Wire Antennas: Maxwell’'s equations
Maxwell’'s equations govern radiation variables:

E electric field (v m™)

magnetic field (a m'1]

D = ¢E electric displacement (Coulombs m'2]

B = uH magnetic flux density (Teslas)

(¢ is permittivity; &, = 8.8542 x 10™* farads/m for vacuum)
(n is permeability; p, = 4w » 10" henries/m)
(1 Tesla = 1 Weber m™ = 10* gauss)




Maxwell’'s Equations: Dynamics and Statics

Maxwell’'s equations Statics

_)

J




Static Solutions to Maxwell’s Equations
Maxwell's equations govern variables:

P
H magnetic field (a m'1] A}
Vq volume of source

E=-V¢ since VxE=0

E electric field (v m™) I -7

B=VxA since VeB=0

1 ¢ Pq dv, voltsis electrostatic potential at point p
47’[8 Vg I‘pq

bp =

— N
Ap =" [ “9dv, isthe vector potential at p
P = Vv q
At'Vq 1%
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Dynamic Solutions to Maxwell’s Equations
B=VxA since VeB=0

A (t):i jq(t_ pCI/C)
P 4r Vg rpq

C= ]/Jposo ~3x10%ms™ (velocity of light)

_ 3. Kpg
Sinusoidal steady state: Ap = . L dv

dvq (static solution, delayed)

where propagation constant k = o./pgee = ®/C = 21/ A

Solution method : Jq(r) - Alr) - B(r) > E(r)

where E = —(VxE /joos from Faraday’s law




IR In "near field"r << . , r>>d

2T
and the quasistatic fields are strongest

Y (store active power, (Wg ) >> (W, ) here)

where k =2n/A, Mg =+/Mo/€q =377Q
characteristic impedance of free space
Akbdﬁnee_mr
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Elementary Dipole Antenna (Continued)

2

—r<< ; "near field"

SAExH" W m™ "Poynting vector"

where average power density = <§(t)> = %Re{ S} (W m-z)

and S(t)=E(t)xH(t) (W m'z)




Elementary Dipole Antenna (Continued)

SAExH" W m™ "Poynting vector"

where average power density = (S(t)) = ;Re{ S| (W m-z)

and S(t) = E(t)xH(t) (W m2)

Y. )
502192250 ot ipole L
= 5 AT or a snort dipole y

2
Watts

Total power ! o R
transmitted = 2Re{j4n5 o dQ2 }_ 31




Equivalent Circuit for Short Dipole Antenna

+o—| jX Reactance is capacitive
for a short dipole antenna

o> V % = “Radiati : :
0 Reactance =R Ra_dlatlon , and inductive for a small
5 resistance loop antenna

Here dgsf =d/2
Since d<<\/2x

Example:A = 300m(1 MHz), d4 = 1m = R, = 0.01Q
such a mismatch requires transformers or hi-Q
resonators for a good coupling to receivers or transmitters
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Wire Antennas of Arbitrary Shape

Finding self-consistent solution is difficult
(matches all boundary conditions)
Approximate solutions are often adequate

Approach

1) Use TEM-line reasoning to guess I(r)

2) Ir)— Atarfield = Hi — Egf

3) Eg= mjé(é) (1)e KO sinp(r) dr
L




Estimating Current Distribution 1(/)
on Wire Antennas

1

1 L m2lm-
We = 4e0E” . Wiy = oH Pm 2, We = 2

Most energy stored within 1-2 wire radii.

Lec 09.6- 10
1/11/01




Examples: Current Distributions and Patterns

“Half-wave dipole”  1(2) A2
‘ré$_

(0]

R, = 73Q, jX=0

“Full-wave antenna” /—\

AY
N\

s
S o 0Q -

kr ” </ for center-fed
[COS(?COS 9) —COS?} wire of length /¢

27r sin 9

\ /
e
7\4

— cos(n COS ej if ¢ =
2 2

z

! /\%E(e)

\\/D:K/Z

Short dipole, d << A/2
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Examples: Current Distributions and Patterns

(2)

Current transformer, X # 0

Long-wire antenna Radiation decay
T ==~
Tli

o

—_

Traveling Standing
wave wave

Vee (broadband)
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Mirrors, Image Charges and Currents

We can replace planar mirrors (c = «) with image charges and currents;
E, H solution unchanged.

}'mage charges 7777777777

and currents ~—  |mage current

Note: Anti-symmetry of image charges and currents guarantees El(c = o),
H/l(c = ), matching boundary conditions. Also, the uniqueness theorem
says any solution is the valid one.

\

Say 1 MHz (. = 300m) D Image  Antenna
D = 1m (short dipole); D << A current  pattern
D= 2D/2 = D; X Is capacitive
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Antenna Arrays

from IO at
X=y=z2=0

2

G(6,0) x E” =[Eo{0.0}7 o 3 Aje 19i(00)

element
factor array factor
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Examples of Antenna Arrays

Full-wavelength antenna;
di-wavelengin a Array factor

Element factor
i) ®ere-0 }Array Pattern

==

I(t)

Linear array:

Let o :ai+2;zicose=o at z=0;

a IS phase of ith element current
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Linear Array Example:
Half-Wave Dipole Plus Reflector

Reflector >> A/2

y Y null

A@-+- -0

null

Array Element Antenna
factor factor pattern
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Linear Array Example: Jansky Antenna

Used in 1927 to discover galactic radiation at 27 MHz while seeking
radio interference on AT&T transatlantic radio telephone circuits.

— X

][] 1?41_ .

i — Y

z

oc 7% = 49(x — pol.)

y
o« 6° = 36(z — pol.)
oc 1% = 1(x — pol.)
X

Z
To cancel y-direction lobes, drive two duplicate
antennas in phase, A/2 apart in y-direction = y
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Genetic Algorithms for Designing Wire Antennas

Need performance metric, e.g. target gain or pattern plus cost function.
Need software tool to compute that metric for wire antennas.
Need vector description to represent each possible antenna.

Need genetric algorithm to randomly vary vector so its metric can be
computed. The algorithm hill-climbs efficiently toward optimum design,
especially if the antenna is not too reactive.

Yields rats-nest configurations that perform well.

e.g.

Ground plane

Metrics and vector descriptions favoring simplicity bias the
design accordingly.
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