Chapter 2

This electric transmission tower is stabilized by cables that exert forces on the
tower at their points of connection. In this chapter we will show how to express
these forces as Cartesian vectors, and then determined their resultant.



Force Vectors

CHAPTER OBJECTIVES

B To show how to add forces and resolve them into components
using the Parallelogram Law.

B To express force and position in Cartesian vector form and
explain how to determine the vector’s magnitude and direction.

m To introduce the dot product in order to determine the angle
between two vectors or the projection of one vector onto
another.

2.1 Scalars and Vectors

All physical quantities in engineering mechanics are measured using
either scalars or vectors.

Scalar. A scalar is any positive or negative physical quantity that can
be completely specified by its magnitude. Examples of scalar quantities
include length, mass, and time.

Vector. A vector is any physical quantity that requires both a

magnitude and a direction for its complete description. Examples of Line of action
vectors encountered in statics are force, position, and moment. A vector \'l—ﬁ Head — >/
is shown graphically by an arrow. The length of the arrow represents the A P
magnitude of the vector, and the angle 6 between the vector and a fixed )
axis defines the direction of its line of action. The head or tip of the arrow Tail 2?
indicates the sense of direction of the vector, Fig. 2—1. o

In print, vector quantities are represented by boldface letters such as Fig. 2-1

A, and the magnitude of a vector is italicized, A. For handwritten work,
it is often convgl)ient to denote a vector quantity by simply drawing an
arrow above it, A .
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Scalar multiplication and division

Fig. 2-2

2.2 Vector Operations

Multiplication and Division of a Vector by a Scalar. Ifa
vector is multiplied by a positive scalar, its magnitude is increased by that
amount. Multiplying by a negative scalar will also change the directional
sense of the vector. Graphic examples of these operations are shown
in Fig. 2-2.

Vector Addition. All vector quantities obey the parallelogram
law of addition. To illustrate, the two “component” vectors A and B in
Fig. 2-3a are added to form a “resultant” vector R = A + B using the
following procedure:

® First join the tails of the components at a point to make them
concurrent, Fig. 2-3b.

® From the head of B, draw a line parallel to A. Draw another line
from the head of A that is parallel to B. These two lines intersect at
point P to form the adjacent sides of a parallelogram.

® The diagonal of this parallelogram that extends to P forms R, which
then represents the resultant vector R=A + B, Fig. 2-3c.

B
B
R=A+B

Parallelogram law

(a) (b) (c)
Fig. 2-3

We can also add B to A, Fig. 2-4a, using the triangle rule, which is a
special case of the parallelogram law, whereby vector B is added to
vector A in a “head-to-tail” fashion, i.e., by connecting the head of A to
the tail of B, Fig. 2-4b. The resultant R extends from the tail of A to the
head of B. In a similar manner, R can also be obtained by adding A to B,
Fig. 2—4c¢. By comparison, it is seen that vector addition is commutative;
in other words, the vectors can be added in either order, i.e.,
R =A+B =B + A.
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R
B A
SN
R=A+B R=B+A
Triangle rule Triangle rule
(a) (b) (0)
Fig. 2-4

As a special case, if the two vectors A and B are collinear, i.e., both
have the same line of action, the parallelogram law reduces to an
algebraic or scalar addition R=A + B, as shown in Fig. 2-5.

y
\ A/
.

AT B
R=A+B
Addition of collinear vectors

Fig. 2-5

Vector Subtraction. The resultant of the difference between two
vectors A and B of the same type may be expressed as

R=A-B=A+ (-B)

This vector sum is shown graphically in Fig. 2-6. Subtraction is therefore
defined as a special case of addition, so the rules of vector addition also
apply to vector subtraction.

-B
A
R A or R '\
B > < -B
Parallelogram law Triangle construction

Vector subtraction

Fig. 2-6
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The parallelogram law must be used
to determine the resultant of the two
forces acting on the hook.

Using the parallelogram law the supporting
force F can be resolved into components
acting along the u and v axes.

