CHAPTER 10:  Fluids

Answers to Questions
5.
The boiling water makes a relatively large quantity of steam inside the can.  The gas inside the can (including the steam) will be at atmospheric pressure, but will be much warmer than the surroundings.  When the gas in the sealed can cools, the steam condenses and the pressure drops greatly.  This lowering of pressure on the inside means that the outside air pressure is higher than the pressure in the can, and thus the outside air pressure crushes the can.


From a microscopic viewpoint, the water molecules are moving very fast when boiled to a vapor.  Many of the water molecules escape the can, but the remaining ones can hold the can in its original shape because their high speeds mean they hit the walls with a large force and balance the force caused by the outside air pressure.  After the lid is put on and the can is cooled, the water vapor molecules slow down (some will condense), and no gas can enter from outside the can.  The slow molecules are not moving as fast and so put less force on the inside walls.  The greater force from the outside air pressure then crushes the can.

13.
If you assume that the air is incompressible, then the answer is yes.  The full balloon will have more weight (more downward force), due to the mass of the air in the balloon.  The full balloon will also have an upward buoyant force on it, equal to the weight of the air displaced by the balloon.  Since the balloon is both containing air and floating in air, the weight of the air inside the balloon is the same magnitude as the buoyant force.  Thus the empty balloon will have the same apparent weight as the filled balloon.


However, the air inside the balloon is compressed slightly compared to the outside air, and so has a higher density.  This higher density means that the weight of the air inside the balloon is higher than the weight of the air it displaces, and so the filled balloon has a higher apparent weight than the empty balloon.

18.
As the car drives through the air, the air inside the car is stationary with respect to the top, but the outside air is moving with respect to the top.  There is no appreciable change in height between the two sides of the canvas top.  By Bernoulli’s principle, the outside air pressure near the canvas top will be less than the inside air pressure.  That difference in pressure results in a force that makes the top bulge outward.

22.
The lift generated by a wind depends on the speed of the air relative to the wing.  For example, a model in a wind tunnel will have lift even though the model isn’t moving relative to the ground.  By taking off into the wind, the speed of the air relative to the wing is the sum of the plane’s speed and the wind speed.  This allows the plane to take off at a lower ground speed, requiring a shorter runway.

Solutions to Problems

7.
(a)
The pressure exerted on the floor by the chair leg is caused by the leg pushing down on the 

floor.  That downward push is the reaction to the normal force of the floor on the leg, and the  normal forced is equal to the weight of the leg.  Thus the pressure is
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(b)
The pressure exerted by the elephant is
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Note that the chair pressure is larger than the elephant pressure by a factor of about 400.

16.
The pressure at points a and b are equal since they are the same height in the same fluid.  If they were unequal, the fluid would flow.  Calculate the pressure at both a and b, starting with atmospheric pressure at the top surface of each liquid, and then equate those pressures.
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22.
The difference in the actual mass and the apparent mass is the mass of the water displaced by the rock.  The mass of the water displaced is the volume of the rock times the density of water, and the volume of the rock is the mass of the rock divided by its density.  Combining these relationships yields an expression for the density of the rock.
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25.
The buoyant force of the balloon must equal the weight of the balloon plus the weight of the helium in the balloon plus the weight of the load.  For calculating the weight of the helium, we assume it is at 0oC and 1 atm pressure.  The buoyant force is the weight of the air displaced by the volume of the balloon.
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35.
Use Eq. 10-4b, the equation of continuity for an incompressible fluid, to compare blood flow in the aorta and in the major arteries.
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43.
We assume that there is no appreciable height difference between the two sides of the roof.  Then the net force on the roof due to the air is the difference in pressure on the two sides of the roof, times the area of the roof.  The difference in pressure can be found from Bernoulli’s equation.
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56.
From Poiseuille’s equation, the volume flow rate 
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if all other factors are the same.  Thus 
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is constant.
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Thus the radius has been reduced by about  29%  .

J10: What is the area of an airplane wing if the plane is held up by the Bernouilli pressure difference above and below each wing?  Assume that each wing must support a weight of 1000 Newtons, and that the speed of airflow over the top and bottom of the wing is 220 m/s and 200 m/s, and that the density of air is 1.1 kg/m3
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