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Abstract 

This article describes a method for remotely controlling angular 

oositions of an antenna for use in radiation pattern measurements. The methoo 

~s based on comparing the vol tcge across the !X'tentiometer coupled to the 

antenna drive shaft to that of the position selector circuit. The error signals 

from the comparator circuit are then used to control motor rotation. The motor 

was installed in a metal box and was coupled to the drive shaft by a gear 

train. The antenna under test installed on the shaft can be rotated back 

and forth within the r~e of 1800 around a vertical axis and can be stopped 

at any desired setting angle. Results from the test show that the error of 

rotation is within + 10 for all rotated angles. The minimum increment angle 
! -

of rotation was found to be 60
. 

** 
\I' .-
i-I'll1ilfl1al1'11'Ol1'1il 
\J 

fl1fl1 'l111 f!1n 1 'ilJ t 'Yhi1 flru::1 fi1n 1 1lJfl 1afl; ~l117r1 U l~"i.I'iJa tJ LLntJ 

fl1fl1'l11if!1n '11lJ11'h41 flru::1 fi1n 11lJf!lall; lJl11~ ~.I1a"H'lltltJWltJ 



-3-

I • II'" J 

1 un 1 'l'i'YJn 'l ::~11'Uf1 l'jU~f1aU'lItl'HhUtlln lf1UU aUn'0l1aitlOJUa~ iU1I1f111lJa~fl1n~ 
• v 

t , •• 

j) ') 'n"'IlF! 81 "nl'~-ln~fJ 'l ::UUf1 1 n'lJU~ lUtlln 1~~v-mV11n In'! flaalJ (1) hlHl/i"tl U'l ~lJflv-lna11tl'~-. 
,,, 

iI -; t.JflJtJtllJi1 1 ~lI'r~H~::lJ~n 911 Uf1U~ (lJJ.J) 'lHH ~ lf1tl1n 1fi 
• • 

" ,/ 
111L t!;aUL l1UlJU 'Hiu ~1flllUn 'HUr-\laa~-" • 

, I 

,ct::l f\1£l-\lnal na1,n"m1JJUL ~1~'liH'j"m11Utllf11ti [2] 
.:: " ..,' ~ 

L Tl'Sll-3nal n~::t!~::ntl1J11.lYl1U'H 'flU lJllL ffi)'l 
• 

I' '" ~ I • I '" 
.. .. '\ ... ~-=f • 411 .,.. .... 

ua::'tIfH n tI 1 UIHl1 IlJ'U>J:: fin ell1 (1-\11 BTl 1 'la a nLWU 'l ::UUfl1lJf1lJYllU~U-l'lla -.n-hUtllfl 1ft'" ?1nUllUYlfl-
• • 

I t' f" 

JUlJa L fia 'l 'lJU ~1 f11Ul ~L fl!l 'la 111 'l~1 (1115 

I ... I I 

'I ::uumUfllJT11ll"rn.J~'ll!l-la 1Utllf1 lf11J 1 ~llUfl1Ua1Ualtlru 2 a1U a1UU'lnL ~u?1f1nal n . ~ , 
, 1",_ t '" " 

lJ"U l flaell.ll a 1 'It) -l 'I"1J~ lua In 1~1~-< '1 muJ l:Yl!l , (:I1U 'l ::U1,.1 flL ;ia -3V1 fl1tllJ L ~tl '1 ~lUJu'llla-l L ~U 
• ... v,, " I I '" t II 

i.J 1',1 ;ll-.1UL weJ 'li1a ::yl1n vmn l11rU~n t:laf1 1 11"'11f1 'j::~ 1U a1UUq::tl u'luaU1lJlJllnl1a~ fl1UfllJ 
~ . 

