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SCHOOL OF EDUCATION AND BUSINESS STUDIES 
BACHELOR OF INFORMATION COMMUNICATION TECHNOLOGY
BCT 117: ELECTRICITY AND MAGNETISM 1
Jan-Apr 2026 End of Semester Exams   Time: 2 Hours Lecturer: Dr Muchiri
Useful consonants:
Electron charge, e = 1.6 × 10-19 C
Permeability of free space, μ0 = 4π x 10-7 H/m
Permittivity of free space, = 8.85× 10-12 F/m
Electron mass = 9.110-31 kg 
Mass of a proton/neutron, =1.67× 10-27 kg
Coulombs constant = 9.0 ×109 N.m2/C2
INSTRUCTIONS: ANSWER QUESTION ONE AND ANY OTHER TWO QUESTIONS
QUESTION ONE (30 MARKS)
a. Differentiate between ohmic and non-ohmic conductors based on their voltage–current relationship.                                                                                                             (2 marks	
b. A current of 5A flows in the winding of an electric motor, the resistance of the winding being 100 Ω. Calculate the power dissipated by the coil.                                       (3 marks)
c. Calculate the resistance of a 2 km length of aluminum overhead power cable if the cross-sectional area of the cable is 100 mm2. Take the resistivity of aluminum to be 0.03 × 10−6 Ω m
d. State and briefly explain two factors that determine the capacitance of a parallel-plate capacitor                                                                                                 (2 marks)
e. In Fig. 1, find the equivalent capacitance of the combination. Give that C1 is 10.0 F, C2 is 5.00 F, and C3 is 4.00 F. 	(3 marks)
[image: ]Fig 1
     
f. State the Coulomb’s Law  	(1 mark)
g. A particle of charge 3.0 10 -6 C is 12.0 cm distant from a second particle of charge 1.510 -6 C. Calculate the magnitude of the electrostatic force between the particles.       (3 marks)
h. Define Ampère’s Law. 							        (1 marks)
i.  A long straight wire carries a current of 5.0 A. Using Ampère’s law, calculate the magnetic field at a point 0.10 m from the wire. 					        (2 marks)
j.  (i) State the Kirchhoff’s current and voltage laws. 	(2 marks)
(ii) Calculate the current density J given that the drift velocity v = 20 m/s, and charge density, n = 2000 electrons/m3. 	(3 marks)
k. A magnetic field strength of 5000 A/m is applied to a circular magnetic circuit of mean diameter 250 mm. If the coil has 500 turns calculate the current in the coil.	 (3 marks)
l. Define the following terms
i. Magnetic flux 	density						         (1 mark)
ii. Inductance 						                     (1 mark)
m. A magnetic pole has a rectangular section having dimensions 400 mm by 200 mm. If the total flux emerging from the pole is 200 μWb, determine the flux density               (3 marks)

QUESTION TWO (15 MARKS)
a. State Ohms law 								       (1 mark)
b. A copper wire of length 2.0 m and cross-sectional area 1.2 × 10⁻⁶ m² is connected across a 6.0 V battery. The resistivity of copper is 1.7 × 10⁻⁸ Ω·m. Calculate
i. The resistance of the wire. 						      (3 marks)
ii. The current flowing through the wire.                                                     (2 marks)
iii. The electrical conductivity of copper.                                                     (1 mark)
c. A solenoid with 100 turns per cm carries a current of 5 A. Calculate
i. Magnetic field strength, H inside the solenoid                                        (2 marks)
ii. Magnetic flux B inside the solenoid when filled with dry air                (3 marks)    	
iii. The magnetic flux B if the solenoid is filled with a material whose magnetic susceptibility Xm = 99                                                                             (3 marks)

QUESTION THREE (15 MARKS)
a. (i) Show that Coulomb’s law is consistent with Gauss’s law	(2 marks)

(ii) Using Gauss’ law, derive an expression for the capacitance of a cylindrical capacitor consisting of two coaxial cylinders of length L, with inner radius a and outer radius b. Hence show that 	 (4 marks)
b. A parallel plate capacitor has plates with dimensions 3 cm by 4 cm separated by 2 mm. The plates are connected across a 60 v battery. Calculate
(i) The capacitance of the capacitor. 	(3 marks)
(iii) The stored energy in the capacitor 	(3 marks)
c. Calculate its capacitance of the earth assuming that it is an isolated sphere of radius 6370 km.                                                                                                                            (3 marks)

QUESTION FOUR (15 MARKS)
a. (i) Define electric potential 	(1 mark)
(ii) A point charge of magnitude 1.1×10−9 C is located in free space. Calculate the electric potential at a point 100 mm away from the charge.	 (3 marks)
b. Explain three advantages of a Cathode Ray Oscilloscope (CRO) compared to an ordinary voltmeter when measuring electrical signals 	(6 marks)
c. A current of 5 A is passing through a 1000 turn coil wound on a circular magnetic circuit of radius 120 mm. calculate
i. The magneto motive force 	(3 marks)
ii. The magnetic field strength 	(2 marks)

QUESTION FIVE (15 MARKS)
a. (i) State the Lenz’s and  Faraday’s laws of electromagnetic induction 	        (2 marks)
(ii) Explain three factors that affect the force on a current carrying conductor     (3 marks)
b. Using Faraday's law of electromagnetic induction, derive an expression for the induced emf in the loop as it enters the magnetic field. 				        (3 marks)
c. A rectangular conducting loop of resistance 2.0 Ω has dimensions 0.30 m × 0.20 m. The loop moves with a constant velocity of 4.0 m/s perpendicular to a uniform magnetic field of magnitude 0.8 T. The magnetic field exists only within a region of finite width such that the loop is partly inside the field. Calculate
i. The magnitude of the induced emf as the loop enters the field.            (3 marks)
ii. The induced current in the loop and state its direction using Lenz's law (4 marks)
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