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A through E, where E 
is the center of mass 
of the frame. Rank the 
torques tA, tB, tC , tD , 
and tE from largest to 
smallest, noting that 
zero is greater than a 
negative quantity. If 
two torques are equal, 
note their equality in 
your ranking.

 8. In analyzing the equi-
librium of a flat, rigid object, you are about to choose 
an axis about which you will calculate torques. Which 
of the following describes the choice you should make?  
(a) The axis should pass through the object’s center of 
mass. (b) The axis should pass through one end of the 
object. (c) The axis should be either the x axis or the  
y axis. (d) The axis should pass through any point 
within the object. (e) Any axis within or outside the 
object can be chosen.

 9. A certain wire, 3 m long, stretches by 1.2 mm when 
under tension 200 N. (i) Does an equally thick wire 6 m 
long, made of the same material and under the same 
tension, stretch by (a) 4.8 mm, (b) 2.4 mm, (c) 1.2 mm,  
(d) 0.6 mm, or (e) 0.3 mm? (ii) A wire with twice the 
diameter, 3 m long, made of the same material and 
under the same tension, stretches by what amount? 
Choose from the same possibilities (a) through (e).

 10. The center of gravity of an ax is on the centerline  
of the handle, close to the head. Assume you saw across 
the handle through the center of gravity and weigh the  
two parts. What will you discover? (a) The handle 
side is heavier than the head side. (b) The head side 
is heavier than the handle side. (c) The two parts are 
equally heavy. (d) Their comparative weights cannot 
be predicted.

center of mass, (b)  is larger 
than the acceleration would 
be if the force were applied 
at the center of mass, (c) is 
smaller than the accelera-
tion would be if the force 
were applied at the center of 
mass, or (d) is zero because 
the force causes only angu-
lar acceleration about the 
center of mass.

 4. Two forces are acting on an object. Which of the fol-
lowing statements is correct? (a) The object is in equi-
librium if the forces are equal in magnitude and oppo-
site in direction. (b) The object is in equilibrium if the 
net torque on the object is zero. (c)  The object is in 
equilibrium if the forces act at the same point on the 
object. (d) The object is in equilibrium if the net force 
and the net torque on the object are both zero. (e) The 
object cannot be in equilibrium because more than 
one force acts on it.

 5. In the cabin of a ship, a soda can rests in a saucer-
shaped indentation in a built-in counter. The can tilts 
as the ship slowly rolls. In which case is the can most 
stable against tipping over? (a) It is most stable when it 
is full. (b) It is most stable when it is half full. (c) It is 
most stable when it is empty. (d) It is most stable in two 
of these cases. (e) It is equally stable in all cases.

 6. A 20.0-kg horizontal plank 4.00 m long rests on two sup-
ports, one at the left end and a second 1.00 m from the 
right end. What is the magnitude of the force exerted on 
the plank by the support near the right end? (a) 32.0 N  
(b) 45.2 N (c) 112 N (d) 131 N (e) 98.2 N

 7. Assume a single 300-N force is exerted on a bicycle 
frame as shown in Figure OQ12.7. Consider the torque 
produced by this force about axes perpendicular to 
the plane of the paper and through each of the points 
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Figure OQ12.3

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

 1. A ladder stands on the ground, leaning against a wall. 
Would you feel safer climbing up the ladder if you 
were told that the ground is frictionless but the wall 
is rough or if you were told that the wall is frictionless 
but the ground is rough? Explain your answer.

 2. The center of gravity of an object may be located out-
side the object. Give two examples for which that is the 
case.

 3. (a) Give an example in which the net force acting on 
an object is zero and yet the net torque is nonzero.  
(b) Give an example in which the net torque acting on 
an object is zero and yet the net force is nonzero.

 4. Stand with your back against a wall. Why can’t you put 
your heels firmly against the wall and then bend for-
ward without falling?

 5. An arbitrarily shaped piece of plywood can be suspended 
from a string attached to the ceiling. Explain how you 
could use a plumb bob to find its center of gravity.

 6. A girl has a large, docile dog she wishes to weigh on a 
small bathroom scale. She reasons that she can deter-
mine her dog’s weight with the following method. 
First she puts the dog’s two front feet on the scale and 
records the scale reading. Then she places only the 
dog’s two back feet on the scale and records the read-
ing. She thinks that the sum of the readings will be the 
dog’s weight. Is she correct? Explain your answer.

