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TO THE INSTRUCTOR

As indicated in its preface, Fector Mechanics
Jor Engineers: Statics 1s designed for the first
course in statics offered in the sophomore
year of college. New concepts have, therefore,
been presented in simple terms and every step
has been explained in detail. However, because
of the large number of optional sections
which have been included and the maturity
of approach which has been achicved, this
text can also be used to teach a course
which will challenge the more advanced
student.

The text has been divided into units, each
corresponding to a well-defined topic and
consisting of one or several theory sections,
onc or several Sample Problems, a section
entitled Solving Problems on Your Own, and a
large number of problems {o be assigned. To
assist instructors in making up a schedule of
assignments that will best fit their classes, the
various topics covered in the text have been
listed in Table I and a suggested number of
periods to be spent on each topic has been
indicated. Both a minimum and a maximum
number of periods have been suggested, and
the topics which form the standard basic
course in statics have been separated from
those which are optional. The total number of
periods required to teach the basic material
varies from 26 to 39, while covering the entire
text would require from 41 to 65 periods. If
allowance 18 made for the time spent for
review and exams, it is seen that this text is
cqually suitable for teaching a basic statics
course to students with limited preparation
(since this can be done in 39 periods or less)
and for teaching a more complete statics
course to advanced students (since 41 periods
or more are necessary to cover the entire text).
In most instances, of course, the instructor
will want to include some, but not all, of the
additional material presented in the text. In
addition, it is noted that the text is suitable for
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teaching an abridged course in statics which
can be used as an introduction to the study of
dynamics (see Table I).

The problems have been grouped according to
the portions of material they Hlustrate and have
been arranged in order of mcreasing difficulty,
with problems requiring special  attention
indicated by asterisks. We note that, in most
cases, problems have been arranged in groups
of six or more, all problems of the same group
being closely related. This micans that instructors
will easily find additional problems to amplify a
particular pomt which they may have brought
up m discussing a problem assigned for
homework. A group of problems designed to
be solved with computational software can be
found at the end of cach chapter. Solutions for
these problems, including analyses of the
problems and problem solutions and output for
the most widely used computational programs,
are provided at the instructor s edition of the
text’s website:
http://'www.mhhe.com/beerjohnston,

To assist in the preparation of homework
assignments, Table II' provides a brief
description of all groups of problems and a
classification of the problems in cach group
according to the units used. Tt should also be
noted that the answers to all problems are
given at the end of the text, except for those
with a number in italic. Because of the large
number of problems available in both systems
of units, the instructor has the choice of
assigning problems using SI units and problems
using U.S. customary units in  whatever
proportion is found to be most desirable for a
given class. To illustrate this point, sample
lesson schedules are shown in Tables IIL IV,
and V, together with various aliernative lists
of assigned homework problems. Half of the
problems in cach of the six lists suggested in
Table HI and Table V are stated in SI units



and half in U.S. customary units. On the other
hand, 75% of the problems in the four lists
suggested in Table TV are stated i SI units
and 25% in U.S. customary units.

Since the approach used in this text differs in
a number of respects from the approach used
in other books, instructors will be well advi-
sed to read the preface to Vector Mechanics
for Engineers, in which the authors have
outlined their gencral philosophy. In addition,
instructors will find in the following pages a
description, chapter by chapter, of the morc
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significant features of this fext. It is hoped

that this material will help instructors in

organizing their courses to best fit the needs
of their students. The authors wish to
acknowledge and thank Amy Mazurek of
Williams Memorial Institute for her careful
preparation of the solutions contained in this
manual.

E. Russell Johnston, Jr.
David Mazurek
Elliot R Eisenberg



DESCRIPTION OF THE MATERIAL CONTAINED IN
VECTOR MECHANICS FOR ENGINEERS: STATICS, Ninth Edition

Chapter 1
Introduction

The material in this chapter can be used as a
first assignment or for later reference. The six
fundamental principles listed in Sec. 1.2 are
introduced separately and are discussed at
greater length 1n the following chapters.
Section 1.3 deals with the two systems of
units used in the text. The SI metric units are
discussed first. The base units are defined and
the use of multiples and submultiples is
explained. The various S prefixes are
presented in Table 1.1, while the principal SI
units used in statics and dynamics are listed in
Table 1.2. In the second part of Sec. 1.3, the
base U.S. customary units used in mechanics
are defined, and in Sec. 1.4, it is shown how
numerical data stated in U.S. customary units
can be converted into SI units, and vice versa.
The SI equivalents of the principal U.S.
customary units used in statics and dynamics
are listed in Table 1.3.

The instructor’s aitention is called to the fact
that the various rules relating to the use of SI
units have been observed throughout the text.
For - instance, multiples and submultiples
(such as kN and mm) are used whenever
possible to avoid writing more than four digits
to the left of the dectmal point or zeros to the
right of the decimal point. When 5-digit or
larger numbers involving Sl units are used,
spaces rather than commas are utilized to
separate digits into groups of three (for
example, 20 000 km). Also, prefixes are never
used in the denominator of derived units; for
example, the constant of a spring which
stretches 20 mm under a load of 100 N is
expressed as 5 kN/m, not as 5 N/mm.

In order to achieve as much uniformity as
possible between results expressed respectively
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in Sl and U.S. customary units, a center point,
rather than a hyphen, has been used to combine
the symbols representing U.S. customary
units (for example, 10 1b - ft); furthermore, the
unit of time has been represented by the
symbol s, rather than sec, whether SI or U.S.
customary units are involved (for example, 5 s,
50 ft/s, 15 m/s). However, the traditional use
of commas to separate digits into groups of
three has been maintained for 5-digit and
larger numbers mvolving U.S. customary
units.

Chapter 2
Statics of Particles

This is the first of two chapters dealing with
the fundamental properties of force systems.
A simple, intuitive classification of forces has
been used: forces acting on a particle (Chap. 2)
and forces acting on a rigid body (Chap. 3).

Chapter 2 begins with the parallelogram law
of addition of forces and with the introduction
of the fundamental properties of vectors. In
the text, forces and other vector quantities are
always shown in bold-face type. Thus, a force
F (boldface), which is a vector quantity, is
clearly distinguished from the magnitude F
(ttalic) of the force, which is a scalar quantity.
On the blackboard and in handwritten work,
where bold-face lettering is not practical, vector
quantities can be indicated by underlining.
Both the magnitude and the direction of a
vector quantity must be given to completely
define that quantity. Thus, a force F of
magnitude 7 = 280 Ib, directed upward to the
right at an angle of 25° with the horizontal, is
indicated as F = 280 1b = 25° when printed
or as F = 280 Ib 7. 25° when handwritten.
Unit vectors i and j are introduced in Sec. 2.7,
where the rectangular components of forces
are considered.



In the carly sections of Chap. 2 the following
basic topics are presented: the equilibrium
of a particle, Newton’s first law, and the
concept of the free-body diagram. These first
sections provide a review of the methods
of plane trigonometry and familiarize the
students with the proper use of a calculator.
A general procedure for the solution of
problems involving concurrent forces is
given: when a problem involves only three
forces, the use of a force triangle and a
trigonometric solution is preferred; when a
problem involves more than three forces, the
forces should be resolved into rectangular
components and the equations LFx = 0, XF, =
0 should be used.

The second part of Chap. 2 deals with forces
in space and with the equilibrium of particles
in space. Unit vectors are used and forces are
expressed in the form ¥ = i + Fj + Frk =
F4, where i, j, and k are the unit vectors
directed respectively along the x, y, and z
axcs, and A is the unit vector directed along
the line of action of F.

Note that since this chapter deals only with
particles or bodies which can be considered as
particles, problems involving compression
members have been postponed with only a
few exceptions until Chap. 4, where students
will learn to handle rigid-body problems in a
uniform fashion and will not be tempted to
erroncously assume that forces are concurrent
or that reactions arc directed along members.

It should be observed that when SI units are
used a body is generally specified by its mass
expressed in kilograms, The weight of the
body, however, should be expressed in newtons.
Therefore, 1 many equilibrium  problems
involving SI units, an additional calculation 1s
required before a free-body diagram can be
drawn (compare the example in Sec. 2.11 and
Sample Probs. 2.5 and 2.9). This apparent
disadvantage of the SI system of units, when
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compared to the U.S. customary units, will be
offset in dynamics, where the mass of a body
expressed in kilograms can be entered directly
into the equation ¥ = ma, whereas with U.S.
customary units the mass of the body must
first be determined in 1b - s*/ft (or slugs) from
its weight in pounds.

Chapter 3
Rigid Bodies:
Equivalent Systems of Forces

The principle of transmissibility is presented
as the basic assumption of the statics of rigid
bodies. However, it is pointed out that
this principle can be derived from Newton s

three laws of motion (see Sec. 16.5 of
Dynamics). The vector product 1s then

introduced and used to define the moment
of a force about a point. The convenience
of using the determinant form (Egs. 3.19
and 3.21) to express the moment of a force
about a point should be noted. The scalar
product and the mixed ftriple product are
infroduced and used to define the moment of
a force about an axis. Again, the convenicence
of using the determinant form (Eqgs. 3.43
and 3.46) should be noted. The amount of
time which should be assigned to this part
of the chapter will depend on the extent to
which vector algebra has been considered
and used in prerequisitc mathematics and
physics courses, It is felt that, even with no
previous knowledge of vector algebra, a
maximum of four periods is adequate (see
Table I).

In Secs. 3.12 through 3.15 couples are
introduced, and it is proved that couples are
equivalent if they have the same moment.
While this fundamental property of couples is
often taken for granted, the authors beheve
that its rigorous and logical proof is necessary
if rigor and logic are to be demanded of the
students in the solution of their mechanics
problems.



In Sections 3.16 through 3.20, the concept of
equivalent systems of forces is carcfully
presented. This concept is made more intuitive
through the extensive use of free-body-diagram
equalions (see Figs. 3.39 through 3.46). Note
that the moment of a force is cither not shown
or 1s represented by a green vector (Figs. 3.12
and 3.27). A red vector with the symbol J is
used only to represent a couple, that is, an
actual system consisting of two forces (Figs.
3.38 through 3.46). Section 3.21 is optional; it
introduces the concept of a wrench and shows
how the most general system of forces in space
can be reduced to this combination of a force
and a couple with the same line of action.

Since one of the purposes of Chap. 3 is to
familiarize students with the fundamental
operations of vector algebra, students should
be encouraged to solve all problems in this
chapter (two-dimensional as well as three-
dimensional) using the methods of vector
algebra. However, many students may be
expected to develop solutions of their own,
particularly in the case of two-dimensional
problems, based on the direct computation of
the moment of a force about a given point as
the product of the magnitude of the force and
the perpendicular distance to the point
considered. Such alternative solutions may
occasionally be indicated by the instructor (as
in Sample Prob. 3.9), whe may then wish to
compare the solutions of the sample problems
of this chapter with the solutions of the same
sample problems given in Chaps. 3 and 4 of
the parallel text Mechanics for Engineers. It
should be pointed out that in later chapters the
use of vector products will generally be
reserved for the solution of three-dimensional
problems.

Chapter 4
Equilibrium of Rigid Bodies

In the first part of this chapter, problems
involving the equilibrium of rigid bodies in

two dimensions arc considered and solved
using ordinary algebra, while problems
involving three dimensions and requiring the
full use of vector algebra are discussed m
the second part of the chapter. Particular
emphasis is placed on the correct drawing and
use of free-body diagrams and on the types of
reactions produced by various supports and
connections (see Figs. 4.1 and 4.10). Note that
a distinction is made between hinges used
m pairs and hinges used alone; in the first
casc thc reactions consist only of force
components, while in the second case the
reactions may, if necessary, include couples.

For a rigid body in two dimensions, it 1s
shown (Sec. 4.4) that no more than three
independent equations can be written for a
given free body, so that a problem mvolving
the equilibrium of a single rigid body can be
solved for no more than three unknowns. It is
also shown that it is possible to choose
equilibrium ecquations containing only one
unknown to avoid the necessity of solving
simultancous equations. Section 4.5 introduces
the concepts of statical indeterminacy and
partial constraints. Sections 4.6 and 4.7 arc
devoted to the equilibrium of two- and three-
force bodies; 1t is shown how these concepts
can be used to simplify the solution of certain
problems. This topic is presented only after
the general case of equilibrium of a rigid body
to lessen the possibility of students misusing
this particular method of solution.

The cquilibrium of a rigid body in three
dimensions is considered with full emphasis
placed on the free-body diagram. While the
tool of vector algebra is freely used to
simplify the computations involved, vector
algebra does not, and indeed camnot, replace
the free-body diagram as the focal point of an
equiltibrium problem. Therefore, the solution
of every sample problem in this section
begins with a reference to the drawing
of a free-body diagram. Emphasis is also



placed on the fact that the number of
unknowns and the number of equations must
be equal if a structure is to be statically
determinate and completely constrained.

Chapter 5
Distributed Forces:
Centroids and Centers of Gravity

Chapter 5 starts by defining the center of
gravity of a body as the point of application of
the resultant of the weights of the various
particles forming the body. This definition is
then used to establish the concept of the
centroid of an area or line. Section 5.4
introduces the concept of the first moment of
an area or line, a concept fundamental to the
analysis of shearing stresses in beams in a
later study of mechanics of materials, All
problems assigned for the first period involve
only areas and lines made of stmple geometric
shapes; thus, they can be solved without using
calculus.

Section 5.6 explains the use of differential
elements in the determination of centroids by
integration. The theorems of Pappus-Guldinus
are given in Sec. 5.7. Sections 5.8 and 5.9 are
optional; they show how the resultant of
a distributed load can be determined by
evaluating an area and by locating its
centroid. Sections 5.10 through 5.12 deal with
centers of gravity and centroids of volumes.
Here again the determination of the centroids
of composite shapes precedes the calculation
of centroids by mtegration.

1t should be noted that when S units are used,
a given material 18 generally characterized by
its density (mass per unit volume, expressed
in kg/m®), rather than by its specific weight
(weight per unit volume, expressed in N/m*).
The specific weight of the material can
then be oblained by multiplying its density
by g = 9.81 m/s” (see footnote, page 222 of
the text).

Chapter 6
Analysis of Structures

In this chapter students learn to determine the
internal forces cxerted on the members of pin-
connected  structures. The chapter  starts
with the statement of Newton s third law
(action and reaction) and is divided into two
parts: (@) trusses, that is, structures consisting
of two-force members only, (b) frames
and machines, that is, structures involving
multiforce members.

After trusses and simple trusses have been
defined in Secs. 6.2 and 6.3, the method of
joints  and the method of sections are
explained in detail in Sec. 6.4 and Sec. 6.7,
respectively. Since a discussion of Maxwell’s
diagram is not included in this text, the use of
Bow’s notation has been avoided, and a
uniform notation has been used in presenting
the method of joints and the method of
sections.

In the method of joints, a free-body diagram
should be drawn for each pin. Since all forces
are of known direction, their magnitudes,
rather than their components, should be used
as unknowns., Following the general
procedure  outlined in Chap. 2, joints
involving only three forces are solved using a
force triangle, while joints involving more
than three forces are solved by summing x
and y components. Sections 6.5 and 6.6 are
optional. It is shown in Sec. 6.5 how the
analysis of certain trusses can be expedited by
recognizing joints under special loading
conditions, while in Scc. 6.6 the method of
joints is applied to the solution of three-
dimensional trusses.

It is pointed out in Sec. 6.4 that forces in a
simple truss can be determined by analyzing
the truss joint by joint and that joints can
always be found that involve only two
unknown forces. The method of sections



(Sec. 6.7) should be used (a) if only the forces
in a few members are desired, or (b) if the
truss 1s not a simple truss and if the solution
of simultaneous equations is to be avoided
(tfor example, Fink truss). Students should be
urged to draw a separate free-body diagram
for each section used. The free body obtained
should be emphasized by shading and the
intersected members should be removed and
replaced by the forces they exerted on the free
body. It is shown that, through a judicious
choice of equilibrium equations, the force in
any given member can be obtained in most
cases by solving a single equation. Section 6.8
is optional; it deals with the trusses obtained
by combining several simple trusses and
discusses the statical determinacy of such
structures as well as the completeness of their
constraints.

Structures involving multiforce members are
separated into frames and machines. Frames
are designed to support loads, while machines
are designed to transmit and modify forces. It
is shown that while some frames remain rigid
after they have been detached from their
supports, others will collapse (Sec. 6.11). In
the latter case, the equations obtained by
considering the entire frame as a free body
provide necessary but not sufficient
conditions for the equilibrium of the frame. It
is then necessary to dismember the frame and
to consider the equilibrium of its component
parts in order to determine the reactions at the
external supports. The same procedure is
necessary with most machines in order to
determine the output force Q from the input
force P or inversely (Sec. 6.12).

Students should be urged to resolve a force of
unknown magnitude and direction into two
components but to represent a force of known
direction by a single unknown, namely its
magnitude. While this rule may sometimes
result in slightly more complicated arithmetic,
it has the advantage of matching the numbers
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of equations and unknowns and thus makes it
possible for students to know at any time
during the computations what is known and
what is yet to be determined.

Chapter 7
Forces in Beams and Cables

This chapter consists of five groups of
sections, all of which arc optional. The first
three groups deal with forces in beams and
the last two groups with forces in cables.
Most likely the nstructor will not have time
to cover the entire chapter and will have to
choose between beams and cables.

Section 7.2 defines the infernal forces in a
member. While these forces are limited to
tension or compression in a straight two-force
member, they mclude a shearing force and a
bending couple in the case of multiforce
members or curved two-force members.
Problems 1n this section do not make use of
sign conventions for shear and bending
moment and answers should specify which
part of the member is used as the free body.

In Secs. 7.3 through 7.5 the usual sign
conventions are introduced and shear and
bending-moment diagrams are drawn. All
problems in these sections should be solved
by drawing the free-body diagrams of the
various portions of the beams.

The relations among load, shear, and bending
moment are introduced in Sce. 7.6. Problems
in this section should be solved by evaluating
arcas under load and shear curves or by
formal integration (as i Probs. 7.87 and
7.88). Some instructors may feel that the
special methods used in this section detract
from the unity achieved in the rest of the text
through the use of the free-body diagram, and
they may wish to omit Sec. 7.6. Others will
feel that the study of shear and bending-
moment diagrams is incomplete without this



section, and they will want to include 1. The
latter view is particularly justified when the
course 1n statics 1s immediately followed by a
course in mechanics of materials.

Sections 7.7 through 7.9 are devoted to
cables, first with concentrated loads and then
with distributed ioads. In both cases, the
analysis is based on free-body diagrams. The
differential-equation approach is considered in
the last problems of this group (Probs. 7.124
through 7.126). Section 7.10 is devoted to
catenaries and requires the use of hyperbolic
functions.

Chapter 8
Friction

This chapter not only introduces the general
topic of friction but also provides an
opportunity for students to consolidate their
knowledge of the methods of analysis presented
in Chaps. 2, 3, 4, and 6. It is recommended
that each course in statics include at least a
portion of this chapter.

The first group of sections (Sces. 8.1 through
8.4) is devoted to the presentation of the laws
of dry friction and to their application to
various problems. The different cases which
can be encountered are illustrated by
diagrams in Figs. 8.2, 8.3, and 8.4. Particular
emphasis is placed on the fact that no relation
exists between the friction force and the normal
force except when motion is impending or
when motion is actually taking place.
Following the general procedure oullined in
Chap. 2, problems involving only three forces
are solved by a force triangle, while problems
involving more than three forces are solved
by summing x and y components. In the first
case the reaction of the surface of contact
should be represented by the resultant R of
the friction force and normal force, while in
the second case it should be resolved into its
components F and N.
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Special applications of friction are considered
in Secs. 8.5 through §.10. They are divided
into the following groups: wedges and screws
(Secs. 8.5 and 8.6); axle and disk {riction,
rolling resistance (Secs. 8.7 through 8.9); belt
friction (Sec. 8.10). The sections on axle and
disk friction and on rolling resistance are not
essential to the understanding of the rest of
the text and thus may be omitted.

Chapter 9
Distributed Forces Moments of Inertia

The purpose of Sec. 9.2 is to give motivation
to the study of moments of inertia of areas.
Two examples are considered: one deals with
the pure bending of a beam and the other with
the hydrostatic forces exerted on a submerged
circular gate. It 1s shown in cach case that
the solution of the problem reduces to the
computation of the moment of inertia of
an area. The other sections i the first
assignment are devoted to the definition and
the computation of rectangular moments of
inertia, polar moments of inertia, and the
corresponding radii of gyration. It 1s shown
how the same differential element can be used
to determine the moment of inertia of an arca
about each of the two coordinate axes.

Sections 9.6 and 9.7 introduce the parallel-
axis theorem and its application to the
determination of moments of inertia of
composite arcas. Particular emphasis is placed
on the proper use of the parallel-axis theorem
(sec Sample Prob. 9.5). Sections 9.8 through
9.10 are optional; they are devoted to
products of inertia and to the determination of
principal axes of inertia.

Sections 9.11 through 9.18 deal with the
moments of inertia of masses. Particular
emphasis is placed on the moments of inertia
of thm plates (Scc. 9.13) and on the use
of these plates as differential elements m
the computation of moments of inertia



of symmetrical three-dimensional bodies
(Sec. 9.14). Sections 9.16 through 9.18
are optional but should be used whenever the
following dynamics course includes the
motion of rigid bodies in three dimensions.
Sections 9.16 and 9.17 introduce the moment
of inertia of a body with respect to an
arbitrary axis as well as the concepts of mass
products of inertia and principal axes of
inertia. Section 9.18 discusses the determination
of the principal axes and principal moments
of inertia of a body of arbitrary shape.

