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ABSTR:’;CTS‘

The thesis is composed of two parts based on two
different topics, In tho first part clectronagnetic diffram
ction by knife-edge cbstacle has becn studicd, Ln investigo-
tion has alss been nade by intyoduein;' the coffect of antenne
directivity in the Fresncl-Kirchoff thoory and then the theom
retical results were coupsarcd with thet of experiﬁental'values.
4 thecretical and cxperinental investigction has slso been na-
de. IR - electronagnetic diffracticn by ~ #flotetop
double edge cbgtacle. Numeriesl solutions have beer cbtained
with the‘help of digital conputer ¥ IRM-3G0Y . The rceults

have been conparcd with experinentol volucs, Finally sn alter—

native approach to the sclution of the above procblen (hass bocn

proposed.

The second part of the thesis desls with the icasurc—
nent of the liclectric constant of Bangsladeshi scil. Pwo Jiff-
crent procedures, naiely the "freee—sphice prepagation neasure-
nent®and® wave- quide ncasurcrent Techniques" have beoh app-
lied for the diclectric neapsurcient. The variations of the die
¢lectric constant with the change of theé applicd signals=frequne
cics hav been-shoewn in graphs, for o féiw geletive saoples, Finp-
11y the de¢ conductivity of the scil seeples has alse been

neagureds:
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CHAPTER 1
INTRODUCTION




1e1 GENERAL

During the past few decades Microwave systens have grown and

developed into one of the most iuportant neans of cowrunication systen,
Growing ocut of the nax-wellts concept of Electromagnetic waves microwave
engineering nus.been drawing much interest and attention of celectrical
angincers and paysicist. Modern civiligation's growing deiignd for
better and relisble cemmuricatieon system has led to extensive research
in thls Tfield. Research work on the various problens and new possibili-
ties in nicrowave systens is going on ail over the world, saore the wide
range of topics the reflection and diffraction of electronagnetic waves
by various naotural obstacles propagation of clectronagnetic waves in

the open atuosphere under various atiospheric eonditions should be of

1ntere ste -

In this thesis two differcent probloins oh niercwave comiunica-
tion gysten havebecn discussed scparately, The first pert of this thosis
ia cvncerned 11th prcblens cn electronognitic waves scattering and 3i-
frroctiom’fron obsteeles .The second part deals with o study on the li-
electric propertics of Bangladesh scil at nicrowzve frequencies, For
this purpose dielectric constant of a nunber of soil sarples collectad
fren Dacca, Comilla, Nogkhali and Chittagon. digtricts have been e a3 l-

rel at nicrewave frequencies,

Basiecally , analysis of scattering and diffracticn of élcctro—

Nagnetic waves falls in the donain of boundsry-valua probleng Thefexaét

nelysis of such a problen is a very difficult one and in nmost of tho
cases, sclutions in conpact forn o not existy In proetices the oxiet
sclution to the problem is not always nccessary, while the asynptotic
golutions ar ‘the solutions at large distances are mostly necess ATV e
This approach to the solution greatly sinplifies the problenm, when

’ElectrOAagnetlc wave ibpinges ¢n an object either cenducting or
dielectric, it induces currents on the cbjeet, This induced currents ro-
radiates clectronagnetic field .in the space. For exact soluticn, ine
formation regarding the nature of induced current distribution on the
scnttering object must be knmown. To solve such g problen, nunerious
nethods theorctieal, senithecretical anc nunirical have been develeped
Dy varicus secientists and engineers. On thesther hand when aayiiptotic
solutions or the solution at large distances are requirec, n nore

siilpler opproach cowmonly known ag ™ optical approach® can be used,

2, .




This approach is completely based on the wave propertics of the elee-
tromagnetic radiation. At nicrowave froguencies, the wave properties
oflthe eleetroenagnetic waves clomely rescnibloes thdt of 1ight woaves,

S0, the scattering and diffrsction phensnena of electromasnetic waves
can be solved by considering then as obeying the basic laws of lizht
waves. Since, in practice, only the faredistance field is of interest,
hence this appreach yiclds quite satisfactory result, In this thesis

a sinple nedification of the crigingl diffracticn theory(FresnclAKirché
off diffraction theory) has been developed. flsc thecreticsl solutions
and practical measurenents have been cbtained for electronasnetic

wove diffraction fren a prototype .conducting ohstacles representing

the nedel of a building,

The secend part of this thesis deals with the nensurenents
of dieloctric cengtant of Bangladesh soil, Hain object of this study
was to preparce a Radio-data and te perforn o study on reflecticn and
diffraé%igﬂ of cleetrenagnetic waves over vericus natural obgtacles
(nountain, flet land ete.) in Banglodesh. TH has been an ostablished
fact, that‘reflection and diffraction of eloctro-nagnetic waves froo
ancbgtacle depends on the shape and eléctrical characteristics of
the obstacle. Por this resson, = detnil study on nicrowave- colnunie
cation in our country requires an elabcrate knowledpe on clectrical

characgeristics of Bangladesh soil ot nocrowave-froguencics,

1.2  LISTORTCAL REVIY DLiRE-I°

The preblen of diffraction of eloétroqunetic waves by
vari5us'natura1 obstacles hove been extensively studied beth theoe
retically and experinentally by varicus research wecrkers, The basice
approach to the study of diffraction phencnena was to consider the
obstecle as a kndfe-cdged seni-infinite perfectly conducting half
plane. Rigorous nathenatical solutions have also been obtained Ty
a numﬁer of aquthers 1 for diffraction'of Glectrouagnétic waveg by
cne or nore infinitely thin helf-planes, Aznin scre autﬁbr,z have
also  solved the problen by using the principies of optiecs, The basic

theory established fron this view point{principles of cptics) is kmown

3



to be the Fresncl-Kirchoff> diffraction theory which yields a satise
factory theoretical results for diffraction of electronggunetic waves
by a kmife-ecdged obstacles, under certain approximation. There is a
general wvalidity of this clagsical agwroacﬁ ﬁhlch cxpresses the diffraoe-

tion logs over a sharp ridge as a function of frequency®ft, the dige
4y 5,6,

“

tance d ond heizsht  h. with refuronce o B, 1.

1792
In practice nost of the obstacles cannct be approxizated as
a lnife-edged obotacle. Az for exuuple, situgtion scme tines encount-
ered when clectrcilagnetic waves are diffrocted by one or nore noun~
tains situated in bLetween the transnitter and the receiver, In the
usual theorctical treatment the nountsins have been replaced by a
vertical half—plane and the predictions of proepagation conditicn by
knlfe—cd:e theory have been found te agree reascnably well wifh [sh/cH

. . . 1,2
‘perinental results obtsined in differcnt neuntonous arcas 'S,

Thcugh frequently enccuntered in this field, the case of twc ¢

or Hore knlfe—edfe obstacle has not been fornmally studied untiluleymig: |
¥ he 3 studlod the nature of the diffracted fied in the pregence ¢f two
sem1~1nf1n1tc screen. A close agreenent beotueen theory and experinent

was also ObservedT.

Bullington in his p;n.per8 published an approxiintion nethod _
for sclving diffracticn due to multiple kmife-edse, Late, the nethod
was nodified by Epsten and Fufersong, These two approaches are sinple
and G”Slly extendable tec three or nore knife- edge obastacles, In 1962 vf#

Millington in his paber10

obtained a ccnplete uathenaticnl analysis

of the problem of diffraction of micro-waves by nultiple knife-edge
cbstacless Decause of the unwieldly nature of the couputatlon involved
this mathenatical solution is umsuitable for a quick estinate and ig
irpracticable whencver there cxists threeor more intervening hillsI1JaﬂKuis
presented another approxination which SEens better than cther solutlons
discussed eartier., This soluticn hng been suggested at the French-

School12 and by French AruyE‘as a replacenent of the above nethodes,

8¢ far, the presence of one or nore kn&fénedge obstacles have

been studied, It shoud be nenticned here thaf, though the presence of

4
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nountaincus and doninant-ridges have been replaced hy a vertical
half-plane, and the predictions of this knife~cdge theory have boen

; . . ) 1,2 .
found to agree reasonably well with exserinentsl results'? but the
& Y . B Al ’

agreenent have not been good éﬁpugh in several cther experinents,
Reference is nade to a paper by Crysdale 14. One rcason for such disw
crepencies nay be due to the fact that the knife-edge approxination is
not adeguate tc take into account of the effect of nountain tepss A
better approxination should be to replace thec nountains with o stocth

15

cylindrical crest. Rice has derived a theery for parabolic cyline
der; but it has the dis—advantage that itfs nunerical evalution is
difﬁiéulta

(r i

One of the best thecretical approach has been made by Fbck16;

In Fock's work, it was assumcd that the wavelength characteristies of
the incident field is snall compared with the relevant dinmensions af
tﬂe saﬁﬁferer as well as the radii of curvature of it's surfaces, Fron
a detaiiginvestigation with the intepral cquation, Fock concluded
that surfoce current has a local character in a penuibral region near
fo and ipcluding shalow beundary, This he callead® principles of lIoeal
fieldhn, Hnder this assunption he defined n ™ Universal function® for
curreqﬁ;aﬂd then produced to Jeternine the current in the vicinity of -
the - shadow boundary of a parabeloid of revolution located with itts
dxis perpendicular te the magnetic field of incident plane wave, Dasic
draw bakcs of the Fock's theory was that, until than it appears to be
ﬁa%hematically intractoble. Later in 1965 Negubsur and Backyniskiwhgde

iv

a new approgch te the problen by nodel experiment in the laboratory

and by the derivation of .o nodified thecry based con Fresnel diffroo—

ticn integral.

1.3 CONTENT OF THE THESTS (Part-I):

Upto this the diffraction ¢f clectromagnetic waves by one or
Lore cbstacles have been discuseed , In all thecretical developrients
nentioned gbove, the directional pattern-of the incident wave was not
congidercd i;e. it woe assuned that the‘frqnsuitting antenna was an
onnidirectiomlone, In practice, the case is quite 2ifferent, nost of

5



the antennss used in connunication systen have highly directicnel
pattern. In this thegis, a-nodification of the original theory has
been developed incorporating the effects of dircetivity of the antow
nnas. It has been observed that the theoreticnl results conforns
pmorc clasely with the experinental results than obtained previously,

(Using criginal Fresnel Kirchoff diffraction theory),

Recently, in nicrowave connunicaticn systen, ancther inter-
esting problen which encountered is diffraction of elcctronagnetic
waves by skyscrapers in ncdern cities., In this thesis, both theorce
tical and practical investigaticn have becn ugde on diffraction of
eleqxroﬁaénetic waves cver such c¢bstacles. As it has alreaﬁy been obsg-
erved. that the physical shape of the obstacie influence the nagture of
the ‘diffrocticn to scue extent, hence a thecretical experssicn has becn
developed ¢cnsidering the building tc be a perfectly conducting 2.4
tep double—edged obstacle, Nuierical results have been obtanined with
the help of digital computer(IBFLBéO). Since, ficld experinent i§ very
difficult for varicus practical linitations a ncdel experinent, iaulae’
ting the building obstaclc was perforned in the Iaboratory, The usc
of scakeﬁodel technique greatly sinplified Dany practical preblens .

that ccould be encountered in the field—study,

1.4  HISTORICLL REVIEW: PART-m

Part IT cof the thesis deals with the Negsurenent of dielcectric
bonstant of Bongladesh soil under varicus natural conditions. Moin ob-
Jects of this ezperinent was to brepare a couplete radic—data  for
Bangladesh soil, Iue to inadequate facilities and Ioger resources
available at the “isposal of the departnent for such a national proe
blen, a linited number cof soil salples fron a few places of Bangladegh
have been tested. S0il has Leen treated as 2 lossy dielectric and a
procedure have been adepted for neasuring this dicleetric constant,
Many experinental investigations supported by suitable theeries18 have
been perforned for hDeasuring the dielectric constants at nicrowave fre—
quencies, by waricus research workers19. Onc of the nmost inportant

proceure is the methed based on the nensureient ¢f VSWRe In this

6
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nethod, a scection of wave-guide filled with the dicleetric sanple is
treated ns a four-pole netwerks Inforaaticn about the cquivalent net-
work. parancters gives o measure of the property of the fiedidn of the
wave—guide=section. Thie view point has been adoptel in the ~cetunl

ueasurcient of the diclectric constant of soil saiiplesa

The methed of llcasurin, the diclectric constont of o wave-guide

riediwa Losed on principle of feur-pele network is a very common cpprench,

Tt's valility has been reccgnised indeponddatly by o nuwaber of writers,
. . 20 T ’ . . . .
including Westphsl ond de BrTOWD . put itts dnplication have herceto-

fore not been fully exploited, Perhaps nost well=known procedures using
the sbove theory which cuploys an open ond o short Ckt. ternination,This
methed was published inﬁ@péniently first Ly the British 21 pud then by
he ancerican (22) suthers., These-uetholds, based on specific output tere
ningtiog, utilize the four=pole view point in enly o relatively narrow
senge,’éinco , no atteupt has been iade to incorporate any of the nere

1

hizhly cCeveleped aspects of four-pele nensurencnt tochniques, Lotor, A

0linn and Altschules 23

published a iethed, in which they developed
a relation bLetween the dielectric constant and the deterninant repre-
senting the adnittance of the dielectric sauplc. This the neasuring
precedure hes beon reduced te finding the parnscters of an equivalent
net—work choracteri zing it, when the dieletric eeonatant ig ~ssuweeld o
te pursly real or when loss tanzent-tang - is s snall that con be
mecsured independently, then the equivalent four-pele netwerk noy be
considored as Jcoasless and "tangent relation method%s nay be used,If

the dielectrie sample is dessipative, geouetrical nethod(given by

A

24N - - .
Deachatln s *)‘ nay be anplied.

" Upto this a brief description on the basic principles of the
ngasuring teehniqueg have been dasgcussed, Main cbject of this experie
wental was to deferaine the electricel proberties(lielectric congtant
and conductivity) of the soil at nicro-wave fregiicncies. A Knowledge of
the electrieal preperties of the earfh surface is of cemsiderable impor-
tonce in Thysicg and electrical engineering as well as radio—coitruni-

cation, 4s for exaunle, in radio-communication the electrical propertics

s 7
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of the enrth enter cirectly intc the design of the transnitiing insto-

llation. Purther, the conductivity and dielectric constant of the ground
are coninating facters in deteriining the effective sarvice area T the
breadeasting station, in which the bulk of the cownunication ie effectel

by the c¢lectrical waves travelling along the surface of the sorth, Finally,

the efficiency of the recelving siation is dependent unen the good cone
B i . "o

ductivity of the ground upon which it is erected,

Much plonmeer work in the study of the transuission of electri-
cal waves through earth has lLeen perforied. After it has been denonstra-
ted that electrical waves could be transaitied to appreciable  distances
over the carth's surface attention was devcted by several investigators
to the offect of the carth in wireless‘comnunication. 3ir Qliver Lodze in

5

18992 , denonastrated the application of classical clectronmagnetic theary
to this probleit, while Brylinsky and W Burstyan26 later studiced the pence
trotion of slternating currents in to soil and sea water. Confiriiation of
the fact that the earth played a part in the propagsetion of wireless waves

. . N 1‘7 . 1 o7 -
was provided by the experiuent of J.3, Sachc in 1905 " yhe found that ro-
Ziagtion froil g transuitter increased as the areal was raisced above the

earth's surface,

4 tathenaticel investigation of the propagation of electric waves

20 in 1969, and

along the earthts surface was published by 4 Sonnerfied
this paper still reinins the most conplete theoretical tregtuient of the
gubject, In order to wreluce scimmer~fieldts Tormulae to nunerical guan-
tities, atteupts were uade to obtain neasurcuents of the conductivity
¢f the soil naterial at audic frequencies by several wbrkers, notably

1% .20
He Lowy and K.Dlley in 191777 ..

4 Cescripticon of sone direct neasuresent of the electrical Hro-
perties ¢f scil carrield out at radic frequeincies was published by J.A.
Rhtchiffe and P G.W. White in 193030. In this case the osoil under exn-
ninstion formed the diclectric between the plates of cylindrical conden—
ser and resistance of this condenser were neasured at variocus redio-fre-
guencies upto about 4 M&/sec, It has been reported that the apparent

a2 . .I . - 1 .
dielactric constant of the soil woul:d decrerse with the increase »f fre-

] | 8
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quency fron 40 at 200 Kz to about 12 at 3 MHz under various moisture

cenciticon,

1.5  CONTANTS OF THA THESIS (Part=IL)

4 brief hiastoricsl revicw recsardins the neassurenent of the
clactric pfoperﬁies has been given in the previous scction, The methodle
%f neasurencnt dépends on varicus factors such,as, svailability of inge
trunents, financial cagsistance and linitetion of “tinme". Considerin:
all tiese Tactors, in this thesis the iieasurenent at the Jdielectric
constant of the scil have perforﬁed by twe aifferent methods, In the
first nethod nanely®The free space propagation nethod——electrenas-
‘netie waves were transpitted tcwards a large bleck of soil sanple and

the refleccted waves were received by

I

receiver, From the gtrength of
the rpeceived sigmal and a knowledge of the type of poiﬁrization of the
fransnitted signal the effective dielcctric constant was hensured. The
ageliracy of the results obtained by fhis nethod was very sensitive to
the angle of inecidence of the transnitted signal, nature of the refle_ix‘
tig surface and accurate deternination of the strensth of the received
sipgnal as well as the polarization of the transmitted weve, In the second
nethed, ®0il samples were prepared and a part of a wave-guidc was loaded
with the sauples Then by neasuring the strength of the VSwR and thoe
shift in the position of the naxina and ninina of the field strensgth

in the unlonded wave-guide section, the dielectric constant was Deasurad.
The neasurenent as perforned for soil samples with varying moisture

contents and densities, The nathematical thecry behind the experinment

hag alse been discussed,



CHAPTER 2

GENERAL SURVEY ON

' MICROWAVE DIFFRACTION
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2.1  INTRODUCTION:

This chapter déscribes a brief description on the diffrac-
tion of electromagnetic waves over nmatursl obstacles and some basic
concepts or the diffraction phenomena, The basic concepts of elec—
tromagnetic diffraction (NG
has been doveloped from oPtloal diffraction theory. Numerical expoa
rlmeqtal evidences have been established in support of the above die
ffroction theory, which is lnown as Hygem ‘s wavelct pr1nc1p1e31.
Although'it is aften thought that clectromagnetic waves travel slong
the_line of sight path'but in practicc elaﬂetromagnctic waves pronae
gatcs some what below this line duc to existance of atmogpheric re-
fractlon. Experimants ha ave shown that waves may reach further inte
the- geomgtrlo shadow region which can not be account by the princi-
ple of rcfraction. Hsen's principle cxplains that phenomena. Accor—
ding to this principle wave reflections do net occur only at onc
point but from the ontiro'surfdce."of Ehe.earth that is electromng—
netically illuminated. Wavel'éts réradiates there in 21l directions
from the muttitude of clcmentary radiation centers of the carth sur-

face, recceiving incident clectromagnetic wave encrgy. Howcver, this

diffraction phenomcnz is also dependent on the freguency of radine

tion asAwill be discussed later. It is alse known that, the longer
the wavelength the mor¢ pronounced arc the diffraction effects, but

the less significmnt are the :efracﬁion cffeets,

242 + BASIC~CONCEPTS OF DIFFRACTION:

Difffjction”ié a'phenomona accompanyihg ail fofms of wavn
motlon, ity offect belng more marked ns the wavolongtﬂ relative to
the obstacle dlmen51on 1ncruabcs.lD1ffroctioﬁ offoots differ from
refracétion offeets in as nuch as ray buoding due to fofrhction mhy‘
occur in obstructed spacc. But we derl with Varlatlon from st
raight line’ course when partlally cut off by an obstacle, such c_.s

an clootromognotlo wave pasDcs near LngS of an oponlng(wodgo chow

- . . . -
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ped mountain) dn 2 hole that may cause wave interference. Wave propa-
gation bchind the horizon(in the geometric shadow region} may parti-

aliy duc to diffraction.

In optics, it is known from experiment, as well as confirmed
by theory, that when = monochromntic light is passed through p norrow
operture and then allowed to incident on another screcn bchind the
first onc produces a blurred wider image or severél bright or daork
images of the slit. Such cffects can be exploined by Hygomn's wavelet
conéept, nodified by Presnel by méans of interfcrence between compo-

nent waves,

2+3 HUYGER'S WAVELET PRINCIPLE & ITS MODIFICATION BY FRESWEL
( INTERFERENCE EFFECT) s

According to Chritian Hggens, the wavefront of a wave may be
considercd to be consists of many point sourcee radiation which mey be

referred as "wavelet radistors™ as shown in fig'y

o To establish the proper diffraction theory for elecectromagnc-
tic radiantion, the boundary conditions, as for exanple when o wave -
mects ancther medium; such as at the surfacc of obstacles, must be
SatISLlGd o Agaln, ingtead of a singlc wave function, there are two

functlon humcly, that of elcetric fiecld 'E' and that of ‘magnetic filed

Y Owing to thips boundirFy™ ‘conditions, the wavefront passing through

an opening of an obstacle must become perturbed because of what
happens at the boundary, This rmeans that at the inner surface of an
Opague scrocen with an aperature, we generally hove wave reflections

as well as absorptions unless spe€ilal provisions are met, For the saoko
cf presenting welle Xmown fundanentals, a single wave functicn W is
chosen and it is assumedthat w= 0 at the inner surface of tho sereen
and the nermal derivetives JwAn = 0, sc that for the surface of an
aperture, the wave condition is identical with the incident unperturbed
wave. In Fige 2 pomt P is tsken as o radiation centre of priuary sur—
face of spherical waves, The full-line circles are wave crests and the
dash circles are the troughs. The full-line outer circle is consido-

red as a wave front conteining Hygents waviet sources such as 4,3, (.