, , .... I "f., , 
l i'h.!~lllfl1U fllJfl 1'j'rllJU ~-ltl U'lUlitl -l fl1lJfllJLLa::q ::a-l (:Ian 1 Hl'luflul Uf:I"'~lJll L ffil 'i L ~ll '1 ~Jal L 1111 'j~lJUL a1 , . ,,,,, , , 

I I "'" Sol I., • 

. \ ' :Y1tJl1m -.1 flll,J:,;,1lli1u-.1}111lYl-l"11 lU 'lIflfl1UfllJ~ ::~1-l q 'lL U1UUL ~tnJu, 'HIU~-3q::L ~U91"1'l1.J " '-)1L al~lJU 
, , , 'II , 

• 1.1 , tI ,,, 

1'1 ()-\I 'i! 'Hl.IU-\l1. flLl'El1 1-.1 q1 L t1jum ~ UULL 1-3 YlvU~::L U; am ~ UUlL H f1tM-W811 (111'i11'I.M 1u1.l,"'Ufl11 Yl) A 
I " " ~ .. 

lLf/:; l~£l'fl c (nrl1 1) 
" 

~a'i! A ~~~aufl""ulalq~~lJult1ft1anUnULa1 
" . " , " , t,.t, 

~~'l 'lJa1v.iutl'l'iJY1iui1u..J'lJa-l~lUtlln lti 
... 4/..... ... ... ... 

l'tU 1WlJa -l'H~H unnH l1aUUH flUfl fltlq::ffil-.t uunn 5ClJ.1ll~n 
., I I r .., 

~1-.1nvUiH)nl!;U 3 n'lW (llall-lt1LU'llh; 1) L~1l~~=lufl1ufllJ'll'tLa1i1lJultM1-l1~u~~tl~Ufll1lJU 
\J 11. 11 • 

~ vr>vA l aTHlJU;}llJL t1lJ 'rilll'! A • 

~n u1ill 

... ... 
'N ~'i L 1.1, UUL 'I'It:llI VJ\.=Vc l il1..,SflW./U - v .. U'j -\I flU • • 

~ U VC~A L a 1'Hl./lM 1UL 'lJlJ ... 
u1ih ~1l11 C 



-4-

, I ... I, " 

lJB L 1I81',1'1 'd~ 1UE\lfl"mTmrrH 1\Cl' 'lJUflrl1lh~~ ffil1~;t"l'IrHl1'n n 1 'l!law::; fll't l~n lnllJlJ , 
u \.I i' v 11 '" I I IJ t' '" 

" ~ l i ll mJ~;U'lr)~a -l·~tml~~m'l;1 lltl::U1Yltl~n1,hn~a""'~lJn'1l"'fll VA1 ~1u'hum L 91Cl 'l \l::UlJll110l: , , 
, 1 '&J ~ ~:l-. ~.. ~ .., '1 "'q (c:, 1I "" 

111' ·;UlrH1\a'l ·HlJlJr!1lJ~'ll].JlJ11-nI1911~L'iJ].JlJltln1 "'B"'UT\"'~UOl:'rul-l 'li'lLtW'o'1Ull 2 'I1ulillrfa 2 m , , , 
, I' I '" I i' 

lLhJn"'lmUfl~ 'tu'nJ,1 2 ~LtlElll"l~ 1 Ll1ui1f11UfIlfhmaLfln'Il1.lJUH1ul1E1V1l1].JU nfl1l;;tlL~a;L"H 
.. " " .., 

~ I i' 1'''' f ;' I '" , 
~ fI!: CIi s q V ~ • ... 

:11 'l1U].JiH ?l~ 'l "l::;nJ'ULL~:: L ~Ja 'l L mnlEll1I11-l1U].J3 ~ m11~::l1E1";1].J'Hntl 'EllU'l L aUlll}1 2 VI 1\,1.1 111f11U , , , .. 
I . I i' I II 

m.m 1'l1'lJ.JU il U l1ftfl L ~ ~ L m.M1 \llUllUL ].J~1 ~N 1Ui1 rn1,\ln 1 'I l1lJ U,;) ::m \l~ llJll"U "l,nn 1'l ~ Ll~ ElliL ;1 ffiJ , , , 
~" • I tJ' V ..." 

