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ABSTRArr 

This report summarizes the results of the technical and scientific 

research effort on rad.^o communicutions in the tropical environment 

conducted by the Stafford Research Institute under the SEACORl Program 

of the Advanced Research Projects Agency's Project AGILE [Contract 

DA 36-039 AMC-00040(E)].  The work included studies of HF ionospheric 

propa^'-ion and prediction; MF and HF atmospheric radio noise; HF and 

VHF pro agation 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. 

in 



•WICIDI» *m  BIJUOC-NOT FIXMED*, 

OOHTENTS 

ABSTRACT  

LIST OF ILLUSTRATIONS   

LIST OF TABLES  

ACKNOWLEDGMENTS   

I  INTRODUCTION   

A. Historical Review   

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

B. Project Organization and Task Structure .... 

C. Organization of Current Report  

II  SUMMARY OF MAJOR TECHNICAL AND SCIENTIFIC FINDINGS . 

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

B. Task B:  Ionospheric and Frequency-Spectrum 
Investigations  

C. Task C:  System Test Format and Procedure 
Investigations  

Ill  TASK A:  ANTENNA-ENVIRONMENT AND ANTENNA-SYSTEM 
INVESTIGATIONS   

A.   Mathematical Model of Antennas in Forest 
Environment   

1. Objective  
2. Background   
3. T;e Forest-Slab Model  
4. Parametric Sensitivity Test  

v 

Hi 

IX 

xvil 

xix 

1 

l 

1 

7 

11 

11 

13 

15 

17 

17 

17 
17 

19 
22 



B. MeasuremenlB of Vegetation and Ground 

Constant«  30 
1. Vt^ctation ^-nstants  30 

2. Ground Cons ints  47 

C. Full-Scale Antenna Pattern MeasurementB   54 

1. Objective  54 
2. Background  54 

3. Measurement Technique  61 

4. Results of Measurements at HF  62 

5. Measurement Results at VHF  73 

6. Summary  76 

D. Comparison of Measured Antenne Radiation Patterns 

in Forests with Model Predictions   79 

1. Objective  79 

2. Background  79 

3. HF Antennas  «0 

4. VHF Antennas  85 

5. Summary  85 

E. Antenna Relative-Gain Measurements vlth Vertical- 

Incidence Sounders  8** 

1. Objectives  88 

2. Background   ..... S9 

3. Measurement Technique  90 

4. Results  92 

5. Summary  101 

F. Antenna Impedance Results   105 

1, Objective  105 

2, Background  105 

3, HF Results  106 

4, VHF Results  118 

G. VHF Xeledop System Loss Measurements  120 
1. Manpnck Xeledop System Loss Measurements . . 120 

2. Results  121 

3. Balloon-Borne Xeledop Tests  123 

4. Results  123 

H,   Single-Tree Studies   123 
1. Objectives  123 

2. Background  124 

3. Signal Level and Antenna Impedance Tests . . 125 

4. Scatter Pattern of an Isolated Tree  127 

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

Vertical Antenna   127 

vl 



IV TASK B:  IONOSPHEHIC AND FREQUENCY-SPECTHUM 

INVESTIGATIONS   131 

A. Frequency Prcdlctiun,  ui 

1. foF2 Predictions ot Bangkok  131 

2. Ionospheric Sounding Tests in Thailand over 

Oblique Paths from 230 to 1320 km  138 

B. Ionospheric Signal Strength   144 

1. UK Propagation and Communication Tests in 

Thailand over Oblique Paths from -<0 km to 
1320 km  144 

2. Dipole Orientation Effects   155 

C. Special Ionospheric Studies   163 

1. Faraday Rotation Studies   163 

2. Sudden Ionospheric Disturbances  169 

3. Magnetic and Ionospheric Storms  170 

4. Solar Eclipse Observation  172 

5. Anomalous Ionospheric Reflections  174 

D. Noise and Interference  179 

1. ARN-3 Studies  179 

2. Ratio of Signal-Plus-Noise to Noise on HF 
Field-Expedient Antennas   191 

3. Lightning-Flash Counter Studies  193 

4. Interference Considerations  198 

V TASK Ct  SYSTEM TEST FORMAT AND PROCEDURE 
INVESTIGATIONS   201 

A. Early Tests with HF Manpack Radios  201 

1. Objective ,, . . . 201 
2. Background  201 

3. Results  202 

B. Tests with VHF Manpack Radios , 205 

1. Forest Test near Bang Sapan, Thailand. . . . 205 

2. Delia Tests near Bangkok, Thailand   206 

3. Forest Tests near Rayong. Thailand   207 

4. Forest and Varied-Terrain Tosts near 

Chumphon, Thailand   209 

5. Antenna Substitution Tests with AN/PRC-25. . 211 

C. Definition of Range of VHF Manpack Radios .... 212 

1. Objective  212 

2. Background  212 

3. Results  213 

vil 



VI HKCOMMENUATIONS  215 

A, Technical   Rccommcmlnt ions    . 215 

B. Future Work  215 

Appendix A—DESCRIPTIONS  OF  FORESTEIJ MEASL'RKMENT SITES   IN 
THAILAND  219 

Appendix  B—PROJECT  PERSONNEL  227 

Appendix  C--TECHNICAL REPORTS   PREPARED UNDER THIS  CONTRACT   ... 233 

REFERENCES  251 

DISTRIBUTION  LIST  255 

DD For:n   1473 

vlli 



ILLUSTRATIONS 

Flirure 1-1    Pnotograph of MRDC-EL in BuiiKkok  

Figure 1-2    Map showing Thailand Field Sites  

Figure 1-3    Project Flo» Chart—By Task  

Figure in-l   Nomenclature and Coordlfiates for Idealized 

Lossy Dielectric Slab Model  

Figure III-2  Effective Antenna Length for Various Antenna 

Heights in Clearing and Forest  

Figure 111-3  Effective Antenna Length as a Function of 

Height above Good Ground—Zenith  

Figure 111*4      Effective Antenna Length as n Function of 

Antenna Height above Good Ground—Horizon . . . . 

Figure III-5  Effective Antenna Length at Zenith and Horizon 

as a Function of Forest Height—h  = 0.03 X . . . 
a 

Figure III-6 Effective Antenna Length at Zenith and Horizon 

as E Function of Forest Dielectric Constant—h 

■ 0.125 >.  

Figure III-7   Relative Power Distribution in the Vicinity of a 
300-0 Open-Wire Transmission Line   

Figure III-8  Comparison of Measured Median Values of $'  and 

6' at Five Thailand Sites   

Figure III-9  Comparison of Median a    and cr, Measured In 

Undergrowth at Five Sites   

Figure III-IO Lateral Wove Attenuatlrn Constant Computed from 

OWL Measurements—as a Function of Frequency. . . 

3 

r. 

U 

2.'. 

M 

za 

ia 

35 

ix 



I 

Figure III-11 Ltteral Wu^e Attenuetion Constant Computed a» 
n Function of Frequency uith Constnnl 

Conductivity  

Figure 111-12 Latcrul Wove Attenuution Constant Computed au  a 
Function of Frequency, *lth Variable 

Conductivity  

Figure 111-13 Permittivity as a Function of Wlllo» Sample 

Weight  

Figure 111-14  Varlstlon of Attenuation Constant and Conduc- 

tivity as a Function of Wlllou Sample Weight. . , 

Figure 111-15 Map 01 IIF Ground Conductivity In Central, 

Eastern, and Northeastern Thailand (units In 

mmho/m)   .......   

Figure III-18 Median Surface Conductivity of Ground at 
Selected Sites in Theilaiid  

Figure III-17 Median Surface Ground Permittivity Measured at 

Selected Sites In Thailand  

Figure 111-18 Sketches of Antennas Measured »1th the HF 
Airborne Xeledop  

Figure 111-19 Measured Radiation Pattern of the B MHz, 23' 
High Unbalanced Dipole at Almanor—E  at 8 MHz. . 

Figure III-20 Measured Radiation Pattern of the 8 MHz, 23' 

High Unbalanced Dipole at Almanor—E  at 8 MHz. . 
9 

Figure 111-21 Measured Radiation Pattern of the 8 MHz, 23* 

High Unbalanced Dipole at Almanor—Power at 8 

MHz  

Figure 111-22    Estimated Absolute Gain Versus Elevation Angle 
for the 8 MHz, 23' High Unbalanced Dipole 

Antenna at Lodl and Bsn Mun Chit  

Figure 111-23 Comparison of Measured Radiation Patterns of 

the Monopole Antennas at Lodl, Almanor, and Ban 

Mun Chit—E  at 6 MHz  
e 

41 

42 

45 

50 

52 

53 

M 

63 

C4 

65 

67 

64 



Figure III-24 tstimaled Absolute Gain Versus Elevation Angle 

for the Monopole Antennas at Lodi, Alnanor, 

and Ban Mun Chit—E at 6 MHz.     €9 
9 

Figure 111-25 Measured Radiation Pattern of the 6 MHz 5:1 

Invirtcd L Antenna at Ban Mun Chit—Power at € 

MHz     71 

Figure 111-26 Measured Hadiation Pattern of the 6 MHz 30° 

Slant Wire Antenna at Ban  Mu:: Chit—Power et 6 
MHz      72 

Figure 111-27 Measured Amplitude Versus Aziimith Angle of 50- 

MHz. VHF Antennas in a Eucalyptus Grove—8° 

Elevation     74 

Figure 111-28 Measured Amplitude Versus Azimuth Angle of 100- 

MHz, VHF Antennas in a Eucalyptus Grove—8- 

Elevation     75 

Figure 111-29 Comparison of Measured and Calculated Effective 

Lengths for Dipole in Forest and in Open     81 

Figure 111-30 Comparison of Measured and Calculated Median 

Radiation Patterns for the 16-ft High 6 MHz 

Unbalanced Dipole in the Foliage at Ban Mun 

Chit—E  at 6 MHz     83 
Ö 

Figure 111-31 Comparison of Measured and Calculated Median 

Radiation Pattern for the 16-ft High 6 MHz 

Unbalanced Dipole in the Foliage at Ban Mun 

Chit—E^ at 6 MHz     84 
9 

Figure 111-32 Comparison of Measured and Calculated Median 

Radiation Pattern for the 75 MHz Unbalanced 

Dipole in ihe Forest at Ban Mun Chit—E at 75 

MH z .••.,.•, ..*. . •«••«, «a«,     ot> 

Figure 111-33 Comparison of Measured and Calculated Median 

Radiation Pattern for the 75 MHz Unbalanced 

Dipole in the Forest at Ban Mun Chit—EÄ at 75 9 
MHz  .     87 

Figure III-34 Sketches of Special Dipole Configurations for 

Relative Gain Measurements     91 

xi 



Figure 111-35 

Figure III-36 

Figure 111-37 

Figure 111-38 

Figure III-39 

Figure III-40 

Figure III-41 

Figure 111-42 

Figure III-43 

Figure 111-44 

Figure III-45 

Figure II1-46 

Figure III-47 

Relative Dipole Gain as a Function of 

Anttina Length  

Comparison of Computed and Measured Dipole Gain 

Toward the Zenith as a Function of Antenna 

Height in Clearing and Forest   

Typical Relative Response Toward the Zenith of 

6-MHz Field-Expedient Antenna   . . 

Measured Dipole Gai:i Toward the Zenith as a 

Function of Antenna Height—Ai. Several Sites. . . 

..'easured Impedance of 8-toHz Horizontal Dipole 

in Clearing and Forest—as a Function of 

Frequency   

Measured Impedance of 6-MHz Horizontal Dipole in 

Clearing and Forest—as a Function of Length. . , 

Measured Impedance of 6-MHz Horizontal Dipole 

in Clearing and Forest—as a Function of 

Height  

Measured Resistance of Balanced and Unbalanced 

6-MHz Horizontal Dipoles in Clearing and 

Forest—as a Function of Height  

Measured Impedance of 6-.1Hz 30° Slant Wire in 

Clearing and Forest—as a Function of 

Frequency   

Measured Impedance of 6-MHz 5:1 Inverted L in 

Clearing and Forest—as a Function of 

Frequency   

Measured Impedance of 15.6-ft Monopole in 

Clearing and Forest—as a Function of Frequency 

Measured Impedance of Tuned 15.6-ft Monopole in 

Clearing and Forest—as a Function of Frequency 

Effect of Rubber Plantation on Received Signal 

as MPX is Carried into Forest   

99 

100 

102 

103 

107 

109 

110 

111 

113 

115 

116 

117 

122 

xii 



« 1 

Figure 111-48 Samples of the Received Signal» in the 

Preliminary Study of the Scattering Properties 

of an Isolated Tree    126 

Figure III-49 Measured and Calculated Input Impedance of 

100-MHz V2 Dipole Versus Distance from Trees 

(height = 6.56 feet)     128 

Figure 111-50 Comparison of the Theoretical and Experimental 

Scatter Patterns of an Isolated Tree and Mast . .   129 

Figure IV-1   Comparison of Observed and Predicted Monthly 

Median foF2 for a Typical Month     133 

Figure IV-2   Median and Quartile Values of Error Function of 

ESSA foF2 Predictions from 1964 through 1967. . .    134 

Figure IV-3   C-2 Versus Granger foF2 Readings at Bangkok, 
Thailand    136 

Figure IV-4   Percent of Time the Operating Frequency Exceeds 

MOF on a Path of Length Less Than 50 km    137 

Figure IV-5   Map of Sounder Sites in Thailand     139 

Figure IV-6   Results of Oblique-Incidence Ionospheric 

Soundings     142 

Figure £V-7   MOF Factor as a Function of Local Time     143 

Figure 1V-8   Block Diagram of CW Experiment Receiving and 

Recording System ,     145 

Figure IV-9   CW Received Signal Strength at Prachuab      147 

Figure IV-10  Envelope Correlation Coefficiert of Signals 

Received at Prachuab       147 

Figure IV-11   CW Received Signal Strength at Nakon Sawan. . , .    148 

Figure IV-12  Envelope Correlation Coefficient of Signals 

Received at Nakon Sawnn     148 

xiii 



Figurr IV-13  CW Received Signal Strength at Chlengmal. . . . 

Figure IV-14  Envelope Correlation Coefficient of Signale 

Received at Chlengmal   

Figure IV-15  S/N Ratio on Paths 2, 3, and 4 as a Function 

of Local Time   

Figure IV-16  Time Delay Spread on Paths 2, 3, and 4 as a 

Function of Local Time  

Figure H' 17  Doppler Spread on Paths 2, 3, and 4 as a 

Function of Local Time  

Figure IV-18  Character Error Hate on Path 2 as a Function of 

Local Time  

Figure IV-19  QL and QT Regions   

Figure IV-20  Ayudhaya:  1.7 MHz CW, All Transmitting/ 

Receiving Antenna Combinations  

Figure IV-2].  Nakornpathom:  5 MHz CW, All Transmitting/ 

Receiving Antenna Combinations  

Figure IV-22  Example of Results of Polarization Diversity 

Test—Ayudhaya to Bangkok   

Figure IV-23  Diurnal Variation of Fiectron Content and 

F-Layer Peak Electron Dtnsity and Solar Flux— 

Descending Passes   

Figure IV-24  Seasonal Variation of Peak Electron Content . . 

Figure IV-25  Latitudinal Variation of Electron Content . , . 

Figure IV-26  Diurnal Variation of Equivalent Slab Thickness 
and Mean Scale Hcight--Ascendirg and Descending 

Passes  

Figure IV-27  Percentage Change of foF2 During Ionospheric 

Storms  

Figure IV-28  Diurnal Variation of Percent of Time foEg at 

Bangkok Exceeds 3 MH/-tSeptoirtvr 1963 through 

May 1165  

xlv 

149 

149 

150 

152 

153 

154 

158 

159 

160 

162 

165 

167 

167 

168 

173 

176 



Figure  IV-29       foEu  and Percent Occurrence of Sporadic E  at 
b 

Local Noon as a Function of Latitude in 

Thailand      177 

Figure IV-30  Mass Plot of foE  as a Function of Frequency 

of the C-2 and Granger Sounders at Bangkok. . ,     178 

Figure IV-31  Percent Occurrence of Spread F and Sporadic E 

at Songkhla, February 1967      180 

Figure IV-32  Quarterly Time Block Median of Noise Power 

(F  ) Observed at Laem Chabang during the 

Period March 1966 Through February 1968 ....     184 

Figure IV-33  Quarterly Time-Block Median of Noise Voltage 

Deviation (V. ) Observed at Laem Chabang during 

the Period March 1966 Through February 1968 . .     185 

Figure IV-34  Month-Hour Values of Effective Antenna Noise 

Factor for 5.0-MHz Trapped Dlpoles at Laem 

Chabang      186 

Figure IV-35  Comparison of ARN-2 Monopole and Trapped Dipole 

Observed Noise with CCIR Report 322 Predictions, 

Laem Chabang, Thailand, Winter, 1967-1968 ...     189 

Figure V-l    Comparison of Performance of Sets Using Dipole, 

Slant-Wire, and Whip Antennas--All Tests in 

Thailand (Spring and Summer, 1963)      203 

Figure V-2    Communication Success as a Function of Range 

for HC-162 (AN/PRC-74) in Mountain and Varied- 

Terrain       204 

Figure V-3    Intelligibility Versus Distance for AN/PRC-35 

(XC-3)—65 MHz      214 

xv 



•fWCiPI» PiOl BLÜK-NOT FIXMED«. 

TABLES 

Table III-l  Summary of Measured HF Antenna Pattern Data 
Available in STRs 10, 25, and 35      57 

Table III-2 Summary of Measured VHF Antenna Pattern Data 

Available In STRs 19 and 39D      60 

Table III-3 Relative Gain and Jungle Loss for 6.05-MHz Antennas 

at Ban Mun Chit      93 

Table III-4  Relative Gain Data for 6-MHz Antennas at 

Chumphon      96 

Table III-5  Relative Gain Data for 4-MHz Antennas at 

Chumphon      97 

Table III-6 Relative Gain Data for 8-MHz Antennas at 

Chumphon      97 

Table III-^ Average Reflection CoefficientF. for Three Trees . .    127 

Table IV-1  Sounder Site Operating Schet-ule     140 

Table IV-2  Distribution of Difference ( ^) Between Observed 

and Predicted Noise Powers     188 

Table V-l   Characteristics and Effective Rnnges for Radio 

Sets Tested in Delta     208 

Table V-2   Typical Improvement In AN/PRC-25 System Gain 

Obtained by Changing from Short to Long Whips . . .   212 

xvli 



•Kucrono pan BUNK-MOT FILMKD«, 

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.  It 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 whose overall super- 

vision the SEACORE program was conducted.  Working closely with ARPA 

as contract service agent were the personnel of the U.S. Army Electrjnics 

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 Representatives, 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 Monsuta, RTA; Air Marshal Manob Suriya, 

RTAF; and Gen, Prasert Mokhaves, RTA; and the Communications Program 

Manager, Capt, Prapat Chandaket, RTN; and the other Thai personnel 

working on the communications program, including Commander Paibul 

Nacaskul, RTN; and Wing Commander Termpoon Kovattana, RTAF, Is appreciated. 

xix 

H v i 



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

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

Col. J. Scoggln, Lt. Col. P. Collom, Col. J. L. Jone*, and Lt. Col, 

E. B. Howard.  The assistance in Bangkok of Mr. C. W. Bergman ol 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 acknowledged—especially thu 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 



1  INTRODUCTION 

A.  HI torical Review 

1.  p»-efacinp Remarka 

Under Project AGILE, the Advanced Research Projects Agency 

(ARPA) of the U.S. Department of D.fense has been providing research 

and engineering support to 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 Pingkok, Thailand, 

under a part of Project AGILE called SEACORE--a loose p.ronym for South- 

east Asia Communication Research.  T^e SRI SEACORi: work had two objec- 

tives:  first, to establish and operate a laboratory facility in Bangkok, 

Mailand, and assist Thai personnel toward the end goals of providing the 

Thai government with a research and development capability in communica- 

te- Wtronics ; 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 establishment 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 peiformed while 

the laboratory was under SRI directorship. 

V 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). 



2.   Laburatorv Kucility in Uuinikuk. Thai land 

T!u- laboratory facility was deBigned by SRI during tht lall 

of 1962, built by t lu- bylvania Electronic» Defense Laboratory in 

Mountain View, California, under contact to USAERDL, and »hipped to 

Thailand in the spring of 1963.  The main laboratory building conaUted 

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 building.  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 n»  installed adjacent to the 

T-va.i.  Subsequently, one side of the T was iilled in to form a store- 

room—see Figure 1-1, a recent photograph.  The present T-van complex 

(exclusive of the office building and C-2 sounder) provides about 2,000 

square foot of usable floor space.  Pl-ns currently 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 (CDTC), had its 

official opening on ^ October 1963.  The CDTC was established to conduct 

research and development in the tropical environment; consequently, the 

name was changed to the Military Research and Development Center (KRDC) 

tarly in 1964.  The laboratory has been called the MRDC Electionics 

Laboratory (MRDC-EL) since that time. 
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Tht MHUC-EL WM»  operated under SRI   dirtclion   tlwoagh   1967 

(•ee Appendix B for .taff   listing).     The  developoent  of  the  Ubomtory 

and   Its work during   this   Initial  phase have  been described  in  the Semi- 

annuil Reports prepared under Contract  DA 36-039 AIIC-00040(E),   and  In 

Final Report   1,   Vol.   1   (sec Appendix C).*    The  first  phase of a  transfer 

of   the  respomibility   for   the  MKDC-EL to  the  Thai   began   in  January   1968 

under Contract  DAAB 07-68-C-0194   (SRI  Project   7163).     Since   thai   time 

SRI  has pJayed only a consultative and administrative  role.     Through 

the  summc.   of   1969,   three SRI  staff members were consultants  to  :'*? Thai 

Director and his  staff on  problems  they arc  pursuing 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  DAAH-1-7Ü-C-0550  (SRI  Project 83r;6). 

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 project,  work was 

performed on many different   tasks  (see Section  I-B)  at   the MRDC-EL in 

Bangkok and at  numerous   remote  sites   (see   Figure   1-2).     Field work   in 

Thailand rat completed   in  1967,   and analysis of mest  of  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 ÜSAEC0M  support   under Contract   No.   DAAB  07-070-C-0220   (SRI 

Project 8663). 

Vfcrences to reports on this contract will be made as discussed In 
Section I-C and Appendix C. References to other material are given 

.it  the end of  this  report. 
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FIGURE 1-2      MAP SHOWING THAILAND FIELD SITES 



B.   Project Organization and Task Structure 

The SRI SEACORE effort originally was divided into three tasks. 

Task I (Operations Analysis Program) dealt with communications-oriented 

operations research and analysis.  The results of this part of the pro- 

gram have been summarized in the Task I Final Report (dated December 1966) 

and will not be discussed further in this report.  Task II (Scientifir 

and Technical Investigations) dealt with establishing the MRDC Electronics 

Labjratory and with the various scientific and technical tasks undertaken 

by the MRDC-EL in Bangkok and ehe SRI Communication Laboratory in Menlo 

Park, California.  Task III (CONUS Support) dealt with supporting the 

MRDC-EL.  The purpose cf this report is to summarize the results obtained 

under Task II (and Task III, which was merged with Task II early in the 

program). 

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 J--Ionospheric and Frequency Spectrum investigations 

Task C—System Test Format and Procedure Investigations. 

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

in this report under this final task structure. 

*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. 

Thin task heading is relatively descriptive of some of the work per- 

formed under other (earlier) subtasks, and it will be used in this 

report for the purpose of discussing such work. 
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A detailed flow chart 'ias been prepared to assitt the reader in 

following the Task II work progress chronologically in the context of 

this structure (*ee Figure 1-3). Each block in the chart indicates a 

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

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

to others represent 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 Current Report 

The ma.lor technical and scientific results are summarized in 

Section II.  The remainder of this report ^s 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 been 

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 Research 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 parent iiesis (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:     Antonna-Environment and Antcnnu-Systum Investigations 

1. The 3-layer slab model of a forest environment developed on 

this contract is useful for predicting the average performance of HF 

antennas in forests and can be used for limited applications on VHF 

antennas in forests.  The model is more accurate at HF and it does not 

account for the detailed variations due to scattering effects which 

become important for frequencies 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 thn 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 

predicts an increase in low-angle gain in the 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 leas), 

and this antenna need be elevated only to X/10 above ground to be within 

about 3 dB of the maximum gain (which occurs for a dipole height of about 

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

3. Open-wire transmission lino (OWL) techniques developed under 

this contract arc useful for measuring the electrical characteristics of 

forests and ground to provide input data for mathrmatical modeling of 

antenna performance.  Measurements from the OWLa have shown that the 
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foliage can be approximated bv a slab of ^ - 1.6 and ^  between 1.01 

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 patterns of full-scale antennae should be 

measured to fully understand the effects of environment on antenna per- 

formance.  Measurements showed that the E9 (vertical polarization response 

of the measured antennas> was affected by the forest More than the Eft 

(horizontal polarization) response.  The maximum directivity of the 

measured monopole antennas occurred at higher elevation-anBles when the 

antennas were measured at forested sites than when measured in open areas. 

Measurements of the radiation patterns of VHF antennas in 

forested environments indicated strong scattering created by the foliage 

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

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 and from these measurements 

and model data, estimates of the absolute gains of 'hese antennas were 

derived.  Measurements employing these techniques showed lhat the elements 

of a half-wavelength dipole antenna can sag approximately 45' relative 

to horizontal before 1 dB of gain toward the zenith is lost (proviaed 

the feed point is elevated greater than K  10).  The half-*avelength 

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

tion towurd the /.enith; followed by the inverted L, the slant »lr», and 

the monopole or whip which was the leaat efficient. 

