PHYS 2D
PROBLEM SESSION




Quiz 3 is graded
Pick up quiz 3 today or next Tuesday

Regrade request: 1 week



6.1

Determine which wave functions are physical
Conditions:

Continuous {e}

Single-valued {h

Value is finite feg

Valid ones: b & ¢



6.16

Electron in a box, L=0.3 nm (x=0 to L), find the
probability P the particle is found within [O, O.1nm]

forn=1 & n=100
J(x)=Asin(nTtx /L), A:(Q/L)l/Q

1 2 2 1l1l-cos (2nmx /L) 1 L 0.1
P, = 10 (%) | dx:—fe dlx=—[x- sin (2n7rx/L)]
0 L Jo 2 L 2 nr 0
sin (0.2 nx /L) sin (2 nx/ 3)
=0.1/L-( -0]:1/3-
2 nr 2 nr

n=1, P =0.196; n=100, P, =0.332; n=co, P =1/3

Correspondence principle: we get classical result
with large n

Classical: same probability everywhere, P=1/3



6.23

Square well with V(x<0)=eo, V(0<x<L)=0,
V(x>L)=U, particle has energy E, find {(x)

Regions |, ll, lll for x<O, O0<x<L, x>L

1. Write out Schrodinger eq & | for each region
Region |: Y(x)=0

Region ll: Free space ;n :x—zz v (%) = EY (x)

n? x?
¥ (x) = Acos (kx) +Bsin (kx), E =

2m

B2 Q2
R . ||| -Z—Qw(x)+Uw(x)=Ew(x), E-U<O0
eglon : m

2 12
k' x h” k

¥ (x) =Ce* *+De™®' *, E-U=-

2m



6.23

2. Apply boundary conditions

Woave function is continuous at x=0 & x=L
dy /dx is continuous at x=L

Woave function is finite at x=o°

At Xx=0: v (0) =2cos (0) +Bsin (0) =0, 50 A=0

At x=00; ¥ (=) =ce®' "4De™ " ="' " g finjte, so C=0

X'L

A.I. X:L' ¥ (L) = Bsin (kL) = De

%' (L) = kBecos (kL) = -k ' De <"

Dividing, we get tan(kL)=-k /k’



6.23

tan(kL)=-k /k’

ﬁ2k2 .h2k‘2
E-U=-
2m 1! 2m

cot?(kL)=(U-E) /E

cot?(kL)+1=1 /sin?(kL)

(KL)2/sin2(kL)>1, so (kL)2[(U-E) /E+1]>1
(KL)2[(U-E) /E+1]=(kL)2U /E=2mL2U /h2> 1

E =

2mL2U/h?>1 to have a solution
No solution when 2mL2?U/h?%<1, or U<h?/2mlL?



6.24

Show that ¥ @ == is g solution to Schrodinger’s
equation for quantum oscillator

a2 g2 1

— — Y (%) +— mw’ X2 Y (%) = EY (x)

2m ax? 2

d_w=—2a.ﬂ//(.x')+(:e ax d t/: =—2axl—2af§l/(x)—(20’x)ce ' =(2ax) y(x)-bay(x)
dx , dx‘ d.l‘

Equate v = terms and ¥ = terms

me 3aki’ 3
a = —— B L —_ _h(a
2h m 2

J(x) is the n=1 state
Normalization: 1= vera=2c @ a

° . _mo 2 2 _-2ax2 _ 2_1 l
We can find C in terms of «-7; ( 2¢ J:x T axx20t =/ )

4



6.32

Find <x> & <x?> & Ax for ground state v &) = ce™
of quantum oscillator

me ( 1 me Y4
a=—- C=
2h )

<X >= J\Dx 1o (x) 12 dx = J’PxC2 e 2% gy - 0
1 7

T h
_ 2 _ 2
<x2>=.rx>:<:2{z//(x)|2cilx=waQCQeQO‘x dx=2czfx2e2“ dx = 22 — —_
- -0 0 4 o 2 a

(Ax)2= <x2>-<x>2,Ax= < x? 12



