal.

Change frequency--preferably to the highest
irequency you can--only as a last resort
and only if you hav: some communication and
can arrange the change or if it has been

prearranged,

€n Rangc Tests in Varied Terrain

E— T ———

Chumphon field site,

A fixed site was estahlished in a clcared area at the

and other sites - ere established along the trail

to the highway. Two AN/PRC-10s using the 10-ft whips and two AN/FRC-25s

using 3-ft and 10-ft whip antennas were employed. The terrain was

‘ rather flat with a few low hills covered primarily with second growth

(as contrasted with the primary forest at the Chumphon site). Much of

I YT T T T

were tapioca, bananas, and rice,

the area had been cleared for agricultural purposes, and the main crops
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The range achieved by the AN/PRC-25 using short (3-ft)
whips was about 3 miles on JO, 50, and 75 MHz. At 3.3 miies, changing
to the 10-ft whip on the transmit end restored marginal communications
at 30 Mpz snd excellent communications at 75 Miz. This change did not
restore communications at 50 MMz, but changing to the 10-ft whip on the
receive end also restored 2xcellent communications on all three test
frequencies, The maximum range achieved with the long whips over this
varied-terrain path was not defined, but it was somewhat greater than

S miles.

A range of aoout 4 miles was schieved with the AN/PRC-10
operating with long (10-ft) whips at either 38 or 5] MHz over the same

trail.

5r, Antenna Substitution Tests with AN/PRC-25 (STR 46D)

Several substitution tests were performed with the short (3-11)
and long (10-ft) whips t2 determine the improvement to be obtained by
switching from a pair of the more convenient short whips to the longer
whips. Transmitter-ruvceiver separations of one-tenth mile or greater
were employed, and the sets were located at backpack height. The re-
sults of these tests are summarized in Table V-2. These data are reason-
ably consistent; however, they do not represent a statistically si-nifi-

cant sample,

The data given ip Table V-2 for the rain forest in Chumphon
apply when both transmitting and receiving antennas are located in the
forest and when bnth are in the clearing. A larger improvement {up to
10 dB more) was observed when changing to the long whips wvhen the re-
ceiving antenna was lo. *ted about 0,15 mile out in the clearing and the
transmjtting antenna was located ‘n the forest. This is a most puzzling

result and it is not currently unde: stood.
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Table V-2

TYPICAL IMPROVEMENT IN AN/PRC~25 SYSTEM GAIN
OBTAINED BY CHANGING FROM SHORT TO LONG WHIPS

Short-to»LungeWhtp_lnprovenent

Frequency (dB) !
[ (Mhiz) Open Delta | Sandy Beach | Rain Forest
r.-t 50 21 15 21
75 9 10 7 |

(e Definition of Range of VHY Manpack Radios (STRs 8, 11)

8 Objective

The objective of this work was to formulate a meaningful defi-

nition of the "rlnge" for VHF manpack radios,

2. Bnck‘round

The effective range of a manpack radio set is definc. .s the

maximum range over which it can be uscd to perform its tactical function

=

adequately. There ure seveoral problems in arriving at the effective

range of a VHF manpcck radio:

(1) A reasonable measures of usability must be de- !
fined, and limits must be placed upon this

measure in terms of the tactical seenario, {

(2) The measure of usability must be related to

—— -

range.

N
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Results

A direct aspproach to thig problem was taken in STR 8 where
word intelligibility was consicered to be a good measure of usability
for voice communications, Intelligibility was measured as g function
of range in open delta terrain, and a typical result is reproduced in
Figure V-3. If it is assumed that a w.rd intelligibility of awbout 50
percent was adequate for a given tactical scenario, then the effective
range for the set and test condition studied would be about 2 km. But
it is impractical to measure intelligibility vs. range for each case of
interest. A more germanc question is this: What is the probability of
achieving a given word intelligibility for a given percentage ot the
time as a function of range for different tactical scenarios, and phow
can this he computed? These problems were considered i STR 11 where
the concept of a statistical definition of range was discussed and an

example computation was made,
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VI RECOMMENDATIONS | j

A, Technical Recommendations

The technical findings of the work described in this report are

: summarized in Section II., We recommend that the findings be incorporated

into future designs and operational procedures to improve radio communi-

cations in the tropics.

B. Future Work

The following recommendations are offered for future work on radio

communications in tropical areas:

(1) The information genarated under the SEACORE Program is

presently available in numerous (over 100) techuical

reports and data bulletins generated by several contractors,

We reccmmend that:

e The available information on antenna performance and
radio propagation in a tropicai environment be briefly
summarized in a single volume written for engineers and
[ physicists, This document should include data from all
available sources--including other jung.e programs (e.g., |

radar studies),

¢ Operational suggestions should be made available

to field communicators in the form of a simplified
handbook, (A draft version of such a handhook was

prepared under this jroject,)
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(2)

The lossy dielectric slab model of air~-forest-ground
proved useful for predicting the median value of radio
system loss, but the model is of decreasing usefulness

above about 100 Mz, We recommend that:

o The upper frequency limit cf applicabili'ty of
tite slab model for foiest propagition be better
defined by checking existing data agaiust model

predictions,

o Models be generated and are applicable at frequencies

above the useful upper frequency limit of the slab

model ,

e Propagation models should be generated for situations
which include mixed-path terrairs (i.,e., jungle-

clearing etc.)