G.   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 



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  frca a clearing  to a 

forest,   whereas  the measured  impedance  bandwidth 01  a monopole  sometimes 

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

B.       Task B:      Ionospheric  and  Frequency  Spectrum   Investigations 

1. The ESSA predictions of vertical-incidence critical  frequency 

..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   frequency  (M'F)  for oblique-incidence  paths up to about  200 miles. 

For  longer paths,   oblique-incidence predictions of  the  "MIT "  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   (e.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 Mekong River delta  south of Saigon).     Signal 

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 ol   about   150 miles or greater 

the  traditional  broadside orientation produced  the greater  received sig- 

nals.     The  signals  received on adjacent north-south and east-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 raceivers. 

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

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

13 



by the noi.ae  dlBcrlatnation properties of these antennas.  There seems 

to be ver> little difference in the noise currents Induced In HF antennas 

placed in forests and those placed tn adjacent cleared areas, and tiie 

noi»e on horizontal dipoles is n.-latively independent of dipole alignment. 

4.  Obst.rvations of MF and HF atnospheric radio noise over a two- 

year period indicate that the generally accepted noi ac  maps (CCIR Report 

322) do not predict eoough nolae for Thailand ty about 10 dB, but the data 

are in agreement with the C"IK Report 32? dj.-ial variation r.i   noise power. 

Local electrical storms in Thailand (as detected with liglnninr, flash 

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

HF band by as much as 20 dB. The British Llectrical Research Association 

(ERA) counter was considered the best lor '' «cumrnting the occurrence of 

local storms, aid the results of the cou«. .cr studiei, correlated well with 

local meteorological activity. 

:>.   Tiie time-de lay spread of pulses propagated ionosphc ncally on 

oblique paths out to about 800 miles was observed to be betwwen I and I 

ms, und Doppler spreacs ol a CW signal of 0.4 Hz to 1.4 Hz were observed 

on these same paths. S/.N and interferenre rather than timc-dt'.ay spread 

or Doppler spread seemed to limit the performance "»I the A.N/MRC-95 radio 

teletype on short paths in Thailand.  For high S N, the observ< d time- 

delay spreads probably cause errjrs due to frequency selective lading. 

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 drttrmining 

(a) The total electron content between a satellite 

and a ground receiving site. 

International Radio Consultative Committee of th-' International 

Telecommunication Union, Geneva, Switzerlsnd 
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(b) Th© vertical incidence (v.l.) critical frequency 

vs. latitude to within about 10 percent, and 

(c) The magnetic dip angle (vhen multiple receiving 

sites are employed). 

C   Task C:  System Test Format and Procedure Investigations 

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

(r) The necessity for f^xibility in changing 

frequency to avoid interfering signals. 

(b) The feasibility and need of using HF skywave 

where groundvave was not usable for communi- 

cations with manpack radios in forested or 

mountainous terrain over paths exceeding a 

few miles. 

(c) The superiority of the center-fed horizontal 

dipole ov?r the slant 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-jt showed: 

(a) The improvement in performance obtained by 

elevating the antenna. 

(b) Improvement in performance by pending .. whip 

over (away from the set) to approximate a 

horizontal antenna. 

15 



1 
(c) Improvement In performance often could be 

obtained by moving around In an area of 

only about 20-ri radius to find a location 

of higher signal strength. Difficulty in 

using VHF (FM) sets while moving, which 

often could be remedied by stopping at a 

posltton of higher signal strength. 

3.  The need for a meaningful definition of the range of a VHF j 

manpack radio in statistical terms was observed and such a definition 

(based upon propagation statistics ano voice-intelligibility test.) 

was formulated. 

16 
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Ill     TASK A:     ANTENNA-ENVIRONMENT AND ANTENNA-SYSTEM   INVESTIGATIONS 

A.       Mathematical  Model  of Antennas   In  ForcHt  Environment   (STR   16) 

1.       Objective 

The objective of the antenna-forest  model work was  to develop 

a mathematical model  for predicting the electromagnetic  fields   In  the 

region above a  forest due  to transmitting antennas  located  In  the  forest. 

Applications are   to HE skywave communications and to HE and VHF air-to- 

ground communications. 

2.       Background 

Very little was known about  the effects of  living vegetation 

upon antenna  perfonaa.tce or upon radio-wave  propagation 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  Jungles,  l's     and Jansky and Bailey   (JfcB) 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.3    Jansky and Bailey also 

were  to work on  the mathomatlcal modeling  for the ground-to-ground case 

as  It  pertained  to  Interpretation of  their data.     No data were available 

for the HE skywave or HE and VHF ground-to-air  (or air-to-ground) cases, 

and SRI  was  tasked  to obtain such data   In CONUS and  In Thailand anil  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 matlu-maticol  model.     The SRI 

theoretical effort was   limited  to determining  the  fields at a  significant 

distance above  the  forest caused by a  transmitting antenna  located  In 

the  forest and,   by  reciprocity,   the  inverse case   (I.e.,   transmitting 

antenna  located  far above  the  Jungle and  the recel/lng antenna  located 

In  the  Jungle). 

Pounds and  LaGrone*  were  the  first  to consider  the macroscopic 

effects of  living vegetation  from en electromagnetic  standpoint,   and 

they  proposed to consider  the  forest as a dlsslpatlvc   (lossy)  dielectric 

slab.     This approach also was used by  Llppmann/   who considered ground- 

to-ground propagation  In a  Jungle  from the network  theory point of view. 

As  part  of  this project.   Taylor addressed hlmscll   to  the HF jkywave 

problem  (STR  16).     He employed  the  lossy-slab model of a  forest  region  to 

compute  the  far-field  (In air)  directivity und 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 

difl ground-to-ground  results  In  terms of a   lateral wave  propagating  In 

air along   the air-forest   Interface.     Subsequently,   this approach has been 

successfully employed by Tamlr"   and others8"?   for predicting  the  radlc 

system  loss  (or basic transmission  loss)  for both ground-to-uround 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   111-1) 

and  to the  height-gain measurements discussed  In Section   III-E. 



3.       The  Forest-Slab Model 

Nomenclature 

As discussed above,   the  slab model approximates  the  forest 

as a multilayer dielectric sandwich  (see  Figure  III-l  for slab and antenna 

nomenclature).     The  uppermost  region  is  the  space above  the  forest, 

characterized  by C      aud a       (both unity),   the relative  permittivity 
ro ro r 3 

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,   n  ,   where  n    - e    ,  and where  the  respective 
1        i   ri 

relative complex dielectric constants, c  , arc given by: 

c . = •'. " Jc^ = «'  " J60a X » f' (1-J6 ) ri   ri    ri   ri      i o   ri    i 

where the loss tangent, 6 , is defined by 

c     a 
6i -«' um r 

ri    o ri 

and a is the conductivity, x  is the free-space wavelength at radian 

frequency UJ, and c  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 apace (^ ). 
o 

b.       Assumptions 

The  simplicity of  the  model  permits a  reasonably  rigorous 

analysis,   but  certain assumptions must  be  made.    The assumption of a  flat 

surface en  the   top probably  is  Justifiable when one considers  that   the 

surface  roughness  is small  compared  to the wavelength—at   least   in  the 

lower part of  the HF band.     An actual   forest  is not  homogeneous,   and  U 

will not act as   if  it were  homogci cous  for  tree spacings greater  than 
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about X/20.  Also, the effective conductivity In the vertical direction 

probably Is greater than the effective conductivity In the horizontal 

direction (SIR 19), causing an actual forest to be anlsotroplc. 

c.  Definition of F and F and Relationship to £„ and E- 
 1 2 9 * 

The  dlpolc   far-field   radiation   puttorM   in  STR   16    r d  in 

this section arc  presented  in  terns of  .    fuiK ' lo«     whor«-   F   ib   the ratio of 

the effective  length of a  short electric dip<»ii,   (with no in     i.-ading)  in 

the  forest  »lab,   to one-half  the actual  length of  the   .liort   dlpule  in 

free space.    The relationship between the F functions lor a horizontal 

dipole and the E-field coordinates of Figure  lll-l(a)  is: 

(1) Pattern   in   the  ploue normal   to  the 

dipole   (for polarization normal   to 

the  plane of  Incidence) 

F^e) = |E I 
i z 

(2) Pattern in the plane of the dipole 

(for polarization in the plane of 

incidence) 

F (9) = JE I 
2       x 

Once F (9) and Fr>(6) are determined  from the model equa- 
l — 

tions of STR  16,   the  functions  E (9,*)   and E (9,*)   as depicted  in Figure 
• 9 

III-Kb)—the directivity pattern parameters measured with the airborne 

pattern-measurement system—can be found by using the relationships: 

E.(9,*) s F (9,#) = F (9) sin • 0° s # s + 908 
•        I    ' 1 

and 

E (9,») sF (9,*) = F (9) coi t -906 «»« + 90' 
9        •        • 



where 

9 - elevation angle 

f ■ azimuth angle relative  to the dlpole axla. 

A prograa was developed  to provide contours of  the cal- 

culated E    and E    radiation  patterns.     This program dfttrmincs at  what 
9 • 

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

given elevation angle.    The reaulting contours of constant  response can 

then be  plotted to provid« a contour map of coirputed relative signal 

strength sinilar   to  those produced  Irom  the measured data.     Computed 

contour« are presented  in Section   III-D for comparison with measureo 

results. 

4.       Parametric Sensitivity Test 

There are many  factors  that affect  the radiation pattern of 

an elementary dipole antenna placed In a  forest.     It   Is not  feasible  to 

compute  rodialion  patterns  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) 6 is used to denote 

the elevation angle, whereas 9 was the zenJth angle (90- minus the 

elevation angle) in STR 16. 
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(4) Loss tsngent of the forest 

(5) Resl psrt 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   li   the height  of   the  antenna above ground.     It  affects both the 

effective   length of  the antenna-slab combination and  the«   Input  resistance, 

eno  therefore,   changes   the gain  function quite drastically.     Also,   It   is 

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

Figure   111-2 present i polir plots of F  (6)  and F  (8) 

with antenna height   in wavelengths as a parameter.     Figure   III-2(a)  is 

for  the case of no forest;   Figure   III-2(b)   is  for an antenna  in a dens? 

forest.    To emphasize  the  importance of raising the antenna above  th< 

ground,   the same data are presented  in a different way   in Figurcu   II1-3 

and   III-4.     Here F,   the   field-Imaging   function,   is  plotted as a  function 

of  antenit?  height   for  two specific angles,   one at   the  zenith and one  very 

near  the ho-izon   grazing   incidence).     Figure   II1-3  shows   that   the  forest 

has   little effect  on  radiation   toward  the  zenith.     The  antenna  height 

determints whether the  low-angle radiation  is stronger off the ends of 

the elements  (F  )  or broadside  to the elements   (F   ).     The  vertically 

polarized radiation off  the ends ^redominatva at very  low antenna heights 

(see  Figure   III-4).     It   should be noted  that   the effects of antenna  height 

upon antenna  impedance  (and hence upon efficiency)  are not  Inducted  in 

Figures  III-2 through  III-4  (this  topic  is discussed  in STR  16 and  in 

Section  III-E of  this  report). 

2:< 
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b.       Effect  of  the Forest, Height  (h  ) 

FiKure   111-5 shows  the effect of  lores*   height   (in 

wavelength») on  the  patterns.     The  high-angle  radietion  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 

angles  (F  )  decreases as  forest height  increases,   while  the horizontally 

polarized signal  broadside  to the antenna   (P )   increases wich forest 

height. 

c.       Effect  of   the Dielectric Constant  of  tht   Foresi.   («     ) 
rl 

The effect of 6  on F and F( for both hij .i- and JOW- 
11     z 

angle radiation is negligible. 

e.  Effect of Ground Constants (e'  and 6 ) 

Neither •'  or 6 of typical ground are significant 
r2    2 

variables 

High-angle radiation (above about 30° elevation angle) 

is relatively independent of the dielectric constan of the forest as is 

low-angle radiation off the ends of the dipole (F ).  Low-angle radiation 

broadside to the dipole O ) is more dependent on C ,—especially for the 
1 rl 

greater forest heights—and increases as c'  increases (see Figure 111-6). 

d.  Effect of the Loss Tangent of the Forest (6 ) 
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U.       Mcttsurümcnta  uf  VuKctation  and Ciruund ConstantB 

l.       Vegflutlon Constant«   (STR»   13.   42D.   43) 

a. Objective 

In order  to use  the  lo«»y-dielectric-8lab wodel of a 

forest   (see Section  III-A),   tlic macroscopic electrical  properties of  tin 

forest   (conductivity,   permittivity,   and permeability) must  be  known. 

Open-wire  transmission  line   (OWL)  probes of It r '>»<   -^thod 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 

summarise   the  mcaam-^d  results  obtained. 

b. Background 

The macroscopic electrical properlii s of the forest, con- 

sidered as a homogeneous and Isotropie dielectric, can be adequately 

described for our purposes by two parameters, the complex relative di- 

electric constinl, C  , and the toiuplex relative permeability, u  . 
'  rl rl 

Tb»» two parameters can be computed from the chnractoristlc Impedance, 

Z  and the propagutlon constant, y   ,   of a transmission line In which 
c 1 

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

The problim of finding e   and u ., then, reduces to the prob'em of 
rl     rl 

finding the characteristic impedance and propagation constant of the 

transmission line in air and in the forest.  These values can be ob- 

tained from measurements of the Input impedance ol the line using one 

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

method or the variable-length, fixed-termination meihotl (3TKs 13, 42D, 43). 
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C.   Limitation» of the OWL PrubcB 

1. Inhomogeneity Limitations 

We desire to use the probes to meBsurv.- the average 

value of the dielectric constant In a forest—probably an Inhomugeneoub 

region.  The averaging volume Is determined by how the power carried In 

the transmlsslon-llne wave Is distrlbuiud about the line.  The relative 

power distribution vicinity of a 300-ohm line  is 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 i. line midway 

between the conductors.  This confinement of the power is adequate to 

permit Isolation of the sensing region of the transmission line in a 

torvst from the ground and the air above the forest and yet allow 

vegetation in the mgion between the conductors, while utilizing con- 

ductors of practical size. 

2. Ar.isotropy Limitations 

One would expect to be able to resolve anisotropic 

effects if the field about the probe were predominantly linearly polarized 

and mos*. of the power was contributed by the principal component.  The 

field about a two-wire line is linoarly polarized everywhere, but the 

resultant field varies in dirrction from polU 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 dielectrics 

(STR 42D). 

The power is distributed even closer to the conduct-jrs for lines of 
higher characteristic Impedance. 

M 
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3.  Scatterer Llmitatlon« 

A real foreat is not ■ continuous slab nf dielectric 

■aterial, but rathvr it la composed of groupa of diacrete acatterera 

'tree trunks, branches, etc.).  The question then «rises:  Ho* 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 tranamission line was investigated experi- 

mentally at the laboratory at the University of South Carolina and in 

the field (see STR 42D).  Dry and wet wooden bars and aluminum rods were 

used Individually and in groups to simulate in the laboratory the effects 

oi1 tree trunks and/or bre.nchet.  The measurtments on individual acat- 

terers yield equivalent circuits of the scatterers as lumped-constant 

loads at the location of the scalterer alor.» the line.  These equivalent 

circuits then were used to compute th. . li.cts of a random distribution 

of such scatterers and to infer the effective macroscopic electrical 

propertiei of a volume contain inn these scatterers.  Measurements were 

made on random diatributions of these scatterers for comparison with the 

computed values.  Measurements on freshly cut vegnation (tree branches) 

and living vegetation w. ie made to check the rcaBonablenoss of the simu- 

lation.  Also, compulations were made ns a check on tin validity of 

tepresenting a transmission line with discrete capacltlve scatterers 

(shunt capacitors) as a line with a higher uelectric constant and no 

shunt capacitors (see Appendix Ü of STR 420).  The real part ol 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 concli'»loii of  thla study  (STR 42Ü)  was  that  d 

foreat   that  consista of an enaeuble of  acatterera can be represented by 

a alab with a  alngle macroscopic descriptor,   the complex dielectric 

conatatu.     Therefore,  OWL probes are useful   for estimating  the B«cro- 

acopic electrical  properties of a  volume  containing  living vegetation— 

even when signiTicant   scattc/ers  (e.g.,   tree  trunks) are  preseut-- 

ulthough  the   results  of OWL measurements must   be   int» rpn'ed  with  care. 

It   is   important   to sample and average   (or otherwise  smooth  the  results 

such as by computing  the nedian value)   in order  to obtain a  reasonable 

estimate  of  the effective  slab constant. 

(I.        Lines  Lsed   tor Nieasunments 

Several   three-hundred-ohm   lines were  constructed  for use 

at  HF and VHK.     The  HF  line was made   from 20-1t   sections  of   lO-cm-dian, 

aluminum  irrigation  pipes,   whereas   the VHF   line was constructed of   i.6-cm- 

diameter  brass   tubinn  plated with  silver.     These   linet. are  discussed  in 

detail   in STRs   13 and 43. 

e.        1U suits   with OWL Probes 

The majority of  the  results were  obtained  in under- 

growth with     he   small   brass   line,   because   the  pipe   line  was  cumbersome 

and difficult   to set  up.     The  approach w?th  the  smaller   line  was   to 

somplo on a matrix grid and  obtain  a   statistical  sample  of   the  desired 

slab constants.     The  median  results   from  five   sites   In Thailand    are 

plotted   ir.  Figures   111-8  aid   II1-9.     The  a scale  on  Figure   111-9   is   the 

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

Detailed  descriptions  of   these   sites  arc  given   in STR  43  and   in  various 
MRDC-ES  reports.     A  brief  dUOTiption   Is  gl"en   in Appendix C. 
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"Ut«ral-wav«" attenaBtlon crwuttant In the following »action). Some  of 

the conductivity value» at 75 and 100 MHat my be too high due to probe 

limitation« (aee oapecially the loaa tangent data),  but the values 

observed In the frequency range 6 through 50 MHz probably are reasonable 

estimator« of the equivalent slab parameters.  The conductivity curve 

labeled Ban  Mun Chit dense spot was generated from data taken In the 

most dense vegetation found at any of the Thailand sites and Is In- 

cluded as an example of an Isolated pocket of very dense foliage.  The 

values from the other »lies ar* surprisingly similar even though the 

forest site« yielding these data appeared quite different to the eye. 

The spread cf the Thailand OWL data is discussed in 3TP. 43, but it may 

be remarked that only rarely did the individual observed values of 

•'  and u'  fall outside the bounds (*hich include naasurement error): 
rl     rl 

0.9 < e' < 1.2 
rl 

0.8 < u'  < 1.1 
^rl 

It should bo notpd, however, that a limitation in the wanner in which 

the probes were rsed probably caused the median values of u'  to diflcr 
rl 

from unity on the low side and caused the average values of e'  »o be 
rl 

biased slightly high (sec Appendix E in STR 42D).  The most probable 

The loss tangent data generally exhlhiied a decreasing trend witi; in- 

creasing frequency from 6 through 50 MHz:  6 2J 0.12 f"1/2 MHz.  Bu. 

from 50 to 100 MHz the loss tangent generally increased with increai ing 

frequency; and, since the conductivity dominates the expression for loss 

tangent, it is possible that the OWL-mcasured cor.iuctlvlty values are 

too high at 75 and 100 MHz. 
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value  of u'     i»  I-0»   and a  reasunable estimate of  t'     for use  in  the 
^rl rl 

slab nuuk 1   in  between   l.UI  and   1.06. 

f.       Discussion ol   tht   ISJ' of Vegttittou Klectrlcal 
Constants   in  Lateral  Wave Computaiions 

The  meatured   values   ol   the-  macros« opic   electrical 

parameters  for  the   fewest  can be used  tu compute Bf ,   tue  slab attenua- 

tion  constant   for  the   lateral   wave,     whicn   is   required  to calculate 

antenna  height-gain  tuncti. is  for  the ground-to-ground case:7 

8.68Ü(2"/A   )   Im   | n    -   U ilB/ra 
L o l 

WIUTC J     ij   the  free-space  wavelength  in meters,  and n (€       - 

)60:  }   )1^2  is  the complex refractive   index of  the  forest.    Comput! d 
1   •> 

values  ol   ■*     in  dB/meter an   fiven as  a   luiuDon  of  frequency   in 

Plgur«  H'.-IO.    Then   Li quite ■ bit of scatter at  a given frequency, 

but   nevertheless   there   is   a   reasonable  amount   .>!   a»;reenHnt   between   the 

values obtained at   the  dlfferenl   sit.s.     lor   liiqucncics  IK low  75 MKz 

a   reasonable  approximate  expression  for or    as  a   function of  frequency  le 

o.oonr (i.! 
L MHz 

in  dB m   . 

At   100 MHz   the  values  arc  consistently  higher   than   the   Lrcnd   indicated 

by  the  other values,   and   these  values appear suspect.     Apparently   the 

conductivity values  deduced   1rom  the   line  measurrraents were  high  b> 

ahoiH   ■   factor of  2. 

Note  that   this attenuation  constant  differs  from  the  "through-t lie-slab 

attenuation constant   given  in  Figure   111-9. 
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Let us considur the ^llt-ct <>l conductivity on * 

(M, rigur« iii-U). For th«.« computations, e^ was h.id ...„ ...... ... 

1.0M-« lypi-al value in the tn.qu.ncy rang« 5 to 75 Ufe.  Notice .ha. 

at a gUn   rr.qu.ncy aL  incxvas.s as ^ increases, and becomes Lnd.p.11- 

ik,nl   „1 ir.cuency lor frequencies higher thin some limiting lrequen-y, 

!  (..g., i    10 Mil. lor al  - lü"
5 mho/m, 30 »b tor ^ - 3 X IG* mho/m, 

and 60 MHz for c^ = 6 X 10-« mho/m, etc.)  Computed values of ^ for tb. 

Pak Chorn; site and also the approximate linear expressJ(m foi o^ versus 

.requency are shown for comparison.  While the computations of ^  witn 

COMt«»t •'1  and ^ are useful to show t h. eff«ct<l of these variables, 

the OWL data indicate that computations batod upon the assumption of C^ 

increasing with increasing frequency (and 1^ constant) should be more 

typical of actual c^ variation with frequency. 

A reasonable fit to the conductivity values of Figure 

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

-5/   \ü'7 

a w 0.45 X 10 If, I      in mho/m . 
1 \ MHz / 

Let us use this expression for ff and calculate Q^ for various vaiues 

of e' .  Tie results of such a calculation are shown in Figure 111-12. 
rl 

Notice that a larger value of C^ at *  given Iiequency corresponds to 

a smaller value of a        The approximate linear expression for (^ and 

the OWl/-measurcd data from Pak Chong again are shown for comparison 

with the parametric curves, ai.d the trends arc quite similar. 
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K.        .'Jlir.i"«^  Conductivity  of   V^etution  as   Inierreci 

* 
The  Inomass    concept  expressed originally by Dr. 

IM   T.   Uurclmm1"   and  employed   In  Thailand   by Mr.   S.   Sabhasri   and  br. 

L.   E.   Wood11   led  us   to perlorm m.-asurements  ui   thne  sites,   which w. 

torn....!   "bioden^ty" experinu-nts.     Thc.se exprrnm nts  consisted oj   placing 

i.-shly cut  vegetation  in a dry wooden  hopp.r ..oum.-d on a  drayage  scale 

and measuring  the  sample  weiKht  and  the   input   impedance  of  the   small   (VHT) 

OWL inserted   into  the middle  of   the  cut   vegetation as  a   function  of   tm* 

after  cutting.     Uy observing   the  weight  change,   and  subtraenng  out   th. 

weight   of  the  wooden  hopper,   it was  possible  to relate   the  macroscopic 

electric  properties  of  the  cut   vegetation   (computed  from  th..   impedance 

readings)   to  the  weight of  the  vegetation  as a  function of  time after 

cutting.     An estimate  of  the  volume of  the  sample  permuted a   cofl^fc» 

from sample weight   to biodensity.     Knowing  the  height   of   the  uncut   vena- 

tion one could  convert  biomass   to biodensity  by  dividing   th-  biomass  by 

the  height  of   the  uncut  vegetation   (and an  appropriate  constant).     Thus, 

one  could  theoretically convert biomass  data   to electrical constant 

estimates.     While   the  relationship between  the  biomass  concept  and  radio 

propagation  in  forests  has not  been worked out   to  the  point of  being 

uselui,   except as a  gross   technique   for differentiating  between   forests/ 

these experiments did yield some  Interesting  results. 

Biomass   is  defined as  the weight   per unit  area   (e.g.,   tons/acre)  of   the 
biological  matter   (primarily veg-tation). 

t 
Biomass  data   (when accompanied  by  data  on  forest   height   and   tree 3Pac        I 
might  be  useful  when   trying   to -.timate   the macroscopic  electrical 
properties of  forests  for which we  have  no rnJio propagation  data   (OWL 
rjeight  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   Ijl-i;<  Khowu  thu  relative dielectric conBlan! 

ol   .1   sumplf  ..I   livshly  rut   wiMow« as  u   IUII.IK.H  ..I   sample  Might.     1 

ivlat i.m.ship   ia   luiuar   m  uuvh  cusu   1,T  U)1   but   I In     UMMSI   vuJufb   (ilnefit 

.omli t ion).     Tile averogi   .1 n. nuaiion  conuluiM    for  t lie ÜW1, ia  sln.wn   m 

PigUTC   Ill-M  as u   iumtion of sample  -Mit'hi    |..r   Hi.    same  sample,     AIBO 

siiown is '„in- .■iic.tiv.   eomkietlvlt]  oi   thi tvmntitm <•'■   th   umph   nimm 

uccupieil  by  InopJasm   (mostly  wali-r)—«s   inl(rr..il   i mm   t IK    sumpl.    dinun- 

sions and  the weight   cliange.     Tliese   latter data   null   ate-  an  intrinsic   HJ 

conductivity of  the willow blopUw prior  to cutting  ol about   3       10 

mlio  m.     Notice   that    fehii   mtr-iiisK   romiur 1 i\ 11 y   lends   to  increase  as   tin 

weight   (and  henc   tract i..n  ol   remaining  wat. 1)   teCTOSM«   to alxiut  800  Ib.s— 

MWloguiU  to   the  i'.cUon   in  a  salt drying  pond—even   through   the  attenua- 

tion  constar..   ol   the   line   is  monotonical ly  decreasing.     Presumably   tin 

oscillatory variati -ns  observed   lor ymall   sample  «eights  are   c ..us. d  bv 

the   diurnal  cycle  ol   local   liumidity which   is  sup( i-.mposcd upon  tbt    dryi; 

process   (and   less noticeable  at  earlier  times  alter cutting when   | 

change   in water  content  due   .0  this cyd«   is  a   smaller   fractloB oi   tlu 

total  water content), 

A  similar experiment  was  repeated  fit   Ban Mun Chit, 

Thailand.     The  sample  was   invaded by a  colony of ants  and,   about   38 

hours  after cutting   the  sample  actually exhibited  a  weight  gainl     It 

was concluded   that   this   type  of exp^rlment   is  not   toe  practical   111   tin 

tropical   environment.     Nevertheless,   It  was  possible   to estirun 

intrinsic  conductivity of   the  bioplasm at   0.025   to 0.05 mho m.     In  spit! 

of   the   difl icul ti".s  with   this   type   tt exper um n t   anoth.r   try  was  mad.    at 

Chumphon,   Tlniland.     The   results  of   that   test   iadlCAted  an   Intrinsic   con- 

ductivity of  about  0.03  to 0.06 mho/m. 

