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Introduction ENGINEERING

In the real world, he structural complexity of antennas makes them almost
impossible to compute analytically.

It is more practical to simulate and measure using analytical/computational
technigues and obtain experimental results to validate theoretical and
simulation data.

Antennas are usually measured in the receiving mode. For a reciprocal
antenna, the receiving mode characteristics are identical to the transmitted

by the antenna.

The ideal condition for measuring antennas is the illumination of antennas
by plane waves, achieving uniform amplitude and phase (far-field)
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Challenges:

1.- Distance to far-field region is too big

2.- Antenna too big

3.- Antennas like phased arrays, require a lot of time to measure
4.- No control of weather and/or environment (outside)  pjaar
5.- Cannot accommodate large antennas (inside) surface
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Antenna Rangek v

Testing and evaluation of antennas are performed in antenna ranges
Usually categorized as outdoor and indoor * m
Two types of antenna ranges: reflection and free-space ranges
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Create constructive interference in the region of the test
Uses reflections from the ground that combine constructively with

Receive

direct rays. antenna

Transmit
antenna

/ Range surface
I o &
| /
| /
/ ®

I 7 Fig. 17.2
HIillw,,, Transmit antenna

" image
|= Ry

Copyright©2016 by Constantine A. Balanis Chapter 17

Antenna Measurements All rights reserved Antenna Measurements Slide 9



n)) ((((

Free-Space Ranges - Elevated NTENN
ENGINEERING

Outdoor Range where large antennas are mounted on towers or roofs
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More compact than elevated ranges — require less land
Fiberglass
fower
Test antenna
f\
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Gain Measurements ANTENN

Two Types: Realized-Gain and Gain-Transfer (Comparison) ENGINEERING
Realized-Gain: Based on Friis Transmission Formula.
Usually are two- or three-antenna systems

Calibrated
coupling network R
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Most common method. Uses a known gain to determine realized gains.
Relative gain is compared to known gain to obtain values.
Requires two measurements.

1. Using test antenna as receiver, the received power into a matched
load is recorded.

2. The test antenna is replaced by the standard gain antenna and the
received power into a matched load is recorded.

The arrangements are preserved and the input power is the same.
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Computed using measurements of the radiation pattern

1. Measure the two principal planes of the antenna (E- and H- planes)
2. Determine the half-power beamwidths of the principal planes
3. Compute directivity using computational and analytical techniques
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22 81
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It is the ratio of the total power radiated by the antenna to the total
power accepted at the input terminals.

With maximum radiation as reference, radiation efficiency is also
measured as

radlatflfmrm-lae—gﬂr—%y(—:tIVIty

Antenna Measurements Slide 30



) {({fe
NG

ENGINEERING

Impedance Measurements



) (i
Impedance Measurements g

ENGINEERING
Two types of impedances for an antenna: self and mutual impedance,

If antenna is radiating by itself in an unbounded medium the self
impedance is also the driving point impedance.

If there is coupling between the antenna and other sources or

obstacles, the driving-point impedance is a function of its self-
impedance and the mutual impedances of the other sources.

The antenna impedance is determined by
[1 + F] ~ 1+ |IMe
1-T1 1-|r|
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The polarization of a wave is the curve traced by the locus of the

instantaneous electric field at a given frequency in the plane
perpendicular to the wave travel.
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The polarization of a wave can be represented in the Poincaré Sphere.
Poles represent
circular polarizations

Latitude
represents
axial ratio

Upper hemisphere
left-hand sense

Equator
represents
linear
polarizations

45° Linear

Longitude represents
Lower hemisphere tilt angle

right-hand sense

RHC
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The Polarization-Pattern Method is used. ENGINEERING
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In applications with large structures (ships, large aircraft, spacecraft),

the antenna is so big that it cannot be moved or accommodated.
In-site measurements are usually made.
Another technique used is scale modeling.

Scaled Paremeters Unchanged Parameters
Length: ('=1(/n Permittivity: ¢'=¢
Time: t'=t/n Permeability: u'= u
Wavelength: A'=A/n Velocity: v'i=v
Capacitance: C'=C/n [mpedance: Z'=Z
Inductance: L'=L/n Antenna Gain: G, =G,

Echo Area: A =A /n’
Frequency: f'=nf
Conductivity: o'=no
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