'" .-at.tlt ~ _"i" " .... .., -'1 v"</ 
.. 'l\l'rIU v lltl:: Vc 'l::j.JL u l1fl'1 L nT\~ULL[m~ UUO'HiJU1IfHI1\lllU 3 11 'lC\m\li'1 flOa11lLtllH 'l-llllJL a liMU 
A' , 

. ., il ..' ~ . " " cI cI .. " '.; ~ ::Ul11nhJmUfllJO 11ufl~ ';;I'lIEl -l 'l L au.., \laa \l 'ill 111H,1811 A lLtl::i;a 91 c ~::lJU1'IL ;til 'l( Buffer )L UlJ " , 
, I I '" '" I 

fl1 ~~ lUU 'l \l YI"1lL UEI"-l1,1 'l'l L U ~ElUL ~ [JU ll1 \lrt"U L ~a t lJ'll1f1') 1~1I1U111'iJ't'Ia -l~afj~ ~tl<mll-l ';)'l L tJ~aUL ~ tlU 

v 

,L'l-l1!U 

r-------.... v 

., .. 
cI ...' 
l'ItlV1 C U'rlL ~t1 1 

'--_---' V C L..-___ ... V 2=V c 
1-l~111f'l a 

2 

I 

'nl~ 2 n 1l111'11U'tI!J -l1 ~UUfl1UfllJtl;UV1U\l'lltl \la ,Uti In 1ti -- , 



-5-

12V ..-----i V02::Avf(VI-V2 ) 
V

02
-

s: I' I 
.,:::" 1\ I c-

o; (;l 8V I .- i \ t ~~ 
G: , \ I ?' t \ ... 

J :::: \ 4V t s., 1 
a 

__ L~ ______ ~l , 
vOl=Avf(V2-Vl) 

0 °L 
• • 

fll1Jl!o:lIauuU1.l~~'+fl1u.l1U~a1Ba'Jl-',r: 9 

1 . ., 
ruM 4 u.;~ ,"ua 11M11iH l~~1L lI'truL -M1I1IU.HftU1RI:L .1Ili1H1UI1i - . . 

il 



-6-

lL~:: v 02 
I I v v 

VOl \lfl:: V
02 

~::L uau\ tJll1~'lJ'l lml::hJ'H~fl~1Vl 0 ua::1l1L ~''H~'IM 'JUL ~lJU1~ lL au v 01 LLa:: 

I " f" • '" 
v n~:L~tluhh1'''h'';I1HLadiJmJ'fl~'>JfI 0 Ldun"u L~U~~fl 0 l1lJ1l1fl11].J'lILa11ml:.lUttlO-Hl1-

02 • • - . • I • 'Lt ,,\I • t I • t , 

..... t .... 1 Jj I Ui1il'l;lYl,f 'lilC)'l ;1J.J~Yl11naUI1L ~1~::'H~U fl1Um.J~'llu~~1ml1n1f1tl~il1'l na";Jlf1 QR 'Hla QL I 

It' ,., .., 

c! .. ~ 1 I"" c/ • <J I I .. }.lIn., ltJill~ll'nn'~u vOl Ll~:: V02 ~::L~uu- t.LUl1t'11'11'li'n'ILll V l -V2 rlYla-lfltlL'lIl'Hl~lI 0 

.1 .,. I ~:~' " ~ .; ~ ... I I 
~lfl::~::lu·" tJ~¥l R wia L nau :H'U'lJ1ffi~nlJV1fMl-3n1''H~Utlll'HCll llJ'EllJl1H~Y1 R WHI L, Vl -V2 

""" . "vi 
'"'c '" ~ -Y- oC "" =!:;Ml~'lJ.llml~1l ~i..ln,}11·ltLHrlUn~::·;:jUt:l-lL 'HHICJ f111lJ"lllJ~1l~L ~unjl;'I~::'[ju!l~nU!lYljl'l1Ul1J Avf 

'1l!l-.11-: ~ '1 '"J i:.Ili:lrl'rJ}J1G! 

