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Tho thosis is conposGcl of twq pc.rts based C111.two

diffGront topios. In tho first part. electroua91Otic diffrc.'-

ction by blifc-cuco oostnclo h~s oeon studiod. I~ invost~GQ-
tion has alse lieen IJ.c.d.oby intr(.'uucinl.: the effect of antonna.

directivity in the Frosnol-Kirchd'f thoory ",nc:then tho thoo-

rotica.l rosults were cOilpr.::roc1 with thc.t of oxperilJGl1tnl'vLl,luos.

A.thocroticnl and. 0xperiuentc:.l invostigation has [Llso buen L1a-

do ••••••• on 8loctronilG"Tleticdiffrc.ction by c. "flc.t-tc'p

doub-Io adee obstc.cle. Nunoricnl s(;lutions hnvo beon obtC'~inocl

,lith the h81p of digitcl C()[;j)uter~ Im!--360)i• The rosults

hnvo boon cou~,,[';rodlvith cxperiu0n. tcl v~lucs. Finally ,r:;.l1 nl,tor-

native approach to tho solutic,n of tho c.be,voprcbloll 11la-s'o 'been

proposed.

The scccnd D2rt of the thosis (:0['..1swi til tho Lloo.suro-

Dent of the 2.i81cctric consto.nt of" D211::s1o.doshi scil. Trio diff-

oront procedures, nGJJ.olythe "froGG--spL1CG prcp[':'i:~a.tion L1ClJ.suro-

rlcnt"nnd" wnVG- quiuo I]Otlsurenont TC'chniquGsll have.: booh aPl")-

lied for the dielectric ueasureDent. T-~evnriiltions of tho di-

eloctric constant with the chango of the applied s:l.C'll[li"frequn-

ci~s hav beon- shewn in ere-phs, for ,'";.few selotivG sCliJples. Finn-

lly the dc cenducti vi ty of the; scil s[[:.lpi8Shas al sc balm

OGasured.
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CHAPTER 1

INTRODUCTION
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1. 1 GENERAL:

During tl,e past few decades I'ticrol'lave systeDs have erol'm and

developed into one of the ~_:lOstinportant weans of cOlJGunication systen.

Grol;rillt; out of the nax-~\rellt s concGpt of Elo.ctrooagnetic uaves L1icrowave

o;lcineerint; haE; -b08n drawing BUchinterest and attention of Qloctrical

Q~gllloers and physicisto Modern civilizatio~~ts growing dOQand for
better and reliQ.,blo COLll~tUl~ication systen has led to e,xtenbi VB rGsearch

in this field. Research work on the v~rious probleQs and now possibili-
tieD in i:licrOH"aVe8.jTSt8LlSis eoine on all Oller tho world. Ai.Wr.:..e: the wide

range. of topics the reflection and diffract:eon of electroGagnetic waves

by various natural obstacles propagation of electror~cgnetic waves in

the open atuosphere under various atDospheric conditions should be of
into,rest.

In this thesis two diff'erGnt probluws on nicrcwQ.vG. COUi:lunic'J.-

ticm syston have'been discussed separately. ilie first p,,-rt of this tho sis

:i.8 ;6e:llcerncd 1.li th Ll.rcblelJ,s ('.n e1-ectrc)[}ng'lli tic wa,VGS scatterinc and ,-li-

frr"iictio:n/froiJ 0bste-clos • The sGcon!:~D'art clual s wi th c. study on the ~li-, .

electric prc'pertios cf'Bc:ngl,,-desh seil at Dicro~c,ve frequencies. Fbr

this PUI1\OS8 dielectric constant of IJ. nunbG::'of soil 'sanp188 collectod

frC.D Dacca, eouilla, Noakhali wcl ChittnB'0llt.: eli stricts have bG8n nea.su-

re~ at ~icrowcvc frequencies.

Basically, analysis ef scattering and diffraction uf eloct~o-

Dagnetic waves falls in tho dODain cf boundery-ve.lue probles;, Tho :exad

an"-lysis of such "- pro bIen is a very difficul t one and in [lost of the

Cases, solutions in CODPc.ctforD do not exist~ In pra.ctice'".: the oxac't
solution to the pro bleD is not always necessary, while thO' nsynptotic, ,

solutions o,:e.>thesolutions at . large distances ,,-re Dostly necessary;

This ccpiJroach to the solution greatly sicplifiQS the proble". l,nwn

a'orectronagnQtic WCCVQinpinges on an object either conductinG or

diQlectric, it induces currents on the object. This induced currents re-

radiates electroDagnetic field .in the space. For exact solution, in-

fornation regarding the nccture of induced current distributien en the

scattering object Dust be IQlown. To solve such a pro bleD, nunerious

nethods theoretical, seni~heoretical and nuo0rical have been developed

by Various scientists and engineers. On theJther hand vThenQsyr ..lptotic

solutions or the solution at larte distcnces are required, n norc

s;.J:lpler c.pproacl1 cOlJr.lunly knC't'ln as " o:ptical approach n Can be used.
:,



Tlliisapproach is coupletoly based on the wave properties of the aloc-
tronnGllctic radiation. At nicrowavG frequencies, the waVG properties
of the clectrCf13.fSlletic W(J,VGsclc'sGly reDoubles that of liGht 't'l~vos.

So, the sCl1tterinc ,and cliffraction phen()[J(llle.of electroDl1cnetic wl1ves

can bo solved by cc,nsic~GrinG thor..;QS obeyinG tho basic lQvls of liGht

W"[1Vcs.SincG, in p'ractice, Gnly the fo.r-dist;).nce field is of intorost,

honco this a;lprc'l1ch yields quite satisfactory resul t~ In tl,is thesis

e. siIlplo Dodificat.ion of the oriGinal cliffr,'1ction theory( Fresnel.Kirch .••

off cciffraction theory) has been developed. Also thecroticc,l solutions

and practicaJ. JJ.Gnsureuonts have beon c,bto.in0(~ for GIGctr:~n.2cn8tic

wave diffrnction froIl a prototype conductillg obstacles reprosentinG

the Dodel Df a buildinG.

Tho second. part of this thesis .deals with the nO,J.sureuents

of dialectric ccnst'ant oflJanGlaclesh soil. Ilain object of this study

was to prcp~rQ a ~~dio-dQtQ and to perfcrD ~ ~tudy on rof1octisn and
. ~!.'-.;

c.iffraction of cloctrolla[;,TIotic wa,VGSover vcrious no..turo.l oostnclos

(nountnin, n"t land etc.) in n"ncladesh. It has beon an ostablished

fact, that reflection and diffraction of eloctro-uD.[-7lGtic 't'Ta.ves froD

Anc.'bstacle (.1openlls on thG shD.p0and clcctric:Jl chc.rnctGristics of

tho obstacle. ~)r this re~son, ~ Get~il stucy on nicrowQve- couuuni_
Ca tion in our country requires an ",labe rn te knowledG'e on electrical

chQrGc~eristics .of BanGladesh coil nt ~0crownvc-frGquGnciGs.

The preblen cf diffraction Df electronn[;Tletic lfo.ves by

vnrious natural obstacles have been extensively studied beth theo-

retically and experiDentally by various research lforkers. The besic

npproach to the study of dif:frnction phenO[18Da was to consider the

obstacle as n kn~fe-GQged Boni-infinite pGrf9ct~y conducting half
have nlso boen obtained

c,f olectronagnetic waves by
., 2cne or nore infinitely thin hc,lf-planes. Again sene authc'r, have

plano. RiGorous nathaDaticnl solu~ions

11nurrber of authors 1 for diffraction

also 801ved the problon by usinG tho principles of 0ptics. Tho bQsic

theory os-tnblished froD this vi0w pOint(principles of optics) is knov:n



c'
to be tho Fresnol-KirchGff3 diffrGctiGn tho)ry .,hich yields G'sGti"..

factory thooretical results for uiffrncticn of electr"uaenetic waves

by a blife-edGGd obstacles, under cortain approxiuation. There is n
4,") 6

general validity of this classicGI approach which e~)rGssGS the cliffrGc-

tion loss over il sharp

tance d1,d2 nnd heicht
ridge as a function of frequoncy'f',

4 :> Gh.1,' Jl 1-lith rr;:,fl::.-I'0~'lCCto ]]'':>.:~" i.
the di"..

In practice [lost of the obstaclos cannot be np~}ro.x:iL2~tGclas

0. knife ...•edged obst3.cle-. As for eXD"r.:iple, situation sone tines enccWlt-

'ored when electro'lacnetic waves are diffracted by one or nore coun-

tains situated in botweon the trWlsnitter and the roceivor. In the

usuill theeroticill treatment the neuntains have been replaced by a

verJ<icci haif-plane and tho predictions of propaGation conui tion by

knife-ouee theory have been found to aGree reas[,nably well 1,ith ex-

perinental results obtaiheu in different uountanous arOilS 1,2.

ThoUGTIfrequently encountered in tLis fiold, tho case of two
5';6or Dore knife-edGe obstacle has not been fOI'"Qc.lly stuc~ied until-:tev:Ebe

.~"','.'. .

1fhc:s~'studi0d the nntura of the diffracted fiecl in the presenco cf ttiO' ".

soni-ir{fini to serGon. A close nG'roenent botveen tho,Jry and experiuont
,7was also observed •

r " •

Bullington in his p8.~:)er8published on npproxilJQtion uethocl

for solvine; oliffracticn due to nul tiple Imifo-edc;e. Late, the netllOd'

was noolified by Ej)sten anol Ji'oferson9, These hJO approaches arc sinple

and ensily extenc1nble te threE) or :lore knife-edce obstacles. In 1962
10

MillinGton in his pap:e1" obtained a cCGplete untheuatical anillysis

of the problen of diffraction of .m1"CrO-'LV2.ves by nul tiple la.i.ife-oc1ge

CJbstacles. Because of the un"ieldly nature of the conputation involved

this Ilathenatical solution is 1IDsuitable for a quick estiIJate ann is

i12practicable whenever there exists three or more intervening hills l1 JacK"'-'5

presented another o.pproxination which seens better than other solutions

discussed earlier. This solution has boen suggested at the French-

Schoo]12 and by French !l.rny3 as a replacenent of the above Ilethods.

so filr, the presence of one or nare kn&fe-edce obstilcles hilvG

been studiGd. It shaud be nenticned hGre that, thOUGhthe presence of

4



[lountainous nnd d.c:"inant-ridces h[lve been replacod by a vertical

h[llf-plane, and the predictions of this knife-edge theory have boen

found to [lcroo rGase'nably well ,Ii th '~''i)eriDental rosul ts 1,2 • but the

nBrecucnt have not beon eoad a~oulih in several other eXperincnts.
Reference is Dade to a paper by CrYsdale 14. One reason for such dis~

crepencies nay be dUGto the f[lct that the knife-edGe approxination is

not acloqu[lto to take into account of tho offect of nountain tops. A

better approxiuation should bo to roplQcet;,e [lc,untains with a scooth

cylindrical crest. Rice 15 has dorived a thaory for parabolic cyli~

c1erj 'but 'it has the dis-o.dvnntae;e that i t,t s nunerico.l eVnlution is. "",

dif:f,icult •
." ,t

16One of the bost thecretical approach has been uado by Fbck •

In Fock's work, it was assunod that tho "avalength characteristics of

the incident fiell: is snaIl cGI1paredwith the relevant Jinensions "f

the scatterer as well as the raeii of curvature of itts surfaces.FroD
a detail, investication with the intecral eq~ation, Fock concluded

that surfo.ce current has a local character in a penunbrd region near

to QIld .1ncludinC' shadow boundo.ry. This he CEll-led n principles of 10 cal.:. '

fieldtt• ~l~Gr this nssunption ho clcfinecl c.. i' Universal function" for

current .~arid then produce] to c~Qtornine the current :in the vicinity of,.:

the sh~'dowboundary of a paro.bclc'id of rovnluticn loc"ted with it's

axis 1,erpendicular to the n[l80letic field of incident lJltmc we\ve. Basic

draw bakcs of the Fock's thoory was that, llrltil than it appe"rs to be

DatheJhatically intrnctnblo. Luter in 1965 NGGubaurand Bo.Ckyniskil~JQc1G:

n new appro,'1Chto the probl'Gll by DcdoI1--;' experinont in the laborQtory

and by tho deriv"ti,m of, a ucdified thoc,ry based on Fresnel diffrc.o-
ticn intecral.

1.3 CONTENT OF TEE THESIS (Part-I):

Upto this the diffraction cf electronacnetic Wavesby ono or

nore obstacles have been discu~"'8d • In all thec'reticQl ccovel,cpnents

nentioned above; the directional pattern:of the incident w"ve \1as not

conSi~Gr0di.e, i~ was assuue~ that tho 'tr~LSQittinG antenna w~s an
oLmidirectioUAlone. In practice, the Caso is qui tel chffelrent, nost of



the antennas USGdin connunica.tion systEm ho.vGhiGhly directic'n,~

pa.ttern. In this thesis, a-nodifica.tion of thc original theory has

beGn devGloped incorporatinG the effects of directi vi ty of the ante-

nna.s. It has been observGd that thG thGorGtical results cenforns

nore cle sely ,lith the Gxperinenta.l results than ebtained previously,

(UsinC origina.l Fresnel Kirchoff diffraction theory)'.

Recently, in nicrowa.ve conuunic,'ltion systen, anothor inter_

esting problGu which encountGrGd is diffraction of clectrr:na[(netic

waves by skyscrapers in ncdorn cities. In this thesis, both thoore-

tical ana practicn.l investi&o..tion hQve bean Dado on diffraction of

ele~troDo..6~eticwaves evor such obstacles. As it has already boen obs-
erved thnt the physica.l shnl"e of the obstacl,e influence the nature of

the'diffrnctien to sone extent, hence a th"cretical experssion has been

developed ccnsic:erinG' tho buildinG' to "be a perfectly conductinc flel. t-

tcp doublo-edGed obstacle. Nuuerical results have boen obtnined vrith
J;he help of diGital cGuputer(II31V'•..360). Sincc', fiuld experiaent i~ very

difficult for va.riuus practical linitations n nedel experiuent, ~nulCl._'

ting the building obstacle was perfor-;Jed in the laboratory. ThGusc

of sC~DoL:el technique eroo.tly sinplifiec2. [lnny pr[lctica~ problens .

th3.t could be encountered in th8 field-study.

1.4 IIISTOItICALIWVIEVI: PAET-n

Part II of the thosis QGQls with tho ~GGSUreu0nt of dielectric
constant of DQllglnuesh soil uncGr vnrious natural conditionse Main 01-
j Gets of' this experiuont was t:-; prepare a cGrJplete raclio-dCt,tQ for

Bangladesh soil. Du"oto innuoquato; fc:.cili ties nne} neGer resources

Llvuilnble at the (~ispos3.1 of the depnrtuent for such c. national pro_

bleD, 11lini ted <nlUJber cf soil sauples fron a f'ew.j)lncGs of Bnnglndesh

have been tested. Soil has been trentec ns Q lossy cielectrie ane) [l

procedure have been adoptec: for nensurinG' this dioloctric constMt.

I~any 8xj1erinental investications supj)orted bJ sui table th8ories18 h"ve

bean j1erforned for IlG3.surinc the dielectric constan ts at nicro1;ave fre-
, b 19quencl8S, y various research workers • One of the nost iuportant

prococlure is the uethod based On the ne:lSUrellent (,f VSVlH. In this



tlcthoclt a scctL)n cf 'hr~vo-cui(le filled with thG dielectric S,":l)ll)lo is

trGC'..t8,-~ c\,a a four-po le- n_otw()rk~ InfDrUtlticn nb()ut the oquivt".lon-c net-

'-lark. pnr'C'):.lotors c;ives [t r18<l.SUre cf the property of the IJo,1iun of the

l.ra.vG-Cfuj_(~8-socticnD iI'hie view point h0.8 'b8Gll ["(~or:tG::~in the ,="ctu:'"'.l

The method of lluClsurin,.; thJ ,:~i018ctric C<JDS-(;::'J}tof ~. lra.vG-cuide

L10diul,1 t~sed on principlo of ftJur-pc18 not"ork is a vary COl1l:mon['.p~.Jrc,i.ch.

Itl s vn.li\.:i ty hets b08n r8cC:Gnis8(~ indoJ)c.mcldmtly by,::'. nunbel"' of wTi tox's,

incluilinc': TrlGstph;:.l 20 2.11~1 J>~..J3rOl'ID . ., hut it's inplicC'.tion lL".v8 horctn-,

fnrc net boon fully Gxploite;l. perhnps :T:.J,st \.mll-known, Pl'OcGC~u.r8n usinc

the- c,b~~'vetho,')ry which C111'lloys all 1J~'Gn8nll 'J. short Ckte terllino. tiol1. This

LlG,tho(~ IVGSpu.blish8cl il1',:0J.)en~lontly first by thG British 21 ~ncl' then, by

tho ilr.10ricQll (22) o.uthers. Thesc-ueth()\ls, t:1.sec1 on sJ."locific output tG~

nin2.tioi.1." util,iz() tho f'.Jul'-polc ViOhr j}Ciint in e-nly ,':',rolntivoly n,'.rrow
.'

80U:<;8, sinco , nc:, nttm.lpt has been no.do tCi incorDor':.~G CIlly of the.:; nore

hi~;hly l:ovol<:'1)o(1 aspGcts of 'four-pc:le lJG:"~8Ur8J:lQnttochniquGSe L~1t0r$l .:1.;.,

Olin::c nne: 111 tschu1es 23 publishe(: n l.lethcd, in I'lhich they ,18v.eloped

Do rGlh.tic.~n betwoen the dieloctric' consti.tnt :}nd tho doterlJin,2nt r(1)T0-

santing the t1clai tto:nCG of the clielectric srt"~ll)lo. This the netlsurinr.;

pro cOllura 11G.s beon reduce(~ tc' finc~il1~.:o' tho j)'f:tTilL1ctors of 8)1 0qui vnl Gnt

l1et-1'JOrk chc.t'[1.cteri zing it. Vbol1 the (:iol.ctric C0DStt:,J1t if) :;.SSW,~8,~to

be purely 1""00.1or "['Jhonloss t.:.1D~'0nt-t2l1.b - is se suall tho.t c:m be

tle2.surec~ inc1G1Jcnc:8ntly, then tho equivalGn't four-1")olo netHerk nc.y be;

considored as lc.'ssless 2.11.(1 "tengent relation jJotho2.'f.6lJny be used. If

the c1ielectric
. 2")DcschClLn s .. ," .

8<1Dj"lois dossipnti va, [;'oo;:let::cical LlG,thncl( [;i von by

Llay be nppl io(:.

upto this 0. brief' description en tho In'.sic principles of the

LH~3.Surinr;tt:'chniques ht'tve been d.(ISCUS80d. Ivi~,in C'DjOCt ::)f this cxperi-

Llonto.l \V,<1Sto ,~efornino the Gloctricc.1 prclperties( '.lielectrj_c COllfJtant

3n(: CClEC:uctivity} ()f the soil at nicro-~'Ji'1ve frequencies. A Knovlledge of

the electrical properties of the> Garth surface is c,f c()n.sidGro.~Jleimpor-

tanco in Physics o.ncl electrical 0l1gil18oring $.s 1~.allas ro..-\lio-cca::'_,-uni-

cation. l~s for ,exauple, in rn(lio-coI..u.1unicntion the 01E~ct}:,icttl l)ropcrtics

7



of the C"o.rthenter c~ir0ctl~r into tho dosig;n e)f the trClnsui ttinc instn-

ll"tion. Furtl181', tho conductivity 6.nd dielectric constant "f the G1'oun(~

nro (~c;:'.linr'..ti1ic;:f::lc-G('rsin d8taruini1:l(~' tho Gff8Ctivo survice Ql"'O,']. s,f the

brC'L1cLCastin{;' st.-:ttiun, in which the buik of tho c~)i..lnunicc_tion is Gffecte 1

b~ tho eloctrical \tJetves t:r.c:.vellinL~' alone; the surfc.cc of tho ec:~rth.~""in.:tlly,

the c-3fficd.ency ;If tho rGceivin~)' st8.tion is d.ol)on;'~cntuy:-m tho C;OO(~ CCln_

(luc-civi ty cf the ~_';rounrlul-)C)U"[,[hich it is erected.

r.1uch pio:rmeor ,,[r.Tork in tho stucly of the trnnsuissinn of Glectri-

cCll wa.ves throuc;h et\.rth ha.s been pGrfor~.lG(:. !lfter it has boen c1ol:lonstrn-

toe. tho.t el(::;ctrical ,';'laves cCJulc~i)s trCLlls:-.-ii t":::od bJ alJ;,.lrocin.blo rlisto..nces

ovo'r tho oo.l"'th"s surfa.ce o.ttention vlas devc,ted l)y sovor,'J.l invostigatc'rs

to the cffect of the oarth in >Tireless

189925 , ,cei]onast1'atec1 the op;)licntion

to this ;oroblci], ,,,hile Drylinsky CJl" '11.,

cf classic,::',.l olactrCll'1Qcaotic theory
26Bu1'sty~n lotG1' studied the peno-

t1'~t;i.on elf telte1'Mltino: currents in to soil and ,se" 1<",t31'.ConfiriClc.tion of

the fact that tho earth ~)l::1.yeda part in thu lJrDp2.(~'3tiC'n of 1>Tir81088 ..w,::;.'J"es
, 17 1'7 "

1-lnSproviclell lly the eXTerLJont ()f J. S. Sachc in 1905 ' uhc foun'~~ that 1"','],-

c.io.tion frou a -trrl.l1sni tter incre,"1seJ. a,s the n..roD.l \-V"iJ.S rn.i SGd c.bove thG

ii Uf'..thollntic£'..l investico.tiC',n of the; l)rol)c~Gatinn (If olectric waV8D

o..lCii1g tho ec:.rtht s sUI'f,'J.ce 1-11.'18j)ublishe(~ by A SOlJLlOrfied 28 in 1909, ;).11(1_

this- p[Lpcr still renDins tho I10st COrJJ:->lete thcoreticnl tr02.tLlcnt of the

subject, In orc1G!r tu l"'e:_luco sO::'1ncr-fi01(~'s i'ornul,:J,0 to nUE8ricc.l qUGJ1-

ti ties, (lttenp'ts ''lere i1a.:.:e to obt:].in ~.1ensuro;..18ntsof tho conc1ucti vi ty

of tile soil nnt-erin.l Llt o.uc:ic' frequencies D3T severo.l vll.1r1tor8,_ l1nt['luly
1.9 00

H. Lc,JY and r,.mlei' in 1917~/,.

iJorties (if soil -crtrrieJ out o..t r8.,.-~i() frequencies was lJublishccl by

IltttchiffG o.nd F.G. W. \li.1ite in 19303°. In this CaSe the G"il lill',cer

nina-tion fOl"'l'lad the l:ielectric ~)Gt1'leen the p1,J,tcs of cylin\.~rico.l condon-

ser 2J1c1resistance of this c,Jnuenser ~',Teror,lCnsurGll c..t vo.-riGus 1"o..c~io-fr8-

quencies upto abou-t '-i- NC/soc. It h,':'.s been reporto,l thtl t thc apparent

C'..ieloctric 'con'Stnht of the soil vloul~l tlocre~'..se with the inel'eD.sc :)f fre-

8
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qu,ency frou !;.oi:lt 200 KHz to ",lJout 12' at 3 i'lITzun,'or vD.rious uoi"turo

conc"':.i ticn.

oloctric })roperties hClG been L,;ivenin the pi~evious section. The ~}oth.:)~l['

of i".l8nSUrencl1t (~epancls on 'various fGctors s1)~chpns, D.v~il[l-l)ili ty of in8-

ti'uL.1ents, finnncial "':'~Q.ssisto.nCGMel liJ.1i t2.t:~on of nti~'.1elt. Con8i(18rin.;

0.11 tltcse .f,jctors, ~11this thesis the :.lG8.SU::~0L1ent a.t tho (~ie18ctric

cunstwnt qf tho soil h(lve perforl1Gd by two (-~ifferent nethQ(~S. In the

first i:1Ctho(} nnnely"The free Sl}::~.co p.ropi:~c:'.tion IJetlIoc~i1--81ectI'on[lg_

netic HQ,ves i'Jere trn..."lsuittcd tG'vllJ,rds a Inrgu bl':.dc of soil s2.nple and

tho reflected waves HC:i."'"'8 rccGivGd by ...• reeal ver. Fron the strcll .•:..;,th of

the roceivGcl 8i[;110.12.n'.1a. knowledce of the -GYl'J8 of polnriz;::tion of the

trCU1,snittec1 siG'rt-nl tho effG'ctive ('~i8lcctric cnnstE!,nt \'Ttl,S ;'.le,:1suI'e(~.Thc3

aocui"acy of the rosults obt,'"linec1 by this neth:}(l I'T[lS very sonsitivo ti~'

thG DJlClc of inciclonce of the transai ttG('~ siC;;11[l1, nature cf tho rGflG~ ..

tiJ19 sUl"fc.ce ,q...'1C~accu.r3te c1eteriJination of the strGn~;th of the Y0ceived

sicnsl as "ell ss tho palC!l'j,7ation of the trilnsni tto,c waVo. In the second

aetho(l, soil 80.1:2p1e8 were prepo.reJ e.nil 3. :P;'ll~t of .3, W3..vo-Gui::-~o 1'1n.S loaded

Iii th the snLlpl-os -.Then by ne3.surini:~' the strc'ncth of the VShTTI nncl tho

shift in t:he IJosition of the l'1Qxiu[.t c!.nd uiniBn of tho "field strenGth

in tho unlor",Jecl lVLlve-c;uido section, tho l~ielectric consto..nt 't'Tt1s 1~183,sur8c1"

Tho I:1e[1.surej~~Gnt as perforned ror soil So.r,l1)188 I'd th vo.ryinc f'J'wisture

contents ai1'C:~(~Gnsiti88. Thl:: L1nth8l",latict1.l thoGry l)Ghinc~ tho e,x]}erincnt

het'S "3.1.s0 t'8811 dis"cussed,.

