LINEAR ANTENNAS:
ROLE OF CONDUCTORS



Vertical Electric Dipole above Infinite
Perfect Electric Conductor (PEC)

Fig. 4.14(b)
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Scalloping of Amplitude Pattern

of Vertical Dipole
6 +9

0

_—" Relative pmver__ TR ) B
1 (dB down) 30° F 18. 4.16

19

h=2) e = S,

Copyright©2005 by Constantine A. Balanis Chapter 4
All rights reserved Linear Wire Antennas




LINEAR ANTENNAS NEAR
CONDUCTORS: P, R., U,D



2xml?2

o _[ _ﬂE |2r2 sin Gd Od ¢ (4-101)
2 r N

P, =ut [/ <l cos(2kh) sm(2k/;z) | 1)
A3 Qkhy  (2kh)

U=r'W,=r —\E\

ay
- (4-103)
n|l Lt ., )
= —|—{ sin”“ @ cos”(khcosd)
2|1 A
Copyright©2005 by Constantine A. Balanis Chapter 4

All rights reserved Linear Wire Antennas




Directivity and Radiation Resistance of
Vertical Element Above a Ground Plane
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Directivity and Radiation Resistance of a Vertical
Infinitesimal Electric Pole as a Function of Its Height
above an Infinite Perfect Electric Conductor
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Maximum Directivity Occurs
When:

kh=2.881
- 2.881 2.881
k 2w/ A

h =(0.45854

D, =6.566 =8.173(dB)
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Monopoles and Dipoles

* Monopoles and dipoles are widely used
antennas in wireless communications
systems.

» Monopoles are particularly popular for
portable units and on automobiles and other
vehicles.

 In practice, wide use 1s made of the quarter-
wavelength monopole.
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Monopoles and Dipoles
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Equivalent of a A/4 Monopole on a PEC
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l Fig. 4.19(b)
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Half-Wavelength Dipole (/= A/2)
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Directivity?

* Dipole in free space, and a monopole of half

the length above a perfect ground plane will
nave the same radiation intensity in the top-
nalf plane (since fields are identical).

e |f the dipole emits power P, then the
monopole emits power P/2, since the fields

are zero in bottom hemisphere.

4tU
= whereas for the monopole,

* ThUS, Dd —

AUy,

Dm — ) — ZDd
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Radiation resistance?

e |f the dipole emits power P, then the
monopole emits power P/2, since the fields

are zero in bottom hemisphere.

e Thus, R4 = 2P/I5, whereas for the
monopole, R,.,,, = 2(%)/13 =R,4/2



Monopoles and Dipoles

Z. (monopole) = %Zm (dipole)

D, (monopole) =2D, (dipole)
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Use Of Linear Monopole

Linear monopoles, especially A/4,

are used as transmitting/receiving

elements for wireless

mobile/cellular telephones.
Examples:

A. Civilian Band (CB) Radio

B. Cellular Telephone

C. Rooftop Automobile Antenna

D. Amateur Radio Antenna
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Examples of Antennas on Cellular and Cordless
Telephones, Walkie-Talkies, and CB Radios

Fig. 4.22
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Triangular Array Of Linear Dipoles For
Wireless Mobile Communication Base Stations

Fig. 4.23
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Horizontal Electric Dipole Above
an Infinite Perfect Electric Conductor

1_ Fig. 4.25(b)
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E:j = jyp—2 sin i (4-111)

E = K1 Sin i/ (4-112)

=—y S1N W (4-112a)
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Elevation Plane (¢ = 90°) Amplitude Patterns
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3-D Amplitude Pattern of a Horizontal Dipole
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Scalloping of Amplitude Pattern
of Horizontal Dipole
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Horizontal Dipole

Number of LLobes = Z[E]

A
(4-117)

h>>A
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