= ) 88D ue‘_‘ —‘L"é,

TU - ENGINEERING COLLEGE - ALSHIRQAT

Secthcal

2025-2024



Linear Wire Antenna

Wire Antennas (Linear or Curved) are some of the oldest , simplest , cheapest , and in many cases the

most versatile for many application.
*» Infinitesimal Dipole (Hertz Antenna) (L<<A1)

Short Dipole Current Element (L<A /50)

The current 1s assumed to be constant and given by:
I(z) = Ia, (I = constant) (2.34)

Radiated fields it will be required to determine first A (magnetic vector potential) and
then find E & H at P.

Integration
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Figure 2.15 Infinitesimal dipole .
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— _ —= . . — . -
a, = cosfa, + sinfsinga, + sinfcospa,

A is given by the following relation Z

— e ! 4
A= %IT—J e IFrqy | T= % U = Megnetic permitivity . (2.36)

o 5 J=current density i
dv = dx dydz ,[)’ propagation constant = 271//1 (2.37)
I e  COSH

The current density J Integrated over the cross sectional area of wire (which is placed
on xy plane) is J use current I . - sine > X y- planc
| dy dX£=I (2.38)

£, gure 2.16 Coordinate system .
- M 2 { _j,gT
A= ypll B2 dz (2.39)

"2

£
A=t | o—iBra, g (2.40)

4 | ¢ 1 z '

2
—  pl,feIBr .
A=22——d, . Ay=4,=0 (2.41)

_ plobeiPr

A, = i (2.42)
VxA=8B (2.43)
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The transformation between rectangular and spherical components is given by:

A, sinfcosg sinfsing  cost A,
Ag | = |cosBcos¢p cosBsing —sind| |A,, (2.44)
Ag —sing cos¢ 0 A,
A, = A cosf = Kot e IBT cosH (2.45)
ﬂ.m“r
Ag = —A_sind = —%e—fﬂr siné (2.46)
Ag =0 (2.47)
VXA=8 (2.48)
—~ 1 /a3 , Sﬂg) 1{ 1 a4,
VXA= rsinf (68 (Aq{,gm&') - a¢ T T (gmﬁr a¢, (T‘qfﬁ)) g
179 A (2.49)
T (ar (rds) - ae ) A
~x_1l(9 _ 94y (2.50)
Vx A ==(2(ra,) — 2F) g
H :jgfﬂfsiﬂﬂ (1 + ) b dg (2.51)
1 jpr
H.=0 (2.52)
—
Hy = 0 (2.53)
_jpI,f . 1 —jpr (2.54)
Hy == 2-sinb (1 +W)e
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i the same manner

X H= jweE
I, fcosB 1 i
~E = ) o JB
E.=n Y~ (1 + j,Sr) e
n = 120m
E,= fl,€sind .1 1 : o—JBr
4mr jBr (BT)
E¢, =0

Near Field Region (fr <K 1orr <K 4)

For fBr «< 1 (r << A) the fields can be approximated by:

. [o8e BT
E,.= j?}.—ZTEﬁT’E cos8
. [, 1T
Ey = jn—f%ﬁﬁ-ﬁ sing
I Pe BT
Hy = ~ oz Sing
E¢, — Hr — H,g =0
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(2.55)

(2.56)
(2.57)

(2.58)
(2.59)
(2.60)
(2.61)

(2.62)
(2.63)

(2.64)

(2.65)




Example For infinitesimal dipole ( Near field region ) prove that the average
power density W,,, = 0.

The solution:- W, = % R, [E ® E*}

— 1 _ I,£e=iBT - I,0e—JBr .1 _
Way = 5 R, _ —mﬁmsﬂ dy ®GTS”1H dg | = 0
— 1 L I Pe TP I, fe= BT .71
W{I’!:? — E RE __jrfﬁﬂﬂlﬂ g @ﬂT ing ﬂ'qﬁ._ =0
Far Field Region fr > 1
. Bl te BT
Eg = jn - sing
L PI_£e BT
Hy=j Ao Sing
ET:E¢,:HT—H3:
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(2.66)

(2.67)
(2.68)




Parameters of infinitesimal dipole :

