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New to This Edition
● All art has been reviewed, evaluated, and redrawn in four-color as appropriate.

 ● The new feature “Physics on the Job” highlights real jobs where people use physics 
in their career. Understanding the connection between physics and various careers 
provides additional relevance for the physics content highlighted in the respective 
chapter. 

 ● The new feature “New Technologies” provides up-to-date examples of how physics 
concepts in the chapter are being utilized in cutting-edge research and products. 

 ● A major effort was made on color photo selection to enhance student learning.
 ● Some examples and problems were added or changed based on recommendations 

by reviewers.
 ● Section A.6 Law of Sines and Cosines has been moved back into the text from 

 online for those students who have completed a trigonometry course and need a 
review.

Applied Physics, 11th edition, provides comprehensive and practical coverage of physics 
for students needing an applied physics approach or considering a  vocational– technical 
career. It emphasizes physical concepts as applied to industrial–technical fields and 
uses common applications to improve the physics and mathematics competence of the 
student. This edition has been carefully reviewed, and special efforts have been taken 
to emphasize the clarity and accuracy of  presentation.

This text is divided into five major areas: mechanics, matter and heat, wave 
motion and sound, electricity and magnetism, and light and modern physics.

Key Features
◆◆ Real-world applications are used to motivate students.
◆◆ Topic coverage is clear and to the point.
◆◆ A unique problem-solving format is consistently used throughout the text. This 

textbook teaches students to use a proven effective problem-solving methodol-
ogy. The consistent use of  this method trains students to make a sketch, identify 
the data elements, select the appropriate equation, solve for the unknown quan-
tity, and substitute the data in the working equation. An icon that outlines the 
method is placed in the margin of  most problem sets as a reminder to students. 
See Section 2.3 for the detailed presentation of  the problem-solving method.

◆◆ Detailed, well-illustrated examples in the problem-solving format support student 
understanding of skills and concepts. Worked examples are consistently displayed 
in the problem-solving format and used to illustrate and clarify basic concepts and 
problems. Since many students learn by example, a large number of examples are 
provided.

◆◆ Problems and questions assist student learning, with extensive problem sets 
at the end of  most sections that provide students with ample opportunity for 
practice.

◆◆ A four-color format with numerous drawings, diagrams, and photographs is used 
to illustrate the application of physics in the real world and improve student inter-
est and comprehension.

◆◆ Try This Activity features provide students with opportunities to experiment with 
physics concepts. Activities involve a demonstration or mini-activity that can be 
performed by students on their own to experience a physics concept, allowing for 
more active versus passive learning.

P r e f a C e
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x Preface

C lassical physics is sometimes called Newtonian physics in honor of Sir Isaac Newton, who lived from 1642  
to 1727 and formulated three laws of motion that summarize much of the behavior of moving bodies.
Forces may cause motion. Inertia tends to resist the influence of an applied force. Forces, inertia, friction,  

and how they relate to motion are considered now.

FORCE

Objectives 
The major goals of this chapter are to enable you to:

1. Relate force and the law of inertia.
2. Apply the law of acceleration.
3. Identify components of friction.

4. Analyze forces in one dimension.
5. Distinguish among weight, mass, and gravity.
6. Analyze how the law of action and reaction is used.

5.1 Force and the Law of Inertia
As discussed in the previous chapter, if an object changes its velocity, we say it acceler-
ates. But what causes an object to accelerate? Let’s take an example of a soccer ball 
at rest on a �eld. What must you do to accelerate the ball? Similarly, if your car is 
approaching a red stoplight, what must you do to make the car accelerate to rest? The 
answer in both instances is to apply a force.

A force is any push or pull. Forces tend to either change the motion of an object 
or prevent the object from changing its motion. Force is a vector quantity and there-
fore has both magnitude and direction. The force tends to produce acceleration in 
the direction of its application. Therefore, if you want to accelerate the soccer ball, 

CHAPTER 5

Global Positioning Satellites
Navigators continually struggle to find better tools to help them determine their location. The first explor-
ers used the sun and stars to help them steer a straight course, but this method of navigation only worked 
under clear skies. Magnetic compasses were developed yet could only be used to determine longitude, 
not latitude. Finally, the mechanical clock, in conjunction with the compass, provided navigators with the 
most accurate method of determining location. Today, most navigators use a handheld device that func-
tions in concert with a series of 24 orbiting satellites. This network, the Global Positioning System (GPS), 
can determine your position and altitude anywhere on earth.

The GPS pinpoints your location by sending out radio signals to locate any 4 of the 24 orbiting GPS 
satellites. Once the satellites are found, the GPS measures the length of time it takes for a radio signal to 
reach the handheld receiver. When the time is determined for each of four satellites, the distance is calcu-
lated, and the longitude, latitude, and altitude are displayed on the screen [Fig. 3.39(a)].

The GPS was first developed solely for military use. Eventually, the GPS was made available for civil-
ian businesses. Shipping, airline, farming, surveying, and geological companies made use of the technology. 
Today, GPS receivers are a�ordable and are used by the general public [Fig. 3.39(b)]. More sophisticated 
 receivers not only locate a position, but can also guide the navigator to a predetermined location. Several 
automobile manufacturers have included GPS receivers as an option in their cars. Such receivers come com-
plete with voice commands, such as “Turn left at the next tra�c light,” as part of their option packages.

P H Y S I C S  C O N N E C T I O N S 

(a)

Figure 3.39 (a) The screen on the GPS receiver shows the position and strength of the signal between the receiver 
and the various satellites. At the time this photograph was taken, the receiver picked up 7 of the 12 overhead satel-
lites, bringing the precision to within 20 ft of the actual location. (b) Global Positioning Systems have allowed for an 
 enormous step forward in navigation. The GPS receiver shown has monitored and recorded precisely where the person 
has traveled and is now helping the user �nd his way back to camp.

(b)

Examples of Key Features
Chapter Openers
The chapter openers contain the learning objectives that list 
the major goals of the chapter.

Physics Connections
These features apply physics to familiar real-world situations 
and events. These brief readings help students bridge the gap 
between what is taught in the chapter and real-world technical 
applications.

T R Y  T H I S  A C T I V I T Y 

Air Hockey Physics
Physics laboratory experiments often use air 
tracks or low-friction carts to study the conser-
vation of momentum throughout collisions. Air 
hockey tables are typically more accessible for 
students and provide the low-friction surface 
that is needed to study the conservation of mo-
mentum. If you have access to an air hockey 
table, try the following collisions:

For elastic collisions, make sure that the 
pucks strike one another “head on” by aiming 
one puck directly toward the center of a station-
ary puck (Fig. 6.6). Make observations about the 
velocity of both pucks before and after the collision.

To observe an elastic collision for objects with di�erent masses, place two pucks on top of one 
another with some double-sided tape between them so they remain secure to one another. Repeat the 
previous experiment by aiming a single puck at the doubled pucks and note the changes in velocity for 
both sets of pucks before and after the collision.

For inelastic collisions, wrap some double-sided tape around the sides of each of two pucks so 
they can stick together when they collide. Again, note the velocity of both pucks before and after the 
collision.

Figure 6.6 For collisions in one dimension, aim the puck 
directly at the center of the stationary puck, as indicated by 
the blue velocity vector in the photo.

Try This Activity
These activities provide students with opportunities to 
experiment with physics concepts. Activities involve a dem-
onstration or mini-activity that can be performed by stu-
dents on their own to experience a physics concept, allowing 
for active versus passive learning.

N E W  T E C H N O L O G I E S 

Tesla High-Performance Electric Automobile
Tesla is a unique automobile as it is considered to be the first-of-its-kind, fully electric and high-performance 
electric vehicle. Prior to the Tesla, electric cars were hybrid vehicles that relied on a combination of elec-
tric power supplemented by gasoline. Until now, pure electric cars were not considered high-performance 
model vehicles.

The brakes in a Tesla not only slow down the vehicle, but also utilize the energy transfer between 
brakes and brake pads to create additional energy for the vehicle. This regenerative braking system shifts the 
kinetic energy typically lost in braking and instead transfers it back to electrical energy for the automobile.

The Tesla Model S has designed a massive 1,000-lb bank of high-density, rechargeable lithium-ion bat-
teries, similar to those used in laptops or other mobile devices. Tesla suggests charging the vehicle overnight 
in a home garage by plugging the vehicle into a standard 110 V or 220 V circuit. Charging speeds vary 
between 29 mi of driving range per charging hour at 110 V to 58 mi of driving range per charging hour 
using a 220 V circuit. Most impressively, Tesla supercharge stations, located at Tesla dealerships and other 

battery in 30 minutes (Fig. 17.77)!

Figure 17.77 (b) Tesla charging stationFigure 17.77 (a) Tesla Model S 
electrical vehicle

New Technologies
Provides up-to-date examples of how physics con-
cepts in the chapter are being utilized in cutting-edge 
research and products.
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P H Y S I C S  O N  T H E  J O B 

Power Distribution System 
Operators
The web of the nation’s electrical grid is a massive, com-
plicated, and vital component of the U.S. economy. Too 
much current traveling through high-voltage wires can 
overload systems and cause massive blackouts  without 
skilled operators navigating, regulating, and monitoring 
the flow of electricity as it travels between stations and 
substations. National power distribution system opera-
tors are responsible for monitoring and switching electri-
cal currents to and from regions  involved in blackouts 
or natural disasters. Regional power distribution system 
operators must be able to adjust electrical currents away 
from local transformer failures to prevent electrical 
 reflection in transmission lines that can lead to multiple 
power failures and larger power outages.

Power distribution system operators typically have a minimum of an associate’s degree, yet on-the-
job training is the most important part of the technical training. Regular professional development is 
necessary to keep current with modern equipment, especially in the nuclear power industry. In addi-
tion, mathematics and physics skills, particularly in the area of electricity and magnetism, are vital to the 
 position (Fig. 19.14).

Figure 19.14 Power distribution system operator

Courtesy of fotolia © dgdimension

Physics on the Job
Highlights real jobs where people use physics  
in their career.

Unique Problem-Solving Method
This textbook teaches students to use a proven effective problem-solving methodol-
ogy. The consistent use of this method trains students to make a sketch, identify the 
data elements, select the appropriate equation, solve for the unknown quantity, and 
substitute the data in the working equation. An icon that outlines the method is placed 
in the margin of most problem sets as a reminder to students. See Section 2.3 for the 
detailed presentation of the problem-solving method.

Applied Concepts
Application-based questions at the end of each chapter develop problem-solving skills 
in real-life physics applications.
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◆◆ Physics Connections features apply physics to familiar real-world situations and 
events. These brief  readings help students bridge the gap between what is taught in 
the chapter and real-world technical applications. 

