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CHAPIER III

FIELD PATTSRN ANALYSIS
A, FIELD PLTTERN (OF THY CYLIVDRICAL ANTENMA

It is known that the current distribution and terminel
conditions have a larger effect on the input impedance than on the
field pattern. If we had assumed sinusoidal current distribution
for the computation of input impedance, the result would have had
relatively large error especially for the thick cylindrical entenna.

From the thesis authored by Mr. Pakorn Borimasporn(6) there
is a very small veriation of the field pattern with the antenna
thickness, when the current distribution is assumed to be sinusoidel
(the value of h/a in his experiment is 12,5) and from the experiment
of Dorre (7) the result is nearly the same with some pettern nulls
are filled in when the antenna thickneés is increased(the lowest
value of ﬁ/a in his experiment is 8,7). Besides, the current distri-
bution given in eqg.(53) is too complicated to be used in the evalua-

tion of electromagnetic field.
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In this thesis, the sinusofdal current distribution is
assumed 2nd the solutions of the field patterns are based on
the thesis titled "The Field Pattern and Gein Analysis of a

Hollow Cylindrical Antenna" which is written by Mr, Pakorn Borimasporn,

His derival began with

2N
Ak 1(2)
Where L f/b - a cosec @ cos(ﬂl-ﬂ) - 2 cos © (69a)
2 -
I(z) = Iosin[),—zT (h-z)] e-]("t"' PL); forz) O (69b)
j -pL
I(z) = Iosin[ %y (h+z)] eJ(Wt P ); for z { 0 (e8¢)

Eq. (69) and eq.(69¢) are the conditions for center-fed
cylindrical antenna. In this thesid, the field patterns of the

end-fed cylindrical antenna are required.

P(p,6,0)
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(A)
Fig. 2.1 The cylindrical antenna and its orientation,
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Uence, for end-fed cylindrical antenna eq.(69) becomes,

,zﬁ’rh
o= 0 I3 gep (70)
» r J ?Jl‘} L 1
From eq.(11) § = -3 v (V.K) - jul (71)

W
R cai
In his thesis, it is noted that fon)) 1,Ec>>Erand -3$ V(0.5
J w

can be neglected, therefore, when E‘0 = 0, eq.(71) becomes,

E = =jwA (71a
6 v e )
For cylindrical co-ordinate Ae = - AzsinG, heace eq.(7la) becomes,

Ey = JWA251HQ (71b)

Substituting eq.(69a), eq.(69b) into eq.(7C) and resrranging the

terms, we have

@- jflllej(wt— p/C'+ a?cosec@cos(ﬁ?—pl)),dp fh o7 ) ]']';\zcosg

AZ = T s:.nl_——-—(h -z)

d (72)

The final result of eq.(72) becomes,

Ay 'B_F——Fflzgin/%g e-j(Wt-F’F) [4—§a.2cosec29][{?os(‘ﬁhcosg)-cosC)-ccsph}a,

, . (73)
i {sin(fjhcoso) - cos@sianh}]
From eq.(71b) and eq.(73), it is seen that
Jw,u_lo —]Lwt ]50} 2 }
Eg = B P pza cosec E}:“Lcos phccsC)-coth}-* (74)

jisin(rb’hcoso) - cos@ sinph}]

When the phase patterm is disregarded, the field pattern becomes

By = Ao (4-628.2 cosec Q).
BPPsan
/[ccs(f}-hcos@ cogph] + rs:m(ﬁ:hccs@ -cosOsmfﬂ-\ (74a)
Let (WMO) 1, therfore, eq.(74a) becomes,

R
-‘3}9 ( —-ﬁsa Coagc @ /IC)S(FhCOSG)-COSFhJ + [_sin(}ahcosc) - c::ns@sinph]2
sin@
(74b)
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B, FIELD PATTERN OF STACKED CYLINDRICAL ANTENNAS

The considerztion is zimed at the inphase, two element
stacked cylindrical antennas, with and without ground plane
and the distance between elements equal to 0.5 and O,6hzs
showm in Fig. 3.2

The computation followed the well-known "Law of

Multiplication" (8) which states that :

E (6,8) = £(6,0) F(0,0) /£(6,0) + FP(G,;O) (75)
Where
E (e,p) = field pattern of the arrays with
distance of array = d
£ (e,@) = fidkd pattern of the individual source
fp(O,ﬂ) = phase pattern of the individual source
F (0,8) = field pattern of the array
of isotropis sources with distance
of array = d
Fp(G,ﬂ) = phase pattern of the array of isotropic

sources with distance of array = d
The field pattern of two inphase isotropic point sources
A,B in Big.3.3 can be verified as follows.