9
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2.1 INTRODUCTION:
This chapter describes a brief description on the diffra~

tion of electromagnetic waves over natural obstacles and some basic

concepts on the diffraction phenomena. The basic concepts of elec-

tromagnetic diffraction 1111111111111111111111111111111111111111111111.
has been developed from optical diffraction theory. Numerical expo:

rimental evidences have been established in support of tho above di~

ffraction theory, which is knownas H!Yg0IlI ~ lmvelet principle31•

Although it is of tell- thought that olectromacnetic l<aves travel along

the line of sight path but in practice elce;l€ltromagnetic 1mves propa-

gates some what below this line due to exist.ance of atmospheric re-

fraction. Experiments have shown that waves may reach further into

the geometric shadow region which can not be account by the princi-

ple of refraction. ~on' s principle GxpJiains thnt phenomenn. Aocor-

ding to this principlG "ave reflGctions do not occur only at ono.

point but from the ontiresurfnce ..of the earth that is electrom"g-

lletically. il).UIilit;tatod. lvavel'citFireradiates th.er.e in all directions

from the multitudo of elemontary radiation centers of the oarth sur-

face, roceiving ...incident electromagnetic wave energy. Ho"ever, this

diffract.i0I!- .phenomonais also depelldent on tho fre![Uency of radi" .••

tion as will be discussed, Inter. It is also. known that, tho longer

the "nvelongth tho more ,pronounced are the diffraction effocts, but

the less significnut arc the refraction effocts.

2.2 BASIC-CONCEPTS OF DIFFRACTION:
Diffraction is a phenomena nceompnnying all forms of waV']

motion, it's' effect being more marked as the wavelength relative to

the obstacle dimension increases. Diffraetion effects differ frem

refraction effeets in as much as ray bonding due to refraction may

occur in obstructed 'space. But "e de~l with variation'from st-

raight line'course whenpartially cut off by. an obstacle, such as

an electromegnetic wave passes nCar edges of an opening(wedge sha-

-:'..",."..,.



ped mountain) CD a hole that may CaUse wavo interferenco.Wave propa-
gation behind the horizon(in the geometric shadow region) may parti-
ally due to diffraction.

In optics, it is known from experiment, as well as confirmed
by theory, that when c.mo.nochromatic light is pnssed through a n",rrow
operture wld then allowed to incident on,anothor scroen bohind tho
first ono produces' a blurred wider imago or sovurnl bright or d".rk
images of tho slit: Such offects cnn bo expla~od by H.~ebrs wavolot
concopt, modified by Frosnel by menns of interferonce bet"eon corapo-
llGnt 'YlQ..VOS.

2.3 HUYGEH'S \~lAVELET PRINCIPLE & ITS MODIFICATION BY FRESNEL
(INTERFERENCE EFFECT):

According t.oChritian llilfgens,the ,mvofront of a waVO mr,y be
considorod to be consists of many point sourCo rndintion which mnj' be
roforred as "wavelet radiators" ns shown in fig'1

To cstnbliffilthe proper diffrnction theory for oleotromngno_
tic radiation, the boundary conditions, ns for exnmple when a wnvo
meots another modium, such as at tho surface of obst,nclos, must be
sati~fi~4 • Again, instend of a single wave function, thero are two

-.I, ',.

f)illct:Lonilwnoly, that of electric field I E' and that of 'magnetic filed
<"';r~'"Owing to thee3 bOID1diiry"'conditions, the wavefront passing through
an opening of an obstnclo must become perturbed bocause of what
happons at tho boundary. This means that at the inner surfaco of an
opaque scroon with wn aporature, we generally hnve wave roflections
as well ns absorptions unless spe~ial provisions are mot. Fbr tho sako
cf prosonting well-known' fundamentals, a singlo wavo function W is
chosen and it is assumedthat w = 0 at tho innor surfaco of tho screen
and tho normal de:riVD.tives;;>~l/oln= 0, so thrct for the sur:facG of an
apGrturo,. the wave condition is identicnl with the incidont unperturbod
wavo. In Fig. 2 prnDt T is taken as a radiation cGntre of priNary sur-
face of spherical wavos. The full-line circl'3s aro wave crests and the
dnffil oircles are the troughs. Tho full-line outer circlo is consido-
rod as a wave front containing ffiygon'swavEot sources such as A,B,C.

•

,
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These secondary radiation cen~ers arc all on a surface of equal phaso

Each one of thosG' wavelet cent.ers sturts ou.t spherical we-vasabou.t~.
fl, B,and C , so that, wave energy also :machell-'. to portions like point

P 6.£ the geometrical shadow region. Spnce point P is n reae..iption ce.-

nters of threo arriving 1<avetrains. ''!'he paths of rcysf~p, BP ood cp

are r, r +BB' and r + Ce' if arc JiB' C' is " circl e with radius 'r' about

.;- tho contor. In Fig. 2 the length r is taken an intogral multiple

of wavelGtll. This lliGrrnsthat the 1mvelot originatinG at tho HWGon's

centcrc A ITU5t CaUsa a wave crest at reception point P. Expressing the
path difforencGs BR' and Cc' by d wld d', the corresponding phase

delays "re ~ = .Bd rrnd S = Bdt for ~ =' 2l'i/J<.. • If s were exactly

Gqual to half-wavelength, the C~6Jt of train AP would meet a throuGh

ef the BP wave train "t P. For the dist"nce r contcining mcny ""vol en""'

gth, we h"ve theinverso rel"tion 1)fr ~ 1!(r+d). Therofore, at recep~

tion center P, the Grriving A wavelet effect will cencel thG arriving
••

B wavelGt effect. ThG fiGId JlP can then bo due oniliy to .the C. Ucvelet

which for a wavG-function w yields, for the initial value W of w,

w = W
d

Generally, such idQc.l ccndi tions do not occur <J.l1d tho three

wavGlets arriving at point 'P' with their effects also c"Use wave in-

fe~~rence all along ti,e irn"ginary plane of reception.

Therefore, as far as the reception effect is concerneu, the

basis of the H~gens-Fresn~ wavelet effect is that wo deal not uirGctly

with the original suurce but with a liiultitude :of secondary radiQtion

centers located in the wave front of the prinary wnVG. However, the di-
ffrQction is less. pronounced around edgos as the waves bocome mlDrter,

but the diffraction effect in liinny Cases cWlnot be iB~ored.

2.4: PHYSICALEXPLli.NilTIONOF DIFFRACTIONFROMA SHARPEDGE:

(pptical_straight edgo apprcxiroation)_ ul>to this the diffrac-

tion phencnena and it's: basic ccncepts have been disousced. In this

artiole, diffraction of electro"'GGnitic waves by shQrp edge obstacle

will be discussed. The Fig. 3 shows what happens when a plWle "ave
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arrives at sharp edge at E normal to the XZplano. The exaggoratod

diffraction pattern. whichaccording to sO@illcfield. is a. diffraction

patten in tho geometrical shadow region Fa as well as in the unobstruc-

ted region FR. This explains the experioental optical obscrvztion

.that nn edgc E nlong Y -axis behaves like a linear light. sourco. emi-

tting cylindrical waVss in the + Z +.Y and + X directiens. 'lJho cyl-

indrical wave procees below and bohind the edge E. with a 1/ distance

law, .i.G. n small. wave spread an}!li tude dacronsGs, while in tho unobs-:

tructed shape above and behind tho edge E. w,,-veinterference betweon

arriving plane waves and secondary sphorical waVGOccur.

As a result thG diffraction extends below and abovo the edge

Eo '[he l,avo spre:1ds inte the region below th" E Gdges refers to :1 por-

tion .of the Geometric shadow zono. The in torferencc r'Llttern botwoen

cylindrical and plane >mveyiGlds par'llolas. The I:laxirouo'and I:linil;}Um

o'ffect.s ara rGprescmtGd by full dl>awnand dmm -dash parab-olas res-

pectively. The waVGSradiated by thG cdge E decraases with 1/ distance.

1rlhile there cp.n be no space nttenuntion for the arriviu[; pI nne waVos,.,~.:;':,',: . :
shreD 'there ia no spread. T'ne inverse sqU[lr - root 1m, holds .'llong a

path of fixed diffraction but the Ilroplitude does not cho~gGwhen the
the

interforencG pnttGrns mOVGSaleng, / pnra~olic path, because the dee-

rease of the angle of diffraction ~st off-sets tho\camplitude docays

and causos anwmplitude increases. The onorgy pattern as woll either

side of the edge can be cxplained by rJeans of cornuspiral, as woll as
by Fresnel integrals.

2.5: 11f.TIIsll/"TICALFOill'!ULATION:

Tho basic idea of the 1'J'ygcn- FrGsnGl theory is that tho light~-- .,' ,
disturbQncc at a point P arisG from tho S~c~)ostion of secondary waves

]?rocGcd from a surfacc situated bet"een this point and the licht sourCG._

This concept is used in the olemrocagnetic diffraction phenomen~n.This

iden >msput on a sounder' cathecatical CbllSis by kir'c'llo£f, who showed
...

thrit the HwgeIIIls-F.t-esnel principlo Day be reeaI:'!ed uS o.n approxiu"tc

forLJ ef a cc;rtain integral theoreu which exprGSSos the slilution of the

ho,eogeneous wave, equation of an arbi trnry point in the fiold, in terns

15'
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of the vclues of the solution and it's first derivations at all

points on an arbitrnny closed surf~ce surroundinG point P. At first
considering a DOllochrowoti6 wave,

v (x,y,z,t) = U( x,y,z» ",-jwt •••..•.•••••••••••••• (2.1)

In VactlULl.. the spaca dependent po;r.t satisfies the tine
independent wave equation,

.• '•. -•....... ~•~•.. ~........•..( 2; ~')( ';7'1.+ R2 ) U = 0

where, R = If/C ,

Eq- 2.2 is known as " rrul~loltz" equaticn.

Let V be the voluDe bounded by a closed surface S; and lot

l? be any point within it as shown in Fig. 4. We aSSUIilethat U possos

continuous first and second-order partial dorivatives Ifithin and on

this surfClce. Let tI' is any o.ther function which satiesfios the snoo.

as U, we have by grGGrts theoroI:1;

do,t= Jku"3U' - U' & n ) cis •• (2.3)01 an ans
difformitiation"alollg inward. norual-I to

continuity requirenents

SS1,(U V"l.U' - U'V'lU)

WIlGrea /~n cienotos

s. In p-nrticular, if' U! e.180'sc.tisfios tho tima--dependent vlQ.ve oq-

uation i.e. 'if~

( Y";' k'" ) u' == 0

~ .._-

the itfoll01'S at onOe that integrdlld on the left of eq. 2. 3
Vanishes ::It every point of, V nrrdconsequently, *"

.fJ'-('uaur~t.'~)'s :'-o~'..~._-,----
!o ~'Jl d->, q -

.1: 1A'(.,y,~)=eil<t
s
..,h'''e 's' is lire dis-l"'''''''"1YO>n' P'i. Ihe pon.t ("I~I~).No" 6,,"~"ou<l1d. 'pI b ~1. d.' I

"1<1 e.{eYd,,,,,! i.,{ 1.. j, t '-" '" '''d :J '< ~J'"e1>e"'l.".- ',<s t
o ejl" .•. d>l e Alee" "a;,..,dS q l1;i5 Sphere ""e iVt, SJ.+)),J1-i~(e~I<6)_e~"5~] d5~ 0 .

.•..,ce .',..,1e.1".",I oV<.Tl. 5 is "-.,del'e>1de.,t dj-E, "'e """"::1 ",,,pj,,,,,,, liJ,.S .".,Je:J •..••.i b} Ih. lim;t,.'O Vo.)'" q 'he
,4-~~1 ...s . e.~o. C'o""'sjd•..•.i:-] l-I,i5 ::I",d i",k "'C.C:O\(dlJ «!nd I~e...,4-b.: ,.,j""'P!;Jic..,+icm Ille sol,,-I.<:m is
)"-M "'5 ::foll""'5) lAC.l')~"l~j){Lj;,.,(eikY5)_(eil'%)~}ds ~ (~.:;)

__ c_~~ ~~;. ~.'=-Tn.ls i:s :Im:otin-5s one_fc-rm. of inteGral" tbe-g~0;~c-f Rel-bholtz~: .
and Kirchoff •. This tJ4eoren enbo."ies. the basic idea of the Hycen--

Fresnel-principles., the laws governing the c"ntribution.frcw different
>t ~~r',
. (.! (:I,."'_l,t' _!)/~:9., I. . .

.l, '. _.. , .. "Yr:: ,. d ::> "= (1~.u ' .;;'~,. ~.I..,
16
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eleQents of the surface are nore conplicated then Fresnel assuned.

Kirchoff shewed, hnwever, that in rJay cases the theorofJ nay be, re-

duced tv o,n ClpproxirJ.Qte but rJ.uch sinple1" f6rn which is essentially

equivalent to the fornulntion of Fresnel, but which in additon ari-

vos an oxplici t fcrnula for the inclinnticn factor that reDai'ned

indeternined in tlie Fresnel theory.

Considering QI1cloctrc\IJn[,'llotic l'J"nV'~, free. G.point sour.ttG .~~~,
IP:r(?Dilgn,ted through an openinG in n pIo.ne Op!UqllC scroell., nnel lot pI

be the point :tt whioh the wave disturbance,s to be deternined, as

shown in FiG. 4C.

To find the disturbance at P, the Kircheff integral over a
surface S forned by ( eq••• 1) the epening A (2) a portion B, the nQn~
illuninnted side and (3) a pertion'G of a large sphere of radius R,

centered at P which to'eather with A; B foro a elosed surface.

This integral equation bacoo.o,

u(;;) = ~ 11[. S t+ r~r-+ SSJr;l~( e ills IsH e
illS

/s)<luhnJ ds•• ( 2. G)

The dlffleulty lS encountered that the Values of U [Cndeu/on on

A,B,C which should be substituted in the nbove expression is never

bOrm. Gxnctly, HOlfcver, it is reasonable to. suppose that overy l'rhGr~

on 1••, except in the ionedi"te vicini ty of the rin of tile openine, U

nnllQ\u,8n will not nppreei"bly differ fron the v~alues obtnined in

bewill

.••..•..• (2.7)
o=u=o

on A

on B
t'rhere,

th(-,:absonce of the RCl"een tlIld thn.t. on B t.l1(u'e ~:umtitj,.~s
[..;.:i..JpruxiLlQtely zero, Kirchoff Qccordingly set.

(i)
~
on

[iR--!: ] eos ( n, r)

The approxinnteeq. (2.7)are cnlled the Kirchoff's bOUnd~r~

ccncli tiollS and are tho b;'}.Eds of' Kirchoff diffraction theory,

Now, it reuains tb c(jnsider the c(:.ntributiGn froD ths spho-

11
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ricdll pertien b. ILKovor, it wo.ybe Sl1010Tl.tho.t' in the liLli t of the

radius R GrowinG'very Inrsc, the disturbnnce at P is considered no

contributicn fron couL-l have roach point P.

=IT (p)
obtain

Thus finallY on substitutinG in eq. 2.6. ~,d neGlecting tho

norBal cleriv"tives of the terns l/r C'.Udl/S in cOBparisol1 with R, wc

'1> (i:kcr + s) [' ' \1
~~ : 'li'8 cos C n, r ) - cos ( n,,,~ ds

-Ii
This is knc,m as ,~~el-Kirchoff diffraction theory. In

(n, r)-cos(n, ~dXclY[ cos

the above case, the diffro,ctior. phenoEionah.:1Sboen studied, when

the WQVQ, is passed throuGh tlIl ["<.perturo of o..rGQ. A•...For diffro.ction

by tho sharp-eclgo conducting' half-plane, tho surface integration

Sh010Tl.nbove should bo extendeci fren tho ed;e of the obstacle to

infini ty i. e. tho cODploto surface alone tlH half-plC'.Ue but abovc

the obstacle shoulcl be inclucied. If cartosiC'.U cu-ordinate SYStCDis

r.onsiclcreu," such that Z-axis has alonG thu line cf th8 edGe and Y_

axis is situated vertically up,mrcI, than the above equ,C}tion for shapr-

edged obstacle becolOlcs, J r 00 ikC !'ts)
U (F) = -~h.AJJ -o--r'-s--

-h - 00

where h represents the distance froD the odge nf tho obsta-

cle to the Z axis of the co-cJrdinc.te systeD.

1~
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CHAPTER 3
,.

INTRODUCING THE EFFECT OF

ANTENNA DIRECTIVITY IN THE

FRESNEL KIRCHOFF' DIFFRACTION_

THEO;RY

,to

.;



3.1 DJTRODUCTION:

TIw original' forrJulnticn of the Frosnel-Kirchoff',dntoGrnJ.

eqUtation does not cc,nsider the eff'oct of cntenna diroctivity. 'l'he

transnitting and the rocoivinG antennas are npproxinnted as isot~
Jpic radintors. Ilc'"ever, for all practical purposes, tho results

obt[',inoll by such approxiuatic'n nGreo fairly "ell "i th tho uonsurc-

Qent valuas. If a vory pracise ovaluation of the receivarl fiold

strenGth is roquired then the effect oftha directivity of tho rc-
coivinG and the trnnsni tting nntenna shoul:1 bo considered. il. noc"~i-

ficat,ion to tho original Fresnel_Kirchoff intogral is :i.ncer;)oratod

to account for ,:the diiectivi tios of the wtonnGs. Thoorc,ticd cn1-

culations are'nade :frocthoSG I1cdified Fr~sn'ei':'Ici;;cho.£f'intoGrd

and it "as also obsarved that thes8 rasults nGreo nora precisoly

wi th. tho practi cal IJaasureUQl1 ts.

3.2 l!!ATIIBl'U.TICAL FORI'!ULll.TION OF TIlE i'ROBc:,El1:

The basic IIp;'roach to the probleu begins by consicerinc

the natura of tho stwdarrl solution "hich is lalOVlUas Fresnel-Kire-

hof~Integrcl'equQtion whon n cllnTp knife-edee is plQced in betwGen

a= 7'i
"1'1'3.,2

.. ,

the transui tting nndthe ,receiving systou,tho raceivej pow'8r is (ji-

,,1I:<' x _+_Y_) sin (ax
2

+ ny2 )' dXclY]',~,.

---- \,lnr.Drr , .t ,.'
g(J/x1..+ y1-)= ---..-( 1+'cos OBI cos."Q.r

".L dTClR
., rpr

whoro,

'.~ .'

rT == D:istancGof.the obstacle fren the receivos.

'rn-' "'. D:isj;nncoof' the o,bstaole frOG the trnnsui tter •

,. ,.
•• HOrizontal distanco of the cbst£.cle frou the receiver.

'I. ,

~1
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dn = iiorizontal distance of the obst.aclo fron tho trans-
ui ttor.

q'l' = ll,ngle obtaine,; by the line joininc th,<obstacle and
tho transDi ttor with tho axis of propaGation.

QH =

PR == Received power.'

P'l' = TransDitted powor

X = aXis = Iiorizontal aXis, alonG the axis of propaGation.

Y '•• aXis", Vertical aXis, plnced just. nbovo tho obstacle.

To oyalute the values of the above inteGrals, the function
G( 1-~-::?-+--y-2-..-) WilS considered to bo c()nstan'~, Tho intoGrals woro then

siDplificd and the a~)ressi(ln involvacl Fresnel.inteGral. But in the

actual case the function g(Jx~+ yZ) doos not reDain constant ••••

:Fill' oxtensive study, the evalUation of the inteGral LLaYbe re-oxani.'

hod. F!'ou tho fnct thnt all zones in n lOiven .fanily of Frosnel zones

.have the saDe area, it Day bo concluded that all zones contributod

cquclly to the un~titud0of n givon int~g~[Q.lfthere wero no vnriQ-
tion in G(f') with,tO, the expression for Pn ,.,ould silJply oscilla-

te with .constant anpli tude as the upper linit of intaCr,,1 over was

extended to illfini ty. The Donotcnic decrense in g( p) with ~ provon ts

this frau hnppening, hOi;ever, for it caUses tho oscillntion to be

dnb.p.ech The lini t to Wh~Chthe na:m.plitude convot'eG~ as the oscilla-

tion Coascs is half tile intcGral over th~ first zone clone for the

Saoe renson thnt the sun of an infinite eeouetric eel ternating series

aDDronches half the first tero whcn the absolute Value of it's C0LUJOn
rQtio QPprouches unity.

Next, considerinG the effect of tile vnrintion of b
T
and DIl:

I,ith P on the int~c;rnls. Since, the vnriation of g(P) ith Q Q
W 'T,.a

dT 'G,J."1d dIi is aLready such as Causa g{p)' to docroasG. nort()tonic,'Jlly
leith the increasinG P, it follows thn t DT and DRcan effect tho in-

teGro.l to an apprGcinble extent only if their vnrintion occur at' s0.-
I.ttl enoueh (fit, 'valilles so that g(e;t~tillL !~as apprecinble uacni tude.

This hOI'lOver, could occur only forantennns havinG ,Iirectivi ty patt",

erns so narrow as to plnce their entire DOli"];0bes within the first

" ,
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few Fresnel zones •. As. em,spointed out earlier that this does not

h"ppen with prGcticnJ. Gil tennas in line of sieh t uicrowl1ve lin1<;s.

It Day therofore be concluc~Gc. th:1t c1et['iled

vi ty patt,erns cf .the IJlltennas cnu influence

only to ~ uinor extunt.

shape of" the '''dirop:ti-
- , -~h

the rccei vee. SigIlal

, I

,.

In this sectiou, tho effect of the variation of Dr ~ld DR
with P has bGen thGoretic"lly studiecl. For this purposG. thG dirGe-

tivit.ies of the antennas USO(J, in the oX'j),erinonts wero considerod.
• •The antenna petterns are eivert in the oricinal hand-.book. It waS

fowl<l that the 8l1teunas WGreof high directi vi ties. ThGnutGnna pa-

tterns a.re shown.in fiGure (-40..). The I'att,erns nrc approxiDnted Qnd

linearized as shown in figure(~b}.

Frou the approxiL1ated radiation 1"at.1>ernof the two nuteun2.s

it was found that variation of the 4irectivi1>y could be assuued to

vnry 1inC>[1.rly,ri1>htl", v".ri'1tinn alon~ y-axis, when -h ~y ~ 0 nud

o ~ .Y.!{. Y! e Tho slcpe beinG 'considered to be TI1T anll D2T respec-

tively f9r thG trnusnittine antGnna. Bt!r thG receivinG' alltenna those

(sl'opGs)e.re fllR alld w2R respectively. TheFQst of the pattGrn i.c •.

'for' Y> Y1 we.s e.SSill.lOdtc. be con.stant., The directivity.,l at that

region was very low and reuained Dorc or less SaDG. Fbr this rGQson
thero vclucs werG neclectccL ConsiderinG all these f"ctors, the vnr-

in tion of the dire'cti vi ty 1JClY be wri t'oen :lS fellows,

- h(y(o

=CD +01'
. ..1-

Dl~DOR )2

where K = -t (1

',:- ' ~'



2. :FOr o <Y(Y1
1 1

v'DH D = (~T - W2T Y )"a ( Dr ~ L2RY
)2

T 1.

:::: v'DpT D1>R- t (U2T1 v' DpT!Dl'R + r.l2d~RI D I'T )y

-I- ( r.l2T r.lal / 44 DoT Don) y2

3. jiDr, Y1<Y

VDT Dll =jD3T D3T

ThOSG vo.lues of Dr and DR is putt:oc1 in tho o~iGinal exp-

ression. The t'tvo inteero..ls nrc then considored snpo.rntely for each

reeion of y.

1. for the region, - h <y (0 the expression beoones,

sl f". '"R (,DOT DOR+ ",y ~ '" ( ox'. "",,'I 'x 'y
-n - D6

'-

Let,

=

Renee, the expression beCGDGS,

f"'"06_.1no 1 cos ( nx2 + ay2

~r~:;.~1\ 12." Ic(.hl)-S(hl)l+
a LJ2 {2 [.. ,j,

sin np + cos np1



( ax2 + ay2) dxdy.

cos ( ax2 + ay2) dxdy

2. Considerine the region 0 < y <y1
;I, <>0J J ["r:rj~ (VDOT DaR - K2 y~ cos ( "x

2 + ay2 ) dxdy

o ~tex>
j \("02 - "2 y) cos (c.x2 + a:y2 ), elx dy

o ~_"'"
where, llo2 =

[cos

3. La.stl.y in the reGion, Y, (Y , the 0XlJression be90lJGS,
00Jf~3TD3R

:1, - <>0 0<>

a Jf"3 cos
Y1 _ 00.

= ~ {r.(oot- c ( u1 .~ - [s ( co) - s( ul ~J
Let us consider the 2nd inteeral in the original fresnel

equnt,ion, considering the Variation of dirG'ctivi ty.
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., ,

".
~!",;~~~ti

lille're;, yt = {t1 y 1

P1 = Y1
2

"3, Lastly for the re~ion, Y1 /y ••00
Co .:::- .:,;1: _in ( ='+ ",,') d"'"

Y1 -00

=

3.3 . NmlEIUCf,,1 SOLUTION:

Case- I:

At first thG nuuerical "alues of 'tho slopes u1T and u2T is

to be fou.nd~'Fron the radiation pattern of the antenna, it is S,8en

thnt, the radius of, the first frosuel zone pro clucas an anglo of
. 6. 20(t -1 9.78 6 20 h F d t th t 1an 91 =. wore .•;:::-9078") "':iL?l a ang e
the directivity of the antenna is 4 db loss than thnt of along the

nain a.xis.

Let, X1 be tho db reading along the;: nnin-axis

(X1 - 4) " " " " 1st fresnol

Let, Xl Corresponds to 1'1 wa.tts of power

( X1 - 4) " 11 1'2 " 11 "



or, :"2 / j? = 1'0-.4, 1

( DT = IbT+ u1T (-:h)

1 - 10-.4 1-,4
.73or, u1T = ----'0-

h .823

Si'-'ilc.rly III "is the slope where the receivinG antenna
produces such an anGle at the first fresnel zone,. the nneleiis foun,\

to be" tnn-1 9.78
251

= •.37- .694
.823

=
db bolol'i ;

.823

directivity is 1.,
..•15

- 10
U Hi =

Here the

hence,

NOli, the directivity' at, tho transoi ttinG ane receivine

antelUla at n distance Y1' is 7 db below, than the directivity at
the unin-axis.

i
',',

Hence, u2.T
1_10..••7

lihere= Y1

•.8, Y1 = tgn 100 = .176= 1.33 ) 1]1

= .-606 (JY Y1 =1.33 ht.