◆◆ Applied Concepts features provide application-based questions at the end of chap-
ters that develop problem-solving skills in real-life physics applications.

◆◆ There is comprehensive discussion and consistent use of the results of working 
with measurements and significant digits.

◆◆ Biographical sketches of important scientists appear in most chapters.
◆◆ Answers to odd-numbered problems within the chapters and all chapter review 

questions and problems are given in Appendix F.
◆◆ A comprehensive glossary is given as a one-stop reference in Appendix E.
◆◆ Basic scientific calculator instructions are presented in Appendix D.
◆◆ A basic math review provides students with a refresher of the mathematics needed 

for this course in Appendix A.

Ancillaries
 ● Online Instructor’s Manual
 ● Online PowerPoints
 ● Online Test Generator

Download Instructor Resources from  
the Instructor Resource Center
To access supplementary materials online, instructors need to request an instructor 
access code. Go to www.pearsonhighered.com/irc to register for an instructor access 
code. Within 48 hours of registering, you will receive a confirming e-mail, including 
an instructor access code. Once you have received your code, locate our text in the 
online catalog and click on the Instructor Resources button on the left side of the 
catalog product page. Select a supplement, and a login page will appear. Once you 
have logged in, you can access instructor material for all Pearson Education textbooks. 
If  you have any difficulties accessing the site or downloading a supplement, please 
 contact  Customer Service at 247pearsoned.custhelp.com.

To the Faculty
This text is written at a language level and at a mathematics level that is cognizant 
of  and beneficial to most students in programs that do not require a high level of 
mathematics. The authors have assumed that the student has successfully completed 
one year of  high school algebra or its equivalent. Simple equations and formulas are 
reviewed and any mathematics beyond this level is developed in the text or in an ap-
pendix. For example, right-triangle trigonometry is developed in Appendix A.5 for 
those who have not studied it previously or who need a review. The manner in which 
the mathematics is used in the text displays the need for mathematics in technology. 
For the better-prepared student, the mathematics sections may be omitted with no 
loss in continuity. This text is designed so that faculty have flexibility in selecting 
the topics, as well as the order of  topics, that meet the needs of  their students and 
 programs of  study.

Sections are short, and each deals with only one concept. The need for the inves-
tigation of a physical principle is developed before undertaking its study, and many 
diagrams are used to aid students in visualizing the concept. Many examples and 
problems are given to help students develop and check their mastery of one concept 
before moving to another.

This text is designed to be used in a vocational–technical program in a commu-
nity college, a technical institute, or a high school for students who plan to pursue a 

(Continued from page ix.)
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technical career or in a general physics course where an applied physics approach is 
preferred. The topics were chosen with the assistance of technicians and management 
in several industries and faculty consultants. Suggestions from users and reviewers of 
the previous edition were used extensively in this edition.

A general introduction to physics is presented in Chapter 0. Chapter 1 introduces 
students to basic units of measurement. For students who lack a metric background or 
who need a review, an extensive discussion of the metric system is given in Chapter 1, 
where it is shown how the results of measurements are approximate numbers, which 
are then used consistently throughout the text. Those who need to review some math-
ematical skills are referred to the appendices as necessary. Chapter 2 introduces stu-
dents to a problem-solving method that is consistently used in the rest of the text. 
Vectors are developed in Chapter 3, followed by a comprehensive study of motion, 
force, work and energy, rotational energy, simple machines, and universal gravitation 
and satellite motion.

The treatment of matter includes a discussion of the three states of matter, den-
sity, fluids, pressure, and Pascal’s principle. The treatment of heat includes tempera-
ture, specific heat, thermal expansion, change of state, and ideal gas laws.

The section on wave motion and sound deals with basic wave characteristics, the 
nature and speed of sound, the Doppler effect, and resonance.

The section on electricity and magnetism begins with a brief discussion of static 
electricity, followed by an extensive treatment of dc circuits and sources, Ohm’s law, 
and series and parallel circuits. The chapter on magnetism, generators, and motors is 
largely descriptive, but it allows for a more in-depth study if desired. Then ac circuits 
and transformers are treated extensively.

The chapter on light briefly discusses the wave and particle nature of light, but 
deals primarily with illumination. The chapter on reflection and refraction treats the 
images formed by mirrors and lenses. A brief introduction to color includes diffrac-
tion, interference, and polarization of light.

The section on modern physics provides an introduction to the structure and 
properties of the atomic nucleus, radioactive decay, nuclear reactions, and radioactiv-
ity, followed by a very brief introduction to relativity.

An Online Instructor’s Manual that includes Complete Solutions, Transparency 
Masters, and a Test Item File is available at no charge to instructors using this text.

To the Student: Why Study Physics?
Physics is useful. Architects, mechanics, builders, carpenters, electricians, plumbers, 
and engineers are only some of the people who use physics every day in their jobs or 
professions. In fact, every person uses physics principles every hour of every day. The 
movement of an arm can be described using principles of the lever. All building trades, 
as well as the entire electronics industry, also use physics.

Physics is often defined as the study of matter, energy, and their transformations. 
The physicist uses scientific methods to observe, measure, and predict physical events 
and behaviors. However, gathered data left in someone’s notebook in a laboratory 
are of little use to society.

Physics provides a universal means of describing and communicating about 
physical phenomena in the language of mathematics. Mechanics is the base on which 
almost all other areas of physics are built. Motion, force, work, electricity, and light 
are topics confronted daily in industry and technology. The basic laws of conserva-
tion of energy are needed to understand heat, sound, wave motion, electricity, and 
electromagnetic radiation.

Physics is always changing as new frontiers are being established in the study of 
the nature of matter. The topics studied in this course, however, will probably not 
greatly change with new research and will remain a classical foundation for work in 
many, many fields. We begin our study with the rules of the road—measurement, fol-
lowed by a systematic problem-solving method. The end result should be a firm base 
on which to build a career in almost any field.

xiiixiii
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7.1  Forces in Two Dimensions
Concurrent forces are those forces that are applied to or act at the same point, as in 
Fig. 7.1. When two or more forces act at the same point, the resultant force is the sum 
of the forces applied at that point. The resultant force is the single force that has the 
same effect as two or more forces acting together.

ConCurrent  
and Parallel  
ForCes

Objectives 
The major goals of this chapter are to enable you to:

1. Find the vector sum of concurrent forces.
2. Analyze equilibrium in one dimension.
3. Analyze concurrent force situations using force 

diagrams.
4. Distinguish compression and tension.

5. Apply the torque equation to rotational problems.
6. Solve parallel force problems.
7. Express the conditions of equilibrium using torque 

concepts.
8. Use the center of gravity to solve parallel force 

problems.

Not all forces cause motion. A body that is static, or not moving, may be in equilibrium. Huge forces may be 
acting on a bridge without producing motion. We will consider concurrent forces (forces acting at the same 
point) in equilibrium.
When forces act nonconcurrently (that is, not at the same point), they may tend to produce rotational motion. 

We will consider torque (an applied force that causes a rotation), parallel force problems, equilibrium, and the 
concept of center of gravity.

ChaPter 7 
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As we saw in Section 5.5, when forces act in the same or opposite directions (in 
one dimension), the total, or net, force can be found by adding the forces that act in 
one direction and subtracting the forces that act in the opposite direction. What is the 
result when the forces are acting in two dimensions? In Chapter 3, addition of two 
vectors was shown by connecting the end point of the first vector to the initial point of 
the second vector, as shown in Fig. 7.2. This is often called the vector triangle method.

This sum may also be obtained by constructing a parallelogram using the two 
vectors as adjacent sides and then constructing the opposite sides parallel, as shown 
in Fig. 7.3. The diagonal of the parallelogram is the resultant, or sum, of the two 
vectors. This is often called the parallelogram method.

A B

C

x

Figure 7.1 Concurrent forces are 
applied to or act at the same point.

v

R

R 5 v 1 w

w

Figure 7.2 Vector triangle 
method of adding two vectors

R

v

w

R = v + w

Figure 7.3 Parallelogram 
method of adding two vectors

R

Figure 7.4 

In Fig. 7.4, two people on opposite banks are pulling a boat up a small river. 
Note that the effort forces must be equal to keep the boat in the middle of the river, 
the direction of the equal-effort forces is along the ropes, and the direction of the 
resultant force R is upriver. What would happen if the effort forces were not equal?

F1 = 525 N

α

F2 = 763 N

FR

y

x

Figure 7.5 

Two workers move a large crate by applying two ropes at the same point. The first 
worker applies a force of 525 N while the second worker applies a force of 763 N at 
the same point at right angles, as shown in Fig. 7.5. Find the resultant force.

ExamplE 1 
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To find FR, find the x- and y-components of each vector and add the components 
as follows:

Vector x-component y-component

F1 0 N 525 N
F2 763 N     0 N
FR 763 N 525 N

Find angle a as follows:

 tan a =
side opposite a

side adjacent to a
=

�FRy �

�FRx �

tan a =
525 N
763 N

  (In a parallelogram, opposite sides are equal.) 

 = 0.6881

 a = 34.5°

Find the magnitude of FR using the Pythagorean theorem:

 �FR � = 3 �FRx �2 + �FRy �2

 �FR � = 3(763 N)2 + (525 N)2

 = 926 N

That is, FR = 926 N at 34.5°.

α
F 1 =

 525 N
FR

y

x

40.0°

F2 = 763 N

Figure 7.6 

Two workers move a large crate by applying two ropes at the same point. The first 
worker applies a force of 525 N while the second worker applies a force of 763 N at 
the same point, as shown in Fig. 7.6. Find the resultant force.

To find FR, find the x- and y-components of each vector and add the components 
as follows:

Vector x-component y-component

F1  �F1 �  cos a = �F1 �  sin a =
 (525 N) cos 40.0° = 402 N (525 N) sin 40.0° = 337 N

F2 763 N 0 N
FR 1165 N 337 N

ExamplE 2 
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Find angle a as follows:

 tan a =
�FRy �

�FRx �
=

337 N
1165 N

= 0.2893

 a = 16.1°

Find the magnitude of FR using the Pythagorean theorem:

 �FR � = 3 �FRx �2 + �FRy �2

 �FR � = 3(1165 N)2 + (337 N)2

 = 1210 N

That is, FR = 1210 N at 16.1°.

