Solutions Opti 501

Problem 6) a) Particle m:  mXy'(t)=—gEx,cos(@t) — a[Xm(t) —Xm (1)] = BmXm (1), (1a)
Particle M: M xu"(t)=+gEx,cos(@t) + a[Xm(t) —Xm ()] - SmXm’ (1). (1b)

Adding Eq.(la) to Eq.(1b), then using the fact of stationarity of the center-of-mass, namely,
MX(1) +Mxu(t)=0, leads to the trivial identity 0 =0. The two equations, therefore, have
identical content, and one can derive all the desired information concerning the oscillator from
either Eq.(1a) or Eq.(1b).

b) We choose for further analysis the equation of motion of the particle m, namely, Eq.(1a), then
substitute for Xm(t), Xm(t), and E(r,t) the corresponding complex expressions to arrive at

— M@ Xp+ &t (X — XM0) — 1@ BrmXer0 = — Y Eso. 2)
Using the stationarity condition, Xyo= —(mM/M )Xy, the above equation can be written as
@ Xoro = (/1) [Xero + (M/M ) Xing ]+ 1 ( B/ M) X0 = (6/M) Eso 3)
which yields the following solution for Xmp:
Xmo = (9/M) Exo/ [@” — a(1/m+ 1/M)+1(B/M) @]. 4)
Since the polarization density is given by Py, = Ng(Xwo—Xmo) =— Nq[(mM/M )+ 1] Xm0, we will have
£.C(0) =P/ B~ — qu[(l/m)+(1/M‘)] . )
o —a[(1/m)+(1/M)]+i(fwm) @
c) From Eq.(5), the oscillator parameters are found to be
wp =(Ng*/&)[(1/m)+(1/M)], (6a)
ws = a[(1/m)+(1/M)], (6b)
y=Po/M. (6¢)