1- Radiation Resistance

. 1 . — p —E [ﬁfﬂ.f']ﬁJZﬁfn .3 10d
Wy = > Re[E ® H'| rad =5 || ), Jo sin'e dode
—, 1 |, preeifr BI LetiBr 7 5 [1,£12 (4
av — 5 R, Jﬂ"ﬁ ﬂ4m. siné dg & —jﬁ G4m, Sinéag Praq = 2 B*I, Lf_ﬂ (E) (2m)
W, 1 [Jgf.g;ﬂ? ﬂr 1 where [, = \Efw‘ms B = ZTH: n = 120w
== sing| a
a2 | 4m ! 2 2
L 1207 (27 2 [1,6]° (4
Praa = [ [Woy @ . T = r?sin6 dodo Praa =25 (). (V) 2] G)Gm
2n I 2 £)? 2 |
ﬂn BI 412 - 5 . |Prad = I"rms (80732 (7) ) -~ ~ Prad = 1" rms Rram
Prga = > [4;] sin“g a, .r°sinf dédg a, | , |
0 l _ { e A l
0 | Rraa = 80m* (T) only for L < =0 :
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2- Directivity

U, ng°
D,(6,¢) = 4’””{1({53,(;) = T il

j f sing” sinf dfdg

smH smﬂ
j f sing> dBdg 3
Dy = an- 1) .
21 (ﬁ)
Dy =15

3- HPBW

BI, fe‘iﬁ? ,
sing

E(6,¢) = Jn
E(G,¢), = sma
0.707(max) = E(6, ¢)
0.707(1) = sinfy

sin@, = 0.707

6, = sin"10.707 = 45°
HPBW = 2(90 — 83)
HPBW = 2(90° — 459)
HPBW = 90°

Fa0

L : A
For Infinitesimal dipole (L = %)

2 A%
Rr‘ﬂd = 80m (7)
D, = 1.5
HPBW = 90°

: : ’ .': ' H :: I

180
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Example Derive an expression for the radiation resistance of a short dipole
antenna.

The solution:- ﬁm, = % R, [E X H}*]

., 1 _ PBI_te~JBT 1 eetIBT
W,, = 5 R, [j?}'TSIHH ag & —]J —WSIHH{I"{,

_n [BL g
Wap — 2 ] Ay
Praa = _[ _[W , ds = r2sin6 dod¢ d,
27 ,
B n BLAY ., . .
Prga = f > lﬁ] sin6d, .r°sinf déd¢ a,

Prgag = 5 lﬁi;] J f sin®6 dfdg¢

Io
Prog = g B?I,’ [E] (E) (2n) where I, = V2L .0 = 2—R_ n = 120w

Proa = 22 () (V21me)” (2] (¢) oo
Praa = Izr'ms (BUHE (%)2) ~—= Prgq = ‘Tz?‘ms Ryqa

I 2
R,,q = 801* (T)
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% Finite Length Dipole (L> 41/10)
Assume siusoidal current distribution
oL
[ = fmsmﬁ(i—z) 7>
oL
[ = fmSHlﬁ(E-l-Z) 7<0

(2.7
0.7

! ' ! ' —+ ' '
The current 15 zero at the ends of the dipole since the current m the a_-direction The

magnefic potential vector A 1s also m the z-direction .

H ,
ﬂ IE_JER

A = dz R=(r—zcos0) forphase
Z 4w R . :
—H R=r {foramplitude
A, = f I, sinB(H + z)e /B(r=2cos0) 4,

dmr
+ mfu I sinf(H — z)e /B(r=2c0s6) g,

where L : dipole length

H : Half dipole length
L

“—H

2
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(2.73)

(2.74)

P(r,6,¢)

Figure 2.18 Finite Length dipole .



. : : : AL .
The general expression for the distance electric field of a dipole antenna (L = 1o) 18

given by:

B, — jﬁmmg—jﬁr [ms(%cosﬂjms(‘?)‘

T sinf

1- (A/2) Dipole

One of the most commonly used antennas is the half-wavelength (1 = A/2) dipole. Because its
radiationresistan ce is 73 ohms, which is very near the 50-ohm or 75-ohm characteristic
impedances of some transmission lines, its matching to the line is simplified especially at
resonance. Because of its wide acceptance in practice, we will examine in a little more detail its

radiation
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L 2w A T
?cose——aacosa Ecose . cos(—) co S(ZAZ) cos(—) 0
7 j60I,,e—JBT cos(—cosﬂ) I __Eg

r sin@ ag ¢~ n
Wav :% Re .§® "ﬁ*]
% _1p 1601,,e JPT [cos(5cosB)] _, ®_}60[mgjﬁ? cos( —cosB)

av — g “‘e r sin6 de nr sin@
2

— 1 (60I, 2 cos(%cosﬁ)
Way = 2n ( r ) sin@ ar

__;—.

Prqa = ffwav .ds . ds =1r?sinf dode a,

21 ( 9) y
60[ cos|(5cos _ ‘ _
Proa = f f 21 . [ <ind a, r%sind déde¢ a,

cosz(zcosﬁ)
Prad = z_n(GOIm) (2?’!‘) sin@ do
"cos?(Lcost) " cos?(Zcos0)
cos?(Zcos cos?(%cos
S 2 2 2 _ .
P,oa = 60I%,.,.¢ j <ind dé . f <ind = 1.218
0 0