F3 = 975 N

F1 = 375 N

F2 = 575 N

60.0°

80.0°

x

y
Figure 7.7 

Forces of F1 = 375 N, F2 = 575 N, and F3 = 975 N are applied at the same point. 
The angle between F1 and F2 is 60.0° and the angle between F2 and F3 is 80.0°. F2 is 
between F1 and F3. Find the resultant force.

First, draw a force diagram as in Fig. 7.7. Place the point of application at the 
origin and one of the forces on the x-axis for ease in computing the components.

To find FR, find the x- and y-components of each vector and add the components 
as follows:

Vector x-component y-component

F1
F2

F3

375 N
�F2 �  cos a =

 (575 N) cos 60.0° =   288 N
�F3 �  cos a =

 -(975 N) cos 40.0° = -747 N

0 N
 �F2 �  sin a =

 (575 N) sin 60.0° = 498 N
 �F3 �  sin a =

 (975 N) sin 40.0° = 627 N
  
FR -84 N 1125 N

Find angle a of the resultant vector as follows:

 tan a =
�FRy �

�FRx �
=

1125 N
84 N

= 13.39

 a = 85.7°

Note for F3: a = 180° - 140.0° = 40.0°

ExamplE 3 
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Note: The x-component of FR is negative and its y-component is positive; 
this means that FR is in the second quadrant. Its angle in standard position is 
180° - 85.7° = 94.3°.

Find the magnitude of FR using the Pythagorean theorem:

 �FR � = 3 �FRx �2 + �FRy �2

 �FR � = 3(84 N)2 + (1125 N)2

 = 1130 N

That is, FR = 1130 N at 94.3°, or 94.3° from F1.
The resultant vector is shown in Fig. 7.8.

F3 = 975 N

F1 = 375 N

F2 = 575 N

60.0°

80.0°

x

y

FR = 1130 N

θ = 94.3°
α = 85.7°

Figure 7.8 

T r y  T h i s  A c T i v i T y 

Tension Forces
An easy way to experiment with concurrent forces in cables is to suspend 
a 1.0-kg mass from two equal-length strings (the actual length of the strings 
is not important) (see Fig. 7.9). Attach a spring scale at the end of each 
string and observe the reading on the scales as they suspend the mass 
vertically. In this position, each spring scale should have the same reading, 
which is half the weight of the suspended mass.

now, slowly separate the two strings from one another, gradually 
creating a larger and larger angle between them. Use the spring scales to 
observe the tension force in the strings and use a protractor to determine 
the angle between the two strings. What happens to the tension force as 
the angle between the suspending cables increases? What is the resultant 
upward force from the two strings?

1.0 kg

Figure 7.9 Two spring scales 
suspending a mass by two 
cables that are separated from 
the vertical at equal angles
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PRoblemS 7.1 
 Find the sum of each set of forces acting at the same point in a straight line.
1. 355 N (right); 475 N (right); 245 N (left); 555 N (left)
2. 703 N (right); 829 N (left); 125 N (left); 484 N (left)
3. Forces of 225 N and 175 N act at the same point. (a) What is the magnitude of 

the maximum net force the two forces can exert together? (b) What is the magni-
tude of the minimum net force the two forces can exert together?

4. Three forces with magnitudes of 225 N, 175 N, and 125 N act at the same point. 
(a) What is the magnitude of the maximum net force the three forces can exert 
together? (b) What is the magnitude of the minimum net force the three forces 
can exert together?

Find the sum of each set of vectors. Give angles in standard position.

5. 

F1 = 1350 N

F2 = 925 N
x

y

FR

6. 

F1 = 1150 lb

F2 = 805 lb
x

y

FR

pr
Ob

lE
m

 S
Ol

vi
ngSKeTCH

          12 cm2  w

      4.0 cm

DATA
A = 12 cm2, l = 4.0 cm, w = ?

bASIC eQUATIoN
A = lw

WoRKING eQUATIoN
w =

A
l

SUbSTITUTIoN

w =
1 2  cm2

4 .0  cm
 = 3 .0  cm

The Cable-Stayed Bridge
All bridges are designed and constructed according to the 
needs of the community, the desired aesthetics, the costs, 
and the geographic and geological conditions around the 
bridge site. one of the most popular, attractive, and cost-
effective designs is the cable-stayed bridge. the physical 
strength and relatively low cost of the design made the 
cable-stayed bridge ideal for the mid-length span across 
the Mississippi river at Alton, Illinois (Fig. 7.10).

Cable-stayed bridges support the roadbed by attaching 
one end of multiple cables directly to the deck, passing 
them through a vertical tower, and attaching them to the 
deck on the opposite side of the tower. through the use 
of lighter, stronger materials, engineers are able to avoid 
the need for the heavy and expensive steel and massive 
anchorages that are needed to support more traditional 
suspension bridges.

the combination of compression, tension, shear, and 
bending forces keeps the cable-stayed new Clark Bridge 
static. this particular cable-stayed bridge was designed to replace a deteriorating truss bridge that the 
community had outgrown. the new Clark Bridge meets the needs of the growing community and a busy 
shipping channel, is aesthetically pleasing, and is economically viable. the bridge also met the geographic 
and geological conditions as dictated by the Mississippi river and surrounding landscape.

Figure 7.10 The new cable-stayed design of 
the New Clark bridge at Alton, Illinois

P h y s i c s  c o n n e c T i o n s 
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7. If forces of 1000 N acting in a northerly direction and 1500 N acting in an east-
erly direction both act on the same point, what is the resultant force?

8. If two forces of 100 N and 50.0 N, respectively, act in a westerly direction on a 
point and a force of 175 N acts in a northerly direction on the same point, what 
is the resultant force?

Find the sum of each set of vectors. Give angles in standard position.

9. 

x

y

107.0°

F1 = 1570 lb

F2 = 1820 lb

FR

10. 

F2 = 3840 N

F1 = 1950 N
x

y

30.0°FR

11. 

F3 = 3680 N

F2 = 3150 N

F1 = 2550 N

y

x

42.0° 120.0°

12. 

F3 = 2430 lb

F1 = 2660 lb

F2 = 2410 lb
y

x

107.0°

143.0°

13. Forces of F1 = 1150 N, F2 = 875 N, and F3 = 1450 N are applied at the same 
point. The angle between F1 and F2 is 90.0° and the angle between F2 and F3 is 
120.0°. F2 is between F1 and F3. Find the resultant force.

14. Four forces, each of magnitude 2750 lb, act at the same point. The angle between 
adjacent forces is 30.0°. Find the resultant force.

7.2  Concurrent Forces in Equilibrium
Equilibrium in One Dimension
Equilibrium is the state of a body in which there is no change in its motion. A body is in 
equilibrium when the net force acting on it is zero. That is, it is not accelerating; it is 
either at rest or moving at a constant velocity. The study of objects in equilibrium is 
called statics.

The forces applied to an object in one dimension act in the same direction or 
in opposite directions. For the net force to be zero, the forces in one direction must 
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equal the forces in the opposite direction. We can write the equation for equilibrium 
in one dimension as

F+ = F-

where F+ = the sum of all forces acting in one direction (call it the positive direction)
 F- = the sum of all the forces acting in the opposite (negative) direction

Note in Fig. 7.11 that the downward force (weight of the bridge) must equal the sum 
of the upward forces produced by the two bridge supports for the bridge to be in 
equilibrium.

Figure 7.11 

1250 N

Figure 7.12 

A cable supports a large crate of weight 1250 N (Fig. 7.12). What is the upward force 
on the crate if it is in equilibrium?

Sketch:
Draw a force diagram of the crate in equilibrium, and show the forces that act on it. 
Note that we call the upward direction positive as indicated by the arrow.

S = Supporting force

Fw = 1250 N

+

Data:

 Fw = 1250 N

 S = ?

Basic Equation:
 F+ = F-

Working Equation:
 S = Fw

Substitution:
 S = 1250 N

ExamplE 1 
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Equilibrium in Two Dimensions
A body is in equilibrium when it is either at rest or moving at a constant speed in a 
straight line. Figure 7.13(a) shows the resultant force of the sum of two forces from 
example 1 in Section 7.1. When two or more forces act at a point, the equilibrant force 
is the force that, when applied at that same point as the resultant force, produces 
equilibrium. The equilibrant force is equal in magnitude to that of the resultant force, 
but it acts in the opposite direction [see Fig. 7.13(b)]. In this case, the equilibrant force 
is 926 N at 214.5° (180° + 34.5°).

F1 = 525 N

F2 = 763 N

y

x

FR = 926 N

34.5°

(a)

Figure 7.13 

FR = 926 N

34.5°

34.5°

Resulta
nt fo

rce

Equilib
rant fo

rce

926 N

F1 = 525 N

F2 = 763 N

y

x
θ = 214.5°

(b)

Four persons are having a tug-of-war with a rope. Harry and mary are on the left; 
bill and Jill are on the right. mary pulls with a force of 105 lb, Harry pulls with a 
force of 255 lb, and Jill pulls with a force of 165 lb. With what force must bill pull to 
produce equilibrium?

Sketch:

H: 255 lb M: 105 lb J: 165 lb B: ?

Data:
 M = 105 lb

 H = 255 lb

 J = 165 lb

 B = ?

Basic Equation:

 F+ = F- or

 M + H = J + B

Working Equation:

 B = M + H - J

Substitution:

 B = 105 lb + 255 lb - 165 lb

 = 195 lb

ExamplE 2 
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If an object is in equilibrium in two dimensions, the net force acting on it must be 
zero. For the net force to be zero, the sum of the x-components must be zero and the 
sum of the y-components must be zero. For forces A, B, and C with x-components 
Ax, Bx, and Cx, respectively, and with y-components Ay, By, and Cy, respectively, to 
be in equilibrium, both of the following conditions must hold:

CondiTionS For equiliBrium
1. the sum of x-components = 0; that is, ax + Bx + Cx = 0.
2. the sum of y-components = 0; that is, ay + By + Cy = 0.

In general, to solve equilibrium problems:

1. Draw a force diagram from the point at which the unknown forces act.
2. Find the x- and y-components of each force.
3. Substitute the components in the equations

sum of x@components = 0
sum of y@components = 0

4. Solve for the unknowns. This may involve two simultaneous equations.

We may need to find the tension or compression in part of a structure, such as in 
a beam or a cable. Tension is a stretching force produced by forces pulling outward on 
the ends of an object [Fig. 7.14(a)]. Compression is a force produced by forces pushing 
inward on the ends of an object [Fig. 7.14(b)]. A rubber band being stretched is an 
example of tension [Fig. 7.15(a)]. A valve spring whose ends are pushed together is an 
example of compression [Fig. 7.15(b)]. Compression

Tension

(a)

(b)

Figure 7.14 Tension and 
compression forces

(a) Tension in a rubber band

Figure 7.15 

(b) Compression in a valve spring

Find the forces F and F′ necessary to produce equilibrium in the force diagram shown 
in Fig. 7.16.

