2 | R8.nb R8.nb | 3

Section 11.8 where ¥ is defined by
Radiation by a particle in periodic motion 2 rAl,a)) _ f: dt 300 ei wt e_i (w /c) na?(t)

Review: Energy radiated by a moving charge

AN
| X=7(t) | = |X| -ne7®
Using the real source formalism ... Then

Let 7(t) be the particle trajectory in three
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. . . - _ + — +
Periodic motion X = Xstart T Xstop

Actually, the motion cannot extend over infi-
nite time. We’ll divide the time axis into three
parts:

+NT

dt 30 plwt o (w/c) A = F(¢)

. ] X/) = /T}start + /T/)stop + )_()N
71 = (-00,-NT) where N is a large integer;

7o = (-NT, +NT); 2N cycles with period T; Ty = n_—N f(n+1)T dt3(0
T3 = (+NT, o0)
For t € 1, the particle is starting to move; . pl@t oikiioT(t)

for t € 75 the motion is periodic;

o . The precise way in which the motion starts
For t € 13 the particle is stopping.

and stops is not important, but Y and Ysop

VY= { I_NT f+ NT f must be finite and independent of N; 2N is the
ot 4 number of periodic cycles.

o dt 17(t) plwt e—iﬁu?(t)/c
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Evaluation of y for the periodic motion, 75.
Consider the cycle fromt = nTtot = (n+1) T;
= _N,-N+1,-N+2, ..., N-2, N-1.
Now let ' = t — nT.
Then0<t' <T.
Change the integration over this cycle into the

integral over t’ from O to T. The point is, all
the integrals are equal because of the periodic-
ity,

7(£+nT) = 7(t) and v(£+nT) = v(t).

Result

N-1
)7N=(Z el(wT)n)
=N

o [T de ) el @l -kn i)

The integral does not depend on n.

So far we have

scan82

dzg ezul‘ A -
dwd ~ 43 ( (%,

A2Pw) _ 4, | 4%
dw d2 N-sow 2NT dwUZ)
Bt o By e inbpadect ¢ 1)
d? { 2,,% —
BB = aper O | R [Tae 70
o Lt e—:'m/:)%?@! 2
N=|

G lw) =§”‘ e "“T("'"—”') (22¥)

B QNT- me’:—N
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The calculation of Q(w)

Qlw) = limy_,q

1 i wT (n-n')
2NT |, HZ__N €
In the limit N — oo, Q(w) is a 'periodic delta
function' .
The final result is,
2

QW) = 32 X §(w-mwp)

where wg = ZTN

So, the spectrum of waves produced by the peri

odic motion of the particle is discrete : it con-
sists of all harmonics of the fundamental fre-
quency wg = 2rn /T; 1.e., w = wy, 2 wq, 3 Wy, 4
wo, ...
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Powers radiated into the various harmonics

We have this result
PPw) oo Ewbm?

dwdQ = “m=1 (37qp (WMo

ﬁx fgdt, 3(0) elmwot e—lmkon H(t) |2

u]

Or,

d? P(w dp
o éﬂ) ZOO _1 O(w— mwo) —"L
where

dp, e*wim?

dQ  Q2nc)?

Tdt’ 3(0) elma)ot e—lmkon-r(t) |2

= angular distribution of power radiated to

the m-th harmonic.
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Fach m value behaves as an independent
harmonic source

WT also derive these results:

dP (mwe)’r*  ~ =

d(? — 87(;c | n X A () |2

where

N imkor SN i A
A (%) = & cro fd3x'Jm(x')e imkon X

and

(R = S22 [Tdt 90 6 - 7(0) ) € M0