I v I t' t I 

n-~'lll 0 l i1ai.1ltl'l-.1L QaU'lJ!l-llJm Y!!lj'H:.IUL ~l~lll~ulll'Hf:lm1~tl 0 wafi 
, . ,. t 

I ri t I I v.. , 
;11",IULJ1B'l::'ii'tHlj-:jiiuLClllWiL 11u 4 11tf.1 (~::Ll1lJfluluntffi1ml'llJt!1'" 2 . " 

... ~ 

n1~uT11111L all 1 lUJtl • 
~~ . ~ 

11'cM 1l-l 12 11m!) Lla:: 

I 

'I 
"II t' I c;'"'' t' • ..,~ 4' d 

h1;ltl:J 2 im\'l;11"IUL~a'::'iiull"Hl1ilLUU :3 l1a-I1 ~::'ffil~lr1;LaiJ 2 llHtMl~,u..,a-l'Hai:.l 1 um • • 
" • I v, I • , ' '', , I" , 

I.!il ill ~Ei t lJ''t fllJB l fla 'l\-1lJUiHl
v
u:1" fM 1,1 nil Uil1l tUI 1 ... ::a~ '1 'HlJrll ffi)" l1f1l1'HlJU· a 1un 1 'Irl~:; '1 ~1Jlll 91il j 

, 
I 

• • • 
) ~ ""'Iv ~ .; ~. , " &1&1 fi:l" 

,1H 'iIl11 ~ lUi-1 ~f1 S ~U'l1l ,lU 'l.J L ntlLflU1UL tc 11 Lhum;, ~~ 0 u~111 flT flfln 111lWtJ 'il1''ll i:.I1i:.1'1lCl ~!ltl'ftuamJ .., " , 
\.' ~ q u " "':~ "'" .: 

HflltJ'1f!'i'", l (\i:.IlJ~1rlnfl'l11"l11 (1 lL a'l1lJlfl U'H 1:1 flna urli UmNl1 ,,~11 hn ~lJrlv';l11ni:.llH'IlU L 1'I11::: 
• • 

I .l - ..: ' ~ ~..: _ ., u"": 
11~1'U"JU 'B U'!lEH U H L \ltl i:.IlIa~utIl fIt) '~::fl~)H ~Uil llJrl L .,um YIn'll illfJLL H 91UL a 1}t.1f1~fI s -:;::a1l • • 

"'ul ~ vI.,., ''11 
1 ~ ~ ... " • 1 . 1 " " ~ '1 fj,1 mJ1mJ-3~UllJa:Jt)Lfla"nll:lm1lJ1l~lJl1;11 WtllLL~lJ~'lIIHLa1t)lnlfll'lll na~fI 0 L11f1~'IlU lla:: \J 

• • • 
'" . • t" V V • " 

;i~lUB-:j!liufl"U()ll fl11UJulll'Hil'ilL atlo;l1UMU~~<;\-3t 1n"bafltl"vt'1'l1H1HS'l a"i'l11'll1l1tM~~1'hn Cll}111U • • • 
• V t I . I 

l Llll~'ft~~il 0 j-ii)~;; llJl'H)flllJ'lQIM11 ',1 u,fllm '~ll~uffi l1i~u"YlnTHfl1f~!1n 1fit)1U1LlR::~"']1I1nn 11 

• I., • 

1l1flu.~fI 'Hla;aaOllUmh).l"mLC1"-li1Uttlfl''lIa~lJlJ' ,,'l.U'tj'l-3 -199.9 il-l +199.9 rHt11 • 
.,,,, I","" • v, , 

:.l.fl::rila.J1 ~u~~aMlJ'!l r.r'''']lJlJ~ i~t 1ua:::lJ1M\~lua 1n lf1tDIU11l 'hlu'l t!ft~flll at 'U"iTlill 9l'il 111Ulfl J )1a"'n ., , , 
t ., " f , ' • " ~ 

il;~ [3] "lth"'lIU'l'l'liu VI U"fl: V
2 

hla1t1'tltHnauL1.1atJUaiu'MU~nl''l''tl'':11I11~ VI nu V2 L tta 



-7-

" I 't! " " , , I t 
1 mL~M L ~ulJJJ'1Ia H11r.J~ ln 111il rUJUl l.h.Lti;~~ ,,-l't '1 1111U 'iul ~ 1 'H~Yl~L 'il!l 1Ua'il.:jfl1L ,1u~2JUU ,. . 