1.  

60.0°

C = 375 lb

F9

F

y

x

Figure 7.16 

ExamplE 3 
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3.   Sum of x@components = 0
 F + 0 + (-188 lb) = 0

 Sum of y@components = 0
 0 + (-F′) + 325 lb = 0

x-components y-components
 Fx = F
 F′

x = 0
 Cx = -(375 lb)(cos 60.0°)

 = -188 lb

 Fy = 0
 F′

y = -F′

 Cy = (375 lb)(sin 60.0°)
 = 325 lb

2.  

4.  F = 188 lb F′ = 325 lb

Beam

A

Boom

90.08

20.08

Figure 7.18 

4. Note: Solve for F in the right-hand equation first. Then substitute this value in 
the left-hand equation to solve for F:

 F′ =
5000 N
sin 15.0°

 = 19,300 N
 F = F′ cos 15.0°

 = (19,300 N)(cos 15.0°)
 = 18,600 N

x-components y-components
Fx = -F
F′

x = F′ cos 15.0°
Cx = 0

Fy = 0
F′

y = F′ sin 15.0°
Cy = -5000 N

2.  

3.  Sum of x@components = 0
(-F) + F′ cos 15.0° + 0 = 0

Sum of y@components = 0
0 + F′ sin 15.0° + (-5000 N) = 0

15.0°

C = 5000 N

F9
F

y

x

Figure 7.17 

Find the forces F and F′necessary to produce equilibrium in the force diagram shown 
in Fig. 7.17.

1.  

ExamplE 4 

The crane shown in Fig. 7.18 is supporting a beam that weighs 6000 N. Find the 
tension in the horizontal supporting cable and the compression in the boom. The 
horizontal cable is attached to the boom at point A. The separate vertical cable 
holding the beam is attached through the pulley at point A.

ExamplE 5 
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1. Draw the force diagram showing the forces acting at point A.

20.0°A

Fw

T

R

E

T = tension

R = compression

E = equilibrant force

y

x

Fw = weight

T is the force exerted at A by the horizontal supporting cable.
E is the force exerted by the boom at A.
Fw is the force (weight of the beam) pulling straight down at A.
R  is the sum of forces Fw and T, which is equal in magnitude but opposite in 

direction to force E (R = -E).

Figure 7.19 

2.  x-components y-components
 Ex = E cos 20.0°
 Tx = -T

 Fwx = 0

 Ey = E sin 20.0°
 Ty = 0

 Fwy = -6000 N

3.  Sum of x-components = 0
E cos 20.0° + (-T) = 0

   Sum of y-components = 0
E sin 20.0° + (-6000 N) = 0

4.  T = E cos 20.0°  E =
6000 N
sin 20.0°

 = 17,500 N
 T = (17,500 N) (cos 20.0°)

 = 16,400 N

A homeowner pushes a 40.0-lb lawn mower at a constant velocity (Fig. 7.19). The 
frictional force on the mower is 20.0 lb. What force must the person exert on the 
handle, which makes an angle of 30.0° with the ground? Also, find the normal (per-
pendicular to ground) force.

This is an equilibrium problem because the mower is not accelerating and the net 
force is zero.

1. Draw the force diagram.

30.0°

N

F

M

Fw = 40.0 lb

F = 20.0 lb

y

x

M  is the force exerted on the mower by the person; this compression force is 
directed down along the handle.

Fw is the weight of the mower directed straight down.

ExamplE 6 
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N  is the force exerted upward on the mower by the ground, which keeps the 
mower from falling through the ground.

F is the frictional force that opposes the motion.
2.  x-components y-components

 Nx = 0
 Fwx = 0
 Fx = -20.0 lb

 Mx = M cos 30.0°

 Ny = N
 Fwy = -40.0 lb
 Fy = 0

 My = -M sin 30.0°
3.  Sum of x-components = 0

0 + 0 + (-20.0 lb) + M cos 30.0° = 0
Sum of y-components = 0

 N + ( - 40.0 lb) + 0
+ ( - M sin 30.0°) = 0

 N = M sin 30.0 + 40.0 lb

4.  M =
20.0 lb

cos 30.0°
 = 23.1 lb

 N = (23.1 lb) (sin 30.0°) + 40.0 lb

 = 51.6 lb

Note: This is an example of a body in equilibrium moving at a constant speed in a 
straight line. This type of equilibrium is often referred to as dynamic equilibrium, 
whereas a body in equilibrium at rest is referred to as static equilibrium.

The crane shown in Fig. 7.20 is supporting a beam that weighs 6000 N. Find the 
tension in the supporting cable and the compression in the boom.

1. Draw the force diagram showing the forces acting at point A.

y

x

E

68.0°

53.0°

15.0°

 Fw = 6000 N

22.0°

A

R

T

Fw is the weight of the beam, which pulls straight down.
T is the force exerted at A by the supporting cable.
E is the force exerted by the boom at A.
R  is the sum of forces Fw and T, which is equal in magnitude but opposite in 

direction to force E (R = -E).
2.  

22.08

15.08

A

Beam

Cable

Boom

Figure 7.20 

x-components y-components
 Ex = E cos 68.0°
 Tx = -T cos 53.0°

 Fwx = 0

 Ey = E sin 68.0°
 Ty = -T sin 53.0°

 Fwy = -6000 N

ExamplE 7 
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3.  Sum of x-components = 0
E cos 68.0° +

(-T cos 53.0°) + 0 = 0

Sum of y-components = 0
E sin 68.0° +
(-T sin 53.0°) + (-6000 N) = 0

4. Note: Solve the left equation for E. Then substitute this quantity in the right 
equation and solve for T:

E =
T cos 53.0°
cos 68.0°  aT cos 53.0°

cos 68.0°
b  (sin 68.0°) - T sin 53.0° = 6000 N

 1.490T - 0.799T = 6000 N
 0.691T = 6000 N

 T =
6000 N
0.691

 = 8680 N

 E =
(8680 N) (cos 53.0°)

cos 68.0°
 = 13,900 N

Alternate Method: You can orient a force diagram any way you want on the x–y 
axes. You should orient it so that as many of the vectors as possible are on an x- or a 
y-axis. The result will be the same. let’s rework example 7 as follows:

1. Draw the force diagram showing the forces acting at point A using the same 
notation as follows:

y

x

T

R
A

E15.0°
22.0°

Fw = 6000 N

2.  x-components y-components
 Ex = E
 Tx = -T cos 15.0°

 Fwx = -(6000 N) (cos 22.0°)

 Ey = 0
 Ty = T sin 15.0°

 Fwy = -(6000 N) (sin 22.0°)
3.  Sum of x-components = 0 Sum of y-components = 0

E + (-T cos 15.0°) +
(-6000 N) (cos 22.0°) = 0

0 + T sin 15.0° +
(-6000 N) (sin 22.0°) = 0

4. Solve the right equation for T (since it has only one variable). Then solve the left 
equation for E and substitute this quantity:

 T =
(6000 N) (sin 22.0°)

sin 15.0°
 = 8680 N

 E = T cos 15.0° + (6000 N) (cos 22.0°)
 E = (8680 N) (cos 15.0°) + (6000 N) (cos 22.0°)

 = 13,900 N
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PRoblemS 7.2 
Find the force F that will produce equilibrium in each force diagram.

1. 

100 N F = ?

2. 

100 lb

F = ?

3. 184 N295 NF = ? 136 N 235 N

4. 250 N 250 N250 NF = ? 1250 N

5. 1250 N 1750 N 1050 NF = ? 2100 N 750 N

6. F1 = ?

F1 = F2 = F3 = F4 = F5

F2 = ? F3 = ? F4 = ? F5 = ?3600 lb

7. Five persons are having a tug-of-war. Kurt and brian are on the left; Amy, 
barbara, and Joyce are on the right. Amy pulls with a force of 225 N, barbara 
pulls with a force of 495 N, Joyce pulls with a force of 455 N, and Kurt pulls 
with a force of 605 N. With what force must brian pull to produce equilibrium?

8. A certain wire can support 6450 lb before it breaks. Seven 820-lb weights are 
suspended from the wire. Can the wire support an eighth weight of 820 lb?

9. The frictional force of a loaded pallet in a warehouse is 385 lb. Can three 
 workers, each exerting a force of 135 lb, push it to the side?

10. A bridge has a weight limit of 7.0 tons. How heavy a load can a 2.5-ton truck 
carry across?

11. A tractor transmission weighing 260 N and a steering gear box weighing 
62.0 N are on a workbench. What upward force must the bench exert to  maintain 
equilibrium?

12. A skid loader lifts a compressor weighing 672 N and a hose weighing 26.0 N. 
What upward force must the loader exert to maintain equilibrium?

Find the forces F1 and F2 that produce equilibrium in each force diagram.

13. 

45.0°

C = 100 N

F1

F2

y

x

14. 
C = 950 N

F1 F2

y

x30.0°

15. 

C = 500 lb
F1

F2

y

x
30.0°

16. 

C = 1000 lb
F1

F2

y

x

10.0°

pr
Ob

lE
m

 S
Ol

vi
ng SKeTCH

          12 cm2  w

      4.0 cm

DATA
A = 12 cm2, l = 4.0 cm, w = ?

bASIC eQUATIoN
A = lw

WoRKING eQUATIoN
w =

A
l

SUbSTITUTIoN

w =
1 2  cm2

4 .0  cm
 = 3 .0  cm
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17. 

C = 250 lb

F1

F2

y

x

60.0°

18. 

C = 400 N

F1

F2

y

x

20.0°

19. A rope is attached to two buildings and supports a 500@lb sign (Fig. 7.21). Find 
the tensions in the two ropes T1 and T2. (Hint: Draw the force diagram of the 
forces acting at the point labeled A.)

20. If the angle between the horizontal and the ropes in Problem 19 is changed to 
10.0°, what are the tensions in the two ropes T1 and T2?

21. If the angles between the horizontal and the ropes in Problem 19 are changed to 
20.0° and 30.0°, find the tension in each rope.

22. Find the tension in the horizontal supporting cable and the compression in the 
boom of the crane that supports an 8900@N beam shown in Fig. 7.22.

23. Find the tension in the horizontal supporting cable and the compression in the 
boom of the crane that supports a 1500@lb beam shown in Fig. 7.23.

