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SPH 2203:   MODERN PHYSICS  

DATE: APRIL, 2015       TIME: � HOURS 

INSTRUCTIONS: Answer questions one and any other two questions  

The following Constants will be useful 

Velocity of light, C = 3x	10� m/s 

Mass of electron, me = 9.1 x 10���kg 

Electron charge, e = 1.6 x 10��	C 

Planck’s constant, h = 6.63 x 10��
Js 

Permittivity in a vacuum, �� = 8.85 x	10�� F/m 

Mass of a proton mp = 1.007277 a.m.u 

Mass of a neutron mn= 1.008660 a.m.u 

Mass of Helium atom = 4.001509 a.m.u 

1 a.m.u = 1.66 x	10��kg 

 

QUESTION ONE - (30 MARKS)  

a)  Briefly differentiate between a point and an event.    (2 Marks) 

b) What is Compton effect?       (1 Mark) 

c) State Bohrs postulates.        (3 Marks) 
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d) At what speed will the mass of a body be 1.25 times its rest mass?  (4 Marks) 

e) The rest energy of a photon is 938 Mev. Calculate the relativistic Kinetic energy of a 

proton moving with a speed of 0.5c      (4 Marks) 

f) What is threshold frequency?       (1 Mark) 

g) Briefly define the following terms; 

 (i)  Nuclear mass defect       (1 Mark) 

(ii) Nuclear binding energy       (1 Mark) 

h)   Electrons are accelerated to the anode of the x-ray tube at a potential difference of 

20000V. Calculate the wavelength of the generated x-rays.   (3 Marks 

i) What is an inertial frame of reference?     (1 Mark) 

j) The original Michelson-Morley experiment used an interferometer with arms of length L1 

= L2 = 11m and sodium light of wavelengthλ ≅ 5900�. The experiment would reveal a 

fringe shift of ∆� = 0.005	�������.  what upper limit would a null result place for the 

speed of the Earth through hypothetical other?         (3 Marks) 

k) A rod has a length of 1 meter. If the rod is placed inside a satellite moving with a velocity 

of 0.8c relative to the laboratory, what is the length of the rod as determined by the 

observer in the laboratory?       (3 Marks) 

l) Calculate the ionization potential of the hydrogen atom.   (3 Marks) 

           

QUESTION TWO (20 MARKS)  

a) Show that Einstein’s mass -energy relation if given by; 

E = Eo + K,  

Where the symbols have their usual meanings.     (10 Marks)  

b) Consider the formation of Helium nucleus whose atomic number is 2 and mass number is  

4 i.e 4
2 eH . 

Determine the nuclear mass defect and the binding energy.   (10 Marks) 
 
QUESTION THREE (20 MARKS) 
a) A spaceship travelling with a speed of 3 x 10�m/s relative to the Earth is moving towards 

a star to light years distant from an observer on the Earth. How long would it take to reach 
the star?            (5 marks) 
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b) At what speed will mass of  a body be 1.25 times its rest mass?  (5 Marks) 
       

c) The first member of the Balmer series of hydrogen has a wavelength of 6535 A.u. 

Calculate the wavelength of the second member.    (5 Marks) 

 

QUESTION FOUR (20 MARKS) 

a) A photon of light whose wavelength is 2 x 10��m collides with a free electron and is 

scattered at an angle of 60o. Calculate the shift in the wavelength and energy transferred 

to the electron.         (10 Marks) 

b) A photon of light of frequency 2 x 10��	HZ falls on a material whose work function is 

2.28eV. Calculate; 

(i) Energy of the photon in eV.      (3 Marks) 

(ii)  Maximum Kinetic energy of the liberated electrons.   (2 Marks) 

(iii)The threshold frequency of the material used.   (3 Marks) 

(iv) Stopping potential required to stop the electrons from reaching the anode. 

(2 Marks) 

 

 

 

 

 

 
 

 

 


