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Modes of propagation in particular wavebands

Waveband Short distances (100, Long distances
max. 200 km)
day night
ELF (3 mHz-3 kHz) surface, ionospheric ionospheric ionospheric
VLF (3-30 kHz) surface, ionospheric ionospheric ionospheric
LF (30-300 kHz) (LW) surface, ionospheric ionospheric ionospheric
MF (300-3000 kHz) (MW) surface surface ionospheric
HF (3-30 MHz) (SW) surface ionospheric ionospheric
VHF (30-300MHz) (VSW) ground direct and ground direct and ground direct and
reflected reflected, tropospheric reflected, tropospheric
UHF (300-3000 MHz) ground direct and ground direct and ground direct and
reflected reflected, tropospheric reflected, tropospheric
SHF (3-30 GHz) ground direct and ground direct and ground direct and
reflected reflected, tropospheric reflected, tropospheric
EHF (30-300 GHz) direct direct direct
Optical Band direct direct direct
e EUROPEAN UNION -
. o European Structural and Investment Funds IX%'

2 5 Operational Programme Research,
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Modes of propagation of electromagnetic waves
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Propagation of ground waves

Wavefront

Determining Fresnel regions
on the sphere surface
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Propagation of ionospheric waves

Typical altitude profile of electron density
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Propagation of ionospheric waves

Propagation of electromagnetic wave in flatly layered ionosphere
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Sifeni ionosférickych vin

Virtual and real height of reflection
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Propagation of ionospheric waves

Wave trajectories for different frequencies
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Tropospheric waves: Tropospheric refraction

Finding the radius of curvature of the ray
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Propagation of tropospheric waves

Types of tropospheric refraction
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Propagation of tropospheric waves

Propagation of electromagnetic waves at
superrefraction

Inception of
superrefraction
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Tropospheric waves: tropospheric scatter

Tropospheric radio link over horizon




Standing waves on the line

Transformation of reflection coefficient along the line

Complex plane of reflexion .
coefficient values :
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Smith diagram

Projecting the half-plane of impedance into a closed circular region in the complex plane of the
reflection coefficient

Normalized impedance plane P Reflexion coefficient plane

J'f z=r+jx
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Smith diagram

Circle of the constant real impedance

Normalized impedance plane Reflexion coefficient plane

X -
a T konst.
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Smith diagram

Circle of the constant imaginary impedance

Normalized impedance plane Reflexion coefficient plane
jX
A
1
x=konst
0
»r
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Impedance transformation

Example of impedance transformation along line

S~
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Impedance measurement

Probe of the
measuring line

Indicator

Detector diode
Slide of probe along the line

4

- -
Measured impedance

Measuring line

Generator
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Impedance measurement

Assignment of the line reference plane to the reference plane in the Smith chart

Standing
waves
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Impedance matching

Transformation from the general position into origin of the diagram over intersection point with
circler=1
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Wireless link

with transmitting and receiving antenna

TRANSMITTING ANTENNA RECEIVING ANTENNA
Plane wave
Tapered E lines Elines| | [ Tapered

transition YAY A transition

Transmission line

Generator
or transmitter

\ J

Guided (TEM) wave \————

i

Receiver

One-dimensional waveTran§|tlon \ ~ > ransition region
region  Free-space wave or antenna
or antenna

radiating in
three dimensions
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Antenna as a transformer

E-field

N

5.

Source Transmission line Antenna Radiated free-space wave
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Radiation from wires

)

(a) Curved

(e) Truncated

(c) Discontinuous
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Detachment of electromagnetic waves

Source, transmission line, antenna and detachment of electric field lines

(a) Antenna and electric field lines (b) Antenna and free-space wave
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Radiation from dipole

Creation and detachment of electric field lines for a short dipole

(a) t=T/4 (T = period)

(b) t =T/2 (T = period)

)4 —»}

(c) t = T/2(T = period) .
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,remperature sensing”

Connecting the region of space with antenna via a virtual transmission line

Transmission
line terminals i Y

ﬂﬂﬂﬂﬂﬂﬂﬂ ¢ N\
\ ffffff / / \\
e /R, '\ Region of space

| within antenna
,i response pattern

Transmitter /4 ““““““““““ k i /
or receiver

Virtual Virtual transmission line
resistance linking antenna with space
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Coordinate system

for antenna analysis A
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Two-dimensional diagram

Ten-element linear array with distances d = 0,251

a) napétovy diagram b) vykonovy diagram c) vykonovy diagram
(linearni méritko) (linearni méritko) (log. méritko)
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Radiation pattern

a) Lobes and beamwidths, b) Cartesian diagram
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Radiation pattern

three-dimensional, for a directional antenna

Field
pattern

/
Main
beam
or main
lobe

#

Side
lobes

Back —
lobes
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axis
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P
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Field
components
Eq
Field in
0, ¢ direction
y
Nulls
T ——
¢ = 85°
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Field regions around antenna