T1 T2

Fw = 500 lb

A
20.0° 20.0°

Building

Figure 7.21 

Fw = 8900 N

A

90.08

25.08

Figure 7.22 

90.08

30.08

A

Fw = 8900 N

Figure 7.23 

24. An automobile of mass 1550 kg is towed at a steady speed by a cable held at an 
angle of 18.0° below the horizontal. A frictional force of 345 N opposes the mo-
tion of the automobile. Find the tension in the cable.

25. A vehicle that weighs 16,200 N is parked on a 20.0° hill (Fig. 7.24). What  braking 
force is necessary to keep it from rolling? Neglect frictional forces. (Hint: When 
you draw the force diagram, tilt the x- and y-axes as shown. B is the braking 
force directed up the hill and along the x-axis.)
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20.0°

N

B

y

x

Fw

Figure 7.24 

26. Find the tension in the cable and the compression in the support of the sign 
shown in Fig. 7.25.

40.0°

T

C

Fw = 750 N

Figure 7.25 

32.0825.08

C

A

T

 Fw  = 1850 lb

Figure 7.26 
A

55.38

15.18

C

T

Fw = 11,500 N

Figure 7.27 

n e w  T e c h n o l o g i e s

The Freedom Tower
At a symbolic height of 1776 ft, the majestic Freedom tower has risen above all other buildings on the 
new York Skyline to become the tallest building in the United States. Starting from a square base, the 
tower angularly shifts to an octagon in the mid-section of the tower and gradually transforms back into a 
square, shifted 45°, at the top of the building.

27. The crane shown in Fig. 7.26 is supporting a load of 1850 lb. Find the tension in 
the supporting cable and the compression in the boom.

28. The crane shown in Fig. 7.27 is supporting a load of 11,500 N. Find the tension 
in the supporting cable and the compression in the boom.
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7.3  Torque
A torque is produced when a force is applied to produce a rotation, such as, for exam-
ple, when a wrench is used to turn a bolt or a claw hammer is used to pull a nail from 
wood. Torque is the tendency to produce change in rotational motion. The torque 
developed depends on two factors:

1. The amount of force applied
2. How far from the point of rotation the force is applied

Torque is expressed by the equation

t = Fr

where   t = torque  (N m or lb ft) ( t is the lowercase Greek letter “tau.”)
  F = applied force (N or lb)
  r = length of torque arm (m or ft)

Note that r, the length of the torque arm, is different from s in the equation defining 
work (W = Fs). Recall that s in the work equation is the linear distance over which 
the force acts.

When you use a wrench to turn a bolt, less effort is used (greater torque is 
produced) as the distance you place your hand from the bolt increases (Fig. 7.29). 
Plumbers often use a wrench with a long torque arm to loosen or tighten large bolts 
and fittings.

Just as impressive as its sleek, reflective outer skin are the engi-
neering and technological features that have been incorporated into 
the structural and safety features of the tower. the steel frame of the 
foundation was installed in December 2006 and includes twenty-four 
18-m-long steel columns that form the perimeter of the foundation. the 
tower contains 40,000 metric tons of structural steel and 150,000 m3 
of concrete!

Enhanced safety features include reinforced concrete eleva-
tor shafts, multiple extra-wide staircases to improve egress, and the 
 introduction of an emergency-responder-only staircase so officials 
can climb the tower as others are evacuating. Staircase crossover 
features were introduced to link staircases in the event of a staircase 
blockage or congestion. Also, communications, sprinklers, and  
risers are enclosed in a steel-reinforced, 1-m-thick concrete  
shaft to protect such critical safety and communications  
systems from damage.

the 104-story, $4.0 billion Freedom tower is complete and 
is designated as an environmentally sustaining lEED Gold facil-
ity. the tower reclaims rainwater and has its own power-generation 
 system that incorporates on-site fuel cells for energy use in the tower 
(Fig. 7.28).

Figure 7.28 The Freedom Tower
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In all torque problems, we are concerned with motion about a point or axis of 
rotation, as in pedaling a bicycle (Fig. 7.30). In pedaling, we apply a force to the pedal, 
causing the sprocket to rotate. The torque arm is the perpendicular distance from the 
point of rotation to the applied force [Fig. 7.30(a)]. In torque problems, r is always per-
pendicular to the force [Fig. 7.30(a)]. Note that r is the distance from the pedal to the axle.

F

F

F

(a)

Torque applied

More torque applied

Even more torque applied

(b)

(c)

r

r

r

Figure 7.29 even though the same force is used, the torque applied to the bolt increases as 
the distance from your hand to the bolt increases. In (b), you produce more torque by placing 
your hand on the end of the wrench handle. In (c), you produce even more torque by using an 
extender sleeve.

(a)

r

F

Figure 7.30 Torque produced in pedaling a bicycle

(b)

F

r

Motion

Point of rotation

If the force is not exerted tangent to the circle made by the pedal (Fig. 7.31), 
the length of the torque arm is not the length of the pedal arm. The torque arm, r, is 
measured as the perpendicular distance to the force. Since r is therefore shorter, the 
product F • r is smaller, and the turning effect, the torque, is less in the pedal position 
shown in Fig. 7.30. maximum torque is produced when the pedals are horizontal and 
the force applied is straight down.

Torque is a vector quantity that acts along the axis of rotation (not along the 
force) and points in the direction in which a right-handed screw would advance if 
turned by the torque as in Fig. 7.32(a). The right-hand rule is often used to determine 
the direction of the torque as follows: Grasp the axis of rotation with your right hand 

r
F

Figure 7.31 maximum torque 
is produced only when the pedal 
reaches a position perpendicular 
to the applied force.
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so that your fingers circle it in the direction that the torque tends to induce rotation. 
Your thumb will point in the direction of the torque vector [Fig. 7.32(b)]. Thus, the 
torque vector in Fig. 7.32(a) is perpendicular to and points out of the page.

(b)

Axis of
rotation

F

O

r

(a)

�

Figure 7.32 Torque is a vector quantity that acts along the axis of rotation 
according to the right-hand rule.

T r y  T h i s  A c T i v i T y 

hammers and Screwdrivers
torque is an essential component of most hand tools. Drive a nail into a piece of wood by holding a ham-
mer near its head. Count the number of hits it takes to drive the nail into the wood. then, drive a like nail 
into the wood by holding the hammer near the end of the handle. Count the number of hits it takes. Using 
physics terminology, explain which handle grip is better for driving nails into wood.

Use two screwdrivers with different diameter handles to screw two similar screws into a board. Which 
screwdriver is able to apply more torque to a screw? If one screwdriver applies more torque to a screw 
than the other, why would anyone want to use a screwdriver that cannot exert the maximum torque?

A force of 10.0 lb is applied to a bicycle pedal. If the length of the pedal arm is 0.850 ft, 
what torque is applied to the shaft?

Sketch: 

Data:

 F = 10.0 lb
 r = 0.850 ft
 t = ?

Basic Equation:
t = Fr

Working Equation: Same

Substitution:
 t = (10.0 lb) (0.850 ft)
 = 8.50 lb ft

10.0 lb

0.850 ft

ExamplE 1 

M08_EWEN9386_11_SE_C07.indd   183 10/19/15   5:15 PM



ChapTer 7   ConCUrrEnt AnD PArAllEl ForCES  184

4. Given: t = 35.7 lb ft
r = 0.0240 ft
F = ?

5. Given:  t = 65.4 N m
r = 35.0 cm
F = ?

6. Given: F = 630 N
r = 74.0 cm
t = ?

7. If the torque on a shaft of radius 2.37 cm is 38.0 N m (Fig. 7.33), what force is 
applied to the shaft?

8. If a force of 56.2 lb is applied to a torque wrench 1.50 ft long (Fig. 7.34), what 
torque is indicated by the wrench?

PRoblemS 7.3 
Assume that each force is applied perpendicular to the torque arm.

1. Given:  F = 16.0 lb
   r = 6.00 ft
   t = ?

2. Given: F = 100 N
    r = 0.420 m

t = ?

3. Given: t = 60.0 N m
F = 30.0 N
r = ?

pr
Ob

lE
m

 S
Ol

vi
ng SKeTCH

          12 cm2  w

      4.0 cm

DATA
A = 12 cm2, l = 4.0 cm, w = ?

bASIC eQUATIoN
A = lw

WoRKING eQUATIoN
w =

A
l

SUbSTITUTIoN

w =
1 2  cm2

4 .0  cm
 = 3 .0  cm

56.2 lb

1.50 ft

Figure 7.34 
F = ?

r = 2.37 cm

Figure 7.33 

9. A motorcycle head bolt is torqued to 25.0 N m. What length shaft do we need 
on a wrench to exert a maximum force of 70.0 N?

10. A force of 112 N is applied to a shaft of radius 3.50 cm. What is the torque on 
the shaft?

11. A torque of 175 lb ft is needed to free a large rusted-on nut. The length of the 
wrench is 1.10 ft. What force must be applied to free it?

12. A torque wrench reads 14.5 N m. If its length is 25.0 cm, what force is being ap-
plied to the handle?

13. The torque on a shaft of radius 3.00 cm is 12.0 N m. What force is being applied 
to the shaft?

14. An engine bolt is torqued to 30.0 N m. If the length of the wrench is 29.0 cm, 
what force is applied to the wrench?

15. A mower bolt is torqued to 65.0 N m. If the length of the wrench is 30.0 cm, 
what force is applied to the wrench?

16. An automobile bolt is torqued to 27.0 N m. If the length of the wrench is 30.0 cm, 
what force is applied to the wrench?

17. A torque wrench reads 25 lb ft. (a) If its length is 1.0 ft, what force is being applied 
to the wrench? (b) What is the force if the length is doubled? explain the results.

18. If 13 N m of torque is applied to a bolt with an applied force of 28 N, what is the 
length of the wrench?

19. If the torque required to loosen a nut on the wheel of a pickup truck is 40.0 N m, 
what minimum force must be applied to the end of a wrench 30.0 cm long to loosen 
the nut?

20. How is the required force to loosen the nut in Problem 19 affected if the length 
of the wrench is doubled?

21. A truck mechanic must loosen a rusted lug nut. If the torque required to loosen 
the nut is 60.0 N m, what force must be applied to a 35.0-cm wrench?

22. An agricultural mechanic tries to loosen a nut on a tractor wheel with a wrench 
that is 32.5 cm long. If the torque required to loosen the nut is 55.0 N m, what 
force must she apply to the wrench?
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7.4  parallel Forces
A painter stands 2.00 ft from one end of a 6.00-ft plank that is supported at each end 
by a scaffold [Fig. 7.35(a)]. How much of the painter’s weight must each end of the 
scaffold support? Problems of this kind are often faced in the construction indus-
try, particularly in the design of bridges and buildings. Using some things we learned 
about torques and equilibrium, we can now solve problems of this type.

