CHAPTER II

FIELD PATTERN AND GAIN OF A HOLLOW CYLINDRICAL ANTENNA

The hollow cylindrical antenna is oriented as shown in
fig. 2. The center of the antenna is placed at the origin of the
coordinate system with the axis of the antenna along the 2
direction. The point P(r,e,#) is the far point where the field

pattern and gain are to be found.

P(r,e’ﬁ)

o

Fig. 2 The Hollow Cylindrical Antenna and Its Orientation



A. Field Pattern Analysis

From fig., 2
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1, Uniform Current Distribution (2{<<A)
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where Ig = Peak va.lue in time of current

At a large distance the difference between s and r can be neglected
in its effect on the amplitude but its effect on the phase must be

considered, then
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Substituting equations(12), (13), (14), (15), (16), (17), (18), and
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Since the hollow cylindrical antenna shown in Fig. 2 has only 2

component, A¢ = 0, and Ar and Ae are given by
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Fig. 3 Resolution of vector potential into A, and A.e components,

Substituting equation (21) into equation (22), gives
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2. Sinusoidal Current Distribution

In this case, the current distribution can be given as
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Fig. 4 Relations for symmetrical, hollow cylindrical, center-fed

antenna of length 21

At a large distance, the difference between s and r can be neglected
in its effect on the amplitude, but its effect on the phase must be

considered.
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Substituting equation (20) into equation (69), gives
j (wt-pr)

y . ; 2
MI icos(&ocose)-cosﬁﬁ} © | oqfy . g2 cosec ei
A, = 24 sin<e \ 4 £

# B
/MIO(4-ﬁ2a2cosec“o)(cos(ﬁQcoso)-cosﬁﬂ)eJ(Wt Fr)

4ﬁrsin2e
From fig. 3

A = A cose
T Z

A
e

-A sine
z
Substituting equation (70) into equation (71), gives

,MIO (4~ anZCosecze) [cos (BQcose)-cosﬁ.Q:[coseej (wt-pr)

A = )
r 4prsin~e

/MIO(A-igazcosecze)cose{pos(ﬁﬁcose)-cosgﬂ}ej(wt—ﬁr)

4ﬁrsin29

Substituting equation (70) into equation (72), gives

7MIO(4-E?a2cosecze)[cos(ﬁﬂcose)-cosgﬂ]Sincej(wt—gr)

A = T
© 4Brsin©e

7MIO(4,4§E2COSGC29){cos(gQCOSo)-cosgﬂ]ej(Wt_ﬁr)

4Rrsine

. 2
From F = _35 V(V-E)-jwk

lg_(rzAr) sl _Q(asine) 1 0 4

VA = 23 rsine Oe rsine o¢
Since A, = O
[
. - l-, C} 2‘ l 6 .
S S rgg;(r Ar) * T de(Aeolne)

16

(70)

(71)

(72)

(73)

(74)

(75)



X7

0 g"‘I (4~ Pa?cosec e)coso{cou(f;glcoso)-ooS«Q J(Wt-ﬁr)

1 ¢ (r Ar) 1
TR 3r = rRdr /+Fl‘o1"120
P ~ 3 g
A IO(/+- §2a2cose029)cose i‘cos(BQcose)-cospM J re? (wt-pr)
= 43r<sine or
M IO (4= gs2a2cosecze)cose {cos (@ﬂ cose)—cosﬁ,ﬁ} ,i:e3 (wt-pr)
B 4fresin<e
—-jgrej (wt-pr) ]
MI (4-—5 a”cosec o)uoqe Lcos('&ﬂcose)-co* pQJ (l-gPr)e j (wt-pr)
= 4grsinle (76)
NN y 3 wtfr)
1. 5 (Aesine) 1 o -,MIO(4—3 a“cosec e)l_oos(i&Qcose)-cosghesme
rzsine ge ~ rsine Qe 4prsine
j ('\Tt;ﬁr)
- ’1]: ( /
_ LS ; (4-{5 R e)] Q;inesin(ﬁ Qcose))
4pr251n0
+ ],cos(’l%ﬂcose)—cosﬁy.] (2p2azcoseczecote) IL
/
J (wt-pr)
"MI e . N
P - S {(4-p2a2cosecze)t}?ﬁsinesin(;}&cose)j
4fr~sine

+ 2 ;}Zagcoseczec.ot‘e {cos (Elcose)-cosf,g J} (77)



18

,(,'(I ej (Wt_‘?r)
V-E = ZRTI‘O-_QSEG 2{(4— ‘igazcosecze)cote {cos(BQ cose)—cosﬂﬂ] (1-jpr)
- (4—§a2003e029) {Bﬂ sinesin(ﬁq cose)}
+ 2(52azcoseczecote [cos({%gcose)—cosﬁh} (78)
a 0 (VR & Jd (vE a 1 i
From V(V-E) = ar;;‘VA) +2r %5'5( £) + aﬁm %(V )