2.3 Vector Addition of Forces

Experimental evidence has shown that a force is a vector quantity since
it has a specified magnitude, direction, and sense and it adds according to
the parallelogram law. Two common problems in statics involve either
finding the resultant force, knowing its components, or resolving a known
force into two components. We will now describe how each of these
problems is solved using the parallelogram law.

Finding a Resultant Force. The two component forces F, and F,
acting on the pin in Fig. 2-7a can be added together to form the resultant
force Fr =F; + F,, as shown in Fig. 2-7b. From this construction, or using
the triangle rule, Fig. 2-7¢, we can apply the law of cosines or the law of
sines to the triangle in order to obtain the magnitude of the resultant
force and its direction.

Fr=F +F,
(b) (©
Fig. 2-7

Finding the Components of a Force. Sometimes it is necessary
to resolve a force into two components in order to study its pulling or
pushing effect in two specific directions. For example, in Fig. 2-8a, F is to
be resolved into two components along the two members, defined by the
u and v axes. In order to determine the magnitude of each component, a
parallelogram is constructed first, by drawing lines starting from the tip
of F, one line parallel to u«, and the other line parallel to v. These lines
then intersect with the v and u axes, forming a parallelogram. The force
components F, and F, are then established by simply joining the tail of F
to the intersection points on the # and v axes, Fig.2-8b.This parallelogram
can then be reduced to a triangle, which represents the triangle rule,
Fig. 2-8c. From this, the law of sines can then be applied to determine the
unknown magnitudes of the components.
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: / v
F, F
’ r ’ F,
(a) (b) (0)
Fig. 2-8

Addition of Several Forces. If more than two forces are to be
added, successive applications of the parallelogram law can be carried
out in order to obtain the resultant force. For example, if three forces Fy,
F,, F; act at a point O, Fig. 2-9, the resultant of any two of the forces is
found, say, F; + F,—and then this resultant is added to the third force,
yielding the resultant of all three forces; i.e., Fg = (F; + F;) + F5. Using
the parallelogram law to add more than two forces, as shown here, often
requires extensive geometric and trigonometric calculation to determine
the numerical values for the magnitude and direction of the resultant.
Instead, problems of this type are easily solved by using the “rectangular-
component method,” which is explained in Sec. 2.4.

The resultant force Fy on the hook requires
the addition of F, + F,, then this resultant
is added to Fs.
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Procedure for Analysis

Problems that involve the addition of two forces can be solved as
follows:

Parallelogram Law.

® Two “component” forces Fy and F, in Fig. 2-10a add according to
the parallelogram law, yielding a resultant force Fy that forms the
diagonal of the parallelogram.

® If a force F is to be resolved into components along two axes u
and v, Fig. 2-10b, then start at the head of force F and construct
lines parallel to the axes, thereby forming the parallelogram. The
sides of the parallelogram represent the components, F, and F,,.

® Label all the known and unknown force magnitudes and the angles
on the sketch and identify the two unknowns as the magnitude and
direction of Fg, or the magnitudes of its components.

Trigonometry.

® Redraw a half portion of the parallelogram to illustrate the
triangular head-to-tail addition of the components.

A/ CN\B
b @ ® From this triangle, the magnitude of the resultant force can be
C determined using the law of cosines, and its direction is determined
- from the law of sines. The magnitudes of two force components
Cosine law: are determined from the law of sines. The formulas are given in
C=VA?+ B> —2A4Bcosc Fio. 2-10.
g.2-10c.
Sine law:
A _B __C
sing sinb sinc

(0)
Fig. 2-10

Important Points

¢ A scalar is a positive or negative number.

¢ A vector is a quantity that has a magnitude, direction, and sense.

¢ Multiplication or division of a vector by a scalar will change the
magnitude of the vector. The sense of the vector will change if the

scalar is negative.

® As a special case, if the vectors are collinear, the resultant is
formed by an algebraic or scalar addition.
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The screw eye in Fig. 2-11a is subjected to two forces, F; and F,.
Determine the magnitude and direction of the resultant force.