When solving many of the problems of Chap. 5,
information on the specific weight of a mate-
rial was generally required. This information
was readily available in problems stated in
U.S. customary units, while it had to be
obtained from the density of the material in
problems stated in SI units (see the last
paragraph of our discussion of Chap. 5). In
Chap. 9, when ST units are used, the mass and
mass moment of inertia of a given body are
respectively obtained in kg and kg - m’
directly from the dimensions of the body in
meters and from its density in kg/ m’. However,
if U.S. customary units are used, the density
of the body must first be calculated from its
specific weight or, alternatively, the weight of
the body can be obtained from its dimensions
and specific weight and then converted into
the corresponding mass expressed in b - s/t
(or slugs). The mass moment of inertia of the
body is then obtained in Ib - ft - s% (or slug - ft%).
Sample Problem 9.12 provides an example of
such a computation. Attention is also called to
the footnote on page of the 513 regarding the
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conversion of mass moments of inertia {from
U.S. customary units to Sl units.

Chapter 10
Method of Virtual Work

While this chapter is optional, the instructor
should give serious consideration to its inclu-
sion in the basic statics course. Indeed, students
who learn the method of virtual work in their
first course in mechanics will remember 1t as
a fundamental and natural principic. They
may, on the other hand, consider it as an
artificial device if its presentation is postponed
to a more advanced course.

The first group of sections (Sccs. 10.2 through
10.5) is devoted to the derivation of the prin-
ciple of virtual work and to its direct application
to the solution of cquilibrium problems. The
second group of sections (Secs. 10.6 through
10.9) introduces the concept of potential energy
and shows that equilibrium requires that the
derivative of the potential energy be zero.
Section 10.5 defines the mechanical efficicncy
of a machine and Sec. 10.9 discusses the
stability of equilibrium.

The first groups of problems in each assign-
ment utilize the principle of virtual work as an
alternative method for the computation of
unknown forces. Subsequent problems call for
the determination of positions of equilibrium,
while other problems combine the conventional
methods of statics with the method of virtual
work to determine displacements (Probs. 10.55
through 10.58).



TABLE I LIST OF THE TOPICS COVERED IN VECTOR MECHANICS FOR ENGINEERS: STATICS

Suggested Number of Periods

Addifional Abridged Course fe be
Sections Topics Basic Course Fopics used as an introduction
to dynamicst

1. INTRODUCTION
1.1-6 This material may be used for the first assignment
or for later reference

2. STATICS OF PARTICLES

2.1-6 Addition and Resolution of Forces 0.5-1 0.5-1
2.7-8 Reetangular Components 0.5-1 0.5-1
2.9-11 Equitibrium of a Particle ! 1
2.12-14  Forces in Space i 1
2.13 Equilibrium in Space 1 1
3. RIGID BODIES: EQUIVALENT SYSTEMS OF FORCES
3.1-8 Vector Product; Moment of 2 Force about a Point 1-2 -2
3911 Scalar Product: Moment of a Force about an Axis 1-2 12
3.12-16  Couples 1 1
31720 Equivalent Systems of Forces 1-1.5 1-1.5
*3.21 Reduction of a Wrench .51
4. EQUILIBRIUM OF RIGIHD BODIES
4.1-4 Equisibrium in Two Dimensions 1.5-2 1.5-2
4.5 Indeterminate Reactions; Partial Constraints 0.5--1
4.6-7 Two- and Three-Foree Bodies H
4.8-9 Equilibrizm in Three Dimensions 2 2
5. CENTROIDS AND CENTERS OF GRAVITY
5.1-5 Centroids and First Moments of Arcas and Lincs 1-2
5.6-7 Centroids by Integration 1-2
*5.8-9 Beams and Submerged Surfaces 1-1.5
5.10-12  Ceatroids of Volumes 12
6. ANALYSIS OF STRUCTURES
6.1-4 Trusses by Method of Joints 1-1.5
*6.5 Joints under Special Loading Conditions 0.25-0.5
6.6 Space Trusses 0.5-1
6.7 Trusses by Method of Sections 1-2
6.8 Combined Trusses 0.25-0.5
6.9-11 Frames 2-3 1-2
6.12 Machines 1-2 0.5-1.5
7. FORCES IN BEAMS AND CABLES
702 Tnternal Forces in Membesrs i
*7.3-5 Shear and Moment Diagrams by FI3 Diagram -2
*7.6 Shear and Moment Diagrams by Integration -2
79 Cables with Concentrated Loads; Parabolic Cable 1-2
*7.10 Catenary i
8. FRICTION
8.4 Laws of Friction and Applications 12 12
8.5-6 Wedges and Screws 1
*§.7-9 Axle and Disk Friction; Rotling Resistance 1-2
8.10 Belt Friction 1
9. MOMENTS OF INERTIA
9.1-5 Moments of inertial of Areas i
9.6-7 Conmposite Areas 1-2
*Q RO Products of Inertia; Principal Axes 1-2
#0916 Mohr*s Circle 1
9.11--15  Moments of Ineriia of Masses? -2
*9.16-18  Mass Produets of Inertia; Principal Axes and Principal 1-2
Momenis of Inertia
10, METHOD OF VIRTUAL WORK
10.1-4  Principle of Virtual Work -2
10.5 Mechanical Effictency 0.5-1
10,69 Polential Energy; Stability 1-1.5
Total Number of Periods 2639 15-26 14-21

+ A sample assignment schedule for a course in dynamics including this minimum amount of introductory material in statics is given Table V. It is
recommended that a2 more complete statics course, such as the one outlined in Tables 1 and 1V of this manval, be used in corricula which inchade
the study of mechanics of materials.

# Mass moments of inertia have not been included in the basic statics course since this material is often taught in dynamics.
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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS

Problem Number®
SI Units 11.8, Units Problem Description

CHAPTER 2: STATICS OF PARTICLES

FORCES IN A PLANE

Resultant of concurrent forees

21,4 22,3 graphicat method

27,8 2.5 6 law of sines

2.9, 10 211,12

2.13 2.14 special problems
217,18 2.15, 16 laws of cosines and sines
2.19, 20

Rectangular components of force

221,24 222 23 simple problems

2.26, 27 2.25,30 more advanced problems

2.28,29

2.32,34 2.31,33 Resultant by ZF, =0, ZF,= 0

2.35,36 237,38

2.39, 40 2.41,42 Select force so that resultant has a given direction

Eguilibriuvm. Free-Body Diagram

2.43, 44 2.47, 48 equilibrivm of 3 forces

2.45, 46

251,52 2,49, 50 equilibrium of 4 forces

2.55, 56 2.53, 54

2.587, 60 2.58,59 fif parameter to satisfy specified conditions
2.61,62 2,63, 64

2.65, 66 2.67, 068 special problems

2.69, 70

FORCES IN SPACE

Rectangolar components of a foree in space

2.7, 72 2.75,76 given F, & and ¢, ind components and direction angtes
273,74 271,78

2.79, 86 2.81,82 relations between components and direction angles
283,84

2.87, 88 2.85, 86 direction of force defined by two points on its line of action
2.89, 90

291,92 2.93,94 resultant of two or three forces

295,96 297,98

Equilibrium of a particle in space

2.99, 100 2,103, 104 load applied to three cables, introductory problems
2,101, 102

2,807,108 2.105, 106 intermediate problems

ZH1L, 112 2,109, 110

2.115, 116 2.113,114 advanced problems

2,117,118 2119, 120

* Problems which do not imvolve any specific systermn of units have been indicated by underlining their number.
Answers are not given to problems with a number set in italic type.
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TABLE 1I: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED)

Problem Number®

SI Units U.5. Units Problem Description
2,121,122 problems involving cable through ring
2,123, 124
2,125, 126 special problems
2138, 132 2.127, 128 Revicw problems
2.135, 136 2,129,130
2,137,138 2.133, 134
2.C1,C3 2.2 Computer problems
2.C4 2.C5

CHAPTER 3: RIGH) BODIES; EQUIVALENT SYSTEMS OF FORCES

Moment of a force about a point: Two dimensions

31,2 35,6 introductory problems
33,4 37,8
319, HO 312, 13 direction of a force defined by two points on its line of action
311,14
313 derivation of a formula
ER{N¥i 3.18 applications of the vector praduct
Maoment of a force about a point: Three dimensions

319 3.20 computing M = r X F, introductory problems
3.21,22 3.24,26 computing M =r % F, more involved problems
3.23,25
3.27.28 3.29,30 using M to find the perpendicular distance from a point to a line
331,32 333,34
335 3.36 Scatar Product
337,38 3.39,40 Finding the angle between two lines
341,42 3.43, 44
345 346 Mixed triple product
347,48 351,52 Moment of 4 force about the coordinate axes
3.49, 50 3.53, 54
31,55, 56 2.59, 60 Moment of a force about an oblique axis
357,58 301,62

363
*3.04, %05 *3.68, #69 Finding the perpendicular distance between two lines
*3.60, ¥67
370,72 3.7, 73 Couples in two dimensions

3.74
3.76 3.75,77 Couples in three dimensions
3.79. 80 378
3.83, 84 381, 82 Replacing a force by an eguivalent force-couple system: two dimensions
3.85, 86
3.87, 88 3.89.90 Replacing a force-couple system by an equivalent force or forces
3.97,92
393,94 3.95,96 Replacing a force by an equivalent force-couple system: three dimensions
3.97, 98 3.99, 7160

* Problems which do not involve any specific system of units have been indicated by underlining their number.
Answers are not given to problems with a number set in italic type.
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TABLE 1I: CLASSIFICATION AND DESCRIPTION O PROBLEMS (CONTINUED)

Probtem Number®

S1 Units U.S, Unifs Problem Description

3.10%, 102 3.104 Equivalent force-couple systems

3.103

3.107 3.105, 106 Finding the resultant of paralle] forces: two dimensions

3911, 182 3,108, 109 Finding the resultant and its line of action: two dimensions

3.115, 116 3010, 183

3118 30114, 117

3119, 120 3421, 122 Reducing a three-dimensional system of forces to a single force-couple system
3124, 125 3,723, 126

3827, 128 3.129,130 Finding the resultant of parallel forces: three dimensions

*3.731,%132
Reducing three-dimensional systems of forces or forces and couples to a wrench

*3.133, *135 *3.134, *136 axis of wrench is parallel to a coordinate axis or passes through O
*3.137 force-couple system parallel to the coordinate axes

*3.139, 140 #3138 general, three-dimensional case

*3.141 *3.142 special cases where the wrench reduces to a single force

*3.143, *144 *3.1435, *146 special, more advanced problems

3.147, 148 3.149, 151 Review problems

3.150, 154 3.152,153

3.185, 157 3.156, 158

3.CH C4 3.02,.C3 Computer problems

3.C5 3.C6

CHAPTER 4: EQUILIBRIUM OF RIGID BODIES

EQUILIBRIUM IN TWO DIMENSIONS

42,3 41,4 Paraltet forces

45,6 4.7.8

4.9, 10 4.11, 14 Parallel forces, find range of values of loads to satisfy multiple criteria
412,13

4.15, 16 4.17, 18 Rigid bodies with one reaction of unknown direction and one of known direction
4.19, 20

421,26 422,23

4.27,28 424,25

4.30, 31 4.29,33

4.32. 34

4.37, 38 4.35, 36 Rigid bodies with three reactions of known direction

441,42 4.39, 40

4.43, 46 4.44, 45 Rigid bodies with a couple included in the reactions

4.49, 50 447, 48

451,53 4.52, 54 Find position of rigid body in equilibrium

4.55, 56 4.57, 58

4.59 4.60) Partial constraints, statical indeterminacy

* Problems which do not involve any specific system of units have been indicated by underlining their number.
Answers are not given to problems with a number set in italic type.
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TABLE l: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED)

Problem Number®
SI Units U.S. Units Problem Description

Three-force bodies

4.61, 62 4.63, 64 simple geometry, solution of a right triangle required
4.66, 67 4.65, 68 simple geometry, frame includes a two-force member
4.69, 70 471,74 more involved geometry

4.72, 73

4.76,77 4.75, 81

4.78, 79 4,82

4.80

483,84 4.86, 87 find position of equilibrium

4.85, 88 4.89, 90

EQUILIBRIUM IN THREE DIMENSIONS

4.92,93 4.91, 94 Rigid bodies with two hinges along a coordinate axis and
4.93, 96 an additional reaction parallel to another coordinate axis
4.97, 98 4.99, 100 Rigid bodies supported by three vertical wires or by vertical reactions
4101, 102 4.103, 104
4,106, 107 4.105, 108 Derrick and boom problems involving unknown tension in two cables
4.109, 110 4111, 112
4.113, 114 4,117,118 Rigid bodies with two hinges along a coordinate axis and an additional
4.1i5, 116 reaction not parallel to a coordinate axis
4.119, 122 4.120, 121 Problems involving couples as part of the reaction at a hinge
4,125, 126 4,123,124 Advanced problems
4,129, 130 4.127,128
4,131,132
4.135, 136 4.133, 134 Problems involving taking moments about an oblique line passing
4.140, 147 4,137, 138 through two supports
4.139
4.142, 143 4.144, 146 Review problems
4,145, 149 4.147, 148
4.150, /5] 4.152,153
4.C2,C5 4.CI1,C3 Computer problems
4.C6 4.c4

CHAPTER 5: DISTRIBUTED FORCES: CENTROIDS AND CENTERS OF GRAVITY

Centroid of an area formed by combining

51,2 53,4 rectangles and triangles
) 55,7 rectangles, triangles, and portions of circular arcas
5.8
5.10,12 5.1, 14 triangles, portions of cireular or elliptical areas, and areas of analytical
513,15 functions
5.16 517 Derive expression for location of centroid
519 518 Find ratio of dimensions so that centroid is at a given point
520,23 521,22 First moment of an area
5.24, 25 5.26,27 Center of gravity of a wire figure
5.29,30 5.28, 34 Eguilibrium of wire figures
532,33 Find dimension to maximize distance to centroid

* Problems which do not involve any specific system of units have been indicated by underlining their number,
Answers are not given fo problems with a number set in italic type.
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TABLE I CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED)

Problem Number®
81 Units U.S. Units Problem Description

Use integration to find centroid of

535,36 5.34 simple areas
538,39 537 areas obtained by combining shapes of Fig. 5.8A
5.40 541
542 parabolic area
543,44 areas defined by different functions over the interval of interest
5.45, 46 *3.47 homogeneous wires
*5.48, *49 areas defined by exponential or cosine functions
5.50,51 areas defined by a hyperbola
Find areas or volumes by Pappus - Guldinus
5.52,53 5.54, 35 rotate simple geometric figures
5.56, 57
5.59, 6} 5.58, 60 practical applications
5.62, %65 5.63, 64

Distributed load on beams

5.67 5.66 resuftant of loading
5.68, 7] 5.69, 70 reactions at supports
373 5.72
574,75 576,77 special problems
578,79
Forces on submerged surfaces

5.80, 82 5.81, 84 reactions on dams or vertical gates
5.83, 806 5.85
5.87
5.88, 89 5.90, 91 reactions on non-vertical gates
5.93,94 5.92

5.95 special applications

Centroids and centers of gravity of three-dimensional bodies

5.96, 99 597,98 composite bodies formed from two common shapes
5,100, 101 5,103, 104 composite bodies formed from three or more elements
5,102,105
5.106, 107 5.108, 109 conposite bodies formed from a material of uniform thickness
510,112 5111, 1713
5.H14, 115 s.116,117 composite bodies formed from a wire or structural shape of uniform cross
section
3.HIB, 121 3019, 1209 composite bodies made of two different materials
usc infegration to locate the centroid of

5.123, 124 5.122 standard shapes: single integration
5.126, 127 5.125 bodies of revolution: single intcgration
*5.128, *¥129
5.132 *5.130, /31 special applications: single integration

5.133, 134 special applications: double integration
5.133, %136 bodies formed by cutting a standard shape with an oblique

plane: single integration

* Problems which do not invelve any specific system of units have been indicated by underlining their number.
Answers are not given to problems with a number set in italic type.
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TABLE II: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED)

Problem Number®

SI Units U.S. Units Problem Description
5,137, 139 5.138, 1460 Review problems

5.143, 144 5.141, 142

5.147, 148 5.145, 146

5.(2,C3 5.Cl,C4 Computer problems
5.C5,C6 *5.C7

CHAPTER 6: ANALYSIS OF STRUCTURES

TRUSSES

Method of joints

61,3 6.2, 4 simple problems

6.6, 7 6.5, 8

6.9, 10 6.11,12 problems of average difficulty
6.13, 14 6.15, 16

6.19, 20 6.17,18 more advanced problems
6.23, 24 6.21,22

6.25, 26 6.27

6.28

6.29 6.30 designate simple trusses
6.31, 32 find zero-force members
6.33, 34

.36, ¥37 #6.35, ¥38 space trusses

#6.39, *40 *6.41, %42

Method of sections

6.45, 46 6.43, 44 two of the inembers cut are paratlel
6.47, 48

6.49, 50 6.51, 52 none of the members cut are parallel
6.53, 54 6.57, 58

6.55, 56 6,39, 61

6.61, 62 6.63, 64 K-type trusses

6.03, 66 0.67, 68 trusses with counters

6.70,71 6.69, 72 Classify trusses according to constraints
6.73, 74

FRAMES AND MACHINES

Analysis of Frames

6.75,76 6.77,78 easy problems
6.81, 82 6.79, 80
0.83, 84 6.87, 88 problems where internal forces are changed by repositioning a couple or by
6.83, 8¢ 6.89 moving a force along #s line of action
6.90 replacement of pulleys by equivalent loadings
6.91, 92 6.93, 94 analysis of frames supporting pulleys or pipes
6.95, 96 analysis of highway vehicles

* Probiems which do not involve any specific system of units have been indicated by underlining their number.
Answers are not given to problems with a number set in italic type.
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TABLE 1I: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED)

Problem Number®

51 Units U.S. Units Problem Description
6.97, 98 6.99, 100 analysis of frames consisting of multiforce members
6.101, 102 6.103, 104
6.145, 106
6.107, 108 6.109, 110 problems involving the solution of simultancous equations
618,112 6.113, 116
6.113, 114
60119, 120 6.117, 118 unusual floor systems

6.121

Analysis of Machines

6.124, 125 6,122,123 toggle-type machines
6.126,127
6.128
6.129, 130 6,131, 132 machines involving cranks
6.133,134
6.137, 138 6.135, 136 machines involving a crank with a collar
6.139, 140 robotic machines
6.143, 144 6./41, 142 tongs
6.146, 148 6.145, 147 pliers, bolteutters, pruning shears

6,149, 150 find force to maintain position of toggle
6.151, 154 garden shears, force in hydraulic cylinder
6.152, 153 6.135, 156 large mechanical equipment

6.157, 158
6.159, 160 *6.161, %162 gears and universal joints
#6163 special tongs
6.165, 166 6.164, 168 Review problems
6.167, 170 6.169,171
6172, 174 6.173,175
6.C2,C4 6.C1, C3 Computer problems
6.Co 6.C5

* Problems which do not involve any specific system of units have been indicated by underlining their number.
Answers are not given to probiems with a number set in #alic type.
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TABLE H: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED)

Problem Number*
ST Units U.S. Units Problem Description

CHAPTER. 7: FORCES IN BEAMS AND CABLES

Internal forces in members

7.3, 4 7.1,2 simple frames
15,0
19,8 19,10 curved members
7.13, 14 711,12
7.15,16 7.19, 20 frames with pulleys or pipes
7.17, 18

7.21, 22 elfect of supports
7.23, 23 7.24, 28 bending moment in circular rods due to their own weight
7.26,27

BEAMS
Shear and bending-moment diagrams using portions of beam ag free bodies

7.29, 30 7.31, 32 problems involving 1o numerical values

133 34
7.35,36 7.37, 38 beams with concentrated loads
7.39, 40 7.41, 42 beams with mixed loads
7.43, 44 7.45, 46 beams resting on the ground
147, 48
7.4%, 50 7.52, 53 bearns subjected to forces and couples
7.51,54
7.55, 56 7.58, 59 find valuc of parameter to minimize absolute value of bending moment
7.57, %62 7.60, 61

Shear and bending-moment diagrams using relations among @ ¥, and Af

7.63, 64 7.65, 66 problems involving no munerical values
7.67, 68
7.69, 70 7.73, 74 problems involving numerical values
1.1, 72 7.75,76
7.77,78 7.79, 80 find magnitude and location of maximum bending moment
7.83, 84 7.81, 82
7.87, 88 7.85, 86 Determine ¥ and A by integrating e twice
7.89, 80 *7.91, #¥92 Find values of loads for which IML“\ is as smalil as possible
CABLES
Cables with concentrated loads
7.93,94 7.95,96 verticat loads
7.97,98 7.99, 100
7.103, 104 7.101, 102 horizontal and vertical loads
T7.105, 106
Parabolic cables
7.107, 108 7.109, 110 supports 4t the same elevation
111,012 7113, 114
T, 118 7.115, 116 supports at difterent elevations

# Problems which do not involve any specific system of units have been indicated by underlining their number.
Answers are not given to problems with a number set in italic type.
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TABLE 1l: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED)

Problem Number®

SI Units 1.S. Units Problem Description
#7.119 Derive analogy between a beam and s cable
7.120, 121 7.122, 123 use analogy to solve previous problems
*7.124 #1125, %126 Derive or use dzyfdx2 =wix} Ty
Catenary
7.127,129 7.128, 130 given length of cable and sag or T, find span of cable
7.131, 132
7.133, 135 7.134, 136 given span and length of cable, find sag and/or weight
7.136, 140 7137, 138 given span, T, and w, find sag
7.143, 144 7.141, 142 given Ty, w, and sag or slope, find span or sag
7.145, 146 *7.147, %148
*7.151, *]52 7.149 #150 special problems
*7.153
7.154, 155 7.156, 157 Review problems
7.059, 161 7.158, 160
7.164, 163 7.162, 163
7.C2,C4 7.C1,C3 Computer problems
7.05,Co

