RECEIVING ANTENNAS

Reciprocity:
_2f
Ao (8,0) = 4nG(9,<I>)

Not yet proved here; sometimes untrue (when?)

Approach:
Study small simple antennas; d << A = quasistatics
Seek V4, in equivalent circuit = open-circuit voltage

Examples: small loop antenna and short dipole
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SMALL LOOP ANTENNA

Quasistatic Limit: Y
VxE=-joB (Faraday’s Law) = +
— C']SCEOdg = —jmﬂAE-dE = \_/Th H %

Z
Open Circuit Voltage: Plane wave

V1h = _j@ANMoH° 5 o sind (6 = 90° here) << M2m

0 = angle of incidence relative to z axis R,
Radiation Resistance: " : vf W X
Preo(®) =gV’ W] = R, =gl (O
re(;(G))—I(G)A (0) [ sin®0] = ZnOIH(G)l G(0) 7~ Xz Vrh

G(0) = —S|n2€) [oc Ag(6) o sin0 ; j G(0)dQ = 4n]
| j(oANuoHS|n6| 21 (a)uOAN

7»2 3T]O A
41

“R, =

) ohms for N-turn caoil
8[ o |B 2 15 3 sin2 9"
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SHORT DIPOLE RADIATION

Far field radiation:

_ in. , ) y G = 1.5sin%0
Eff =0 r [V m] E
Far field |nten5|ty | =0\ 2

L |Eql’
1(r,0) —r2no W m™?] _
Total power radiated: 2
P. = Ho [1(r,0)ef “] r’ sin® do d¢ = nn_ fo [Fsin’0 do
— O lde
=5 [ W]
Antenna gain:
Go9) 2 L0 _ 3 g2

[P /4Anr?] 2
Radiation resistance:
1
PT = Elller

= 2?0 (diff ) [Q] (short dipole antenna)

Rr
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SHORT DIPOLE ANTENNA

Quasistatic Limit: Equivalent charges
+ 4+ + + + + + + + + atinfinity
E }
_j / /Eincident
aeff} oo g \ \
v || &3
Vrh "Einc®Yetf

=
LRt \ Equipotentials
® = constant

' |

VTh = —Einc ® deff = —Ejncdeff SIN6
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ANTENNA EFFECTIVE AREA A,

Antenna Equwalent Circuit:

Vrh/2° Rf% C %

P
rec — 2Rr -jX VTh
el 8R, load antenna
g2 E_ 2 V1, = -E;,.dc SINO
_ 2n eff — |Einc|
1(0)n,Sin“6 1=y [ 1(0) i ]
_ 2mo  deff 12
_ -2, 307
Prec = I(G)Sln 0 g
Antenna Effective Area A_:
. P True for
Ag(0)= =3 most antennas
1(6) A
% 2 kz A
Ao() = 47:1 5 sin“0 = yp (8) = Ao (8)
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PROOF: A = GA4/4n (If reciprocity)

Test Range: \/O —b
+
I 0,0 - Vo

o —fAN 227 (SOhortdipole
V1 -0—+ General antenna test antenna

O /W\ + + /W\ *
R
S

=Z12l = Zqln 22 [FCT] %
PII:;OOf_| 1219 2 _p Go A P |Z21l1|2 _p Gq A
recqH = B8Ry, =ty A2 1 reco &R, -y 2 2
—2
Prec:2 - G1A2Pt1 _ Ay Ay {PH Prec1 } Wm
Proc,  GoAP Gi Gy|P,
rec;  G2At, 1720 TreCe | it (7,02 =[Zpq?, then

PI’602 |Zz1l1|2 Rr1 |Z21|2 Pt1
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NON-RECIPROCAL DEVICES

Reciprocity:

Z12f* = |22 if &=3t h=h everywhere

Exceptions: magnetized plasmas,
magnetized ferrites

. . Bias H
Non-reciprocal Devices:

4-Port Circulators
2 and 3-port circulators

ool WaveguideSQ /i

_ signal flow
Receiver
N ferrite “pill” inside
Non-reciprocal Antennas: \ Z,

<>
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MIRROR IMAGES

Mirror = Z Sources
Images: Source O

current
E must be L to mirror @

H must be parallel S =
//////////

Fields above mirror equal /3/
Fields with image sources

Image
charges
and
currents

Image
current

Exam ples: Path at normal incidence is A/2 longer, but
adds in phase due to mirror’'s phase reversal

Image // Source( The_

V </ \//
2 Y. Source
G=°°: MA =z :ﬁ |mage
Normal gain has nulls Antenna height above

atz=0, 12, ), etc. Antenna pattern ground matters!

L19-8



MIT OpenCourseWare
[http://ocw.mit.edu

6.013 Electromagnetics and Applications
Spring 2009

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.


http://ocw.mit.edu
http://ocw.mit.edu/terms