SOLUTION

Parallelogram Law. The parallelogram is formed by drawing a line
from the head of F; that is parallel to F,, and another line from the
head of F, that is parallel to F,. The resultant force Fy extends to where
these lines intersect at point A, Fig. 2-11b. The two unknowns are the
magnitude of Fy and the angle 6 (theta).

Trigonometry. From the parallelogram, the vector triangle is
constructed, Fig. 2-11c. Using the law of cosines

Fr = V(100 N)> + (150 N)®> — 2(100 N)(150 N) cos 115°
= V10000 + 22500 — 30 000(—0.4226) = 212.6 N
= 213N

Ans.

Applying the law of sines to determine 0,

150N 212.6N o= JON L
sin@  sin 115° e = onen
0 = 39.8°

Thus, the direction ¢ (phi) of Fg, measured from the horizontal, is

¢ = 39.8° + 15.0° = 54.8° Ans.
NOTE: The results seem reasonable, since Fig. 2-11b shows Fy to have
a magnitude larger than its components and a direction that is
between them.

65°

360° — 2(65°
3607 265)_ 4450

100 N
15°

I
90° — 25° =

65°
(®)
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EXAMPLE | 2.2

FORCE VECTORS

(a)

Resolve the horizontal 600-1b force in Fig. 2-12a into components
acting along the u and v axes and determine the magnitudes of these
components.

(b) (c)
Fig. 2-12

SOLUTION

The parallelogram is constructed by extending a line from the kead of
the 600-Ib force parallel to the v axis until it intersects the u axis at
point B, Fig. 2-12b.The arrow from A to B represents F,,. Similarly, the
line extended from the head of the 600-1b force drawn parallel to the
u axis intersects the v axis at point C, which gives F,,.

The vector addition using the triangle rule is shown in Fig. 2-12c¢.
The two unknowns are the magnitudes of F, and F,.. Applying the law
of sines,

F, _ 6001b

sin 120°  sin 30°
F, = 1039 1b Ans.

F, _ 6001Ib

sin30°  sin 30°
F, = 6001b Ans.

NOTE: The result for F, shows that sometimes a component can have
a greater magnitude than the resultant.
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2.3 VECTOR ADDITION OF FORCES

Determine the magnitude of the component force F in Fig. 2-13a and
the magnitude of the resultant force Fy if Fy is directed along the

positive y axis.

y

y

F
| 200 Ib
45°
% F
30°
(a) (b)

Fig. 2-13

SOLUTION

©

The parallelogram law of addition is shown in Fig. 2-13b, and the
triangle rule is shown in Fig. 2-13c. The magnitudes of F¢ and F are the
two unknowns. They can be determined by applying the law of sines.

F  2001b
sin 60°  sin 45°

F =2451b

Fr  2001b
sin 75°  sin 45°

Fr=2731b

Ans.

Ans.

25
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EXAMPLE | 2.4

|

It is required that the resultant force acting on the eyebolt in Fig. 2-14a
be directed along the positive x axis and that F, have a minimum
magnitude. Determine this magnitude, the angle 6, and the corresponding
resultant force.

F, = 800N

~
N
60° \
%x
0
A

L W

F,
(a)
Fig. 2-14

SOLUTION

The triangle rule for F = F, + F, is shown in Fig. 2-14b. Since the
magnitudes (lengths) of F and F, are not specified, then F, can actually
be any vector that has its head touching the line of action of Fg, Fig.2-14c.
However, as shown, the magnitude of F, is a minimum or the shortest
length when its line of action is perpendicular to the line of action of
Fy, that is, when

0 = 90° Ans.

Since the vector addition now forms the shaded right triangle, the two
unknown magnitudes can be obtained by trigonometry.

Fr = (800 N)cos 60° = 400 N Ans.
F, = (800 N)sin 60° = 693 N Ans.

