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the weight of the boat (d) equal to the weight of the dis-
placed water (e) equal to the buoyant force on the boat

 10. A small piece of steel is tied to a block of wood. When 
the wood is placed in a tub of water with the steel on top, 
half of the block is submerged. Now the block is inverted 
so that the steel is under water. (i) Does the amount 
of the block submerged (a) increase, (b) decrease, or  
(c) remain the same? (ii) What happens to the water 
level in the tub when the block is inverted? (a) It rises. 
(b) It falls. (c) It remains the same.

 11. A piece of unpainted porous wood barely floats in an 
open container partly filled with water. The container 
is then sealed and pressurized above atmospheric pres-
sure. What happens to the wood? (a) It rises in the 
water. (b) It sinks lower in the water. (c) It remains at 
the same level.

 12. A person in a boat floating in a small pond throws an 
anchor overboard. What happens to the level of the 
pond? (a) It rises. (b) It falls. (c) It remains the same.

 13. Rank the buoyant forces exerted on the following five 
objects of equal volume from the largest to the smallest. 
Assume the objects have been dropped into a swimming 
pool and allowed to come to mechanical equilibrium. 
If any buoyant forces are equal, state that in your rank-
ing. (a) a block of solid oak (b) an aluminum block (c) a  
beach ball made of thin plastic and inflated with air  
(d) an iron block (e) a thin-walled, sealed bottle of water

 14. A water supply maintains a constant rate of flow for water 
in a hose. You want to change the opening of the nozzle 
so that water leaving the nozzle will reach a height that 
is four times the current maximum height the water 
reaches with the nozzle vertical. To do so, should you  
(a) decrease the area of the opening by a factor of 16, 
(b) decrease the area by a factor of 8, (c) decrease the 
area by a factor of 4, (d) decrease the area by a factor of 
2, or (e) give up because it cannot be done?

 15. A glass of water contains floating ice cubes. When the ice 
melts, does the water level in the glass (a) go up, (b) go  
down, or (c) remain the same?

 16. An ideal fluid flows through a horizontal pipe whose 
diameter varies along its length. Measurements would 
indicate that the sum of the kinetic energy per unit 
volume and pressure at different sections of the pipe 
would (a)  decrease as the pipe diameter increases,  
(b) increase as the pipe diameter increases, (c) increase 
as the pipe diameter decreases, (d) decrease as the 
pipe diameter decreases, or (e) remain the same as the 
pipe diameter changes.

 6. A solid iron sphere and a solid lead sphere of the 
same size are each suspended by strings and are sub-
merged in a tank of water. (Note that the density of 
lead is greater than that of iron.) Which of the fol-
lowing statements are valid? (Choose all correct state-
ments.) (a) The buoyant force on each is the same.  
(b) The buoyant force on the lead sphere is greater 
than the buoyant force on the iron sphere because lead 
has the greater density. (c) The tension in the string 
supporting the lead sphere is greater than the tension 
in the string supporting the iron sphere. (d) The buoy-
ant force on the iron sphere is greater than the buoy-
ant force on the lead sphere because lead displaces 
more water. (e) None of those statements is true.

 7. Three vessels of different shapes are filled to the same 
level with water as in Figure OQ14.7. The area of the 
base is the same for all three vessels. Which of the fol-
lowing statements are valid? (Choose all correct state-
ments.) (a) The pressure at the top surface of vessel 
A is greatest because it has the largest surface area. 
(b) The pressure at the bottom of vessel A is greatest 
because it contains the most water. (c) The pressure at 
the bottom of each vessel is the same. (d) The force on 
the bottom of each vessel is not the same. (e) At a given 
depth below the surface of each vessel, the pressure on 
the side of vessel A is greatest because of its slope.

A B C

Figure OQ14.7

 8. One of the predicted problems due to global warm-
ing is that ice in the polar ice caps will melt and raise 
sea levels everywhere in the world. Is that more of a 
worry for ice (a) at the north pole, where most of the 
ice floats on water; (b) at the south pole, where most 
of the ice sits on land; (c) both at the north and south 
pole equally; or (d) at neither pole?

