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ABSTRACT 

This sixth semiannual report presents results of 

work accomplished during the period 1 January 1965 to 

30 June 1965 under a program on radio propagation research 

oin tropical vegetated environments.  The objectives of this 

program are to collect and analyze basic propagation data, 

together with basic environmental data, needed to improve 

the design and operation of radio communications in such 

environments. 

The field measurements on this program are being 

carried out in Thailand in a specially selected area of 

tropical vegetated terrain about 30 miles in diameter. 

Measurements of transmission loss are conducted in the fre- 

quency range of 100 kc to 10 gc, with antenna heights, 

polarizations, and transmission ranges as the primary measure- 

ment variables.  Basic environmental data, such as terrain 

profiles, vegetation characteristics, and weather data are 

also collected and, through the technique of statistical 

correlation, are used to identify the quantitative effects 

of the environment on propagation path loss. 

This report continues, as has been the case with 

previous reports, with the reporting of new data reduced di- 

rectly from the field measurements.  This data is presented 

in graphic form in terms of basic transmission loss.  How- 

ever, the major portion of this report is devcted to the 

detailed analysis of a relatively large quantity of the field 

data.  The block of measured data selected for analysis con- 

sists of all the data thus far obtained from one sector of 

the test area, designated as Radial A, and includes an 

analysis of data presented in Semiannual Reports 4 and 5 as 

well. 



The data is analyzed mainly from the statistical 

point of view.  Several families of curves are presented 

which display the trends of the measured path loss data 

in relation to the various measurement parameters.  The con- 

tinuously recorded field data generally exhibits wide vari- 

ations and some of this data has been analyzed by means of a 

10-level totalizer to obtain the statistical distributions 

of the measured data. 

Ultimately, a simple model is sought by which the 

path loss can be predicted for tropical vegetated terrains. 

Toward this end, this report compares some measured results 

with a rough-earth model developed by Egli in 1957, the model 

being modified by a "foliage" factor. 
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1.  INTRODUCTION 

This sixth semiannual report presents results of 

a program devoted to theoretical and experimental studies of 

radio propagation in tropical vegetated environments.  This 

program is sponsored by the Advanced Research Projects Agency, 

Department of Defense, as a part of Project SEACORE, and is 

directed by the U. S. Army Electronics Command, Fort Monmouth, 

New Jersey.  The main objectives of this program are to collect 

and analyze basic data on radio propagation in a tropical veg- 

etated environment, and to develop prediction techniques so 

that a broad spectrum of improvements in the design and opera- 

tion of tactical communications equipments for such environ- 

ments can be obtained. 

The experimental portion of this program is being 

carried out in Thailand in cooperation with the Military 

Research and Development Center in that country.  The fre- 

quency range of the measurements extends from 100 kc to 10 gc. 

The major portion ox the work is devoted to the range between 

100 kc and 400 mc.  In this lower range the acquisition of data 

and other information that can be applied to the design and 

operation of vehicular and short-range man-pack equipment is 

emphasized. 
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2.  GENERAL DISCUSSION 

Those who are concerned with the planning and 

implementation of warfare communications in tropical vege- 

tated environments soon encounter many problems in attempting 

to evaluate the effects of the environment on the perform- 

ance of the equipment they intend to use.  This is particu- 

larly true of land mobile and man-pack equipment.  The same 

kind of problems arise when attempting to design and specify 

new equipments to obtain better performance, or to meet new 

requirements in such environments.  In either case, the 

problems frequently stem from the lack of a workable model 

to predict the quantitative influence on equipment perform- 

ance of such environmental elements as terrain, climate, 

vegetation, and ambient radio noise.  Furthermore, the pre- 

dictions should be expressible in quantitative terms of 

performance, or effectiveness, to permit an intelligent 

selection from among the various alternatives that are 

generally available. 

For example, it would be most useful to be able to 

confidently predict the effects upon the operating range of 

an existing man-pack set uhen it is to be operated in some 

specific tropical vegetated area where a military operation 

is  to be carried out.  Or it would be useful to know how 

much improvement could be obtained under these conditions by 

altering some parameter of the radio set, such as its antenna 

height, or antenna orientation, or frequency.  The predictions 

necessary to resolve such alternatives must be obtainable 

through simple, direct means if they are to be effectively 

used in the planning and management of tactical communica- 

tions for the highly mobile situations characteristic of 

limited warfare. 

The prediction techniques necessary to these 
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objectives cannct be obtained through purely theoretical 

means.  The number of variables involved is far too great to 

manage analytically.  Therefore, the task must be approached 

through empirical methods, using data from experimental 

measurements within the environment to obtain the needed 

prediction models.  Such an approach is statistical in 

nature and the analysis naturally must proceed through 

statistical concepts and methods.  Because of the statisti- 

cal nature of the investigation, the answers obtained can- 

not be regarded as certain, but at least it is generally 

possible to measure the amount of uncertainty involved along 

the way. 

The design and operation of radio systems require 

a prediction of power loss between the transmitter and re- 

ceiver.  The power radiated from an antenna diverges and 

spreads over a large area.  As a result, the power available 

at the receiving antenna is only a small fraction of the 

radiated power.  The ratio of received power to radiated 

power has been defined as radio transmission loss and this 

quantity determines whether the received signal will be 

useful.  The magnitude of this ratio is primarily a function 

of propagation distance and can vary over a very large range, 
20 in some cases as much as 10  , or 200 decibels.  Among the 

many factors that must be considered in radio systems engi- 

neering, transmission loss probably is the most significant. 

The total array of factors affecting communications 

performance falls into two broad categories:  those associated 

with equipment performance, and those associated with the in- 

fluence of the environment on the propagation mechanism.  Since 

transmission loss includes the power gain of the transmitting 

and receiving antennas, it cannot be identified exclusively 

with either of the above categories.  But if transmission loss is 
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converted to basic transmission loss by adding the antenna 

power gains referred to isotropic antennas, and if the an- 

tenna gains are regarded as equipment performance factors, 

basic transmission loss then becomes identified exclusively 

with the environmental category of factors.  A reasonable 

hypothesis, therefore, is that the influence of the physical 

environment on radio communication performance from antenna 

to antenna is related entirely through the parameter of basic 

transmission loss. 

In a tropical vegetated area practically all of the 

above factors come into play.  The experimental program in 

Thailand was carefully designed to isolate and study these 

factors, as well as their interrelationships, by means of 

experimental measurementr of radio transmission loss.  The 

basic experimental variables are frequency, height of the 

transmitting antenna, height of the receiving antenna, trans- 

mitting antenna polarization, terrain characteristics, 

climate and ambient radio noise.  The basic approach being 

taken involves measurement and analysis of the natural en- 

vironmental elements just as carefully as the measurement and 

analysis of the propagation data. 

However, because the experiments in Thailand are 

being conducted entirely in one type of tropical region, the 

vegetation parameters in these measurements cannot be re- 

garded as an experimental variable in relation to basic trans- 

mission loss.  Rather, they should be regarded in the sense 

of a constant.  To introduce variations into the vegetation 

parameters the experiments must be moved and conducted in a 

different vegetation environment.  In this regard, the pres- 

ent program plan anticipates carrying out these experiments 

next in a tropical rain forest region, in contrast with the 

wet-dry tropical region prevailing in Thailand. 
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Previous reports have described the experimental 

procedures employed in Thailand, and have presented a con- « 

siderable amount of data resulting directly from the field 

measurements prior to the application of a more detailed data 

analysis.  The purpose of doing this was to provide this 

data to interested government agencies that are currently 

involved in a variety of communication problems related to 

similar environments.  The data evidently has been quite 

helpful in this respect, and interest in the data has been 

expressed from several different points of view.  However, 

much of this interest appears to be concerned more with the 

analysis of the data than with the direct application of the 

data as first reduced from field measurements. 

During the current reporting period, a sufficiently 

large quantity of field data was accumulated, and appropri- 

ately reduced, to permit the beginning of a comprehensive 

analysis.  Consequently, a large portion of this report is 

devoted to the presentation of this analysis in considerable 

detail and it is hoped that the results in this report will 

be interesting and useful.  However, the techniques and re- 

sults presented here should not be regarded as the program 

end objectives.  They are only a step toward these objectives 

— a means to the end, so to speak.  The end objectives re- 

quire that much of the complexity that is characteristic of 

radio propagation predictions be removed, and that the pre- 

diction techniques utlimately developed will be easily 

applicable to the problems at hand.  Much work remains to be 

done to reach these ends. 

The purpose of Section 3 of this report is to pre- 

sent new field data that has been reduced during this report- 

ing period.  Section 4 is devoted to analysis of a larger 

block of field data, including field data that has been pre- 

sented in previous semiannual reports.  For reasons which will 
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become clear in the discussions, some of the new data ob- 

tained during this period has been inclu ad in Section 4. 

Section 4 also includes a comparison of the results from the 

experimental data with those obtained with existing propa- 

gation models for unvegetated terrain.  Markedly good agree- 

ment was obtained with a foliated ough-earth model whose 

rough-earth statistics were given by Egli in 1957. 

In Section 4.6 an example is presented to demon- 

strate one method of applying the results of this report to 

a practical communications problem.  The operating charac- 

teristics of an AN/PRC-10 are selected as a set of equipment 

parameters and the "communication margin" at various per 

cent confidence levels is calculated for a tropical vegetated 

terrain. 

The frequency range of the measurement program in 

Thailand has been extended to 10 gc, the measurements con- 

sisting chiefly of line-of-sight transmissions over 

obstacle, refractive index measurements along the    -of- 

sight path, and measurements of short-range transmissions 

directly through foliage.  Discussion of progress in this 

phase of the program is presented in Section 5.  Sections 

6, 7, and 8 deal with technical film reports, meetings and 

conferences, and project personnel, respectively. 
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3.  RESULTS OF FIELD MEASUREMENTS 

3.1 Summary of Measurements 

The raw data being obtained in Thailand can be 

classified under five general categories:  (1) field point 

data, (2) vehicular data, (3) background noise, (4) climato- 

logical data, and (5) terrain and tropical vegetation 

characteristics. 

The field point data consists of those propagation 

measurements which are made at fixed points within the 

vegetation.  For any one field point measurement, the fre- 

quency, polarization, distance and transmitting antenna height 

are held constant while receiving antenna height is varied. 

The vehicular data consists of continuously recorded field 

strength as a function of distance within the radial sectors. 

The transmitting systems used for field point measurements 

and vehicular measurements are identical. 

New field point data is presented in Section 3.4 

of this report. Terrain data pertinent to Radial B is pre- 

sented in Section 3.3.  Since presentation of the other 

categories of data requires a significant amount of data 

analysis, they more appropriately are included in Section 4. 

Vehicular data is presented and discussed in Section 4.3.3, 

climatology data in Section 4.4.1, tropical vegetation data 

in Section 4.4.2, and noise data in Section 4.5. 

3.2 Basic Data Format 

Following the practice used in past reports, this 

report presents measured field strength data in the form of 

basic transmission loss.  A detailed discussion of basic 

transmission loss and the derivation of a general equation 

used for converting measured field strength values to basic 
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transmission loss appears in Semiannual Report Number 4. The 

equation used to carry out the conversion is repeated below. 

1^ - 36.57 + 20 log f + 20 log Ea - 20 log E,   )     (1) 

where 

L ■ Basic transmission loss in db. 

f « Frequency in megacycles. 

Ea - Unattenuated field strength in jjv/m expected 
from the transmitting system at one mile. 

E.   x - Any measured value of field strength produced 
Uneas;  a<fc a distant point as a result of radiation 

from the transmitting system used to determine 
E1  above. 

The transmitting antennas which have been used in 

the measurement program are summarized in Table I. Table I 

provides a brief description of the antenna and a statement 

of the expression used to determine 20 log ET for use in 

equation 1. 

3.3      Propagation Path Profiles 

Field strength measurements are currently being 

made along two trail systems.  The two trails have been desig- 

nated Radial A and Radial B.  A detailed map and profiles of 

the Radial A system are presented in Semiannual Report Number 4, 

The Radial B trail system, which runs generally in a south- 

westerly direction from the base camp, is shown in Figure 3.1 

of this report.  The profile contours indicated on Figure 3.1 

are in meters.  Also shown in Figure 3.1 are the locations of 

field points and radial points.  Field points are defined as 

those fixed locations at which measurements are made as a 

function of receiving antenna heights; radial points are used 

as reference distances from the transmitter when making 

vehicular trail measurements.  The radial distance to each of 
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the field points and their terrain elevations are given 

below. 

Field Point 
Distance 
(Miles) 

Height 
(Meters) 

FPP-1 0.2 450 

FPB-2 0.45 450 

FPB-3 0.7 450 

FPB-4 1.0 470 

FPB-5 2.0 480 

FPB-5.5 3.0 500 

FPB-6 4.3 450 

FPB-7 6.7 350 

FPB-8 10.5 380 

FPB-9 14.2 365 

FPB-10 19.0 760 

In addition to the field points listed above, 

there are four other field points, designated FPB-8.5, 

FPB-9.5, FPB-11, and FPB-12, which are not accessible by 

trail and require the use of a helicopter to transport 

measuring equipment. These points lie at radial distances 

of 11.4, 15.3, 21.6, and 28.9 miles, respectively, from 

base camp. 

Figures 3.2 through 3.9 show the terrain elevation 

profiles between the transmitter and each field point. These 

profiles indicate that field points that lie within 1 mile 

of the transmitter (FPB-1 through FPB-4) would constitute line- 

of-sight paths in the absence of vegetation and field points 

beyond 1 mile (FPB-5 through FPB-12) constitute beyond-the- 

horizon paths. The Radial A system, described in Semiannual 

Report Number 4, has a line-of-sight "cut-off" point 
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approximately 1.5 miles from the transmitter, again assuming 

the absence of vegetation. 

3.4      1^ Vs Antenna Height 

Figures 3.10 through 3.55 represent new field- 

point data which has been reduced during the current re- 

porting period. The information contained in these figures 

coupled with similar information presented in Semiannual 

Reports 4 and 5 form a basic set of measured data. This type 

of data is continuously recorded r«s the receiving antenna is 

raised from an elevation of about 13 feet to 80 feet above 

ground level.  Since the fine-grain variation of the signal 

with elevation is generally small, the continuous recording 

is broken down into equal increments of antenna height and 

then the median signal level for each increment is plotted. 

The increment chosen corresponds to about 6 feet of tower 

height and provides roughly 12 to 13 median signal levels 

for each curve.  The fine-grain variability in field strength 

obtained from this data is presented in Section 4.3.2.1 

It has been found convenient to use a systematic 

method of identifying the various sets and families of curves 

similar to the ones shown in Figures 3.10 through 3.55.  The 

following identification has been adopted and is used 

universally throughout this report in identifying specific 

curves. 

1^ = F(f, Ht, P, d, Hr) 

The above format, which is used to identify each 

h.   graph, relates the basic transmission loss derived from 

measurements to five basic variables:  frequency, in 

megacycles (f); transmitting antenna height, in feet, (Ht): 

polarization, horizontal or vertical, (P); distance, in 
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miles, (d); and receiving antenna height, in feet, (H ).  An 

example is the identification found in Figure 3.10, 

1^ - FA(25.5f 21, V, d, Hr).  This identification denotes 

that the receiving antenna height and distance were varied 

while the other three variables remained fixed at the values 

indicated. 

Although d, the separation distance between trans- 

mitter and receiver, remains constant for a given measurement 

in height, the family of curves shown in each graph is 

generated by a variation of d.  For this reason no specific 

value of d is used in the identification in Figures 3.10 

through 3.55.  Instead, the value is specified on the 

applicable curve itself. 

The subscript "A" denotes that the data pertains 

to Radial A.  A subscript "BM denotes data pertaining to 

Radial B. 

In order to assist in the correlation of the data 

given in Section 3.1 to weather conditions or to time of 

year, each curve given in Figures 3.10 through 3.55 is 

identified in more detail in Appendix B.  In addition to the 

information given on the curves, the exact date of measure- 

ment and the measurement number is given in Appendix B. 

i 

i 
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«     inm *MM»i8 

MfHI    IMI    tuMli-l«*!    ^inMII«!   til    In^IrM    plttf» 

fgtMHti   I«*I»  hi«« *••»•»*»  MI 11 «ii IM • ««*  »»ittti'M»  in   Intnn«!*» 

1'tMgti»  *»f   ffiü   ttftlyit«  n»i  **»•*»  •»mi**i       *iii-,...i|h   fit 

• ••»»  •♦!•!»»•»•,   INI»  pi <••>•»  nl   «lit»   iniit/iit Ni«   tMiMi^j 

•I»«    |»-.In*    it    «Nit ft   ft    tt <»•*.•«    ttf    I t*t «>• «» I I t*ü    Hfi'll»**»   M|    |i» 

»•tjH«t»»tl In   ft.MlM.iU   IN   «»pmtlüi   liitiiu§m   IM   4ili      »Ms 

»»I*.,.*     • ft>|t|.ftetf>*«     Mt»    »*tt4$H$Hlf*f I»*    »NitN    llflflitli*    lilt 

*•»!-.»• iftnlftU* »«HMHII *t*#  t. «,* fi«t9»t tppllM 

A Mtifiil  ifiilfili ml ••pttlMfitii   iMutli «Ml 

•ftfVi  *••.,   i»ili       *«N Mg   !»••*   |Mt!»     Mt»«*   iftnuH to» 

■ Uiil*.l   ftiil    ft*   h»t!tf    MI    |«iHiM.!ii    ili»IM    ilHi   t H   (Uli 

|HN§tift       fliil     ft   !H»4fmtth   «Miinii   ttf    (•*«•  t|ttattt 11 l»i 

»«I   «*•*••! *.i   iliii   . *'    lift mi   *•*«•!    |m *»nttil»nt lii   «HI   It 

• i»  ft I•«••«   In»   MaNIi   In  in»   im>  unit »••ni 

in*  «iitiMtl  • *?   i«tii   I MI   iiopiti)   M *'**•*'<"" 

• itiijrili   »■   IM .MI lit I I#  • ttiiii lit lii tiiilM    ".puiiii, ti 

il   »Nil»   iilili   In  tlti  •I'H.MhMi.i   in in»»n  !*• ••••.» 

•)•*!*  in  M4i       AMfamit*   llii   hlliilft«fit   ttf   INI«  «nil   li 

tin!»   • tit•  ii»|i  itiii'.tl  in»  ttillMii  tf|t|i»||it# iif   Ilit 

liiMitiftj,   lltsi«   !•  ■titn   infttiftjil |t»#t  til   SNHMtlil«   l»|Htiliitt« 

it.  Iti  iilniftl   fitt« i  *»rr«it   in«*»li#ti nl   • •*••*«■   itttpiiit l.ttt 

lit   i|<«  ftjiillttilii   iftftji  «I   ü*»t .»!,••..•   in  • ♦«i.i.   •»•«.., i»«nli 

iri Nilni M4I   In   f1iiUin«J 

ttli    III IM    *»«    fftjftj     fttt     llOfltit    ft)*H|feliiUtMt 

inilyali   li   It«  4««ilt*p i   •»)»•«•< It • I   •§•«!• I   ifcttn    !••< . «»•• 

<• i-     |.t >i»eafe i i .».  ••  ••••Mt *.i   In  in*  pit l It tiii   •*«! lotto»»! 

»M«1   ftt.,.1«   •*  i   i lid! Illii   liti  iif   «ittifciii   tipt*t   •*» * ■ •• 

i  i 



. 

|M   -$*•»» M.i,    l*>«6»0   4*99*   1 Mt»   Mnl» I,    «II H    pt't||»t|t/    I ilun 

HM1..1   »ajiftiilaa,   »ill   illltil6ly   *»»***   an  »«t»»tal.*ti     l 

IN»    ir.di.tl«»    »if     Mir    |. • *■ - * • - •     MllVI    (if    *•*•*  iMftttlft    It»   •     I • Mj . 

lit»«*}*»    fit   tttfegt    •!••«. 

Inn»,   aHHmtgtt   lilt   ptlataiy   nii|i)tl|yi  of   da I a 

«nalyata   I«   lit«   tinvo IHM*»*MI   i*|   ft   piupei if   avthial»d   ••Hi» 

««I h • I   »(Ml»)     vatlmia   Magaa   til   data   ■ fialt/aia   «Ill   al»n 

»tu*id» •  «HUM 1 ft H!   ill»«»  MM  »Uta  t »ma la t »my  and  algitlfl 

• •MI«,   • »dl  * ft it  ft Ian  |ii"v|.|»   I it I Hi •• I I »til  (»I   Jiaaadtata 

Mil at aal   pi Im   t««  Ilia * »«plat Inn  «f   tit»  ultlattta ata Mt» 

ft»! it ft 1    »»d» I 

ahrng  alilt   iHa  dav»lt»jajt»M   »if  a  oiih»MM.ii 

t»i««»'i   It   la   la)|»u taut   tu  (»ngidai   ilia  ydtyghai   amda I f   thai 

la     Mi»  |«ii9»i.«t   «   IU»|.I   ..1   |.i   itftgftt 1 MM   ihinii|li   ff»l lag« 

la.1   IIAMII    1 t M*«   »•   |H"|ii|»t »••..   data   at«   htlni 

«aa«M      itta  in>>   I»  MaM at 1 »110,11* a* a   futt»U*(it i»f  »a 

xalttag  afltgfitta   HatgM   a«  th#   yattafcla  anal  i t a itgan H I tig 

ant «nit«  featgM ,   dl a I ana*,   I» »quam y ,   nit >i   and  awlai laal I MM 

• a   »»(««»«»(ft       th»»»  tft» (>«HI ••»ni e     »Mi«i<   aia   lafcat»  at   M*ad 

Maid  paaifil aj,   aia   »afaiiad  lit <»•     field  a**!«!   »aaatii a«ani a 

••1   alatpiy   W  ft»aa«t • •••»»!»        lit»   »tilt»»   Itaaftt    typa   iff   fit »i|» 

• iftiMfM  data   la  »fetalhad  ft»»» t»*tt»dt»ig»  •■!   MaM gttatgin 

•• •   fimillKH »»I  diataitia   In a   vat*I• la »tilth  tiaval»  » lung 

• a»afi*»»y  iui^M'» tlngla  tialla      Ha»a  latttat   dlataaia   •• 

Ilia  «itlablt* a»td   t 1 ana« I 11 1 i.p  aMiaitna   halgltt,   f taxing*» y , 

aftiia» laat I»I»I •(•.< ••••<•«  aarva ag  t»« 1 • »•!•< «       IM»  ifg.illa 

nf   th»a» «a« a HI (Msaiit ■  ai»  »afaiiad  It* aa     traftlrulai    1a • • 

tan  . i»0jwl«t» • •<»  ..I   .ifttft  .in  »ft.M  itl   I at«   liall 

uystaaM».   dtttIgnat ad  Radial   ft  and ft» dial   II,   aia fttalng 

'"in. ini       »at«  »»*   »apiaaantg  di t   aaagun  * »*ndl I tuna  and 

III«   «tit»»   tag»»cant a   »»t   «»ftom.  t undt I imta       in»   Maid 

1  I 



• a 

|MI I til     tile   |M *«»tt. »<l   Hi   «».thin    I   nf   MM«   laptnl   iiuH|   «Hit 

IM ttfttt  pi ••ant««'  In N»«Iannual  H«I*MI   Jhmtfl   4 «mi 

J9«ttlanittia .   Rapid <    Niiwlia»    ft   piovlef«   ufca   CIMIII II I ly   («naplata 

•«I   «»I   M   data   fm   Ha») a I   A       Mau,   Mi« iiaw  flat a  »i««a,tt«<l 

In  ••• MMI   l  Mf   MM«   tapmt   ptnvttlaa  an  Mi»ni|i!ir   >..*}• I »|r 

• •«   t>f   M«   l«l«   fm    Marita}   M   fioi   i*   a  «t    IM   4MII  «i 

lit«  iiala  ana I ya I a  piatani*.!   in  Mil«   -„»,.,.   in« 

tit»**ii   'UyMi ««I  i«  Mi»  m»«tpt«l« aal   »I   Ma til a I   4   fM »Jata,   ami 

a ai§nlfuant  aaa.pl a »»I  Racial  *    *...•.••»    U«.       IN*   I« *« 

anaiyat a  tiaftna »MM  a   «**i*a  »f   IMa  flaht  pi» in»   «aMIati 

»fata  ami  Um  tiiin HüIU,.»     *   11. »*  ttata   Ii aevaial 

«III* i«r «i. i«.  Mianeaiha,   *"»*M» 

Maat   an analyaia   »a «M« «»I  IN« I !•• »ml «|MII I•> I 

vattttitffi« uf feaat»   t tanaajiaalttn   i  «•   In  lha  »tfftittff 

Mn     I*Mig    l«lft?    I  In*    flllll'ttlh     «»ami! «««Ill«    h«*«    Iff!    *i,<* 

Htitim     «alattna ilaia  ><m«ii.lng »hoi I   I»IM  MM   vaila 

»»MM»   |.;..thi« ,.•<*«•«.»   infmaiM .<<>.      Rpttiai   vaiiatl«»»»« 

•M*<H  Iff  tttitJtatf im I   «tu ant anna  halRM   an«!  »ftatanc«      a 

•t*i*ly  nf  Hi»  flna g'atn   >«M«MIM»   uf  baal»   • tanaataahtn 

|.»aa   «a «••!•  aa «all  aa  a  a ».,.4*  uf  IHa  «arlatliiii uf  Mea 

fP a*»ltan« a I Mi  ant anna  NatftM       I Ha   «iHltiibi   •)•)•   pm 

HtJaa a  ft »at   ■!*»• i  <#f   iKffiMani   lnf»»taMM Inn ».»ntamtng 

Mia iliMiM.il   vaiiaiitin« uf Naati   tians«taal»n   htaa at a 

flint! In tt   M|    ia.ll« I   »Hat«»».«   fma   Mi«   IM.I^I 

Mail,  aManUtn   ft* »I Mat* I ail litvtrH a  »•.:«•»•..   uf 

t.lhai   faiittia  »Nl.li  tan  affatf   pi»«paa*t t«.»i    «,«< n  aa 

• MaatMtigv,   vagaiatl«tn an»l pi» lai IIIMMII       Una My,   a 

Milaf   tftat tiaattm uf  Mi« pctftntlal  uaaf itiitaaa   <l   Mi« 

ftffffMtl  aval lali la ilaia   la  a I van,   «MM an  «««aiM« 

Mt 11 it la i Inn 

I   I 



lit»  IfUHtity   il   »►••*!• *«l  «lit»  h§f   i«'«iiny   ttftth»«* 

Um   |f«itii(   it   *h I« I*   f lit »MM I v»   imUplt   •»*   It»  «tüli*        *„ i .. 

h<t ff »»I hi£   I | h M |«t h<t.»   §*t»«»n»    I »it*»*»»»*»*   a«   p£§| || I I I i I ID» 

• 0  •   iifliiil   of   Hi»   fltfcl    .in«»«  0|    »tiii   attet»/«!»    t.*   • M..  i 

In   Mil»   I»|IMI«        H*tt**«f4r,    IN«   e«$»haal»   tl    t ft I»   |»«i I M t    i»   itff 

IN»  «»tliutt»   ••!   tittit/gi«   tath»t    Hun   MMH IIIIIIMII        II    !•   It» 

I ,.,-   , «M       «<>    )(|H||   IM   §H*i*«lill»   full«  hiBlMlii   li«f»i|       ill    IN« 

»vht«tM«    I»    It« Mm H   |it »»at M» t*   i-CUM  I M« I (»MM   W»    »ft*» «It« •»»»» 

• ».   i MM»J »«»niit» a»»«* »I«MI rii «tu » ..I  IN»   »tit 

4 • »„».,*i, MI ritN Nifii MMIIM 

Al     Ml»   Mlill«.)     II    »Ml    |.«<    >l»'tth,l    le.   i|»Mit»    Hi» 

Im«     lial.»   pilnl   »»tilth IM   i|»lhi»   f'»lti   p«»li»t   «»tilth 

II    It   tt»i»»»«iv   11»   i »» til   III» I   «illUl »«»III»   ti»   «»t|»   tl 

•»»It   fl»hl   |M» I ii I    t*   t    IIIIIIIIMH   MI   t»i»|v|»i»   ilil »hl» t   h»l»M 

III»   lultl    till»»   nf    i»«»|t/lttg   iiit»iin»   tialgttt    I»    I»    i »*l   hilt. 