It is strongly suggested that you test yourself on the solutions to these
examples, by covering them over and then trying to draw the parallelogram
law, and thinking about how the sine and cosine laws are used to determine
the unknowns. Then before solving any of the problems, try and solve some
of the Fundamental Problems given on the next page. The solutions and
answers to these are given in the back of the book. Doing this throughout
the book will help immensely in developing your problem-solving skills.
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F2-1. Determine the magnitude of the resultant force
acting on the screw eye and its direction measured clockwise
from the x axis.

45°
2kN

6 kN F2-1

F2-2. Two forces act on the hook. Determine the magnitude
of the resultant force.

200N
40°

500N ?2-2

F2-3. Determine the magnitude of the resultant force
and its direction measured counterclockwise from the
positive x axis.

800 N

600 N
F2-3

F2-4. Resolve the 30-1b force into components along the
u and v axes, and determine the magnitude of each of these

components.
v
152 301b
30°
u
F2-4

F2-5. The force F = 4501b acts on the frame. Resolve
this force into components acting along members AB and
AC, and determine the magnitude of each component.

F2-5
F2-6. If force F is to have a component along the u axis of
F, = 6 kN, determine the magnitude of F and the
magnitude of its component F, along the v axis.
u

F2-6

* Partial solutions and answers to all Fundamental Problems are given in the back of the book.




28 CHAPTER 2 FORCE VECTORS

Sleromiews

2-1. Determine the magnitude of the resultant force
Fr = F; + F, and its direction, measured counterclockwise
from the positive x axis.

F,=3751b

Prob. 2-1

2-2. If0 = 60°and F = 450 N, determine the magnitude of
the resultant force and its direction, measured counterclockwise
from the positive x axis.

2-3. If the magnitude of the resultant force is to be 500 N,
directed along the positive y axis, determine the magnitude
of force F and its direction 6.

15°
700 N

Probs. 2-2/3

*2—4. Determine the magnitude of the resultant force
Fr = F; + F, and its direction, measured clockwise from
the positive u axis.

2-5. Resolve the force F, into components acting along
the u and v axes and determine the magnitudes of the
components.

2-6. Resolve the force F, into components acting along
the u and v axes and determine the magnitudes of the
components.

70° »
u
30°
4 F,=300N
F, = 500N Y
Probs. 2—-4/5/6

2-7. The vertical force F acts downward at A on the two-
membered frame. Determine the magnitudes of the two
components of F directed along the axes of AB and AC.
Set F = 500 N.

*2-8. Solve Prob.2-7 with F = 350 1b.

Probs. 2-7/8



2-9. Resolve F| into components along the u and v axes
and determine the magnitudes of these components.

2-10. Resolve F, into components along the u and v axes
and determine the magnitudes of these components.
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2-13. Force F acts on the frame such that its component
acting along member AB is 650 1b, directed from B towards
A, and the component acting along member BC is 500 Ib,
directed from B towards C. Determine the magnitude of F
and its direction 6. Set ¢ = 60°.

2-14. Force F acts on the frame such that its component
acting along member AB is 650 1b, directed from B towards
A. Determine the required angle ¢ (0° = ¢ = 90°) and the
component acting along member BC. Set F = 850 1b and
6 = 30°.

Probs. 2-9/10

2-11. The force acting on the gear tooth is F = 201b.
Resolve this force into two components acting along the
lines aa and bb.

*2-12. The component of force F acting along line aa is
required to be 30 Ib. Determine the magnitude of F and its
component along line bb.

Probs. 2-11/12

Probs. 2-13/14

2-15. The plate is subjected to the two forces at A and B
as shown. If # = 60°, determine the magnitude of the
resultant of these two forces and its direction measured
clockwise from the horizontal.

*2-16. Determine the angle 6 for connecting member A to
the plate so that the resultant force of F4 and Fp is directed
horizontally to the right. Also, what is the magnitude of the
resultant force?

F,=8kN

FB:6kN

Probs. 2-15/16
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2-17. Determine the design angle 6 (0° = 6 = 90°) for
strut AB so that the 400-1b horizontal force has a component
of 500 1b directed from A towards C. What is the component
of force acting along member AB? Take ¢ = 40°.