_.Siuilarly, for uZR

Y1 1.33x12
251 = 251 - ,065

tan-l•065 = 3.70 "'::';:::"or

i.e .. 2 db belo" the Dnin o.Xi:3.
',I

1_10-.2 .33 .28I:i2R• - . -so, 1.33 1.33

j

Lot us calculate the values of Ie, nnd Ie~

~R
Ie, = t ( u1 TJJX::T +

,~.

\'

30



= . t ( .'1 + .73) =.55

i ( J~R.
=2 "2- ..r +

OT

t (..28 + .606) =.4/,3

rT + r,.
----"r

T
r
R

.7\ x .. 5280 x 12x'342
4.59= =

173.2 x 3.75 x 251 x 91
Y"1 = Y/2a 1.33 l' .709 2.56. . Ti = x =

h' Ff2a'.= h -
7" ' .• 823 x 1.709 = 1.40

0-2
- -f2:.1 2.[1 .

= £2i-K1
r l'T rr;

.~

l'U-ttint; those values in the prev:.clus expr.::.:ssion c~Grivade

The first in tecro.l is a.s fallen.,s;

.428 X 10-2 [C(hl) _

. I .-2 r'= .• 428 x 10 Lo5S-

s(hl)d + 1.83 x 10=5[_1( sin o:p t cos a.p)]

.70+ .71 + 1083 x 10-5 [1- ( sin 3.1+ cos 3.1)J

~ -.068 X

h) ! libr o~ Y ~ Y1

31

-5 r-- L9J x 10 LCOS af?1+



.428 x 10-3 [( .5 -.57)- (.5 -.41)J

=: -.068 x 10-3

Next the values of the 2nd inteGrr~ is evalutod,

:FOr ,- h~y ~ 0

,,) , .428 x iO-2[ s rh') + C(h'B +' 1.S3xl0:o-5(cos np-sin a1O-l)

= .428 x 10-
2

[.55 + 72~ + 1.83 x 10-5 [cos }Jl-sin3.1-1J

-., •.,'539: ,x 10-2

b}:FOr'O~ Y ~ Y1

.428 x 10-
2
[s(yl) + c(Y')]+ 1.83 x 10-5 [1+ sin 81Ol-c08urn

= .428 x 10-2 [.41 +.57) + 1.93 x 10:-5[1 + sin"'110..•.,cos 10}

.428 x 10;-3 [(.5-.57) +.5 -.~,1)J

=.OO8x'10-3•

Hence, the value of the totcl inteGral b.;:conGs,

, 2 . - .
112 + 122= [< -.Otil - ~068 - ,,0068) xfo-2] + [C 539+"419)

-2 ]2
x' 10

.02 10-4 + .918 -4= x x 10 "
,

= .958 x 10-4



So, the e~)r8s3ion'for recoived power boconos,

villoro t C' is a ecmst[U1t to bo evnlutoc1. Since, it >msnot

p')ssiblu to find the nincCltchinG of tho 3YGtC$1,~ So, the effoct

of this llisilo.tchiuC is to be .consiL~orodin the value of C. which

shc.ulrJ. bo sano for both cnSG(roccdvod ,pcw8r wi th DJlcl without tho.

knife-oclce), The rGQclin(:~lli'D,8 tQ1cen with tho knife-edce:: rerJovccl an(:~

nll other conchticms reGaining sane. It was found to bo 23.6 db. Fron-

tho cn.librnticn Df the I. F. CtLlplifior shown in Fig- '33 , it ecrrosl)-o

onds to 000092 LlWi.e. "92. JlW c I'f~Yt'l, the eX1J-rossion for rGcl~ived

,. power is,

s+

or c = 2 x cx ( • '~28 x 10:2 ) x 2

or o = .00092
-2 24 x (.428 x 10 )

=

Now, th8 rGccivG~ pG~cr becones,

I 2J- =
2 _ uw

,,; 1.178 )lW.

To co[~oro tho rosults:wuth that of the original thoory,

,

PUlf/= c x 2 x (.42x 10-2)\2{@ (00)

__--I,= _1.-20c'J{"-w'-',,'

Ex~orinentnlly the rocpivGu power WQS 1.16 ~ w.

Case II:

Lat us consic~c:r the CnsO, WhOil the la1.ifo-odCoobst.:lcle Wc,s

plaeo" at tho contro i.e. = r '= 171itrT n
Frou the FiG-3 it is soon that,

";, ,-,.
;'~

tan Q
T

h
= 11.13

171 = .065



where, = 11.1.3 = ',,93 it.

,-.

= " -" ~ 3 750 -~ 4°"'T - II - • -

llrroIl, the lineG.rizeQ pat torn .i t is .found to be 2 db below

thQU the Gnin at th8 linin-axis;

Henea = .399

'y' is the distance such thQt the =(;1e ,1

fro", the l'e.clia.tion j)::'.tte!'ll• IIcncQ,
1 _ 10,...8

Y1
; tGll

o
11 =.185 =

= = or, Y1 = 2.636 tt.

nOt'l, to fin(~ the va.luo of D3)D.S lJreviously froIl the radiation
I'8.ttcrn is 18 (:..b below,

SO, P1 101•8
P3 =

or, D3 = 10-1•8 = .159

FreD these, results, the fellc.wins ccnsta.nt D"y be e"l ell-
lQted as follows:

K1 = t ( D11"" D1j) = .399

K2 = 1 ( D211 ) .3192 Il2T + =

Jrx 5280 x 12x342 3.58a = =
173.2 x 3.75x 171 x171

h':hj2~ .93 x 1.15 = 1.•.4

y' = 2.~:636 x 1.~.)1 = 4J)0

Now, the: nunerica.1 results c.f the 1st inte:3'ro...ls bccolJcs,

Zbr -h~y~o



," ',.,'

0.) .428 x 10-2[C (hI) - S(hlj.~83 x 10-5[1_(sin o.p+coso.1')J

= • 428xl0-7 '[.55 -.71] +1.83 x 10-5 [1- (sin o.p + cos ap)]
-2::: .•.• 068 x 10

';:-,

, b) BDr 0 ~y~Yl
-2.428 x 10 [c(yl ) -s(yl)] - 1.93 x 1O-5~cos a1'l+'

sin aPl -1)J

[.5 -.45] - 1.93 x 10-5 [<!"5_"'I?I-+.~~"'o.l',-:i]
.J

c) 0.37'i = 66 -3.7 x 10
20.

.766 x 10-3 ( .5 -.5) - (.5 - .45)

= -.06 x 10;-3

Siuilo.rly tho va.luo c,f the 2rurl intecrc:l becoQes;

D.) BDr - h.$y~o

.428 x 10-2 [s ( h') +c(h' ~r':i1::3i<T~'t?osap - sin 2.p-il

= .428 x 10-2[.55 +.7~ + 1.83 x 10-5 [CGsa.p- sin o.p-l]

= .539 x 10..2

b) BDro,<y~Yl

.428 x 10-2

= .428 x 10-2

-- .406 x 10-2

[c (y,) + S(yl)J+' 1.93Xl0-5(1+sin aPl-cOS aPt)

-5[.5 + .45] + 1.93 x 10 (l+sin ccP'l-cOSccPV

c) Fer Yl ~y~ 00

.766 x 10-3 [(,.5 .•..:5) + pi_.,+5)] = +.06 x 10-3

r 2
1

Ilooce;

r 2 = ( .539 + .406)2 x 10-42

r~+ r21. = (.893 + .0023) x 10-4

-4= .893 x 10
, -4= .895 x 10

•



No,,,, to fine: tho value of tho ccnstnnt "'s oQlculatecl bcfGre.

The free-space rendinG with. the obstnc1e rGIJ.oved was found to be 2}--:4

, '

Fran this value, the expression

beC02G-;

PR = 2c (-; ) 2[ [s(oo)

c = 10.93

~ 2 r ]+ c (OO)J + LC (ao) + s( Q(» .

So, the theoretically recci vael pow~r becoDG,

becoi:le,

The cnlculatec. raced veu. power fru[l tho orieinal expression

= 1.024 u w.

Experioentally receivGd powor i3 ~97~w.

Case-III:

In this ce..SG 251" r = 91"

Frau the fiff. it is seen that,

tan GT 9.87 .039 GT 2.,24°= 251 = =

9.87 0

tan Gj{ = = • 11 Gg = 6.3
91

here
F1 h 9.87" .823 ht.= = =

[l -1 R -

Fran the r",cliatie,n pattern,
1_10-.5

.823

1_10-.5

.823

.249

= .83
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tnn 120 Y1
.208So, = 9T ='"':

Y1 = 18.15"= 1. 52 ft.

=

=

1_10-.2

1. 52
1_10-.9

1.52
Now, K1 = ~ ( J:J.1rt- Ill") = .5392 .,

K2 = t ( rJ2'l>l-rJ2R) = .41

"1
R=

K1)2l\
= 1.58 x 10-5 toJh€ne ""Y'''' Y',. + Y'R

2" l' JrT I'ji

;~ A. = 1.202 x 10-5 , "3""= 3 )'\ (. 428x 10-
2"

As previo"Ll.sly,

h' = h~= .823 x 1.709 = 1.406

y' = 1.52 x 1.709 = 2.6

Puttinc thaso nucorice,l rosults in tho 1st intscrnl of tho sX[Jrossion,

a) .428 x 10-
2

[c (h') - s(h'D+ l.58 x 10-5 V-'(sin"l"+ Cosal" )J
= .428 x 10-2[.')5 - .11]+ 1.58 X10-5n(,;(sin np + cosapTI'

= -.068 x 10-2

.(f28 x 10-2 [,c (h') _ s(.h.),l_ 1 202 10-5 ( . 1)C! • x cosap 1+ Sln cop 1-

= .428 x 10-2[.4 -.55J - 1.202 x 10-5 (cosBp,+ sin npj -1)

= . 064 x 10-2

c) ]\:)1' Y1 < Y ~ <:Xi
" "
-3 '

• 428 x 10 [( .5-.4) - ( .5 - .55)]

-3= .06 x 10
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Sinilarly for the 2nd int"c;rn1,

•..-' )(

a) For

.428 x 10'-2 [C(hl) + ,s (hl]+ 1.58 x 10-5 ( cos np-sin ap,-1 )

= .539 x 102
+ 1.58 x 10-5( cos Gp - sin ap-1)

= .539 xl0-2

b) For O~y~Yl
2'

( " C~I)J + -5~ :::p+1).428 x 10- [s U / + 1. 202 x 10 os aPl+sih
,\,

= •407 x 10-2 •"
c) For Yl ~ Y~ 00

= .'f28 x 10-3 [( 5-.4 ) + (.5-.551
= .02 x 10-3

Frau the rosul ts c,J.lcul.2tecl Clbcve, the volues of tho 1st

oncl 2nd in tCGrG.l~~_ beCc,::lGS,

=

Or
I1 ::::.-

I2,,-
t

I2

( ) '-2.068 '+' .,06,+ x 10
"

1
.017x to'T

1 -, ) _ 2
(.,539+' ~'407- .002 x 10

Or 12. =

01' I 2 =2

.946 x 10-2

-4
.895 x 10

,TO find the cc'nste",t 'C'I, tho free-spacG roading was

such that itcorrosponds to.8 ).w.

SJ,_
.0008='2C(~)2{[S'('Qr.»'+ s(06)] 2+~ (",,)+ c(oo)]2}

or, c = 10.93

So; the recci voe! power for tho Gc"ified expression becol1cs,

p-") = c ( I2 + r2 )h 1 :1
= .997 pw

M4 ( .')=10.93 x 10 .• 89~- .017



The received power can be feune' by using the original

p.
R

Gxpre ssion.,

= 10.93 x 2 [[s(oo) + S(hl)] 2-+«(\/)) + c (h')] 2}

= 1.24 )1.1'.

Exp~~iuente1ly the received power was .98 pw
TABLE - 1

. .
Exp.No.: •Distance Distance Thc()re Calculated 'Exp erillen tal valucs

froll froll received power !
Transm- Hccciver Standard Inc0rpo~ITransnitt- Received
tel' rT rR Fresnel Kir rating ed Power 1'01'01'

,MU "woe <h. OU) PT Pnect cf .
c.:irec,;i-
. vity

.'

..
Cuse -I 91" 25.1" 1• 2 ).tw 1. 178 AI' 8 Ill' 1.16)11'
Ccse -II 171 ri 171" 1.024 }lW .978 ).tw 8 Ill' .97 )J.W

Case,-III 151" 91 " .997 )low11• 2{fOMW 8 IlW .98p.w

3.4 DISCUSSION:

Main object of this investigation was tc study the percent-

age deviation of the received power between e~~erillentally found Va-

lues and theoretically calculatedvalues(usinG original Fresnel -I~r-

chaff equation nnd uodified Fresnel-Kirchoff equation). A cOQpnrison

bdltween the two sets ef percentage (~evic.tions (. one i.s between the

experi:1Gntal values and theoretically calculatec' results frou oriG-

inal FrGsnel-Kirchoff equation nnd the other is between the Il<xperilJ-

Gnta~ values and theoretically calculated results froD GOLified Fre-
snel-Kirchoff equ.ation) gives an ic~ea a1;Jout'dille results obtained

froIl the Llodified Fresnel-Kirchrff equation. FrOil the results shewn

in the tnble-.1 'it is sec'll that the averaGe deviation of the results

I
l



',1

obtained frou thG oriGinnl FrGsnel-Kirechoff expression to that

of ,lthGGxporiuentcl rGsu1ts are s;::a11. In this Cnso tho poroentaGG

dGviation CW1 bG calculnted as follows;

=Error ill(J6
"( thGo); --~ itC Gxp) x 100

Pf( (exp)

lOll, ere, PRe Theo)'.. t t , 1~ = 1.heorc iCG.lly ca.lcula -ee. rocoi vee power

p ( ); = Experinentnlly found received power.Rexp.

FrOIl the

ICnso- I
:1
Case-II

'I'Caso-III
I

,
1.2-1.16 x 100

1. 116
1.024-.97 x100

.97
1.024-.98 x100

.g:a

= 3.5%

= 5.56}6

SO t the QVGrQGo error in percont is ~iven by,
= =

FrOIl tho "bc've result it is seen that the j)'ercentac;e devia-

tion is not nuch far our practicel purpose. XowGvGr, the error sho-
uld be Dli.chless. 1he scale U<JCleltechnique used WaSnot perfect

and as a rGsult the antenna diaoeter was quite cODparable to tho

r:

first Fresnel r~diu8, fl.s 0. result, the e(~[;cof tho first ~TGsnel

zone could not be sl.JQcifiec .propc-rly. il.[;ain, when the ontennns hCtVO

hidl diroctivo property i.e. ~hon UGst of the powors are conncentrQ-
ted in the first few Fresnel zones, thon the nccuracy fnils. The an-

tennas used were cf high Jirectivo p'2.tterns. Tho percontage error

coull1 be iriprovec1 by nvoic1inc all these c!ifficul ties. Next, consi-

dering the porcentaGe deviation bGt1'18Cn ths 8XlJeriuentcl Values nnc1

theoretically calcul"tod results u.sinc; noclified Fresnel-Kirchoff

Theory. it can be seen that the error hns decreased rruch. Fron the

table -1 , thc percentaGe devintirlU is,

Case"; I ~1
1.178 - 1. 16 100 1,55%= 1• 16 x =

Casc>-II ~ = .9~-.98 x 100 = .82%2 .98
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Case- III

The avcrn&G ~Grcentaeo error is Given by,

1 + 2 +
3

3 =

Frou the above results it is seen that the pereentage error
has been iuproved qUlitc ClpIJreciably.lIowever, one iuportant point
which is to be nentionec1 here is that, the antGIlna pattern was con-
sidered along X - Y plane only. Due to uatheuatical conplicacy the
three-c1ouensional variation of tho radiation pattern of the antennCls
were not considered. However, ono co..n easily guess that the percent-

age error could be nore less if the three c1inensional antenna patt-
erns would be c(lnsidGrod.
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CHAPTER. 4

DIFFRACTION FROM.. ,

MOUNTAINS & BUILDINGS

(. )



'.

4.1 INTRODUCTIOL,

~mchhas been ciscussed about knife-ecge diffraction of

electroliQgnetic waves. in this charter ~ detail discussion on the
theoretical and expGriIlental investiGation that has been carriGckut

tc' study the diffraction phGnouena ef electroiClaeTletic waves in the

prosonce of n double-knife-aclged flat tcp c()nc.uctinG obstacle will

be Dade. The theoretical approach has been perforned by usint~ the

concept of four-ray thoory. NUDc-rical resuJ..ts were e,bto.ined with

the help of diGital cOLputer ( IBI, -360).

Ihin object of this investiGation was to study the diffrac-

tion of nicrowaves by skyscrapers in cosuo:p0li tan cities. This was

perfornecl in the laboratory by usine scn1o-nodel technique. 1J. cond-

ubtinG structure having (touble knife-edce wi ~h C1. nat top has been

used as a nodel of the 'Building strUcture'. Th~ technique (scalc-
Dodel technique) have been developed whereby the effect of various

practical obstacles en the propaeation of electroI1aGlletic waves over

the surface of the earth c~~ .be investibatcd within the laboratory.

Tho najor advantaco of the scale-n~del tochnique is the ease

with which control can be exercised over tho pertinent par[lI1otors~

&tcn as obstacle shape, [;oenetry of the prcpac;o.tion link, frequency,

poio.rization etc. FUrther norc l2DeleleXj)erinconts are relc:ti vely inox-

ponsivc.)considering nIl those fnctorsf:.this sCQl~[lmC.GL techniques

have been utilised in this invostiGation. Detailed theoretico.l for-

nulation and a conplete description of tho e:q,orinent with the res-

til ts cc,uparec1Dutually have been discussed in the fcollc,wing soction.

4.2 FOWIfULJ.TION OF THE l'iWBLEM roll DIFF1,L ]TION" EY MOUNTAIN:

:F'Ortheoretical fc'rnulation of the ;)rollien of diffracticn

by a flat -top double edged obst~cle, the basic knife-edgo diffrce-

tion theory and the diffraction of clectrouagnetic wo.vesby Buooth

cylinclricnJ. Llountains "ill be revie"ed.

KNIF».m:>GE DIFFRACTIONT:

The scalar theory of kn~fe~eelge di~fraction by a ccnducting
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half-,plnn.e is b(lsed on ,

• =( JK/;')~~/R",) ""C [-;.(., +R, ~ '",. "'dy--(4. ,)

::J.~\:) 7=- 00
, .

E is the fiold at receiver T2( FiG- '7 ) Vlhon'a spherical Vlavo

(1 /R1) oxp[-jR ( )'1- Ct ») is trnnsui tted frcn T1.,. ~e present trea-

tnent diffors stiGhtly froD the usuQ1 one in that the integration is

carried. out over the half-))lane ACVlhich is not in general the con-

tinuation of the plane ,AD of.the obstacle.nle plc~e BrACgoes throu-

gh tho edGe iJ. of the obstacle and. devides angle T
1

AT
2

into equal
l:ra.rts.

~e scattorinG angle Y1 and ~2 has been assunee. to be snQ1l,

so that the following approxin"tion can be considered to be valid.

Another consequence of the assunption of soall scatterine

angles is ~lCt the Girectionnl patterns of the trnnsnitter anu rG~
eives could be neglected in equation 4.1.

: :.- ~.,
'~e integration "i'th 'respect toz is carriedaut in the

" dy

- , -. ,- '~,"
4.2b-.' ,DIFFllACTION.DY CYLINDiHCAL NOUNTAIN : .. ; :

ilia citse of dif:flrnchon by a Iloimbiti with' a k[]~6th'
ct-estis illu~trati,d oYFig- a and 9' .nis assuned' t~at the ;';ou:'"

nt~irt' '( l'ihich is draWnlike" "all by thickness 2aWitli pa~;;llei'

sides)'is topped by a halfTcylinder of radius 'a' with it's axis

thrOUGhpoint' N.~GtanGents te, the tylinderthrouGh T
1
cind T

2
inte~Eisoct at N, 11AiIJCis the plane of refolC'encc;abd of integra-

tion in tho s['.:Ge J sGn?G ':us in the lmif'c-od@'G C<:lSC. The' scatterinG' ,

ilie eff'ects takirlG placo in the case of Fig':'lJ,9are the, ,

foliowil1G,

'. :.-

<,\



exactly tho snUG 88 in the case of a

1) Ilnd:r"tion travels frau Tl to

of second"ry wavelet which irradiates
Y where it ncts as a source

T2, The scnttered radiation is

knife-edGG nountnin.

2) lw.diatic,n travels frou Tl to Sl and is refl"cted towards po.-

int Y where it Causcs another secondo.ry >lnvelet which also irra-

diate-s T2-'

3) The radiation f~ou both secondary wavelets uentioned in(l)

and(2)is reflected at S2 to ,roach T
2
via path.YS

2
T
2
•

Henc0 there are four different paths along which radiation

can travel frou Tl to T2 viz Tl Y Te, T1S1~T2,TIYS2T2 and T1SIYS2T£.
Tho totnl scatt~ing field at T2 can be obtained when the integral

in 0~uation 4.2 is replaced by the four integrais.

E ~ OOe~d~~:~{1::[(-JR (Hl+ R)] cos G dy

+f' S Div(sl) exp (+JR ( R'l + 1'1 + R2)] cos Q dy

+f :~:( s2) eX])[-JR ( Hl+ 1'2+ ;'2 TI cos 0 2 ely

+f] -:.'DiV(s',) Div(s .•) eX]) [-JR(R'l + 1'1+1'2+H'2~ cos G
l
lly

Tl .Yo t. ''1~S 8qun lon roquiros two erplnnation,
1) The factor indicates change of phase and / or intensity on

roflection. It uay be shown that for perfect ooncluctor = + .7 for

vGrti~nl polarization and ~ -1~Ofor horizontal polarization.

2) The intensity of a benn which is re]flected by a ourved sur-

fcr.cG .is reduced duo. it's enorGY being sprencl over a wider 3llGle. Tho

divergence f"ctors Div(sl) and Div(s2) representine these intensity

losses for reflections at sl and s2 are Given by, ,

D. ( ) _, 1//'1' 2 sec O(;inSi - '. + o.(l/n'i + l/ri )

lroern OG1 8.n(~«2 aro. the o..nglos of inciclGnce..

4.3 PIFFRACTION TIY SKYSCr~ERS U~ING SC[~E MODEL TEaINIQUE:

4.3a :rorJ1lJLATION OF THE I'llOBLE.i1:

So far, the diffraction by 0. [lolL.'ltain 1~ith sLlcoth cylindI'-
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:Lc<il.,crest have b.een discussed. The diffraction by the above nentio

ned conducting obstncle( a oodel strUcture' of buil'ding) ,dll be di-

scussed no,;. The fi(;'-10 illustrate the diffraotion '.phenouen~It is

assuned that the oonducting obstacle has two edges with a flat top

surfaoe bc.t1'leen the;;l. Tho length of the flat tel' surface being infi-

ni t'ely extcmded alone; the plana passing bet1'leen the transni tter and

receiver systen. The 1'lidth baing four inches i.e. the edges nay be,

Considerec. to be separated by four-inches (Its-tance( about four 7\).

The conducting obstacle has two vertical sides e. g. tho sur-

face 1J.A', lJ lJ'. The plnne Y lJBt lyinG along the surface lJlJ' hacl been

assUued to be the plane of reference and of integration in the sane

sense as i.n t.he knife-odGe rJo'SGe The scatt,ering anelo was assuned to

be snall i. e. d1~D1; d2~ D2•

The affects takinG place can be explained as below,

fron Fig-lO,l1

1) Radiated 1'lavetravels fron the trW1snitter '1'1to Y (the point

is on thG plane of reference) where it acts as n source of seoondary
wf:lvclets which iri'"b.d.iatos T2- 'Ihis sco.titcre<.l radiation is 'sinilar to

CasG of [L diffraction caUso by n. knifc-oclc;el.l CJ bs.tnclo.

2) The radiation trav8l1ing fren, the tr"nsnitter '1'1towards tho.

edGo A is diffracted by the e~GG, where it ncts as a source w1d irra-
diat,G's the reference surface YJ3Bt.Here, again they act as HiVgen's

SOu,rCB-S that irradiates the roceiver T
2
-

3) In the third case, the radiation travels fron '1'1' t01'larcls'the

flat top surface of the obstacle,The 1'laveis reflected and acts as a

secon(~a.ry sourco lyinG in the pletne of reference. Theso seconc1,'J.ry

wavelets than irradiatQs the receiver '1'2"

Hehce, the three differont paths alonG which the racliati'on

call travel fron Tt to T2' are as follows,
r.,

Fron the nbove four-ray concept ane, the ray paths as descri-

bod, the o~)rG3sions for received electric fielu.can bo written QS
siuilnr to the prGvious cQse(uiffrnction by snoath cylindrical noun--,



tain). IIowever, it lull be sholm later that the contribution for
the rays travelling along the path T1A YT2 will be negligible. The
detail 'analysis of this approxiuation will be given Inter. So, under
the above nssUDptions the integrals can be written ns follows,

K- ;;:(:~:/~ [ J':' [-jk (',+ n,lJ eo, .,',

+p(xp [-:}k(r'1+r'2+R2)] COS02dY}Jh
ill the above e~)ression the diffraction fran the edgo at

A has boem noglectGcl, 'This approxination can bG eX'"laillledfron tho
'energy' point of viow. In the idGaJ. casG, tho odgo at A is n stra-
ight line along thG z-axis.ThG power that is diffractGd by thG Gc1ge
A nust bo ~oss than tho incic10nt power at tho edge. Again tho inci-
dent power dCDends on tho surface areo. on which the power is beinc
incidGnt. 1-'1 the liwi t, the oelco atA is a, straight lino, tho total
incident po"or will also VGry suall. IIe"lce,the diffractecl po"er
will be nuch less. Considoring tho abovG nentioned fact, the diffra-
ction duo to this edge will be noclGcted.

