1st LAW OF THERMODYNAMICS
CLOSED SYSTEMS
ANSWER TO EXERCISES

Exercise 1
 (
W = 70 kJ (negative)
) (
U
final
 = 
U
initial
 + 50kJ
) (
system
)



According to the non-flow energy equation, we have:






The result for Q being negative, the heat is transferred out of the system.

Exercise 2
 (
U
final
 = 
U
initial
 + 150kJ
) (
system
)
 (
Q = 70 kJ (negative)
)


According to the non-flow energy equation, we have:


W


The result for W being negative, the work is done on the system. Therefore the process is a compression.

Exercise 3
 (
system
)
 (
W = 2100 
kN.m
 = 2100 kJ (positive)
) (
U
final
 = 
U
initial
)


According to the non-flow energy equation, we have:




The result for Q being positive, the heat is transferred in the system.



Exercise 4
 (
No heat can be transferred in or out as the container is well-insulated. Therefore Q = 0.
)
 (
W = 15 kJ (negative)
)



According to the non-flow energy equation, we have:



The result for ∆U being positive, there was an increase in internal energy in the system of 15 kJ.










Exercise 5
 (
 = 1.5 W (negative)
 = 1 W (positive)
)[image: ]
According to the non-flow energy equation, we have:




The result for ∆U being positive, there was an increase of the rate of internal energy in the system of 2.5 W.
Dividing this by the mass of the system will give the specific (i.e. per unit mass) energy increase:



Note:
This problem is solved writing a dot over the different symbols to indicate that we are talking in term of rate:


Watt (W) is the unit that measures the rate of energy conversion. It is defined as one joule per second:








Exercise 6
 (
W
out
 = 861kN × 0.2m = 172.2 kJ (positive)
) (
Q (positive)
) (
W
in
 = 50 kJ (negative)
) (
AIR
)







According to the non-flow energy equation, we have:





The required amount of heat transferred into the system is 122.2 kJ.
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