2-18. Determine the design angle ¢ (0° = ¢ = 90°)
between struts AB and AC so that the 400-1b horizontal
force has a component of 600 1b which acts up to the left, in
the same direction as from B towards A.Take 6 = 30°.

400 Ib

<

Probs. 2-17/18

2-19. Determine the magnitude and direction of the
resultant F; = F; + F, + F5 of the three forces by first
finding the resultant F' = F; + F, and then forming
Fr, =F' + Fs.

*2-20. Determine the magnitude and direction of the
resultant F; = F; + F, + F5 of the three forces by first
finding the resultant F' = F, + F; and then forming
Fp =F +F,.

F2:20N

Probs. 2-19/20

2-21. Two forces act on the screw eye. If F; = 400 N and
F, = 600 N, determine the angle 6 (0° < 6 =< 180°) between
them, so that the resultant force has a magnitude of Fr = 800 N.

2-22. Two forces F, and F, act on the screw eye. If their
lines of action are at an angle # apart and the magnitude of
each force is F; = F, = F, determine the magnitude of the
resultant force Fp and the angle between Fy and F;.

F

Probs. 2-21/22

2-23. Two forces act on the screw eye. If F = 600N,
determine the magnitude of the resultant force and the
angle 6 if the resultant force is directed vertically upward.

*2-24. Two forces are applied at the end of a screw eye in
order to remove the post. Determine the angle
0 (0° = 6 = 90°) and the magnitude of force F so that the
resultant force acting on the post is directed vertically
upward and has a magnitude of 750 N.

Probs. 2-23/24



2-25. The chisel exerts a force of 20 Ib on the wood dowel
rod which is turning in a lathe. Resolve this force into
components acting (a) along the n and ¢ axes and (b) along
the x and y axes.

Prob. 2-25

2-26. The beam is to be hoisted using two chains.
Determine the magnitudes of forces F, and Fj acting on
each chain in order to develop a resultant force of 600 N
directed along the positive y axis. Set § = 45°.

2-27. The beam is to be hoisted using two chains. If the
resultant force is to be 600 N directed along the positive
y axis, determine the magnitudes of forces F, and Fjy acting
on each chain and the angle 0 of Fy so that the magnitude of
Fy is a minimum. F acts at 30° from the y axis, as shown.

Probs. 2-26/27
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*2-28. If the resultant force of the two tugboats is 3 kN,
directed along the positive x axis, determine the required
magnitude of force F and its direction 6.

2-29. If F = 3kN and # = 45° determine the magni-
tude of the resultant force of the two tugboats and its
direction measured clockwise from the positive x axis.

2-30. If the resultant force of the two tugboats is required
to be directed towards the positive x axis, and Fp is to be a
minimum, determine the magnitude of F; and Fp and the
angle 6.

Probs. 2-28/29/30

2-31. Three chains act on the bracket such that they create
a resultant force having a magnitude of 500 Ib. If two of the
chains are subjected to known forces, as shown, determine
the angle 0 of the third chain measured clockwise from the
positive x axis, so that the magnitude of force F in this chain
is a minimum. All forces lie in the x—y plane. What is the
magnitude of F? Hint: First find the resultant of the two
known forces. Force F acts in this direction.

200 Ib

Prob. 2-31
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(b)
Fig. 2-15

FORCE VECTORS

2.4 Addition of a System of Coplanar
Forces

When a force is resolved into two components along the x and y axes, the
components are then called rectangular components. For analytical work
we can represent these components in one of two ways, using either scalar
notation or Cartesian vector notation.

Scalar Notation. The rectangular components of force F shown
in Fig. 2-15a are found using the parallelogram law, so that F = F, + F,.
Because these components form a right triangle, they can be deter-
mined from

F,= Fcosf and F, = Fsin6

Instead of using the angle 6, however, the direction of F can also be
defined using a small “slope” triangle, as in the example shown in Fig. 2-15b.
Since this triangle and the larger shaded triangle are similar, the proportional
length of the sides gives

F. a
F_c
or
a
FXIF(>
c
and
B _b
F c
or

e (2

Here the y component is a negative scalar since F, is directed along the
negative y axis.