The first integral represents the scatterod field nt T2,
duo to the diffraction by the edge nt B ~c1 duo to waves
propagatecl through the unobstructed region.

1'1102nd inte~rcl requires sene explanations. This inteGrals

represents the fiGld at tho receiver, for the rays those are reflea-
ted by the flat-top surface of the obstacle. The factor P indicatos
change of phase and/or intonsity on reflection. FOr a perfect con-
ductor f= +; 7 for vertical polarization( electric vector perpendi-
cular to the flat top surfa'ce) andP= -1.0, for horizontal paIn-
rization(olectric vGctor parallel to the flat top surface).

Tho linit of the integration has been ioposed fron(-h) to
-(h,..hc)~The justification of this lioi t nay be explainGd as follows.
The plane of reference on which the nI1UGent.s source has been cansi

dered is the plane TEB'. The ray cooing fron the trL~soitter T1
and incident on the flat-surfaco at the point just to tho nGxt of



the edGe f. wiil'be reflected nne'c"ppe"rs at the point '1" on the
reference piane. Here, this cnn be considered to be a secondary wavo-
let which irradiates receives T2 • The rest of the rays incident on
the flat conducting surface nnd than reflected by the surface also
serve as a secondary wavelet on the roference plane that irradiates
the receives T2• B~t all these points are below the point 'P' .lience
the sources that havo been appeared in the plane YBB' due to the
reflection fron the flat-top surface nust lie below the point P.So,
the Unit of the inteGration should be confined frOll-h to -(h-h )o
where BP = ho'

To express the inteGrand in tern of variable y only,. let us
consider a general case; Let a ray froll T1 incident en the ,flat-top
surface at a point X(FiG~ 11J and is reflected by the surface. It
acts as a ~~Ge~'s source at,point S froll which the secondary wave-
lets irradiates the receiver T2• The ray traversed alone the path
i'.t1andr'2' The ];JointX is nt'a distance x frou the point B. Fron

the above discussion the follol'lingrelation Can be l'Irittenfie- 11.

r' 1
r' 2

. 2 2
= :pj(:l + d -x) +, h

, ,._----~--
= x+(y+h)

Tho relation between x and y can be found as f"llol'lsat the
point X-

d1 + d -x x
h = h+ y

d1+ d - x hor, = h+x y

or, x= h...:tJ ( d1+ d)2b>t-y

4.3b: TRANSFORl'!!J.TIONOF INTEGRALS:

The first inteGral of the equation Day be eValuted as in the
knife~edGe,case. The behavior'of this inteGral Day be analysed. It is
seen that at large values of 'Y' the e~)onent oscillates veryrnpidly
Again at higher Values of y the angle cos q increases very shn~)iy.
So, we nay e~)ect that n",in contribution of the integral CClles froD
suall values of Y. Under this aIJIJroxiuaticnthe path leneth R1 and R2

~~



2 ')' 2-can be approxiIl",tecc to be ( '* d1+ Y /2(d1+ cl) and ( d2+y '/2cl2).

But this approxillation can not be peroitted in the second inteGral.

Here the path lencth r2 = jc1~ ( Y + h) 2 cnn not be npprexiontec~

as before. Sinco, flnin contriblltion of the intocrc:.l COllOS f'ron SLla-

11 values of y, nt wbich values ( ~ h) is quito cooparable to

that of I d' , So, the evalution becoues difficul t.

Again, QS in all the intecrals, nQincontribution of the

intecrals cones froo snall value of y, so the consine tern can be

!leGlected.

FOr, the probleilS encountered in the evalution of the in-

teGrals, the exprGssion have been solved with the helIJ' digi tn.l CODP-

utel'( IBM"360).'

Under the approxination assuued above, the final expression

can be written as follows,

i 2 2
R1 =-I( d1 + d ) + y -::::(cll+d) + y2/ 2( dj+d)

. j 2 22R2 = d2 + Y ~ d2 + Y /2d2

1"1=jclf + h2

rI1=j(d1+ d _x)2 + h2

rt 2=/ x2+ ( y+ h) 2

x = ~:~ ( dl + el)

UsinG the above relQtions, the final expression for elect-

ric-field received at T2 becoues,

" :,:; ~4 } ~ [ ro: [_jR f< d,+'>+ y'( ",+d)+ 't','/2',n dy

S
-(I-I-hO) _vh +

+P . oXPt-;i.R t [<c1;td ~:~ ( d1+d)2 + ~2J

-h' .... + [(Y+h)2+< ~:~(dl+c1)2]2'+d2+y2/2el2}] dy--------(4"l)

whera, h is the radius of the first Fresnel-zone, where the obstac-

los were placed to dotorilino the obstacle gain.



4.36 NUNEHrCAL SOLUTION (COMl'tTTEn AIDED):

Since the equation '1.1 can not be "ut into any staneard forn
so the eX'cOrosionwas solved "im the help of digital conputer(IBM-360).
To conparo the results with, the e~)eriIlentally foune values, the in-
tocrals werc evaluted for three difforont values of h,d1 and d2, co-
rresponding to tho three posit~cns, where tho obstacle WaS placed clu-
rine G~)erinGnt. In enchacnsc, the obstacle was plaCE at the edGo
of first FrGsnel radius to observe the obstacle cain.

Lot us consider the oValution of the first integral of
'equation'l.l, where the ranee of intGcration have bGGll inposed fron
-h to""'. Exo.uining the eX',Jonentio.l function, it is observed that,
due to ,the presence of the y2 tern, the frequency of oscillo.tion of
the function increases as the value of y incrGo.ses. As a result, the
oscillo.tion of the exponentio.l function increo.ses and,the function,
cro.nps at higher vo.lues of y. ~r this reo.son, thG exact value of
the inteGral cannot be evaluted Ivith the help .of the conputer. How-
ever, the probleIl WaS solved by usinS3"aphical nethod. Fbr the pu:t'-
pose, different values of the intecr,al o.thiGher vo.lues of y "ere
printed. 1'~en they were plotted "ith reo.l and ino.Gino.ry vo.lues al-
one two peI1}endicular nxis, cornu ....spirals were obtained. Now, the

centre of the spiro.l Gives the value of the integral at infinity.
Thus the final values of the intecro.ls were obtainec. fron FiG 1"2

' , .

and FiG. 13.

~r evaluo.tion of the secone integro.l no ,such difficulties
has arisen" since thelinit of integrations were of finite Values.

The results of the conputer proGro.nning h.:lVe'beom' Given
belc'I'.~r cOGpleteness 0. sanple cOIJputer progro.n for the o.bove pro-
bIen' ho.s been included in the o.ppendix _

The received power is calculo.teclfron the results obto.ined'
with the help of digi to.l COI1I,uter.Three differaat Cases o.re descri-
bed sepo.ro.telyfer three differont positions of tne obstacle plnced
between thG receivur o.nd the trQilsnitter set;



Numerical results of 1st Intogral
. 11 IJ

d1 = 24.7" 89
"d2 = 29a~/, ~6""1

Real Values Imaginary values Values of yUrt inCh"-
-0,87345686 E 01 -0.76212530 E 01 30.00
-0.86021433 E 01 -0.73566065 E )1 30.00
-(>,,83472496 E 01 ":'0.72064209 E )1 30.60
••.0,80518179 E 01 -0 •.72205257 E )1 30;90
•.0.7713314-1 E 01 - 0.76736755 E )1 31019
-0.77868052 E 01 -0.79599094 E )1 31.79
-0.80095606 E 01 -0.81539707 E )1 32,09
,;,0,8303184-5 E 01 - 0.81858463 E ')1 32.39
...;0;95614519 E 01 -0.80427322 E 01 32.69
-0.86884985 E 01 -0.77763023 E )1 32.99
-0.86354799 E 01 -0.74860172 E )1 33.29
-0.84214449 E 01 ...•0. 7?J330057 E )1 33.59
-0,81287308 E 01 -0. 7247089'1-E )1 33.89
-0.78729506 E 01 -0.73936968 E )1 34.09
-0.77576141 E 01 -0.76649189 E )1 34.49
-0.78310251 E 01 -0.79502630 E )1 34.79
.•.0,80638256 E 01 ...;0.81307039 E 01 35.09
-0.83582726 E 01 -0.81?J39730 E 01 35~39
-0.85877361 E 01 -0.79446020 E 01 35.69
-0,86512032 E 01 -0.76572599 E 01 35;99.. ." -.
-0185193071 E 01 -0.73943233 E 01 36. ?J3
9'0,82505379 E 01 -0.72749939 E 01 36.58
-0.79676714 E 01 -0.1:5550386 E 01 36.88
-0,78027840 E 01 -0.75982933 E 01 37, 18
-0,78348341 E 01 '-0.78903151 E 01 37.48
-0,80495806 E 01 -0~80906439 E 01 37.78
-0.83429785 E 01 -0.810076661E 01 38.08
-0.85691737 E 01 . -0.7~145012 E oj 38.38
.•.0.86152296 E 01 ...•0.76246710 E 01 38.68

)



-9'0 d, = '247"
d.= 91'/

I dl :.8'7"
£dl=251" d, =d. = 171/1

CORNU SPIRAL FOR 1st INTEGRAL CORNU SPIRAL FOR 1st INTEGRAL

\0
10

,,
\
\
\
\,
•

-9 '5

,,
""\

\
I

•

::-

~

-9'0

/
/

/
/

/

/
"/

/~
/.-

-----

,,

--~

,

-8'5
voiuQS

--

,,

-B'o

- -.--- ---

/ -~ --
/ ",./ ----._-

/ . ..•• -- ..•••.
II /" // ---- •..•- .•.••.••..•,

I / ,/ •.. .••• "
I' ~ , "

/ / I /'" , \. / // '
I I \ \
I / I I \ \
I I I I \ \
, {I I \
I I. I \ \

I --f;;,.~ , \ •i--i ~~------ 't',' : ; \
I \ \ \ 1 I I I
I \,1 I 1,',
\ II' I 11/
\ • \' I 'I I
\ ,,' I 1'/ /' J
\ ,,'..... I '" I' J
\ ,' ",1'/, ,..........._ I '" / /
, ..................- -4--~"' ....'" I'. .•. ..•...... - .--J---- "'"" , ~- --(-_. "'"

I
_ L _-

I
I,
I,

1 mo..Slno.Y::J

-7' 5

./_------

-7'0

-9'S

-9'0

_11'0
I

., r 1
(il
UJ
::>...•
<to
>
..J

-lo'oL <to
UJ
ll£

- a,s

- 8'0I
-8'0

~

,
, "
" "" '
, ", ,

" ,
", '

\ \
\ \ I\ 'I
I "
I "I \ I

I ; I
I
I

- --

1_---
!
I

-7 '8
volue5

-- - - -

--

-
~~

/

-7'6
lrn"''3'ilary

-7'4

" "" -----
/' /'. /" .•. - - .

/' /'",.. ....•.
/ ./ ,/ /' /-- ----...... .•.••

/ / / /.. ..•. "
I/'/ ...•. , ,

/ ,/..... ..••• '\.1//1/ /' '\\

I I I I I / •.••.•••• \ \ \

11(11,.. "\\
' 11/ '\,I { I { 1 I ~ " \ \ \

I I, \ I' 'I I I , ;' __ \ \ \ \
I I \ \ \ I f I _, .••., \ I I I I

I I \ ~ - ....•._1_ i I I • I I J I
1-- \ \ \ \\...,,' / I I I

\ \ \ I , \ '.:..1- I J I I I
\ \ I / I I\ ,I", 1////

11,\ ,,' ,,', "'I~ / / I I / /
\ \ \. '-..... ..../,/ I / I /. \ \ \ ..... .....-1- '" /' I /
\ ,,\. '- ....•....• I _/ ,/ / / /\.......... -.-- ", /' /

\ '\. ,......... 1 ••••• / // / I
\. \. _ ./ / /

\. '-...... .....--I ,/ /' /
, ,. -I -- ",,/ ,/, ...•••....... .....- - -"" ,,/
........ -1--- ./
"

I
-7'8 r-

-8'S

J.

-e'2r

-\3'",

,7'6
.7'2

I-s'or
I

-

J)
.u
~
.J

~ -\3'4
..J
«
UJ

"



CnsGo - I d ~2 - 171"

n) Calculation of the received pOl,er in the presence of the
obstacl,,_:

E = yI~d~ -9.35 _ j

= c1 ( -11.14 - j8~5)
whcre, - I ej 7<; /4 fic1 = 2d1d2

Since, the received power is :iJro]LJ:ortiono.l to EE'*',

lIence,
= C' (11. 142 + 8.52 )1.

= C' 1 x 196. 35

h) Calculation of th" recoived power uncler free-space ccndi tionl

\~en the obstacle WaS renoved, then the lioit of inteGration

of tho Ist integra:!. should be extended freD - ~to +00since, the

function is an even ene, so it is only necessary to find the value

of the inteGral havinG lioit froo 0' to O(). IIencG the received electric

field under this condition becooes,

ely)

So, tho recoived pOl,er P20<.EE'" = C'
1
x 4 (3'02 + 3.7)

= cil x 116.56

Cas&oII I el
1. = 87" , 'el2 = 251"

aX Calculation of the received power in the presence of obstacle:

Tho receiver, o1eotric-fiel" strength is c;iven by,



The

E = G2{ ( -8.2 - j7.7)+~7{-1.9'h41) = C2(9.53-j7.4)

received power P2OCEE"l'r= C'2(9.532 + 7.4-2) = C'2x145~56

\).) .Ca1.culation of the received pO'ler under free-space prepaeatien:.

Tho received electric field streneth is given by,
CD

E= C2 x z~Jexp[~j.R ( Hl+ RZ)J dy i

= Cz x 2 (-;i.35 - j3~64)

P20<.EEl'<=C'l x 4 x (3.352 + 3.642): = C'l x 97.88

Case No- III: .d1 = 241", dZ = 91"

ap Calculation of the power received in the presence of obstaclel

nle received field-strength is given by,

E = C3{ ( -8.2 - j 7.7) + .7(-'1.98+ j. 159)

== C3 (--9.59 - j 7.59)

-ll ( 2 2)P1c<,EE= C3 9.59 + 7.59 .. = C3 x 1,,9.58

b} ~OWG;r rec.oi veil under froo- spa.ce propo..csatiotk:

Siuilarly, eloctric field is eiven by,

E = C3 {2: S~xp [-jk (R1 + H2)] dy}

= C3xZx(-3.35 -j3.64)

The received power P2 is given by,

P20(.EE~= C3x 4 (3.35
2 + 3.642) = C

3
x97.S8

4.4 HESULTSl~D DISCUSSIONS:•
To fine the obstacle Gain i. e. pc'wer gain. ever the free-space

prepneation concition, the ratio of P1 te P2 is to be deterninec. This

ratio giveS the obstacle gain for three different position$-.:To coupare
. .~ .

the results with that of the oxperiuentnl values, hoth.result's(thee,:"
reticiil and exr'erinent~l) are tabulated :i.n table No-2•.



n,e end edges of the diffracting obstacle ui'ght act as a

-No. of Exl)eriuen tal Theoretical
cases free Spa- .neading 9bstacle Obstacle field stren- Field stren Oostaclca roadi- in pros-l gain in en:..n gth in froe gth in pre;;. gains

p.g :in db once of ' db spa.ce senae of
pbs in db obstacle

P2 P1
10 log, p/p2 P2 P P1l'P2P1/P2 1

~

Case- I 30 db 32.9 2.9db 1.95 C1x,115.56 C1x196.35 1,7 I
Case-II 30 db 32.5 2.5db .1.75 C2x9,7.88 C2x145.56 1.49

Case-TL 30 db 32.5 2.5db 1. 75 C3x97.88 C3x149.58 1. 53
- '

Fron, the above table one can easily observe that, thoory

and oX'l'erinent conferus nore or less fairly. TheTo is however snall

discrepencies.Tlie probable rensons for this discrepenoies aro discw-
ssed below~,

Porhaps one of the najor cause of this discrepencies, is the

v negl,~gence of the diffraction c.ue to the ec.go-"A. I't'has been pointe,l- !,

out that the diffraction due to this edge was neglected for uatho-

lJ[1.tical cOl1plicacy. It is probably that the Sca':ttered electroLlo.gnetic

waves fron th(,: odge 1" adds in phaso with the direct received field-

strengthresul ting an increase of overall gain.,

The second probable cause of this dlscrepencies was the

finite dinension of the conducting obstacle. It was assuned that

the conducting obstacle was infinitely extended along transverse-.direc,-

tion. But in practi:ce the conductinG obstacle was about six-feot

lonG along the transverse-direction.

a

diffracting edge and scattered olectrcnagnotic waves night add in

phase at the receiver resulting an increase of over all gain.

y,
, "
i

,{ ;':
. -j
I' ,,
I
I



AIlong other anuses of the (~iscrepcncies, the basic optical

approach uight bo one of theu. It has alreaJy boon uentioned that,
this appronch is 811 approxifJnted 811,1 sifJplifiod approach. It docs not
consider the characteristics of the diffracting edge. WGcn a diff-
raction due to a sharp-edge was found, it is iooaterial whether the
G_uge. is a conducting edGe or an insul~tGd one. Bu.t in practice. the

Case is not so sisple. ~1Gn there is D. conductinG edge, the uppe~side
of tho conducting shoet is excited by the induced current which ra-
diates electrooagnetic waves. This radiation frou the ponuubral rE>-

gion of the conducting -sheet is cOlJpletely neglected in the OjJ,tical-
,theory. In this probleu also, siuilar radiation frou the vertical
'side of the conducting obstacle facing the receiving anmenna uiGht'
occur.
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CHAPTER 5

AN ALTERNATIVE APPROACH

BASED ON FOUR-RAY THEORY
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(

5.1 INTllOJUCTION;

'ttle eXpression in "quation 4.1 has Doen deduced on thG
basis of 80no siLiplif)"ing assunption nentLmed earlier. In this see-

tion an nttor:lpt was Dade te, de~uc8 Do conpa:r:-ti..tively D(;r'O accurato ex~

presion. In tho previous al'l)roQ.ch,tho diffraction ::luoto the oaco 1.

was Declocted. lhe. justification of this approxi'"ation has dsc besh
4escl'ib~d befC'l'o.lhs present attsIlpt is also based on the Frssnel-

1J5tech's principle. In this case, two roforeacG surfaces have DGGn

cansiL.-eredin place ofQ..Sin~::;:lereference ~ur.faco ;:IS in tho f'):t'J::lG-~"

case;'

5•.;? BASIC A?pnOl~CH TO TIlE Pil0I3LE11 I

It is !'.ssul.1sdthat GIectronaC;IlGticwave trnnsuitteu fi'OClthe

prinary source T1 (tr~snitter) reachc's the sUl'faco -1, (Fit;"""1Z)whidh

is n vertical surface just above the eelce"A' • Hore, they ;"cts as a
seccnc.n.ry source and rn(~iatGs wav~l1et-sin all c.irG(j'ti-6ri~h,Ali 110.l.ntS

on this surface acts as a source. Fart cf t~e radia.tion travols dlr8~
ctly tee tho surface -2 which is a vertic,,! surfade j,ust abovo tho

edee B nne:jilart of' the radiation travels tcwar,ls the f1at-concludtirlg
surface and then after b~~JGreflOdtud from the conducting surfaco

irrac.io.tes the surface-2. Fro!:;surfac,;-2 they rc,eli.ates sGconc.ic,r;,-(teY"-

-tillry) _Valets ;11,iOOirrucli",O;esthe receive r T2" lhe a;Jj)roadh is

!:lore aC':tlirate'than the forncrone, since no ~;pprox:liIi.lat'ionte,) the ,11-'
ffrac-ting eelS'>has been considered. lhe natUGliaticcl f'.,rtiti,laticn of
the above vi"w point is doscribed below;

~e conducting .surfil-dehas two verti.c",l sicles.1'lte siele Ali/

and side B'B'.(?l~,lZ}are tl1e t,woreference surfaaes o'O'e1"wl'l':tdnthG

sources are oonsi"lerG0.. lh,e effects takihg ?lace Cit.ll oe e':>tplO::Lneu"8

follows(rtg •• 12)

t) Radiation t~av01s
on the surf 0.,,";"0 m:ere it

the tr,~'Sni tter 1'1 1:0Y' (,tire point

o:s 0; scurCe of sec'ondCl:r;' wdvelots'
~ch irr,,:,;diate's all theepoints on t,'1e eur:l'ace-2. :FbI' pI'osen't' l'u'!W

pO!re. at fJlJ."stonly one paint 'Ii ,,,ill bo cctniclored' on tho su'rf,'J,de-1

wl'dch havG received redio.tion froD 1'. This point Y again'!'net's a,s a
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source, of rncli[\t~()n which then irradia.tes t.~8rccei vcr T
2
• Tho point

Y receive" scattered radict"ion- froD all POiclts on the surf'aco_ 1.

2) VI the next ccse, radinticn trayels f'roD the transQitto~
T1 to yt end then rndic.tes secondary wD.v01ets tow[J,r(-1s the fl.a t ccnclue-

ting Surface of' tho obstnclo 1rhoreit is refl',)ctorl tGWOlrrlsthG point

Y J.yin{;' in tho sur:fncc-2 l"hereit again acts as a SDurco ()f' rnc:ia,tiol1
that irradiates"the rGcGiver T

2
,

ITence, thero nrG t~~ different paths alone which the rndin-
"as follel"/(l,

."JEt:::" ..: ;::';"::+ r,J Eo. ( n"r,)-"O,(nl,r2~}
'<O-Ii -"0

1
r3

1) T1Y' YT2
2) T1yi X YT2
FreG the above concept Gf f'ouv-ray theory and the ray paths

as describod, the received el"ctric-f'ield can be found fron thG bll.-
nling expression usir'G the Fresnel-TIirchoof ,:iffraction thoory. Tho
inteGlla1s

r~ eX})[-jkr~Eos ( n2' r3)-cos(U2,n31Z' iy' clzdy~ - - -.1:~.1)
'Ihe above intcgra.tiollS neecl gone eXl)lanation •• The .first intc- .

gra! _represent the received field. strength due to (liroct transuission

of the wavespassing Gver the obstacle.:!he terll Hithin the 2nd br;::ckot

of the ist inteGral represents th", field-strmgth received at 1,oint Y

(on surfllcG-2) clue tc seconuary r,:ldio.tion froD a point Y'(on surface

.-1) .The rest of the tern ropresents the field strength-received at

receiv~r T2 ~roll the point Y. But. the point X "receives radiation

froLl cUI points of the surfaco-J1. The receivedfielc:-strength ;::t T
2

depends also on the inclination .factor at X, i.~.the receiving field-
stren,,"th at T2.also depends on the direction ill ~lhich the point r

6lt



of tho papor. Froc ehe Goonotrical c()n-fuGc..r~tiDn
ti.:,ns can be established:_

d2 y,2 + z2
1

r1 = ( + ) "2
1

[d4- ( 'l- ( _.z,)2~ tr2
y-y') + z= J

(d2 y2 + z2 )
.L

r3 = + "2

rOCGi.VGSsignal frol"J ,itf' s source which arc pcil1ts lying on tho sur-

faci)' -1. SO. ill crder tc cvc.lutc the integral" cne. can not perfortl

the inteGration of the function within 2nd bracket indojlenuently,

because in that case it is not possible to deterDine the direction

in which the pointy receives signal fron the pointY'. In ordor to

avoL.: this ccnf,usion, the Gvnluticn of the integraticn should 1Je such

that :l t first the rocei vod digncl due, to raiiaticn frou ,;ifferon t

points of Y which has boen enerzised by a sinGle point of Y' should

bo cc..lculato.d. Then tho sil1ilnr procec.ure is repeated for different

point of Y' i.e. DathGDaticaily the integration with respect to y and

z should be porfcorrlod first ana then tho intoGr.::;ticn ;,i th re,S;Ject to

Y' anu i' should bo jlorforned.

sane. treateu8nt also hold for eV,21uation of the 2nc~intogrc..l.
EvalUation of. tho Integral:

In orc'Gr to oV1l1uto the inteGr,~.ls, ,,11 vnriabies inside the

intogration sien shou.J.d.be cxpressuc- intero3 of inuependent vcriablos

y,z,y' ~U z' where yt and y ~rG the vertioal axis lyinc in the sur-
Iaco-1 nn(~ 2 respoctively nnd zt anel Z 8,XGS nre pe~.J. to the plane

the followinG reln-

••r 2

x = d(y+h) j(y+y'+?h)

<11 d
1= :::::

r1 (u12+y,2 +

6?"

2).~z '



d
-r2 =

cl =

(d-x) _, --
r 2

d
i

( 2. .).2l(d + (y-y.J2'+(Z-Z)Lj

.d

[cl2+ (y_y,)2 + (z _z.)2} t

(d-i)

Cos (n2, r' 3 )= x
r'3

= x[(y + h)2 +( z-z' f ~;+X2J t

Puttine the above rolction in equation~.l)tho equ~.tion

tnkfs very ccnplicateu lorD. Tho Q~)ressiGn cnn net bo expressed
in terns of <'1.l'1.y standard forll .However, the intogre,tiun uay be;

por:f'oruec1 with the help of cliCi tc]. COLlputer.
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CHAPTER 6

THEORETICAL BACK-GROUND

OF THE MEASUREMENT OF

DIELECTRIC'. CONSTANT OF SOIL
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6.1 IJITTRODUCTIO!{:

There C!,ro various nethods fer n0nSUrGIJent of. dielectric co:"

nstants at flicrowave frequlmcies30 The choice of nei;hod c!epends to

n large extent upon the type vf work contocplnted, ucthod which is
satillS, ;..;factory in rcsearc]:l is sCflctifles notwcrkable for' routino [18-

aStirenent. and comTersoly. Jlcain, nne,ther f:lct which is to be consi-
, .'

dored about the proparction of the saDple, an operation "hich often

t'nkes floro tino that the actual procoss c,f moasuroIJont i,s not sui ta-
bIG for n series of aeaSUreDGnt • Thus a nethod roquiring rocl-shaped

s,')LJplesis aloost iupossible to use with certain type taoinatcs,

1;hich,Qre ordinarily sup;lliod in sheot forD, but en the othor hMd,

froG spGCG nethoas which require fairly large she0ts are inconveni-
Gnt ~Ihentho toupornture nne huuiei ty are to be ccntrolloc:\ or when

tho flatorial is not available in apvreciable quwltity.Tho choice of

uetho d is likociso influonced by tho pr('l'or'cies of tha lJ.aterial it-

self, npart froD it's forn or avail""lity; for eXnIJple, those with

lossos Qre not nlwQYs cn~vGniently tre~tod by the mothods u~od for

low loss nctorials. l.nother cost i'.l;JOrtMt iton influenoiW! the ~ti-

lity of a civen nothod is the cost and avnilc.bility of tho instrunonts.