Far-field (Fraunhofer)
region

Radiating near-field (Fresnel) region

Reactive
near-field region

R,=0.62 ND/

— ,
}_ _ly‘* Ry= 2D
N
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Field regions around antenna

Amplitude diagram dependency on the distance from antenna

Reactive
Near-field

|

Field — 5 :
Distribution |
I
|
|

Radiating
Near-field

Far-Field

Fraunhofer

Y
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Radiation pattern

Three- and two-dimensional power diagram in linear coordinates

U(6.¢)

HPBW = 28.74°

/

FNBW = 60°
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Polarization of electromagnetic waves

Rotation of linear electromagnetic wave and its polarization ellipse for z =0 as a function
of time

Major axis Minor axis
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Regions around antenna

Energy distribution around dipole antenna

Boundary
sphere

~

Dipole antenna

g Far-
oo 5
N . AASSENNN o field
gl ‘?‘( A \ \\ e (radiated
/ \ energy flow)
)y Y Y Near-field | —
Equatorial / (reactive \ > e S
- - - -
he : ezr;?t)i{on) T\
s \\ T Tp /’ > T~ Boundary sphere
Pl \\ \ YEY / R transparent
/
LY
A i
~dypyl--~
f‘ i Boundary sphere opaque
Pole (acts as a reflector)
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Transmitting antenna

and its equivalent representation

Antenna /

Radiated
b S r——
a) Transmitting antenna i
«
2
c) Norton equivalent
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Receiving antenna

and its equivalent representation

Antenna /
= a
e

Incident
wave

e

TN

a) Receiving antenna
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Electromagnetic wave

impinging onto dipole

E-field of
plane wave

Direction of
propagation
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Electromagnetic wave

impinging onto aperture

E-field of
plane wave

Direction of
propagation

Receiver
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Antenna effective length

Dipole
A
Z
-0 06410 SV
AE
| A
i . i =01\
29
Incident Sinusoidal | Triangular
field 1 / current current
£ distribution X e distribution
(a) Average current (b)

a) Dipole of length / =A/2 with sine  b) Dipole of length / = 0,1A with
current distribution triangle current distribution
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Effective aperture

Two antennas, distance R

Direction of propagation

of wave
———
~ R >
Transmitter Receiver
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Friis transmission formula

Geometric orientation of transmitting and receiving antenna

Transmitting antenna
(P, Gp Dy 1 P 1)

A
=
.

»{  Receiving antenna
N
(Pr* Gr' Dr’ €cdrs rr' pr}
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Radar range equation

Geometric arrangement of transmitting antenna, target and receiving antenna

— i —

Incident wave
R,

Transmitting antenna
(P G Dyy e 1, P1)

Receiving antenna
A
(£, Gy, Dr! €cdr rr’ P
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Radar range equation

RCS of some typical targets

Typical RCSs [22]

Object RCS (m?*) RCS (dBsm)
Pickup truck 200 23
Automobile 100 20
Jumbo jet airliner 100 20
Large bomber or 40 16
commercial jet
Cabin cruiser boat 10 10
Large fighter aircraft 6 7.78
Small fighter aircraft or 2 L
four-passenger jet
Adult male 1 0
Conventional winged 0.5 -3
missile
Bird 0.01 -20
Insect 0.00001 —30)
Advanced tactical fighter 0.000001 —60
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Antenna noise temperature

Arrangement of antenna, transmission line and receiver

T, Ta+Tap Ty
L
Y Y
I.=T,+T,
Tp
< ! . /4—
Emitting
Tr SOUTCE
T[ | \_q_

ke Receiver —4<=——— Transmission line i Antenna —»
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Elementary radiators

Small loop, short dipole and slot

SMALL LOOP SHORT DIPOLE SLOT
D=15 D=15

Field pattern
same as
1—% dipole
with E and H
interchanged

-\

Field patterns
identical with
E and H 7
interchanged dls =

(a) (b) (c)
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Opened-out coaxial transmission line

,Volcano smoke“, conical antenna, monopole

VOLCANO SMOKE CONICAL
D=4 D= 35

Field pattern

Coaxial line Coaxial line
(~50 Q) (50 Q)

Broadband Intermediate bandwidth

(a) (b)
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Ground plane Ground plane

% MONOPOLE

D =33

Field T

pattern _

Narrowband

(c)
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Opened-out two-wire transmission line

,Twin-alpine horn“ biconical antenna, dipole

TWIN-ALPINE HORN BICONICAL % DIPOLE
D=2 D=175 D=1864
i ! -l- Field
i /
LA k.
Field
pattam | & HPEW
= 78"
| =A I
Broadband Intermediate bandwidth Narrowband
(unidirectional)
(a) (b) (c)
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Opened-out two-wire transmission line

Vivaldi antenna

D =25
End cylinders

Cross saction on a-a'

Absorber

)
L.aum:hard
L :
5001
COAX  Exponential
ridges
Side view —
17 to 1 bandwidth
(d) (e)
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Opened-out waveguide