It is important to keep in mind that this positive and negative scalar
notation is to be used only for computational purposes, not for graphical
representations in figures. Throughout the book, the head of a vector
arrow in any figure indicates the sense of the vector graphically; algebraic
signs are not used for this purpose. Thus, the vectors in Figs. 2-15a and
2-15b are designated by using boldface (vector) notation.* Whenever
italic symbols are written near vector arrows in figures, they indicate the
magnitude of the vector, which is always a positive quantity.

*Negative signs are used only in figures with boldface notation when showing equal but
opposite pairs of vectors, as in Fig. 2-2.
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Cartesian Vector Notation. It is also possible to represent the x
and y components of a force in terms of Cartesian unit vectors i and j. They
are called unit vectors because they have a dimensionless magnitude of 1,
and so they can be used to designate the directions of the x and y axes,
respectively, Fig. 2-16.*

Since the magnitude of each component of F is always a positive
quantity, which is represented by the (positive) scalars F, and F,, then we
can express F as a Cartesian vector,

F=Fi+Fj

Coplanar Force Resultants. We can use either of the two
methods just described to determine the resultant of several coplanar
forces. To do this, each force is first resolved into its x and y components,
and then the respective components are added using scalar algebra since
they are collinear. The resultant force is then formed by adding the
resultant components using the parallelogram law. For example, consider
the three concurrent forces in Fig. 2-17a, which have x and y components
shown in Fig. 2-17b. Using Cartesian vector notation, each force is first
represented as a Cartesian vector, i.e.,

Fl = lei + Flyj
= _szi + F2yj
F3xi - F3yj

=
W N
([

The vector resultant is therefore

Fr=F, + F, + F;
=P+ Fiyj — Fod + By + i — Fayj
= (Fiy = Fop + F3)i + (Fy, + Fy, — F3))j
= (Froi + (Fg))j

If scalar notation is used, then from Fig. 2-17b, we have

(i>) (FR)szlx_F2x+F3x

(+ T) (FR)y = Fly + F2y - F3y

These are the same results as the i and j components of Fy determined
above.

* For handwritten work, unit vectors are usually indicated using a circumflex, e.g.,? and }
Also, realize that F, and F) in Fig. 2-16 represent the magnitudes of the components, which
are always positive scalars. The directions are defined by i and j. If instead we used scalar
notation, then F, and F, could be positive or negative scalars, since they would account for
both the magnitude and direction of the components.

o
—
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_ F
{ A
F}’
*1 F, i
Fig. 2-16
y
F, .
1
X
F;
(a)
y
FZy
F,,
~ AN
Fole >~ Lle=2"" F,
r— X
i - F3x
\\
F3y \/
(b)
Fig. 2-17
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(FR) y FR
A

0

'(FR)X

(©

Fig. 2-17 (cont.)

The resultant force of the three cable
forces acting on the post can be
determined by adding algebraically the
separate x and y components of each
cable force. This resultant Fp produces
the same pulling effect on the post as all
three cables.

We can represent the components of the resultant force of any number
of coplanar forces symbolically by the algebraic sum of the x and y
components of all the forces, i.e.,

(FR)x = 2Fx

2-1
(FR)y = 2'F'y ( )

Once these components are determined, they may be sketched along
the x and y axes with their proper sense of direction, and the resultant
force can be determined from vector addition, as shown in Fig. 2-17c.
From this sketch, the magnitude of Fy is then found from the Pythagorean
theorem; that is,

Fr = V(Fp} + (Fp);

Also, the angle 6, which specifies the direction of the resultant force, is
determined from trigonometry:

(F R)y
(F R)x

6 = tan™!

The above concepts are illustrated numerically in the examples which
follow.

