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Jow antenna radiate: a single accelerated charged particle

N

The static electric field originates at charge and is directed
radially away from charge.

At point A, the charge begins to be accelerated until reaching
point B.

The distance between the circles is that distance light would
travel intime * t,and” r=r, ir,=" t*c

Charge moves slowly compared to the speed of the light,
y " r>>" zandtwo circles are concentric.

The electric field lines in the " r region are joined together

because of required continuity of electrical lines in the absence

\\, of charges.
\\ q$ / This disturbance expands outward and has a transverse
j\lL
/\A
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component Ewhich is the radiated field.

If charges are accelerated back and forth (i.e., oscillate),

" a regular disturbance is created and radiation is continuous.

N A This disturbance is directly analogous to a transient wave created
by a stone dropped into a calm lake.

Figure 1-2 Tlustration of how an accelerated charged particle radiates. Charge g moves
with constant velocity in the +z-direction until it reaches point A (time ¢ = 0), after which
it accelerates to point B (time ¢ = Ar) and then maintains its velocity. The electric field
lines shown here are for a time rp/c after the charge passed point B.



circuited transmission line
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(@) Open-circuited transmission line showing currents, charges, and fields.
The electric fields are indicated with lines and the magnetic fields with arrow
heads and tails, solid (dashed) for those arising from the top (bottom) wire.
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(b) Peak currents on a half-wavelength dipole created
by bending out the ends of the transmission line.

How antenna radiate :
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Evolution of a dipole antenna from an opeM

AOpen -circuited transmission line

The currents are in opposite directions on the two wires and
behaves as a standing wave pattern with a zero current magnitude
at the ends and every half wavelength from the end.

The conductors guide the waves and the power resides in the
region surrounding the conductors as manifested by the electric
and magnetic fields.

Electric fields originate from or terminate on charges and
perpendicular to the wires.

Magnetic fields encircle the wires.

ABending outward to form a dipole

The currents are no longer opposite but are both upwardly directed.
The bounded fields are exposed to the space.

The currents on the dipole are approximately sinusoidal.

The situation on the Fig. is the peak current condition. As time
proceeds and current oscillation occur, the disturbed fields are
radiated.

Figure 1-3 Evolution of a dipole antenna from an open-circuited transmission line.
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4ow antenna radiate : Time dynamics of the fields for a dipole
antenna

N

Closed loop

AAtt=0, peak charges buildup occurs (positive on the
upper half and negative on the lower half). current | = 0.

AAtt=T/4 , +/ - charges are neutralized and | is maximum.

ABecause there are no longer charges for the termination
@t=0 ®)t=T4 of electric fields, they form closed loop near the dipole.

1m0l AAtt=T/2 , peak charges buildup again, but upper half is
ST negative and lower half is positive. | = 0.
€3
ANotice the definition of 1.
| -— N2 —>
©t=12

Figure 1-4 Electric fields of an oscillating dipole for various instants of time. The
oscillations are of frequency f with a period of T = 1/f. :



P T
gt s
P
s Y
.-:'__,‘,,

\\ 4
fs A

-
- for
L7 L
-_‘-c'? T
. & .
W . o g

Ny, B - W
CI—

Overview of antenna

¢ Electrically smail antennas: The extent of the antenna structure is much less than a
wavelength A.
Properties:
Very low directivity
Low input resistance
High input reactance
Low radiation efficiency

Examples:
A O
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Short dipole Small loop

» Resonant antennas; The antenna operates well at a single or selected narrow frequency
bands.
Properties:
Low to moderate gain
Real input impedance
Narrow bandwidth

Examples:
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Half-wave dipole Microstrip patch Yagi
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7 © Broadband antennas: The pattern, gain, and impedance remain acceptable and are
nearly constant over a wide frequency range, and are characterized by an active region
with a circumference of one wavelength or an extent of a half-wavelength, which
relocates on the antenna as frequency changes.

Properties:
Low to moderate gain
Constant gain
Real input impedance
Wide bandwidth

®©

Figure 1-6 Types of antennas.

Examples:

Log periodic dipole array

e Aperture antennas: Has a physical aperture (opening) through which waves fiow.

Properties:
High gain
Gain increases with frequency
Moderate bandwidth

Examples:

-Aperture Aperture

‘ Homn Reflector
Figure 1-6 (continued).
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Antenna Concept (Il)
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NZ=8teps in evaluation of radiation fields : Solution of Maxwell
equations for radiation problems)

N

L/ - |
d 1 d/ Magnetic vector potential

P =0 — H=—D3 A Electric scalar potential
d o d m g iy g /

b3 ECI:—JWCIIH d—» b3 (E+juA) =0 — E+juA=- B

BD3PH=]wE+J . psps A=lpEO) - D’A= jwmejul- DF)+m
d r

b= p: If we set DCA=- jwmeé  (Lorenz condition)

Vector wave equation — D*A+wmAB=-

. " Solution i

Figure 1-8 Vectors used to
solve radiation problems.
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1. Find A
Far field

Z-directed sources

Z-directed line sources

ﬁSteps In evaluation of radiation fields (Far Fields)

_ e—jbr N R '

A

VI

A= Bmr—pf RZf§ o7 dv
or N R2FF

V'

Figure 1-8 Vectors used to
solve radiation problems.
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Steps in evaluation of radiation fields (Far Fields)

&
2. Find E
Far field E = 'J_ A
Transverse to the propagation = Ay - -
direction r E= g ('%I‘:? '% %
Z-directed sources E = Bsi nAgE
3. Find H
| 1l -
Far field (Plane wave) H=—IEE
h
- 1
Z-directed source Hf E

:Z 0
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Far-Field Conditions
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Parallel ray approximation for far-field
calculations

e 1

R=r -Er(

Figure 1-13 Parallel ray -
approximation for far-field
calculations of a general source.

2D*?
r>="—

/ D is the length of
r>>p line source

r> >

Far Field conditions
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