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IMPORTANT PHYSICAL CONSTANTS:
Charge of electron, e =1.6 x 10-19 C
Mass of electron, m = 9.11 x 10-31 kg
Planck’s constant, h = 6.63 x 10-34 J/s
Reydeberg’s constant, RH = 109677 cm-1

Speed of light, C = 2.9998 x 108 m/s

Section A: This section contains ONE COMPULSORY question

Question 1 (30 marks)
a) Explain each of the following terms (5 marks)

i. Black body
ii. Photo electric effect

iii. Quantum
iv. Quality o radiation
v. The jelly model of an atom

vi. Moments of inertia
b) Briefly discuss the general properties of waves (4 marks)
c) Briefly outline the limitations of the Bohr’s theory of atomic structure. (3 marks)
d) In 1924 a French scientist, Louis de Broglie proposed the wave nature of electrons.

i. Briefly discuss the Louis de Broglie’s postulates on the wave nature of matter.
(5 marks)

ii. What is the momentum and the corresponding de Broglie wavelength of electrons
when the accelerating voltage is 56 V? (6 marks)

e) The Schrödinger wave equation may be given as :∇ ( , , ) + 8 ℎ ( − ) ( , , ) = 0
i. Define all the terms in this expression (4 marks)

ii. Write the expression of the above form of Schrödinger equation for a helium atom.
(3 marks)

Section B: This section contains FOUR questions. Answer ONLY TWO
questions.

Question 2 (20 marks)
a) Briefly discuss the properties of an acceptable wave equation according to Born’s

interpretation of the Schrödinger wave equation. (6 marks)
b) Planck was the one who proposed the principle of energy quantization. At the time many

classical physicist were reluctant to accept Planck’s new and revolutionary ideas of energy
quantization.

i. Outline the four main areas of study for classical physics at the time and explain why
classical physicists were reluctant to accept the new ideas from Planck. (4 marks)
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ii. Citing specific examples, explain the main limitation of classical physics at the time in
explaining certain scientific observations. (2 marks)

c) Briefly discuss Heisenberg’s uncertainty principle. (8 marks)

Question 3 (20 marks)
a) Briefly discuss atomic spectroscopy (6 marks)
b) Explain different types of hydrogen atomic emission series (8 marks)
c) Work out and sketch d orbitals whose angular distribution of the electron density takes the

form of the equation, = 3 − 1. (6 marks)

Question 4 (20 marks)
a) By aid of appropriate diagram(s) where necessary, discuss the Rutherford-Geiger

experiment. (10 marks)
b) Draw the energy level diagram to show the molecular orbitals of carbon(II) oxide, CO.

(4 marks)
Using the above diagram, determine:

i. Electronic configuration, (1 mark)
ii. Magnetic properties and (3 marks)

iii. Bond order of CO (2 marks)

Question 5 (20 marks)
a) Briefly discuss different types of molecular orbitals. (6 marks)
b) Suppose the velocities of an electron (mass 9.11 x 10-31 kg) and that of the rifle bullet (mass

0.03 kg) were measured with uncertainty of ∆V = 10-3 m/s. Calculate the minimum
uncertainties in their positions according to the uncertainty principle. (8 marks)

c) Sketch the shapes of each of the following orbitals: (6 marks)
i. px

ii. dyz
iii. dz2

-END-
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