Rectangular (pyramidal) horn, circular (conical) horn

RECTANGULAR (PYRAMIDAL) HORN

wh

D%7.57\§

Aperture
= wh

N

Rectangular L

waveguide \l
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Antennas with flat reflector

One dipole + reflector, two dipoles + reflector, square corner reflector

—% DIPOLE WITH REFLECTOR TWO% DIPOLES WITH REFLECTOR SQUARE CORNER REFLECTOR

Field
pattern

X s
£ I
2dlpoe

Flat reflector

(a) (b) (c)
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Quadratic structures

Antenna with parabolic dish reflector and antenna lens

PARABOLIC DISH REFLECTOR DIELECTRIC LENS

2 2
D =23({) p=28(7)
E3 | Aperture plana
2 Hyperbolic -
T contour
. Flat reflactor r
Flat
raftactor Fead
Asis L Faad C ) -
/," Field
I
of : pattam
surface 2 dipole
irregularity ‘/
; -
Parabolic r Plano-convex lens )‘
reflector Ray path Ray path
(a) (b)
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End-fire antennas
Polyrod

A Tuning POLYROD D =6L/A

Polystyrene

7= ] Circular
- waveguide

Coaxial feed

b EVROPSKA UNIE
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Broadside antennas
Yagi-Uda

YAGI-UDA D =6L/A

» L "
l__= 0.48\ 0.46A 0.44) 0.44A 0.43)
Jr %
Ry ST ¥ A A A A
4 % ™ T 5 T T

4 \ line
Reflector Driven element
(folded dipole)
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Lot

Directors

15% bandwidth
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End-fire antennas

Helix antenna

Cupped AXIAL-MODE HELIX D =12L/x
ground plane Circularly polarized

Beam

2-to-1 (71%)

-

3|>—

500 s A bandwidth
coaxial I‘T'l ~a
feed 3

=~ -8-)l
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Wideband antennas

Conical spiral

CONICAL SPIRAL Flat spiral before
Circularly polarized wrapping around cone

pattern

Bandwidth 7 to 1 feed point
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Wideband antennas

Log periodic antenna

LOG PERIODIC
D=5

Z

/
\ v
I Active
radiating
\ v 3 region
Inactive (L iy
(stop) region
A
>3)

Ll EVROPSKA UNIE

2-wire
feed
\)
4 (b)
| S Field
Inactive pattern

transmission
line region

(<3

Bandwidth 4 to 1
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Single patch antenna

PATCH Dielectric
’ substrate, &,

Substrate

cut away to
show feed
details

Feed point

Hole for
coaxial

Slot line

plane t = \g/100
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Hertz elementary dipole

Electric current element

N
—i—
N
-

A
SRS S
J
P

B
—
x
<
—_—
-
—

iR
|
i
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Electric current element

in origin of spherical coordinate system
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Vector potential components

in spherical coordinate system
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Elementary electric dipole

Radiation patterns

a=180°,

$=0°

*
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Elementary surface

on spherical surface — determining dimensions
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Elementary loop

of electric current
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Elementary loop

Field components
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Elementary slot

v STRBINA

T

g“i
n
m

Py

H

Conducting
plane

ATLRTARRRRIRRARRRREATLL 550 3 CURRTRURRR LR U RV RV R LR AARRAR AR ALY

E-field lines
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Elementary slot

Equivalent substitute — two magnetic dipoles placed to a slot-less sheet

an
@J'SM Magnetic :,

dipoles

Conducting plane

l’:—‘s

FR EVROPSKA UNIE N
* * Evropske strukturalni a investi¢ni fondy
* *

* 4 x Operaéni program Vyzkum, vyvoj a vzdélavani MINISTERSTVO SKOLSTV
LADEZE A .



Elementary wavefront

Huygens principle: field analysis can start form arbitrary point if we determine effective
driving currents in it

zr 19" SH=-Hyay
o
E=£yay
Ism
v
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Phase error

at the edge of antenna under test radiated by spherical wave

Planar

surface
|

Amplitud 22.5°
mplitude L—
T Test
antenna
Source D
antenna "\|

Spherical
phasefronts
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Reflection range

Geometry

Receive
antenna

Transmit
antenna

h,

l’ AL S p // / S S v Ru[]ge Surface oy
| /
P
l =
| 7
s .
Transmit antenna
image
14 . :
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Elevated range

Geometry, minimizing reflections

Test antenna

Source antenna

P —D
S '
-
h \'{\- h
t T r
\‘\‘
9
e
~.
1 ~agl ¥
i ] |
lr R
/ Direct wave D
Dr| - >
HR
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Slant range

Geometry

Fiberglass
tower

Test antenna

Source antenna

VT E P LSS o 7S PV
~
Image

ft—————30 m e
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Anechoic chambers

Reflections from walls

a) rectangular
chamber

Amplitude of
the wavefront

Amplitude of
the wavefront

\‘:
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Compact arrangement

Compact Antenna Test Range (CATR)