+ Models be improved to include some statistical
description of the variations in signal level--
especially the localized spatial variations about

the median value predicted by the slab model,.

o These models be worked into a format for handy
reference and use by radio engineers for computation
of propagation effects for both ground-to-ground and

air-to-ground propagation paths,

» Techniques for measuring the conductivity and
permittivity of the jungle for frequencies above 100
MHz be devised., Cotcentration should be centered on

obtaining two-point correlations measurements as well

as measurements for determining any inhomogeneity

or anisotropy.
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use of diversity techniques for HF and VHF tactical

t& ’ (3) The possibility of improving commuiications through the o

o

radios has been demonstrated by propagation measurements,

Space diversity appears attractive for mohile VHF commin{ -

cations in forests and magneto-ionic component diversity i
(using crossed horizontal dipoles or the equivalent) | A
looks promising for short HF skywave paths nea> the

. magaetic dip equator--and possibly at higher latitudes,

We recommend that:

I * Breadboard equipments be developed and
tests conducted to demonstrate that the
postulated improvements can be achieved

in practice,

(4) Data on the actual performance of tactical radio

equipment in a tropical environment have been rather

meager, however, enough data exist to construct propagation

channel simulators. We recomrend that:

¢ Existing chainel simulators be reviewed (and, if
necessary, additional simulators be developed) for
usc in signal design and sy.stem testing, Field
performance tests with actual equipments should be

performed to validate the simulation,

| s Fjeld tests be conducted that document the operational

aspects of system performance.

|
(5) 1In the asbsence of satellites or other relays, high Ire- }
I
|

quency (HF) skywave will be required for ranges greater

than about 20 miles when employing low-powcred equipments '

HF propagation effects are reasonably well understood and

documented, We recommend that:
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Bl e Future work on HF focus on the frequency-management

A ' aspects of HF usage, ;1§h; .
N
i . AT
= ¢+ A single ionospheric sounder be considered for use JEREE ¢
By -
= in a tactical area to facilitate near real-time A )
E frequency control of tactical communication networks, !
1 L3
- Not only should the ability of tihe ionosphere to
L 3
H support propagation be measured, but also the noise
4 and interference levels in potential communication | F |
| channels should be ascertained, ;
e The procedures for network control should be revised
as required to facilitate taking advantage of the .
flexibility that such data, properiy employed, would |
|
5 permit,
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Appendix A

DESCRIPTIONS OF FORESTED MEASUREMENT SITES IN THAILAND

The variouvs measurement programs under this contract that involved
forested envirunments were conducted primarily at five sites in Thailand:
Ban Mun Chit, fak Chong, Laem Chabang, Satun, and Chumphon (see Figure
1-2 for the locations of these sites). Althcugh Pak Chong and Satun
vere sites operated by Jansky and Bailey for path-loss measurements,
somc¢ SRI pregrams were conducted at these sites and the sites are de-

gscribed in this appendix.

Myre detailed descriptions of the forests can be found in STR 43
or in the reports describing the programs that were conducted at these

sites.

31 Ban Mun Chit

The forested site used for airborne and manpack Xeledop mea-
surements was located near the village of Ban Mun Chit, about 25 km south-~

east of Chonburi, in the province of the same name.

A detailed description of the site is provided in an environ-
mental survey done by the Environmental Sciences Division of MRDC (MRDC-
ES). Briefly, there were about ten square kilometers of trees, hordered
or the southwest by tapioca fields, where much of the controlled mea-~
surements wer: taken for the several experimental programs at the site.
The grovez had been subject to selective logging for many years, so that
the remaining older trees of the population were interspersed with

second-growth members, and there was dense undergrowth everywhere rising ' |
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often as high as 7 meters, where it merged with the lower story of tree
crowvns. The tree-crown canopy in this dry evergreen forest was often
three-storied. The upper story, quite disconiinuous, grew between 25 and
34 weters high. The middle story, containing more species, grew from

15 to 24 meters high. The lowest story was ol young trees that had
attained heights between 6 und 14 meters, In many plares, especially the
areas bordering the tapicoa field, the forest c-.nopy was two-storied.
Here, the upper story lay between 15 and 30 meters, the lower between 6
and 15. The ground was only 60 percent covered by canopy and the dense
undergrowth associated with the open canopy made penetrability on foot

very poor.

A soil survey was made, indicating a surface compused of humus
layer, leaf litter, and decomposed remains of trees. Earth-resistivity
measurements (dc) made in the forest, together with the soil sarvey con-
ducted under the -ection of the MRDC-ES, show that the earth was
heterogeneous near the surface, which was mostly brown sand, having a
moisture content of about 10 percent by weight and dc conductivity of
1.7 to 3.4 mmho/ﬁeter down to about 3 meters, where a deeper stratum

having higher dc conductivity (perhaps 100 mmho/h) seemed to begin.

2. Fak Chong

The Jansky and Bailey forest site near Pak Chong is described
in detail in Reference 3. The main camp was in a large valley in the
Khao Yai National Forest supporting dry evergreen forest similar in many

respects to the forest at Ban Mun Chit.