12



These secondary radiation centers are all on a surface of equal phasec
Bach one of these wavelet centers startslout spherical woves about..
LyByand C , so that, wave energy alsc wwaches: to Eortions like point
P of the geometrical shadow region, Space point P is a regeiption ce=
nters of three arriving wave trains. The patha of reysfAP, BP and CP
are r, r +BB' and r + Ce¢t if arc AB'C' is a circle with radius *r’ about
v the center., In Fig., 2 the length r is taken an integral rultiple
of wavelet A, This means that the wavelcet criginating at the HAycent s
centere 4 must couse a wave crest at reception point P. Expressing the
path differences BB' and Ce' by d and d*, the corresponding phase
delays are #$= Bd and S = Bd® for B= 2A/A « If s were exactly
equal to half-wavelength, the cp@gtaf train AP would meet g throu uzh
¢f the BP wave train 2t P. For the distance r containing mony wavel cne
£th, we have thelinverse relation 1}% ~ 1/Tr+d) ‘Therefore, at rccep—
ticn center P, the arriving A wavelet cffect will cencel the arriving
B wavelet effect The ficld AP can then be due ondy to .the Co HWovelet

which for a wave-function ¢ yields, for the initial value W of Wy

W o= g. - expi[%ﬁ - Bl{r + dI]

generally, such ideal ccnditions do net occur and the three
wavelets arriving at point *P* with thoir effects alse crouse wave ine

£mﬁgrence all along the imaginary plane of rceeption,

Bhrercfore, as far as the reception effect is concerned, the
basis of the Hygens-Fresnél wavelcet effeet is that we deal not directly
with the original source but with a multitude of secondary radiatioq
centers located in the wave front of the prinary wave, However, the die
ffracticn is less . pronounced around cdges as the waves beccre shorter,

but the diffraction effcet in Rany cases cannct be ignored,

2.43 PUYSTICAL BXPLANATION QF DIFFRACTION FROM A SHARP EDGRE:

(ppticalestraight edge appreximation)- upto this the diffrace
tion phencneng and it's hasic cencepts have been discusged, In this
article, dlffractlcn of GlGCtrOdLFnlth - waves by shao arp edge cbslacle

will be dlscussed The Fige 3 shows what hn?pens when a plane wave

13
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arrives at sharp cdge at E normal fo the XZ plane, The exaggerated
diffraction pattern, whichaccording te sommaficld, is a- diffracticn
patten in the geometrical shadow region FG as well ss in the unobstruc—
ted reg sion FH, This expleins the experimental optical observztlon
"that an cdige B along Y -axis behaves like o linear light sourco, ehi-
tting cylindrical waves in the'+ Z + Y and + X dirsctions. the cyl-
indrical wave procees below and behind the edge B, with o 1/ distance
law, fees a smnll wave spread ampl itude decreascs, while in the unob s
tructed shope above and behind the edge L, wave interference between

arriving planc waves and sccondary spherical wave cccur,

As a result the dlffractlon extends below and above the edge

B. The wave spreads imtc the region below the E cdges refers to o Por-
tion_ofrthe geonetric shadow zone. The ihtcrferenco rattern between

c ylindrical and plane wave yields paralclas. The paginzun and minimun
¢ffects are represented by full drgwn and dagh -dash parabolas res-
pectively., The waves radiated by the cdge E decreases with 1/ distence,
While thoru ckn be no space ¢ ttenuntlon for the arr1v1n5 plane WQVCS,
sinice there 15 nc sgpread.Tae inverse squar - root law holds along a
path of fixed diffractiocn but the ﬂmplltude does not chenge when the
interference patterns moves alcng / hgrahollc path, because the deoco-
rease of the .engle of diffraction st off-gets the;ramﬁlltudg decays
and causcs an @Eplitude increasses, The CNCergEy aattern 18 well either
side of the edge can be explained by means of cornuspiral, as wcll as

by TFresnel integrals.

2¢5t  MATHEBMATICAL FORMULATION:

The bagic idea of the Hycen - Fresncl theory is that the 1ight

disturbance at a point P arisc from the swperpostion of secondary waves

proceed frow a surface situsted betwcen this point and the 1lisht scurce,.

This concept is used in the eledtroragnetic diffraction phenciienen. This

idea was put on a sourder nathematical chasis by kirchoff, who showed

that © the Bygemd s-Fresnel principle may be regarded.au an approxinate

fern of a certain integral thecren which expresses the svlution of the

‘herogenecus wave, equation of an arbitrary point in the field, in terms

15



of the velues of the solution and it's first derivations at all
. points on an arbitrahy closed surface surrounding point P. 4t first

congidering a mc-nqchromqtié wave,
| V(xv,2,t) = 9( x¥,z) GTIWE P - D
In vocuuan® the space dependent papt satisfies the time
independent ‘wave equaticn, _ |
| (Vv R*)Yvu=0 | (22)
where, R= w/c , |

Bgw 2.2 is known as " Helnholtz® gquaticn,

Let ¥ be the volume Bounded by a cleosed surface S; and let
P be any peoint within it as shown ino Fige 44 We assume that U posses
continucug first and second-order partial derivatives within and on

this surface, Let O ig any other functicn which saticsfics the sane

55 (VYU - 0 ) aw = -
. - - v ’ M an

where 3 /n denctes differentiaticn along inward nornal’ to

coﬁtinuity requirenents as U, we have by greerl‘s theoren;
Bl D
ﬁt}a—U—- ~- =B Y ds ..(2.3)
on
S

© 8. In:particular, if U' z2lso -satisfies the tine=dependent wove Sgm -

uaticn i,e, if, ‘
)
(V+ B) v =0

the it follows at once that integrand on- the 16ft of 2qe 2,3

vanishes at every point of.V and ‘consequently, %

O vghae
whepe 's' i5 Ihe distance from P’y Ihg panst (3,9,3). Noa Ly .
mtegration between ”S'czmd‘S"a’} H’t:S S}ie‘re o ed T ir;. > qisjjhﬂea) wadings g’
. _ e ged, 5 :
J 5-55+Si'[[49§ﬁ(%' - E—-ﬂ]c‘ﬂ:o

. . ’ . S5 on .
l‘:ce nh'}55rql eV S s Indebendent o €, we may neplace ths irdegul by Ihe ls'h'\?'tj'aa valwe o I - i
Tegral as . £ 0. Considering His dac) inte accownd end INon e simblificadion 1he solution js  *

Mrnd as {DHaw"; MCD:{I‘Z_S_S{M% (eikf/s)—(ei"s/s)%-#}ds —— e - - -~ -(2.® 4

R R |

it

e£ uf(ny,i): el”f
'ﬂ'\d EX{ETdira

T RS I E Rn oW AS Qﬁe. fora of. in‘tegral' Thooren oF Helpholt—zw

and. Kirchoff, - This thedren enbodies the basic idea of the Iygen-

Fresnel:principles, the laws £overning the contributicn from 2ifforent

N 7
*-,[{'2 CopdW By, =0
G B T g e T
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elenents of the surface are nore corplicated then Fresncl assuned,

Kirchaff showed, hawever, that in nay cﬁses the theoren nay be. re-
duced tu an approxinate but much siopler forn which is esgentially
equivalent to the formulation of Presnel, but which in ndditon arie
¥es an explicit forrmula for the inclinaticon factor that remained

indeternined in the Fresncl thecry.

. Geneidering an clectromggnetic wave, frem o peint sdufﬂﬁ.ﬁg
p%@pégdfed through on opening in a plone opaque screen, and let Pt
be the point at which the wave disturbance is to be determined, as
" shewn in Fig. 4C.

]

¢ find the disturbance at P, the Kirchoff integral over a
surface § formed by ( equ..1) the cpening & (2) a portisn B, the rione
illurinoted side and (3) a pertion € of o large sphere of radius R,
centercd ot P which tqgathef with A, B form a cloged surface. )

This integral equation becone,

o(p) = wjﬁ [ Sg;; g g r;, 5 S_J 2 (e ins/s)-(eiks/s)au/gn} ds..2.5)
)s o \

The difficulty is emcotuni®red that the values of U ond au/an on
44 By C which should be substituted in the abcve axpression is never

known exactly, However, it is reasconable to suppese that cvery whers

°n 4, cxcépt in the ionediote vieinity of the rim of thc opening, U
and pufksn will not appreciably differ fron the vvilues cbtained in

the absonce of the screen and that on B there q1antities will be -
cpproxiuately zerc, Kirchoff accordingly set,

(1) du >uli)

© . , - ! anl an --3-------(‘2.7)
‘ =2t

om B @ T=20; 5_1'1_ = 0

vhere,

|

L ko . .
u(l) _ 4 aw('l) Ae(lkr) Rl o Cno)
T, ] a o ) T T o8 Iiy T

_ The approximateieq.(2.7)are called the Kirchoff‘s cundary
cenditions and are the basis of Kirchoff diffraction thecry, '

How, it reuains to comsider the conbribution frcn ths sphe-
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ri¢ak pertion b, Iiwever, it way be shown that in the limit of the
radius R growing very large, the disturbance at P is considered no

contributicn from ccould have reach point P.

. Thus finzlly on substituting in éq. 2.6, and neglecting the

noeroal devivatives of the terme & and 1/S in comparison with R, we

. 08 oo
chtain i eik(r + 8) »
U (p) = =~ ~5a —5 [ cos ( n,r ) - cos { n;s{]ds
-h A

This is known as Ffag%eluKirchoff diffraction thecry, In
the above éase, the diffraction phenouena has been studied , when
the wove is passed through an gperture'cf arca A._Fbr diffraction
by the shorp-edge conducting half-plene, the surface integration
shown above should be extended freon the edre of the obstacle to
infinity i.e. the complete surface along the half-plane but above
the :bst acle shoulu be included, If cartesicn co~crdinate systen is
econsidered,. such that Z -~ axis has along the line of thé edge and Y -
axis is situated vertically upward, than the above cquation for shapm-

edged cbstacle beconecs,
oo

—-i4 o M(IH'S)
2N _ rs . cos (1, r)-cos(n, s)jdxdy

U () =

-h -0
Where h rcgresents the distance frem the cdge "I the cbetaw

cle tc the Z axis of the co-ordinate systen,
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CHAPTER 3 o
 INTRODUCING THE EFFECT OF
ANTENNA DIRECTIVITY IN THE
FRESNEL KIRCHOFF DIFFRACTION
THEORY ’
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301 THTRODUCTION ¢

The original formulaticn of the Prosnel-Kireheff.integral
equation does not consider the effcet of sntenna directivity. The
transnitting and the receiving antennas ore approxinated as isotb—
opic radistors. However, for all practical purPOSGS,bthe resultis
obtoined by such appréxiuation agree fairly well with the nessurce-
aent valuess If a very precise evaluation of the received ficld
strength is required then the effect of the directivity of tho ro
ceiving and the traonemitting sntenna shoull be coﬁSidered. 4 neodie-
fication te the orlglnal Fresnel—Klrchoff integral is inccrporated
to account for the ulrect1v1t1es of the antunnus. Theoretical cnle
culations are’nade fron thesé ncdified Freqnel-Klrchoff integral
and it was also observed that these results zgree more preciscely

with the practical neasurcnents,

3.2  MATIBEMATICAL FORMULATION OF THE DROBLEMs

The basic approach tc the problen begins by consicdering
’ﬁ?e nature of the standar? sclution which is known os Fresnel-Kire-
hoff Tategral "equeation when o sharp knife-cdge is ﬁlaced in between
the transuitting and the receiving sjsﬁgu,-ﬁhe recelved power is gi-

v€“32 by the _expression below;u

—

[

gj:s(\X-vy)sm(ax +ay)&xiy o
. ’ ! P . ! o v : Cod T I o - o . tol !
WhGI‘O, -h DTDR

-) - b(yxu y"-) -__ -——-—G 1+ cos Oﬂr)’ cos “Or

x 'gf'rTﬁ rR: AR
:"173'._;-' CRET -‘__rT- I"ﬁ . .

. . . L. et

P : -
P = ek SN [_ /x +¥°. ) cos (ax% cy®laxzay: -
R 192000 7" y© ax® nyrjex

£

rp = Distance of.the cbstacle frcn the receives,
‘rp- =.Distance of the obstacle fron the traonsnitter.

dT = Hbrizontal distance of the cbstecle fron the receiver,

T . B N T T T A
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] dR = Horizontal distance of the obstacle from the trans-

nitter. ' .

9p = dngle obtained by the line joining fche*obs.’l‘sac':lc_a and
the transnitter with the axis of proepagations

OH = '

PR = Received power;

PT = Transnitied power

X = axis = Horizontal axis,along the axis of Propagation.

Y = axis = Vertical axis, placed just sbove the obstacle.

, To _cvalutc the values of the.above integrala, the funcétion
g( Viz + y?) was conagidered té ba constant: The integrals were then
sinplified and the e¢xpression involved Fresmel-integral. But in the
actuai ¢case the functicn g(ﬂx2+ ¥° )} does not repain constants R
For extensive study, the evaluation of the integral ngy be re-cxani-’
feds Fron the fact that all zones in g given fanily of Presnel zones
-have the sane area, it nay be concluded that all zenes contributed
cquelly to the nagnitude of o given integral.If there were no varia-

tion in g(P) with ©, the expression for P would sinply oscilloe

te with constant anplitude as the upper limi? of integral over was
extended to infinity,The monctenic decrease in g( £) with @ prevents
this frou happeéning, however, for it causes the oscillation to be
-daﬂpednghe linit to which the arbplitude convergeg as the oscilla=
tich ceases is half the integral over the first zone alone for the
safe reason that the sun of an infinite geotletric alternating series
approaches half the first tern whén the absolute value of ity comuon

roetio appreoaches unity,

. Next, considering the effect of the variation of DT and Dp
with  on the integrals. Since, the variation of z(P) with Sn , U5
dp and dg is elready such as cause z(RP) to decreasc nonetonically
with the increasing £, it follows thaf‘DT and DR can effect the in-
tegral to an appreciable extent only if their variation cecur ot so-
411 enough ;@b ‘ﬁalﬁes g0 that rg((ﬁiﬂéfili has appreciable nagnitude, -
This hOHQVer; could cccur only for antennasg having directivity pati=—

CrLs SO narrow as to place their entire neain Lobes within the firsé

2
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-

few Presnel zoncs. -As"_: was pointed out earlier that this Joes.nct
happen with prectical antennas in line of sight nicrowave links..
It nay thercfore be concluded that deteiled shape of - thedlrcctl—
vity patt.erné vf the antennas can influcnce the rceeeived signal “

cnly to o ninor extunt,

In this seetion, thce effect of the variation of Drp and DR
with @ has becn theoretically studied, For this purpcse, the dirce-
tivities of the antennas useld in the cxzperiments were considered.
The antennn patéerns are given in ?the original hand--book. It was
found that the entennas were of high directivities, The antennoa pa—
tterns are shown.in figure ({a).The patterns arc approxinated and

linearized as shown in figurc(fb).

Frou the approxinated radiation pattern ¢f the two antenncs
it was found that variatien of the directivity could be assuned to
vary ¥inearly with the voriaticn along y=oxis, when -h ¥ £ o and
0K ¥£7¥ .« The slcpe being considersd to be Oqq and Nop respec—
ti’.i}ely for the transnitting antenna. Fr the rreceiving antenna those
(s;i'owpes)are g and Dpp respectivelys, The rest of the pattem ilece.
Tor > Yy wos asswicd ¢ be congtent, The directiviiya at that
regilon was very low and renained nore or less sane. For this reason .
there vaktues were néglecteds Considering all these factors, the var-
iaticn of the directivity oy be writsen as follows,

s Far - h{y{o 1
R 1
Y/ Op Dp =D+ 2y)  ( Dog o+ mypy )P
_ | 1/2 . L
: o “IDop D opl 1+ myq ¥ SV Dp » Ute nygl/B )
= Vogr/bon+ ¥ (/P + “‘"w\/%:f)s + myp oo Y/AYD L D

O O

= {Dop D+ R, ¥

> SRR R I J ' ' s V
where I{1 = 5 { Hip D OT/D03+ D‘1R /mT)
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2, Tor o<y <y

. 1 1
VD Dp=(Dyg =y )® (D= £,9)

2B Dop = 7 (ppy v/ Dpp/Pp + Do /D pr
+ ( nppnpy /4 Dop Doy ¥

rlc 1 _— L !
where, K, = L ( Opmy Dprp / Dop + Doy Dpy DPT)

b For, .Y‘l(y

vdp D =/D3r D3p

These values of Dp  ang DR is putioed in the original expe

ression., The two integrals are then considered saparately for each

region of y.

t. for the region, - h¢y<o the expression becones,

o
. “‘I‘ ) 2 ‘ (.
[ Dop Dot K1y )Jc\;s ( A% ay<Yy dx Ay
r .

)

CKi : c
Let, =813 =5~ JDorDor = 804
Tp Tn Tp T

Hence, the expression beccies,

i

= -a-QlL % ‘/22 I:(h!) s(h' | /2 [ 1= (sin ap +clos a.p)]

L5

CO

cos ( a2z 4 ay ) dxdy+ IJu.]y cos(ax+ ay ) dx dy



2« Considering the region o <y<y1

S
o | .
[-'rTrp (v Yo %or ~ Kz ‘Y)J cos ( ax® 4+ ay? ) dxdy
L
-0
° 3 oo

i1 ¢ .
{ : .
:-.J(aoz - ap ¥) cos ( axg + ayz Y éx dy
0" oo .
where, ago = Deeers D
o) .
Tp T Vv “OF “or

22 = [ %
r+ ry Y

Q0 &2

a2 €O8 { ax2 + ayz ) dxdy- apy cos (ax2 + ay2)= dzdy

;- ah ’ o - O
o2 A | ' a ) |
—_=c ( u1)... g ( u ) - .'_2 CO08s an in = -
2,0k : 1 - & éa o sE A 1‘

—

I 3. Lastly in the regien, Y, (y , the expression becones,

vD3T L3R  cos ( 2z + ay2 ) dxdy
“jJaB cos ( ax? + ay? ) dxdy.
where, az =‘/D3T ‘DER
. .
= 230 : . £
. {E‘(Oof}-—c(mﬂ—[s(w)‘—s( ut1)]

Let us consider the 2nd integral in the original fresnel

equation, considering the variation of directivity.

1. For the region-h { y &o , the integraticn becones:
o / 0
o 0o

[ ag1 sin ( ax2 + ay2 ) dx dy + W1y sin(azi ay2 } dxdy

'"hl -0 MV

%1 [, o \ a1 | -
T2z [S(h’) + c(h‘):l ¥ ?E\A/.% I:COSfap)- sin(ap)-ﬂ
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i FIG NO. 6

+

Schematic diagram showing knife- edge dif}raction (cose-1)
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el N

2._ Y Hext for the region_ oéy‘g:“ i

8

a . sin ( ax & ay2 ) dxdy + llay sin ( 2x2 ap2) dxdy

c
- Y ¢ o
= i(}_‘lﬂ' [S ( v4) +- ¢ ( .Y%%ﬁ %';"‘/-2_— [1+ sin ap4= cos apﬂ
2a ' B, ‘
"'mle"i‘&,. y?— = JE ¥q

3. Lastly for the regicn, y1\<y\< (4%
. oQ . W

. o0 _
Ja3 sin ( ax% ay?) dxdy
l - 00

Y, A
=,' Eg;r [{3(00)‘“ S(_V!I)} +4c (no)._c_{y% )}]

3.3  NUMERICAL SOLUTION:

Chse— i:

[

At first the nunerical walues of the slopes nqp and npp is

to be found: Fron the radintion pattern of the antennn, it is seen

that, the radiits of the first fresncl zonc produces an angle of

6.2°( tan -1 9.1 = 6.2° where F, =9.78%) and at that angle

91
the directiviiy of the antenna is & AL less than that of along the

Hain axis,
Let, Xq be the db reading alongz the nipin-nxis

(X‘] -4y i n " Ist fresncl

Let, X4 Corresponds to P1 vatts of power

( x1 - 4)« ] " P2 noon .n
3G, X1= 10 log P1
XI...Z', = 1C log P2
o 4= 1010@(?/@2)
29
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or .I.'z./ E1 = 10_04‘-

4
1 - 10 *°° 1= 4 o
°Ty Dyp = h 823 =13

Sizilarly rypis the slope wherce the receiving mﬁtenna

produces such an angle at the first fresnel zone,  the angleiis found

to be, 4 om1 9P _ L1039 = 2,00 °

lere the directivity is 1.5 db below g

‘ 1. 10" 1 1 - 694
hence, nyp= T F = $ 37

._823 .823

Now, the directivity at the transmitting and receiving
antenna at o distance yi1 is 7 db below, than the directivity at
the nain-gxis,

=7
lience, n,p = L where
¥4
¥i C

_ i .8 = tan 10 = . 176

= 7352 9

= 606 oy ¥4 =1.33 ht,

_“Siu,i-larl}.'r, for DZR .