 7. Can an object be in equilibrium if it is in motion? 
Explain.

 8. What kind of deformation does a cube of Jell-O exhibit 
when it jiggles?
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and makes an angle of u 5 60.08 
with the ground. The upper and 
lower ends of the ladder rest on 
frictionless surfaces. The lower 
end is connected to the wall by a 
horizontal rope that is frayed and 
can support a maximum tension 
of only 80.0  N. (a)  Draw a force 
diagram for the ladder. (b)  Find 
the normal force exerted on the 
bottom of the ladder. (c) Find the 
tension in the rope when the monkey is two-thirds of 
the way up the ladder. (d) Find the maximum distance 
d that the monkey can climb up the ladder before the 
rope breaks. (e) If the horizontal surface were rough 
and the rope were removed, how would your analysis 
of the problem change? What other information would 
you need to answer parts (c) and (d)?

 25. A uniform plank of length 2.00 m and mass 30.0 kg is 
supported by three ropes as indicated by the blue vec-
tors in Figure P12.25. Find the tension in each rope 
when a 700-N person is d 5 0.500 m from the left end.
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Figure P12.25

Section 12.4  Elastic Properties of Solids

 26. A steel wire of diameter 1 mm can support a tension 
of 0.2 kN. A steel cable to support a tension of 20 kN 
should have diameter of what order of magnitude?

 27. The deepest point in the ocean is in the Mariana Trench, 
about 11 km deep, in the Pacific. The pressure at this 
depth is huge, about 1.13 3 108 N/m2. (a) Calculate the 
change in volume of 1.00 m3 of seawater carried from 
the surface to this deepest point. (b) The density of sea-
water at the surface is 1.03 3 103 kg/m3. Find its density 
at the bottom. (c) Explain whether or when it is a good 
approximation to think of water as incompressible.

 28. Assume Young’s modulus for bone is 1.50 3 1010 N/m2. 
The bone breaks if stress greater than 1.50 3 108 N/m2 
is imposed on it. (a) What is the maximum force that 
can be exerted on the femur bone in the leg if it has 
a minimum effective diameter of 2.50 cm? (b) If this 
much force is applied compressively, by how much does 
the 25.0-cm-long bone shorten?

 29. A child slides across a floor in a pair of rubber-soled 
shoes. The friction force acting on each foot is 20.0 N. 
The footprint area of each shoe sole is 14.0 cm2, and 
the thickness of each sole is 5.00 mm. Find the hori-
zontal distance by which the upper and lower surfaces 
of each sole are offset. The shear modulus of the rub-
ber is 3.00 MN/m2.
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 21. John is pushing his daughter Rachel in a wheelbarrow 
when it is stopped by a brick 8.00 cm high (Fig. P12.21). 
The handles make an angle of u 5 15.08 with the 
ground. Due to the weight of Rachel and the wheelbar-
row, a downward force of 400 N is exerted at the center 
of the wheel, which has a radius of 20.0 cm. (a) What 
force must John apply along the handles to just start the 
wheel over the brick? (b) What is the force (magnitude 
and direction) that the brick exerts on the wheel just as 
the wheel begins to lift over the brick? In both parts, 
assume the brick remains fixed and does not slide 
along the ground. Also assume the force applied by 
John is directed exactly toward the center of the wheel.

u

Figure P12.21 Problems 21 and 22.

 22. John is pushing his daughter Rachel in a wheelbarrow 
when it is stopped by a brick of height h (Fig. P12.21). 
The handles make an angle of u with the ground. Due 
to the weight of Rachel and the wheelbarrow, a down-
ward force mg is exerted at the center of the wheel, 
which has a radius R. (a) What force F must John apply 
along the handles to just start the wheel over the brick? 
(b) What are the components of the force that the 
brick exerts on the wheel just as the wheel begins to lift 
over the brick? In both parts, assume the brick remains 
fixed and does not slide along the ground. Also assume 
the force applied by John is directed exactly toward the 
center of the wheel.