The forest at this site usually had its crown canopy in two
gtories: the lower between 1.5 and 18 meters aind the upper between 6
and 11 meters. The crown canopy covered approximately 60 percent of ‘the

ground area. This is yuite similar to the canopy coverage estimated
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for the forest near Ban Mun Chit, However, since the lower canopy at

the Pak Chong site was closer to the ground, it blocked more light, and

the undergrowth at this site, though dense, was not so luxuriant as that
at the Bap Mun Chit site, We were able to walk about at Pak Chong without
cutting a path, As with the forest at Ban Mun Chit, much of the Khao

Yat forest at Pak Chong was secondary growth, not virgin stand,

Larth resistivity measuremests (d.) were made in the open near

the J & B transmitter tower for estimation of subsurface conductivity

1]

stratification aut the site, Together with results of a soil survey done
there under the directicn of the MRDC-ES, they show that tn. ear‘h con-
ductivity decreased uniformly with depth, from a surfacc value of about
8 mmho/m (dc) to less than one mmho/m (dc) at 3 meters down; that the
soil moisture content ahove a depth of one meter was between 24 and 33

percent by weight; und that the surface in the viciniiv was composed of

either silty or sandy clay (USGS terminology) containing fragments of
*
red stone.

| 3. Laen Chabang

i The coastal brusii and other ernviromment on the beach near tve

SRI Laem Chabang low-noise site have beer described in STRs 20 und 43.

True trees are scarce at that location, and none taller than G meters was
found there. The vegetation is mostly scrub growth classified as evergreen
beach forest though it is composed of shrubs, bushes, ¢limters, and

thorny herbs (including cactus). This grow'h presents a dense tangled

mass that provides poor penetration and visibility, It is quite similar

*
It chould be emphasized that the soil moisture contunt data (obteined
two years before) do no: seem compatible with the electrical-constant
data--which indicate a soil moisture content of 5 to 10 percent,
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tu what has been referred to as urdergrowth at other sites, ususiiy
growing up to at least 2,5 meters asnd sometimes ns much as 6, The median
growth height was about 3.3 meters. The growth was quite eveniy

distributed.

4, Satun

This J & B test site was on the western coast of the Malay
Peninsula near Satun in an evergreen trop:cal rain forest., Thunderstorms
are prevalent in this area, usually being heard on more than 100 davs
cach year, and bringing torrential rain that produces the succulent
growth commonly associateu with the word jungle., Indeed, the Khuan
Karlong forest at the site was the last stand of a once-rich wilderness;
but it had lost many of its valuable trees to the axe, so that its upper-
canopy story was discontinuous, though rcgular in height, having trees
between 24 and 30 meters tall, The grealest nunbers of trees were from
the middle-story canopy, 15 to 23 meters high, in a seemingly continuous
horizontal layer. There was a lower-canopy story composed of young
trees betwean 8 and 14 or more meters high that formed a sort or height
continuum with the middle story; the resul‘’ was complete canopy coverage
of the ground beneath the forest., The irregular undergrowth lived on
filtered light except where rare breaks occurred in tiie cover, There,
in the direct sunlight, the undergrowth resembled what we saw at the
other sites: dense shrubs, climbers, and herbs reaching up betweea 3 and

7 meters, barely penetrable on foot.

Results of earth resistivity measurements (at dc) made in the
middle of the clearing, along the airstrip, indicated subsurface conduc-
tivity stratification at the siie. They show that the earth conductivity
varied markedly with depth: there was a 0.3-meter-thick surface layer
of conductivity 2 mmho/meter (dc), a 4.3-meter-thick mid-layer of con-

ductivity 0.4 mmho/meter (dc), and a region below that having dc
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conductivity 1% mmho/meter. Results of a soil survey done there under
the direction of the MRDC-ES show the average moisture content of the

sandy soil ahove 2 meters was 29 percent by weight,

H. Chumghon

The SRI test site on the isthmus of Kra scuthwest of Chumphon
was in a low valley inundated by water during the continual rains, often
to a depth of 30 ¢m, Some types of vegetation thrive under these condi-
tions, forming a fresh-water swamp forest such as the Wisai Nua forest
at Chumphon, The tree growth there was almost uniform throughout the
forest stand, Its canopy was three-storied as usual, but here the upper
story was almost horizontally continuous, between 25 and 36 roters high,
The middle story wes 15 t) 24 meters high, The lowest story contained
atbout 60 percent of the trees, these hetween 7 and 14 metere high., The
iowest trecs were heavily suppressed by the continuous canopy ahove them,

yvet there was considerable undergrowth present,

The undergrowth was quite uniform, in two lavers, the upper
composed of tree scedlings and shrubs growing to 4 meters; the lower
layer, only 0.3 meters high, had mostly herbs, Below these. the soft,
muddy forest floor was covered with a layer of humus several centireters

thick.

The soil at the Chumphon site was silty clay with gravel inter-
spersed. The clay in the forest was grey, having a mixture of humus
that improved its water-holding capability (average surface moisture

content 70 percernt); most of the clsy in the clearing was reddish, and

often drieca at the surface betseen rains (average surface muisture content

25 .4 percent), At a depth of 2 to 15 om in the clearing, the soil was

water-saturated at all times. The surface soil at soeme locations remained

st turated with water during the entire summer, being low-lying areas fed

by a stream,
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Appendix B

FROJECT PERSONNEL
The personnel listed below (by primary location and aftiliation)
participated in this project at various times from its initiation in