• ntitiiet   »ii   » on»»! ill iv»   liil»»vil»     »»»It   ul   »It h It   I» 

t»»t MQ lt)»t •!)     »     |*»|      I»;     | »||g III |t|»    «»tlltl»     V» III»    III     I» 

• i»»<t»tt   ttgtitl    ttl»ltglll    I»   « IMS»»it    I HIM   •••■•'    »•    fiMil     litt »IV» I 

ill«»»   «»»Hail«   »d    l»»i»llt»l     In    Iftltl   wlitl     I»    i»f»t|*t|    ill   t» 

lit»   III id   pi tilt   MI« ill tit   flai.« In   Mil«   »»i l hut   tllsitlhin 

»III     IM-     i|||»fl»l|    l»l»»it|    111«    »It» 1**1«    Ml     Mfl»    ••»»|ll»l»    •••     (»I 

ll»M  iHilnl   *»»ll«n   il»la   Im    Ht>ll»l   A 

|»|      I *»♦»**»,       >l|      ||»»»MI»l|     INI It 

lit»    »)li»l        ill» *••! I »It I     hunt»     hi     iltlt    »I »»»»tl 11 hill 

lit»    ll»»lt    »h'l«    MI    »»itlttt    lit»h      hllilillftlMii     hi««   t»    t 

liilti I liiit   iif   •»-   MI. in,   tnl »mi a   H«lgM   »Uli    MflttitM      Ii» 

>|ii»ni y      I i tii»«Ji I» In»   tiilMMitt   li»l»lil      |i<*tti !»»! Ion   trt»4 

••»•»Mt   t»   |i»i»t)»t»l»        AllhiMigl»   i miv»nt»III    fin   l»t»h    ittl« 
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pteeentetMm,   Mit«   IHINI   le mil   Mm Imet   fin    leie AitAiyele 

Mini,    If»    fl|f    Ml     »Uli    KIHMHI»,     ttlit    IM    nhlat't    |    hellet 

anelyele    full»*!,    lilt   Iti    l"M»llM|    faalllet     »I    ititveg   •!• 

pteeent e<*. 

Mi»   fliet    IliiU   Mlm^   IMII   Mgniee   4   1 

•   « thiungh   4   in  ami  gtvee  Niih    I rgimtniegliiti   hi««  ••  •   dm. ihm 

-I   <l I« I atti •,   he a nit  «HI   (he  meaeuteil   f I • I •#  |H« I n •   ■«•In»    1st« 

Mgiiee   4   IA   Mttnugh   I    II   net la in   IM   VIIIIH)   IM* li i I ee Mull 

• tttl   Hgntee   4   II   Mil nigh   4   IN   »attain   In  Inn I «Mil it I 

ptilgi legl Inii       Fieijimtti'i   !■   Mi«  piiiie«! ••      <H   eat h   t MI V« 

Til«  41«! Ing.iiehMtg   pete eel»;«  tin   I iiHlllll lug  Ami   letelvltig 

Antenna   height«        !•• «i    IM * *   lias  imeit  giintped  ■<>   Migl   g   •   * 

piete   leell*   til    lala   «Uli   rttpeUH    Ifl   fffQHiM|    lA   gl*AUi   |n 

eg» h   of   Mm   fltel    Mill«»   f I gUI ••        |f    I i ••|iimii le»   of   All  mi 

etui ■»MV*    ■laitilatil  t ianetal 11 tng  entetme   height«  •* f   ll   faul, 

4"   feet,   Mini   AH   ifmi   em«   ttee»l       Mneevei ,   at    lii'iuiin Iti 

lejvgr INgfi  Ail «<   «nil  veitMel  eat let tagl In«,   I m*Mlt I lug 

• ■.«•in.«   height    |«   Haltet*  t.*   •••>• I •    anleime    leetgM 

• mm Mietet Mm«       ihtg   I eg He  In  «I nut   tHffMi.Miea   in 

giunelng  ilata  Ity   IiAng*tItlug  antenna  height        In  the 

gre*tee)t   »el anil   eueethie     a   iniiglgtent   «el   nf   tfatA   hae  (men 

• huean   Im   «At h   Mgnie        In   »tgtite   4   i*   fnt   eaa«e)le,   the 

liggli   helghlg  ate   II   feet   fm   I teneeMt I Mig  e<;»l  in   l   et   fett 

letgtvlng        lite  gilngl   I tAnfallt Ing  ant jiini   Imtghl   Al    II  tat 

im   «ait tig I   pet Igt tu At Inn   •••   M   feel,   ah Mm  t m • eeauiula   in 

• i.   effective height   nf   eaetme logt e ly   Mi  fuel        Mile 

• t f •• I I eat  height   of   Mi   feel    le  tamit   ill* at I i»   i magei ah le  In 

g  alAitalat'i  t leimatt 11 Ing  anleime  height   nf   11   feel        llteir   I« 

*t*t ti a««l»    lamina let eat y  g|   gA   A a»,   alt*,«u   lit   Hgtitea   4   la, 

4   IP end   4   it        fhk   • teaaain tttg AMI einig   fm   iA  A ex-, 

vetlltAl   ettlet leal I ten f   I» a   Mi  fmii   tsHhil  ahl|i       «I   All «• 

IN«  ttaneaj ttlng  antenna   la a   vet I Ing I  hg I f  aeve «fte»*l« 
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HIDUi    la   II   r«*l   «Nut«  «fitiHitl       Mi«  •■(•Hl   IM  «rltI• li 

Mlfiiiniii   in  ilfitliv«  ■iMwitii«   h«l«l •   f-fi«i.    IM»  •|.|.».f« 

I is« «*it« • • I «it« y   ftt    11,1 ü   It   MIIIIIII!»   imtef   »IM«1*.     •** 

fi«**»«»! !••   luv«;    (hin   li   Mi,    fiillii!   «< »I ■. i # • n  m      IN« 

fi«M«m|M|Mg   ft»l«»!tft«   lifti M««    |0f ii|( Mllv« ly     in»««| Hll««V«f , 

ft»l«»»ft   h«l«ht    Hi«   Hi*   ligi'ilhiitl    «He> t    MI.   Hath    p«l»    !•'•• 

N«hi«   li   MI,   • •   I«   «hn*n   IM   IIIIIMII   4    111 

III«  ftittiftl   ftüt«»Hft   h«l|M«  • !•   «*ia«<t   MII   «KH 

• UIV« ir t»«v flirr«!  tm« I»M«« «iv«n ii  IN« i«««»ii «f IN« 

MMI.II r«M    ft)9ft«|ll«,    ft    lMi|«l|tili    ■<»       IM      lm«l>l«   •    itMV« 

««•li«   IH«l   Mi«  »Iftlft   ••■   *•••»  «it»  «ii   HM   fIMi(   i IIHIMI Mini 

• »!«*<»«     ftllll    II     iM     f.M.t      |«l«|vltig    ft»t«»»ft 

rh«  i   f   Ü     ftttfl   in  m    <MIV««   rm   MM, i#.:«ii« i   |,  iM. 

iMlinii   ilioin   In   ri«Mt««   4   III,    4   IN   «it«!   4   in «|t|t««t   In  i.c 

litt N»«l»t «III    «Uli   lit«   llt||li«l    I i «*|tl«»t t/   iMiwl Mi»«« 11)1« 

i0««mi«   fill    Uli«   im it»«l«t«»i y   «i«  N«|»«   ililftilly   i H«i «vil 

l'h«  ««i mill »«im   l«mflf   iif   ilfti«   «ftl«inl«   fiu« 

ri«ni«   4  ift   iliMHi|i.   riiini«  4  iN       Mil«   filllf   I«  •Mftttf 

Mt«  «ftM«  «■   Ihr   |ti«vlmi«   t«ml I«   «ii «|il    In   Mil«   l«M«i   •••• 

ri»miiii»ir «|i|i«iit« ft« iii« vft» iftiti«     ii »«<•»««« )wm«.Hfti»u 

iiHvhMi«   fin«  ftti   f*mi«ln«l imi   »if   M«ui««   4   ift,   4   IN  «ml   4   i« 

tttftl   I»«  »•■!•    »f«»««l««lun   hm«   v«h<9«   hl   ift   ft IM, 

vMlMl   piilftt t««t Imi,   •««•«!    In   li«   Im*   M«!t Mt | • 

««»«•IM III«  «u««««!«   IlMlf   «Im«  Ht«   In««  ■!   tfft   ft «<   »••*»*• 

mil   ft|i|i«fti    In  li«  «mi« $■!«»♦   «11»   I lit»   I i «t; I  a I    li   «f    «ml 

ftli «i        TH«   I Htm«I«!•»**   »nl«il  «i   ill  ft «i    I»  »««tit««   4  ift, 

4  ill «ml   4   il    I«   lilvitllftl   In   I ha I   mil «4  MI «v Imi«»y   in 

i*i»»«t Hu»   «Uli   H«III««   4   M,   4   IN   -   -i   4   I« lid«   pftMifcl« 

tH*tttt«l«f«m«ft   »ft«  ft   »i«ft      »i«   in    •    jjftlei   'iitftlyftl«   «it   «I    Mil« 

«fill»«     II    «III    N«   »Ml«ll    lllftl     ■    t|«i|«««0     I»    ««««Ml«'!     hi««    ftf 

|l«!l'ftl««l «I»     HI    ••!♦    »MM Ifl    «All«    Ut«    llfttft    ftf(|»«ftt     «911« 
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Mm   •«»(«« MOM   ,if   MM«   •|i|iat»        MM (»ftalftt «tu y   »Mi»Mt««   tit 
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4.2.2    Theoretical Models 

The first logical step in any attempt to develop 

a model which represents radio propagation in vegetated 

areas is to compare the measured results with values to be 

expected over similar paths which are not vegetated.  Assum- 

ing it is possible to adequately describe propagation over 

unvegetated terrain, the differences are attributable to 

factors associated with the vegetation. Thus, one problem 

of considerable importance is a knowledge of propagation 

over treeless terrain. This problem has received consider- 

able attention for many years. Although this problem has 

not been solved analytically, there are several possibilities 

for approximate solutions, a number of which will be given 

in the following sections. 

4.2.2.1  NBS Model 

An examination of the terrain profiles for Radial 

A which are given in Semiannual Report Number 4 indicates 

that the terrain is such that in the absence of vegetation, 

the transmitting and receiving antennas would always be 

intervisible at ranges of less than 1.5 miles.  The terrain 

profiles further show that the two antennas would never be 

intervisible at ranges beyond 1.5 miles.  In this section 

attention wil?. be directed to the distance ranges beyond the 

radio horizon, i.e., ranges greater than 1,5 miles.  In 

October 1955 Norton, Rice and Vogler published a paper 

designed to provide simple formulas suitable for estimating 

median transmission loss for paths extending beyond the 
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radio horizon.  These methods appear most recently in NBS 

Technical Note 101.2 

Two general types of propagation paths are possible 

for Radial A at a separation distance of 1.5 miles or more. 

The first consists of those paths for which the transmitting 

and receiving antennas have the same radio horizon. The 

second consists of those paths for which the transmitting 

and receiving antennas have different radio horizons.  In 

the first case the path is looked upon as a knife edge and 

in the second case the path is simply called a "rough-earth" 

path. 

For knife-edge calculations the following loss 

formula is used. 

L*m>?6-57  + 2° l0g dmi + 20 log £mc (2) 

+ A(V) - G(Bte) - G(Bre) 

For rough-earth calculations, the following formula Is used. 

.1 
K(kre),bD + 16.67  log fm(, (3) Lbd" 10 lo» d»l  +iCK<kte)'b°!+5C 

r       n 1 ' 

- G |Bt(kte) i - GBr(kre)i+ 10 log Co(kt) + 10 log Cc (kr) 

+ 488.69 f^ erIK(kt),b° Co(kt) a3 + B0;K(kr),b° C0(kr)^db 

1. K. A. Norton, P. L. Rice, L. E. Vogler, "The Use of 
Angular Distance in Estimating Transmission Loss and 
Fading Range for Propagation Through a Turbulent Atmos- 
phere Over Irregular Terrain," Proc. IRE, October 1955, 

2. NBS Technical Note 101, "Transmission Loss Predictions 
for Tropospheric Communication Circuits," May 7, 1965. 
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The rather complicated terms in these two equations 

are presented and explained in Semiannual Report Number 2. 

These equations have been programmed on a digital computer 

and many comparisons have been made between measured &rd 

computed results.  The results of the comparisons have 

neither conclusively supported nor invalidated the theoretical 

model, as will be demonstrated shortly. Much of the uncertainty 

arises from tne factors G(IL ) and G(fl ), which appear in 
v©        re 

both the rough-earth and knife-edge equations.  The function 

G(fL ) represents in part the effects of reflection between 

the transmitting antennas and the terrain obstacle which 

forms the radio horizon for the transmitting antenna.  This 

function is intimately dependent upon terrain details between 

the transmitter and its radio horizon.  In addition, definite 

criteria as to when the function is to be used and when it is 

not to be used are not available.  The function G(H ) in- 
re 

eludes the effects of reflection between the receiving 

antenna and the terrain obstacle which forms its radio 

horizon.  There is the same uncertainty as to the applica- 

bility of G(B ) as with the applicability of G(R.). 

In order to explore the effect of these G(H) 

functions, data at 25.5 mc and 100 mc will be used as ex- 

amples.  Figure 4.3 compares measured results and NBS theo- 

retical results. The points on the theoretical curve marked 

K correspond to points at which a knife edge was assumed to 

exist, i.e., where the transmitting and receiving antennas 

had common radio horizons.  The points on the theoretical 

curve marked R correspond to points at which rough-earth 

conditions prevailed, i.e., points at which the two antennas 

had different radio horizons.  Figure 4.3 shows that in many 

cases the theoretical loss is greater than measured loss. 

Figure 4.4 shows a similar comparison between measured data 

and the NBS model without the G(fl) functions.  Figures 4.5 
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and 4.6 give a similar set of comparisons for 100 mc. 

At each distance there are four loss figures 

which could be deduced from the theoretical model:  (1) 

theory including both G(H ) and G(fi ), (2) theory including 

G(fit ) only, (3) theory including G(fl ) only and (4) theory 

with neither of the G(fi) functions.  Since there is a great 

deal of uncertainty as to just when the G(H) functions are 

to be applied and when they are not, it is logical to ask if 

there is some combination of possible choices at each dis- 

tance which fits the data well.  First to be considered is 

the case of the closest possible fit to the measured data. 

Figure 4.7 shows the result of choosing the best possible 

fit from the four theoretical choices for path loss avail- 

able at each distance.  A theoretical point is marked T, if 

the theoretical calculation included G(fl. ) but not G(fl ). we re 
A theoretical point is marked R if the reverse is true.  If 

the point is marked, T,R, both functions were used, and if 

the point is not marked, neither function was used.  Figure 

4.7 applies to 25.5 mc.  A similar comparison is shown in 

Fig\ire 4.8 for 100 mc. 

On the assumption that there is some effect from 

the vegetation, the same experiment was tried again with the 

goal of obtaining a best theoretical fit corresponding to a 

loss of approximately 10 db less than the measured data. 

The agreement was excellent for 25.5 mc, as is shown in 

Figure 4.9. The results at 100 mc are shown in Figure 4.10. 

Results of the type si*own in Figures 4.3 through 

4.6 indicate that the theoretical formulas are not completely 

suitable as they now stand.  However, results of the type 

shown in Figures 4.7 through 4.10 indicate that the methods 

might be applicable if proper criteria governing the use of 

the G(B) functions could be established.  This matter is 

receiving further study. 
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4.2.2.2  Computer-Induced Statistical Terrain Model 

The NBS model is being explored with the hope that 

it will predict terrain effects with reasonable accuracy 

when terrain details are known.  In this way a realistic 

assessment of the effect of vegetation may be made. 

The NBS methods are relatively complex and require 

a detailed knowledge of terrain.  It is not anticipated that 

the method would ever be practical for operational predic- 

tions.  However, the model, if valid, could be used to arti- 

ficially sample a range of possible terrain profiles and 

generate a statistic which realistically represents the 

propagation over rough terrain. 

One attempt has been made to generate a statistic 
i 

with the NBS model.  Ten straight-line radials were drawn 

from the transmitting site through the area occupied by 

Radial A. The 10 radials cover Trail A as shown in Figure 

4.11. Propagation loss was calculated by means of a computer 

as a function of distance along each of the 10 radials. A 

sample of the results is shown in Figure 4.12.  The results 

shown in Figure 4*12 include both G(fi) functions.  The pri- 

mary information of interest is the median value and range 

of loss values at each distance.  As Figure 4.12 shows, the 

range of possible loss values as predicted by the NBS model 

is quite large.  The data which has been obtained in this 

way is referred to as the "computer-induced statistic." 

Figure 4.13 compares measured data at 25.5 mc and 

the median of the computer-induced statistic, including and 

excluding the G(B) functions. .Figure 4.14 provides the same 

comparison at 100 mc. 
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4.2.2.3  Smooth-Earth Model 

The smooth-earth propagation equations presented by 

Norton in 1941 have been compared with measured data.  In the 

medium high-frequency range and below, the smooth-earth model 

has been found to closely represent the propagation loss for 

short distances when the path is void of foliage. Figure 4.15 

gives the smooth-earth model for a ground conductivity, o, of 

0.03 mhos per meter and a relative permittivity, s, of 15. 

Figures 4.16A through 4.16K compare the smooth-earth model to 

measured data. For €lie three low frequencies, two smooth-earth 

curves are shown. One curve represents a "good" ground while 

the other is typical of very poor ground. The purpose of 

plotting the range of loss for extreme values of ground con- 

stants was to investigate the possibility of attributing the 

measured loss, in excess of free-space loss, totally to ground 

losses. This investigation was not made in the HF range since 

an apparent foliage effect is present. 

In Figure 4.15 the effect of interference between 

a direct ray and a ground-reflected ray can just begin to be 

seen. A similar effect is common to the 100-mc measured 

data although the effect is much more pronounced in the 

measured data. The smooth-earth model also shows a falling 

off in the distance range from 0.2 to 0.5 miles at 250 and 

400 mc. A similar falling off is found in almost all of the 

measured 250- and 400-mc data. 

3. K. A. Norton, "The Calculation of Ground-Wave Field 
Intensity over a Finitely Conducting Spherical Earth," 
Proc. IRE, pp. 623-639, December 1941. 
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4.2.2.4  Egli's Rough-Earth Model 

The National Bureau of Standards is currently work- 

ing on a statistical model for rough terrain. This model is 

based upon the analysis of a large number of propagation 

measurements which have been made within the United States. 

It is very likely that the NBS statistical model and the 

data which went into the model will be an invaluable aid in 
identifying terrain effects in the tropical vegetation data. 

Unfortunately, this program has not been completed and data 

is not yet available. 

A terrain model based on a more limited set of 
4 

terrain data has been suggested by Egli.  The Egli model is 

discussed in detail in Semiannual Report Number 1. This model 

is based upon the plane earth propagation equations plus a 

statistical terrain factor.  Consider Egli's equation, 

40 h h2VT 
E50 \ £ uv/m (4) 

95 ds 

where 

E50 = median fiel<* over all locations 
d miles away 

P = power transmitted in watts 

h , h2 = transmitting and receiving antenna 
heights in feet 

d - separation distance in miles. 

4.  J. J. Egli, "Radio Propagation Above 40 mc Over Irregular 
Terrain," Proc. IRE, October 1957. 
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The basic transmission loss equation can be ex- 

pressed as 

1^ = 36.57 + 20 log f  + 20 log EQ - 20 log E   (5) 

where 

E - 4.359 x 103^ uv/m for a half-wave 
°  dipole.     z 

Taking E in the above equation to be Egli's Efi0 

and introducing a vegetation or "foliage" factor, F.F., the 

following equation results. 

Lb - 116.57 + 20 log ffflc + 40 log dffli - 20 log (ht h2) + F.F.  (6) 

where the two antenna heights are measured in feet. 

The foliage factor, F.F., which appears in the 

above equation was derived from available measured data. 

The foliage factor for horizontal and vertical polarization 

is shewn plotted on Figure 4.17.  It is interesting to note 

that the foliage factor for both horizontal and vertical 

polarization follows a straight line except at 25 mc.  Since 

Egli's model was derived for frequencies of 40 mc and above, 

there is some question of its applicability at 25 mc.  How- 

ever, a possible discrepancy of some 10 db in measured data 

at 25 mc for vertical polarization was noted in Section 4.2.1. 

It is interesting to note that a resolution of this dis- 

crepancy at 25 mc would tend to make the foliage factor at 

25 mc follow the straight line predicted at the other fre- 

quencies. 

The foliage factor as deduced by comparing Egli's 

statistical terrain model with measured data has an increasing 

effect with frequency.  The effect for horizontal polarization 

is less than the effect for vertical polarization at the lower 
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Standard 
Deviation 

(db) 

10% to 90% 
Range 
(db) 

4.6(estimated) 12(estimated) 

6.1 16 

7.7 20 

9.2 24 

10.7 28 

frequencies but tends toward the same value at higher fre- 

quencies. The foliage factor does not appear to be depend- 

ent upon distance, which may be surprising in view of results 

presented in previous reports. This matter, too, needs fur- 

ther study to resolve. 

Egli's model predicts a normal distribution about 

each median value whose standard deviation is a function of 

distance. The statistical terrain parameters suggested by 

Egli are summarized below. 

Frequency 
(mc) 

25 

50 

100 

250 

400 

In order to compare the model based on Egli's ter- 

rain factors with measured data, the following procedure was 

used.  Basic transmission loss curves based on measured data 

were prepared at each polarization and frequency for the 

following pairs of transmitter-receiver antenna heights: 

80-80, 80-40, 80-20, 40-80, 40-40, 40-20, 13-80, 13-40, and 

13-20 feet.  Equation 6 was used to predict a corresponding 

set of propagation curves.  Each predicted curve was sub- 

tracted from the corresponding measured curve and the differ- 

ence was plotted as shown in Figure 4.18.  A figure similar 

to Figure 4.18 was prepared for each frequency and polariza- 

tion.  The conglomeration of curves shown in Figure 4.18 was 

discarded and only the upper and lower envelopes were retained, 

Figures 4.19A through 4.19J show these envelopes for the var- 

ious frequencies and polarizations considered.  Superimposed 
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on these envelopes of measured data are hree straight lines. 

The middle straight line represents the median prediction and 

the two outer straight lines represent the 10 per cent and 90 

per cent limits of Egli's terrain factor. These figures show 

that the over-all comparison is q\ te good.  In general, the 

effect of terrain can be seen to decrease the loss from that 

expected at 1 to 2 miles and increase the loss from that ex- 

pected at about 7 miles. This is due to the gross features 

of the particular set of profiles which pertain to Radial A 

and would probably average out over a large number of differ- 

ent terrain profiles. 
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4.3      Time and Spatial Variations of L 

4.3.1    Time Variability 

Since this program is primarily interested in the 

study of propagation losses as a function of spatial varia- 

bles, no comprehensive study has been made of time variables 

of path loss.  However, recordings of signal strength vs 

time are made fbr short periods of time as a routine proce- 

dure of the field point measurement program. This data is 

useful in improving the accuracy of the field strength meas- 

urements. 

Tables Ha through Hr summarize the time varia- 

bility noted at various frequencies and polarizations along 

Radial A.  The table is subdivided by frequency and polariza- 

tion.  The first column within each subdivision of these 

tables gives the numerical identifier of the field point at 

which the measurement was made.  The second column gives the 

radial distance between the transmitter site and the field 

point.  The third and fourth columns give the transmitting 

and receiving antenna height.  The fifth column gives the 

maximum variation which was observed in the received field 

over the time period given in the sixth column.  In all cases, 

the signal which was received was the same standard test 

signal used for all field point measurements. 

This data provides a valuable insight into the 

short-term time variability within the foliated environment. 

The range of variation indicated by the data is 

relatively small.  Thus, short-term time variability is in 

general not a primary factor at the ranges and under the 

propagation conditions covered by these measurements. 

1 

4-90 * ': 



Table I la.  Short-Term Time Variability 

1^ - FA(0.105, Ht, V, d, Hr) 

Time 
Field 
Point 

Distance 
(Miles) 

0.2 

Ht 
(Feet) 

80 

Hr 
(Feet) 

8 

Variation 
(db) 

Period 
(Minutes) 

1 0 0.56 

3 0.7 80 8 0.5 0.60 

5 2.0 80 8 0 0.65 

5.5 3.0 80 8 "0.2 0.50 

6 4.0 80 8 o.r 0.62 

7 7.0 80 8 0.2 0.55 

8 10.5 80 8 0.2 0.25 

9 14.0 80 8 0.4 0.39 

10 17.0 80 8 0.1 0.53 

Table lib.  Short-Term Time Variability 

1^ - FA(0.300, Ht, V, d, Hr) 

Field 
Point 

Distance 
(Miles) 

0.2 

Ht 
(Feet) 

80 

H 
r 

(Feet) 

8 

Maximum 
Variation 

(db) 

Time 
Period, 

(Minutes) 

1 0.3 0.66 

2 0.45 feO 8 0.4 0.75 

3 0.7 80 8 0 0.50 

5.5 3.0 80 8 0 0.49 

7 7.0 80 8 0.5 0.50 

8 10.5 80 8 0.2 0.28 

9 14.0 SO 8 0.1 0.5J 

10 17.0 80 8 0 0.36 
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Table He.  Short-Term Time Variability 

Lj, = FA(0.880, Ht, V, d, Hr) 

Field 
Point 

Distance 
(Miles) 

0.2 

Ht 
(Feet) 

80 

Hr 
(Feet) 

8 

Maximum 
Variation 

(db) 

Time 
Period 

(Minutes) 

1 0.2 0.58 

2 0.45 80 8 0.5 0.44 

3 0.7 80 8 0.9 0.70 

5.5 3.0 80 8 0 0.62 

6 4.0 80 8 0.2 0.46 

7 7.0 80 8 0.6 0.30 

8 10.5 80 8 0.7 0.80 

9 14.0 80 8 0.4 0.44 

Table lid.  Short-Term Time Variability 

h> " FA<2' Ht' V> d' Hr> 

Field 
Point 

Distance 
(Miles) 

1.0 

Ht 
(Feet) 

80 

Hr 
(Feet) 

4 

Maximum 
Variation 

(db) 

Time 
Period 

(Minutes) 

4 0 0.40 

4 1.0 80 8 0.2 0.38 

8 10.5 80 8 2.2 0.94 

9 14.0 80 8 1.2 0.92 

10 17.0 80 8 1.3 1.14 

4-92 



Table He.  Short-Term Time Variability 

h, * V6' Hf V> d« Hr> 

„       H      Maximum Time 
Field   Distance     nt      nr    Variation Period 
Point   (Miles)    (Feet)   (Feet)     (db) (Minutes) 

4 1.0        40       8        0 0.42 

5 2.0        40       4        0 0.20 

5        2.0        40       8        0.2 0.28 
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Table Ilf.  Short-Term Time Variability 

1^ - FA(25.5, Ht, V, d, Hr 

Field 
Point 

Distance 
(Miles) 

0.2 

Ht 
(Feet) 

80 

Hr 
(Feet) 

Maximum 
Variation 

(db) 

0.5 

Time 
Period 

(Minutes) 

1 1.20 

2 0.45 80 1.2 1.06 

3 0.7 80 0.3 0.80 

~~4 1.0 80 0.9 0.78 

5 2.0 80 0.6 0.86 

5.5 3.0 80 0.55 0.66 

6 4.0 80 0.7 0.76 

10 17.0 80 2.0 0.34 

1 0.2 13 8 0.85 0.66 

2 0.45 13 18 0.3 0.58 

2 0.45 13 82 2.1 0.84 

3 0.7 13 8 0.1 0.30 

3 0.7 13 82 0.2 1.22 

4 1.0 13 8 0.1 0.94 

4 1.0 13 82 0 0.64 

5 2.0 13 8 1.3 1.48 

5 2.0 13 82 2.9 1.06 

5.5 3.0 13 8 1.4 0.84 

5.5 3.0 13 82 0.8 0.76 

6 4.0 13 82 1.5 1.50 
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Table IIg.    Short-Term Time Variability 

1^ - FA(50, Ht, V, d, Hr) 

Field 
Point 

Distance 
(Miles) 

Ht 
(Fe*t) 

Hr 
(Feet) 

Maximum 
Variation 

(db) 

Time 
Period 

(Minutes) 

8 10.5 80 7 0 0.40 

8 10.5 80 11 0 0.31 

1 0,2 40 11 1.2 0.52 

1 0.2 40 81 0 1.00 

4 1.0 40 17 0 0.84 

4 1.0 40 81 0 0.52 

5 2.0 40 17 0 0.62 

5 2.0 40 81 0 1.04 

5.5 3.0 40 11 0.5 a. 48 

5.5 3.0 40 81 0.8 0.68 

6 4.0 40 11 0.2 0.60 

7 7.0 40 81 0.4 0.70 

8 10.5 40 17 1.8 0.90 

8 10.5 40 81 0 0.70 

9 14.0 40 17 1.8 0.79 

9 14.0 40 81 0.2 0.74 

1 0.2 13 17 1.3 0.98 

1 0.2 13 81 0.7 0.68 

2 0.45 13 17 0 0.60 

2 0.45 13 81 0 0.54 

3 0.7 13 17 0 0.78 

3 0.7 13 81 0 0.92 

4 1.0 13 17 0.9 2.57 

4 1.0 13 81 1.0 0.91 

5 2.0 13 17 0.8 1.30 

5 2.0 13 81 0 0.60 

8 10.5 13 11 0.1 0.19 

8 10.5 13 82 0.5 1.22 

9 14.0 13 82 0 0.36 
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Table Ilh.  Short-Term Time Variability 