The  results  obtained   in  Thailand  arc-   reasonably   con- 

sistent  with  the   result   of   'In    wi    !ow   test    in   I'a 3 1 ; ..rr, 1    ,   and   mdn 
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that   iht   intrlnbic  conductivity u)   LlvlJIf  vt,;. u.tlun   in  xh,   ordvr oi 

0.04  mhu/m.      It   AigM   b.    nefä   im  pftMlMf   that   JJickinson,12   using  an 

m  more   lAdlMCl   nu-thod,   MtlMted   t !u   )1J    intnr.sic   eondiu t ava ty  o] 

eucalyptus   stem«  ut   0.2-1  mK / n.     |MM<   w,.  „a^,   Cünt.Jud,   ttlal   ^   in. 

tnn.i.    cenductivity  ol   the   bioplasm of   living   vegetation   probably   is 

between  0.01  wnti  1.0 mho/m  M   111   an.  VHF. 

2.       Grouu' Constants   (STOs  29.   30.   43) 

a.       Object ives 

The main  reaaon  for measuring ground electrical  const int.s 

1«   fo  obtr.in  values   lor  use   in   mathematical  models   tu  predict   antenna 

performa-ice  and propagation   loss  between  transmitting and  r. .. jving 

antennas. 

b.       Background 

This  problem can be considered  to consist  of  two part«: 

(1)  measurements  performed  to document  an environment   with a  view  toward 

determining  the  usefulness  of  certain mathematical  models,   and   (2)  meas- 

urements  performed   to obtain  input   data  lor mathematical   models  of  pi 

usefulness  with a  vie.,   toward equipment  design,   system  performance esti- 

mates,   etc.     Measurements were  made under this  program  toward both of 

these  basic  objective«. 

A review of   the  various  techniques  for ground-constant 

measurements  was made  at   the  beginning of  this  project   (STH   17).   and 

the   following  tec Imiques were   identified: 

(1) Field-strength  decrease  versus  distance method 

(2) Wave-tilt method 
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(it)    Ciipari tor in. ii i i nc in« i hod« 

(4) !(■ 1 !:■! t n.n   . ,„1 | u i{Ut   m, i h.ui.s 

(5) IK.'   (and  Mtuiio   i n c^i, ncy)   prob,    method! 

(<i)     1U-   probt    im thudB 

(7)     Aiilciina   impcdaiu'i    mclhmls, 

lb,    t ii^ld-sl i-cngt li-tl^ -vtj-Hiihi-dJötaiuf  nethod 

Biets of comparing measui. d  in Ld-strength data with (aropagation curvet 

ikiivcii   from  ■   i iKoruus  ma t liojiat ita 1   I ormu la I ion,   and   i6  usclul   lor  ob- 

laminn  an  fslimal.    ,.1   t h-    ef£ectlv«   COndUCtivlt)   oi   Du    ground   over 

areas with   linc-ar dimensions  oi  Mvera]   tens of klloaeter«.     Thii aetbod 

is most  usfiul   tor  ii-,i|iiii;, Lea  iv  the  lower pan  oj   tin   ill   band and '".low, 

and   for   regions   (ree   "I   \iri  .a'i(n  and  major  aurfaoe   pi rlurbaiions. 

Measurements  in  the MF band won   made  usinj;  this  technique   in  central, 

eastern,   and   northeastern  Thailanu   (STR  29). 

The wave-tilt   method consists  of  relating   the   tilt   of   th> 

resultant  electric-iield  vector at   the  air-grourd   inttrlaei    (produced by 

I   vertically  polari/ed   transmitting  antenna   located   or   the  grouno   somt 

distance  away)   to the  real   part   ol   i h.    n Jativ«.   dielectric  constant   ol 

the  ground  as  derived  Jrom a  rigorous mathematical  formulatJMI. . 

Capacitor  dielectric methods  require  Uünsler of   the rcil 

to  the   capacitor,   with  probable   change   in   r'npaction  of   the   sanpl. , loss 

of moisture,   nnd  MI s( ellnneous  bother.    This method  wns   rc.ieeied   m favor 

0^ ill ^itu   techr;  ques. 

U ction-coeffJcient   methods,   thoug,    promising  for de- 

termining etfeetive  ground  constants   (or  surface  impedance)   oi   irregulor 

terrain,   require   a  Kyslems  approach  that   becomes costly  when  properly 

inst rumt !ii< d  and  carried out.     These  methods were not   used  in  this 

program. 
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A npccli.l effort v/as made  to inveHtlga..e methods which 

could bo  employed   lor   it± Mltu moaHurenunts   in   lor-Hted   terrain   (STK 30). 

The  wave-lilt   nu ■ liod wu«   ruh  <  oul   because  <>J   acatter  from the   tree» 

(STRs   Hi,   25,      .,    K),   und  •! 1 ).     The   u.hiiiquc  of  curve   Pitttai   path-loss 

di'.a   to ma tluiiui liu I   nunlel   .a Uu la t Jons was  ruled  out   because  present 

models  for propaKutlon   in   lunstti   inraln  incorpurato  ground cunstants 

only  ua u   relatively  insignifleant   .! Indeed,   simple models  that 

n.^li-t   the  in. i   I lu   Kround entirely hav.)  been used successfully 

to  clesii IIH   wave  prupaKttion over  forested  terrain between antennas not 

too near  the ground-veKotation   InterUe. HF probe  techniques*3   (STRa 

30,   43)  appear   the most  practical  approach  to determining  the constants 

of  surface  ground iKMioath  living  trees,  and DC or audio frequency probe 

techniques  (STRs  10,   30) appear  the most practical  for d^terminl'ig   to 

what  depths  the  surface  values can be extrapolated.     Antenna   impedance 

methods  require   further mathematical  development,   but  show promise for 

providing  useful  supplementary   information on ground conductivity  (see 

SIR 30). 

c.       Keaultd 

The results of conductivity moasurcmcnls made using  the 

f iold-strongth-docro .sc-with-.listancc method  in central,   eastern,   and 

northeastern Thailand on 820 .Mz and  1455 kHz   (STR 29) are  summarized 

in  the map of  Figure  111-15.     The areas over which  these  values probably 

apply—as  indicated by  the  solid boundary  lines—were  de'ennined  from 

Sujscquently,   it  was  learned  tlml   propagation was supported  primarily 
by a   lateral  wave  when   the  separation  between   t lie   transmitting  and  re- 
ceiving  sites   is greater  than  a   few  ten", ns  of  one   kilometer.6     The   in- 
terprc tation of  data  from |  stam'-.V. wave-tilt   measuring  setup  (such as 
that   described  in STR 29)  obtained  |5j a  lateral-wave  field  in a  forest 
would  requiie  more  Htudy. 
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FIGURE 111-15    MAP OF MF GROUND CONDUCTIVITY IN CENTRAL   EASTERN 
AND  NORTHEASTERN THAILAND  (UNITS IN mmho/m) 
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japs of soll type, geology, and topography. Tht- range of values shown 

includes the variation with season (dry season and rainy season), with 

the higher conductivities generally occurring during the rainy season. 

Measurements of c'  were mode at approximately 42 sites 

in eastern and northeastern Thailand using the wave-tilt method at 

27 MHz (STR 29).  These measurements were made during the dry season, 

but there were <)• casional showers during the period of measurement. 

When these occurred it was necessary to wait until the sun ace soil had 

dried before applying the wuvc-tilt method.  The observed values ranged 

from 4 t(. 48 with the lower values in the plateau areas and the higher 

values in the river valleys. 

Open-wire transmission-line probes (RF probes) were used 

at six sites in Thailand to measure •' and c„ (STR 43).  Measurements 

were taken beneath living vegetation at all sites except the open paddy 

field at Bangkok.  At Laem Chabanp;, on the Gulf of Thailand, data were 

obtained on the open sandy beach and beneath coastal brush growing nearby 

At the Chumphon site, on the Malay Peninsula (near the Isthmus of Kra), 

data Acre obtained at two si*ea 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 II. 

Data also were obtained on ground constants beneath the vegetation at 

the Pak Chong and Satun sites used by Jansky and Bailey to make path loss 

measurements and beneath the vegetation at Ban Mun Chit where SRI made 

teats on antenna-vegetation effects with t lu X. k-dop systems and iono- 

spheric sounder systoma.  These results are summarized in }igures »11-16 

and 111-17.  In general, conductivity was greater when moisture content 

was greater, and the trend of variation with Irequency revealed le^s in- 

crease with frequency for the higher moisture contents. PrrmittlviM 
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lower  when  moisturf  COntMl   *;>s   lower,   but   tlu-   trc-rul   VM   fOT   c^.g   to <**' 

isf   as   the  measurement   1 i-.<iuency  |lMr«MWdf   -utli   less  rtrlatiAfl «ith 

fraquency   for   the   LOWU1  moisture  contents. 

C.        Fu\l-Scale Antenna  Pattern Measurements   (STKs   10,   25,    i5,   .i9U,   451)) 

1. Objective 

The radiation patterns of full-scale fleld-expedlont H and 

VHF antennas were measured in several environments in order to gain a 

better understanding of the effects of tropical forests on antennas and 

propagation.  The data from these measurements we»-e „ Iso used to veiily 

the mathematical model described in Section I1I-A.  01 primary interest 

was the determination of the effect of trooical forests on HF sky-wave 

and HF and VHF air-to-ground propagati'i. 

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- 

tively little Information was available on the performance of these 

antennae when they were operated in less than ideal corditior.s—as is 

necessary in general practice (STR 17).  Of particular interest was the 

. ((ect of tropical forests and unbalanced feed lines on the radiation 

patterns and feed-point Impedance (see Section III-F) of these antennas. 

In order to measure the radiation patterns of full-scale 

antennas, the airborne Xcledop (an acronym denoting "Transmitting 

Elementary Dipcle with Optional Polarization") ayMem was developed by 

Stanfeid Research Institute and wa.« used on this contract to measure the 

radiation patterns of HF and VHF antennas. 
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0 radiation patterns were meu-,rod while the antennas were 

located in the following environments: 

(1) Over an open, fie  terrain near Ludi, 

California (STR j) 

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

California (STR 23) 

(3) In a dry evergreen forest near Dan 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 45ü). 

Sketches of the HF antennas measured at the three sites— 

Lodi, Almanor, and Ban Mun Chit--are presentea in Figure 111-18, and 

a summary of the HF antenna radiation pattern data available is given 

in Table III-l.  Detailed descriptions of the measurement sites and 

•easurement antennas can be found in the Special Technical Report« 

describing the individual measurements (STRs 10, 25, a^d 35).  Only 

selected examples of these data will .e presented in «U section. 

VHF measurements were performed at two sites, as follows: 

(1) Preliminary measurements were conducted in a 

eucalyptus grove near Newark, California 

(STR 19). 

(2) More comprehmsive measureraer is were con- 

ducted in ■ dry evergreen forest near 

Ban Mun Chit, Thailand (STR 39D). 

A summary of the VHF radiation pattern data available from the 

two »easurement sites is presented in Table III-2. 
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o 
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1 

u. 

)     (MHz) 

I                 Data  AvalUbl« * 
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(STR   10J 
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(STR   25 

Ban Hun 
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Table   IIl-l   (tumludtd) 
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The instrumenUUon and data proco»sing of the antenna meaaure- 

munts are only briefly doscribod In thi« and the (ollowing sections.  A 

more detulU-d description can bo found tie the reports describing the 

nuusuremencs (STO,, 10, 19, 25, 35, 391), and 45Ü), and in the open 

literature.1* 

The Xelcdop Uansmitter is the primary component of the antenna 

pattern-measurement system.  Two of these transmitters were constructed— 

one for HF (2 to 30 MHz) and the other for VHF (50 to 100 MHzK  Either 

of these multiple-fiequoncy transmitters i. towed behind an aircraft on 

approximately 300 ft of dielectric rone. All of the electronics and 

batteries for th»» transmitters are contained in a central sphere. Arms 

extending from the sphere are fed as a  balanced dlpole antenna, whose 

total length is always less than one-half wavelength for the frequencies 

used.  Thus, the directivity pattern of the Xe?edop is approximately that 

of a Hertzian dlpole for all measurement frequencies.  The Xcledops can 

be towed to transmit either horizontally (E^) or vertically (E —when 

corrected for the transmitting dlpole pattern) polarized waves.  The 

electrical symmetry of i.he Xeledops is such that the radiated polariza- 

tion dep-.-nds only upon its physical orientation, and its radiated power 

remains conttunt for either polarization. 

The sicnals transmitted by the Xticdop are received 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 produce an azlm.thal 

tqual-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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stallstlcally In order to provide a more under&tandable and useful pre- 

sent.ition of the data, 

4.   Rcaulta of MtasurumfntM ut 111 

The pattern-measurement technique does not readily provide 

absolute gains since the radiated power from the Xeljdop was not de- 

termiiu'il.  (The transmitters in the Xelodop were either replaced or 

retuned between measurement sites.) Consequently, the relative gains 

of these antennas cannot be compared among sites by using only tho data 

available from the pattern measurements.  Therefore, the primary dis- 

cussion in this section will pertain to the effects of the forests on 

the directivity patterns of these antennae.  A more complete discussion 

of the absolute gains of these antennas will be presented in Section 

III-E and in STR 45D. 

Examples of thi' azimuthal equal-area projections used in 

STRs 10, 25, 35, and 45D t^ present the pattern-measurement data are 

presented in Figures 111-19 through 111-21.  These are patterns of th. 

8-MHz, 23-ft-high unbalanced dipole antenna when it was measured in 

the conifer forest at Almanor, California.  Figure 111-19 shows the 

E  (horizontal polarization) response of the antenna and Figure 111-20 

nhows lh.' E  (vertical polarization) response of the antenna.  The 
9 

treasured maximum responses of this antenna to the two polarizations were 

within 0.5 dB of each  other (E /EÄ = 0.5 dB)—remember that the maximum 

E response is at 90° and 2'.'00 from the axis of the dipole and the maxi- 

mum L. response occurs on the axis of the dipole.  The E  and E  daU< 

|2      ?     e 
werr combined using Poynting'u theorem (P = |E |  + JEfll ), and combined 

with measurement data obtained from flying an orthogonal grid pattern 

above the auvenna to provide the power pattern or optimum-reception 
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FIGURE 111-19    MfcASURED RADIATION PATTERN OF THE 8 MHz, 23-FOOT HIGH 
UNBALANCED DIPOLE AT ALMANOR—E. AT 8 MHz 
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F.CURE 111-20    MEASURED RADIATION PATTERN OF THE 8 MHz. 23-FOOT HIGH 
UNBALANCED DIPOLE AT ALMANOR —E0 AT 8 MHz 
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FIGURE 111-21     MEASURED RADIATION PATTERN OF THE 8 MHz   23-FOOT HIGH 
UNBALANCED DIPOLE AT ALMANOR—POWER AT 8 MHz 
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response  pattern of  the ai.tenna  as &hown  in Figure  111-21.       Figure 

111-21  shows  that  the  power pattern of  this dipole  is almost  omni- 

directional at  high elevation angles.     Figuro   111-22  is  an elevation 

plane  pattern of  thi3 antenna  that  was derived  from  the contour plots 

of  the measured data.     Th<-  absolute gain was estimated using  the model 

of Section  II1-A,   and  the  accuracy of  these Rains  arc estimated  to be 

±3 dB.     This  figure shows an Increase  in gain  for E    but not  for E    at 
9 Q 

low elevation angles when the antenna was placed In the forest at Ban 

Mun Chit~as predicted by the mothematical model (see Figure III-29>. 

The monopole antennas were basically 15-MHz quarter-wavelength 

vertical elements over 50-ft-diamctcr wire-mesh ground screens.  When 

the antennas wore measured on 6 MHz at Ban Mun Ch.t, matching networks 

were Installed to improve the antenna efficiency, but this should have 

no effect on tne rel itive directivity patterns of the antennas. A 

contour plot comparing the directivity of the E response of the monopole 
6 

at the three sites is shown in Figure 111-23.  The elevation angle of the 

maximum response of this ante.ina increased when the antenna was located 

in the forest at Almanor, but it remained relatively omnidirectional 

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 performance of the 

antennas at the three sites, as shown in Figure 111-24.  The absolute 

gains in this figure arc estimated to be accurate to 3 dB for an elec- 

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

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

antennas and the interprrtalion of the data for applications at vhe 
receiving end of the communication link is presented in STR 25. 
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LOOl 
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300° 

210* 

0 TO -3«»e 

240° 

ALMANOR 
(US PINE FOREST) 240° 

>.    BAN MUN CHIT 
(THAILAND FOREST) 

FIGURE  111-23    COMPARISON OF  MEASURED  RADIATION PATTERNS OF THE 
MONOPOLE  ANTENNAS AT LODI, ALMANOR. AND BAN MUN CHIT- 

E0  AT 6 MHz 
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FIGURE  111-24    ESTIMATED ABSOLUTE  GAIN VERSUS ELEVATION ANGLE  FOR THE 
MONOPOLE  ANTENNAS AT LODI, ALMANOR. AND BAN ML'N CHIT—- 
E0 AT 6 MHz 
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the auxlniua response   incrcasrd and  the gain of  the antenna decreased 

when   the  antenna  was  measured at   the   lurested  sites. 

At  tt KHz,  perturbations were observed  In the pattern of 

monopole  when   It was measured at Almanor,   whereas  It renained rela- 

tively oenldinc-t lonal  at   Lodl  and Ban Mun Chit.     The  perturbations   In 

the  pattern of  the antenna at Almanor occurred  through  15 MHz,   but   :> t 

remained  omnidirectional   through   15 MHz  when   it  was measured  at   Lodl. 

No aeasuremeata were performed at   15 MHz at  Ban Hun Chit.     The pattern 

breakup at Almanor at 8 UHz,   but  not  at  Ban Mun Chit,   can possibly be 

explained by  the  fact   that the  tree  trunks were about  half as  far apart 

at  Ban Mun Chit.     Although  there  are  no data  available  above  8 MHz  at 

Ban Mun Chit   (   xn pt   VHK data—see Section   I1I-D-5—that  exhibit   fairl, 

extreme 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 criterion  is dependent  primarily 

upon  tree  spacing. 

Two configurations cf  the   invertcd-L antenna were measured: 

a 2:1  inverted L and a  5:1   inverted  L.     The E    patterns of these  artennas r 

resemble those of a dipole antenna, whereas the E. patterns deviate from 

those of a dipole in fhat they have a stronger response in the direction 

of the vertical element of the antenna. The power pattern of the S-MH.-. 

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

The  power pattern  for  the  6-MHz 30°  slant-wire an'enna rarasurcd 

at Ban Mun Chit   (Figure   111-26)  shows  that   the  radiation of   .his antenna 

primarily  consists  of   the t    component—mostly   in  the  direction  of   the 

counterpoise and away  from  t ;ie direction of the s^ping wire.     It   often 

is erroneously assumed by  field operators  that  the directivity of   this 

antenna   is   in  the  direction of  the  slanting clement.     The  directlvltf 
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FIGURE  111-25    MEASURED  RADIATION PATTERN OF  THE  G MHz 5 1   INVERTED  L 
ANTENNA AT BAN MUN CHIT—POWER  AT 6 MHr 
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FIGURE  111-26    MEASURED RADIAHON PATTERN OF  THE MHz TC* SLANT WIRE 
ANTENNA AT BAN MUN CHIT—POWER AT 6 MHz 
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of the  slnnt-wlre antenuD  should be considered when  the antenna  is  in- 

stalled  in a communication  link. 

5.       Meaauri^mcnt  Result» at  VHF 

VHF .iitonna  pattern mnasurements eura  conducted at  two sites— 

in a eucalyptus grove near Newark,   Culifornla   (STR If»)  anrl  in a Thailanr. 

tropical  forest at Ban Mun Chit   (STR 39Ü).     The measurements  in Newark 

wore only preliminary measurements conducted prtmaitly  to evaluate  the 

VHF field  instrumentation and  to gain a better undeiätanding 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 arc 

presented  in Figures  111-27 and  111-28.    These data show  the  primary- 

polarization  response of  the  50- and  100-MHz horizontal and vertical 

dipolcs  for one of  the elevation angles  that was moauwed.     Because of 

the  significant variation  in signal streng.h  that  «M observed for a 

small  angular change  in jrirauth  (particularly for  low-elevation-angle 

measurements with vertically polarized antennas)  it was decided to 

»..•ocess  the data  statistlchily  in order to pro<   de a more meaningful 

and useful  prcst.Ualion of  the dstn. 

Statistical  processing was performed only on  tkt  data  fron the 

vertical antennas,  since  theeo were omnidirectional  in  t.w absence of a 

scattering Medium and exhibitnl   the greatest  perturbation   in  the  presence 

of  the  trr>es.     A parameter   thnt  provides an   indication of  how  the  signal 

would change  for air-to-ground conmunications while an aircraft   is  flying 

peat  the antenna  is  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   lOO-MHr, virti.al dlpolrs were greater 

than 5 dB/degrco  In the ares between 330' and 60° at, MLlh  (area of 



FIGURE m-27    MEASURED AMPLITUDE VERSUS AZIMUTH ANGLE OF 60-MH/ 
VHF ANTENNAS IN A EUCALYPTUS GROVE—8° ELEVATION 
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FIGURE 111-28    MEASURED AMPLITUDE VERSUS AZIMUTH ANGLE OF  100-MH/ 
"HF ANTENNAS IN A EUCALYPTUS GROVE—8° ELEVATION 
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greatest  tree population),   but   lea»  than 2 percent of  the perturbations 

were greater than S dB/degree for the sector between 150° and 240° 

azlauth (area of   leaat  tree population). 

The cata fro« the M-asureaenta conducted at Ban Mun Chit were 

Pi-ocessed  to provide estlaatora within  lO'-aulnuth sectors of the  fol- 

lowing paraaeters:     (1) aedlan «ignal   strength,   (2)  sUndsrd deviatiw 

of saaples below  the aedlan  (nulls),   (3)  standard deviation of aamples 

above   the aedlan  (peaks),   (4) aean signal  strength,   (5) standard devia- 

tion of aaapleit below the auan  (nulls),   (6) standard devlitlon of saaples 

above  the aeai.  (peaks),   (7) standard duvlatlon about   the aean,  ami  (8) 

the difference between the median and the aean.    The estlaatora of  the 

aedlan signal strength for the  10° azlauth acctors were contoured to 

provide equal-«rea azlauth projection of  the aeasurcd data as «ras done 

with HF data,  and the standard deviation data were  tabulated  In  incrc- 

aents of 10° of azlauth by 5° cf elevation.    An exaaple of a aeasured 

pattern  (along with calculated data)  is presented  in Figures  111-32 

and  111-33,  and aore will be presented  In STT   39D. 

The difference between  the aedlan and aean signal  strengths 

for each antenna was coapared and  It was  fcund that  this difference 

exceeded 2 d3  for  less thsn S percent of  the  lO-degrce azimuth sample 

populations  for any one antenna  pattern.    Thus,  one can assuac  that 

the aean and aedlan signal  strengths are approxiaately equal  but aust 

reaeaber that  the saaples are not Gaussian—as  is shown by   the unt-qu^llty 

of  the estlaated atandard devl. tions of  the pesks and nulls. 

6.       Suaaary 

The radiation pattern« of selected HF field-expedient  (.ntennas 

were acaaured using  the Xeledop technique when the antenna wer< erected 
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over an open, flat field near Lodi, California, in a pine foreat near 

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

iSe measured HF dipole directivity patterns show that generally 

the E^ (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 ilevation angle? 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 (especially for very low antenna 

heights and for measurement frcouencies below resonance), the E response 

of the antenna is the stronger component.  The E component typically ex- 

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

The measured patterns of the mon>Vv,ie antennas indicate that 

the location of the raaximUi.. response of these antennas tended to occur 

at higher elevation angles when the antenras wer.? situated i:. the forests. 

The EQ 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 commnly assume d—the direction of maximum gain 

is in the direction of the counterpoise, which acts as an active part of 

the antenna.  The E response of this antenna typically exceeded the 

E^ response by about 8 dB. 

The relative gains for all of the measured HF antennas were 

tabulate 1. When the antennas were located in the forest, the horizontal 

dipole» placed X/8 or more above ground exhibited the greatest relative 

gain.  The dipolea typically were followed by the 2:1 inverted L, 5:1 
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inverted L, 30° ylant wire, monopolos, and loops In that order.  This 

is essentltlly the same result that was obtained with the ionospheric 

sounder when used to measure the relative gains a  the zenith (see 

Section 1II-E).  The relative gain data obtained for measurement fre- 

quencies a few MHz off the design frequency indic+e the rather extreme 

penalty to be paid for not employing an antenna of the proper design. 

