Solution To PHYS622 Homework Set 5

1 Solutionl

(a).
Y(x) = @/

2 9? _ 2 p2 _
Z-hf// o f12 +p2 =0.
(b).
f(@) = fo(x) + hfr(z) + h* falz) + ...
thereforefl = p* ifl = 2fs f1,if1 = 2f5 f1 + f12
(c).
fo= /I V2m(E —V(z)dz
fi=1fg/2f
Therefore fi1 =1/2ln(f)) =1i/4In(2m(E — V(x))),
b~ 1 otV emE=V (@) ds

[E = V(x)]?

2 Solution2

For a harmonic oscillator

V(z) =1/2mw?z?
The WKB solution within the potential will should be
T2
2C/\/p = cos(—l/h/ pdx + 7/4)
T2
2D/\/p= cos(l/h/ pdx —7/4)
x
These two solutions are consistent if C=D,and
x2 z2
—1/h/ pder — /4 = 1/h/ pdx — /4 +nrw

therefore/ V2m(E —V(z))de =h(n+1/2)m,n=0,1,...

2F T2F 1 2E 7 1 1
=3/ — T sin? = —hrt — —— = + - )har — E,, = + = .
Let x =4/ — 20059,/0 sin“0df = (n + 2)h (n 2)h n=(n 2hw)

w 2



3 Solution3

For a finite square barrier of height V, > E and width 2a ,the WKB solution
within the barrier is

A e%f: |p(x/)|dx/+ie—%fom Ip(wr)|dar

P =
WKB \/m \/m

For approximation we can let A = 0 ,the solution near x = 2a is

$(20) ot VB

P
T [W(2a)* o~ e \/2m(Vo— )
|4(0)[?

4 Solution4

h2
—%w// —Vob(z)y = —Eo

There is one unique bound state
[2ZmE
Y(x) = AetV Tax>0,2<0.
Because we have two boundary conditions:

(@) |z=0+ = ¥ (T)]z=0-

2mVq
(@Y sm0s — (@ |sm0- + T b(0) = 0

Therefore E = V02m/2h2,A = \/mVp/h?.

If the potential is switched off at ¢ = 0 ,the wavefunction for ¢ > 0 will be

+oo .
danp(xr,0)K (x, a7;t,0) = \/mVy/h>\/m/2miht / dzre=mVo/ W Filz—a)*m/2ht

+oo

Y(x,t > 0) :/

— 00

5 Solutionb

o _ ~ iB(an(t—tg)
K(pin,plit,to) = Y < pitlar >< allpr > e~ 7

al
Take af to be p

iB(p/)(t—t0) p2(t—tg)
- 2mh

K (i, it to) = Y e”— 7 o(pin—ps(F— ) = e
p



6 Solution6

Classical action

5= /dt——V o))

m (xn — Tp— 1) $n+$n 1)2
S —1) = At]— _
(nn— 1) = At (2= L)
m iS(n,n—1)
< Ty tp|Tp1, b1 >= 27ThAt6 2
The propagator is
mw imu[(m//2+.—m2)sz‘nw(t—t0)—2m/m//]
K(xn t;xt tg) = — e 2hsinw(t—to)
( i, to) \/Qﬂzhsm(w(t —to))

In the limit At — 0

SinwAt ~ WAL, coswAt ~ 1 — w?At? /2

mw A 5 20202442
therefore K — L
2mihAt
2 2
' (zn+zn,_1)
me e%[(mvﬁxn,l)%%]

2mihAt



