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Homework Problem 3 – Solution 

14.42 
a) The balloon is hovering.  Therefore its acceleration is zero and therefore the net 

force on the balloon is zero.  The net force equals the force of gravity (pulling 
down) plus the buoyancy force from the displaced air (pushing up).   

  

Since the buoyancy force equals the weight of the displaced air, the displaced air 
has a weight on 2x104 N. 

b) 

  

14.64 

In principle it would be more difficult to draw soda through a straw on the top of a moun-
tain because atmospheric pressure is less on top of a mountain.  The atmospheric pressure 
pushes the soda up the straw when you decrease the air pressure in your mouth by suck-
ing on the straw. However, one could argue that the “resting pressure” in your lungs is 
also lower at high altitude, so that the change in pressure required to make the soda rise 
in the straw is the same in both cases. In the end, it’s still slightly harder to drink your 
soda on a mountain because you have to increase the volume of your lungs by a larger 
volume to get the same decrease in absolute pressure, given that the air in your lungs will 
be less dense. As you can see, this problem is a bit more tricky than it seems… 
EXTRA: The bubbles will be larger, since the same amount of CO2 produces more vol-
ume at lower pressure (the pressure inside the soda will be reduced by the same amount 
as the surrounding atmospheric pressure). 

Fnet = Fg + Fbuoy
0 = 2 ×104 N (down)+ Fbuoy
→ Fbuoy = 2 ×104 N (up)

Wair = mg = dVg
→V =Wair / dg

V = 2 ×104 N
(1.2 kg/m3)(10 N/kg)

V = 1.7 ×103m3
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14.66 

When the car accelerates, the head of the girl “falls behind” because of its inertia – it has 
to be accelerated as well to keep up with the car. The same happens with the air inside the 
car – it “bunches up” behind the balloon. Since the balloon has less mass, it is easier to 
accelerate IT than to accelerate the surrounding air. Another way to think of this is that 
the buoyant force always opposed the apparent local acceleration. In a vessel with water 
that would be the acceleration of gravity, g, that is exactly downward; however, relative 
the accelerating car, everything appears to be accelerated towards its rear. 

Q1 

Since pressure is proportional to density, and the density of the helium inside the balloon 
goes down by a factor of 3 when its volume increases 3-fold (mass/volume), its pressure 
must go down by the same factor. Since the pressure inside the balloon pretty much 
equilibrates with the outside pressure, that must also be true for the air pressure at that 
height. Given the normal atmospheric pressure of about 100,000 Pa at sea level, we can 
expect a pressure of about 33,000 Pa at 10 km height. Once again, as pressure and density 
go together, we can conclude that the density of air at that height is also 1/3 of that at sea 
level (maybe 0.4 kg/m3). No wonder it is very hard to breath at such heights! 

14.80 

On a windy day, the wind blows over the top of the chimney.  This results in a lower 
pressure within the flowing air, decreasing the pressure at the top of the chimney.  There-
fore, air will flow up the chimney faster, resulting in a greater air supply for the fire and 
more rapid combustion. 

Q2 

The hot coffee has a higher temperature, but not a greater internal energy. Although the 
iceberg has less internal energy per mass, its enormously greater mass gives it a greater 
total energy than that in the small cup of coffee. (For a smaller volume of ice, the fewer 
number of more energetic molecules in the hot cup of coffee may constitute a greater to-
tal amount of internal energy - but not compared to an iceberg.). 
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Q3 

A) 4680 J will increase the temperature of 3 kg of copper by 4 oC, since 390 J/kg/oC 
x 3 kg x 4 oC = 4680 J. 

B) The rod’s length will increase by a relative amount of 17x10-6/oC x 4 oC  
= 68x10-6. Given its length of 5 m, that’s 3.4x10-4 m expansion, or 1/3 mm. 

 