 9. A boat develops a leak and, after its passengers are res-
cued, eventually sinks to the bottom of a lake. When 
the boat is at the bottom, what is the force of the lake 
bottom on the boat? (a) greater than the weight of the 
boat (b) equal to the weight of the boat (c) less than 

Conceptual Questions 1. denotes answer available in Student Solutions Manual/Study Guide

 1. When an object is immersed in a liquid at rest, why is 
the net force on the object in the horizontal direction 
equal to zero?

 2. Two thin-walled drinking glasses having equal base 
areas but different shapes, with very different cross- 
sectional areas above the base, are filled to the same 

level with water. According to the expression P 5 P0 1  
rgh, the pressure is the same at the bottom of both 
glasses. In view of this equality, why does one weigh 
more than the other?

 3. Because atmospheric pressure is about 105 N/m2 and the 
area of a person’s chest is about 0.13 m2, the force of the 
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 14. Does a ship float higher in the water of an inland lake 
or in the ocean? Why?

 15. When ski jumpers are airborne (Fig. CQ14.15), they 
bend their bodies forward and keep their hands at 
their sides. Why?

Figure CQ14.15
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 16. Why do airplane pilots prefer to take off with the air-
plane facing into the wind?

 17. Prairie dogs ventilate their burrows by building a mound 
around one entrance, which is open to a stream of air 
when wind blows from any direction. A second entrance 
at ground level is open to almost stagnant air. How does 
this construction create an airflow through the burrow?

 18. In Figure CQ14.18, an airstream moves from right to 
left through a tube that is constricted at the middle. 
Three table-tennis balls are levitated in equilibrium 
above the vertical columns through which the air 
escapes. (a) Why is the ball at the right higher than the 
one in the middle? (b) Why is the ball at the left lower 
than the ball at the right even though the horizontal 
tube has the same dimensions at these two points?

Figure CQ14.18
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 19. A typical silo on a farm has many metal bands wrapped 
around its perimeter for support as shown in Figure 
CQ14.19. Why is the spacing between successive bands 
smaller for the lower portions of the silo on the left, 
and why are double bands used at lower portions of the 
silo on the right?

atmosphere on one’s chest is around 13 000 N. In view of 
this enormous force, why don’t our bodies collapse?

 4. A fish rests on the bottom of a bucket of water while 
the bucket is being weighed on a scale. When the fish 
begins to swim around, does the scale reading change? 
Explain your answer.

 5. You are a passenger on a spacecraft. For your survival 
and comfort, the interior contains air just like that at 
the surface of the Earth. The craft is coasting through 
a very empty region of space. That is, a nearly perfect 
vacuum exists just outside the wall. Suddenly, a mete-
oroid pokes a hole, about the size of a large coin, right 
through the wall next to your seat. (a) What happens? 
(b) Is there anything you can or should do about it?

 6. If the airstream from a hair dryer is directed over a 
table-tennis ball, the ball can be levitated. Explain.

 7. A water tower is a common sight in many communities. 
Figure CQ14.7 shows a collection of colorful water tow-
ers in Kuwait City, Kuwait. Notice that the large weight 
of the water results in the center of mass of the system 
being high above the ground. Why is it desirable for a 
water tower to have this highly unstable shape rather 
than being shaped as a tall cylinder?

Figure CQ14.7
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 8. If you release a ball while inside a freely falling eleva-
tor, the ball remains in front of you rather than falling 
to the floor because the ball, the elevator, and you all 
experience the same downward gravitational accelera-
tion. What happens if you repeat this experiment with 
a helium-filled balloon?

 9. (a) Is the buoyant force a conservative force? (b) Is a 
potential energy associated with the buoyant force?  
(c) Explain your answers to parts (a) and (b).

 10. An empty metal soap dish barely floats in water. A bar 
of Ivory soap floats in water. When the soap is stuck in 
the soap dish, the combination sinks. Explain why.

 11. How would you determine the density of an irregularly 
shaped rock?

 12. Place two cans of soft drinks, one regular and one diet, 
in a container of water. You will find that the diet drink 
floats while the regular one sinks. Use Archimedes’s 
principle to devise an explanation.