* CATR
Test - reflector
zone <
Feed + Vertex
./
Parabolic /
surface /
/
/
/
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Instrumentation

of typical antenna-range measuring system

Signal
Test Source __source
antenna antenna -
Polarization
positioner
: Test
positioner
®
'
L ) Source
tower
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Polarization measurement

Polarization diagram, polarization ellipse

Measured
field amplitude

\- Polarization

. ellipse
\ P
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Symmetric dipole of arbitrary length

Resulting field as superposition of elementary dipoles along wire

z|
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Short dipole

Current distribution is triangular

Le<A -l—
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Halfwave dipole

Current distribution is one half of sinus

W
N >
-1-
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Relative radiation pattern

of a short and a halfwave dipole
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Full-wave dipole

Current distribution and radiation pattern

—_—
——
'-‘—l-
——
N
S
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Dipole of length 1,5A

Current distribution and radiation pattern

180°
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Finite-length dipole

Geometry and approximation for farfield

P90,
P(r.0,0) *.6.9)

Y 4 :
+ |
2 T |
z' I
> |+
g <\\z'cose } w7
12 \\\ I
- |
/ - S !
L 6=9' S~ |
~
a) Geometry of finite dipole b) Approximation for farfield
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Dipole radiation pattern

Amplitude; elevation plane; thin dipole with sine distribution

|
|
|
|

elative power

(dB down)

Y,

90°

————— 1= /50 1= /50
I =24 I=2/4
1=22 [=2
e = I =3\/4 I=3A/4
~— ] osvsioneiediif K I=2
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3-dB beamwidth = 90°
3-dB beamwidth = 87°
3-dB beamwidth = 78°
3-dB beamwidth = 64°
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Current distribution

along linear wire antenna

4
1
/%
12 :
7
/
/
,, Current leh
\
\
A S
~
12
—————— I=2\4
1=272
........... sees [ =)
K 2 -~ —— 1=3)\2
1=2)
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Resistance and directivity

Thin dipole with sine current distribution

g

R,, R;, (ohms)
& W
38 3

Dipole length / (wavelengths)
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2 infinitesimal dipoles

Observation in farfield

—]

&
—_—
=)

S

a) two elementary dipoles b) observation in farfield
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Two-element antenna array

Identical phase of excitation

==}
=+
=]
==

e —T—
——

g
-]
-9
a
=
=
=
-4

(dB down)
|dB down}

.
< Relative power

90°

B

180° 180° 180°
Element Array factor Total

Two-elementary-dipole antenna array with equal-phase excitation
(6=0°d=A/4)
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Two-element antenna array

Different phase of excitation

~=
. g
] o
_'ﬁﬁnlﬂ__ BT
s - 2
e £5 .
= -
2210 ot 60
1] -
=32 -

180° 180°

Element Array factor

elative powe rI'|
{dB down)

R

Two-elementary-dipole antenna array with different-phase excitation

6=490°, d=1/4
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Two-element antenna array

Different phase of excitation

b
o
ES
[=}
(=%
©
2
=
=
]
-4

(dB down)

180°
180°
Element Array factor
Total
Two-elementary-dipole antenna array with different-phase excitation

6=-90°,d=A/4
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Antenna array factor

for two dipoles
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N-element antenna array

Isotropic radiators along z-axis observed from farfield

-

a) Geometry
b) Phasor diagram

d cos @
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Broadside radiation

0°,d=A1/4
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End-fire/broadside radiation
6=0°d=A ;
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Broadside radiation

Nulls, maxima, beamwidths, side-lobe levels

TABLE 6.1 Nulls, Maxima, Half-Power Points, and
Minor Lobe Maxima for Uniform Amplitude
Broadside Arrays

n i
NULLS 6, =cos ! | +—=
N d
n=1,2.3,...
n#N,2N,3N, ...
mAa
MAXIMA O = cos™! (i 7)
m=012 ..
1.3912
HALF-POWER ), ~ cos~! (ﬂ: y )
POINTS nN
wd/x < 1
A 1
MINOR LOBE 6, ~ cos~! [i“— (2S - )]
MAXIMA 2d\ N
s=1,273,...
nd/A K 1
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Broadside radiation

Beamwidths

TABLE 6.2 Beamwidths for Uniform Amplitude
Broadside Arrays

FIRST-NULL 0, =2 [i[ o5 ( s )]
BEAMWIDTH 2 Nd
(FNBW)

HALF-POWER O ~ 2 [Z ~ cos”] (1.3911)]
BEAMWIDTH 2 xwNd
(HPBW) wd/\ < 1

BEAMWIDTH

32
FIRST SIDE LOBE ~ ©, ~ 2 % — cos™! (—-—)]
(ESLBW) wd /A < 1
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End-fire radiation

Nulls, maxima, beamwidths, side-lobe levels

TABLE 6.3 Nulls, Maxima, Half-Power Points, and
Minor Lobe Maxima for Uniform Amplitude
Ordinary End-Fire Arrays

