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INSTRUCTIONS: Answer question one and any other two questions

Thefollowing constants may be used:
Universal gas constant (R)=8.31JK
Specific hat capacity of ice= 2100Jkgk
Specific heat capacity of water = 4200J/kgk

QUESTION ONE (30 MARKS)

a) Statetwo properties of an isolated system (2 marks)
b) What is acylic process (2 marks)
c) Explain the working of arefrigerator (4 marks)

d) A heat engine has efficiency of 36% of the heat absorbed into useful work. If the

temperature of the source is 923k, determine the temperature of the sink (4 marks)

e) Differentiate between enthalpy and Helmotz free energy (2 marks)
f) Describe the common characteristics of all natural processes (3 marks)
g) Statethe principle of increase of entropy (2 mark)

h) Anideal gasof molar heat capacity at constant pressure of 19.21JK was taken through
an adiabatic expansion until the volume was 3 times the original volume. Calculate the

entropy change of the gas (2 marks)
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i) 400g of water were cooled from 80°C to 20°C. find the entropy change (3 marks)

j) Anideal gasinaclosed container is taken through a thermodynamic process making
its volume increase from 240cm? to 960cm? and its pressure double the original
pressure. Find the entropy change of the system given that the molar heat capacity of
the gas at constant volume was 12J/molk (5 marks)

K) Show that entropy change due to heat transfer by conduction is given by

AS=mC In% (4 marks)

2

QUESTION TWO (20 MARK S)

a) A heat engine has asink temperature of 350k and efficiency of 24%. It isintended to
have efficiency of 405. By what value should the temperature of the source be raised if
the temperature of the sink is maintained at 350k (6 marks)

b) A copper calorimeter of mass 600g contains 400g of water at 12°C. A stone of mass
480g and temperature 120°C is dipped into the water. Find the entropy change when all
attain the same temperature given the specific heat capacity of copper and the stone are
400J/kgk and 1200Jkgk and that the common temperature was 49°C. (7 marks)

c) A refrigerator is powered by a source rated 3000 watts. If the temperature of the sink
and the source are 10°C and 100°C respectively how long will take to cool 2kg of
water from 60°C to 10°C (7 marks)

QUESTION THREE (20 MARKYS)
a) Draw the Carnot cycle and explain the four processes of the cycle (12 marks)
b) Show that for areal gas under isothermal conditions increase in volume leads to an

increase in the internal energy (8 marks)

QUESTION FOUR (20 MARKYS)
a) Show that the enthalpy is given by H= U+PV where U isinternal energy, P is pressure
and V isvolume (8 marks)
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b) Anideal gaswas heated at constant volume from 298k until it reached 698k. If the
initial pressure of the gas was 1.2x10°Nm2 and the molar heat capacity of the gas at
constant volume Cy = 12.4Jmol

i. Find the entropy change accompanying the process (6 marks)
ii. Suppose the above gas was subjected to an isobaric and that the initial volume
of the gas was 720cm?. What would be the entropy change (6 marks)

Meru University of Science & Technology is ISO 9001:2015 Certified
Foundation of Innovations Page 3



