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Big Picture: Signal Refraction at 
Boundaries

Radiation by antenna (Chapter 9)

Wave propagation in lossless medium (Chapter 7)

Wave propagation in lossy 
medium (Chapter 7)

Antenna reception (Chapter 9)

Wave refraction across a 
boundary (Chapter 8)
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Outline
• Introduction to antennas
• The Hertzian Dipole

• Electromagnetic (Near)-field
• Electromagnetic Far-field

• Antenna Parameters
• Radiation intensity 𝑆𝑆 𝑅𝑅,𝜃𝜃,𝜙𝜙 = 𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚 𝑅𝑅 𝐹𝐹 𝜃𝜃,𝜙𝜙
• Normalized radiation pattern 𝐹𝐹 𝜃𝜃,𝜙𝜙
• Radiated Power 𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟
• Antenna Beam Parameters (𝛽𝛽,Ω)
• Directivity (𝐷𝐷), Efficiency (𝜉𝜉) and Gain (𝐺𝐺 = 𝜉𝜉𝜉𝜉)

• The Half-Wavelength Dipole
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Antenna Properties
1.  An antenna is a transducer that 
converts a guided wave propagating on a 
transmission line into an electromagnetic 
wave propagating in an unbounded 
medium (usually free space), or vice 
versa.
2.  Most antennas are reciprocal devices, 
exhibiting the same radiation pattern for 
transmission as for reception.

3.  Being a reciprocal device, an antenna, 
when operating in the receiving mode, 
can extract from an incident wave only
that component of the wave whose 
electric field matches the antenna 
polarization state.
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Examples of Antennas
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Examples of Antennas
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Bluetooth, WiFi 
antenna

DCS 1800, PCS 
1900 antenna

GSM 850, EGSM 
900 antenna

http://m.zdnet.com.au/photos-cracking-open-the-iphone-339279684.htm

https://live.staticflickr.com
/8500/8334641612_8c6b2
bdddd_b.jpg



Far-Field Approximation
1.  In close proximity to a 
radiating source, the wave is 
spherical in shape, but at a far 
distance, it becomes 
approximately a plane wave as 
seen by a receiving antenna. 

2.  The far-field approximation 
simplifies the math.

3.  The distance beyond which 
the far-field approximation is 
valid is called the far-field range 
(will be defined later).
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The Hertzian Dipole
A Hertzian dipole is a thin, linear 
conductor whose length l is very 
short compared with the 
wavelength λ; l should not exceed 
λ/50.

This restriction allows us to treat 
the current along the length of the 
conductor as constant, even though 
it has to decay to zero at the ends 
of the wire.
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Electromagnetic Potential - 
Summary
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Electromagnetic 
Sources
𝜌𝜌, 𝐉𝐉

Electromagnetic 
Fields

𝐄𝐄,𝐇𝐇,𝐁𝐁,𝐃𝐃

Electromagnetic 
Potential
𝑉𝑉,𝐀𝐀
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𝐁𝐁 = 𝛻𝛻 × 𝐀𝐀
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Remember these two slides from L08a…
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Solution:
First find the current density phasor: 𝐼𝐼 𝐫𝐫 = 𝐼𝐼0
Then, write 𝐉𝐉 𝐫𝐫 : In this question the current density concentrates near the origin, so 
𝐉𝐉 𝐫𝐫 ≅ 𝐶𝐶0𝛿𝛿3 𝐫𝐫  �𝐳𝐳.

⇒ 𝐀𝐀 𝐫𝐫 ≅
𝜇𝜇
4𝜋𝜋

�
𝑉𝑉′

𝐶𝐶0𝛿𝛿3 𝐫𝐫′ 𝑒𝑒−𝑗𝑗𝑗𝑗 𝐫𝐫−𝐫𝐫′

𝐫𝐫 − 𝐫𝐫′
�𝐳𝐳 𝑑𝑑𝑉𝑉′ =

𝜇𝜇𝐶𝐶0
4𝜋𝜋

𝑒𝑒−𝑗𝑗𝑗𝑗 𝐫𝐫

𝐫𝐫
 �𝐳𝐳

But what is the value of 𝐶𝐶0? It represents the value obtained by integrating the 
current density over the (infinitesimally) small volume where it is non-zero (i.e. the 
conducting wire): 𝐶𝐶0 = 𝐽𝐽 × 𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 × 𝑙𝑙 = 𝐼𝐼0𝑙𝑙. Substitution into the above gives: 