CHAPTER 8: FRICTION

8.3, 4 81,2 For given loading, determine whether block is in equitibrium and find friction force
83,6 8.8, 10 Find minimuem force required to start, maintain, or prevent motion
87,9
8.11,12 Analyze motion of several blocks
8.13, 14
8.15, 16 Sliding and/or tipping of a rigid body
8.19,20 8.17, 18 Problems involving wheels and cylinders
821,22 8.23, 24 Problems involving rods
826,28 8.25,27 Analysis of mechanisms with friction
829,32 8.30, 31
8.33
836,37 8.34, 35 Analysis of more advanced rod and beam prohlems
838 8.39, 40
B.42 43 841,45 Analysis of systems with possibility of slippage for various loadings
8.44
8.48, 49 R46,47 Wedges, introductory problems
8.50, 51 852
8.53, 54
8.55
8,57, 6t} 8.56, 58 Wedges, more advanced problems
8.61 .59, 62
#8.64, *65 8.03
8.06 8.67, 68 Square-threaded screws
8.69, 70 8.72,73
8.71, 74

* Problems which do not involve any specific system of units have been indicated by underlining their number,
Answers are not given to problems with a number set in italic type.
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TABLE 1l: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED)

Problem Number®

SI Units U.5. Units Problem Description
8.76, 77 8.75, 81 Axle friction

978,719 8.82, 84

8.80, &3 8.85, 86

8.88, 89 8.87

8.91, *92 8.90, 95 [Digk friction

85.96,99 8.97, 98 Rolling resistance

8.100

Belt friction

8.102, 103 8101, 104 belt passing over fixed drum
8,105, 106
8.107, 108 8110, 111 transtnission belts and band brakes
8,109, 112 8113, 114
8,113
8.116, 117 8118, 119 advanced problems
8.122,123 8.120, 121
8.126, 127 8.124, 125
8.730, 131 8.128 129 derivations, V belts
8.132, 134 8.133, 136 Review problems
8.135, 139 8./37, 138
8.142, f43 8.140, 141
8.CH C3 8.C2,C5 Computer problems
8.4, C6 8.C7
8.C8

CHAPTER 9; DISTRIBUTED FORCES: MOMENTS OF INERTIA

MOMENTS OF INERTFIA OF AREAS

Find by direct integragion

91,3 9.2, 4 moments of inertia of an area
96,7 9.9, 8
99, 10 9.11, 12
9.13, 14
9.15, 17 916, 18 maments of inertia and radii of gyration of an area
919,920
921,23 922,25 polar moments of inertia and polar radii of gyration of an area
9.24, 28 9.26, 27
29 4 30 Special problems
Parallel-axis theorem applied to composite areas to find
938,33 932,34 morment of inertia and radius of gyration
9.35, 36
937,38 939, 40 centroidal moment of inertia, given / or J
941, 42 9.43, 44 cenfroidal moments of inertia

¥ Problems which de not involve any specific system of units have been indicated by underlining their number.
Answers are not given to problems with a number set in italic type.
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TABLE IL CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED)

Problem Number*

S1 Units U.S. Units Problem Description
9.45, 46 9.47, 48 centroidal polar moment of inegrtia
centrotdal moments of inertia of composite areas consisting of rofled-steel
shapes:
.49, 51 9.50, 52 symmetrical composile areas
9.53, 55 9.54, 56 singly-symmetrical composite areas (first locate centroid of area)
Center of pressure
9.57, 38 9.59. %9 60 for end panel of a trough
9.61,%.02 for & submerged vertical gate or cover
*Q 64 #9.63 used to locate centroid of a volume
*0.03 *9.66 special problems

Products of inertia of arcas found by

967,68 9.69, 7( direct integration
971,72 9.73, 74 parallel-axis theorem
975,78 9.76, 77

Using the equations defining the moments and products of inertia with respect to
rotated axes to find
9.79, 80 9.81, 83 I 14‘_.), for a given angle of rotation
9.82, 84 ’
9.85, 8o 9.87, 89 principal axes and principal moments of inertia
9.88, 90}

Using Mohe’s circle to find

9.91, 92 993,495 1o ly., j{(.),. for a given angle of rotation

9.94, 96

9,97, 98 9.99, 100 principal axes and principal moments of inertia
9.104, 162

9.104, 105 9103, *106

9.107, 108 9.109, 110 Special problems

MOMENTS OF INERTIA OF MASSES

Mass moment of ineriia

9111, 114 9112, 113 of thin plates: two-dimensions
9.115. 116 9,717 118
9119, 122 9120, 121 of simple geometric shapes by direct single integration
9.023,126 #9.124, *125
B.127 9.128 and radius of gyration of composite bodies
$.129, 130 9.132,133 special problems using the parallel-axis theorem
9,131, 134
9.135, 136 9.137, 138 of bodies formed of sheet metal or of thin plates: three-dimensions
9.139, %140
9,141, 144 G142, 143 of machine elements and of bodies formed of homogeneous wire
9.145, 148 8,146, 147
Mass products of inertia
9,149, 150 9.151, 152 of machine elements
9.153, 154 of bodies formed of sheet metal or of thin plates

9.155, 156
9.157, 159
9.162

ND
—
o
b=y

s

of bodies formed of homogeneous wire
Derivation and special problem

o
—
—

* Problems which do not involve any specific system of units have been indicated by underlining their number,
Answers are not given to problems with a number set in italic type.
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TABLE Il: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED)

Prohiem Numher®

S1 Units

H.S. Units

Problem Description

9.105, 166 9.103, 164 Mass moment of inertia of a body with respect to a skew axis
9.169, 170 9.167, 168
9171, 172
9.173, 174 9.175, 176 Ellipsoid of nertia and special problems
9177, 178
G 179, ¥180 *9 182, 183 Principal mass moments of inertia and principal axes of inertia
*0. 181, %184
0.185, 186 9,187, 188 Review problems
9.189, 190 9.191, 192
9.195, 196 9.193, 194
8.C3,C5 9.C1,C2 Computer problems
*.C7,%C8 9.C4,C6
CHAPTER 10 METHOD OF VIRTUAL WORK
For linkages and simple machines, find
10.1, 3 1.2, 4 force or couple required for equilibrivm (linear relations among displacements})
10.7, 8 1.3, 6
10.11, 12 10.9, 10 force required for equilibrium (trigonometric relations among displacements)
10.43, 14
10.15, 18 1016, 17 couple required for equilibrium {trigonometric relations among dispiacements)
10./9, 20 10.21,22 force or couple required for equilibrium
Find position of equilibrium
10.24, 25 10.23, 27 for numerical values of loads
10.26, 28
16.29,32 10.30, 31 linear springs included in mechanism
10.33, 34 10.36, 37
10.35, 38
10.39, 40 torsional spring included in mechanism
16.43, 44 10.41, 42 Problems requiring the use of the law of cosines
10.45, 46
10.49, 50 10.47, 48 Problems ivolving the effect of friction
10.51, 52
Use method of virtual work to find:
10,53, 54 reactions of a beam
10.55 10.56 internal forces in a mechanism
10,57, 58 movement of a truss joint
Paotential energy method used to
10.61, 63 10.59, 60 solve problems from Sec. 10.4
10.65, 66 10.62, 64
10.67 10.68 establish that equilibrium is neutral
find position of equilibrium and detertmine #s stability for a system involving:
10.71, 72 10.69, 70 gears and dnuns
10.73, 74 torsional springs
10.77,79 10.73, 76 linear springs

¥ Problems which do not involve any specific system of units have been indicated by underlining their number.
Answers are not given to problems with a number set in italic type.
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TABLE H: CLASSIFICATION AND DESCRIPTION OF PROBLEMS (CONTINUED)

Prablem Number*

SI Units

U.S. Units

Problem Description

10.80, 82
10.87, 88
10.83, 84

10.92, 93
10.94, 96
*10.97, #98

10.78, 81
10.85, 86

10.89, 90
10,91, 95
*10.99, *100

two applied forces
determine stability of a known position of equilibrium for a system with
one degree of freedom

two degrees of freedom

10.104, 105 10.101, 102 Review problems
10.106, 110 10./03, 107 '

10711, 112 HOULOR, 109

10.C2,C3 10.C1, ¢4 Computer problems
10.C5, Co

10.C7

* Problems which do not involve any specific system of units have been indicated by underlining their number.
Answers are not given to problems with a number set in itakic type.
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PROBLEM 2.1

Two forces P and Q arce applied as shown at Point 4 of a hook support. Knowing that
P =7T5N and O=125N, determine graphically the magnitude and direction of their
resultant using (@) the parallelogram law, (b) the triangle rule.

SOLUTION

(a)  Parallelogram law:

125N

() ‘Triangle rule:

We measure: R=179N, a=751° R=179N =< 75.1° 4
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PROBLEM 2.2

Two forces P and Q are applied as shown at Point 4 of a hook support. Knowing that
P =601b and Q=25 Ib, determine graphically the magnitude and direction of their
resultant using (a) the paraliclogram law, () the triangle rule.

SOLUTION

(a)  Parallelogram law:

25\

oo

(hy  Triangie rule:

25\
R=7711h, @=854° R=7711b ;7 854° 4

We measure:
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PROBLEM 2.3

The cable stays A8 and AD help support pole AC. Knowing
that the tension is 120 1b in AB and 40 1b in AD, determine
graphically the magnitude and direction of the resultant of the
forces exerted by the stays at 4 vsing (@) the paratlelogram
taw, (&} the triangle rule.

SOLUTION

We measure:

(¢)  Parallelogram law:

{h)  Triangle rale:

We measure:

lodt

B c )

FEITIITF T T Thy

W-
f— B b wpm— § fp—od

=513
B =59.0°

L

59.0°
do i

R=139.11lb, y=67.0°

R=139.11b 77 67.0° 4
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PROBLEM 2.4

Two forces are applied at Point B of beam AB. Determine
graphically the magnitude and direction of their resultant using
(@) the parallclogram law, (b) the triangle rule.

SOLUTION

()  Paratlelogram law:

(by  Triangle rule:

2 kN

SkN
We measure: R=330kN, a=66.6° R=330kN ~  66.6° 4

PROPRIETARY MATERIAL, © 2010 The McGraw-1iill Companies, Inc. All rights reserved. No part of this Mamial may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the linited
distribution o teachers and educators permitied by MeGravw-Hill for their individual course preparation. If you ave a student wsing this Manual,
Yyou are using it withont permission.




:_mé)ih b PROBLEM 2.5

The 300-1b force is to be resolved into components along lines a-¢” and b-4".

ﬂf/' 60" {a) Determine the angle @ by trigonometry knowing that the component

/ “ along line a-’ is to be 240 1b. (h) What is the corresponding value of the
component along b-#"?

£

b

SOLUTION
{a}  Using the triangle rule and law of sines:
sinffi sin60°
2401 3001
sin F=0.69282

P = 2401
B =43.854° -
+ 4+ 60°=]180°
o = 1807 — 60°% — 43 854°
=76.146° a=761" 4
Fy  30010b

(b)y  Law of sines: Fy =331 4

sin76.146°  sin60°
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500 1 b PROBLEM 2.6

The 300-1b force is to be resolved into components along lines a-a” and b-b".
(@) Determine the angle & by trigonometry knowing that the component along
@ Jine b-b" is to be 120 Ib. (h) What is the corresponding value of the component

e 600

I
along a-a’?

b

-‘SOLUTION

Using the triangle rule and law of sines:

sing sin60° il o
(a) = e + =
120b 300 1b Faar
sin ¢ = (0.34641
o = 20.268° o =203° 4
(H) @+ f+60°=180°
S =180°~060°~20.268°
=900.732°
o
- _ 300 E,., =3411b |

$in99.732°  sin 60°
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PROBLEM 2.7

Two lorces are applied as shown to a hook support. Knowing that the
magnitude of P is 35 N, determine by trigonometry (a) the required
angle «if the resultant R of the two forces applied to the support is to
be horizontal, (b) the corresponding magnitude of R.

%ﬁ
. .
I7

2{/&

Psﬁ:}‘ﬁ

SOLUTION

Using the triangle rule and law of sines: P- 350

sing  sin 25°
SON 35N
sin o =0.60374

()

7Y

a=37.138° a=371°
(b) o+ B+ 25°=180°
£ =180"-25°-37.138°
=117.86°
R EEL R=T32N 4

sinl17.86  sin25°
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PROBLEM 2.8

For the hook support of Problem 2.1, knowing that the magnitude of P is 75 N,
determine by ftrigonometry (a) the required magnitude of the force Q if the
resultant R of the two forees applied at 4 is to be vertical, (§) the corresponding
magnitude of R.

PROBLEM 2.1 Two forces P and Q are applied as shown at Point 4 of a hook
support. Knowing that P=75N and Q=125N, determine graphically the
magnitude and direction of their resultant using (o) the parallelogram law, () the
triangic rule,

SOLUTION
20°
P=3SN
N Y
35°
<
Using the triangle rule and law of sines:
} .
() _g__:ﬂ_ O=447N o
sin20°  sin35°
(6) &+ 20°+35° = 80°
o = 1807 20° 357
=1}25°
kN R=107.1N «

sinl25° sin35°

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, ne. All rights teserved. No part of this Mamal may be displayed,
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PROBLEM 2.9

A trolley that moves along a horizontal beam is acted upon by two
forces as shown. (o) Knowing that & = 25°, determine by trigonometry
the magnitude of the force P so that the resultant force exerted on the
trolley is vestical. (b) What is the corresponding magnitude of the
resultant?

SOLUTION

VLOON e

R
P o = 25

Using the triangle rule and the law of sines:

1600 N P :
(CI) "—_'”-—O*E%—O* P=3660N {

sin25°  sin75
{h) 254+ B+ 75°=180°

[ =180°—-25°-75°
= §0°
I60ON K

R=3730N 4

$in25°  sin80°
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PROBLEM 2.10

A trolley that moves along a horizontal beam is acted upon by two forces
as shown. Determine by trigonometry the magnitude and direction of the
force P so that the resultant is a vertical force of 2500 N,

SOLUTION
& =2500 N

Using the law of cosines: P2 = (1600 NY + (2500 N)* - 2(1600 N)(2500 N)cos 75°

P=2596 N
Using the law of sines: sme 21 &

[600 N 2596 N

o = 36.5°

P is directed 90° —36.5° or 53.5° below the horizontal. P =2600 N <. 53.5° 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. Alf rights reserved. No part af this Manual may be displayed,
reproduced or distributed in any form or by any weans, without the prior written permission of the publisher, or used beyond the limited
distribution 1o teachers and educators permitted by MeGraw-Hill for their individual conrse preparation. If you are o student using this Meamial,
you dre wsing it without perniissio.

12




PROBLEM 2.11

A steel tank is to be posittoned in an excavation, Knowing that
o = 20°, determine by trigonometry (@) the required magnitude
of the force P if the resultant R of the two forces applied at 4 is
to be vertical, (5) the corresponding magnitude of R.

SOLUTION

I

W25 e

Using the triangle rule and the law of sines:

(@) B +50°+60° = 180°
= 180° - 50° — 60°
= 70°
2ol L P=3921h o

sin70°  sin60°

4251 R

: e R=3461h <
sin70°  sm50°

(b)

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 2.12

A steel tank is to be positioned in an excavation. Knowing that
the magnitude of P is 500 1b, determine by trigonometry (a} the
required angle il the resultant R of the two forces applied at A
is to be vertical, (b) the corresponding magnitude of R.

SOLUTION

P

Using the triangle rute and the law of sines:

(a) (@ +30°)+ 60°+ B =180°
B=180°~ (& +30°) - 60°
P=90"~a

sin(90°— ) sin60°
425 1b 500 1b

90° — ¢ = 47.40° a=42.6° 4
() . & = 5_00 b R=5511b 4
sin(42.6°+30°}  sin60°

PROPRIETARY MATERIAL. © 2010 The MoGraw-Hill Companies, Inc, All rights reserved. No part of this Meanwal may be displayed,
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. PROBLEM 2.13
P18
For the hook support of Problem 2.7, determine by trigonometry (a) the
magnitude and direction of the smallest force P for which the resultant R of
the two forces applied to the support is horizontal, () the corresponding
magnitude of R,

SOLUTION

|0
&
o

The smallest force P will be perpendicular to £.

(@) P =(50 N)sin 25° P=21.1N| «
(B)  R=(50 N)cos 25° R=453N 4
PROPRIETARY MATERIAL, © 2010 The McGraw-Hill Companies, Inc. All nghts reserved. No part of this Manual may be displayed,
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PROBLEM 2.14

For the steel tank of Problem 2.11, determine by trigonometry
{a) the magnitude and direction of the smallest force P for
which the resultant R of the two forces applied at 4 is
vertical, (b) the corresponding magnitude of R.

PROBLEM 2.11 A steel tank is to be positioned in an
excavation. Knowing that ¢ = 20°, determine by trigonometry
{a) the required magnitude of the force P if the resultant R
of the two forces applied at 4 is to be vertical, () the
corresponding magnitude of R,

SOLUTION

Y251n 0

7

The smallest force P will be perpendicular to K.
{a)  P=(4251b)cos30° P=3681h— <
()  R=(425Ib)sin30° R=2131b 4

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc, All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prios written permission of the publisher, or used bevond the limited
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PROBLEM 2.15
Solve Problem 2.2 by trigonometry.

PROBLEM 2.2 Two forces P and Q are applied as shown at Point 4 of a hook
support. Knowing that FP=601b and () =251b, determine graphically the
magnitude and direction of their resultant using (a) the parallelogram law, (5) the
triangle rule.

SOLUTION
Using the triangle rule and the law of cosines;
20° 435+ o = 180°
o =125°

R =P+ —2P0 cosar
R* = (60 1b) +(25 1n)°
~2(60 )25 Ibycos125°
R? = 3600+ 625 + 3000(0.5736)
R=77.108 Ib
sinff sinl25°
251 77.108 Ib
f=15.402°

Using the law of sines:

70°+ ff = 85.402° R=77.11b 77 854> 4

PROPRIETARY MATERIAL. € 2010 The McGraw-Hill Companies, Ine. All rights reserved. No part of this Mamal may be displaved,
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PROBLEM 2.16

Solve Problem 2.3 by trigonometry.

PROBLEM 2.3 The cable stays AR and AD help support
pole AC. Knowing that the tension is 120 Ib in AB and
40 b in AD, determine graphically the magnitude and
direction of the resultant of the forces exerted by the stays
at A using (a) the parallelogram law, (b) the triangle rule.

| s Y
SOLUTION
AR
S (& l
lo 4t
B
Ty F 77777 7777y 7 e
fe— Bt —t— 6Ft —I
g
tan o =-—
10
o = 38.66°
6
tan ff = -—
p 10
f3=30.96°
Using the triangle rule: + -+ =180°
38.66° +30.96% + w =180°
w=110.38° Holo
Using the law of cosines: R? = (120 1b)* + (40 1b)* — 2(120 1b)(40 Ibycos110.38°
R=139.08 Ib

siny  sinl10.38°
40 139.081b

Using the law of sines:

y =15.64°

d=090°—a)+ ¥y

@ =(90°-38.66°) +15.64°

¢ =060698° R=139.11b ¥ 67.0° 4

PROPRIETARY MATERIAL, © 2010 The McGraw-Hill Companies, Ing, All rights reserved. No part of this Manual may be displayed,
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PROBLEM 2.17
Solve Problem 2.4 by trigonometry.

PROBLEM 2.4 Two forces are applicd at Point B of
beam 4B. Determine graphically the magnitude and
direction of their resultant using () the parallelogram
faw, (b) the triangle rule.

SOLUTION
Using the law of cosines: R* =2 kN)* + (3 kNY
-2(2 kN)(3 kN)cos80°
R =3.304 kN

siny _ sin80°
2kN  3.304 kN
¥ =36.59°
J+y+80°=180°
¥ =180°—-80°—-36.59°
y=6341°
$=180°~ f+50°
@ =066.59° R =330 kN < 66.6° 4

Using the law of sines;

PROPRIETARY MATERIAL. © 2010 The MeGraw-Hill Companies, Inc. All vights reserved. No part of this Manual may be displayed,
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o202, .
%/‘m i { 5/ PROBLEM 2.18

Two structural members A and B are bolted to a bracket as shown.
Knowing that both members are in compression and that the force
is 15 kN in member 4 and 10 kN in member B, determinc by
trigonometry the magnitude and direction of the resultant of the
forces applied to the bracket by members 4 and B.

SOLUTION

Using the force triangle and the laws of cosines and sines:

We have ¥ = 180° — (40° + 20°) o
=120 5 kN
Then R* = (15 KN) + (10 kKNY*
—~2(15 kN)(10 kN)cos 120°
=475 kN?
R=21.794 kN O kN
10kN 21794 kN
and =
sin o sinl120°
S = —i(—}-l—dj— sin120°
21.794 kN
=0.39737
o=23414
Hence: ¢=0+50°=73414 R=21.8kN<_734°«

PROPRIETARY MATERIAL. ¢ 2010 The McGraw-Hill Companices, ne. Afl rights reserved. No parf of this Manual may be displayed,
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PROBLEM 2.19

Two structural members A and B are bolted to a bracket as shown.
Knowing that both members are in compression and that the force
s 10 kN in member 4 and 15 kN in member B, determine by
trigonometry the magnitude and direction of the resuliant of the
forces applied to the bracket by members 4 and B.

SOLUTION
Using the force triangle and the taws of cosines and sines
We have ¥ = 180° ~{40° + 207)

=120° O kN
Then R = (10 kN)Y? + (15 kN)?

=2(10 KNY(15 kN)cos120°
= 475 kN’
R=21794 kN

15 kN  21.794 kN

and - —
sinor sinl20°
SN = ﬂ sin120¢°
21.794 kN
=0.59605
& =36588°
Hence: ¢ =0 +50°=86.588° R =218 kN < 86.6° 4

PROPRIETARY MATERIAL, © 2010 The McGraw-Hill Compasics, Ine. All rights reserved. No pert of this Manual may be displaved,
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PROBLEM 2.20

For the hook support of Problem 2.7, knowing that P=75N and o = 50°,
determine by trigonometry the magnitude and direction of the resultant of
the two forces applied fo the support. '

PROBLEM 2.7 Two forces arc applied as shown to a hook support.
Knowing that the magnitude of P is 35 N, determine by trigonometry («) the
required angle ¢ if the resultant R of the two forces applied to the support is
to be horizontal, (b) the corresponding magnitude of R.