I 1.3%x12 065
251 251 - ‘

- = 70 ST T a

or tan 1+085 = 3.7 =
L 4
i.e. 2 ¢b below the naoin a¥is, '
1-10'.'§' « 33 a .
f ] — = ,28 - T
SO’ 2R 1 .33 1 . 33 e . -
Let us calculate the values of Ky and K S
/%R DOT :

Ky = 1 ( Dynfe— + DOy _____,)

T ]bT - Tp‘\ u.‘.}.- A

' vV Dog i -
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-'=, F(.F+.73) = .55

: Lop
K2 =% (o7 / )
L0
= F (2B 4 608) = 443
_ 7‘ T, 4 rR
Now,  a = z
173,22 Tp TR
_ Ax. 5280 x 12 x342 _ a.sg
173.2 x 3,75 ¢ 251 x 91
Ni - 20
1 * = 1.33 x 1'.903 = 2,56
Kt =h -27?_ = .823 x 1.709 = 1.40
b? = 5, y'=p,
Book L 3 a1 [ NS L.
=" 248 g 1072, L L— = Jorl = 1,83x107°
2, 2a N 24 T Tqory C7
==
a7 ' _3

-Putting these values in thc previcus expression derived,

k.'Ihe first integral is as follo WSS

a) Tor, g y§ o

.428 % 1072 f‘c(n') - s(h")gl + 1.8% x 1035[_1( sin ap + cos p)_[

(.4128 x 10° [ 55 = .71_|+ 71+ 1.83 x 107 5[1.— ( sin 3.1+ cos 3. 1)]

~ _,068 x 107°

L) Por ogy ( vy

.;428‘12‘10"2[0 (7?) = s ( .y,,)],_ 1.9% x 10'5 [cos ap ¢+ sin qp?-ﬂ

| 31

!

Chgieed



= 428 x 10772 [r"%l..—-.?ﬂ = 1,83 x‘10h5_[cos 10% sin 100-13‘

¢) For ri’1\<¥\(oo
2428 x 1077 [( .5 .57~ (.5 - 41)]
=~ -.068 x 1077
. Next the values of the 2nd intesrel is evaluted,

Foxr 1—h\<y\< o

e}, .428 x 1'0_2'[3 (ht) + c(h‘)] + 1'.-83):10?5( cos ap=sin ap-“l)
= 4B x107°[155 4 725 4 1.8 x 1077 [oos 31.1-sin3.1—-1]
5 ST

=~ 539 x 10°
b} For 0Ky ¢ v,
: - o o ) ‘l
+428 © 10 [S(Y') + c(y? )]+ 1.83 x 10 5 [1+ sin ap1_cos‘ apﬂ
- e 107 ['41 * '.57] + 1'93“2"10’—.5[1 + sin"‘.lgo-'-lcos 10] _
> 413 x 1078 | e
c) For v, \<y$ oo

‘428 X 10?3 [(05—357) + -5 _c?r:-‘l)]

it

.008 x 1073

IIGIJ.CG, the Value of the total integral b&'COl’JGS,

£ . . _'n 2 - 7 7
I12 + I22: L( -.068 - 068 - .0068) x10 .:] +[(‘-539:F419)
_ e \ 22
| x 1072}
= 02 x107% 4 918 x 1074, e

= ,938 x 1074
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Case = II:

S0, the expression for reccived power beccues,
Pp o= o ( L12¥ I2)

Wwhere 'CY is a constant to be evaluted. Since, it was net
passible to find the nimmatching of the systém; So, . the effccet
of this nmisuatching is to Le considcored in the value of . which
shculd be sane for both case(received power with and without the
knife-cdge), The readings was taken with the knife-edge: renoved and
21l other conditionsg renaining sane., It was found to be 23.6 db, Fron
the colibraticn of the I.F. azoplificer shown in Fig- B9, it corresp-
onds to .00092 nw i,e, 92 Ww . Now, the expressiocn for received

power is,

‘ 2
2
P = 20(%)2 [S (OO) s 1 (OO)] +[C ( ) + C (Oo)]
or c= 2 x cx { .428 x jo22 ) x 2
o o n .00092 = 12,56

4 ox (428 x 10792

Now, the rocceived power becones,

P = 0[112 + I22] = .12°56 X .93 x 10—-4 ny

= 1.178 pw.
To conpare the roesultsyw@th that of the original theory,
. M 2 2 . . 2
- g =D - .
Fpp=cx2x (v42x 1077 {_E? (o) + ()] +[s(=)+s( n)] }

. - —#‘_7
= i nEOn"K‘W' “FK

pxperiilentatly the fecgived nower was 1.16 u w.

Lot us consider the case when the knife—-edgeobastacle was

placed at the centre ie, r, = r_ = 171n

T R
Fron the Fig-3 it %a seen that,
h 11,13
ts o = &= _= — — o =
W Ep =t Gy = = 171 <065
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- frm - '
wnere, h = P, :\/_T_*: = 11,13 = .93 £+,
_ TreIn
.' + e — o~ QO 2]
ey 8y = 9p =8 = 3,750 =~ 4

Frou , the linearized pattern -it is found tc be 2 &b below
then the gain at the naoin-axisg

1w 407" 2

1% " .93 = -39

Ilcnce DIT =

‘-y; is the distance such that the angle ’

Cg= Bp = 10,5 Tonee, from the redintion pattern
1~ 107°° o ¥

= Il ———r—— ; il 1 = . 8 = ——
Hor = Fog V1 s toan 185 = 17
o34 _ :
= = ,310 } or, y1 = 2.636 %t,
2. 64 )

ncw, to find the value of Dz as previously froo the radigtion

pattern is 18 &b below,

So, _P_1 _ -101.8
133 -
or, Dy =10"+8 - 159

Freo these reaults, the felleowing constant Nay be calcu~
lated as follows:
Ky = % ( nop+ mpll ) = .319
*x 5280 x 12x342

a = = 3,58
173.2 x 3.75x 171x171

'zh /22 o 93 x 1,15 = 1.
" i

y' = 29836 x 1551 = 400

Now, the nunerical results of the Ist integtrols beccnes,

ﬁbr-h\(ygo
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Now,

[fciuce;

c)

-D ; - - '
428 x 10 (_c (h‘) - s(h"ﬁ.;—‘il&B‘B x 10 5'[1-(sin ap+Ccos .:m)l
-2
= .428x10 ° L)5 —:71:[ +1.83% x 10 =3 [1- (sin ap + cos ap ﬂ'
== 068 x 1072
For o\<y<y1 .
-2 T : -
.428 x 10 Lc(yt ) —s(y')_l - 1.93 x 10‘5Kcos ap g+
sin apy -1)]
= .428 x 107% [.5 ~.45] - 1.93 x 107 [:CQ.-S_QP,M+_-'£,_|?1 api-1]
~ ,02 x 10°°
For ' 3R - =3
oT ¥4 T o 2T = 766 5 10
766 X 1077 (.5 =.5) = (.5 ~ .45)
= -.08 x 1077
Sinilarly the valuc of the 2nd integral becoués;
For - h <y(
428 x- [ ( h') + c(h'yﬂ-f-ﬁsxlo cos ap - sin ﬁp-“I]
= 428 ¥ 1,0"','2 [,35 +_71J + 1.83 = 10 =5 [c\,s ap- sin ap—1]
= .539 x 1072
Fer o( MRS y1. . : :
s ' _ o
428 x 10 [c (y') + s(y')]+ 1.93x10 5(1+sin apy=cos apy)
-2 . -5 '
= .428 x 10 [»5 + .'45”] + 1.83 x 10 2 ( 14 9in apy=cos apl)
= 406 x 1072 '
For y1£¥¢ 00 o A
766 x 1077 [(+5+:5) +(;5"-.f+5'}] = +.06 x 1077
2 - - -4 . : -
I, = ( -.068 +.02)% % 1074 = L0023 x 1074
122 = ( .539 + .406)2 X 10'4 = .893 x 10"'4 .

2 4 1% = (893 + .0023) x 107% "= .895 x 107%

35



Now, tc find the walue of the constant as czlculated before,
The free-spoce reading with the obstacle reroved waé found to be 2%4

db that corresponds to « 0008 uw , Fron this value, the expression

.
2o () {[S‘w> re G5 @ o] 7}
10,93 |

becone;

l—d-

L

e}
H

3¢, the thecretically received power beccne,

D, = 10.93%.805 x 1077

= 978 p v

The catculated reeccived power frem the criginal expresgsion

becone,

)
]

|
Vo

[
pas

{L 3@ + o(21)]% + [ + o(nr) ] }

2cx(, 428 x10” ) x( Sk, 71) + (.5+55)

- 1.024 U We

Bxperinentally received power 1is W97 pw.

Cose =ITT1:

In this cese r_, = 25i% »r = gimn

T

Iron the fig, it is seen that,

T = 51 = .039 Ly = 2-7:_24
. - 2.87 _ = 6.3
tan QH = 57 = o 11 g
here Py =h = 9,87" = ,823% ht,
Fren the radigtion pattemn,
"'.5 .
1-10
= e = 4
"R 823 »243
- - "1-10"'_-5
n = @ =id 7
R .8323 = -83
Toi Fnd yy, let us ta.henr oty = 129
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40
Soy, tan 127 = 3T = . 208
y,l = 18|15"= 1052 ft.
. "'.2 .
: 1-10 it o
Opm = TT5s < .244(smce,Q'T = 49)
1--10_”'9
Lo = ———— = .57 ( since@'p = 12°)
1.52 :
Now, K, = ¥ { oy nyy) = .539
Ko = ¥ ( mpp npp) = .41
SR KRR L 55 x 1075 wheme TePr-VR
2a : *
22 a r /rT Ty
22 /R o 2022105, 23R (Lasex 1073 )
2a ea 20 X
As previously,
ht =h /%% = .823 x 1.709 = 1,406

y' o= 1.52 x 1,709 = 2.6
Putting these nunerical results in the Ist integral of the expression,
a)  W.428 x 1Q'2 [c (ht) - s(h')]+ 1,58 x 1077 [1---(sin opt Ccosap )‘_l

$428 x 10-2'&55 - .T1]+ 1.58 x 107_-l5@"-:‘é'(sin ap + cosép ﬂ
2

it

=—,068 x 10~
L) For o g¥ (¥,

+426 x 1072 [e (n') - s(,h')___[- 1,202 x 1077 (cosap1+ sin ap1—1)

= .428 x 10"2[.4 —-.55]— - 1,202 x 10"5 (cosap,+ sin apj ~-1)
5 :

~ , 064 x 10
¢  For ¥y (¥ w0
v 428 x 1077 [(.5-.4) = (.5 = .55)]

= .06 x 1073
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Slnilarly for the 2nd integral,
al Ter = hggré\o

V428 x 1072 [c(h') + 8 (h‘§}+ 1.58 x 1072 (cos ap~sin ap-=1)
539 x 16° +-1.58 x 10—5( ccs ap - sin  ap=1)
539 x1p=2
b) For O\<y{(3{1 o
A28 x 10—2[é () & c@‘)] + 1.202 x go_SGcos apysin op +1)

o

= 407 x 102 4 :

c) Pr y, L Vg oo
- .28 x 1072 [C 54+ (.5-.55}]—
- .02 x 1077
Fron the results calculoted abeve, the values of the Ist
and 2nd integrale beccies,

1, > - (.068 +-.064) x 1077

) A
or I,°~ .017 x 107

R -2
I, = (,530 4+ <407:~ .002) x 10
-2
2 -4
o I,° = .895 x 10

Mo find the censtant *c', the free-space rcading was

such. that it corrcspends tc .8 maw .

$,. - - ’ >
.;..0008.--;=‘r2c"'('-"%'a)2{[9‘(‘°°) + s(00) ] % [ (ol -c(m):l2}

or, ¢ = 10.93%
Sos the received power for the ncedified expression becolics,

ppo=c (1 + 15) =10.93 x 107 ( 895+ ,017)

it

«997  paw
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The received power can be found by using the original

Fresngl cexpression,

10.93 x'2{[s(w) + s(hv)]' 2+E3(w). + c (L )] 2}

- from the

= 1.24 pw
Experinentelly the received power was .98 aw
TABLE ~ 1
Exp.No.: | Distancefbistance[ Theore Calculated [ Experincntal valucs
fron fron rcceived power ! .
Transiui~ | lecciver| Standard Incerpos | Transnitt—~ Received
ter Tp | Th Fresnel Kirdrating Jed Tower] Dower
choff. thecry the offi T P,
egct ¢f . it
|éirecti
Tvity
Case -I g1 251m 142 j2w 1A uw | 8 nw [1.16 puw
Case =IT 171n A7Iw 1.024 pw | .978 nw 8 nw .97 pw
Case~III| 1510 g1 <997 mw [1.240 naw 8 nw .98 pw

3.4 DISCUSSION

Muln object cf this investigation was tc study the DorCunt-
aze deviation of the received Dower betwoen experluentally found va-
lues and theoretlcally calculated v alues(u51ng originnl Frcsnel -Kir-
choff equa ation and codified Fresnel—Klrchoff equation}. A conparison
b&tween the two set

of percentage eV1ht10ns (*oné is between the

experinental wvolues and tho retlcally calculated results fron orig-
inal Presnel-Kirchoff egquation and the other is between the wxperin-
ental velues and theoretlcally calculated rbsults fron pocdified Fro-
snel-Kirche ff equation) gives an idea about the results obtalne
nodified Fresnel-girchrff equatlon. Fron the results shown

in the table-1'it is seen that the average: deviation of the results
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[
obtained from the original Presnel-Kirechoff expressicn to that
of jthe experinental resulis are siinll. In this case the percentage

1
deviation can be calculated as follows:

' it
PR (thea) HLR(exp)

Brror i = x 100
% Px (om)
ﬁdere, PR(Theo) = Thecretically éalculated recceived power
: = R i 3! i o i .
PR(exp) = E¥perinentally found received power
Fron the table ’
1 1.2-1.16
Cose= T 51 = T x 100 = %.5%
- - 1.024-,97 -
Case-ITT ? = 1:024-.98 %100 = 4.48%
| 3 L :
L -98
8¢ , the average error in percent is given by,
€ av = 1 + 32 + 3 % = 4-:51%

Fron the above result it is seen that the percentage devine-
tion is not nuch for cur practicel purpcse. However, the error sho-—
uld be nuch less. The scale nodel technique used was not perfect
and as a result the antenna dianeter was quite comparable to the
first Fresnel radius, As o resuld, the edse of the first Presnel
zecne could net be sgpeecified properly. fisain, when the antennas hove
high dirpective property i.c. whon nost cof the powers are connoentro-
ted in the first few Fresnel zones, then the accuracy fails. The an~
tennes used were of high Jdirective patterns, The percentage error
could be improved by avoiding all these difficulties. Next, congie
dering the percentage deviation between the experintental values and
thecretically calculabed results using nodified Fresnel-Kirchoff
Theory, it can be seen that the errer has decreased rmuch, Pron the

table -1 , the percentage devintion is,

case- T €= 1.178.1_“13.16 £ 100 = 1.55%
Cose=IT E? 5= '97&1_528; x 100 = .82
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0997 —'-98

5 x 100 = 1.7%%

Caso- III & 5=

The average percentage orror is given by,

g’w 1+23+ 3~ 1.5

Fron the above results it is seen that the percentage errcr
has been inproved quite appreciadly. Iocwever, cne inportant point
which is to be wentioned here is that, the antenna pattem was con-
sidered along X - Y planc only. Due to nethenatical collplicacy the
three-doncnsional variation of the radiaticn pattern of the antennas
wera not considered. However, one can easily guess that the percent—
2ge error could be rore less if the three dirensional antenna potte

erns would be considered,

4:1



CHAPTER 4
DIFFRACTION FROM

MOUNTAINS & BUILDINGS
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4e1  INTRODUCTIOL

Mach has been discussed gbout kmifeecdge diffraction of
electronagnetic waves., in this chapter o detail discussicn on the
theoretical and experinental investigation that has been carricdout
to study the diffracticon phenoneng of electromagpetic waves in the
presence of g double-kmife~cdged fiat tcp‘conducting obatacle will
be nade. The theoretical approach.has bsen perforned by using the
cenecept of four~ray theory. Kuunericel resuits were cbtained with

the help of digital corputer ( IBH ~360).

_ Main object of this investization was to study the diffrace
ticn of nicrowaves by skyscrapers in cosiopolitan cities, This was
pgrforﬁed in the laboratory by using scale-nondel technigue, f cond~
uéting structure haﬁing double knife-edge with a flat tbp has been
used as 2 nodel of the 'Building Structure'. This technique (scalo
riodel technigue) have been developed whereby the effeet of various
practical obstacles on the propagation of electroagnetic waves over

the surface of the earth can be inﬁestigated within the laboratory.

Tthe najor adventege of the scale-ncdel tochnique is the easc
with which control can be exercised over tho pertinent parancters,
8uch. as obstacle shape, gecnetry of the prepagetion link, freoquency,
polarization ete, Further nore nodel experizonts are relatively inex—
pensive,considering all these factors, “this scaleenadel tochniques
have been utilised in this investigation. Detailed thecretical fore
ulation and a conplete description of the experinent with the res-

ults cenpared nutually have been discussed in the foellowing scetion,

442 FOLRMULATION OF THE PROBLEM FOR DIFFR.L JTION 1Y MOUNTATN

_ For thecreticel formulation of the probiem of diffracticn
by a flat ~top double edszed obatncle, the basic knife-cdge diffroc~
tion theory and the diffracticn of clectronagnetic waves by srooth
cylindrieal nountains will be reviewed.

4. 20 EN]FEe BDGE DIFFRACTION:

The scalar theory of knife-edge dirfraction by a ccnducting'
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FIG NO. B
FOUR RAY THEQRY FOR MOUNTAIN WITH SMOOTH CREST
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half-plane is based on ’
- a0

(1/E1E2) exp [_JR(L1 +Ro I] cos & - dzuy~~(4.1)

-7 0'1_..-00 A
E is the ficld ot receiver T (Eib-‘T } when o spherical wave

(1/111) exp[ JR ( Ry= Ct )] ig truns_u.tteu fren T1.~ The present trea-
tuent diffors stightly from the usual cne in that the integration is
carried cut over the half-plane AC which is not in general the cone

tinuation of the plane AB of - the obstacle, The plane B'AC goes throu—

gh the edge ﬂ'of the lobstacle and cdevides angle T,AT

4T, into equal

rarts,

The scattering angle ?1 end V2 hos been assuned to be snall,
80 that the following approxizaticn can be considered to be valid,

dy = Dy, dz 2

inother consequence of the assuiption of sna2ll geattering
angles is thet the directiongl patterné of the transnitter and rec-
eives cculd be neglected in equation 4.1.

“The integrdtion with respect to z is carricdout in the

ugual Ehnnor leadlqg tc,_

where, 2/d =1 /a + 1 /a2 S

i T 5 e . 1 ) PR . Lo Y [ e Sl e Bl

|

4.2b .QIFFRACTION*BY’CYLINBRICAL MOUNTALI ¢... . .+ i oofs

Tho case of diffiraction b§ 5‘ﬁbﬁn%éiﬁ A tlwi%ﬁ“ﬁﬂgnbgfhh o
c%éét'}ig iliug%raiéd bylFig; 8 and 9° Tt is assumod that the d"uw‘
nfﬁiﬁf( which is drawn 1ikeé 2 wall by thlckness 2 with parnllel
51u65) is tonped by a half}cylln¢or of radius 'a* with itts axis
through point M, The tangents tc the cyllnder through T1 a.nd T2 _
nteresect at N, CMANC is the plane of reforenco and of integra- °
tion in thejsamei§ensevas in the knife-edge case. The scattering

angle 21;:1+1 +ﬂé' 13 assuted o be gnalliand 4,z 422‘92%?

[t

.Thé3éffeéts”tékiﬁg place in the césélof Fiéﬁ&gudré thé
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1) Rndiation travels fron T1 to ¥ wheré. it acts as & scurce™
of secondary wavelet which irradiates T2, The scattered radiation is

exactly the sane a2z in the onse of a knife~edge nountain.

2) Ladiation travels frono T1'to s1 and is reflected towards po-
int Y where it causes ancther gecondary wavelet which alsc irra-

dintes Tz.‘ u

3) The radiation fron both sec¢endary wavelcts Lentlonea in (1)

and(2)1s reflected at S, to.reach T, via path-YS T2.

Hence there are four different paths along which radiaticn
can travel from Ty to Tp viz Ty Y Tp, T4S) YTp,T1¥SoTo and TyS{¥SoTe-
The ftotal scattwing field at T2 can be obtained when the integral

in equation 4.2 is replaced by thu four integrals.
JR/4 aj’

E =°02L1d2 =1 xp[(-JR (R+H)] cos @ dy

+ P \ Liv(sy} exp [a;JR ( Ry * r, + R, )] cog 9 dy

Yo ~c0 : ,
+f)?J(£iV(S2) oxp [uJR ( Ryy T 3 ﬁ cos @& 2 dy
1 o : .
) i - Y 3 3 T a L ] 1 ]
+{J iv(s,) piv(s,) exp [ JR(R 1+ TybTse R 2% cos 0,4y
¥ , .
This“equation requires twe explanation,

1) The factor indicates change of phase and / or intensgity on
reflection. It nay be shown that for perfect conductor = 4 .7 for
vertical polarization and £ ~1.0 for horizental polarization,

é) mthe intensity of & bean which is reflected by o curved sur-
faceis reduced due it's energy being spread over & wider angle. The
divergence factors Div(s )} and Div(sg) representing these intensity

losses for reflections nt Sy and 8, are given by, .

- D1V(s = 1/ﬁ//1 + (1/? :éf ?jil )

where %, ande, are the angles of incidence.