⇒ 𝐀𝐀 𝐫𝐫 ≅
𝜇𝜇𝐼𝐼0𝑙𝑙
4𝜋𝜋𝑟𝑟 𝑒𝑒

−𝑗𝑗𝑗𝑗⋅𝑟𝑟 �𝐳𝐳

Example 1
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(where 𝑟𝑟 = 𝐫𝐫 )

𝐴𝐴𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤

𝑙𝑙

(b) Find the corresponding 𝐁𝐁 field



Fields Radiated by Hertzian Dipole
Current along dipole:

Magnetic Vector Potential:

With: 

Given A, we can determine E and H
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Fields Radiated by Hertzian Dipole (cont.)

Upon converting z to spherical coordinates:

we have: 
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Fields Radiated by Hertzian Dipole (cont.)

Application of:

leads to:
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Radiated Electric Field
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Drawing the Antenna Pattern
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Hertzian Dipole—Far-Field Approximation

At any range R:

At
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Normalized Radiation Intensity
Electric and Magnetic Fields

Average Power Density

Normalized Radiation Intensity
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Radiation Pattern of Hertzian Dipole
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Antenna Radiation 
Characteristics

1.  By virtue of reciprocity, a receiving antenna 
has the same directional antenna pattern as 
the pattern that it exhibits when operated in 
the transmission mode.

2.  Total Radiated Power

Differential area

Solid Angle

Power radiated through dA

Total Radiated Power 22



1.  Pattern solid angle

2.  Half-power beamwidth

Since 0.5 corresponds to ‒3 dB, the half power beamwidth is also called the 3-dB beamwidth.
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Beam Antennas: Antennas 
with a Single Main Lobe

How “wide” is the antenna beam?



Antenna Directivity D

Antenna pattern solid angle

Directivity
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Equivalent Solid Angle

27

Approximating D with 
the 3dB Beamwidth



Cont.
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(cont.)
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Radiation Efficiency and Gain  

Radiation efficiency

Antenna gain G
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Antenna Radiation and Loss 
Resistances
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Cont.
33

(Equation for 
𝑆𝑆0 on slide 14)



Example 9-3 (cont.)
For any antenna:

For the Hertzian dipole: 

EE3109, Jan - Apr 2025, L12-13 - Introduction to Antennas 34

Combining both gives:

Recap:
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Half-Wave Dipole

2.  For Hertzian dipole of length l, E field is:

1.  Current in half-wave dipole

3.  Each length element dz of half-wave 
dipole is like a Hertzian dipole, radiating a 
field

4. For the entire dipole, the total radiated field is

36



Half-Wave Dipole (cont.)

Integration leads to:
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Radiation Pattern of Half-Wave 
Dipole

Radiation pattern resembles that of the 
Hertzian dipole.  Its beamwidth is slightly 
narrower, 78 degrees compared with 90 degrees 
for the Hertzian dipole.
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Half-Wavelength Dipole vs. the 
Hertzian dipole: Fact Table
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Hertzian Dipole Half-Wavelength Dipole

𝑆𝑆0
15𝜋𝜋𝐼𝐼02

𝑅𝑅2
15𝐼𝐼02

𝜋𝜋𝑅𝑅2

𝐹𝐹 sin2 𝜃𝜃 cos 𝜋𝜋
2 cos𝜃𝜃

sin𝜃𝜃

2

Ω𝑝𝑝
8𝜋𝜋
3

= 8.38 7.66

𝐷𝐷 1.5 (1.76 dB) 1.64 (2.15 dB)

3dB BW 90° 78°

𝑅𝑅𝑟𝑟𝑟𝑟𝑟𝑟 80𝜋𝜋2 ⁄𝑙𝑙 𝜆𝜆 2 Ω 73.1 Ω



Summary

• In this class, we briefly introduced the concept of 
antennas

• We looked at the fields emanating from a Hertzian 
dipole and a half-wavelength dipole

• Along the way, we introduced the following topics
• Near-field vs. far-field
• Antenna Pattern
• Beamwidth
• Directivity, Efficiency and Gain
• Radiated vs. loss power
• Radiation vs. Loss resistance
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