The measurements cf VHF antenna patterns indicated tha* the 

forest at Ban Mun Chit was apparently more Isotropie than the forest 

considered at Newark, California.  Although there were pattern pertur- 

bations and fairly rapid fading was observed in the data from Ban Mun 

Chit, these ladings (presumably caused by the predoninantly vertical 

tree trunks) were not as extensive as those observee1 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 arc 

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 HP antennas) than when located in the clearing.  The pattcins 

of the vertical-sleeve dlpoles and the vertical dipole antennas, which 

should have a fairly omnidirectional pattern in azimuth, became quit. 

perturbed when located In the forest. 
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^  Comparlaon of Meaaured Antenna Radiation Pattern« in Forcsta 
with Model Pi cd it: t ion« (STRa 16, 390, 45D) " 

!•   Objective 

In order to better understand the effect« of foreat on antenna 

patterns and  to e-aluate  the mathematical  models,   pattern data calculated 

by the model  described In Section  III-A were complied to the meaaured 

radiation pattern data described in Section  1I1-C. 

2.       Backgrcund 

The raihematical model of an elementar- dipole antenna altuated 

in a forest  h«,.  tww.n described  in S-ction  III-A.     In  this section, 

me.sured ano comp ,ted  radiation pattern data arc compare«:.     Previous work 

that  is  relaltd to this section  is as  follows: 

(»)     Development of  the mathematical model  of a  dipol. 

in a  forest and preliminary comparison of  the 

calculated patterns with measured HF data  from 

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

(2) Measurement of radiation patterns of  full-scale 

HF antennas over open,   level  Train  (STR  10). 

(3) Measurement of  radiation patterns of  full-scale 

HF antennas  located  In a U.S.  conifer forest 

(STR 25). 

(4) Measurement of thr radiation patterns of  full-scale 

HK antennas  located  in a Thailand tropical   forest 

(STR 35). 
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(5) Comparison of HF pattern aeasurenc-nti   from open, 

flat  terrain,   U.S.  conifer forest,  and a Thailand 

tropical   forest with calculated patterns  (Sill 45D). 

(6) Measured and calculated patterns of  full-scale VHF 

antennas  located  in a Thailand  tropical  forest 

(STR 39D). 

3.       HF Antennas 

The mathematical model  described  in Section   III-A was used 

to calculate  the expected radiation pattern« of selected HF dipclc 

antennas measured at  Lodi,  Almanor,  and Ban Mun Chit.     The ground and 

foliage electrical  constants were estiaatcd for the computation«, of  the 

lx>di  and Almanor patterns,   and  the measured data  from the open-wire 

transmission-line  prob     -sed at Ban Mun Chit   (Section  Ill-B) were used 

for the calculations 01   the  patterns  for tha»   sit. 

Figure  111-29 shows a cemparison ol  the measured and computed 

effective  lengths  for the 23-ft-high,  8-MHz horisontal dipole.     The 

measured values were taten froo 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 

from the cos»» with no forest   (solid curve)  to the caee with the  forest 

(dashed curve),  and  the similar behavior  for  the measured values.     Hot. 

also that the measured directivity pattern was enhanced at  the  lover 

cl.vatlun 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 
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Via   raock'l  was  used  to predict   the expected  radiation patterns 

ui   the dipolu  antennas measured at  Ban Mun Chit,   Thailand.     The  ground 

and  foliage electrical  constants  used  in  the model were  based on  tin 

measured data   preüented   in Figures   Hl-8  and  111-15.     These  constants 

were C     =   1.2,   6   ■ O.Oy  for  the  forest.     These parameters are  defined 
r 

in Section   1I1-A.     For iaodeling  purposes,   the   forest  height   (L   )   ai 

Ban Mun  Chil   was   assumed   1o  be   65  ft;   only  2  percent   of   the   trees  at 

'.his site  exceeded 65  ft. 

Sufficient  data  po'nts were  calculated  so  that   the  compuud 

patterns could be  plotted on t..e measured radiation contour plots.     In 

order to  facilitate comparison of  the  calculated patterns with  the 

measured  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   contoui   plot  of   xhc 

measured data  in each case).     Physically,   this  procedure  is similar  to 

adding a  constant  gain  to  the  antenna  through   t ae  use  of an  amplilur,   or 

a   loss of gain because  of a matching circuit   or an   impciancc  mismatch. 

Figures   111-30 and  111-31  are examples  of   the   calculated aj.ii measured 

data.     The  solli    cjivcs arc   the  contours  of   the  measured  data  and   the 

dashed curve.-i avc   the  contours of   the  computed data.     Other examples 

will  be  presented  .n STR 45D.     The  data   to be   jrcsented   in STR  45D 

showed  that   the model would not  predict   the  pattern distortion  that 

occurred below resonance.     This distortion   is  presumably c»uscri by 

currents  in   the  antenna  feedlino ai.i   ;he model  does  noi   account   for 

antenna  feed  lines.    Also,   the  patterns of baltnced dipolcs were  pre- 

dicted more accvratclv  than  those of unbalanced dipolcs—part if-tilarly 

for frequencies other  than  the  resonant   frequencies of  the antennas— 

because  of  the   feed  linss not  being accounted  for  in the model. 
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FIGURE  111-30      COMHARISON OF MEASURED ANO CALCUtATEO M£D»AN RADIATJON 
PATTERKfS FOR  THE   16-h HIGH 6 MH? UNBALANCED DIROLE   M 
THE  FOLIAGE  AT BAN MUN CHIT—E^  AT 6 »Hi 
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FIGURE  111-31     COMPARISON OF  MEASURED AND CALCULATED MEDIAN  RADIATION 
PATTERN fOR THf;   16-rOOT HIGH 6 MH? UNBALANCED DIPOLE  IN 
THE  FOLIAGE  AT «AN WIUN CHIT —E^ AT 6 MH7 

M'l 



^ 1 

<•       '/HF Anton^tt» 

Th« com[Utu.   notl«-!   .liBcrilxd   tu s. , t nm   111-A was URi>d  to 

calculate   Mt rxpocUul radlatlun patu-rn« „i   th,   VHK horizontal  dlpole 

anteniwa »oa.urcd at  Bun Mun Chit.     Th.   ^.und and foliage electrical 

conatant« uaed in tte »adel wtr..  derived  from  the open-wire   line,  and 

the calculated palterr« were normalized in  rhe mm manner  in whin,  th. 

HF paltema were normalized. 

Examploa ol  the calculated and meaaurod pjtterna are ^hown  in 

Flgurea   111-32 and  111-33      Although  the calculated pattern« did not 

duplicate   the median measured VHF patterns aa well aa  they did  t !u   MK 

patterna,   the calculated and   tcdlan me«s..red data were generally within 

3  to 6 dB of each rthor.     From  the exar^l  , of calculated and measured 

pattern« available,   it appears  that  the slab model  can predict  the 

average  patterns of  simple VHF dipoles   to ±3 dB  in  some cases.     Bui «or* 

example cases should bo  studied before any dnflnlte conclusions can be 

made.     Obviously,   the model  cannot   predict  the  "fine  structure" of   .he 

p-ttcrn,   but  if m.re data w-re available,   it appears  that  one could place 

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

scopic   (average) effect, of  the  forest.     m  the absence  of  a  more  refined 

model based on empirical  data,   a  s'andar:! deviation on  the  scattering 

caused by  the macros-opic   features of   th.    (ore-t   could  be employed  to 

complete   the model,   so  that   th.    probability of  the  signal  strength ex- 

ceeding a certain  level  at  a given  rangt   in a  solid angl,    from a  t .ans- 

mlttlrg nntrnna,   could be  predicted. 

5.      .Summary 

The  radiation  patterns calcttlnted with  the multilayer slab 

model were compared to  the measured  radiation pattern data.     This com- 

parison shows  that  the measured and modeled data  compare quite  favorably 
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for  the  reaon.nt   trmqwiticim» -»f  the Hf untennes.    However,   the coapan- 

■on deterloratee  for frequencia» below resonance,  although thu Measured 

and calculatPd reeulte should be quite  similar for frequencies below 

»•esonsnee,   since the aodel ••SUMS SO electrically short dloole.     Part 

of  the dtsslallarlty between the K/asurcd and cnlcuUlcd patterns can 

poaalbly be explained by  the preaenee of the antenna  feed  ?lne,  wh. 

bacanes an active part of the antenna when the sntenna  is used at  m - 

quencies other than resonance;   the casputor aodel does not  take this 

into consideration.    Tw patterns of  the balanced dlpola w^re predicted 

■ore accurately  than    hoae of  the unbalanced dlpolea".»v-ln a possible 

indication of the feed line distorting  the Measured pattern. 

Although the Model waa developed for predicting the radiation 

pattenta of Ut ai.tennas in a hoMogeneoua,   laotropic forcat,   it mta used 

•ith the paraMeters to define  the  forest  and horisontal dipolc antennas 

Meaaured at VHF in the Thailand tropical  foreat at Ban Hun Chit,    ▼a« 

resulting calculated patterns coMpare  favorably with  the Measured Median 

patterns for the unbalanced dipolc antennas.    The greatest  discrepancies 

betWMan Measured and Modeled patterns  resulted froM the TS-MHz antennas. 

Although the aodel will calculata  the average pattern,   furtha-  develop- 

Ment  la ivquired before It will predict  the rapid varlationa m tl» 

patterna or a aUtlstlcal ostiMstor (or distributior  function)  for the 

varlationa eaua«d by scattering at Vm . 

K'       ^tp»"« Weist Ive-Cain »easurcacntj with Vertical-Incidence boun.i. 
(STRs   18,   380) " — 

rs 

1.      Objectives 

Tba objectives of  tho souadrr tests on field-expedient antennas 

irw: 



(1) Measure their relative reaponae toward the cenlth 

(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 

It has been known since the early part of World War II, 

through the research of Herbstreit and CrichW 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 foi use *ith 

pack sets on short paths.  Under this contract, SRI has developed a 

technique for measuring this relative gain toward the zenith by uaing 

ionospheric • jundors (STRs 18, 38D). 

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

Ban llun 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. 

The actual antenna structures tested at Ban Mun Chit (SAR 6) were similar 

to thoae tested with the sounders in open terrain in the UnMed States, 

whereas, the antennas measured with the sounders at Chumphon included 

also the HF antenna structures whose directivity patterns had been 

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



Details of the antenna structures are provided in the above referenced 

SAR and STKs.  Thu typos of antennas vvre: 

(1) Horizontal dlpoles 

(a) half-wave resonant 

(b) Folded 

(c) Short   loaded 

(d) Short 

(e) Sleeve 

UJ Fan15 

(g)     Shirley-foldcdlC 

(2) Invertcd-L 

(3) Slant wire 

(4) 16.5-ft   untunt-d  vertical  nionopole 

(5) Vertical  plane   loop. 

Most  of  those antennas arc  sketched  in Figure   111-18,   but sorac of  tin 

dipolc antennas are  described  in Figure  111-34. 

3.       Measurement  Technique 

The  technique   involves  the use of  three antennas—a  trans- 

mitting antenna,   a  reference antenna,   an^l a   test   antenna.     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 
netic meridian  than orthogonal   to  tt   because  of   field-aligned  lono- 
sphon.    Irregularities. 
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practtftfl  but  not  MO CIOM •■  tu cruse ■igniftrant  «utuai    »uplluc    A 

••riv of pjls«s wer»  traimwi 11. i up iononphere »nd received  firtt 

OB  the reference antenn»  and  then on  the  teat   antenna,   »here  Un  «»nmin» 

between reference and  test  antennaa  eaa  accuapliahed rapidly enough  to 

resolve the lonoapher>c fading.    The difference In received aapUtudM 

in dB rorrtaponda  to  the relative gain of   thr   teat   antenna.    Even  though 

fading «as present,  usable records »ere obtained »hen  the difference 

betseen  the echo jupUiudea  received on  the  i»u antennaa reaalned con- 

atant.     It  »aa not  practical   to uae thla technique «hen sporadic E or 

spread F sere present   becauae of  the resultsni   prtor correlation of   the 

slgnala received on  the test  and reference antrnnjs. 

4.       Results 

s.      C0WU8 

The results of the (XWUS tests  indtcsted that relstl^e 

to a hslf-vave horlsontal dJpole at x/i above  ground,   the roaponac   toward 

tht   zenith of s 3s1  lavcrtrd-L »as down about 9 dB,  s 36* slsnt »lie «as 

down sbout  14 dB,  and s   16-rt  whip was down »ore  than 30 dB.    A ■essure- 

•ent  of  ttw  holght-galn   ftMOtll  .-♦   i h<      ip^.le   i..dlt«ied that  -t  |   10 

above ground,   the  response  toward the tenlth ma does only about 3 dS 

tram the uxlauai observed reaponse  (»hlch occurred between \/» and 

above ground}.    The rsle of decrease of gala with height taecaae auch 

greater  for heights  tower  than t   10.    A  low-loss balun  transfonaer was 

obaarvsd to have relatively little effect upon the perforaance of half- 

wave dlpoles,  and a ground scraan aade Uttl« dlffarence la the reUtiva 

gain toward the «enlth.    The affects of a sloppy setup of the dlpole wars 

investigated.     It was determined that  the radiating rlewnts of a noaii- 

nally horltonUl  X/ä dlpole  can sag •■ auch as 43' before the gain de- 

cressea aore  than  1  dB (provided  the  feed  la elevated to \/l0 or graatrr). 



and for grMtcr s«f mngl; th» gain dvcrea*«. «pidly.    Decraailnc tit* 

•n«U bctMNin  Mt dlpol» rtdl.tlng elcwnt. «»d th» v.rtl«!  Mctloa of 

tr.nMis.ion Uno by dUpUctng  the focü HM  In the pUne of  th« dipol/ 

h«d UttU ©ffoct upon the tmttm rospoDM unti: th« angi« onci^Jod 

•bout  45 dogroe«.    The«  test, of elewnt  sag .nd of  feed-Une din^Uor- 

■ent »ere repeated in the fortat at Chu»phoo, Thailand,  and the »Xri»ve 

eoacluaiooa t+sun valid eben  the dlpole  la located  la  the foreat. 

b.       Ban Mun Chit 

The  relative gain» of  M i  firId-expedient   aateaaas 

•ore aeaaured  In the clearing and  in the  fow-.t  at  Ban Mun Chit,   ThalUad, 

the ait« of the airborne pattern «easureaenu, and the aaae antenna type. 

aa used for th« 00MB •ea.uroaeata ««r« teated at 6.05 MU.    The ref.reace 

antenna «a a dlpole at  20 ft above ground-about %/B      Two foreat  »itc« 

••r« used  for theae teata:     the north alte »ith a denae canopy and  in 

undrrgroeth,  and the »outh .itt  w»th  1... cmop    and «ore deaae urder- 

groeth.    The  reaulta of   theae  teata an   «ujwari/. .i  in Table  111-3. 

Table   111-3 

REUTIVE GAIN AKD JVmtM  LOSS 
»ty« 6.05-1«^ AjrreiosAS AT BAH BLTJ CHIT 

Antenna 
Type 

Oaln Re la 
■    H   alM.v. 

tlvs  to %/ 

Ground in 
CdB) 

2 Dipole 
Clearing Effective Jungle  Loa. 

CdM 
Clearing 

Area 
Sorth 

Jungle 
South 
Jungle 

North 
Juns1a 

South 
Jungle 

•/2 Dipole 0.0 -1.7 • » ^2 •1.7 +1.2 

ill   Invrrtcd-I, -10.2 -12.5 -10.7 +2.3 +0,5 

30* Slant  Wire -11.• -14.2 -13.5 *2.4                +1.7 

ie,3-fi whip -31.7 -25.2 -25.0 -6.5                -G.7 



Th« Kiln uf tht- 16.5-ft »hip »•• dotm about 33 A relativ« 

to th« dlpole in the clearing jnd only about 25 dB relative to the dtpole 

tn the forest. Preauaably tho null at the centth »a» filled in »oae«hat 

by acattertn« frua the trees, or poaaibly the «hip »aa not truly vertical 

»hen tnatalled tn the forest, but this effect «a* Ml observed st Chuaphon, 

The effective       loaa—the difference in relative gain toasrd HM 

zenith betae«-     iinr and forcat «aa abuut 1 tu 2 dB for the antrnnaa 

other thsn thr »hip. Since the dlpole exhlhitfd the greatrat reaposs* 

toward the tenith, additional tests «ere atsde «.uh thia antenna at « HKz. 

including a height gain teat. The results of thia tert iMicate that 

the dlpole could be lowered to only a foot or t«o above the reisti- 

dry ground ('„ * 4 adto n) before Its gain becomes TouparabU «ith th' 

next beat antenna atructurv lested--ihe inverted L. 

c.  dawpito« 

Reistive-gain tests '«re also Hade r.th the sounder «t 

a field site near Onaaphon, Thailand m  the Snlay ^elnsula about  3O0 

■lies south of Bangkok,    The Cttapboti  forest  Mm» claaalf led as a  fwsh 

water uvmap  forest  tad ib-.^ a« often ester stendlng on the  gro»»d. 

The forest «as about  IS feet   tall snd had a «ell-lormit cahftpy. 

I-*» «ain  teat   fit^u ncy used st  whunphon «as 6.OS UH/ 

aid momi  of  the antimnss  «t»t<d «are deslgtv.«: to operate on  thi»  fre- 

quency.    A  fe« antennas ««re designed to oorrate on 4.OS HU  /30*  slant 

«ire) and S.10 WU (3:1 Inverted L).  to be co^atlbU «ith the airborne 

Xsledop direct.vity-psttem «escureiaer.t  progran 'JTRa  10,   25,   35,   4H>). 

The discussion  in this s?cUon pertains to the  result a of  testa Bade 

on the design fiequenciva cf  the antennas te»ted for relative gain at 

the sanlth. 
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The nrenilta of thm •.OSHOU rrUtlve-gain  tests art* 

in Tabl«  111-4.    Tb» äm%* teve t^r i cot-rvctvd for cabl«  1« 

but not  for atMutch IOSMT« or balun iMertton IOVM«.    Rocall  tl^t   the 

rmtmromom Mtona« «M • telf-wv» rrsonant  horisoat«! dlpol* placed m% 

M ft abovr ground in  the c Ivnr^—thc height c «  feod-pomt   IM- 

pednnc« of 50 + ju otau.    Since the receiver in|HJt «•■ padded to 50 ohas 

Md a 90-oha coaxial cable aas uaed (RC-«),   e .«»re ware no ■iaaatch loaaea 

aaaociateH with the nferaaoe 

Testa a;  4.05 MAa «ere nade on an unbalanced dipole, 

the  fan dipole,  and a 30* slant  »ira.    The results o'   three lests t-e 

euaaariwd in Table  111-5.    The reference antenna «as a half-aave horl- 

rootal  dipole at  41   ft  abov* ground  lu  the iltaring—the height giving 

a   fced-potnt   tapedanoe of   SO  >- JO uhns. 

Testa wre aade at H.10 MHr on an unbalanotd dipole,   the 

fan dipole,  and a 2:1   inverted L.     The results of  these  testa are sua- 

■arised  in Table  in-€.     The r^fereace antenna «as a half-wave horleon- 

tal  dipole at 33 ft above gro-jad  in the clearing—the height giving a 

faadpoint   tapedance of 50 4 JO ot»s. 

The relative response  toward the renith obnerved for  the 

90* »lent  wire and whip  in  the clearing at Chuaphon were about   the sane 

as  in COms and at tan Mun Chit,   but  the  relative  response of the 5:1 

Inverted L «ss about  6 dB greater  than at   the other sites  (i.e.,   down 

only 4 dB relative to the dipole).    A 2:1   inverted L was Measured and 

it  ws only shout 2 dB »orste  than the dlpol»   wnen   ll   th«   clearing. 

Perhaps  the   improved perfonsauce of  the  in\. rt. ti  i, antmna«  at   this 

alte  is due to the  laproved effectiveness of  the ground rod because of 

the greater RF  conductivity of   the  surface  soil   (see  Figure   113-16). 

The effective jungle   loss  for all   these  artrnnss  man  about   2  to 5 dB 
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Table   111-4 

REUTr\fK  GAIN DATA  VOR  6-MHz ANTKVKAS AT CHUMPHON 

Antenna 

Hi lalive  Gain   (dB) j 
Clearing Jungle 

X/2  Unbalanced Single-Wiiv   Dipole + 1.0 -2.8 

2 Balanced Single-Wire Dipole +0,5 -3.7 

Folded DlpuD 1-0.2 -1.0 

Short   Loaded  Dip' -3.0 -5.2 

Sleeve Dipole -32.1 -2§.3 

hau  Dipole  at   15   M -0.4 -5.1 

Fan Dipole  at   12 -2.4 -5.6 

Far  Dipole  at 9   M -4.9 -8.1 

Shirley  Folded Dipole +3.0 -0.3 

2:1   Inverted  L -0.6 -2.8 

3:1   Inverted  L -0.8 -3.3 

4: 1   Inverted  1. -1.6 -b.8 

5:1   Inverted  L -2.6 -6.3 

30°  Slant  Wire -10.1 -14.8 

60°  Slant  Wire -11.8 -14,8 

•    4  Monopole  with Ground  Plane -1S.1 -34.0 

10-ft   Square  Loop -24.] -25.3 

Notes:     (1)    Relative-gain  values  corrected  for cable 
losses and mismatch  Toss ol   reference 
antenna   (0 dB since Z = 50 + .10),   but  not 
for mismatch  losses or balur  insertion 
losses of the  lest   antennas. 

(2)    All  dipoles  at   18  ft   above ground except 
sleeve dlpoif   (on ground)  and  fan dipolc. 



Tablu   III-5 

HEIATIVK  GAIN DATA   »m  l-MHz ANTKNNAS  AT CHUMPHÜN 

AiiU-nna 
1 K( lutivi-  Gain   (c)B)| 

CUürliiK tiungh 
Unbi UiuiMi  Dipol«  at  41   It O.U -l.'.i 

UnbuUiicmi  Dipole  «t  61   ft   (x/1) -0.5 - 

fan Dipol'   at   19   ft -l.J -3.7 

Fan Dipol..' ut   1 !   i t -2,2 -5.2 

Fan  Dipoli-  ot   9   f i -4.2 -6.7 

30° Slant  Wlro -17.0 -19.8 

Tablu   111-6 

RELATIVK  GAIN  DATA   Fült  8-MH/.  ANTENNAS  AT ^'UMPHON 

Antenna 

Helative  C -ain   (dU) 

Clearing Jungle 
UnbalaiH .cl Dipole  ut   23   It 0.0 -3.1 

Unbalanced Dipoie   ui   ;n,   n   {x/4) -0.3 -3.6 

Fan  I)ipolr at   15   t t -1.0 -7.0 

Fan  Dipole at    12   if -1.5 -9.0 

Fan   Dipol« at   P   t • -7.0 -11.5 

2i 1   lnvrrl( •d   1, -3. 1 -6,1 
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at 6 MHE. The enhanci'O g»ii\  ot thv whip in the forest was not observed 

at this site. 

Figure 111-35 shows tt« nlat.v  ga^n of a horizontal 

dlpolo a) 1H it above groui.d as n   lumtion of antenna Ungth,  The gain 

measurements wen mail« if klM tot^l olpuli length was decreased In 4 11 

Incremoiiti, und t IH> reaults incluie tin . ! fects of aismstch lota  and 

increase lr c«ble loss as VdWIt Increased (the measurement cable was 

several haadred feet of Rti-8).  Notice that the effective Jungle loss 

is slightly greater than that observed at Ban Mun 'Jhit, Table II1-3, 

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-ft whip on a Jeep relative to the response 

of a half-wave horizontal dipole at 15 ft above ground in the clearing. 

Supplcirentary data were obtained with the whip mounted on a Land Rover 

and on a wire cage constructed to simulate the jeep.  The results ol tin 

relative response tests are given in Ref. 17. 

The height gain of a 6-MHz dipole was measured at Chumphon 

in the dealing and forest.  Measuremcnis were also made of the ground 

constants and vegetation constants using open-wire transmission-line 

techniques (see Section III-D).  These values were used in a 3-layer 

slab model for a dipole in a forest (see Section 11I-A) to calculate 

the dipole heighl-goln function.  The vector effective length of a 

Hertzian dipole was computed and the rcsiilts were nfcsumed to apply to 

a half-wave dipole.  Figure 111-36 shows the -.-xcellent agreement ob- 

tained bctneen model predictions and measured values when the measured 

relative gain data are forced to agree with calculated absolute-gain 

values for the dipole at 18 ft above ground in the clearing where we 
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'•ave   the greatest  cont id. .K^   in   th.   nodel.     Measured  imptdand-  valu»-« 

were u«fd  to calculate   tlie gain ami  u. correct   tin   relatre gaxn  values 

for mismatch   loss. 

'>.       Summary 

In summary, it Mas possible to use ionospheric soundt-n to 

measure relative «ain at the /mith for UK tactical antennas in the fre- 

•luen.N raofi 1 to I Mil/.  The technique is useful over the ran«, oi    l.< - 

quencies for *hlch the ionospher. provides prf.pi^tioa suppo, , ;ii vertical 

incidence.  The horizontal dipole at a h.i^ht of   H  iwd the ^     ; t,;,,,1> 

and the height of this antenna could be- reduced significantly belore its 

performance became equal to the next best alternative, th, invertf ' L, 

The 2:1   invr'ed L had slightly more gain than the 5:1 inv.n.d L, which 

was superior to a 30° slant wire.  The vertical whip antenna was tlv 

worst antenna tested for gain at the zenith, having a gain 25 to 55 dB 

belo* the half-wave dipole it 15 i- above ground.  The results of the 

antenna directivity pattern measurements indicate that the .hpol, «nd 

inverted I, exhibit thvir  maximum Kam at the zenith, whereas t hi maximum 

gain of the slant wir, OOCUM at an angle slinhtly lower than the z-nith 

and whip has a null at the zenith.  The 6-MHz relative response results 

are summarized in Figure I1I-37.  The absolute gain of . 6-MHz h.lf-w.n.. 

horizontal dipole relative to an iaotroplc radiator was calculated for 

several other Mtes where height gain data verc obtained uslnp the iono- 

spheric sounder technique.  The results are summarized in T-'igure 111-38. 

