
ELEC353 Lecture Notes Set 19
Tutorial WB Friday April 8, 2011
The room is changed to H633-1. 

The homework assignments are posted on the course web site.

Homework #11: Do this assignment by March 25.
Homework #12: Do this assignment by April 1

Course Evaluation: don’t forget to do the course

Homework #12: Do this assignment by April 1.

Course Evaluation: don t forget to do the course 
evaluation (nag, nag)

Th fi l i

21-March-2011 to 9-April-2011

The final exam is 
Wednesday April 27th, 2011 from  9 to 12. 

Old exam questions: posted on the web site.



Antennas and Wireless Links



Spherical Coordinates

= the distance from the origin
= the angle that the radial line from the origin makes to the z axis

the angle that the projection of the radial line onto the plane
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= the angle that the projection of the radial line onto the xy plane 
makes to the x axis.
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Relation to Rectangular Coordinates
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Spherical Unit Vectors
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Electric Field Vector in Spherical Coordinates
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The Far Fields of an Antenna
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The Magnetic Field
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Power Flow Densityy
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Quasi-Plane Waves
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The Hertzian Dipole
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Near Fields and Far Fields
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The Near Field
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The Far Field
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Quasi-Plane Wave
The far field is a quasi-plane wave.
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Angle Dependence
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The Dipole Antenna
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The Far Fields of a Dipole Antenna

It May Be Shown that:
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Example

•A “half wave” dipole is a dipole whose length is half a wavelength.

•Thus and
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Half-wave dipole:
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Radiation Patterns
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Directional AP Antenna
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Radiation Pattern of the Directional AP Antenna
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Review: Far Field and Power Flow
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The Radiated Power
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The Isotropic Power Density
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The Isotropic Level Field Strength
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System-Level Antenna Definitions
Directive Gain

Directi it the ma im m al e of the directi e gain:

= the radiated powerradP

Directivity = the maximum value of the directive gain:
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Lossy Antennas and Gain 

Efficiency:
= the radiated powerradP

y

Power Gain:

= the input powerinP

Relation of the Power 
Gain to the Directive 
Gain:
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The “Gain” of an Antenna
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Directivity of a Half-Wave Dipole
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Radiation Resistance
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Radiation Resistance of a Half-Wave Dipole 
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Input Impedance
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Receiving Antennas

“M t h d” l d *ZZ“Matched” load:  AR ZZ 

averec SAP 

eA = “effective area” or “ aperture” of the antenna.

The effective area is related to the gain in a simple way:

56Lossless antennas: gain = directivity so



Directive Gain and Aperture

To account for the directional properties of the antenna, we can 
use the “directive gain”:

2

   

 ,
4

,
2

DAe 
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The Friis Transmission Equation
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Exam Question on Antennas
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Solution
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22

523.058.1
4
04.2
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mxGA Re 



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Lossless antenna: inrad PP 

isoTav SDS 

91050220512 xPGSGS in W/ 2

 22 1050.2
000,404

51.2
4

 x
R

GSGS in
TisoTav 

W/m2
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(4) The RMS electric field at the antenna is?
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Cell Phone Example

A cell phone user at Tx communicates with a base station antenna at Rx on top 
of a nearby building.  The transmit antenna at Tx behaves as a lossless, half-
wave dipole antenna oriented vertically, or in the z direction.  The center of the 
antenna is 1.5 m above the ground and the antenna is 100 m from the base of 
the building.   The Rx antenna is omnidirectional and is lossless.  The center of 
th t li i th l f th f f th b ildi t l ti f 65the antenna lies in the plane of the face of the building at an elevation of 65 m 
above the ground. The operating frequency is 1.9 GHz.  The transmitted power 
is 125 mW. 
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Half-wave dipole formulas:

ejI rj 

 
r

eFjIE
j

 

 

2
)( 00

 coscos 





 





sin

cos
2

cos 



F

2
05.36 IPrad 

1)What is the value of angle     for the path from the transmitter to the receiver?
2)What is the value of             for the path from the transmitter to the receiver?
3) h i h fl i h di l ?

)(F


3) What is the current flowing on the dipole antenna?
4)What is the electric field strength of the dipole antenna at the location of the receiver?
5)What is the power density due to the transmitter at the location of the receive 

antenna?antenna?
6)What is the effective area of the receive antenna?
7)What is the power received by the Rx antenna into a matched load?
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Solution

1 h i h l f l f h h f h i h i ?1.What is the value of angle     for the path from the transmitter to the receiver?

)5.165(
100tan




 =56 976 degrees =56.976 degrees

  46.1185.165100 22 r
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2 h i h l f f h h f h i h i ? F2.What is the value of           for the path from the transmitter to the receiver? F

 coscos 







 





sin

cos
2

cos 



F

 =56.976 degrees

   
i

976.56cos90cos xF  =0.7817 
976.56sin
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3 h i h fl i h di l ?3.What is the current flowing on the dipole antenna?

2
05.36 IPrad  0rad

125radP mW

05852.0
5.36

125.0
5.360  radPI amps
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4 What is the electric field strength of the dipole antenna at the location of the4.What is the electric field strength of the dipole antenna at the location of the 
receiver?

 eFjIE
rj




)( 00  
r

FjE 

 

2
)( 00

  FIE 00

 F =0.7817

 
 F
r

E
2



amps05852.00 I

  46.1185.165100 22 r m

  02315.07817.0*
46.1182

73.37605852.0
2

00 
xx

xF
r

IE






 V/m
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5.What is the power density due to the transmitter at the location of the receive 
antenna?

Microwatts per 
square meter

163.110163.1
73.3762

02961.0
2

6
22

 x
x

ESav  square meter

6.What is the effective area of the receive antenna?.

GA 2

GAe 4


15789.01900/300 
f
c m

The gain of an “isotropic” antenna is unity.

f

3
2

109841115789.0 A

7.What is the power received by the Rx antenna into a matched load?

310984.11
4

 xxAe 
square meters

77

. 936 104097.110984.1107116.0   xxxxASP eavr watts



78



79



Sky:                     K 0BT

Ground:                       K 273BT
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