4.3 DBIPFRACTIOR DY SKEﬁCRAPERS UQING SCALE MODIIL TECHNT QUE:

4e30 FORMULATION OF [iB y'ROBLEH:

Se fer, the diffraction by a mountain with snooth eylindn-
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Experimenta] Setup for

studying ‘Diffraction Phenomend’



ical crest have been discussed. The diffraction by the above nentio
ned chﬂucting obstacle( a nodel stricture of building) will be di
seussed now, The fig-10 illustrate the diffracticn.phenoiiena. It is
aésuued that the conducting obstacle has twe edges with a flat top
gurface botween then, The length of the flat top surface being infie
nitely extended atong the plane passing Hetween the transnitter‘and
receiver gysten., The width being four inches i.e. the cdges naoy be

¢onsidered to bhe seﬁarated by four-inches distance( about fecurn),

The conducting cbstacle has two vertical sides €.« the sum

face 4 A% D B', The planc ¥ BB!' lying along the surface BB! had  been

assuaed to be the plane ¢f reference and of integration in the sanc
senge as in the knife-cdge case. The scattering angle was assuned to
be suall i.c. 4,2:D,; d.>~D._.
8 at = ] D1, Qa D2
The effcets taking place can be c¢xplained as below,
fron Fig—10,1l

1) Radiated wave travels. froo the transaitter T, to Y (the point
is on the planc of reference) where it actks as a source of secondary
wavelets which irradiates T This scattered radiation is sinilar tc

case of a diffraction causc by a knife-cdged cbstacle,

2) The radiation travelling fronm the transnitter T1 towards the
edge A is diffracted by the edie, where it acts as a source and irra-
diates the reference surface YRB! Jdere, aogain they aet as Miygen s

sources that irradiates the receiver T2.

3} In the third case, the radiation travels fron T,» towards the
flat top surface of the clLstaclesThe wave is reflected and acts as a.
seconcary source lying in the plane cf reference. These secondary

wavelots than irradiatéé the receiver T2-

dence, the three different paths along which the radiation

can travel froa Ty to T, arc as follows,

2

(1) o, Y T, (2) i Y2, L:.(3) T,X5 T,[+h %o ~(h-hg)]

- Fron the above four-ray concept and the ray paths as doescri-
bed, the expressions for received electric field can be written as

ginilar to the previcus case(diffractioh by smcoth ¢ylindrical noun=
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tain). Towever, it will be shown later that the contribution for

the rays travelliﬁg along the poth T,A YT, will be negligible.The

1 2
detail analysis of this approxiuation will be given later., So, under

the above assunptions the integrals can be written as follows,
o ;

i"/4 e :
e Ra . i ] ‘
= 24, 4, 7< CXp [-Jh (3f+ RZ)] cos eody
r-(h=hy) - -
+ lexp [— R ( rt AT, + R )} cos 8, dy}¢
-h

In the above expression the diffraction from the edge at

A has been neglected., This approxination can be explaimed froo the
"energy" point of view, In the idegl case, the cdge at 4 is a sfra—
ight 1ine zlong the z-axis.The power that is diffracted by the edge
A nust be less than the incident power at'the edge, Afain the inci~
dent power depends on the surface area on which the power is being.
incident. In the limit, the cdge at A is a straight line, the total
incident power will alsc very small. IIence, the diffracted power
will be mwuch less. Congidering the above nentioned fact, the diffro-
ction due te this edge will be neglceceted.

_ The first integral represents the scattered field at T2,
due tc the diffraction by the edge at B and duc to waves

propagated through the unobstructed region,.

The 2nd integrol requircs scne explanations. This integrals
represents the field at the receiver, for the rays those are reflec-
ted by the flat-top surface of the obstacle.The factorf indicates
change of phase and/or intensity on reflection. For a perfect éon—
~ductorP= +.7T for vertical polarization(electric vector perpendi-
cular to the flat top surface) andfP= -1.0, for hoerizontal polo-

rization{electric vector parallel to the flat top surface).

"The linit of the integration has been imposed fron{-h) to
u(hpho) . The justification of this linit nay be explained as follows.
Tﬁe pigne of reference on which the "Hygents scurce has been consi
dered is the planc YBB', The ray ccning fron the trunsnitter T1

and incident on the flat-surface at the point just to the next of
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the edpe o Will'be reflected‘and appears at the point 'P* cn the
reference plane., Fere, this cen be considered to be a secondary wavos

let which irradistes receives T The rest c¢f the rays incident on

thé flat conducting surface andzthan reflected by the surface alsc
serve as a secondary wavelet on the reference plane that irradiates
the receives Tzq But a2ll these points are below the point 'P' .Hence
the sources thaot have been appeared in the plane YBB' due to the
reflection fron the flat-top surface must lie Lelow the point P.So,
the 1linit of the integration should be confined fren =h to.—(hnho)

where BP = hge.

To express the integrand in teri of wariable ¥y only, 1ot us

congider a goneral case, Let a ray freo T, incident cn the flat-top

1
surfacc at a point X(Figﬁ 11J and is reflected by the surface., It
acts as a Hygér's source at. pocint S fron which the secondary wave-
lots irradiates the réceiver T2. The ray traversed along the path

:P1and r' The peint X is at o distance x frono the point B. Fron

2"

the above discussion the following relation can be written fig- 11.

il

Tt J% + d -x )2 + Bl
5 /;&-+(y+h.)d

The relation between x and y can be found as follows at the

!

it

point X,
7 .
d1 + d -x _ -
h ~ ha+y
oT, Ayt d - x __h
X T ha+y
h :
O?’ X = ZEI—H-—Ly-:y { dq+. a)

4e3b:  TRANSFORMATION OF INTEGRALS:

The first integral of the equaticn pay be evaluted as in the
knife-edge: case, The behavior‘of this integral may be anolysed, It is
gecn that at large values of 'Y' the cxponent oscillates very'rapidiy
Again  at higher values of ¥ the angle cos & increases vary sharpiy.-
So, we nay expect that main contribution of fhe integral cones fron
suall values of ¥. Under this approxioaticn the path léngth R1 and R2

2



dah be approxinmated to be ( & do+ yz/é(d1+ d))and ( d2+y2;/2d2);

But this approxination can not be pernitted in the sccond integral.

Lere the path length r, = LN (v + 12 can not be approxinated
&8 before. Since, nain contrivution of the intepral coues fronm atine
11 wvalues of y, ot which values ( $+ h) is quite comparable to

that of *d* , So, the evalution becones difficult,

Again , as in all the integrals, nain contribution of the
integrals cotles from snall value of y, so the consgine tern enn be
neglected, _

For, the problens enccuntered in the evalution of the in-
tegrals, the expression have been sclved with the help digital coop-
Cuter{ IBM'=360),

Under the approxination assuned above, the final expression

can be written as follows,

2
/(c. + d -+ v o~ (d4+d) + y2f 2(dj+d)
R2 /d2 +yo e a, + 22,

=/(ap a-x)% 4 n

r'z;// x2+ ( 4+ h)2

__ h+ ¥ \
X = 2h+ v ( dy + d)

2

Using the above relations, the final expressicn for clect—
ric-field received a% T2 bacones,

: oo
3% g [ea |
B o= —3 d'/4 J/E oxp [=dR { (24 yz(dﬁd)*d'awzfgdzﬂdy

1 2
-(h‘h'a) ‘:Jh | _1é_
P exp[ -3k { [(apa - 2{1—15( @ +2)2 3 17
Y + [(y+h bty Iy. (’i1+d)"2 ]?+d2_+y2/2d2}} Yoo - - - - (471)

where, h is the radius of the first'FTesnel—Zoqe, where the obstac—

los were placed to deternine the obstacle zain.
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4e3¢ NUMERICAL SOLUTION ( COMPUTER AIDED) s

Since the equaticn 4.1 can not be put into any standard forn
50 the expresion was solved with the help of digital couputer( IBM-360),
To conparc the results with the experinmentally found valueg, the in-
and d_, CO-

1 2
rregponding te the three pesiticns, where the obstacle was placed du-

tegrals werc evaluted for three different vatues ¢f h,d

ring cxperinent. In eachdcase, the cbstncle was place at the edge

of first Fresnel radius t0 observe the chbstacle gain.

Let us.consider the evalution of the first integral of
‘equation 4.1, where the range of integration have been inposed frouw
- =h toed ; Exanining the exponential function, it is observed that,
due to the presence of the y2 tern, the frequency of oscillation of
the functicon increases as the value of ¥ increases. As a result, the
oscillation of the exponential function increases and the function,
craips ot higher values of y. For this reascn, the exact value of
the integral cannct Le evaluted with the help of the conputer. Iow-
ever, the problemn was solved by uslngsraphlcal nethod., For the purh
pose, different values of the integral at higher values of y were
printeds then they were pletted with real and inaginary valucs ale
ong twe perpendicular axis, comu~-spirals were obtnlnee. Now, the
centre of the spiral glves the value of the lntegrnl at infinity.
Thus the final values of the integrals were obtalnee fron Fig 12
and Fig. 13. |

For evaluation of the second integral nc .such difficulties

has arisen, since the linit cf integraticns were of finite values.

The results of the computer progranning have been- given
below, For coipleteness o sariple conputer progran for the above pPTo=-

blen' has been included in the appendizx -
The received power is calculated fron the results obtained
with the help of digital computer. Threc differant ¢ases are descri-

bed separately for three difforent positiongef tne obstacle placed
between the recelver and the transﬂltter set;
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Numerical results of Ist Integral

COMEUTER ~ RESULTS

d 247, 87"

dp

i

It

91, 263

-

Real Values Inaginary values Valucs 6f Y(in inched)
=0,87345686 E 01 -0.76212530 E 21 | 30,00
<0,86021433 E O1 -0, 73566065 E 21 | 30.00
=0,83472490 E 01 ' =0,72064209 E 21 | 30,60
«03,80518179 & 01 =0,72205257 E J1 | 30,90 -
20, 77133141 B Of = 0,767%6755 E 21 | 31,49
«0,77868052 E 01 -0.79599094 E 21 | 31.79
-0:80095606 E O1 -0.81539707 B 21 { 32;09
+0:83031845 E 01 - 0,81858463 E 21 | 32,39
-0{95614519 E O1 -0,80427322 B 01 | 32.69 .
-0.86884985 E 01 -0, 77763023 B 21 | 32.99
=0:86354799 E O1 -0.74860172 E 21 | 33,29
-0.84214449 E 01 =0,72830057 B 21 | 33.59
~0:,81287308 E 01 -0,72470894 E D1 | 33,89
-0. 78729506 E 01 -0.73936968 B- 31 | 34.09
-0,77576141 E O1 | -0.76649189 E 91 34449
~0,783%10251 E 01 -0.79502630 E J1 | 34,79

- =0:80633256 7 01 -<0,81307039 E O1 | 35,09
~0483582726 E Ot -0,61289730 E O1 | 35.%9
-0.85877361 E 01 ~-0,79446020 E 01 | 35,69
~0486512032 E 01 ~0; 76572539 E 01 | 35,99
-0485193071 E 01 ~0,73943233 B 01 | 36,28
£0.82505379 E 01 ~0,72749939 E O1 | 36.58
-0,79676714 E Of -0.73550%6 E 01 | 36.88
-0,78027840 E 01 -0.75982933 E 01 | 37,18
-0:78348341 § O1 ~0,78903151 B 01 | 37.48
~0:80435806 E 01 -0:80906433 E O1 | 37.78
-0.83429785 E O1 ~0.810076662E 01 | 38,08
-0.85697737 E Of . ~0:73145012 B 01 | 3,38
%0;86152296 § O1 =0: 76246710 E 01 | 38,68
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Case - I d1—..= d2=' 171n

a) Calculation of the rcceived power in the presence of the

obstacles

in /4 g '
e kd . e . ,

= ¢y ( =11.14 - j8.5)

N g XA kd
W C.:,I'G, C-l = 2C11d2 ~

Sincey the received power is proportional to EE*,

v, ( 11:14% 5 8,52 )

il

-:. .' I"ﬂ*

C'y x 196,35

b} Calculation of the reccived power under free-gpace cenditions

When the.obstacle wes reioved, then the linit of integration
of the Ist. integral should be extended fren - ogto +op gince, the
function is an even cre, so it is only necessary to find the value
of the integral having linit fron O to op . Hence Hhie received clectric

field under this condition becoues,

SR/ D
Ez'g"_'g—d1—d;/-% 2xj(exp{-:JR(R1+R2)} dy_)

a
= 0 x 2 (- 3.9 =3 3.7)

U

Sc, the received power Peog BE* C'1 x 4 (3‘02 + 3, 7)

ety x 116,56

Case-IT: di = 81", d, = 251

2} Caleculation of the received power in the presence of obhgtacle:

The received electrie~field sirength is given b
’

V4
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E = 02“{ ( =8,2 =~ 37T. T+ T(~1.%.41) = Co(9.53-37.4)

The received power P2OCEE%' = C“2(9.532 ¥ 7.42 ) = G‘2X'145;55

b)Y . Caloulation of the received pover under frée-space propagations.

The received electric field. strength is given by,
o]

C, x 2J§jexp E‘-—jk ( Ri+ R2):| dy i

=
li

PpBE*= ¢y x 4 x (3.35% + 3.642 } = o1, x 97.88

© Gase Wo- ITI: 4, = 241n 2, =91

ay Calculation of the power received in the presence of obstacleﬁ

The received field-strength is ziven by,

E = (53{( -8.2 = 3T.7) + .7(4.98+ j.159)

i

Cx ( =9.59 - j7.59)

3

b Power received under frec-space propagations

Sivilarly, elcctric field is given by,
0o . .
= C; L2J;§ekp [-.gh (R, + R2)] dy} .

= C03x2% (-3.35 -j3.54)

3]
!

The received power o is given by,

P, ER¥ = Oy x 4 (3.357 + 3.64%) = C x97.868

3
4:4 RESULTS AND DISCUSSIONS:

To find the cbstacle gnin i,e. power gain- over thelfree—space

. Propagation condition, the ratic of P1 to Pé is to be deternined. This
~ratio gives the obstacle gain for three differept position$s To colpare
the results with that ofgéhe experinental values,_bothxresgits(theor '

retical and experinentql)'are tabulated in table No-2,-
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TABLE = 23

No. of Experihental ; " Theoretical i
jcases (Free Spa=}Reading QbstaclelObstacle | Field stren~|Field gtrendObstacleé
ce readi~(in pres—lgain in gain gth in free jgth in pre={. gains!
ng in db jence of ¥ db . space sence of
‘ {cbg in db obstacle
. '10 log) . -
P Py | r,/P . P P Py /2
2 LI D 55N 1752 2 1 1752
Caso- T| 30 db | 52,9 | 2:9db | 1.95 |cx115.56 x196.35 | 1.7
Case-TI| 30 db | 32,5 | 2.5ab | 1.75 0,%97.88 Cox145,56 1.49
1 CCI.SO'—III 30 db 32‘5 2h Sdb ’ 1( 75 c3x970% - CBX1 49! 58 ) 1 . 53

Fron, the above table one can easily cbserve that, theory
and experinent ¢onferns nore or less fairly. Therc is however snall
discrepencies, The procbable reassons for this discrepencies arc discu-

gsed belpwe-"

Perhaps one of the major cause of this discrepencies, is the

negletgence of the diffraction cdue to the cdgewA. It-has been pointed

out that the diffraction due to this edge wes neglected for matho

natical coumplicacy. It is probably that the scattered electroungnetic
waves from th¢ cdze A adds in phase with the dircct received field-

strength resulting an increase of overall galn,

The sccond probable couse of this diserepencies was the

finite dinensicn of the conducting obstacle. It was assuned that

the conducting obstacle was infinitely extended along transverse-dircc-

tion, But in practice the conducting obstacle was abcut six-fect
long along the transverse—direction.

N The end edges of the diffracting obstacle night act as a
diffracting edge and scattered olectrrmagnetic waveg night add in

phase at the receiver resulting an increanse of over all goin.
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Anong other causes of the discrepcncies, the basic optical
approach night be cne of thern, It has already been nentioned that,
this approach is aﬁ approxinated ond simﬁlified approach, It docs not
consider the characteristics of the diffracting edge., then Va diff-
raction due to a sharp—edge was found, it is imnaterial whether the
Gdge iz a conductinsﬂedge or'an insulated oune. But in practice, the
case is not so simple, When there is a conducting edge, the upper-side
0f the conducting sheet is excited by the induced current which o=
diates electromagnet1c wavegs. Thig radlatlon fron the penunbral ro-
gicn of the conducting -sheet is caqplctely neglected in the opticalw
‘theory, In this jproblen also, sinilar radiation from the vertical
'side of the conducting obstacle facing the receiving antenna nmight'

ocecur.
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CHAPTER 5

AN ALTERNATIVE APPROACH

' BASED ON FOUR-RAY THEORY
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501  INTRODUCTION:

Tae expression in equation 4.1 has been deduced on the
bagis of sone siuplifging assuaption npentioned earliors, In this gcow
tiocn an attenpt was made to deduce -a conparatively ncre accurato o
presicng Iﬁ the pfevious approaeh, the diffraction due to the edie L
was meglected. The. justificaticn of this approxiuation has slsc beeh
described LeforesThe present attenpt is ﬂlso based on the Presnele
Bygcn's prlnClple. In this case, two refereace surfaces hove TLeen
consicerel in place oqulngle reference gurface. as in the fopner

cases

5.2 DASIC APPROACH TC THE ’?’lOBLEM $

It is essuued that elﬂctrrmurnétic wave tronsmitted fron the
prinary source ;1(tr,nsmlttor) reachos the surfoce -1, (Pl 12)which
is o vertical surface just anVe the e"e'n‘ ¢ Hero, théyracts as a
seccndary scurce and radiates wavelets in all directions, ALl points
on.this surface aects as a gource, Fart ¢f tae radiation travels divew
ctly tc the surface -2 which is g vertieal surface just gbove the
edge B and part of the radiation travels tcwaords the flateconducting
surfgee and then safter Lelag reflected from the cunductlng gurface
irradiates the surface~2, PFrou surfaee-2 they radiates SGGORA“PT(teYh
4iary} wavelets which irradiates the receiver T,, The opproach 1g
Rore accurste than the forﬂcrono, ginee no “ppr011untlon to the (iw
ffrocting edge has been congidered, The matnematlcﬂl foriulaticn of

the above view point is deseribod bakows

The conducting surface has twe vertical sided,The side AT
and side BBt{Piew 12)are the twe reference surfaces over wiich the
scurces are consgidered, The effects taking place ¢an be oxplained as
follows(Pige 12)

1) Radiaticn trevels frowm the tra&smittEr‘TT to ¥ tho point
on theféwrfaééﬁf) vhere it acts as g scurce of secondary watelots
which irradiates oIl the points on the surfacce~2, Or present puﬁi
pose, at first only cne point ¥ will be comsidered on the surfacewl

which have reeeived rediation froum ¥', This point ¥ agdin acts as &
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gource ¢f radiaticn which then irradistes the receiver T,. The point

2.
T receives scattered radiction from all points on the surface~ 1.

2)  In the next casze, radistion trayels freod the transinittor
T,to ¥t ond tharadistes gsecondary wovelets towards the flat conduce
ting surface of the obstacle where it is refleeted towards the point
¥ dying in the surface-2 whereit sznin acts as a source of racdigtion
2-

Hence, there arc two different naths alons which the radin-
] I o -

that irradintcs.the receiver T

tion ean travel fron T1 to T2 » The paths .are ag folloup,

D oY T,
2) Ty¥i x YT,
Frer: the above coneept of four-ray theory and the ray npaths
as deacribed, the received electric-field ean be found froﬁ the foll-.
cwing expression using the Fresnel-[Lirchocf diffraction theory.The

intesnals con be written ss followss—

h‘d?..h - "y -
1 . . .
oo a0 0 _r—; exp [—Jh r3] E:c-s (n2, r2)-cos(n2, r3ﬂ dztayr azay,

Ty + Trty o '[fj'h(r1 tror Ty BEOS(mﬂr-i)-cos(n.'-, r2')_i'

—
H
L

T3

The gbove intezrations need sonme explanation, The first intce -

A exp _jkra[;os ( na,r3)—ccs(n2,n3)"Z'dy‘ A28y w - - - (6.1)

grat _represent the received field strength due to direet trangnissicn
of the waves passing over the cbstacle.The tort: within the 2nd broeket
of the igt integral represents the field=gtr:ongth received at point ¥
(on surfzco=2) due tc secondary radiation from a peint Y'(on surfrce
=1} .™e rest of the tern represcnts the field strengthersceived at
receiver T, fren the point ¥, But, the poiﬁt ¥ _receives radiation
fron 211 peints of the surfaoce~i, The received field-stroength ot T2 .
depends also on the inclination faetor at ¥ i.e.. the receiving ficld-
strength at Tzlalso depends on the direction in whieh the ﬁoint T
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roceives signal fron it's source which arc pcints lying on the su
face =1. So, in crder tc evalute the integral, Gneican not perforn
the integration of the function within 2nd bracket independently,
because in that case it is net possible to deternine the direction
in which the point ¥ receives signal fron the point ¥', In order to
avoid this confﬁsion, the evaluticn of the integraticn should Le such
thot ot first the rceceived gignal due. to raliaticn fron 2ifferont
points of ¥ which has been cnerzised by a single point of ¥!' ghould
be ¢aleulateds Then the siuilar precedure is repeated fér Giffercent
point of Y i.é.'mathenatically the integration with rESpeqt7to ¥y and
2z should be perforned first and then the integraticn with respect to