SOLUTION
Using the force triangle and the laws of cosines and sines:
We have B =180° - (50°+ 23
=105°
Then R = (75 NY + (50 N)?
—2(75 N}(50 N)cos 105°
R? =10066.1 N*
R=100330 N
and sin - sin10:5°
75N 100330 N
sin ¥ =41.72206
¥y =46.225°
Hence: y—125°=46.225°-25°=2].225° R:=1003N > 21.2° 4

PROPRIETARY MATERIAL, € 2010 The McGraw-Hill Companies, Inc. All tights reserved. No part of this Manual may be displayed,
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i PROBLEM 2.21

800— "l Determine the x and v components of each of the forces shown.

SOLUTION

Compute the following distances:

04 = \J(600)? +(800)°

=1000 mm
OB = \{(560)° +(900)*
= 1060 mm
OC = J(480)* + (900)
=1020 mm
800O-N Force: F =+(800 N)__a(){)
: 1000
600
F = 4800 N)-o
y = ).: 000
424-N Force: F_=—(424 N)mﬁﬁg
' 1060
900
F = ~(424 N)—
y = )1060
408-N Force: F, =+{408 1‘\1)——~——480
' 1020
! 900 -
F=—(408 N)——
r==( )1020

800"1/ ’

4240 408 N

N

B C

F =+640 N <4

F,=+480N <4
Fo=-224N 4

F,=-360N 4
F =+1920N <

F,=-360N 4

PROPRIETARY MATERIAL. & 2010 The MeGraw-Hitt Companies, Inc. All rights reserved. No part of this Monual may be displaved,
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v PROBLEM 2.22

I 84 in. Determine the x and ¥ components of each of the forces shown.

O i,
B0 i

Y4 in.

I* 48 inr’l

SOLUTION & !
Compute the following distances: "\ - A
e
OA = \J(84)" +(80)° 501k
=116 1n. 29 b
= 2 196y %
OB = j(28) + (96) ° N5y
=100 in.
OC = J(48) + (90)* '
=102 in. C
. 84
29-1b Foree: Fo=+(29 ib)m Fo=421.01b 4
. 80 .
F =429 lb) Fo=42001 4
d 116 ’
. 28 .
50-tb Force: Fo=—(50lb)— Fo==14001 4
' 100 '
. 96 N
F, =450 1b)— F,=+48.01 o
’ 100 :
. 48 .
51-1b Force: F,=+(51lb)— F.=+2401b 4
' 102 ’
, 90
F=—~(511b)— F,=-4501b 4
: 102 ’

PROPRIETARY MATERIAL. £ 2010 The McGraw-Hill Companies, Ine. Al rights reserved. No part of this Manual may be displaved,
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PROBLEM 2.23

Determine the x and y components of cach of the forces shown,

SOLUTION

40-1h Force:

50-1b Force:

60-1b Force:

F_=+(40 Ib)cos 60° Fo=2001 o«
F, =~(40 1b)sin 60° F,=-3461b 4
F, = (50 Ib)sin 50° F.=-3831b 4
F, = ~(50 Ib)cos 50° F,=~32.11b 4

F=+(060 lbycos25° F =5441 4

F=+(60 Ib}sin 25° F,=2541 4
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1 PROBLEM 2.24

Determine the x and y components of each of the forces shown.

SOLUTION

80-N Force: F_=+(80 N)cos40° Fo=613N 4
F, =+(80 N)sin40° F,=5L4N 4
120-N Force: £o= 4120 N)cos 70° I =41.0N «
Fy =+(120 N)sin 70° F,=1128N «
E50-N Force: F_=—{150 N}cos35° F.=-122.9N 4
F, =+(150 N)sin35° F,=86.0N 4
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PROBLEM 2.25

Member B exerts on member ABC a force P directed along line B,
Knowing that P must have a 300-1b horizontal component, determine
(a} the magnitude of the force P, (b) its vertical component,

SOLUTION

3c0ib

() Psin35°=3001b
P= 302;% P=5231b 4
sin
(b)  Vertical component P =Pcos3s®
= (523 Ib)cos35° P =4281b 4
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PROBLEM 2.26

The hydraulic cylinder BD excrts on member ABC a force P directed along
line BD. Knowing that P must have a 750-N component perpendicular to
member ABC, determine (o) the magnitude of the force P, (b} its component
parallel to ABC.

SOLUTION
750n ~
(a) 750 N = Psin 20°
P=2193N P=2190N 4
(&) Pipe = Peos20°
= (2193 N)cos 20° P =2060N <4
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PROBLEM 2.27

The guy wire BD exerts on the telephone pole AC a force P directed along
BD. Knowing that P must have a 120-N component perpendicular to the
pole AC, determine (@) the magnitude of the force P, (b) its component
along line AC.

SOLUTION

a P=—2t
@) sin38°

120N
sin 38°

=19491 N or P=1949N 4

P

b P t—
® " ran3g°
120N

tan38°
=153.59 N or PJ,=f53.6N «
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PROBLEM 2.28

The guy wire BD exerts on the tefephone pole AC a force P directed
along BD. Knowing that P has a 180-N component along line AC,
delermine (a) the magnitude of the force P, (b) its component in a
direction perpendicular to AC.

SOLUTION

J8ON[{ 156

C

(a) P=—>

T cos3g®
180N
cos 387
=2284 N
" P o= Py tan 38°

= (180 N) tan 38°

=140.63 N

P=228N «¢

P =1406 N o
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PROBLEM 2.29

Member CB of the vise shown exerts on block B a lorce P
directed along line CB. Knowing that P must have a 1200-N
horizontal component, determine (@) the magnitude of the
force P, (b} its vertical component.

SOLUTION

We note:

CB exerts force P on B along CB, and the horizontal component of P is P, =1200 N:

Then

(@) P, = Psin55°

P
" sin55°
_1200N
sin55°
=1464.9 N P=1465N o

()] P, =P, tan55°
P

D . X
Y tan55°
1200 N
 tan55°
=8402 N P, =840 N| «
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PROBLEM 2.30

Cable AC exerts on beam A8 a force P directed along line AC. Knowing that P
must have a 350-1b vertical component, determine () the magnitude of the
force P, (b) its horizontal component.

¥

SOLUTION

-
—
o
X"

])
(a) p=o

- Eos 55°

_ 3501
cos 53°
=610.2 1b P=6101b 4
" P = Psin 55°

= (610.2 Ib)sin 55°
=499.8 Ib P =5001b <

PROPRIETARY MATERIAL © 2010 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reprochiced or distributed in any form or by any means, without the prior wefiten permission of the publisher, or used beyond the Hmited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Mannal,
you are using i without permission.

1




Y PROBLEM 2.31
28 in. o R N .
| §4 i, Determine the resultant of the three forces of Problem 2.22.
\ N N
j \ // PROBLEM 2.22 Determine the x and y components of each of
asm | A - the forces shown.
i ' %Eﬂ Ih ji‘ S0 in
l E‘E /’i:; H
I i .
o \\1 Ih !
a0 in.
B
A
\
AY

|+~ 485 in.+}

SOLUTION

Components of the forces were determined in Problem 2,22;

Force x Comp. (Ib) yComp. {Ib)

29 1b +21.0 +20.0
50 1b -14.00 +48.0
51 +24.0 —45.0

R, =+31.0 R, =+23.0

R=Ri+R,j

=(31.0 Ib)i +(23.0 Ib)j R, = 23,07
B -

’

an o = ——
R. rd

23.0 d
31.0 z:ii___«»w)-
R, = 31.0

N
|70

[SPS Y

o =306.573°
2301
$in (36.573%)

—
L

=38.601 Ib R=3861b o 36.6° 4
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y PROBLEM 2.32

Determine the resultant of the three forces of Problem 2.24.

PROBLEM 2.24 Determine the x and y components of each of the

SOLUTION

Components of the forces were determined in Problem 2.24:

Force x Comp. (N) v Comp. (N)
8ON +61.3 _ +51.4
120N +41.0 +112.8
150N -122.9 +86.0
R, =-20.6 R, =+250.2

R=Ri+R,j

= (=206 N)i + (2502 N)j
tan @ = —-
250.2 N
fan ¢ = ———
20.6 N
tana =12.1456 .
@ =85.293° Ry=-zebe
go-02N R=251N ™ 853° <«
sin85.293°
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Y PROBLEM 2.33

- G0
Determine the resultant of the three forces of Problem 2.23.

x PROBLEM 2.23 Determine the x and y components of each of
the forces shown,

At T

501
SOLUTION
Force x Comp. {Ib) ¥ Comp. (Ib)
40 1b +20.00 —34.64
50 Ib -38.30 -32.14
60 1b +54.38 +25.36
R =+36.08 R, =-41.42

R=Ri+R,j , R = 3608,
= (+36.08 Ib)i + (~41.42 1b)j
R

-y

lan o =

X

414216

3608 Ib

tan ¢ =1.14800 Ry :j'qj_g_g =
o = 48.942° =

414216
sin48.942°

tan &

R =5491b < 489> «
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PROBLEM 2.34

Determine the resultant of the three forces of Problem 2.21.

Dimensions
inmm

GOt the forces shown.

|~f~ 566 -—)—l-—- 450 —-*-I

PROBLEM 2.21 Determine the x and y components of cach of

SOLUTION

Components of the forces were determined in Problem 2.21:

Force x Comp. (N) ¥ Comp. (N)

800 1b +640 +480

424 1b -224 360

408 b +192 -360
R, =+0608 R, =-240

R=Ri+Rj
= (608 1b)i + (240 Ib)j
R,
R.
240
608
o =21.541°

fang =

240N
sin(21.541°)
=653.65 N

Rx= 608 |
{O( "
~— |

T

o
i
!
s
]

R=654N X 21.5° 4
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PROBLEM 2.35

shown,

Knowing that o= 35°, determine the resultant of the three forces

-}m e 00N
L N
_—
SOLUTION
FOO-N Force: F.=+(100 N)cos35°=+81.915 N
£, =—(100 N)sin35% = -57.358 N
150-N Force: F, =+(150 N)cos65° = +63.393 N
£, = (150 N}sin 65° = ~135.946 N
200-N Force: F,=~(200 N)cos35°=-163.830 N
F, =~(200 N)sin35°=~114,715 N
Force x Comp. (N) » Comp. (N)
HOON +81.915 —57.358
150N +63.393 -135.946
200 N -163.830 -114.715
R, =-18.522 R, =-308.02
R=Ri+R,j
£, =—18. SZZJ '
- 4 =(~18.522 N)i + (~-308.02 N)j
tan ¢ =~
_308.02
308,00 18.522
Ry = 7208-02, o =86.559°
K = 0802 N R=309N 2 86.6° €
$in 86,559
PROPRIETARY MATERIAL. © 2010 The McGraw-Hilt Companies, Tnc. All rights teserved. No part of this Manual may be displayed,

reproduced or distributed in any form or by any means, without the prior writfen permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by MeGravw-Hill Jor their individual course preparation, If you are a student using this Marual,

You are using it without permission.

37




800 mm

e—— 840 i

PROBLEM 2.36

Knowing that the tension in cable BC is 725 N, determine the
resultant of the three forces exerted at Point B of beam 48.

B
o A
5 |
12
TSN
5:;(;\‘
SOLUTION
Cable BC Force: F.=—(725 N)—Egi{—)— =~525N ,
1160 g—.— ~ (105N} &
. 840 .
F = (725 N) e = 500 N
. 1160 oL

500-N Force:

780-N Force:

and

Further:

Thus:

F =-(500 N)—’;— =-300 N

£, =-(500 N)j;: =—400 N

|
F. = (T80 N)-2 =720 N

: 13
F, = (780 N)% = 300N

R =%F, =-105N
R, =XF, =-200N

R =J(~105 NY +(=200 N)?
~225.89 N

fan @ = ——
105

105

o = tan

= 62.3°

s — it o oRT— i S

YKo

N

R=226 N .7 62.3° 4
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s PROBLEM 2.37

- Knowing that e = 40°, determine the resultant of the three forces

‘ shown.
T {“s,[] A
1
a
SOLUTION
60-1b Force: F.={601b)cos2(°=56381b

£y = (60 1b)sin 20° = 20.52 1b

80-Ib Force: F. = (80 1b) cos 60° = 40.00 Ib Ry (29 80tk R
F, =(801b)sin60° = 69.28 Ib f““,::,’——l"":‘:
120-Ib Force: F, =(120 Ib)cos30° = 103.92 Ib
F, = —(120 1b)sin 30° = ~60.00 Ib

and R o=2F =200301b
R, =2F, =129.801b

R = J(200.30 1b)? + (29.80 Ib)*

=202.501b
2
Further; tang = 29.80
200.30
_y 29.80
o=lan  ———
200.30
=8.46° R=2031b A 8.46° 4
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PROBLEM 2.38 -

Knowing that = 75°, determine the resultant of the three forces
shown.

SOLUTION
60-Ib Force: F. = (60 ) cos 20° = 56.38 Tb
F, = (60 1b)sin 20°=20.52 Ib
80-1b Force: F_=(801b)cos 95°=-6.97 Ib
F, = (80 Ib)sin 95°=79.70 lb
120-1b Force: F.o=(1201b)cos 5°=119.54 1b Ry fG"C‘ "'_8"5\; R
F, = (120 Ib)sin 5°=10.46 Ib ¥ :
Then R_=TF =168.95Ib ‘
R, =2F, =110.68 b !
’ el
L
; - T2 2 v ‘
and R =J(168.95 Ib)> +(110.68 Ib) Res (ool
=201.98 Ib =
110.68
tan o = —
168.95
taner = 0.655
a=33.23° R =202 b . 33.2°
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PROBLEM 2.39

For the collar of Problem 2.35, determine (a) the required value of
« if the resultant of the three forces shown is to be vertical, (b) the
cortesponding magnitude of the resultant.

SOLUTION
R, =3F,
=(100 N)cos + (150 Nycos{er + 30°) — (200 N)cosax
R, =100 N)cosar + (150 N}cos{c + 30°) {H
R, =XF,
= —(100 N)sina -~ (150 N)sin (& +30°) - (200 N)sin v
R, =—(300 N)sin e (150 N)sin (& +30°) (2)

(¢}  For R to be vertical, we must have R, =0. We make R =0 in Eq. (1):
~100cos ax +150cos{ax+ 309 =0
-~ 100cos &+ 150 (cos ¢ cos 30° —sin o sin 30%) = 0
20904 cos o = 75sin gy

29.904
fan o =
= (,3988
a=21.74° =217 4

{6y  Substituting for & in Eq. (2):
R, =-300sin21.74°~150sin51.74°
=-2289N
R=[R |=2289N R=229N d
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PROBLEM 2.40

For the beam of Problem 2.36, determine (@) the required
tension in cable BC if the resultant of the three forces exerted at
Point B is to be vertical, () the corresponding magnitude of the
resultant.

e Heb} T

g L= 1160 mm

800 mm .

SO N

SOLUTION
840 12 3

R =%F =207 4 2(780 N)—>(500 N

X x }160 B ]3( ) 5( )

21
Rx z—‘-z_g‘TBC + 420 N (l)
800 5 4

R o=3F =207 o 2 (780 N)— (500 N

v Y160 B 13( ) 5( )
R, :;;“—gT,ﬂ,, ~700 N @)

(a)  For R to be vertical, we must have R, =0

SctR, =0 in Eq. (1) ——Z—;—TBC +420N =0 Tye =S80 N 4

(h)  Substituting for Tj. in Eq. (2):

R, =22 (580 N)=700 N
29
R, =-300N

R=|R,|=300N R=300N <«
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PROBLEM 2.41

Determing (o) the required tension in cable AC, knowing that the resultant of
the three forees exeried at Point C of boom BC must be directed along BC,
() the corresponding magnitude of the resultant.

SOLUTION

Using the x and y axes shown:
R =2ZF =T, sin10°+(50 Ibycos35°+ (75 Ib)cos 60°
=T, 5n10°+78.46 Ib H
R, = ZF, = (50 1b)sin35%+ (75 1b)sin 60° - T, cos 10°
R, =93.63 b7, cosl0° (2)
(@) Sctk, =0 inEq. (2):
93.631b~T . cos10°=0
Ty =95.07 Ib T =9511b 4
(h)  Substituting for 7. in Eq. (1):

R, =(95.07 1b)sinl0®+78.46 1b

=94.97 Ib
R=R, R=9501b <
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PROBLEM 2.42

For the block of Problems 2.37 and 2.38, detormine («) the
required value of ¢ if the resultant of the three forces shown is o

f,[) B be parailel to the incline, (b) the corresponding magnitude of the
resultant.
SOLUTION
8o
&
120 ik
» X 60l
4 *
/
da.

Select the x axis to be along a &’

Then
R, =ZF, =(60lb)+ (80 Ib)cosa + (120 Ib)sina H
and
R, = LF, = (80 Ib)sincr — (120 Ib)cos & (2)
(@) Set R, =0 inEq. (2).
(80 Ib)sina — (120 h)coser=0
Dividing each term by cosor gives:
(R0 bytanar =120 1b
120 1b
NG = ————
80 1b
& =56.310° 0=563" 4
(by  Substituting for ¢ in Eq. (1) gives:
R, =60 1o+ (80 Ib)cos56.31°+(1201b)sin56.31°=204.22 b R, =2041b 4
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200 kg

PROBLEM 2.43

Two cables are tied together at C and are loaded as shown.
Knowing that « = 20°, determine the tension () in cable AC,
(7) in cable BC.

SOLUTION

Free-Body Diagram

Force Friangle

I

Law of sines:

()

)

{12 N

(200 xc:)\(q'&l m[:,?—)

= V62 N
Tye  Tpe _1962N
sin70°  sin50°  sin60°
(4
e zlmsin 70°=21289 N T =213kN 4«
we = 1962 N 5in50°=173549 N Tye =1.735kN <

sin 60°
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PROBLEM 2.44

Two cables are tied together at C and are loaded as shown. Determine the
tension {a) in cable AC, (#) in cable BC.

SOLUTION

Free-Body Diagram Force Triangle
SOON

So0nd

Tec

Ty o Tpe 500 N

Law of sines: sin60®  sin40°  sin80°
S00N
(e} Ty = ~=sin 60° = 439,69 N T, =440N «
sin 80°
500N |
(b Toe = oeresind0°=32635 N Toe =326 N 4
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PROBLEM 2.45

Two cables are tied together at C and are loaded as shown,
Knowing that P = 500 N and g = 60°, determine the tension in
(a) in cable AC, (b) in cable BC.

SOLUTION

Free-Body Diagram Force Triangle

Tie _ Ty _ 500N

sin35°  sin75°  sin70°

Law of sines:

S00N .
= g

(@) T == sin3s® T, =305N <
(b) ﬂg(;,:%gsmso Toe =514 N <
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PROBLEM 2.46

Two cables are tied logether at C and are loaded as shown, Determine the tension
{a) in cable AC, (k) in cable BC.

200 kg
SOLUTION
Free-Body Dlagram Force Friangle
" %
T S
15 C"]\S- 1050 15
e 19624 %24 | [lge
Ly
%
W =mg i
= (200 kg)(9.81 m/s?)
=1962 N
Law of sines: Toe __ Tpe 1962N
sin 15°  sin 105°  sin 60°
(@) T = (1962 .N) sin 15 T, =586 N 4
’ sin 60°
») Ty = (1962 Njsin 105 T,.=2190N <

sin 60°
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PROBLEM 2.47

Knowing that & = 20°, determine the tension (4) in cable AC,
{b) in rope BC.

SOLUTION

Free-Body Diagram Force Triangle
Tre V| o
-l F 200
I Tse
{zoolb
Law of sines: .T"’C = _TBC = 1?00 b
sin }10°  sin 5°  sin 65°

(a) ho = M sin 110° T,e=12441b «

sin 65°

1200 Ib
b Ty = —~———sin 5° T =11541b
(b) BC S e s BC
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PROBLEM 2.48

Knowing that & =55° and that boom AC exerts on pin C a force directed
along line AC, determine (¢) the magnitude of that force, (b) the tension in
cable BC.

SOLUTION

Free-Body Diagram Forece Triangle

F,. . 3
Law of sines: Fac - Tpe = 00 1b

sin 35°  sin 50°  sin 95°

() Fae =————m3,00 ' in 350 Fe=17271b 4
© sin 95°

(b) e NELLLS " sin 50° Tye =2311b 4
sin 95°
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PROBLEM 2.49

Two forces P and Q are applied as shown to an aircrafi
connection. Knowing that the connection is in equilibrium and
that P=3001b and Q=650 lb, determine the magnitudes of
the forces exerted on the rods A and B.

SOLUTION
Free-Body Diagram
Resolving the forces into x- and y-directions: y
R=P+Q+F,+F, =0
Substituting components: R =—(500 Ib)j +{(650 Ib)cos 50°]i

—[(650 Ib)sin 50°[j
T Fyi = (F; 08 S0°)i + (¥ in 50°)j =0

In the p-direction (one unknown force)

=500 1b - (650 1b)sin 50° + F, sin 50° =0

Thus, F, = 500 1b+ (§50 1b)sin 50
sin 50°
=1302.701b F,=13031b 4
In the x-direction: (650 1b)cos 50° + F, — £, cos50° =0
Thus, Fy = F,cos50° - (650 Ih)cos 50°
=(1302.70 Ib) cos 50° - (65{} Ib) cos 50°
= 419,55 ]b Fp=4201b 4
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PROBLEM 2.50

Two forces P and Q are applied as shown to an aircraft
connection, Knowing that the connection is in equilibrium
and that the magnitudes of the forces exerted on rods 4 and B
are F, =7501b and F, =400 b, determine the magnitudes of
P and Q.