The gain values obtained ^n the clearing at Chumphon and in the Bangkok 

rice paddy are very similar; this is renssuring since the ground con- 

di'ctlvity was very high at both sites t25 to 125 mmho/m).  Notice that 

the gain of the dipole toward the zenith reaches Isotropie level at 

about 6 ft ± 2 ft (X/25) above ground even for th. relatively poor ground 
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■ t  the Ban Mun Chit  mW.    Thin Ispiies that a 6-UH7  ha]«-wave dipole 

I» » ft' »a   tot   us« on short  HF akywsve paths   la 

cleared <>r forested terrain wm wht-n elevated 01 iy about  au high as a 

nan can reach.     This   Is contrary  in tiN  coasionlv  hi lit  vn»   thut   a  dipole 

■ust   1«    pi m-quiuur  MVelcngth  ■tWV«  ground   In 01 be an 

efficient  radiator  toward  tin   zenith.     Indeed,   our data   (STK   JKt  lu. 

n.'^wn   that   ttie  dipole   is more efte- «ivi    (by  about   1   '.o 2 dB)  us a 

radiator  toward  the  zenith when placed at \/6 above jjroui d  than wh. 

placftl a 1  x/4. 

The MMurad valttei <>i dipole in i^in-gam t»iui in ooafira 

1 tu    MM  «')   ihr  ;j-lav>r  slab model   presented   in  IvetiOB   111-H  \%\u u   tin 

input  data   to  Hie model arc  kttowa ilerivcd  from meusun im 1,1 s  ol 

ground and  HtfatAtiea constants usint; open-vur.    t ransmission-1111.    i.ih- 

niques.       Sinic   tin-  modp 1   was   lorroulattii   lo  prediel   nani  ol   the  dipoji 

relative    to an   Isotropie   radiator,   tin    model   equations  ian  l» to 

estimati-   UM   alisdutc  Rain  Ol   t h«   dtpoli  wh. 1 as  a  ni. ,n- 

nn.     Thi^  nodi I   for   lli>'   dipol«    provides   a   wav   to  COBIN <i    i he  measun .1 

relative gains  to absolute  gains,   ineludinfi  Mmv«rti^   the measured 

cUroctivity  plots  obtaimd  with   the   .. 1 rborne   Xeledop  .system   to absoluU- 

gain   plots. 

Recall   fr.      the  discussion of  Section   II1-A  that  arlcnna  height   was 

the  only really oignif.cant  variable  Rffectiag  dipolfl  gain  toward  tin 
zenith.     Both  the roodei  predictions and  the data  summarized  in  Figure 
IH-38   Indicate   that  refined estimates of  ground and  forest   parameters 
can  improve  such gain  calculations only by about   G dB  for antenna 
heights  greater  than X/ It . 
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F.       Anteraa   tBpedgnco Hvultg  (8TMU).   RUT,  STR.   10,   IB.   23.   26    35    36 
3W,.    II,   A5V,   46D) 

1.       Objn Uvt- 

The object iv. ..i tin« section is to present »one  exsnplss of 

■essured Ivpedsncos and soce conclusions »bout the sttmci» of  forests 

m  drlv'.ng-polnt tapedai 

2.  Background 

ih.    feod-pomt   impc-dance of fleld-exi u«s  is  . 

quired by enKineers designing equipaent« or calculsling antenna gain 

fur system calibrations   (or performance evaluations).     The   imp<dan.,   of 

antennas near ground  Is  vlitiuult   to compute,* and until   MOMU]   v.-ry 

few measure.« data were available on onVnnas   locatid   m   lortst».     Lniring 

curs.,   ol   this  pr..).,.   a  BnBl   (leal  of   impedan^  data   ^^  btm  tak( , 

on   uittnnas  both  in am! Mil   ol   forests as part of various measur.mcni 

programs: 

d) Early HK   impedance  measurements   (RM  7) 

(2) \ir airborne  -VcUdop raeasurempnts   (STRs 10,   25,   :i5,    ÜB) 

(:,J VHF airborne  Xelcdop measurements   (STR 39U) 

(4) VHF manoack  Xelcdop measuremtnts   (STRs 26,   46D) 

(5) HF sounder   measurcnents  of  gain   toward  the   senith 

(STRs   18,   38D) 

(6) Sounder  propagation  studies   (SIR  38D) 

0 

The recently developed technique of Andrcasen19 shjws some promlie 

for computation of thr impedance of arbitrary wire antennas. 
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(7)    Single  tree  «tudles  (SAH 6,   STR -11: 

MA Section   I1I-U  '.(   tin-   i. p.-it). 

.ik. tchrr of   the tinlcnn«  typos nn-asured «re  ihown  in  ilfON    111-18.     The 

detaltH of  tlfc»  anlrnnas ar< in  t h.   n uw nn d  rtpur'«.     The »eaiiurt- 

■cnt sites are described  in detail   in the referenced rrporta and  n   STR 

43.     A brief auamary ol   the   Thailand sites  la given  in Appendix A. 

3.       UK >U suits 

a.       Horizontal  Ülpolea 

t -:   t lu    st.uuiac.i   (•■!   .iisifnnas used dttrln^;   tin   air- 

born«-   Xi !• (Iiip   s-sts  was  »»   dJpoh-  iut   to   h.il;-wa\i    >■< M.n.iin <    If   M  MH/ 

and   locatiil  at   23   (t   abovi   ground.     'I hi    • < • tl-p<'int    napi iluiu «    ol   tlua 

antenna   la shown as  a   fumMon oi   frimniu\    m   Piglin    llI-;<!<.     Tin    t.S. 

clearing was at   IAHI»,   CBli/omia   (ffIB   1')),   tin   l.S.   lorost  was at   1. 

Almanor,   Ca 111 ornla   (3TR  23),   th<   Thailarul  i liarntK wag a»   Chrmphon 

(STR  38D),   and   tlM   Thailand   loiisi   tiata   mr*    nlit.muil   at   !ian  Mini   Chil 

(STR  35).        RotlC«   that   tin    data   for   tin    Ion si   d   .silts   In    Insid-    t hi 

values   for  the  cleared sites  on   thi  Smith chart   and   lliat   'lie  (iirvai 

of   the   plot   n. ar   resonance     LHOMAS*«   tW   tin    data   from   the   Thailand 

site  (more dense  vegetation).     This  implies   that  the   imp« tiaiu.   bandwidth 

of   Hi   dipolt      ncrcascd when  the  antenna  was  placed   in   the   forest.     As 

expected,   the  3ite with   the  best   ground   (Chumphon--where   there  was 

standing water)   produced   tl      lowest   input   resistance  at   resonance.     The 

alion   ii. ruactancc at 8.0 MHz  from site | not significant 

The  measjrMnent   altos will  not   be  described   in   this  section  of  the 
report  * it   <  »mplnte  descriptions can be   found  In  t hi    n (erenced STRs. 
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because physically different  antennas were employed and the  antenna 

lengths were not necessarily  uhnucal. 

The i i i> i i   Bl   tin,   fDrest on  the  impcaan.-     ol   ant.nnss 

of  the  saae  length can be  obsii vt-tl   In  Figure   111-10.     This  figure show« 

«tu-  feed-point   Impedance at  6 MHz,   of a i<nui-!id dipole   located at 

18   It   above  ground at   tJw Chumphon   site  as   t Ju   anUnna   hn^th was  van... 

trom   100   tt   to 60   it   in   l-tt   incremtnts   (i.. .,   I   ^\   oil   MMk »nil  after 

each mcasunnunt ).     The   important   thing   to notice   is  that   lor  a gi 

antenna   l>ngth   ttu    impk-claruc   is   hightr   tOT   tlu    MltMM   loratttl   in   tlu 

(oust,   ami   tlu    riati\t    part   is  shifted   tn  a  elBOkvtW   mamu r   on   tli 

Smita chart  corresponding  to a  decrease   in  tlu   n sonant   lnqu«ni\   as 

thf  "sane" antenna   is movi-u   I rom  th»   t learm^   :<■   tin    loiost.     The  square 

of   the   ratio of   the   resonant   length   i.;   the   rlcaring   to   th.    r« sonant 

l.n^th   m   tlu-   I  )ivst   f&v«*  a  rough «stimtti   <>1   the   real   part   ol   t h. 

!\.    n l.niv. nstant   of   tlu    loiTst.      In   this  ta; 

(78.8/72.2)     -    i.Ol,   which  elk asonably with   tlu    \,)u.    ol   about 

1.03  del« mined  with   tin    opvn^rin    transmission-line   Uihmqui   (Usiribed 

in  Section   II1-B-1. 

Figure   111-41 shows  th»    mp. tlancc of a 6-MH7  dipole as a 

function  of  tu inht   as   it   is   lowered   from  18   It   to  1   it   in  the cear.ng 

irom   1H   to o.:.   11   m   the   forest.     Kotlce a^aln  the clockwise   shil- 

(h«'  Smith  chart,   of   t tu   rcaclivr   part   and   the   higher   Impedanc«    1   vi I   1 or 

a  given   height   for   Hi    antenna   in   the   forest.     Tlu    im|x <lam<    logins  to 

dr^r  ■«   ♦he antenna   is   lowered   from   It»   ft   to about   6   to «»   ft,   when 

imp. Starts  to rise  again.     This   is  perhaps b« 1 i< 1   illustrate.i   in 

Figure   111-42,   which  is a plot   of   the  real  part   ol   the  dlpot.    f.ed-pomt 

impedance  as a   function  of   height   alxn-e  ground.     The   pair  of   curves on 

the   left   w.re   taken   in   the   clearing  at   Chumphon  with  and without   a   balun, 

and  the  polr on  the  right  side were  taken  in  the   f or. s; .     tor.si<trr  first 
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FIGURE 111-42    MEASURED RESISTANCE OF BALANCED AND UNBALANCED 6-MHz 
HORIZONTAL DIPOLES IN CLEARING AND FOREST—Ai, A FUNCTION 
OF HEIGHT 

111 



ihn curves  for  the dlpole  In  tht ( huring.    u   the ground bad  m'iiiii«' 

conduit i vi' y,   wo tvould expect   the  reelMtunce oi   tlu-  üiix.iv  to drop down 

loAird zero aa the antennu IM  lowered toward the groutid«    The driving- 

joint reaistanci   can be defined as  the sum oi  a radiation resistanct  and 

a  loss nsistancc.    The laiKlit  at wliich the  impedance  begini  to ris.   aor« 

responds   to   the   height   at  which  the  radiation   resistance   is  about   iquai 

to  the   effective   loss   resistance.      Notice  alco   thai    tht    low-loss   ferrite- 

c i re balun  i ransi Ormer,  winch had a  1:1  turne  ratio,   bad a  very   mull 

effect on  the dipole  reaistance. 

b. :i'J'  S'.ant  Wire 

The   various  30u  slant-wire  anteiiii'is  studied  all   resonated 

very near 50 oluns.     Figure  111-43 shows  tin   results of laeasurements at 

Churaphon.     Measurements also were made on a  6u"   slant   wire,   which  showed 

essentially  the  same  trends.     The effect   of  Increasing   tin   englt   oi   the 

slant  wire  is  to cause  the   feed-point   impedance  on  the  Smith chart   i<, 

shut  counterclockwise,   with  the  real  part   staying essentially constant. 

c. Inverted  Ls 

Impedance measurements were also imde on inverted-L 

antennas designed so that the combined length ' i  the vertical ind hori- 

zontal wire sections was three quarters oi   a wavelenplh.  These antennas 

were fed against a i-l/2-ft copper ground roil.  Wlu i, the ratio oi the 

lengths of the horizontal section to the vertical section was 2:1, th<3 

feed-point impedance at resonance ranged between about 125 and 200 ohms. 

lypically being greater in the forest than in the clearing. As the 

ratio of horizontal to vertical sections was increased frorr 2:1 to 5:1, 

the Impedance dropped for antennas in both clearing and forest and the 

observed impedance of a 5:1 inverted L at resonance ranged from ab'>ut 
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50 to  ISO ßhnh,    i KM •<   m—M ehowa the drlviflg-point  inpadMie« v«r«UH 

I r. quenc;   for   J   5:1   :ii\   ri.d  L at  CHunphoti.     Notice  Rfjilii   tin    mi. 

"i   ii'ip. dam.   in iiic foreal  and Lowor rcsmwnl   rrequ«ncy In I'H   tor« 

d.       Vtrt.cal  MuiKjpuli 

llu    Uipuduiut   ol   a   15.6-11   muuopolc  with 0   90-ft-dlUMt«r 

ground scroen was   aaasured  in an opon plovwd  field at  Lodi,  Callfomta 

(STO  10) ami  in a (jin.    foreal  at   li.ke Almatior,   California   (STR '.5).     Tin 

resulis of   tlus.   nsaaureBenta ;IJ-C ihown  in Figure  Ul-'lö.    Tl»   unp. dance 

of  the nonopole near reaonance  is ilightly higher  in  the  foreal   thai    Ln 

tha clearing.    The  ispedanci   bandwidth of this antenna appe^ra   to \» 

about   tho  samt'   ,n clearing  and  forest.     This  aumv anteima  with a matching 

network  ^as  aet   up  at   Ban Mun Chit,   Thailand   (STR  .'15)   and .nt'aKU.-. 

6 Mil/,  in  the clearing,  at   the edge of  the  Foreal   and   In  11.<   Foreat.    For 

these   tests   the  antenna   was   fed   through  a   50:300-oha   l)aJuii  and   resonatid 

in each location with a  ferrite slun  inductor  in aerlea with the monopoh 

element.     The   results  of   these   tests  an   given   in   1 it;ure  111-46.     Notice 

the  decrease   in   impedance  at   resonance  as   the  antenna   is moved  from 

clearing  to  foreot.     This  reduction possibly  is  du.    to mutua]  coupling 

to nearby  tree  trunks. 

e.       Cone 1uding Comments 

The  results  of measured  fcecl-polnl   impedance  oiscuss. d 

above   indicate   that   the   impedance  of  a  simple   field-expedient   antenna 

typically  increases  as   tha  antcrnas 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   nlated  in an approximate  manner  to  th.    real   part 

of  the  relativ    .1 !.• 1. et rlc  constant   ol   the   lor.st   by   the  square  ol   t h. 
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ritle  '-I    ih.    n s.-nunt   Ijvquc in i. s   in  vUttU*  ui.d   togmmt  or  by  the 

.squui-t-   <.i    il,.    t-uiiu (,)   Lcflftfa   i-.quind   for  iv.sonancu   in   elsarUg   ami 

I ..ivst . 

■Ihr   imiK'duiHc   'juiulv.i'.ii h   oi   a   liuJl~wuv.    hurlxontu 1   Mpoli 

iiRTeaBeB  ua   the   untrnnu   JS   aoved   Ir.mi   t !u-   el«arl^   to   fi^Ml   and   tins 

nn nabf   is  unuuKh   tc coinpcnsul c   J or   tin    shilt   ol   rcsonunl   ir.iju.-ncy  Just 

diBCUBsed.     In other words,   an HJ-  dipole  deBi^ntd for opera tjun   |*  1 u, 

> 1. ariiiK  with a  system requiring  a  VWm  oi   less  than,   say,   3:1   would 

prohubly   be   abJe   t.    BMl   llu.s   VbMi  sp^e j iiea t ion  .ven  wlun   It*   antenna 

was  operated   in   tlu    tortBt,   wliereas   this  micla   not   be   1 lu   ease   tor  a 

vertical   monopole  placed  too near u   tree   .runk  in   tlw  Jorest.     .ude. d. 

th.    impedam,    bandwidth of a monopole raaj   be   reduced  when   it   is  tak.n 

f,rora a clearing  into a  forest. 

1.        VHi- Results 

a.        General   Comments 

Impedance  data  were  obtained at  VHJ   as  part   of   the man- 

pack and airborne  Xelcdop programs  and  as  part  of  the  single-tree   Btndic«. 

This   section  will   cover   the   Xeledop   in-peda.r^   data,   and   the   flngle- 

datn  will   be  covered  in Section  1JI-H.     The  ieed-points  of   the  air.ennas 

Mere  10  ft   above  ground  unless  otherwise  stated. 

I»..        Airborne  VHl'  Xeledop—Dan  Mm;  tint 

The  horizontal   (balanced  and unbalanced)   and vcrllc.il 

(sleeve)  dipole  antennas employed at   this  site are  described  in STR 39D. 

The  impedance oata obtained at  resonance  for the  horizontal  dtpoles  In 

the  clearing  were   typicsily about   50 ohms  compared with  150 ohms  for  the 

vertical   sleeve  dipole.     In general,   the  driving-point   resistance  of  th. 
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horizontal dlpolos in the iorest wua aLjut 5 to 10 ohms higher than for 

tlM same type of antenna in the clearing, whereas, the resistance of the 

vertical sleeve dipolos generally was substantially lower (e.g., 50 ohms 

lower) in the lorost. 

C.   Manpack Xjledop 

The antennas u,td for this study were balanced half-wave 

dipoies constructed of telescoping automobile antcr.nas adjusted to reso- 

nance while the antenna was horizontally poiarized at the o.jen-delta 

site nenr BnnRkok. The resulting antenna lengths were:  11'.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 1100BB 

(1:1) VHF balun transformer was mounted at the feed, 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 ttu 

delta and beach sites (STR 26) were very consistent:  16. 60, and 56 ohms 

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

Additional data were obtained with unbalanced half-wave 

dipoies adjusteJ for zero reactance at each site.  These 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-lO-ft chicken-wire ground 

screen.  The results of these tests were quite consistent.  Data also 

were obtained over the open ground with the feed at 5 ft and at 20 ft. 

For all the 10-ft and 20-ft test configurations, fecd-r>oint resistance 

vas in the range 60 to 80 ohms for all frequencies and sites for both 

polarizations.  At 5 ft above grounc" the range was 55 to 115 ohms, with 
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the  higher values occurring lor vertical polarization at 50 MHz and the 

lower values occurring for horizontal polarization at 100 MHz. 

G.   VHF Xeleciop System Loss Measur ■nicnts 

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

a. Objective 

The objective of this work was to study short-range 

(ground-to-grouifd) VHF propagation in various tropical terrains. 

b. Background 

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 cites  over ranges of 

0 to 0.5 miles: 

(i) 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—Chantuburi, Thalland 

(STR 36) 

v8) 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 111-47 

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 forest interface.  The major results obtained in the 

wet/dry forest at Ban Mun Chit and the fresh-Aat<;r swam|- at Chumphor 

will be reported in STR 460, 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 

antenna polarization and height 

This interface effect also was observed at Chumphon (see Figures 21-23 

of SIH 36) where the spatial fading pattern in the ciearing was much 

more pronounced for horizontal polarization. 

121 



AT/i o«,o»0 8P ■IVNOIS  03AI3D3« 

X 
a. 
| 
CO 
< 

< 
z 
a 
CO 

e 
> 
o 
tE 

z 
o 
z 
u 
t- 
< 

Is 
cu 

H 

It «2 

1 

tu 

ATf i 0 «««Og» 1»N0IS   -3/M333K 



• 

(4) A study of the fading characteristics as a 

function of distance down the trail and radio 

frequency 

(5) A comparison of MPX measurements with data taken 

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

3.   Ballonn-Rorne Xcledop Tests (STR IfiD) 

a.   Objective 

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 \he  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-Trcc  Studios   (STR 41) 

1.       Objectives 

The  objectives of   this  work were   to  study at  VHF: 
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(1) The variation in reciivid signal level an a 

function ol transmitter location in proximity 

to a si'iglt ; n • 

(2) The input irapoclancv of an electric tiipole as a 

iunction o; distance 1 rum tlu tttt trunk 

(3) The scatter pattern of an isolated trei 

(4) The radiation pattern of such a ' i-ee v:,. r -.iiunt- 

led as a grounded vertical   '.enna in   c r o 

better define the effect of vegetation on rudio- 

*ave propagation and antenna/vegetation Interaction. 

2.   Background 

The first group of experiments was designed to determine the 

variation of signal strength and the impodance of an antenna in the 

neighborhood of an isolated tree.  From these iicasuremcnts, the maximum 

distance between tree and a.itcnna for which there is significant cllect 

upon received signal level ind  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 section and the scatter pattern of the 

tree can bo evaluated theoretically,  if the properties of a single tree 

are known, then a model of propagation of radio waves in a jungle might 

then be based en the distribution of the .icarest-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.13 
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Two iaolated treeo were chosen at Laem Chabang,  One of them 

was a rubber tree, for convenience called tree "A." The height of Tree 

A was approxlmau-iy 65 U-et. TIK- diameter of the trunk at the point Just 

above the ground was 26.8 inches and reduced to 19.2 inches at 4 feet 

above the ground. The area within 300 i»«t of the tree wa« absolutely 

cleared. The second tree ("B") was a mango, having a height of 30 f««! 

and a trunk diameter of 20.2  »ches 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 area within 130 feet of Uu tree wap cloaivd. 

3-   Signal Level and Antenna Impedance Testa 

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). Consequently, it was decided to try to 

model the mutual impedance using equivalent plane-wave reflection co- 

efficients determined from the standing-wave pattern of the MPX records 

as the MPX was walked past the tree.  Examples of received signal level 

as the MPX was walked up to (and past) a single tree arc given in Figure 

111-48.  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 coefficient.* The 

average results obtained from three treea (the smallest of which was 

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

These reflection coefficients apply only to the dlroct path (positive 
distance from tree in Figure II1-48). 
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Tublc   111-7 

AVKRAGE  KKKUXTION COEFFICIKNTS  KOH   HIHKE  TIIL^S 

Fr«qu«Bcy  (MHz) Hil hct Ion  Cotl (Ult-nl 
50 o.aa i«()' 

75 0.27/180" 

100 0.38/145° 

Based on thase values ol   tl».. reflection coefficients at each 

frequency,   tho  comparison of   the  tbeoretlcal  and experlttuntal  values of 

the   input   impedance   in   the  viclnUy  ol   an   Isolated   tree  was  performed 

and reported  in SIR 41.     An example   is show.i  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 example  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 Tr.      li. 

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 used successfully as   the antenna 

for one 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  («TR 41).    The conclusion  from this work was 

that,   while   trees will not   replace wires as antenna  elements,   more  study 

of  their use as antenna elements seemed Justified.     ,i subsequent   test  at 

VHF  indicated  that  the directlvMy of such a driven   tree was not oani- 

directional but   that  the maxlmui   measured  radiation occurred on  the 

feed side of  the  tree. 
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IV  TASK B:  IONOSPHERIC AND FREQUENCV-?PECTRUM INVESTIGATING 

A.   Frequency Prediction 

1.   foF2 Predictions at Bangkok (STRb 15, 28,40) 

«.   Objective 

An rbjective of this work was to ooapcr« several available 

prediction techniques of the monthly median vertical-incidence critical 

frequency (foF2) with observations make at Bangkok with a C-2 vertical- 

incidenre sounder, to determine the best prediction source and document 

its quality, and to consider whether b   locally generated correction 

function would improve the predictions sufficienUy to Justify such 

additional effort.  A second objective of this work was to determine 

tue   lowest useful tuning range for HF manpack radios intended for use 

on short ionospheric 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 pablitikld in monthly ionospheric data bulletins (IUB) through the 

present.  The monthly median observed values of foF2 for the period 

September 1363 thrcugl March 1965 were compared with pre I'.ctlons frcta 

the U.S. National Bur. «u of Standards (NBS) in Boulder, the Indian 

«f«tlonal Physical Laboratory (NPL) in New Delhi, and from SRI (SRI/RPA)- 

bated on work done by SWI ior the U.S. Army Radio Propagat.on Agency 

(RPA\  Thia coraparlton 'STR 15) indicated that the best predictiona 

IS! 



.   i —if^lM 

were those of NBS —although the quality of these predictions did  not 

greatly exceed those by NPL and SRI/RPA (see Figure IV-1 for an example 

.omparison).  It might be noted that a Usic limitation of any of these 

prediction methods is the Inck of accuracy of sunspot number predictions. 

The remainder of the effort was devoted primarily to the study of the 

NBS predictions (STRs 28,40). 

c.   Results 

The yearly median error functions (predlct'.d-minus- 

observed monthly median values of fo-72) for the ESSA predictions for 

1964 through 1967 together with qunrtile bounds, are shown in Figure 

IV-2.  The error is almost always positive (prediction exceeds obser- 

vation) and less than about 2 MHz.  The predictions for 1967 are notice- 

ably better than in previous years.  There aie two possible causes for 

this improvement: 

(1) ESSA began incorporating C-2 data from 

Bangkok into the predictions; 

(2) ESSA improved their prediction program 

(by changing coordinates for their 

numerical maps). 

Let us consider for a moment the accuracy of the measured 

values tliat 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 poHalbl* to aay which of th«a* 

sounders produced the more accurate data, Inn the results of thla teat 

indicate a typical ambiguity of somewhat less than 1 MHz on any given 

reading. 

The percentage of the time a proposed 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 data)  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 monthly 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 ahon oblique path had oblique- 
:ncldence sounders been used. 
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during sunapot minimum; and when the whole ll-yeur solar cycle ia con- 

sidered this lower design limit sjem.i most adequate.  It should be noted 

in passing that frequency management difliculties (i.e., obtaining fre- 

quency assignments) may preclude the use of the channel« Just above 2 

MHz. 