' and #* should be perforned,

Satiey treatenent alse hold for evaiuation of the 2nd integral,

Eviluation of the Integrals

In order tc¢ evalute the integrals, =21l variables inside the
integration sign should be expresscd interns of independent variablds
¥y2Z,¥' and 2! where y' and y are the vertioal axis lying in the sur-
face=1 and 2 respectively and z' and 2z axes are perp. to the plane
of the papers Froc vhe geometrical confugsration the following rola-
ticns can be establishedi-

2'+Z

1
r1=(d21+y' 2)F

¥, = {dzl* ( v=y" ) ( 2 -~Z’)2-} 4

L
z

= (a2 2 2
vy = (45 + ¥+ z°)

1
z

38 = [( vy + hY% z—Z')i‘iz* Xz}

d
D=t ) e (gen)? 2\ ?
27\ 5+ (d-x) B
- d

x = d{y+h) Ay+y'+2h)
B d, 4,
cCs (31,1‘1 ) = ;-— =

1 (d12 + 24 22);%
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! B g

Gos (iH, rﬁ.- -3 = P ; ; T
(@ (g=y) ;’('z-z)%
a : e
i ! o ! - _
j Cos (nz, 1‘2) = -_1‘2 = ) ! . 3
{d + (7=y') + (2 -2") }
. a od |
N 2 2 ,
ety ry) = - ~5 = - 1
273 2 (d22 + yo . 22) z
o (d~x)
Gos(nz,rﬁe)z - LQ%%) = - - . VL
2 (T+m%+(bzﬂ ﬁ&ﬂ2 L
' 2 +‘(d-'x) v
a4 9
x X .
) Coa (n,,rt, )= . = e 3
: 5L
, © i {cy-» h)2 4(z-2t )" -5 4 } 2

7 Putting the above reletion in ecquation{s.1)}the equeticn
tasz very ccriplicated form. The expressicn can nct be oxpressed
in terns of any standard foru .However, the integretion 2ay be

performed with the help ¢f digital cemputern,
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CHAPTER 6

THEOF\’ETICAL BACK—GF\’OUND

OF THE MEASUREMENT OF

: DIEI_ECTF\’IC -CONSTANT OF SOIL
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6il INTRODUCTION:

There are varicus nethods for measurcnent of -dielectric co=
fistants at nicrowave frequenciesjo « The choice of nethod depends to
a large extent upon the type of work CuntGK?l ated, nethod which is

gatie «factory in research is scnetines not workable fmr routine Le-
asurenent and conversely. A€ain, ancther fact which is to be congi-
dered about the preparztion of the sailple, an operation w1lch often
ﬁakes nore tine that the actunl process of measurcnent is not suitae
ble for a series of neasurenent .Thus a nethod requiring rod—=shaped
sailples 1s albost inpossible to use with certain type laninates,
which are crdinarily supplied in sheet fornm » but ¢n the other hend,
free spoce nethods which requiré fairly large shects are inconvenie-
ent when the temperature and hunidity are to be centrolled or whon
the naterial is not available in appreciable quantlty.The choice of
nethed is likewise influcnced by the Erowerules of the naterial it
sclf, aopart from it's forn or aveilablity; for exqﬁple, those with
losses are not zlweys conveniently treated by the'methods uged for
low Yoss noterials. snother riogt iippertant iten influencing the wti

lity of a given nethod is the cost anc avaiiobility of the instrunents,

Censidering all these factors two different nethods have )
been adopted for the nmeasurenent of dielectric comstant of soil. Tﬁé
flrst cf this nethods is the "Measurencnt by transnission in frec—sp-
ace”, The accuracy of the results cbteined in this nethod ig VOry iss
uch sensitive to the bprecise measurcrient .of the strength of the ref-
lecticn signal fron the sanple and also on the naturc of polarization
cf the wawves; The seccnd nethod is based on the principls of wuve—
guide uaqsurgment- . In this nethcd :mfornatluno abﬁut the stron th

atf the standlng wave-ratio . and shift of the field strength maximan
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6r ninimen are necegsary for complete description of the real and
inaginary parts of the diglectric constant of the faterial filling
i |

the weve guide section,
w2

6.2 MiTHBMATICAL TIIEORY OF THE MEASUREME{T_E_

2a: Measurencnt by Free—space prop&gdhpn

Aoong the two uothouo digcussed above, the theory of the
flrst uuthod d.e. "Measurenent by transvission in free-gpace™ will

'be discussed first. The basic theory behind this meaaurlnb techni=

que is the well-known Fresncl-reflecticn Theory,

; In thls groceuure, a trangnitted waves is allowed to inci-

dent an a largu block of diclectric ( to be Jcauured) having suffi-
¢ient thicknoess ( since dielectrie is congidered to be lessy ), so
that ne wave can penetrate very deep in to the dlelgctrlc slab:. The
wave is allewed to incident on the sample at a finite angle, the re-
flected wave is then feceived w1th a receilving systen zond the str-
ength of thig blgnal is neasured, Fron, the neasureuent of the trans-
nitted and received signal strength the dieleetric constant Was Cop=

leulated,

Wen the ‘reflecting surface is plaonie,the raggitude of the
cleetric field vector ‘Br'af the reflected weve ig related tc the co=
rresponding nagnitude of ineident electric ficld vector Eé’through

the Freancl fornulas as follw 30.

Horizontal polarization,
EEﬁ ,nt,SIH Ot Cosr'Q:.L - ni 31n,©i cos 9 B o
R, sin Oy Coa © + U, sin Oi c0s Qi

vertical polarization,

Df‘gut”Sln 0 Gos Qi*‘, igln Oi 208 Qt . L
Y g st 9, i . 20 0
t_81n-ot Co t‘Ql + Sin Ol ] %

IS

Where, B; and E% denote _n les of 1n01uun0u and refractlcn respeo—

t1vely,;¢ and € ars the lordeabllltlcs and pcru1tt1v1ty with ‘4® and ‘¢’
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identifying quantities as neasured in the nedia centoaining the
incident and refracted wave respectively . Using the Snellts law

c¢f reflection we know,

11 sin o =-1[Kell‘sin@tl

Putting these values in tho nbove expr9351ons for By and
ginplifying ,wWe flnd
llorizcental polariZation,

' ST D o
B s V&Y cos 05 o pif fk ‘2_|'1ci|2 SLi® &4
M Jki| cos @ 4 }li\/ |k1,| “ ki2 gin€ Qi

Ei

Vertical polarizntion, _ 7
€l cosBwE Sikt)® w1k 1 2 sina,

ét]Li] cos Qii-E ]ﬁl | k4 l sin 01

i

For cur present purposc ny and pg  can be considered to be saﬁe and
equal toMp , the free-space value, In the above two experirent thcre
are two unknowns &t and kt « Klowing the values of Er/E for both
types of polarization, we can easily solve for €y dngd ﬁf « S0y the
problen of finding the dielectric constant reduces to find the ratio
cf electric fieclds ( ReTRected/ incident} for beth types of polarize

ation,

6i2b: MEASUREMENT BY VSUR TECINT QUE:

In the second nethod g section of the wave—guide is londed
with o proper dielectric seiple.The sanple may be tapered for nate-
hirg purpose, However, when the salple is a lossy cne, then u51nb SU~
fficiently long sample is an chvicus sclutien to this problen; It wos
observed that the scil -sanples when sufficiently long prevents any
tyre of nisnatching problepy Now, the reflcetion cerfflclent(mag-
nitude and-phase) was ncasured for the syster, Fron this neasured
vslue, the dieclectric constant was calculhtuu So, the prObl»L cf
finding dielectric constant. reduced to find a relatlou betweon the
refleetion co~efficient( both magnitude and phe oe) and thc &leleé-

tric constant, The theory 15 desgcribed bulo..m
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Ihc_a boundary conditions that are to be satisfied-at the

- murface of a discentinuwity in the properties of the nediuc are that
the Yangential conponents of the clectric gnd nognetic fields tust
be continuous. Supposing a discontindity: im a wave-guide such
that the plane of the discontinuwity is perpendicular to the axlq
Re.2 5, %as;

where the integral is taken cver the cross~section of the guide,

of the guide; The power flow down the guide ig P =

Nowe, Hy tust be continucus accross the interface of the tyo die
clectrics; whoreas the wave imedence 2.‘W © will change discontin-
oiusly, Therefore, it is clear that there m:st be a refledted wave at
- the interface and this will be sufficient to satisfy the conditicns
at the boundary. Moreover, the equivalent inpedance that correctly
describe this reflection should be chosen proportional to the wavos
impedance. Tence, the equivalent circuit representing the discontie

nuity is sinply that shown in Flg~-A

The standing wave ratio'r* ig the raticn of the 1L13ec1ance
taken in such a way that r>»1 . The volue of the wava-inpedance

for B ond H npades are #iven as belowge

¥
ZH-= JUA » 2B = : ioc-oonuiut(6Q1)
Y Jw K
For the casc of no loss i.es in nediun (1) this reduces to
7\
o SARA 3 2
H: 23 ¢ 5 2p= Ay

where A is the wavelength in the mediun ond € is V/“/

¥hen the dielectric naterial i.e, mediwl@ydisiossy as in
this case, then wave inpedance bedones compleX. It's value can be

calculated frém the corplex dielectri6 constant (B' =jt") as followgie

Frou Eggintion (6, )

zn:d‘?‘:f ETY whore cooplex propc.gatlon congtant ))_q‘.;..}‘q
ory, L e D N
. .Y LW EY
= L gt BT 2y 2 ( 1% 73 ‘—'5'—'_';2—“”'—)
P . .
W +W? ' + 25"526’ 2 Pz 6"



Howeverj the above expressions for ZR and 25 con be transfortied o
o sone-what nore useful forn in the follo ving wa.y( gimce; we arc con

-cexned with . Only TB-node, only 20 will be discusaed h‘e:‘re)é

- 25‘3_ /_/E( 1+3é—tm5('§?j_)_
AVeEe T+3 wn25(2
Nornalising this inpedance w:i.th that of neliwa({)
€ 1+ 37 tan §(Ng/ A )2

Zr(n)
61+-1- tan2 s (Ag/ A )2
where, tan g = 'g’
Again putt:r.ng, /Aﬂ = S where P = ( 17\\' )2

(1 - p o <
the exparssion beecnesy _ _ 3 '
= 1+ § % tan 5 ( 4= ;_-ﬁ)i R
Z]-I(n) - qii 1+‘i_ tﬂnz ST 1 } lll-...'--(—6.2)
. . 1~ o
where, R = & /60 = Real paft of the Lllelectr:r.c congtant,

To express the cquation(6,2) interns of neasirabic quepltities i.e, row

flection co-efficient, We use the following I‘Ol'ltlo ’

r : Z}Iﬁn) -1 B+32 tan 80 T8 SRS te -}tangsr-r*- J- 1
Zuey 41 145% tonS (cl_ s/ R+ 4 tan@‘s(1 g9

Now, for practieal purpose , considering the material tc be such lossy
g0 that tzm28 can be neglected, after s:n.unpllf:r.mt:.on the relative di=
ecrkeetric constant ( real part) can be found ag followsy

R ~ (t+7 ) =4rip

=~ o Y 2 wiere r; = Irf
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CHAPTER 7

MEASURING TECHNIQUE
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7u1 METNOD -1, FREE-SPACE MEASUREMENT: -

Tilat  EXCERIMENTAL SET-UD

The experinental setup for neasuring the dielectric congtant
by free=space neasurenent ig shown in Mg-14. For this purpose, two
horn=fed parabelic antennas wore used. The -antennas were nounted
on wooden frames with an arrangencnt such tizt they could he focusscd
in. different directions along wertical plane i.e, the axis of rotatlon

‘Was horlaontal.

In the transuitting systen gunn~diode was used as a gignal-
gencrator, The gunmn~diode wos connected with the ‘horn by means of a
co-zxial cable thrcugh an attenuntor. The nttenuntqr was used 1o sepa=

rate the gencrator freo the asntenna. A frequency-neter was also uscd
to measufe the transnitted frequency. The transnitted frequency was

frund to be & GHz aond the output power was 10 nw,

In the receiving syster, the received signal was fed to a
directional coupler while the other input teruinal of the coupler was
fed by o leeal-cscillator{gunn~dicde). The output of the directional
ccupler was fed to a crystal detecter for tuning purpose, fron which
the detected tuned signal was fed to a I-F camplifier-having intorrie-
diate frequency of 20 MC/S. Thus the roadlng of the I=-F oampll “ier

was proportional to the received signal stronsth.

Telbs DBASIC PRINCILE OF THE-MEASUREMENT:

The besic principles of neasurcments used were as followseAt
first the twe antennas were placed ot a distance of about 150 inches.
The recelved signnl strensth was observeu for direct transmigsicn as
Qh“wn in Fib.13.ANoxu, the sanple was placed on g tray hoving 6ft. by
Gft, sides and Six-lHChES deep. ”he trays wcs placed at the centre,
The tran8d1tting hnd thJ rbce1v1np antennags were fooussed towards
the saiple as shown in Fige 14, Then, both the antennas were adjust~
ed (focussed) pmperly for optinun readings, “he experlr_.ont WS TepCom
ted for both types of polarlzhtlﬂn(norlzontgl and’ vertical)." The" pola-

rlzatlon of thc ‘tronsuitted wave was changed by rOuatlng the feeder
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(horn-antenna) of the tronsaitting antenna through 900degrees.F&om
the difference between the two readings, the ratio Ep/Bj ( for both
types polarlz_tlon) was calculated .Since, only the difference betwecn
the two readings are nceded, nisieteh of the antennas with the sighal
generaters, scattering phenciaens and treanscitter-receive i cocupling
effects etc. are cancelied out in both cases,However following assus-

tion were necessary for thc Deasurenent,

. 1) Sirce, 3ain object of this 1nvost1;at10n was to find the
cffective dielectric constant of the gsanple, so the existance of any
surface roughness of the sample that causes scattering will be consi-
dered as absorption due to surface anéd will be included in the dielec—

tric constant,

2) The sanple thickness was 6f six-inches.It wos sssumed that
the nost of the incident wave was reflected by the surface of the
sauplce gnd the rast of the waves that are transwitted through the
saiple was not reflected back by the metallic surf«ce of the tray at
the betton but absorbed coupletely while travelling through the sozple.
The assuiiption was qﬁite reasonable,Thus skin depth nenetraticon was .
calculated with o typical velue of the senple, and it was found that
the transnitted signal strength deeays very ropidly before they reach
the betton of the tray.

3} The shading—cffects due to hurns of the tws antennas werc
neglected. As this effect was sane for both - ypes cof readlnﬂﬂ(dlruﬂt

" and reflected) so the effects cancelled out.

C Y T flnL the reflection—coefficicat Er/El, both the incident
and reflected flelds should be neagured ‘on the surface of the sample
or the neasurenents should be such that the direct and the reflected
fields should fravel.same disvance from the surface 3f the 5amplc to
the point of neasurcment, The assunption is quite reasonable, as it
is-a known and egeepted foct that Leth Bp and By decreases as the
inverse of the distance travefsed. S0, the ratio'( Er/Eij neasurcd
Just at the surface of the sanple and the ‘ratio megsured at a finite

distence fron. the surface should vield same result. The -pssuiption



Lade gbove can be proved analytically.
Let,

Ejpq = The signal sbrength at a peint trt fron the transnitter

Ei2r1= " f 1 o n 121.11 " "o n

Biyp = il 1 " no. " T n "

Brej = - 4 b " Just on the surface of the sample after

' reflection,

Erppf= The reflected signal strength after travelling distancje*rii

ffom the saiple,

In the fig s let r be the direct distance between the trongnitter
and receiver, If the incident ray could travel the digtance *2ry,?

thus the siinal strength was given by,

Ei2r1 = 5z Eir
1
Fow, for validity of our assunption, the fillowing rélaticn are to
be proveds

Reflected wave neasurcd after troveling®r'y  from the sabplas

Incidont signal neasured after traveling distance!2ry frot: the
tranahitiers

=1P1 = =

e
The left-hancd side of the equatione can be writtcn as follcows,
Erpct 214 1Pl E;r ' '
= ——rtd approved)
Ei2r1 rl__ | = Ej_r‘] I p* ( L
2ry _ - :
—— EiI‘-!
i

Under these assunptions, the reflection coefficients for
bath type of polarized wave was measured, Then the Rresnel relation

- for reflectien was usoed té calculate the dielectric ®@onstant, The

cxperiitient was alsc perforned for neasuring the dielectric constent of

water undér variocus salinity condition, Finally, thé dieclecctric cons

stant of s0il wds neasured,
The tablemshows the dieldttbic congtant of Wioter under

various salinity condition,
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AR : - , 1
Qality 18alinity |Horizental polarization Vertical wolerization o
fin de muiFrec space|water reflector|Freo spacefwater reflecd

- - tor €
l L
Fresh £ 46,5 ab 14.2 ab 47.0 b | 43,7 db 43.4
Wator 31,6 au 29.21ab 23,654 20.50db 70.0 |
Saling g 600 wv| 32,9 ob 30.6 db 33,8 db 3.6 db 67.22
Water :
26.9 db 25.250b 30, Gdb 26,4 b
Saldne 26,8 b 25.504b 30, 2db 28,2 @
26.8 b 25,7 db 33.8db 28.8 db
|Water 20,000 ny~ 28.0 db 26,2 b 32,0 db 30.3 db :
28.4 ab 26,2 4L ;
27.2 db 23:0 db
llax -roadings are listed
Bs4 ab | 2602 av 33,8 ah 30,3 db
— ! ;
. B
The gxperinent wos then repested for neasuring the dielectric
constant of the soil., The experinental detas are tabulated in table- 4.
TABLE =~ 43
@antity |Materimt ‘!ﬂqri'gontal Polarizatjfon‘ } Velft:i.'q?.l Polarizntion ;
] §Free~spatelSoil reflected Free-space]Soil refloetod, &,
'LOO\G ‘ e e s ‘ b '
Packed | VIV SoAl 1327 b | 27 @ 246 | 15,0 db | 1.7
Loose  dppy goil 34,3 db 2643 db :
packd o 30,5 db 25.4 db 33.5 db - 15.0 ab T.35
| 32,0 db 25.4 ab
f
lbeose o -
f'packéf’i Dry scdl 3G db 27.4 4db 4.0 db 8.0 db 1.314
[‘ .
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7.1¢ "DISCUSSION:

The results moeasured for water was ncre or less satisfactory..
It waa observed that g8s the salinity of the water increased, the dim
electric constant decrensed gra wduallys Thie is the general property of
ﬁny netericl,Due to the lﬂcL of accuracy, the losses in water cculd
not be neasurcd, Fron the mpresslon given in cquation~ it was found
that the coauuct1v1ty of waugr depends grestly on the reflceeticn co=
cfficients It may be shown that there nay be 20 to 30% , variation in
the rosult of conductivity when the reflection comafficient for both
polarization devices froii the actual result of the order of ,007: But
the prelative diclectric constant is not that nuch sensitive fo the ro-

flection co-officient, This was the nain draw-back of the procedure,

Frod, the results found for soil, it nay be seen that the
relative dielectric constant of the scil is cuch less than the stane
“ard one. This variation is due tc loose pasking of scil, Since, the

péreus nediun and the reflec—

o

80115 were packed loosely, it acted as
tion frou the scil asurface was nuch less «figain, due to surface rough-
ness the reflected wave was seattered in 1ifferent directions, Lli
thecse factors résults in a'decreased field-strength in the roceiver. As
a result the relative dielectric constant Hae a tendency to preceed
towards unity, So, tho neasured dielectric consfant was nouch less

than the typical values. fThese difficultics 1dédus to adept gnother

method described in the next scection,

Te2at EXLERIMENTAL SET-UP:
7e2  HETHOD =11 -~ W.VE-GUIDE MEAiSURBIENTS

The difficulties cof the previous method 2188 us to adopt ~no—
ther nethod for accurate neasurenent of dielectric constant{ of Dol
gladesh scil). In this procedure the soil was treated as lossy di-
clectric uediun and a standard wave-guide secticn was loaded with
the soll sanple. The wave-gulde was e101ted.for pronagatlon of 1E1O
‘LDQE- The reflectlﬂn coefflulcnt fbr the wnve at the alr dlelEctrlc
zlnterfnce was neasured by wuve-gul*o technlque.The sc0il sample ha |
been treated as a fmurupolo terﬁlnai. The output termxnal has becn

considered to be terminated by a matched load hav1nb sane impedance
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as that of the characseristic irpedance of the wave-guide, This has
Leed done in practice, by taking sufficient length of the scil same
ples Zince, tic sauplc is a iCgsy one, so the wave is absorbed by

the sanple before it reaches the teroinaticn at the far-end,

Uptc this the basic cutline of the experinental procedurc
have been discussed. It is an accepted fact that the success of an
experiuent is solely dependent on the aceuracy cf the neasurenent,

In this case, this accuracy is nostly deperdent on the successful
Freparaticn of the soil sanples. Fer this purpose, the sauples should
be &ollceted from differvent places s¢ that cne can find the behavior
of the differont sanples. Next, the techniques of preparing sanples
should be such that, the depenience of dielsctric constant on various
perancters of the samples can be studied extensively, 4s for exclple,
.Soil densities fron different saiples should net vary widely, Because,
if it happens so, one oigat be in a anbiguess position, since it would
than be difficult to deternine whether.the variation of dieclectric
coistant at o particul:-r frequency was due Lo varying the types of
scil or densities of s0il. So, the techniques of preparing spuiple is
an dupertant faect to be considered, The nethod of collecting saurles
ant technique of preparing saiiples suitable for wave~guide use hawve

been discussed in the next scction,

7.2b% COLLEGTION OF THE SAMCLE:

e to lack of adequate fund and transport facilities exten-
sive saplo collections as required for a conplete investization of
such a topics was not possible. 4 few representative sanples were

collected fron Zifferent places os discussed later,

It has already been mentionadbefore that, cne ¢of the nain
object of thid experinent was te prepare o radic-data for 3angladash
801l at nicrowave frequencics( J & &band). Since, statistical avera;e
is the nnin feature of this experimzent, so the saoples should be eo—
llected prOﬁuriy fron ulffurcnt places. For measurenent of soil
characteristics of Dacea, soil soryples from(1) Mirpur (2) Engineering
miversity Gampus (3) Jeylevpur (2) Narayangamj,ond {5) Tongi were
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collected, In each of these places sanples were collectad fronn threc
different spots and each of about two hundied yeards apart and nixel

theroughly to get the average s0il charackcristics,

Sindlarly, sseoples fron three difierent places nanely(1)
Chittagong Hilly arca(cChittagong Contonment area) (2) Mittagong Port
area (North potenga),(3) Chittagonz City area (Chittagong New=-Marked

)/here collected

arca)y Sarie procedures were adopted for ccllection of saiples fron

cach of these placcs.
Besides this,tcken senples were collected from Conilla, and
Noakhali district., These were collccted frem Dowocd=Kandi and Feni,

The collected san;les were prepaered properly to pack then inside thc

wave-guide,

T.2Cs TECHNIQUES OF PREPARING SANMPLES:

Special techniques were used to prepare the soil -sauples for
packing then in%o the wave-zuide. A%+ §imst, the soil saiples fror
cach places werc nixed with known quéntities of water to umake then
pagty -, The percentage of water added(by weight) were naintained cons-
tant fer all tyres of sauples. The pasty samples were then placed irn
gizall polythelone bq The polythenc bags were prepared such thet

ahea area '

they had same-surf"ceA,as the inner surfaceacf the waveguide. Thon
a stooth wocden piston was usced to press the samples, so. that the
s0ils are packed pr@perly inside the wave-zuide,The density cf the
paciked soil, off-ccurse depends on the pressure delivered by the piston,
The pressures were tried to naintain constant thrcughout the preparaticon
of the samples, It has already been nentioned that tho wave-guides
were Io#ded with sanples of sufficient length sc as to avoid reflec—
tien fron the termination of the wave-guide section, The front face
of the sanples were nade as amooth and vertical as possible, The wave- |
guide section loaded with the souples was tien fixed at the cutput
terninal of the universzl carriage. After the experiment being per=
feroed, the shnplus were ‘then placed 1n the Open qtnos-hore for
sufficient tine 80 ag to avaporate all it's 301sture The sauplaé ﬁere
weiszhted again and then placed inside the w&ve-gulde sectlor for ox—

-perlhunt ‘The traHSVersc dinension of the scuples shrlnked cue tog
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ﬂryness;-Howevef, the change of dinensicn was nct ouch. Frono, known
ﬁeight; the densitics and necisture contents of cach sanples wcre calw
culateds Thus  Inowing the percontnge of roisture contents and den—
gsities of the samples, dependence of the valucs of dielectric cons—
tants on these paraieters were plotted, The neasureients were perfora

ned at different frequencies{ X and J bancl).