SOLUTION
Free-Bedy Diagram

Resolving the forces into x- and p-directions: y
IS0 b .

R=P+Q+F,+¥F, =0

Substituting components: R =—-Pj+ cos 50° — ( sin 50°j
—[(750 b)cos 50°H
+{(750 by sin S0°1j+ (400 1b)i
In the x-direction (one unknown force)

0 cos 50°—[(750 Ib)cos 50°]+400 lb =0

_ {750 Ib)cos 50° 400 Ib

© cos 50°
=127.710 Ib
In the p-direction: ~P— sin 50°+ (750 Ib)sin 50°=0

P =~ sin 50° + (750 1b)sin 50°
= ~(127.710 Ib)sin 50° + (750 Ib)sin 50°
=476.70 b P=47T1; Q=12771b <
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PROBLEM 2.51

A welded connection is in equilibrium under the action of the
S four forces shown. Knowing that 7, =8 kN and F, =16 kN,
determine the magnitudes of the other two forces.

SOLUTION
Free-Body Diagram of Connection
J 1
X
E
& Y
FD
. 3 3.
EF =0 —Fy—-F.~-F,=1
X 5 B C 3 A
With F,=8kN
Fy =16 kN
4 4 .
F. :—5—(16 kN)~§(8 ki) Foo=040kN «
, .3 3.
IF, =00 —F, +§ Fy, ~§f), ={
. . 3 3 ,
With F; and Fy as above: Iy = g(l() kN) u~5~(8 kN) F, =480 kN «
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PROBLEM 2.52

A welded connection is in equilibrium under the action of the four
forces shown. Knowing that F, =5 kN and £}, =6 kN, determine
the magnitudes of the other two forces.

SOLUTION
Free-Body Diagram of Connection
! 2
i X
h \
~ [FD
. . 3 3
IF, =00 —Fy ngA +~§FB =)
T
or Fy=F, +w5~fA
With F,=5kN, F,=8kN
. 5 3 - .
Fp =—3— 61<N+§(5 kN) F,=15.00kN 4
4 4
IFE =0 —Fo+—Fy——F =0
ki C 5 i 5 A
4
Fe :g(FB —Fy)
m—i—(lS kN -5 kN) F.=8.00kN 4
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PROBLEM 2.53

Two cables tied together at C are loaded as shown. Knowing that
(=60 b, determine the tension {a) in cable AC, {(b) in cable BC.

SOLUTION

A
- %
S
Tee N
- 3c°
Q
LF, =0 Tp—0Qcos30°=90
With 0=601b
() Ty = (00 1b)(0.866) T,.,=5201 4
()] LF, =0 P~Ty ~0sin30°=0
With P=1751b
Ty =751b~ (60 1b)(0.50) or Ty =45.010 4
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PROBLEM 2.54

Two cables tied together at € are loaded as shown. Determine the
range of values of ¢ for which the tension will not exceed 60 b in
either cable.

SOLUTION

Free-Body Diagram EF =00 —Th —Qcos00°+751b=0
\
\Y ] Ty =75 b~ cos60° )
Ta
- ‘?/JiSIb TP, =0: Ty —Osin60°=0
30°
T, = sin 60° (2)
Toe wo? Requirement T =601b:
a From Eq. (2} (sin60° =60 1b
0=6931b
Requirement The =060 1b:

From Eq. (1): 75 Ib—Osin60°= 60 Ib
0=3001b  300b=0=6931b «
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PROBLEM 2.55

A sailor is being rescued using a boatswain’s chair that is
suspended from a pulley that can roll freely on the support
cable ACB and is pulled at a constant speed by cable CD.
Knowing that a=30° and f=10° and that the combined
weight of the boatswain’s chair and the sailor is 900 N,
determine the tension (&) in the support cable ACH, (b) in the
traction cable CD.

SOLUTION
Free-Body Diagram
Y
Tace & T
30°( -A®
7o ¥
Y 400 N

FLEF =00 Tyepcos 10°-T 5 cos 30° T, cos 30°=0
Tep = 01371587, )
+T LF, =00 Tyepsin 10°+ T 0p sin 30°+ Ty, 8in 30° 900 =0
0.673657 yp +0.57,, =900 (2)
(a)  Substitute (1) into (2):  0.673657 -5 +0.5(0. 1371587 ;) = 900
Tyon =1212.56 N T =1213N
() From(l): T = 0.137158(1212.56 N) Tp =1663N 4
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PROBLEM 2.56

A sailor is being rescued uvsing a boatswain’s chair that is
suspended from a pulley that can roll freely on the support
cable ACB and is pulled at a constant speed by cable CD,
Knowing that a=25° and fF=15° and that the tension in
cable CD is B0 N, determine (g} the combined weight of the
boatswain’s chair and the sailor, (b) in tension in the support
cable ACE.

SOLUTION
Free-Body Diagram
Y
Tie EON T
25° (
] b

WY

Typ =1216.15 N
4 EF, =0: (121615 N)sin 15°+(1216.15 N)sin 25°

+(80 N)sin 25°~W =0
W =862.54 N
(@)  W=83N <

() Ty =1216N <
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PROBLEM 2.57

For the cables of Problem 2.45, it is known that the maximum
allowable tension is 600 N in cable AC and 750 N in cable BC.
Determine (@) the maximum force P that can be applied at C, (b) the

“\- ’ corresponding value of
P
SOLUTION
Free-Body Diagram Force Triangle

';Ec: LO0 N 7;3‘(_-: WoN

W INE AT

o,
P
(@)  Law of cosines P* = (600) +(750)% ~ 2(600)(750) cos (25° + 45°)
P=784.02 N P=T784 N 4
(b)  Law of sins sin ff . 8in(25°+45°%)
S 600 N 784.02 N
B =46.0° a=46.0°425°=71.0° 4
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PROBLEM 2.58

For the situation described in Figure P2.47, determine (a) the
value of « for which the tension in rope BC is as small as
possible, (5} the corresponding value of the tension.

PROBLEM 2.47 Knowing that o =20°, determine the tepsion
{a) in cable AC, (b) in rope BC.

SOLUTION
Free-Body Diagram Force Triangle
T i}
& Krnow rs 8¢
DinE Lo
OF Tae -
c
200 b
Tec
¢ 12001
To be smallest, 75, must be perpendicular to the direction of 7.
(@) Thus, =5 a =500 47 o4
(B) Ty = (1200 lb)sin 5° Tye =104.61b o
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PROBLEM 2.59

For the structure and loading of Problem 2.48, determine (o) the value of ¢ for
which the tension in cable BC is as small as possible, () the corresponding
value of the tension.

30

SOLUTION

Ty must be perpendicular to /7, to be as small as possible.

Free-Body Diagram: C Force Triangle is a right triangle
Tac
_E-a(' t 0 gc 3 %
30
ol

2| 30°
200 300lb __Ew:.
3ocib
To be a minimum, 7y must be perpendicular to ..
(¢) Weabserve: o =90° - 30° @ =060.0° 4
(b) Ty = (300 lb)sin 50°
or Ty =229.811b Ty =2301b 4
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2 e 2 m ] PROBLEM 2.60

Knowing that portions AC and BC of cable ACB must be equal,
determine the shortest length of cable that can be used to support the
load shown if the tension in the cable is not to exceed 870 N.

1200 N

SOLUTION

Free-Body Diagram:

(ForT =T25N)

sroN__ 2% &10 N 2R, =00 27, ~1200N =0

T, =600 N

7241 =7
T2 + (600 N)* = (870 N)’

T =630N
i
uuuuu B .
: P A By similar triangles: _BC 2] m.
TON - ; 870N 630N
/7f | BC=290m
Lf/ ! !
CE T T L=2(BC)

2.0m =580 m L=580m 4
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PROBLEM 2.61

(b) the corresponding value of o,

Two cables tied together at C are loaded as shown, Knowing that
the maximum allowable tension in cach cable is 800 N, determine
(a) the magnitude of the largest force P that can be applied at C,

—

SOLUTION

(@)

&

Free-Body Diagram: €

Force triangle is isosceles with

Tae: BoOaN
:P;c: 8oonN
50°
35°
A
F)

20 =180°-85°

f=475°

P=2(800 Njcos 47.5° = 1081 N

Since P> (), the solution is correct,

& =180° - 507 47.5° =82 5°

Force Triangle

P=108IN «
=82.5° 4
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PROBLEM 2.62

Two cables tied together at C are loaded as shown. Knowing that the
maximum allowable tension is 1200 N in cable AC and 600 N in
cable BC, determine {a) the magnitude of the largest force P that can
be applied at C, (b) the corresponding value of ¢.

SOLUTION

Free-Body Diagram Force Triangle

T = 1200 MN
e Tac = GOON

350 56}0
c ol

=

(@) Law of cosines: P? = (1200 N)Y? + (600 N)* — 2(1200 NY(600 N)cos 85°
FP=1294 N
Since P> 1200 N, the solution is correct.
P=1294N «
() Law of sines:
sin# _ sin 85°
1200 N 1294 N
B=67.5°
o =180°-50°~67.5° o =625 4
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PROBLEM 2.63

Collar 4 is connected as shown to a 50-1b load and can slide on
a frictionless horizontal rod. Determine the magnitude of the
force P required to mamtain the equilibrium of the collar when
(@) x=4.51n., {(b) x =15 in.

SOLUTION
(¢) Free Body: Collar 4 Force Triangle
50 b
205/]20 L300 P=10981b 4
P L 45 205
|
N
{b)  Free Body: Collar 4 Force Triangle
5ok Spib
25 L£.300b P=3001 «
P 2o 25 15 25
- 15 ’ y
N -
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PROBLEM 2.64

P Collar 4 is connected as shown to a 50-1b load and can slide on a
frictiontess horizontal rod. Determine the distance x for which the

o collar is in equilibrium when P = 48 Ib.

BHh

SOLUTION

Free Body: Collar 4 Force Triangle
56ib

4g b 5bib

Ny PEYS
N? =(50)* ~(48)* =196

\Z.

N=14.001b
-
Simitar Triangles ’%’ fllifib ll gm-
x 481 L Ty
e X "'_"‘9l
20in. 141b
x=68.61in. 4
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PROBLEM 2.65

A 160-kg load is supported by the rope-and-pulley arrangement shown,
Knowing that #=20° determine the magnitude and direction of the
force P that must be exerted on the free end of the rope to maintain
equilibrium. (Hint: The tension in the rope is the same on each side of a
simple pulley. This can be proved by the methods of Chapter 4.)

160 kg

SOLUTION

Free-Body Diagram: Pulley A _
HLZF =0: 2Psin20°— Peosa =10

] p and coser=0.8452 or a==+46.84(°
s L P _
20 — o = +46.840
-wP For +I EF}, =0: 2Pcos20°+ Psin46.840° 156960 N =0

or P=602N> 468° o4

o« ' x For o = —406.840
+] EF), =0: 2Pcos20° + Psin{—46.840°) ~1569.60 N =0

W = g

or P=1365N_.7468° 4

(160K} {1 Blemlst)
1569.60 N

L
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PROBLEM 2.66

A 160-kg load is supported by the rope-and-pulley arrangement shown,
Knowing that & =40°, determine (a) the angle f3, (b) the magnitude of
the force P that must be exerted on the free end of the rope to maintain
equilibrium. (See the hint for Problem 2.65.)

SOLUTION
Free-Body Diagram: Pulley 4
AT . o .
o} - () TF, =0: 2Psinsinf-Poos 40°=0
P 1
sin ff = —icos 40°
e 4ot o B=22.52°
[=225" 4
)] YF, =0: Psin 40°+2Pcos 22.52°~1569.60 N =0
L
W= P=0630N 4
= (1L0k) (A B mfs?)
T 567 0N
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PROBLEM 2.67

A 600-1b crate is supported by several rope-and-
pulley arrangements as shown. Determine for each
arrangement the tension in the rope. (See the hint
for Problem 2.65)

{a} (b} (e} (cf} (e}

SOLUTION

Free-Body Diagram of Pulley

@ T T +] £F =0 27 (600 1b) =0
T:%(()(}o Ib)
eoolo T=3001b «
»n T T 1 EE =00 27~ (600 1) =0
T:%mmnm
oo b T=3001b 4
@ 51 2R = 0. 37— (600 )= 0
7= %(6()0 Ib)
00 ib T=2001b 4
() TT T 1 EF =00 37 (600 Ib) =0
7= %(()oo Ib)
GLOO b T=2001b
(e} LA + IF, =0: 4T —(600 ib)=0
T |
7 =600 1b
4(3 )
T=150.01b 4
GO0
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PROBLEM 2.68

Solve Parts b and o of Problem 2.67, assuming that
the free end of the rope is attached to the crate.

PROBLEM 2.67 A 600-1b crate is supported by
several rope-and-pulley arrangements as shown,
Determine for each arrangement the tension in the
rope. (Sce the hint for Problem 2.65.)

{w)

SOLUTION

Free-Body Piagram of Pulley and Crate

m T TT + 2R, =00 37 (600 16)=0
7 =L(600 )
3
T=2001b 4
LOO0 b
@ TTIT 55, =0: 47 (600 1b)=0
!
T =— (600 Ib
4( )
7=150.01b 4
LOO
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PROBLEM 2.69

A load Q is applied to the pulley C, which can roll on the
cable ACE. The pulley is held in the position shown by a
sccond cable CAD, which passes over the pulley 4 and
g suppotts a load P. Knowing that P =750 N, determine

Q () the tension in cable ACB, (b) the magnitude of load Q.

—

SOLUTION
Free-Body Diagram: Pulley C
(@) FoXTF, =00 T, (00s25° ~c0s55%) — (750 N)cos 55° = 0

JE0M e =
Thes Tca Hence: Tyon =1292.88 N

56 Tiow =1293N 4
25 ACE
55° \ A

| () H ZF, =0 7T,0(sin25°+ $in55°)+ (750 N)sin 55° = 0 = 0
9 (1292.88 N)(sin 25°+ sin 55°) + (750 N)sin 55° — 0 =0
or 0=2219.8 N 0=2220N <
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PROBLEM 2.70

An 1800-N load Q is applied to the pulley C, which can roll
on the cable ACB. The pulley is held in the position shown
by a second cable CAD, which passes over the pulley 4 and
supports a load P. Determine (¢) the tension in cable ACB,
() the magnitude of load P.

SOLUTION
Free-Body Diagram: Pulley C
Lo EF =00 Ty{c0s25°-c0s55%) — Pcos55° =0
or P =0.580107 ;. 0

HOEF =0 T, (sin25°+5in55%) 4 Psin 55% — 1800 N =0
:FﬁCB 1“'% T ¥ ACB ( )

55" B A 259 o 1241777, + 0.81915P =1800 N (2)
X

(@) Substitute Equation (1) into Equation (2):
1.241777 1y +0.81915(0.580107 ;) = 1800 N

1 1800 N

Hence: Tyep =104837 N
T =1048 N o
(A Using (1), P=058010(1048.37 N)=0608.16 N
P=608 N 4
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I PROBLEM 2.71

GO0 N

Determine (a) the x, p, and z components of the 750-N force, (b) the
angles &, 6, and 6, that the force forms with the coordinate axes.

SOLUTION

F,, = Fsin 35°

= (750 N)sin 35°
F =4302 N

()

F, = F, cos 25° F, = Fcos35° F, = [, sin25°
={430.2 Njcos 25° = {750 N)cos 35° =(430.2 N)sin 25¢
F, =+390 N, F,=+614 N, F.=+181.8 N <
(» cos 8= £ #39ON 8, =587 4
TF 750N -
F :
cos 0, =12 = P01 N 6, =350° 4
T F 750N :
cos 0, = i‘— :M g =760" 4
F 750N B}
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v PROBLEM 2.72

Determine (a) the x, y, and z components of the 900-N force, (b) the
angles 6, 6, and 6, that the force forms with the coordinate axes.

SOLUTION

F, = Feos 657
= {900 N)cos 05° -
F,=3804N

(@)

F_=F, sin 20° F, = Fsin65° F, =F, cos 20°
= (380.4 N)sin 20° = (900 N)sin 65° =(380.4 N)cos 20°
Fo=-130.1 N, F,=+816 N, F, =+35TN |
(b) cOs 9‘_ xu&mm 9‘_ =08 3° <
T F 900N ’
F, .
cos @, = —2 ~I8I6 N, 6, =25.0° 4
Y F 900N _
cos 6, = L2 = FITN 8. =66.6° 4
F 900N '
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v PROBLEM 2.73

A horizontal circular plate is suspended as shown from three wires that
are attached to a support at D and form 30° angles with the vertical.
Knowing that the x component of the force exerted by wire AD on the
plate is 110.3 N, determine (@) the tension in wire AD, (b) the angles
0., 6,, and 8, that the force exerted at 4 forms with the coordinale axes.

SOLUTION
{a) : F = Fsin30°in50°=110.3 N (Given)

:ﬁ%zZSTWN F=288N <
(h) cos 6, fy 103N =1(1.38303 6, =675 4

TF 28797 N
= Fcos30° = 24939

cosg. = lr _24939N
TF 28797N

Ey

£,

= 0.86603 8, =30.0° 4

F, =~Fsin30°cos30°
=—(287.97 N)sin 30°cos 50°

=-92552 N
. e :
cosé, =Q=Mx—032139 g, =108.7° 4
T 28797N i
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” PROBLEM 2.74

A horizontal circular plate is suspended as shown from three wires that
are attached to a support at D and form 30° angles with the vertical.
Knowing that the z component of the force exerted by wire BD on the
plate is —32.14 N, determine (o) the tension in wire BD, (b) the angles
@, 8., and 8, that the force exerted at B forms with the coordinate axes.

SOLUTION
(a) F, =-Fsin30°sin40°=32.14 N (Given)
Fm~_—-§—2—'1‘4———:]0(}.() N F=1000N «
sin 30°gin 40°
(b) F, =—Fsin30°cos40°
= —{100.0 N)sin 30°cos 40°
=-38302 N
cos 8, mﬁxm:wﬂj%oz 0 =1125° 4
T F  1000N ’
F, = Fcos30°=86.603 N
F, :
cosf, =-—+= 86603N 0.86603 f, =30.0° 4
cF 106N :
F o=-32.14 N
cos, =2 = 2N _ 4 35140 6, =108.7° 4
F 100 N )
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i PROBLEM 2.75

A horizontal circular plate is suspended as shown from three
wires that are attached to a support at I3 and form 30° angles
with the vertical. Knowing that the tension in wire CD is 60 b,
determine {a} the components of the force exerted by this wire
on the plate, () the angles &, 0,, and 6, that the force forms
with the coordinate axes. '

SOLUTION
(1) F_ = (60 Ib)sin 30°cos 60° = —15 Ib Fo==15001b <
F, = (60 1b)c0s30°=151.96 1b F,=+5201b <
F_ =60 lb)sin30°sin 60°= 2598 Ib Fo=42601b <
) cosf, = _L =IO s 6, =104.5° 4
tF 60 Ib '
F, >
cosﬁ,z——is—————ﬂ'% lb:O.SG() 6, =30.0° 4
TF 60 1b 7
cosé, :i’u:mxﬂﬂﬁ 6, =643 4
F 60 1b )
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PROBLEM 2.76

A horizontal circular plate is suspended as shown from three wires that
are attached to a support at 12 and form 30° angles with the vertical.
Knowing that the x component of the force exerted by wire D on the
plate is ~20.0 Ib, determine (&) the tension in wire CD, (b) the angles
O,, 8., and @ that the force exerted at C forms with the coordinate axes.

SOLUTION
() F =~Fsin30°cos60°=-201b (Given)
o0 gotp F=80.01b 4
sin 30°cos 60°
a3 ]
(B cosf, =—+= —201b =—{.25 0, =104.5° 4
©F B0l ’

F, = (80 Ib)cos 30° = 69.282 Ib

F. 6.
cos =iy 09282 o gccis 0, =30.0° 4
CTITTS :

F_ = (801b)sin30°sin 60” = 34.6411b

cost, = I;f AL L (0.43301 0, =643 4
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PROBLEM 2.77

The end of the coaxial cable A£ is attached (o the pole A8, which is
strengthened by the guy wires AC and AD. Knowing that the tension
in wire AC is 120 b, determine (&) the components of the force
exerted by this wire on the pole, (b) the angles 6, 8, and & that the

torce forms with the coordinate axes.

SOLUTION
(a)

(b)

F_=(120 Ib}cos 60°cos 20°
Fo=56.3821b

£, =—(120 Ib)sin 60°
Fo=-1039231b

F, =—(120 lb)cos 60° sin 20°
F =-205211b

F. 56382 1b

TF 1200
F, -103.9231b
cos B, = — = —oon
S 120 tb
F, ~20521b
cos @, =
F 120 b

Fo=456.4 T

F=-103.9 1b

E, =205 Ib
6, = 62.0°
8, =150.0°

6, =99.8°

<

<
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PROBLEM 2.78

The end of the coaxial cable 4F is attached to the pole AB, which is
strengthened by the guy wires AC and 4AD. Knowing that the tension
in wire AD is 85 lb, determine (@) the components of the force
exerted by this wire on the pole, (b) the angles &, 8, and & that the

force forms with the coordinate axes.