 13. The water supply for a city is often provided from res-
ervoirs built on high ground. Water flows from the 
reservoir, through pipes, and into your home when 
you turn the tap on your faucet. Why does water flow 
more rapidly out of a faucet on the first floor of a 
building than in an apartment on a higher floor? Figure CQ14.19
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Note: In all problems, assume the density of air is the 
20°C value from Table 14.1, 1.20 kg/m3, unless noted 
otherwise.

Section 14.1 Pressure

 1. A large man sits on a four-legged chair with his feet off 
the floor. The combined mass of the man and chair is 
95.0 kg. If the chair legs are circular and have a radius 
of 0.500 cm at the bottom, what pressure does each leg 
exert on the floor?

 2. The nucleus of an atom can be modeled as several pro-
tons and neutrons closely packed together. Each par-
ticle has a mass of 1.67 3 10227 kg and radius on the 
order of 10215 m. (a) Use this model and the data pro-
vided to estimate the density of the nucleus of an atom. 
(b) Compare your result with the density of a material 
such as iron. What do your result and comparison sug-
gest concerning the structure of matter?

 3. A 50.0-kg woman wearing high-heeled shoes is invited 
into a home in which the kitchen has vinyl floor cover-
ing. The heel on each shoe is circular and has a radius 
of 0.500 cm. (a) If the woman balances on one heel, 
what pressure does she exert on the floor? (b) Should 
the home owner be concerned? Explain your answer.

 4. Estimate the total mass of the Earth’s atmosphere. 
(The radius of the Earth is 6.37 3 106 m, and atmo-
spheric pressure at the surface is 1.013 3 105 Pa.)

 5. Calculate the mass of a solid gold rectangular bar that 
has dimensions of 4.50 cm 3 11.0 cm 3 26.0 cm.

Section 14.2 Variation of Pressure with Depth

 6. (a) A very powerful vacuum cleaner has a hose 2.86 cm 
in diameter. With the end of the hose placed perpen-
dicularly on the flat face of a brick, what is the weight 
of the heaviest brick that the cleaner can lift? (b) What 
If? An octopus uses one sucker of diameter 2.86 cm on 
each of the two shells of a clam in an attempt to pull 
the shells apart. Find the greatest force the octopus 
can exert on a clamshell in salt water 32.3 m deep.

 7. The spring of the pressure gauge shown in Figure 
P14.7 has a force constant of 1 250 N/m, and the piston 
has a diameter of 1.20 cm. As the gauge is lowered into 
water in a lake, what change in depth causes the piston 
to move in by 0.750 cm?
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 8. The small piston of a hydraulic lift (Fig. P14.8) has a 
cross-sectional area of 3.00 cm2, and its large piston 
has a cross-sectional area of 200 cm2. What downward 
force of magnitude F1 must be applied to the small 
piston for the lift to raise a load whose weight is Fg 5  
15.0 kN?

F1
S

Fg ! 15.0 kN

Figure P14.8

 9. What must be the contact area between a suction cup 
(completely evacuated) and a ceiling if the cup is to 
support the weight of an 80.0-kg student?

 10. A swimming pool has dimensions 30.0 m 3 10.0 m and a 
flat bottom. When the pool is filled to a depth of 2.00 m  
with fresh water, what is the force exerted by the water 
on (a) the bottom? (b) On each end? (c) On each side?

 11. (a) Calculate the absolute pressure at the bottom of 
a freshwater lake at a point whose depth is 27.5 m. 
Assume the density of the water is 1.00 3 103 kg/m3 
and that the air above is at a pressure of 101.3 kPa.  
(b) What force is exerted by the water on the window 
of an underwater vehicle at this depth if the window is 
circular and has a diameter of 35.0 cm?

 12. Why is the following situation impossible? Figure P14.12 
shows Superman attempting to drink cold water 
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Problems

 
The problems found in this  

 chapter may be assigned 
online in Enhanced WebAssign

1.  straightforward; 2. intermediate;  
3. challenging

1.   full solution available in the Student 
Solutions Manual/Study Guide

AMT   Analysis Model tutorial available in 
Enhanced WebAssign

 GP  Guided Problem

 M   Master It tutorial available in Enhanced 
WebAssign

 W   Watch It video solution available in 
Enhanced WebAssign
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Figure P14.7