1962 through its completion in 19,0,

A. Stanford Research Institute, Menlo Park, California

W. R, Vincent Supervisor
G, 4., Hagn Project Leader

A, O, Williams Administrator

E. T. Tlerce Staff Scientis®

H, W, Parker Physicist

G. E. Barker Rosearch Engineer

T. S. Cory Research Engineer

N. E. Goldstein Research Engineer

J. D. Hice Research Enginecer

E. M. Kreinberg Reseurch Enginier

W. A. Ray Research Engineer

J. M, Yarborough Research Enginecer

C. Barnes Development Engineer

A, Fuller Development Engineer

S. S. Martensen Programmer

M. Brusberg Programmer

B, E. Frank Programmer

W, A. Hall Programmer

K. A. Posey Resenarch Assistant |
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Boongkok, Thailand

Stanford Research Institute

R, E. Leo

E. L. Younker
G. D. Koehrsen
J, J. Balestrini
D, J. Barnes

R, L. Brown

R, Daniel

D. J. Lyons

e

., E. van der Laan

, J. Ratliff

W

R
W, N. Ward

Montana State University

C. L. Rufenach

N. K. Shrauy

Pan Sugglles

Ponsak Buasri

Prajuab Nimityongskul
Rangsit Chindaphorn
‘'tciat Thepgoonhanimitta
Vichit Lorchirachoonkul

Withnn Makarabhiromya

Boonsong Punyarat
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Appendix C

TECHNICAL REPORTS PREPARED UNDER THIS CONTRACT

This appendix deseribes the various types of reports prepared under

this contraect and lists the reports,

L. Description of Types of Reports

a, Final Reports

Three reports prepared under this contract carry the name

"Final Report":

(1) Final Keport--Vol, 1, This report covers work

performed under both Task I and Task Il through

24 February 1964,

(L) Final Report--Task I. This report covers work

performed under Task I through the completion of

g

this task in 1965,

(3) Fiual Report--Task II. This is the present report

covering the work performed under Task 11 through

the completion of this task in 1969,

b, Semiannual Reports

Eight semiannuals have been prepared under this contract cover-
ing the period | September 1962 through 31 March 1967. The purpose of
these reports was to document on a chronological basis the work performed,
present a discussion of wory planned for the following six-month period,

present preliminary results of work that would be treated in more detail
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in Rescarch Memorands nnd Specigl Technical Reports (see below), record

work done that was of such a nature 28 not to warrant special technical
reporting, and give selected adminiftrative information (e.g., project
personnel) ., Tie first three of these reports covered both Task I and

Task II, whercas the remainder covered only Task Ir,

e, Research Memoranda and Special Technical Reports

These reports were prepared when subtasks were completed or
when sign!iizant research plateaus had been reached, During the coursc
of this contract 50 reports in these categorices were initia.ed., Thes~
reports generally were numbered in sequence according to the preparation
date of their first drafts, and no distinction was made between Research
Memoranda (the earlier designation for this type of report) and Special
Technical Reports (the later designation) or hetween reports prepared

under Task I or Task II.

A few of these reports exist only in draft form. These report
drafts have been referenced in order to credit the authors in this report
whos~ work was summarized for this report, but the letter D has been

added as a suffix to each of these report numbers to indicate that these

reports are not available. Four of these reports (STRs 39D, 42D, 45D,

and 46D) will be completed with support from USAECOM under Contract

DAABO7=70-C-0550,

di; Geophysical Data Reports

Four tvpes of data reports were prepared under this contract:

(1) TIonospheric Data Reports. Twenty=five monthly data

bulletins were prepared to report the results of
vertical-incidence ionospheric soundings with a C-2

sounder at Bangkok from the beginning of sounder
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operation in Sepiember 1963 through September 1963,

when the operation of this sounder was undertaken
by MRDC and UIABCON.‘ One report summarizing the
vertical-incidence dauta obtained in Thailand with
two oblique=Tncidence sounders between April 1966

and March 1967 also has been published,

(2) Faraday Rotation Data Reports, Five reports, cach

covering about six months' ohservations at Rangkok
of signals from Trensit 4-A and $-66 between November

1964 and June 1967, have been published,

(3) Atmospheric Radio Noise Datg Reports, Eight quarterly

reports on MF and HF aimospheric racio noise observed
in Thailand between March 1966 an¢ February 1968 on a

standard ARN-2 verticai monopole have been published,

(1) Magnetometer Data Reports. Four qQuarterly reports on

the data obtained in Bangkok with a rubidium-vapor

magnetometer during 1966 have been published,

e. Handbook Drafts

Draft versions of two types of "handbocks" have been prepared
to assist the U.,S, and Thai governments in converting the scientific
and technical information gathered under Tosk Il of this contract into
a form more usable by personnel faced with the task of radio communica-

tion 1n the tropical environment:

QThc MRLC has continued to operate the sounder and to publish these wonthly
data bulletins through the present, Inquiries about these later bulle-
tins should be addressed to: Commanding General, Military Research and
Development Center, Soi Kloy Nam Thei (42), Rams IV Road, Bangkok,
Thailand,
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"Questions and Answers about Field Radio Communications

in the Tropics." This handbook draft is a source buok

of about 150 questions and answers upout field communi -

cations in the tropics baced upon SEACORE research

and selected muterials from other available sources,
It was not within the scope of the current efiort to

generate a comprehensive field communications handbook,

information for improving VNF and VHF short-path communi-

I

[ . Rather, our goal has been to provide useful supplementary
r

i cations in tropical areas.

