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* Radiation Pattern

* Radiation Power Density

* Radiation Intensity

* Directivity

* Antenna Efficiency

* Gain, Realized Gain

* Bandwidth

* Polarization

* Input Impedance

* Radiation Efficiency

* Effective length and equivalent Area

* Friis Transmission Equation
Constantine A. Balanis, Antenna Theory: Analysis and Design 4t Ed., Wiley, 2016.
Stutzman, Thiele, Antenna Theory and Design 3" Ed., Wiley, 2012.
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What is a figures of merit for an
antenna?

The figures of merit of an antenna are numbers that lets us
describe the performance of a real antenna. Some of these
parameters are compared to the ideal isotropic antenna, while
others are not. Some of the parameters are interrelated, and not
all of them need to be expressed to describe the full performance
of an antenna. 7
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Radiation Pattern
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What is the radiation pattern?

“A mathematical function or a
graphical representation of the
radiation properties of an antenna
as a function of space”

Properties:

e Usually defined in the far-field ;
region of the antenna

* Many other parameters, such as
power density, directivity,
radiation intensity, and others,
are properties of the antenna
radiation
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Hypothetical lossless antenna that emits radiation equally in all
directions

dBi

Units for antenna gain, directivity, etc.
relative to the isotropic radiator.
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Radiation Power Density
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The power associated by an electromagnetic wave is given by the
average Poynting Vector (in W /m?) or average/radiated power density

1
Average Poynting Vector (%) —W = > Re[E X H*}\‘
Peak Magnetic Field (A/m)
Peak Electric Field (V/m)

The average power radiated by an antenna is thus the total power
density crossing through the closed surface of a sphere placed at the
far-field.

1
Prad:Pav: #Wmd-ds= ﬁwmd-ﬁda=§#Re[EXH*]-ds
S S S
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Example 2.2 (page 37 of Balanis)

The radial component of the radiated power density of an antenna is

given by
R . sin(0) w
Wrag = @ Wy = @ Ag—3— |3

Solution:

Where A, is the peak value of the power density, 6 is the usual spherical
coordinate, and @, is the radial unit vector. Determine the total radiated
power.

. o sin(@) o, 2
Prog = #- W, pq - ida = f f aerr—z-arr sin(0) dod¢ = |m*Ay (W)
0 0
s
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Power Density
pVO — Prad2 (EZJ
4rr m

P, = total power radiated by source

I

This means that for an isotropic
radiator, the power density at
any distance r is equal to the
amount of power radiated
divided by the surface area of
the sphere at that . The power
density is uniform in all
directions.
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Radiation Power Intensity
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“The power radiated from an antenna per unit solid angle (steradians)”

Radiation intensity <— U = r2W,,q

w \
solid angle

Radiation Density ( W)

mZ

For an isotropic radiator, the power intensity is independent of angle
(6 and ¢)

Prad <— Power Radiated (W)
U, =

41 <— Complete sphere in steradians
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Directivity
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“The ratio of the radiation intensity in a given direction from the
antenna to the radiation intensity averaged over all directions.”
* Average Radiation Intensity: Total power radiated by the antenna

divided by 41
Directivity is the ratio of the radiation intensity in a given direction
relative to an isotropic source. Radiation intensity from antenna
U 4nU
UO Prad

Radiation intensity from isotropic source
Maximum Directivity:

U 4y
Dy = Do = o — 27
ra
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Example 2.5(page 42 of Balanis)

Find the directivity of the antenna with the following radiation intensity:

~ ., sin(8)
Wrad = @ Wiaqq = @A 72

Solution:
U=12W,qq = Aysin(8)

Radiation is maximum at 6 = g, SO
Unmax = 4o
From example 2.2, P,,q = m24,

So we can calculate the maximum directivity:

_ _ 41U nax _ f _
Do = Dmax = Proa =7 1.27
D = 1.27sin(8)
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Example 2.6(page 43 of Balanis)
Find the maximum directivity of an infinitesimal linear dipole (I < A1)
with radiation intensity:
sin?(8)
TZ

Wave = @y Wyaq = @A
Solution:
U=12W,qq = Aysin?(0)

o ge . . T
Radiation is maximum at 6 = » SO Umax = 4o

We need to calculate Praq:  solid Angle

2w T 81
Prga = # UdQ = f f Ay sin?(0) sin(9) dod¢p = A, (?>
5 o Jo

¥~Integrate over full sphere
Now we can obtain the maximum directivity:

Dy = AUmax _ ‘;ZAO 4— Maximum Directivity of Infinitesimal
Prad 4o Dipole
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Two-Dimensional Directivity Pattern
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For an isotropic radiator, the directivity is 1 (radiates equally in all
directions), or 0 dBi.