(a)

Figure 7.35 Parallel forces shown by the example of a painter on a scaffold

4.00 ft

2.00 ft

F1 F2

Force diagram

(b)

Fw

let’s look more closely at the painter problem. The force diagram [Fig. 7.35(b)] 
shows the forces and distances involved. The arrow pointing down represents the 
weight of the person, Fw. The arrows pointing up represent the forces exerted by each 
end of the scaffold in supporting the plank and painter. (For now, we will disregard 
the weight of the plank.) We have a condition of equilibrium. The plank and painter 
are not moving. The sum of the forces exerted by the ends of the scaffold is equal to 
the weight of the painter (Fig. 7.36). Since these forces are vectors and are parallel, we 
can show that their sum is zero. Using engineering notation, we write

ΣF = 0
where Σ (Greek capital letter sigma) means summation or “the sum of” and F is 
force, a vector quantity. So ΣF means “the sum of forces,” in this case the sum of 
parallel forces. Thus, the first condition of equilibrium may be written:

Support 1

Support 2Weight of
painter

Fw

F1

F2

Figure 7.36 In equilibrium, the 
sum of the forces is zero.

FirST CondiTion oF equiliBrium
the sum of all parallel forces on a body in equilibrium must be zero.

If the vector sum is not zero (forces up unequal to forces down), we have an 
unbalanced force tending to cause motion.

Now consider this situation: one end of the scaffold remains firmly in place, 
supporting the man, and the other is removed. What happens to the painter? The 
plank, supported only on one end, falls (Fig. 7.37), and the painter has a mess to 
clean up!
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(a)

Figure 7.37 The position of the supporting force is important!

Force diagram

(b)

F1 Fw

A sign of weight 1500 lb is supported by two cables (Fig. 7.38). If one cable has a 
tension of 600 lb, what is the tension in the other cable?

Sketch: Draw the force diagram.

T2 = ? T1 = 600 Ib

Fw = 1500 Ib

Data:
 Fw = 1500 lb
 T1 = 600 lb
 T2 = ?

Basic Equation:
F+ = F-

Working Equation:
 T1 + T2 = Fw

 T2 = Fw - T1

Substitution:
 T2 = 1500 lb - 600 lb

 = 900 lb

Weight = 1500 lb

T1 = 600 lb

T2

Figure 7.38 

ExamplE 1 

M08_EWEN9386_11_SE_C07.indd   186 10/19/15   5:15 PM



ChapTer 7   ConCUrrEnt AnD PArAllEl ForCES  187

The second condition of equilibrium may be written:

Not only must the forces balance each other (vector sum = 0), but they must also 
be positioned so that there is no rotation in the system. To avoid rotation, we can 
have no unbalanced torques.

Sometimes there will be a natural point of rotation, as in our painter problem. We 
can, however, choose any point as our center of rotation as we consider the torques 
present. We will soon see that one of any number of points could be selected. What is 
necessary, though, is that there be no rotation (no unbalanced torques).

Again, using engineering notation, we write

Σtany point = 0

where Σtany point is the sum of the torques about any chosen point.

SeCond CondiTion oF equiliBrium
the sum of the clockwise torques on a body in equilibrium must equal the sum of the counterclockwise torques about 
any point.

Σtclockwise (cw) = Σtcounterclockwise (ccw)

To illustrate these principles, we will find how much weight each end of the scaffold 
must support if our painter weighs 150 lb.

Sketch: 

F1 = ? F2 = ?

Fw = 150 lb

2.00 ft

6.00 ft

A

Data:

 Fw = 150 lb

 plank = 6.00 ft

Fw is 2.00 ft from one end

Basic Equations:

1.        ΣF = 0

 sum of forces = 0

 F1 + F2 - Fw = 0

    or  F1 + F2 = Fw

F1 + F2 = 150 lb

(Note: Fw is negative because its 
direction is opposite F1 and F2.)

2. Σtclockwise = Σtcounterclockwise

ExamplE 2 
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First, select a point of rotation. Choosing an end is usually helpful in simplifying 
the calculations. Choose the left end (point A) where F1 acts. What are the clockwise 
torques about this point?

The force due to the weight of the painter tends to cause clockwise motion. The 
torque arm is 2.00 ft (Fig. 7.39). Then t = (150 lb)(2.00 ft). This is the only clock-
wise torque.

The only counterclockwise torque is F2 times its torque arm, 6.00 ft (Fig. 7.40). 
t = (F2)(6.00 ft). There is no torque involving F1 because its torque arm is zero. 
Setting Σtclockwise = Σtcounterclockwise, we have the equation:

(150 lb)(2.00 ft) = (F2)(6.00 ft)

Note that by selecting an end as the point of rotation, we were able to have an equa-
tion with just one variable (F2). Solving for F2 gives the working equation:

F2 =
(150 lb)(2.00 ft)

6.00 ft 
= 50.0 lb

Since ΣF = F1 + F2 = Fw, substitute for F2 and Fw to find F1:

 F1 + 50.0 lb = 150 lb
 F1 = 150 lb - 50.0 lb

 = 100 lb

150 lb

2.00 ft
A

Figure 7.39 Torque arm of 
painter about point A

F2

6.00 ft
A

Figure 7.40 Torque arm of F2 
about point A

to solve parallel force problems:

1. Sketch the problem; position the parallel forces vertically when possible.
2. Write an equation setting the sums of the opposite forces equal to each other.
3. Choose a point of rotation. Eliminate a variable if possible (by making its torque arm zero).
4. Write the sum of all clockwise torques.
5. Write the sum of all counterclockwise torques.
6. Set Σtclockwise = Σtcounterclockwise.
7. Solve the equation Σtclockwise = Σtcounterclockwise for the unknown quantity.
8. Substitute the value found in step 7 into the equation in step 2 to find the other unknown quantity.

3.00 ft 3.00 ft

8.00 ft

175 lb
40.0 lb

Figure 7.41 

A bricklayer weighing 175 lb stands on an 8.00-ft scaffold 3.00 ft from one end 
(Fig. 7.41). He has a pile of bricks, which weighs 40.0 lb, 3.00 ft from the other end. 
How much weight must each end support?

ExamplE 3 

M08_EWEN9386_11_SE_C07.indd   188 10/19/15   5:15 PM



ChapTer 7   ConCUrrEnt AnD PArAllEl ForCES  189

1. 8.00 ft

3.00 ft3.00 ft

Fb = 40.0 lb
Fw = 175 lb

F1 = ? F2 = ?

A

2. ΣF = F1 + F2 = 175 lb + 40.0 lb

3. Choose a point of rotation. Choose either end to eliminate one of the variables 
F1 or F2. let us choose the right end and label it A.

4. Σtclockwise = (F1)(8.00 ft)

5. Σtcounterclockwise = (40.0 lb)(3.00 ft) + (175 lb)(5.00 ft)

 Note that there are two counterclockwise torques.

6. Σtclockwise = Σtcounterclockwise

F1(8.00 ft) = (40.0 lb)(3.00 ft) + (175 lb)(5.00 ft)

7.  F1 =
(40.0 lb)(3.00 ft) + (175 lb) (5.00 ft)

8.00 ft

=
120 lb ft + 875 lb ft

8.00 ft
=

995 lb ft
8.00 ft

 = 124 lb

8.        F1 + F2 = 175 lb + 40.0 lb

124 lb + F2 = 215 lb    (F1 = 124 lb)

F2 = 91 lb

T r y  T h i s  A c T i v i T y 

The physics of Window Washing
Window washers on tall buildings typically stand on a platform 
that is suspended from the top of the building by ropes or cables. 
Designers of these devices must make sure that the cables can 
safely suspend the workers while they are all working on one side 
of the platform. to simulate this activity, take the two strings, the 
scales, and the mass from the previous try this Activity and use 
a metre stick or a wooden dowel as the platform.

Set up the activity as indicated in Fig. 7.42, making sure both 
suspending strings are the same length and that the metre stick is 
horizontal. Place the weight directly in the middle of the metre 
stick and note the readings in the scales. then gradually shift the 
mass over to one side and observe what happens to the readings 
in the spring scales. What happens to the sum of the tension forces 
as the mass is shifted to one of the sides?

1.0 kg

Figure 7.42 After suspending the mass 
from the middle of the platform, shift the 
mass toward one side and observe what 
happens to the tension in the strings.
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9. A 90.0-kg painter stands 3.00 m from one end of an 8.00-m scaffold. If the scaf-
fold is supported at each end by a stepladder, how much of the weight of the 
painter must each ladder support?

10. A 5000@lb truck is 20.0 ft from one end of a 50.0-ft bridge. A 4000@lb car is 
40.0 ft from the same end. How much weight must each end of the bridge 
 support? (Neglect the weight of the bridge.)

11. A 2400@kg truck is 6.00 m from one end of a 27.0-m-long bridge. A 1500@kg car 
is 10.0 m from the same end. How much weight must each end of the bridge 
support?

12. An auto transmission of mass 165 kg is located 1.00 m from one end of a 2.50-m 
bench. What weight must each end of the bench support?

13. A bar 8.00 m long supports masses of 20.0 kg on the left end and 40.0 kg on the 
right end. At what distance from the 40.0-kg mass must the bar be supported for 
the bar to balance?

14. Two painters, each of mass 75.0 kg, stand on a 12.0-m scaffold, 6.00 m apart 
and 3.00 m from each end. They share a paint container of mass 21.0 kg in the 
middle of the scaffold. What weight must be supported by each of the ropes 
secured to the ends of the scaffold?

15. Two painters, one of mass 75.0 kg and the other 90.0 kg, stand on a 12.00-m 
scaffold, 6.00 m apart and 3.00 m from each end. They share a paint container 
of mass 21.0 kg in the middle of the scaffold. What weight must be supported by 
each of the ropes secured at the end of the scaffold?

16. Two painters stand on a 10.00-m scaffold. one, of mass 65.0 kg, stands 2.00 m 
from one end. The other, of mass 95.0 kg, stands 4.00 m from the other end. 
They share a paint container of mass 18.0 kg located between the two and 

PRoblemS 7.4 
Find the force F that will produce equilibrium for each force diagram. Use the same 
procedure as in example 1.

pr
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lE
m

 S
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vi
ng SKeTCH

          12 cm2  w

      4.0 cm

DATA
A = 12 cm2, l = 4.0 cm, w = ?

bASIC eQUATIoN
A = lw

WoRKING eQUATIoN
w =

A
l

SUbSTITUTIoN

w =
1 2  cm2

4 .0  cm
 = 3 .0  cm

1. F = ?100 lb 2. 
F = ?

200 N

3. F = ? 200 N

700 N

4. F = ?

200 N 150 N

5. 