Since VA is independent of ¢

: a ¢ (VEK) al
From jwh = a Juh + a_juA +a Qf‘jWA ;5
Since A¢, : 0
jwA = ,aerAr+ aeije
Substituting equations (78) and (79) into equation (27)
. 2N - (g%
= _ = _jct0 (VR) . s -1 2. (VE)_.
S e WAL e s -Jwhg (80)
. Bs o
_ -ie”Q (Vh)_.
EI‘ - wor _JWAx- (81)
. 2a
_ =ic"e(VaE)_.
Eo = e yn —JWAO (82)

Ey = 0 (83)




Let M

(4=t :»a “cos 6020)001:0 {cos( Qcoso)—cos%h
A 128

N - (4~ a2coseczo) {(5Q.sinosin((5Q.cose)]
N\ ’

+2'32 cosec ucotoLcos\ Qco ©)-cosp ]

Substituting equations (84) and (85) into equation (78), gives

er . Mle od (wt-pr)
4(%1‘2311&9 LM(l'JPr)JrNJ
2 2y I IM+N— Mpr] e? j (wtge)
-i¢"8(VE) _ -jc~ e -
war - wor 4grislno

ﬂ[JBN _@ _ 2000 5 (t-pr)
psine R~ r3 \
wt-pr)

il =jw I_ (4~ pzazco ec?o)cose [co.) ﬁQCOSO-—COQFQ]
e

4Lpr sin?e

Substituting equation (84) into equation (88)

-jvydoMej (wt-gr)

~Jvwh,, 4grsine

~3309T_p e (wt-pr)

};Qr sino

Substituting equations (87) and (89) into equation (81), gives

o (Wt—br) r\
E. = -330L o 3% _ 20 | M
{3 sino r3 T J
~§309_ eJ(”t’?r)

-JEN  2(M4N)]
l;ZSJ.ne I\ YA J

19

(8)

(85)

(86)

(87)

(e8)

(89)

(90)



20

From equations (82) and (86), gives
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B. Power Gain Analysis

The Power Gain (G) of an antenna is defined as

Maximum radiation intensity

G = : T - " = -
Maximum radiation intensity from a reference antenna with
-same power input

Or

o - Maximum Poynting vector

Maximum Poynting vector from a reference antenna with same
power input

Often the rcference is a linear 4 wave length antenna. In this

analysis the reference is a % wave length dipole antenna,

The average Poynting vector (P) is defined as

P = 3BRe (E x H) (103)
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1. Uniform Current Distribution

From equation (52)
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For Thin Linear Antenna, assuming sinusoidal current distribution
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_ 60%Jbos(ﬁﬂcose)~cosﬁﬂ [-sin(wt—gr)+jCOS(wt—Br)] (116)
T L sine . :
P = +Re (Ex i)
Since E, = H = H = B = 0
d ) T v
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5 2
{6010 cos(pacose)—cosﬁa 5 5
1 ) ' " N
P = 3 Re12qr2 oy {3111 (wt gr)+cos (wt Pr)]
5 2
60 IO cos(ﬁOcose)—cospQ
= Zﬁ T2 L sine (127)
2 .
151 cos(ﬂcose)+l]
& : . P - O 2 2 (]_1.8)
%dipole fr~sin"e
Maximizing equation (118), gives
2 { 1)‘2
P 15I7 {1l+cos(fcos,
Sdipole (max.) = < 2} (119)
2 7 2D5
r sin !
2
6017
- o (120)
ﬂr2
a
Power Gain = G = ﬁgéﬁ- (121)
%dipole(max.)

Substituting equations (113) and (120) into equation (121), gives

60?15 3292
I.2
6012
0
TR

e (122)
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2. Sinusoidal Current Distribution

From equation (96)

) i (1h—
j309I (4~ BZagcosec“e) [cos (gﬂcose)—cosBQ]eJ (wt—gr)

E =

© I3ine

3091 (4~ ;f“azcosc—cze) f.cos (gﬂoose)—cosBQ) {-—sin(wt-ﬁr )+jcos (whegr )]

raine

(123)

From equation (100)

i, (4~ ;525120038029) {cos (i}Q cose)-cosj QJ e (wt—gr)

hg/ = 4rsine

10(4— Bgazcosecze) '[cos (ﬁccose)—cosﬁﬁ [:—sin(wt—g:,r)+j cos (wt-pr )J

4LTsine

o (4~ fgazcosec?”e) [oos (39.005@-0035&] E--sin(wt—ﬂr' )-jcos (wt—p,r)]