Important Points

¢ The resultant of several coplanar forces can easily be determined
if an x, y coordinate system is established and the forces are
resolved along the axes.

¢ The direction of each force is specified by the angle its line of
action makes with one of the axes, or by a slope triangle.

¢ The orientation of the x and y axes is arbitrary, and their positive
direction can be specified by the Cartesian unit vectors i and j.

¢ The x and y components of the resultant force are simply the
algebraic addition of the components of all the coplanar forces.

¢ The magnitude of the resultant force is determined from the
Pythagorean theorem, and when the resultant components are
sketched on the x and y axes, Fig. 2-17¢, the direction 6 can be
determined from trigonometry.
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EXAMPLE | 2.5

Determine the x and y components of F; and F, acting on the boom
shown in Fig. 2-18a. Express each force as a Cartesian vector.

SOLUTION

Scalar Notation. By the parallelogram law, F; is resolved into x and
y components, Fig. 2-18b. Since Fy, acts in the —x direction, and Fy,,
acts in the +y direction, we have

—200sin 30°N = —100 N = 100 N <—
200 cos 30°N = 173N = 173N1]

Ans.
Ans.

F1x=

Fy, =
The force F, is resolved into its x and y components, as shown in Fig. 2-18c.
Here the slope of the line of action for the force is indicated. From this
“slope triangle” we could obtain the angle 0, e.g., 0 = tan’l(l%), and then
proceed to determine the magnitudes of the components in the same
manner as for F;. The easier method, however, consists of using proportional
parts of similar triangles, i.e.,

Fn 12 F —260N(12) = 240N
260N 13 z 13
Similarly,

5
Fyy = 260 N(B) = 100N

Notice how the magnitude of the horizontal component, F,,, was
obtained by multiplying the force magnitude by the ratio of the
horizontal leg of the slope triangle divided by the hypotenuse; whereas
the magnitude of the vertical component, F,,, was obtained by
multiplying the force magnitude by the ratio of the vertical leg divided
by the hypotenuse. Hence, using scalar notation to represent these
components, we have

Fp, = 240N = 240N —
Fp, = —100N = 100 N|

Ans.
Ans.
Cartesian Vector Notation. Having determined the magnitudes
and directions of the components of each force, we can express each
force as a Cartesian vector.
F,
F,

{=100i + 173j}N
{240i — 100j } N

Ans.
Ans.

y
F, =200N
30°
~ x
N3
12
F, =260N
(a)
y
F, =200N
\ AF, = 200 cos 30° N
\\\
30°
v
\
\
< x

Fy, = 200 sin 30° N

(b)

Fy, = 260 (A2) N
),
5 13
_ 5 12
om0 (13)N" F, = 260N
=
(©)
Fig. 2-18
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EXAMPLE | 2.6

The link in Fig. 2-19a is subjected to two forces F; and F,. Determine
the magnitude and direction of the resultant force.

SOLUTION |

Scalar Notation. First we resolve each force into its x and y
components, Fig. 2-19b, then we sum these components algebraically.

5 (Fo, = SF;  (Fp), = 600 cos 30°N — 400 sin 45° N
= 236.8N—
+1(Fp)y = 3F;  (Fp), = 600 sin30° N + 400 cos 45° N
— 582.8 N1

The resultant force, shown in Fig. 2-18¢, has a magnitude of

Fr = V(236.8 N2 + (582.8 N)?

= 629N Ans.
From the vector addition,
(®) (5828 N
0=t = 67.9° Ans.
o <236.8 N) ’ "
y
| . SOLUTION I
582.8 NA ! Cartesian Vector Notation. From Fig. 2-19b, each force is first
expressed as a Cartesian vector.
0 F, = {600 cos 30°i + 600 sin 30°j } N
g;( 368N * F, = {—400 sin 45% + 400 cos 45% } N
Then,

Fr = F, + F, = (600 cos 30° N — 400 sin 45° N)i
Fig. 2-19 + (600 sin 30° N + 400 cos 45° N)j
{236.8i + 582.8j }N

The magnitude and direction of Fyp are determined in the same
manner as before.