SOLUTION

()

()

F_=(85 Ib)sin 36° sin 48°

i

=37.129 1b
#, = —(85 Ib)cos 36°
=—08.766 lb
7, = (85 Ib)sin 36° cos 48°
=33.431 1b
_ FoO37129 b
cosf =—L="1—"
N 851b
F o _eR 6
cos 0 =% = 68.766 b
cF 851b
Foo334311b
COs 8 mEem
F 851b

F.=37.11b 4

F, =-6881b «

Fo=3341b 4

0, =64.1° 4
8, =144.0° 4
0, = 66.8° 4
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PROBLEM 2.79

Determine the magnitude and direction of the force F = (320 N + (400 NYj — (250 Nk,

SOLUTION

F = (320 NY + (400 N)? +(~250 N F=570N <
cos 9, = Lx 320N 0. =558 4
T 50N :
. |
cos 8, =~ = 400N 6, =45.4° 4
T F 570N :
F. 250N
oS H!,xwémﬁ&* 8. =116.0° 4
» T T 50N
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PROBLEM 2.80

Determine the magnitude and dircction of the force F = (240 N} — (270 N)§ + (680 N)k,

SOLUTION

F= R4+ FI+F?

F = ,J(240 NY + (=270 N)* + (680 N)

. 240N

cos @, = — = e

T F  TTON

F "

cos 0, v 270 N
Yoo 710N

F. 680N

cos 8, = R

F 770N

F=710N 4

g, =718 4
g, =110.5° 4

6, =28.0° 4
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PROBLEM 2.81

A force acts at the origin of a coordinate system in a direction defined by the angles €, = 70.9° and
8, = 144.9°. Knowing that the z component of the force is —52.0 Ib, determine (a) the angle &, (b) the other
components and the magnitude of the force.

SOLUTION
() Wehave
(cosd )" +(cos a, ) +(cos€,) =1=> (cos 6, Y =1 —(cos 6_],)2 —(cos 6, )
Since F, <0 we must have cos@, <0

Thus, taking the negative square root, from above, we have:

cosf, = ~\/1 — (s 70.9°)% — (cos144.9°)” =0.47282 g, =1182° 4

(6)  Then:
F, 52.01b

F= = =109.978 1b
cosf, 0.47282
and F, = Fcos8, =(109.978 Ib)cos 70.9° F =360l 4
B, =Fcosf, =(109.978 Ib)cos144.9° F,=-90.01b

F=11001b o
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PROBLEM 2.82

A force acts at the origin of a coordinate system in a direction defined by the angles €, = 557 and £ =45°.
Knowing that the x component of the force is — 500 Ib, determine (a) the angle &, (b) the other components
and the magnitude of the force.

SOLUTION
{¢) Wehave
(cos Ei’l.)2 +(cosb, ¥+ {cosé&, ¥ =1 = (cos o, ) =1 (cos®, ¥ —(cos a. ¥
Since £, <<{ we must have cosf <0

Thus, taking the negative square root, from above, we have:

cos @, :—\/1 —(cos55)" —(cos45)* = 0.41353 8 =1144° 4
(#) Then:
Fote 2000 o0t F=12091b <
cosd,  0.41353
and F, = Feosé, = (1209.10 Ib)cos 55° F.=6941b <
F, = Feos@, = (1209.10 Ib)cos 45° F, =8551bh
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PROBLEM 2.83

A force F of magnitude 210 N acts at the origin of a coordinate system. Knowing that #, =80 N, € = 151.2°,
and £, < 0, defermine () the components £, and F, (b) the angles &, and &,

SOLUTION
(a) F, = Feosf, = (210 N)cos151.2°
= ~184.024 N £, =—184.0N <
Then: F*=F+ F‘z +
So: (210 NY = (80 N)” +(F, )" +(184.024 N)*
Hence: P, = —\/(210 N)? — (80 NY* — (184.024 Ny’
=—61.929 N F,=-6201b <€
(b cosf, = Fe . BON 35005 8. =67.6° 4
* " F 210N :
F Q
cosd, :4:%:4&294% A, =1072 <4
Y F 210N ;
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PROBLEM 2.84

A force F of magnitude 230 N acts at the origin of a coordinate system, Knowing that 8, = 32.5°, F,, =~ 60 N,
and I, > 0, determine () the components [, and /7, (b) the angles &, and 4.

SOLUTION
() Wehave
F_=Fcos@, ={230 N)cos32.5° Fo==1940N 4
Then; F =193.980 N

FP=F!+F +F}

So: (230 N)* =(193.980 N) +(~60 N)* + F
Hence: F = +J(230 N)? ~{193.980 N)Y* — (-60 NY* F =108.0N <4
(b) F, =108.036 N
F, -
cosg,md_xﬂ:—o.zﬁom 6, =105.1° <«
YF 230N
cost, = F, _108030N =(.46972 8 =62.0° 4
F o 230N
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Y PROBLEM 2.85

A transmission tower is held by three guy wires anchored by bolts
at B, C, and D. If the fension in wire A8 is 525 1b, determine the
components of the force exerted by the wire on the bolt at B.

Gt

o

SOLUTION
BA = (20 )i + (100 f)j— (25 Ak

BA = J(zo )% + (100 f)* + (-25 11)°
=105 ft
F=Fhg,

5251b
=1 [(20 1) + (100 f)j — (25 1)k
105 [ZO I+ (00 f) - (25 k]

F = (100.0 )i + (500 Ib)j — (125.0 Ib)k
F =+10001h, F,=+5001b, F,=-125.01b «
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PROBLEM 2.86

A transmission tower is held by three guy wires anchored by bolts
at B, C, and D. 1f the tension in wire 4D is 315 Ib, determine the
components of the foree exerted by the wire on the bolt at D.

SOLUTION

DA = (20 f)i+ (100 R)j + (70 [tk

=126 fl
F=Fhp,
. DA

DA
3151b

DA =J(20 1Y + (100 )? +(+70 ft)?

=220 )i + (100 ft)j+ (74 ft)k]

126 1t

F = (50 1b)i + (250 Ib)j + (185 Ib)k

F,=+501b,

F,=+2501b, F, =+18501b <
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! PROBLEM 2.87

250 aun

I/ ‘QE’ mm A frame ABC is supported in part by cable DBE that passcs
- through a frictionless ring at B. Knowing that the tension in the
cable is 385 N, determine the components of the force exerted by
the eable on the support at 12,

I

310 mimn /

1 B

450 m&kif/

SOLUTION

DB = (480 mm)i — (510 mm) i+ (320 mmk

DB = /(480 mm)” + (510 mm?) + (320 mm)*

=770 mm
F= F;\’DB
DB
DB

385N
770 mm
= (240 N)i — (255 N)j+ (160 N)k

[(480 mm)i — (510 mm)j+ (320 mm)k ]

F=4240N, F,=-255N, F,=+160.0N «
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PROBLEM 2.88

For the frame and cable of Problem 2.87, determine the components
of the force exerted by the cable on the support at £.

PROBILEM 2.87 A frame ABC is supported m part by cable DBE
that passes through a frictionless ring at 8. Knowing that the tension
in the cable is 385 N, determine the components of the force exerted
by the cable on the support at D,

SOLUTION

EB = (270 mm)i — (400 mm)j + (600 mm)k

EB = J(270 mm)” -+ (400 mm)” + (600 mm)*
=770 mm

F=Fhpy

e EB
£B
I8N

770 mm

[(270 mm)i — (400 mm)j -+ (600 mmk ]

F = (135 N)i ~ (200 N)j+ (300 N)k

F =+1350N, F,=-200N, F,=+300N <
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PROBLEM 2.89

Knowing that the tension in cable AB is 1425 N, determine the
components of the lorce exerted on the plate at 5.

SOLUTION

BA = (900 mm)i + (600 mm)j + (360 mm)k

BA= \/ (900 mm)* + (600 mm)* + (360 mm)”

=1140 mm

Ty, = TBA)“BA

I

Y

=1y %
1425 N
1140 mm

== (1125 N)i + (750 N)j+ (450 N)k

[—{200 mm)i + (600 mm)j+ (360 mm)k]

(Tpa), =—1I25N, (Ty,), =750N, (Tp,), =450N o
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PROBLEM 2.90

66 nan

Knowing that the tension in cable AC is 2130 N, determine the

Y2 components of the force exerted on the plate at C.

600 mm P

/<{)() mm\)/c

SOLUTION

CA = (900 mm)i + (600 mm)j— (920 mm)k

CAd= J(900 mm)’ + (600 mm)* + (920 mm)*
= 1420 mm

Toy =Teades

.4

- (:'Aa‘
2130 N

N 1420 mm
=-{1350 N)i + {900 N)j— {1380 N)k

[=(900 mm)i + {600 mm)j - (920 mmpk]

A4

(o), ==1350N, (T), =900N, (T,). =-1380 N «
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v PROBLEM 2.91

Find the magnitude and direction of the resultant of the two forces
shown knowing that 7= 300 N and 0 = 400 N.

SOLUTION

P = (300 N)[--cos30°sin 15 +sin 30°j -+ cos 30° cos 1 5°k ]
= —(67.243 NJi+ (150 N}j+(250.95 N)k

Q = (400 N)[cos 50°cos 20°1 + sin 50°§ — cos 50°sin 20°k |
= (400 N)[0.60402i + 0. 76604 — 0.21985]
={241.61 N} + (30642 N}j—(87.939 Nk

R=P+Q
= (174367 N)i+(456.42 N)j+ (163.011 N)k

R= \/(1 74.367 N)? +(456.42 N)* +(163.011 N)°

=51507 N R=5I5N <
R, . '
cosé, 2B 174367 N 4 1ags3 6. =70.2° 4
YT R TSI5.07N :

R,
cosé zémmzo.s%m 8, =276 4

TR 51507 N

cosamﬁimwzﬂﬁkéd% 6, =715 4
R S515.07N
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v PROBLEM 2.92

Q
P Find the magnitude and direction of the resultant of the two forces
},f shown knowing that P =400 N and 0 =300 N.
3 d 5] 0
L» \v oo

\20"

X

SOLUTION

P = (400 N)[—cos30°sin15% +sin30°j + cos 30°cos15°k ]
=—(89.678 N+ (200 N)j+ (334.6] N)k

Q = (300 N)[cos 50°cos 20%i + sin 50°j — cos 50°sin 207k ]
=(I81L.21 N)i+(229.81 N)j - (65.954 N)k

R=P+Q
=(91.532 N)i+ (42981 N}j+ (268.66 N)k

R=1J(91.532 N)? +(429.81 N)” + (268.66 N)*

=515.07N R=5I5N «¢
¢
cosf, :&:Mx 0.177708 g =79.8° 4
SR SI507N |
R,
cosf, wiﬁwﬂ().33447 g,=33.4" 4
© R 515.07N ’
R 8.
cos b, LR 20BOON 4 shi60 8, =58.6° 4
R 51507 N
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o ’ PROBLEM 2.93

Knowing that the tension is 425 1b in cable AR and 510 b in
cable AC, determine the magnitude and direction of the resultant
of the forces exerted at 4 by the two cables.

G 60 i

SOLUTION
AB = (40 in.)i — (45 in)j + (60 in.)k
AB = J(40in) + (45 in.) + (60 in)’ =85 in.
AC = (100 in)i — (45 in)j+ (60 in.)k
AC = J(100in) + (45 in)? +(60in)? =125 in.
AB (40 in)i ~ (45 in)j+ (60 in)k
Tp=Tophyy =Ty =(425 b
AR AB AR Al AB ( )!: 85 i[l.
T, = (200 Ib)i — (225 Ib)j + (300 Ib)k
i AC (100 in)i — (45 in)j + (60 in)k
Ty =Tohye =Ty = (510 1b
AL AC AC AC AC ( )[ ]25 ]ll
Tye = (408 Ih)i — (183.6 Ib)j + (244.8 Ib)k
R=T,, +T,. = (608)i — (408.6 1b)j+ (544.8 Ib)k
Then; R=912921b R=9131h 4«
and cosd, =B _ 4 66509 6, =48.2° <4
* 91292 1b :
cosd, :54%%%]%:-«0.44757 6, =116.6° 4
058, = 3480 _ ) o677 6, =53.4° 4

7 912.921b
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PROBLEM 2.94

Knowing that the tension is 510 1b in cable 4B and 425 lb in cable
AC, determine the magnitude and direction of the resultant of the
forces exerted at 4 by the two cables.

SOLUTION

Then:

and

AB = (40 in)i — (45 in.}j + (60 in)k
AB = J(40 in)® +(45in)* +(60in)" =85 in.
AC =(100 In.)i — (45 in)j+ (60 in)k

AC = J(100in)? + @5 in)? +(60in.) =125in.

} ., AB (40 )i — (4510 + (60 mok
Uiy =Typhyy =Typ W;IE =(510 H?){ L )

85 in.
T, =(2401b)i — (270 1b)j+ (360 Ib)k

(100 in)i — (45 in)j+ (60 in )k
125in.

AC
T,.=T A, =T . " =(4251h
AC ACTAC AC AC ( )|:

T, = (340 Ib)i - (153 Ib)j + (204 Ib)k
R=T,, +T,. = (580 Ib)i — (423 Ib)j + (564 Ib)k

R=912.921b R=9131b <

cosd, =—20M0 4 63532 9, =50.6° 4
* T 912.921b ’

cos, =50 046335 6, =117.6° 4
Y7 91292 1b )

cosé, 364161780 g, =51.8° 4
912.921b :
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PROBLEM 2.95

For the frame of Problem 2.87, determine the magnitude and
divection of the resultant of the forces exerted by the cable at B
knowing that the tension in the cable is 385 N.

PROBLEM 2.87 A frame ABC is supported in part by cable
DBE that passes through a frictionless ring at B. Knowing that
the tension in the cable is 385 N, determine the components of
the force exerted by the cable on the support at D.

SOLUTION

BD = —{480 mm)i + (510 mm)j~ (320 mm)k
BD = \/(430 mm)® + (510 mm)* + (320 mm)® = 770 mm

Fyp = Taphpn = Tap %
(385 N)
(770 mm)
=240 N)i+ (255 NDj— (160 Nk

[—(480 mm)i + (510 mm)j— (320 mm)k]

BE = (270 mm)i + (400 mm)j — (600 mmk
BE =J(270 tmm)” + (400 mm)? + (600 mm)? =770 mm

. BE
Fop = Touhpr = Tpp —

BE
=B8N 1070 mm)i + (400 mm)j - (600 mm)k ]
(770 mm)

= (135 N)i + (200 N})j - (300 N)k
R =F,, + Fyy = —(375 N)i + (455 N)j— (460 N)k

R :\/(375 NY +(455 N)? + (460 N)* =747.83 N R=T48 N

cos Q;ﬂ 6, =120.1° 4
Y 74783N -

cos 0, o ABN 8, =525 4
Y 74783 N :

cos 6, = 00N 0. =128.0° 4
74783 N :
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PROBLEM 2.96

360 nan

For the cables of Problem 2.89, knowing that the tension is 1425 N
in cable 4B and 2130 N in cable AC, determine the magnitude and
direction of the resultant of the forces exerted at 4 by the two
cables.

920 mm

600 mm P

)(UUD mm\/c

SOLUTION
Ty =—-Ts, (useresults of Problem 2.89)
(Typhy =+1125N (TAH)y =-T50N  (Ty5), =—450N
T =-T., {(useresults of Problem 2.90)
(The)y = +H1350N (Tye), =-900N  (T0), = +1380 N
Resultant: R =3F, =+1125+1350 = +2475 N z X
R, =LF, =-T750~ 200 =-1650 N
R, =XF =~450+1380=+930 N
R= (R +R.+ R}
= J(42475)% + (~1650)° +(+930)?
=3116.6 N R=3120N «
R,
cos &, =—+= 2475 6 =374 4
R 3116.6 '
R -
cos @, =—2= 1630 8 =122.0°0 «
YR 31166 g
cos 0, K 4930 6, =72.6° 4
R 31166

PROPRIETARY MATERIAL. © 2010 The McGraw-Hill Companies, Inc. All sights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the priov written permission of the publisher, or used beyond the limited
disivibution fo teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are o student using this Manual,

you are using it withow! permission.

98



y PROBLEM 2.97

The end of the coaxial cable AF is atlached to the pole AB, which
is strengthened by the guy wires AC and AD. Knowing that the
tension in AC is 150 1b and that the resultant of the forces exerted
at 4 by wires AC and AD must be contained in the xy plane,
determine (@) the tension in AD, (b) the magnitude and direction
of the resultant of the two forces,

—-

SOLUTION

R=T,.+T,,
= (150 Ib)(cos 60°cos 20° — sin 60°j - cos 60°sin 20°k)
+T,,(sm 36°sin 48°1 —cos 36°j+sin 36° cos 48°k) (1}
{a) Since R, =0, The coefficient of k must be zero.
(150 Ib)}(—cos 60°sin 20+ T, (sin 36° cos 48°) =0
T, =052201b T,=6521 d
{(b)  Substituting for 7', into Eq. (1) gives:
R ={(150 Ib) cos 60°cos 20°+(65.220 Ib)sin 36°sin 48°)i
~[(150 1b)sin 60°+ (65.220 Ib)cos 36°]j+0
R = (98.966 Ib)i - (182.668 1b)j

R =J(98.966 th)? + (182.668 b’
=207.76 1b R=2081b 4

£ [4
, _ 989661

- 6, =61.6° 4
¥ 20776 1b '
66
g, = 182068 Ib 6, =151.6° 4
7 207.76 1b ’
cos &, =0 8. =90.0" 4

z
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PROBLEM 2.98

The end of the coaxial cable AF is attached to the pole A8, which

gt is strengthened by the guy wires 4C and AD. Knowing that the
tension it A is 125 1b and that the resultant of the forees exerted
at A by wires AC and AD must be contained in the xy plane,
determine (@) the tension in AC, (b) the magnitude and direction
of the resultant of the two forces.
SOLUTION

R=F; +Ty
=T ,(cos 60°cos 207 —sin 60°j— cos 60°sin 20°k)
+ (125 Th)(sin 36°sin 48°i — cos 36°j+sin 36° cos 48°k) N
(@)  Simce R, =0, The coefficient of k must be zero.
T, (—cos 60°sin 20°) + (125 Ib)(sin 36° cos 487) =0
Ty =287.491b T, =2871b 4
(b)Y  Substituting for 7', into Eq. (1) gives:
R =[(287.49 1b) cos 60°cos 20°+ (125 Ib)sin 36°sin 48°i
~1(287.49 Ib)sin 607+ (125 Ib)cos 36°]j+0
R = (189.677 Ib)i—(350.10 1b)j

R = (189.677 Ib)* +(350.10 1b)°

=398.18 Ib K=3081b <«
{

cos 6, = 189.677 b 6, =61.6° 4

i 398.18 1b ’

350,

= 0100 0, =151.6° 4

2 39818 1b :
cos 8, =0 6, =90.0° <
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Y PROBLEM 2.99

Three cables are used to tether a balloon as shown. Determine the
vertical force P exerted by the balloon at 4 knowing that the tension
in cable AB is 259 N.

420w

3.30m
o

SOLUTION
h
iP
A 5,460 n
o
.20,
DN 1% el
H.'zumx

The forces applied at A are; T, By s Ty, and P

where P = Pj. To express the other forces in terms of the unit vectors i, i- K, we write

AB = —(4.20 m)i - (5.60 m)j AB=7.00m
AC = (2.40 m)i—(5.60 m)j+ (420 m)k  AC =7.40 m
AD = ~(5.60 m)j —(3.30 m)k AD =6.50m
and Vin =Taphag =Ty e (~0.6i ~0.8j)T,
AR
AC

Tie = Tychae =Ty =, = (032432075676 + 0.5675T)T, .

: AD ,
Lo = Tan )"AD =Lap :IB =(~0.86154f-- 0.50769K)7,
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PROBLEM 2.99 (Continued)

Fquilibrium condition EFE =0 T+ T+ 1T,p+Pi=0
Substiluting the expressions obtained for T, T, and T, and factoring i, i, and k:

(~0.67 p +0.32432T . )i+ (~0.87 1, ~0.75676T . —0.86 1547 1, + P)j

A

+H(0.56757T ¢ —0.507697 )k =0

Equating to zero the coefficients of i, §, k:

—0.67,, +0.324327 ;- = 0 (1)
08T, — 0.75676T - — 0.861547 , + P =0 @)
0.567577 . — 0.50769T, =0 3)

Setting T, =259 N in (1) and (2), and solving the resulting set of equations gives

Ty =479.15N
T, =535.66 N P=103IN! <«
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i PROBLEM 2.100

Three cables are used to tether a balloon as shown. Determine the
vertical force P exerted by the balloon at 4 knowing that the tension in
cable AC is 444 N.

SOLUTION

See Problem 2.99 for the figure and the analysis leading to the linear algebraic Equations (1), (2),
and (3) below:

—0.67,,, +0.32432T,,. =0 ("
~0.87,, —0.75676T ;. ~ 0.86154T ,, + P =0 )
0.56757T . —0.507697T,,, = 0 (3)

Substituting 7'~ =444 N in Equations (1), (2}, and (3) above, and solving the resulting set of
equations using conventional algorithms gives
7w =240N
T =49636 N P=956N| «
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¢ PROBLEM 2.101

Three cables are used to tether a batloon as shown. Determine the
vertical force P exerted by the balloon at A4 knowing that the tension
in cable AD 15 481 N.

560 m

Sfx
3.30m

4200

SOLUTION
See Problem 2.99 for the figure and the analysis leading to the linear algebraic Equations (1), (2), and (3).
—0.67,,; +0.324327 . =0 n
~0.87, —0.756767T . —0.86154T ), + P =0 )
0.567577 - —0.507697,;, =0 €)]

Substituting 7', =481 N in Equations (1), (2), and (3) above, and solving the resulting set of equations
using conventional algorithms gives
T, =43026N
Ty = 23257 N P=926 N{ <
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PROBLEM 2.102

Three cables are used to tether a balloon as shown. Knowing that the
balloon exerts an 800-N vertical force at 4, determine the tension in
each cable,

SOLUTION
see Problem 2.99 for the figure and analysis leading to the linear algebraic Equations (1), (2), and (3).
—0.67,, +0.324327 . =0 (N
—0.87,, —0.756767, . ~ 0861547, + P=0 {2)
0.56757T ;. — 0.507697 , =0 (3)
From Eq. (f) T, =0.540537 .
From Eq. (3) Ty =1L 117957,

Substitwting for 7', and T, interms of 7. into Eq. (2) gives:
~0.8(0.540537 ) — 0.75676T . ~ 0.86154(1.11795T )+ P =0
2458237, =P; P=800N
_ 800N

AT 01523
=371.69 N

Substituting into expressions for 7,, and T, gives:

Tp = 0.54053(371.69 N)
Ty =1.11795(371.69 N)

];U? = 20} N’ Tl(.‘ = 372 N'n 71,[) :4‘E() N ‘

P
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PROBLEM 2.103

A crate is supported by threc cables as shown. Determine
the weight of the crate knowing that the tension in cable AB
is 750 Ib.