Considoring all these fnctors two different oethods have

boen adopted for the neasuronent'0f dielectric constant cf soil. 'The

first cf this nethods is the "Measurenent by trWlsuission in freo-sp-

ace". 'Il1c accuro.c;v of the results obt2.ine(~ i,n this nethod is vary L~

uch sensitive to the precise rn~~renentof the strenGth of the ref-

lection si&nal froD the scnple and also on the nature of polQriza~ioL

of tho WQVOS~ The seccnd ncthod is bnsed on tho prinCiple of wav~
g"Uide o8nsur'enent. _. In this nethcc: infornations ,.],bout -the strength

of the stand:lng waVe-ratio and shift cf the fielu streneth llIarlri"l.L1

68



.oi: rdnimltU aro necossnry for cO~Jplet8 description of tho real and

iOQCinQryp2rts of tho diGleotric ccnst=t Jf the lJaterial filling
the l,vC~Voguide sGction.

6.2 ML.TIlEMA'rrCAL TIIEOHY OF THE I~EASUREMEJTI

2n: MeQsurenant .by Free-spo.ce propa'S:,,\.;;on

Anong the two oethnds discussed o.bove, the theory of the

first nethed j.e. "14ensurenent by trnnslJission in free-spaoG" will

be discussed first. The basic theory behind this oensuring techni~

-qum is the well-known FresnGl-reflection Theory,

In this procedure, a trnnsoitted waves is allowGd to inci-

dent illl a large block of diGlectric ( to bG neasured) having suffi-

ciont thiclmoss ( sinca C!.ieloctric is ccnsidGred to be lossy )t so

that no wnve can penetrate very deep in to the dielectric slab: •. The

wave is allowed to ineident on the sample at a finite angle, the re-•
fleeted WQvo is then received with a receivinG systeo 2nd the st~
ength of this siGllnl is oensured. FrOG, the ne[lsure!:18nt of the trans-

nit ted and receiVe~ sic~al strength the dielectric constWlt was ca,-

It>on .the .reflectinc surfo.ce is pl=e, the r::ag"licitudeof the

olectric field vecterl~'af the reflected w~ve is related to the co-

rresponding Dagnitude ef incident electric field vector lEi' thrc.ugh

the Fresnol femulas ns foC)llw 30.

Horizontal. pclnri"zat.ion,

ED:" 1\t sin Q
t Ces Q. '0.. sin Q.. cos Q

t~ ~ ~h-=
1\* sin 00\, Cos Q + u. sin Q. cos Q.~ ~ ~

vGrtical polari'zation,

ut sin Qt Cos Q,,~
isin O. co s °tBr= J. ~

. sin °t Cost Q. + Sin Q' GOscOt ~ ~ t

Eli --~----_

Ei,--------

\\ihGre, , '91,
tivelY~}l

,.,
and~:l: denote anglos of inciclence and refractionl"cspeo-

Md Eo are the pcrncabiliti8s and p,)rlJitti~ity with Ii' and't'
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identifyinG quantities as Qoasured in the uedia containing the

incident and refracted: wave respectively; Using the snell's 1m,
of reflection we know,

Sin O.~
III

Pu.ttinc; those Values in tho above exprossions for Erand
siuplifyine •We find,

TIorizontal pOlarization,

\ki \ cos Oi

Ikil cos 0

_ P&:l 2 _Iki12 sin2 '"'i
+ Jl.:l./Ik~12'_ ki 2 sin2 Oi

Ei

Vertical pOlarization,

f t /kil co~.-E-i ;Ikt ,2 - Iki 12 sin "GiEr == --"-~~~--_......,;============- _
6tlkilcos Qitf~kt\2_lkiI2 sin20i

~or 0= present pUI'];'oso )1i nnd}1t call be considerecl to bo sanG nncl

oqual toAo , the frCle-sl"ace Value. In tho above two expcrir~ont thore

arc two unknowns ft and kt • IDlowinGtho vdues of ~!Ei for bo.th

types of polariz(ltion. we can easily solve for f:t 4:-nil' 11\ • So, th",

problen of ftnding the dielectric constnnt reduces to find the ratio

of electric fields ( ReIEocted! incident} for beth types of pol ariz-
ation~

~. 2b: M&ASUREl1ENT BY VSTiR TECHNIQUE:

In the second nethod a section of the wave-guide is loaded

with (l proper dielectric sllGple. The s=ple may be taperod for natc-

hing purpose. Howe-ver, when the sa.r.1plo is a lossy' _one, then usinc su-

fficiont1y long sQGple is M c.hvious srclution to this preblen. It Was

observed th"t the soil .sanples ",hen sufficiontly long prevents any

type of nisnatching proble\:!. Now, the reflection co~.efficient(nat)_

nitude and-phase} Wasneasured for the systen. Fran this noasured

vslue, the dic:~ectric constant ';as calculatcc:.., ..So, the probloq,of

finding dieloctric constant roduced to find a'relatioll betweell the
. 1..c_

reflection co-qfficient( both Dnc,'nitucleand phase) and tho clielec-

tric constant. 111etheory is described belo;,:_
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The boundary conditions that are to be satisfied' at the

IlJUrfnce of a discontimti ty in the properties of thG nediur:; :ire that

the ];nncential cOIlponents of the electric and D[lgnetic fields Dust

bc continuous. Sul)posinG'n discontinUity ..:"in !.l wove-guide such
that the pl[ll1e of the discontinwity is perpendicular to the. axis .
f' t'b . 'Th fl' th' . d . P Re C ZW)rr 2do .•.0. t5uJ..u.e. e power Ow QOwn Q gllJ..' 8 J.8 :::: . 2. at s;

where the integral is taken over the crosSMsection of the GUido.

Nowe, Ht Dust be continuous addross the interface of the two di-

electrics; whereas the wave inpec1ence Z' will chnne" discontin-w
ously. ~lerefore, it is clear that there IlESt bo a refledtec1 wave at

the interface and this 1<i11be sufficient to satisfy the conditions

at the boundary. Moreover, the equivalent impedance that correctly

describl) this refloction should be chosen proportional to the w<~ve-
,i[l~edOJlco. Hence, the equivalent circuit represonting the disconti_

mility is sinply that sh"wn in Fig-A

The st&~dinG wave ratio'r' is the ration of the inpec1nnce

taken in such a way that r> 1 • The vc.luG of the wave-iupodCLl1ce

for R [ll1dIT undes arc eiven as below:_

, .ZE =' •.........• {6.1)

71~
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lvD,veleneth

For the Case of no loss i.e. in Dediuo {1) this reducGs to

),
C ; ZE = A t-

in thG nGdi~~ and r is V.-u/.l:-where A is the

~on the diGlectric DatGrinl i.G. mediudi~~JslOssy' as in

this ensG, then wave iupodance bedones comple:k. It's value can be

calculated frGlo the cOGplex dielectrJ.C eonstCLl1t(E' -'jt") as follows':_

Fron

1 +
II

....Mlf: 02
2~2 C'

'."j.
~).: .el .

'11



•• ' •••••• < •• - ( 6. ~J

p =
p)

1

-*i t tan1+ tan 2
1

"Ii
=Zn(n)

the experssion becoDes,

J]Towever~tho above oXl'rJ9ssionsfor Zm and zg can be transfoti'iec1 to

a. SCDe-what nore useful forn in the folIo ring waY(since. we are con
-celmed with • Only TE-node, Dnly ZIT "ill 'be discussed horo) I

ZEJ[ = A~ J:ii. .L.:Wt tan S ( 9t J;2 ,
II of~; 1 + t tan 2S ( "IT

7:
liornalisinl5 this inpedance with tho.t of tle,C:l.1J.il( 1)

Zu(n) =&_ : : 1\~u:~~:~~';~
L"where, tan S' = _~c:••..._
(:-'

Again putting, ~/ll"j =

8' f t4 p)
oS , L )

1 - p
where, Ii = 6'/Eo = Real pa.rt of th.e dieiectric constant.

To express the equo.tion(6.2) interns of neasurabio quo.fib.ties i. e.
flection co-efficient., Wo uso the following reio.tion ,

where

"It'n) -1
7H(>1) + t

r =

Now, for practical purpose , considerine the no.terio.l to be' such lossy

SO That tan2s can be neGlected. kfter" SiIlplifJ:cation the r81ati vo d{~
olectric" constant ( reo.l po.rt) can be found as fot-lows,.

~

r. )2 4'R' ~ . - 1~+' t,' -.'rj P'
,1 - ri) ;,;

""-~.,,'_",',k..1;,/ it - P tan '""""" R 1,_? ri" where r:t t - r
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CHAPTER 7

MEASURING TECHNIQUE



•

7. 1. .!.'!ETIIOD-1, FREE- SP.Il.CEJ1Ell.SUlCEHENTI

7, 1ai ~l\IMENT4.1_SE'r- UI'.

'l'he experinental setup for rJetfsuring the dieloctric .constant
by ftooG-ospaconeosureuent is' sho,m in FiC-14. Fer this purpose, two

h~rn-fed p~rabulic antennas ware USGd. The .antehnas were Dounted
on wooden frames with an arran[;enent such t.lc.t they cculd be focussed

in different directions along vertical plane i.e, the axis of rotation
.wa.s horizontal.

In the.trwlsnitting systeD gullTh-diodewas used as a siG~n1-
generator. The gunn-diode was cunnected l;i th the horn by lIleans of' a

co-a.xin.1. cable thrcueh an att8nuntcr. The attenUD.tor 'ins used to sepn-

rate the Generator ftoon the antenna. Jl. freq'lGncY-Deter was also used

to measure the tranSrJitted frequency. The transDitted frequency was
f"und to be 8 GHz and the output power lias 10 D".

In the receiving systeD, the received signal Was fed to a
directional coupler lmile the ather input ter;C1inal of the coupler was

fed by a local-e$cillator(gunn_diode).Trle output of the directional

ccupler was fed to a crystal detectc.r for tunine purpose, fron Wiich

the detected tuned signal was fed to a I-F "o1nplifier-hnvins intorne-.

diate frequency of 30 MC/S. Thus the roading of tho I-F camplifier
was proportional to the received sienal strength.

7.1bl BASIC ?iUNCI;:'LE OF TI,E-~'lEASUREMlilJTI

TIle basic principles of neasurenents used were as follows.At
first tho two antennas were placed at a distance of about 160 inches.

The received signal strength was observed for direct trnnsuission as
.f:-' •

shown in Fig. 1,. Next,. the sanple wa.s placed on a tray r![~vine 6ft. b;r

6ft. sides and six-inChes deep. The trays wes pL,ced at the contro.

nlC t~nnswitt~'~ and th8 recei~ine~~tonn~swore focussed t6w~rda
tho saupl" as shown in Fig. 14. 'l'l1en, both the arltennas ;lOre adju.st.-
ed (focussed) .properly fer optioun readinGS. "The experinont Was repoa-

ted for 1:>cth.1;~es of pOlarization(rtorizon-fal'ancl verticaJ:).' 'I'he'1'ol-a-
rizaticJll of th~' 'trWlSLlitted "nve was' .cha.'lged"by rotating the feed.er
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(hurn-antenna) of the trans;:littinE antenna throuGh 90"degrees. Frow

the differonce beheon the two rea:lings, tho retia Elr/E:\. ( for both
typos pOlarizetion). vas calculated. Since, only the difference bet,,,,on

the tH') raadines are needed, lJiSi3Ctchof the antennas ~Iith the Sigilal
~e'1er['.tors, scc.tterine phenGiJonc. nnd tr['..lls.r:.i. tter--rocGi 'lie r CCH1.p1incr"

effects etc •. aro cancelled out in both CaseE.Hol,over follo>lin[; a:Jsw.:;-
tion wore necessary fer the nen3urenont.

1) Sir-ce, i.1C.in object of this inv0sti3o.tion was to :find the

effecti ve dielectric constant of the sa]]ple, so the existance 01 8.n:,.
surface roughness of the sample that causes scatteribg will be consi-

dere<l as absorpt;i.on uue to surface and will be included in the dielec-
tric constant.

2) The seni,le th5.c1mess l'las of six-inches. tt wns assumed that
the nost of the incident >lavewas reflected by the surface of the

saD))leand the r':lst of the lm,vesthat a1"etranslni tted throuc;h the

sawple wns not reflected back by tho metallic surface of the tray at

the battoo but abS0rbed cOllpletely while tra7elling through the sc;ollle.
The nssui'Jptian W,:lS qui to rCa.son~ble.-Thus Ski:l del)th penetration 1.[o.S.,

calcul::ctod "lith Co ty?ic::l value of the saw~,l.e,and it ,.;as.foun" that.

the transuittoc: signal strength decays very rnl,idly hefc're they reach
the bett Oil (J f the tray.

3} The shading-offects due to; h(;rns of the hlv ant(mllnS liero

neElectc(:. As this effect '<as snwe for both .'ypes of readinc,,(.dirGct
and reflected) so the effect" cancelled out •.

. 4) Tel fin': the r"flection-coeffici'o,d; ErlEi, both the inci,[ent
and refl!Gcted fi:elds should be D0o.suredon the. Burfaco 0f tllG san})le

or the Deasurenell't.s s.'louIclbe such. the.t th.e direct an<lthe refi '"cte,l

fields. sh0U.h:tro.vel S1"'.1edistanoe from tho surface ':>f the so.ople to
the point of LlI2<'1SUrenent,The assUY.lptionis quite reasonable, as it.

is a !mo,m: and o.~~eptedfact that both Er and Ei G.ecreases as tlle

inverse of the distance trc.vorsed. So, the ratio (. Er/Ei) neo.surod

just at tho su.rfo.ce of the s.::r.-'pleand the :ratio me6sure.lat 11 fint'te
distance tron .tiie. surface Shou.ld~:I.eld SB11l9result. The.o..ssunption
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nude above, cen bo pl'oved analytically_
Lot,
Eir1 '" '.rhe sicnal strenGth at a point '1'1' :freo the tl'nIlsui tter

" just 'm the surfc,ce of the sau1'le afte~'

E:i.2r1'" d tI

~r '" il II

Errj •• II "

"

"
*

"

"
II r

"
II

"

••

"

Er2r1=

reflectiona

The refloctec siL~al strencth after travellinG distw1ce1r1'

•
frOLlthe saLple•

In the fig- • let l' be tho cireot distance between tho trwl~uittcr
nnrl receiver. If the incident re.y could tI3.vGl the rlistonce '2r1' t

Eir
• thus the siGnal

• streneth "as
r

2r1

Given by,

Ho", for validi ty of our assullption, the f/Llo>rinG rslation are to
be proved,

Refloatod wa,v()neasured aftar travelling'. rt 1 froIJ the sD.I1ple:

Incident signal 1JSasuredafter travelline distanco' 2r\ froI:' the
trnnstli tterl

(approved)= I (.J I

be written as follows,oquation- cnn
1,01 EF1

••

2r1
•• ...::L.~.__
2rl .'_ Eir1
r1

Uncler these assuuptions, the refle"tion c,oefficionts for

&r201
Ei2r1

",1f1 Er
~i

The- left-hand Si\~.0 of -~hG

both tyvo of polarizecl wnvewas 1Joasured. ~len tho RrG~lel relation

for re:f1ecti.)n was used to calculate the clielectric <G\':onstant.The

oxperioent was also perforoed for oeasurihg the dielectric constcnt .of

wator under Various salinity condition. Finally, the dielectric co~
stant of soil ~d~ ll~asured.

'Iho~abie:.shcws tl1e die16'ctHc constant of ib_~0r Under
- '. ',..'." ';"" ,', "various salin1ty condition,
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'-. " -.,., I iQl'lli ty jSal,ini ty Hcrizc;ntnl,polariza.~.t.£Q,~.~~t vc:rt.t£.Q1. 701o.riz.:1tion I.,.
i,ht dc M1J Free; space; lJater, reflecto1 Free space water refleo

E: " II ' tor
IE3'esh i /;.6.5 db 14.2 db I ,n.o clb 43.7 db 43.4 I

I I\vatel' 31. (, db 29.21db , 23.65db 20. SOdb 70.0 I
t

--_.
--I,Salin\, ,8,600 )itr 32.9 db 30.6 db 33.8 db 30.6 db 6T.221I~:~~:.:

26.9 db 25. 25db 30.6db 26.4- (~b t-~---I
I !So.l<tne

26.8 d.b 25.50db 30.2,,10 28.2 db I,

I26.8 clio 25.7 db :33.8db ' 28.8 clio

\'fat"r 20,000 )l.tr- 28.0 db 26.2 "b 32.0 db 30.3 db I
'I28.0 db 25.9 d.b 67.02 I28.4 db 26.2 lib

27.2 db ! 23.0 db I
II ,

IUo.x-ronJinris a.re listecl r-I -
28-~4 db ,

26.2 db I :33.8 db 30.3
db-L I,

I II , ,

~le qxper1nent was then repeated for ueasuring the dielectric
constant of the soil. ~e ox]?eriuental datas are tabulated in to.ble- 4.

T1JlLE- 4:

" -,
~nntHy 'Ms.t e:i:'ial ' liorizon tal Pol ari Za ti on Verticd iJol3.ri Zo. tion l. Free.-'sp'acG Soil refleoted Fr8c-spnce Soil reflectod f-y-
Lo080 : Dt' So11 32;:7 db 24.7 db 24.6 db 15.0 db 1.39I'acked ' y

I'~'--"_.--
..JLoose , Dry SOil , 34.3 db 26.3 db Ipa.ckd 30.5 db 25.4- db 33.5 db 15.0 db 1.35 I

32.0' dt 25.4 db i" ,

tLo:,se j Dry s011 36.9: db 27.4 db 34.0 db 18.0 db 1.3HIpacked I,
! ' - 1

I

I
I

I
I,
I
i



7.10 .DISOUSSION~

ThE)re~t8 I:loc..sured for wator was ocre or l.ess s3.tisfc.ctory •.

It was observed that as the salinity of the water incroased, the di-
electric constant decre!lsed Gradually; ThiE is the Genoral propcrty of
~lY natorinl.Duo to th~ lack of accuraCY. the losses in water GQuld
not be Deasured. FrOIl the exp;~;SfJion given in oquo.tion_ it was fc'und
tha.t the cOj:lCluctivity Of l'iuter depencls grG[.tly ('n the reflccti,~-'n co.:..,

efficient. It nay bo shown that there l1aybe 20 to 30% , variation in
the result of conductivity when the reflection co-efficinnt for both
polarization devices fren the actual result of the order of .007. But
the relntive diolectric constant is not that Duch sensitive to the re-
flection co-officient. This was th~ Dain draw-back of the procedurG.

Fron, the results found for soil, it nay be seen that tho
rolative dieloctric constant of the soil is Buch less than the stan-
~ard ono. ~lis variation is ~ue tc 100se pa~kincof scil.Since, the
soils were packed loosely, it acteJ as a porous uediuu and the reflec-
tion frouthe soil surface was Duch less .A~ain, due to surface rou[~_
ness the roflected wave was scattered in differ;mt directions. All
these factors results in a decreased field-stronGth in the receiver. As
a resUlt ~le relativo dielectric censtant has a tendency to proceed
towards. uni ty-. So. tho neasurecl dielectric const<:lntwas Dueh less

than the tYloical values. 1'hese difficulties lled us to adl'lptanother
method described in the next section.

7.2al EJG'ERn~TAL SET-ill':

7.2 HErROl) -II- \li~V&-GUIDE .ME1i.SUREl-lEHT:

1\1e difficUlties of the previous methocl.l:1~!lsto ado~t "-''"la-

ther ne~10Q fcr accurate oeasurenent of dielectric constant( of nnn-
gladosh soil). In this procedure the soil was treated as lossy di-
electric oediuo and a standard waVe-guide section was loaded with
the soil stlIlple.Tho wave-[,'Uide was excited for propaG:"1ti,onof TE

W
node •.The reflection coefficient for .the wave at the air dielectricc_,,~,.,..:. ",_;" ,',c-, . 1

interface was ,pecsu::,,~by w~vc-:-gui+:ltechnique. The soil s{llllplehas
• , ',C '.... ,'" ' •. , • J '.',', .J ',',c ,.".;

been treated as a f=ux--pole terninal. T,heoutput terninal has beon
" ,~~, " .

.considered to be terninated by a notched l~ad having s~,e inpednnce
79



a.S tho t of tho enS.l'a.c e:Gristic iLlpodnnc8 of tho wave-guide. This has

beoh donGin practice, by twdnG sufficient lenGth of tho soil sa~
ple. Since, t~10sc.;~lplois u lossy (~no', so the wa\re is a.bsorbed by

tho saup1e boforo it reaches the terninati,'n at the far-end.

~pto this the basic outline of the e~1eriDental: ~roceJuro
have boen discussed. It is an QCceptedfact that the success of ,~l

exporiuent is solely uependent on th" accUlaCYof the ueasureGent.

In this Case. this accuracy is costly dol'''':dent on the successful
preparation of the soil sacples. Fer this purt'0se, the s:J.uples should

be collected frODdifferent places so that Gnecan find the behaVior
of thG different saLlplest, No.'xt, the techni.qlles of preparing sanples

should be such that, the dependence of dielectric constant on various

parauetors of tho sanples Canbo studied extensively. As for eX<:'J:lple,. ,

soil clonsitios fron different snDplos should not vary l,idely. Because,

if it h6.ppens' so, one niGht be in a anbi{;uess position, since it would

thunbe difficul t to deternine Ivhether tho ',aria tion ot' dielectric

cmlstailt at n particuJL,:r frequency WaS due co vnryin" the types c,f

scil or donsities of soil. So, the techniques of preparinG s['.::1'leis
an iu,Jerta:nt fact to be considered. The uetnod of collectinG snrl~,les
[lwl techniquo of proparing so.nples sui table for wo.ve-guide use have

boen discussed in the next section.

7.2bt COLLicnON OF THE SAl~LE:

lkle to lack of a<loquatofund Mel tranSI)Ort fnoili ties exten-
sive sa)]1',le'collections a's required f0r a cc,uplcte investizai;ion of

such 11 tepics was not pOssible. A few repreiJentative sauples ",ere
collected fron different places as discussed later.

1t ha's alNady been nent:ionedbefel'e thnt. emeof the nain
object of this cxporinent was tc prepare D. radio-<lnta for ilD.l1Glcdash

soil tit ni{:rolfnvefrequencies( J & k-b:md). Since, statistic,,,l aVGrai,:C
is tho nc-in f'ea-ture of this 8Jq-)eric.cnt', so thlJ saD~)les shoEld be Co-

llected Prol,ol'lyfrou different places. ]\)1' llleasurenont 01' soil

chnracteristi';s of Dacca. soil saul"les f'ron{1) Mirpur (2) m;:;ineerinc

UhiversityCnr1pus (:5) Joydevpur (4) Narc:yn..'1['ll1j,and {5) TonGiwere,



collected. In each of these places saDplcs were cc'llected frau threo

c..iff'erent spots end oach of about two hundl'Gd yenr(~s apc.rt cnd nixe(~

thO~OU@11y to get the avera~G soil. cha.ractcristics.

SinilQrlYi s=ples froG three, c:if1erent places nc:nely(1)

ChittagouG Hilly arone Chittagfmg Cc.ntcnrJ.011i nroa). (2) Ch.ittneGng Port
area (North potenca), (3) ChittnG"ong City alea (Chi tt"gonG" NeIf-Harke ';;
, j,l'lere cellected
arGo.}1 Sane procedures were ndcl)tcd for cc llcction of SD.llpl es fron

each of these places.

Besides this, tek(m sGnjJles were collected. frou Cellilla, and

Neakhali elistrict. These l'lere collGctec: frC':l DOl'locd-KendiMG FG1li.

The collected sanplGs ~ere. prepe.red properly te pack then insiGe tho
w~ve-guidc.

7.2C: TECHNIQUES OJ<' PREPARING SAlIfilLES:

Special techniques l'lere used te prepare the soil -sanples for

packinG" then into the wave-guide. At+ finst, the soil sar:ples fren

each places were nixed with ~~own quantities of l'later to nake then

pnsty~. ~c perccnt~ge of water ndded(by weight) were Daintnined COLs-
tant for all types of sal~les. The pasty samples were then placed iL

snall polythelene b::lgS. The polythene bags were propc.recl such th"t
l2.t?el).. ct"f)ea..

they hC(d sano-Sl"rfr:ce",as the inner surfaceAof the waveguide. Then

D. SliDO th wooJen piston vl,'J.S USGd to press thE: SD.Dp~GS, so. that the

soils are packed properly inside the wave-,;uide. The density ef the

pnc;cod soil, off-course depends on the presOJure delivered by tho piston.

The pressures \Vere tried to Daintain constant throughout the prepnrntic'n

of t~e s~jples. It has already been nentiened that the wave-guides

ware loaded with s<'Juples of sufficient length se as tc' avoid reflec-

tion fron the teroinntion of the wave-guido section. The front fnce
of the snDples "ere nade as smooth C(Udvortical ns possible. The \Vnvc-

Guide section loadei1 with the snnples >las tJ.en fixed at the Gutput

terninal ef the universGl carriago. uftor the e~)erinent boing por-

forued, the se-eplos were thon placed in tI1Gop.on o.,tnoSIJhcre for

sufficient tiue so as to avc.porate all it's nois~ure.ITmG s~up18s were
woighted agnin C(Udtilen placed inside the wave-guide section for ex-
periuent •. The transverso diuension of the scnples 'shrinked Gue to
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dryness'., However: the chnnG8 01' dinension ivElS not Duch. FrOD~ krlOWn

weiGht; the densities and Doisture conten ts Of ench Sa.I1l)las were cal-.

si ties of the, sC,!1plcs;.dGponcence of the vuluos of ~:ielectric cons-

tqtnts on these pc..ranetG.rs were plotte~.l. lE'1eneo.sure::ionts were pel"for-

Ded Gt different frequenc~s( X and J band).