P,.,=7312,. = R._,=730Q

These equations are used to
determine Prad, Wav, Rr for
(A/2) Dipole



Directivity

2
U[ﬁ,t‘,ﬁ}'mﬂx — At |Et5'mn1x|

PV TTUEe) da T T
f fn \Eg|® sinf d@ d¢
0

E‘GE‘(%CDSE) ?

sing

(1)°
2 2

T T
an |ms(§cﬂsa}| sin@ df ZEJ |ms(§m53}| sinf df
0 0

| sing | | sing |

1

D= dn o o8

= 1.64
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HPBW

cos(%r:asﬂ)

e

E,9) = —ing
0.707(max) = E(6,®) "

ms(%casﬁ)

0.707(1) =

e

sint

' - '::. o S r..- ;_:T'. i ' i
0.707sing), = cos (5 cos6) o (N o) AW Y-

0y = sin” ! [\E cos (% .-:058)] .........

6y = 51° o, 120
HPBW = 2(90 — 6)

HPBW = 2(90° — 51°) :

HPBW = 78°

150

Figure 2.19 Radiation pattern of the antenna .
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E(0,9)

0.417
0.627
0.816



2- 1/4 dipole

These equations are
used to determine
Prad, Wav, Rr for
(A/4) Dipole

BL _2mA T BL. 2., T,
?cosﬂ =511 cosf = Ems&' , cos(=) = cos(555) = cos(y) = 0.707
~  j60l,e BT CﬂS@COSE)—U.TUT . Eg
E = . dg . H¢ - -

T sinf n

Wy =2 R[E@F

T j601,,e BT [cos(Zcos8)—0.707 i & 601,68 [cos(Ecos8)—0.707 5
av. 2 ¢ r sind 0 nr sind ¢
— 1 (60l cos(ncasﬁ) 0.707 :
Way = 21 ( T ) sind ar
Prga = J-W ds = r2sin6 dodo a,
F . 2 M osB)— 2
B 1 (601, cog(?:og) 0.707| _, 5 . .
P.og = 2 ( . ) [ ey d, resinf déde¢ a,
Jo Jo
T 2
[CDS(J—TCOSH)—U.?UF]
_ 4
P? ad — (6DIm) (zn)j sinB do
T 2
, [cos —0. ?D?] [r:os(%msﬂ)—[].?[]?]
P? ad — 6017 5 Slnﬂ dé . Sind = 0.114
0
P...=6841%_ . = 6.84 ()

Tl
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_ o UOC®mar _ Eomasl
Directivity D=A4Trriiee) da ~ 6 11E, ¢)
J fn |Eg|” sinf dO d¢ 0| 0
0 , 30°)0.14
|cﬂs(%cﬂsf:’-')—ﬂ.?ﬂ?| 45°| 0.2018
I | sind | 60° [ 0.25
— an m o
o CCIS(%CDSH]—[].?D?E ind d6 9071 0.293
sing
0
D= an (0.293)° . (0.293)2
3 > T
|CGS(%CGSE')—U.?D?| _ [C'Gs(%{?ﬂ.ﬁ'ﬂjl—ﬂ-?ﬂ?]z ]
21 7B sinf do 21 sinf df
| | 0 sin” 6@
0
2
D= ar _(0293)
[CGS(%CGSE)—G.?G?]E
21 sinf do
0
. (0.293)*
D =4n5 o
D = 1.506
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HPBW
cas(%casﬁ')—ﬂ.?{}? a
E(EJ ¢:) — Si'ﬂﬂ i

0.707(max) = E(8, ¢)
cos(%cosﬁ)—ﬂ.?[}?
sind

0.207sin@j, = cos @ Cﬂsﬁ) —0.707

0.707(0.293) =

e
-
=
—
-
-

4 1
0y — sin 1—[::05 (E r:ﬂsﬂ) — IZ:'.'?D?]
0.207 4

0;, = 46.5°
HPBW = 2(90 — G})
HPBW = 2(90° — 46.5°) 5
HPBW = 87¢ 1ed

Figure 2.20 Radiation pattern of the antenna .
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6 |1E(6,9)l

30°10.14
45°| 0.2018
60° | 0.25
90°| 0.293
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