Department of Computer Engineering Techniques (Stage: 4)
Mobile Communications
Msc. Musadaq Mahir

MusaddagMahir@mustagbal-college.edu.iq

Class: 4t

MOBILE COMMUNICATIONS

Tetorial 5
Chapter Four

Wirless Networks

By
Msc. Musadaq Mahir

2021-2022

Page 1 of 8



Department of Computer Engineering Techniques (Stage: 4)
Mobile Communications
Msc. Musadaq Mahir

MusaddagMahir@mustagbal-college.edu.iq

Chapter 4

Q1/ Answer the following branches:

A) Define the Brewster's angle.
B) Calculate the Brewster angle for a wave impinging on ground having a permittivity
of er=5.

Solution: Incident ray Reflected ray

(wpolarised) : (polarised)

A) Brewster's angle (also known as the polarization angle) is an '

angle of incidence at which the wave with a particular

polarization is perfectly transmitted through a dielectric

surface, with no reflection (reflection coefficient is equal to
Z€ro).

Refracted ray
(slightly polarised)

B)

_Va-1_5-1 _V&_ 2 _ .,
JeZ—-1 V25-1 24 489

sinfy

05 = sin~1(0.4) = 23.5°

Q2/A mobile is located 4 km away from a base station and uses a vertical /4 monopole
antenna with a gain of 2.75 dB to receive cellular radio signals. The E-field at 1 km from
the transmitter is measured to be 2x102 V/m. The carrier frequency used for this system is
900 MHz.

a) Find the length and the effective aperture A. of the receiving antenna.

b) Find the received power at the mobile using the 2-ray ground reflection model
assuming the height of the transmitting antenna is 60m and the receiving antenna
is 2m above ground.

Solution:
d=4 km
8
_&_ SN e
f 900x10

Length of the antenna = /4 = 0.333/4 = 0.0833m=8.33cm.

G=10%7919 =] 884
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A GX _ 1.884(0.333)

A =0.0166 nt" =166 cnr’
4 4r
2E,d, 27h,h,
B @~ 0 V™

il 2x2x10'3x1x103|: 27 %x60x%2

: - |=5.66x10" V/m
4x10 0.333x4x10

The received power at a distance d can be obtained using

g’ T
P,(d)=| | Ae=(5.66x10

) (0.0166)
1207 377

=1.41x10™"" W=-108.5dBWor —78.5dBm

Q3/1f 65 watts transmitter power is applied to a unity gain antenna with a 900 MHz carrier
frequency. Assume unity gain for the receiver antenna.

A) Express the transmitter power in units of dBmand dBW.

B) Find the received power in dBmat a free space distance of 100m from the antenna.
C) What is Pr(12 km)?

D) Find the effective aperture A. of the transmitter antenna.

Solution:

A)
Py =65 W= 65x10° mW

P(dBm) =10log[P(mW)]=10log[65x10*] = 48 dBm
P(dBm) =10log[P(W)]=10log[65]=18dBW

B)

P,G,G,( A )2

B ==

L 4md
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_B5x1xl
1

Prgpm = 10 log (B.(mW)) = 10/og (4.48 x 1073)= -23.4 dBm

Pr

033 42 - 3 s
(4nx10u) =4.48% 107 W=4.48x 107% mW

<)
P; (12 k) = Pranm(100) + 20 fog (S52-) = -23.4 - 41.58 = 65 dBm
A =G O3 00867 o =867 e
& 4

¢) I

Q4/ If 60 wattsis applied to a 1.5 gain antenna with a 0.9 GHz carrier frequency, find the
received power in dBm at a free space distance of 150m from the antenna. What is Pr (9
km)? Assume gain=2 for the receiver antenna.

Solution:

C 3x108

A= F= 00 x100

=0.333m

2

PEGEG,.( A )

A =—"ara

60x15x2 ( 0.333

2
p— ]
- — 150) =561 %10~ mW

F.(150) =
= 10log(5.61x107%) = —22.5dBm

150
P(9km) = Pycagm (150) + 20 log (m) — 225 dBm — 3556 dB = —58.06 dBm

Q5/ Find the far-field distance for an antenna with maximum dimension of 3m and
operating frequency of 950 MHz

Solution:
¢ 3Ix10°
i--?-- W-—- 0.315m
2xD? 2x3?
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Q6/ Calculate the link budget from one side only, when the 39920 km GEO satellite
communication link with a transmitter power of 2kW that is applied to the transmitter
antenna gain of 40481, The satellite receiver is connected to an antenna with 35dBi gain
and a receive sensitivity of -100dBm The cables in both systems are short, with a loss of
1 dB at each side at the 12 GHz frequency of operation.

