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A system consists of a copper tank with a mass of 13 kg, 4 kg of liquid water, and an electrical resistor of 
negligible mass. The system is insulated on its outer surface.  Initially, the temperature of the copper is 27 
°C and the temperature of the water is 50 °C.  The electrical resistor transfers 100 kJ of energy to the 
system.  Eventually the system comes to equilibrium.  Determine the final equilibrium temperature in °C. 
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SOLUTION: 
Apply the First Law to a system consisting of the copper, water, and 
resistor,  

, (1) 

where the change in total energy in the system consists only of the change 
in internal energy.  There is no heat transfer into or out of the system since 
the copper tank is insulated, i.e., Qinto sys = 0.  The work into the system is 
the electrical work into the resistor, Winto sys = 100 kJ.  The change in 
internal energy is, 

.  (The resistor mass is negligible.) (2) 
Treating the copper and water as incompressible substances, 

, (3) 

. (4) 
Note that the final temperatures of the water and copper will be the same, i.e., T2,Cu = T2,H2O = T2. 

 
Simplifying Eq. (1), making use of Eqs. (2) - (4), 

, (5)  

 , (6) 

. (7) 

Substitute the given values, 
Winto sys = 100 kJ 
cCu,300 K = 0.385 kJ/(kg.K)  (from thermodynamic table, e.g., Table A-19 of Moran et al., 7th ed.) 
cH2O,300 K = 4.179 kJ/(kg.K)  (from thermodynamic table, e.g., Table A-19 of Moran et al., 7th ed.) 
mCu = 13 kg 
mH2O = 4 kg 
T1,Cu = 27 °C = 300 K 
T1,H2O = 50 °C = 323 K 
Þ T2 = 322 K = 49.3°C 
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Table from Moran et al., 7th ed. 