2.   Itnospheric Sounding Tests In Thailand over Oblique 

Paths irom 2.iu tu 1320 km (SARs 7, 8, STR 18D) 

a.   Objectives 

Two Granger Associates Model 911 oblique-incidence sounders 

with a capability of sounding from 4 to 61 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 

.;-jmc paths; 

(3) The maximum multipath spread observed with 

the sounder system (see Section IV-B-1 for 

these results); 
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(4) The occurrence of anomalous layer« auch ■■ 

apread V and sporadic- E (these reaulta are 

dlsiussed In Section IV-C). 

b.   Sounder Site Operating Schedule and Procedure 

A chronological deacription of field site activity la 

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

tively continuous operation during this eleven-month period, although 

some interruption of the oblique soundings and communication teats was 

inevitable during times when changes In site were being made.  The 

oblique-incidence sounders were operated on a 30-mlnute schedule, whereaa 

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

Table IV-1 

SOUNDER SITE OPERATING SCHEDULE 

Site 

1966 1967 

Month 

Apr May June July Aug Sept Get Nov !)!■( Jan Fcb 

Bangkok 
•* 

1 1 

Chantaburi 1 1 

Prachuab 2 2 2 

Nakon Sawan 2 2 2 3 3 

Songkhla 3 3 4 J 4 4 

Chiengmai 4 4 4 4 

Numbers refer to paths shown in Figure IV-5. 
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C.    RwHUlf 

Figure f',-6 preitentH the time-block median MOP« ■mi LOPs 

for the paths of Table 1V-1 ait u function of local time.  Only the 

north-to-south ptths were scaled, since the south-to-north data proved 

to be easentially identical.  Also included for comparison are the 

median values of foP2 for the observation period (ace Table IV-1) a; 
t 

Bangkok.   Let us define a MOP factor (for use in Thailand only) that 

Is the ratio of the F-layer MOP to the value of foP2 from the Bangkok 

C-2. This MOP factor (see Pigure IV-7) was calculated at> a function of 

local time using monthly median values to illustrate the relative uae- 

fulnea« of Bangkok C-2 data to estimate the MOP on longer paths.  These 

data indicate that foF2 at Bangkok la an excellent estimator of MOF 

on the 440-km north-south path (path 2) and a good eatimutor of the 

320-km east-west path (path 1). On longer paths the MOF factor could 

be used (in the absence of ionospheric predictions) for the oblique 

path.  The peak In MOP factor between 0100 and 0600 hours apparently 

results from a sharper decrease in foF2 (pn-dawn dip) than in MOP on 

the oblique path. 

* 
The MOPs shown are the P-layer values and do not include the effects 

of sporadic E.  Sporadic E was primarily a daytime phenomenon with 
sunrise and sunset MOPs of about 8 MHz on these paths and noon maxima 

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

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

t 
The detailed (hourly) vertical-incidence sounding results from both the 

Granger sounders and the C-2 are presented in data bulletins (see 

Appendix C).  The detailed oblique sounding results are tabultted in 

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

1.       HF Propagation and Communication Teats   In Thailand 
over ÖhJiquü  Paths   from   110 km  to  1320 km  (SAR 8,   STR 48D) 

a. Objecti v^ea 

Communication equipments (CW system and FSK teletype 

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 weit to measure as a function of local time: 

(1) Signl 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 tmd discussed here), 

(4) Doppler spread, and 

(5) FSK system performance, 

for paths 2 through -1 (see Figure IV-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 

horizont&l dipoles oriented ai 4.c degrees to the earth's magnetic field 

and located at the height above ground yielding a driving-point Impedance 

of 50 ohms (roughly 25 It).  N-& and *-W dipoles adjusted to 50-ohm 

height were used for receiving, and th-« receiver bandwidth was 100 Hz. 

The receiving and recording systet» ^.ployed is shown in Figure IV-8, 

The SRI Correlation Computer80 was used to generate a continuous record 
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of the normalized cross-correlation of the input signals.  The SKI 

Doppler Spread Meter31 was used to measure frequency dispersion of tbo 

CW signal (a distortion measure). 

The CW transmitter operated continuously except for being 

turned off (or 5 minutes twice on hour (at the time of the ionospheric 

sounding described in the previous section) In order to provide positive 

signal Identification and an opportunity to observe the background noite 

level. 

c.   Results of the CW Tests 

The received signal strength values on both N-S and E-W 

dipolef—as well as the envelope correlation—are presented in Figures 

IV-9 through IV-14 for path 2.  Plots for the other paths are generally 

similar.  The E-W dipole generally produced the greater signal sir ngth 

by about 5 dB.  Decile bounds on the received signal strength are shown. 

Note the pre-dav i 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-plua-noise-to-noise ratio [(S + N)/N, see 

Figure IV-15J 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 belween 10.2 (see dashed lines In 

Figures IV-10, 12, and 14) can be assumed to be essentially zero. 
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to compute (S -t 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 tht N-S and E-W dipoles was essentially the same.  This same conclu- 

sion regarding the lack of sensitivity of dipolej' noise to di)X)le 

orientation in the tropics was reached *hen the noise on horizontal 

dipoles was studied indepeuoently at another site in Thailand (STR 47). 

Time-delay spread was est in.ated by measuring the spread 

oi   the echoes observed from the oblique sounding records.  These results 

are presented in 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 thi  observed character t-rror rate an a function of 

local time.  The number of errors is high at night due to low signal- 

to-noise (plus inter  .ence) ratio.  The effect of the decreased daytime 

(S + N)/N around noon also can be observed.  The data sample is very 

small, however.  A Fimilar 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 10* —and typically 

about 10  .  On path 4 the probability of character errors typically 
-2     -l 

was 10  to 10  between 0500 and 0800 and between 1500 and 1700. 

In general, the (S + N)/N (and interference—especially 

at night) see«ed the controlling fsctor in performance of the AN/IIRC-95 

on the pvths 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 fre- 

quency shift of the AN/MRC-95 from 850 Hz to a vaPv about one-tenth as 
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larg« should provide an iBproveaent In pcrformuncp over short akyvave 

paths.  Tne envelop« correlation data suggest that a further ia^roveaent 

■ifh*. be obtained by providlrg for a dual diversity capability and using 

N-8 ai.d a-W dipoles in the orientation-diversity mode.  The AN71IRC-95 

systea perfortiance should be modeled for binary error rats,  however, 

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

recommendations for changes In the system can be nade. 

2.   Dipole Oritntation Effect« (RMS, RM5R, STR ü, STR 31) 

*•  0>>J«etive 

The objective o: the dipole orlen ation study vac to 

determine the effect or antenna alignment upon received signal level 

on short-range nkywr.vt paths. 

b.   Background 

When dipolcs are used for poim-to-point HF communications 

and when the bearing of the other station is known, it is cosson prsctice 

to align dipoles at right angles to the direction of interded propagation 

(i.e., broadside alignment for main-beam-to-mai n-beair coupling).  When 

such an antenna (dlpole) orientation is used on long ionospheric skywave 

paths, the result is to maximize the received signal (see Section ;V-B-1); 

but, generally speaking, dlpole orientation is relati ^«ly unimportaiu 

on short skywave paths of less than about 100 km.  This is because th<} 

Ther« is no simple relationship between binary errors (which are easily 

computed) and character errors (which are easily measured) for the 

AN/URC-US.  Hence, it would be desirable to measure binary error» in 

a future field test, even though this would require special instru- 

mentation, if model validation is attempted. 
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SIKHUI path is almust straight up to the ionosphere and back down and 

the clipole is essentially an omnidirectional antenna for directions near 

the zenith wi'^n plact., at heights of \/4 or less.  An exception to this 

general rule for short paths exists at low geomagnetic 'atiiudes, where 

a preferred orientation exists because of the nature of the ionospheric 

reflection.  The magnetoionic theory predicts83 that a N-S alignment 

should be used for linear antennas (e.g., dipules) on both ends of a 

short skywave link regardless of the bearing angle between the stations 

when operating sufficiently near the geomagnetic dip equator uol 5, RM 5R, 

?TR 9, STR 31),  The path geometries for which N-S alignment is better 

than other possible alignments may be determined from the magnetoionic 

theory with reasonable accuracy (set RM 5R and STR Ü1), but the exact 

amount of superiority of the N-S alignmpnt is difficult to compute 

because of Ipck of accurate, d«t*xJ*<i knowledge oi the collision and 

plasma frequency height profiles—tspecially 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 ol Dipole Orientation 

Effects in Thailand 

1)   Theoretical Considerptions 

The details of the tl^eory are given in RM 5, RM 5R, 

STR 9, and are repeated In STR 31.  The discussion here will center on 

the results of the theoretical study. 

The geometry 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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nkywave pathi.  If the angle between the wave njraal and the earth's 

»itatlc magnetic field, 9, la a right angle (tranaverae propagation), 

than one cun uaually obtain larger received algnala using N-S dlpolea. 

But thla special geonetry exlata only on a few paths, so the lozictl 

question arises:  "How far fro« the purely tranaverae geometry, 9 « 90 , 

at entry into the ionoaphere can the path get before the advantagea of 

dipole orientation nre lost?" If the path la nearly ranaverse, the saate 

propagation equations apply as for the tranaverae caat, ar.d the condition 

is said to be "quasi-tr'inrverae"—(1 .e., QT),aa The angle for which 

the QT condition applies is a function of many varlsblea, but for a 

given geographical location the main variation Is with radio frequency. 

Figure 1V-19 showa how far off the purely trensverse condition the path 

can be in Thailand and ■till aatisfy the QT criterion.  There Is still 

some benefit of N-S alignment until the "quasi-longitudinal" (QL) condi- 

tion Is reached—at which point there is no preferred orientation for 

dipoles on abort patha. Figure IV-19 also shows 9 as a function of 

frequency.  The process of determining 9 »nd 9 for a given path la 

rather involved nd will not be dealt with here.  An example is given 

in Appendix B of RK 5R, however. 

2)  Mer.   :*nt  Results 

Data were obtained during December  1963  and January 

1964 between Bangkok and two remo- • receiving sites:    Ayudhava (about 

66 km  to   the north)   and Nakorn Pathom (about 66 km to  the west).     CW 

transmissions of 400 W were made   from Bangkok on 1.7,   3,   5,   and   10 MHz 

and receiveJ at  the remote sites.     At each site two dipoles  (N-S and 

E-W)  were employed at K/6 above ground  for each test  frequency and all 

four combinations of  tranaml*ting *nd receiving antennas were used. 

The  results of  these tests ar* summarired  in STR 31  and Figures  IV-20 

and  IV-21 show an example or  the  results. 
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It w«g «hown that the N-S/N-S antenna combination 

produced the greatest received «ignala on both paths moat of the tl«e, 

as predicted.  Hence, the predicted dlpoie orientation effect ia seen 

to exist.  But the mean received signal,, on the other antenna combinstiona 

are not too far down from those for the N-S pairs, and this suggests the- 

possibility of a diversity receiving system employln? a pair of dipol.. 

(one N-S and the other E-W) located very cloke together so as to ochieve 

magnetoionic-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 orxentcd NE-S» so a« to generate both magnetolonic components.* 

The signal received at Bangkok on N-S and E-W dipoles was recorded-as 

well as the outpuc 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 that   the envelope correlation varies rapidly 

about zero, and that the combiner greatly reduces th.» fading. 

Similar tests were made on longer paths (up to 1320 

km) as part of another test scries (see Section IV-B-l), and the envelope 

correlation usually had a zero average even though the QT approximation 

*aS not valid.  When sporadic E was present the mean correlation ro.e 

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-S and an E-W dipole in phase 

while tranamlttlng rather than to put up a third dipole for transmitting- 

.specially if a T/R switch can be used to separate the dipole feed, on 
receive. 
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3)  Concluwtona 

The predicted orientation effect exltti, but its 

Mgnlt-ide ceunot be accurately computed without better electron content 

and roUlalon frequency prof 1 lea balo« 90 ka than currently are available. 

For operation In the field on short lonoapherlc akywave paths near the 

magnetic equator, It eay be advantageous to align the linearly polarised 

antenna (e.g., dlpole) north-aouth, but It probably will be «ore Important 

to have a center fed horizontal dlpole trlaaed to the half-wave resonant 

length and elevated at lesst \/l0.    The availability of antenna supporta 

tr elevate the antenna probably will be sore laportant than the alignaent. 

At base stations, however. It probably »ill be advantageoua to put up 

both N-S and £-W dlpoles.  The bettor antenna for a given path can then 

be selected on observed performance, and the option of orientation 

diversity is available. 

C.  Special Ionospheric Studies 

1.  Faraday Rotation Studies (STRs 14, 33, 34) 

a.   Object 1ves 

The Faraday rotation studies were primarily of a scienti- 

fic nature. The objectives of this work were: 

(1) To docusent total ionospheric electron mntent 

as a function of local tiae, sesson, snd solsr 

ionizing flux; 

(2) To atudy the equatorial anomaly; 

(3) To study the use of satellite Faraday 

rotation data to estimate vertical- 

Incidence critical frequency; 
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(4)    To »tudy  thif u«e of Faraday rotation rwcorda 

to neaaurw  the dip anitle of   the earth'a 

mugnetic  field. 

b.       Background 

Tranamlaaiona  frou three aatrlUtea,  Tranalt   1V-A,  San 

Marco 84-A,   und S-66,  ••re recorded at  Bangkok in order  to atudy  the 

total  electron content  between  the aatelllte and the  recording station 

as deduced fro« the Faraday  roftlona.     The nain data analysis efforts 

«ere devoted  to Transit  IV-A  (STR  14)   ard S-66 (STR  34).     The  rotatlOD- 

rste eethod of analyals »as raed   to determine   total  content at   about 

14.2^  latitude near Bangkok,   and  the   total-rotations «ethod »as used 

to detenalno content as  a  function of   distance a*ay  fro« about   14.2^ 

latitude  alang   the essentially N-S   truck of   the  satellite.     The analysis 

of   total  content as a  function of   lalltud.- »as extended  by  the use of 

data  fro« satellite receiving stations  to  the  north  and south of Bsngkok 

(Singapore and Hong Kong  m a cooperative study of Transit   IV-A record- 

ings,   and Songkhla and Chlengmal   in an MBOC-EL study of  S-66  recordi 

The  analysU of  the  recordings   frora  these  low-latitude stations »as 

facilitated by   the  fact   that  «ost  of   the  records  shewed a distinct 

signature  »hen   t IK   line   fro«  the  Satellit,    to  th.    receiver  »as orthog- 

onal   to   the earth's magnetic   field.     In addition to pennlttlng  the use 

ol   relatively sluple  instrumeiuation  and data  reduction  techniques, 

the  tme of occurrence of   this event  (tenaed ^^  could be used along 

»Ith   the satellite ephea»rls  to estlaate  '.he dip angle of   the earth's 

«agnetlc  field  (STR 33). 

c.       ftesults 

The «ajor analysis effort »as devoted  »o  the S-66 records 

Figure  IV-23 shows the  total  electron con ent   for descending  (north-to- 
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south)   pane« of S-66,   th« (Wftk eloctron demlty of     ho F2  Uyer coaputed 

fro« C-2 d«t«, and 10.7-c« »olar flux.    TU» diurnal varlatlona of both 

total  content and peak electron density are clearly visible.    Th« rela- 

tionship between peak  total   content and solar  flux was essentially 
-20      '-i      -1 

linear up  to  flux  levels of  1.6   * 10        «r      tit     .     The  seasonal  varia- 

tion of peak electron content  Is  Illustrated  in Figure  IV-24,  «inch also 

includes   1964 data  froa Transit   IV-A.    As expected,   the  seasonal  peaks 

in  total  content occur during ^ulnoctlal  periods. 

The variation of  total  content  «1th   latitude and tine of 

day In Figure IV-25  (Tranalt   IV-A data)   i>ho«B  a daytlae minimum centered 

'in   magnetic dip equator.     A Similar variation in peak  content  (and 

hence  foF2)  occurs,   and  this  phenomenon is known as  the equatorial 

anomaly.     A nighttime  anomaly of   this  type «as observed  from the S-66 

data (STR 34).     The ionospheric dynamics causing  these anomalies are 

still  under active study by scientists working on equatorial  aeronomy. 

Data of   the  typ:  presented above are useful  In checking  proposed dynamic 

models of   tht   ioriot phere. 

The  ratio of   total   content   (1rom  Faraday   records)   to 

peak density (from C-2   records)   can bo used  to compute   the equivalent 

slab  thickness of  the  Ionosphere.     Figure  IV-26 shows   the diurnal   varia- 

tion of   the equivalent  slab  thickness  (and  th'?  reJalcd cuantity,   th«' 

equivalent scale height)   of   the   ionosphere near b^ngkok.     By arsumlng 

that   the equivalent slab  thickness  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  for  the  ranges of  ittiludo 
considered here. 
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FIGURE IV-24    SF/SONAL VARIATION OF PEAK ELECTRON CONTENT 
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lol«l content Q*im  for sit«! rcaoti fro« Bangkok to eitlut« th« pc.ik 

#l«ctron denulty (and twnc« foFS) for th« rraot« altea.  Such toF2 

•Itlaatci were Hade for SongkhU and Chlengmal, and the reaultlng value« 

agreed typically to within 10 percent or better with vertical-Incidence 

aoundlnga made at the«e remote «itea between November 1966 and March 

1967 (STR 34).  It «l.Tht be noted that datA from a vopalde («atelllt«) 

•ounder could also yield data on for2 veraua latitude, and data from 

•uch a source should be conslriered In any future studies of this type. 

The results of magnetic field dip angle estimates made 

from the 1^ times of Faraday rotation records obtained at Bangkok, 

Songkhla, Nakhon Sawan, and Chlengmai indicate that the magnetic dip 

equator (at ionospheric height«) 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 lonospneric Disturbances (STR 50D) 

a.  Objective 

The objective of this work was tc study the Bangkok C-2 

sounder records of foF2 and f   during the time immediately after a 
min 

sola • flare to determine whether the usable frequency spectrum (defined 

for the rurposes of this discussion as foF2 minus f  ) was affected 
min 

b. Results 

The interval of 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 ionospheric disturbances 

(SIDs) detected on the various Instruments at MRDC-EL.  Forty-one of 

these SIDs caused a change in the usable frequency spectrum as observed 
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M th» hourly tuuiuJer »can immvdiatel  after Ihm UID.    for  fl«r*a of 

importance 2 or greater the effect« occaelonally »ere still noticeable 

duiinK the second hour after tlw S1U.  In alnoat all caaet the uiable 

ipectrum decreased fror« »tu monthly mudian value by 20 to 70 percent, 

although the effects ranged from a slight Increase to a coaplete fade 

out. 

3.   Magnetic and Ionospheric Storma (STR 50D) 

a. Objective 

The objective of this brief stud> «as to observe the 

effect of magnetic and ionospheric storms on foF2 and on HF atmosphirn 

Hill Sf . 

b. General CogggatS 

Magnetic storms are disturbances of the earth'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 station s location.  The increased ionospheric currents 

associated with the storms tend to be 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. 

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

commencement (SC) or gradual commencement.  The SC storms begir abrupt Iv 

and almost simultaneously all over the earth.  During a solar flare a 

large quantity of energy is emitted from the solar atmosphere.  Among 

the many geophysical phenomena associated with this outburst of energy- 

are SC-type geomagnetic storms and iotospheric disturbances.  The solar 
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rmdlo outbur.t. of   lo.-frequency enrgy  can hi  r«Ut.d  |o SC-typ, „o- 

■^«»•tlc  .tor», »hlie  the higher frequency energy  (X-r.y)   im cicely 

connected etth SIDB.8* 

Ionospheric .tor» often .cco«p.ny «.gnetic dliturbancei 

M de.crlbed .bov-.    The Ionospheric .tor«, «.y u.t   flM a  fe* hour, 

up to  four or five day..     There are .ever.l   lono.pherlc pheno^n. which 

Mf occur during an lono.pherlc .tor«.     A»ong  the.«  are  radio  blackout., 

enhanced aporadlc E,   decrea.e  In  the occurrence of  .pread F  (for  low- 

Utltude .tatlon.),   and d.prea.lon of  the   laytl«e  critical   Irequencle. 

of   the F2  layer   Immediately after the  storm begins. 

c.       Results 

The planetary magnetic ranpe Index (Kp) was used as the 

source for determining .hen a magnetic storm occurred.*  The Ionospheric 

.tor«, considered were associated with wgmtic  storms that had a Kp 

index of 6 or greats   The start time oi the lono.pb.ric storms .as 

taken as the hour nearest in time to the start of the magnetic storm. 

The start time of the ionospheric .torm is easily found when the 8torm 

if asaoclated with a sudden-commencement-type magnetic storm.  However, 

it is more difficult to determine accurately the s-art time of magnetic 

.tor«, that do not have u sudden commencement,  bixty-one of the 137 

principal magnetic disturbances observed at Bangkok between September 

After the Installation of the rubldlum-vapor magnetometer at the r,anKkok 

laboratory In 1965, it also was used successfully to document the occur- 

rence of such storms.  MaKnetogram8 of the three most disturbed day. 

during each month in 1966 was reproduced In the quarterly geomagnetic 
data bulletins (see Appendix A for a list of these reports). 
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1963  and Juiif   1967  »eri- ui   uu.-  biiiideii-cummencemtMU   typ«.     The   change  of 

the  total  field  intunmiy durum   the «torm« had a range ul  irom  35 gaiPBa 

up   tu  30U Kamma. 

Thu   avi-raKf   variation ul   lofj  during  ^7 of   the   largest 

■ torraa   ia  «hown   in Figure   1V-1'7.     Tht-   i« r. ,nt   change   m  foF2 «as   found 

by  comparing   the  valuea  on  the  storm days   to   the   loF2 on a  quiet   day 

neart-at   in   time   to  the  storm day.      In  gfiierul,   t tu-   loi-li   jntrcases  during 

the atorm except   for a period of  about  1   to 3 hours Just   afver the begin- 

ning  of   the  storm and  again  about   3U  hours   later *hen a  decrease   is 

■eon.     The  change  is   typically  less  than 10 percent and hence,   on  the 

average,   should  not  be   too  sign!1 leant   frr moet  operational   radio 

circuits. 

A   ritatisticul   analysis  of   the  5-MH/.  atmospheric  noise 

at  Laem Chabang  as  a   function of   storm   time   lor   th-  same  37   si ;rins   in- 

dicated   that   the  noise   is  generally   illghtly   lower  during  nn  ionospheric- 

storm;   ho*e\   r,   the   variation    s   almost   negligible  Irom a  radio   system 

s'.indpoint   (typically   less   than  3  dB). 

i.        Solar  Eclips-j  Observation   (SIR  32) 

a.        Objective 

The main objective was to monitor with vertical-incidence 

sounders the ionospheric changes over Bangkok duiing the 23 November 

1965 parti.-1 eclipse of the sun (maximum obscuration of 88 percent at 

1017 hours local time). 

b.   Descuption of the Experiment 

lonogram data were obtained from the C-2 ionosonde and 

a GranKer sounder operating at the MRDC-EL.  Another Granger sounder 

was used in the fixed-frequency mode (7.05 MHz) to measure the variation 
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in Hignal  •tr»ngth a/ •choct fro« the K  Ujwr.    Ulla «Uo »»r« obtained 

*ith  • rubldlun-vapor MaKn«tua«t«r at   the  tanc att«. 

<-■• Ita 

Hu mam lealurt- ol t Ju- Kmogram obaervatlona waa a 

atratiflcatlon of the F iayer.  The critic«! fr«»qu«ncy of tha Fl layer 

(foFt) decreased during the eclipse, but an "Fl.5" layer *aa obs- r\.H 

tr for« during the Utter hall of the eclipse.  Also, the regular 12 

layer exi>erienced a rapid and aignlfic. a' virtual belgbt increase. 

The 7.Ü5-MHZ signal itreuutb increased during the first 

part of the eclipse due to a decrease ol nondeviaiive absorption in the 

D layer (*hich, In the absein-  1 the solar ionizing flux, had begun 

to recowbine).  Later, the .it;nal strength cletreased rapidly dui- to 

diviative absorption in tb« t  region as the critical frequency approa«. in <) 

7.05 MHz, but recovery »as very rapid as th»- strati 1icaiion disappeared 

und the nevk F2 layer again supported the propagation path.  An eclipse 

can cause enough loss of KK akywave s»gnal from deviatlve absorption 

to result In ermmutueatlor. outage on short »jaihs at low latitudis for 

a brief period (less than an hour), but the frequency of occurrcnc« 

eclipses la so low that as a practical matter for radio operators this 

effect is not important. 

The diurnal variation of the total geomagnetic field 

intensity (F) was only about one-third Its normal valuc--presumably 

because of reduced curnnt amplitude in the solar-driven E region. 

5.   Anomalous lonosphcrit Reflections (STR 15, IDBs) 

a.   Objecti ve 

The objective of this scientific work was to document 

the occurrence of sporadic E and spread F in Thail3nd. 
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b.  Sporxtlc I 

Th» diurnal am? «earonal varlaUons of apuradlc I (I ) 

at Bangkok during a period cl ainiiui aolar activity are preaented in 

rigure IV-28, *hii.h vhomn   tli» percentage of ih*.- tlae foE exceeda 3 MHz 
a 

It ia apparent fro« ihia figure that E  la «ore prevalent during the 

day.  The latitudinal variation and percent occurrence of foE at noon 
■ 

are ahown In Figure IV-29, and the higher valuea of both foE and 
a 

percent occurrence are obaerved nearer the dip equator.  Thia ia due to 

the greater »yatea sensitivity of the Granger aounder.  Figure IV-3Ü 

«howa a mass plot of simultanec^a observations of foE using both aoundera 

at Bangkok from 4 April until 7 May 1966.  Notice that the C2 data of 

Figure lV-2e fall belo* the Granger sounder data.  There ia conaiderable 

scatter to the points, but if appears that the more sensitive Granger 

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

T*o types of E wen observed.  The higher latitude sites 

(Chlengmal and Nakon Sawan) generally exhibited "L" type sporadic E, 

whereas the southem-m.-st sit.. (Sonukhla) showed almost entirojly "q" 

type sporadic E.  These two types ol E  are defined BS follow«: 
s 

1(L)  \ flat E  trace at or below the normal E-region 

mliUmum virtual height in the day cr below the 

K-rcgion minimum virtual height at night. 

q(Q)  An E  trace that is diffuse and -lonblanketing 

ovoi a wide frequency range, the «pr.'ad being 

most 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 'ypes. Bangkok predominantly L type and Prachuap predominantly 

q type. 
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The  virtual  hvl^ht  of  the E    ruaalnod  relatively constant 
a 

between  100 and  110 km  through  the  tine period uf observation and at 

all  site*. 