F = ?

900 N 450 N

6. 

F = ?

650 lb
250 lb
100 lb

7. F = ?

2100 N
1500 N
250 N

750 N 8. 

F = ?35.0 N

50.0 N

15.0 N 75.0 N

10.0 N
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2.50 m from the larger person. What weight must be supported by each of the 
ropes secured at the ends of the scaffold?

17. An auto differential with a mass of 76.0 kg is 1.00 m from the end of a 2.22-m 
workbench. What mass must each end of the workbench support?

18. A chop saw with a mass of 12.60 kg is 0.75 m from one end of a worktable that 
is 2.00 m long. What mass must each end of the table support?

7.5  Center of gravity
In Section 7.4 we disregarded the weight of the plank in the painter example. In prac-
tice, the weight of the plank or bridge is extremely important. The weight of a bridge 
being designed must be known in order to use materials of sufficient strength to sup-
port the bridge and the traffic and not collapse. An important concept in this kind of 
problem is center of gravity. The center of gravity of any body is that point at which 
all of its weight can be considered to be concentrated. A body such as a brick or a 
uniform rod has its center of gravity at its middle or center. The center of gravity 
of something like an automobile, however, is not at its center or middle because its 
weight is not evenly distributed throughout. Its center of gravity is located nearer the 
heavy engine.

The center of gravity of an irregularly shaped uniform thin plate is the point at 
which it can be supported as in Fig. 7.43(a). The center of gravity of a uniform thin 
plate can also be found by suspending it from a point and using a vertical chalk line 
with a suspended weight as shown in Fig. 7.43(b). The center of gravity is the point of 
intersection of any two or more such chalk lines as in Fig. 7.43(c).

You have probably had the experience of carrying a long board by yourself. If 
the board was not too heavy, you could carry it yourself by balancing it at its middle 
(Fig. 7.44). You didn’t have to hold up both ends. You applied the principle of center 
of gravity and balanced the board at that point.

We shall represent the weight of a body by a vector through its center of gravity. 
We use a vector to show the weight (force due to gravity) of the body (Fig. 7.45). It is 
placed through the center of gravity to show that all the weight may be considered 
concentrated at that point. If the center of gravity is not at the middle of the body, its 
location will be given. In solving problems, the weight of the plank or bridge is rep-
resented like the other forces by a vector, which in the case of weight is through the 
center of gravity of the object.

Figure 7.43 The center of gravity of a uniform thin plate can also be found by suspending 
it from a point and using a vertical chalkline with a suspended weight, as shown in (b). The 
center of gravity is the point of intersection of any two or more such chalklines, as in (c).

Center of
gravity

(c)(a) (b)
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Fw

Fw

(b)(a)

Figure 7.45 Weight can be represented by a vector through the center of gravity.

Figure 7.44 Support of the board at its center of gravity

A carpenter stands 2.00 ft from one end of a 6.00-ft scaffold that is uniform and weighs 
20.0 lb. If the carpenter weighs 165 lb, how much weight must each end support?

1. Sketch: 6.00 ft

165 lb

20.0 lb

F2 = ?F1 = ?

2.00 ft

3.00 ft

A

Since the plank is uniform, its center of gravity is at the middle.
2. ΣF = F1 + F2 = 165 lb + 20.0 lb
3. Choose the left end as the point of rotation and label it A.
4. Σtclockwise = (165 lb)(2.00 ft) + (20.0 lb)(3.00 ft)
5. Σtcounterclockwise = (F2)(6.00 ft)
6. (165 lb)(2.00 ft) + (20.0 lb)(3.00 ft) = (F2)(6.00 ft)

7. F2 =
330 lb ft + 60.0 lb ft

6.00 ft
=

390 lb ft
6.00 ft

 =  65.0 lb

8.  F1 + 65.0 lb = 165 lb + 20.0 lb
 F1 = 165 lb + 20.0 lb - 65.0 lb

 = 120 lb

We can also use this method to find the magnitude and position of a parallel 
force vector that produces equilibrium.

ExamplE 1 
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Find the magnitude, direction, and placement (from point A) of a parallel vector F6 
that will produce equilibrium in the parallel force diagram in Fig. 7.46.

¿

5

55

5

5

Figure 7.46 

1.       ΣF = F1 + F5 + F6 = F2 + F3 + F4

 2850 N + 3900 N + F6 = 2110 N + 4180 N + 3090 N
 F6 = 2630 N (up)

2. Choose A= instead of A as the point of rotation to make the torque arm zero for 
F1. Also, let x be the distance of F6 from point A=.

3. Σtclockwise = (2110 N)(2.25 m) + (4180 N)(3.75 m) + (3090 N)(5.10 m)
4. Σtcounterclockwise = (3900 N)(7.10 m) + (2630 N)(x)
5. Σtclockwise = Σtcounterclockwise

6. (2110 N)(2.25 m) + (4180 N)(3.75 m) + (3090 N)(5.10 m) = (3900 N)(7.10 m)
+ (2630 N)(x)

 3.23 m = x (from A=)
or  4.23 m = x (from A)

Thus, the equilibrium vector is 2630 N (up) placed at 4.23 m from point A.

PRoblemS 7.5 
Solve each problem using the methods outlined in this chapter.

1. Solve for F1: 30.0F1 = (14.0)(18.0) + (25.0)(17.0)
2. Solve for Fw: (12.0)(15.0) + 45.0Fw = (21.0) (65.0) + (22.0)(32.0)
3. Two workers carry a uniform 15.0-ft plank that weighs 22.0 lb (Fig. 7.47). A 

load of blocks weighing 165 lb is located 7.00 ft from the first worker. What 
force must each worker exert to hold up the plank and load?

T r y  T h i s  A c T i v i T y 

Center of Gravity
Stand with your back and heels touching a wall. Without moving your feet, bend over and touch your legs 
below your knees. Using the concept of center of gravity, explain what happened.

ExamplE 2 
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15.0 ft

165 lb

22.0 lb

F2 = ?F1 = ?

7.00 ft

Figure 7.47 

4. Juan and Pablo carry a load weighing 720 N on a pole between them. (a) If the 
pole is 2.0 m long and the load is 0.50 m from Pablo, what force does each per-
son support? Neglect the weight of the pole. (b) If the weight of the 120-N pole 
is considered, what force does each person support?

5. A wooden beam is 3.30 m long and has its center of gravity 1.30 m from one 
end. If the beam weighs 1500 N, what force is needed to support each end?

6. An auto engine weighs 650 lb and is located 4.00 ft from one end of a 10.0-ft 
workbench. If the bench is uniform and weighs 75.0 lb, what weight must each 
end of the bench support?

7. A bridge across a country stream weighs 89,200 N. A large truck stalls 4.00 m 
from one end of the 9.00-m bridge. What weight must each of the piers support 
if the truck weighs 98,000 N?

8. A window washer’s scaffold 12.0 ft long and weighing 75.0 lb is suspended from 
each end. one washer weighs 155 lb and is 3.00 ft from one end. The other 
washer is 4.00 ft from the other end. If the force supported by the end near the 
first washer is 200 lb, how much does the second washer weigh?

9. A porch swing weighs 29.0 lb. It is 4.40 ft long and has a dog weighing 14.0 lb 
sleeping on it 1.90 ft from one end and a 125-lb person sitting 1.00 ft from the 
other end. What weight must the support ropes on each end hold up?

10. A wooden plank is 5.00 m long and supports a 75.0-kg block 2.00 m from one 
end. If the plank is uniform with mass 30.0 kg, how much force is needed to 
support each end?

11. A bridge has a mass of 1.60 * 104 kg, is 21.0 m long, and has a 3500@kg truck 
7.00 m from one end. What force must each end of the bridge support?

12. A uniform steel beam is 5.00 m long and weighs 360 N. What force is needed to 
lift one end?

13. A wooden pole is 4.00 m long, weighs 315 N, and has its center of gravity 1.50 m 
from one end. What force is needed to lift each end?

14. A bridge has a mass of 2.60 * 104 kg, is 32.0 m long, and has a 3500@kg truck 
15.0 m from one end. What force must each end of the bridge support?

15. An auto engine of mass 295 kg is located 1.00 m from one end of a 4.00-m work-
bench. If the uniform bench has a mass of 45.0 kg, what weight must each end 
of the bench support?

16. A 125-kg horizontal beam is supported at each end. A 325-kg mass rests one 
fourth of the way from one end. What weight must be supported at each end?

17. The sign shown in Fig. 7.48 is 4.00 m long, weighs 1550 N, and is made of uni-
form material. A weight of 245 N hangs 1.00 m from the end. Find the tension 
in each support cable.

18. The uniform bar in Fig. 7.49 is 5.00 m long and weighs 975 N. A weight of 255 N  
is attached to one end while a weight of 375 N is attached 1.50 m from the 
other end. (a) Find the tension in the cable. (b) Where should the cable be tied 
to lift the bar and its weights so that the bar hangs in a horizontal equilibrium 
position?

pr
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          12 cm2  w

      4.0 cm

DATA
A = 12 cm2, l = 4.0 cm, w = ?

bASIC eQUATIoN
A = lw

WoRKING eQUATIoN
w =

A
l

SUbSTITUTIoN

w =
1 2  cm2

4 .0  cm
 = 3 .0  cm
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19. 

F5 5 625 N

F3 5 1175 N

A

F2 5 375 N

F4 5 1850 N

F1 5 1250 N

1.00 m 1.00 m

2.00 m 3.00 m

20. 5

5

5

5

5

Find the magnitude, direction, and placement (from point A) of a parallel vector F6 
that will produce equilibrium in each force diagram.

1.00 m 2.00 m 1.00 m

1.00 m

A B

Hours by Appointment

Figure 7.48 

5

5
5

Figure 7.49 

glossary
Center of Gravity The point of any body at which all of its weight can be considered 

to be concentrated. (p. 191)
Compression A force produced by forces pushing inward on the ends of an object 

(p. 173)
Concurrent Forces Two or more forces applied to, or acting at, the same point. 

