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Answers to Coursebook questions – Chapter 3.4 

1  J38037810)6.33.4(104.5 35 ≈=×−××=Δ+= −VpW . 

2  a  WUQ +Δ=  with J6500−=W  and 0=ΔU . Hence J6500−=Q ; the thermal 
energy is removed to the system.  

b  The adiabatic curve would be steeper and so the area under it would be greater. 
The work done would be numerically greater than J6500 . 

3  See Figure 4.5 (c) (see page 186 in Physics for the IB Diploma). The work done would 
be less for the adiabatic expansion. 

4  See Figure 4.5 (d) (see page 186 in Physics for the IB Diploma). The work done would 
be more (numerically) for the adiabatic compression. 

5  For gas X the change is isothermal; hence UΔ  and TΔ  must be zero. We have an 
expansion; hence the work is positive.  
For gas Y, there is no change in volume, and hence no work done. From the gas laws 
the temperature and hence the internal energy increase.  
For gas Z using the gas laws the temperature and hence the internal energy increase. 

 W  UΔ  TΔ  
Gas X positive zero zero 

Gas Y zero positive positive 

Gas Z positive positive positive 

 

6  a From the first law we have that WUQ +Δ= . Since the compression is adiabatic, 
0=Q  and 0<W  (compression). Hence 0>−=Δ WU . Hence the temperature 

increases.  

b  An adiabatic compression involves a piston, for example, rapidly compressing a 
gas. This means that the molecules, on the average, will bounce back from the 
piston with a greater speed than before. Hence the average random kinetic energy 
of the molecules will go up and thus so will the temperature since temperature 
and average kinetic energy are proportional. 

7  a  kJ240040.0100.6 6 =××=Δ+= VpW  

b  
2

2

1

1

T
V

T
V

=  ; hence 
2

60.0
300

20.0
T

=  , giving                     

c                                                             kJ 

K9002 =T

600024003600 =+=+Δ= WUQ



Cambridge Physics for the IB Diploma 

Copyright Cambridge University Press 2011. All rights reserved. Page 2 of 3 

8  Since WUQ +Δ=  , to have 0=ΔU  means that WQ = , i.e. all the thermal 
energy supplied is used to perform work. 

9  a  We must first determine whether the gas is expanding or whether it is being 

compressed. Since nRTpV =  , it follows that 
V

nRTp = .  

For constant volume, the graph of pressure versus temperature would be a 
straight line through the origin. Another graph of pressure versus temperature for 
a gas at a different and greater constant volume would also be a straight line 
through the origin but with a smaller slope. Hence the volume is decreasing as we 
move from P to Q and so the work is being done on the gas.  

b  From WUQ +Δ=  we see that 0<ΔU  since the temperature is decreasing and, 
since the gas is being compressed, we also have that 0<W .  
Hence 0<Q  and thermal energy is being removed from the gas. 

10  For gas X, 0=W  and so XUQ Δ= . For gas Y, WUQ Y +Δ= .  
Hence, WUU YX +Δ=Δ  , and so the gas at constant volume has the greater 
temperature increase. 

11  For gas X, 0=W  and so UQX Δ= . For gas Y, WUQY +Δ= .  
Since the temperature change is the same in both cases the UΔ  is the same. Hence, 

WQQ XY +=  and so the gas at constant pressure has to be given more thermal energy 
than the gas X. 

12  From WUQ +Δ=  we have that in the constant volume case, 0=W  and so 
0+Δ=Δ UTncV .  

In the constant pressure case, VpW Δ=  and so .Pnc T U p VΔ = Δ + Δ   
Let the temperature change be the same in both cases. Then UΔ  is the same in both 
cases.  
Then, VpTncTnc PV Δ+Δ=Δ .  
Now from nRTpV =  it follows that TnRVp Δ=Δ  and so TnRTncTnc PV Δ+Δ=Δ .  
Simplifying gives Rcc VP =− .  

 Working further, and using nRTU
2
3

= , it follows from UTncV Δ=Δ  that 

TnRTncV Δ=Δ
2
3 , i.e. 

2
3RcV = .  

Hence, from Rcc VP =− , it follows that 
2

5RcP = . 
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13  a  A and B have the same pressure and so 
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B and C have the same volume ; hence 
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C and D have the same pressure and so 
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b  From A to B: .                   . We are given that                       and                            

                                                   . Hence                                      .  

 From B to C: we are given that                         and since 0=W  we get 
kJ120−=Q .  

From C to D: we are given that                       and 
52.0 10 0.3 60 kJ.W p V= − Δ = × × = −  Hence                                        .  

Finally, from D to A:                    and 0=W  so that                   . 

14 
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15  a  The water loses entropy and the ice gains entropy. 

b  During the melting of ice the ice gains in entropy and the water loses entropy.  

c  The colder water is gaining entropy and the rest of the water is losing entropy. 

WUQ +Δ= kJ180=ΔU

kJ300120180 =+=QkJ1203.0100.4 5 =××=Δ+= VpW

kJ120−=ΔU

kJ90−=ΔU
kJ1506090 −=−−=Q

kJ30=ΔU kJ30+=Q


