Chapter 11: Radiation
11.1 Dipole Radiation 11.1.1 What is Radiation?

A charge at rest does not generate electromagnetic wave; nor

does a steady current. It takes accelerating charges, and/or
changing currents.

The purpose of this chapter is to show you how such
configurations produce electromagnetic wave.

How charges radiate? Consider Jefimenko’s equations.
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p and J areresponsible for electromagnetic radiation
(i.e. EM field at large distance).

11.1.2 Electric Dipole Radiation

Consider two point charges of +qand —q  7f= g
separating by a distance d(t). Assume d(t) ~
can be expressed in sinusoidal form. I

Theresult is an oscillating electric dipole:
P(t) = qd(t)z = qd cos(wt)z = B, cos(wt)z, where P, = qd.

The retarded potential is:
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Electric Dipole Radiation: Approximations

Approximation #1: Make this physical dipole into a perfect
dipole. d<<r

Estimate the spearation distances by the law of cosines.
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Approximation #2: The wavelength is much longer than the
dipole size.  __C A
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The Retarded Scalar Potential
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The retarded scalar potential is:

[cos[a)(t Dy —sin- D24 cosaF 1+-3 cose)
c c 2c r 2r

V(r,t)=

Az {cos[w(t ~D+snet-5) w—dcosé?} La-9 cos)
c ¢ 2c r 2r
;M[—Qsin[w(t—£)+Ecos[a)(t—£)]}
Arer c c r c




The Retarded Scalar Potential
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Approximation #3: at the radiation zone. —<<r
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The retarded scalar potential is:
V(r,t) = M[—Qsin[a)(t—i)}
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c, A c
d<<r d<<—(=—) — <<
w w

>d<<A<<r

The Retarded Vector Potential

The retarded vector potential is

determined by the current density. : [

1= 07 =~qosnat I
A(r,t)= 4o IM _ o o —qosinlo(t-riol

Az Qg J-di2 r
E—@sin[w(t—i)]i @d << A<<r
Ay Cc
Retarded potentiaIS'

V(r t)—— I:&Sg n[ (t__):l {E—VV—G—A
4 SOC r at

Alrt) = “Zpo sm[a)(t——)]z B=VxaA

The Electromagnetic Fields and Poynting Vector
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Thetota power radiated is
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11.1.3 Magnetic Dipole Radiation

Suppose we have a loop of radius b,
around which we drive an alternating
current.

[ (t) =1,cosmt

This is a model for an oscillating
magnetic dipole,

m(t) = zb’l (t)z = m, coswtz

The loop is uncharged, so the retarded scalar potential is
zero. V=0
The retarded vector potential
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Retarded Vector Potential
with Three Approximations
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Approximation #1: Make this physical dipole into a perfect
dipole. b<<r

Estimate the spearation distances by the law of cosines.

r=\r?+b? - 2rbcosy,
where  isthe angle between the vectorsr and b:
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Retarded Vector Potential
with Three Approximations

cogo(t - r /)] = coga(t —%) + %bsinecosqﬁ’]
=coqa(t- %)] cos[c%b sindcos¢’]

—sinfo(t —1)]sjn[“’—bsinecos¢']
C C

Approximation #2: The size of the dipole is small compared to

the wavelength radiated.
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The Retarded Vector Potential The Retarded Vector Potential
cos[a)(t—i)] The vector potential of an oscillating perfect magnetic dipole
gl peze| o C . is:
A=y [, | sbsindcosg cosg'dg Alr) =230 oo D) - Linfot- D
[ Loosott-D1- Zaniat- D)) .
r c ¢ ¢ Approximation #3: at the radiation zone. —<<Tr

The second-order term is dropped.
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The first term integrates to zero: _[0 cosg'dg’ =0
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The second term involves the j oS’ fdg = z
integral of cosine squared. 0

Putting this in, and noting that A points in the ¢—direction.
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The Electromagnetic Fields and Poynting Vector
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Thetotal power radiated is: < P>=j<S>-da - ”OmJ‘;’
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PL = —> <1 (Electric dipole radiation dominates)
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Homework of Chap.11

Prob. 1,2,5,6
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