1^ - FA(100, Ht> V, d, Hr) 

Field 
Pcint 

Distance 
(Miles) 

0.2 

Ht 
(Feat) 

40 

Hr 
(Feet) 

Maximum 
Variation 

(db) 

Time 
Period 

(Minutes) 

0.86 

* 

1 3.0 

2 0.45 40 0.7 0.58 

3 0.7 40 1.5 0.41 

5.5 3.0 40 0 0.20 

6 4.0 40 1.2 0.47 

7 7.0 40 5.0 0.46 

1 . 0.2 13 6.0 1.27 

5.5 3.0 13 1.5 1.42 

5.5 3.0 13 82 1.7 3.16 

6 4.0 13 66 2.5 0.85 
* 

6 4.0 13 82 2.3 2.18 
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Table Hi.  Short-Term Time Variability 

1^ - FA(250, Ht, V, d, Hr) 

Field 
Point 

Distance 
(Miles) 

0.2 

Ht 
(Feet) 

40 

Hr 
(Feet) 

17 

Maximum 
Variation 

(db) 

Time 
Period 

(Minutes) 

1 1.0 0.34 

1 0.2 40 82 0.5 0.44 

2 0.47 40 11 2.0 1.30 

3 0.7 40 17 0.4 0.22 

4 1.0 40 11 0.6 0.76 

5 2.0 40 82 2.1 0.50 

5.5 3.0 40 81 0.8 0.84 

6 4.0 40 81 0.2 0.44 

1 0.2 13 18 1.5 0.56 

1 0.2 13 82 0.8 0.34 

3 0.7 13 11 0 0. 0 

4 1.0 13 18 0.1 0.67 

5 2.0 13 82 1.0 0.44 

5.5 3.0 13 82 0.7 0.88 
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Table IIj.  Short-Term Time Variability 

1^ - FA(400, Ht, V, d, Hr) 

Field 
Point 

instance 
(Miles) 

0.2 

Ht 
(Feet) 

80 

Hr 
(Feet) 

11 

Maximum 
Variation 

(db) 

Time 
Period 

(Minutes) 

1 1.5 0.66 

2 0.45 80 11 0 0.39 

3 0.7 80 11 2.6 0.57 

3 0,7 40 11 1.4 0.65 

1 0.2 13 11 0 0.52 

1 0.2 13 82 1.1 0.77 

2 0.45 13 11 0 0.40 

3 0.7 13 11 0 1.84 

3 0.7 13 82 1.7 1.76 

4 1.0 13 11 0.4 1.13 

4 1.0 13 81 1.1 0.78 

5.5 3.0 13 11 0.7 1.16 

Table Ilk.  Short-Term Time Variability 

h '  V2' Hf H' d' Hr> 

Field 
Point 

Distance 
(Miles) 

0.2 

Ht 
(Feet) 

40 

Hr 
(Feet) 

8 

Maximum 
Variation 

(db) 

Time 
Period 

(Minutes) 

1 1.8 1.08 

2 0.45 40 8 1.6 0.70 

3 0.7 40 8 1.3 0.50 

5.5 3.0 40 8 0.1 0.51 
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Table  III.     Short-Term Time Variability 

Field 
Point 

Distance 
(Miles) 

1.0 

Ht 
(Feet) 

80 

V 
(Feet) 

4 

Maximum 
Variation 

(db) 

Time 
Period 

(Minutes) 

4 0 0.46 

4 1.0 80 8 0.1 0.40 

1 0.2 40 8 0 0.44 

2 0.45 40 8 0.6 3.01 

5.5 3.0 40 8 1.0 0.50 

7 7.0 40 8 0.3 0.22 

Table Urn.    Short-Term Time Variability 

Ljj - FA(12,  Ht,  H, d,  Hr) 

Field 
Point 

Distance 
(Miles) 

0.2 

3.0 

Ht 
(Feet) 

80 

40 

Hr 
(Feet) 

8 

8 

Maximum 
Variation 

(db) 

Time 
Period 

(Minutes) 

1 

5.5 

0 

0.1 

0.40 

0.46 
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Table Iln.  Short-Term Time Variability 

1^ - FA(25.5, Ht, H, d, Hr) 

Field 
Point 

Distance 
(Miles) 

0.2 

Ht 
(Feet) 

80 

H 
r 

(Feet) 

8 

Maximum 
Variation 

(db) 

Time 
Period 

(Minutes! 

1 0 0.S2 

1 0,2 80 18 0.2 1.40 

2 0.45 80 8 0 0.68 

2 0.45 80 82 0.2 , 0.66 

5 2.0 80 11 0 0.48 

5 2.0 80 82 0.5 0.82 

5.5 3.0 80 11 0.2 0.20 

5.5 3.0 80 78 0.8 0.88 

6 4.0 80 11 0.4 0.72 

6 4.0 80 78 0.9 0.68 

7 7.0 80 18 1.2 0.52 

7 7.0 80 78 0.6 0.36 

8 10.5 80 18 4.0 0.86 

8 10.5 80 78 3.0 1.32 

9 14.0 80 17 0.4 0.44 

9 14.0 80 78 0 0.68 

10 17.0 80 78 1.1 0.48 

1 0.2 40 17 1.3 0.53 

1 0.2 40 81 1.3 0.50 

2 0.45 40 18 0 0.60 

2 0.45 40 82 0 0.43 

3 0.7 40 17 0.4 1.36 

3 0.7 40 81 0.3 1.56 

4 1.0 40 17 0 0.32 

4 1.0 40 81 0.2 0.48 

5 2.0 40 17 0.2 0.46 

5 2.0 40 81 1.0 0.48 
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Table Iln(Continued).    Short-Term Time Variability 

Ljj - FA(25.5,  Ht,  H,  d,  Hr) 

Field 
Point 

Distance 
(Miles) 

Ht 
(Feet) 

Hr 
(Feet) 

Maximum 
Variation 

(db) 

Time 
Period 

(Minutes) 

5.5 3.0 40 81 0.4 0.34 

6 4.0 40 14 0.7 0.34 

6 4.0 40 81 0.9 0.34 

7 7.0 40, 
17 0 0.71 

7 7.0 40* 78 0 0.56 

8 10.5 40 17 0.4 0.75 

8 10.5 40 81 0.2 0.63 

9 14.0 40 17 0 0.32 

9 14.0 40 81 0.1 0.54 

2 0.45 13 18 0 0.60 

2 0.45 13 82 0 0.61 

3 0.70 13 18 2.2 3.48 

4 1.0 13 18 0.3 0.74 

4 1.0 13 82 0.6 0.99 

5 2.0 13 18 0.7 1.38 

5 2.0 13 82 0.1 2.36 

5.5 3.0 13 18 0.1 0.40 

7 7.0 13 82 0.2 1.50 

8 10.5 13 11 0.1 0.71 

8 10.5 13 82 0.1 1.23 

> 
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Table Ho. Short-Term Time Variability 

\ 
- FA(50, Ht, H, d, Hr) 

Field 
Point 

Distance 
.Miles) 

0.2 

Ht 
(Feet) 

80 

Hr 
(Feet) 

11 

Maximum 
Variation 

(db) 

Time 
Period 

(Minutes) 

1 0.4 0.70 

2 0.45 80 11 1.0 0.86 

3 0.7 80 11 0.5 0.96 

4 1.0 80 11 0.4 0.69 

R 2.0 80 11 0.6 0.96 

5.5 3.0 80 11 0.5 1.40 

5.5 3.0 80 82 0.2 0.60 

6 4.0 80 11 1.4 0.90 

2 0.45 40 11 0.4 0.40 

2 0.45 40 81 0 1.16 

3 0.7 40 13 0.3 0.55 

3 0.7 40 8i 0 0.32 

4 1.0 40 11 0 0.68 

4 1.0 40 81 0 0.80 

5 2.0 40 11 0 0.70 

5.5 3.0 40 11 0 0.97 

8 10.5 40 17 0.5 0.38 

8 10.5 40 81 0.4 0.57 

9 14.0 40 81 0.6 0.57 

10 17.0 40 17 0.4 0.63 

10 17.0 40 81 0.2 0.73 

3 0.7 13 17 0 0.68 

3 0.7 13 81 1.1 0.52 

4 1.0 13 17 0.2 0.84 

4 1.0 13 81 0.4 1.48 

5 2.0 13 18 0.5 0.61 

5 2.0 13 81 0.3 1.05 

5.5 3.0 13 18 0.1 0.40 

5.5 3.0 13 81 0.4 0.92 

6 4.0 13 18 0.5 0.62 
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Table IIo (Continued). Short-Term Time Variability 

1^ - FA(50, Ht, H, d, Hr) 

Field 
Point 

Distance 
(Miles) 

4.0 

Ht 
(Feet) 

13 

Hr 
(Feet) 

81 

Maximum 
Variation 

(db) 

Time 
Period 

(Minutes) 

6 0.7 0.84 

7 7.0 o 13 82 0.2 0.95 

8 10.5 13 82 0.4 1.75 

Table Up. Short- -Term Time Variability 

Tjb = FA(100' Ht' H' d> V 

Field 
Point 

Distance 
(Miles) 

0.7 

Ht 
(Feet) 

80 

Hr 
(Feet) 

17 

Blaximum 
Variation 

(db) 

Time 
Period 

(Minutes) 

3 0.9 0.59 

3 0.7 80 81 1.8 1.92 

4 1.0 80 17 1,5 0.80 

4 :.o 80 81 0.9 0,85 

5 2.0 80 11 0.9 0.70 

5.5 3.0 80 17 0.5 0.65 

5.5 3.0 80 81 0.2 0.92 

6 4.0 80 18 0.9 0.59 

6 4.0 80 82 0.9 1.46 

7 7.0 80 17 0 0.68 

7 7.0 80 7a 0 0.69 

8 10.5 80 78 0.6 0.78 

9 14.0 80 78 0.9 0.51 

3 0.7 40 17 0.9 1.11 

3 0.7 40 81 0.7 0.90 

4 1.0 40 17 0 0.51 

4 1.0 40 81 0.2 0.56 

5 2.0 40 17 0.4 0.92 

5 2.0 40 81 0.4 0.66 
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Table Up (Continued).  Short-Term Time Variability 

1^ = FA(100, Ht> H, d, Hr) 

Field 
Point 

Distance 
(Miles) (Feet) 

Hr 
(Feet) 

Maximum 
Variation 

(db) 

Time 
Period 

(Minutes) 

5.5 3.0 40 17 0 0.44 

5.5 3.0 40 81 0 0.22 

6 4.0 40 18 0 0.46 

6 4.0 40 81 0 0.50 

7 7.0 40 17 0 0.58 

7 7.0 40 81 0 0.40 

1 0.2 13 17 0.5 1.14 

1 0.2 13 81 0.6 1.20 

2 0.45 13 11 0 0.88 

3 0.7 13 11 0 0.94 

4 1.0 13 17 0 0.80 

4 1.0 13 81 0.4 1.06 

5 2.0 13 18 0.4 0.65 

5 2.0 13 81 0.6 0.60 

5.5 3.0 13 17 0 0.80 

5.5 3.0 13 81 0 0.52 

7 7.0 13 81 , 0 2.08 

4-104 



Table Ilq. Short-Term Time Variability 

1^ - FA(250, Ht, H, d, Hr) 

Field 
Point 

Distance 
(Miles) 

0.2 

Ht 
(Feet) 

80 

Hr 
(Feet) 

18 

Maximum 
Variation 

(db) 

Time 
Period 

(Minutes) 

1 0.7 0.62 

1 0.2 80 82 1.3 0.56 

2 0.45 80 11 0.9 0.90 

2 0.45 80 82 0.4 0.73 

3 0.7 80 11 2.0 0.80 

3 0.7 80 82 0 0.66 

4 1.0 80 78 0 0.40 

5.5 3.0 80 11 0.4 0.60 
_ 6 4.0 80 17 0 0.55 

6 4.0 80 81 0 0.62 

1 0.2 40 11 2.0 0.80 

1 0.2 40 78 1.4 1.24 

2 0.45 40 11 0 1.00 

2 0.45 40 78 1.4 1.06 

5.5 3.0 40 17 0.6 0.70 

5.5 3.0 40 78 0.6 0.52 

6 4.0 40 78 0 0.95 
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Table Ilr. Short-Term Time Variability 

1^ = FA(400, Ht, H, d, Hr) 

Field 
Point 

Distal 3 
(Miles) 

Ht 
(Feet) 

1 0.2 80 

2 0.45 , 80 

3 0.7 80 

4 1.0 80 

4 1.0 80 

5.5 3.0 80 

1 0.2 40 

2 0.45 40 

3 0.7 40 

3 0.7 40 

4 1.0 40 

4 1.0 40 

5 2.0 40 

5.5 3.0 40 

1 0.2 13 

2 0.45 13 

3 0.7 13 

4 1.0 13 

4 1.0 13 

5.5 3.0 13 

Hr 
(Fee 

1 

1 

8 

1 

82 

1 

1 

1 

1 

82 

1 

8 

1 

1 

1 

1 

1 

1 

8 

1 

.6 

Maximum 
Variation 

(db) 

Time 
Period 

(Minutes) 

0.6 1.22 

2.2 0.50 

1.0 1.14 

0.7 0.84 

0.8 1.80 

0 0,73 

0.6 0.80 

1.0 0.62 

0 0.82 

0.6 0.98 

0.6 0.46 

0.7 0.32 

0.2 1.57 

0 0.30 

0 0.30 

0.1 0.94 

0 0.44 

0 0.60 

2.1 1.49 

1.3 0.51 
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4.3.2    Variation with Antenna Height 

4.3.2.1  Fine-Grain Variability 

Figures 4.20A through 4.20P are examples of the 

fine-grain variability of received field strength as a func- 

tion of receiving antenna height.  Two types of curves are 

plotted in the above figures.  The dashed curves represent 

field point median data of the type shown in Figures 3.10 

through 3.55.  The solid curves are plotted directly from the 

strip chart recordings of field strength made at the time of 

measurement.  The field strength data is taken from the re- 

cordings, converted to basic transmission loss, and plotted 

directly as the solid curves in Figures 4.20A through 4.20P. 

Thus, the variations appearing in the solid curves in the 

above figures are the same as the variations in field strength 

which appear on the strip chart recordings. 

Fine-grain variability is defined as the difference 

between the median value of basic transmission loss (dashed 

curve) and the actual value of basic transmission loss (solid 

curve) at a particular receiving antenna height.  As Figure 

4.20A shows, for a frequency of 880 kc, vertical polarization, 

there is almost no fine-grain variability.  In fact, there is 

essentially no change of any kind in propagation loss with 

height.  Figure 4.20B demonstrates that for vertical polariza- 

tion at 12 mc there is a definite decrease in propagation loss 

with increasing antenna height, but there is no significant 

fine-grain variability.  At 100 mc, as Figure 4.20C shows, there 

is a noticeable fine-grain variability for a transmitting 

antenna height of 13 feet.  However, the variability is slightly 

less for a transmitting antenna height of 80 feet, as shown in 

Figure 4.20D. 

Figures 4.20E and 4.20F provide examples of a fine- 

grain variability that is more apparent at the higher trans- 

mitting antenna height than at the lower.  This phenomenon may 
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be significant and is receiving further study. 

Figures 4.20G through 4.20P show a noticeable fine- 

grain variability for both horizontal and vertical polariza- 

tion at 250 and 400 mc.  Table III provides a summary of the 

maximum fine-grain variation for a cross section of Radial A 

data.  The maximum fine-grain variation is defined as the 

maximum difference in db between a dotted curve and a solid 

curve of the type shown in Figures 4.20A through 4.20P. 

Table III shows that the fine-grain variability 

tends to increase with increasing frequency for close dis- 

tances, but tends to remain constant with frequency at the 

farther distances.  The information presented in Figures 

4.20A through 4.20P and in Table III is submitted to provide 

a sample of the basic characteristics of fine-grain variability 

with antenna height.  An intensive analysis of fine-grain 

variability with antenna height and its correlation with fine- 

grain variability as a .fv net ion of distance is in process. 
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J 
Frequency 

(»c) 

0.880 

0.880 

12 

12 

12 

12 

100 

100 

100 

100 

100 

100 

100 

100 

400 

400 

400 

400 

400 

400 

400 

400 

Table III 

FINE-GRAIN VARIABILITY 

Ht 
(Ft) Pol, 

V 

Distance 
(Miles) 

1 

Max. Variation 
From Median 

(<Jb) 

80 1.0 

80 V 10.5 ?..5 

21 V 1 1.5 

21 V 2.0 2.0 

40 H 1 1.2 

40 H 4.0 1.0 

80 V 1 2.0 

80 V 10.5 1.0 

80 H 1 2.0 

80 H 7 1.0 

13 V 1 4.0 

13 V 4.0 3.0 

13 H 1 2.0 

13 H 7 1.0 

80 V 1 6.0 

80 V 2 4.0 

80 H 1 3.0 

80 H 3 2.0 

13 V 1 4.0 

13 V 3 1.0 

13 H 1 2.0 

13 H 3 1.0 
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4.3.2.2  Variability of Field Point Medians with Antenna 
Height  

4.3.2.2.1 Comparison of L. vs Distance for Various Receiving 
Antenna Heights 

Figures 4.21A through 4.21HH provide a comparison "i 

of the basic transmission loss vs distance curves for three 

receiving antenna heights.  In general, the three receiving 

antenna heights used for comparison were 20, 40, and 80 

feet. 

Figure 4.21A shows that th>re is no significant 

height effect for vertical polarization until a frequency of 

approximately 12 mc is reached.  At 12 mc, the difference 

in basic transmission loss with a 20-foot receiving antenna 

and with an 80-fo t receiving antenna is approximately 8 db. | 
* i 

Figures 4.21B through 4.*1F show the effect of re- 

ceiving antenna height for frequencies of 25.5 mc and above, 

vertical polarization, and a transmitting antenna height of 

80 feet. 'j 

Figures 4.21G through 4.21K give a similar compari- 

son for a transmitting antenna height of 40 feet.  Figures 

4.21L through 4.2IP provide the same comparison for the 13- ( 

foot transmitting antenna height. j 

Figures 4.21Q through 4.21HH give a similar set of j 

comparisons for horizontal, polarization.  Figure 4.21Q shows 

that there is a significant height effect for frequencies as 

low as 2 mc on horizontal polarization, whereas, there appears 

to be no significant height effect at either 2 or 6 mc for 

vertical polarization. j 

Comparing Figures 4.21L and 4.21B, for example, 

shows that the magnitude of the height effect for horizontal 

polarization is significantly less than that of the height 

i 
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effect for vertical polarization. 

Figures 4.21A through 4.21HH tend to indicate that 

the height effect is independent of distance except for 

possible terrain effects at the higher frequencies. 
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4.3.2.2.2 Comparison of Height Variation with Smooth-Earth 
Model — 

Height functions for beyond-the-horizon transmission 

under smooth-earth conditions have been calculated by the 

methods described in Appendix A. The differences between the 

height variations noted in the median measured field point 

data and these theoretical smooth-earth height function 

curves should correspond to the combined effects of foliage 

and terrain on height variability of propagation loss. 

In order to examine the height variability of 

measured field point data, the curves for basic transmission 

loss vs receiving antenna height have been replotted as shown 

in Figure 4.22.  Each family of the type shown in Figure 4.22 

is for a fixed frequency, polarization and transmitting an- 

tenna height. Each curve on Figure 4.22 corresponds to a 

different radial distance.  These distances range from 0.2 

to 17 miles. 

The basic transmission loss curves shown in Figure 

4,22 nave been shifted vertically so that all curves within 

a family are at the same value for a receiving antenna height 

of 20 feet.  This normalization of basic transmission loss 

at 20 feet allows a study of the height variation alone. 

Results of the type shown in Figure 4.22 have been 

summarized by vertical bars of the type shown in Figure 4.23A. 

The top of the vertical bar represents the maximum vertical 

excursion of the family at a particular receiving antenna 

height; the bottom of the vertical bar represents the mini- 

mum vertical excursion.  The mark falling somewhere between 

the top and bottom of the vertical bar marks the median. 

Thus all +he basic transmission loss curves in a particular 

family would pass through a vertical bar.  Half the curves 

would pass through that portion of the bar between the maxi- 

mum value and the median while the other half of the curves 
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in a particular family would pass through that portion of 

the vertical bar between the median and the minimum value. 

An examination of many families of curves of the 

type shown in Figure 4.22 indicates that there is no appar- 

ent trend in the height effect with distance.  This bears out 

a similar conclusion which can be drawn as a result of study- 

ing Figures 4.21A through 4.21HH.  However, there is an 

apparent difference in the height variability for distances 

closer than 2 miles as opposed to all distances beyond 2 

miles.  Two miles marks the dividing line between paths which 

would be line-of-sight in the absence of foliage and paths 

which would not be line-of-sight in the absence of foliage. 

Figures 4.23A through 4.23LL provide a comparison 

of the theoretical smooth-earth height variability and the 

height variability observed in measured data for distances of 

2 miles or more. 

The vertical bars summarize the measured data in 

the manner described.  The dotted curve on these figures rep- 

resents the smooth-earth height function, normalized to the 

measured data at a receiving antenna height of 20 feet.  As 

Figures 4.23A through 4.23Q show, the theoretical smooth- 

earth height function matches measured data reasonably well 

in almost every case for horizontal polarization. 

Figures 4.23R through 4.23LL show a reasonable 

correspondence for vertical polarization. 

4-163 



T -   r— ■™   r   ■ | T 

>/ 

r - ■ 

/ 

—r " 

- .T\/ 
F/ 
i'   / / - 

- 

f*y •    / V /•      / 

% ' ! 
7 -'   I 7 - 

- 
//        / 

// 

(/ 

/ 
- 

- 

if 

if 
// - 

- 

if 
if 

if 

/ / / 

- 

(A 

H 
3 
QQ 

1 

T3 
0) 

3 
(0 

TJ 

N 
•H 
H 

9 
U 

1 i 1 1 i i 

o 
00 

© # 
t^ 

Efl o c 
CO 0 

•H * 
•p 
Ü 
c 
3 

o fa 
10 

be 
•H 

S 
o « 
Tf c 

c 
•p   ^ 
C X 
< 

^■N 3> f 
o 4-> (0 * 
M 0> CC     » ' 

0) 0) o 
h soo 
s».' 

SH    - 
u 0 o 

lO X 10 
CM 

V  < 
•H b 

0   II 

• 

o o 
CM 

H 
a 
E 

CO 

CM 
10 CM 
H 

® 
U 
3 
bfl 
•H 

lO lO lO o 
CM 

lO 
CM 

I 

;j 02 =    H %* 0  °1  pazTXBuiJOK qp TIT  ssoq UOTSSTUISUB.IX ^TS^a 

4-164 



c c J= 
0 0 •♦-> 

•H 1-1 t. 
as «3 CO 
u H W 
3 3 
Ü CJ 4C 
X X •M 
w w 0 

0 
a s B 
3 C 3 CO 
a es E 
•H •H •H f-t 

K •o c ea 

i 0) 
2? 

•H 
2 •H 

•a t) •0 & a 0/ a> k 
i* k M 0 
3 51 3 Q) 
W u. Ifi r 
a ea CO H 
Cv 0) Q) 
S 

1 j 

S 

1 1 1 1 

M   4 

M 

i. I 

O 
00 

o 

o 
CD 

O 
if) 

O 

O    +■» 
CO     © 

co 

10 a 

o 
CM 

m 

000 0000 
41 N CN rf to x 

T I t t I 
1J 0Z =    H  %v 0 °* pazTXBuiJO^ qp in   ssoq UOTSSTUISUE.II '^TSBg 

0 
•H 

(H 

U 
Ö 
w 

I 

i 
eej 
ü 

•H 

o a 

-oAI 

d   < 

5» 

CJ 
0 
00 

■H 

CO 

CJ 

CN 

0) 

3 

•H 
En 

«a s 
1 

-o * i 

©0 V 
goo 1. 

(0    « 
So -: 
«0 s^ I 

4-165 



r 
c            C    J= 

"     !"' 
■ 

r   "T— \ 1— ^    " i° 
00 

0            0    +> 1 1 
•H              <H      h M \ 

1»             OQ cd • k> ~         ^  w 1 
3             3 p \ r" 

|w           O   Ä 1 \ 
IX             X    P 1 
W            HO IN« \ 
P                C      2 1 \ P 1 c            6    E KD 
3     C     3    CO H4 

v» 
C    «     fi 1 

1 
1 

% 
M     -H     f*     H - 

X    TJ     C     cd 
j   j   £    u a s z -H 1 

<*-i 

«O    "Ö    T3     cy 1 
lO 

0)     0)     QJ     ^ -<-i 
\u   U    U   0 

3     3     3     0) f i              — 
(ft     (0     (ft    JC 1 
rt    as    ea   H 

1 Q>    01    CO 
1 ^^ 

•    / ■H 

IS   z   s 1 g 
1 1 

^ 

Mill f -+ 
<» 

1 
1 
1 
1 
1 

•4« o 
1 
1 CO 
1 
1 
1 
1 

. I 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 

in 
CN 

o 
CM 

m 

1     1 1 1 1 i       ! 1       i 1,    J 

H 

O 

o o 
CN 

P 
O 
0) 
fa 

o 
CN 

I 

o 
I 

o 
CO 

I 

o 
00 

CO 
c 
0 
•H f 
"H 
u c 
3 
fa 

x: 

s 
w 
JÖ 
•P 
0 
0 

1 1 
r-l 
cd 
0 

•H i 
•p 
0) 
.u ^ ; 
0       »4 
2BT 
e. \ 
~ N 

■ 

^  Al X 
Ö m 
cd   » ■ 

W 
*J » 
D     - 
fao \ 
3 Tf .'. 
CO s 
cd   - ■ 

0) o f 

so 
- *■ C w 
CJ)    < 
g>fa 
£ 
•p  II 
0) 

CQ     £ 
1-3 a 

0 
(0 

cd 
A 

o 

CQ 
CO 
CN 

0) 

bD 

fa 

U OS -    H *« 0 o% pazflBuiJOK qp nj ssoq UOTSSJUISUB.I! OTSBQ 

4-166 



c c £ 
0 0 V 
•H ■H u 
00 w a 
u <-l w 
3 3 
o U 4= 
X K «H 
w W 0 

0 
.1 E e 
3 a 3 CO 
»- es e 

■H •(H •H r-( 

X T3 c ca 
g Qi 1-4 ü 
at 2? z 
T; •Ü •o 0) 
'i? a> 0) h 
(H u u 0 
3 2 3 0) 
{fi tu tfl £ 
et es CO H 
0* 0) 0) 

1 

SS 

1 

35 

1 1 1 1 

w 

r—r p 
00 

o 

p 
(0 

o 
in 

o 

O    <M 
CO     Q) 

CM 

O 
CM 

in 

o o 
CM 

o O o O 
CM «• <D 00 

1 1 1 1 

00 c 
o 
•H 

o 
Ö 
3 
fa 

ca 
w 

I 
Ä 

o 
0 
I 

CIS 
o 

•H 

u    u 

So; 

a  - 
eSjc 

•a   . 
a>o 
u oo 
3W 

w ~ 
cs0 *o s ^ 
d   <c 
o 
5» 

3 
O 
CO 

•H 
M 
es 
a 

CO 
CM 

0) 

§ 
•H 

;j 02 =    H %* 0 °1 pazxiBuiaof»! qp UT  ssoq UOISSIUISUBJX STSfcg 

4-165 



c c JC 
0 0 ■M 
•H •H JH 

W (0 d u u w 
3 3 
V 'J Ä 
X X V 
w w 0 

e B b 
3 c 3 w 
£ m 6 
•H i-i •H rH 
K •o c 0$ 

3 0) 
3E 

•H 
s 

T3 •o •o <D 
0) a> (U fc 
^ h h 0 
3 3 3 a> 
(fl W (0 JZ 
a CQ CO H 
Qi 0 0) 

1 

as 
1 

35 

| 1 1 1 

-p. 
'M 
I 

>• 

bN4 

o 
00 

o 

o 

O 

s 

o «H 
CO 0) 

0) 
fa 

m 1 

CM 

o 
CM 

m 

03 
C 
o 
•H 
■M 
U 
c 
3 
fa 

Ä 

(I 
CS 
w 

I 

Ä 
-M 
O 
0 
6 

CQ 

cd 
cj 

4-> 
0) 

©MT e. 
U Al c 

■o* 

es   * 

a o 
S w 
0)    < 

g* 
+»    II 
n   ä 
j 

d 

8 
•H 
h 
cd 

U 

CQ 
CO 
CM 

0) 
u 
3 
bß 
•H 
fa 

o o 
CM 

o 
CM 

I 

o o 
CD 

I 

o 
00 

I 

%J OS -    H %* 0 °* pazTT^iujofl qp UT  ssoq UOTSSTUISUB^X ^TSBg 

4-166 



M
a
x
i
m
u
m
 
E
x
c
u
r
s
i
o
n
 

M
e
d
i
a
n
 
 
 
 
 
 
 
 
 
 
 

1 

M
i
n
i
m
u
m
 
E
x
c
u
r
s
i
o
n
 

E
a
r
t
h
 ' w P    T r T-" r "T— ■ 1—r™ 1© 

00 

o 

0 
0 
m 

l-*H 

l-*H i 
i 
i o 

w 

C9 
O 

•H 

<0 

r- 
M
e
a
s
u
r
e
d
 

- 
M
e
a
s
u
r
e
d
 

- 
M
e
a
s
u
r
e
d
 •M f o 

o 

0) 

0 
0) 
4= 
H 

1 
Mi 

M     • 

^t 
Ml      ! 

