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⋄ Answer only 10 questions. Write

the number of question.

⋄ Write the solutions expli
itly and


learly. Use the physi
al terminology.

Question Grade Out of

1 10

2 10

3 10

4 10

5 10

6 10

7 10

8 10

9 10

10 10

TOTAL 100



1. (a) Find the 
hange in wavelength of 80-pm x-rays that are s
attered

120o by a target. (b) Find the angle between the dire
tions of the

re
oil ele
tron and the in
ident photon. (
) Find the energy of the

re
oil ele
tron.
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2. Photoele
trons may be emitted from sodium (φ = 2.36 eV ) even for

light intensities as low as 10−8 W/m2
. Cal
ulate 
lassi
ally how mu
h

time the light must shine to produ
e a photoele
tron of kineti
 en-

ergy 1.00 eV. (Hint: The number of exposed atoms per m2
is 8.64 ×

1018 atoms/m2
)
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3. To "observe" small obje
ts, one measures the di�ra
tion of parti
les

whose de Broglie wavelength is approximately equal to the obje
t's

size. Find the kineti
 energy (in ele
tron volts) required for ele
trons to

resolve (a) a large organi
 mole
ule of size 10 nm, (b) atomi
 features of

size 0.10 nm, and (
) a nu
leus of size 10 fm. Repeat these 
al
ulations

using alpha parti
les in pla
e of ele
trons.
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4. X rays s
attered from ro
k salt (NaCl) are observed to have an intense

maximum at an angle of 20o from the in
ident dire
tion. Assuming

n=1 (from the intensity), what must be the wavelength of the in
ident

radiation? (Hint:Number of atoms in volume is NAρ/M where NA is

Avogadro's number, ρ is the density and for NaCl, ρ = 2.16 g/cm3
and

M is the gram-mole
ular weight and for NaCl, M = 58.5 g/mol)
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5. In the n = 4 state of hydrogen (for Bohr model), �nd the ele
tron's

radius, velo
ity, kineti
 energy, and potential energy.
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6. Draw an energy-level diagram showing the lowest four levels of doubly

ionized lithium. Show all possible transitions from the levels and label

ea
h transition with its wavelength.
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7. Compute the average position <x> and the quantum un
ertainty in

this value, ∆x, for the parti
le in a box, assuming it is in the ground

state. (Hint: ∆x =
√
< x2 > − < x >2

)
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8. A parti
le is in a 
ubi
 box with in�nitely hard walls whose edges are

L long (see Figure). The wave fun
tions of the parti
le are given by

i Find the value of the normalization 
onstant A.

ii The parti
le in the box is in its ground state of nx = ny = nz = 1.

Find the probability that the parti
le will be found in the volume

de�ned by 0 ≤ x ≤ L/4, 0 ≤ y ≤ L/4, 0 ≤ z ≤ L/4.
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9. Show that the ground state energy for a parti
le trapped in the one-

dimensional Coulomb potential energy is E = − me4

32π2ǫ2
0
h̄2 .
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10. Whi
h of the following transitions for quantum numbers (n, l,ml, ms)

are allowed for the hydrogen atom, and for those allowed, what is the

energy involved?

(a) (2, 0, 0, 1/2) → (3, 1, 1, 1/2)

(b) (2, 0, 0, 1/2) → (3, 0, 0, 1/2)

(
) (4, 2, -1, -1/2) → (2, 1, 0, 1/2).
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11. Cal
ulate the average orbital radius of a 1s ele
tron in the hydrogen

atom.
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12. i List the six possible sets of quantum numbers (n, l, ml, ms) of a

2p ele
tron.

ii Suppose we have an atom su
h as 
arbon, whi
h has two 2p ele
-

trons. Ignoring the Pauli prin
iple, how many di�erent possible


ombinations of quantum numbers of the two ele
trons are there?

iii How many of the possible 
ombinations of part (ii) are eliminated

by applying the Pauli prin
iple?

iv Suppose 
arbon is in an ex
ited state with 
on�guration 2p13p1.
Does the Pauli prin
iple restri
t the 
hoi
e of quantum numbers

for the ele
trons? How many di�erent sets of quantum numbers

are possible for the two ele
trons?
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