NULLS 6, =cos ' | 1— ﬂ)
" Nd
n=123,...
n#N,2N,3N, ...
mAa
MAXIMA B = cos™! (1 - 7)
m=0,12....
» 1.391A
HALF-POWER Op =~ cos™ | 1 — N
POINTS i
wd/) <K 1
-, (2s + DA
MINOR LOBE O ~cos |1 — “INd
MAXIMA
s=1,2,3,...
nd/h < 1

Fx EVROPSKA UNIE N
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End-fire radiation

Beamwidths

TABLE 6.4 Beamwidths for Uniform Amplitude
Ordinary End-Fire Arrays

FIRST-NULL ©, = 2cos™! (l — F}:z')
BEAMWIDTH
(FNBW)
1.3911
HALF-POWER Oy > 2cos™! (1 - )
BEAMWIDTH Ty
(HPBW) rd/xr < 1
FIRST SIDE LOBE @; ~ 2cos™! (1 — ;;—d)
BEAMWIDTH
(FSLBW) md/A K 1
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Phase shifter

Incremental with switched transmission line by PIN diodes

Iy

In Out
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Antenna arrays of isotropic radiators

A/2 apart, same phases in excitation, but different amplitudes

Five source array in order of decreasing side-lobe level

3.02 dBi directivity 6.98 dBi 6.72 dBi 5.63 dBi
—0 dB side lobe level -12dB -20 dB — dB
31°
Edge | Unfrm Optimum Binomial
11111 1 1.
L3 it 1.6 1.6

a) edge b) uniform c) optimal d) binomial
distribution distribution  distribution  distribution
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Non-uniform arrays

Even and odd element count

a) even

element count

z
am
™
am

7o

d

d

X

e
I

I
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Binomial distribution

Pascal triangle

m=1 1

m=2 1 1

m=23 1 2 1

m=4 1 3 3 1

m=2>5 1 4 6 4 1

m = 1 5 10 10 5 1
m="17 1 6 15 20 15 6 1
m = 1 7 21 35 35 21 7

m = 1 8 28 56 70 56 28 8
m=10 1 9 36 84 126 126 84 36
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Linear and planar array

Arrangement

M (a) Linear array

dy—sta-dyeiedyole-dy o/

a) linear array b) planar array
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Planar antenna array of isotropic radiators

Distance d, = d, = A/4, same amplitudes and phases

Relative
magnitude

Lerfap gyt

: i
S
S,
: az»::;:;i‘,;.ffﬂ nj‘}; T

i s

oo

tigalllig gl 0

mffl”rm.’v‘g-{g;:? ,‘:Jf'?' e G

- Y ,ff'aeﬂgzzézi%;%gﬂt\’{“
£ L ol T
:q‘f‘;;;;;-,%?,g;&¢«:¢-:-:§§§3§;q‘:

-2 plane (¢ = 907
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Planar array of isotropic radiators

Distance d, = d, = A/2, same amplitudes and phases

Relative
magnitude

3 ‘b‘.‘” .\\
x{‘ﬁ t“\‘ %

rf "’o
l*‘s
\:".*.s

@ =0° [r—zplanc]
@ = ‘;‘D (y-2 plane)

_____ ¢ =
dy = d,. =2
Js.v = Is_v =0
M=N=35 =7 plane (¢ = 07) v=z plane (¢ = 90%)
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Planar array of isotropic radiators

Distance d, = d, = A/2, same amplitudes, progressive phase

] +'+—* ]
o’ Relative
- magnitude

1.0
£\
607 /- " go” j )
\ -. =d, = N2 J' Y
TV i
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| i
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Planar array of isotropic radiators

Distance d, = d, = A, same amplitudes and phases

Relative n
magnitude

— 3 = 07 (x-2 plane) 90° b
= 90: (y=z plane) P //.O

_____ @ =45 g
dy =dy = — e
B =g =0 x=z plane (¢ = 0%) y-z plane (¢ = 90°)

M=N=5
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Feeding of slots

by coaxial cable

of>

- ;,Céble bonded
to sheet

(a) (b)

Vertically P
polarized

slot Horizontally

antenna polarized
slot
antenna

(c) (d)

EVROPSKA UNIE

="
Evropske strukturalni a investi¢ni fondy Wr
Operacni program Vyzkum, vyvoj a vzdélavani

MINISTERSTVO SKOLSTY
LADEZE A .




Boxed-in slot

a) boxed-in slot b) application to
provide flush radiator
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Slot fed by waveguide

Waveguide

-—
| =

X
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Slot array in waveguide

with broadside radiation

FR EVROPSKA UNIE N
* * Evropske strukturalni a investi¢ni fondy
* *

* 4 x Operaéni program Vyzkum, vyvoj a vzdélavani MINISTERSTVO SKOLSTV
LADEZE A .



