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SECTION A [60 MARKS]

Outline four differences between classical and quantum mechanics (4]
What is the experimental evidence that showed that the existence of photons is
not only a suggestion and that photons can behave as particles [5]
State four properties of an acceptable wavefunction assuming that the potential
energy is smoothly well behaved [4]

The lowest energy electrons of a carbon nanotube can be described by the

1

”

normalized wavefunction w:{%jzsin[im;], where L is the length of nanotube.

What is the probability of finding the electron between x= L\4 and x=L/27 [5]

Determine which of the following functions are eigenfunction of the inversion

~

operatori which has the effect of making the replacement x —-x.

3
iox —kx [2]
ii. Cos kx [2]
i x*+3x—1 2]

State the eigenvalue where possible.

Use the Heisenberg uncertainty principle and properties of acceptable
wavefunctions to explain the physical origin of the zero point energy of a particle
in a box [4]

Given that (x7)= [v +lj

5 T show that the mean potential energy is given
<m/cf)2
1 1
by (V) :ELV +5}ha) [4]

Starting with the classical definition of angular momentum, /. =% pr  and also

given that A=— derive the origin of quantized rotation [5]
P

The energy levels of a hydrogenic atom are given by the following equation:



RHhCZZ

En=- P where Ry is the Rydberg constant, Z is the nuclear charge and n =
1,2,3,....
i, Calculate the wavelength of a photon emitted when an electron
goes from n = 3 to n = 2 in the hydrogenic atom He" [4]
il What is the wavenumber of the first line in the Lyman series of
He'? (For Lyman series, ny—n, with ny=1,n, =2, 3... [3]

1) The wave function for a 2s orbital of a hydrogen atom is
.

= N2 -—-r/a 8_555. Determine the normalization constant N. 6
WZS 0

SECTION B

QULSTION 1 (25 MARKS)

a) Consider a particle of mass m confined in a cubic box of edge L. The potential
energy inside the box is zero and infinity outside the box.
i.  Write the Hamiltonian for the particle inside the box [1]
ii.  Write the Schrodinger equation for this system 1]
ii.  Without doing any calculations, use the solutions of the particle in a one
dimensional box (given below) to write the solutions for the above
Schrodinger equation and the expression for energy of the system. [4]

2
iv.  What is the degeneracy of the energy level ;8 i -7 [4]
/2\3% . nmx
NB: For a particle in a one dimensional box of length L, p(x) = L}' | Smt?}
</
n*h?
h = 2,3,... " ~ :
where n=1, 2, 3,... and ~ Sl

b) The harmonic oscillator may be used for a model for molecular vibrations,
considering the masses connected by spring-like bonds. The molecule vibrates
like a harmonic oscillator with mass equal to the reduced mass of the atoms of
the molecule.

i. Calculate the reduced mass of an HBr molecule (atomic masses are
1.0078 u and 79.90 u for H and Br, respectively. [3]



ii.  The vibrational frequency of the HBr molecule is v = 7.944 x 10" s™". Find
the bond force constant k;. [4]
¢) Find the most probable value(s) of x for a harmonic oscillator in its ground state,

2
. —ax )
Vo= Ne , d is a constant. [3]

—im ¢
e i

d) The wavefunction of a particle rotating on a ring is given by ¥ (¢) = T :
T

m; =0, 1, £ 2,.... Calculate the expectation value of ¢ : [5]

QUESTION 2 (25 MARKS)

(a) Briefly explain the relationship between the Heisenberg uncertainty principle and
the commutation of operators. [5]

Py

. d A . -
(b) Given that A=d—xand B = x* find the commutator [A, B]. [5]

(c) A particle is in a state described by the function y(x) = 0.632¢2™* + 0.775e 2,
What is the probability that the particle will be found with momentum 21 7 [4]

2
(d) Consider the function f(x) = x¢ ~* /2 -0 K x <™
i. Normalize f(x) [6]
ii. Find the average value of x [5]

QUESTION 3 [25 MARKS]

a) For a monatomic gas, one measure of the average speed of the atoms is the root

ELCd

j , in which m is the mass of the gas atom
m

mean speed, V,,; = <Vz>% :[

and k is the Boltzmann constant. Use this formula and any other information to
calculate the de Broglie wavelength for the xenon atoms at 100K and 500K.
6]
b) The following data were observed in an experiment on the photoelectric effect
from Potassium:



Kinetic Energy | 4.49 3.09 1.89 1.34 0.700 0.311
x10%J B
Wavelength, 250 300 350 400 450 500
nm

Use the above information to determine the value of Planck’s constant, work-
function and the threshold frequency of potassium. [8]

c) In an experiment, the position of an electron can be measured with an accuracy
of £0.005nm.
i.  What will be the accuracy in measuring the momentum of the electron
[3]
i. What will be the accuracy in measuring the speed of the electron? [3]
d) The work-function of Pd is 4.98eV
i.  What is the maximum kinetic energy of photons ejected from Pd when

irradiated with UV light of 200nm wavelength? (2]
i. What is the wavelength associated with the electron travelling at this

velocity [3]

Total Marks 7100/




Useful Integrals

1. [x2e ™ dx = g

Y4
2. [x3e¥ dx =0
n,—ax _
3 [, xtem¥dx = —

4. [sinfdf = —cosO + constant
5 dt = risin@drdfde

6 [xtdx=— n#-1

7. fozn cos?0sin0do = g




Cleal =
S leV o =

General data and fundamental constants

- Quantity

Speed of light
Elementary charge
Faraday constant
Boltzmann constant
(Gas constant

. Planck constant

Avogadro constant
Atomic mass unit
Mass
electron
proton
~ neutron

 Vacuum permittivity

Vacuum permeability

Magneton
Bohr

- nuclear .
gvalue -

* Bohr radius - .
T Fine-structure constant |
" Rydberg constant '

Standard acceleration

of fee fall

- Gravitational constant

Conversion factors

Prefixes f p

fernto pico..
10t

' 10-15

p)

N 2, = dme /m, ¢’
Ca=pele2zh
© R.=me"/8Nce?