SOLUTION
The forces applied at 4 are:

Typ: Tyes Ty and W

o

where P = Pj. To express the other forces in terms of the unit vectors i, j, K, we write

AB =—(36 in)i + (60 in)j - (27 in)k y
AB =75 in.

AC = (60in)j+ (32 in)k

AC = 681n,

AD = (40 in)i + (60 in)j— (27 in)k
AD =77 1n.

AB

and T, =T h=T,,—

Al AB AR Al AB
= (—0.48i + 0.8j— 0.36K)T,

AC

Ty =Ty = Ty

AL ACTAC AL AC
= (0.88235]+ 0.47059K )T,

AD

T, =T by =T

AD ADTAD AD AD

= (0,519481 + (1.77922 ;- 0.35065k)T
Fquilibrium Condition with W = -]

LF =00 Ty +Te+T,-Wj=0

PROPRIETARY MATERIAL, © 2010 The MeGraw-Hilk Companies, Inc. All rights reserved. No part of this Manual may be displaved,
reproduced or distributed in any form or by any means, without the prior writien permission of the publisher, or used beyond the limited
distribution o teachers and educators permitted by MeGrew-Hili for their individual course preparation. If vou are a stdent using this Manual,
You are Hsing it without permission.

146




PROBLEM 2.103 (Continued)

Substituti > € ions obtaine - , T, and T, and factoring i, j, and k:
Substituting the expressions obtained for T,,, T,.,and T ,, and factoring i, j, and k

(~0.487,, +0.519487,, )i + (0.8, +0.88235T . +0.779227,,, — W)j
+(~0.36T ,, +0.47059T,,. — 0.350657",,, )k =0

Equating to zero the coefficients of i, j, k:
—0.487,, +0.519487,, =0
0.87,, + 0.882357 . +0.77922T,, - W =0
~0.367,, +0.47059T,,. —0.35065T,, =0
Substituting 7', = 750 Ib in Equations (1), (2), and (3) and solving the resulting sct of equations, using
conventional algorithms for solving linear algebraic equations, gives:

T, =1090.11b
T, =693 1b W =21001b <
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PROBLEM 2.104

A crate is supported by three cables as shown. Determine
the weight of the crate knowing that the tension in cable AD
i5 016 1b.

SOLUTION

See Problem 2.103 for the figure and the analysis leading to the linear algebraic Equations (1), (2), and (3)
below:
~0.487 , +0.519487 ), =0
0.87,; +0.88235T . +0.77922T ), ~ W =0
~0.367,, +(.470597T . —0.350657,,, =0

Substituting 7', =616 1b in Equations (1), (2), and (3) above, and solving the resulting set of equations using
conventional algorithms, gives:

T, =667.671b
T, =969.00 Ib W =18681b <
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PROBLEM 2.105

()i, A crate is supporled by three cables as shown. Determine the weight

\\4)} of the crate knowing that the tension in cable 4C is 544 1b.

,;’*/ 27 in.

X

G} iy,

SOLUTION

See Problem 2.103 for the figure and the analysis leading to the linear algebraic Equations (1), (2), and (3)
below:
~0.48T,, +0.519487,, =0
0.87,, +0.882357, . + 0779227, - W =0
~0.367T,, +0.470597, . — 0.35065T,,, =0

Substituting T, = 544 Ib in Equations (1), (2}, and (3) above, and solving the resulting set of equations using
conventional algorithims, gives:

Ty =374.271b
T, = 345.821b W =1049 b <
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PROBLEM 2.106

A 1600-1b crate is supported by three cables as shown. Determine
the tension in cach cable.

SOLUTION

See Problem 2.103 for the figure and the analysis leading to the linear algebraic Equations (1), (2), and (3)
below:
~0.487,, +0.519487,, =0
0.87,, +0.882357 . +0.779227,, ~ W =0
—0.367 , + 0.47059T . — 0.350657 ;, =0
Substituting B = 1600 Ib in Equations (1), (2), and (3) above, and solving the resulting set of equations using
conventional algorithins, gives:

T.py=5711b 4
To=8301b 4
T,,=5281b <
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! PROBLEM 2.107

220 s

which the tension in cable 4D 1s 305 N,

\\,ﬂ S RTIT

320 -

ELLERTHIIN
Q

2 mn

T

O6H0 snm \1
\ x

Three cables are connecled at 4, where the forces P and Q are
applied as shown. Knowing that (0 =0, find the value of P for

SOLUTION

ZF, =00 Tp+T, +7T,+P=0 where P=Ppi

AB =—(960 mm)i ~ (240 mm)j+ (380 mm)k 4B =1060 mm
AC =~(960 mm)i ~(240 mm)j— (320 mm)k  AC =1040 mm
AD =~(960 mm)i + (720 mm)j - (220 mm)k 4D = 1220 mm

AB 48, 12, 19
T,=T k=T =T | e j+ -k
Af At hap = Lan g ,m[ 33 531 53 ]
AC 12, 3. 4
T,y=T =T =T | ~Zijelju_—k
AC AC e ACT A(( 3 .131 3 ]
o 305N \ .
U =Ty, = —————[(-960 mm}i+ (720 mm)j— (220 mm)k]
ST 1220 mm

=={240 N)I + (180 N)j— (55 N)k
Substituting into £F, =0, factoring i, j, k, and setting each coefficient equal to ¢ gives:
48 12

P a "yt ETAC + 240N

. 12 R

J: —5_3—71/{3 +T3—7AC =180 N
19 4

‘5"5 A]J‘_T?:Tzl(',‘xSSN

Solving the system of linear equations using conventional algorithms gives:
T =446.71 N

k:

(B

(2)

&)

Ty =34171N P=960N <

PROPRIETARY MATERIAL, © 2010 The MeGraw-Hill Companies, Inc. All rights veserved, No part of this Manval may be displaved,
reproduced ov distributed in any form or by any means, without the prior weitien permission of the publisher, or used beyond the limited
distribuiion to teachers and educators permitted by McGraw-Hill for their individual corrse preparation. If vou are a student using this Manued,

you are using i without perntission.

in




Y PROBLEM 2.108

220 mm

of © for which cable AD is taut.

BE0

320 s

il snln)/
e

>/ ‘

0

240 nun

940 inm r

Three cables are connected at 4, where the forces P and Q are
applied as shown. Knowing that P=1200 N, determine the values

SOLUTION

We assume that 7', =0 and write IF, =00 T, +T,+0j+ (200 N)i=0

AB = ~(960 mm)i — (240 mm)j + (380 mm)k A8 = 1060 mm
AC = (960 mm)i — (240 mm)j— (320 mm)k  AC = 1040 mm

AB 48, 12 19
T =Tuhy =T kT
AR AR AR AR T AB ( 5% 53 53 ] AB
AC (120 3. 4
T Ao =T o] kT
ae = Lac ke = The c [ 13 ]31 13 ) AC
Substituting into ¥, =0, factoring i, }, k, and setting each coefficient equal to ¢ gives:
4
i “27}3 12i”fi(wHZZO()}‘\J—{) ()
53 i3
12 3
: T+ 0=0 2
J Ty Tyl & (2)
19 4
kK: T ,—T,=0 3
53 AB T 13 AC ( )
Solving the resulting system of linear equations using conventional algorithms gives:
Ty =60571 N
T =T057IN
O =300.00 N 0=0<300N 4
Note: This solution assumes that (0 is directed upward as shown (@ = 0), if negative values of O
are considered, cable AL} remains taut, but AC becomes slack for 0 =-460 N.
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PROBLEM 2.109

A transmission tower is held by three guy wires attached to a
pin at 4 and anchored by bolts at B, C, and D. If the tension in
wire AB is 630 lb, determine the vertical force P exerted by the
tower on the pin at 4.

SOLUTION
Free Body A:
EF =0 Tp+T, +T,, +Pj=0 v
AB = -451-90j+30k  AB=105 {t PPy
AC =30i-90j+65k  AC=115fi
AD=20i-90j—60k AD=1101t
AB
We write Tip=T k=T, —
AR anf*an AR AR
:[*"1“Ej+g‘k)7}ﬁ
7
AC
Ty =T hge =Ty e
AL AC AL A€ AC
= 6,. 18 +£k}7},(
23 237 23
AD

T, =Tinhp =Tp—
ap = Aapfap = Lap o

2. 9. 6
= Sl =k (T
(1; TRENY Jf‘”

Substituting info the Eq. ZF =0 and factoring i, j, k:

6 2

3
T AT+ =T, i
( 7 AB 23 AC 11 ADJ

6 18 9 . .
+[_—7—TAB —5‘3“711(_.' "ﬁ']/m + P]J

2 13 o,
+[3’TAH +E§TLJ(‘ “H]?,if))k =)
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PROBLEM 2.109 (Continued)

Setting the coefficients of |, §, k, equal to zero:

3 6 2
i T =T T, =0 1
7 T tae T e H
. 0., 18 Q9
I “7‘7,11; WETAC *“I““I"ﬂm +P =0 ()
2 13 .. 6,
k: ;TAB +§“3”7A(;' TR =0 (3)
Set T,, =030 1b in Eqgs. (1) - (3):
6 2 ’
2701+ Ty 4T =0 (1"
C
540 1 —%TM, —%TAD +P=0 )
13 6, ;
180 To+ =T~ T =0 (3')
Solving, T, =467421h T,,=814351b P=1572.101b P=15721b 4
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Y PROBLEM 2.110

A transmission tower is held by three guy wires attached to a
pin at A and anchored by bolts at B, C, and D. If the tension in
wire AC is 920 th, determine the vertical force P exerted by the
tower on the pin at 4,

SOLUTION

See Problem 2.109 for the figure and the analysis leading to the linear algebraic Equations (1), {2), and (3)
below:

3 6 2
—?TAB +~£TA(;-+TITAI) =} (1}
6 18 9
2Ty Ty =Ty + P=0 @)
2 13 )
?TAB +?3_TA(,' W]‘]T/m =0 (3)

Substitating for 7, =920 1b in Equations (1), (2), and (3) above and solving the resulting set of equations
using conventional algorithims gives:

3 2
~=Ty +240 b+ T, =0 (1
7 11
6 3
10 -2, + P =0 )
7 11
“Z‘TAB 520 b ”’6—71,41) =0 (37
7 11
Solving, T,z =1240.00 Ib

T, = 1602.86 Ib
P=3094.3 b P=3090 b <4
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Y PROBLEM 2.111

A rectangular plate is supported by three cables as shown.
Knowing that the tension in cable AC is 60 N, determine the
weight of the plate.

Pimensions in nimn

SOLUTION

We note that the weight of the plate is equal in magnitude to the force P exerted by the support on Point 4.

Free Body A4:

EF =0 T,+T, +T,,+Pj=0

We have:
AB = —(320 mm})i — (480 mm)j+ (360 mmYk  AB =680 mm
AC = (450 mm)i — (480 mm)j+ (360 mm)k  AC =750 mm
AD = (250 mm)i — (480 mm)j— (360 mm)k  AD =650 mm
Thus:
AB 8. 12, 9 SRR
Fop =T nh,p= Sl e+ —k | T Dimensions in mm
AB AR AR AR AB ( 17 ]7-] }7 J AB
Vo =Tiobye =T T =(0.6i - 0.64j + 0.48k) T
AD (5. 96, 72
Ty =Typhsp =Typ e =] i e k
ap = Lapbap = Lap 70 ( 3 3 i 13 } AD

Substituting into the Eq. XM =0 and factoring i, j, k:
8 5
T 0.6 T, |i
( 17 ac '3 m]

12 .. . 9.6 .
+ (”ﬁ g —0.647 0 ~ T{TAD + PJJ

9 . 7.2,
+ [ﬁjr,m + 0487, — ?Fu) Jk =0
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| PROBLEM 2.111 (Continued)

Setting the coefficient of i, j, k equal to zero:

. g _, 5
I “‘*ﬁ']',fg + 06T/i(' +§TAI) =} (E)
[$
j: _ETAB AOG‘I‘TL;( —A)JET‘“) + [.') - O (2)
7 13t
9 72
k: ‘]_"7'?1[‘“; + (}.4871](., w._.I,B_.'Il‘”) e 0 (3)

Making 7, =60 N in (1} and (3):

g 5 .
3 T ¥ N2, =0 (1)
%T,,B 1288 N —%TAD =0 (3)

Multiply (17) by 9, (3") by &, and add:

554.4 N —%flz;m =0 T,,=572.0N

Substitute into (17) and solve for Tys
] .5
Tin :%[36+?§x572} Ty=544 0N

Substitute for the tensions in Eg. (2) and solve for P;

P :%(544 N)+0.64(60 N)+%l3(3(572 N)

=844.8 N Weight of plate = P=845N «
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PROBLEM 2.112

A rectangular plate is supported by three cables as shown. Knowing
that the tension in cable 4D is 520 N, determine the weight of the plate.

Dlimensions in mm

SOLUTION

See Problem 2.111 for the figure and the analysis leading to the lincar algebraic Equations (1), (2), and
(3} below:

8 | 5
5 Tan + 06Ty 45Ty =0 m
2y 064, - 207 4 P=0 2)
17 3
9 )
iy + 048y =T =0 3)

Making 7,,, =520 N in Egs. (1) and (3

M%TM +0.67,. +200 N=0 (1"
9 )
T + 0487, =288 N =0 (3)

Multiply (1) by 9, (3) by &, and add:
9.24T, ~S04 N=0 T, =54.5455 N

Substitute into (17) and solve for T ,:
1
T = %1(0.6 % 54.5455+200) T,, =494.545 N
Substitute Tor the tensions in Eq. (2) and solve for

P :%(494.545 N)Y+0.64(54.5455 N)+%'§6_(520 N)
=T768.00 N Weight of plate = P =768 N 4
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Y PROBLEM 2.113

For the transmission tower of Problems 2,109 and 2.110, determine
the tension in each guy wire knowing that the tower exerts on the
pin at A an upward vertical force 0f 2100 lb,

SOLUTION

See Problem 2.109 for the figure and the analysis leading to the linear algebraic Equations (1), (2}, and
{3) below:

3 6 2.,
AT?'TAB +E§TA(J "*"ﬁi’,w =0 (1)
6 18 9
"—.:,—TAB T3 lac "‘i““l”T/w +P=0 2)
2 13 6
=T+l =Ty =0 (3)

7 23 7 1

Substituting for £=2100 lb in Equations (1), (2), and (3) above and solving the resulting set of equations
using conventional algorithms gives:

3 6 2 ,
—“,;;TAB"'E AC?+ﬁTAI):O : ()

6 18 9
e e T T 2100 T =0 2
7 T ae T ap (2
2 i3 6, .
'.}_,TAB ‘2“§TAC “ﬁf’az) =0 39

T,y =841.551b
T, = 624.38 b
T, =1087.81 Ib T, =8421b 4

Ty =624 Ib

T, =1088 Ib «
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v PROBLEM 2.114

A horizontal circular plate weighing 60 1b is suspended as shown from
three wires that are attached to a support at D and form 30° angles with
the vertical. Determine the tension in each wire.

IR =0:
=T (s 30°)(sin 50°) + Ty, (in 30°)(cos 40°) + T, (5in 30°)(cos 60°) = 0
Dividing through by sin30° and evaluating:
~0.766047 ,,, +0.766047,, + 0.5T,,;, =0 (H
IF, =00 =Tp(c0830%) =Ty, (cos30%) — Ty (08 307) + 60 Ib =0
or T+ Ty + 10, =69282 10 (2)

ZF, =0 T,,8i130%cos50° + T, sin 30°sin 40° —~ Ty 5in 36°8in 60° = 0

or 0.64279T ,,, +0.642797,,, — 0.866037 ., =0 €))
Solving Equations (1), (2), and {3) simultancously:

T =2951b 4

Typ =10251b «

Tep =2951b 4
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Y PROBLEM 2.115

For the rectangular plate of Problems 2.111 and 2.112, defermine
the tension in each of the three cables kunowing that the weight of
the plate is 792 N,

130
4 ¢

Dimensions in nm

SOLUTION

See Problem 2.111 for the figure and the analysis leading to the iinear algebraic Equations (1), (2), and
(3) below. Setting P=792 N gives:

8 5
"ﬁTAS +0.67 +?§TAD =0 (1)
L oear,. 287, 1792 N =0 )

17 B X

9 7.2

'1"'7“TA;3 +0.487 - *E“TAU =0 3)
Solving Equations (1), (2), and {3) by conventional algorithims gives

T,,=510.00 N T,=510N €
T =56.250 N T =562N 4
T,, =53025N T,,=5306N 4
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Y PROBLEM 2.116

220nm

For the cable system of Problems 2.107 and 2.108, determine the
tension in each cable knowing that P=2880 N and 0 =0.

£60 mm

320 num

354 m]‘;>/

2 mm

GO0

SOLUTION

FF, =0 T,+T,-+T,,+P+Q=0
Where P=Fi and Q= Jj

AB = (960 mm)i (240 mm)j+ (380 mm)k 4B =1060 mm
AC = (960 mm)i — (240 mm)j— (320 mm)k  AC = 1040 mm
AD =~(960 mm)i +(720 mm)j~ (220 mm)k  AD =1220 mm

- . AB 48, 12, 19
Uiy =Tadip :TAB;E: AB (%—5‘3““‘5‘3‘1‘*“3"5 J

" AC 12, 3, 4
Vo= Tiedge =T ——=T4 [““* *—*"J*““”I(J

T 4C 13 137 13
AD 48 36, 11
T, s T ;\. =T _— . __i + . k
AD ADTAD A AJD Al [ 61 ()l 61 ]

Substituting into XF, =0, setting P = (2880 N)i and Q =0, and setting the coefficients of i, j, k cqual to 0,
we obtain the following three equilibrivm equations:

48 12 48
”"E;ETAB ‘*]—STTAC.‘*‘(;TY}D*%SON:O (H
. 12 3 36
i '"’SETAB "ﬁTA(: *?)?T,ﬂ.) =0 (2)
19 4 11
k: ETAB WET;IC “*ETAD =0 (3)
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PROBLEM 2.116 (Continued)

Solving the system of linear equations using conventional algorithms gives:

T,; =1340.14 N
T =1025.12 N

Ty =915.03 N 7,; =1340 N

T,.=1025N <

T, =915 N 4
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! PROBLEM 2.117

220 mm

o

%o 960 mm

33 ma -,

380 m,l>/'

9]

9GO mny \i’
\ .

For the cable system of Problems 2.107 and 2,108, determine the
tension in each cable knowing that P=2880 N and =576 N.

(1)

(2)

(3)

(1)

(2)

SOLUTION
See Problem 2.116 for the analysis leading to the Iinear algebraic Equations (1), (2), and (3) below:
““:r‘i“' AB “%T/«: *%TAD +P=0
A% e ~%. i +§;(]ZT/,D +0=0
Setting P=2880 N and 0 =576 N gives:
——:T;;-TAB ”%TAC *%?TAD +2880 N =0
w~—]5%if’,m A%TAC +3—)_?T/m +57T6 N=0
15% g~ ]“45-’ AT é‘i Tap=0

Solving the resulting set of equations using conventional algorithms gives:

T,; =1431.00 N
T, =1560.00 N
T, =183.010 N

(3"

T, =1431N 4
T =1560 N
T, =183.0N o
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220 min
/

rm

320 mm

8, )

e e ang 240 mm

960 mm \\‘
\ x

PROBLEM 2.118

For the cable system of Problems 2,107 and 2.108, determine the
tension in each cable knowing that P =2880 N and Q=-576N.
(Q is directed downward).

SOLUTION

See Problem 2.116 for the analysis leading to the linear algebraic Equations (1), (2), and (3) below:

48 12 48
Tl Ty A(f—"g?TAD"FP:O (1)
12 3 36
Ty s AETAC “"“(:l*T/u) Q=0 (2)
19 4 Pl
;{IAB WETA(,' "‘*6“1“7:10 =) (3)

Setting P=2880 N and Q =-576 N gives:

48 12 48 p
T3 lan “B‘TAC ‘“(;TT,-H) +2880 N =90 {1
12 3 36 ’
g}:_ /JBM?:;TA(.'_F}:{TADF"576N:O (2)
16 4 11 ,

5_3‘ AR ““]“3““ A *"(Z)’I‘TAD =0 39

Solving the resulting set of equations using conventional algorithms gives:

T,s =124929 N
Ty =490.31 N
T,, =1646.97 N T

A

5 =1249N 4
T =490N 4
T =1647TN o
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PROBLEM 2.119

Using two ropes and a roller chute, two workers are unloading a 200-1b
cast-iron counterweight from a truck. Knowing that at the instant
shown the counterweight is kept from moving and that the positions of
Points 4, B, and C are, respectively, A(0, =20 in., 40 in.), B(-40 in,,
50 in., 0), and C(45 in., 40 in., 0), and assuming that no friction exists
between the counterweight and the chute, defermine the tension in each
rope. (Hint: Since there is no friction, the force exerted by the chute on
the counterweight must be perpendicular to the chute.)

SOLUTION

From the geometry of the chute:

N
N=—(2j+k) -
\/g ) 2 { qo,‘;‘c";o.
= N(0.8944} +0.4472k)

The force in each rope can be writlen as the product of the magnitude of the
force and the unit vector along the cable. Thus, with

AB = (40 in)i + (70 in)j— (40 in.)k
AB = \J(40 in)” +(70 in)* +(40 in.)’

