SPH 302: THERMODYNAMICS       	           	2021/2022
[image: ]
TOM MBOYA UNIVERSITY COLLEGE
(A CONSTITUENT COLLEGE OF MOU UNIVERSITY)
UNIVERSITY COLLEGE EXAMINATIONS
2021/2022 ACADEMIC YEAR
THIRD YEAR SECOND SEMESTER EXAMINATION FOR THE DEGREE OF BACHELOR OF EDUCATION SCIENCE WITH IT

SPH 302: THERMODYNAMICS 

DATE: 11/04/2022							                             TIME: 3 HOURS
INSTRUCTIONS
· Answer QUESTION ONE (30 marks) and any other TWO questions (20 marks each)
· Cheating is NOT allowed and will be harshly punished
Where necessary, use: Boltzmann constant J/K; Avogadro’s number (; standard temperature = 273.16 K; molar gas volume at s.t.p = 22.4 L; 1 atm = 1.0132 x 105 Pa; Universal gas constant (R) = 8.3145 J/K/mol; 


EXAMINATION CHEATING IS A CRIME



Section A (30 marks): Attempt ALL the questions in this section
a) State the kinetic theory of gases.								[1 mark]
b) Find the root mean square speed (rms) speed of a hydrogen molecule (molecular mass = 2 g/mol) in air at 50 °C.										[4 marks]
c) Give the van der Waals equation for one molecule and explain what each term in the equation mean.													[3 marks]
d) State the first law of thermodynamics, giving its physical significance.			[3 marks]
e) A 120.0 g block of copper whose temperature is 350 K is placed in an insulating box with a 180 g block of lead whose temperature is 240 K. Determine the equilibrium temperature of the two-block system.											[3 marks]
f) An inventor claims to have constructed an engine that has an efficiency of 75% when operated between the boiling and freezing points of water. Explain if this is possible or not. Show your working.
[4 marks]
g) Distinguish between Gibbs free energy and Helmholtz free energy.			[2 marks]
h) Given the enthalpy as H = U + pV, with U being the internal energy, p the pressure and V the volume, write down its corresponding conjugated-dependent variables.				[3 marks]
i) Explain the meaning of the following terms:						[3 marks]	
I) Critical point.
II) Triple point.
III) Coexistence curve.
j) Explain four importance of the third law of thermodynamics.				[4 marks]
Section B: Attempt ONLY TWO questions in this section
Question two (20 marks)
a) The Gibbs free energy (G) is given by the relationship: , where H is the enthalpy, given by:	, with U being the internal energy. Using the Chain rule, show that G can also be expressed as: , where  is the number of particles/ moles composing the ith chemical component, and  is the chemical potential of the ith chemical component. 		[4 marks]
b) Explain any two applications of Helmholtz free energy.					[4 marks] 
c) State the third law of thermodynamics.							[1 mark]
d) Explain three limitations of the third law of thermodynamics.				[3 marks]
e) Using water as an example, explain the concept of the third law of thermodynamics.	[3 marks]
f) The entropy of water at normal atmospheric pressure and 100 oC temperature is 1.3 J/g/K, and the entropy of water vapor at the same temperature and pressure is 7.4 J/g/K.
(i) Determine the heat of vaporization of water at this temperature.			[2 marks]
(ii) The enthalpy of water vapor under these conditions is 2680 J/g. Calculate the enthalpy of water under these conditions.								[3 marks]
Question three (20 marks)
a) Define the term entropy as used in thermodynamics.					[1 mark]
b) 7.5 mol of an ideal gas undergoes a reversible isothermal expansion from volume V1 to volume V2 = 2.0V1 at a temperature T = 550 K. Find: 
(i) The work done by the gas								[3 marks]
(ii)  The entropy change of the gas							[3 marks]
(iii) If the expansion is reversible and adiabatic instead of isothermal, what is the entropy change of the gas?	Explain. 								[2 marks]
c) Figure 1 shows a Carnot reversible cycle on a P-V indicator diagram, where heat Q1 enters the system in the isothermal process at T1, and heat Q2 is ejected from the system in the isothermal process at T2. 
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(i) Represent this cycle on a T-S diagram							[2 marks]
(ii) Using your T-S diagram, establish the relationship for the efficiency of the Carnot’s engine in terms of T1 and T2.									[2 marks]
(iii) Explain the importance of T-S diagrams						[2 marks]
d) Imagine a Carnot engine that operates between the temperatures TH = 850 K and TL = 300 K. The engine performs 1200 J of work each cycle, which takes 0.25 s.
(i) Determine the efficiency of this engine.						[3 marks]
(ii) Determine the average power of this engine.						[2 marks]
Question four (20 marks)
a) For nitrogen, the molar gas volume at s.t.p is 0.0224 m3 and the relative molecular mas is 28. Calculate:
i) The mass of one molecule of nitrogen.							[2 marks]
ii) The number of molecules of nitrogen at s.t.p.						[3 marks]
iii) The root mean square molecular speed of nitrogen at s.t.p.				[3 marks]
b) Suppose we have an oxygen molecule at a temperature of 500 K and a pressure of 2.5 atmospheres, with a molecular diameter of d= 290 pm. Determine is its: 
I) Mean free path.										[3 marks]
II) Velocity.										[3 marks]
c) A tank used for filling helium balloons has a volume of 0.300 m3 and contains 2.0 mol of helium gas at 20.08 oC. Assume the helium behaves like an ideal gas. 
I) What is the total translational kinetic energy of the gas molecules? 			[3 marks]
II) What is the average kinetic energy per molecule?					[3 marks]
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