SOLUTIONS TO HOMEWORK 2

1) Before the step, V=0 so the TISE takes the form:

Forx<0: &= $& =EW

LAY a . =
or 35 Y K7W = o with k* = 2%

This has solutions @7 , @ 7
+Cw>oC . . . - .
The £ part represents particles moving to the right (incident from the left).

TheR e_okx represents particles reflected by the step. [5]

(@) For x> o, the TISEis:
—K*® gt—;‘; +(Vv,.-EDU=0 or

2 ™M

2 A - pP'u = o where pi=4a3 (Vom8)

Zwm X2

* P

This has solutions € . For XX = + <0 the €77 solution diverges (we take

P >0 )sowe mustset (=0 and hence ALY = T o 7
NB for E > V., the equivalent transmitted wave is L(X) = T 27°"*  [5]

(b) MatchW 0O at x=o .
€+(°K>§\—R€_c\‘x= T % for x=o0
SIyrr=T ©
Matcht' (x) atx=o ,
= (K- (KR = -pT )
Solving these simultaneous equations gives:
T= A= Fp @
and R=&-CP)/ (xx(p) @ 5]

(c) The current (flux) density is:

FCO = Bhem LY78X~ V™
Substituting wx) = 2"+ RE™ ™ in the expression above, we get:
Joo =20y — 1))
From @ we see that \R \* = R R "= | so- =0 . We have total reflection.
For x >0, if we substitute « = Te 7=
see that the answer is zero. In fact, this must be the case since (L is real so
Fr o= FEET [5]

in the expression for the current, we easily



2) (a) Before the barrier, wx) = < + R ™

after the barrier, X (XD =T @™ [5]
(b) Before the barrier, 4o = 8 Ch —1x\*)

while after the barrier, 4 (0> = &5 17T1%

hence, conservation of flux implies that (= 1R [*=1T1%

WecanwriteR= C 1+ J 2 and T =[1 + ¥4 )"
SO, \R\Z-\-\T\ZCKZ'\'Tl: %ﬂs"_ﬁa{ = |
So flux is conserved. [5]

(d) There is perfect transmission if T= | ie if Lin*Ka = O ,
Hence ka = 4TY&A = O, TT, 271 « « nTT .
Soa=n2 2. [5]

3) For the second lowest energy state (first excited state) we have
W)= 4a 4 = The probability distribution is

PeH=101% =) fin *I=

(a) Particle is most likely to be found at maxima of P(x) -

|
He—A  XAzO  X= QA
APOYx = 0 for X= 0, LR/ 5
= %/, are maxima. [5]
(b) We want:

q:g dQ(Jc)O\DC = '/OL‘V;S Ain* l}j‘c A
=Y SY, (\ — v ¥ T dx

Ya Coc = 2w * Z5] 2=Vy L5

(€ X=<x>= 5 —o0 An IX X 4l TX d5C (an odd function so...)
> = O, [5]
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