Ve -y
P (0,8) 5o 5t (76)
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Eu = amplitude of the field strength of A,B at
distance r, where r » d
= drcos - (77)
2l
= o d
4T (78)
Hence eq.(76) becomes:
dr cos6
F (6,0) = 2E cos ( - ) (79)

Eq.(79) is independent of f, therefore,eq.(79) can be written as

d_, cos@ :
F (8) = 2E cos(— ) (80)
2
Let 2E_ = 1,then the normalized value of 'eq, (80) becomes,
d,, cos@
F(6) = cos(——5—) (80a)

Let EI(G) = field pattern of the inphase, two-element stacked
cylindrical antennas without ground plene,

From eq.(74a) and eq.(75) and eq. (80), the field pattern becomes

£ (6) = wilo 2F0 ] [ (4—2?32 cosec2@)]
1 [ 8pr sine
d o
[/{COS(PhCOSQ)-coth}‘? + {sin('ahcose) -cose SinPh}e_IEDs( gt )J
2
(81)
oBo-
Let (ﬂ_.f_) = 1; hence eq.(8l) becomes,

8Br

E(8) = [(4-Fzzigcose020)j[ /{cos(PhcosQ)- cosfah}2 + {sin(!ahcose) -cos@sinlah}zj

. [cos (-g—cosg)]

Eqg.(82) is the field pettern of the in-phase,two-element

stacked cylindrical antennas as shown in Fig.3.2(a),with length

= h, redius = a, and distance betwecn the elements = dr
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From Fig. 3.2(b), inserting the ground plane cruses images
on the opposite side of the grounc plzsne [ Fig. 5.2(0)] + By
assuming that the ground plane is perfect. The computetion is
performed by following eq.(76) to eq.(82) with the field pattern
of individuel source f£(6,0) being expressed by eq.(82) and the
distance between elements, d = (dr + Pph +APh.)

As Aph<( (dr+ ph), the distance bctween clements becomes
c]1 = dr +Ph)

Hence, the field pattern becomes,

 ZE8 . 2
£(0)= [4-pa cosec @

e I‘%os(fbhcoso)—eosph} - {sin(F.hCQSG)—cosOsith?

[ cosifheose y) figoq Tiery Bhicos 0 (85)

Eq.(83) is the expression of the field prttern of the inphase.
two-element, stacked cylindrical antennas [ 2s in Fig. 3.2(b)],
with length = h, radius = a, and the distance between elements =
= (dr+Ph)

Due to the complication of the functions involved in
the field pattern analysis, it is advisable to yee & computer pro-

grammed for these computations.

1168624b8% -
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C. DATA PRECALCULATED FOR NUMERICAL ANALYSIS

The purpose of this analysis is to compute the field pattern
of cylindrical stub antenna and stacked cylindrical antennas of
which the length to radius ratio = 13.1
Consider eq. (80a)

F(6)

cos(drcosg)
2
The field pattern of eq.(84) depends upon d_ Fig. 3.4

(84)

shows the field patterns of eq.(84) for d = 0.4A, 0,5 and
T

0.6 N\ respectively,

(a) Cb)

Fig. 3.4 The field pattern of eq.(84) for which

(a) d, = Cud4x , (b) d = O.5X and (e) d. = 0.6 N
T r
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C, DAT. PRLC.LCULLT&ED FOR NUMARIC.L -NALYSIS

The following analysis is to compute the field pattern
of cylindrical stub antenna and stacked cylindrical antennas
in which the length to radius ratio = 13.1
Consider eq.(80a)