Ml   J 

Ml 

* 

o « 

1 

j 
H 

o 
N 

u -j iO 

1     1 | 1 i i i     i i    1 o 
,_J 

0) 
0) 

CM 

» 

O 
c 
3 
fa 
X! 
■M 

•? 
Ä 

o 
0 
6 

W 

08 
ü 

?       h 
0 w 

0)     « 

H   Al 

8« 

SH 
3    * 
8 ° 
,2 « 
yg fa 

a)   II 

CO 

d 

a 
ä i 
u 

CO 

0) 

fa 

O 

%J OS 

o O 

I 

o o 
to 

I 

o 
00 

I 

H *B o °1 pazfXBttuou qp uj  ssoq UOISSXUISUBJX STseg 

4-167 



c c £ 
0 0 -M 
•H «H JH 

K (0 ctf 
IH V. W 
3 3 
u Ü r 
K X +■» 
W w 0 

0 
£ ß e 
3 c 3 CO 
£ ea e 
•H •H •H <-» 
X •o c « 
I 0) 

as 3= •H 

TJ TJ XJ 0) 
(1) 0> «U h 
JH h $-. 0 
3 3 3 Q) 
W W (0 £ 
a <a cs H 
<b a> 0) 

1 I 

3E 

1 1 1 1 

IT 

n—r o 
00 

o 

o 

O 

O 

CO    -H 
0) 

to 

O 

m 

o o o 
I 

o o 
I 

o 
00 

I 

^j 02 =    H  %* 0 °1 pazjiBuiJOK qp VLJ  ssoq UOTSSTUISUBJX ^TSBg 

4-168 

m 
d 
o 
•H 
■M 
U 
c 
3 

Ä 
-P 

cd 
w 

i 
J3 
•M 
0 
0 

ed 
Ü 

•H 

0)   . 

r1 Ai 

'S - s* 
^00 
3 ^ 

S° 
55 >»• 

| II 

**    Ä 

«M 

Ö 
0 
09 

■H 

u 

Q 
CO 

3 
•H 

•  I 



E
x
c
u
r
s
i
o
n
 

E
x
c
u
r
s
i
o
n
 

E
a
r
t
h
 T"   " 1'       ' i 

1 

' T   — r' T  n   T ■- 1© 
00 

° 
P 
0 
o l-H-H 

r 

|- 
M
e
a
s
u
r
e
d
 
M
a
x
i
m
u
m
 

- 
M
e
a
s
u
r
e
d
 
M
e
d
i
a
n
 

_ 
M
e
a
s
u
r
e
d
 
M
i
n
i
m
u
m
 

e 

PH 

CS 
Q 
•H 

1    •"* 
1     ! ' 

ko 

P in 

o 

9 
U 
0 

& 

W 

1 

1 
i • 
i J-H 

TI» 
i     II 

i                    i o 
1 CO 

l 

4 

o 
CM 

1    . \ I 1 l i 1 u  J 

H 

O 

p 

0) 

9 

1J oz 

3 O 

I 

O 

I 

O 

I 

O 
00 

I 

a 
o 
i-t 
P 
o 
ti 
3 

Si 
p 

w 
I 

Ä 
P 
O 
0 

& 

o 
•H 
p^ 

^W 
0 
0)   * 

H Al 

2* 
3   - 
JO 
Sw 

Sv 

g* 

s 
I 
w 
CO 

JH 
3 
bO 
•H 

H IB o °1 pazTIBUiJO^ qp ui  ssoq UOJSSTIUSUBJX ^TSBH 

4-169 



c c £ 
0 0 -M 
•H •H fc 
W 09 A 
U h W 
3 3 
<J Ü £ 
K K -P 
W W 0 

0 
ß e e 
3 c 3 CO 
B CB e 
•H •H •H rH 
K TJ c CO 

1 0) •H 

»0 •o •o tt» 
0) a> 0) JM 
^ u. h 0 
3 3 3 „ 
cn (0 (fl £ 
at a OS H 

1 

3E 

1 

1 
1 

i 
i 

1 1 1 i 
i 

o o 

h-H 

H+ 

ttH 

H-j4 

m 

*H 

O 
CN 

I 

o 
It* 

P P 

P lO 

3 

«P 
Ü 
c 
3 
fa 

43 

!H 
cd 
w 

I 
43 
•M 
0 
o 

P     -M 

fa 

JiO   a 

P 

m 

o 
i 

o 
CD 

I 

O 
00 

1J OS •    H %* 0 °1 pazTXBut.TOK qp UT  SSOT UOTSSTUISUBJJ, OJSBH 

4-170 



1 ■ 1  
e         c   ja 

1      h- 

|i 

'- i 1 ' i - i- i 
0            0     V 

0}             W      (0 
1— 1 
r1 3         3 1— 

X             XV ■ —j 
»           HO 

o HH r1 
r            es      c 
3    G    3    CO 
B  «  e H-H u 

l-H      fH      -H.     «H 
X     *0      G       03 i 

IS     2     SE      -H »-♦* 
■Li | 

fl    tl    X) 9 1 
0)    «    0)    J* 
h    t-    u    0 
3     3    3« ... j 
ii)    m    til    £ 
at    OS    es    H 

ML     <D     OJ s  s a H-A 
II    l III 

*-H; 
^~ m"l 

HH} 

* 1 
i 

1 
f 
1 
1 
1 
1 

1 

1       I 1 

1 

1   i i •   ' 

o 
00 

o 

o 

o 
m 

o 

o   -M 
CO     <U 

0) 

CM 

O 
CM 

ID 

o 
CM 

C 
CM 

I 
9 

1J 0Z = JH ^B 0 °* P3ZTXBUIJON qp u\  ssoq UOTSSJUISUBJX ^TS^e 

o o 
I 

o 
00 

I 

G 
0 
•H 
■H 

fa 
Jd 
4-> 
EH 
OS 
w 

I 

•*■> 

0 

1 
es 
Ü 

•H 
f ^ 

0 
0)    * 
Ä CM 
H Al 

•O    - 
G a 

•oo 

1*. 
tflp 

g* 
£ II 

CQM 

G 
O 
CO 

•H 

es 

6 
0 

8 
CM 

U 

ä 
•H 
fa 

4-171 



c 
o 

u 
3 
Ü 
X 
w 

6 
3     C 
e   a 

to   a 
s   SB 

73 

u 
3 

a; 
u 
3 

10      (fl 
cd    « a* s 

a; 

c 
0 
•H 
«3 
Vt 
3 
Ü 
X 
W 

6 
3 
E 

T3 
<D 
S* 
3 
(fl 
C3 

as 

cd 
«• 

JC 
■p 
0 
0 
£ 

eg 
o 

0) 
SH 

0 
0) 

I—H 

T7~T 

H4 

o 
00 

o 

o 
<0 

8 

O 9 

o 
fa 

o 
CM 

m 

*J  02 

Q O o o 
N * CD QO 

1 1 1 1 

o 

H IB o °1 paziiEuijotf qp ux  ssoq UOISSTUISUBJX ^Tseg 

4-172 

CO 
a 
o 
•H 
■M 
Ü 
c 
3 
fa 

«P 

(0 
w 

I 
Ä 
•M 
0 
o 

Ü 
•H 

0 

H Al 

(8 

A) H 

cog 
*2 fl) H 

*    < 

4) 5 ii 

a; J 
CQ 

c 
0 
to 

•H 

cd 

§ 

a 
CO 
CM 

0) 

3 
b() 
•H 
fa 



r
s
i
o
n
 

r
s
i
o
n
 

E
a
r
t
h
 

1       H 
1 

1 

"    1  1  1              1 
m
 
E
x
c
u
 

m
 
E
x
c
u
 

m
o
o
t
h
 1 

i 
i 
i 
i 
i 

-J 

t 
M
a
x
l
m
u
 

I 
M
e
d
i
a
n
 

I 
M
i
n
i
m
u
 

►t
i
c
a
l
 
S
 

i 

i 
1 

l-M  « 

i 

A 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

T
h
e
o
r
e
 

KM   f 

A 

II III 

l 

l-H 1 

»-Ml 

-1 

r 

u "1 

■*l *v 

-4 

1     1 1 1 1 i 1 1     1 

o 
00 

o 

o 

O 

o 

o •p 
CO 0 

0) 
fe 
w 

m 
J 

N 

o 

iO 

o 

1J OS = 

o o O o o 
CN * CO 00 

1 1 \ 1 

(0 
c 
0 
•H 
4-> 
0 e 

hi 
« 
W 

i 

jd 

o 
o 
E 

CO 

CO 
u 
•p 

0 aa o 

Jo 
01 * 

d 
0 
(0 

•H 
u 
cci 

CO 

0) 

d 

H I1* o °1 pazTIBWJOK qp UT ssoq UOTSSTWSUBJX ^TSBQ 

4-173 



c        c Ä 
0           0 v 
•H               -H *H 
OQ        n cd 
u          u W 
3             3 
U             U £ 
X             X -M 
w        w 0 

0 
B           £ B 
3     C     i CO 
e   c8   e 

«H     «H     •** l-H 

X     T3      C CQ 

S    S    S 
■M 

•0*0*0 4) 
Oj      c;     Q) IM 
U         fH         fc. 0 
3     3     3 <a 
(A     (0     tt r 
Cd      CO     Cd H 
0,      0)      d; 
2    55   SE 

HM 

I 

»—* 

-M! 

^ 

± 

i—r 

± ± 

o 
00 

o 

o 

O 
m 

o 

O     -M 
CO     0) 

0) 

in  a 
CM 

O 
CM 

in 

o o O 
CM 

I 

o 
oo 

i 

o 

10 

3 

Ä 
-P 

C8 
W 

I 

o 
0 
6 

CQ 

cd 
ü 

•H 
-P 

0  ffi 

H ci 
•O   " 

XJ      * 

2 ° £j ** 
to    - 
cd O 

Is 
a*" 
%   ■ 

§ 
CO 

•H 
fH 
cd 

! 

CO 
CM 

0) 
fH 
3 
bo 

•H 

}j 02 = JH  ^^ 0 °1 paziTBW-ioN 3P UT  ssoq UOISSTIUSUBJI atsBg 

4-174 



c c .c 
0 0 <»■> 

"H -H ^ 
ÖJ 09 es 
u u W 
3 3 
u U £ 
X X ♦> 
w W 0 

0 
s E E 
3 c 3 CO 
E C8 E 
■H •H •» r-l 
X •o c cd 

s 0) •A ü 
SE s •* 

+» 
TJ X» •o 0) 
OJ 0) CD fc. 
t. h h 0 
3 3 3 CD 
(Q w in J= 
CO CQ CO H 
0) 0> a> 

1 1 1 1 1 1 

o 

%} OS = 

o 

~7? 

i 
I 
I 
i 
i 
I 

i 
i 
I 

i 
i 
i 
i 
I 

•4 
i 
i 
i 
i 

P 

Jo 

1<0 

B 

CO      CD 

CM 

R 

lO 

a 
U 
c 
3 

OS 
w 

I 
Xi 
-M 
0 
O 
E 

03 

cd 
ü 

•H 

JH    U 
OS 
0) 

HN 
At 

c  - 
ctfS 

•a - 
Q)C0 
$HH 
3 
(0   * 
CCJO 

*%: 

I 

(0 
•H 
u 

CO 

CD 

•H 

O 
CM 

I 

O 

I 

o 
CD 

I 

O 
ao 

i 

H }B o °1 pazTT^^ofl qp ux  ssoq UO^SSTUTSUBJCX STSBQ 

4-175 



r
s
i
o
n
 

r
s
i
o
n
 

B
a
r
t
h
 1 H y r"11 __r 

[ ~1— P 
to 

P 
3            3 

K            K    • 
c 
0 

i 

H- H N 

|W            W 
1       * 

1 
M
a
x
i
m
u
 

1 
M
e
d
i
a
n
 

1 
M
i
n
i
m
u
 

30 

U 
H 

r-r-> 
1 
1 

1 
1 
1 

■i 

« 
- 

O 
to 

s 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 0/ 

0 

n 

i 
1 
l 

i 
i 
I 

1 

i 

111 
1 
1 

. § III 

1- 
1 
1 
1 

Hi-. 
1 
1 
» o 
1 
1 

co 

1 
1 
1 
1 

1 
1 
1 
1 
1 

/ 
1 

10 
CN 

o 1 cq 

1        1 1 1, 1 i i i    1 o 

4J 
0) 

(0 

o 

g 
3 

«P 

CO 
W 

t 

ja 
•p 
o 
o 

CO 

Q> SB 

O    „ 
JN 

I 'I 
"p   .Q 

CO 

CO 

2 
3 

•H 

O o O 
CM 

I 

O o 
(0 

I 

o 
00 

I 

;j OS = H I*  0 °1 pazTiBwjOK qp Ux ssoq UOISSTUISUBJX ^TSBg 

4-176 



c G £ 
0 0 *» 
«H •H k 
m tn Ctf 
u u W 
3 3 
Ü Ü £ 
* K ■M 
W W 0 

0 
e e B 
3 c 3 CO 
£ CB 6 

■H ■H ■H PS 

K •o c CO 

ä 0) 
as 

o 
•H 
4-> 

T3 •o T3 0) 
0) Qi 0) *« 
fc. t* u 0 
3 3 3 0) 
0) (0 «3 £ 
rt OS <Q H 
4» 0) 0) 
S 

1 

as 

I 

as 

1 1 1 1 

üa 

o 
00 

o 

o 

o 

o 

o 
CO 

CM 

o 
CM 

m 

o o o 
I 

o o 
to 

I 

o 
00 

I 

(0 
a 
o 
•H 
•p 
O 
c 
3 

4-» 
u 
a 
w 

I 

o 
o 
E 

CO 

cd 
Ü 

o   - 
«CM 

?« 
ctf  * 

d 
0 
OQ 

•H 
h 
ctf 
Pi 

U 

s 
CO 

0) 

3 

•H 

;j 02 =    H %* 0 °1 p3ZTX^WJON QP UT  ssoq UOTSSTUISUBJX ^TSBg 

4-177 



c 
0 

u 
3 
U 

e 
3 G 
6 et 

•H -H 
K -O 

I £ 

3 3 
n 09 

s ss 

C JS 
O <M 
■H (4 
OQ Cd 
U W 
3 
Ü Ä 
K «♦-» 
W O 

B I 
3 W 

•H iH 
C cd 
•H o 

a» 
u 
3 
(0 
« 

o 

T—r 

*+1 
—f 

w 

o 
00 

o 

o 
<0 

o 

§ 

O    -P 
CO     0) 

a) 

CM 

o 
CM 

m 

i 
§ 

^j 02 =    H ^  o o*  pazTieuiJON qp UT   ssoq UOTSSTUISUB.II ^TSBg 

o 
<o 

i 

o 
00 

I 

OQ 
d 
o 
•H 

u 
a 
3 

U 
ca 
w 

I 

.d 

o 
o 

cd 
Ü 

•H ^-s 

0) « 

O    - 
<D CM 

U3  Al 

d 
Cd     - 

CO 

^   -T o m 
to • 
cd in 
a> CM 
ss ^ 

«3 
C fa 
CD 
0)   II 

CQ 

C 
o 
•H 
u 
cd 
ft 
§ 

en 
CM 

3 

•H 
fa 

4-178 



c 
o 
OQ 
u 
3 
O 
X 
w 

2   c 

1 I 
0)     0) 

5 Ä 

■H t, 
n « 
u w- 
3 
V £ 
K +> 
W 0 

B I 
e 
•H rH 
C « 

■H CJ 
S -H 

3 

s  as 

0) 
u 
3 
w 
cs 

0) 

0 

£ 

MI; 

if 

* 

I 

1* 
I 

I 
I 

1 
4- 

o 
oo 

o 

o 

o 

ti 
o 
•H 

o 

■p 
fa 
es 
w 
I 

xs 

§ 

es 

§ 

d 
T

h
eo

re
ti

c 

H
,  

 *
2
,  

 H
 

) 

/■N c 
o «P cd      «. 
CO 0) O 

0 «o   <* 
fe o 
>W fa      * 

3   O 
fa CO      • m » CS    <N 

CM 0 H 

1 * 
o 0   J 
N CQ 

c 
0 
(0 

•H 
fa 
cd 

! 
m U 
t-i 

o 
en 
OJ 

•H 

o 

« os = 

o 
OJ 

I 

o 
I 

o 
I 

o 
00 

I 

H IB o °% pazTXBuiJOK qp uj   ssoq UOTSSTUISUBJJ, oisEg 

4-179 



M
a
x
i
m
u
m
 
E
x
c
u
r
s
i
o
n
 

M
e
d
i
a
n
 

M
i
n
i
m
u
m
 
E
x
c
u
r
s
i
o
n
 . | 

£ 
U 
4 

' J 
"7" I 1 r 

£ 
«P 
0 
0 

1 

ft 
i 

l 

-i 

09 

08 
Ü 

■H 

1 
l 

I 
I 

- 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

0) 

0 
IK 

- 

III 
!,' 1     1     1 

1 
# 

\- 

/         i 

- 

1        1 | 1 1 1 -   1 i 

o 
00 

o 

o 
CD 

8 

O 

EM 

o 

- m 

05 
C 
0 

■H 
-»-» 
c 
3 

£ 

W 
I 

£ 

O 
O 
E 

CO 

A 
Ü 

•H 

U W 
0 
0) * 
£ N P Al 

a * 
CO 

?3 
U 

go 
s» 
a  < 
c fc 
Si 

CO 

Ö 
0 
(0 

•H 

13 
S 

U 

CQ 
CM 

• 

•H 

O O O 

I 

O 

I 

o 
I 

O 
00 

I 

;j OS =    H  %* 0 °1 pazijBuijcoN qp UT   ssoq UOTSSTUISUBJX ^TS^g 

4-180 



r
s
l
q
n
 

r
s
i
o
n
 

S
a
r
t
h
  1  

1—f 

I        1 
l 
l 

-# 
1 
I 

"   "T I T    " i    | 

n 
Ex

cu
i 

in 
Ex
cu
] 

C 

s 

1—fr- 

f—4- 

1 
H 

Ma
xi

mu
i 

M
e
d
i
a
n
 

M
i
n
i
m
u
 

* 
0 

•H 
4->                      , 

i 

Hf-lJ 

i 

-^ 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

u 
0 
0) 
A 

»-Hi 

1 

III 

i 
i 
I 

H-l - 

J 

III 

r 

Hi 

-1 

1      I 1 I 1 1 i   -i 1          1 

o 
00 

o 

o 

s 

o 

O    -M 
CO     0) 

o 

IO   S3 

o 
CM 

I*) 

03 
c 
0 

•H 

3 
fa 

43 
«M 
U 

& 
I 

•M 
o 
o 
R 
w 

01 
Ü 

•H 
4-» 
a> 
o 
0) 

Al 

at 

S 2 
N 

(0  © 
CO 

3       < 
a * 
0) 
Q)    II 

ffl' 

§ 
W 

•H 
M 

a 

0) 

•H 
fa 

^ 

*J os 

o 
CN 

o 
CM 

I 

o 
I 

o 
to 

I 

o 
00 

I 

*H 3* 0 °1 pazTTBuuojj qp UT  ssoq UOTSSIUISUBJX ^TS^g 

4-181 



M
e
a
s
u
r
e
d
 
M
a
x
i
m
u
m
 
E
x
c
u
r
s
i
o
n
 

M
e
a
s
u
r
e
d
 
M
e
d
i
a
n
 

M
e
a
s
u
r
e
d
 
M
i
n
i
m
u
m
 
E
x
c
u
r
s
i
o
n
 

u 
»4 

it 
I —r ™r CO 

o 

n
o
o
t
h
 

1 i 
i 
i 1 - 

o 

MH 1 
iH                                                           | 
«                                      i 
Ü                                I 
•H                                                       Ml' 

<0 

u                                  i 

J3                                                1 

o 
m 

o 
1     1     i |                                                  f tp 

1     1     1 
M-M 

o 
CO 

— hfl — 
CM 

o 
CM 

l 1                        I     i I i i   , 

m 
H 

o 

0) 

fa 

o o 
CM 

O 
CM 

O 

I 

o 
<D 

O 
00 

I 

c 
o 

•H 

u 
G 
3 
fa 

4-» 
U 
CQ 
w 

0 
o 
i 
a 
ü 
•H 

JH ffiH 

O W 

Q)    * 

t"1   Al 

•O    ~ 

§> 

3 * 
CO o 
rt O 

|   » 
+*     JO 

ca 
d 
o 
w 

CM 

•H 
fa 

U OS =    H %* 0 °1  pazixBuiaoK qp UT   ssoq UOISSTUISUHJX ^Tsng 

' 4-182 



r
s
i
o
n
 

r
s
l
o
n
 

g
a
r
t
h
 L !    ' 

I 
i 
I 
l 

" T     ■ 
 T  1     T "] \0 

00 

p 

m
 
E
x
c
u
:
 

vi 
E
x
c
u
i
 

0 

2 
M4 

l 
i 
i 
i 

r 

M
a
x
i
m
u
i
 

M
e
d
i
a
n
 

M
i
n
i
m
u
:
 

M 

cd 
U 

4J 

I 

M         J 

o to 

P 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

0 «        I 

M        ' 

III! 

« j 

o 
Ill 

o 

u MJ 

CO 

m 
04 

o 

1 „I . 1 1 1 ,   ,   1       1 

04 

m 

o 

fa 

-J"? a 

o O 
04 

O 
CM 

I 

O 

I 

o 
CD 

I 

O 
00 

I 

on 
c 
o 
•H 

o 
c 
3 
fa 
J3 
-P 

(0 
w 

I 
JÜ 

o 
o 
6 

cd 
ü 

•H 

0 

43 CM 
H   Al 

Ö  > 
cd 

•0 o 
0) "* 
fa 
3    * 
(0 O 
cd O 
Oj rf 

33 ^ 

a fa 
0 
Q   II 
> 

«M    Ä 

SJ 

C 
0 
Ifi 

•H 

S3 

Ü 

CO 
04 

;j 02 =    H 1« 0 °1 pazTXBWJOK qp uj  ssoq UOTSSJUISUBJI 3TS«a 

4-183 



ß            ß    JZ                                  '       ►* •/     ' 
■             1          '■ I "       '1           " 

0           0   -u 
•H               «H      fc                                                        H 

CO               CO      CB- 
fri              u     in               ..... 
3                  3                                                                         H 
J            W    JC | 
X             !<    V _ 
W           M    0                                         N 

8           6 e                                      ' 
3     ß    3 w                             -J 
ß     üB     £                                                 "i 
•H    <H    <H    r-i                                                  t 
K  -o   c   A                             j — 
J    J    *H     0                                              M  J 
35    55    S    -H                                               i 

P                                                        1 
•o  *o *o W                                                          1 
5)   a)   i)   ^                      u«-i ; 
V.    h    ^    o                                     J 
3    3    3     0)                                          J • 
CO     CO     CO     £                                                 1 ~ 
rt     cö     cd    H                                        ; 
0)        (V        ttl                                                                    H4           • 
as  s   as 

1    l    I 1    1    1 
1                        '    i 

1 
1 

- - 

1 I                               J 1 1 1 .        _1 

o 
00 

o 

o 
<0 

s 

o 

O    -P 
CO     0) 

0) 

(0 
fi 
0 
•H 
«P 

§ 
3 

P 

a 
w 

i 
4^ 
-P 

I 
C4 
U 
•H/-S 

0)  M 

0    * 

CO    * 

M    ^ 
3 O £° 

O 
CO 

iß 

5 o o 
I 

o 
I 

O 
00 

I 

£ < 
fi* 
8» 

PQ 

d 
o 
CO 

•H 
u 
a 
(X 

i 

H 
CO 
CO 

0) 

3 

1J 02 «    H ^ o <n pazjxBW-iOK qp UT  ssoq UOCSSTUISUB^X ^TSBg 

4-184 



M
a
x
i
m
u
m
 
E
x
c
u
r
s
i
o
n
 

M
e
d
i
a
n
 

M
i
n
i
m
u
m
 
E
x
c
u
r
s
i
o
n
 

la
rt
h 

1 

1    '    ' 
! i 

-       ! T  1  

m 

Ä 

0 
0 

1 
- 

w 

•H 

j  1 

l 
- 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

0) 
h 
0 
0) 
£ 

i 

i 

- 

HH 
i 

Jl 

- 

/ 

t'l 

| 

- 

,      1 | 

1 

1 i 1 1 , 

o 
00 

(0 
Ö 
0 

o •H 
h» 4* 

s 
fa 

o Ä 
<£> •P 

w 
• 

8 0 
0 
6 
w 
H 
rt 
O 

O •H 
rr 

0)     fc 

8* 

H   Al 

•o   •> 
/"S g> 

O -H m 
CO 0) •» 

0) •o o 
fa 0) X 
v-^ a. 

u CO o 
m a a io 
CN 0) M 

a fa 
0) 
0)   1! 

4J    43 
o *> J <N n 

d 
0 
10 

•H 

a 

- m U 

CO 
CM 

tf 
0) 

a 
Ml 

•H 
fa 

o o 

;j OS =    H %* 0 °1 pazxxBiuaoN qp UT  ssoq UOISSTUISUUJX aisBg 

o O o O 
<N 

1 
CD 

1 
00 

1 

4-185 



r
s
i
o
n
 

r
s
i
o
n
 

Sa
rt
h 

!     K4 

! 1 I     " 

3             3 
U             Ü 
K             K 
W            W i 

0 
F 

!      m 

1 

II 
- 

Ma
xi
mu
i 

M
e
d
i
a
n
 

Mi
ni
mu
i W                                        | 

CB                                                     1 

IN 
- 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

0)                                           { 

0                                        I 
Q)                                                              1 

M 

- 

I    1     1 1     1     1 

- 
1 

M 

— 

- i H H - 

1  1           1 1 1 1 1 

o 
00 

o 

o 
<0 

o m 

o 

o  -P 
CO     0) 

0) 

04 

o 
04 

- m 

o o 
04 

O 
04 

I 

o 
I 

o 
I 

O 
00 

I 

02 
G 
0 
-A 
•M 
U 
C 
3 
(x 

.a 

GS 
w 
jd 

o 
0 

cd 

O 

EH Al 

■§> 
OB 

3 w S     < 

$ ii 

CQ 

•H 

a 

i 
> 
CO 
CM 

a? 