!1EA;:1URING SET UP MIl EXL'E;,(H1ENTf.L i' :10CEJUr~E:

TIle experi;lent 'was perforlleJ in tho 1I1bc,rntorJ'of the depart-
bent. of olectricc.1 engincGrinB. trhe p:rocodu~e is kncwn as tla general

Gethod dopending on rofl~ctionn •. In this nethod the sD.l.lple is pIc,ced

inside; the rectangulnr 101QV0-iluid.e ,soctions. The lenGth of ~he soil

sallple5we~sufficient to avoid reflection f,on the terllination of the
saI1pl.eS.To prevent any short of scraches dUd daLlaees of the inner
side of tho i'lTnve....guiJc section, the soil snlQples W8rD pl2.ced in

thin polythena bo8's and thon the wave-guides ,-[ero loaded loTi th th.ese

slli]ples. :l.."roper care was tween, so that se..uple-surfacGs were per:I.)cn-

diculnr to the wayc-E,'1lic..le.The input te:rnina1 of tho '-!ave-Guido soction

was' ccnnGcted to <? universa.l-cnrriuCG where Ilbtc..llic probe was usee:

to neasure the reflectiGn cG-efficieilt. The probe pickeJ ill' the
electric-field intensity and _ ",fter beini; defected by the cry-S:lr.iiI
detector the sib~Q1 was fed to n stnnierd st~ldinG-wQve indicator,
to detcrnine the standing wave ratio. ~nplitucG nodulated sienal was
transui tted for this purpose. The input sid" of the universI>1 carro.
ace was connected to the signal generatcT through an adjustable att-

enuator and a frequency -ueter. 'rhe whol" ex,;>erinents
were repeated for ceupletc J-band and x-tend to observe the frequency
del~lanclence churc.ct,er of the sanples. The exrerinento..l set-up is sh()W'Il

in fiG. 15• .F\lrc1etorllination of the conplex peruittivity of tCle soil
both the Dngnituae and pcsition of the stnn[ing WaVG vcttern WQS nece-
ssary. Unfortunately the position WaS not deteruinud accurately. SO,
the inaginary part of the peroittivity was not detenlined. This.iun~
einary part is responsiblo for the conductivity of the nateriaI. ]t.r
this reason, to get sone idea about the conducti;':ity of the ,-,,,terial',
the d-,c conclu'c'tivity of the soil sanples wer3 riefLsured u's shown in
Fig- 16.



In this proco(:urG, the so..r::p.lewas p.laced < in a 't'loc-,den fr.:".,bo.

Two-sidos of the sCl.Llple was pre.saed by cor.ducting copper-plntes fron

which "iros werG COllilCwtedto the input teruinal of th" wh<)at-stone

bridee tc iloasure the unknown resistance 01 the suuple. GalvanoDGter
'ras used te observe the null-point of the bride-a-circui t.Now, fr<m

the relation a = 1'1 lA, the resistivity was calculated, fron "hich cc>n-

ductivit;y was found~ The data.s are tabula.ied in table no•. 3.

7.2C: A FEll SOUllCES OF ERROR:

Perhaps the wost widely known' of tre wavG-G~ido Dotho~s is
tha t in 1'Ihich the standin';-1,avo rc.tio is TJCasurod directl.y by standing

wavoindicator. l)espito it's general. acceptance' this nethed has certain
shert coninG's. Tho possible sources (of orrcr ar.J out line herG,_

DEVIaTION F'ROl'l SQUARE LA,I:

In the first placo, it is assunem. that the input of standing

wave inuicrrtor i.e~ ~f ~etoctors oboy squQre-lQW. nut in prnctico,
the d.etector obeys the square-la1< npproxiL ately nnd often the vol-

taco V fron tho detector is;

\\hero E is the oloctric-field in the r-f line. 1r(/;/2, such

a reln.tion never gives true- prnpc'lrtionnli ty of r-f p01olor nnd receives

roncling and it is apparent that both the uacnitude and the l:,erc(JUtnge

error approach infinity with standing-wave ratio, no. natter hGWsnall

thE; d.eviation of ~ froQ the ideal vdue 2 Gay be. Nor is it easy to

corroct the error by eValutiGnor OCby 800e graphical nethods, f,:rOC

is likely to depone. on fi.Gld streng.th oyer tho wide ranges cncoun-"

tered in the present application,. since a detector sufficiently sen-

sitive to respond to the niniDUD is usually overloaded. at the Daxinun.

The error increases when high stnnding-weYo ratio is to be nec.sured.

However, tile error can be niniuized by the nppliCQt~nn ,of ,~l

a.ttenuo.tor to reduce the sicne~ strene-th.

2) IN?URITY OF GENERATOR OUTPUT ?O"!ER:

It has pe"on.Q.'8sunedthrcuGhcut t~le :foregoing discussion thc.t

only a single frequency'is Generated by the source of r-f power. The
85"



output po,lOr of ",adulated l<lvstron does not sntisfy this condition,

hOi-leVer, but scne tiues h~.:lSCCi.Jponents at froquencies dif:f:'eront froD

the funclQi.lOntnl. 'Ulis bohavic.ir is the result cf illpiflollor nc:.c1ulntion

of the GOl1orCtt~}r, it is quito (~iffGront from the ncrr.l[ll presonco of

hcrj"jonios in the frequency spectruI:l of a pulse. It is of in tor8st,

hCl,ever , to investiGo.to the effect., "

,enn be nnclo. l1.s c1cscri bod in R-f-I ;)
, Alllathe,catical investigo.ticn

tho r~f powor is not prosont

•

siGul terre,usly at two frequencios, but rnther ene frequncy exists

for o.1tcrnato pulsos of the modulator, or one froquency at one point

of oo.ch pulso, c. difforent froquency nt 0. lator peint of tho saDo pu-

lso • .Ft>rapprcxiflnto qualitative conput,J.tion, therefore,. pOl'lOrs nre

nc1(:edinstoad r:f 2,!JplituclG, and the i:lOtor rJad:"ine is assuf.led to bo

the SUliof the vo.lues fer t,fO incli vidual fr3quencies. With such an

appronch noi thor equnl resGno.nco of tho cavity nor oqucU sonsi ti vi ty

of. tho recai viniS systen need be a.ssuned, and in adJi tion, tho p01'18r

need not bo oqually dovidod b0twGon tho t"o frequoncios. If tho loc.d

ro'flooticn is indopondon t of froquoncy ovor the sUnll Variation in
question, the,

1
(SWR)2 -

"'tlonsurod

1 1----+ --2
(31m) truo1- r

X -.><; '2
( 1\ ) ( M ft

gives the ~ensured stnnQing-wnvG ratio at a c1ist,~:ncoX fron the intor_

fnco in torns of it's true vo.1uo;; and the! !'atiG p2 of recoived po"ers

at frGquencios f, f + ",f •Tho o.l,overesul t wns obtained for diroct

LlG[LSUrOl.,LGnt of the po1oJOr stanc-ling -W3,.ve ratio as the ratio of na.xinultl

to nininUD.

3} VlJU,L-LOSSES:

Another type of error Day be enC()ULteret1 curin{~ n~D.SUrOLlGnt~

which is known as wall-loss. This is tho loss introduco,,: by tho Hnvo-

uuiclc which hns been neelected so fnr. ~llis loss is not the 3D.DO 1-Ti til

the fillo,:1 Q:e with tho elipty Guide, fer not only are tho onorGY rola.-

tions chanGod by tho presonco of a dioloctric,. but tho fioh1 in the

saiJplo is often D. stending-wnvo fiol,1 rathol:' th"n tho trnvollinG-lolave

fiol(1 fGrnerly obtnino". The orror is accordinGlY not cQl1colled by the
%6



bridGe proceduro as 1'iC,uld perh:::ps be expected 2;1lG special COL1posi-

tion is necessary.

( t;))l [, D.casureu)

If the cDpty [uiue were c0upletely loss less,

= ~tall S s=plo} + (tan £,wan)
\!lould bo obte.illecl when uGasuring tt_8 trc:.nsuission cf tho sni;-.

pIc contairlod in 2. piece of tho actu201 lCiSfY [;Llide. The conJi tion

of .the zerc loss, for the elJpty Guide Llo.ybe sLlUlated if the subs-

titution is nade,

t - t-:" noasured ]

+
;>. J R - Pt811 t~Mt,nn =

and hence wo.ll 10sses Dny be readily COrre(ted where as tdl r; 11 iswa.
known.To deternine this pa.ranotor, 'tJ is D([lsurGd with tl'lD wijel~T

different lengths of eupty guide, where-upcn the o.pprol)rio.te forn

of the equation,

withR = 1 and t = ratio of transnissien, gives the desired result.

Since, the loss is of concern here rathor th,:l,n .R, the lL"!.rgepath diff-

erence used for findinG' tan ~'1all' with cnnsequ8nt LlaB'nifica.tion of

the effect of frequency drift, cc.uses no undue error in nnrnci practico.

4. ElmOR DUE TO J::[,EAHENCEB::mIEEl, TIlE SfJ1r'LE AH;) TIlE GUIDE:

l1nothor sources of error is the clearance between th8 sLluple

and the Guida, which is nocossarily present to SOLlG extent in all

nethods not ca.rriGd out with the sanple in free-spO-ce. LU though tho

exact theoretical results o.re avnil"ble for the situation illustrf'.-
ted in the FiC-?A , it suffioes

R. =(11 -1.)true ' TJo:n.sured

here to
b
l)'l+ 1

givo the eDpiricnl oquation,

which has been eXjlerillontally v~,rifiod in 0. nUJ:lberof cCQSes.( Rf-,k).

The stated dopendencG on b' is sUGcosted by the uniformity of the

E-field in the vertiCal direction; thnt the result is substantially

inclopenJont of a' fer suall clearence, follows frou the fact that thG

field is zero £It the si(~es c,f the [)"Uide. Corroctions for clearanco

nay be given in other c,'J.SGS, for exc.uj}le, -for rc;-uncl or co-axic;.l l'1o.VG:-

Guides, .nl-thOU.Ghit is us;'a.lly necossary to hSSUl:W that the sauplo

is centored for QI1 oxact thocretical deriVation. It [lUst bo n6htionod

thnt errors frou cloarence C~l bo greatly .reduced by use of a node

8'1



in which the, E-fi81i.l is tnnc;entinl to tho. inner surf",ce of the E,'uicle

~t all points. Tho field nust thon be nesrly zero at the ellse of tho

so.DJ!le,. o...."'1c1hence, fer ,:],11 diLlG:llsions, a. reduction of error i3 obt"J,i-

tied ~ihich is sinilar to that noted in cc,nnectod with di:Jonsion a' ;N1

eX[lT.;,~;,lGof such n Llocle is tho TE1o-noc~Q ill circular wavo-guiclG, whidh

was sUGGestod and actl:lclly used in ( Hf Da ) as a flOGBS of clilJiuD,t ••.

ing this source of error.

7~ 31 CL4SS!FICATION of TilE liATtJnE OF SOIL SlJ"JPLES:

So far, tho DcnsurinL prcceuure nxJ itrs draw backs have boon
ci,iscussed.!t has already beon uentionod that, tlw varic.'tion of ,lieloctrio

constnnt with respect to the frequencies heve been obsorved, curves havo

beon plottod having d.ielectric constent VS. froqu,ency • It ,rill bc sh-

own that sene peculinr nnture of those .curvos haY>Iebeen f,Qunce.To o:z:-

plnin tho n",ture of theso curves one should hsve at least SODOidoa

sbout tho chenicsl cODposition of the soil-saL~18s thnt have boen invest-

iGsteu. For this roason, ninenalogical datas of tho sojl-snr~)les havo

been uGscribecl.

SJ, before Geine into the detail ciiscussion of tho results,

that have been ~chived., !1 brief oineraloGical study report on which

soil- classifications and soil-constituents of nanglnde~l are based

have be<m t3'iven. Thi's repcrt h~vo been SUillJ8risecl fron c. pt~~)er publi-

~18d by 11. C.;]. Huizing( F AO l,sscciate Export) in 1970 durins a ro-
conniaisnnce st.udy of the oineralogy of sand frnctions froD nnni51ade~

scdinents and soils.

~~thout Going into detail discussion of the E~~Glade~ soil,

a brief rosul ts of the nineralocial stud.y will be presented here. Host

of the sands appear to havo boen derived fron Q wLle varioty of rocks

and in consequence, a high dose of.percent~ge concentration of diff~

orent ninorals is fo~~d in the soil. To classify tho types of scil,

cliffe,rent llinerals spocios have been erouped togather to forus, c,s

far as possible, natural nineral groups. 1J. short Jescripti:,n of the

texiu,,-rcl cla~~i.f:i.cai;io!l and nechanical coo""ositiol1 of the investi-

gated. scil has bean Given in table 4.



I I . ! Soil,
Parant ITextural I Nec1).~J).ilali

Place co~ iI Code o' .•..•O~l.lon SCH'J..8S

I No. CalIco- Location and Cla.ssific- Colour,
ation gil t S2.Ild Ii hon

physiography Clay
I r-_4~-I 1 Tonti Deeply "cathe City Clay stI'ongly mottlo l 531b 307~ 17%

-cd rolodhupur reel ana fray

I.' Clay
I
I .-

I Mirpur Hoderately "'[{83. Hottled Pale

Ii 2 Top soi thered 9 Hodhu- brown & Grey 58G',~ 25fb 177;
I ,

pur clay
~-~_. ._--- _._-"- -',_.

Grey. Neal\:ly,

I 3 Joydev- Digraded !'1od.- mottled l.D.th
I

28% 65~b 7% ChiEd;a

pur hupur clay brown &: v;r;lite.

L- ., c' ",-,

Deeply ,reath- Red-brol1n mott- 5 :J'~ 30% 17%
Ehgg. ered Nodhupur led with gre.y

4 Varsity clay
.-.-

Chi tta- Deposits of Fine sandy Brown viith som~
~~ 15% nIb I{J1adiJTl

5 gong Hi 1 Deyn Tila loan gray mottles
area( Cal t} formation

Eaco.J:'

--
Cb.itta., Piedment Fine Sand Grey,l.,eakly B'ij :i.pur

6 alluvial loan mottled lIith 1~ 30% 58%
gonG Po t plain bro't-lI1
Area.

Chi ttE~ Hecent pied- Loamy fine Grey,l;eakly
7 gong j";,1ent alluvium sand lilOttled brown 8% S% S4%

'Town loamy sand , J:Oano.L::

Area. ' .---
Feni(5 lJi- Old Neghna Silt loam Grey 20"~ 70;t0 10% .rippara

I
8 les N. Ii. Estuarine.along DA~

I Trunk ltd flood plain

~9

._H_
Dawood young Heghna
Kindi Deposi t. middl Silt loam Grey 25% 70'/0 5% B'uldi

!'le&l;!j1~Jlooel

Narayan- Recent Brahma- Clay loam
10 ganj putra deposit .foam of Br ~ma- 35% 55% 1C>;!

'" vpd wi +h .Mod putra allu ial

hupur Clay +clay of ~iIl- .__ .'-

hu~ur clay
.

.

I,
- '. .; ..,-'- -'
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The tnble><c",c';JS tho clnssificntio~ of tho invosticntod s.:il-

sril.lIJ1~.s. This classification has b0011 porfo.ruod en' tho basis of ,'JOLJO 8X-

porL18nts done by the departnellt of Bnnglccclosh seil survey officc

tirl<l"f tho supG1'visic'n of Mr'. Shbhidul Islnu(J.sstt. DirGctnr, DClhGlndosh

soii survey d8pnrtucnt). Ftr c,,'nveniencG, a physioc;rn"hic map Df 13nng-

lc.,lcsh hc.s cdso been, shown in Fic;-17 ",hich indicates tho v,C1rious clc,s::J-

es of soil described in thG tr.ble-if.

Oil tho basis Gf the nbnvQ clnssific ltioil r.nd n Dinera.l,,~o€icd

1'Gpoft publibhed by II. C;J. IIuizinc (F A 0 A3socint" Export), thG Dinerc-

logical inGredients have boon roughly ostiIJ ltod. The: estiuntion ht~.vc

beon shnWtl in the table 6.

I
i

I--_.*

1
"--l~t;~~1

, !
.---_' r_w

I

aO~10tNt. L.G'L~rcG-lII0a.vy
- i

Non tro.nB- Mic", Alknli-'Plc.C;io-
of J?~ront ate niner,c.l field cbusUiJ.pl c: spar

1, 2, 3,4- 11 .25 .8, 1. 1 4.25 2.0
5 7 1 1 2 12 ,

I't,

..
'(

I;~8 6 1.8 5.6 10
I

9 4 t' 2 71
2 3 II ---l-.

FrOD, the abovo tc.ble it is seen that in Dost Cases, the l~rGest

Ccuponen t of tho scil consti tuonts C!.re q.,larts ClIld in 80';]0 CD,SOS0.1"(..')

uiOn. Linne:; other ccnsti tuonts, non..tranS],'nrGnt DnterLc.ls mel :D.lc,:di-

fiGlds-pc.r c.ro t1a.in. 0XcOpt those consti tudJnt,s thGrG rJay be souc gases

whiQh uny nOI'IJn.lly bo trnl)pQd in the perfcr-~ted soil saD:l)los. H:>w"ever, to

oX'Jlc.in the n.~turo of the curves obtnined, one shoul,d hQve a COE;,lGGOtho-

oretical i<lec. ab0ut the nature of the V'nrintiou of pGrnittivity of G.~ses

and ,solids with the Qpplied froquency of the electrouaenotic fields; :pt'r
"

this r0~SCln, c..brief (liscussinn en the va.riiti~n of thQ pGI""ni-ttivity

wi th frequency have been prescntoJ. in the a]11'o,l<1ix":

* 90
'rhe -j?es,,'J!s shOW7) "'"11 Ihe ~bove 1",ble <(1),, s~ppljeJ b., .soil sl.\",ve~ dep ••rt...,~."t-

(1k"31"Je,l,) a,.,J 1'>e'1,U1I'e 5c'll1e 151.11'1he•. c1"''''ijjeo.li<M , ,D,ll ~ to &017le 'J l1CC)1ve."e>'l<es

l1;e 5e "0",1d 7)01 be pE''''50'T'Med wi Ii', j>1 0'U1" I i'mit."'.j .5"''''''''''<'5"

--------------------------------------~------------'-l"*'-::::-r>;;:~li:;: ...•=..ij





TA8LE. 1A

.f ,. 10-5 7-0 I 6- 5 6-0
"'Hz 10 g-5 8-5 9-0 S-o 7-5 5-5 5-0 "'-61

4-3 4-4 4 -5 5-8 5-0 6-4 7-2 ~ -;}
,
5-48 5-"/ s'~ 8-1 10"0

4'3 4-45 4'5 5-135 4-g, 6':?> 7-4 5-6 ; 8-2I 5- 52 ';-0 5-9 10-0

4-3 4'45 4-5 5-e 4-9 6-3 7-3 5-6 I 5-38 b -os 5-'1 8-2 10"
-

4'5 4-5 4'75 6-3 5'15 6'2 7-2- 4-3 1 {;'5 "!'62 4'7 6-/5 9-5

4-45 4-b 4-'0 C;-:J 5'.2 ,,-2 7-::' 4-5 5-6 5'4 4-75 5''0 10"0

--- --- --- ..-_.- .._--_ ..
cr 4 ''''5 4'75 4'7 5'35 S'oB 6-15 7'4 4-5 5-4 5'''l 5'4 4 '6 10'0
~ - - - -,

f

\fl
4'5 4'75 "l 73 5'38 5-/8 6 IS 7'3 5-6 6-3 6'2 4-2 ,'3 10-5

> ,.- -~--'- ---
4-5 '1-'0

, 7-3"l'e. 5-4 S-/5 6-2 7'3 .56 , b -35 ';-2 4 -5 10 5
-

4-5S 4 -e> 4 -'0 5-5 5-2 6-2 7-2 5'5
,
6-3 6-2 4 'S 7-35 '0' '2.

.- ---_ .. --_ . ..._._- ,-- - ---_ . . --;---- --
3-8 4-5 4' IS 5-8 5-4 boo 7-5 5-/ 5-5 5-6 4-3 7-4 /0 -0

3-75 4-ss 4'1' 5-9 4-9 6-0 7-4 5 . 0: 5-5 5-6 4-3 7-4 10- 0,
-

AV£RAGE

S"'V "l-O& 4-4 4-4& 5-72
5 -0&, 6 "~_-'-7-3(" 5-14 5' 7/ 5 74 4 -87 7 -23 10-05

P -b05 -63 -645 -702 67 ~-7b
-67 -70 -703 -66 -76 - 8 2

k 10-4/& " -"IS 11-(,("'3-"I 9 12 -47 12-92 130(" 1(,,- 3'1 '8-57 16 -66 /0 -03 15 -03 13 -q II

TA8LE 1 B (DRY)

2-3 2-"1 3- 15 3-0 3-1 3-5 4-71 3-35 3-3 3-5 3-05 4-7 6-"1

2-S 2-'1 3-15 3-0 3 -IS 3-7 4-7 3-4 3--45 3-6 3-2.5 4-55 7-/

0:: 2-25 2-"1 3-0 3 15 3-04 3-8 4-6 3-35 3-"l0 3-5 3-2.5 4-5 7-/
S -- - ..

\Il 2-b 3-0 2-'12-3-55 3'08 3-8.5 4-5 3-4 3-3 3>-S .3 -/ 4-8 7-0

> 2-6 3-0 2-9 3-6 3 -15 4-0 "I-55 3-3 3-5 3-/& 3-3 "l-5 G-q

2 -5.5 3-0S 2-'15 3 -58 3-07 3-9 4-S 3-35 3--'1 3-55 3-25 4-S 7-'
AVERAGE

S~V ~-41 2 -'1b 3 -01 3-13 3-12- 3-7'1 4 -5'1 3 -3 b 3 -3'1 3 -5-'1 3-2 "1 -5 ~ 7-02

R -42'1 -49.5 - 501 -5-'6 - 515 -582 -642 -5'1I -544 -55 '1 -523 -6'12 - 7>'/

k "1 - I 5-41 5-1 '1 4 -54 5-08 5-31 5-64 7 -tj / 6-'1/ 6 -(, 3 "1 - G 3 6-32 7- 3'1

k Cor <\-02 5-2'1 5 -05 4-4b </ - 97 s-20 S - 52 7-24 b-75 (;-45 .g-S3 G-IB 7 -2 2.

E NGG- VE R5ITY SOIL

-

TABLE 1A MOisture

---...........Den s i{y

9~

1"1-"l1-
\-96 grn/cc.



Dens,fy 2.2 sm/ee
MOisture 12.41-
Deepl)' Weafhered Modhupur Cla.~

SAM PLE NO.1

TONGI AREA

--0-
/

""--_ ..•.

o

t;l.
I', ,, \, ,, ,

I \
I \
I \
I '
I 'I \

I \
I '
I \
I \
I \

/ \

I 0
! '

I 'I \
I \
I \

I \
\
\o \\ .0

\ I ,, \

\ " \\ I \
\ I \

G', I \
'- I \--.... \

o

o
\

\
\
\
\
, I
'-~

-0,,,
I

I
I

I
I

I

I'>
I

8

7

5

4

o

. I

~, \" \I \
I \

I \
/ \

I \
I \

/ \q 0
J , •••• --,

f:> ...., /" ~_
", I •••..•.•._./

'0 / <;) 0
" I

" I
0,_ /

---0

3
5 to 7

F~tquency In ('Hz

.. 8
9'3

9 10



,ABL Eo, :3 A

f ;0 4-6 5-0 5-5 6-0 6-5 7-0 7-5 9-0 8-5 ",-0 9-5 10.0 to- 5
6H,

10-(, 7-2- 6-3 6-5 5-7 5'05 7-3 6-6 5-q 5-b5 5'/ 5 -22 5-22

ex 10'8 7-7 6-2 6'S S'8 5'1 g-(, 7'0 S'b 5'7 '1'8 5'23 ~'8
..

10'5 7'6 6-25 6-4 5-8 5'Z 8'0 b-8 5'1 5-7 '1'9 5'2 5-0
S 5-6 6-8 ~' 7510'1 8'2 6-7 G'8 /j-B 7'4 5'Q 5-4 '1-4 5'3
tf) 10-S 8-2 6-45 6-5 5-6 4'7 1'1 7'0 5-4 5-38 '1-4 4- 75 5-05

> /0'6 8'", 6-6 6'6 5'6 4-75 1'7 7-1 5'6 5 '5 '1'3 '1'75 5-05

10'7 8-3 6-7 6-7 5-7 4'7 1- 6 ,-0 5-6 5'4 4'25 '1'8 5'2
- -

AVERA (',~

5 /0 -67 7'9 6-'16 6 - 51 5-69 4'9 7- 76 6'9 S'6 5'53 4 -59 4'96 5-08
- -

P '83 -175 '73 - 7'1 ' 70 - 66 - 71 '75 '70 '69 -64 '66 '67

k 1£,11 17' 1 IE, 72 22-32 is'5S 15-21 1'1-5 I &'5S 13AB 14'40 12'2e 14'26 15'92

, '

TABLE :3 8 ( DRY)
-

5'1 3'35 3-32 3'02 3'0 .1'8 4'0 4-1 3'oB 3-3 2' 9 3'0 2'5

5' 2. 3-25 3-35 3'15 3-0 2-9 3'95 4-15 3'/ :H 2'9 3'0 2'5
a::
S: S'B 3'8 3-10 3'05 3'1 3 -,0 '1- 1 3-1 3-05 3-15 2-95 2'95 2-4

Ul 5-'1 ':>'7 3'4 3'1 3-0 2'9 4'1 3-11 3-08 3-13 3'0 2'9 2-5>
5-2. 3''1 3'3 3'1 3'02 ;1.'9 4-0 3'8 3'2 3'02 2-8 3'0 2'55

5- , 3" 3'Z 3'ob 3'05 3'0 4'0 3-85 3'/ 3'0 2'9 3'0 2'5
-

AVERAGE

5 5'3 3'43 3-36 3'08 3'5e 2-92 4 -0.3 3'89 3'1 3'17 2'91 2'98 2'49

P '663 '549 -5'11 '510 ' 563 -lI90 '602 ' 590 'SI2 ' 521 'lise '497 '427

I< 4'101 3'93 ]' 73 5' I (, 7'7 5'1/ 4'52 5'55 4'63 5'26 4'68 :)- 46 4'16
-- ._ ...- --

I<, 'I-51 3-85 3'6b 5-05 7-52 5'58 4'43 5'43 4'53 5'15 4'78 5'34 4-08

SAMPLE J='ROM TONGI

TABLE A <:. Den5lc~ 2"2 "mice

MOISture 12-04/.