'7.2d; HMBASURING SET UP ANDT EXCERIMENTAL P 0CESURE:

- The experinent was perforied in th: laboratory of the depart-

bent of electricel engincering. The prccouuﬂe is known as Ma genor ral
nethod depending on reflection™. In this muthod the sanple ig ploced
inside the reetongular wave~guide scctions. The length of the soil
saiiples wepe sufficient to avoid reflection fron the ternination of the
sanples. To prevent any short of geraches and danages of the inner
gide of the wave-guide section, the soil samples were placed in
thin polythenc bags and then the wave-guides were lcaded with these
saiples. roper care was taicem, so that scople-surfaces were perpen—
dicular to the wave-guide,fhe input terminal of the wave-guide secticn
was ccnneceted to a universal—carrisse whcre netellic probe was usoed
to neasure the reflecticn coweffieicnt. The probe picked up  the
clectric-field intensity and W ~fter being; defected by the crysial
detector the signal was fed to g standard standing=-wove indicator,
to determine the stending wave ratio, Loplitude nodulated signal was
transnitted for this purpose. The input side of the universal carrs
age was connected to the signal gencratcry through an adjustable att-
enuater and a frequency -neter,The whole experidents

were repeated for complete J-band and X<tand to cbserve the frequency
dependence character cf the sahOples, The experinmental éet—up is shown
in fig. 15, For determination of the coanplex pernittivity of the scil
both the nognitude and position of the standing wave pettern was neco=
gsary. Unfortunately the position was not deternained accurately., So,
the inagitary part of the permittivity was not determined, This ings.
.ginary part is responsible for the conductivity of the material, For
this reason, tec get msonc idea abcut the cunduct1v1ty of the nao terlgl,
the dec conuuct1v1ty of the s0il samples wers Lesgured as sh“wn in
Fig- 16,
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In this procedure, the sa;ple wag placed.in a wocden frahoe.
Twe—-sides of the sanple was pressed by cdnducting copper-plates fron
which wircs werc connected to the input terninal of the wheat-stone
bridge to measure the unknown resistance ot the sdmple. Galvanonster
was used te observe the null-point of the bridgeecircuit.liow, fron
the rclation R = Pl/A, the resistivity was calculated, from which cone

ductivity was found, The datas are tabulated in table no. 3.

7.2C ¢+ A FEW SOURCES OF ERROR: -

Perhaps the wost widely kmown of the wave-guide nethods is
that in which the standing-wave ratic is ncasured directly by standing
wave indicator. Despite it's general acceptance this nethod haa ceripin
shcrt conings. The possible sources of errer are out line hera,

DEVIATION FROM SQUARE LAW:

In the first place, it is assunmed that the input of standing
wave indicater i.e. r~f defectors obey square~law. But in practice,
the detector obeys the square-law approxivately and often the vol—

taze ¥ fron thé detcctor isg
VYo EX

Werc E is thc clectrie-field in the r~f line. Ifd£2, such
a relation never gives true proportionality of r-f power and reccives
realing and it is apparent that both the nagnitude and the percentage
errar approach infinity with standing-wave ratio, nc natter how small
the deviagtion of & fron the ideal value 2 may be., Nor is it sasy to
ccrrect the error by evaluticn of o€ by sone graphical uetho&s, for oo
ié likely foﬁdepend en field strength over the wide ranges enCoUn—
tered in the present‘bpplication,. gince a detoctor sufficiently sen—
sitive tc respond to the ninimun is usually cverloaded at the naxinumn.

The error increases when high standing-weve ratio is to be neansured,

However, the errcr can be nininized by the application of an

attenuator to reduce the simal strengtn,

2} TMPURITY OF GENBRATOR CUTRPUT POVER:

It has been .assuned thrcughcut the foregoing discussion that

only a single frequency is generated by the scurce of r-f power. The
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cutput power of iodulated Kystron does not satisfy this conditién,
however, but gcne tines has ccuponents at frequencies different fron
the fundanental,This behavicer is the result of inpgoper ncdulatio
of the goeneraior, it is quite different from the ncrual preacnce of
harmcnies in the frequency spectruc of a pulse. It is of intcrest,
however td investigate the effect. . - =

s A Mathcnatical investigaticn
ccan be nade, As described in j-f-T , the r-f power is not present
sinul tencusly at twe frequencies, but rather cnc frequncy cxists
for alternate pulses of the modulator, or one frequency at cne point
of each pulse, o different frequency at a later peint of the sance pu-
lso.fbr approxinate qualitative computation, therefore, ytowers are
added instead of aaplitude, and'the moter readeing is assunced to be.
the suu of the values fer two individual friquencies, With such an
approach neither equal rescnance. of the cavify nor equal sensitivity
of-the receiving systen need be assuned, and in adldition, the power
need not be equally devided between the two frequencies, If the load
reflecticn is independent of froquency over the giall variation in

questioﬁ, the,

1 1 1, xR 2P af  \&-
(sv®)2 (a2 =5 14 P2 ( f
hgeasured SR ¢ mpel™ ® o

gives the deasured standing-wave ratic at a distsnce X from the inter-

face in terns of itts true velues and the ratiof32 of received powers

at frequencies f, £+ af ,The aloveresult was obtained for dircct
ﬂeasureuent of the power standing -wave ratio as the ratio af max1vum

to ninin
3} WALL~LOSSES:

Another type of error Lay be encourtered duringineasurement,
whaich is known as wall-loss. This iz the losg introduceﬂ by the wave—
guide which has been neglected so far, This locs is not the sane with
the filled as w1th the enpty guide, for nbt cnty  are the encergy rela-
tions changed by the presence of a diclectric, but thoe field in the
sanple is often o stending-wave field raother theon the tqublIln g-wave

field fornerly obtained. The errcr is accordingly not cancelled by the
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bridge procedure as would perhaps be expected and special coupogi-
tion is necessary. If the enpty ruide were conpletely loss leoss,

( tan é:ueaéﬁred) = Ctan gsauple} + (tan EWGll}

Would bLe obtained when neasuring tkhe transnission of the safw
ple contained in e picce of the actual lossy guide, The cendition
of the zer:c lcss, for the enpty suide uny be situlated if the subs=

titution is uade,

t =t ' ch o) E-—-M ), (tsl_? Swall)\/ 1-P ]

Lieasurad A
and hence woll losses way be readily corrected where as tané%nll is
. . Ny . .o
known.Tc deternine this parancter, t'is ncasured with twe widely

different longths of enpty guide, wherc-upcn the spproprisnte forn

AVE- P ton t

7~ Rd

of the ecquation,

t('].n. = -

g 2
o (tan®§ )
with-R= 1 and t = ratic of tranenissicn, gives the desired result.
Since, the loss is of concern here rather than R, the lorge nath diff-

erence used for finding tan 6‘ with consequent nagnification of

- wall’
the offect of frequency drift, causes no undue errer in norual practice.

4e BRROR DUE TO DLEARENCE BITWEEN TIE SAMCLE AWD THE GUIDE:

Another sources of cerror is the clearencc between the saiiple
and the guide, which is necessarily present to some oxtent in all
ethods not carried out with the sample in free-spoce, Although the
exact theoretical results arc available for the situation illustre-
ted in the Pig=9a , it suffices here to give the cupirical cguaticng

k R -1) _%T_.+ 1 ’

truc :_( rieasured
whichk has been experidontslly varified in 2 nuobor of ccuses-( Rf—4al
The stated deyendeﬁce on b' is suggested by the uniformity of the
B-ficld in the vertical direetion; that the result is substantislly
independent of a' for small clenrence,. follows fron the fact thet the
field is zero at the sides of the guide, Correcetions for clearence
nay be given in other cascs, for exnitzle, for round or co—-axinl wave-
guides, althéﬁéh it is ususlly nccessary to assune that the sample
is centcred for en cxnect theoretical derivation. Tt oust he néntioned

that errors fron clearence can be greatly reduced by usc of a node
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in which the E-ficld is tangential to the inner surface of the guide
‘ at allApoints. Thé field pust then be nearly zero at the edse of the
sabple, and hence, fcr all dimensions, o reduction of error iz cobtai-
ned vhich is dinilar to that ncted in connected with dinension at s Al
exaijple of such a node is the TBip-node im circular wave-guide, which
was sugrested and actually'used in ( Rf Ba )} as a neems of elinminote
ing this scurce c¢f errcr,

7e38 CLASSIFIGATION OF TiE NATURE OF SOIL SiMPLES:

| 30 far, the peasuring procedure ard it's draw backs have been
discussedsIt has alrendy becn nontioned thaf, the variction of dielectric
constant with respect to the frequencies heve been chserved, curves have
been plctted having diclectric constant VS, frequéncy . It w;ll be she
own that scie peculiar nature of thoese -curves haowve been foundsTo oxe
plain the nature of thesec curves cne should have at least some idea
about the chenical cornpositicn of the.soil-samples that have been invest-
igated, For this recason, ninenalogical datas of thé soil-samples have

bheen described,

Sc, befere egoing into the detail discussion of the results,
that have been achiwved, a Brief nineralogical study report on which
80il- classifications and scil-constituents cf Bangladesh are baéed
have been given, This repcrt have been sumnerised from o paper publi-
shed by HeCuJi Huizing(F A0 4ssccinte Export) in 1970 during & ro-
conniaigance study of the mineralegy of sand froctions from Bangladesh

gsedinents and soila,

Without geing into detail discussion of the Dangladesh soil,
a bricf results of the nineralogial study will be presented here, Most
of the sands appear to have boen derived from a wide variety of rocks
and in consequence, a high dose of percentage concentration of diff-
erent nincrals is found in the soil. To classify the types of soil,
different minersls species have been grouped togather to forug, rs
far as possiﬁléi natural nineral groups. A4 short descriptizn of the
textuarsl claégifiéafiqﬁ and wechanical corrrosition of the invegti-

gated scil hasg bewn given in table 4,
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C - 3011
; 4 Parant Textural Mechanilal Coie S
[a's 18 i " ' ~3 11 Serie
nge %iiizofl Location and fClasgific~ Colour _nglf:on ReTLES
s tion | Physiography [ation Clay gilel Send
- L i M ot ks : » el
" monti Dceplq weather City Clay gt:ong%y mottllg 5% =05} 115
~-cd fodhupur Yeld and gray !
Lay
Mirpur jModerately weat lottled Pale :
2 | Top soilthéred ,Modhu- brown & Grey segh | oend | AT
pur clay '
Grey, ueakly, B -
5 Joydev- | Digraded Mod- mottled with 28% 654 Th | Chiata
pur hupur clay brown & white.
Deeply weath- Red=brown mott~ y ot
4 Bigg. ered Modhupur led with grey 5%e 0% V7%
Varsity| clay
| Chitta-| Deposits of |Fine sandy- Brown with some o y " 2
5 gong Hilll Deyn Tila |[loan gray motiles 127 155y T3 ﬁlﬁ&iﬁ
area(cardt}) formation = sakds
Chittam Piedment Fine Sand¥ Grey, weakly B”;Jv1_ﬂ
6 | gons podt all;:.v:].al loan “mottled with 126 | 30| seghy PRITIMT
Area. P a}n nrown
Chitta~ | Recent piéd; Loamny finel| Grey,weallly
7 gong ment alluvium| sand mottled bLrown
Toun Loany sand . 8% 8%| 84% Foanak
Area
Feni(5s Piﬂ 01d Meghna | Silt loam Grey 20% T0¢% 10%- Tippara
8 ‘éfgngog-_ Estuarine |
Prunk Rd flood plain
hawood Young Meghna )
9 {pindi Deposit,middli Silt loam Grey 25% | T0% uldi
Megh?a‘flood-
:_D' 2110 .
Narayan-Recent Brahma~| Ctay loam
10 ganjy putra depogit (}Q%m 051%3 1ng- 35% 55% 10
nixed with ModpPutra alluyial
hupur Clay  |+clay of MTH- ' o
: hupur clay
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The table-shows the classification of the 1nvoct1fntéd g1 Lo
sanplus. Thig Clas“lflC”tlbn has been gurf rJ»ﬂ cn the basie of soue ex-
periments done by the departnhnt ¢f Bangloadesh scil survey offico
undefr the supervisicn of Mr. shahidul IslaL\Asstt Director,Banglodesh
goil survey departuaent) . For eonvenience e, a physiographic map ”f Bang
ladesh has 2lso been shown in Fige17 which indicates the various claoso=
¢8 of 80il déscribed in the tsablo-4,

On the basis of the above classificibion cnd a nineral<fogicnl
ropoert publishoed by'H.C;J. Huizing (F A O Associate Bxport), the niner: -
logical ingrédients have been roughly estiniteds The estination heve

been shown in the table 6,

TiBLE Gy

Codofﬁg. Hon trans-|igsreg=|Teavy Mice Alkali-'Plggio- \ parba- i
of © lparent ate ninersli field [cby , - hatey
Saiples spar |
S
1,2, 3,4 11 w25 .8 11| .S 2.0 I -
5 ' 7 1 1 2 12 4 P
8 £ 1.8 5al 10 13 1 -
9 4 1 2 71 2 %1 ‘ I
vkﬁiﬁ___}__ ' ¥

Frci, the above toble it is scen that in nogg cascs, the largost
cgﬂponént of the scil constituents arc gdartz and in sciie enses aro
nica. Loong  other congtituents, non~transparent naterinls and nlkali-
fields-par arc main.roicépt fhosc canstituﬁnté there nay be sonce gases
which nay ncmally ba trappod in the perfo r-mted s0il ganples, However, fo
explain the nature of the curves cbtained, one should have a couplete thom
oreticnl iden about the nature of the vnrlation of pernittivity of sases
and solids with the applied frequency of the electronagnetic fields, For
this reason, a brief discussicon on the var:.a{::.:)n of the pernittivity

wlth frequency have been prescented in the anpcldlx—
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MODHUPDR CLAY

Density y-agp gm/icc
Moisiure 44-4 /.
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~14
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frequency n GHz
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TABLE 1A

“fc,':z to's | 10 95 |85 |90 | Bo |75 7-0 ! 65 &0 55 | 50 | 44
4-3 | 44 ‘5 | 58 50 64 72 | 52 ' 548 59 {59 81 100
43 |44a5 A5 |5gs |42 |63 |74 |56 | 552 6'0| 59| 82|loo
4-3 {44545 | 58 |49 | 63 7-3 | 56 ' 5-38| 605 59| 82 |10}
45 |45 (4715|632 |5i5 |62 772 |43 1 -5 | a4a62| 47 | !5} 95
495 |46 |48 | 62 52 {62 73 | 4-5 56 4 [ H4'75| 5@ [l0o©
04 4495 475 :T—'_'f 5-35 —5‘—':8“76'15 &7'4 '-4.*5 . é:'q 5-q -4 4 & 10-0
E 45 47514973 ‘;;a_ -5"8 "-6_1_5. ‘—I—.';— 5'6! &3 &2 4q-2 1-3| 10°'58
> 45 |19 {48 |54 515 & 2 7.3 ;-e 635 62| 45 73| 1058
455 4| 42 |58 5 2 62 7-2 5.5! ¢'3 6z 45 {7°35| 10°%
3 g as 4-1—5 58 -;;';:_ 6o |15 | s ;' 5-5 ;-e 43 | 7-4 tle o
3-75| 4-s5| 415 | 59 4:9 &0 74 5-03 55 5 & 74 oo
AVERAGE ‘
Sov | 406 Aq | a-46| 5 72| 5 08| 612 736 | 544 571|574 | 4ag7] T23|/0°05
pa) 05| ‘63 | -g45| -7TQ2| 67 'Tz 76 67 -70| 703 | 66| "76 ‘B2
K 10°a16| 11as | 1t-ee|13:49 |12:a7| 12-92{ 13 0616391857 1666 'io"o3 ISo03|t3°9%
TABLE 1B (pRY)
2-3 129 | 35| 30 3-2 3'514-71 |33 ] 33 |35 3'05 4.7 | 6°9
25 129 3-i5 | 30 3451 3-7 q-7 34 3:495| 36 {325 q-65] T-!
o |55 29|30 |31!'5!304| 38| a6 |335 340|335 |3°25{ 45
5\ 26 |30 | 2°92;3'55 | 30% 3‘857_-4-‘_5 3.9 | 33 | a5 |3 |48]7 _
> -6 |3 0129 |36 |35 |40|455|33| 35| 36| 33|45
2:65| 305|245/ 3'58 |3:071 | 32 | 45 3351 3-4 355 3258 45 71
AVERAGE
S.| 2-ar| 2796| 3701| 313|312 1 3-79 | 459 3'36| 339} 3'54| 3-2 |a57|7 02
R -42q9{ ‘495 | '501| "Sle | - 5i5| -582| "642| -541| "544| 559} '523 692|751
41 {54; |519 |4 5450853t | 564|741 691 6°¢63|4963|6-32] 739
Keo, |4021529 508|446 | 427|520} 5521724 6-75{ 6°48| 4-53| 618 | 7-22
ENGG. VERSITY SOOI L
ThgLE 1A ——»Moisture 144
Densily 1'96 gm/cc
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',' \\ Density 2-2 SM/CC
! b ' Moisture  12-97
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TABLE. 3 A

iH": 46 | 50 55 &0 | &5 |70 7'5 ] g'o 25 20|95 lioe-o|10°85
06|72 |63 |©5]| 57 |505|7T3 | 66 | 59] 565 5.1 | 522| 522

o lo'g! 17 62 [ 6°5 58 | 5-1 8¢ | 7°0 5 { 57 4'8 23] 4°86
to's | 7'6 | 25 64 | 58|52 (80|68 ]| 57|57 49|52 |50

2 to-7| 821 67 | 68| €| ug| 74|68 54| 5444|875 53
D Yiog|o2|eas|6s|s5¢ |41 |17 ]| 70| 54|53 44|45 505
> lice|82|66|66|5e|ars| 11|71 [ 56|55 | a3]ars]sos
107 83|67 |67 |57 |47 | 76| T0| 56| 54| 4254852

AVERA GE
5 1061 79 ] 6-a6| 6571} 569|429 |776]| 6°9 | 5:6 | 553|4a'59|4-35|5 08
R ‘83 | ‘775 | 13| 74 | ‘'t | -66 | 'TT}| 75 70| 69| +64| 66| 67
K te'tl | |71 | 1e-72] 22-32[ 1858 | i5-27]| 14'6 | 16°55{13-48 | 14-40}i2-28| t4a-26|15-92
TABLE 3B (prAY)