1010g10(1) = 0
For the small dipole, the directivity is 1.5, or 1.76 dBi
10log,,(1.5) = 1.76

For the half-wave dipole, the directivity is 1.67, or 2.23 dBi

101og,0(1.67) = 2.23
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Takes into account the physical losses of the antenna such as metal and
dielectric losses, as well as mismatch between the connection of the

antenna and the transmission line. 2
Ohmic loss in e =
conductors = g
—> > > > > _
r) Ohmlc loss in

O ] et — — \ dielectrics
Reflection loss due to
impedance mismatch

Total efficiency — € = €r€:€q «— Dielectric efficiency

/N

Reflection efficiency Conductor efficiency

ecd =€ceq e, = (1—|T? eo = (1 —IT)%ecq

. . . Zin—2Z,
Reflection coefficient (Z‘"—°>
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The ratio of intensity, in a given direction, to the radiation intensity that
would be obtained if the power accepted by the antenna was radiated
isotropically. The gain is usually taken in the direction of maximum
radiation.

The radiation intensity for the isotropically radiated power is equal to
the power accepted (input) by the antenna divided by 4.

41tU(6, ¢)
G= - -
P (lossless isotropic source)

The input power is related to the output power by

Praa = ecaPin
This means that the gain does not take into account mismatch losses
when connected to a transmission line. Realized Gain does.
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Using the two equations in the previous slide we obtain:

uc, ¢)

Prad

G(G' ¢) = €cd [47'[

Gain and Directivity are related by

G(6,9) = ecaD(6, ¢)

So maximum Gain is equal to

Go = ecaD(8,0) | = ecaDy
max

Maximum Realized Gain is equal to

Gre, = €oD(6, ) |maX =¢eoDg
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9/5/2017

15



o)) (e
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A lossless resonant half-wave (%) dipole with an impedance of 73( is

connected to a transmission line with characteristic impedance of 50().
The radiation pattern is given by

U = Bysin3 0
Find the maximum realized gain of this antenna.

Solution: First we need to find the maximum directivity of the antenna.

2 T 37.[2
Umax = Bo» Prgqa = ﬁ udQ = f f By sin3(6) sin(0) dfd¢ = By, <T>
o Jo
Q

U
Dy = 4n% = 1.697

rad

Since the antenna is lossless, e, = 1

_ o)) (e
Antenna Gain - Example NTENN
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We can now compute the maximum gain
Gy = e.qDy = 1.697
Go(dB) = 101log,((1.697) = 2.297
Here, the gain is equal to the directivity because the antenna is lossless.

With the realized gain, we can take into account the mismatch losses between the
transmission line and the antenna impedance.

73 —50|°
— _ 2 — N - = —
e, =1 —|I)) ( 1 73150 > 0.965, e,-(dB) 0.155
Since the antenna is lossless, this is also the overall efficiency of the antenna.
ey = erecq = 0.965, e-(dB) = —0.155

Now the maximum realized gain is equal to

Greo = €oDy = (0.965)(1.697) =, 1.6376 Greo(dB) = 2.142
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It is related to the frequency response of the antenna. It is the range of
frequencies in which the antenna, with respect to some metric,
conforms to a specified standard.

There is usually a band of frequencies in which the extreme values
(upper and lower) are measured, and a center frequency, which usually
is the resonant frequency of the antenna. From this, the antenna
characteristics are at an acceptable value relative to the center
frequency.

* For broadband antennas, the bandwidth is a ratio from upper to
lower frequencies (10:1, 2:1, etc.)

* For narrowband antennas, bandwidth is usually a percentage of the

frequency difference over the center frequency (—fz;ﬁ)
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