3 
bß 

1J OS =    H 1* 0 °1 pazxiBuiJO^ qp ux  ssoq UOTSSTUISUBJCX ^Tsng 

4-186 



§ 
•H 
00 
u 
3 

K 

e 
2 c 

K -O 
«8 0) 

9     3 
oi   on 

as   z 

O V 

CD * 

U £ 
X V 
w o 

. i. i« 
C es 

■H u 
36 -H 

0) 
u 
3 
09 
cd 
0) 

as 

o 

O O 

I 
I 
II 
I 
I 
I 
i 
I 

.' M 
-I- 
I 
I 
i 
I 
I 
f 

?N 
I 
I 
I 
I 
I 
I 

o 
00 

o 

o 
CD 

O 
iO 

o 

O    -P 
CO     Q> 

0 
EH 

O 
CM 

10 

00 
c 
o 
•H 
«M 
CJ 
c 
3 
fa 
£ 
-P 
U 
cs 
w 

I 

o 
o 

£ 

u 
■rl 

• «^ 
U  * « o 
43 N 
H  A» 

fi > 
A 

•O CO 

w o 
S M 
S w' 

d ^ 
• ,. <D  ti 

CO 

a 
o 
CO 

•H 

Pc 

u 

CO 
CM 

■ 

0) 

S, 
•H 
fa 

o 
I 

o 
I 

o 
to 

o 
00 

I 

1J OS ----    H  *B  0 °1  pazjiBuijON qp ux  ssoq UOTSSTUISUB.II OTseg 

4-187 



M
a
x
i
m
u
m
 
E
x
c
u
r
s
i
o
n
 

M
e
d
i
a
n
 

M
i
n
i
m
u
m
 
E
x
c
u
r
s
i
o
n
 

* 1» 

-It         ' r 
1 

 p. 
!  -I  

0 
0 
p 

•- 

1— 

1 

H 
H 

- 

CO 
u 

•H 

i 

*-4 

1 

- 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

0) 
h 
0 
a» 

42 

1—»-yH 

nf1 
- 

i     i     1 

H4l 
■ - 

1     1     1 

- ^ l - 

I • 1 1 1 1 

' 

o 
00 

u 
e 
o 

o ■H 

r* 
0 c 
3 

o X 
to •p 

h 
CO 
W 

i 

§ 0 
0 

<§ 

a 
a 

o •H 
*• 

U SB 
0 

.2 CM 
H At 

/-». c> 
o 4-> ed 
CO © A 

Q> •Ö O 
fe a? oo 
s-' u 

3    - 
u wo 

m M C8 O 
CM © iH 

CM 

iO 

Z w 

ti fa 

CQ 

ö 
o 
(0 

•H 

cd 

§ 

X 
co 
CM 

h 
3 
bß 

•H 
fa 

o o 
CM 

o 
CM 

I 

o o 
to 

I 

o 
00 

I 

;j 02 =    H %* 0 °1 pazix^uiJOK qp UT   SSCTJ UOTSSTUISUBJX °TSBg 

4-138 



c c JC 
0 0 V 
•H ■H u 
ID 0Q * 

>U fc« » 
3 3 
Ü CJ 43 
K K «M 
W W 0 

0 
e e e 
3 c 3 QQ 
e cs E 

«H •H •H rH 
X •o C es 

a 1 as 
•o TJ •o 0 
0) 4 0) u 
Li IH u 0 
3 3 3 0) 
09 00 03 £ 
<d CO CO H 
fc 0) $ 

as as as 
1 1 1 
1 1 1 

T—P 

4-" 

I 
i 
i 
i 
i 

** 

I 
I 
I 
I 
I 
I 
I 

I 7 
I 
I 
I 

o 
00 

o 

o 
<0 

o 

o 

o   -M 
« 0) 

<D 
fa 

CM 

o 

m 

o O 
CM 

O 
CM 

I 

O 

I 

o 
CD 

I 

O 
CO 

0} 
d 
o 
•H 
■M 
U 
d 
3 
fa 

•P 

es 
W 

i 

Ä 
-P 
0 
Q 

es 

o 
Q)      - 
ÄCM 
H  Ai 

■o ^ d > 
cs 

•o cT 
a) ^ 
u 
w o 
cs o 

S3 w 

d fa 
0) 
0)   H 

CQ 

d 
o 
CO 

•H 
Pi 
CS 
a 
§ 

CM 

0) 
Pi 
3 

•H 
fa 

*J OS H IB o °1  pazjIBUijoK qp UT  ssoq UOTSSTWSUBJX ^TSBg 

4-189 



■■■■2 ~~,: f*5SsäM*BK 

\i 
•H 
<D 
U 
3 
ü 
K 
W 

8 
3 

u 
3 
0) 
tö 
CD 
3E 

C 
0 

C £ 
O V 

00 « 
u w 
3 
ü 43 
K -*-> 
W 0 

• i 
•H »H 
C eö 

■H ü. 
X -H 

0)   a> 
u 
3 3 

in 
«     «8 

s   ss 

0 

£ 

O o 

1—l 

H- 

j 
i 

t 

i     i     « 

-t—i 

-*—i 

o 
00 

o 

o 

s 

§ 

o   *> 
CO    Q) 

o 

lO 

o o 
I 

o 
CD 

I 

o 
oo 

i 

o 
r-t 

s 
0 

3 

u a 
w 

i 
43 
«P 
0 
o 

es 
Ü 

•H 

0 a> r 
43« 
P AI 

Ü> 
a 

CD H 
33 w 

fifa 

S it 

ffl 
d 
o 
OQ 

•H 
h 
cd a 

u 

CO 

3 
•H 

1J OS - **H *B Ö °%  P3ZTXBUIJOK qp UT  ssoq UOTSSIUISUBJX STSBQ 

4-190 



c c Ä 
0 0 V 
«H •H J-. 
OQ OQ <0 
U h W 
3 3 
o o £ 
X K P 
w W 0 

0 
E E E 
3 c 3 CO 
e ea E 
•H •H •H iH 

X •o c (9 

* 
0 •H 

SE 
Ü 

•H 
P 

•o •o ■o CU 
0) Q> <D fc 
b h h 0 
3 3 3 Q) 
CO CO DO Ä 
a es CO H 
i> 0) 0) 

ss 
1 

35 

1 

' 1 1 

HH 

H 

«H 

O 
00 

o 

o 
to 

s 

§ 

O    «M 
CO     0) 

fa 

O 

m 

o 

U OS 

o o 
I 

O 

I 

o 
CD 

I 

O 
00 

I 

4H *« 0  o% pazTXBUiJOK qp ut   ssoq UOTSSIUISUBJX DISBQ 

4-191 

8 
o 
•H 
-p 
o 
d 

43 
P 

co 
w 

I 
JA 
P 
O 

i 
«3 
O 

•H 
•P 

^  A! 

fa * 

CO ° 

s < 
dfa 
0 II 

OQ 

d 
o 
CO 
•H 
fa 
CO 

§ 

CO 

CD 
fa 
3 
bfi 
•H 
fa 

L 



.^■■^i'.yi%'.. :-;.   •4 ^'3*3gg? 

c         ex:      ' 
0           0    V 

l*H               -H       fa 

1     _ S T  I        1"    ■" [    -7" -1 

co        n   m 
fa         u   w  

•H c_ 
3            3 •—* H 1 o         u   x: 

1 X               X     -M f -4 
W           HO 

0 »-+ hi 
1 £         ß e 1 

2   fi   2 1E  «  e 
CO 

H-j H 
l«H     -H     «H      rH 
IM   "O   C    CB -^ 
3   3  ^    ü 

Is  s  as   -H •""*+ i . 

|                               «M 
I "0   '0   *o    ey 
\ Q     Qi    v     u 
|   fa         fa         fa           0 

3    3     3« 
i-4 

I W     (0     W     JC —A 
I CO      CQ      <0      H 
1 «i    ai    0) 

35    5S    2E HH| 

til       1 ill 

N 

M-rf 

-1 

V- H{I J 

L    1 1 1 " I 1  -1 

o 
00 

o 

o 
CO 

O 

o 

o 
CO Q> 

-'S a 

O 
CM 

m 

o 

%l OS 

o 
CM 

O 
CM 

O o 
«0 

o 
00 

I 

d 
0 
-H 
-M 

8 
3 
(* 

JS 
«P 
fa 
CO 
W 

0 
O 

ü 
•H 

o s 
0) 

H CM 
Al 

s> 
Q) o 
fa <* 
3 
(0    * 
ca o 

S3 w 

d fe 
(D 
Q)   II 

S « 
0) J 

CQ 

d 
o 
co 

•H 
fa 
cd 

u 

CQ 
CQ 
CO 
CN 

O 
fa 

*H ?r* 0 °1  pazjXBuijoK QP UT  ssoq UO^SSTUISUBJJ, OISBQ 

4-192 



c c JC 
0 0 -M 
•H ■H h 
09 00 « 
u u w 
3 3 
u u J= 
K X «M 
W w 0 

0 
e g E 
3 c 3 w 
e CO E 
•w •H •H i-i 
K •o c CO 

a 0) 
SE 

•H 
as •H 

•d •o T3 di 

V 0) <D r-1 

u JH h 0 
3 3 3 <u 
in (0 (fl £ 
d CO es H 
0) 0) 0) 

1 1 1 1 1 1 

—f1 

loo 

b 

B 

o 

P 

P     -M 
CO     0) 

IO   tu 
CM 

O 
CM 

m 

U OS 

o 
CM 

o 
CM 

I 

o 
I 

o 
i 

o 
00 

I 

H }B o °1 pazj-[Bui.iofl qp ux  ssoq UOTSSIUISUBJX ajsfcg 

4-193 

S 
o 
•H 
■P 
Ü 
c 
3 
h 

Ä 
•P 

OS 

T 
«M 
O 
o 

03 
0 

•H 
4-> 

o 
J3     - 
H CM 

AJ 

c    - 
etf > 

•D - 
0) CO 
fc H 
3 
CO - 
03 O 
CD m 

< 

0) 
0)   II 

15 * 

Ö 
0 
w 

•H 

U 

CM 

0> 

3 

•H 



*#: 

o        3 

£     £ 
3            3 
U            0 
X             X 
'J          w 

:            6 
^     G     3 -   «   e 
v.      -H      -H 

,  -o   c 
'4 a r. 

4-» 
u 

LA 

"I  

l 

" 1  
 ,  

 1  

0 
0 
e 

i 

- i' i 
i 

03 

rH 
CO 
0 

•H 
U 

H 
t 

i-f 
i 

fr-H 

H 

- 

- 
M
e
a
s
u
r
e
d
 

- 
M
e
a
s
u
r
e
d
 

4 

i 
i 

1 
1 

Iff 

-4 

H 

• - 

1     1      1 

- - 

4f— 1 

- *f*—' 

i 

- 

i 

- - 

1    . ,    . L i 1 1 I 1 

O 
00 CO 

c 
0 
•H 
■M 

o Ü 
r^ 

3 
ft 
x: 

o 4-> 
<D 

w 

O 0 
10 

• 

i
c
a
l
 
S
m
o
 

) 

O «M       U 
V 

0     - 

1 + 
/-s a      m. 

o ■M o 
CO 0) TJ  00 

<D CD 
fa fci     - 
s> 3  in 

CO     • 
fc CO   lO 

to ffi CD  CM 
CN 35 w 

< 

o CQ 
CN 

c 
0 
w 

•H 

lO 

o 

U 0Z = 

o 
CN S © o o 

«* «0 oo 
1 1 1 

o 

Q 
Q 
CO 
CN 

<D 
u 
3 
bß 

•H 
fa 

H %v o °1 paz^TBuiJOK qp ux  ssoq UOJSSTUISUBJX STSBg 

4-194 



I C            fi 
0            0 
•H               *H 

s
a
r
t
h
 r    " 

Hi1 
 1  

'     "T        1 
ID             ID 
l*             U 
3            3 

P 
i 

-1 o          ox: 
K             XV 
W           HO 1 

i 

A 1 
1 c          e i i 

Ma
xi
mu
i 

M
e
d
i
a
n
 

Mi
ni

mu
i 

H 
Li 

J 
i 

H 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

0) 

0 
0) 
£ 

i 

• -1 

1 

I 1     1    1 

< -1 

III i 

» 

u JrH 

i 

-1 

1» 

I 1 

I 

t 1         i 1 I        I i        1 

o 
00 

o 

o 

8 

O 

o "M 
CO 0 

<D 

Iß 
1 

w 

o 

m 

§ o o o o o 
N "* to 00 

1 1 1 1 

§ 
o 
•H 

Ü 
Ö 
3 

-M 

cd 
w T 
X3 
4-> 
0 
0 
g 

OS 

o « 

a 
*o 
0) 

Q> CN 

*~« 
q   to 
<jj   I! 

a o 
m 

•H 

8 

w 
w 
CO 

u 
3 
bo 

^j 02 =    H %* 0 °1 paztxBuiaoH qp UT  ssoq UOISSIUISUBJX oissg 

4-195 



c c £ 
0 0 V 
•H ■H u 
K W a 
u h w 
3 3 
0 U £ 
X X ■♦-> 
w w 0 

0 
E E £ 
3 c 3 W 
E (9 6 
•H «H •H n—t 
X •o c eg 
CQ 0 •H ü 
55 s s •H 

•o •o •o 0 
0 0 0) u 
fc4 U u 0 
3 3 3 0) 
«J Cfi (0 x: 
« « CO H 
0» 0 0 
s 

1 1 1 1 1 1 

M 

♦r« 

H 

;n 

w 

w 

o 
00 

o 

o 

o 
to 

o 

o +> 
co 0) 

o 
fa 

io  as 
CM 

O 
CM 

10 

o o 
CM 

O 
CM 

I 

o 
i 

o 
CD 

I 

O 
CO 

Ö 
0 
•H 

c 
3 
fa 

w 
I 

o 
0 

Q) öcT 

o   * 
© CM 
Xj   Al 

•o> 
c 

CO 

3 W 
W • 
CQ lO 
0 CM 
s ^ 
Ö fa 
o 

CO M 

c 
0 
QQ 

•H 

cd 
a 

u 

fa 
fa 
CO 
CM 

0 
U 
3 
•H 
fa 

;j 03 =     H  IB  o °1  pazTXBuiJOK qp ui   ssoq UOISSTUISUBJX ^TSRg 

4-196 



B c £ 
0 0 P 
•H •H h 
CQ (0 0* 
U u « 
3 3 
O u JB 
K K P 

W W 0 
• 0 e e e 

3 fi 3 ta 
e cd £ 

•H •H •H rH 
X •o c 08 

1 a» •H 
s u 

P 
V •o XJ 0) 
0) 0) 0) h 
h fc< h 0 
3 3 3 0) 
w W (0 £ 
«s a OS h 
<D <D 0) 
S 

1 1 

s 
1 I 

1 1 1 i 
i 

-fcM. 

W 

C 
00 

o 

o 

§ 

9 

O    P 
CO    o 

*0    ffi 
CM 

O 
CM 

m 

Cfl 
c 
o 
•H 
P 
U 
c 
3 

PM 

JC 
P 
*H 
03 
W 

I 
£ 
P 
0 
o 

Ü 

P k 

o    - 
0)   CM 
£   Al 

a    * 
fH 

"O CM 
0) 
JH - 
3 O 
M • 
rt CM 
<D H 

33 w 

C   Pfai 
(D 
0)   II 

t   » 
c 
0 
09 

•H 

a 

u 

o o 
CM 

o 
CM 

o o 
(0 

I 

o 
00 

%l 0Z -    H %* 0 <H pazTI«mjoK QP UT  ssoq UOTSSTUISUBJX STSBH 

4-197 



u 
3 
ü 

& 
6 
3 C 
E Cd 
•H iH 

i I 

3 

73 
CD 
U 
3 

Ul     CQ 
CO      CQ 
0> 0) 

c 
o 

•«-I 
(0 

3 
o 
X 
w 

3 
e 

3 
to 
CQ 
CD 

u 
m 

O 
o i. 

CO 

CQ 

U 
•H 

CD" 
5- 
0 
CD 

x: 

o 
00 

o 

o 
CO 

o 

s 

CO     © 
<D 

10    Ä 
CM 

o 
CM 

o o 
CN 

o O o o 
CN 

1 1 1 
00 

1 

%I  OS = H I*  0 °1 pazTXBiuao^ qp ui ssoq UOISSTUISUBJX ^TSBg 

4-198 

n 
c 
o 
■H 

o 
c 
3 

CQ 
W 

! 

0 

I 
CQ 
U 

•H 

CD     - 

h Ai 

•o    - 
§> 

u 
3 - 
Cfl o 
CQ ■ 

CD CO 

< 
CD 
CD   U 

OQ 

Ö 
o 
CQ 

•H 

CQ 

en 

(1) 

3 
•H 



I§   § • 
\ U                L.     i 

c      1 
u 
g 

*-TM 

—r~ - 1 r i r P 
r 

P 

m
 
E
x
c
u
 

m
 
E
x
c
u
 f 

c 
M 
0 
0 
E 

l-«H 

p 

M
e
a
s
u
r
e
d
 
M
a
x
l
m
u
 

M
e
a
s
u
r
e
d
 
M
e
d
i
a
n
 

M
e
a
s
u
r
e
d
 
M
i
n
i
m
u
 

9Q 

-« 
at 
0 

M 

•—H r 

V. 
0 
0) 
c 

» 

»—H 

.' 

r 

[       II 
Mil 

M-i 

o ill 1 
1 

O 
CO 

lO 
N 

u 
•• 

1    1,1 ■" 

1 1 1 1 1     1 i i 

CM 

in 

o 

to 
c 
o 

o c 
3 
fa 

JS 

f* 
as 
H 

l 
J3 

o 
o 
% 

m 
u 

4->    /"N 

0 

gs 
? > 
as 

V 
O 
fa 

o 
00 

(4 
3     - 
Cfl   o 
Of      • 

*    < 
c   fa 

s - 
CO 

CJ 
O 
0) 

•H 

as 

o 

CO 

I 

faß 
•H 
fa 

o o o 
I 

o 
to 

I 

o 
oo 

;j oz =    H 1* 0 °1 pazTTBUuotf qp ui  ssoq UOTSSIUISUBJI oxseg 

4-199 



c c £ 
0 0 +» 
•H ■H fci 

oo OQ el u u pa 
3 3 
O U £ 
X X •»-» 
w w 0 

0 
£ e e 
3 c 3 CO 
E a s 
•H •H •H r-l 
X •o c CO 

1 0) 
as 

■H 
as ■H 

■o x> •a (V 
0) Q> CD ^ u ^ U 0 
3 3 3 0) 
0) «J (0 £ 
c« CO 08 H 
0) 0> a> 
S 2E s 

h-M 

** 

H< 

W 

po 

p 

b 

P   ^ 
po    0) 

CD 
fa 

PI 

in 

c 
o 
■H 

8 
3 
fa 

£ 
4-» 

CQ 
W 

I 
£ 

o 
0 
6 
w 

CO 

■H      fc, 

0) 

O N 
©   A) 

CO o 

Q)    . 

3 a 
j»oo 
CO 
Q) O 

Ö fa 
CO 

% " 
+>    £ 

OQ 

Ö 
o 
n 

•H 

co 
a 

8 

CO 

<D 

bß 
•H 
fa 

§ 

*J OS = 

o § 
I 

o 
I 

o 
CO 

I 

o 
00 

I 

H  IB  0  °%  paziTBuiJOtf qp ui   ssoq UOTSSIUISUBJX ^TSBQ 

4-200 



c        c 
0           0 
•H              «H 
wJ             00 a

r
t
h
 1 ' 

[' —!— |    —1  

o 

M
a
x
i
m
u
m
 
E
x
c
u
r
 

M
e
d
i
a
n
 

M
i
n
i
m
u
m
 
E
x
c
u
r
 w 

0 
0 

Mt 

hM 

o 
CO 

CO 
CJ 
•H 

o M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

M
e
a
s
u
r
e
d
 

0) 44 

HI 

II     1 M 

Vl' 

III 

H 

o 
CO 

** 

M 

CN 

o 
w 

1        L 1     , 1 1 | I i        i 

H 

o 
—1 

P4 

iio a 

00 
c 
o 
•H 
-p 
CJ 
c 
3 

C8 
w 

I 
xi 
4-> 
0 
0 

i 
c0 
o * 

+» a 
0) 

0  CN 
Q)  Ai 

e - „> 
c   - 
CO o 

CO 

0)    - 
H   O 
3 O 
00 CO 
co   • 
<D o 

d fe 
CD 
0)   II 

■P    Xi 

d 
0 
(0 

•H 
N 
CO 
Pi 

o 

H 
CO 
CN 

(1) 

3 

•H 

o 
CN 

o 
CN 

I 
3 

1J OS = ~H  1* 0 °1 V>95STTBW-X°K QP UT  ssoi UOTSSTIUSUB.II OTSBQ 

o 
I 

o 
I 

o 
00 

I 

4-201 



c c x: 
0 0 v 
•H •H Pi 
00 00 09 
u u W 
3 3 
o Ü s: 
K X •*-> 
w w 0 

0 
E E E 
3 c 3 (0 
E 09 E 

■H •H •H 1-4 

K •o c « 
1 0) 

•o •o T3 0) 
0) flj 0) h 
u t. h 0 
3 3 3 0) 
01 (0 (0 e ea CQ (8 
<D 0> 0 

1 1 
3 

| 1 1 1 

^ 

Hri 

w 

P 
00 

p 

p to 

P 

P 

P    «M 
CO     Q> 

(cs 

1° 

to 
H 

o o 
I 

lj OS =  "H ^^ 0 °1 pazxxBuijo>T qp ux  ssoq UOTSSTUISUBJX ^TSBg 

o o 
to 

i 

o 
00 

I 

4-202 

QQ 
C 
o 
•H 
-P 
o c 
3 

S-i 
CO 

w 
I 

Ä 
4-» 
o 

I 
03 

-p ffi 
Cj) 
JH * 
0<N 
0 Al 
J3 
H> 

00 

30 

0) o 
2 w 
Ä < 

0) 
0) 11 

n 
e 
§ 
•H 
M 

U 

CO 

3 
hfl 

•H 

'1 

** 



4.3.2.2.3 Comparison of Height Variation with NBS Model 

A comparison similar to that made between the 

measured height variability and the smooth-earth height 

functions was made between measured height variability and 

the NBS terrain model described in Section 4.2.2.1. 

The NBS method used for this comparison included 

both G(fl) functions. The results of the comparison appear 

in Figures 4.24A through 4.24J. The vertical bars represent 

the measured data in exactly the same way as in Figures 4.23A 

through 4.23LL. The NBS method was used to compute loss for 

all distances between 2 and 17 miles and the resulting curves 

were normalized at a receiving antenna height of 20 feet in 

the same way as the measured data. The upper solid curve on 

Figures 4.24A through 4.24J represents the theoretical maxi- 

mum over all distances between 2 and 17 miles for the fre- 

quency, polarization and transmitting antenna height mentioned 

on each figure. The middle solid curve represents the median 

of all theoretically calculated curves and the lower solid 

curve represents the theoretical minimum. 

Figures 4.24A through 4.24E show relatively good 

correlation for horizontal polarization. Figures 4.24F 

through 4.24J show equally good correlation for vertical 

polarization. 

4-203 



Q 

a 

CO 
c 
o 
•H 
«P 
o c 

ft 
•H 
(I) 
a 
43 
4J 
U 
a 
w 

» 

I 
ü   fc 
•HS 
-P 

O 

vo 
coo 
ctf 

•0 lO 

urn 
Iflw 
CO     < 

S n 
Ö 
0    .Q 

+» 
a» 

CQ 

Ö 
o 
CO 

•H 
JH 
rt 

3 
CM 

0 

•H 
tu 

O 

*J  02 

o 
CM 

o o o o 
CM <tf <D X 

1 1 1 
H  1B  0 o%  pazTTSuuofl QP UT  SSOT UOISSXUISUBJX ^TSBg 

4-204 



T  —r  1   J   1  
c        c -» H        '       / 
0           0 — 

S      £- 
i -♦ -1               / 

3            3 H 4 ■«              / 
U            ü ^ 
K             X s — 

w        w g 
P                  fS •H 
3     C     3 
B   A   e »■ +- H 

c 
•H 
SB •H     *4     *H 

K     TJ      fi ■™ 

«      CV     -H 
s  s  s 
•o  -o  -o 

+ ■d 
4* 

TO 
a>    a>   a> it •H W 
b     b     u 
3     3     3 
(0     (0     DO 

43 
bfl 
3 

- 
cd     TO     co 6 
a,    a,   oj 
X   X   S 

!     1      1 

i      ► 1 
O 

OS 

X H 
'     1      1 rt 

1 1 

08 
O 

■" +» <D — 
JH /    /     d U 

! - 

I    J      as O 
/ •H 0) 

1/ s 
£ y 

Ott 
3 / 
0 / jd tf 

/ u 
H / a 
£   *" !/ W < 

0           j 
•       f 

'/ 

•a 
3 
0 
pg 

cd 
./■ 

/ u / 
•H / 
+> / 
0) / 
fc i 

0 
0) l 

J3 

I 1 i " L i 

o 
00 

o 

o 
CO 

o 

X 

o 

o 
CM 

-   m 

% 

M OS = 

o O 
CN 

I 

o 
I 

o 
CD 

I 

o 
00 

I 

o 

a 
o 
•H 
•M 
O 

fa 

4-» 
XJ 
bß 
•H 
Q) a 
-p 

cd 
w 

I 
0 

cd w 
Ü 

■H      * 

0) 

8« 
X 

C     - 
cd o 

0)     < 

to r 
CO 

If 
d 

K 

d 
o 
CO 

•H 
u 
cd 

ft 

u 

9 
CSJ 

0) 

ä 
fa 

H 4B o °1 pazjiBuiJOK qp ui  ssoq uofssjuisuBJX DTSBQ 

4-205 



c         c 
 1  u rr -1    '       / | T 1 f—'—1 

0           0 1           / —1 
■H                  iH / 
OQ             (0 / 

M-.             fc™ /" 
3            3 P""^         / * Ü              U f 3 
K              K ,   1        / a 1 
W            W 

/ 
•H 
d 

B                 6 
3      C     3 H ■L H        / 3 ■     «     S / 

1 «H      «H      -H j J 43 1 
X    T3     C 

*■ ■JH j +» 
eg    Q)   -H 
s   as   an / U 

cd 

1 *0    T3    *0 / 
W                      1 

i 
0)      0,     0) J J3 
h      fc,      U J M 
3     3     3 £ j 3 _J 
(fl     tfl     (0 § I 0 

I CO     «     CO 
0/      0      0 ß    H "P tf 

12    S    5= X J H 
a         1 j" CO 

II      1 
Mt 

I u 
111 1 •H 

*         1 1 •P 
+*          i 0 

Lm fc h •MJ 

cd f 0 
W / d 0 

*   1 / 
CO 6 

a    -1 / TJ 

/ -.. 1 
H / rt      Hi / h ü    T / a 
■H            1 

I   / 
1 

1 W 

bß 

OS 

f 
Ü 
•H 
■M 
<D 
h 
0 
0) 

fl 

1 1 1 1 1 1 1     J 

(A 
o d 
00 0 

•H 
4-> 
Ü 
d 

o 3 
t^ 

4-> 

bo 
o •H 
to 0 

ja 
4-» 
u 

o cd 
m W 

i 

XI 
M 
3 
O 

PS 

o H 
^ cd 

•H     fc 

"£* 0) 

CD 

s~\ ß« o 4-> 
CO Q) •d - 

<D CO 
«H cd 00 
N-' 

T3   - 

m 
CM Iflv 

CJ    < 

II 
d 

o 
0   P 

OJ 

n 
0 
m 

•H 
u 
cd 

m A 

o 

*J 02 = 

o O o O 
CM ^ «D 00 

I 1 1 1 

o 

H 1« o  °% pazTXBuiao>i qp ux  ssoq UOISSIUISUB.II, OTSBQ 

4-206 

CM 

0) 

3 
fckO 
•H 



""'   T 1      I If T " 1   " 1 |          1  r r '"l c        c r 0            0 —i 
|«H              -H 1    m 

(0              00 

3            3 1  till 
ü          o § -i 
w        w Min 6 
6        e C? 
3     C     3 •H 
e   A   s 4 til as 

| -H      -H      -H ^j 

d 
 M

ax
 

d 
 M

ed
 

d 
 M

in
 

1 iff 
w 

i 0)   a>   a> 1 
^   t.   ^ H-HH 

ft 3     3     3 j 
n   w   w 3 

Ira      OS      0} —.             ' 0 
1 0     0)    0 5           IJ. « =s   s   =s E             1 1 

•H             f  I H 
1  1      1      ] X              l-H 

0»            Ml 
03 1   1   1 Ü 

a          / •H 

r— *       III +*      III 
~~H 

- CO 
0 
q» w        1/ •H 

1   d) 
£ 

bD            (/ I * 3               / 0            1/ •3 tf            1/ +* 
* H           1/ rt 

«8        JJ/ 
ö     Iff 
+*           If 
©     V 
o     1 

fl        f 

W 

! 

