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Chapter 1

Electro-Magnetic Waves
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Electric and Magnetic interference which 

propagates/radiates in space at the speed 

of light (c = 300,000 km/sec).

The fundamental variables are:

E electric field

D  electric flux density       (D = εεεε E)

H  magnetic field

B  magnetic displacement (B = µµµµ H)

ρ density of charges

J density of currents        (div J + ∂ρ/∂t = 0)

Electro Magnetic Waves
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Electromagnetic Waves (Radio Waves) are produced 

by sources that can be divided into two types: 

currents and fields.

Four Maxwell equations fully define all sources and fields: 

(1) curl E = - ∂B / ∂t

(2) curl H = J + ∂D / ∂t

(3) div D = ρ

(4) div B = 0

or in another notation, for harmonic waves:

(1) curl E = -jωµ H

(2) curl H = J + jωε E

(3) div E  =  ρ/ε

(4) div H  = 0

Sources of Radiation
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Sources of EM Radiation
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Equivalence of EM Sources 
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EM waves are harmonic functions of time

thus they have specific wavelength λλλλ
(distance between planes of equal phase)

and frequency f (cycles per second).

λλλλ f = c

For practical purposes:

λλλλ (cm) = 30 / f (GHz)

Frequency and Wavelength
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EM Spectrum
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EM Spectrum
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In free space all forms of propagation converge

into a “TEM” (Transversal Electric Magnetic) 

mode in which equal phase surfaces are planes. 

The free space waves are called “planar waves”.

The electric field has only one direction (θθθθ)

The magnetic field has only one direction (φφφφ) 

and both are perpendicular to propagation vector (r).

The “Wave Impedance” is the ratio between the 

E field and the H field

E/H = 120ππππ = 377 ΩΩΩΩ

Planar Waves
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Propagation of EM Waves in free space
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Coordinate System

Eθ

Hφ r



14

The EM waves carry energy along the vector of propagation.

The average amount of energy as a function of time is the 

power (measured in Watts).

The EM power (P) propagates along the vector r

(“poynting vector”)

P = 0.5 ∫∫∫∫ (E X H) dS 

In communications link budget we are interested in 

the power of the radio waves and not in the fields 

Power and Energy
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A commonly used units in RF are the decibels (or dB)

R(dB)   =  10 log10 R(abs)

R(abs)  =  10^(R(dB)/10)

0   dB  =  1

10 dB  =  10 -10 dB  =  0.1

20 dB  =  100 -20 dB  =  0.01

30 dB  =  1000              -30 dB  =  0.001

3 dB    =  2                              -3 dB   =  0.5  

6 dB    =  4                              -6 dB   =  0.25

13 dB  =  20                  -17 dB =  0.02

Decibels
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Decibels are used also to represent power

(“dBW” and “dBm”):

0 dBW     =  1 Watt

10 dBW   =  10 Watt

-20 dBW  =  0.01 Watt

-57 dBW  =  2 x 10^-6 Watt

0 dBm     =  1 mW

20 dBm   =  100 mW

-66 dBm  =  0.25 x 10^-6 mW

and also to represent gain of antennas (“dBi”).

Decibels
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EM waves are created by antennas in accordance 

with the diffraction principle (super-position of all 

point sources).

The creation of planar waves depends on the completion 

of diffraction and interference of the antenna sources. 

We separate the distance from antenna into three regions:

(1) Reactive Near Field

(2) Radiated Near Field (“Fresnel zone”)

(3) Far Field (“Frounhofer zone”)

Diffraction Principle
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Diffraction Principle 
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Near Field And Far Field
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Where the antenna acts as a resonator and its 

impedance is influenced by the existence of near objects.

R reactive < λλλλ/2ππππ to  λλλλ/4

In this region one should avoid any obstacle to 

the antenna including radomes.

Reactive Near Field 
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Where the antenna completes the diffraction 

process and waves are planar.

R far field > 2d²/λλλλ

d is the typical dimension of the antenna.

Far Field (“Franhoffer”) 
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Where the antenna radiates but the waves 

are not planar.    

____

R near field > 0.6 √√√√d³/λλλλ

Radiated Near Field (“Fresnel”) 
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Example 1:  d = 60 cm,  λλλλ = 2 cm 

(airborne microwave antenna) 

R reactive near field < 1 cm

R near field > 2 meter

R far field > 36 meter

Example 2:  d = 200 cm,  λλλλ = 33 cm 

(wireless base station antenna) 

R reactive near field < 5 cm

R near field > 3 meter

R far field > 24 meter

Antenna Zones of Radiation 
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Antenna Zones of Radiation
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Far Field Effects
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At any point in the far field of an antenna the 

radiated wave can be represented by a plane wave

whose electric field is pointed in space

towards some direction as a function of time.

E = [1θθθθ Eθθθθ + 1φφφφ Eφφφφ] exp (jωωωωt)

For real waves one can write: 

E = 1θθθθ A cos(ωωωωt + αααα) + 1φφφφ B cos (ωωωωt + ββββ)

Polarization
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The polarization of planar wave can be:

(1) Linear (A=0 or B=0). In practice we observe 

Vertical and Horizontal polarizations 

(depends on the antenna position)

(2) Elliptical (A≠≠≠≠B). The most general case.

(3) Circular (A=B and αααα - ββββ = ±±±± 90°°°°). The tip of E 

is rotating at angular velocity ωωωω (=2ππππf) either 

to the Left (LHPC) or to the right (RHCP).

Polarization
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Circular and Elliptical Polarizations


