Opti 501 Solutions 11

Problem 6.14)
a) p(t) = —qx(t)x. Therefore,

L = E(t) - 8 = qulxo| Exg cos(wt) sin(wt — @,). (1)
b) D = muy (20 = m [%2] [T57] = me? x| sin(wt ~ go) cos@t ~ go). (2)
c) %t(t) x(t) dx(t) = —aw|xy|? cos(wt — @) sin(wt — @,). (3)
) O _ p[#O] 2 go2ix,|2 sin(wt — o). (4)
o) 20O = Le, (1) + £5(8) + £,(1)]

= wl|x|? sin(wt — @,) [Mmw? cos(wt — @y) — a cos(wt — @q) + fw sin(wt — @q)]
= mw|xy|? sin(wt — @,) [(w? — w?) cos(wt — @y) + yw sin(wt — @y)]. (5)

Now, according to the Lorentz oscillator model, we have

(q/M)Exo :(quo) (w?- wd) —iyw 6)

w?2- w2 +iyw (w2- wd)? + (Yyw)?’
0 0

|xo| exp(igy) =

Consequently,
1%0] = (qExo/m)/y (02 — w§)? + (Yw)?; (7)
cos(@g) = (w? — w§)//(w? — w§)? + (yw)?; (8)
sin(@o) = —yw/y (w? — w})? + (yw)?. )

Equation (5) may now be rewritten, as follows:

. cosacosb —sinasinb = cos(a + b)
= mw|xy|? sin(wt — @g) | T |

dgtotal(t)
dt

X/ (w? — @)%+ (V‘U)Z[COS(‘PO) cos(wt — @q) — sin(@,) sin(wt — Qoo)]
= qw|xg|Ex cos(wt) sin(wt — @,). (10)
A comparison of Eq.(10) with Eq.(1) reveals that d€(t)/dt = d[Ex(t) + Ep(t) + EL(V)]/dt.




