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2024/2025  ACADEMIC YEAR UNIVERSITY EXAMINATION

THIRD YEAR FIRST SEMESTER EXAMINATION FOR THE DEGREE OF BACHELOR OF EDUCATION (SCIENCE) WITH IT

SPH 401: SOLID STATE PHYSICS II

DATE: 9/12/2024							           	TIME: 3 HOURS

INSTRUCTIONS
· Answer QUESTION ONE (30 marks) and any other TWO questions (20 marks each)
Constants 
Mass of electron = 9.11 x 10-31 kg
Elementary charge = 1.602 x 10-19 C
Mass of a proton = 1.67 x 10-27 kg
Boltzmann constant (k) = 1.38 x 10-23 J/K.
EXAMINATION CHEATING IS A CRIME





Section A (30 marks): Attempt ALL the questions in this section
a) Explain the band theory of solids, and explain how it distinguishes conductors, insulators, and semiconductors.										[5 marks]
b) Elaborate the meaning of the term doping, and explain how impurities affect the band structure of semiconductors.										[3 marks]
c) In a semiconductor, the effective mass of an electron is , where  is the mass of a free electron. If an electron in this material is accelerated by an electric field of 105 V/m, determine its acceleration.										[3 marks]
d) A thin strip of copper (with a carrier density of  electrons/m3 is placed in a magnetic field  perpendicular to the plane of the strip. A current   flows through the strip, and the thickness of the strip is . Determine the Hall voltage developed across the strip.													[3 marks]
e) i) Explain the concept of zero electrical resistance in superconductors.			[2 marks]
ii) A lead (Pb) superconductor has a critical temperature Tc​ of 7.2 K. If the superconductor is cooled to a temperature of 4.2 K, what fraction of the critical temperature has been achieved?	[2 marks]
f) Explain how the transition temperature (Tc) relates to the heat capacity and thermodynamic properties of a superconductor.								[4 marks]
g) i) Explain the meaning of the term dielectric material, and explain how it differs from a conductor.													[2 marks]
ii) The area of the hysteresis loop for a ferroelectric material is found to be 0.1 mC/cm2. Determine the energy loss per unit volume of the material if the thickness of the sample is 2 mm.	[2 marks]
h) Define the term magnetism								[1 mark]
i) State Larmor theorem and hence, determine the Larmor frequency for a proton placed in a magnetic field of 1 T. 										[3 marks]





Section B: Attempt ANY TWO questions in this section
Question two (20 marks)
a) Calculation of Fermi-energy of some monovalent elements gave the following results.
	Metal
	Cu
	Li
	Rb
	Cs
	Ag
	K

	EF (eV)
	7.04
	4.74
	1.82
	1.52
	5.51
	2.12



If the Fermi velocity of the electrons in one of the metals in the above series is 7.3 x 105 m/s:
i) Identify the metal.									[5 marks]
ii) Compute its Fermi temperature.							[3 marks]
iii) Would the Fermi temperature of a metal like Ag be higher or lower if the electrons had the same velocity?											[2 marks]
b) Explain three factors that determine the value of Debye temperature of a particular element.														[6 marks]
c)  Consider the motion of a wave packet in an applied electric field. Suppose that the wave packet is made up of wavefunctions assembled near a particular wavevector k. The group velocity by definition is . The frequency associated with a wavefunction of energy Є by quantum theory is . Derive the equation of motion of an electron in an energy band.			[4 marks]
Question three (20 marks)
a) Explain the fundamental principles that govern magnetic phenomena			[2 marks]
b) Describe the following magnetic properties:
i) Diamagnetism										[3 marks]
ii) Ferromegnetism									[3 marks]
iii) Ferrimagnetism									[3 marks]
c) Explain the meaning of the term magnon, and derive an expression for thermal excitation of a magnon											[6 marks]
d) An electron is moving perpendicular to a magnetic field of 0.5 T with a velocity of m/s. Determine the radius of the cyclotron orbit.						[3 marks]


Question four (20 marks)
a) Distinguish between type I and type II superconductors					[6 marks]
b) Explain the following terms as used in superconductivity				[6 marks]
i) Meisner effect
ii) Cooper pairs
iii) Coherence length
c) Explain how the BCS theory explains the behavior of heat capacity in superconductors below Tc.
[4 marks]
d) For a Type II superconductor, the lower critical field  at 0 K is 25 mT, and the upper critical field) is 1.2 T. Given that the magnetic flux is 2.07×10−15 Wb, determine the coherence length ξ(0) of this superconductor.								[4 marks]
Question five (20 marks)
a) With the help of an equation and explaining the terms in the equation, explain the role of dielectrics in capacitors and how they influence the energy storage capacity of the capacitor.	[4 marks]
b) State and explain four applications of ferroelectric materials in modern technology.	[8 marks]
c) i) Explain the meaning of the term capacitance						[2 marks
d) A parallel-plate capacitor is constructed with two dielectric materials placed in series. The first material has a relative permittivity of  and a thickness of 1 mm, while the second material has a relative permittivity of  and a thickness of 2 mm. The area of the plates is 0.01 m2. Determine the effective capacitance of the system.							[6 marks]
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