
Assignment 5
PHY 202


Heat and Thermodynamics



Isothermal Compression

Consider a hydrostatic system maintained at constant temperature and particle number 

and quasi-statically compressed from an initial pressure Pi to final pressure Pf  . Calculate 

the change in entropy and internal energy in terms of the material parameters. Use the 

ideal gas equations  

to compute these quantities.
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A system has the fundamental relation given by 

S(U, V,N) = NkB ln
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Calculate the heat extracted and the change in the internal energy during an isothermal 

compression from an initial pressure Pi to final pressure Pf  . 

The equation of state for a system is given by 
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One mole of the system is expanded isothermally from an initial pressure P0 to a final 

pressure Pf . Calculate the heat exchanged.



A system is expanded along a straight line in the P-v plane from an initial state (v0 , P0 ) to 

the final state  (vf , Pf ) . Calculate the heat transfer per mole to the system in this process. 

It is assumed that the expansion coefficient, isothermal compressibility and specific heats 

are known only along the isochore v=v0   and the isobar P= Pf 
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cp

vα
= Bv for P = Pf
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The equation of state of a matter is given by  

where the symbols have their usual meaning and A is a constant. The internal energy of 

the system is given by  

where B,n V0 are constants and f(T) depends only on temperature. Determine B and n. 

p = AT 3/V
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U = BTn ln

✓

V

V0

◆

+ f(T )
<latexit sha1_base64="T9DtAu4VXj0DP6Zng1SvNCjiMkM=">AAACFXicbVBNS8NAEN3Ur1q/qh69LBahRSmJCHoRSr14rNAvaGrZbDft0s0m7E6EEvonvPhXvHhQxKvgzX/jpu1BWx8MPN6bYWaeFwmuwba/rczK6tr6RnYzt7W9s7uX3z9o6jBWlDVoKELV9ohmgkvWAA6CtSPFSOAJ1vJGN6nfemBK81DWYRyxbkAGkvucEjBSL3/WuK7W7yV2RVrMh6LrK0KT5iRp9uwJdhUfDKGET/1ivdTLF+yyPQVeJs6cFNActV7+y+2HNA6YBCqI1h3HjqCbEAWcCjbJubFmEaEjMmAdQyUJmO4m068m+MQofeyHypQEPFV/TyQk0HoceKYzIDDUi14q/ud1YvCvugmXUQxM0tkiPxYYQpxGhPtcMQpibAihiptbMR0SkwqYIHMmBGfx5WXSPC87dtm5uyhUqvM4sugIHaMictAlqqBbVEMNRNEjekav6M16sl6sd+tj1pqx5jOH6A+szx+oZJ04</latexit><latexit sha1_base64="T9DtAu4VXj0DP6Zng1SvNCjiMkM=">AAACFXicbVBNS8NAEN3Ur1q/qh69LBahRSmJCHoRSr14rNAvaGrZbDft0s0m7E6EEvonvPhXvHhQxKvgzX/jpu1BWx8MPN6bYWaeFwmuwba/rczK6tr6RnYzt7W9s7uX3z9o6jBWlDVoKELV9ohmgkvWAA6CtSPFSOAJ1vJGN6nfemBK81DWYRyxbkAGkvucEjBSL3/WuK7W7yV2RVrMh6LrK0KT5iRp9uwJdhUfDKGET/1ivdTLF+yyPQVeJs6cFNActV7+y+2HNA6YBCqI1h3HjqCbEAWcCjbJubFmEaEjMmAdQyUJmO4m068m+MQofeyHypQEPFV/TyQk0HoceKYzIDDUi14q/ud1YvCvugmXUQxM0tkiPxYYQpxGhPtcMQpibAihiptbMR0SkwqYIHMmBGfx5WXSPC87dtm5uyhUqvM4sugIHaMictAlqqBbVEMNRNEjekav6M16sl6sd+tj1pqx5jOH6A+szx+oZJ04</latexit><latexit sha1_base64="T9DtAu4VXj0DP6Zng1SvNCjiMkM=">AAACFXicbVBNS8NAEN3Ur1q/qh69LBahRSmJCHoRSr14rNAvaGrZbDft0s0m7E6EEvonvPhXvHhQxKvgzX/jpu1BWx8MPN6bYWaeFwmuwba/rczK6tr6RnYzt7W9s7uX3z9o6jBWlDVoKELV9ohmgkvWAA6CtSPFSOAJ1vJGN6nfemBK81DWYRyxbkAGkvucEjBSL3/WuK7W7yV2RVrMh6LrK0KT5iRp9uwJdhUfDKGET/1ivdTLF+yyPQVeJs6cFNActV7+y+2HNA6YBCqI1h3HjqCbEAWcCjbJubFmEaEjMmAdQyUJmO4m068m+MQofeyHypQEPFV/TyQk0HoceKYzIDDUi14q/ud1YvCvugmXUQxM0tkiPxYYQpxGhPtcMQpibAihiptbMR0SkwqYIHMmBGfx5WXSPC87dtm5uyhUqvM4sugIHaMictAlqqBbVEMNRNEjekav6M16sl6sd+tj1pqx5jOH6A+szx+oZJ04</latexit>



The tension in an ideal cylinder is given by 

F = aT
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where a is a constant, L0 is the length at zero tension and L is a function of temperature 

only.

The cylinder is stretched reversibly and isothermally to twice its initial length. Find the 

heat transferred to the cylinder in terms of a, T, L0  and      , where       is the thermal 

expansion coefficient at zero tension.
α

0
α

0

When the cylinder is stretched adiabatically, its temperature changes. Calculate the 

infinitesimal change in temperature.



For a Van-der Waals gas with an equation of state 

P =

kBT

V − b
−

a

V 2
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Calculate the change in internal energy during an isothermal process.