=900 in.
: AB
Fip =Thy =Ty iR
T . .
=48 [ 40 in)i+ (70 in)j— (40 in)k]
G0 in.
4, 7, 4
T,=T,| ——i+—j——k
AB AB[ 9 91 9 J
and AC = (45 in)i+ (60 in.)j — (40 in)k

AC =AJ(45 in)? +(60 in.) + (40 in.)* =85 in.

AC
T, =Tk, =T, . ——
AC AC AC AC‘
= —T’—L_L[(45 i+ (60 in)j— (40 in.)k]
85 1n.
9 12 8
T =T, | ~i+—j——k
AC /1(,[17 ;71 7 ]
Then: TF=0: N+T,+T,  +W=0
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PROBLEM 2.119 (Continued)

With W =200 Ib, and equating the factors of i, j, and k to zero, we obtain the linear algebraic equations:

. 4 9
: “;)‘7?43 "‘“it}“']:;c =1 (1}
7. 12, 2 B
J: ;)_TAB +WTAC +T\*/"—-§"200 Ib=90 {2)
4 8., 1
k: “b‘TAzf “?777,4(? +7—§N =0 (3)

Using conventional methods for solving linear algebraic equations we obtain:
Tp=656 <

T, =55.11b 4
.
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PROBLEM 2.120

Solve Problem 2.119 assuming that a third worker is exerting a force
P = —(40 Ib)i on the counterweight.

PROBLEM 2.119 Using two ropes and a roller chute, two workers are
unloading a 200-1b cast-iron counterweight from a truck. Knowing that
at the instant shown the counterweight is kept from moving and that the
positions of Points 4, B, and C are, respectively, (0, -20 in., 40 in.),
B(-40 in., 50 in, 0), and C(45 in., 40 in., 0), and assuming that no
friction exists hetween the counterweight and the chute, deternune the
tension in each rope. (Hint: Since there is no friction, the force exerted
by the chute on the counterweight must be perpendicular to the chute.)

SOLUTION

See Problem 2.119 for the analysis Jeading to the vectors describing the lension in each rope.

4, 7 4
T,,=T,|——i+—j——k
Al AR[ 9 ] 9 ]

9
9, 12, 8
T, =Ty | —i+—j——
e (17 7717 J
¥
Then: IF, =0 N+T,+T,+P+W=0 B {4,50,9)
Where P = —(40 Ib)i f}(us,%p)
and W = (200 1b)j

Equating the factors of §, j, and k to zero, we obtain the linear equations:
4 9

i T =T =40 1h=0 W

9 AB 17 AC i

% N +3TM +%Tm ~200 =0

RIS . S

J5 9 " 17

Using conventional methods for solving lincar algebraic equations we obtain

o+

T,,=2481b 4

T =964 1bd
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PROBLEM 2.121

A container of weight W is suspended from ring A.
Cable BAC passes through the ring and is attached to
fixed supports at B and . Two forces P=/Fi and
Q =0k are applied to the ving to maintain the
container in the position shown. Knowing that
W =376N, determine P and Q. (Hint: The tension is
the same in both portions of cable BAC)

SOLUTION
= TAC - T
Free Body A: T =Th,, SAG T 2 !
- AB A .
R P=FPL
_7 (130 mm)i + {400 mm)j + (160 mm)k @_: R

13, 40,
=1 ——i+—j+
45 45 45
Ty =Thye

4G
AC

450 mm
ﬁ

‘

(—150 mm)i + (400 mm)j + (240 mm)k

1S, 40, 24
=T =i
49 497 49

ZF =)
Setting coefficients of 4, j, k equal to zero:

13 15

490 mm

S

T,y +T, +Q+P+W=0

el =T+ P=0 0.595017 = P (H
45" 49
4()

+—(~T+@T—W:{) L7052t T =W (2)
45 49
I6 24 .

ki +—7-—T+0=0 01342407 =0 3
45 49 Y ¢ )
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PROBLEM 2.121 (Continued)

Data; W =376 N 1.705217 =376 N T =220.50 N
0.59501(220.50 N) =P P=1312N <
0.134240(220.50 Ny = 0 0=206N
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PROBLEM 2.122

150 a3

160 mim For the system of Problem 2.121, determine ¥ and @

knowing that =164 N.

PROBLEM 2.121 A container of weight ¥ is suspended
from ring 4. Cable BAC passes through the ring and is
attached to fixed supports at B and C. Two forces P=PFi
and Q =k are applied to the ring to maintain the container
400 110 n the position shown, Knowing that # =376 N, determine
\{ P and Q. (Hint: The tension is the same in both portions of

246 i
s

130 mm”

cable BAC))

SOLUTION

Refer to Problem 2.121 for the figure and analysis resulting in Equations (1), (2), and (3) for P, ¥, and @ in
terms of 7 below. Setting P =164 N we have:

Eq. (1): 0.595017 =164 N T =275.63 N
Fq. (2): 1.70521(275.63 N) = W W=470N <
Eq. 3): 0.134240(275.63 N) = O 0=370N 4
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Y PROBLEM 2.123

0560 \ : (4G A conlainer of weight W is suspended from ring 4, to
. ; which cables AC and AE are attached. A force P is
applied to the end F of a third cable that passes over a
pulley at B and through ring A and that is attached to a
support at D. Knowing that # =1000 N, determine the
magnitude of P. (Hint: The tension is the same in all
portions of cable FBAD.)

1.20m

160 m

130 m

1)}"\ \

0.40 m

v

SOLUTION

The (vector) force in cach cable can be written as the product of the (scalar) force and the unit vector along
the cable. That is, with

AB =—{0.78 m)i+ (1.6 m)j+ (0 mk
AB =+J(=0.78 m)? + (1.6 m)” +(0)*
=178 m

AB
Typ =Thyy =Ty —
AR Al A AB
=L 1078 myi+ (1.6 m)j+ (0 mk]
1.78 m

T, = Ty (~0.4382i + 0.8989j + 0k)

and AC = ()i + (1.6 m)j+ (1.2 mk
AC=-Jl0 m¥ +(1.6m) +(1.2m)* =2 m

T =Th,. =T FOOY + (1.6 m)j+ (1.2 m)k]

AC 2m
Ty =Ty (0.8j+0.6k)

and AD = (1.3 m)i+ (1.6 m)j+(0.4 m)k
AD = J03m) + (16 m) +(0.4m) =2.1m
Hij - T/{”

T =Thyy =0~ [(1.3 n)i+ (1.6 m)j+ (0.4 m)k]

! AD  2.0m
T, =T, (0.6190i +0.7619j + 0.1905Kk)
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PROBLEM 2.123 (Continued)

Finally, AE = —(0.4 m)i+ (1.6 m)j—(0.86 mk
AE = \/(4).4 m)* + (1.6 m)* +(-0.86 m)> =1.86 m
AE
Ty =Th, =T, —
AF T AE AE

oL [~(0.4 m)i+(1.6 m)j—(0.86 mk]
1.86 m

Tz = T (—0.2151i 40,8602 — 0.4624K)

With the weight of the container W= -], at 4 we have:
EF =00 T+ T+ Ty, ~Wj=0

Equating the factors of'i, j, and k to zero, we obtain the following linear algebraic equations:

~0.43827,;, +0.61907",,, —0.21517,,, =0 (1)
089897, + 0.87 . +0.76 19T, +0.86027 . — W =0 @)
0.67 ;- +0.19057,, —0.4624T . =0 @)

Knowing that ¥ =1000 N and that because of the pulley system at BT, =T, = P, where P is the externally
applied (unknown) force, we can solve the system of linear Equations (1), (2) and (3) uniquely for P,

P=378N 4
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! PROBLEM 2.124

05607 \ 040 :n Knowing that the tension in cable AC of the system
5 described in Problem 2.123 is 150 N, determine (@) the
magnitade of the force P, (b) the weight W of the
container.

1.30m

PROBLEM 2.123 A container of weight W is
suspended from ring A, to which cables 4C and AE are
attached, A force P is applied to the end F of a third
cable that passes over a pulley at B and through ring 4
and that is attached to a support at . Knowing that
W =1000 N, determine the magnitude of P. (Hint: The
tension is the same in all portions of cable FBAD.)

040 m
1.60m

W

SOLUTION

Here, as in Problem 2.123, the support of the container consists of the four cables AE, AC, AD, and AB, with
the condition that the force in cables 4B and AD is equal to the externally applied force P. Thus, with the
condition

Tiw=Typ=P
and using the lincar algebraic equations of Problem 2.131 with 7. =150 N, we obtain
(@) P=454N «
by W=1202N <
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v PROBLEM 2.125

Coltars A and B are connected by a 25-in.-long wire and can slide
freely on frictionless rods. It a 60-Ib force Q is applied to collar B as
shown, determine (a) the tension in the wire when x =9 in., (b) the
corresponding magnitude of the force P required to maintain the
equilibrium of the system.

200,

SOLUTION
Free Body Diagrams of Collars;

A: My
Nz
Tohws s

o

Qoo
AB  —xi—(20 in)j+ zk
hyp = =
AB 25 in.
Collar A: =00 Pit+Nj+NKk+Tpd,,=0

Substitute for A, and set coefficient of i equal to zero:
Tipx
P ) 1
25 1n. )

Coliar B: LF=0: (60 b)Yk + Ni+ N j—T;5d,, =0
Substitute for k., and set coefficient of k equal to zero:

FAB

60 1b— 5 =0 2

5in.

() x=9in. (9 in)* + (20 in) + 2% =(25 in.)’
z=12in
60 1b -TAlB(lz in.) T, =12501b 4
25 i,
(1250 b)(9 in)
~ 25in.

From Eq. (2):

(Fy FromEq. (1) P P=4501 +4
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v PROBLEM 2.126

Collars A and B are connected by a 25-in.-long wire and can slide
freely on frictionless rods. Determine the distances x and z for
which the equilibrium of the system is maintained when P =1201b
and () =60 1b.

20 1in.

Z X
SOLUTION
See Problem 2.125 for the diagrams and analysis leading to Equations (1) and (2) below:
Tipx
= 1
25 1n. M
Tn .
60 b~ 222 =0 VA
25 1n.
For P=1201b, Eq. (1) yiclds T px=(25 )20 Ib) (1
From Eq. (2) Typz = {25 n)(60 1b) 29
Dividing Eq. (1) by (2): Ta2 (3)
z
Now write 2 +22 +(200n)" =(25 in)’ (4)

Solving (3) and (4) simukianeously
4z% + 27 +400 = 625

z? =45
z=6.708 in.
From Eq. (3) x=2z=2(6.708 in))
=13.416 in.

x=1342in., z=6.71in. 4
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PROBLEM 2,127

The direction of the 75-1b forces may vary, but the angle between the forces is
always 50°. Determine the value of ¢ for which the resultant of the forces acting at 4

is directed horizontally to the lefi.

SOLUTION

We must first replace the two 75-1b forces by their resultant R, using the triangle rule.

R = 2(75 Ib)cos 25°
=135.946 b

R, =135946 Ib 7 +25°

Next we consider the resultant R, of R, and the 240-Ib force where R, must be horizontal and directed to
the left. Using the triangle rule and law of sines,
sin (e +25%)  sin(30°)
240 1b 135.946
sin{a +25°) = 0.88270

o +25°=61.970°
o =36.970° o=37.0° 4
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201 fz’ PROBLEM 2.128

A stake is being pulled out of the ground by means of two ropes as shown.
Knowing the magnitude and direction of the force exerted on one rope,
determine the magnitude and direction of the force P that should be exerted on
the other rope if the resultant of these two forces is to be a 40-1b vertical force.

SOLUTION
Triangle rule: P =
f
Law of cosines: P? = (30)" +(40)" - 2(30)(40)cos 25° 1R= 40l
P=18.0239 Ib i
30 o \y59
.. sing sin25°
Law of sines: bk o
301 18.0239 1b
o =447703°

90° — g = 45.297° P=18.021b o 453° 4
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PROBLEM 2.129

Member BD exerts on member ABC a force P directed along line BD.
Knowing that P must have a 240-1b vertical component, detcrmine
(ar) the magnitude of the force P, (b) its horizontal component.

| soLuTIoN
24ciby P
yo®
$ . 32
g
P
@ p= . 2801 or P=3731b 4
8in 35°  sin 40°
P
() p ooty 24000 or P, =286 b 4
T tan 40°  tan 40° ’
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PROBLEM 2.130

Two cables are tied together at C and loaded as shown. Determine
the tension (@) in cable AC, (b} in cable BC.

SOLUTION
Free Body Diagram at C:
K =0: - 11;;; ac ;2 ETBC =0 Tae Y Tec
Ty = 1088007, o TS| e
TF, =0; 3;25 ;tt Tt S‘Ef; Ty ~396 b =0 N ”
(a) 13;‘55{; T, + s%sﬂﬁ (1.08800T )~ 396 b= 0 y 2eln
(0.28000 + 0.51200)7 . =396 Ib
Tye =500.0 Ib T\ =500 b 4
(b) Ty = (1.08800)(500.0 Ib) Ty =544 1b 4
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0 ey PROBLEM 2.131

250 mm

Two cables are tied together at C and loaded as shown. Knowing
that P =360 N, determine the tension (&) in cable AC, (b) in
cable BC.

SOLUTION

(a)

(b)

3F, =0: M%TA(; +555(360 N)=0 T =312N <

IF, = 0; ]—55(312 N)+ T +§(360 N)-480 N =0

The =480 N~120N—216 N The =144 N o
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}FMW 00 mm —»| PROBLEM 2.132

Two cables are tied together at € and loaded as shown.

Determing the range of values of P for which both cables
250 mm b remain taut.
| U
4
150 N
SOLUTION
Free Body: C
IF, =0: WETZ1C+£P:0
Ta T o f 13 5
P4 13
1z 3 T=-—"F ]
L X AC 15 ( )
o= Yo 5

Substitute for 7, from (1): (

From (1), T, > 0 requires P> 0.

YF =0 gTAc + T 4%13“480 N=0

¥
SN B pir. i 3p-ason=0
13115 5

Ty = 480 N _%p ®

From (2), Ty > 0 requires %P <T480N, P<51420N

Altowable range:

0<P<514N+
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~
PROBLEM 2.133

A force acts at the origin of a coordinate system in a direction defined by the angles g, =693° and
&, =57.9° Knowing that the y component of the force is —174.0 Ib, determine (g) the angle 8,, (b) the other
components and the magnitude of the force.

_—
SOLUTION

(@) To determine ., use the relation
2
cos® 8, + cos’ 0, + cos’ 8, =1
2 2
or cos” &, =1-cos’ 8, - cos” B,

Since F, <20, we must have cos 0.0

cos 6) = m\/I —cos” 69.3° — cos? 57.9°

= ~(0.76985 6, =140.3° 4

£, -17401b

(b) F= =226.02 Ib F=2261b 4
cosd, ~0.76985

F.=Fcosf, =(226.02 Ibycos 69.3° F.=7991 4

I, = Feos@, = (226.02 1b)cos57.9° F,=120.11b «
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Y PROBLEM 2.134

Cable AB is 65 ft long, and the tension in that cable is 3900 lb.
Determine (a) the x, v, and z components of the force exerted by
the cable on the anchor B, (b) the angles 6, 6,, and ¢, defining
the direction of that force.

SOLUTION
4 o
A 1 From triangle AOB: cosf = S6f
T\ Y65t
> =0.86154
0, =30.51°
{a) F =~Fsin, cos20°

= —(3900 Ib)sin30.51°cos 20°
F, =-18611b 4

Fy =+F cos 9), = (3900 [b)(0.86154) F), =4+3360 1b <€
F, =+(3%900 Ib)sin 30.51° sin 20° F, =+077 b 4
(b cos, = Tx o 186116 4 4971 . =118.5° 4
) F 3900 1b ’
From above: 8, =30.51° g, =30.5° «
cosd, = B OTTH 01736 g, =80.0° €
F 3900 1b
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PROBLEM 2.135

In order to move a wrecked truck, two cables are attached at
A and pulled by winches B and C as shown. Knowing that the
tension is 10 kN in cable 4B and 7.5 kN in cable AC,
determine the magnitude and direction of the resultant of the
forces exerted at 4 by the two cables.

SOLUTION

AB =—15.588i+15j+12k
AB=24739m
AC =-15.588i +18.60j ~ 1 5k
AC=28530m

—_— - (]
]AB - T/IB }“AB = TA‘B ‘;E”*B* 10 conac’®= 15,588 m

—15.588i+15j+12k
24.739

T,y = (6.301 KN)i +(6.063 kN)j + (4.851 kN)k

AC —15.588i +18.60j — 15k
T =Tyohye =Ty (7.5 kKN ;
AC AC T™AC AC AC'( ) 28530
T, =~(4.098 KN)i +(4.890 kN)j- (3.943 kN)k

R=T,; + 7T, =~(10.399 kN)i+(10.953 kN)j +(0.908 kN)k
R= J(Eo.399)2 +(10.953)" +(0.908)"

T,, = (10 kN)

=15.130 kN R=15.13kN «
- C
cosd, =R o TAOIOKN G cers 6, =133.4° <«

R 15130 kN
R,
cos 6, :A:Mw.nw 6 =43.6° 4
YR ISA30 kN ’

_R._ 0908 kN

, D 20,0600 6, =86.6° 4
“T R 15130 kN
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v PROBLEM 2.136

360
MY mm A50 mm

500 3 i 320 mm

shown. Petermine the tension in each cable.

A container of weight W =1165 N is supported by three cables as

SOLUTION
Free Body: 4 EF=0: T+T, +T,+W=0
AB = (450 mm)i+ (600 mm)j
AE =750 mm
AC = (600 mm)j— (320 mm)k
AC =680 mm
AD = (500 mum)i + (600 mm)j+ (360 mm)k
AD =860 min
AB (450 600
We have: T =Tyhp=Tp—r= =it |T
¢ AR = Lapan = Lan T (750 7503] AB

= (0.6i +0.8))T,

AC {600 . 320 15. 8

Ton=To A=l ] 2 258 o 225 2
AC ACac ACT (6801 630 ]A(, (17.1 17

AD 300, 600, 360
e = | e e K,
AD 860 86} 860

25, 30, 18
T, =] ~———it+—j+—k T
ALy ( 3 43J 13 }AD

Ty = TA.')’?'AD = Lip

Substitute into TF =0, factor i, i, k, and set their coefficient equal to zero:

0.67,, —%TAD =0 Tz =0.96899T,,

e

.15 30
0.8T gy 4= T+ 2 Tap =165 N =0

=Ty =0 Ty = 0889537,

1
wWz-(165N) ¢ \L

k)TAC

(B

2)

3

PROPRIETARY MATERIAL, © 2010 The MeGraw-Hill Companies, Inc. Al rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, withowt the prior written permission of the publisher, or nsed beyond the limited
distribution to 1zachers and educators permitied by MeGraw-Hill for their individual course preparation. If vou are a student using this Manual,

vou are using it without permission.

146




PROBLEM 2.136 {Continued)

Substitute tor 7', and T, from (1) and (3) into (2):

(0.8xo.96899+%x 0.88953 +-§}Tm ~1165 N =0

2.2578T,, 1165 N=0 T, =516N 4
From (1): T, = 0.96899(516 N) T,5 =500 N o
From (3): T, =0.88953(516 N) T, =459 N <4
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v PROBLEM 2.137

Collars 4 and B are connected by a 525-mm-long wire and can
slide freely on frictionless rods. If a force P=(341 N)j is
applied to collar 4, determine (o) the tension in the wire when
y=155mm, (b) the magnitude of the force Q required to
maintain the equilibrivm of the system.

SOLUTION
For both Problems 2.137 and 2.138: Free Body Diagrams of Collars:
(ABY =x"+y* +2° Y P
Here (0.525 m)* = (.20 m)* + y* + 27 y .
or y? 4+ 27 =0.23563 m? ? N
=y

Thus, why v given, z is determined,

AB

AB

_ 1
0.525m
=(.380951 ~ 1.90476yj + 1.90476:zk

Now hyp =

(0.20i — vj+ zk)m

Where v and z are in units of meters, m.

From the F.B. Diagram of collar 4: EP=0: Ni+NEK+Pj+T 4,=0
Setting the j coefficient to zero gives: P —(1.90476y)7,, =0

With P=341N

.. 341N
A1 90476y

Now, from the tree body diagram of collar B: =00 Ni+N j+OK~T ph=0

Setting the k coefficient to zero gives: 0-7,,{1.90476z) =0
And using the above result for 7', we have P=T gz= ——Sﬁl\i——(! H0476z) = GANE)
(1.90476}y %
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PROBLEM 2.137 (Continued)

Then, from the specifications of the problem, y=155mm =0.155m

2 =0.23563 m? — (0.155 m)?

z=046m
and
4
(@) Ty AN
0.155(1.90476)
=1155.00 N
or Ty =1.155kN o

and
341 N(0.46 m)(0.866)

(0.155 m)
= (1012.00 N)

(h) ¢

or O=1012kN «
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y PROBLEM 2.138

P Solve Problem 2.137 assuming that y =275 mm.

PROBLEM 2.137 Collars 4 and B are connected by a
525-mm-long wire and can slide freely on frictionless
rods. It a force P=(341 N)§ is applied to collar 4,
determine (a) the tension in the wire when y =155 mm,
(b) the magnitude of the force Q required to maintain
the equilibrium of the system,

260 wmm

SOLUTION
From the analysis of Problem 2.137, particularly the resulis:

y* 42 =0.23563 m?

_ 34IN

4B 190476y

0= AN
¥

With y =275 mm = 0.275 m, we obtain;

2% =0.23563 m? - (0.275 m)*

z=040 m
and
(a) Tip= 341N = 651,00
(1.90476)(0.275 m)
or T, =65IN 4
and
341 N((h40 m
(b) =200 )
(0.275m)
or O=49%N
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