(p. 164)
Equilibrant Force The force that, when applied at the same point as the resultant 

force, produces equilibrium. (p. 172)
Equilibrium An object is said to be in equilibrium when the net force acting on it is 

zero. A body that is in equilibrium is either at rest or moving at a constant velocity. 
(p. 170)

First Condition of Equilibrium The sum of all parallel forces on a body in equilibrium 
must be zero. (p. 185)
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Resultant Force The sum of the forces applied at the same point; the single force that 
has the same effect as two or more forces acting together. (p. 164)

Second Condition of Equilibrium The sum of the clockwise torques on a body in equi-
librium must be equal to the sum of the counterclockwise torques about any point. 
(p. 187)

Statics The study of objects that are in equilibrium. (p. 170)
Tension A stretching force produced by forces pulling outward on the ends of an 

object. (p. 173)
Torque The tendency to produce change in rotational motion; equal to the applied 

force times the length of the torque arm. (p. 181)

Formulas 
7.1  To find the resultant vector FR of two or more vectors:

(a) Find the x- and y-components of each vector and add the components.
(b) Find angle A as follows:

tan A =
� sum of y@components �
� sum of x@components �

=
�FRy �

�FRx �

Determine the quadrant of the angle from the signs of the sum of the x- and 
y-components.

(c) Find the magnitude of FR using the Pythagorean theorem:

�FR � = 3 �FRx �2 + �FRy �2

7.2  Condition for equilibrium in one dimension:

F+ = F-

where F+  is the sum of the forces acting in one direction (call it the positive direc-
tion) and F-  is the sum of the forces acting in the opposite (negative) direction.
Conditions for equilibrium in two dimensions:
(a) The sum of x-components = 0; that is, Ax + Bx + Cx = 0; and
(b) The sum of y-components = 0; that is, Ay + By + Cy = 0.

To solve equilibrium problems:

1. Draw a force diagram from the point at which the unknown forces act.
2. Find the x- and y-components of each force.
3. Substitute the components in the equations:

sum of x@components = 0
sum of y@components = 0

4. Solve for the unknowns. This may involve two simultaneous equations.
7.3   t = Fr
7.4  First condition of equilibrium: The sum of all parallel forces on an object must 

be zero.
ΣF = 0

 Second condition of equilibrium: The sum of the clockwise torques on an object must 
equal the sum of the counterclockwise torques.

Σtclockwise = Σtcounterclockwise
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review Questions 
1. Concurrent forces act at

(a) two or more different points. (b) the same point. (c) the origin.
2. The resultant force is

(a) the last force applied.
(b) the single force that has the same effect as two or more forces acting 

together.
(c) equal to either diagonal when using the parallelogram method to add 

vectors.
3. A moving object

(a) can be in equilibrium. (b) is never in equilibrium.
(c) has no force being applied.

4. The study of an object in equilibrium is called
(a) dynamics. (b) astronomy. (c) statics. (d) biology.

5. Torque is
(a) applied force in rotational motion.
(b) the length of the torque arm.
(c) applied force times the length of the torque arm.
(d) none of the above.

6. The first condition of equilibrium states that
(a) all parallel forces must be zero.
(b) all perpendicular forces must be zero.
(c) all frictional forces must be zero.

7. In the second condition of equilibrium,
(a) clockwise and counterclockwise torques are unequal.
(b) clockwise and counterclockwise torques are equal.
(c) there are no torques.

8. The center of gravity of an object
(a) is always at its geometric center.
(b) does not have to be at the geometric center.
(c) exists only in symmetrical objects.

9. Is motion produced every time a force is applied to an object?
10. What is the relationship between opposing forces on a body that is in 

equilibrium?
11. Define equilibrium.
12. In what direction does the force due to gravity always act?
13. What may be said about concurrent forces whose sum of x-components equals 

zero and whose sum of y-components equals zero?
14. What is a force diagram?
15. Is the length of the pedal necessarily the true length of the torque arm in pedal-

ing a bicycle?
16. In your own words, explain the second condition of equilibrium.
17. What is the primary consideration in the selection of a point of rotation in an 

equilibrium problem?
18. list three examples from daily life in which you use the concept of center of 

gravity.
19. Is the center of gravity of an object always at its geometric center?
20. on a 3.00-m scaffold of uniform mass, with supports at each end, there is a pile 

of bricks 0.500 m from one end. Which support will exert a greater force: the 
one closer to the bricks or the one farther away?
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review problems
1. Find the sum of the following forces acting at the same point in a straight line: 

345 N (right); 108 N (right); 481 N (left); 238 N (left); 303 N (left).
2. Forces of 275 lb and 225 lb act at the same point. (a) What is the magnitude of 

the maximum net force the two forces can exert together? (b) What is the mag-
nitude of the minimum net force the two forces can exert together?

Find the sum of each set of vectors. Give angles in standard position.

3. 

FR
F1 = 1500 N

F2 = 3400 N

y

x

4. 

FR
35.0°

F2 = 4440 lb

F1 = 5080 lb
y

x

5. 

F2 F3 

F1 

45.0°
x

y

F1 = F2 = F3 = 54,600 N

6. Forces of F1 = 1250 N, F2 = 625 N, and F3 = 1850 N are applied at the same 
point. The angle between F1 and F2 is 120.0° and the angle between F2 and F3 is 
30.0°. F2 is between F1 and F3. Find the resultant force.

7. eight people are involved in a tug-of-war. The blue team members pull with 
forces of 220 N, 340 N, 180 N, and 560 N. Three members of the red team pull 
with forces of 250 N, 160 N, and 420 N. With what force must the fourth per-
son pull to maintain equilibrium?

8. A bridge has a weight limit of 14.0 tons. What is the maximum weight an 8.0-
ton truck can carry across and still maintain equilibrium?

9. The x-components of three vectors are Fx, 375 units, and 150 units. If their sum 
is equal to zero, what is Fx?

10. If Wy = 600 N and Wx = 900 N, what are the magnitude and direction of the 
resultant W?

Find forces F1 and F2 that produce equilibrium in each force diagram.

11. 

1650 N

F1 

F2 

23.0°

x

y 12. 

4750 lb
F2

F1

65.0°
x

y

pr
Ob

lE
m

 S
Ol

vi
ng SKeTCH

          12 cm2  w

      4.0 cm

DATA
A = 12 cm2, l = 4.0 cm, w = ?

bASIC eQUATIoN
A = lw

WoRKING eQUATIoN
w =

A
l

SUbSTITUTIoN

w =
1 2  cm2

4 .0  cm
 = 3 .0  cm
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13. Find the tension in the cable and the compression in the support of the sign 
shown in Fig. 7.50.

14. Find the tension in each cable in Fig. 7.51.
15. Find the tension in each cable in Fig. 7.52.

1150 N

T

40.0°

C

Figure 7.50 

45.0°30.0°

T1 T2

T3

475 lb

Figure 7.51 

60.0°

60.0°

T1

T2
C

6250 N

Figure 7.53 

50.0°

T1

T3
T2

2200 N

Figure 7.52 

16. Find the tension and the compression in Fig. 7.53.
17. A man is changing a flat tire using a tire iron that is 50.0 cm long. If he exerts a 

force of 53.0 N, how much torque (in N m) does he produce?
18. A torque of 81.0 lb ft is produced by a torque arm of 3.00 ft. What force is 

being applied?
19. A hanging sign has mass 200 kg. If the tension in one support cable is 1080 N, 

what is the tension in the other support cable?
20. A scaffold supports a bricklayer and bricks weighing 450 lb. If the force in one 

end support is 290 lb, what is the supporting force in the other?
21. Two ladders at the ends of a scaffold support a mass of 90.0 kg each. An 80.0 kg 

worker is on the scaffold with a pile of bricks. Find the mass of the bricks.
22. How far from the light end of a 68.0-cm bat would its center of gravity be if it 

is one fourth of the length of the bat from the heavy end?
23. A bridge has mass 8000 kg. If a 3200@kg truck stops in the middle of the bridge, 

what mass must each pier support?
24. If the truck in Problem 23 stops 7.00 m from one end of the 26.0-m bridge, 

what weight must each end support?
25. A uniform 2.20-kg steel bar with length 2.70 m is suspended on each end by a 

chain. A 40.0-kg person hangs 70.0 cm from one end while a 55.0-kg person hangs 
50.0 cm from the other end. Another person pushes up halfway between the two 
persons with a force of 127 N. How much weight does each chain support?

26. Find the vertical force needed to support the 4.00-m-long uniform beam weigh-
ing 3475 N as shown in Fig. 7.54.

27. A horizontal cable supports the boom of a crane. If the tension in the cable is 
4500 N and the crane is supporting a 7500-N girder, what is the compression 
in the boom?

Figure 7.54 

1125 N

F

1.00 m
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A P P l i e d  c o n c e P T s

1. Archeologists in Egypt are attempting to open a 2.57-m-wide door in the tomb of tutankhamen. Miles, 
one of the rookie archeologists, pushes perpendicularly on the door with a force of 894 n. (a) How 
much torque does Miles exert on the door? (b) As the door opens, Miles continues to push with the 
same force but is at an angle of 30.0° to the face of the door. How much torque does Miles apply to 
the door? (c) What could Miles do to continually exert the same amount of torque on the door?

2. Sean and Greg are on a job site standing on two beams 11.0 ft apart. they need to lift their crate of 
tools midway between them with ropes up 33.5 ft to where they are working. (a) What is the angle 
between the ropes when the crate is on the ground? (b) How much force do Sean and Greg need to 
exert on the ropes when lifting the 115-lb crate off the ground? (c) How much force do both Sean 
and Greg need to exert when the crate is 5.75 ft below them? (d) Explain why the force to lift the 
crate changes as it moves closer to them.

3. Maria has severe arthritis and can apply a maximum force of only 25.5 n when opening her front 
door. (a) How much more torque would Maria be able to apply if she purchased a lever-style door 
opener with a handle 12.7 cm long compared to her conventional doorknob with a radius of 3.74 
cm? (b) How much less force would she need to apply to the new door handle in order to maintain 
the original amount of torque she had with her old doorknob?

4. Krista’s flagpole bracket is mounted at an angle of 45.0° 
to the wall and is designed to support a maximum torque 
of 40.0 n m. (a) If the new flag and pole that Krista 
bought have a mass of 8.75 kg and their center of mass is 
located 0.750 m from the bracket, will the bracket sup-
port the flag and pole? (b) What could Krista do to the 
angle of the bracket to reduce the torque?

5. luisa, whose mass is 45.0 kg, is standing at the end of a 
5.50-m diving board, which has a mass of 35.7 kg (Fig. 
7.55). (a) What force must the bracket and fulcrum exert 
on the diving board? (b) Where would luisa stand to have 
both the fulcrum and the bracket apply an upward force?

Figure 7.55 

1.53 m

2.75 m

5.50 m

CM
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