H 
(4 

l!    0 

<D 
* o 
® I ti I    -N.^ 

^*"» 
1                         S» —1 

I       1 1 i 1          I | 1 1          J 

o 
00 

o 

o 

O 

O 

O    -P 
CO     0) 

10    30 

o 

-J    W 

o o o o o o 
CM 

1 i 
«JO 

1 
00 

r 

d 
o 

g 
3 

-P 
43 
bfi 
•H 
<D 
w 
X! 

f 
cd 

•H     *H 
-MB 

o-o 
o 

e« 
do 

•o   - 

3CM 

rt   < 
<D(Z4 

II 
d 
0)   p 

■p 
ID 

CO 

d 
o 
w 

•H 

c« 

CM 

0) 

a 
b£ 
•H 
ft 

;j 02 =    H  1* 0 °1  paziXBUiJON qp ui  ssoq UOTSSIUISUB^X 3TS*a 

4-207 



a 
o o 
00 •H 

■»-> 

U 
d 

o £ r> 

o <D 
<£> So 

fa 
a 

O w  . 
iß i. 

bfi 

§ 

r-l 
O CQ 
T^ 

*-\ 

fa - 
0*0 

o ■M •o   - 
CO 0 do 

0 CSX 
«H >-/ 

Q)0 
U *HO 

m « d«* 
(Q>^ 

CM 

35 
II 

d 

o * 
CM 

CQ 

d 
0 
rj] 

•H 
u 
a 
ft 

lO 

o o 
CM 

I 
3 

1J  OS -  aH  1B 0 °1  P^ZTT^wao^ qp ui   ssoq UOISSIUISUBJX ^TSBg 

o 
i 

o 
to 

I 

o 
00 

I 

o 

u 

w 
CM 

(1) 
JH 
d 
bfl 
•H 
p4 

4-208 



c        c 
1 1  1 Ih-Ml  i™ 7'—1 —T—] 

0           0 *J 
•H              -H l     1 r+H[ 
00             (T 

\ u         u - 
3            3 
ü            ü g 
X             X H —I 
w        w 6 

Id               C5 — H 

3     G     3 1   T M 
d 

8     08     0 ■ ^ 
1 <H    *H     *H 

X   x>    c 3 
s   SB   as 

•0    T3    «0 
1 4" H! P 

U 
i aq 

0)     Q>     0) i 

h     fci     W. a 3     3     3 I                                            4 | 
10     W     Iß a               II 3 

1  CO      (0      CQ §         i! o 
0)     0>     4) 

[ill 
•H                1 1 

H 1 a: 

* /              ' H 
0] rt            1 | II    ■    i a       J! l               * 
Ü 
H 

u 5    u u             I 

P -J 
es 
W s 

• 
a        i 0 

^ el 
0                 / 1        T3 «           I   / Q> 
H         II   / a 
01       ill  /   1 ■ö 0"     "If /   * 
•H         II / 
*■        II / 0)       1/ 
*        1/ 

p 

Cfl 
w 

1 

1                * o       1/ <D        1/ •4 

0 
dS 
•H 
CO 

!         ü 
!        -H 

+* 0 
* o 
Q) 

1     1 l " i i 1 1      J 

o 

o 

o 

O 

o 

o 

10 

s 

o 

J   lO 

a 
p o 
a 

p 
Ä 

•H 
a> 
K 
Ä 
P 

CQ 
W 

! 
as 

cd 

•H     IH 

Pffl 
0) 
u.  * 

e> 
•o * 
do 

5 io 
3 io 
ION 
Hw 
0)   < 

d it 
o 

P 

§ 
•H 
h 
a 

o o 
CM 

o O O O 
<N rf <£ 00 

! 1 1 1 

1J OS =    H  1* 0 °1  paziiBui-ioH QP UT   ssoq UOTSSTUISUBJX ^TSBg 

4-209 



c         a 1  r -H   1       / ! i ■ i 
c         0 
•H                -H *■■ 

W             0] 
u         u 
3             3 
O              U 
X              X p. _ 
W            (4 • s 
E            E 
3     C     3 
e   es   E 

r 
E 

. d 
«H     «H    «H a X    *0     C — 
CO      V     "H 
35     3=     35 «- 43 

«O    »o    "o 
w d>      c     (D 

fcl    t.    u 
/ 

'    / 
3     3     3 i 

3 
O 

PC 

WWW — 
rt    co    os 
to     to     to E        l— 

35     35    35 

i      1       1 " 
E 
•r! 
X eo !    1     1 
a        i ü 

•H 38       ■ 

- 43 to - 
•M u 
U a C 

a 
•H 

0 
to 

bfi 0) 
3 36 
0 

OS 43 

•H        l-i U 
OS          | 
ü 

•H           / 

*    li 

a 
w 

So 
3 
0 
03 

H 
rt 
O 

♦H 
■P 
0) 
fc 
0 
to 

a 

1 i 1 • i i i 

o 
00 

•p 
Ü 
d 

o £ 
r^ 

43 
bO 

•H 
o © 
to 33 

43 

14 
co 

o W 
m 

43 
bO 
3 
0 

PS 

r-J 
o c- 
^ O 

U 
0    - 
0) -o 
43 

^"N > 
o 4-> ■o 
en 0) a   - 

0) CO o 
«H 00 
v-x 

u fco 
33 3 m 

m ö)w 
01 CO   < 

O  fa 
35 

II 
a 
<D    JQ 

o ■P 
CM to 

CO 

d 
0 
w 

CO 

m i 
rH o 

o o 
CM 

o O o o 
CM 

1 
* CD 

1 
oo 

i 

CM 

0 
u 
3 
bO 

■H 
fa 

1J 02 «    H 1*  0  °*  pdztxBuicCOK QP ut   sscyj UOTSSTUISUE.II 3Tseg 

4-210 



(0 

§ 
c         c 

1 "   T" U-41      '         | 1     I [    '-I— [        !     "I 
0            0 J 
-H                -H , H—M              / 

1 n         m 
\ u         i* 

3             3 Ul-H             / 
U             C 

1 K             X —J 
w        w TT"           /        3 

1   C                    B /          ß 
3     C     3 »♦4-H          /           fi 8    «    E /             -H 

1 -H     -H     «r j          /           58 
f K    -O      C -I 

A     Cl    -H s  s  s 
■O    T3    13 /             ot 
0>     <D     0> 
U     U     t- H H /      w 

1 3     3     3 /               JQ _J 
[(OH)« 1   /                 w 
1  CS      (Q      fl 

J    /                   3 1 Q)     Q>     Q j-4 "*    /                    0 S    S    36 

till /                     * 
u                  a III 

JJ /                  ° 

a      *TTi 

fl                   © 

«1/ i     Q 

* J/ 

1 
1     * 

w 

£ 
1      PS 

2      ' 
(         0 

•H 
1         «V* 

Q 

\     o 

1 1 l 1     1 1 1 1            1 

O -H 

00 
Ü 

o 2 
t* 

•H 
o <D 
to 

CO 
o H 
in 

t 
o A 
* 

/-\ 

0"^ 
•H      (4 
+J as 
u    * 
0 *0 

■M XJ    - 
o 0) Ö o 
CO 0) A 00 

>^ 
0) o 

f-i h O 
a 3 H 

if) CO ^ 
OJ CO      < 

*. 
ti 
0)    A 

o -»-» 
CN 0) 

CQ 

§ 
CO 

•H 
h 
ea 

m 

5 

0) 

s 
bO 
•H 

o o o o 
I 

o 
to 

I 

o 
00 

I 

%j OS -    H ** 0 °1 pazTT^uivtotf QP UT  ssoq UOTSSIUISUBJI OTSBg 

4-211 



*s
io

n
 

si
o
n

  r— -   T" i ' 
i 

\ 1 "   T    '- 

a 
E

xc
ur

 

ft 
E

xc
u

r 1 

i 

i 

■   f 
- 

M
ax

ir
iu

n 
M

ed
ia

n 
M

in
i r

au
n 1 

rt
h
 

M
in

j 

- 

M
ea

su
re

d
 

M
ea

su
re

d
 

M
ea

su
re

d
 

R
ou

gh
-E

a 
- 

I     1     1 

! 

L
an

 

T
h

e
o
r
e
ti

c
a
l 

- 

1     1    1 

- 1 

1 
R

ou
gh

-E
ar

th
 

M
ed

: 

- 

1 ,-L- 

T
h

eo
i 

H 
OS 
Ü 

•H 

© 
U 
0 
0 

1 1 1 i 

o 
00 

o 

o 
10 

OQ 
c 
o 
•H 

o 
c 
3 
fa 

-H 

a 

ea 
W 

J 

J3 
bß 
3 
O 

OS 

CO 
Ü/-N 

•H     f* 

0*0 
<D 

P > . 

o   ©   do 
CO    ©    A 00 

«H 

© o 
»3d 

o 

lO 
CM 

O 
CM 

lO 

a   < 
© fa 

as 
i 

c 
©    JQ 
© J 
-P 
© 

CQ 

a 
o 
09 

•H 

OS 

CM 

© 
h 
3 
bO 

•H 
fa 

O o 
CM 

O 
CM 

o 
I 

o O 
00 

I 

;j OS =    H %v 0 °1 pazTiBui,iofl qp u^  SSOrj UOTSSTUISUBJX ^TSBg 

4-212 



c         c 
"■"   '    1 "I   | I 1  r  

0            0 1 ■H 
•H                -*4 

1 m        CD . 
U              1« 
3            3 M 
O              U £ 
x         :c 3 
w        w 1 8 

e        Il- -   C 
ses 1 ■ •H 
E   m   e MM 1 91 

■rl      -H      -H 1 ml 
X    TJ     C 1 A 
«      »     *H 
s  s  s 4 T 1 M 

«o  -o  «o W 
0)     0/     D 1 i 
h     h     U IW •d 
3     3     3 ta —J 
(0     00     00 3 

1 Cd      <0      CQ O 
CD     CD     CD • 

Is  as  SE W 
> 

1 
II     1 1 81 

0 III 3          iji •H 

s      H-I «P 
U— •H                 11/ O -^ 

rt           If as          If 
1    e 

C4 
•H 

(4 
0 

JC 5          JJJ I     TTt 
4                 III 

■a 
_L  CD _ 
T * 

1 4 

t 

w             / «Ö +* 

r— * 3      Jill 
tf       [If 
»-•      ! a        1 ü        1 
+*        1 

H 
1      • 

PCS 

|!      H 

-■1 

u 
0 
0 

6 

Ü 
1:           -H 
1           H-» 

CD 

1     a) 
-d 
H 

1            1 1 1 1          1 1 1 1                   « 

o 
ao 

o 

o 
<D 

O 

o 

CM 

O 
CM 

m 

to 
c 
o 
•H 

Ü 
d 
3 
fa 

•H 
CD 
Ä 

h 
CO 
fa 

1 

i 
OS 

ü    fc 

+> 

O 
©   - 

K 
•ao 
coo a 
•oo 
a>o 
in'* 
3w 
CO    < 
CJ fa 
a» 
33 II 

0) »^ 
0) 

-P 
CD 

CQ 

ti 
o 
CO 

•H 
M 

o 

CM 

0) 

bß 
•H 
fa 

o o 
CM 

O 
CM 

I 

O 

I 

o 
<D 

I 

O 
00 

I 

M OS =    H 1* 0 °* pezxxBuijoK qp UT  ssoq UOISSIUISUBJI DTSBQ 

4-213 



4.3.2.2.4 Comparison of Height Variations for d < 2 Miles 
and d ^ 2 Miles * 

Since there is a distinct difference in path geometry 

for distances less than 2 miles and distances greater than 2 

miles, it is of interest to compare measured height functions 

in these two categories. Figures 4.25A through 4.25CC provide 

this comparison. The vertical bars represent the range of 

measured data for distances of less than 2 miles while the 

solid curves represent the range and median value for measured 

data at distances of 2 miles or more. 

Figures 4.25A through 4.25N show that, in general, 

the height function is the same in both regions for horizon- 

tal polarization. However, Figures 4.250 through 4.25CC show 

that for vertical polarization the propagation loss generally 

tends to decrease less rapidly with height for distances 

greater than 2 miles than for distances of less than 2 miles. 
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4,3.3    Variability of 1^ with Range 

The vehicular measurements provide an insight 

into the relatively fine-grain details of field strength 

variability with distance in tropical vegetation. As a 

vehicle proceeds along a path cut through the vegetation, 

a fifth wheel mechanically drives a strip chart recorder 

which continuously records the widely varying measured 

field strength. Figures 4-26A through 4-26E provide samples 

of the data obtained in this way at the various test fre- 

quencies from 25.5 mc to 400 mc. The radials along which 

the vehicle moves have markers which indicate radial distance 

from the transmitter every 0.2 mile from 0.2 to 3 miles and 

every 0.5 mile thereafter. Each time the vehicle passes 

one of these distance markers, a calibration mark is made 

on the strip recording. Since the trails are never exact 

radials, the actual distance represented on the strip chart 

is always greater than the indicated radial distance. 

A detailed analysis of the amplitude distribution 

within each 0.2-mile interval and each 0.5-mile interval 

has been made. The methods and results are described below. 

No other detailed analyses of this data have been performed 

as yet. However, a cursory examination of the data indicates 

very roughly the distance spacings between adjacent maxima 

and minima as shown below. 

Frequency Spacing 
(mc) (ft) 

25.5 20 

50.0 15 

100.0 10 

250.0 8 

400.0 4 

4-244 



«5978 

r: 
c 
c 
(". 

c: 
r: 
c 
c 
c 

' c. 
'. (_ 
i 
:        (    __ 

I   . 

3" 
Nk 

_» 1      1     | 
*>S tJ' 

4 

H 
* JL dO 
rH    • 

Ü 
•H    » 
XJ> 
Q 
>o 
0 

<i) in 

am 
dw 

K-   < 
W fa 

< 
CM 

0) 

g. 
•H 
fa 

4-245 



«5980 

!     i a 

at  • 

U I 
ojO 
i-l • 
3iH 
Ü 
•H     * 
J3Ä 
0) 
>o 
<HQ0 
0 

0)0* 
iH     • 

&9 em 

CO 

0) 
5H 

4-246 



«5979 

O 

o 

o 

o 

• 

81    I 
HO 
3    • 
•H 

> 
<H O 

0)    » 
HO ao 
fiH 

X    < 
W fe 

0) 

C 

4-247 



«5981 
Ä 
« 

# 

iti? -4- t-f i   .4p 

5 cd 

• 

rt   I 
iHOO 
3 • 
ÜO 

•H 
Ä    • 

> 
«H O 
0 00 

<D    - 
HO am 
8M 

Q 
CD 
CN 

4-248 



0    io   ^uwjr—I 

«5982 

3 

D 4 
4-» 

D ,3- 
D > 
D &o 
) HH 

a i 
H00 

) 3   • 
ÜO 

') 
•w 
Ä   * 
Q) Ä 

) > 
M 

J «MO 
0* 

) q>    * 
HO 
Q.O ) 
§S 
X    < 
wfe 

w 
to 

4-249 



4.3.3.1  Data Analysis 

The cumulative amplitude distribution for each 

0.2- or 0.5-mile interval of data is obtained in the 

following way. A segment of the chart, such as the sample 

shown in Figure 4.27, has the Ordinate (db) divided into 10 

levels, each corresponding to a known db level. The abscissa 

of the chart, which represents distance along the trail, is 

divided into portions which lie between RPA (radial points 

on Trail A) points. RPA points are those predetermined 

points along the path whose radial distances from the trans- 

mitting antenna increase in 0.2-mile increments to 3 miles 

and by 0.5-mile increments beyond 3 miles. 

Dividing distance over which each discrete preset 

level was exceeded by the total distance between adjacent 

RPA points yields a numerical ratio which corresponds to 

the probability that the particular db level is exceeded. 

An illustration of the calculation is given in Figure 4.27 

and Table IV. 

«5975 

Ed 

< 

a 
O 

L   Total   Distance   Between   
Adjacent   RPA  points(170   Units) 

Figure 4.27   A Sample Strip Chart Analysis 
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db 
Level 

10 
9 

8 

7 

6 

5 

4 

3 

2 

1 

Table IV 

Distance db Level 
was Exceeded 

0 = 0 
443 = 7 

Numerical 
Ratio 

0/170 
7/170 

19/170 

40/170 

71/170 

8 + 10 + 1 = 19 

10 + 14 + 9 + 7 = 40 

12 + 37 + 12 + 10 = 71 

15 + 3+39 + 11 + 15 + 8+12 = 103    103/170 

18 + 5 + 58 + 18 + 12+20 = 131 131/170 

22 + 10+61 + 59 = 152 152/170 

170 - 7 = 163 163/170 

170 = 170 170/170 

Percentage 

0.0 
4.1 

11.2 

23.5 

41.7 

60.6 

77.0 

89.4 

95.8 

100.0 

The percentage probabilities which represent the 

amplitude distribution are given in the last column of 

Table IV. 

A totalizer has been employed to reduce the large 

amount of vehicular data which is being collected in Thailand, 

A sketch of the machine is shown in Figure 4.28. As the 

strip chart passes through the machine at constant speed, 

10 different clocks totalize the time each individual preset 

db level is exceeded and another time base clock runs con- 

tinuously during the pass. Dividing each of the tirres on 

the 10 clocks by the total running time gives the numerical 

ratio, and thus the probability percentage is obtained. 
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Patch Panel (not shown) Enables Machine 
Calibration for Different Levels 

«5971 

Electrical Commutator with 
Selective Calibration 

Electrical Contact 

liding Arm 
Pointer to 
Follow Curve 

Strip Chart 

Clock (typical) which 
Totals Time db level 
Four was Exceeded 

0 Clock 
Time Base 
Indicates 

Total Run Time 

666 
5      6     7     8     9     10 

oooooo 
Clock Bank Chassis 

Figure 4.28 Totalizer Diagram 

4.3.3.2  Summary of Vehicular Data Analysis Results 
' '  i    < ■    * I-—■          i i ■ I. i I, ■ 

Figures 4.29A through 4.29N provide examples of 

the statistical distributions obtained from the analysis 

at vehicular data. Each di tribution pertains to +Ue 

signal amplitude or, corresi mdingly, the basic transmission 

loss experienced over the indicated trail segment. The 

amplitude distribution was obtained by using the totalizer 

described in the previous section. 

The points plotted on Figures 4.29A through 4.29N 

represent the probabilities obtained from the totalizer. 

These points follow a straight line on arithmetic probability 

paper which implies a normal (Gaussian) probability distri- 

bution. There is often a deviation from normality at the 

ends of the distribution, but this fall-off is within the 

limits of experimental error. Since the analyzed chart 

segments are approximately 5 inches long, a total error of 
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from 1/16 to 1/8 inch in the totalizer result would create 

a 1.25 to 2.5 per cent error In the Indicated probability. 

Thus the analysis has shown that the random varia- 

tions in transmission loss with distance are normally dis- 

tributed over intervals of approximately 0.2 mile and 0.5 

mile. 

Figures 4.30 through 4.34 provide a summary of a 

detailed analysis of vehicular data for a range of 0.2 to 17 

miles along Radial A at 880 kc, vertical polarization. The 

transmitting antenna was an 80-foot top-loaded vertical mast 

and the receiving antenna was a vehicle-mounted whip whose 

top was 7 feet above the ground.  Figure 4.30 gives a plot of 

the median basic transmission loss as a function of radial 

distance along with the loss which was exceeded 90 per cent of 

the time and the loss which was exceeded for 10 per cent of 

the time.  Figure 4.31 provides a plot of the standard deviation 

within each sampling interval as a function of radial distance 

from the transmitting antenna.  Figure 4.32 is a comparison 

between the reduced vehicular data and the median field point 

data taken with the same 80-foot transmitting antenna and a 20- 

foot receiving antenna. Figure 4.33 gives a comparison 

between the reduced vehicular data and the theoretical smooth- 

earth basic transmission loss.  Figure 4,34 gives a compar- 

ison between the reduced vehicular data and the theoretical 

smooth-earth basic transmission loss plus 9 db. 

Figures 4.35 through 4.39 present a similar summary 

for one series of vehicular measurements made at 6 mc. 

Figures 4.40 through 4.44 provide a summary of 

results for one series of vehicular measurements made at 12 mc. 

At 25.5 mc, a number of different series of reduced 

vehicular measurements are given. Figures 4.45 through 4.48 
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pertain to vertical polarization and a transmitting antenna 

height of 40 feet. Figures 4.49 through 4.58 pertain to 

vertical polarization and a transmitting antenna height of 

80 feet. Following sets pertain to horizontal polarization 

at 25.5 mc and transmitting antenna heights of 13, 40 and 

80 feet. 

At 25.5 mc comparisons between vehicular data and 

the Egli Model described in Section 4.2.2.4 have been made 

in Figures 4.48, 4.54, 4.62, 4.66 and 4.70. The comparison 

at 25.5 mc is not good, but the difference is consistent with 

the questions raised in Section 4.2.2.4 concerning the 

foliage factor at 25.5 mc. The comparisons between the Egli 

Model and vehicular data were better at the higher frequencies, 

as will be seen shortly. 

Comparisons between vehicular data and the NBS 

model are also possible beginning at 25.5 mc. A sample of 

the comparison between vehicular data and the NBS model with 

the G(H) functions is shown in Figure 4.57. 

Samples of the comparison between vehicular data 

and the NBS model without the G(B) functions appear in 

Figure 4.58. 

Figure 4.55 compares vehicular data and the median 

of the computer-induced statistic, including the G(fl) 

functions, while Figure 4.56 provides the same comparison 

for the computer-induced statistic which excludes the G(fl) 

functions. 

Figures 4-71 through 4-80 illustrate the analysis 

details for one series of vehicular data at 50 mc, vertical 

polarization. 

For 100 mc, as was the case at 25.5 mc, the 

results from several series of vehicular data are presented. 
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Figures 4-81 through 4-84 pertain to vertical polarization 

and a transmitting antenna height of 13 feet. Figures 4-85 

through 4-88 are for a transmitting height of 40 feet and 

Figures 4-89 through 4-98 pertain to a height of 80 feet. 

Figures 4-99 through 4-114 are concerned with 

horizontal polarization at 100 mc and transmitting antenna 

heights of 13, 40 and 80 feet. 

Figures 4-115 through 4-124 apply to one sample 

of vehicular data at 250 mc, vertical polarization. 

The comparisons between field point data and 

vehicular data have consistently shown good correlation. 
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4.4      Other Factors Affecting L. 

4.4.1    Climatology 

4.4.1.1 Analysis of Climatological Data 

A considerable amount of climatological data has 

been collected and reduced for correlation with path loss 

data. The climatological factors of interest are rainfall, 

relative humidity, and ambient temperature. These factors 

are used in the determination of the refractive index, N , s' 
which in turn is used to determine the effective earth's 

radius factor, k. Figure 4.125 summarizes the climatological 

data collected from February 1964 through April 1965. The 

lower curve shows the total accumulated rainfall for each 

week of the test.period. The two middle curves show the 

weekly average daytime humidity and temperature. Temperature 

and humidity readings were generally taken three times a day: 

in the morning, about noon, and in the late afternoon. 

The top curve in Figure 4.125 gives the resulting 

weekly average effective earth's radius factor, k. The 

curve demonstrates that the changes in the average effective 

earth's radius factor are relatively small. The factor k 

varies from approximately 3/2 to almost 4/3, but never quite 

reaches the "standard atmosphere" of 4/3. 

Data of the type shown in Figure 4.125 has been 

prepared for future correlation with measured path loss data. 

4.4.1.2 Nomographs for Computation of N^ and k from Psychro- 
metric Data 

5 
Following the adoption of Carrier's equation to 

compute the partial water vapor pressure for given wet bulb, 

dry bulb, and ambient conditions, the equation was reduced 

to two practical nomographs to facilitate field computations. 

5.Discussed in Section 3.2 of Semiannual Report Number 5 
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The basic parameters involved are wet and dry bulb tempera- 

tures, altitude of the measurement site, and the atmospheric 

pressure — measured in terms of sea level pressure. 

The first nomograph, Figure 4.126y permits com- 

putation of ambient pressure from the altitude of the 

measurement site and the pressure measurement, reduced to 

sea level reference. Wet bulb temperature and the difference 

between wet and dry bulb temperatures are used to compute 

partial pressure of water vapor, e, at the ambient conditions. 

Values derived from this nomograph which are used to complete 

the computations are the ambient pressure, Pa, (from Scale 3) a * 
and the partial pressure of water vapor, e, (from Scale 9). 

In the second nomograph, Figure 4.127, the partial 

pressure of water vapor; e, the ambient pressure, P ; and a 
the dry bulb temperature are used to compute the radio \ 
refractive index, N_.  Since N is the only parameter ! 

S S i 
involved, this nomograph is also used to compute k, the 

ratio of the effective earth radius to the actual radius. 

All calibrated scales are marked in terms of the 

measured parameter, i.e., pressure factor in terms of alti- 

tude in feet or meters; measured pressure, P , in millimeters a 
of mercury or millibars, referred to sea level pressure; 

saturation pressure at wet bulb temperature, P f, in degrees 

Fahrenheit.  Computed values are read in millimeters of 

mercury for all pressures.  Unmarked scales, such as 4 and 

7 on the first nomograph, and 3 and 5 on the second nomograph, 

are used as "turning points.M These are marked temporarily 

with a pen or pencil in making computations. 

The following steps are followed in making compu- 

tations of N or k by Nomographs 1 and 2. 
5 

5 
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Figure 4.126 Nomograph 1.  Computation of Partial Pressure 
of Water Vapor, e, from Psychrometric Data 
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Nomograph 1 

Step 1. Place a straight edge through the measured altitude 

(Scale 1) and the measured pressure (Scale 2). 

Mark and record the intersection of the extension 

of this line with Scale 3, ambient pressure. 

Step 2. Place a straight edge tL^ough the ambient pressure 

on Scale 3 (Step 1) and the measured wet bulb 

temperature (Scale 4). Mark the intersection of 

this line with Scale 5. 

Step 3. Place a straight edge between the marked point 

on Scale 5 (Step 2) and the difference between 

dry bulb temperature and wet bulb temperature 

(Scale 6) and mark ehe intersection of an extension 

of thin line with Scale 7. 

Step 4. Place a straight edge between the point of inter- 

section on Scale 7 (Step 3) and the wet bulb 

temperature (Scale 8). Record the intersection 

of this line with Scale 9, e « mm Hg. 

Nomograph 2 

Step 5. Place a straight edge from the value of e - mm Hg 

(as determined in Step 4) on Scale 1 to the dry 

bulb temperature on Scale 2. Mark the intersection 

of the extension of this line with Scale 3. 

Step 6. Place a straight edge between this point of inter- 

section with Scale 3 (Step 5) and the measured 

pressure on Scale 1. This measured pressure will 

be the same reading used in Step 1. Mark the 

intersection of the extension of this line with 

Scale 5. 
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Step 7. Place a straight edge between the point of 

intersection on Scale 5 (Step 6) and the dry 

bulb temperature on Scale 6. The intersection 

of the extension of this line with Scale 7 gives 

either the "refractive index/' N , or the 

"effective earth's radius," k. 

Both Nomographs 1 and 2 have auxiliary scales on 

the ambient pressure scale. These scales refer to J & B 

Site 1 and are marked in millimeters of mercury, referred 

to sea level, measured at that site.  In addition, there is 

an altitude scale in feet above J & B Site 1 which is used 

as a sliding scale to determine pressures above this site. 

This scale is to be used with the low-altitude wiresonde. 

Pressures may be corrected to the closest 25 feet by shifting 

the altitude measured to the ground pressure measurement 

and noting the corrected pressure. The use of this scale 

eliminates the need for Steps 1 and 2 and the need for the 

notation of P . a 

4.4.2    Tropical Vegetation 

Among the various factors that influence the oper- 

ating ranges of mobile and man-pack radio equipments in a 

natural tropical environment, those associated with the 

tropical vegetation, or "jungle," are perhaps the most 

difficult to deal with in a quantitative fashion. This 

difficulty stems from the fact that the interactions between 

the propagating waves and the vegetative elements are extremely 

complex in the spatial sense, and the situation cannot be 

resolved deterministically with mathematical rigor within 

the present state of the art. Even if the problem could be 

solved this way, it would require as input data such a con- 

siderable amount of detailed information about the physical 

4-371 



distribution of the vegetation, that the exact solution 

could not, therefore, be practically applied to the task 

of predicting radio path losses within a spectrum of actual 

conditions. 

The problem is further complicated by the physical 

nature of the vegetation.  Dealing with any problem in a 

scientific fashion, requires the ability to measure and 

count the phenomena so that they can be expressed in terms 

of numbers, and so that groups of related phenomena can be 

compared with one another on a numerical basis. This is not 

to suggest that the natural relations between phenomena must 

always be expressed in terms of numerical formulas, but it 

does mean that comparisons should attain to numerical expres- 

sion, or numerical scaling, of the phenomena so as to be 

as stable and unequivocal as the numbers. This situation 

is particularly difficult to achieve with completeness with 

respect to a stand of vegetation. 

