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Today

• Introduction to radio wave propagation

• Large scale path loss

• Reflection
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4.1 Introduction to Radio Wave Propagation

g Ground wave propagation
g Sky wave propagation
g Line-of-sight propagation

Earth

Signal
Propagation

TX RX

Ground wave propagation
g follows the contour of the earth
g scattered by the atmosphere (no penetration of upper atmosphere)
g < 2MHz, AM radio
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4.1 Introduction to Radio Wave Propagation

g Ground wave propagation
g Sky wave propagation
g Line-of-sight propagation

Earth

Signal
Propagation

TX RX

Sky wave propagation
g Bounced between ionosphere and earth
g Thousands of Kms
g 3 ~ 30MHz, international radio, BBC, VOA
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4.1 Introduction to Radio Wave Propagation

g Ground wave propagation
g Sky wave propagation
g Line-of-sight propagation

Earth

Signal
Propagation

TX RX

Line-of-sight (LOS) propagation
g > 30MHz
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4.1 Introduction to Radio Wave Propagation

gLarge-scale propagation model: predict the 
mean signal strength for an arbitrary T-R 
separation distance

gSmall-scale propagation model (fading): 
characterize the rapid fluctuations of the 
received signal strength over short travel 
distance (~λ) or short time durations (~sec.)

gFading tracks 5 λ ~ 40 λ. For 1GHz ~ 2GHz, 
measurements of 1m ~ 10 m
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4.1 Introduction to Radio Wave Propagation

Figure 4.1  Small-scale and large-scale fading.
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g Isotropic radiator: radiates equally in all 
directions. Does not exist in practice, but is a 
good starting point
n Transmitted power will radiate in a large sphere

gAntenna directivity: if an antenna transmits 
more power in one direction than another, it 
is called directional. 

gAntenna efficiency: Accounts for loss in the 
antenna itself, but does not include 
impedance mismatch of the antenna

4.2 Free Space Propagation Model
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gAntenna gain
n Gain = Directivity * Efficiency. For large antennas

gReceived power considering antenna gains:

gFriis free space equation (L loss factor):

4.2 Free Space Propagation Model
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gFraunhofer region
n d should be in the far-field of the transmitting antenna

4.2 Free Space Propagation Model
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g Reflection: Bounced by large dimension objects (compared to 
wavelength, earth, wall)

g Diffraction: Obstructed by a surface that has sharp irregularities 
(edges)

g Scattering: Produced by objects with dimensions that are small 
(compared to wavelength, rough surface)

4.4 The Three Basic Propagation Mechanisms
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gReflection from dielectrics
n Review of basic EM

4.5 Reflection

ε: permittivity, μ: permeability, σ: conductance
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gDielectric properties of materials

4.5 Reflection
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gReflection coefficients

4.5 Reflection
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gOne direct path is inaccurate
g In mobile systems, T-R distance is a few tens 

of Kms earth is assumed to be flat

4.6 Ground Reflection (Two-Ray) Model
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4.6 Ground Reflection (Two-Ray) Model
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4.6 Ground Reflection (Two-Ray) Model
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4.6 Ground Reflection (Two-Ray) Model
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4.6 Ground Reflection (Two-Ray) Model
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4.6 Ground Reflection (Two-Ray) Model
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4.6 Ground Reflection (Two-Ray) Model
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The power for a 2-ray model is falling off as d4

which is faster than the free space value of d2
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