(2) "Instructor's Supplement to 'Questions and Answers about

Field Radio Communications in the Tropics.'" This draft

' volume contains references te SRI SEACORE reports--by

contract to document project progress, approximate expenditures, and in-

l question number,

|

[ | f. Monthly Letter Reports

' Sixty-three Monthly Letter Reports were prepared under this
i

formation on travel, visitors, etc, These rcports covered the period
1 September 1962 through 31 December 1967 --the period from the beginning 1

of the contract through the end of SRI techniral directorsh‘p of the

MRDC-EL, They are not listed in this appendix,

2, List of Technical Reports

a, Final Reports

"Research-Engineering and Support for Tropical Communications,”
Final Repourt--Volume 1, covering the period 1 September 1962
through 29 February 1964 {September 1964), AD 480 594,
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b,

tYork Luccl, “Counterﬂurgcncy Communications Requirements iu

Thailand (U)," Final Report--Task I, CONFIDENTIAL (December
1966), AD 380 555,

G. N, Hugn, draft of "Questions and Answers about Field Radio
Communications in the Tropics" (February 1970),

G. I, Hagn, draft of "lustructor's Supploment to ‘Questiouns

aud Answers about Field Radio Comp:atcations in the Tropics'”
tFebruary 1970) .,

G. H, Magn and G, E, Barker, "Research Engineering nnd Support
for Tropical Cumnunivntious," covering the perioed 1 September
1962 through 15 February 1970 (February 1970) .

Semiannual Reports

W. R, Vincent, "Research-Engineering and Suppcrt for Tropical
Communications," Semiannual Report I, covering the period

1 September 1962 through 28 February 1963 (March 1963) ,

AD 480 589,

"Research-Engiacering and Support for Tropical Communications,”

Semiannual Report 2, covering tae period 1 March through
3 August 1963 (September 1963), AD 480 590,

"Research-Engincering and Suppurt for Tropical Communications,"

Sem.annual Report 3, covering the period 1 March through 31
August 1963 (October 1964), AD 458 523,

R. E. Leo, G, I, Hagn, and W. R, Vincent, "Research Enginecring

and Support for Tropical Communications," Semiannual Report 1,
covering the period 1 September 1964 through 31 March 1965
(October 1965), AD 474 163,

G. M. NMagn, N, W. Purker, and E. L. Younker, "Research-
Engineering und Support for Tropical Connunicallons," Semi ~
annual Report 5, covering the period 1 April through 30
September 1965 (May 1966), AD 486 46¢,

L 3

Prepared under Task I, Operations Analysis Program,
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G, i, ltagn, E, L, Younker, and N, W, Parker, “"Research-
Engineering and Support for Tropical Connuniculionl," Semirunusl

Report 6, covering the period 1 October 1965 through 31 March |
1966 (June 1966), AD 653 608,

E. L. Younker, G, H, Nagn, and M., ¥, Parker, "Rescarch- ‘
Engineering and Support for Tropical Communications,” Semiannual J
Report 7, covering the period 1 April through 30 September 1966
(September 1966), AD 653 615,

E. L, Younker, G, N, Magu, and H, W_ Parker, "Research-
Engineering and Support for Tropical Communicstions,” Semiannual :
Report 8, covering the period 1 October 1966 through 31 March |

1967 (May 1967), AD 675 459,

G Svecial Technical Leports and Resecarch Memorandums

*Kenneth Dimmick, "Communications Systems lmplications of Thai
Speech,” Special Technical Report 1 (June 1965}, AD 473 557,

%, R. Vincent, "Voice Tests on Man-Pack Radios in a Tropical |
Environment,” Research Memorandum 2 (July 1963), AD 480 591,

W, R. Vincent, "Field Tests on Man-Pack Radios in a Trepical
Environment,” Research Memorandum 3 (July 1963), AR 47 860.

T. §. Cory, "Scale-Model Measurements on a Sloping-Wire Antenna,”
Research Memorasadum 4 (June 1963) .

George H, Hayn, "Orientation of Linecarly Polarized HF Antennas
for Short-Path Communication via the lonosphere near the Geo-
magnetic Equnlor," Rescarch Memorzudum 5 (August 1963, revised | ‘
Tune 1964), AD 418 497 and AD 48O 592,

Douglas J. Barnes, Gary E, Barker, and Gecrge M. Hagn, "Measured ‘
Impedances of Simple Field-Expedient Antennas in Open and !

_ Forested Terrain,” Special Technical Report 6. (This report
i exists only in draft form, The major results of this study
are given in Section 111-F), 1

Terry 2, Cory and William A. Ray, ""Measured lmpedances of Some
Tactical Antennas near Ground,” Research Memorandum 7 (Februsry
: 1964) , AD 480 593,

-
Prepitred undecr Task I, Operations Analysis Program,
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N. K. Shreuger, "Field Tests of VHF Man-Pack Radios,” Speciol
Technical Report 8 (April 1965), AD 480 587,

George . Hagn, "Absorption of ionospherically Propagated HF
Radio Waves under Conditions :nere the Quasi-Transverse QT)
Approximontion Is Valid," Special Technical heport 9 (September
1964), AD 480 588,

William A, Ray, "Full-Scale Pattern Measurements of Simple HF
| Field Antcnnas,” Special Technical keport 10 (May 1966) , AD
] 487 494,
|
|
|

George H. Hagn, "The Use of Ground Wave Transmission-Loss and
Intelligibility Test to Predict Effective Ranige and Performance
of VHF Manpack Rndios in Forests,” Special Technical Report 11
(September 1966), AD 672 069,

George H. Hagn ard Nenneth A, Poser, "Survey of Literature
Pertaining to the Equatorial lonosghere and Tropical Communica-
tion,” Special Technical Report 12 (February 1966) , AD 486 800,

G. H, Hagn, K, A. Posey, and I, W, Parker, 'Subject Index for
Survey of Literature Pertaining to the Equatorial lonosphere
and Tropical Communicntion,” Special Technical Report 12--
Addendum (Octcher 1966, AD 805 545,