■ 

c.       Spread  F 

The lengthening of the received echoes from the K2 layer 

referred to as spread ¥  «as also observed at these sites.  Our observa- 

tion of spread ¥  confirmed what has previously been reported.  At the 

lower latitudes the spread F is primarily a nighttime phenomenon begin- 

ning around 2000 hours local lime as the t  begins to disappear.  It 

tends to increase in likelihood of occurrence IhrouKhout the night to 

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

local rime.  Figure IV-31 snows a typical plot of percent occurrence 

of spread F and sporadic K at a low-latitude site. 

ih< re also appears to be • seasonal variation, the Inci- 

dence being markedly lower In the winter months of November and December. 

D.   Nol.e and Inter I eretu-e 

1.   '.KN-:} Studies (STR 27, 37, 47) 

a    Object Ives 

The objectives of the MF ami HF atmospheric radio noise 

studies using the ARN-3 noise-measuring equipment In Thailand were to: 

(1)  Document the noise received on a vertical 

monopoic antenna and compare the results 

with values predicted by the CCIR noise 

maps. 
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(2) Compure t.hv.' noise rcct-ived on liorizou.al 

dipolci witii tiie nonopola vault»  and vith 

CCIS pruuicti.uis , 

(3) übaurvt' the increuBc .'n average nolga puv.tr 

during local itormi. 

Noise, in one form or cnothi r, provides the ultimate 

limitation on the performance oi  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 dlscharp-es. 

Significant progress in documenting atmospheric radio 

noise has been made during tho last decade (from the International 

Geophysical Year to the present).  A worldwide network ol identical 

atmospheric radio noise recorders (designation.  ARN-^),"4 developed 

and operated undc» the supervision »1 the U.S. National Bureau of 

Standards, has provided data on the vei'ticnl compor°nt of mean noise 

power at sixteen locations,SF ar.d these data have been used to improve 

existiig noise mapssr' 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 frequency, time of day, an, jcason ol the year. 

A t«o--yoar measuremont program wai unde-lakcn in Moi ch 1966 

at Laem Chabang, Thailand (13.05 N, 100.9 E on the Gulf o.' Thailand— 

about 90 km southeast of Bangkok) with equipment having essentially 

the same technical specificaiions as the AHN-2 and called \RN-3 (STR 

27) to obtain data for comparison with t lie values given in the Interna- 

tional Radio Consultative Committee (CCIR) Report 322.^'  Latoi in the 
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muusuri'iiuiit pvOfftM Ww tQUipatBt waB modi I I<<1 to ciiuble uddillonal 

measurcmonta with horizontal dipole untonnas.  This section pretmntu 

Hit- ruHults d thrsf mcasuremuntb along »ltl> a comparison between tin 

observed values and the CUR Report 322 predictions, and a comparis H, 

Of noise measured at the same site on vertically and horizontally polar- 

i/i'd antennas.  The eiltet of local •UetriOftl storms on the observed 

noise levels (not considered in CCIR Report 322) !■ discussed in connec- 

tion with the litrhtninK-ilash counter (local storm detector—see STR 

49) work In Section IV-D-3. 

c.   Description oi Equipment 

The ARN-3 was designed to measure two noise parameters 

useful in estimating the amplitude probability distribution (APD) ol 

the noise:  F  and V .  The effective antenna noise factor F .  repre.ti tl 
ad a 

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 T = 288.4" Kelvin.  The voltage deviation. V^ 

i.s the ratio (in dB) of the mean-squared noise voltage to the square 

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

measured after linear detection [i.e., Vd = 20 log^ 
(V
rms 'v'av^

) ] •  01 

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

rms 

The ARN-3 equipment was described in detail in STR 27, 

and the modifications to facilitate measurements with the dipole antennas 

were described in STR 47.  The ARN-2 monopole antenna was constricted 

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

"The units of Fa are dB above kT0b, where k is Boltzmann's constant 
and b is the equivalent noise bandwidth of the device observing the 

noise. 
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AtfatniltrttiOQ  (KrSA),   Bouitf«r,   Colorado,   und   i.s   JdLiUlcal   to  the-  antunnu 

usi.l  with  tho U.S.   National   Uur.au  d   Stundard«   (NHS)   A«N~2  atmospheric 

iicusr   fCOtiMt,**     Two   trappi'd  di poles   (lor  iiia^ii.tic   oncntatiops  N-S 

and K-W) .   upproxlm it IUK  hall-wavM,-  horizontal  dipoloj.   at  ü.li,   5.0,   and 

10.0 MHz were  constructed   lor  hori/.ontal-anu-nna  DOiH  nu a.iurcments. 

The   m^lving  <(|iU|)mcnl  was   time   shared  with   12   minutes  ol   iac h   liour  on 

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

d.        Hosults 

1)   Observed Values 

The median values of t    observed with the standard 
a 

monopole during each 3-month season '1-hour time block (denoted F  ) 
am 

tor the period March 1966 through February 1968 are presented in STR 37 

(see Figure IV-32).  The correspondinK values of V   (median values of 
dm 

V ) are given in Figure IV-33.  A study oi' the data from each frequency 

(showing each hour's median for a given month) indicated that the noise 

power generally increases from day to night by approximately 25 dB 

and that the average decile range of r.oise power variation about the 

month's hourly median is typically 20 dB.  It should be noted that data 

for a two-year period are not sufficient to define seasonal variations 

with any confidence.  Nevertheless, seasonal variations of up to 10 

dB were observed for a given hour with maxima in the sprin-, and fall. 

Tho monthly median values ol F  observed each 
am 

hour with the N-S and E-W rf.poles from August 1967 through February 196H 

ar«5 presented in STR 47, and an example is given as Figure IV-3'1.  The 

monthly-median atmospheric noise power observed in the lower part of 

the HF band during nighttime with horizontal dipoles at 23 ft abov. 

ground is relatively independent of frequency and season—in direct 

contrast to observations of noise on a vertical monopole at the 
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HHIIMMI ' 

• amc HU.  Typuul nlfbttlM vuluc« 1- r t !»■ ■Jipoles lie b-t..•.•>. about 

55 und 70 dU (to the neareut 6 dl!) »bOV« W^.  1""' '« a 8lgniJicanl 

day.nac varlaU-.. oi the UOIHC In the Irequcncy ran^e 2.H tu U) MH/. 

with a minimum In obn^rved power occuir.n, totWMl. about 1000 ami 1100 

hours local t lm 

2)   CompariHQ" ol Vertical Monupo-e Uata 

with CC1R H.port :>22 Prt-dlctionh 

Kxpected values of atmospheric noise power 1^ tor 

any geographical location and any time block and season .a,, be deter- 

mined from contour maps and conversion curves contained in CCIi Heport 

322.  ü.lng the CCIR report, a complete set o< expected noise values 

for Laem Chaban« for all seasons and tune blocks and the four frequences 

of measurement (0.53, 2.3. 5.0, and 10.0 MHz) was generated.  The cor, 

ponding e   cted and measured values ol noise power were then compared 

This comparison showed that the observed noise wa* always »ugher than 

predicted, a result that is in agreement with a conclusion reached by 

Ibukun2'' in his study of noise in Nigeria.  Tha dlicr.pancl« lut.e. . 

Thailand observations and predicts are shown in Table IV-2 and an 

example comparison is given in Figure IV-35. 

The simplest reasmiabh 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 tollowij 

(1) For winter add M dB to all predicts HE. 

(2) For the other seasons, add l» dB to preoic- 

tlons between 0800 and LMO local time, and 

add 7 dB to the predt   'M tot other tiiaes. 
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TubIf  IV-2 

UlS" H1UUT1ÜN  01   UlilKKKNCE   (A)      BKTWKKN 

OmtVBD AND raSDICm) NOISE POWERS 

RUIIKL'H   ul     t In 

ÜlMi-runcu  ( i) 

Friction  oi   D«1 a  In Each Range of  4 - % 

Ipring Summt-r Autumn Winter AveruKe 

a < 5 27 Sfl 1)2 12 39 

5  < A   < 10 •12 31 21 a-; 33 

10  < A   *  15 19 17 17 17 17 

18  < Ä  ^ 20 K K G 21 1Ü 

20 < A 4 2 4 16 5 

A= F   (measured) - !   (predict«^), in dB. 
am urn 

Examination of dutailed data from Singapore and Ne* 

Delhi, as well as limited data from Northern Thailand and CCIR predic- 

tion curves reveals that ti<c Laem Chaban^ data cannot be applied directly 

to other parts of Thailand.  However, geographical corrections, giv<n 

in Table VI of STR 37, con be applied and should yield predictions thai 

are adequate for engineering purposes. 

In addition to measurements of atmospheric noise 

power F , data were obtained on the voltage deviation V .  Observation» 
a d 

of the mean voltage deviation V  were almosi. always lower than the 
dm 

predictions of CCIR Report 322.  The closest agreement was obtained at 

10 MHz (typically within 2 dB), and the poorest agreement was obtained 

at 5 MHz (typically within 4 dB).  The observed values were never greater 

than the predicted values on 5 MHz, and they were seldom more than 1.5 

dP greater than the predictions for any of the other measurement fre- 

quencloa.  The observed diurnal variation of V   followed the predicted 
dm 

trend  best  at   10 MHz  during  all   seasons,   but   the  agreement was  only 
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fair for the other measurement frequencies during summer and poor for 

other seasons.  The seasonal variation (for both predicted and ob«erved 

values) indicated a Icose correlation with local 8tormines8--the smaller 

values ut V  occurring during winter (when there were fewer local storms) 
dm 

The CCIR  predictions  indicated a decrease   in V       with   increasing  fre- 
dm 

quency for all times except winter days, and this variation was not 

ubaerved.  The values at 0.53 MHz typically were largv than or com- 

parable ti 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.  Possibly n.ure 

interference 'vas experienced on 2.3 and 5 MHz than at 0.53 or 10 MHz. 

3)   Comparison of Horizontal Pipe1" ruta 

with CCIR Predictions 

Data from the trapped dlpoles at Laem Chubang and 

from the unbalanced dlpoles at other sites In Thailand were compared 

with the CCIR Report 322 predictions for the standard Anr'-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 

dlpoles, 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 available from 

horizontal dlpole antennas located at \/4 to \/8 above good grour"* for 

the frequency range 5 tu 6 MHz during daytime; the ^ap values were too 

low by about 5 to 10 dB at night.  The maps yield velues too high when 

applied to 2.3-MHz horizontal dlpoles at one-sixteenth wavelength above 

ground by about 0 to 5 dB during day and 5 to IC dB at night. 

190 



4^   Comparisun between ÜipoJa and Monopole ReauIts 

The noiae power from a horizontal dipole at 23 ft 

above ground waa 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 from day to night generally is greater on the dij.oles than on 

the monopoles, as may be expected cunsidering their directivity patterns 

and ionospheric 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- 

i;o-noise ratio (S + N)/>J, on selected HF field-expedient antennas 

operated on a short (100-km) skywave path, to determine the b.-st 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 dlpole-mono,  e difference for other 

antenna heights (h < K/4)  above good ground.  Extrapolation to dipole 
heights greater than one-quarter wavelength probably would not be too 

reliable because of significant changes in the directivity pattern of 

the dipole, whereas extrapolation to lower heights involves primarily 
antenna efficiency. 
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b. Dackuround 

Although the relative gains of selected HF field-expedient 

antennas for tl.e desired signal have been measured using the ionospheric 

sounders and the airborne Xeledop system, it was decided to make a brief 

check of the (S + N)/N wlien 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 10-minute key-up/key-down cycle. 

At Laem Chabang, the following receiving antennas were used: \/A  mono- 

pol", 30u slant wire, 5:1 inverted L, and a ^/2 dipole at \/8 above 

ground.  The test was periormed around noon on two successive days during 

January 1968. 

c. Results 

The dipole exhibited the gre-test (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 

dipole.  As expected, the (S + N)/N on the monopole was signilicuntly 

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 dipolt 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 yM™  was 

more important than the noise pickup in determining the ciifference in 

(S + N)/^.  The performance of the monopole relati\e to the dipole is 

about as one would deduce from vertical-inciden.e sounder relative gain 

measurements, but the slant wiru 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 the 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 (used without counterpoise) at this dry, sandy site.  Also, as the 
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path length in vG^3   Um  « krn (vfcrtic:al incidence) to 100 km (Laem 

Chaban« to Bangkok), the gain oi   the properly aligned s;ant-wire antenna 

lncr8a8es whereas the gain of the inverted-L antenna decrea8es-as 

revealed by the airborne Xeledcp measurements (see Section III-C). 

Infonnat m on   the signal-plus-noise (and interference) 

to noise (and interferP.ee) ratio on a path of this length may be Infer- 

red from the 50-mile data obtained during the HF manpack tests over 

varied terrain during sunspot minimum (RM 3).  There 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 K/2  dipoles at K/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 local thunderstorms. 

(2) Assess the relationship (for uue in noise 

predictions) between local thunderstorm 

intensity and such long-term climatological 

parameters as the thunderstorm day. 

(3) Establish some basic thunderbtorm information 

fox' ""hailand. 
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b.   Jackground 

It might bt> noted that there «re 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 flashes, which interfere with radio communica- 

tions.  In order to estimate the Interference, information on j'rtii 

umnderstorm activity is necessary, the ligalning-ilash counters ran 

• 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.  The cost 

of installing various kinds of protective devices has to be balanced 

against the likelihood of strikes.  Accordingly, knowledge of the inci- 

dence of lightning as a function of geography is desirab; -.  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 at most meteorological 

sta^ons.  For exam-le. 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 

is limited.  There is no indication, for example, of the violenct of 

the activity on a day with thunder.  Also, especially regarding the needs 

of radio engineers, the T/S-day statistic yields no information on the 

diurnal trend of lightning activity or the variation of diurnal trend 

with season.  This type of information is potentially available from 

lightning-flash counters (LFCs).  .Although the data presented in this 

motion are of value to both electrical and radio engineers, the emphasis 

in the remainder of this discussion will be 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 

propagated from the major centers of 

thunderatorm activity 

(2) Noise that is due to local lightning 

activity. 

In this section we deal with the second source.  Details ait pr^vued 

In STR 49. 

c.  Equipment 

A CClR-type counter (peak response at 10 kHz and do*n 

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 fie 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 design 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." 



at thu  Laem Chabang «ite during the last three months ^f 1967.  The 

counter sensitivity was adjusted so that the counter was triggered 

when the field developed at the antenna ("itiun the bandwidth of the 

counter) exceeded 5 V/m (thr ahold voltage of about 3 V), 

d.   Results 

The results of the lightning-tlnsh counter studies are 

detailed in STR 49,  Here we mention only some of the Highlights as 

follows; 

(1) The seasonal trend of lightning activity, 

as measured by mean daily count per month 

(D ), is similar to seasonal trends (10-year 
m 

average) in thunderstorm activity as measured 

by T/S days.  A close correlation was not 

observed, however, and should not be expected 

because D varies considerably from year to 
m 

year.  The median daily count with the Bangkok 

instrument was 4. 

(2) The distribution of daily counts is approxi- 

mately log-normal with a standard deviation of 

20 dB abotit 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 moteorologica1. 

data. 
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(4)     A Kt-'iwai   relatioiiHhip betwuen mtsn dally 

counts  and  long-term average T/S day per 

r'ontli  (T  )  «•■  oatabllshed empiriially  for 

the Bangkok   Instrument  as 

D    = 2 T for T     < 3 mm tn 

b    a  (2/3) T              lor T    a 3 
m m                      m 

(5)  It was possible to obtain an approximate 

relationship between the intensity of local 

lightning activity (in counts per hour as 

mor.ltored with lightning-flash counters) and 

the increase in atmospheric noise over the 

monthly median background level for that hour 

(in dB as observed with the ARN-3 system). 

TMs is discussed in STRs 37, 47,   and 49. 

Typically, a local thunderstorm increases 

noise power at 0,53 MHz by some 15 dB. 

(6)  The results have b«;en extended, through the 

use of T data obtained at many sites by the 
ra 

Thai Meteorological Department, to permit an 

estimate of the probability of a local storm 

(anl 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. 

(7>  The ERA-type counter ia  more suitable than 

the CCIR-type when the main objective Is to 

document the occurrence of "local" electrl'.al 

storms.  The antenna height-threshold voltage 
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combination should be- adjusted to yield a 

fairly short effective ranne (e.g., 20 km), 

and this effective range should be verilied 

by observation to the extent practical. 

4.   Inteilt r>-nce Consideratiun.s 

Objectives 

The main objective of this *ork »as 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 .fit. 

b.   Background 

Although spectrum occupancy studies in Southeast Asia 

were not an official part of the SRI SEA00RE program, some data of 

this type were obtained.  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 MHz) was monitored at MRDC-EL (SAR -i) .  Other occur- 

rences of RFI *ere noted. 

c.   Results 

The foilowlng results were obtained: 

(1) Interference from other transmittprs was 

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 MHz was monitored 

at Bangkok during the summer of 1964, and 



I 

peak Bignal occupancy was obberved around 

6 MHz wi»1! a minimum in the 2-12 MHz band 

durirjj local afternoon (period ol maximum 

Ionospheric absorption). 

(3) Local Interference limited the performance 

of the Bangkok C-2 sounder at the low- 

frequency end of Its sweep (below about 

3.5 MHz). 

(4) It was observe! (but not documented) thai 

some local jtatlons did not meet International 

Telecommunication Union (ITU) and U.S. Federal 

Communications Commission (FCO specifications 

regarding bcndwldth, frequency tolerance and 

stability, and spurious emissions.2p 

(5) Severe Interference at VHF was observed from 

automobile and power boat Ignition systems 

(apparently few vehicles In Thailand employ 

Interference suppression devices).  Communica- 

tion sites should be located several kilometers 

from such sources where possible, and special 

Interference precautions  should be taken when 

this Is not practical. 

For example, It was found necessary to employ carefully balanced 

horizontally polarized electric dlpoles at the MRDC-EL site In Bangkok 

In order to obtain useful data on 20 and 40 MHz during the Faraday 

rotation ■ xptriement discussed in Section IV-C-1. 
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(6) Suftlcitiii   iiuihc  «t  VHF"  waH  observed   to 

ori^ii ili-   1 rom  locaJ   electrical   (itorms 

(when  present)   HO  as   tu  chunjje   tin 

quiet in«   ol   sn A:</I'RC-25 . 

(7) The   impulse  noise data ul   Figur*  41   In SAR 

8 was   identified as   atuospherlc noise 

subsequent   to   the  publication ol   that   report, 



V  TASK C:  SYSTEM TEST FORMAT 

AiND PROCEDURE INVESTIGAfIONS 

A.   Early Tests with HE Manpack Radios (RMs 2, 3) 

1.   Objc-c . ive 

The objective of the early HE manpack teatt was to document 

and rank order the performance of selected sei-j  in several tropical 

terrains. 

2.   Background 

Performance tests with the AN/GRC-9, AN/TRC-88, TRP-I, and 

HC-162 were carried out over ranges out to about 25 miles in three type» 

of terrain (delta, forest, and mountain), and similar tests were also 

performed over varied terrain (one terminal in mountains and the other 

la the delta) out to 50 and 100 miles.  The signlxicant 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 ,.yi0, a A./5 30° slant wire, and a l.V f t vertical whip. 

Random number lists, ten digits long, were employed as test 

messages.  These test messages were transmitted both ways on a fived 

frequency every two hours for two days, and the resulting data wn; 

tabulated to indicate the communication success during the 48-hour period. 
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3.  Result a 

The results oi  voice comparison tests (see Figure V-l) Indi- 

cated that the two more modern, higher powered sets (HC-162 and AN/TRC-88) 

were significantly better than the other sets tested (In order of de- 

creasing overall performance:  77-AM, TRP-4, and AN/GRC-9).  The old 

AN/GRC-9 was clearly the poorest set. The advantage of the frequency 

flexibility permitlert by the synthesizer of the HC-162 (now the AN/PRC-74) 

was noted with regard to avoiding Interference. The half-wave horizontal 

dlpole at \/10 above ground proved the best antenna regardless of jet 

type. 

The data on the performan-.e of the HC-162 ir Jungle and moun- 

tainous terrain were combined and smoothed as a function of range and 

antenna type (see Figure V-2). The ordinate of Fibure V-2 approximates 

the probability of successful communication-defined here as the average 

probability of correctly communicating a ratWom digit (without repeating) 

during a 24-hour period.  The dlpole operated primarily via -Kywav^ and 

provided reasonable performance relatively independent of range or time 

of day.  The whip was definitely inferior to the dlpole for ranges of 5 

miles or greater.  It operated primarily via groundwave from dawn until 

early -xfternoon and with decreasing success out to ranges of 10 to 20 

miles,  for greater ranges, i:he whip began to operate ria skywave with 

increasing effectiveness as the antenn« directivity for the skywave path 

increased. The slant wire represents a compromise between the dlpole 

and whip:  It Is better than the whip for groundwave, but It is Inferior 

to the dlpole for skywave.  It» overall performance Is Inferior to the 

dipole ior ranges of 5 miles or greater. 

Diurnal effects are also important.  Regardless of the type 

of terrain or set used, the best time for communication on 3.6 MHz was 

during the day, typically bevceen 0700 and 1700 hours, and the worst 
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period typically was frum midiught tu dawn.  The* beut  four hours for 

gruundwavu weru butwecn about U9UU and 13UU huura and for skywave, be- 

tween 0700 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 confirired the results obtained with the voice tests. 

These tests, like the voice tests, had significant limitations, which 

are discussed in detail ir, IM 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 ihan the others.  The HC-162 

did have Oe narrowest bandwidth (2.7 kHz), but it should be noted that 

none of the sets 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 near 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 utrwe. 

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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C.    Hc'BUllS 

Using their long whip (10-ft) antennas, both the AN/PRC-10 

and AN. PRC-25 generally worked well at ranges up to 3 miles In moderately 

forested areas; although during one test, conducted through extremely 

dense undergrowth, total loss 01 signal occurred at less than one-half 

mile.  Elevation of one or both antennas produced decided range In- 

creases.  Use of r, base-station antenna height of 30 feet (bamboo mast 

only) resulted In abo-j. 3 miles of "effective rtnge" In communication 

with a manpack u.ilt In moderate to dense undergrowth.  With both an- 

tennas elevated to 70 ft, excellent results were obtained with both sets 

out to 5 miles.  No diurnal effects were observed.  It was estlmaUd 

that the sets were operating near the threshold of the FM detector.  No 

signals were received at 10 or 22 miles.  No significant difference In 

performance between sets was observed, although the frequency drift of 

the AN PRO 10 was a nuisance. 

2.   Delta Tests near Bangkok, Thalland (STR 8) 

a. Objective 

The objective of these tests was to obtain a measure of 

the effective range of selected VHF radios In the dry paddy fields near 

Bangkok. 

b. Description of tne Tests 

Teats were made oaring April   \964 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 

Handle-Talkle  (Model H21DCN-1000).     The base of  each  set  was elevated 

2.5  ft  above  ground.     The separation distance between  the  sets was 
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increased until   ihu carriür-plus-nolse  (C +■ N)   decreaited  to a  level   10 

dB  above   the nuise  vultage  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 elaborate 

Fairbanks Rhyme   tests—indicated  that  this definition of effective range 

corresponded   to  a word   intelligibility  of   about  50   to 70  percent. 

c.       Results 

The results of these tests along with the set character- 

istics are summarized In Table V-l.  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 transmitter power of the AN/PRC-25 with 

the auxiliary amplifier from 2 watts to 15 or 35 watts provided observed 

range inc.1 eases slightly greater than those predicted when assuming a 
2 

(1/d)  variation of field strength.  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 

2 
should be possible to use the (1/d)  law to compute range changes cor: 

sponding to power changes in open delta terrain to within 25 percent. 

3.   Forest Tests near Rayong, Thalland (STR 11) 

a.   Objectives 

The main objective of these tests was to obtain additional 

operating experience with VHF manpac't 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 operating 

range and observation of electromagnetic effects that affc-cted set per- 

formance in the Jungle. 

* 2 
Note that a (1/d)  law for field strength corresponds to a ^0 loK10(d) 

variation for power. 
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b.   Rfegulf 

Subjective range tests with the AN/PRC-10 made on 50 MHz 

near Rayong (Southeastern Thailand) during late 1964 and early 1965 in- 

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 r-mges beyond about 1/4 mile, and this was attributed to scattering 

rathe, than detuning of the pntenna by the vegetation (SAR 4).  This 

scatter (multlpath) was observed to produce partial cancellation of the 

field in a quasi-periodic manner as well as partial depolarizai-lon of 

the transmitted signal.  Those observations indicated that a statistical 

definition of the range fs required for VHF manpack radios operating m 

forests. 

4-   Forest and Varied-Terrain TCSts near Chumphon, Thailand 

a.   Objectives 

The main objective of these tests (November 1907) was to 

field check operating suggestioüs 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 

communications when operating with the short (3-ft) whip In 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 set, 

(2) Rotate tilted antenna or rotate set and 

antenna set up as In (1) above. 
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(3) Move around 5 to 15 feet. 