51 335 | 332 3021 30| 278 | 40 41 308 3-3 29 130 | a5

5:2 | 326 335|315} 30 (29 | 395 415 | 3-i 34 129 |30 |25

g 58 {3°¢ |36 |305| 3t {30 (41 |37 {305]| 315|295/ 295/ 2:4
g’ 54 |37 |34 |31 |30 |29 a1 [3n|308|3i3 |30 |29 | 25
52 |34 |33 |31 302|229 (40 13g 32 | 302|286 |30 | 255

G-t 31 3-2 1 306|305 )| 30 40 | 3°85 | 31t 30 22 130 | 25

AVERAGE

5 5°'3 | 343 336| 308|358{292{403}3-89] 3:1 | 317|2-91{2'98] 249
o "683 | *549 [ ‘541 | "510 | 5631 ‘890|602 | 590 512 | "652( | "488| ‘497 | 427
K 461 | 3231371351677 571 { 4'52| 5'55| 463 | 526 4:88| 5461416
kc 4-5) 3°B5| 366 |5-05{T7-52 | 558 4'4‘5 543 4-53| 515 ] 4°78| 5'34| 4-08

TABLE A <

SampLe From Tonci

Density

Moisture

2°2 gmjce

94

12

04
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154
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RELATIVE DIELECTRIC CONSTANT
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FE NI

SILT LOAM

Density
Moisture.
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2259/
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TABLE 4 A

fnn ,
en, 4@ |50 |55 leo |65 |70 {75 |go |85 90 |25 100105
it'2 |83 {75 (67 [&62 |59 |83 |74 |59 {58 |56 |57 50
o |tV |82 | 74 68 |e2 |59 |81 |73 |57 |59 |58 |sg |42
> |18 |96 76 8 {65 |sg |78 |70 |55 |58 |53 |54 |50
w |[11e |26 {75 [ 7066 (585|788 |12 |57 |57 |53 |54 |50
> |l 1te los | 77 70 [ 635160 |79 | 11 5¢ | 58 |54 |55 | 495
g | 95 78 |68 |66 &3 7795 T1-1 57 58 | 55 |56 | 50
AVE RAGE
S o4 | 212116 | 685 | 64l 596 723|718 | 568 |58 548 [ 55T [ 4-9715
£ | 84 ‘80 | "767 | 745 |73 |-713 | T77¢ | "756 | ‘Jo | 705 | -691| ‘695 | 665
K 18:33122-2 | 23:33| 2346|236 | 2302|1534 | 1747 | 1349 | \617 | 1616 '7-98 1542
TABLE 4B (pRY)
54 370 (32 0 |28 [26 |30 |28 29 25 | 2-1 [ 248 | 2-4
o 55 |20 [32 |ao |28 |27 302(29 | 295] 25 {21 |25 | 27
3 53 31 | 335 | 31 2'8 |28 |306| 26 | 2305 | 2'§ | 205|255| 2°¢
N 495 | 315132 {30 |27 26 | 305|227 | 30 | 26 |24 2’5 | 25
o | 5% |®o | 325|322 |28 |27 |304|28 | 30 | 27 | 215] 245|235
' 55 | 3! 318 | 31 | 275 | 265 30 28 29 | 2¢¢ | 22 | 255 | 2745
AVERAGE
S |53 |306f{323(307278|2¢68[3 03277297 Pz-sz 2-12 (25 | 253
o 683 507|527 |'5-09 ‘471 1"456 | "504| 469 496 | 448 369 429|433
Kk 461132145 |51¢g |48 4 °8s xﬁi‘ag 3161 413§ 3-75; 282} 3°99| 428
Ke |44z [3-09]4:31 |4'94] 460 465|279 30439632 60|2-72|3-83| f4-11
SAMPLE FROM FENI RIVER COASTAL AREA
TABLE YA = Density 2'0 gmfcc
N Moisture 22-597
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TABLE 6A
éH: 46| 50|55 |60|©5 {7075 |80 |85 |20 25|10 0105
go|4s|as [385] 383|338)ag|as|[a72]238|315/38]2s
€ |go |44 |44 |27 |375 (33 {485 455|375 37237 |37 |34
2 7'5 15 & |45 |44 40 |35 |51 | 465|265 3B |35 |3-e5| 338
w |75 [5e|45 a3 |41 |26 50|47 |3°65]383135 139 |30
> |72 |58l46|4a5|40 |37 |50 |a65(>8 |38 |34 |38 |30
78|57 45 |42 {a3g |0 47 3'7 | 388 | 34513°5 | 3-1
AVERAGE
S | 775 |5-32]14-53{421|406| 355 4-96| 463[3 -7\ | 3'90] 3°55} 3-64| 3 23
~ 771} ‘684 "638| "616] 605 560| -g6d| 645 | ‘575 (583 | 561|569 | 527
K 8171833 2866|918 15| 21|43 163 609|729 {Tob| 195|671
TABLE 8 (DRY)
140|120 {222 |25 238196295 35 |22 |26 | 2624 19
40130 {2019|2¢ |24 |[V'S |3°0| 34|28 |2 25 |23 {zo0
v'd 35 |0 |25 |26 | 23 1’95129 |35 | 2°8 26 1249 | 20
i 355|370 | 2255|2623 |19 [295|3°4 27 |26 255|123 |19
> |38 |29 |23 |25 |235 |20 |3'0|36 | 29|28 |25 |22 |20
39 |29 | 2235| 26 |23 |205|3-0{35 |30 |27 {2624 | 205
AVE RAGE
5 3-79 '.1-9'77 236 | 2°67| 2°35|1-96| 2'37] 2°48| 2°85 " 2671]2'54|2-33| 1-98
582 | ‘496 | ‘q03| ‘44 | -403| - 324| ‘496|554 |-ag1 | -455| -935| -399|-329
K 275 | 305 | 2278 | 416|356 277 2B |46l|23-87] 387|3-8832°51| 276
Ke

SAMPLE FROM CHITTAGONG CITY

Moisture

87/
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TABLE 9A

1} ~

2:12 46 |, 5 55 &0 &5 70 75 g0 B85 2?0 55 j oo | ‘05
oo |67 |60 |60]52la7 |go |67 |sss|ses|a g5 |2es
& loofes |61 |63 5245 |[TT|6s |5a8|556]4.7 |54 |2
2 [to2 |84 62 |65|5a9 |50 |77 |6¢% 525|565 [475]|5.2 |24s
W (toq |80 |62 | g5 |57 |4g 77|68 153 |56 a7 |s45|a
> o |83 | &5 | 70159 |50 | 7856 7 |54 55 148 |53 |40
05 8 2 &4 7 58 5| 78 68 5358 56 |4-86] S4 38
AVERAGE
S 1028y 775 | 623 6'57 S 62|A85|779|6 7753855947516 3g|352
‘82 | 77 | 723| 136 |-698 | 66 | TT |74 | €87 é9¢|-65 |-686| 56
K 1681 (W74 1576 (20 @ [ 183415271445 [ 1519 1224 [ 16V [13-y2[ 1619 | R 0!
TABLE 9B (pDRY)
He [41 29 |29 245 |21 [32 |29 |3 28 {22 |23 |23
45 |39 {28 (275 2.4 |21 208129 13} 2.8 225236 |23
& 46 {40 |31 2°3 {28 22 |33 |36 312 |29 |26 |23 |24
= 47 (43 |2t |24 |27 215 |23 |305|3 2°9 |24 | 23523
: 465 (42 30 (26 |2¢ |22 |34 |30 |305|[29 (23 |23 (24
475 |4l {3-05 Izs 265 |21 235{2°95 |3 225|124 {23 |2:36
AVERAGE (PRY)
S 46341 29%3(26 [26& 214 1329{227/3°31|2e812:3412°3212°34
P ‘645 | @oB | 4939|-444|-444 [ 363|534 496|512 |- 4e4 | 40\ | -38 | ‘4ol
k 37 |S18 141431392425 (|3°24[3-27{352|445[4°39]|3233|326]|3 7
ke lze¢e |s12 |ao9 (378|421 |3 21324 2 49|ad40|43g|330]322/2¢7

SAMPLE FROM NARAYN GAN)

Denstity 1°29 gmfce
TABLE A ——
T Moisture e 76/
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Somple No. @

S\t loam

O] B -
\"'-.,,___‘ ”/'0’
it U8
0]
]
' 1
!
Xom T T N *
- x '-_._“._‘ = Y

[ = - . ____-j-E",-'—-———x

_______ _x_-__‘_-_____x___

»

6 7 8 9 10

FREGQUENCY N GHz 101




TABLE: 8A
ED _ , _ : . ,
GHz 46 50 55 60|65 {770 |75 | BO | &5 90 |95 |10¢© | 105
100 | 707 67 |55 |55 48 |T6 | T2 | Bg 56 | 5°0 | 54 61
@ 02|78 |67 |5g |54 49|14 | 69|60 |55 |4a9]|sy |52
2 | 104 80| 9 |60 |57 4-9 g0 | 10 | 60 545 | 48 | 26 | 5y
» ws | 72 | 6¢ 60 58 | ag | &I 68 &1 656 | 46 | 550 | 52
~ |03 |78 |68 58 |55 |49 | 80| 69 | 58 | 56 | 4:g |49 | 54
102({78 |67 |59 | sy | 48| 72| 70| 585 5'5 | 48| 52 | 53
AVERAGE
S 10°27| 762 | 6:78| 583 555 | 4'85]788|6'97 | 593 | 553| 483(5°25| 527
822 | -713 | -743{ ‘707 | 695 | "658| 775|749 | 71l | *694]| ‘657| 68 | " 681
k t4°55 | 1643 | 1869 171 | 17°89| 1506|1503 1641 | 1457 lu-82|12:6! |16°15 |17 2]
_ TABLE 8B (oRrRY)
4-5 | 355 | 30 2'}, 25 | 25 |31 {30 |25 | 26524 245|225
& 445|252 30 {26 |255]| 25 |315|305| 27 {27 |26 |245] 2.2
2 45 |35 |29 | 255|245 | 24533 |31 | 265 | 26 | 223 | 235| 2225
W |46 |36 |3t |27 |25 1255132 | 31 265 |26 | 223 | 138) 2]
> |47 35 | 32 {2526 |26 |33 315 |27 {265 | 235{2°4 |22
4-5 |35 | 0 | 255 224 25 (335130 26| 27 'll'q 2:42) 2715
AVERAGE
S 454 1353 | 3031 258| 25 | 2252|323 | 307| 263|265 | 239 |24l | 219
o -|-e39l -seg| 504 | quil -428| 432|527 | 509 | -449 | -452| 410 { -4iz| 373
K 259 403426377396 434|247 374|337 |382|346(3121377
K Y049 | 3.9 | 413 | 366|384 421 308] 263 328 371|336 3°61] 366
SAMPLE FROM DAWOOD KANDI

FOR TA&LE A

I Density
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TABLE T7A
f in
GHz2 4 & 50 55 &0 | &5 ¥ 0o |75 8o 25 9 -0 -5 100 |10 5
128 90 74 &1 5551 4'85| 34 70 58 64 | 53 55 5-4
n | 128 (24 |74 |62 [565]|50 84s| &9 | 59 | eq4 |51 [56 |53
z 1220l 90 | ¥5 |62 |565 |51 |B3 | 6:8 |58 &3 | 550 |55 |51
n |2s5|ss|l¥vs | &2]|58 |51 |83 |68 &0 | 61 |53 1ss |se
> liss|es |¥5 | 61|55 |52 |g3s5|e2 [s5°9 |63 |525]|56 |55,
1226 | B2 | 745 | €1 | 56 |51 | B4q | F'O | 585 @35|5°3 | 555 54
AVERAGE
S 1256 2-0 | 7-46| 6°I5| 563 |506|8-37|6'92 |5'88 | 631|521 |5864]|5-4
O |'853 | 'Bo | 763|-T20]| "698|-67 [ 787|747 | "709 | 726 | '678 | "694| "6
k |2re9| 222|224 [19:0 | 18:34 | 1637|1717 |16°13 | 14-38 | 19704 14:58|17°85 | 18°45
TABLE 78 {DRrY)
4:¢ |3-2 1295 {2035 |29 2°3 (32 |27 |26 23 l2'2 |205( 23
o |47 |35 |275 |24 |235 [23 |325 |208 |26 |2256|22 |206] 225
2 4'g |32 {28 |24 |24 |235 |34 |2:a5|227 |245 218|235} 22
o |48s |25 | 285 {23 |235 |24 343 | 2.9 {27 |R5 |22 {24 |22
> |49 |31 27 |235|2-3 |2225|34¢6 |28 | 265124 |2°15 202 | 2-3
4-8 315 | 28 |29 |24 |2as5|d4 275 | 235 | 235 |2713 | 223 | 22
AVERAGE
< 47753175 |2:775 |2-37| 2'37 | 234 [ 3°37| 28 | 2267 2.38|218 (223|224
P |'654 521 | "470| ‘407|407 | ‘402 | ‘542| ‘474 | "455 | "407| *371| 381 "383
K 388341 3631282013 271381|332[322}[34¢|316[2'95| 326 3-44
ke |378 333|354 277|219 | 372 |331|315 | 339 | 302 |2:89)|319 | 336
SAMPLE FROM CHITTAGONG PORT AREA

Densit y
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TABLE. . 2 A

freq,. '

. |46 |50 | 55] 60|65 70|75 g-o| @5 | 90 |95 1000105
ou | 80 |47 | 5@ 56| 56 {74 | 66 |58 | 52 [455 40|44
o1 |80 | a8 | 58 | 56| 55|74 | @5 |58 | 52 | 46| 375416
9-2 | 8 415 | 5'75| 5°'5| 55| @1 | 681 62 56 | 48148 |47
9-4 ¥'0 | 514 60 |55 55_6 81 68 62| 558 4-9 | 4-78| 4°8

v |95 |78 |52 |56 |58 sj7 |88 71| 70| 59553 ;43 85

A g1 | T'e | 5-35| 54 | 56 s | 87 70| 69 57 5'5s |48 | 46
- - - - ~ - 87 70 68 517 52 | 4:82) 54
- - - - - - @0} 7'3s| @7 5‘8.5 535 542| 54
- - - - - - 21 73 66| S5'82| 54 | 55 | 522

Wl - - - _ . - 73 | 67| 61 | 54853 | 525
- - - - - - - 70| 71 5.7 |52 | 55| 53

>
- - - - - - - 69 70| 56 |50 | 53] 515
_ - - - - - - 6g | 6°8] 5.6 | 505 525 43

AVE RAGE

S | 914 {792 {5 03ls 73|56 | 558|816 | 696]| 056 |5°66|51 | 4°93 4-93

P | 803} 76 =y 703} 70 ‘70 ‘78 ‘75 * 74 -70 67 ] 66| ‘66

k | 11g7 | 14-8g |10-66| 16766] 18758 20°44| 1602} 1655] 18:45 | 15-5 | 15:04) 13'97) 1486

TABLE., 2 8 (DRY)
o |5g | 30fao0| 4t |38 |54 |3s4| 372 37651315 306] 225
78 60 |40 | a0 | 43 3-8 | 5361 375 | 3'83 | 3°65 |3t5 305 2}

o a7 64 50 | a7 43 40 66 &6 56 4-8 a4 |43 32

2leo |60 |las|ae|43 |39 [es5 |55 | 55| a37)465]41 |29

2 84 | 62 | 4¢ | 43| 42|40 2 | w2 | 43 | 40 |[355|345 |28
79 6-0 | 435 4°3 | 4725 39 63 4:-3 | 44 40 | 366|348 | 2°81

AVE RAGE

S |79 | 604| 4°4 4-:32 14249 | 3°92 | &'06 448 | 4-a5| 408 | 366/3°57 |{2°68

~ ‘78 72 ‘e3 ‘624 6291 53 “THI7T | 635 633 -e.‘oe. ‘57 | 56| 456

k 959 | 1079]| B-23| 267 {0°56 9:-79 | 9-27| 119 é'52 i0-33| 8-04| 775|474

kc 9-35 | 10.583] 808 5-36l10-3| 92-49| g-99| 7702| 832]| 1002|7785 7°34]49-62

Sow. SampLE From Mirrur (WeT)
TABLE 2A [ Motsture 1é'22%
Denstty 1"929gm/cc
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TABLE - 35A

108

éd: a6 | 50| 85| co| &5 | 70| 75|80 |85 [90C]|95])100 10°5
lO‘Z‘SA 77 |63 |56 | 55 485, g0 67 54 |53 [50 |51 |46
e Teas 5y (595 [ag |19 {64 |57 |53 49 solas
R D A N N TS A A—
oy loos| 78 (03 |97 56 {48 |90 |62 |60 |52 47 |48 4-3
g 100375 |64 60 | 57 50 |75 62 _6:-4 53 4-55: :8 ) d4'-6"
W lios |82 |66 |99 565 | 50 7'9_»6'4 Fs_sﬁ 51 50|49 —4-;-‘
> (oclBoles |95 56 |49 |77 |63 S7 152 |23 |50 |45 |
|04 {80 60 |60 |57 |50 | 797 636] 57 52542143 456
AVE RAGE
=Y 0261792 6:27|5°86|5-62| 49280 | 637567 [523 4-89 /493|455
P ‘gaz2| 78 | "726| 708 | 638} "6@ | 78 [ 723 '¥O 679 | 66 | ‘66364
K \4-55| 1g-08| 15°99} I7-33| 18°37| 15-27( 16-02| 13787 1340 | 1329 | 12°89] 14-21]12°29
TABLE 5B (DRY)
A-3 |372 | 305|230 | 2095 28 375|385 308 205 295 | 286 | 2°55
x 442 3-65| 308|295 | 285| 226 |30 375 | 3-049 |2°95 |2°95 |2°85 |2°4
z 455 | 3'65| 205 30 |29 26 | 375|325 |30 298 [2°8 |285 24;
N 456137 | 296130 |285 26 |38 |32 |30 |30 |28 285121
> 144 |36 |3-1 |30 |28 |27 |35 |34 |29 2% |26 |27 |25
4-35| 365 3051295 | 22 26 |37 33 |2a5|2:8 | 227 |28 |25
AVERAGE
S l4u3|36e| 307|200 288|265 | 268|349 | 299|289 280|282 | 242 '
‘¢3 | s+ | -s1]| 'so | a9 | ‘45| ‘57| "55 | 50 49 | a7 | ~48 ] 41
K 243| 4-26| 4-34| 4°92|5-26| 476} 3°85 4581 4'21| 4-33| 449 509|380
: k. |24 |4a22|429|4a-87|520]|47i)3811453 417 | 4-28| 4-441 499 382
S AMPLE FROM JOYDEVPUR
TABLE A '__,,..Mov.séure 17237
Density {+95 gm/fce

R
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TABLE 10
56&?; 4¢ |50 |55 [60 |65 {70 |75 [80 85 |90 95 |l0°6 105
W5 29 | 77 12 67 62 : 1°0 7-2 62 45 5.065 | 525] 595
e o-g 7-7 10 &7 625 70 72 63 (495 | 49 5 4-4
o | W8 | %5 |78 |71 | 675|C10 | T8 | T4 | 60 |55 5¢ | 56 | 50
2 (o |os] 77 |13 |66 |se |77 |76 {61 |55 |57 ]57 50
&) : -
> 3 S 6 75 69 | &4 59 75 T4 &2 5-1 56 52 49
4 26 T6 70| &5 | &0 T4 73 &t 52 54 | 54 51
AVERAGE
153 ) 945 7671 o8| 66! &eo06e | 74 7-35 615 519 c-36 (538 4'89
F "84 g2 | 769 ] 7852|737 |11 |~762 |76 72 G 7 685 | &86 ] €6
K 1833 [ 266 | 241 |24 | 277 | 56| 1845|227 16| (581 [ 1312 11542 16°2! | 14-8¢

410

CHITTAGONG HILLY AREA
DENGITY  2-017 gm/cc

MOtS TURE 19753 7.




TABLE NO- 3
FOR DC CONDUCTIVITY OF THE SOIL SAMPLES

code | Resistance | Length | Cross sceod -ﬁesistivi‘ty Conducti/}rity
i & | tional {in ohm.<cm.
§o. | in $hTe g on, arca A P= T o OB 5
59. O, - . ‘
3 220 K-11 5¢45 | 1.25x 2.51 1. 3-::195 7.9 p-Aen,
1 590 k- 5.1 | 1.5 = 1 [ 1.7x10° 5.8 prden
8 470 KL 5.3 1.5 x 1 - 1.33z10° Te5 rfen
460 K- 6.8 | 1.25x2.25) 1.9 x10> | 5.26 pcEcm.
4 320 E-o- %33 | 1.5% 1 1.4 x103 © 6.9 podem,
9 310 B 5.6 | 1.5% 1 0.83x105 12,0 pfen
5 610 K- 5.8 | 1.5x% 1 1.6%105 6.3 myferi,

EXPERIMENTAL SETUP_FOR MEASURING D-C CONDUCT I \VITY

Glvancmeder

5'!'075'5139 bai I?ry

Woodern frume
\ — Metallic. plate

\\ = Sul sample

W heatslone br‘ndae
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_ . Photograbhic  View of Different Soil Semples.

-




Ted DISCUSSION:

‘The curves shown in M-18 to Fig=28 reveals sone speeial
charncte}istics cf the variation of the dieleectric ecnstant of soil
with rospem: to froqm.ncmu. The dens:.tles of aost c;f the sanplcs were ore
r less saue, byt the noisture contents Verod appreciably. The choe

roctoristices of the curves sre listed below:—

(i) It wos seen that the presence of moisture in the sample in-

crecases the value of the Qielectrig congtant,

(2) An-average rise of the values of diclectric constant wae

observed between 6 to 7 Glz of frequency.

