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The Saylor Foundation’s  

ME103 Assessment, Unit 3: Guide to Responding 

Instructions: Please answer each of the following questions to the best of your 
ability.  
 
Questions: 
 

1. An ideal gas is contained in a steel vessel of 1 m3, completely insulated from the 

surrounding. The gas is kept at 100 kPa and 293 K. Work is generated inside the 

vessel, which heats up the gas to 333 K.  

a) Determine the work done on the gas if Cv = 12.5 kJ/kmol K. 

b) Determine the final pressure of the gas at 333 K 

 

2. A ten-ton truck brakes to a halt when traveling at a speed of 10 m/s on a 

horizontal street. Calculate the heat that must be dissipated by the brakes. 

 

3. 1070 kJ of heat is added to vaporize 1 kmol water at the constant temperature of 

373 K and constant pressure of 101.3 kPa. Determine the change in internal 

energy of water. 

 

Solutions:  

1. a) For an ideal gas,  PV = nRT and ∆U = nCv∆T with Cv = 12.5 kJ/kmol K.  n is the 

amount of gas measured in mol.  

Since the system is completely insulated from the surrounding, based on the first law 

of thermodynamics ∆U = - W or W = - ∆U = nCv∆T = PV/(RT) Cv∆T = 100 x 103 x 1/ 

8.314 x 103 x 293 x 12.5 x 40 = 20.5 kJ. 

b) For an ideal gas kept at constant volume nR/V = P/T = const. Hence, P2/P1= T2/T1 

or P2 = P1T2/T1 = 100 kPa x 333/293 = 113.7 kPa 

2. First, let’s assume that all other frictional effects are small compared with the friction 

caused by the brakes. According to the first law of thermodynamics: ∆(KE) + ∆(PE) +∆U 

= Q- W, where ∆(KE) and ∆(PE) are the changes in kinetic energy and potential energy 

of the truck respectively.   
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Since the truck is traveling on a flat street, the change in potential energy is zero. The 

kinetic energy of the truck is (1/2) mu2 , where m and u are the mass and velocity of the 

truck, respectively.  

∆(KE) = -(1/2) mu2, = -(1/2) 10,000 (102) = - 5 x 105 J 

Q = ∆(KE) = - 5 x 105 J 

Hence, heat dissipated by the brakes = 5 x 105 J. 

3. Based on steam tables, at 373 K and constant pressure of 101.3 kPa, the specific 

volumes of liquid and vapor at these conditions are 1.04 x 10-3 and 1.675 m3/kmol, 

respectively. According to the first law of thermodynamics, ∆U = Q – W. 

W= P∆V = 101.3 x 103 (1.675 – 0.00104) x 10-3= 170 kJ 

Q = 1070 kJ 

∆U = Q – W = 900 kJ 

 

 

 

 

 

 

 