F(o) = cos(drcose)
Nz (4

The field pattern of eg.(84) depends upon d_, Fig. 3.4

will show field pattérn of eq.(84) for d, = C.4XA, 0.5 and

0.6 XN respectively.

(a) (b ()
Fig. 3.4 The field pattern of eq.(34) for which

(a) d, = 04N, (b) d, = 0.5 and (c) d. = 0.6 N
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From eq.(84), it is clear that

When dr(\O.S)x, the null positions are filled in and
increase when dr is decreased., For stacked antennag the null
position is required, so the vzlue of dr less than 0,5 A is
not practiczally used.

When dr = 0.5A, the null positions are existed and when
drf> 0.5, the directivity is increased, so as the minor loopsg

In this thesis the value of dr = 0,5Ahand 0.6 are used.

The value of his the near second resonsnt length, 0.4 X 2nd

h/a = 15,1.
h
Let A= 5
2
B = [4 - (27 E) GOSGCEG] .
BR = '/[cos(Phcos@)—cosPh]z + [sin(Phcosg)—cose SiﬂPh:ld

Hence eq.(74b) becomes,

B - BR
B (85)
sing
Eq. (B2) becomes,
E «BR
E = {cos (r d 0056)} (86)
®  sind r
And ¢q.(83) becomes,
B == [cos(TF d_cose) T ( ]
e [cos I d_cos J[cos{. d;h)cos@} (87)



D. COMPUTER PROGRAM FOR THEORETICAL ANALYSIS

This theoretical analysis is run by the computer
NEAC-SERIES 2200 which is inztalled at the Computer 3Jcience

Center, Chulalongkorn Univeristy.
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FORTRAN 200 SOURCE LISTING 24D DIAGNOSTICS PROGRAM: |
& PROGRAM SOLVING THF FIFLD STRENGTH OF STACK CYLINDRICAL RADIATOI
C E(I) = FIELD STRENGTH NF THE ANTENNA

001 DIMENSION THETA (32)+E (37)s EN (37)

002 Pl = 3414159

003 DO 50 I1= 142

004 READ(2¢5) AsAK s AKK

005 5 FORMAT(3F1Ce3)

Q06 DO 160JJ=1,3

007 T WRITF(349)

010 9 FORMAT(1HI1 910X a42HTHE FIELP STRENGTH OF CYLINDRICAL RADIATORs/)

011 WRITE(3910) A

012 10 FORMAT (10X+28HRATIO OF [_ENGTH TO RADIOUS = sF10e3)

013 WRITF(3417)AKK

014 17 FORMAT (10X s 17HILENGTH OF ARRAY =9F10e3)

018 WRITE(3420)AK

016 20 FORMAT(1NX3s20HANTENNA LENGTH = oF542/7)

017 25 WRITE(3+37)

020 30 FUDNAT(1UX96HDFGR:F$]OXaSHUALUF!IOYQTOHNORMALI?E!/}

021 THETA(L1) = O

022 DD 35 1=2+38

023 THFTA(1) =THETA(1=1)%5,

024 N=E = THETACI=1r%PT1/180.

025 S = SINITHE)

026 C =COS(THE)

027 CL = COS(THE)#*DbT -

030 AL=2 %¥PI*AK

03] ~ SL=STN(AL)

032 CLL=COS(AL)

033 =z (4a=((AL/ANR2) 7 SH%2)

034 BR= SGRT(1.+CIL**2+(g**?>*t<L**2J-? *(CLL*COS{AL*C1+C*51*SIN(AL*(

-)

035 ' Gn T0 (41942143}1JJ

036 41 E(1-1)=R#*RR/S

037 GO TO 35

040 42 F(1=1)=RB*#BR* (CNS(AKK*ClL)) /S

041 GO TN 35

042 43 E(I1-1)=B#RR* (COS (AKK%CL)I)* (COS( (AKK+AK) *CL)) /S

043 GOTO 3%

044 3% CONTINUE

045 DO 40 121,37 .

046 40 EN(IV=E(T)Y/E(19) -

047 WRITE(3945) (THETA(I)s E(I)s EN(I)s T=1937 ) -

050 45 FOPMAT (17X9eFbala7Xa8Babs1NXsFR, 5)

