
SECOND YEAR FIRST SEMESTER EXAMINATION FOR THE DEGREE OF 
BACHELOR OF TECHNOLOGY IN ELECTRICAL AND ELECTRONIC ENGINEERING 

EET 3253: MATERIAL SCIENCE 
TIME: 2 HRS 

 
Useful constants: 

Electron charge e = 1.602x10-19 C 
Electron mass m = 9.1x10-31Kg 

Permittivity of free space Ԑ0 = 8.85×10−12F/m 
Permeability of free space μ0 = 4π × 10−7 H/m 

 
INSTRUCTIONS: Answer question one and any other two 
 

QUESTION ONE (30 MARKS)  

a). i. Define conductivity, expressing its formula and its units                                             2 marks 

ii. Determine the electric field between a pair of conducting plates, 5 mm apart, when the potential 
difference between them is 230 V.                                                                     3 marks 
 
b). i. List three classifications of semiconductors based on their material composition giving at 
least an example in each of the categories.                                                                        3 marks 
 
iii. Estimate the percentage ionic character of the compound semiconductors InAs and GaAs using 
Pauling’s equation. The electronegativities are 1.5 for In, 2.2 for As, and 1.8 for Ga.          4 mks 
 
ii. Calculate the conduction electron and hole density at room temperature in Si-doped with 1019 
donors/m3 if the intrinsic carrier concentration is 1.5 x 1016/m3.                                            4 mks 
 
c). i. Discuss three main properties of dielectric materials giving at least one factor that affect each                            
6 mks 
 
ii. The dielectric strength of a natural rubber is 40000 volts/mm at 60 Hz. Calculate the thickness 
of insulation on a wire carrying 33 kV to sustain the breakdown.                                     3 mks 
 
d). Define the following as applied in magnetism:                                                              3 mks 

i. Magnetic dipole moment 
ii.  Magnetic flux density 
iii.  Susceptibility 

e). A magnetic field of 2400 A/m is applied to a material having a susceptibility of 1500. Determine 
its relative permeability.                                                                                                             2 mks 
 
 
 
 
 



 
QUESTION TWO (15 MARKS)  
 
a). i. Distinguish between the type I and type II superconductors                                     2 mks 
 
ii The carrier concentration in a material of conductivity 0.018/ohm m is 1019 electrons/m3. A 
voltage of 0.16 volts is applied across the 0.29 mm thick material. Determine the drift velocity of 
the carriers. Take standard values of mass of electron and electronic charge.                     4 mks 
 
b). Given that the ni at 300K of an intrinsic silicon is 2.5x1013/cm3, the mobility of its electrons 
and holes are 3800cm2/V-s and 1800cm2/v-s respectively and the number of germanium atoms per 
cubic cm is 4.41x1022. Determine the resistivity of: 
i. The germanium                                                                          (2 marks) 
ii. Germanium atoms if the donor type impurity is added to the extent of one atom per 1.5x107.       
(2 marks) 
iii. germanium atoms If the acceptor type impurity is added to the extent of one impurity per 
1.5x107.                  (2 marks) 
 
c). Prove that the susceptibility of a superconductor is –1 and relative permeability is zero.  3 mks 
 
QUESTION THREE (15 MARKS)  
 
a). i. Define Polarization                                                                                                    1 mark 
 
ii. Discuss three types of polarization                                                                               3 marks 
 
iii). Determine the polarization produced in steatite (MgO.SiO2) by an electric field of 600 V/m, 
if its dielectric constant is 6.1.                                                        3 marks 
 
b). A parallel-plate capacitor has an area of 6.45x10-4 m and a plate separation of 2x10-3m across 
which a potential of 10V is applied. If a material having a dielectric constant of 6.0 is positioned 
within the region between the plates, compute the: 
i. Capacitance 
ii. Magnitude of the charge stored on each plate 
iii. Dielectric displacement 
iv. Polarization                                                                                                                8 marks 
 
 
 
 
 
 
 
 
 
 



 
 
 
QUESTION FOUR (15 MARKS)  
a). Relative permeability of ‘supermalloy’ is 200 000. It has a magnetization of 6000 A/m. 
Determine the strength of the magnet thus produced.                                             3 marks  
 
b). Differentiate piezo-electric effect from the electrostriction effect, hence with examples, discuss 
at least one application of piezo electrics                                                                     3 marks 
 
c). Elaborate on the electrical considerations made in selecting materials for printed circuit boards 
                                                                                                                                   3 marks 
 
d). The electron density of intrinsic silicon at 300K is 1.5x1010/cm3 and the mobility of the 
electrons and holes are 1300cm3/V-s and 500cm3/V-s respectively. If the number of silicon atoms 
per cubic cm is 5x1022, calculate Conductivity of:                                                                                    
i. the intrinsic silicon                                                                                                     2 marks 
ii. Silicon if donor impurity is added to the extent of one impurity atom per 108 silicon atom                                                     
2 marks 
iii. Silicon if acceptor impurity is added to the extent of one atom per 108 silicon atom     2 marks 
 
 
QUESTION FIVE (15 MARKS)  
a). i. Define magnetostriction (1 mark) 
ii. State how magnetostriction is caused and list any two of its disadvantages     (2 marks) 
 
b). In a parallel plate capacitor, 12x10 mm plates are placed 4 mm apart in a medium of relative 
permittivity 7. An electric field of 11 kV at 50 Hz is applied to it. If the resistivity of material of 
the plates is 3.8x1016 ohm-m and the loss angle is 16.7°. Calculate the:                    

i. Capacitance                                                                                               2 marks 
ii.  Dielectric loss                                                                                            2 marks 
iii.  Dielectric resistance.                                                                                  2 marks 

 
c) A 200 turns, 40m coil is carrying a current of 20A. It is wound on a material with a relative 
permeability of 5000. Determine the: 
i. Magnetization                                                                                                           2 marks 
ii. Magnetic induction                                                                                                  2 marks 
iii. Magnetic susceptibility of the material                                                                  2 marks 