.., " " , 4' I , I I" 

yl 11 'i1 t 'iltJU1l1t1Yl~L 10 'i1 ,h"fIlL "l -Hi'u vI LLtl1U i'uu11~ul 'H~Yl~L 'il!l 'LL~fI~ fl1L ~U~~ l1'il;Llw~;j 
1J til" I 

';j::L ifu 0 a ,Hl1nll 'lalulll11 lf1 ';j1nuun~lluL a11uu"'~lJ~i11111fl1Lluuaut mfl11~1una~~"~,h na , , 
I' " , , , 

L ~lliH f11 n U'Hlrl'HlL VlLl'i ) 'rn~lJ u.cnUiULL 1" ViUL U;ffiJL ~ HUlllYl, ,1U'IIll" 1 'ltlYliiL Yltl 1~Uu.afl~fl1 . 
• - I v "I I ~ 1'''' I 

L tl1nu~lJlh'nl Yl fl'j"'l~""hlL ~~u111aVl~L Yll) ,UL1..f'l"n vI ~;ll v
2 

Y)1L a'll'~lL~'HaaOll,~~:a ifu 
I I 

fl1~fl" mn;\ ~U8'l Til • 

I ~ U I 

,mn 11\11 '(nimJ1::UUfl1UfllJ\:l1Ul-1U\l'll8\laltJllln 1fft llLLrtMh'l u'n.t~ 5 Tl1 t.e u.a: t.8 . ~ 

'" • I ~ • ~ '" I 

iJfH ll~a ~ 1'1 1 .Ml ifl~1111111Mlr1aUr11fllL\latJ 10 flH '::H::'::i111"LaUnnl'M"-laa,,1.u11D1 5 (11) .. 
, , 
fl!l fl lfl1 llJLLl1n vl1\l 'i ::"tl'l 1-UJlJ CHECK n"UlJlJUU~lU 1 i.h W1 HIL 1fa "i fllfl1111u~n 'il1'H~.:jafll.h ::lllCU -

'" \J , 

'" I , "1' I ., I • 

0.5 a 'H11 fl"\lUUlJlJ Q1ECK ~a lU~ln L1aTl~L fla '~\l L ~a Of) 11lL allfl ,)lL ifUlJlJ~;\l.,tla'H a -M 1a \l1U • • 
I " " I I .. '1 • oC 4i '1" ... ~11t18 1111¥1 nJv1 5('ZJ) LLall\l m 'YIUll\lfl')111fla1f'1L fla8U ,U!')\lllllYl t.t LLfI1J., fl')l11Mlf1L fl&aU 

~ . 
I I " 

[WItH U~tI'l.ltl\l t.e LLa:: t.e ';j1n1U~ 5(11) U1::lJ1U1 1 llHI1 ~1nI11n1flaaU'WlJ11L'i'r111ulf1a:-
v • 

~ ~ .\ I". .; J ".,~" 
L ~ tJfl'rl 'Ha:: 6 l) \l 111 'll\l~::L \I11nU~I1U,)lJ 'jauna ~n 11r111UL un \l~1flLL H L \leHI'lltl ~lJf) ~ 1Iil1 MUU01 • 

• lIi '" ~ ',," 

~ llJ 111lallLL 'H L 00 H'fN 1 fl (~ 'l1u L1ltl'l 'ilL U1f1 )~ ~r1; '1 'YIfI1111a:L a Hfl'lltl\ln 11'Y1lJUlL"a::fl;"~l(..Jiu . .. 
I I " II I 

'111mat n'llUl fI~auL a-m 1Cl ,uua 1Htl1n 1f1 Utl ::1fflfl111tllJn 1'lUJUt f11111~t 1 'llloaa..J lfl'YI: , , . " , 
~ 'LI , " '" I I ~" I I 

;{\lUL 'i1mJa \lnu~'l r1tl'~ULLlJL 'YIal1 '11·j;h~ 1nllfl L 1lll11l.l1un ')un 1 ::a1Un 11LLRflaU'll!l-la1Hflln If! !flU1n 
• 

