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6 Radiating Systems
@ Radiation
@ Dipole Radiation



What is radiation

Lecture 11-1 @ Energy flow thru the surface of radius R — oo

P = fda-s = ?{da-EXH

Radiation @ Since elecromagnetic fields travel with a speed of light
r
Paalto) = lim P (r.10+ )
r—o0 C

r @ P.,q = 0: no radiation

@ P,,q # 0: radiation

Source




Radiation, cont.
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@ In electro/magnetostatics

3 /P(X ) & ~ 1
BO0H = g [ & 0(z) Prag = limyo0 fda- -E x B
N o

~r2x L=
B(x,t) = Z—gfd:”x’—']g,) x & ~ O(L) v

@ |In electrodynamics
1 't (X tret) . (Xt 1

G2 cs c%s

’ T(x'
B(x,t) = Z—i/d%’ [J(x s tret) n J(x ,tret):| X & ~ O(l)

% s

= Prag = limy—so0 $da- 1E><B~r X & #0

= radiation is possible



Lecture 11-1 @ Vector and scalar potentials due to an arbitrary source are:

1 ot J(x',t
D(x,t) = —— /d%’ Peestr), A(x,t) =20 /d3:v’ I i)
4meg |x — x’| i [x — x|
[ where t, =t — @ is the retarded time

@ Consider the electric dipole with ¢(t) = go coswt so that p = pg coswt

<
‘ S = r— —és, t;f :t—%
d c_
l S =r+—=€3, t. =t——
2 c

—q
@ For a point charge p(x,t) = ¢d(x — w(t)) where w(t) is the trajectory.

= p(r',ty) = q(t1)d(st) — a(t;)d(s-))



Electric Dipole Radiation , cont.

Lecture 11-1 @ We will study case when wavelength A = % > size of the dipole d. Also,
we consider fields in so-called radiation zone r > A

@ Expand atlarge r and £4 ~ ¢ < 1

d? d 1 1 d
Dipole Radiation S+ =1[r?2 F2rdcosf + T ~r(l1F ;) = o ~ ;(1 + 50059)

d
= Cosw(t—g—i) ~ Cosw(t— t:l:{;)—cose)
c c c

wd S+ d?
~ cosw(t— E) F —cosesm (t— 7) + O(}\—2)

@ We get scalar potential in the form

qo cos (wf —) qo cos (wf g—’)
= &(r,t) = €
Amesy dmepgs—
_ _Poweost o o(e— Ty 4 Pocost _r
B 4dmeger smw(t c) * 47reor2 w(t c)
Ppow cos O sin [ by ]
S i t—-)[1 —~Z
dmeger ( ) + O( wr 7')



= —qpé3wsinwt

Dipole Radiation

@ For the vector potential, the first term in the expansions is sufficient:

Ho I tr) i ¢ 4o I(r', t,)
A(r,t) = —/d3m' — 0 me e A(r,t) = = [dlf — -
4ar [r — 1’| 4ar [r —r/|

d

Bo 2 sin(t—%) Bo 4 . r
= — —é&3qow dz———FS~ ~ ———@3qowsin (t — —
47 340 /_% S 47r 340 ( c)

@ Fields
7]
E(r,t) = -V(r,t) — aA(r, t), B(r,t) = V x A(r,t)

We need to differentiate potentials keeping only ~ % terms and neglecting
6 (%) contributions



powcosf . r
) —_— smw(t — 7)
Dipole Radiation 4meger c
wcosf O pow? cos O r
=t smwt—f 6] = —f— cosw(t— —),
po 4meger or ( ) + ( ) 4dmegc2r ( c)
16) 0 po . r pow? cos r
——A(r,t) = ——e wsinw(t — —) = é3————— cosw(t — —
ot (r,2) Ot 4m 340 ( c) 3 4dmegc?r ( c)
0 o R
= E(r,t) = —Mcosw(t— [)0 fcosh —éz =0siné
4megc?r c

@ Magnetic vector potential in spherical coordinates is

_ Hopow
47y

Hopow
47r

A, = CosGsinw(t—i)7 Ay = sin@sinw(t—f), Ay =0
c c
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Dipole Radiation

@ We get

2 -
E(r,t) = 741’?3:;% sinfcosw(t— )0 :
spherical wave with B = — x E
2 . c
B(r,t) = —£0P9“ sinfcosw(t — L)

@ The Poynting vector is then
.. 2 2 TN A
= ————sin“f cos w(t — 7)1'
140 1672cr2 c
@ Time average of the Poynting vector

popiw?t

2 e
32m2er2 O o

(8) =



Electric Dipole Radiation, cont.
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@ |Intensity profile of the dipole radiation:

Dipole Radiation

[

@ = the total radiated power takes the form

(P) = /(S)-ﬁdA n=r 2 paw / dap/ df sin®0 = ﬂpgw‘l
2 c 12mc

/3

@ The total radiated power
_ MO 2 4

= w

127c
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