94
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TABLE Lj A

f ,n
4'", 5'0 16'0 9'5GHz ..s'5 6'5 7'0 7'5 8'0 8'5 g"o 10'0 1o'S

11'2 B',3 1'5 6'7 6'2 5'9 S'3 1'4 5'9 5"8 5'6 5'7 5'0

11'15 S'2 7'4 6'8 6'2 5'9 8"1 7'3 5'7 5"9 5'8 5'8 4'~a::
5; 11' 8 9'6 7"6 6'8 6"5 S"S 7'5 7"0 5"5 5"B 5'3 5'" 5'0

\J) 11'9 g'6 7'5 7'0 6'6 5'85 7'S 7'2 5'1 5'7 5'3 5'4 5"0

> 11'6 9'5 7'7 7'0 6'35 6'0 7'9 1 '1 5'6 5'8 5"'1 5"5 4'95

11' 6 9'5 7'8 6'S 6'6 6'3 7'95 1"1 5'7 5'8 5'5 5'10 5"0

AVE RAG!,

S II' 5'1 9'12 1"6 6'85 6'41 5'% 7'93 7'18 5'66 5"S 5'48 5'57 4'915

P '64 '80 "767 '7'15 '73 '713 '776 '756 '10 "105 "691 '695 '665

K 1S'33 22'2 23'33 23'46 2.3"6 23'02 15'34 '7'41 I:l>'48 16"17 Ib"b 17'98 15'42

TABLE 4 B (DRY)

5'4 ,3"0 3'2 :l>'0 2'8 ').'6 3'0 2'8 2,'9 2'5 ').-1 2'45 2"4
0:::

5'5 3'0 3'<- '::'"0 2'8 2'7 3'02 2:9 2'95 2'5 2'1 2'5 ').:7

5 5'3 2, I 3"35 3"1 2,'8 2'8 3'06 :('6 3'05 2'8 2'05 2'55 2'6

4'95 3'15 3'2. '::"0 '): 7 2'6 3'05 2'7 3'0 2'6 2" ').'5 2'5IJ)

5'2- 3'0 3'')5 -3' Z 2'S 2,-7 3'04 .z'8 3'0 2' 7 2'15 2'45 2"5>
5"5 3" 3"18 3'1 2'15 2'65 3'0 2'8 ')."9 2'e; 2'2 2'55 2'45

AVERAGE

5 5'31 3'06 3'23 3'07 2'78 2'68 3"03 2'77 2'97 2"62 2'12 2'5 2"53

P '683 -507 '527 '5"09 '471 "456 "50'1 '469 '496 '44S '36'1 ''-< l.'t 'Lt33

I.j'61 4'85 "k 3'21 "l'5 5'16 4'8 4'89 3"'b "1'13 3'75 :2.'S2 .3 '9'1 4'28

Kc 4'42 3'°1 '-1'31 it '94 4'60 4'65 2' 79 3'°4 3'96 3 '6O 2.'1 2 3'83 it'11

SAMPLE FROM FENI RIVER COASTAL AREA

TABLE '-IA
~Densit~

------.... Mo '5 t u r e

2.'0 ",mIce

96



2,

20

19

18

'7

16

12

11

CI-II"T"TAGONG CITY
MOISler. 8'7/.

RECENT PIEDMONT ALLUVIUM

50",!,1< No,

10

8

7-

6 '

--0
/ ,

/ ,
""/0 \

\

'0
\

,
\

I
/

o
,,

,

10



"TABLE 6A
_.

f i.,
4'10 9'5GHz 5'0 5-5 6'0 6-5 7-0 7'5 8-0 8'5 9'0 10'0 -10'5

8'0 "\-8 4-5 3"8':> ,3'83 3-,,8 4'8 4'5 3'72 3'8 3'15 '3'8 3'5

<Y 8'0 4'4 4'4 3', 3',5 3-3 '1'BS "1'55 3'75 3'72 :)' 7 3'7 3''1

S 7'5 5' 6 "1'5 4'4 4'0 ;:,'5 5'1 4'105 ~'65 3'8 3'5 3-~S 3'3B

lJ1 1'5 5'6 1'5 £1'3 4'1 3'(0 5'0 4'7 3'65 3'83 3'5 3' 4 3-0

> ,'7 5'8 "1'6 4'5 4'0 3'7 5'0 "1'6':> :"8 3'8 3'4 3'8 3-0

? '8 5', 'I', 4'5 4'2 3'8 ",'0 4'7 3'7 3'8B 3'45 '3-5 3-1

AVERAGf.

5 7'15 5'32 4'53 4 '21 '1'0 b 3'55 4'96 '1'63 3'71 3'80 ,3'55 3'64 3'2.3

P -'711 '681 '638 '616 '605 '.560 '66'1 '645 '575 '583 -561 '569 '52.7

K 8'77 8'33 8'66 9"\1 9 '1-5 €l'2.1 6 ''13 7'63 6'o~ 7,24 7'06 7'95 G '71

TABLE GB (DRY)

4'0 ,3'0 2';2. 2'5 2'38 "96 2'95 3'.5 2'9 2'& 2'5 2'4 1'9

4'0 3'0 2"9 2'6 2'4 1'9 3'0 3'4 2'8 2'6 2.'5 2',3 Z'o
- -

IX 21'S YO 2-5 2'& 2'3 \'95 ;2.'q 3'5 2'8 2'7 2'", 2' '1 2,'0

:s
3'55 3'0 2'55 2.-G 2',3 1'9 2'95 3'4 2'7 2'6 2.'55 2,3 1'9

111

> 3'S 2'9 ;2.'3 2'5 2'35 2'0 3'0 3'6 2'.9 2'8 2'5 2'2 2'0

3'9 2'9 2";15 2'6 2'38 2'05 3-0 3-5 3'0 2'7 2'''' 2'''1 2'05

AVE RAG E

5 3'79 '2.'97 2'35 :/'.5 7 2'35 1'96 2.''J 1 3'''1& 29g5 2'67 2'54 2.'33 " 98

P - '562 '49b '403 '44 -403 ' 32'< '496 -554 '481 ' 455 '''135 '3'19 '32Q

K 1'15 3'05 2,'7B "1"6 3'Sb 2.' 77 _;2.'6 ,,\'';1 3'87 :3'87 ..3' 81l 3'51 2'76

K<

SAMPl~ FROM CHlTTAGONG CITY

IVIOlslure eO?1-

98
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TABLE: ~A

f,n 1 ~ i
GH.

4-6 5 55 6-0 6-5 TO 7-5 8-0 8-5 9 0 ~-5 10'0 10-5
I

10.0 6-7 60 6-0 5-Z " 7 9-0 6-7 5 -55 5-'5 47 5-5 2. 65

ex: 10-0 6 ~ 6-1 '" -] 5-2 ~5 7 '7 G B 5 A5 555 47 5A 3-'

3- \0:1- B -'I ,;; -2. 6-5 5-9 So 7-7 6-8 525 5-65 47, 5-1. 3AS
<J) 10-4 8-0 6-2 65 5-7 4-s 77 6 8 5-3 5-6 4 -7 545 l.t - I

> \0 6 1;-3 6-5 70 5-9 5-0 7-85 G -7 5-4 5-5 48 5-3 4-0
.

10-5 8 2- 6-4 7-1 5-8 0;-/ 78 6-8 535 5-6 4-85 5-'1 3-8

AVERAGE

S \0 28 775 6 23 (, 57 5 6 2 4-85 7 79 677 538 5-59 4-75 5 38 352.1

p - 8 2. -7'7 -723 73(, -6'18 66 -77 -7'1 687 -6'16 -b5 -68G
~

K 16-51 \74 15 -7(, 21- 6 IS34 IS -27 l'IAs 15 -1'1 12 - 2.4 115-\1 '3- \2 1f,-19 8-01

l.{ -6 4 \ 29 2.-'" 245 2. - 1 3-2 2"9 3 I '2-8 2-2 '2-3 2-3

4 5 2.-6 2.-9 I 2A 3-''0 2-"1 31 28 2-25 2-35 '2. -33-9 2\
ex:

410 "1-0 3-1 2-3 2.-& 2.- 2 3-3 3-0 3-12 2-9 2.-S :2.: 3 2-4

S 2-7 2-15 2.- ~ 2--4 2-3 I"17 4-3 3-/ 2'1 3-3 3-05 3-\ 2-35 i
<fl

3-0 2-9465 4-z 2. G 2-G 2. -2 3-4 30 3-05 2.-3 2.3 :2 4
I >

4-75 4-1 3-015 2.5 2-65 2-- 1 335 2. -95 3"1 2-95 2-4 23 2-3S
I

AVE RAGE (DRY)

s ~ 63 4' 2 9~ 2G 26 2 14 3-29 2-<;?J7 3-3\ 2-88 2 3 'I 2-32 2- 3 4

P - 104 S -b"e -49'3 -444 -444 -3b3 -S34 -4% 512- -4e4 40\ -38 Aol

k 3-7 5-'\:1 413 3 -132 "I- 2. 5 3 -2Li 3 -2 7 3-52 LiAS Li39 3-33 3-2<; 3-71

1<, :'d.'- 5-12 t, -05 3-78 Li-2\ 3 21 3-24 3 A9 "1-40 4-34 3-30 3-22 3-(,7

SAMPLE FROM f'JARAYN GANJ

,ABLE A
• DenSIty I' 2q sm/cc---

-------.... Mo/sture 16' 7bf.

100

, *"
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TABLE. SA
- -I"-

;. in
GHz '1'10 5'0 5'5 6'0 6'5 7'0 7'5 8'0 6'5 <;1'0 9'5 10'0 10"5

10'0 7'7 6'7 5'5 5'5 4'8 7'/0 7':/. '5 g 5'b 5'0 5'4 ,,'I.-ex 10'2- 7'13 6'7 5'S 5'4 ""9 7'4 6'9 6'0 5'S 4'9 5''1 5'2

$ 10' 4 g.O 0'9 6'0 5'7 t.,"9 g.o TO 6'0 5"45 4'8 5'6 5''1

If) la'S 7'9 6"9 6'0 5'5 '1'S 8'1 6'8 6'\ 5'55 4'6 5'0 5'2

> 10'3 7'8 6'8 5'8 5'S '1'~ 8'0 (,'9 5'8 5"6 4'8 4'" 5'4

10',2 7'S 6' 7 5'9 5'1 A'S 7'9 70 5'85 5'5 4'8: 5'2- 5'3
"

AVERAGE

5 10'27 7'83 6'78 5'83 S'55 4'Ss 7'88 (:,97 5 ''13 5'53 "l'8.3 5' 2" 5'27

P '822 '773 '7"l3 '707 ' 6Qs '65B '775 '749 "711 ' 6'14 '657 '68 '681

k '4'55 1(,"43 !B'G'! 11'/1 17'Sq IS'ob IS'03 l(,'lj I 14'57 IW B 2 12'61 1(,'/5 1'1' 21

TABLE 88
'1'5 3'55 ;3'0 2'10 ;l'S 1.'5 3'1 3'0 2'5 2'~5 2'4 ;J. "45 2'25

0:: 4'45 2'52 3'0 2'10 2'55 ;2: 5 0'15 3'05 2'7 1'7 2'6 2'45 2"2

S 4'5 ';"5 :2'9 2'S5 2''15 2'45 0'3 3'1 2'65 2'6 2'3 2'35 2':25

If) 4'10 .,3'6 3'1 2'7 2'5 2'55 3'2 .;,I 2'65 2'(, 2'3 ). 38 2'1

> 1..1'7 ;?>'s 3'2 ~'5 2'10 2'" 3',3 3'15 2'7 2'65 .2"35 2'4 2'2
"

4"5 3'5 0'0 2'55 2'4 2'5 3'35 3"0 2'6 2'1 i 2," 4 2' '12 2"15

AVERAGE

5 4'54 3'53 3'03 2'58 2'5 2'52 3'23 3'07 2'63 2'65 2'3'1 2'y/ 2'19

P - '639 '558 504 ''-141 .4:2'il '4.32 '57. 7 '509 ,'149 '~5:2 '410 '41:!> '31.3

K :3'5Q 4'03 4' 26 3'17 3,'1 '" 4'34 :3'17 :!,74 3':'>7 3'82 3'46 3'72 3'77

K, 3"'19 3:.91 £.\'13 3' (,'" 3-84 lj' 21 3'013 3'63 3' 28 ::, "71 3"36 3'bl 3'b6

SAMPLE FROM DAWOOD KANDI

FOIt l' A~LE A
__ ---- Densit y

MOls~ure

1'62 ':1m Icc. .

19'33/.
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TABLE 7A

f io
GHz '\.to 5'0 5'5 6'0 6'S 7'0 7'5 S'O 8'5 9'0 9'5 10'0 10'5

12'8 9'0 7'4 ~'1 5'55 4'85 8'4 7'0 5'8 6',\ 5'3 5'5 S'''I

\2:~ 9'4 1'''1 6'2 5'65 5'0 8'''15 to'9 5'9 6'''1 5'1 5'", 5'3
0:::

S 12'0 9'0 1'5 6'2 5'~5 5'1 8'.3 6'8 5'8 6'3 :5'0 5'5 ?'1 :

(j) \2'5 8'8 1'5 E•.;2 5'8 5'1 8'.3 6'B 6'0 6'1 5'3 5'5 5'6

> 12'S5 8'9 ,'S 6'1 5'S 5'2 8'35 6'9 5',9 6'3 5'25 S'•• 5'5

12'6 8'9 1'45 6'1 5'6 5'1 8'''1 1'0 S'B5 {,'35 5'3 5'55 5'4•

AVERAGE
S 12'56 9'0 7'''16 6'15 5'63 5'06 8'.37 6'9 5'88 6'31 5'21 5'54 5"4

P '853 'BO ' 763 'f20 '6':18 '67 '787 " 747 '709 '726 '678 "694 '69

\<. .21'69 22' 2 22:4 19'0 1B'34 16'37 17'\1 16"\3 14'38 19"0"1 14'58 17'85 18'''15

TA8L.E 7 B ( DR'()

4'6 ,3'2 ;2:15 2'35 ;l, '''I 2'3 ,3';2. -:;1.'1 :I: 6 ;2,'3 ::1.'2 2:05 2,'3

<¥ 4'7 3'15 ;2'15 2'''1 2'35 2',3 3';25 2'6 ,2'6 1:25 2'2 2'06 2' :IS

S 4'S 3',2. 2'8 2'4 2'4 2'35 3'4 2'85 2:7 2:45 2"8 2'35 ;2,'2--
<Jl 4'85 3'25 2'85 2,'3 2'35 ;2'4 3'''13 ,2'9 2'7 .:l'5 ;2,'2 2'4 2:2

> 4'9 3'1 ;2,', 2'35 2'3 2'25 3'46 ,2'8 2:65 ,2'4 2'15 2:2 2'3

4'8 3'15 ;2,"8 2.'''' 2'4 2'''15 3'''1 2'15 2'75 2:35 2"13 2'3 2: 2..

AVERAGE

: 4'775 3'/75 2'775 2'37 2'37 2'34 ,3'37 2'B 2'67 2,38 2'18 ,2,'23 z, 24

P '654 '521 ',,\70 ''\07 '407 '''102 '5"12 "474 '''ISs '401 '371 '381 '383

\< 3"88 3'41 3'63 2'82- ;'27 3'81 3'39 3'22 3'46 3'16 2'95 3'26 3'44

k~ 3'18 3'33 ,3'5'1 2'77 3'19 3'72. ,3'31 3'15 3'.38 3'O~ 2'89 3'19 3'36

SAMPLE FROM CHITTAGONG PORT AREA

TABLE
A ~Oensit)l

~ MOIsture

1'9& ':I'" Icc

IB'07/.

10tt
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, TABLE, 2. A

f~"",
.q'~ 5'0 5'5 6-5 13-0 13-5,n ""0 7-,0 7-5 9-0 9-5 10-0 10'5

(?H,

9'\\ e,o 4'7 5'65 s-" S-b 7-"1 ,6- G 5'8 5-2 <1-55 4-0 4-4

9-\ g-o "l'S 5-8 5-/0 5;5 7'''1 ~-5 5-S 5-2 4-~ 3-75 Lt'\6

9'2 8-\ 4-75 5-75 5-5 5:5 ~ - 1 6-S 6-2 5-" 4-8 4-8 "\-7

9-\ T-o S'''l b'O 5-5 5'10 13-' b-S 6-2 5-58 4-9 4-7S 4-8

9'15 7-B
,

g'8 7-0 4-9 4-S5
et 5-.2- 5'6 5-S SF 7-\ 5-95 5-3

,
g'7

9-' ,-9 5-35 5-'1 5-6 S-G 7-0 6-9 5-7 5-5 4-8 '1-6
~

:? - - - - - - g' 7 7-0 6-8 "'- 7 5-2 4 -82 5'4

- - - - - - S-o 7- 35 10-7 5-SS 5'35 5'42 5-4

- - - - - - €. 1 7'3 "'-'" 5-82 5-4 5-5 5-22

lJ) - - -, - - - - 7'3 6-7 G-/ 5-48 "'-3 5'25

- - - - - - - 7'0 7-' 5-7 5-2 5-5 5-3

> - - - - - - - Co' 9 7'0
5' '"

5-0 5-3 5- IS

- - - - - - - 6-8 G-8 5-6 5'05 5'25 lj-,9

AV E RAGE

5 9'14 7-92 5'03 5-73 5-'" S-SB S'I6 6'9'" /0' 5ll 5'''6 5-1 4'93 4-9.3

P
t-

'803 -76 - "'7 • 703 -70 - 70 -78 -75 - 74 -70 - 67 'b6 -b'"

k I/-S7 14-88 10'66 IE,. 6" 18'58 20'4~ 16'02 16-55 '8-45 15-5 '5'04 '3'97 14-86

TABLE, ~8 (D RV)

"'-'3 5-6 3-9 4'0 4-, 3-8 5-4 3' 5'1 3-72 3-65 3-'5 3'06 2-25

7'S 6'0 4-0 4'0 4'3 3-81 5'.3/0 3'75 .3'8.3 3'b5 3"5 3-05 2"

a: S-7 6-4 5'0 4-7 4'3 4-0 6'10 S-b 5-G 4'8 "''I 4-3 3-2

3 8'0 10,0 4-5 4'G 4'3 3-9 6-5 5'5 5-'5 4- 37 4'65 4'1 2..9

III

> g'4 6'2 4'/0 "1'3 4-2 4'0 ""2 "'2 4-3 4'0 3-55 3'45 2-8

7-g 6-0 4-35 4-3 I.j'2<; 3'9 6' .3 4-3 4 -1 4-0 .3'b6 3'48 2'81

AVE RAGE
,

S ,-96 6'04 4'4 4-32 4'24 3-9 6-06 4'48 4-45 4'08 3-6b 3-57 2-68

to -78 '72 'G3 '624 'G28 '5.9 '717 -b35 -G33 -606 ' 57 -56 -456
•

k 9'59 '0'19 8' 23 "'-b1 10'5& 9-79 9' 2 7 7 '/9 8'52 '0' .33 8'04 7'5~ 4- 74

k< ~ -36 10,53 8'013 9'36 10 '.3 9-49 S'99 7'02 8-32 10-02 7'85 7'34 4-62

SOIL SAMPLE FROM MIRPUR (WET)

TABLEtA [MOlslLlre 16'22J.
Den.slt~ ,- 99grn/ec
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TABLIO 5 fA

f in "I'''' 5'0 :;-5 6'5 7'0 7'5 8'0 9'5 g'O 9'5 -;0'0 10'5

GH,
60

, , 5 '310'25 7'7 t ~'3_ 5'" S'S 14'85,6'0 ~67 5'"1 I 5'0 5'/ 4'6

1---,-+ -- --' __ 1-__ -1-- j .. -t --- -p.- ,- , .- -

'0'35 ' 8'0 ~'25 5'7 5'55 4'g 7',!) 6'4 ; 5'7 5'3 ,4'9 5'0 4'9
--- ,-- I- - - 1---- f-- --- -- --- ----1---

D::' 10'05 7'B 6'3 5'7 5'6 4'8 ':>-0 E,. 2. 6'0 5'2 '1-7 4-8 4'3
- 1--- ,-- - .... - --

S 10'03 7'5 6'4 10-0 5'7 5'0 7'5 6'.2- 6'4 5'3 'l'B5 4'8 4'6
..- --- --- "- - ..._.-"

If\ 10'5 B-2 6'b 5'9 5'6S 5'0 7'9 6 -'1 S'S 5'1 5-0 "1'9 4-4

---' - ,- " - - - -_ ..- ---
:> 10-5 8'0 6'S 5'95 5'6 4'9 7'7 6'3 5'7 5'2 4-9 S'O "1'5

10 '4 8'0 6-0 10'0 5'7 5'0 7'97 (,-36 5'7 5'25 4'9 4 -,9 4'56

AVE P..AGE

S 10-26 1-92 6'17 5'66 5 '62 4-92 8'0 6-37 5'67 5'23 4 -89 "1'93 4'55

P '821 '78 '125 '708 '698 '610 -78 '729 '10 -679 '66 ',,(;3 '64

k 14'55 18-08 \5' 99 11'33 18'37 15-27 110••02 13'87 13'48 13-29 12 '89 I'!' 21 12'99

TABLE 5 B
4'3 3'12 3'05 2-0 :2:95 :2:8 ~,.75 ,3'85 3'08 2'95 2-'!JS 2'85 2. -55

cL 4'42 .3' 65 3'08 2'95 2'85 2'6 3'6 2>'15 3'04 2-95 2'95 2'85 2'4
..-

~ '!-55 3'65 YOS ,3'0 :2:9 :2:6 3-15 ;:,.2 S 3'0 2'98 2'8 2'85 .2-45

(Jl 4'5613'7 3'06 3'0 2-85 2-6 3'8 3',2 3'0 ,3'0 2-8 2'B5 2,1

I

> '!''! 3-6 .3 ' 1 3'0 2'8 2'7 3'5 3-4 2'9 2'5 2'6 2'7 2'5

4'.35 I 3'65 3'05 2'95 2-9 :2:6 3-1 ,3'3 2'95 2'8 1'7 2-8 2-5
,

AVERAGE

S 4'43

I

3'Gb :'-07 2-<:>e. 2-8e 2'65 ,2,'68 3'46 2'99 2- B':l 2'80 2-82 '2.'42

I P '€> 3 -57 -51 -50 ''19 '45 '51 -55 '50 '-'lS ''17 '<{8 '41

k ,3-43 "i '26 <{'34 4' 92 5' 2<0 '1'76 3'85 -'l'S8 '1'21 4-33 4'49 S'O'! 3'810

I \(c 3'4 4 '22 4'29 4'87 5'20 4'71 ,3'81 4'53 4'17 4'28 4'44 4'99 3'82

SAMPLE FROM }OYDEVPUR

,ABL.E
\, 95 gn'/c.c.
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CHITTAGONG HILLY AREA
:DEPOSITS OF DEyN TILAFORMATION
:De"l15' '-J - 2.07 3-m/c c
Mo.,si-o .•.e- 19.52;(
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,ABLE 10 :

I -

i ;(1 4-{' 5'0 5'5 6'0 G'S 7'0 7'5 8'0 8'S g'O g'S 10'S 10'5
Gil,

\l'S 9'9 7'7 1'1 6'7 6'2- 7'0 /' 2 {,2 " 9 5-05 5'25 " '95

II"{, 9'8 7'7 7'0 (,'7 6'25 7-0 7-2 (,3 I 4'95 '1'9 5'1 ","
ex 11"8 9'S 7'B 7'\ 6'75 b'IO 1'8 7'~ 6'0 5-5 5'G. S-G. 5'0

?; 12'0 9'5 7'7 7' 3 b'6_ 5'9 7-7 7'6 6'J 5'5 5'7 5'7 5'0

<J)
> 11"3 9'" 7'5 6'S b' 4 5'9 7'S 7'4 6'2 !i'l 5'5 5'2 ,,'g

11'4 9'6 1'[, ,'a 6'5 6-0 7'~ 7'3 6'/ 5-2 5'4 5'4 5'1

AVERAGE

S 1/'53 9 '(,5 7'G.7 7-08 6'61 6'06 7'" 7'35 6'/5 5'/9 5' 36 S-38 '" -89

f '8~ '812 ' 7G.9 -752 '737 ' 717 '-7G.2 ' 76 '72 'b7 '68S '686 'G{,

K IB'33 25'(;, 2« ,\ Ze'4 I 27-'7 8'55 19''''5 22'16 15B/ 13'/9 '5 '4 2 16.'='1 I '4 '86

CH"TAGONG HILLY AREA

DENS"Y 1.'017 8m fcc

M01STU~E 19'53 'j,

~1'O



::' ~;'-:'" '.' . '. -.',-. .t': ': ',:": '•.'
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- , ,;' --.••-':"",i:"':' "-~ , ..•. ~...•. ' -~': ~.
if!

TABLE lfO----1

FOR DC CONDUCTIVITY OF THE SOIL SMlPLES
, .

COde, Resistance Length GrOss S00- Resistivity Condueti:vi ty
in .hm. tional AR in ohm,..,tcm.NO. I P= l"" ohm.eill. arc:a A - em
.. sq. em. ... -.