"'v" " "" I 

1 ~ "'" G ........ "(... '" " 4I!. '1la ,~"i::uu fl~n<;h' .1UU'i1\lL 'YI~nUllnr1f)~U~UTlnl1 mllJaClL &alJ1tl\l'Unaa\lL l'Iall1U1lIfI1111a::tl1n 

I I I I "'''t''''' 
'1 un 11l.l'iU 1 ::tI::r11~ 1 ::'YI1 l\la 1t1r.l 1n lf1'il"'1a~ LLa::Yl11U a1u~flfl')u~mrul fI~fI?l-31 .,1. U'YIa-.1Unuffi 11 

"'" I • I I • I II " 

'l lIt1~a 1t11 i~lLu::a 1m TIL uamJL ~ lJ'l tI-ln"11'llflntl1 n R1l.MClL aaaau 1 :1111f11UfllM"1 flflan UlJllu.a::rh 1.:j • • 
""'" "" ~' 
;UlJ,-1 tlL 1:JlJ1lJ1'l \jl.l 'i ::ntJun 1 'iaaUu~u~n 11111\l rl1Un 1'LLRflalJUa::n 11atlnLWlJa1Hfl1f11f1'MU9lL ftaU-

" I I 

~nU1t1U 2527 LLa::'l ,,~aL ~w1U"I111h' , 

'" '" t " I 

U-v1 Tl11lJut 'ilfla 11n'ln 1,a an LLUllua:a11~' :;UUfl1Uflllfl1"hU"1LLlnJ~'IItl \la 'l1Xl 1n 1ft . ' *'" 4' I ., • 

111U'l ~1\l'l'ia\ tlfl\l1 "iauflt1111f11Ufllln l1V11-31U'lleHnm L flfl H ~tl'l'YIL ~~tnhHrua1I:1tl1n1f1'Hwl1.lfJ",nl;-· . . . . 
I I ~ I, I 

U~U~lJ~;VIfl\ln11 ~an11\11f1aaUU'lnn11f111Ufla'ftLfl~aU'IIa~n11'Hll1Jlf1HLual:l + 1 a..Jft1 al'HTU , ~ . 
mlll~L ~1lUJlJlll. , . , 



c:Cl 1.5 
<3 

(I) 
<3 

;:s 
.Y~ 1 0 
~ . 
~ 
c-
al' 
~ 

fl 
~ 0.5 

en 
<3 

o 

~ 1.5 

;:s 
iii 

-Y(l: 

• 
~ 
c­
(l: 

• ;:¥ 
c­
C"" • 

1.0 

0.5 

20 80 100 120 ,.. , 
111-10 11-1tJfl-l2!m;U1111~uhl t.¢ (0 ) 

I, 0 , . 5' , .. 10 " 15 

140 160 180 

.., .... ... 
6¢ 111-101 l-1tJil-l)Jm; ml.:lO 11111l II 111)JUl 1.1 

• " • I • 

68 fl11)Jllmfll ,n::1111-1il1SET 
• •• I 

6e fl'l1)Jllm1l1-11::1111-1fllSET 

llt'!::OlOCK " , "'.. ........, 
OtMfl 1UlJU"l1UilHl1V19lflil110m t'tl 

" ~ 

;~~(lI 0 lMU68 
~ 

;ll.lJ!CIn~OI 0 lMU6e 

SET : 

OlOCK 

~1-10 ;l-1tJfl-l)J~~-IO 1~1;l t'tll1)JUt 1.1 
I I " 1''' • 

:)J)JtJfl-3l t't -Mfl lU<;Jl0 1 1t'!1'1 ~l 9lil 'H iifl l t't 11111 f1l1IJU . . . 
"r :::: : .:,.-'..:' .. - ' - '. w~ •• : ... 'U , f-

J
•. ,.,- I :.;::' :' .,. i: I. .. 1I1.:1n'l1-111tl-l)J)MI'illl1lJuttl A¢ ' (11) ·- t ' -:.. n,:::::' :. '-: 

.. _ :-_ .. ..:: ._ ....... ;-_ ,,_ ':" .1 • . ', .., .. _. ~';. . " ; .: t 
,tIM 5 U.'ilflHl'l.))Jf)t'!lf1l flailU1Ifl.:lO lnl)JU'!lfl.:ll t'll1tl.:l1lJ1I111tl10 lr1l )1110011111.:10 1 l.:111fl-llJ)M fl-l-
._ . • .'. ..... • . . I • 
. (Set) 111ltl111~ti1t1'lu1I1.:1~11-1"1(n) llft::'lU1I1-12!)JllfllJ"1(1I) ,!' 

