1.
Maxwell’s equations (3,4)

Maxwell's equations and potentials R
for time dependent sources (3)V-E=4mp
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We' 1l also impose the gauge choice
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LORENZ GAUGE CONPITION
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2.

THE GREEN' S FUNCTION OF THE D'
ALEMBERTIAN
Define it like this,

O G(Xt; Xt)=4n83-X)o(t-1)
(8.88)
Use Fourier analysis to solve it; < WT equa-
tions 8.103 to 8.111 (reading assignment). I'll
use a quicker method of derivation.
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In(100}= ScanRO2
However, we ann't use
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Ue  singula
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CQL 2_(0 ﬂk} z

Here e > 0 and €e — 0.

The retarded Green's function has —i € in the
denominator.

= scanRe3
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2

@® Now do the integral over k.
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3.
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@® Now do the integral over w.

wos- SCANROT

e w t\n;ﬁvr‘j
ret ., —(loft—¢
G (Ft; ) = f“:—;’_ € QWC’J'/M)

Yme ™ —~lw(é-t' =R
—2L . (v
4rRe |3+ € )

= = &( t-t'—RL) (a2

G (Xt; ¥, )= % 6 (t—t —R/c)

—)9|

where R= |X¥ - X
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4.

G Xt; ¥, t) =% 6 (t—t —R/c)
—>9|

where R= |X-X

Interesting properties of the retarded Green' s

function
B Time reversal invariance,
GY(X',—t';X,—-t)=G*Y(Xt; X' t)
B Propagation time = R/c,
G™'(X,t; X' ,t')
= the field at (¥,t) due to a source at (¥',t")
=0 unless t=t'+ |[X-X'| /c.
I.e., it takes time R/c for the signal to reach

the point (%, t)

THE POTENTIALS
Od=4np

Sl

dRt) = [dBx'dt G Rt; R, t) p(X
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)

«——1/Ro(t—t'-R/c) —

o, t) = [dx % p(X',t-R/c)
where R=|X-X'|;

and similarly,

—_—

AR 1) = Jdx' % J(Z',t-R/o)

(11.1)

(11.2)

Equations (11.1) and (11.2) are the equations
for the potentials due to arbitrary time-depen-

dent sources, in free space.
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5.

wo- Show[cutRO3, ImageSize » 768]

The foundational equations for all of our radiation

...~ calculations in this chapter are the free-space retarded
potentials in Lorenz gauge from (8.114) and (8.115).
Recalling that R = |7 — #’|, we have:

wo- Show[cutRO4, ImageSize » 768]

B(F. 1) = [d%’ LCE ’}; He) (11.1)

A7 t) = 1 [r£33:’ ad ”:?_ R'm;ll (11.2)
e -

out[107}
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6.
See homework assignment #6.

Problem 6.3 : Exercise 8.6.1.
wo- Show[cUtRO1l, ImageSize » 768]

Exercise 8.6.1. Find the solution of the free, one-
dimensional wave equation Green function,

dr? 2 ot?

52 52
( ; i ) Gz, t;2',t') = —4nd(z — =')d(t — t').

Out(108}

(the 4m is optional) with retarded time boundary
conditions,

G(z,t;2',t') =0 fort <t
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Problem 6.4 : Exercise 8.6.4.

we- Show[cutRO2, ImageSize » 768]

Exercise 8.6.4.
(a) Show that the retarded three dimensional Green
function,
. i — &)
GOP(E, 67", t) = ——=

(R=|Z-T'|, T =1 —t') satisfies

=, 18 et T T
(vz 232 G30(F,t; £, t') = —4xd®)(F — F')o(t — t'),
2 912

[

directly by carrving out the specified derivatives. (You

may choose # — ¢ = (o for simplicity.)
(b) By using the integral form or by other means, prove (or
argue) that
im G3P(z t;2,t) =0,

(t—t')—07

. '-} K — —af (3= —af
lim N G30(z,t; 7, t ) = —4mwc25B3) (7 — ),
(t—t)—0t O '

where 4*(#—7) is the three-dimensional spatial

function. (The second result is the analog of the surface