Complementary antennas

A
2

Foff

a) halfwave slot in infinitely b) complementary
large thin sheet halfwave dipole antenna
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Radiation patterns

H _ Slotin sheet in
x-z plane

a) slot in infinitely b) complementary dipole
large sheet
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Vertical slot

in infinitely large sheet; radiation pattern

Slot in sheet
x-z plane

Vv
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Limited sheet extent influence

solid line: influence of limited extent, dashed: infinitely large extent

Ve Sheet Ve Sheet

-,

a) slot is effectively closed b) slot is effectively
on both sides closed on left side
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Babinet principle

[llustration

A B

Plane of

Plane of screens | gpservation
|

o

‘<rs;e:/ Shadow T
Source
...__________wﬁ

Complementary
screen Shadow

_-—-—-"_-'-_-—-4

[

(9]

°
Source

4

No screen
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Babinet principle

Application for slot in infinitely large sheet and its complement

L Slot

‘\51 Case 1

Source™

I

Bl r Case 2
Strip
—~ \ E
\2
——— ‘\EO Case 3
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Slot impedance

Utilizing the knowledge of radiation from complement

Comperﬁéntary
dipole

a) slot antenna  b) complementary
diploe
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Patch antenna

fed by coaxial cable on the left side

L<Xsl2/E

W<A=i

Top
(@)
Dielectric ~ Metal patch
substrate ) t = Ao/100
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Microstrip patch antenna

Radiating Radiating /J
slot #1 slot #2 £

Ground plane Ground plane

a) microstrip

antenna b) side view
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Patch — front view

Slot divided into cells

Field cells
+ 0=+

Fringing
field

Coax
line
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Rectangular patch

Configuration of fields (modes)

(c) T™M XOZO (d) TM x002
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Horn antenna types

Arrows show the direction of electric field strength vectors

RECTANGULAR HORNS CIRCULAR HORNS

Horn_# y x :
<O :
(c) Sectoral E-plane

(a) Exponentially tapered pyramidal (e) Exponentially tapered

(b) Sectoral H-plane (f) Conical (d) Pyramidal | (h) TE,, biconical

(9) TEM biconical

b
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Horn antennas

Typical arrangements

2
v
s
s
s
%/ "_——" i
gy L -~ /
. N
(b) H-plane
(a) E-plane
1
(¢) Pyramidal (d) Conical
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Horn cross-section

a) pyramidal horn, b) cross-section

g Horm mouth
UE'
E
pe
{a) /" .
\ / UH
I
Rectangular
waveguide /gﬂ\
L Plane of
horn mouth

(b)
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Pyramidal horn

E- and H-cuts

E-plane cross section

|
} H-plane cross seclion
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Universal patterns

E-cut for pro E-plane sectoral horns and pyramidal horns

Normalized field (dB)

-10

—30

—40
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E-cut sectoral horn

Half-power beamwidth as function of flare angle

90, -
! __/ *
A 2w b s
":l = 1
8012 —L }
H |
1l oo
T
7021
1
!
s
602 1 3
A
8 I |
80 .
I F
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N HE
z . |\
g M
AN
; 40 Fe \
2
I E
30 .
.
.
.
20H
%
-l
""'--4,
10F
1 1 1 1 1 J
0 10 20 30 40 50 60
Total fare angle 2y, (degrees)
>~
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Rectangular horn

Radiation patterns in E-plane and H-plane

R =16\

0 = 20° E-plane

R =16\

0y = 20° H-plane

8 = 50°

E-plane

8 = 50°

H-plane
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as function of
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as function of
flare angle
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Comparing E- and H-cuts
Horn standard 20 dB at 10 GHz

25 T T T T T T T T T — 25 T T — T —T T

—— Moment method 15
-=--- Approximate 1
--------- Measured

Moment method <
Approximate
Measured

5
= =
-2
5 .
= =
o O
-15
-25
-35 1 1 1 1 1 1 1 I 1 1 1
180 150 120 90 60 30 0 30 60 9 120 150 180 180 150 120 90 60 30 0 30 60 90 120 150 180
@ (degrees) 0 (degrees)
a) E-cut b) H-cut
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Optimum dimensions for pyramidal horns

Found by experiment: solid line, calculated: dashed line

8o = 04N~ 17

Eﬂﬂ - | | I [
""'ﬁ. 1 (=} | |
5. = A 2?:’53 ?‘*-x 15 || H-plane
40° 74 RN 125 A |
35
-1_59 s 4.5 N/13 ! i !
= 14° % SN 120l | Half-power
g 30° - o "‘\?4 e Wa%baamwidths
- ; 125"\ LN /
g ; NG NG
=] _f ) ' | 8
% r ——— t E-plane .__#, "':_E - Qﬂ_/ ypy
® | ~NC- | f Apertures
i | | I in
15 | N wavelengths
: Half-power ey
| beam widths
2 3 4 5 6 7 B 910 12 14 161820 25 30

Horn length, L,
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Horn geometry

in dependence on required directivity (power gain if there is no loss)