-----

I 
co 
I 



-9-

l 1J ~ . Jasik, Antenna Enqineering Handbook. New York 

:'!e. Graw-Hill, 1961. 

C2J D. J . Telter, "An arial rotator servo", Wireless World, 

Apri l 1975, pp. 177-181. 
I I 

[J J O~'El lLil m CJ En a L cUJ 1 , n ~ -l U1W1 
<OJ r;I '" 

~Lv~ ULfl~U, 2522. 
" 

" .-.-
[ 4 j l ;~ 'l'irrJ u'j'Hl1t1n~ 1Hl 1~ lL~~ U'WUfi 'r't.:Jt"I~"'i't"Yl, 1~lJUfl1UfJ)JVl1LLl1'H'lIil.:J.a··H:Ja11l1f1 

I ~ 

"j 1f.hl1Ul 'fj'j":1n1nllJ1m ~'Il E 84-01 '1!v.:Jun~n1t',,1~ 4 1l1f11'l111711nnlJhhh mu:1t"11n1'HI-

" I 

ii 1 ~1l 'j lJrn1MJ1tl"mltlULLnU lHTjj1l1f1~ 2527" 



-10-

~ .:. '" v t'., 
LfHM L fll~tI~~ ~'1V111l~'llH!l'lfilU 

I I 

.o!j ,,"" 
L 2J1l11M 28 Yla 1ft).l 2502 • 

" 
tl1L ~~ l'lmHl'l ~rilnrfimJflnH1Y\t1UYlU~1flL H L 1f.1UL fll~tI).If.I - . 

. '" I , 

~lflLHL1f.1UUtM~:mf.ll fl'l~L\1i'12JVllUfl1 l'lllflnHl'lU)JVll1l1ala"'f.I'lIllUUflUL~B 'W.fI. 2522 , 
", " 

'llCU~ih ~uun flnHliM 4 til'll l1f11fl1'l).lhhh 

, 
lll~CU1'1f1 jlUiULYlH 

I 
q q -0 or:f 

L fl 1M alL Jlll L ).Ill'! 
I I 

.o!j '" oj " 
L2Jll1tM 16 DU1lf12J 2493 

" 
tl1L ~~ l1mHl'l ~YlU).I"'fiIJJ.JmH1Y\t1 UYlU 

" 
Y\tIuua If.1~lflL 1'1 L 1UUfI~f.ll.n~ ~~ Vl1""tj).lW1 1 "1UU iOOI1 1 fI.u. (L nu 1 ~,jU).I h11t111f11fl 'l'l).l 

, ~ v 

I I 

~ '" .c!I "" .. 
~lfl2JVll'MUlaU'lIaULUlU L J.JB W. fl. 2516 U''Hl!,!/1 M. Sc. tll'lJ11f11fl1'nlfll1L nH111 

" 
LLa~ Ph. D. til'll l1f11fl 11J.JL l'hh ~lfl University of Manitoba LLa:: Carleton 

I 

.o!j • " 

University U1 ~L l'1 flLLflUlm L J.Jll 'W. fl. 2519 LLa:: 2525 m).lal"lJ 

" , " 
L 'lI "M 1'11UL ~ua 1~11UU1 ~~1.nlf11'l111f11fl 'l'l).l1l'hh 

I I I 

'luL~au aJUU1UU 2516 'lUl::Vl11'1alrnHl118l1U1:LlH1UflU'''1 LfliM1'11UL~U TeachiI'IJ , 
I ", 