Solution:

Tx Power = 101log(2000 x 10°mW) = 63 dBm

Total gain = Tx Power + Tx Antenna Gain — Cable loss(Tx)
+ Rx Antenna gain — Cable loss(Rx)

=63dB+40dBi—1dB+35dBi—1dB =136dB

£ 3XI0 o 625m
£ 12x10
A 0.025
PHIhI.USS[ FL] = -Qﬂlﬂg[mJ = -Zﬂlug[m] =206dB

Expected B. = Total gain — Free space loss
= 136dB - 206 dB = =70dBm
Link Margin = Expected P. — Sensitivity of Client
= —-70-(-100) =30dB
Q7/ A- Calculate the link budget ( only from Tx to Rx ) for the 10km transmitting distance
of 20w power that is applied to the transmitter with antenna gain of 20dBi. The receiver 1s
connected to an antenna with 25dBi gain and a receive sensitivity of -80 dBm. The cables

in both systems are short, with a loss of 1 dB at each side at the 13 GHz frequency of
operation.

B- Label on the following figure the calculated and given parameter on the bellow figure.
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Y ¥

=
x | o] oo ] e ™

radio

Tx power

dBm
4

o
5

Rx sensitivity

distance

Solution:

A)

Tx Power = 1010g(20 X 103mW) = 43 dBm

Total gain = Tx Power + Tx Antenna Gain — Cable loss(Tx)
+ Rx Antenna gain — Cable loss(Rx)

=43dB+20dBi—1dB+25dBi—1dB =86dB

ol X555
A T T i
Path Loss (PL) = —201 (’1)- 201 ( 0.023 )-134?43
ath ~oss LPL) = %\4ma) = %8\ x 10000/ = 7%

Expected B. = Total gain — Free space loss
= 86dB — 1347 dB = —48.7 dBm
Link Margin = Expected P. — Sensitivity of Client
= —487 —(—80)=31.34dB
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w 20 dBi 25 dBi w
43 dBm

T R
o e ] T o

-1dB e 134,7 dB -lde

radio

Tx paeer

i Rx power
Ha;sln 31.3dB

dBm

distance

Q8/ Calculate the link budget for the 10km transmitting distance of 20 w power that is
applied to the transmitter with antenna gain of 20dBs and transmifter sensitivity of -85
dBm. The receiver (Bx = 18w) i1s connected to an antenna with 254B/ gain and a receive
sensitivity of -80 dBm. The cables in both systems are short, with a loss of 1 dB at each
side at the 13 GHzfrequency of operation,

A) from Tx to Rx
Tx Power = 1010g(20 x 10°mW) = 43 dBm
Total gain = Tx Power + Tx Antenna Gain — Cable loss(Tx)
+ Rx Antenna gain — Cable loss(Rx)
=43dB+20dBi—1dB+25dBi — 1dB =86dB

¢ 3x10°

A=

A 0.023
Path Loss (PL) = —201 (—) = 201 (—) = 134.7dB
ath Loss (PL) %8 \4rd %E\4 7 x 10000
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Expected P. = Total gain — Free space loss
= 86dB —134.7dB = —48.7dBm
Link Margin = Expected B. — Sensitivity of Client

= —48.7— (—80) = 31.3dB

b) from Rx TO Tx

Total gain = Rx Power + Rx Antenna Gain — Cable loss(Rx)
+ Tx Antenna gain — Cable loss(Tx)

=4255dB+25dBi—1dB+20dBi—1dB =8555dB

Expected B. = Total gain — Free space loss
= B5.55dB — 1347 dB = —49.14 dBm
Link Margin = Expected F. — Sensitivity of Client

= —49.14 — (—85) = 35.85dB

Q% Find the [ar-field distance for an antenna with maximum dimension of 3m and

operating frequency of 950 MHz
Solution:

D=3m, =950 MHz,

_e_3x10°_ o
=FfTg5g UM
2= D2 2x32

F=T1 "3 o m
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