Although many of the observable characteristics 

of a stand of vegetation in a given area are considerably 

influenced by the prevailing climatic and edaphic environments, 

the characteristics of the individuals in the stand are 

primarily hereditary in origin. For example, a certain type 

of tree is unique in the hereditary sense and all trees of 

this type can be depended upon to exhibit hereditary semi- 

larities.  Likewise, trees of different heredities will 

exhibit different characteristics. Consequently, many of 

the important concepts of vegetation that have been developed 

in the field of botany have concentrated on the hereditary 

attributes of vegetation phenomena. Such an approach is 

taxonomical in nature and the scientific usefulness of 

these concepts is greatly dependent on the investigator's 

ability to observe through the visual sense and to interpret 
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the phenomena in the light of his prior knowledge and 

experience with the subject. This is the essence of the 

descriptive approach to science, and the field of botany 

is well noted for its refinement of this art. But the 

application of this approach always depends to some extent 

on the investigator's personal understanding of the vegeta- 

tion with which he works and is, therefore, unavoidably 

subjective in nature.  While such methods are no less valid, 

and important scientific contributions have been obtained 

this way, such methods do not lend themselves particularly 

well to the concepts of quantification, or scaling, in terms 

of numbers. 

On the other hand, there are many attributes of 

a stand of vegetation that can be described in terms of units 

of measure, or numbers. The heights of the trees, the number 

of trees per unit of area, or the diameters of the trees at 

some standardized height are examples of such attributes. 

When an attribute is measured, or scaled, a parameter is 

produced.  It, therefore, appears that the collection of 

attributes of a stand of vegetation can be thought of in 

terms of two broad classes:  those attributes which can be 

parameterized with relative ease, such as tree heights; and 

those for which suitable parameters cannot be easily found, 

such as floristic character.  It also seems clear that the 

first class of attributes, being dimensional in nature, is 

associated with the dimensional properties of the stand, 

whereas the second class is identified with the abstract 

and subjective features of the stand.  Since the dimensional 

properties of vegetation vary randomly from place to place, 

and from season to season, the parameterized attributes 

of the stand are, therefore, statistical in nature. 
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One of the objectives of this project is to 

determine the quantitative influence of tropical vegetation 

on radio wave propagation. To this end, the fundamental 

techniques of statistical correlation are employed to measure 

the interdependence, or interrelationship, between two sets 

of empirical data, and to develop prediction procedures 

for other similar environments. One set of data is obtained 

from the propagation measurements while the other set of 

data consists of a collection of the physical parameters 

of the vegetation in which the measurements were made.  From 

the philosophical point of view, it is perhaps important 

to recognize that both sets of data are statistical in 

nature and, with the introduction of statistical concepts, 

the answers thus obtained cannot be regarded as certainties, 

and agreement between measured and predicted values can be 

expected only in the sense of ensemble averages. However, 

with respect to the practical aspects of radio communications, 

this distinction as to methods of approach is unimportant. 

The first step to be taken to correlate these two 

sets of data is to analyze the propagation data so as to 

separate out a set of propagation parameters, or factors, 

that can be associated with the existence of vegetation in 

the propagation path.  Such factors may be referred to as 

"foliage factors." This part of the problem has been 

previously discussed in Section 4.2.2,4 and a set of such 

factors is presented in Figure 4.17.  The remaining part 

of this section presents data resulting from physical meas- 

urements of the vegetation in the Thailand test area. 

4.4.2.1   Vegetation Measurements 

A model of tropical vegetation employed to attempt to 
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f. 

determine the effects on such vegetation on radio wave propagation 

is conceived as being a layer of space above a ground surface 

with a random distribution of vegetative material which has 

the electrical properties of lossy dielectrics. The principal 

effects of the vegetation on radio wave propagation are to 

attenuate the wave through absorption and to scatter the wave 

front.  The degree of these effects is, therefore, related to 

the dimensional properties of the distribution of the material 

and to the electrical properties of the material in the model 

space. Accordingly, ignoring the electrical properties of the 

material for the time being, the primary purpose of the veg- 

etation measurements is to obtain as much dimensional informa- 

tion about the vegetation as is possible by practical methods 

of physical measurements. 

The data thus obtained is regarded as a collection 

of individual sets of data, each of which is statistical in 

nature, and which is related to a different attribute of the 

model.  A determination can be made of the vegetation parameters 

best suited to the problem of path loss predictions in vegetated 

environments by analyzing the interrelationships between these 

sets and correlating with the foliage factor derived from the 

propagation data. 

This, of course, implies that at least two different 

data samples from two different types of vegetation, along 

with corresponding propagation data, will be needed to estab- 

lish two points oi   any useful correction measure.  But the 

vegetation in the Thailand test area must be considered as 

homogenous from the point of view of its dimensional properties 

and from the fact that the test area is exposed to the same 

type of climatic conditions, namely "wet-dry tropical.'* 

Therefore, the Thailand measurements can provide only one 

sample in the vegetation sample space. To provide another 
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sample requires moving the experiments to a vegetated area 

in another kind of tropical region. 

The data presented in Figures 4.128 through 4.157 

was obtained from nine sample plots in the Thailand test area; 

the plots bein£ selected from the radial sector where propa- 

gation measurements were made.  The vegetation measurements 

were made by the Environmental Research Section of MRDC, under 

the supervision of Lt. Col. W. R. Scheible.  With the exception 

of Figures 4.146 through 4.155, the data appearing in the graphs 

was prepared by this group. A summary of the vegetation meas- 

urements in the Jansky & Bailey test area in the Korat Plateau 

of Thailand appears below. 

Plot 
No. 

Plot Area 
(Meters2 ) Trees/Acre 

Basal Area 
Feet2/Acre 

Median Ht. 
(Meters) 

1 400 354 55.9 8.6 

2 400 364 45.7 5.5 

3 400 314 68.0 12.0 

4 400 475 74.2 8.5 

5 600 3?7 109.0 14.0 

6 400 354 175.0 11.0 

7 400 405 130.0 10.0 

8 400 334 165.0 11.0 

9 600 458 175,0 10.0 

Avg. 377 110.9 10.1 

This data will be found useful for comparing the dimensional 

properties of vegetated areas in other geographical areas 

with the Thailand test area, which is classified as a wet-dry, 

or Savanna, climatic region. 

1.Encyclopedia Britannica, World Atlas 1963, Plate 21. 
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4.4.3    Polarization 

The effect of polarization on propagation loss 

is summarized in the comparisons in Figures 4.158 through 

4.162.  Figure 4.158 compares basic transmission loss for 

horizontal and vertical polarizations at 25.5 mc. Three com- 

binations of antenna heights are given. The bottom curve 

corresponds to the relatively low antenna heights of 13 feet 

for transmitting and 20 feet for receiving.  At these heights 

both antennas are well immersed in the foliage and, as Figure 

4.158 shows, thjre is significantly greater loss for the ver- 

tical polarization.  The middle curve of Figure 4.158 corre- 

sponds to transmitting and receiving antenna heights of 40 

feet. At this height, the two antennas are on a level with 

the average tree height. The loss is still greater for ver- 

tical polarization, but the margin is much smaller. The top 

curve corresponds to transmitting and receiving antenna heights 

of 80 feet.  In this case, the two antennas are well above the 

average tree height although there are a relatively small number 

of trees that tower above the average tree ceiling and attain 

a height of 80 feet or more. As the top curve shows, the advan- 

tage of horizontal polarization begins to disappear at the high 

antenna elevations.  However, some horizontal polarization advan- 

tage remains at the highest antenna elevations at 25.5 mc. 

Figure 4.150 shows a similar comparison at 50 mc. 

For the low antenna heights, the loss is greater for vertical 

polarization, as was the case at 25.5 mc.  At 50 mc, however, 

the margin of advantage begins to decrease.  For the higher 

antenna elevations, the advantage of horizontal polarization 

begins to disappear.  Figures 4.160 through 4.162 show similar 

comparisons for 100, 250 and 400 mc, respectively.  At 400 mc 

the advantage of horizontal polarization has disappeared, even 

at the lowest antenna heights.  On the average, the results at 

100 mc and above appear to be consistent with the trends seen 

at 25.5 and 50 mc. 
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4.5     Radio Noise Measurements 

The experimental program in Thailand includes.meas- 

urements of radio noise in the vegetated test area, using 

the same equipment used for the field strength measurements. 

These measurements are made at all test frequencies below 

50 mc and are intended to serve three purposes.  First, the 

measurements are sometimes needed to correct the field strength 

readings at certain test frequencies «hen the field strength 

level begins to approach the noise level.  Second, the meas- 

urements are used to examine the possibility that the pres- 

ence of the vegetation might affect the radio noise level 

as a function of receiving ^ntenna height in the vegetation. 

Third, the collection of noise data will serve the ultimate 

purpose of characterizing the noise environment of the Thai- 

land area in relation to other areas where similar measure- 

ments have been made, or may be made in the future. 

Before discussing some of the results of the noise 

measurements in Thailand, it will perhaps be helpful to re- 

view some of the general principles involved with respect to 

atmospheric noise.  When communications equipment is operated 

at frequencies of less than about 50 mc, atmospheric noise 

determines the minimum allowable signal level for a given 

grade of service.  For higher frequencies, thermal noise 

associated with V e  receiving equipment becomes the dictat- 

ing factor. 

The interference potential of atmospheric noise is 

a function of not only its average level, but also of its 

detailed characteristics.  Due to the complex nature of the 

atmospheric noise wave form, the detailed characteristics are 

best described by a statistical process, such as the ampli- 

tude distribution function.  This is simply a plot of instan- 

taneous noise level vs the probability (based on per cent of 
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time) that the level is exceeded. 

Early investigators concluded that atmospheric 

noise behaved exactly as thermal noise, whose amplitude dis- 

tribution functions obey the Rayleigh law. As a consequence, 

the interfering potential was thought to be fully assessed by 

specifying the RMS, average, and peak values of the noise 

pulses. However, recent work has established that the typical 

atmospheric noise wave form does not completely follow a Ray- 

leigh distribution but instead deviates and eventually becomes 

log-normal at the low probability end of the distribution. 

The Rayleigh portion of the distribution is represented by 

the straight-line segment for probabilities between about 

70 per cent and 100 per cent. The curved center portion of 

the plot is neither Rayleigh nor log-normal, but represents a 

smooth transition between the two.  The Rayleigh distribution 

results from the fact that the low-amplitude components of 

the wave form are composed of random overlapping events, each 

containing a small portion of the total energy.  As the levels 

increase in amplitude, less and less random overlapping occurs 

until the extreme low end of the amplitude distribution func- 

tion is composed of widely spaced, discrete components. 

The National Bureau of Standards, through the use 

of a measurement system capable of responding to and recording 

the instantaneous noise envelope, has accumulated numerous 

amplitude distributions at various locations throughout the 

world.  The shape of the distribution did not change sig- 

nificantly from one location to another, although the RMS 

level varies over a wide range. This uniformity of shape of 

the distribution as a function of time and location has led 

to the feasibility of accurately predicting the distribution 

when a few of the measured statistical parameters in the time 

domain are known. 
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The amplitude distribution function, RMS, peak, and 

average values all vary with the bandwidth of the measuring 

device. Therefore, in order to use noise data in a bandwidth 

different from that of the device used to gather the data, a 

transformation of the measured values must be made. Theoret- 

ical work relating the amplitude distribution function to 

bandwidth has been carried out at the National Bureau of 

Standards and preliminary results show good agreement with 

measured data for the Rayleigh portion of t. j curve, but 

break down for the remainder of the curve. Further work is 

being conducted in an attempt to accurately transform the 

entire distribution. 

However, the empirical relationships between the 

peak, RMS, and average values of atmospheric noise and band- 

width have been experimentally determined and used for many 

years. When the peak, average, and RMS voltages are plotted 

vs bandwidth of the measuring instrument on a log-log graph, 

the plots are approximately straight lines at different slopes. 

The relation of the line slopes to one another indicates that 

the peak, average, and RMS voltage levels all vary approxi- 

mately as the square root of the bandwidth.  Due to the slight 

variations in the structure of atmospheric noise as a function 

of time and locations, the slopes of the lines will vary over 

a small range, depending upon the particular sample.  Thus, to 

convert noise level data from one bandwidth to another, it is 

only necessary to multiply the level by the square root of 

the ratio of bandwidths and this procedure will be used in this 

work. 

Generally speaking, the variations in atmospheric 

noise levels within a given geographical region are much 

greater and more dynamic in the time and frequency domains 

than in the spatial domain. The methods of instrumentation 

to comprehensively study noise behavior, therefore, must be 
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capable of responding to and recording wide and rapidly vary- 

ing levels as a function of time. Also, the time span 

and amount of data required for analysis are both quite large. 

In this regard, the Thailand noise measurements cannot be 

considered as a comprehensive study of noise behavior. Rather, 

these measurements were designed to serve a limited set of 

specific objectives, as described previously in this section. 

However, the noise measurements thus far obtained do afford 

some insight into the behavior of radio noise in the test 

area, and the results of these measurements are discussed in 

the next section. 

4.5.1    Results of Noise Measurements 

Noise levels were measured by the Empire Devices 

NF-105 field strength meter with the function selector switch 

in the "peak" position.  A brief description of the noise 

detection circuitry of this instrument is given in the next 

section of this report.  However, from a study of this cir- 

cuitry , it would appear that the true peaks of the noise wave 

form are not really measured by this instrument, and that 

there is some uncertainty in the relation between measurements 

made in the "peak" and "carrier" positions.  This uncertainty 

is related to the statistics of the noise wave form and cannot 

be resolved with measurements from this instrument alone.  How- 

ever, past noise readings on this instrument indicate that the 

"peak" position readings averaged 10 db higher than those for 

the "carrier" position. 

To measure the change in noise level with receiving 

antenna height, the initial measurement procedure was devised 

to continuously measure and record the noise field as the 

antenna was varied from about 10 to 80 feet in height.  In 

addition, the noise level was sampled and recorded as a func- 

tion of time (1-minute duration) at a fixed receiving antenna 

4-416 



height. These measurements were carried out for all test fre- 

quencies at which field strength measurements were also made. 

When sufficient data became available from the 

above measurements, a preliminary analysis was carried out in 

an attempt to determine the change in noise level caused by the 

vegetation as a function of antenna height. Results' of the 

analysis showed the yariation with height to be a random fluc- 

tuation, unlike the relatively smooth relationship that is 

exhibited by CW signal measurements.  Figure 4.163 illustrates 

these fluctuations for a few sample cases. 

Typical fluctuation of the noise over a l-minute 

period was approximately 4 or 5 db. Observation of Figure 

4.163 shows about the same degree of fluctuation. Thus, it is 

reasonable to assume that the variation of the noise level with 

antenna height as shown in Figure 4.163 is attributable to 

"short-term" variability of the noise rather than to the effects 

of the vegetation. The character of this data suggests that 

the effects of the vegetation on noise levels will be difficult 

to separate from shcrt-term variability of the data unless 

the vegetation effects are quite significant as a function of 

antenna height. 

In an attempt to obtain data in a form which would 

allow the time variations and variations due to vegetation to 

be separated, the measurement procedure described above was 

modified. Rather than continuously measuring noise as a func- 

tion of antenna height only, three discrete antenna elevations 

were selected and the noise was sampled as a function of time 

at each of these pre-selected levels. The heights selected 

were roughly 10, 42 and 80 feet.  The median value of noise 

at each antenna level was recorded as well as the total vari- 

ation with time. 

Samples were accumulated over a three-month period 

and the over-all median value at each antenna height was 
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determined.  This data is shown plotted vs frequency in Figure 

4.1&4 for horizontal polarization.  Vertical polarization is 

plotted in Figure 4.165.  The threshold level of the measure- 

ment system is shown in each plot.  This threshold level is 

simply the level below which atmospheric noise cannot be 

detected due to the presence of "set" noise and to the losses 

in the measuring antenna system.  Shown plotted with the meas- 

ured data are two curves representing noise grades of 40 and 80 

which are typical of the noise level variations in Southeast 

Asia. 

It should be noted that the CCIR curves represent 

RMS noise levels while the measured data is more indicative 

of peak values.  If a 10-db difference is attributed to the 

ratio between peak and RMS, then the measured data would 

follow roughly the contour presented by a noise grade of 80. 

The noise data below 12 mc is proving to be more 

difficult to analyze than was anticipated.  There are some 

indications in the data of possible contamination by noise 

locally induced in the measuring system from other auxiliary 

equipment, and this matter requires further investigation 

before the data can be reported. 

4.5.2     Noise Measuring Instrumentation 

The radio noise measurements are made by means 

of an NF-105 Empire Devices field strength meter.  The 

second-detector characteristics of this instrument are 

determined by the position of a "function switch," having 

a position marked "Peak" and a position marked "Carrier." 

This switch alters the coupling network between the meter 

detector and pulse stretcher, as shown in the following 

diagram. 

6.International Radio Consultive Committee, Documents of the 
VHIth Plenary Assembly, Vol. 1, Warsaw, 1956, p. 352. 
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Input 

Carrier 

Meter 
Detector 

50M a 
Discharge Resistor 

i *vNAr 

The meter detector circuit can be operated as a 

peak or average detector.  The circuit operates as an average 

detector when the switch shown in the schematic is in the 

"carrier" position.  For peak detection, the "peak" switch 

position is used. 

The input voltage for the detector circuit is 

provided by a cathode follower whose characteristic 

output impedance is low.  Since the input impedance of 

the two sections of the detector is also low, the resulting 

charge time is extremely short. 

In the "peak" position, the discharge time is made 

long by using a discharge resistance of 50 megohms.  This 

discharge time is further increased by applying the 50-megohm 

resistor in the grid circuit of one-half a double triode 

with negative feedback so that it operates as a resistance 

"magnifier" or pulse stretcher. 

In the carrier position, the 50-megohm 

discharge resistor is effectively shunted by Rl and 

R2 to a value of approximately 150 K ohms. Thus, 

the discharge time is sufficiently shortened to permit 
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indication of average rather than peak values. 

When noise wave forms are being detected, it can 

be seen that the output will depend upon the statistical dis- 

tributions of the wave form in time and amplitude.  Therefore, 

under these conditions, the circuits measure neither peak nor 

average values exactly.  However, observation of numerous 

noise measurements indicates that the difference between the 

peak readings and the carrier readings is typically of the 

order of 10 db. 

4.6      Use of Propagation Data for Communication 
Calculations 

The purpose of this section is to discuss methods 

of applying the results of this report to communications 

calculations for vegetated environments similar to Thailand. 

The AN/PRC-10 radio set was chosen as an example.  A sample 

calculation of its expected range under these environmental 

conditions was carried out. 

The following inequality must be satisfied before 

there can be satisiactory communication 

where 

Pt " Ct + Gt - Lb + Gr " Cr * Pr <7> 

P. = transmitter power in dbm 

r to receiver 

P = power in dbm required at input of receiver 
to provide desired grade of service 
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•: 

Ct - total coupling loss from transmitter to 
transmitting antenna 

G. ä
 effective transmitting antenna gain 

L, = basic transmission loss < 
D 

G = effective receiving antenna gain 

C - total coupling loss from receiving antenna 



If external noise is limiting, 

where 

P = S/N + F + R (8) 
r        a 

S/N * signal-to-noise ratio required at receiver 
input 

F ä
 noise power (dbm) from receiving antenna a 

R = reliability margin 

If receiver sensitivity is limiting, 

where 

Pr - S/N + PQ + R (9) 

P = minimum detectable input signal in dbm. 

Inequality 7 can be rearranged to yield 

(Pt - Pr) - (Ct + Cr) + <Gt + Gr) - 1^ 2 0      (10) 

as the condition for satisfactory communication. 

It is convenient to define the term 

M - <Pt - Pr) - <Ct + Cr) + (Gt + Gr) - Lb       (11) 

where M will be called the communication margin.  If M ^ 0, 

communication is possible with the desired reliability; if 

M < 0, communication is not possible with the desired relia- 

bility. 

In general, each of the terms in equation 11 will 

be uncertain to some extent. For example, the exact power 

output will depend in large measure upon battery age. The 

factors C. and C may vary from set to set of the same type. 

The antenna gain factors are subject to variation, depending 

upon the proximity of the antennas to foliage, and L. can 

vary in a random manner from one location to the next, as has 

been demonstrated in previous sections of this report. 
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Thus, the communication margin, M, becomes a sta- 

tistic. The probability that M ^ 0 is the probability that 

communication can take place.  The distance which corre- 

sponds to a probability of P per cent that M £ 0 is defined 

as the communication range associated with a confidence 

level of P per cent. The median communication range is the 

distance for which there is a 50 per cent probability that 

If * 0, 

Two questions arise:  (1)  What statistics should 

be associated with each of the factors on the right of equa- 

tion 11? and (2) knowing the statistics which are associated 

with each of the factors on the right of equation 11, how is 

the statistical distribution of the communication margin, If, 

determined? 

Considering the second question first, assume that 

m. (as i runs from 1 to 7) is the mean value of each of the 

random variables (Pt, Pr, Gt, Gr, Ct, Cr and 1^) to be summed 

in equation 11.  Further, assume that o^  (as i again runs 

from 1 to 7) is the standard deviation of the seven random 

variables to be summed in equation 11.  Then the mean value, 

m, of the communication margin, M, is 

7 

m - Y,   mi (12) 

i=l 

and the standard deviation, a, of the communication margin, 

M, is 

7 

a = Y,   ai2 <13> 
i=l 

The mean value, standard deviation and type of dis- 

tribution completely define the desired statistic.  The mean 
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value and standard deviation can always 3 determined from 

equations 12 and 13. This leaves the question as to what 

type of statistical distribution results from the summation 

of the seven factors which go into the communication margin. 

With a normal distribution for eac of the seven factors, 

the resulting communication margin is normally distributed 

with the mean and standard deviation presented above. 

Usually, but not always, the distributions which 

must be used may be satisfactorily approximated by normal 

distributions. Variables with any arbitrary statistical dis- 

tribution may be combined by convolution.  The only require- 

ment for practical application is that the distributions be 

adequately known, either in analytic or tabular form. 

The convolution is performed in the following 

manner.  Assume that X,, X„, . .. X7 represent the seven 

independent random variables which are to be added in equa- 

tion 11 to obtain the communication margin, H.  Their sta- 

tistical frequency distributions will be written as f^X), 

f„(X), ... f7(X), and their cumulative probability distri- 

butions expressed as F^X), F2(X), ... F?(X).  Either the 

frequency distribution or the cumulative distribution 

uniquely defines the statistical distribution since they 

are related by the equation 

f (X) = $*VO (14) 

Either the frequency distribution, f(X), or the 

cumulative distribution, F(X), of the variable M must be 

determined. The communication margin, M, is given by the 

notation just adopted as 

7 

■-E Xt (15) 

i=l 
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The frequency distribution f,  „(X) of the sum of 

X^ and X2 is given by 

f, Q(X) -  f f,(X - T) f0(r) d (T) (16) 1 2 Aj^VA - Tß    i«' 

Applying equation 16 six times will yield the re- 

quired frequency distribution for the communication margin, 

M.  Equivalently, the convolution process, as given in equa- 

tion 16 may be applied to the cumulative distribution, thus 

F1,2(X) Ä f F1(X " T) d lF2 (0] (17) 

—00 

In this way, the statistical distribution representing the 

communication margin can be obtained for any situation of 

interest.  In general, the assumption of normality for each 

contributing factor is sufficient, and the result is a normal 

distribution whose mean and standard deviation are given 

simply by equations 12 and 13. 

As to the first important question about what sta- 

tistics should be associated with each of the factors which 

go into the determination of the communication margin, M, 

the largest statistical uncertainty is almost always found 

in L,, the basic transmission loss.  Attention will be focused 

upon the L, factor in the remainder of this section. 

This report presents two possible sources of L. 

statistics which can be of immediate use.  The first source 

is the modified Egli model, which is discussed in Section 

4.2.2.4.  Based on the results appearing in Section 4.2.2.4, 

the median L. for 25.5 mc and above is given by 

Lb - 116.57 + 20 log f - 20 log (h^g) + 40 log d + F.F. (18) 
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where 

f - frequency in megacycles 
nl' h2 Ä transmittinS and receiving antenna heights 

in feet, respectively 

d = separation distance in miles 

F.F. = foliage factor (Figure 4.17) for both horizontal 
and vertical polarizations. 

L, can be assumed to be normally distributed with 

a standard deviation, a  , as follows. 
I 

o    = 5.7 log f - 2.6 (19) 
I 

Alternatively, the vehicular data in Section 4.3.3.2 

can be used.  The section presents the medians and standard 

deviations for the normally distributed L. for a large number 

of sample distance intervals. 

The following sample problem provides an example 

of the use of the above data in conjunction with the com- 

munication margin to determine possible communication ranges. 

The AN/PRC-10 man-pack set will be used as an example.  The 

AN/PRC-10 has been the object of intensive measurement as a 

part of the Department of Defense Spectrum Signature Program. 

The following 'characteristics will be assumed at 50 mc. based 

on information provided by meaburements on the AN/PRC-10. 

7.  The following related reports, submitted October 1963 to 
the U. S. Army Electronic Proving Ground, Fort Huachuca, 
Arizona, under Contract No. DA 36-029 SC-80928, by the 
Jansky & Bailey Research and Engineering Division of 
Atlantic Research Corporation, and Frederick Research 
Corporation:  "U. S. Army RFCP Spectrum Signature Pro- 
gram, Radio Set AN/PRC-10 (Ser. No. 732), SS-315.1 (F), 
Test Sample 1 of 3 Sample Lot," "U. S. Army RFCP Spec- 
trum Signature Program, Radio Set AN/PRC-10 (Ser. No. 
9099), SS-315.2 (F), Test Sample 2 of 3 Sample Lot," and 
U. S. Army Spectrum Signature Program, Radio Set AN/PRC-10 
(Ser. No. 639), SS-315.3 (F), Test Sample 3 of 3 Sample 
Lot." 
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Factor Median Standard Deviation Distribution 

p
t 

25 dbm 2 db Normal 

p -115 dbm 2 db Normal 

ct 2 db 1/2 db Normal 

cr 2 db 1/2 db Normal 

Gt 
3 db 1 db Normal 

1» 

Gr 1  3 db 1 db Normal 

liquations 18 and 19 will be used to obtain the mean, 

m, and the standard deviation, cr, for L. , assuming antenna 

heights of 7 feet and vertical polarization at each end.  Thus 

from equation 18 

Lb(mean) = 133 + 40 log d (db) (20) 

and from equation 19 ^ 

a = 6.1 £b (21) 

The mean value öS the communication margin, M, is 

given by using equation 12 as follows: 

M (mean) = 25 dbm + 115 dbm - 2 db - 2 db + 3 db  (22) 

+ 3 db - 133 - 40 log d 

or 

M(mean) + 17 - 40 log d (23) 

The mean effective range is the point at which M 

(mean) =0.  In this case it is the distance at which 

40 log d = 17 (24) 

or 

d - 2.6 miles (25) 

The standard deviation for the communication margin, 

M, is given by equation 13 as follows: 
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s 

a2 = 22 + 22 + (1/2)2 + (1/2)2 + (l)2 + (l)2 + (6.1)2  (26) 

a - 6.9 db (27) 

Using the fact that the communication margin, M, 

is normally distributed with a mean value of 17 - 40 log d 

and a standard deviation of 6.9 db, it is possible to plot 

the family of curves shown in Figure 4.166. Each curve of 

the family has a certain probability associated with it. That 

probability is defined as the confidence level. 

The communication margin at any confidence level 

is related to the median communication margin as follows: 

M (P%) = M (median) - C (P%) (28) 

where 

M (P%) = the communication margin at a P% 
confidence level 

M (median)» the median (i.e., 50%) confidence level 

C (P%) - an adjustment factor, given in 
Figure 4.167. 

In the case of a normal distribution, M (median) 

is equal to M (mean).  The distance at which a given con- 

fidence level curve crosses zero on Figure 4.166 is the 

range that will be attainable at the indicated confidence 

level.  The results from Figure 4.166 can be replotted as 

shown in Figure 4.168.  Figure 4.168 shows that for the 

AN/PRC-10 used in this sample problem, there is a 90 per 

cent confidence level of obtaining a range of 1.5 miles, but 

only a 10 per cent confidence level of obtaining a range of 

4.5 miles. 
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5.  MEASUREMENTS ABOVE 425 MC 

The propagation measurement program in Thailand 

has heim extended to cover the frequency range from 0.4 to 

10 gc.  These measurements consist chiefly of measurements 

of line-of -sight transmissions over an obstacle, refractive 

index measurements along the line-of-sight path, and measure- 

ments of short-range transmissions directly through foliage. 

The purpose of these measurements is to obtain and analyze 

basic propagation data which will be useful in the design 

and evaluation of ground-based surveillance and intrusion 

detection systems as weil as of communications systems. The 

instrumentation systems for these tests are described in 

Semiannual Report Number 5. 

The basic measurement equipment: was received at 

the Principal Laboratories early in this report period. 

Spare parts and miscellaneous maintenance equipment were 

also procured. All equipment was tested individually for 

compliance with the manufacturer's specitications and several 

items had to be returned to suppliers for repairs. The 

equipment was also interconnected and operated in the various 

test and calibration system configurations to check the 

over-all performance and procedures. 