WOr—T—T—TT T T T S5—T—T—T T T T T
121 12 _T
10 - -
of 10} D,
— 8 L
B [ i
E 6 < ity |
S 5| S g |
=T T
S AFT T 54 |
5 |
K}l =~ 3 |
i |
: |
2 : 2 :
15 1 1 1 | 1 5 | | | | | : | |
14 15 16 17 18 19 20 21 22 2= - 14 15 16 17 18 19 20 21 22 22 _
Gain, dBi Gain, dBi
a) pyramidal (rectangular) horn b) conical horn
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Various reflector types

Large flat Smakfal
sheet mall tla o
sheat Thin linear reflector element
¢ d é f
Linear antenna
(driven element)
(a) (b) (c)
Active Passive Parabolic
corner corner or reflector
reflector retroreflector —
A >
|—~Driven element
%% Aperture at focus
\ prLIn Aperture
. > e
Driven perture >
element

(d) (e) (f)

Hyperbolic

) . reflector Circular
Driven element \ reflector
\
! oy .
i~ _J_I: - «Driven Driven
g ) 1™~ element element
~==-="Elliose Virtual 7/ ~
Elliptical P focus /
reflector ‘
(9) (h) (i)

EVROPSKA UNIE
Evropske strukturalni a investi¢ni fondy

Operaéni program Vyzkum, vyvoj a vzdélavani MINISTERS TV




Various reflector types (alt.)

Retlector
Reflector Feed Feed
(a) Plane (b) Corner
Reflector Main /
(parabola) reflector -
(parabola) Subreflector
(hyperbola)
—
Feed Parabola
Vertex ¢~ — {3 (focal point) Feed ° ;?;?]ll Blockag:

_— — —

N

(¢) Curved (front-fed) (d) Curved (Cassegrain feed)
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Parabolic reflectors

Parabolic cylinder and paraboloid

Reflector

| Reflector (paraboloid)

| (parabolic cylinder)

Feed (dipole) Feed (horn)

a) parabolic b) paraboloid
cylinder
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Parabolic reflector

Two-dimensional depiction

-

Z0

|
-
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Parabolic reflector

Fundamental (y-direction) components and cross-polarization components (x-direction)

y
E-plane

H-plane
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Aperture efficiency

Dependent on reflector f/d-ratio

I |

0.8+ B
& L -
> F !
5 0.6: & "
= N = L
T B 2 B
w o -
5 04fF 2 -
o 5L
< -
B B // / . ]
02+ 02} 72,5, 7 — Taper efficiency (¢,) -
= - L —=- Spillover effici
B B /// // pillover efficiency (&) —
B [ 42 i
0.0 | 00-#=T 1+ | 1+ vy
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Reflector half-angle 8, (degrees) Reflector half-angle 6, (degrees)
T T N T N TN N NN SN N S R N R S TN Y Y Y Y Y SO Y SO SO SO S S S
&2 1.42 0.69 0.43 0.30  0.25 % 1.42 0.69 0.43 0.30  0.25
Focal/diameter ratio (f/d) Focal/diameter ratio (f/d)
a) aperture b) taper and spill-
efficiency over efficiency
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Cassegrain system

Utilizing two reflectors

~
N
P
Real feed ~ P~ Virtual feed d
0, 3 TZZ i
\v / L/’_
yz
%
~

Principal surface and _ A4

equivalent parabola

a) virtual feed
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Lens antennas

Classification

Dielectric lens E-plane metal-plate lens
Plane Plane
wave
Source front Source ::gxf
or' ® ) ) / or ® ) /
primary primary
antenna antenna
Wave fronts Wave fronts
Wave
Wave
retarded accelerated
a) dielectric b) metal-plate lenses
(delay) lenses (fast)
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Dielectric lens
Ray lengths

Source or

primary
antenna

Y
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Dielectric lens antenna

Focal length, zones

a) ¢ocka s blizkym

L e

Isotropic \ Othkem
primary
antenna
Tapered
(a) illumination
Directional o
primary antenna 3 b) cocka se
~ 5 \ _/ vzdélenym ohniskem

(b)
Z
J Z ’7 7 a4 v
= _ 24 c) zénovani ¢ocky
Primary 3\
antenna d
Zoned lens
(c)
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Artificial dielectric lens antenna

metal spheres, metal stripes

Strips
L
Source
a) lens of metal b) lens of metal
spheres strips
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E-plane metal-plate lens antenna

2up -
v
Yy
| 1
0 0.5 1.0 1.5
b in free-space wavelengtns .
a) field b) phase velocity c) lens realization
arrangement of propagation
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H-plane metal-plate lens antenna

Direction Direction

of wave
of wave

b
a) metal @) b) arrangement (b)
arrangement with longer paths

$—>1
Ef >
fort

c) slant metals “—7T

(c)
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Bandwidth

Flow of energy

Broad bandwidth vee

Wide bandwidth

L>A

|
-

Small energy storage

a) wideband biconical V-

structure
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Narrow bandwidth dipole
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— ~— |
\ /
\ /

\ /

Large energy storage
Narrow bandwidth

b) accumulation of energy,
low bandwidth
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Biconical antenna

