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RECEIVING ANTENNAS

Recall:

We never proved it; sometimes untrue {when?)

Proof for Short Dipole Antenna: I Einc

deff |{—.
If d << /27, quasistatics applies :

I =

We seek Vy, in equivalent circuit: Y

Assume Normally Incident Uniform Plane Wave:
Case 1: small loop antenna (D << Af2n)

Case 2: short dipole antenna (d << Af2n)

SMALL LOOP ANTENNA: OPEN CIRCUIT VOLTAGE

Quasistatic Limit: R, + R,

[ I—
Area A vV
Incoming uniform °

plane wave

Faradays Law:
VxE=-0Bftt = [, (oB/ot) eda= [ Eeds =V,
Open Circuit Voltage:
V1h = Au (8[H « 2)at)
: 2 o2

UPW: Power P[W/m?2 | = 1o Fol* /2

Where: H=2H, coswt at z=0, and
(8[He 2)/et) = —wHq sinot

Therefore: (8l « 2)/at) = ~(2P/no )>° sint and

Vi = —Alee(2PMe )02 sin et
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SHORT DIPOLE ANTENNA: OPEN CIRCUIT VOLTAGE

Quasistatic Limit: Equivalent charges
 at infinity
+ + + + + + + + + +
Ene g s
aei‘f E
9 T Eincident

—]

>Equipotentials o
= constant

Y

MAXIMUM POWER EXTRACTABLE FROM A SHORT DIPOLE ANTENNA
Antenna Equivalent Circuit plus Matched Load:

2
AR Prec.max = %|ETh/2| /Rr
R,
2
. = 2d .2
|1)§| = ‘ElNC| %Sm o
(O where Ry =1 (kdefr )2 /67
Vi

Define Agr (6,¢) = L "Effective Area"

—_ 2]
‘Einc‘ ,,.-"'2"10

2 il

Nolsg SINTO 524

For short dipole: Agg (0) = 2n°Pr92° = Oeff ~ 23 5in2¢
‘Einc‘ 4R, 8n

Therefore:

Recall, for short dipole:  G(8)=15sin26 [z f(w]
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PROOF THAT A = GA%/4xn FOR MOST ANTENNAS
Test Range = Unknown plus Short Dipole Antenna:

l1

e

+0o :
M1'O—ﬂ/f
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Rry V4 Rry + + Rr, Rr,

2
Z1212] Gy |Z21h] Gy
I:’rec = =P A1 I:’ret: = =P, A2
Wm‘2

(Power transmitted by antenna #1)

atantenna2

PROOF THAT A = GA%4n FOR MOST ANTENNAS (2)

2 2
21212 Gy Z21h] G
Prec, = Py, C2 A1 Prec, = -
rec 8Rr,] 3 4:I'EI’2 recs BRrQ 14:”

3 A2

I:’rec1 G2A1P12 G G2 Plg I:’rec2

2 >
Prec; _[Z12lo[” Ry _|Z12f" Pt

But
Prec; |Zz1l1|2 Ry |Z:z1|2 it

Therefore, if |Z12|2 = |221|2 , then
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RECIPROCITY AND NON-RECIPROCAL DEVICES
Reciprocity:

2_ g 2 wz_=z = =
Z12|" =[Z21]” if e=st, n=p everywhere.

v

Exceptions: magnetized plasmas,
magnetized ferrites )

Non-reciprocal Devices:

e
/"‘
. F
4-Port Circulators waveguides Q \
sighal flow

Non-reciprocal Antennas: N «.\' ferrite "pill” inside

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

[

= ' [and currents ‘ﬁ

Examples: 6\@ ™ Image current

Image?/// :"‘““1_
o \ Image ﬁj— -

Antenna pattern  perfectly conducting planes
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