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Chapter 4 : Linear Wire Antenna

• Infinitesimal Dipole

• Small Dipole

• Finite Length Dipole

• Half-Wavelength Dipole

• Linear Elements near or on Infinite Perfect 

Conductors
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Infinitesimal Dipole
• Length l << λλλλ

• Used to represent capacitor-plate (top-hat-
loaded) antennas

• Capacitive loading to maintain the uniform 
current
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Radiated Field

• The current on the infinitesimal dipole is 

assumed to be constant, i.e.,

• Recall that

• Since the dipole is infinitesimal, the following 
approximations hold:
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Radiated Field (2)
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Since A has only z component,
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The magnetic field becomes:
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Radiated Field (3)
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Therefore,

Likewise, the electric field can be found to be
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Power Density and 

Radiation Resistance

• Poynting vector
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Power Density and 

Radiation Resistance (2)
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Far Field (kr >> 1)
• For kr >> 1, the fields can be approximated as
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Directivity
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Small Dipole

• Length λ/50 <λ/50 <λ/50 <λ/50 < l < λ/10λ/10λ/10λ/10
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Radiated Field
• The current on the small dipole is assumed to 

be a triangular function, i.e.,
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where I0 is a constant.    Vector potential becomes:

Approximating R ~ r yields the maximum phase error 

kl/2 = π/10 for l=λ/10.
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Radiated Field (2)
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Using R~r:

The far-field can be given by

which is one-half of that for the infinitesimal dipole.
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Field Separation
• For a very thin dipole, x’=y’=0, thus
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Field Separation (2)
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Far Field
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Radiating Near Field
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The most significant neglected term is the fourth term. In 

order to find its maximum value, one can differentiate the 
fourth term with respect to θ, and the result is set to 0, i.e.,

yields
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Radiating Near Field (2)
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Finite Length Dipole

• Length > λλλλ/10

• Current on the finite length dipole assuming 

the wire is very thin
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where I0 is a constant.    This distribution assumes 

that the antenna is center-fed and the current 

vanishes at the end points.
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Radiated Field

0

'
4

sin)'(

'
4

sin)'(

===≅

≅

≅

−

−

θφ

φ

θ

π
θ

π
θ

η

dHdHdEdE

dze
R

zkI
jdH

dze
R

zkI
jdE

rr

jkRe

jkRe

The electric and magnetic field components in 

the far field for the infinitesimal dipole dz’ are 

given by

Using the far-field approximation yields

'
4

sin)'( cos'
dzee

r

zkI
jdE

jkzjkre θ
θ π

θ
η −≅



21

Radiated Field (2)
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Radiated Field (3)
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Likewise, the magnetic field can be given by
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Current Distributions and 

Radiation Pattern
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Radiation Pattern for l=1.25λλλλ
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Power Density and 

Radiation Intensity
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Radiated Power
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Radiated Power (2)
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Radiation Resistance and

Input Resistance

rin
in R

I
R

I

2

||

2

|| 2

0

2

=



−+++

−


 +−+==

)](2)2()2/ln()[cos(
2

1

)](2)2()[sin(
2

1
)()ln(

2||

2
2

0

klCklCklCkl

klSklSklklCklC
I

P
R

ii

iii
rad

r π
η

r

in

in R
I

I
R

2

0








=

Radiation resistance becomes

Input resistance can be given by

Since

For a dipole of length l, 






=
2

sin0

kl
II in









=

2
sin 2 kl

R
R r

in

Input Resistance

assuming loss-less



29

Directivity
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Radiation resistance, input 

resistance and directivity
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Half-wavelength Dipole
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Half-wavelength Dipole (2)
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Wire antennas near or on infinite 

perfect conductor
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Image Theory

PMCon tan
ˆ0 0H =×→= nH

NOTE: The fields 

obtained are valid 

only in the top 

half-plane.

PECon tan
ˆ0 0E =×→= nE
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Vertical Electric Dipole
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Vertical Electric Dipole (2)
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Vertical Electric Dipole (3)
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Vertical Electric Dipole (4)
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Vertical Electric Dipole (5)
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λλλλ/4 Monopole
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Fields due to y-directed dipole
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Fields due to y-directed dipole (2)
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Horizontal Electric Dipole
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Horizontal Electric Dipole (2)
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Horizontal Electric Dipole (3)
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Horizontal Electric Dipole (4)
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Horizontal Electric Dipole (5)
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Horizontal Electric Dipole (6)
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