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Homework Problem 2 - Solution 

Q1 

Of course the first answer that comes to mind is that they must both weigh the same, as 
each mass of 1 kg is attracted by earth’s gravity with a force of 9.81 N. However, if we 
consider “weight” the net force an object exerts on a supporting surface (e.g., a scale!), 
the plastic will actually “weigh” less, because it has a larger volume (less density) than 
lead, and hence the buoyant force from Earth’s atmosphere on it is (slightly) higher, 
counteracting a small part of its weight.  

Q2 

Since the tension in each rod must be the same (9.81 N), both will stretch by the same 
amount of 1 mm (the top rod has to counteract the 9.81 N downward force exerted on its 
bottom end by the top end of the lower rod). So the whole assembly will stretch by 2 mm. 
If the 2 rods share the load of the 1 kg weight, each has to supply only ½ of the support-
ing force (4.9 N), and hence each will stretch only by ½ the amount, or 0.5 mm.  

Q3 

When the rod bends, its top layer will be stretched and the bottom layer will be com-
pressed. The rod’s elastic modulus will oppose that stretching/compression, and hence 
counteract the weight from the 1 kg object. If the rod is arranged with the long side (2 
cm) in the vertical direction, a smaller amount of bending will cause the same amount of 
stretching/compression, so this would be the preferrable orientation.  

Q4 

It is not the amount of wine that’s added, but the change of pressure in the wine inside the 
barrel that causes the catastrophe. To sustain a 10 m tall column of a liquid like wine 
(similar to water in that respect), the pressure at the bottom has to be roughly 105 Pa or 1 
atm. Because of the hydraulic equilibrium throughout the liquid, this means that the pres-
sure in the barrel increase by that same amount, with the wine pressing against all sides. 
Even if the barrel could hold the wine inside it (with 1 m height, that required only to sus-
tain a pressure of 0.1 atm at most), it might not have been built strong enough to survive a 
differential pressure of 1 atm between its inside and the outside.  
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Exercise 13.E.38 

By definition, pressure is force per surface. The force on the finger corresponds to the 
weight of the ball, which is roughly 50 N. The surface is supposed to be 1 cm2, so the 
pressure is 50 N/cm2. Since 1 cm = 0.01 m, this corresponds to 50 N/(0.01m)2 or 500,000 
N/m2 = 500,000 Pa = 500 kPa. Normal atmospheric pressure is about 100,000 Pa = 100 
kPa, so this corresponds to about 5 atmospheres.  

(Exercise 13.E.42 – slightly varied) 

. 
a) The buoyant force on the rock must make up for the missing 2 N of its weight, so 

it must be equal to 2N. 
b) The 2N must be equal to the weight of the water volume displaced by the sub-

merged rock, which means that this volume must have a mass of 0.2 kg. Water 
has a density of about 1000 kg/m3, so the volume is about 2x10-4 m3 which equals 
200 cubic centimeters. This must then be the volume of the rock. 

c) Density is mass per volume. The rock has a mass of 1 kg. Hence, its density must 
be 1 kg / 2x10-4 m3 = 5000 kg/ m3 which is about 5 times the density of water. 