051 100 -CONTINUE

052 50 CONTINUE

053 %G STOP

054 END ’
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THE FTELD STRENGTH

RATIO NOF LFNGTH TO RADIQJIIS =

LENGTH OF ARRAY =
ANTENNA LENGTH =

NDEGREE

VALUE

* oGE+99
~slLl1N

e 71301
13606
1e978h
2e404T
3.0377
35689
4.0ﬁ63
4+5160
SeNh22
5 5062
5491 85
62792
G HHHAEG
6«8BATT
T 020%
TelizO
71693
701320
7:D204
AeBAT7H
6o 5RBT
6a27G2
549165
Sak082
Beh22
45460
Ga0101B G
35489
30377
2eh948
la9%86
13607

+ 7303
~al1114
*--7E* 12

-

e 500
P Yh

13,100

NORMALIZE

* o1E+G9
-e01549
010184
« 18377
027040
e 34797
n42370
« 48779
0« 56996
«h3966
s 70600
s T6R20
2 R25273
«B7582
« 91899
#95373
297921
« 95477
1.00000
e 99477
«97921
295373
»s91R99
«RT7582
nR2523
s 16629
«a T060R
+63966

© 256997

e 49779
W 462370
‘e34797
227040
» 18979
+10186
-a01554
¥-olE+12

OF CYLTHNNPRTCAL RADIATOR

K}

40,



THE FTELD STRENGTH 0% CYLINDRTCAL RADTATOR

RATIO CF LFNGTH TO RADTOUS = 13,100
LENGTH OF ARFAY = e 500
ANTENNE | ENGTH - o @1
DEGREE VALLUE NORMA[L IZE»
1o * 4 QE+59 * lE+99
540 -a 007 -.00009
1040 ) 174 «N02413
150 ¢« T2R «N10158
20eC s 1434 e N255P
2560 « 14558 «N5103
3060 ebH346 «0885]
35,0 10683 «13052
4060 le4h8] e 20478
4540 2a0V363 « 28402
50e0 2eh937 37872
35e0 34198 047699
£0a0 Ge IHFE 058353
650 4 oG456 «~ABOB2
700 e b&04 a78G52
75e10) 64 2R04 «ATHG99
R0W0 b 67609 094301
H5.0 Te6s52 e 98544
900 7o 1695 1,00000
Q5.0 703552 « 98546
100e0 6ol 509 294301
10560 he204 2 ATR9O
11060 52/A05 a 78952
115.0 409457 «689873
12040 41736 .58353
125.0 3.4198 s 4T6£99
1300 25930 e 37573
135460  2e0363 + 28402
140e0 la4hB2 - «2047R
14540 1.0003 213952
150.0 o Bhh 1”8851
15540 « 3559 “eN51073
16080 a1d34 »N2558
1650 o ITZH «N101%
1700 a (0174 e 00243
175.0 -e (1007 ".OOOD‘;

180.0 ¥=o3c+07 #egbE+06



THE FTELD STRENGTH OF CYLINJRTCAL RADIATOR

RATIO OF LFNGTH TO RALIOUS = 13.100
LENGTH OF ARRAY = « N0
ANTENMA | ENGTH = s
DEGREE VALUE NORMAL I7E
el * 2 9FE+939 ¥ olE+99
50 E « 00U «N000S3
1060 ~eUl&A ~-.00228
1560 -oNNAOT -.0093%]
20.0 -« 1623 -aN2263
25.0 -a3012 —.04271_
30,0 -a4892 -~ N6806
35.0 -ab T84 ~a054672
4000 =2 B8231 -el1148n
45-':\ ‘.8"!61 “.11801
50a0 <57 ~e09173
55.0 =o Y142 ~e02429 -
6500 s HE AR «N912A8
6540 181585 e 25322
TOe0) Fe213A e LGB
7540 v 4sk724 65171
RQe0 » Ha9h22 083141
95,0 68518 e95569
S0aQ 7+ 1495 100000
95N HeBR1IR 0« 95569
1000 59622 023162
1100 Te2 137 s 44G4R25
1150 LeB155 «25323
1?0-0 -6‘3'4‘3 .0912‘3
17540 -0 1741 -aN2429
13000 ~ah57T7 '-.09173
135,0 “.8461 ~~e 11801
14040 -ei1231 —el148nN
145a0 ’ ~abTHS ~eN9462
15060 s 4HHZ ~«0681N
155,n -e30)62 - N&2 71
140.0 -sl18273 -sN2263
16500 —eailHhoH -.N083
1700 ~-a2i1163 -oN022R
1765490 s NI A « 00009

