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Homework Problem 5 - Solution 

Q1 

A given amount of mechanical energy can be easily and commonly converted to heat; 
any body moving with kinetic energy that is brought to rest by friction transforms all its 
kinetic energy into heat (like a car skidding to rest on a horizontal road). The converse is 
NOT TRUE, however. In accord with the 2nd law of thermodynamics, only a fraction of 
a given amount of internal energy can be converted to mechanical energy. For example, 
less than half of the heat energy provided by burning fuel in a power plant goes into me-
chanical energy of electric generators. 

Q2 

The 2nd Law of Thermodynamics does not forbid a local decrease of disorder/entropy. 
Only the total entropy in a closed system cannot decrease. In this case, the entire system 
consist not only of the water, but also your refrigerator, the room it is sitting in, and the 
electric energy that runs it. While the water freezes and thereby increases its order, the re-
frigerator accomplishes that task by taking electric energy (which has extremely high or-
der/low entropy) and converts it into extra heat that is expelled (together with the heat 
taken out of the fridge) into the room, thereby making it warmer. This leads to a lot more 
entropy in that room overall, even considering the ice.  

Q3 

When a blob of air rises in the atmosphere it does work on the surrounding lower-pres-
sure air as it expands (air pressure goes down with height). This work output is at the ex-
pense of its internal energy, which is diminished, which in turn is evidenced by a lower 
temperature. Hence the temperature of air at the elevation of mountain tops is less than 
down below. 

Q4 

Since the volume of air inside the balloon, V, is more or less constant (the hull has a fixed 
volume inside), and since the pressure, P, inside the balloon has to be pretty much equal 
to the surrounding air pressure (otherwise air will just escape at the bottom), these 2 
quantities have to remain the same. Hence, the only other variable that can change is n, 
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the number of moles of air inside the balloon (R is a universal constant that cannot 
change). So, as T goes up, n must go down – the hot air expands and some of it leaves the 
balloon at the bottom. Fewer moles means fewer molecules of air, and hence less weight 
of the air inside the balloon. On the other hand, at constant volume V, the displaced air 
weighs the same no matter how hot the air inside, and hence the lower weight leads to a 
situation where the (constant) buoyant force is larger than the total (reduced) weight of 
the balloon (including the hot air inside, the hull, basket, and passengers) -> the balloon 
rises.  
XC: As the balloon rises, it encounters the thinner atmosphere (less density) at higher al-
titudes. This means that the buoyant force (the weight of the displaced air) becomes less. 
This can be partially compensated by having even more hot air expelled from the balloon, 
but eventually the part of the weight that cannot be reduced (hull, basket, and passengers) 
will exceed the reduced buoyant force at high altitude, which keeps the balloon from ris-
ing ever higher. This is also the reason why balloons have sandbags attached – by overdi-
mensioning the hot air volume to compensate the extra weight of the sand, the balloon 
can still rise, and as the buoyant force becomes smaller at higher altitudes, dropping some 
of the sand will reduce the weight accordingly. However, there is still a hard limit at 
some height where no more weight can be dropped to compensate for the diminishing 
buoyant force.  