4.184 joules (T)
U 1.6022X 107 T

Symbol

Yy = eN/2m,

Cpy=eh2my

e

E
G

1 erg
1 eV/molecule

n i m -
na2no  micro milli
107 1w0f 107

Yaiue

2.997952458 X 10°m s

1.602 177X 107 C

9.6485 X 10* C mol™

1.380 66 X 102 T K!

8.314 51 T X! mol” ‘
8.205 78 X 102 dm’® atrm K" ol
62364 X 10 L Torr X! tnol!
6.626 08 X 10 I s

1.054 57X 10MTs

1 6.022 14 X 10 mol™
1.660 54 X 107 Kg

- 9.109 39 X 10" Kg

1.672 62 X 107 Kg.

1.674 93 X 107 Kg ,
8.854 19X 107 C* m!
111265 X 1071 C? m
4n X107 I2C mt
4 X 107 T2 T m’

9274 02X 10711

505079X107 1T
2.002 32

5291 77X 10" m.

- 728735X 107

1.097 37X 107m" .

0.806 65 m s™

667259 X 10 Nm? Kg™?

= 1Xiery
= 56485 k7 mol’

c d k.M G
centl Mio mega giga
0% 10t 1 10® e



GROUPS

~ PERIODIC TABLE OF ELEMENTS

() indicates the mass number of the isolope with the longest half-life.

| o2 3 ] 4 6 7 8 9o J o[ 2|34 15 te | 17 ] 18
PERIODS 1A HA | HIB VD v vin vig- ViliB 1B 18 1A VA VA VIA VHA | YVIUA
toos | . R : 4.00)
[ I e
6941 [ 9.012 Alomic mass —8- 10.811 | 12.011 | 14.007 | 15.999 | 18.998 | 20.180
9 Li' | Be Symbol '_..i B C N 0 F | +~Ne
' ‘ 3.0 4 N AtomicNo. 717 5 5‘ ST 8 9 10
‘ 22.990 | 24,305 ‘ : A : : 26.982 | 28.086 | 30.974 | 32.06 | 35453 | 39.948
3. | Na | Mg .7 TRANSITION ELEMENTS Al Si r S Ct | Ar
el | L o , 13 14 15 16 17 18
39.098 40.0?8 44,956 47,88 ‘50.942 51.996 | 54.938 | 55.847 | 58,933 | 58.69 | 63.54G 65.39.] 69,723 72.61 74.922 | 78.96 79.904 §31.80
4 K | Ca Se' | Ti | V. ! Cr | Mn- | Te Co Ni Cu Zn | Ga Ge As | Sc Br Kr
' 19 |- 20 | 21 22 23 24 25 26 27 28 29 30 11 32 33 34 35 36
85.468 | 57.62 | 88.906 | 91.224 | 92.906 | 95.94 | 98.907 | 100:07 | 102.91 | 106.42 | 107.87 | 112:41 | 114.82 | [18.71 | 120.75 | 127.60 | 126.90 | 131.29
5 Rb | Sr Y Zr Nb | Mo { Tec | Ru | Rh | Pd | Ag | Cd |-¥i | Sn | Sb | Te I Xe
. 37 38 39 40 41 | 42 43 44 45 46 47 48 49 50 51 52 53 54
132.91 | 137.33 | 138.91 | 178.49 | 180.95 | 183.85 | 18621 | 190.2 | 19222 | 195.08 | 196.97 | 200.59 | 204.38 | 207.2 | 208.98 | (209) | (210) | (222)
6 Cs Ba *La Hf | Ta | W Re Os | Ir Pt Au Hg | TI b Bi Po At Rn
55 56 57 72 L7 74 75 76 77 78 79 80 | 81 82 83 B4 85 86
223 | 226.03 | (227) | @61) | @62) | (263) | (262) | 265) | (266) | (267) '
7 Fe | Ra | **Ac| Rf Ha | Unh | Uns | Uno { Une | Uun
87 88 89 104 105 106 107.] o8 | 109 110
A 140.12 | 140.91 | 14424 | (145) | 15036 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
*Lanthanide Scrics Ce | Pr | Nd Pm Sm Lu Gd Th Dy Ho Er Tm Yh Lu
, S 58 59 | 60 61 62 63 64 65 66 67 68 69 70 71
N . —a
*#Aclinide Serics 1232.04 | 231.04 | 238.03 [ 237.05 | (244) | (243) | (247) | (247) | @51 | (252) | 257) | (258) | (259) | (260)
: Th Pa | U Np | Pu | Am | Cm | Bk Cf { Es | F'm | Md | No Lr
90 91 92 | 93 94 95 96 97 - 98 99 160 101 102 | 103