H, W, Farker and G. i, Hagn, "Feasibilitg Study of the Use of
Open-Wire Tranemission Lines, Capacitors, and Cavities to
Measurc the Electrical Properties of Vegetation,” Special
Tecanica. Report 13 (August 1966), AD 48% 294,

C. L. Rufenach, Vichet T, Nimit, and R, &, Leo, “Faraday

Rotation Measuremen‘s of Electron Content near the Magnetic

Equator Using the Transit IV-A Satellite,” Special Technical

Report 14 (January 1966), AD 486 729, |

Clifford L. Rufenach and George 1. Hagn, "Conparison of C=-2
Ionospheric Sounder Data with Frequency Predictions for Short-
Range Communication with Man-Pack Transceivers in Thniland,"
Special Technicai Report 15 (August 1666) , AD 662 063,

e e — e

John Taylor, "A Note on the Computed Radiation Patterns of
Dipole Antennas in Dense Vegetation,” Special Technical Report
16 (Febraary 1966), AD 487 495,
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John lavlor, Xenncth A. Posey, and George H. Hagr, "Literature
Survey Pertaining to Electrically Small kntunnas,.Pfo,tgatxnn .
through Vegetation, and Related ‘oplcs ' Special Technicul }4
Report 17 (January 1966), AD 62¢ 155 | ;*1

I

George W, Magn, Jan E. van der Laan, Duvid J. Lyons, and

{ Edwin M. Kreinberg, "Ionospheric Sounder Measurement of

t Relative Gains and Bandwidths of Selected Fieid-Expedient

Antennas for Skywave Propagation at Negr-Vertical Incidenc&," :
Special Technical Report 18 (Jsnuary 1966), AD 489 547,

< George H, Hagn, Garv E. Bavker, Harold W, Parker, James D, Nice,
and William A. Ray, "Preliminary Results of Full-Scale Pal ern

l I Measurements of Simple VHF Antennas in a Eucalyptus Grove,"

| Special Technical Report 19 (January 1966) , AD 484 239.

| *Anton D. Levandowsky, "Human Factors in Thai Counterinsurgency
| Communications,"” Special Technical Report 20 (January 1966) ,
AD 825 327L.

Sven E, Wahlstrom, “"Controller's Data Display Mark II--In:truction
Manual,"” Special Technical Report 21 (June 1966) , AD 486 799,

T i —
—

*Donald A. Priecc, "Survey of Existing Communications Svstems in
Thailand (U)," Special Technical Report 22 (May 1966),
CONFIDENTIAL, AD 377 365,

*3. A. MclLeod and R, E. Morse, "Communications in Low-Intensity
Counterinsurgency: A Study of the Border Patrol Police in

R

: Thailand (U),"” Special Technical Report 23 (May 1966) , SECRET,
i AD 383 80dL,

g . .

, Angelo Gualtieri, "Communications Traffic Requirements to

f Support Countertnsurgoncg Operations Against Mediuu-Level in-

surgency in Thailand (U)," Special Technical Repor: 24 (NMay
1966) , CONFIDENTIAL, AD 377 364,

# : William A. Ray, Gary E. Barker, and Sandra 5. Martensen, “"Full-

i Scale Pattern Measurements of Simple HF Yield Antennas in 2
U.S. Contifer Forest," Speeial Technicet Revort 25 (Februery
1967), AD 653 165,

}
1
*
J Prenared under Task I, Operatinas Anslysis Program,

pa® T
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N, K, Shrauger and X, L, Taylor, "Initial VHF Propagstion
Results Using Xeledop Techniques and Low Antenna Heights,"”
Special Technical Report 26 (Decernber 1966), AD 653 609,

R, L. Brown, "Manual for ARN-3 Type Atmospheric Noise Measuring
Equipment,” Special Technical Report 27 (November 1966), AD
653 780,

Clitford L., Rufenach, "Evaluation and Prediction of Maximum
Usable Frequency (MUF) over Bangkok," Special Technical Report
28 (Je ary 1967), AD 655 566.

Termpoun Kovattana, "Electricel Ground Constants of Central,
Eastern, and Northeastern Thailand,” Special Technical Repert
29 (February 1967), AD 661 058,

N. E. Goldstein, M, W, Parker and G, ll, Hagn, "Three Techniques
for Measurement of Ground Constants in the Presence of Vegeta-
tion," Special Technieccl Report 30 (March 1967), AD 672 496,

Lt. Cdr, Paibul Nacaskul, R.T.N,, "Orientation Measurements in
Thailand with HF-Dipole Antennas for Tactical Communication,”
Special Tecnnical Report 31 (Jvne 1947), AD 675 460,

J. E. van de. Laan, "Ionospheric and Magnetic Otservation at
Bangkok, Thailand, During the Annular Solar Eclipse on November
23, 1965," Speecial Technical Report 32 (December 1967), AD

672 068,

Vichai T, Nimit, "Measurements of Equatorial Magnetic Dip Angle
at Jonospheric Hcights," Special Technical Report 33 (May 1967),
AD 662 064,

Vichai T. Nimit, "Measurements of Electron Content and Latitudi-
nal F-Laver Cri‘ical Frequeney Near the Magnetic Equator,"
Special Teehnical Repr. . 34 (Deceember 1967), AD 675 461,

Gary E. Barker and Glenn D. Koehrscn, "Full-S-ale Pittern
Mcasurements of Simple HIIF Field Antennas in a Tropical Forest
in Thailand,” Speecial Technical Report 35 (February 1968),
AD 647 739,

