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INTRODUCTION

» Propagation is a term used to describe the signal transmitted
from the sending station to receiving stations

»To ensure satisfactory performance of a wireless
communication system

»Propagation models used as a suitable low-cost alternative
for site measurements

»Propagation model: predict the average received signal

strength
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FREE SPACE PROPAGATION
MODEL

» The free space propagation

model is used to predict Lﬁ”w\ﬁk

received signal strength

i e

.\.

( Free-space )

» The transmitter and receiver ) i
have a clear, unobstructed
line of the sight path between
them

» The free space model predicts that received power.

»Which decays as a function of the Transmitter-Receiver

separation distance raised to some power (i.e. a power law
function)
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EXAMPLES

Satellite communication systems
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EXAMPLES

Microwave line of sight radio links
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» The free space power received by a receiver antenna
which is separated from a radiating transmitter antenna
by a distance d

»The Friis free space
equation shows that the
received power falls off as
the  square of  the
Transmitter-Receiver (T-R)
separation distance.

» This implies that the received power decays at a rate of 20
dB/decade with distance.
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@ 9

@ 96

» Gliven by the Friis free space equation

P.GGA*

P, (d) =
(47!)2d2L -

Pt — transmitted power

Pr (d) — received power which is a function of T-R
separation

Gtx — Transmitted antenna gain

d — T-R separation distance in meters

L — System loss factor not related to propagation (L>1) if
(L=1 there is no loss)

A= Wavelength in meters
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FREE SPACE EQUATION

> In Friis equation ,Gt and Gr is dimensionless quantities

» The Isotropic radiation is an ideal antenna which radiates
power with unit gain uniformly in all directions -

ERP=EIRP - 2.15dB

EIRP = PG, }

et

EIRP Calculations
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PATH LOSS

»Path loss is the measured in dB
» Difference between the effective transmitted power and

the received power
»May or may not be included the effect of the antenna

gains
/ Signal strength V
ﬁ~

=

reduces with distance

pae——
Distance (d)

ransmitter
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SR,
8 PATH LOSS

» The path loss, which represents signal attenuation as a

positive quantity measured in dB
> It Is defined as the difference (in dB) between the effective

transmitted power and the received power

» The path loss for the free space model when antenna gains

are included is given by:

P:’
PlL (dB ) = 10 log
P,
s P s
PI. (dB) = 10log—=% = —10log ]
£, L(an)’a’
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PATH LOSS

2
GG 2

Path Loss = -10 log

(47)% a2

> It can be expanded to give an equation in terms of
distance, d (km) and frequency of operation, f (MHZz)

_z ]
Eh L )6}-20105_:10(1(1)

dr x fx10

PL(dB) = -10 log 19 (G;) =10 log 1 (G, ) - 20 log 10{

where c is the speed of light

=-G(dB)- G, (dB)+32.44 +20 log g (d / hm)+20 log 1 (f / MH: )
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..Mﬁé%zj
zﬁi%j PATH LOSS

» The Friis free space model is only a valid prediction
for Pr in the far— field of the transmitting antenna.

FRIIS FREE-SPACE RADIO CIRCUIT

TRANSMITTING ANTENNA RECEIVING ANTENNA
(ISOTROPIC) (EFFECTIVE AREA A,)
A
A L
t r
A {
« d -
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FRAUNHOFER REGION

The far — field of (or) fraunhofer region

» Atransmitting antenna is defined as the region beyond the
largest linear dimensions of transmitter antenna aperture and
the carrier wave length.

NEAR FIELD FAR FIELD

NON-RADIATIVE | RADIATIVE
(REACTIVE) (FRESNEL)

D — Largest physical linear dimension of the antenna.
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CLOSE IN DISTANCE
Does not hold for d=0

- Close - in distance d,

- Received power at reference point

P.GIGN
Pr(d) -— ‘Gf I‘A'

(4n) il
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RECEIVED POWER LEVEL

- Received power levels

- dBm or dBw units are used to express received power
levels

/d \9
P (d) -_-p,(do){j] d2d,>d,

/
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Assessment

Iis free space equation

1. Is an expression for noise power a
2. Is a function of transmitting and receiving antenna gain Tssmmm
3. Depends upon the distance between transmitting and receiving antenna

a. 1) and 2) are correct
b. All the three are correct »

c. 1) and 3) are correct
d.2)and 3) are correct. ./ i :

The free space model of propagation refers to ----------------------------

According to Friis free space equation

1. Received power falls with square of the distance between the transmitter and receiver
2. Increases with square of the distance between the transmitter and receiver
3. Received power increases with gains of transmitting and receiving antennas

a. 1) and 2) are correct
b. All the threeare correct
c. 1) and 3) arecorrect
d.2)and 3) are correct.
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