13040 W 2FE+(07 * L3E+04



THE FIELD STRENATH 75 CYLINDRTCAL RADIATOR

RATIOD OF LFNATH T RalbTOUS = 13.100
LENGTH 0OF ARPAY = «~0ON
ANTEMNA | ENGTH = 2l
NEGREE VALUE NORMALIZE s
09 * oYL+ 99 * o1E+99
5ais "33k e N046R
10e0  ° -2 2056k ~s0286R
15e0 -2 4365 ~a N4/
2060 —e 3461 -e05385
25.0 -aBQZI “nn47?1
300 - L3N -a 025609
35,0 0 1954 « 01331
4009 o 5169 07210
4580 LeorROY s 15N7E
500 le 7790 024319
5560 2e B30 036133
500 Feut 716 «4B8508
65.C 4-5399 .61?31
T0a0 Bolhb? e 73453
?aon f)n“"l-f)n .ﬂ‘f?‘*[‘:
HOeO t B+ 64T 092722
R5 a0 ‘ 7401364 «98137
900 T o 695 1.00000
Q95a0 Tel}357 « 98137
10060 Bothra T 092722
1u5en 6 0] o R4247
l1Ca.0 Selbh2 e 73454
1150 444300 61232
12069 Bt 7 17 « 48504k
125.0 225905 «361373
13Ca0 Le7794 «a 24919
135.8 . La1809 « 15077
1‘*000 os‘lb(J‘ - .0??1“
1“5|ﬁ R -_39'5"* 001331
1500 -218371 -eN2609
15560 —-aih2 1 - NGTT
16040 -e 4] -e¢N53865
165,0 -a37365 ~04A94
170.0 ~e2N5H7 -o(M2869
17540 1337 00470

180a0 * oZ2E+12 * a3E+11



THE FIEID STRENGTH NE CYLINLDRTCAL RADIATOR

* RATIO OF LENGTH T2 RBADIOUS = 13,100
LENGTH OF ARRAY = o £00
=, ANTENNA LENGTH B « G
DEGREFE VALLIE NORMAL17E
(Lef) * 49=+Q9Q * ¢1E+99
. 50 -e13536A -oN04ER
! 1040 5 02154 s 02865
1560 e 3346h e NG66T
2040 3791 eN5288
; 2540 03274 004566
: 3060 01707 002381
35,0 - I804 -,01122
4060 -o 3035 ~e05349
4540 ~e 6547 -.09132
500 - 1717 ~e10763
5540 -+ 5935 -,08278
A0 0: =a 000 -o00000
6560 Le U567 014739
700 25077 034977
7540 e Y510 «5789R
o 800 ‘ Heahi23 a 79263
AR50 L Ae7738 094481
90,0 7o1695 1.00000
y 9540 be773R 094482
10060 5e 5828 079264
10540 491511 «57RG9
- 1100 R 5077 «34978
3 11540 1.0568 014740
12060 «)NOND « 00000
. 12540 ~-s5935 ~s08277
13040 ~e 7717 ~610763
135.0 -athh47 -09132
14040 e 3835 ~eN5349
: 14540 - 1RNG * = o) 127
150!0 - el 707 002381
15540 03274 e N4566
14040 03791 , w0528R
165,0 e 3346 e NGEHT
1700 e 2055 «02R6A
175.\: -l'ﬂi337 —.00469
18040 FeglE+]2 *-g3F+11
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