N. K. Shrauger and E, M, Kreiberg, "Seleeted Fxamples of VHF

Signal Propagation Records in Tropical lurrains," Special
Technical Report 36 (November 1967), AD 672 070,
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Rangsit Chindashporn and E, Leroy Younker, "Analysis of Mediun-
and Migh-Frequency Atmospheric Radio Noise in Thailand," Special
Technlcal Report 37 (Bay 1968), AD 681 878,

G. H, Hagn and £, J. Barnes, "Sounder Measurements of the
Relatlve Galn of HF Field-Expedient Antennas on Short Ground
and Skywave raths in Thailand,” Speclsl Technlcal Report 38D,
(Thls report exlsts only 1n draft form., The major results are
given 1n Sectlon III-E,)

G. E. Barker and W, A, Hall, "Full-Scale Paitern Neasurements of
Simple VHF Antenras in a Thalland Troptical Forest," Speciol
Technlcal Report 39D, (This report wlll be published under
Contract DAABO7-70-C-0550,)

Vichlt T, Nlmit, "Furtner Evaluatlon of Frequency Predictlons
for Short-Path Radio Communications in Thailend," Speciul
Technlcal Report 40 (January 1968), AD 675 462,

Vichit Lorchirachoonkul, "A Study of the Electromagnetic
Propertles of an Isolated Tree,” Special Technical Report 41
(February 1968), AD 687 298,

John Taylor, Chlag Chun Han, Chung Llen Tlen, and George H,
lagn, "Open-Wire Transmission Line Technlques for Measuring
the Macroscopic Electrical Propertles of a Forest Region,"
Speclal Technical Report 4.9, (This report will be published
under Contract DAABO7-70-C-0550,)

I, W, Parker and Wlthan Makarabhiromya, "Electric Constants
Measured in Vegetation and ln Earth at Five Sites in Thailand,”
Speclal Technlcal Report 43 (December 1967), AD 674 740,

J. E. van der Laan, D. J. Lyons, D, J. Barnes, and G, H, Hagn,
"VHF Diffraction and Groundwave Propagation Tests Using
Ionospheric Sounders, Special Technical Report 44 (June 1968) .,

Gary E. Barker, John Taylor, and George H, Hagn, “"Measurements
and Modellng of the Rpgdlatlon Patterns of Simple HF Field
Antennas over Level, Mountainous and Forested Terrains,"” Special
Technical Report 45D, (This report will be published under
Contract DAABO7-70-C-0550,)
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G . Magn, N, K. Shrsuger and G, E, Barker, "VHF Propsgetion
R .ults Using Low Antenna Meipghts in Tropical Forests," Specisl
Technical Report 46D, (This report will be published under
Contract DAABO7-70-C-0550,)

George N, MHagn, Rangsit Chindahporn, and John M, Yarborough,
"MF Atmospheric Radio Noise on Morizontal Dipole Antennas ir
Thailand," Special Technicel Report 47 (June 1968), AD 681 879,

D, J. Barnes, G, N, Hag~, J. W, Chapman, D, J, Lyons, and J, E,
van der Laua, "Results of onospheric Sounding and Communication
Experiments Along North-Sout. Paths in Thailand," Special
Technical Report 48D, (This repo.{ «~15ts only in draft form,
The major results of this work are given in Sections IV-A-2

and IV-B-1))

E. T. Pierce, "The Counting of !ightning Flashes," fpecial
Technicul Report 49 (June 1968), AD 682 023,

G. ¥, Hagn and J, W, Chapman, "Observations of Sudden Ionospheric
Disturbances in Thailand," Special Technical Report 50D, (This
report exists only in draft form, The major results of this
study are given in Sections IV-C-2 and IV~C=3))

Data Bullecins

1) Ionospheric Data

Vichai T, Nimit, "lonospheric Data: Bangkok, Thailand,"
Ionospheric Data Report, September 1963 (March 1965),
AD 800 613,

Vichai T. Nimit, "lonospheric Data: Bangkok, Thailaad,”
Ionospheric Data Report, Qctober 1963 (March 1965), AD
800 614,

Vichai T. Nimit, “Ionospheric Data: Bangkok, Thailund,"
Ionospheric Data Report, November 1963 (March 1965) ,
AD 480 574,

Vichai T. Nimit, "Ionospheric Data: Bangk.k, Thailand,”

lonospheric Data Report, Decembei 1963 (January 1965),
A 800 615,
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Vichal T, Nlmit,
lonospheric Data
AD BOO 616.

Vichat T, Nimit,
Ionospheric Data
AD 800 617,

Vichai T, Nimit,
Ionospherlc Data
AD BOO 618,

Vlichal T. Nimlt,
Ionospheric Data
800 619,

Vichal T, Nlmit,
Ionospheric Data
620 .

vicuat T, Nimlt,
Ionospheric Data

Vichal T, Nimit,
[onospherlc Data

Vichai T. Nimit,
Ionospherlc Duta
576 .