LLa~ Research Assistant .1).1V1l:mUla"fJ\1"'1t1a'HLVI'I ua::L flfJL l1u Post Doctoral 
~ .,... t' 

Fellow VI University of Ottawa 1~Vl1l'1 2524-2525 "1U ).IU1::tl1Jfll'Hlt11'11U 

" ... " 
1~t:M l'HI1U Measurements of Igricultural Parameters LLa: BiolOJical 

I '" I " " 

Applications of Microwaves U~~lJ"Ufl1H 111LLVlU'I u'l11afllt1m 1~lnlLLa::'la'li1V1Ul , ~ 

" . I 

.Fl1f11Yi11 f11fl1 lJ.J1l'hh J.JVl11l1 ~ la"'U'lJaULUl U 

" " I 

tlllu1'l1"Ml'1Yllu1f11n11).11~~laBtll~ ~fl1l).1t1u'l~'lUtll'l11 

Microwave Communications ua: Applications of Radio-Frequency Waves in 

Igriculture 



-11-

~ ,. f I 

L ;B~'ll'U U1Hl1m~i'lfi1~ L11m1aiL1IllU"1'lloHl! ~"~l11"flUfl'i'i1yja~1 L~a1",m 24-
., .. I 

fiU11fl~ 2504 ~iL ;~n l'i¥\-tHl'i ::iU~"fif:J~(mtlmlU~U~1O h~ L 1[JuaWin~tl aiL mlU"1'll1qJ 
I I ... 

u~::'i::fI"'u~"fimJmH1~utl~1u~1O 1 HL ;f:J1JYlaUWlu:mf:J1f:JU ~"~l11"flYlaULUlU L tl1mH11u 
I I ", .., 

...... ~ oj .<4 ,,~- __ '1.~ ... 1 
lJl111U1~f:J'iJllULUlU L lJll i'l. fi. 2523 tlru::1JL UU'IJfl nnH-nM 4 ~1Yl11fi1n 'i'i~ l'Jl'J1 

I I 
04 "oj .. 

L ~a 11M 9 ~[)U1f:JU 2494 • 
" ~iL ;~ 1'iroH1'i ::fl"UlJ"fimJroH1m:JU~ULLfl::~utl~1U~1O t H L 1HUtM fi'iv~~ "" oj 

~'1l11 m 1Clr.1'UU'i • " . 
" ... I 

1 fl jutl ~ QP.!1 
oj .... 

1 fi • U • (L n u 'H1UU~ ) ~ 1Yl11 fl1n 'i'ilJl.,.hoh ..." 04 ~1OlJl11'nH'1~f:JYlaULU1U L ~a 

i'l.fl. 2517 

" .. ... 
L 'iJ '"M i'11UL liua 1~1'i[Jtl'i ::~i1l1fl1tl11f11n 'i1~1l'Jl'J1 

~1D1'irui~LHB1~U 'i::l111'1 i'l.fI. 2522-2523 L~UL1a1 12 LftaU Lflf:JLIanUUu~a= 
, I ;' t 

4 q, d "'. u " 
tl'i::nllULfl'ill'l~~1MHLal'JLalJYlU1fl 10 1flfl(~1~1U'i1~nU Mr.J.D.Hammonds a1~1a~fl'i , 

~ I "''' I I I I 

'll11ih~lL~Ufl) ~'11 fl'l tll un l'iL Nf:JUl'l 'iYl11~1'iYla~ ~l11~ f:J1a"f:JYlaUlUl U'i ::"'11~ i'l. fl. 2518-
I ",;, II 

2526 U~~U"Ufli'i'lfliLLl1U'I N'll1Ufi1afl'i1~1'i[J tl'i::~i1l1fl1tl11f11n 'i1~1l'Jl'I1 flru::1f11n 'i1~ 
, \I .. 

f11aYi'l lJ111:mf:l1a
u

f:ltfl.lULUlU 
II 'lI I • " II 

~llU1'll~1'1fllU Electronics ~~~~L1~LYl1Mi~lU ~fl11~aul~1~fl1U 
.. 

Electronic Instrumentation 1~1fl'iflLllJ~1L ml'i LLa:: Power Electronics .. 