Geometry and radiated spherical waves

Transmission
feed line

®

e . y

a) geometrie b) vyzarovana vina

EVROPSKA UNIE S
Evropske strukturalni a investi¢ni fondy

Operaéni program Vyzkum, vyvoj a vzdélavani WINISTE
1LADE:

RSTVQO SKOLSTVI
E A TELOVS CHOW




Biconical antenna

Electric and magnetic field, and corresponding currents and voltages
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Substitutes for biconical structure

Triangle, bow-tie antenna, wire approximation

a) triangle b) bow tie c) wire substitute
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Wire antennas

Input impedance

1000 rrrr 111 11171717 7T 17T 1T T ’ 1T 17T 1T 7 I 1T 1T 17 17T 17 T 11
- I/d = 25 (Moment method) | : .
b m———— l/d = 50 (Moment method) | 1 .
800 |- == == //d = 10* (Sinusoidal current) }"_ | .

—_ B \ | ] =
E B ad N \ 7] E

- l' [ — "5
=) ] [} \ &
= 6001 Hon \ . 2

|}
2 = ) ' - g
4 - ) 1 ‘ E
2 _ y \ \\ g
o 5
S 400 : \ §.
a
£ L
200
0 i  — AN N N (NN NN N (N I I [ [ T (N [ I (N O |
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Dipole length (wavelengths)

a) input resistance
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- === Ud =50 /.. | /1
200 - (Moment method) / '/' N I /]
L ——ld=10* /s v I /]
- (Sinusoidal I ,’x’—
- | » =
current) ~
or I ;]
- l !
B | / B
200 | | / i
400 i
R ’ _

[
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Dipole length (wavelengths)

b) input reactance
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Folded dipole

Equivalent modes

-

fou |

ra~
t

!\)[Q
+
Gr
Gg
I
Mi..\-;
+
TR
=
o
Q)
] +
(NTAS

a) folded dipole b) transmission-line mode ¢) antenna mode
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Spiral antenna

Spiral plate and spiral slot
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Log-periodic antenna

Metal band arrangement
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Log-periodic antenna

Planar and wire arrangement

Feed

S~
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Log-periodic antenna

Dipole array
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Log-periodic antenna array

Depiction of active region

Inactive (stop)
region ([ = A/2)

Active _ M
. (radiating)
Inactive region (I = A/2)
(transmission line) . A \
region (/ < A/2) il T
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Log-periodic antenna

Typical input impedance as function of logarithm of frequency

Input impedance

1 1

log(f)) log(f3)

Logarithm of frequency
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Fractal antennas

Examples of forming fractal structures

I 57
4

niiul)
~ O S

3%

£

[nitiator

a) Minkowski

AR

b) Koch
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Adaptive antenna array

Block diagram

RCVR/Downconvert

to Baseband

o Output
Signal

RCVR/Downconvert |
to Baseband

Operaéni program Vyzkum, vyvoj a vzdélavani MINISTERSTVO SKOLSTVI

Adaptive
Algorithm
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Adaptive antenna array

Two-element; together with steering circuits

Equal phase front
of incoming signal
at frequency f,

Incoming
signal direction

B>

Dipole 1 Dipole 2

Mixer @ @ ) Mixer

IF o _|IF
amp| = ¢ b amp
Yo/$o = Phase
v fo v detectors
IF reference
V.
Y1/ oscillator 2/%2
2
™~ Final (summing)
l amplifier
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Multibeam system

Spatial multiplex

User #1

User #2
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Effect of asymmetry of feeding current

Horizontally oriented dipole produces vertical polarization

Current amplitude

Vertical
polarization

Horizontal
polarization

(a) (b) (c)

Dipole
antenna

I Horizontal polarization

Coaxial
cable
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Sleeve balun

for dipole antenna

Balanced dipole antenna

Cylindrical
sleeve | I

Coaxial
line ’
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Halfwave loop for symmetrisation

Balanced
terminals

V+ Ve Pl =2viorpl ==
220 + 220 = 420

Zo(j

V 7

Unbalanced
terminals 270~

\ 8l /
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Symmetrisation transformer

Series-parallel connection of transmission lines

Balanced terminals
high impedance

2v
47,
L High impedance
2
Y
~ A4

Low impedance

a) Utilizing coaxial cable
b) Utilizing twin line
v and ferrite

Balanced terminals
low impedance
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Gradually cut coaxial cable
Gradual transformation into a twin line

Balanced terminals

ﬁ

> A/2 at oy

Unbalanced terminals
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Natural baluns

Utilizing zero voltage in the middle of folded dipole

Balanced voltage

_I__
=== =—————————= =y
f
C )
Vo oo S S GEESE NN GINDS SEUES SENNE SENDN SN SN ENNNS MG SN S .I
_lle
3l e Folded dipol
S8 olded dipole
|

(— balanced loop)
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J- a T-type impedance matching

| | (a) Folded dipole

| | (b) Modified folded dipole
\ / (c) Delta match
I | (d) T-match

=

(e) J- or gamma match
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