Vichal T, Nimit,
Ionospheric Data
480 577,

Vichai T. Nlmit,
Ionospheric Data
4180 578,

Vichai T. Nimit,
Ionospheric Data
800 621,

Vichai T, M¥imt,
JTonospheric Data
800 622,

“"lonospherlc Data: Bangkok, Thailand,"
Report, January 1964 (January 1965),

"lonospheric Reiw:  Beagiok, Thailand,"
Report, Febraa~y 1964 (December 1964),

“lonosgieric Dota: Bangkok, Thalland,”
Report, March 1964 (December 1964),

"Ionospheric Data: Bangkok, Thailand,"
Report, April 1964 (November 1964), AD

"lonogpheric Data: Bangkok, Theiland,”
Report, May 1964 (August 1964), AD 800

“lonospheric Data: Bangkok, Thailand,”
Report, June 1964 (September 1964),
"lonospheric Data: Bangkok, Thailand,”
Report, July 1964 (May 1965), AD 480 575,

“Ionospheric Data: Bangkok, Thallnnd,'
Report, August 1964 (May 1965), AD 4%

“Ionospheric Data: Bangkok, Thailand,
Report, September 1964 (May 1965), AD

"

“lonospheric Data: Bangkok, Thailand,
Report, October 1964 (March 1965), AD

"Ionospheric Data: Bangkok, Thatlend,"
Report , November 1964 (March 1965), AD

“lonospheric Data: Bangkok, Thailand,"
Report, December 1964 (March 1965), AD
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! Vichat T. Nimit, "ionospheric Data: Bangkok, Thailand,"
[onospheric Data Report, January 1965 (June 1963), AD
480 579, !
Vichal T. Nimit, "lonospheric Data: Bangkok, Thailand,”
Ionvspheric Data Report, February 1965 (June 1965), AD

| 480 580,
Vichet T. Nimit, "loncspheric Data: Bangkok, Theilend,"
lonospheric Data Report, March 1965 (June 196£), AD 480 581,
: :

Vichai T, Nimit, "lonospheric Data: Bangkok, Thailand,”
lonospheric Data Report, April 1965 (June 1965), AD 485 491.

|

I Vichai ™ tmit, "lonospheric Dota: Bangkok, Thailand,"

lonusphe Nata Report, May 1965 {(July 1965), 4~ 480 582,

Vichat T. Nintt, "loncspheric Data:  Bangkok, Thatland,"
lonospheric Data Report, June 1965 "August 1965), AD 800 623,

Vichai T, Nimit, "loncspheric Data: Bangkok, Th.ilend,"”
lonospheric Data Report, July 1965 (October 1965), AD 480

621,

’

Vichai T. Nimit, "lonospheric Data: Bangkok, Thailand,"
fonospheric Data Reonrt, August 1965 (October 1965), AD
480 583,

e e e ——

o T ————————

Vichat T. Nimit, "lonospheric bata: Bangkok, Thailand,K"
Ionosphoric Data Report, September 1966 (February 1966),
AD B0OO 625,

Bernadine E, Frank and George ¥, Hagn, "Vertical-Incidence

lonospheric Data: Thatlaend,” lonospheric Data Report,
April 1966 to March 1967 (December 1967), AD 669 6061,

2) Faraday Rotation Data

Vicnai T. N.mit, Boonsong Punyarat, and Clifford L,
Rufenach, "Faraday Rotation Data: Bangkok, Thailand,”
Geophysical Data Reports--November 1964 through June 1965
(February 1966) .
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Vichai T. Nirit, Boousong Puayarst, and Clifford L,
Rufenach, "Firaday Rotation vata: Bangkok, Thatland,"
Geophysical Data Reports=--July 1965 through December 1965
(May 1925), AD 186 677,

Vichai Nimit, "Faraday Rots «u Data: Bangkok, Theiland,”
Geophyulcal Dats Report-<January through June 1966 (July
1966) , AD 488 204,

Vichat T. Nim.t, "Faraday Rotation Data: Bungkok, Thetland,”
Geephysical Data Report -=July through December 1966
(January 1967), AD 807 773,

Vichaj T. Nimit, "Faraday Rotation Data: Bangkok, Thuiland,”

Geophysical Data Repof!—-Jnnuary turough June 1967 (July
1967) , AD 819 257,

Atmospheric Noise Data

Rangsit Chindahporn, Lt, Chatkemol Lumjiak, and Pra juab
Nimit,ongski 1, "Atmospheric Radio Noise Data, Bangkok,
Tha'tand: March-May 1966," Geophysical Data Report
(Tanvary 1967), AD 653 616,

Rangeit Chindahporn, Lt, Chaikamol Lumjiak, and Prejusb
Nimityongsk.l, “Atmospheric Radio Noise Data, Bangkok,
Thailand: June-August 1966," Geophysical Dats Peport
(January 1967), AD G52 GBS,

Rangsit Chindal.porn, Lt, Chaikamol Lumjiak, and Prajuab
Nimityongskul, "Atmospheric Radio Noise Data, Bangkok,
Thailand: September=November 1966," Geophysical Dats
Report (March 1967), AD 653 161.

Rangslt Chindahporn, Lt, Craikamol Lumjiak, ancd Prajuab
Nimityongskul, "Atmospheric Radio Noise Data, Bangkok,
Thailand: December 1966-February 1967," Geophysica)
Data Report (March 1967), AD 662 771,

Rongsit Chindahporn, Lt. Chaikamol Lumjiak, and Prajuab
Nimltyoagskul, "Atmospheric Radio Noise Data, Bangzkok,
Thailand: March-May 1967," Geophysical Data Report
(October 1967), Al) 663 801,
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Rangsit Chindahporn, Lt, Chuikamol Lumjiak, aund Ponsak
Bussri, "Atmospheric Rudio Noise Dats, Bangkok, Thailend:
June-August 1967," Geophysical Data Report (October 19€7),
AD 663 802,

Rangsit Chiindahporn and Ponsak Buasri, "Atmospheric Radio
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