H
4 4Lrsine
| (124)
Substituting equations (123) and (124) into (106), gives
2
- 2/ .2 ? & LY
3091 {4~ pa%osecze) “[cos(ﬁQcose)-cos[{Qj
P = ’;]iT Re Q > - L
L 4rRsine J
. 2
») 9 ~
1591 2(4— fzj‘azcosec'”e)2 {cos ({%Qcose)—coqu i
_ o A J 125)
2r23i1129
Maximizing equation (125), gives
; 2
By W22 DnBlr q N
. ) l5<iTIo (4-p~a“cosec 1) {coo(ggcosﬁ)—cosgqi
max. 2r25in2.g
o B¢y BB B
1591 (4~ ga”) *(1-cospl) (126)
2r<

Substituting equations (120) and (126) into equation (116), gives



15712 (4 fa) * (1-cospl ) 2
2
G = 2112
601
O

R

‘%Tz(l—cosﬁg.)z(lp— }iza2)2 (127)

Since ‘3 akl

G = 2‘?2(1—cong)2 (128)
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C. Data Precalculated for the Experiment Set Up

The antenna used in the experiment: Q = 1 m,
a = 8 cm.
(1) At frequency = 150 MHz,
249f x 0,08 0.1649f
pa = — = a8 = 0.084
a% = 0.00647° = 0.06%  (129)
R 241 2ﬂxl.5xlo8
‘3 = c = W = ﬁT (130)

Substituting equations (129) and (130) into equations (96) and

(100), give

j30ﬂ10(4-0.0634005ec29){cos(ﬂcose)—cosﬂ]

B =
e rsine
i jBOﬂIOQQ—O.0634cosec26)[l+cos(ﬂcose)} (131)
rsine
. 2 N\ 3
JI (4~0.0634cosec o) {1l+cos(Tcose)
H, - 2o \ J (132)
d 4rsine
(2) At frequency = 126 MHz,
: 8
R -
. L Rifx0,08 . 24x1,.26x10 x0,08 = 0.2102
i c 3x108
Fa = 0.0645 (133)



pd
-~
Substituting
give
E
©
H
4
>
-

200.26x10°_§ g3eq

3x108

equations (133) and (134) into equations (9) and (100),

jBOﬂIO(A-O.Q445cose029)(Eos(O.838ﬂcose)—coso.838ﬂ]

rsine

o 2 3
309T_(4~0.0445cosece) [cos(0.8385 0.9723
B j . s [co ( cose)+0.97 5J (135)

rsine

] 310(4-0.0445003ec2e)[cos(O.838ﬂcose)+0.97235] (136)

4rsine
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D. Computer Program for Theoretical Analysis

This theoretical analysis is run by the computer NEAC-SERIES
2200 which was installed at the Computer Science Center, Chula-

longkorn University.



CQ.*C.QQOOQQQOQ.QQ.CQ

FORTRAN 200 SOURCE LISTING AND DIAGNOSTICS PROGF

PROGRAM SOLVING THE FIELDS OF A HOLLOW CYLINDRICAL ANTENNA
EAI = FIELD STRENGTH OF THE ANTENNA

Y OO0

Y = MAXTMUM VALUE OF THE FIELD
XY = NORMALIZE VALUE OF THF FIELD

001 DIMENSION EA1(181)sXY(181)

002 ID=]

003 5 WRITE(34+15)

004 15 FORMAT (1H1310X96HDFGREE+10X 9s5HVALUE s 8X s 10HNORMAL IZE +/)

005 A=0

006 I=0

007 GO TO (10920+70)91D

010 10 X=A%341416/180,

011 I=1+1

012 AEO1=3,1416%C0S(X)

013 EOAl=44-(0e0634/ (SIN(X)*¥STN(X)))

014 E02=(1e+COS(AEOL1)) /SIN(X)

015 EAL(I)=EQAL*EQ2

016 IF(AeEQe360e)G0O TO 40

017 A=A+2,

020 G0:+T0 10

021 20 X=A%*3,1416/180.

022 I=1+1

023 AED2 = 0.838%3,1416%C0S(X)

024 EQO4 =(0697235+C0OS(AED2))/SIN(X)

025 EOA2=44= (004457 (SIN(X)XSIN(X)))

026 EA1(I)=EQA2%EQ4

027 IF(AeEQe360s)GO TO 40

030 A=A+2

031 GO TO 20

032 40 Y=EALl (46)

033 NN=0

034 D0O45N=1+181

035 XY (N)=EAL(N) /Y

036 WRITE(3+435) NNsEAL (N) o XY (N)

037 35 FORMAT (I11422F17e6)

040 NN=NN+2

041 45 CONTINUE

042 ID=ID+1

043 GO T0'5

044 70 STOP

045 END
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Field Pattern of the Hollow Cylindrical Antenna from Theory at

Frequency = 150 MHz.
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2. Field Pattern of the Hollow Cylindrical Antenna from Theory at

Frequency = 126 MHz,
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