(4) ChangL' to lung anteima (or other antenna) 

or elevate set plus antenna up to 10 or 

12 ft, whichever is easier. 

(5) Move out into a clearing or up on a hill- 

top (or hillside, preferably thj side 

toward the other terminal) if the tactical 

situation will permit 

(6) Elevate antenna or set plus antenna as 

high as possible—if auxiliary center-fed 

dipole with feed cable is available, con- 

sider elevating it (horizontally polarized) 

and rotate it for maximum received signal. 

(7) 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. 

c.  Range Tests in \aricd Terrain 

A fixed site was established in a cleared area at the 

Chumphon field site, and other sites ere established along the trail 

to the highway.  Two AN PRC-10s using the 10-ft whips and two AN PRO?!5J 

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 

the area had been cleared for agricultural purposes, and the main crops 

were tapioca, bananas, and rice. 
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The riime «chieved by the AM PRO25 using short (3-ft) 

whips was about 3 nlles on 30, 50, and 75 MHz. At 3.3 alle«, changing 

to the 10-ft whip on the transmit end restored marginal communications 

at 30 MHz and excellent communications at 75 MHz.  This change did not 

restore communications at 50 MHz, but changing to the 10-ft whip on th. 

receive end also restored .-xcellent communications on all three test 

frequencies.  The maximum range achieved with the long whips over this 

varied-terrain path was not delirud, but it was somewhat greater than 

5 miles. 

A range of about 4 miles was achieved with the AN'PRC-IO 

operating with long (10-ft) whips at either 38 or 51 MHz over the eame 

trail. 

5'   Antenna Substitution Tests with AN PRC-25 (STR 46D) 

Several substitution tests were performed with the short (3-1t) 

and long (JO-ft) whips to determine the improvement to be obtained by 

switching from a pair of the more convenient short whips to the longer 

whips.  Transmitter-receiver 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.  Those data sre reason- 

ably consistent; however, they do not represent a statistically signifi- 

cant sample. 

The data given in Table V-2 for the rain foreM in Chumphon 

apply when both transmitting and receiving antennas are located in the 

forest and when both are in the clearin,?.  A larger Improvement (up to 

10 dB more) was observed when changing to the long whips *hen the re- 

ceiving antenna was low. 'ed about 0.15 mile out in the clearing and the 

transmitting antenna was located <n the forest. This is a most puzzling 

result and it is not currently undeistood. 
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Table V-2 

TYPICAL   IMPROVEMENT   IN AN PRC-25  SYSTEM GAIN 
OBI AI NED BY CHANGING  FHOM SHORT TO LONG WHIPS 

hiuqufency 
(MHi) 

Short-to-Long-Wlup   Improvement 
(dB) 

Open  Delta Sandy   Beach Ram  Korest 

50 

75 

21 

9 

15 

10 

21 

7 

C.       Definition of  Range  of  VH'-  Manpack Radios   (STRs 8,   11) 

1. Objective 

The objective of this work was to formulate a meaningful defi- 

nition of the "range" for VHF manpack radios. 

2. Background 

The effective range of a manpack radio set is defit«.. i.» the 

maximum range o^er which it can be used to perform its tactical function 

adequately.  There ure several problems in arriving at the effective 

range of a VHF manpr.ck radio: 

(1) A reasonable measiro of usability must be de- 

fined, and limits must bo placed upon this 

measure in terms of the tactical scenario. 

(2) The measure of usability must be related «o 

range. 
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3,   Resultg 

A direct approach to this problem was taken in STR 8 where 

word intelligibility was considered to be a good measure of usability 

for voice coimnunicalions.  Intelligibility was measured as a function 

of range in ipen delta terrain, and a typical result is reproduced in 

Figure V-3.  If it is assumed thai a w-rd intelli(ribili ty of about 50 

percent was adequate lor a given tactical scenario, then the elfective 

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 germane question Is this:  What is the  probability of 

achieving a given word intelligibility for a given percentage ol the 

time as a function of range for different tactical scenarios, and now 

can this be computed? These problems were considered i STR 11 where 

the concept of a statistical definition of range was discussed and an 

exarple computation, was made. 

213 



} 
80 

u « 
e 
M 

-60 
w 
o 

40 

s 

-I 
J 
Ul 
■t- 

z 

20 

O   MEAN   VALUE 

Ü    RANGE OF STANDARO   DEVIATION 

I 
9:^ T ANC E h i lomt * tr « 

t «MO-114 

FIGURE V-3       INTELLIGIBILITY VERSUS DISTANCE FOR AN/PhC-36(XC-3)—65 MH/ 

214 



VI  RECOMMENDATIONS 

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. 

U. Future Work 

The following recommendations are offered for future work on radio 

communications In tropical areas: 

(1)  The informtion genarated under the SEAOORE Program is 

presently available in numerous (over 100) technical 

reports and data bulletins generated by several contractors. 

We recommend that: 

• The available informfition on antenna performance and 

radio propagation in a tropical environment be briefly 

summarized in a single volume written for engineers and 

physicists. This document should Include data from all 

available sources—includinK 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  handbook was 

prepared under this iroject.) 
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(2)  The lossy dielectric slob model of air-forest-ground 

proved useful for predicting the medlnn value of radio 

aystem loss, but the model Is of decreasing usefulne«» 

above about 100 MHz.  We recommend that: 

e The upper frequency limit rf applicability of 

tlie slab model for foiest propagitlon be better 

defined bj checking existing data against model 

predictions. 

• Models be generated and are applicable at frequencies 

above the useful upper frequenry limit of the slab 

model , 

• Propagation models should be generated for situations 

which include mixed-path terrains (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. 

• 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. 

i  Techniques for measurinp: the conduct iviiy and 

permittivity of the Jungle for frequencies above 100 

MHz be devised.  Concentration should be centered on 

obtaining two-point correlations measurements as well 

as measurements for deteminlng any inhomogenelty 

or nnisotropy. 
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(3) The possibility of Improving commuuicat Ions through the 

use of diversity techniques for HF and VHF tactlcsl 

radios has been demonstrated by propagation measurements. 

Space diversity appears nttroctlve for mobile VHF comm-inl- 

cations In forests and msgneto-lonlc component dlverKity 

(using crossed horizontal dlpoles or the equivalent) 

looks promising for short HF sky*ave pathF near the 

magnetic dip equator—and possibly at higher latitudes. 

Wo recommend that: 

• BreadboarJ equipments be developed and 

tests conducted to demonstrate that the 

postulated Improvements can be achtived 

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: 

• Exist int- channel simulators be reviewed (and  if 

necessary, additional simulators be developed) for 

use in signal design and syjtem testing.  Field 

performance tests with actual equipments should be 

performed to validate the simulation. 

• Field tests be conducted that document the operational 

aspects of system performance. 

(5)  m the absence of satellites or other relays, high fre- 

quency (HF) skywavc will be required for ranges greater 

than about 20 miles when employing low-powered equipments. 

HF propagation effects arc reasonably well understood and 

documented. We recommend that: 
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• Future work on HF focus on the frequency-management 

aspects of HF usage, 

• A single Ionospheric sounder be considered for use 

in a  tactical area to facilitate near real-time 

frequency control of tactical communication networks. 

Not only should the ability of ti»? ionosphere to 

support propagation be measured, but also the noise 

and Interference levels In potential communication 

channels should be ascertained. 

• Iht procedures for network control should be revised 

as required to facilitate taking advantage of the 

flexibility that such data, properly employed, would 

permit, 
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Appendix A 

DESCRIPTIONS OF FORESTED MEASUI'lWENT SITES IN THAILAND 

The varioü« measurement programs under this contract that Involved 

forested envlrtnments were conducted primarily at five sites In Thailand: 

Ban Mun Chit, ?nk  Chong, Laem Chabang, Satun, and Chumphon (see Figure 

1-2 for the locations of these sites).  Although Pak Chong and Satun 

were sites operated by Jansky and Bailey for path-loss measurements, 

some SRI programs were conducted at these sites and the sites are de- 

scribed in this appendix. 

More detailed descriptions of the forests can be found in STR 43 

or in ehe reports describing the programs that were conducted at these 

sites. 

1.   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 Chcnburi, 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, bordered 

on the southwest by tapioca fields, where much of the controlled mea- 

surements we^-c taken for the several experimental programs at the site. 

The  grove- 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 tret 

cro-vns.  The tree-crown canopy in this dry evergreen forest was often 

three-storied.  The upper story, quite discontinuous, grew between 25 and 

34 rre^ers high.  The middle story, containing more species, grew from 

15 to 24 meters high.  The lowest story was of young trees that had 

attained heights between 6 und 14 meters.  In many places, especially the 

areas bordering the taplcoa 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 canopv and the dense 

undergrowth associated with the open canopy made penetrability on foot 

very poor. 

A soil survey was made, indicating a surface compjsed of humus 

layer, leaf litter, and decomposed remains of trees.  Earth-resistivity 

measurements (dc) made in the forest, together with the soil survey con- 

ducted under the   -ection of the MRDC-ES, show that the earth was 

heterogeneous near the surface, which KM mostly brown sand, having a 

moisture content of about 10 percent by weight and dc conductivity of 

1.7 to 3.4 mmho meter down to about 3 meters, where a deeper stratum 

having higher dc conductivity (perhaps 100 mmho/m) seemed to begin. 

2.   lak Chung 

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 

stories:  the lower between 1.5 and 18 meters and the upper between 6 

and 41 meters.  The crown canopy covered approximately 60 percent of the 

ground area.  This Is i^uite similar to the canopy coverage estimated 
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for the forest near Ban Mun Chit.  However, since the iower canopy at 

the Pak ChonR site was closer to the ground, it blocked more light, and 

the undergrowth at this site, though dense, was not so luxuriant as that 

ot the Ban Mun Chit site.  Wy were able to *alk about at Pak Chong without 

cutting a path. As with the forest at Ban Mun Chit, much of the Khao 

Yal forest at Pak Chong was secondary growth, not virgin stand. 

Earth resistivity measuremeits (ri.) were ma<ie in the open near 

the J b B transmitter tower for estimation of subsurface conductivity 

stratification at the site. Together with results of a soil survey done 

there under the direction of the MRDC-ES, they shou that Ui,. ear'h con- 

ductivity decreased uniformly »1th depth, from a surface value of about 

8 mmho/m (dc) to less than one mmho/m (dc) at 3 meters down; that the 

soil moisture content above a depth of one meter was between 24 and 33 

percent by weight; and that the surface in the viciniiy was composed of 

either silty or san'ly clay (USGS terminoloK.v) containing fragments of 

red stone. 

3.   Laem Chnbang 

The coastal brush and other environment on the beach nenr the 

SRI Laem Chabang low-noise site have beer described in STfts 20 und 43. 

True trees are scarce at that location, and none taller ihau  ?0 meters was 

found there.  The vegetation is mostly scruo growth classified as evergreen 

beach forest though it is composed of shrubs, bushes, climbers, and 

thorny herbs (including cactus). This grow'h presents a dense tangled 

mass that provides poor penetration and visibility.  It is quite similar 

1 

It chould be emphasized that the soil moisture content data (obtained 

two years before) do not seem compatible with the electrical-constant 

data—which Indicate a soil moisture content of 5 to 10 percent. 
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tu «hat hau  ber>n referred to as undergrowth ut other sites, usually 

Krowlng up to at least 2.5 meters and sometliceü as much as 6. The median 

growth lifiniit 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 Sotun In an evergreen tropzcai rain forest.  Thunderstorms 

are prevalent in this area, usually being heard on more than 100 davs 

each year, and bringing torrential rain that produces the succulent 

growth commonly assoclatec with the word Jungle.  Indeed, the Khuan 

Karlong forest at the site was the last stand of a once-rich wilderness; 

but ii had lost many of its valuable trees to the axe, so thai Its upper- 

canopy story was discontinuous, though regular in height, having freer 

between 24 and 30 meters tall.  The greatest nun.bers of trees were from 

the middle-story canopy, 15 to 23 meters high, in a seemingly continuous 

horizontal layer. There »as a lower-canopy btory composed of young 

trees between 8 and 11 or more meters high that formed a sort of 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 ti;e ^nver.  There, 

in the direct sunlight, the undergrowth resembled what we saw at the 

other sites:  dense shrubs, climbers, and herbs reaching up between 3 and 

7 meters, barely penetrable on loot. 

Results of earth resistivity measurements (at dc) made in the 

middle of the clearing, along the airstrip, indicated subsurface conduc- 

tivity stratification at the si\e. They show that the earth conductivity 

varied markedly with depth:  there was a O.S-roeter-thick surface layer 

of conductivity 2 mmho'meter (dc), a 4.3-raeter-thlck mid-layer of con- 

ductivity 0.4 mmho/mcter (dc), and a region below that having dc 
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conductivity 15 «mho/meter. Results of a soil survey done there under 

the direction of the MRDC-ES show the average moisture content of the 

sandy soil above 2 meters »as 29 percent by Might. 

5.   Chumphon 

The SRI test site on the isthmus of Kra southviest of Chumphon 

was m o low valley inundated by water during the continual rains, often 

to a depth of 30 cm.  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 '.he upper 

story was almost horizontally continuous, between 25 and 36 n.jters high. 

Flu middle story was la t> 24 meters high.  The lowest st<>r\ <ontained 

n'M'ui 60 percent of the troes, these between 7 and 14 motors high.  The 

lowest irm <i  were heavily suppressed by the continuous canopy above the«, 

yet there was considerable undergrowth present . 

The undergrowth .vas quite uniform, in two layers, the upper 

composed of tree seedlings and shrubs growing to 4 meters; the lower 

layer, only 0.3 meters high, had mostly herbs.  Below these, the noft, 

muddy forest floor was covered with a layer of humus several centimeters 

thick. 

The soil at the Chumphon site was silt\ clay with gravel Inter- 

spersed. The clay in the forest was grey, having a mixture of humus 

thnt improved its water-holding capability (average surface moiature 

content 70 percent); most of the clay in the clearing »a;, reddish, and 

often dried at the surface between rains (average surface moisture content 

35.4 percent).  At a depth of 2 to 15 c» in the clearing, the soil was 

water-saturated at all times. The surface soil at some locations remained 

■i turated with water during the entire summer, being low-lying nreas fed 

by a stream. 
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Appendix B 

PROJECT PKRbONNEI, 

The personnel listed below (by primary location and aftiliation) 

participated in this project at various limes from its initiation in 

1962 through its completion In 19i0. 

A.  Stanford Research Institute, Monlo Pork, California 

W. R. Vincent 

G. M. Hagn 

A. 0. Williams 

E. T. Tierce 

H, W. Parker 

G. E. Barker 

T . S , Cory 

N. E. GoHstein 

J , D. Hicc 

I, . M . Kreinborg 

W, A. Roy 

•I . M. Yarborough 

C. Barnes 

A. Fuller 

S.S. Martcnsen 

M. Brusborg 

B. E. Frank 

W. A. Hall 

K , A . Posey 

Supervisor 

Project Leader 

Administrator 

Staff Scientls* 

Physicist 

Research Engineer 

Reseorch Engineer 

Research Engineer 

Rcijcnrtli Engineer 

Research Engln< er 

Research Engineer 

Research Engirner 

Development Engineer 

Development Engineer 

Programmer 

Programmer 

Programmer 

Programmrr 

Research Assistant 
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B.  BrnKkok. Thai I and 

I .  Stanford Ruaeurch Institute 

R. I, Lao 

L. L. Younker 

G. D. Koehrsen 

J . J . Bales'rinl 

D. J . Barnes 

R. L. Brown 

R. Daniel 

D. J . Lyons 

J . E. van der Laan 

R. J . Kut liiI 

W. N. Ward 

T.-Hinlcal Director (1963-1965) 

Technical Director (1965-1967) 

Administra'or (1963-1966) 

Administrator (1966-1967) 

Senior Research Engineer 

Senior Research Engineer 

Field Engineer 

Field Engineer 

Field Engineer 

Field Engineer 

Field Engineer 

2.  Montana State University 

C. L. Rufenach 

N. K. Shrau: 

Research Engineer 

Research Engineer 

Pon Supplies 

Ponsok Buasri 

Prajuab Nlmityongskul 

Rangslt Chlndaphorn 

Viciial Thepgoonhanlml i to 

V i ch i t I-orch I rachoonku I 

Withon Makorabhlromya 

Boonsong Punyarot 

Research Engineer 

Research EnRlncor 

Research Engineer 

Research Engineer 

Research Engineer 

Research Engineer 

Data Supervisor 



*».   Vitro Corporation 

J.W, Chapman 

K. L. Taylor 

F. J. Phillips 

Field Engineer 

Field Engineer 

Fiel I EnKineer 

Military Research and Development Center 

Prapat Cliandaket  Captain R .T .N ., Communications Program 

Manager (1963-1967) 

TVrmpoon Kovattana, Wing Commander, R.T.A.F,, Project Offlc< 

(1963-1965) 

Deputy Communications Program Kaniüger (1965-1967) 

Palbul Nacaskul, Commander, R .1 .N ., Project Officer (1963-1967) 

Acting Director, MRDC-EL (1968-prcsent) 

Udom Suwanpramott, Major, R .T .A ., Project Officer 

Jamnong Sowanna, Lleuicnent Commander, R .T .N , Project Officer 

Sukdlchai Nivatmaraka, Flight Lieutenant, R.T.A.F., Project Officer 

Chalkamol Lumjiak, Flying Officer, R.T.A.F., Project Of 1; 

Manlt Dowkhanon, C.P.O., R.T.N., Radio Technician 

Charcrm Deosang, C.P.O., R .T .N ., Radio Technician 

Vlchcha Kanltchaya, S SCT., R.T.A.F., Radio TcchnicIan 

Rangsan Pant halannndthaka, S/SOT . , R.T.A.F., Radio Technician 

Sopln Vlrlyanopapon, £/SGT., R.T.A.F., Communications 

C.  University of South Carolina, Columhlo. South Carolina 

John Taylor 

Gerald Urlght 

Chlng Chun Han 

Robert Padowlcz 

Harry Smoak 

Chung Lien Tien 

Head, Electrical Engineering 

Studo.it Engineer 

Student Engineer 

Student Engineer 

Student Engineer 

Stuclint Engineer 
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Appendix C 

TECHNICAL REPORTS PREPARED UNDER THIS CONTRACT 

This appendix describes the various types of reports prepared under 

this contract and lists the reports. 

1 .  Description of Types of Reports 

a .   Final Reports 

Three reports prepared under this contract carry the name 

"Final Report": 

(1)  Final r<eport--Vol . I .  This report covers wjrk 

performed under both Task I and Task II through 

24 February 1961. 

('-)     Final Report—Task I .  This report covers work 

performed under Task I through the completion of 

this task in 1965. 

(3)  Final Report —Task II.  This is the present report 

covering the work performed under Task II through 

the completion of this task in 1969. 

b,  Semiamuial Reports 

Eight semi annuals have been prepared under this contract cover- 

ing the period 1 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 won: planned for the following six-month period 

present preliminary results of work that would be treated in more detail 
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In Research Meniorondii and Special Technical Reports (»ee below), record 

work done that »as of such a nature as not to warrant special technical 

reporllntf, and Kive selected adnuniPtrativc information (e.g., project 

personnel). Tiie first three of these reports covered both Task I and 

Task II, whereas the remainder covered only Task II, 

c.   Research Memoranda and Special Technical Repcrts 

These reports were prepared when subtasks were completed or 

when sign) li.-ant i-.s.;irch plateaus had been reached. During the course 

of this contract 50 reports in these categories were initiated. The«" 

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 between 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 -IGD) will be completed with support from I'SAECOM under Contract 

DAAB07-7U-C-O550. 

d .  Geophysical Data Reports 

Four types of data reports were prepared under this contract 

(1)  Ionospheric 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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operotlon In September 1963 through September 1965, 

when the operation of this sounder was undertaken 

by MRDC and USAECOM.* One report suramarizine the 

vertical-incidence data obtained in Thailand with 

two oblique"=fncidence sounders between April 1966 

and March 1967 also has been published, 

<2)  Faraday flotation Data Reports. Five reports, each 

covering about six months' observationn at Bangkok 

of signals from Transit 4-A and S-66 between November 

1964 and June 1967, have been published. 

(3) Atmospheric Radio Noise Date Reports. Eight quarterly 

reports on MF and HF aimosphcric rnoio noise observed 

in Thailand between March 1966 and February 1968 on a 

standard ARN-2 vertical monopole have been published. 

(4) Magnetometer Data Rct-art-,.  Four quarterly reports on 

the data obtained in Bangkok with a rubidium-vapor 

magnetometer during 1966 have been published. 

e.   Hondbook Drafts 

Draft versions of two types of "handbooks" have been prepared 

to assist the U.S. and Thai governments in convert in« the scientific 

and technical Information gathered under Task II of this contract into 

a form more usable by personnel faced with the task of radio communica- 

tion in the tropical environment: 

* 
The MRLC has continued to operate the sounder and to publish these -onthly 

data bulletins through the present.  Inquiries about these later bulle- 

tins should be addressed to:  Commanding General, Military Research am! 

Development Center, Sol Kloy Nam That (42), Ram» IV Road, Bangkok 
Thailand. 
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(1) "Quest ions» and Anawera about Field Radio Cowwunicationg 

in Hie Tropics." ihia  handbook draft la a source book 

of about 150 qui-stlona and anawera auout iicld comnunl- 

cationa In the tropics baeed upon SEACORE research 

and aelcc-ted muu-riuls from other available sources. 

It was not within the scope of the current efiort to 

generate a comprehensive field communications handbook. 

Rather, our goal has been to provide useful supplementary 

information for laprovlflfl HF and VHF short-path communi- 

cations In tropical areas. 

(2) "instrmtur's Supplement to 'Questions and Answers about 

Field Radio Communications in the Tropics.'" This draft 

volume contains references to SRI SEACORE reports—by 

question number. 

f .   Monthly Letter Reports 

Sixty-three Monthly Letter Reports were prepared under this 

contract to document project progress, approximate expenditures, and in- 

formation on travel, visitors, etc. These reports covered the period 

I September 1962 through 31 December 1967 — the period from the beginning 

of the contract through the end of SRI tochni^al dircctorsMp of the 

MRDC-EL. They ore not 11 sled in this appendix. 

2,  List of Technical Reports 

■.  Final Report» 

"Research-Engineering and Support for Tropical Communications," 

Final Report--Volume I, covoring; the period 1 September 1962 

through 29 February 1964 (September 1964), AD 480 594. 
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York Luccl,   "Counteniu»-Ki?ncy CoBmunicatlorn Requlrraenti in 

Thai land  (U),"   Final   Report—Task   I,   CONFIDö^TIAL (December 
1966),  AD  380   555. 

G. H. Hagn,  draft  of  "QueHtiona and Answers  about  Field Radio 
Comunicationa   In   the Tropic«" (February  1970) . 

C.  H.  Ha»{n,   draft   of  "instructor's  Suppl.iaent   to   'Questions 
»nd Answers about   Field Rarlio Coniru.ii cat ions  in  the Tropics'" 
(February   1970). 

G.  H. Hagn and G.  E.  Barker,  "Research Engineering nnd Support 
for Tropical  Communlrations,"  covering   the   period   I  September 
1962   through   15  Fthrua.v   1970 (February   1970). 

b.       Semiannual   Reports 

W.  R.  Vincent,   "Research-Engineering  and Suppcrt   for Tropical 
Communications,"  Semiannual  Report   I,   coverinp  the  period 
I  September   1962   through  28 February   1963  (March   1963), 
AD   «80 589. 

irch-En»a leering  and Support   for Tropical  Coranunlcation»," 
Semiannual   Report   2,   covering  the  period   I  March   through 
3 August   1963  (Septt-nher   1963).   Al>   IM  r>90. 

"Researrh-Ennlnoerlng  and Support   lor Tropical Comnunicatlons," 
Sem.annual  Report   3,   coverlnK   'he  period   I March   through 31 
August   1963  (October   1961).   AD 458 523. 

R.  E.  Leo,  G.  H.  Hagn.   and W.  R. Vincent,   "Research Enginetring 
and Support   for Tropical  Communications," Semiannual Report 4, 
coverin« the  period   I  September  1964   through  31 March  1965 
(October  1965),   AD 474   163. 

C. H. Hagn,   H. W.  Parker,   and E.  L.  Younker,    "Research- 
Engineering  and Support   for Tropical  Communications," Serai- 
annual  Report   5,   covering  the  period  I April   thrmgh 30 
September  1965 (May  1966),  AD 486 46P. 

Prepared under Task   I,  Operation« Analysis Program. 
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0. H, Hagn, E. L. Younker, itnd H. W. Parker, "Rcicarch- 

Enelnnerlng und Support for Tropical fommunicatlona," Senlrnnual 

Report 6, covering the j^rlod 1 October 1965 through 31 March 

1966 (June 1966), AD 653 608. 

E. L. Younker, 0. H. Kagn, and H. W. Parker, "Research- 

Kii)rineerlng and Support for Tropical Comnuimrnt ion«," Semiannual 

Report 7, covering the period I April through 3U Septenber 1966 

(September 1966), AD 653 615. 

E. L. Younker, G. H. Hagn, and H. W Parkei-, "Reaearch- 

• Engineering and Support for Tropical Communlcatlona," Semiannual 

Report 8, covering the period 1 October 1966 through 31 March 

1967 (May 1967), AD 675 459. 

Soeclol Technical heports and Reseurch Memorandumi» 

*Ktnneth Dimmick, "Communications Systems Implications of Thai 

Speech," Special Technical Report 1 (June 1965J, AD 473 557. 

I, R. Vincent, "Voice Testa on Mon-Potk Radios in a Tropical 

Environment," Research Memorandum 2 (July 1963), AD 480 591. 

W. R. Vincent. "Field lest« on Man-Pack Radios in a Trrplcal 

Environment," Research Memorandum 3 (July 1963), AD 47;' H60. 
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