(3) .- In scne Sg.ﬂples(Nn'rqyn Ganj, Dawsed Kandi NCPR CJ-,y) the densities
were quitce loews It was observed that the dielectric cons tqnt of thoss

soliples were tuch less than those of others.

New, Te explain the nature of curve, lef us céngider the first
feature ogggirves nenticned in (1) ,Pron the theoretlcal and experinen-
tal investigation it wos found that the dielectrie constent of water
reieins nere or less constant upte the frequency of about 10 QEz of
the applied electromagnetic waves shown in Fig., 20. The typienal values
within this range of frequency is between 75 and 80, Again, the typical
value cf dielcetriec censtont of the soil(within 7 to 10 @Hz) is about
12. Iy it ig cbvious that the presence of noisture should inereanse the
diclectric comstant. It was also observed that thore was afh oavorage
rise in the values of the diecloctric constent within & to 7 @Hz froe
quency band. PFrcno an eleborate study on the ‘dieleetric properties of
the gases, it is seen that there night be g sharp risc in the value
of the dielectric constant of gases, if the vibration ¢f gase mcle=
culgs forning dlpbles are in resonance with the applied frequency of
-applIEd electronagnptlc Waves. Ncw, in the presunt cose it mlpht ]
happen thnt sone 5ases havc begn trapped 1n the sauﬁles ~hd the v1bra-,
tional frequency cf sune of tnu hCaVy gasc molecules forulng 1190103
fells in the donam of 6 tu '? ud'z frequcncy band, As a result sharp—

1nqrease in the value ¢f the diclectric constants are obgerved.Lastly
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it was shscrved that due to lowering of the densities, the diclcc-
tiic constant decreased. It is an accepted fact thal, if all cther
factors renain same, but the denaitics of the sailple decruascs then

the value of the-ulelectrlc ocnstant gradually deppeds]towards unity,

Tt bas alrmady been nentioned that she inmaginary Da rt of ¥he_
pertittivity of the s0il eould not be Ueasurcd, The evnlution of
this pqrngeter required the shift of the liaximn  and nining ofVSy
pattern in the wave-guide gection very accurately( of the crder of
« 0001 cm).sincei this shift in the Vsy pattern was to calculate nanue
ally which was quite i”p(‘éSiblG, g¢ the inaginary part of the periia
ttivity of the scil at nicrowave frequencics could not be neasured,
However t¢ get some iden about the losses in the goil a- anple, the
de conductivity cof the soil saliples were calculated, The results

agreed fairly with the typical valucs,

Lastly, in genersl it Nay be concluded that there was no
aopreciablu variation of the values of the dielectric constant among
the types of the soil sanples 1nvest1gated for different types of thes

sajles collected from different places,
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CHAPTER 8

CONCLUSION
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CHAPTER-SB

DI S ¢CU S S I J N

wo different topics have beon studied in this thesig; In
the first‘part, study have been ngde on electromagnetic diffracticn
phencnena, In chapter-3, the original Fresncle-Kirchoff diffracticn
theory has been investigated, ﬁy incorporating the effect of ante=
nna cdirectivity .This thecretieal trestnent ﬁas been followed by
an experiment perforned in the laboratory.

5

Prom the rcsults shown in the table~ 1, it is scen that .on
introducing the cffect of antenna erect1v1ty in the originel iresn=l—
Kircheofrf diffractlun Bheory, the average percentage error between‘the
experinmental results and the thecretically calculated volues have dee-
creased appreciably. Nunerically the figure(percentage deviation} has
comedown from-4.51% to 1.36%, The pefcontage devistion-based cn ac—
tual field measurenent as reported by carlicr workcrg was less than

4.5% « Probably the scale—model technique used and was responsible for

S e

thls. The antcnna dianeters of the receiving and the transnitting s&s—
ten was quite ccmparable to the radius of the first ~fresnel-zone

and as a result, this zonc could net be defined properly. Ageoin, the
sitennas had high directive ratterns and as a result nmest” of the DPo="
wer was concentrated in the first fow fresnel -zones resultiﬁg'iﬂacca
uracy in the éxwefiment' Lastly, the experinent was. - performed in o
clcsea laboratory without ﬁbsﬁrblny walls. 5c, the reflscticn of elem

ctr(mdgnetlc waves oig ht cnhance the inaccuracy of the experinent, The

percgntuge error could be 1mprsved by eliminating all thesedifficult< -

les s Again the percentaze error ( 1.364) colild be further decrensed
by elininaking this following difficultied: It was slready menticned
that the antenns patterns were considercd atbriz X - Y planc: Duc to
ucthenatical complicacy the three diacnsicndl antenng patterns were

not congidered;

The Knife-cdge diffrocting sheet Was mot infinitely long
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in the transverse direction os assuued theoretlcnlly. The flnlte
dimension ¢of the shGet in the transverse dxrectlon night csuse some
diffractlon which m15h+ be responsible for decrease in the rcceiving

field~gtrensth,

In _Chapter-B, oteoreticsl and experiuentsl investigation
wad performed on the diffraction ¢f electromagnetic waves by a 'bud.
iding structurc". This was also perferned in the 1 aberatory using
scale-podel technigque; Fron the table-.2, it is scon ‘that cbatacle gain
obtained from theoretical and experlmgntal 1nvest1gmt10ns were nobré
op leds Bhne. However, a small digcrepency was observed., Tn aii throe
CHASCH, itiwas found that the theorctical value is slightly less thm

the experinental results.

One c¢f the majer causes of this discrepencics was the neg-
ligence of the diffroction duc to the edge A(fig). The diffraction
due te this edge was neglected for nmathenatical coms plicacy. It night
happen that the seattered electronsgnetic waves fron the edge added
in phese with the directly regeived field resulting an inecreaose of

over all gain,

The second probable cause nisht be the finite dinengion
of the obstacle along the traﬁsvorse direction, Thecretically the
obstacle was assuned to extend infinitely in :the tranéverso dire—
c¥icn, The end edges of the cbatacle mlbht scatter the clectroiings
netid Wave that added in phase with the dircet received field rose

ulting zan inerease in the over all sain,

anong other causes, the basic optical apprcach could be cne.

It has already been nentioned that this method docs not consider

the characteristics of the diffracting edgoe i.e. it is icnaterial
whether the edge is a conducting or an insulating cne. But in prac—
tice , the case is quite difforent, when electfcmagnetic waves are
obstrueted by a sharp canductlng-cdgc, the upper-sid & of the shect
is cx01ted by the 1nduced currunt whlch r“dxates eledctromﬁ Otlc
W”VGS¢ Thls radlatlcn from tho penuLbral reglon of thc cunductlng .

s 0

heet is ccaplctely neglected in the 0pt1ca1 theory. In thls Jroblem
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also, sinilar radiation from the vertical side of the conducting

obgbacle facing the recciving agntenaa nighs occur.

Lastly, the accuracy of the optical approash depends on the
ratic of the dimensisn of the diffracting obstacle to the wave lens=
W of the transnitted weve, The larger thig ratio the nore aceurate
is the approxiuntion, S0, the occuracy could be inoproved by using
highei frequency of tronsmission or moking the obstacle dinension

larget:

In thc part If of the theddis,an investigation was perforned
on the neasurenment of diclectric constent of soil at nicrowave
frequencies( X band and J band), Twe different procedures were
cdopted for this purpose. The Ist nethod kicwn ag ™ Freo—sgpare
Deasurenent technique®, falled to give accurate results. In this
procedure, the dielectric constant of water was aliso neasured; How
ever, th% conductivity of water could nct be “easured. It was found
that thege could be 20 to 20% variation in the result of conductivi.
ty for the varlation in the nagmitude of measured reilactlon-coeff—

icient, ThlB wall ome of the nzin dreow-back of the procedure,

Fron the table-4 it is geen that the rolative diclectris
constant of the 01l ig ruch 1035 then the stondard one. The varips
tion night be for looge packing of soil, The loosely packed soil pasn
nples actod as a porous mediun esusing o deorcdse in the reflcetoad
fieldwstrength. Agedn, due to surface roughaeess the reflected wave
IWES statterod in different directions regulting a decrease in the fi;
eld~strangth in tho receiver, Mue to all theme factoras, the nensured
d1eluctr1c congtant wos nuch less than the typical valuos, These di-
-fficultices Ildd as to adopt a seecond method, '

The 2nd nethod is known asfimed swkement of diclectric constant by wave-

i'i<

~guide i"u‘:hm'ﬂpﬂﬁ‘— !'-a In this pr@cedure, u:Ll. sa_ples fron few placos
were tested, curVes haVe been plottad show1ng the ‘variation of value
of relative dieluctric ccnstaqt of soil oaqples “with the applied fre

aequbncy variatiun, under alfferont méistur ccnntents. one of the
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imﬁortant fentu:e of the curves, was that; the presence of noigture
increased the value of the relative dlelectrlc constant This pho-
novena hay be explained gs follows. TH. wes found that thc dielecw.
tric constant of water remcins nore or less constant(sith 75 & 80)-

upto the frequency of about 10 GHZ , Again, the typical value of Qie

qlbotric constant of 50il (at about 7 tc 10 GHz) is about 10, 8o, it

can be cencluded that, for the high value >f the dielectric constont
of water the dielectric constant of soil giuples with neoisture cone
tents increases, It was alse cbserved that there was an avernge risa

of the values of dieloctric cengbtant of soil within 6 tc 7 GHsz, fre

quency btnd; Fron the dynamie prepertiss of the gases +t is sepn tha

at thore might be a sharp, fncrease in the value of the dieleotrs
ie scnptant of gases, if the vibration of the gas moleclule " or
olectrons in tho gases is in resonance with the epplied fraquency
of the ulbctromagnetlc waves. Now, in the present case, it night how
ppen that scre gases have been trappad 1in the tested goil sanples
and the vibrational frequency of scne heavy molecules night fall in
the donain of 6 ko T Gllz, frequency band resulting negks in the v
lue of the diclectric constant withint that baond of frequency. Thr-
cughout the cexperiment the density of the tested sanples were naine
tained constant except for few cases. In fhese ense it wis obserw
-ed that the dielectric ceongtant of the sazple  decreased with the
decrease of density, 1t is nn aceepied fact that, the dielectric cos
natant qf any saoaople gradunlly approaches towards unity with the des

erease in the dénsity, provided all other factors remain sang,

The experinental schup was good ehcugh to méésure acclpge
tely the real port of the persittivity of the soil. 3Due to lack of
instrunental facilities the inaginary part of the pernlttJV1ty could
not be veasureds The svaluation of this parameter roquired the meg=

surouent of the shif¥ of naxing: or ninicws of VSW pattern in the
wave=guide section very preeisely( of the order of.001 en), which
was very difficult tc ecaleulatc nanually, HowovVer, to get some ides
about this paraneter, the d=c conductivity of the sanples were tole
qulated, T™e regults agreed f;irly with the typical valucs.
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SCOEE OF THE WORK:

4 theoretical and an experimental investigation was done on
the electromagnetic diffraction by knife+edge obstacle, The results
obtained by incerperating thé effect of antenna directivity in the
original Presnel-Kirehoff diffraction theory wag quite enc\urarlng.
In this case the directivity wns considered along the longitudinnl
vertical Plane only: A better result could be expected by considering

the three -dinengional variation of the antenna directivity,

Anmther-inveétigation on the electromagnetic diffraction
problem was the study cf diffraction by a "flat-top-doubleweﬂ”e Obg-
tacleM The obstacle was considered as a nodel of g building gtruct—
ure. The Dain objeet of this experinent was to find the effect of
electronagnetic diffraction by tall buildings during nicrowavemconn-
nication in ncdern cities, However, sote approxination ﬁas consiigr-
ed\ during the thecretical treatnent of the problem. An alternntive
approach was also con51dered which was comparitively nore aceurate,
However the sclution could not be found due to Lathenatical conpli-
cacy. NN 2gain, in our problen only
a single obstacle was considered. But in practice, the wmicrowave-
signals in the ncodern cities are diffracted by the presence of a nu~
pber of building, magts and towers. For considering this efféct, n
theoretical treatnent can be pade by considering a stotistical dist=
ribution of the diffracting abstacle placed in between the transri t-
ter and the rec»1Ver. The treatoment can also be extended upto congie-
der the formution of radio=pocket in the nedern cities during wire-

less communication, The galutdon- of these problens will surely so=

lve sone eritieal situation that are enccuntered in the uncdern cities,

especinlly by the police departnent..
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™o nain object of the neasurcnent of the dielectrie Gonse

- tant of the soil was to prepare a coiaplete Radio-data for Bangladesh

#oils Due %o linited facilites the study could not be coipleted;, I |

rebources are available for collecting representative soil saliples

fron all over Bangladesh,alsoe facilities awe avallable in the labors

atory to neasure aceurntely the phase shift in the BSW pattern; then
it would be possible to obtain a complete inforngtion about soil che
aratteristics of ocur country by extending the nethod adopted in thisg
thesis, Fhrther study could be nade to evalute the effective absorp«
tion and reflectlon coefficients of the pnddy fields at different

Btﬁges of theﬂ'ﬂrcwth The datas ony be qui.te helpful for cstabllsh-

ing the oicrowave communication link in Bangladesh,

121

§7 ¢






AP P E N DI X

In Chaptef-2, the eclectromggnetic diffraction by knifo~
edge obstacle was studied, In this case, a: experinent was DPErfo T
ned in the laboratery, The received power vas detected by an I. F
couplifiess To find the absolute power, tie I.F, couplifier was
calibrated by neans of a power-ueter and tl.e cusves were then ex-

trapolated for neasuring low powers, The ¢ librotion curve is shoim

in Pigs 334
314
A 27
23- A fx-\r-a"bo‘a‘h?d
' /// Zely bration Curve,
o yd
iy
5
Ty /
M- ]
S Emar > s v
> et 10
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P ENDTIT X~

In Chapter-4, the problen of electronagnetic

diffraction

by a flat-top double-edged conducting obski.clé has been studied, 4

theoretical formulaticn of the above probloi has been developed: Nu~

Derical soluticns have been perforued with the help of digital coLip-

ter( IBM=360). TFor coupletencss,

'problen have ghcown below,

a salple progoanning of the above

ot

DIMENSION  RY (61)

COMPLEX DEL,E1,E2,E
/-READ (1,25) D1,D2,Y1,Y2,DY, Ak, N
.25“"T-'0‘RMAT (6F10.5;110)
DEL=(0.0001,0'0001)
Y =Y1-DY

*
FORMAT (2£20.8,F10.2)

TF(Y.GT.Y) CALL ExIT
Y=Y DY

G0 TGC.26

END

E1=(6,0,0.0)

M=N+1

26 D0 20 I=1,M

. Y=Y+DY
Ri=D1+Y x Y /(2.%D1)
R2=D2+YxY/(2.¥D2)

20 RY (D)= -AK x (R1+R2)

CALL EXAR (N,DY RY,E)
EL= E1

" El1=E1+E

;!&I,RIIE (3,21) E1.Y
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To underwsiond the ecomplete phenonma of the response of dige
oleetrics in the presence of altermating :lectric field onw sould
study the frequency-response charscteristi:s of the £ases, lLequids
“and solids separately. Considoring the die.cctric properties of tbke-
gopas first. In this casu, Day'rsﬁart with the sinple ncdel of elecs
trona grain- elastically bound %o equillibidun positions and Te~aC-
tlng ko field cbangcs like Liresw haznonic oscillaters. wWien there
13 an_apgllel electric-ficld then the elec :r¥oric oscillgtor i§ cons=

widered to be subgected to a driving force eR' ; The law of notion

tey be written in the foilcwing forn 3
2
d ‘ .
";J'I:g‘ o+ 2 %:‘ e Wo2i‘$ = ﬁ' B l..i-i..!.-:¢!.o¢.(3.7:)

where B is the locally nchifig eleetrid ficlid,

The experessicn cnn be rewritten in the forn of a differcen-
tial equation for the polarization 7. Iy astuning that the diclectric
is composed of ¥ osciliators per unit volure, each of then contribue-

ting an induced electric ocnent.

u= e
Pa Ne
Agoin Tron Mosobil  appuroxinadions we can write;

Bt =E+ 3

Where [ is the applicd olectric<fiald, Se, the Qifferentis?

cguation becoues,

QEE . ar 2 X Ne? S
dtg +3:£E + { wo 351:6'- yp= 'TE eeel( 3.2)

The effeet of tho wolarlzatlan of the surrutndlnr is to tower the.
frequency of the md:.\n.c.ual oscillater from W, to,

Lo 5 s’ x
; b ol / 2 . HeZ , - A T
° s oS 'W'Q ZJn&o -, ok cese ( 2".3_ )

Tho stendy state s olutlor of *he cqua tlon 2 is given by,

e
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. . . . V | ,ﬁ -
] P = POQ‘S ‘v't+ w ) :::;.‘ — 2 NC27:1 a8 ao--.too( 2.4)
TowietT Sowe +3w2‘>&c

Because of the friction factor 2 a phese-shift oceurs between the
driving field and the resultant rolar;.zat:. ‘n, I becane ecuplex. The
ratio p/ €,E deternines the complex relat:.ve pernittivity of the
nediun 40 voleculor terns as . .

K'“E. P U AR —ﬁ':‘ﬁm tiiasassserre(2;5)

: % 2 wae-ag'rz_q, '

Bo, fa¥ we have assuned that the diclect®ic contains only biie opols
llator type. In the nore general case of & cscillertor types wiiay
aoontribute to k* without nutual coupling; "he equation may be genern

lizod as,

?

ks
K.*'-'-’ 1+Z NSG/EOMS -eu--no.slt-|(2;6)
wza;- wz-h-;iwlﬂfs -

8
Rows, considering the ease for, far below the rescnance freg-

weney ( w wg) , each oscillater type adds a constant contribution
N‘-sez/c—ons

S - Artutl— ———

Ve

to $he static dielectric constant of the mediun, whu.reas far abova
$He reschance fromioney % o Lutiilubion vanishes, To follow the
behavior of the lowest oscil -lator type r theough it's rosonance reg—
ion, we lunp the effect of vacuun and of tie remaining resonatol Ty

pe in a conetant contributicn,

N o /Els
P e, A=14% “—“__'E"% for s '7J T awonaes (2;7)
' s We
Purtherriore, let us introduce in place of ¥ the deviagtion fron

resonance, AW = W, -~ W
as the variable gpproximate

v

Wr 4+ wZ 2ur

- W ~ s
and then writing the equation 3.6 g . K% = A 4 B ..
. AW+ Jol
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‘ Néez/g-cmr
Wy -

where, .B! gtands £ B

i

The frequency dependence of the real part c¢f the relatlve peruiti-

ittivity, K' = 4 + B , . ....4..,,(2,8)

(D) 2+u2

descrlbed the dispersion charactc_rlstlcs of the diclectric mediun

near Fesonance ( Figs 2 ) . It rises hypeibolically -fro,r_l the low
frequency value A 4+ %E to a nazimun
) T

—

Kioag = A~

i

at Av = Fu and wthen rises again _asyrxlﬁtoti¢aily te tho céristant
valuc A for vé-fy high frequencies ( w >>w2 e
The absorbtion characteristic of tae dlelectrlc, identified
near resonance ‘by the relative logs factor,
_ o _ . .
o . B el 29)

(vw)? +o¢
Strats fron zerc at fow frequencies, travers in's noxirur B at

regonancey and falls again synnetrically to zero at high frequencne ]
ceeesa(2 )

Uptc this. the frequency lependenc: é.hura,cter of the dielec-
tric ( in gnses steto)} has been discussed, In case condenged phasesy
sclidg and lz.qulds, the case im not so sinp.ey In this éase the in-
ternal collisicn  ghould alss be zonsiderel, The explicit f(,rmuJ.e.-
t:Lon of the proble.lwas derived by Debye . A brief outline of this

ferrmlation is deseribed belowe

The basic idea of the dynanic proparties of the solids and

"lequids is that, in the pregence cf applied altérnating electric fie

elds, the movenent of the dipoles are restricted By the internoclecuar

collisicn, According to the casuzpiion of drninating flctlcn, cne Day
picture the polarmolecular as rolating un .er torque T of the ele

tri f he N .
c ields wit an angular velocity %% _proportional to this

%or'q_ue, or .
-92- o.tn---on‘( 2.10)
T = T | |

The friction factor will depend (n the shape of the 110~
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Lecule: and on type of interacticn it encounters. If cne vignalizes :
the nolecule as g sphere of the radius a, votating in liquid of vise
T eogsity according to stokes 1o, classicel hydrcdynanics leads to
the value R
- €= 37Tr]a3 cerenna(2.11)
Finally, Dyhye ccleulated the relexatine tinme which nea-
gures the tinme required to reduce the dipole meuent{when the cxtor-
nal field is suddenly removed) of the order to 1/e of it's criginal

value, Ile found the following relation,

'T = '_E"" , 01-0.0(2'q12)
. 2K - ' |
Conbining equation 3.11 and 3,12 . Debye cbtained for the sphericad

tiolecule, it behaves like a ball rotating in 0il, the relaxation

tine R 3 -
~ T o= Amain - V._%L
kT
Water at rocn temperature has viscosity =p;01 poises with
‘ ' -10

radlus of 2) for the water nolecule; a time .cénstant of « 25X10
Section results.
However, the variation of real and inaginary past of the
preoitiivity of water can be found to be as showvn in Mg, 30,
x
s
x

H

Bo PR,
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]
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