220 5.45 1.25x 2.5
' - 5

7.9 p.orlen•3 K-.!l. 1.3xl0
,

1 590 i{..I1- 5.1 1.5 x 1,. 1.7xlO? 5.8 P.-v/em

8 470 K-1l... 5.3 1.5 !C 1 1.33x105 1.5 Jl- -ortCD-~..
-

2 460 K..n. 6.8 1. 25x2. 25 1.9- x10? 5. 26 Jl- :qtcm.

J20 x105 6,.9
, --4 K-Ll.. 3.3 1.5x 1 1.4 }lv,'cm •.. --

-

9 310 K.sL 5.6 1.5x 1 O.S,3x105 12~0 JJ."Icn I
i,

5 610 K..tl- 5.8 1.5x 1 1, 6X105~ ~ci. I
I

Ex PEBI MENTAl Suup EO~EAS!lRIN(],..D~OND!leTIVITY

!

!
\.4/he<d::;toYj,e b'-Idfje
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7.4 DISCUSSION:

'llie curves shOl'lnin FiG-18 to }:ig-'28 revoals sane special

characteristios ef the vnril1tion of the dielectric ccnstClUtof s",il

with respect to frequoncies. The densities of DoSt of tho snt1plcs .,Jel'e .tl1ol'e

or less s~uet b~t the Doisture contonts variod appreciably. The clln-
ractoristices of the curves ero listed belowl-

(i) It wes seen that tho prosonco of moisture in the sample in-
creases.the value of ~le dielectric const2~t.

(2) An.average rise of the values of dielectric constant waH
observed bet>Toen6 to 7 GIIz of frequency.

(3) In sone scDples(N.y.~nGjonj.J)"' •••• d K.nd;,C~~. c;.j.,y) the dCllSities

were quiteolow. It w"s observed that the dielectric constont of those
s~~pleswore Duchless than thOse of others .

New, to er~lain ~le neture of curve, let us COnsider the first
"'the ( ) .featuro 0V'curvcs TJentic;.ned in 1 •FrOD the theoreti~al and exroriL1Gn-

tal invostigation it ,laS found that the clielec'tric constant of 1,,,ter

rGi:lc.ins U0rG or less constant upto the frequency of about 10 GTIz of

the appliecl eleotromagnetic waves shownin Fig. ;0. TIl()tYFical v.aluos
within this range of frequency is bet>TeOl175 and 80, M;ain, the typical
value of ccielectric cr:onstcntof the soil (within 7 to 10 GT!z) is "bout

12. 3J;,it is obvious that the presence of TJ,isture should. increase the

diGl~ctric constant. It was also observed that thero was C~ ~vGrngQ
rise in the Values of the dielectric censt~lt >Tithin6 to 7 GHz fre-

quency b~d. FreDan elabOrate study on the'd~electric properties of
the gases, it is seen that there night be a sharp rise in the valuo

of tho dielectric constant of gases, if the vibration cf case nolo-

culas forning dipb1es are in resonance with the applied. frequency of
" ., ,-

applied electroTJagnetic>Taves. NO>T, in the present case it lnight

hapl'on 'that SOllegases haVE; been trapped in the sn,;pies and the vibro.;;
tioMl froq~~nc~ of sone of 'th~ he[niy 'go.~emolecules fojruing dipoles

.1._._'

foll s in thedoDo.ht of 6 to 7 Glfzfrequency band. As n~e~ul t sharp-
increase in the volue of the dielectric constcnts nre observed. Lastly
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it was observed that due to lewerine of the donsitios, the dioloo-

t~ic constant decroased. It is an QCCGptodfact that, if all other

factors renain same, but the densities of t~e sauple decroasGs.then
. ,es

the Value of the .dieloctric oonstw1t gradually de~~edSltowQrds unity.

It 1I:asalroady been uontioned that;he inaginary part of tho

perDi tti vi ty of tho soil could !lot be ueasured. The ev,,,lution of

this parW:later required the shift of the Llaximn 'end uininll ofVSlf

pattaTn in the wilvo-guide saction very accul'ately( af the orciar of'

.0001 an). Sinca. this shift in the VS11'pattarrt 1ms to cillculato UIlllU-

ally 1rlhidh was qui to inpnssiblGt so the inD.~;innrypQrt of tho porni-

tti vi ty of the scil a.t nicrowave frGquuncies could not be noasurGd.

IIoVleverto get sana idell about the losses in tho soil s32,)le, the

dc conductivity of tho soil sCluplos wore calculated. The results
agreed fairly with the tyPicllt valuos.

Lastly. in general i~ OilYbe aoncluded that there was no

apprecillblG vllriation of tho Values of' the dielectric const'l11t anong

the types of the soil saLl;,les investig,;,ted for different tyPGS o.f th.es
slluples collocted from differont places.

llLt
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CHAPTER-8

DIS C IT S S I J N

TWOdifferent topics havc been stu.died in this thesis. In

the first part, study have been Dade on electroma~letic diffraction

phencuena. In chapter-3, the orieinal Fresnel-Kirchoff diffraction

theory has been invostigated, by incorporating the effect of ant~

nna directivity .This theoretical treatuent has been followed by

an eEJeriuent perforued in the laboratory.

F,rOD the results shown in the tabJ.e- 1; it is seon that, on

introducing tho effect of antenna directi vi t:v in the oriGinal FresrlGl-

Kirchoff diffraction :\lJ:18ory,the averaco percentage error bet~lee'n the

experiDental results anJ the thecrotically cnlculated'v"lues have doc-

creased appreciably. NUIlericnlly the ficure(percentaee deviation) has

cODodownfrOD 4.51% to 1.36%. The percontaGe doviation-based on ac-

tual :field uGasU:reu8D t as reported by cc.rli.or workors l1QS 1ess than

4.5% • Probably the sCalc-model technique used and was responsible for

this. The antonna diaDeters of the receiving W1Q the transDittins sye-

teD was quite cC'l:iparable to the radius of tho first -fresnel-zone

an,: as a result, this zone could not be dofined properly. Ac;c.in, the

c.ntennas ha.d high .directiVe pat~Grns fu'1.G.3,5 a rcsul t DCst of tho po~.

)Y"cr 1ias concentrated iIl the first fe" fresnol-zones resul tine irio.-ce--

ur~cy in the e~~erlilent.Lastly, the experiQGnt Has perfor~ed in n
closed laboratory without absbrbini; "aIls. SC', the ref1ectic.n of elo-

ctr(~Dtignetic waves night onhcllcc the inaccuracy cf the experiuout. The

percentaGe error could be iDpr~ved by elini~~tinb all thesedifficult~

ies • 1l.G,d.nthe percontageGrror ( 1; 56%) coiild be further ilacreased

by eliDinatinG this following difficulties; It was c.lready nentioned

tho.t the antenna patterns wero considered .iilbnGX_ Y pIMa: Duo to

i:li"theDtltical couplicacy the throe dioollsionlU antenna patt<irns wero
not cOll"sid'cre-d;

Tho Rilife-edce diffrc.ctine sheet was not infinitely lonr::
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in the transverse direction as assuwed theoretically. The finite

dimension of the shoet in the,transverse direction night CaUsesooe

diffraction which night be responsible for decrease in the roceiving
field-str"ncth.

In.Chapter-~, a tl:Jeoreticnl nnd experiD<:mtnlinvestigation
was perforned on the'diffr,'1ction of electronagnatic waves by a "bud.'

Idin(i structure". This was also perforned in the Inbcratery usinG
"scnle-.,odol technique; Fran the to.ble-'2, it is soon'that obstacle e-ain

obtained fron theoretical and ex~erinentitll invGsti[~tions were DOrG
or les~ snne. ilowever, a snaIl discrepency was observed. In all throe
Clises, it Wasfound that tho thooretical value is slightly less than
the experiucntal rosults.

One of the rJajc'r OaUsesof this di screpencics was tho neG-
ligence of the diffraction due to the edge A(rig). The diffraction

due to this edge was neglected for nathenatical couplicdcy. It night

happen that the scattered electrc,nagnetic waVcsfron the edce adcloc

in phase l~ith the directly reneived field :t'esultinc an incre~se. of
over all gain.

The second ~robable cause night be the finite dinension
of the obstacle alone tho transverse direction. Theoretically the,
obstacle ~as aseUDedto extend infinitely in ,the transversa dire-

ction. The and edgea of the obstacle niGht scatter the eloctro~n~
niit:li'i WaVethat added in phase with the direct recei ved field raG-
ul ting an increase in the over all ,;nin.

AlJ,ongo'ther causes', thebnsic optical appronch could be one.
It has alr"",dy beon nentioned that this uethod does not ccmsidcr

the characteristics of the diffractine ede" i~e. it is innaterinl

whether the eliee is a conductinG or an insulating one. But in prne-

tioe , the eaae is quite different. ,men electrcnagnetio wnves arc

obstruotQclby a Sharp oonducting_edge, the upper-side 'df the shoot
-, .•.• , .

is oxcited by the induced curren1t '"'-ieh '':r;diat'es eledctro~ngnetic
-.: ."1.. . . .,: .' ,,'._ -' ;"::'.1 1",,' '. '.l •• ',C :."": :n.l;), . ,

IWVGS. !l.bisr<ldiation :tromthe penunbral reg:ion of tho conducting So-
-'-"_:"<.;.~.-' - :','. ',;',:', -- ,do .01;'::.(;,.[.', : '. " ",.2:.,j.;3

heot is cOi:lplctclyneglected in the opticnl. ,theory. In this problen

111
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also, slnilnr radiation fron the verticcl side or the cond\<61J;.ing
opociaole facing the receiving an'~"rr:J.anic;.h; occu~'.

Lastly, the accuracy of the optical approa~ depends on the
ratio of the diuension of the diffracting obstacle to the waveleni~

tIt of the -t:rnnouitted wc.ve.,Thelaree;:; this ratio the nore accurate
is tllCJllPl'roxination, So, the Qccuracy couLdbe iuprovecl by usir:,g

highe:r frequency of t,ransnission or uakinG the "bstacl" dinonsion
larGe}'.

In the part II of the the:Sa.ji,on investigation ~rasperf';)Ined
on tl'je Ueasurenent of elie'lectric constant of sc,i1 at uicrowavc

freq\<enoies( Xband and J banel). Twodifferent procedures were
adopted for this purpose. The Ist nethod lo,cwnas » Free-sparG
neasurenent techniq\<e", failod to give accurate rcs\<lts. In this

proc\)du~e, the dielectric constant of water was aJ:so neasured; lIow.-
ever, thio conductivity of water could not be rloClsurod,It "ClSfecund

that theire could be ~ to 30% variation in the rGsult of conductiv;L.•
. 1

ty for the vClriation in tho nagnitudo of aeasurod reilection-coeff_,
iciant; This wago~e of the acin draw-back of tho procedure,

Fran the table-4 it is seen that the relative dielectrio
constt\l1t of the soil is Duchless than the stc.ndard one. The vari[.•.•

tion night be for loose packing of soil. The lo0SGly pncked soil s~;

nples tlO~ec1as II porous oediWl causing n decrease in the reflected
fielcio-sii:t'enuth. lJ.gnin. duo to surface rougUl1essthe reflected ~IL\VQ

Wasscnttered in different directions resultinG,a decrenae in the fi-
old-strength in 'the recoivor. Due to all these factor3, the DeCl~lr04

diolectrioconsti:\nt loins nuch IGss thlll1 the "typicc:l values. Theso di-
-ffieultios U\8.dns to a<1opta second method;

The ~<1 l:lethc,: is kno,m tiS "me.Q.s..,,-e"(l]em oJ a;eled.r.i~01J~-J.aT!.tb,:O,"Qv"'-

--{J\!,id.ej;~o~Xli-'V'e"II , In this pr0cedur~,Js'c;'il "Slll:plGsfron f~;'pboos
wcro t'ested,du~eshdve beonplotted :sh~~~inITtho "variation of valuo

-'.'.,':.-.-,i. ;.'.',-, " : -':. ,"', ;--1' .;. _: "C. "I :: ' ' •

of relative diolectric c"nstant of soil snr.:ples with tho applied fr-
-ileqUGllC;YvaAaticn,' Undor differen t noi;t~r,' c<:llY1t~nts•. Onoof th~
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i~~ortant fGctu~a of the curvus$ ~as that, the p~GsGnce of noistu~o
increased the voluo of the relative dielectric constant. This pll~

nOUClna.bny be explained as fulLws. It wes found that thCl diole~.

tric constant of wator rennins nore or less constant(sith 75 & 80)
apt" the frequency of about 10 GH21 ;' Again, tho typicnl vclue of di-

'1100trio constnnt of soil (nt ab,jut 7 i;v 10 GHz)is about 10; So; it.

cnn be Concluded that, for the high vnlue ~f the dielectric conotGht
of water the dielectric c(;nstant of soil IBlJples with noisturo uon-

tClnts increasos~ It was al,9'J obsGrved thnt thero was en nver"ga riEo!

6f the volues of diClloctr:.c ccnstllnt of soil wi thin 6 to 7 .GHz;fro

quency band; Protl the dynamic prcperties of the gousesit is so~m th.••

(it thoro night be a sharp, :mcrGase in the volue of tlw dj.ele~tr'"
i" Constant of gascs, if the vibration of the gas noleclulos .. or

eloctrons in the Gases is in resonance ,n.th the applied frequency

of the eloctronngnetic waves. Now, in the present C5S0, it niGht ha-
ppen thatscGe gases have been trappad in the testeu s0il sanples

and the vibrational frequoncy of scue heavy molecules niGht fall in
the clonaitl of 6 to 7 Gllz. frequoncy band resul tine l'o&ks in the v~
lUG of the dieloctric constant withint that. bnncl of fpequency•. ThJ:W

oug-hout the oxpel':iJnentthc don"i ty cf tho tested sauplos were flain-

taitlecl ccnstant elCcopt for fow oasos. In these OM]C it lM.S"bserv-

ed that the dielectric constant of the s~"ple decreased with tho

dOOt'Claseof density. ];'1:is an acoopted fact that, thGdieleotric 0000

ustan t of any snnplo gradually tt»p:t'oachClstowards unity with the e.8"<
Creaso itl thG density, providod all other tll.ctors rOt1llin sano~

~10 exporineI1tnl setup wns Bood enough to neasuro nOcUr&w
tely the ronl pnl't of the pGrrdtti-ri ty of the Soil •..Due to luck of

itlstrucentnlfncilitios tha itlncinary putt 8f the peroitti.vi ty Could

not bG tlensuroc.. [he GVrU,uationof this parameter raquired. the me&w

. all.3:'ouuht of thQ shift of tlaxinllil or t:ininll:J cf VSvl pattom in the

wnvGooGUidesection very precisoly( of the ordClr of.001 en), whioh

wns very difficult to calculate nanurtlly. Howover, to Got some idea

about this pc.rnucter, tho cl.,.cconductivity of thcsn.nplos l;ore cal-
culatod; !the results agreed :fairly with the typical vahlos.



SCOPE OF THE WORK:

A theoretical and an expeJeimental investigation was done on

the electronaGlletic diffraction by knife"~~obstacle~ The results

obtained by incorporating the effect of antenna directivity in the

originc~ Fresnel-Kirchoff diffraction theo~ was quite encc~uraGing~

In this <::[180 the directi vi ty WI1S considered along the longi tuclinal

vertic~l plane only; A better result could be e~,ected by considering

the three -dinensional Variation of the antenna directivity;

An6therinvestigation on the elee+romagnetie diffraction

problem was the study of diffraction by a ftHat-top double-edgo .obs-

tacle». Tho obstacle W<'\S considered as a nodel r,f G building stmct-

uro. The nainobject of this experiLient 'Wasto find the effect of

electronugnetic diffraotion by tall buildings during oicrowavo-cono-'

nication in nodem cities. However, SODeapproxination 1,as consic'el'-

e~ during the theoretic~l treatoent of the proble~. An alternative

approach was also considered, which was cornparitively Dore accurate.

However the solution could not be found due to nathenatical coopli_

eney •••••••••••••••••••• Lgain, in our problen only

a single c.bstncle WI).,S conside:red. But in i1ractice, the nicrowave-

signals in the eodem cities are diffracted by the presence of a nu-

Dber of building, ~sts and towers. For considering this effect, a

theOrotical treatnent cnn be Dade by considering a statistical dist-

ribution of the diffracting obstacle placed in betwecm tho tri\nsrd.t-

tel' Md the receiver., The treatoent can also be extended upto consi-

der thoforDlltion of radio~pocket in the oodern cities during wiro-

less cODDunication. The salution': of these probleos ~liil surely so'"

Ive sooocritical situation that are encountered in the aodem cities,
especially by the police depo.rtoont.



~o nain object of the nc,nsureoont of the dielect;ric cell&-'

ttuit of the soil w,,"sto prepare a cOuplete Rndio-d."ta for BanGladesh
Mil. Duoto linited faciEtos the study could not be coopleted~ 1:£
resou.rces are aVnilaule for collecting representative soil snoples

fran nIl over Blll1g1u~esh,alsofacilities ~o available in tho labor~

Iltor:r to nensure accurntel:r the phase shift in the l>Sl~p"ttern; then
, it wouldbo possible to obtain n .~onplete infaruation about soil ch-

arnbteristics afoul' country by extendinG the nethod adopted in this
th(jilhi~ .further study could be nnde to evnlute the effecti Ve absorp.~

tlon and re~;ction coefficients of tho paddy fields at diffe~ent
' " .

stages of theiJogrowth. The diitas nb.ybe qui.tu helpful for establish-
ing the nicrowave cow}unicntion link in Bahgladesh.

1~1
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.In Chaptei'-2, the oloctronagnetic Qiffraction by knife-

ad"e obstacle WaSstudied. In this case, 11" eJq)eriDent WaSperfol'-

Ded in the laboratory, The recoi yed pewerms detected by an I; F.

cOLlplifies;. To fine:. tho absoluto power, t;'.e I. F. couplifier was

cnlib"'ntod by DOnns of a power-neter nnd tLe cu~'vos l,ere then ex-

trapolated for noasuring low powe~s, The c:librlltion curve is shown

in rig. 33.,

fxh"j:> 0\" 1ed
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In Chapter-.4, the problew of e.l,,,,troIlagnetic ~iffraeticn

by a flat-top dowble-edged conducting obst"cle has been studied. l..

theoretic~l fornulation of the above probl",! has been developed. Nu>-

neridD,). solutions hrlVe been perforuec ",i th the help of <1i[;ital cor:p-

ter( IBM--360)oFor conpleteness, 0. sO,1Jpc-eproG"nDning of' the ~bove

pro bIen have shown below.

DIME.N SION R'f (61)
I

COMPLEX 1>EL, E1 ,E2~ E

'READ 0,2$") :Dl,:D2,Yl,Y2.,J))',AIt,N

l.JS"t 01'(MAT (6 FlO.$" i 11 O)

DEL=-(O,OOOl,O'OOOl)

Y:Y1-])Y

E 1:.(0,0, 0.0)

M=N+l

1\

FOE MAT C2.E20.&,FlO.2J

IF (Y.GT.Y2J CALL EXI 'j

iy=y -l)Y

GO T(), 26

i£I\lD

.261>0 20 1=1 M,
y=- Y+DY

Rl:.])l +'{ * y /(2.*D1)

R2. =:D2 +Y * y /(2. j( :D2.)
2D Ry(I)= -AK* (Rl+R2J

CALL EXAR (N,DY,RY,E)
E2::= E 1

E1=E1+E

-\JIRITE.L3,,,1) E l,'Y
-ll-

1~6
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APPENDIX

,

Toundc.x"tqndthe;,couplGii;oph'lUODono.of the reGponse of dis-
oleotrios in" the prosence of alternatinG ,lectric field nnwsould

st\ldy the frequency"responso cho.r"ct"risti)s of the co.ses, lequids
and solids sepn:cntely. ConsidorinGthe die..ectric properties of i:Jlle-

~l1ells first. In this Cnsc>,nay s'~nrt with the siupls nouel of elsc.
tl:'ous Cl:'llin.,e~.asti~a11yboun(~";,0 squ.il::ib:.'iut:lposi tiona and rS:-o.o-

1:ing.\0 fielcl cb.nngGSlik" :ir,en:;' hn:;:nonicoscillators. \'t'lenthere
~swi npplisd electric-fis::,,;. ':;honthe olecronic oscillntor is con;;"

sidel:'ed to be subjected to n dri\8.ng force eE' ; The law of Dotion
caY be written in the fOllo~inG.fo~D,3j.

+ 2 liz
dt

2',0 t
e
[l El' ............ ' (3. -:)

where gt is ths loco.lly nc";:tligslsctrid fie ld.

The cxperossion Cnnbs rcwrittsn in the foro of a differen-
tio.l equation for the polarization)?:'y amUllin" thnt the dielectrio

is COl:lposedof N oscillators per unit voluee, each of. thefJoontribu- ..
ting nn induced olect~ic nouont.

l~ero E: is tho ul',plied olectric-fi31d. SC, the differentia.!
equation hocouos,

+ ( 2
\'0

2!!L.go

( 2.3 )••••

", "I.'~' _'

!lbe eff'ect of the p.olarization of the surro'mding is to tower the ,..1
-. Y .' ~~.

fl'Qquencyof tho indiVidual oscillator fron woto,, ; '. J 2 lrc2
w'o'::::'; l~ - ---., '. ''',,311«-0

i'he stondy ,stnte solution of ~ho Gquation 2 is given by,



p= .. " , .. ( 2' 4)...., .. " ..

! .' (

Because of the friction factor 2 a phese- Jhift occurs between the

driving field and the resultant polar:;'zatim, :.:'beco.oeconplex; The
ratio rieuR deternines the conple:;;::'elat:.ve pcroittivity of the
nsdiuu in noleculnr terns as

i '"
~~----Il,E

80; f~ wehave assuned that the dcilectl:'ic oontilins onlyblie osoi-
. , .. ;,.llator type. rn the nore eeneral Case of U oseillertor types wn:LQ;l

(Jontribute to k* without outunl couplinG; .he c'lu:ltion nny be geno:t':,~
lizod as.

K* = 1+ '\:
L

NsoY Eo~

lf~<- w2+jw1C(s
s

Bow. considoring tho Case for, far bolow the reson3llce freQ-

uency (w ws)' each oscillator type adelEa constnnt contribution

N c2/tE- osS a,"-2---
1'T s

to the static dielectric'constant of the nediun, whereas far abovo

~ehnvior of the lowost 080i:'..lato:' type l:' th:cugh it' 8 resonanOe rOG~'

ion~ we lunp the effect of vacuun and of t10 rooaining resonatol' t;y_
po in a constant contribution"

\- N 02/os
1l.= 1 + L _-!E._ T-- fo J:' S f c:: • •• •••• (2; 7)

S ws
Furthernore, let us introduce in place of ~ the deviation fron
rosonanco, Aw:: T~l'- ~T

ns the variable IlPl:'l'Oxitlato

WI' + w =:: 2,iI'

.-
and then

-!L
li1'

writing the B .:-
4w+ jti(,.

/"



N';-e2~ n __ ,c r
?wr

The frequency dependence of tho ,roal part cf tho relative pernitt-
it ti vi ty, K' = A+ B4 W , _. _••• ;••••.• ( 2.8)

( A w)2+ i\<.2

described the dispersion characteristics of the dielectric nediuD

near resonnnce( Fig. 2 ). It rises h~jelbolically fron tho low
freqUcncy value A.+ 2B to a naxi,"uDwr

1L.
2 ()(,,

K" ••

iit Aw ;;.1'0'nnd:then rises agnin asynptotidally to tho dCiistnn~
valUieA forv~!y high frcquencics ( w>>~ ).

The absorbtion characteristic of t~e dielectric, identifieC
near resonance-by the relative loss factor,

Boc.
(Vw)2 +oc.2

strats fron zero 'at low frequencies, travers in's llnxiuun B~ at,

resonance, and falls again synnotrically to zero at hiGh frequenc~ s

•..• ~.(2 )

upto this, the frequency clependenc)character of the dielec-
tric ( in gD.ses stato) has boen discussed. In crise conc.ansecl phaso$,'

solids nnd liquids, the case in not so siui?"e. In thi s case the in'-
ternal collision shculd c~lsr)be: Jons~durc 1. Tho o~)li.ci t :f(;rnulQ~

tion of the probleuwas derived by Debyc• A brief outline of this
fcruulation is described belowa

The,basic idea of the dynauic prornrties of tho solIds and
-loquids is that, in the presence cf ap~liod alternating electric f~

elds.thG uovenent of the dipoles are rostr'.ctec. by the interuolecuar

collision. ll.ccording to thc cas=ption of druinatine fiction, one uny

un'.er torque T of tho elcOo-picture the polaruolccular as rolating

tric fields with- an angular velocity

torque, or

dQ
dt ,_proportional to this

T • dO-at •••.••.•.. ( 2.1q)

Thc friction factor willdepcnd (n thc shape of the uo_



Locule' and on tyPe of interaction it encounters. If cne visualizos

the uolo.cule as II sphere of the radius a, l"otating i:nJ.iquid of vis-
cnsi ty accordinG' to stokcs 2.~-:',J, c2.Cissiccl hydrodyn.'lwics leads t.o
the value

••••••• ( 2. 11)

Finally, Dyhyecalculatecl the reluratine tine' which nea-
sures the tine required to reduce tho dipole nonont(whenthe oxtOl:'-

nal field is suddenly renoved) of the or<iel to 1/0 of it's criGinal
value. TIefound the following relation,

•Water at roon teDperature has viso~sity = ~Ol

radius of 2Afor the water nolecule; n tiI1econstant of

and 3.12 • DebYGobtained for the sphericn;l

poises with
• 25Xl0' 10

•••••• (2.12)

the relaxation

v --l!LK'1=

like a ball rotating in oil,

..£
2KT

3.11

r =

1"=
equation

it behaves

Conbinine

nolecule.
tiDe ,

section rasults.

ITowever.the variation of real and iI1aginary past of the
prom tti vi ty of water can be found to be as shownin Fig. 30.

80

K"

-~----..",.>-tin C/:5

1'00
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