Since the antennas used for the short-range meas- 

urements in 4\e  foliage must be capable of being elevated 

above ground level, remote antenna positioning for azimuth, 

elevation and polarization was necessary. A remote azimuth 

positioning mechanism was fabricated to be used as the 

mounting base for the Ant-Lab antenna positioner. This base 

provides for the azimuthal movement and the Ant-Lab positioner 

provides for the elevation and polarization adjustments. 

A servo-indicator system was incorporated to provide remote 

position readout as well as remote position control. A 

5-1 



framework assembly, supporting the positioner and antenna, 

was constructed and provisions were made for raising this 

assembly on a tower using a geared hoist. 

5.1 Measurement Site Selection 

As noted in the field test plan for the extended 

frequency measurements, two different foliated areas in 

Thailand are required for these measurements. One of these, 

designated Area A, has been selected in the vicinity of the 

site being used for the 100-kc to 425-mc tests. Jansky & 

Bailey personnel, assisted by members of the MRDC staff, 

devoted considerable time to the selection of a suitable 

location for Area B. Aerial and surface surveys were con- 

ducted over large areas of southeastern Thailand before the 

final selection was made of a location near Sattahip. The 

area chosen is on land under control of the Thai Navy and 

negotiations were started through MRDC to obtain permission 

for the use of this location. The vegetation in this area 

differs considerably from that in the Pak Chong region.  It 

is extremely dense and green. The growth is primarily 

bamboo, about 20 to 30 feet high, with heavy underbrush. 

Additional surveys were also made in Area A to 

establish a suitable line-of-sight path with a well-defined, 

foliated obstacle near mid-path. 

The location of Areas A and B are shown in Figure 5.1 

Figures 5.2 and 5.3 show the line-of-sight paths within the 

two areas. 

5.2 Field Measurements 

The first series of measurements is presently under 

way in Area A. The path selected has rising terrain at each 

extremity, thus providing for variation in the heights of 
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the transmitting and receiving antennas« Field personnel 

had to clear away considerable foliage in the vicinity of 

the antennas to provide an unobstructed antenna foreground. 

Two wooden towers approximately 40 feet high were erected 

for the antennas at the transmitting end of the path. 

The hill at the receiver end is very steep and 

only short antenna towers are required to provide adequate 

Fresnel zone clearance. Nine antenna support platforms 

were constructed at the receiving end. An area at the top 

of the receiver hill was cleared to provide a helicopter 

landing area. The steepness of the hill makes helicopter 

transportation of equipment virtually essential. Additional 

portable equipment shelters and camp-type living quarters 

were erected at each end of the path. Antenna calibration 

towers were erected in the clearing of the main test site 

for use in calibrating and making pattern measurements of 

the transmitting and receiving antennas. 

An engineer from the Principal Laboratories was 

assigned to Thailand in June to advise and work with the 

field team during the initial phases of the measurement 

program.  All equipment was moved from Bangkok to the test 

site and complete operational checkouts were made. Calibra- 

tion checks and comparisons were conducted on all attenuators, 

power meters and field intensity meters. Antenna gain and 

pattern measurements were made on all the discone, dish, 

and horn antennas. Throughout this process emphasis was 

placed on establishing standard procedures for these cali- 

brations in addition to obtaining calibration data. 

A short series of line-of-sight measurements was 

made.  These measurements were essentially of a preliminary 

nature, primarily intended to establish the proper standard 

procedures for measuring radiated power at the transmitting 
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antenna and received power at the receiving antenna.  In 

addition, data recording procedures were reviewed and 

established. A similar series of short-range tests is 

planned to establish efficient operational techniques and 

to obtain approximate foliage attenuation values which can 

be used as a guide in finalizing the short-range test pro- 

cedures . 
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6.  TECHNICAL FILM REPORTS 

The second SEÄCORE film, titled "Defense Communi- 

cations Research in Thailand/* was completed during this 

period. This film was produced with both English and Thai 

language sound tracks, *he Thai text having been submitted 

to ARPA for approval prior to printing. All copies of this 

film are currently in the process of being delivered to the 

Government, thus completing this task under the propagation 

research program. 
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7.  MEETINGS AND CONFERENCES 

11-12 January 1965. The Project Director visited 

the Rolligon Corporation, Houston, Texas, with the Contract- 

ing Officer's Technical Representative, USAEL. The purpose 

of this visit was to review the results of the preliminary 

tests of the Rolligon in Thailand, and to discuss various 

modifications to increase the stability and cross-country 

speed of this special vehicle. The Rolligon Corporation 

demonstrated three versions on rough and muddy ground. All 

three versions exhibited increased stability, but the version 

with a two-bag trailer proved to be the most stable. 

4 March 1965.  Representatives of the Stanford 

Research Institute and Jansky & Bailey attended a conference 

conducted by Messrs. Robert Kulinyi and Howard Kitts of USAEL. 

The purpose of the conference, which was held at Fort Monmouth, 

was to discuss the technical feasibility of carrying out three- 

dimentional antenna pattern measurements of the transmitting 

antennas being used by Jansky & Bailey at its transmitting site 

in Thailand.  These measurements would be made by SRI, using 

their XELDOP system.  The fundamentals of a feasible technical 

plan were developed during this conference and are currently being 

being further refined by USAEL. 

19 May 1965.  Mr. George Hagn of Stanford Research 

Institute met with project personnel at the Atlantic Research 

Principal Laboratories to discuss the application of the 

J & B path loss data to the work Mr. Hagn is doing to develop 

methods for predicting mean effective ranges for mobile rad^o 

equipments. The latter half of this conference was attended 

by Messrs. Robert Kulinyi and Howard Kitts and Major Alexander 

Sidon of USAEL. 
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24 May 1965. The Project Director presented a 

briefing on the tropical propagation research program for 

Major General Benjamin Pochyla, Commanding General of the 

U. S. Army Electronic Proving Ground, and members of his 

staff at Fort Huachuca, Arizona. This briefing included a 

showing of the "Defense Communications Research in Thailand" 

film. 

28 May 1965. The Project Director met with Colonel 

William D. Tigertt, Director, Walter Reed Army Institute of 

Research, and Dr. David P. Jacobus, Chief of the Institute's 

Department of Medicinal Chemistry, to discuss possible pre- 

ventives for the particular strain (or strains) of malaria 

that has become evident in the J & B test area as well as in 

other areas in Thailand. During this conference a basic 

plan was established for close cooperation between J & B 

personnel and Army medical personnel in Thailand. This 

cooperation would include providing the medical personnel 

with blood samples, etc., from J & B personnel contracting 

this strain of malaria. Slides of these samples would be 

returned to Walter Reed for further study. 

8 June 1965. The Project Director and the Project 

Engineer of the Propagation group met with representatives 

of USAEL and the Defense Research Corporation (California) 

at Fort Monmouth, New Jersey, to discuss Jansky & Bailey's 

providing DRC with copies of unreduced Thailand field data. 

Basic arrangements were made for DRC representatives to 

visit the Jansky & Bailey facility in Alexandria, Virginia, 

to select the units of data they wanted. 

10-11 June 1965. The Project Director and the 

Project Engineer of the Propagation group attended the 

National Bureau of Standards conference on radio wave propa- 

gation over irregular terrain at Boulder, Colorado. Members 
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of the CRPL staff presented several excellent discussions, 

and the conference provided an opportunity to become ac- 

quainted with the considerable research work now being done 

in the area of radio propagation at CRPL. 

16-17 June 1965. Two representatives of the 

Defense Research Corporation met with members of the J & B 

staff at Alexandria, Virginia, to review the basic Thailand 

field data. As a result of this conference some 1200 sheets 

of the field data were selected for reproduction and trans- 

mission to DRC. 
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8.  PROJECT PERSONNEL 

The success of any research project such as this 

depends on the technical contributions of many dedicated 

people, working both behind the scenes and in the forefront. 

In this regard, credit is due all the engineers and techni- 

cians who make up the project teams.  Particularly, credit 

is due Hr. Neil J. Schairer, who heads the instrumentation 

team; Mr. Charles B. Sykes, who heads the field measurement 

activities in luailand; and Mr. Kenneth G. Heisler, who heads 

the data reduction and analysis team at the Principal Labora- 

tories. 

With respect to the technical writing and prepara- 

tion of this report, special credit is due Mr. Heisler and 
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Appendix A 

SMOOTH-EARTH HEIGHT FUNCTIONS 

Height functions for beyond-the-horizon trans- 
3 

mission under smooth-earth conditions are given by Norton 

as follows:  Transmitting and receiving of antenna heights 

are measured in terms of a numerical antenna height, q, and 

q«.  These numerical antenna heights are functions of fre- 

quency, polarization, ground constants, and the actual 

antenna heights. Either q, or q„ may be calculated as 

follows: 

For vertical polarization 

2rrh .Cos b" A 
q "T" (x Cos b'} (1) 

wnere 

h - antenna height 

X ■ wavelengths in same units as h 

x « 60c\ (2) 

where 

o  '* earth conductivity in mho-m/sq m 

X = wavelengths in meters 

Tan bf 
■r-l 

(3) 

where 

e - relative permittivity oi ground 

Tan b" = -±- 

2b" - b' 

(4) 

(5) 

3.K A. Norton, "The Calculation of Ground-Wave Field Intensity 
Over a Finitely Conducting Spherical Earth," Proc. IRE, pp 
623-639, December 1941. 
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For horizontal polarization 

q - nr (COS-D^> (6) 

where 

h - antenna height 

X * wavelength in same units as h 

x - quantity defined by equation 2 

bf - angle defined by equation 3 

The height functions denoted as f (q,) and f (q«) 

are essentially unity for values of q, or q2 up to approx- 

imately 0.1. This means that there is no height variation 

as q, or q2 ranges over values below 0.1. 

For values of q, or q2 greater than approximately 

10, f(q,) and f (q2) are equal to q, and q«, respectively. 

Since f(q,) and f (q2) are equal to q,  and q2, and q^  and 

q2 are directly proportional to h, and h2 (as equations 1 

and 6 show), the height effect is directly proportional to 

antenna height for q values greater than 10. 

For values of q, and q2 between 0.1 and 10, the 

dependence of f(q,) and f(q2) on height gradually changes 

from no dependence at all to di.ect dependence.  The rate 

of change from one state to the other depends upon the angle 

b given by equation 5 which, in turn, depends upon frequency and 

the ground constants. 

The height functions represented by f (q,) and f (q2) 

have been plotted in Figures A.l and A.2 for the frequencies 

of interest in this report. Ground constants of 0.03 mhos 

per meter for ground conductivity and 15 for relative per- 

mittivity were used. 
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Figure A.l gives the height function for vertical 

polarization and Figure A.2 gives the height function for 

horizontal polarization. 

Figure A.l indicates that there should be no height 

effect for frequencies of 12 mc and below for vertical polar- 

ization on a smooth-earth basis.  In Section 4.3.2.2.1 it 

was noted that the measured data indicated a height effect 

at 12 mc. Figure A.2 indicates a height effect at every 

frequency for horizontal polarization. This is consistent 

with the measured results in that a height effect was noted 

at every frequency measured for horizontal polarization as 

noted n Section 4.3.2.2.1. 
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APPENDIX B 

FIELD MEASUREMENT NOTES 

Measure- Date of 
Fig. ment Measure- 
No. 

h 

Measurement Parameters 

- FA (25.5, V, 21, 0.2, H ) 

Number 

W-109 

ment 

3.10 12/14/64 
A             0.45 r P-61 9/26/84 

0.7 W-62 11/4/64 
1.0 P-80 11/5/64 
2.0 J-71 9/6/64 
3.0 W-57 9/17/64 
4.0 L-70 9/16/64 

3.11 h - F4 (25.5, V, 40, 0.2, H ) W-10 7/23/64 
A             0.45 p L-12 7/22/64 

0.7 L-ll 7/22/64 
1.0 L-6 7/22/64 
2.0 W-7 7/23/64 
3.0 W-55 9/17/64 
4.0 P-33 7/16/64 
7.0 P-35 7/16/64 

10.5 L-32 8/10/64 
14.0 W-23 8/10/64 

3.12 h> - F. (25.5, H, 13, 0.2, H ) 
A                                 0.45 r 

P-48 9/1/64 
P-60 9/26/64 

0.7 L-46 9/3/64 
1.0 L-50 9/3/64 
2.0 J-61 9/2/64 
3.0 L-54 9/3/64 
4.0 L-68 9/16/64 
7.0 W-86 12/6/64 

10.5 W-92 12/7/64 
14.0 W-96 12/7/64 
17.0 W-99 12/8/64 

3.13 H - F. (50, V, 13, 0.2, EL) 
A            0.45 r 

L-40 8/29/64 
J-52 8/30/64 

0.7 J-56 8/30/64 
1.0 L-44 8/29/64 
2.0 J-57 8/30/64 
3.0 T-32 8/31/64 
4.0 T-33 8/31/64 
7.0 W-90 12/6/64 

10.5 W-93 12/7/64 
14.0 W-98 12/7/64 
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3.14 hi- 

3.15 S- 

3.16 

3.17 %m 

3.18 

3.19 s- 

Measure- Date of 
ment Measure- 

Measurement Parameters 

13, 0.2, H ) 

Number 

P-49 

ment 

1 FA (50, H, 9/1/64 
0.45 A P-54 9/1/64 
0.7 L-47 9/3/64 
1.0 L-51 9/3/64 
2.0 J-63 9/2/64 
3.0 L-56 9/3/64 
4.0 L-73 9/16/64 
7.0 W-89 12/6/64 

10.5 W-94 12/7/64 
14.0 W-97 12/7/64 
17.0 W-100 12/8/64 

' FA (50, H, 80, 0.2, 1 o B-31 6/30/64 
0.45 r B-34 6/30/64 
0.7 B-53 7/2/64 
1.0 B-40 7/1/64 
2.0 B-43 7/1/64 
3.0 B-46 7/1/64 
4.0 B-49 7/2/64 
7.0 S-135A 7/9/64 

14.0 S-136D 7/10/64 

' FA (100, H, 13, 0.2, Hr> L-41 8/29/64 
0.45 T 

J-53 8/30/64 
0.7 J-54 8/30/64 
1.0 L-42 8/29/64 
2.0 J-64 9/2/64 
3.0 L-57 9/3/64 
4.0 T-35 8/3/64 
7.0 W-88 12/6/64 

• FA (250, V, 13, 0.2, V L-65 9/13/64 
0.45 r W-45A 9/10/64 
0.7 W-41 9/8/64 
1.0 P-82 11/5/64 
2.0 W-49 9/14/64 
3.0 W-54 9/17/64 

FA (250, V, 40, 0.2, V L-66 9/13/64 
0.45 i 

T-72 12/13/64 
0.7 W-40 9/8/64 
1.0 J-82 9/7/64 
2.0 W-47 9/14/64 
3.0 W-56 9/17/64 

' FA (250, H, 40, 0.2, Hr> L-18 8/7/64 
0.45 r 

L-19 8/7/64 
0.7 P-43 8/8/64 
1.0 P-44 8/8/64 
2.0 W-10 12/4/64 
3.0 L-26 8/8/64 
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Measure- Date of \ 

Fig. ment Measure- j 
No. 

*b 

Measurement 1 Parameters 

Hr> 

Number 

L-62 

ment i 
3 

3.20 - F. (250, H, 80, 0.2, 9/13/64 » 
4 

A 0.45 r T-73 12/13/64 1 
0.7 L-89 11/3/64 ! 

1.0 L-8 7/22/64 i 1 

2.0 W-101 12/14/64 ] 
S.O W-4 7/23/64 | 

4.0 P-32 7/15/64 % 

3.21 Hi - FA (400, V, 13, 0.2, Hr) P-57 9/26/64 \ 

0.45 r W-32 9/5/64 
0.7 W-61 11/4/64 

] 

1.0 J-76 9/7/64 
2.0 J-75 9/6/64 
3.0 J-66 9/6/64 

3.22 H - F. (400, V, 80, 0.2, Hr> P-13 5/11/64 
A 0.45 r P-14 5/11/64 

0.7 P-16 5/12/64 
1.0 P-17 5/12/64 
2.0 B-9 4/24/64 
3.0 S-131 5/22/64 

3.23 h, - FA (400, H, 13, 0.2, Hr> P-56 9/26/64 
A 0.45 r W-33 9/5/64 

0.7 W-38 9/5/64 
1.0 P-81 11/5/64 
2.0 J-74 9/6/64 
3.0 J-67 9/6/64 

3.24 h - F. (400, H, 40, 0.2, V W-29 9/5/64 
A 0.45 r W-34 9/5/64 

0.7 W-63 11/4/64 
1.0 J-78 9/7/64 
2.0 J-73 9/6/64 
3.0 J-68 9/6/64 

3.25 h, - FA (400, H, 80, 0.2, V W-28 9/5/64 
0.45 r W-35 9/5/64 
0.7 T-78 12/13/64 
1.0 P-79 11/5/64 

, 2.0 W-105 12/14/64 
3.0 J-69 9/6/64 * 
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Measure- Date of 
Fig. ment Measure- 
No. 

hi 

Measurement Parameters 

- Fn (25.5, V, 21, 0.2, 
B             0.4 

Hr> 

Number 

L-76 

ment 

3.2 5 10/8/64 r P-70 10/14/64 
0.6 L-88 10/15/64 
1.0 P-83 11/5/64 
2.0 L-162 12/16/64 
3.0 J-98 11/11/64 
4.3 L-161 12/16/6^ 
6.7 L-159 12/15/64 
19.0 L-141 12/12/64 

3.27 h, - Fn (25.5, V, 40, 0.2, B             0.4 
Hr> W-64 11/15/64 r 

L-102 11/19/64 
0.6 P-X15 11/22/64 
1.0 P-118 11/25/64 
2.0 J-89 11/9/64 
3.0 B-62 11/13/64 
4.3 P-136 11/29/64 
6.7 L-157 12/15/64 
10.5 J-120 10/12/64 
14.2 J-129 12/11/64 
19.0 L-151 12/12/64 

3.28 h> - Fn (25.5, V, 80, 0.2, B             0.4 
V W-64A 11/15/64 

JL 
L-103 11/19/64 

0.6 P-114 11/22/64 
1.0 W-85 11/24/64 
2.0 J-90 11/9/64 
3.0 J-97 11/11/64 
4.3 P-137 11/29/64 
6.7 L-158 12/15/64 
10.5 J-122 12/10/64 
14.2 J-128 12/11/64 
19.0 L-150 12/12/64 

3.29 h - Fn (25.5 H, 13, 0.2, 1 
B              0.4 V W-68 11/15/64 r 

L-100 11/19/64 
0.6 L-107 11/23/64 
1.0 W-77 11/24/64 
2.0 J-91 11/9/64 
3.0 P-106 11/10/64 
4.3 P-145 11/29/64 
6.7 L-160 12/15/64 

10.5 J-113 12/10/64 
14.2 L-137 12/11/64 
19.0 L-140 12/12/64 
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3.30 

Measurement Parameters 

L. - F0 (25.5, H, 40, 0.2, H ) 
^   B 0.4  r 

0.6 
1.0 
2.0 
3.0 
4.3 
6.7 
10.5 
14.2 
19.0 

3.31 L. - Fn (25.5, H, 80, 0.2, 
^   B 0.4 

0.6 
1.0 
2.0 
3.0 
4.3 
6.7 

10.5 
14.2 
19.0 

3.32  L, - Fn (50, V, 13, 0.2, H ) 
^   B 0.4  r 

0.6 
1.0 
2.0 
3.0 
4.3 
6.7 
10.5 
14.2 

FR (50, V, 40, 0.2, H.) 
B 0.4  r 

0.6 
1.0 
2.0 
3.0 
4.3 
6.7 
10.5 

V 

3.33 S- 

Measure- 
ment 
Number 

W-58 
P-69 
L-87 
P-84 
P-92 
P-lll 
P-140 
L-156 
J-119 
L-134 
L-147 

W-67 
L-101 
L-105 
W-82 
J-86 
J-94 
P-139 
T-54 
J-118 
L-133 
L-146 

L-80 
W-123 
L-166 
B-59 
P-87 
P-108 
T-37 
T-67 
J-112 
L-135 

L-93 
J-110 
L-167 
W-79 
J-84 
J-93 
P-143 
T-66 
J-115 

Date of 
Measure- 

ment 

10/6/64 
10/14/64 
10/15/64 
11/5/64 
11/8/64 
11/10/64 
11/29/64 
12/15/64 
12/10/64 
12/11/64 
12/12/64 

11/15/64 
11/19/64 
11/23/64 
11/24/64 
11/9/64 
11/11/64 
11/29/64 
12/2/64 
12/10/64 
12/11/64 
12/12/64 

11/16/64 
11/18/64 
11/23/64 
11/24/64 
11/9/64 
11/10/64 
11/30/64 
12/3/64 
12/10/64 
12/11/64 

11/16/64 
11/18/64 
12/16/64 
11/24/64 
11/9/64 
11/11/64 
11/29/64 
12/3/64 
12/10/64 
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3.34 H>" 

3.35 H,- 

3.36 H.- 

3.37 H>" 

Measure- Date of 
ment Measure- 

Measurement Parameters 

80, 0.2, H) 

Number 

W-71 

ment 

• Fb (50, V, 11/15/64 
0.4 A J-109 11/18/64 
0.6 L-106 11/23/64 
1.0 W-78 11/24/64 
2.0 J-85 11/9/64 
3.0 J-92 11/11/64 
4.3 P-144 11/29/64 
6.7 T-65 12/3/64 

10.5 J-114 12/10/64 
14.2 L-131 12/11/64 
19.0 L-142 12/12/64 

' PB (50, H, 13, 0.2, Hr> L-79 10/13/64 
0.4 r P-153 12/17/64 
0.6 P-72 10/18/64 
1.0 B-60 10/21/64 
2.0 T-43 11/30/64 
3.0 P-107 11/10/64 
4.3 T-38 11/30/64 
6.7 T-68 12/3/64 

10.5 J-lll 12/10/64 
14.2 L-136 12/11/64 
19.0 L-138 12/12/64 

' FR (50, H, 40, 0.2, V L-95 11/16/64 D 0.4 r 
J-108 11/18/64 

0.6 L-109 11/23/64 
~~~ ■—-_^ 1.0 W-81 11/24/64 

_ 2.0 J-87 11/9/64 
3T.0 J-96 11/11/64 
4.3 P-141 11/29/64 
6.7 T-64 12/3/64 

10.5 J-117 12/10/64 
14.2 J-132 12/11/64 
19.0 L-145 12/12/64 

FB (50, H, 80, 0.2, V L-94 11/16/64 
0.4 J. 

J-143 12/17/64 
0.6 L-108 11/23/64 
1.0 W-80 11/24/64 
2.0 J-88 11/9/64 
3.0 J-95 11/11/64 
4.3 P-142 11/29/64 
6.7 T-63 12/3/64 

10.5 J-116 12/10/64 
14.2 J-131 12/11/64 
19.0 L-144 12/12/64 
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Measure- r e of 
*ig. ment Measure- 
No. 

V 
Measurement Parameters I 

Hr> 

Number 

L-78 

ment 

3.38 - Fn (100, V, 13, 0.2, 10/13/64 
B           0.4 r P-155 12/1/64 

0.6 L-165 12/16/64 
1.0 P-125 11/25/64 
2.0 P-90 11/7/64 
3.0 P-110 11/10/64 
4.3 P-146 11/29/64 

3.39 h - P- (100, V, 80, 0.2, H_) W-70 11/15/64 
B            0.4 

r J-106 11/18/64 
0.6 L-lll 11/23/64 
1.0 W-84 11/24/64 
2.0 P-100 11/8/64 
3.0 B-64 11/13/64 
4.3 P-132 11/27/64 

3.40 h - Fn (100, V, 80, 0.2, o W-69 11/15/64 
B            0.4 

r J-105 11/18/64 
0.6 L-110 11/23/64 
1.0 W-83 11/24/64 
2.0 P-100 11/8/64 
3.0 B-63 11/13/64 
4.3 P-133 11/27/64 
6.7 T-59 12/2/64 
10.5 J-125 12/10/64 
14.2 J-130 12/11/64 
19.0 L-152 12/12/64 

3.41 h - Fn (100, H, 13, 0.2, Hr> L-77 10/13/64 
B            0.4 r P-154 12/1/64 

0.6 P-73 10/18/64 
1.0 P-76 10/21/64 
2.0 P-89 11/7/64 
3.0 P-109 11/10/64 
4.3 P-147 11/29/64 

3.42 s - F« (100, H, 40, 0.2, B            0.4 
Hr) W-65 11/15/64 r J-134 12/13/84 

0.6- L-113 11/23/64 
1.0 ~^*- -^. P-117 11/25/64 
2.0 11/8/64 
3.0 B-66V 11/13/64 
4.3 P-130X 11/27/64 
6.7 T-58  N V 12/2/64 
19.0 L-149 >LS/12/64 
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Measure- Date of 
Flg. ment Measure- 
No. 

s 
Measurement ] Parameters 3 

Hr} 

Number 

W-66 

ment 

3.43 - FB (100. H, 80, 0.2, 11/15/64 
0.4 r J-103 11/18/64 
0.6 L-112 11/23/64 
1.0 P-116 11/25/64 
2.0 P-99 11/8/64 
3.0 B-65 11/13/64 
4.3 P-131 11/27/64 
6.7 T-57 12/2/64 
10.5 J-123 12/10/64 
14.2 J-127 12/11/64 
19.0 L-148 12/12/64 

3.44 h, - FB (250, V, 13, 0.2, Hr> L-75 10/8/64 
0.4 r P-151 12/1/64 
0.6 L-164 12/16/64 
1.0 B-58 10/21/64 
2.0 P-85 11/7/64 

3.45 H - FB (250, V, 40, 0.2, V B-69 11/17/64 
0.4 r J-136 12/17/64 
0.6 L-T15 11/23/64 
1.0 P-X20 11/25/64 
2.0 P-96 11/8/64 
3.0 L-128 11/26/64 

3.46 h> - FB (250, V, 80, 0.2, Hr> B-70 11/17/64 
0.4 r J-135 12/17/64 
0.6 L-114 11/23/64 
1.0 P-119 11/25/64 
2.0 P-97 11/8/64 
3.0 L-127 11/26/64 
4.3 P-129 11/27/64 
6.7 T-52 12/2/64 

3.47 H - FB (250, H, 13, 0.2, H_> L-74 10/8/64 
0.4 r P-65 10/14/64 
0.6 L-163 12/16/64 
1.0 B-57 10/21/64 
2.0 P-93 11/8/64 

3.48 H - FB (250, H, 40, 0.2, H ) B-68 11/17/64 
0.4 T J-138 12/17/64 
0.6 L-117 11/23/64 
1.0 P-122 11/25/64 

y 2.0 
3.0 

P-94 
L-130 

11/8/64 
11/26/64 
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Measure- Date of 
Fig. ment Measure- 
No, 

h 

Measurement ] Parameters 1 

Hr> 

Number 

B-67 

ment 

3.49 - Fn (250, H, 80, 0.2, 11/17/64 
B 0.4 r J-137 12/17/64 

0.6 L-116 11/23/64 
1.0 P-121 11/25/64 
2.0 P-95 11/8/64 
3.0 L-129 11/26/64 
4.3 P-127 11/27/64 

3.50 h - FB (400, V, 13, 0.2, H_) W-60 10/6/64 
0.4 * P-67 10/14/64 
0.6 L-84 10/15/64 
1.0 P-78 10/21/64 
2.0 T-46 11/30/64 

3.51 h - FB (400, V, 40, 0.2, H-> P-160 12/19/64 
0.4 r 

J-142 12/17/64 
0.6 L-119 11/23/64 
1.0 W-76 11/24/64 
2.0 P-104 11/8/64 

3.52 h, - FB (400, V, 80, 0.2, H.) P-158 12/19/64 
0.4 r J-141 12/17/64 
0.6 L-118 11/23/64 
1.0 W-75 11/24/64 
2.0 P-105 11/8/64 
3.0 L-122 11/26/64 
4.3 P-135 11/29/64 

3.53 h - FB (400, H, 13, 0.2, Hr> W-59 10/6/64 
0.4 r P-149 12/1/64 
0.6 L-83 10/15/64 
1.0 P-77 10/21/64 
2.0 P-91 11/8/64 

3*54 h - FB (400, H, 40, 0.2, Hr> P-157 12/19/64 
0.4 r J-140 12/17/64 
0.6 L-121 11/23/64 
1.0 W-73 11/24/64 
2.0 P-102 11/8/64 
3.0 L-125 11/26/64 

3.55 h - FB (400, H, 80, 0.2, HJ P-156 12/19/64 
0.4 r J-139 12/17/64 
0.6 L-120 11/23/64 
1.0 W-74 11/24/64 
2.0 P-103 11/8/64 
3.0 L-124 11/26/64 
4.3 P-134 11/29/64 
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