 23. One end of a uniform 4.00-m-long rod of weight Fg is 
supported by a cable at an angle of u 5 378 with the rod. 
The other end rests against the wall, where it is held by 
friction as shown in Figure P12.23. The coefficient of 
static friction between the wall and the rod is ms 5 0.500. 
Determine the minimum distance x from point A at 
which an additional object, also with the same weight Fg , 
can be hung without causing the rod to slip at point A.
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 24. A 10.0-kg monkey climbs a uniform ladder with 
weight 1.20 3 102 N and length L 5 3.00 m as shown 
in Figure P12.24. The ladder rests against the wall 
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end exerts a normal force n1 on the beam, and the sec-
ond pivot located a distance , 5 4.00 m from the left 
end exerts a normal force n2. A woman of mass m 5  
55.0 kg steps onto the left end of the beam and begins 
walking to the right as in Figure P12.38. The goal is to 
find the woman’s position when the beam begins to tip. 
(a) What is the appropriate analysis model for the beam 
before it begins to tip? (b) Sketch a force diagram for 
the beam, labeling the gravitational and normal forces 
acting on the beam and placing the woman a distance  
x to the right of the first pivot, which is the origin.  
(c) Where is the woman when the normal force n1 is the 
greatest? (d) What is n1 when the beam is about to  
tip? (e) Use Equation 12.1 to find the value of n2 when 
the beam is about to tip. (f) Using the result of part  
(d) and Equation 12.2, with torques computed around 
the second pivot, find the woman’s position x when the 
beam is about to tip. (g) Check the answer to part (e) by 
computing torques around the first pivot point.
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Figure P12.38

 39. In exercise physiology studies, it is sometimes impor-
tant to determine the location of a person’s center 
of mass. This determination can be done with the 
arrangement shown in Figure P12.39. A light plank 
rests on two scales, which read Fg1 5 380 N and Fg 2 5 
320 N. A distance of 1.65 m separates the scales. How 
far from the woman’s feet is her center of mass?

F g 1

1.65 m

F g 2

Figure P12.39

 40. The lintel of prestressed reinforced concrete in Fig-
ure  P12.40 is 1.50 m long. The concrete encloses 
one steel reinforcing rod with cross-sectional area 
1.50  cm2. The rod joins two strong end plates. The 
cross- sectional area of the concrete perpendicular to 
the rod is 50.0 cm2. Young’s modulus for the concrete 
is 30.0 3 109 N/m2. After the concrete cures and the 
original tension T1 in the rod is released, the con-
crete is to be under compres-
sive stress 8.00 3 106 N/m2.  
(a) By what distance will the 
rod compress the concrete 
when the original tension in 
the rod is released? (b) What 
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 30. Evaluate Young’s modulus for the material whose 
stress–strain curve is shown in Figure 12.12.

 31. Assume if the shear stress in steel exceeds about 4.00 3 
108  N/m2, the steel ruptures. Determine the shear-
ing force necessary to (a) shear a steel bolt 1.00 cm in 
diameter and (b) punch a 1.00-cm-diameter hole in a 
steel plate 0.500 cm thick.

 32. When water freezes, it expands by about 9.00%. What 
pressure increase would occur inside your automobile 
engine block if the water in it froze? (The bulk modu-
lus of ice is 2.00 3 109 N/m2.)

 33. A 200-kg load is hung on a wire of length 4.00 m, cross-
sectional area 0.200 3 1024 m2, and Young’s modulus 
8.00 3 1010 N/m2. What is its increase in length?

 34. A walkway suspended across a hotel lobby is supported at 
numerous points along its edges by a vertical cable above 
each point and a vertical column underneath. The steel 
cable is 1.27 cm in diameter and is 5.75 m long before 
loading. The aluminum column is a hollow cylinder 
with an inside diameter of 16.14 cm, an outside diameter 
of 16.24 cm, and an unloaded length of 3.25 m. When 
the walkway exerts a load force of 8 500 N on one of the 
support points, how much does the point move down?

 35. Review. A 2.00-m-long cylindrical 
steel wire with a cross-sectional diam-
eter of 4.00 mm is placed over a light, 
frictionless pulley. An object of mass 
m1 5 5.00 kg is hung from one end of 
the wire and an object of mass m2 5 
3.00 kg from the other end as shown 
in Figure P12.35. The objects are 
released and allowed to move freely. 
Compared with its length before the 
objects were attached, by how much 
has the wire stretched while the objects are in motion?

 36. Review. A 30.0-kg hammer, moving with speed 20.0 m/s, 
strikes a steel spike 2.30 cm in diameter. The hammer 
rebounds with speed 10.0 m/s after 0.110 s. What is the 
average strain in the spike during the impact?

Additional Problems
 37. A bridge of length 50.0 m and mass 8.00 3 104 kg is 

supported on a smooth pier at each end as shown in 
Figure P12.37. A truck of mass 3.00 3 104 kg is located 
15.0 m from one end. What are the forces on the bridge 
at the points of support?
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Figure P12.37

 38. A uniform beam resting on two pivots has a length L 5 
6.00 m and mass M 5 90.0 kg. The pivot under the left 
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Figure P12.40


