CHAPTER 15
1a. The displacement under this force is

1 ot
X(t)=—| o(ow)e ™ do.
(=5 a(o)
With ® = wg + i, the integral is jc;c(co)e““’Rte‘”'t dw. This integral is zero for t < 0

because we may then complete a contour with a semicircle in the upper half-plane, over
which semicircle the integral vanishes. The integral over the entire contour is zero
because o(w) is analytic in the upper half-plane. Therefore x(t) = 0 for t < 0.

1b. We want

X(t):iTﬂ (A)

2n 2 o, -0’ —iop
which is called the retarded Green’s function of the problem. We can complete a contour
integral by adding to x(t) the integral around an infinite semicircle in the upper half-
plane. The complete contour integral vanishes because the integrand is analytic

everywhere within the contour. But the integral over the infinite semicircle vanishes at t
<0, for then

exp (0 +i0,) (|t ~ex0( -0t exp(ioe ).

which — 0 as || — oo. Thus the integral in (A) must also vanish. For t > 0 we can
evaluate x(t) by carrying out a Cauchy integral in the lower half-plane. The residues at
the poles are

so that

1 1

X(t):((ﬂoz_%pzf exp(_%pt)sin(woz_%pz)5tl
2. In the limit ® — o we have
(x'((o)_)_z fj/(DZ

from (9), while from (11a)
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o () > - 22 _[Sa”(s)ds.

IO

3. The reflected wave in vacuum may be written as
—E, (refl) =B, (refl) = A’ g ilkcrot),

where the sign of Ey has been reversed relative to B, in order that the direction of energy
flux (Poynting vector) be reversed in the reflected wave from that in the incident wave.
For the transmitted wave in the dielectric medium we find
E, (trans) = ck B, (trans)/ew
=gV B, (trans) = A"e'* Y,

by use of the Maxwell equation ¢ curl H = ¢dE/ét and the dispersion relation ew® = c’k®
for electromagnetic waves.

The boundary conditions at the interface at x = 0 are that Ey should be continuous: Ey

(inc) + Ey (refl) = Ey (trans), or A— A'= A". Also B, should be continuous, so that A + A’
= 2 A", We solve for the ratio A'/A to obtain ¢¥? (A - A’) = A + A', whence

A 1-g"
A 241

and

E(refl) A" ¢”-1 n+ik-1
E(inc) A &”+1 n+ik+1

The power reflectance is

R(m):r*r:(n—ik—lj(nﬂk—l):(n_1)2+Kz'

n—ik+1/\n+ik+1 (n+1)2+K2

4. (a) From (11) we have

(o) =-22p] T

ds.

In the limit ® — oo the denominator comes out of the integrand and we have

15-2



® —> © o

(b) A superconductor has infinite conductivity at zero frequency and zero conductivity at
frequencies up to gy at the energy gap. We can replace the lost portion of the integral
(approximately c'nmg) by a delta function c'ymy 8(w) in c's(w) at the origin. Then the KK
relation above gives

(c) At very high frequencies the drift velocity of the conduction electrons satisfies the
free electron equation of motion

mdv/dt =—eE; —iomv=-— eE,
so that the current density is
j=n(-e)v=—ine’ E/mo
and oc” (®) = ne?/m in this limit. Then use (a) to obtain the desired result.

5. From (11a) we have

, _ 4nne’ °°5(S—®g) B
g'(w)-1= - P!: o ds = i

6. n* — K? + 2inK = 1 + 4zico/w. For normal metals at room temperature o ~ 10*" — 10

sec”, so that in the infrared <o, Thus n*=K? so that R=1-2/n and

n=,/(2nc,/w), whence R =1-,/(20/no,). (The units of oo are sec™ in CGS.)

7. The ground state of the line may be written v, = A;B,A,B,...A\By. Let the asterisk

denote excited state; then if specific single atoms are excited the states are
¢,=ABA,B,...AB,...A\By; 6,=ABA,B,...AB/...A(B,. The hamiltonian acts
thusly:

H(pj =€,0; +T19j +T29j_l;
Hej = gBej +T1(pj +T2(pj +1.

15-3



An eigenstate for a single excitation will be of the form v, =" e (ap;+B6;). We
j
form

Hy, = Z e [oe,¢; +aT0,+aT,0,,
i

+B839j+BT1(Pj +BT2(PJ' +1].
=> e [(ocsA +PBT, +e BT, )(pj
i

+(och +PBeg +e‘k""ocT2)9]]

=Ey, =Y e"[aEg, +BEO;].
This is satisfied if
(€4 —E)oc+(Tl +e_”‘aT2)B =0;
(T, +€"T,)a+(g, —E)B=0.
The eigenvalues are the roots of

e,—E T, +e T,
T,+e"T, e, —E
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