RECEIVING ANTENNAS

Recall: FANCIOE ()\2/4n)G(6, (),

We never proved it; sometimes untrue (when?)

Proof for Short Dipole Antenna: ! Einc

deff ?>\
If d << A/2T, quasistatics applies :

- R, + R,
s W
We seek Vy, in equivalent circuit:  V JX
5 () |
F
VTH =7

Assume Normally Incident Uniform Plane Wave:
Case 1. small loop antenna (D << A/2m)

Case 2: short dipole antenna (d << A/2m)
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SMALL LOOP ANTENNA: OPEN CIRCUIT VOLTAGE

Quasistatic Limit: _ E . RitRy

Area A 5 H V iX
+0

"0 @ R Incoming uniform (5 |

da plane wave Vg =2
Faraday’s Law:
E = - B — d _o a = _o Q=
. XE= oB/ot [ SpJaBeda=[Eeds =V

Open Circuit Voltage:
VTh = -Al (8[H- 2)/at)

UPW: Power P AV/m?Z B= n, [Ho |2/2
Where:  H=2Hycoswt at z=0, and
(a[H - 2]/0t) = —wH, sinwt

0.5 sinwt and

Therefore: (6 [H. 2]/6t) = -w(2P/no)
)0.5

VTh = Apow(2P/ng ) sinwt
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SHORT DIPOLE ANTENNA: OPEN CIRCUIT VOLTAGE

Quasistatic Limit:

deff

I

Equivalent charges

+ + + + + + + + + +

-—>+o
Voo

/ at infinity
E
_— Eincident
_____________________ -
>Equipotentials ®
= constant

Vh = Eine * deff = —Ejncdes SING
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MAXIMUM POWER EXTRACTABLE FROM A SHORT DIPOLE ANTENNA

Antenna Equivalent Circuit plus Matched Load:

_1 2
A Prec.max —§|MTh/2| /Rr

R= " 2 g

= ff
iX = |Ein _eff gin g

. Eincl’ 3R,
| o _O+ where R, =ng (kdeff /6"

VTh

: A P :
Define Agff (6,9) =2 ——S%— "Effective Area"

‘Einc ‘2/2%

2
2NoPrec _ r]C’deff sin“ 0 _ )\23

.
‘E' ‘ 4R, - 8nm Sin~®
=InC

For short dipole: Agff (0) =

2
Therefore:  [FARERO) = z—ne(e, @)(m?) [true for almost all antennas]

Recall, for short dipole:  G(8) =1.5sin?8 [# f(w)]
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PROOF THAT A = GA4/4AtFOR MOST ANTENNAS

Test Range = Unknown plus Short Dipole Antenna:

+ ANT > 0
Ml - 61(p
I1 2
W———W' W———W'
Rry V1 Rry + + Rr, Vo Rr,
Vthy  VYrh, N
L H I E R AP P L R L) I e
2 2
Z1212] Gy 1Z21h] Gy
Prec, = =P, —5 A1 Prec, = =Py, — A2
17 B8Ry, 2 g2 27 8Ry, / L g2
Wm™2

atantenna2  __



PROOF THAT A = GAY/41tFOR MOST ANTENNAS (2)

2 2
Z1212| Gy 2241 Gy
= =P, —=A P = =Py, ——A
recq 8Rr1 2 4T|]"2 1 reco 8Rr2 tl 4'nr2 2

5 Pre02 _ GlAZPtl 5 A Ao [Ptl . I:’recl E

I:)recl GZA1Pt2 Gy G2 Bth Pre02 i

2 2

But Prec, _ 21215 R, _ 21| Py

Prec, |12111|2 Ry, |221|2 Pt

Therefore, if |le|2 :|221|2 , then
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RECIPROCITY AND NON-RECIPROCAL DEVICES
Reciprocity:

2 _ 2 . =_= =_=t
Z12|" =|Z21]" if €=€t, u=p everywhere.

Exceptions: magnetized plasmas, \/
magnetized ferrites /‘

Non-reciprocal Devices:

4-Port Circulators Wavegwdes@
S|gnal flow

Non-reciprocal Antennas: \ \ ferrite “pill” inside
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MIRROR IMAGES

Mirror Images: Infinite flat conducting surfaces are “mirrors”

Consider the charges and currents shown, and how E must
everywhere be perpendicular to the mirror, and H must be parallel

} Sources

&)

| Image charges /777177777
St l’and currents /;,//'G)\?
Examples: : ™ Image current

Source

Image

Antenna pattern  perfectly conducting planes
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