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	Your grade

	1
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	2
	4
	

	3
	8
	

	4
	6
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	30
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Q1. (12 points)
Consider a particle in the ground state of an infinite one-dimensional well of length L. Calculate

(a) the average value of the position of the particle, that is <x>

(b) the value of <x2>

(c) the uncertainty in the position, that is x

(d) the average value of the momentum of the particle, that is <p>

(e) the value of <p2>

(f) the uncertainty in the momentum of the particle, that is p
(g) the product 
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(h) What do you conclude?

Q2. (4 points)

Which of the following wave functions are eigenfunctions of the momentum operator? Explain.
(a) 
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Q3. (8 points)

(a) Write the total wave functions for the 1s and the 2s state of the hydrogen atom.

(b) Calculate the average value of r for an electron in the 1s of the hydrogen atom.

(c) What is the average value of r for an electron in the 2s state of the hydrogen atom?

Q4. (6 points)
An electron moves in a three dimensional box of lengths L1= L, L2 = 3L, and L3 = 5L. (where L = 1 nm, me = 9.1 x 10-31 kg, e = 1.6 x 10-19 C, 
[image: image6.wmf]h

=1.055 x 10-34 J.s)

(a) Find the energies of the three lowest states. 

(b) What are the corresponding wave functions?
(c) Which states are degenerate?

FORMULA SHEET


[image: image7.wmf][

]

[

]

2

x

222

nn

2

1/4mx/2

0n

2

2

222

x

22

22

222

123

2

z

xpEt

22

dx1Q*[Q]dx

2nn

(x)sin(x)E

LL2mL

m1

(x)()eE(n)

2

QQQ

2

pEi[K][H]U(x)

ixt2mx2mx

E(nnn)

2mL

Ll(l1)L

w

DDDD

yyy

pp

y

w

yw

p

D

p

-¥-¥

+¥+¥

-

×³×³

=áñ=

==

==+

=-

¶¶¶¶

===-=-+

¶¶¶¶

=++

=+

òò

h

hh

h

h

h

hhh

h

h

r

h

l

2

ml

nlmnlln

2

2

2

nl

00

2nx

00

193134

e

27

p

m

Z

(r,,)R(r)Y(,)E(13.6eV)

n

P(r)rR(r)P(r)dr1ff(r)P(r)dr

cos2dxedxn!

2

Constant:

e1.610Cm9.110kg1.0510Js

m1.6710kg

p

yqfqf

p

aaa

¥¥

¥

-

---

-

=

==-

===

==

=´=´=´×

=´

òò

òò

h

h


_1145791381.unknown

_1145791418.unknown

_1145791430.unknown

_1146072601.unknown

_1145791406.unknown

_1145458288.unknown

_1145362108.unknown