NOTE: Comparing the two methods of solution, notice that the use
of scalar notation is more efficient since the components can be
found directly, without first having to express each force as a
Cartesian vector before adding the components. Later, however, we
will show that Cartesian vector analysis is very beneficial for solving
three-dimensional problems.




2.4 ADDITION OF A SYSTEM OF COPLANAR FORCES

EXAMPLE | 2.7

The end of the boom O in Fig. 2-20a is subjected to three concurrent
and coplanar forces. Determine the magnitude and direction of the
resultant force.

SOLUTION
Each force is resolved into its x and y components, Fig. 2-20b. Summing
the x components, we have

B (Fp, = SF;  (Fp, = —400N + 250 sin45°N — 200(%) N
= —3832N = 3832 N«

The negative sign indicates that Fg, acts to the left, i.e., in the negative
x direction, as noted by the small arrow. Obviously, this occurs because
F; and F; in Fig. 2-20b contribute a greater pull to the left than F,
which pulls to the right. Summing the y components yields

+1(Fp)y = 3Fy;  (Fg), = 250 cos 45°N + 200(2) N
= 296.8 N1

The resultant force, shown in Fig. 2-20c, has a magnitude of

Fr = V/(—3832N)* + (296.8 N)>
= 485N Ans.

From the vector addition in Fig. 2-20c, the direction angle 6 is

296.8
0= tan_1<> = 37.8° Ans.

NOTE: Application of this method is more convenient, compared to
using two applications of the parallelogram law, first to add F; and F,
then adding Fj; to this resultant.

37
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. FUNDAMENTAL PROBLEMS

F2-7. Resolve each force acting on the post into its x and
y components.
y

|Fl=300N
F,= 450N

F2-7
F2-8. Determine the magnitude and direction of the
resultant force.

400 N

300N

F2-8
F2-9. Determine the magnitude of the resultant force
acting on the corbel and its direction 6 measured
counterclockwise from the x axis.

y
F= 6001 | F2=400Tb
Fy=7001b
41N\
3 30°
X

F2-9

F2-10. If the resultant force acting on the bracket is to be
750 N directed along the positive x axis, determine the
magnitude of F and its direction 6.

F2-10

F2-11. If the magnitude of the resultant force acting on
the bracket is to be 80 1b directed along the u axis,
determine the magnitude of F and its direction 6.

F2-11

F2-12. Determine the magnitude of the resultant force
and its direction # measured counterclockwise from the

positive x axis.

F2-12
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| PROBLEMS

*2-32. Determine the x and y components of the 800-1b 2-34. Resolve F; and F; into their x and y components.
force.
2-35. Determine the magnitude of the resultant force
and its direction measured counterclockwise from the

positive x axis.

800 Ib
40° y
—
60°
X
60°
Prob. 2-32
F,= 250N
Probs. 2-34/35

2-33. Determine the magnitude of the resultant force
and its direction, measured counterclockwise from the
positive x axis.

*2-36. Resolve each force acting on the gusset plate into
its x and y components, and express each force as a
Cartesian vector.

y 2-37. Determine the magnitude of the resultant force
acting on the plate and its direction, measured counter-
F3;=750N clockwise from the positive x axis.

F=625N F,=850N

Prob. 2-33 Probs. 2-36/37
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2-38. Express each of the three forces acting on the
column in Cartesian vector form and compute the
magnitude of the resultant force.

F,=2751b
Fy = 1501b Fy =751
NS
3 60°
' X
Prob. 2-38

2-39. Resolve each force acting on the support into its
x and y components, and express each force as a Cartesian
vector.

*2-40. Determine the magnitude of the resultant force
and its direction 6, measured counterclockwise from the
positive x axis.

F,= 600N

Probs. 2-39/40

2-41. Determine the magnitude of the resultant force
and its direction measured counterclockwise from the
positive x axis.

«<

Prob. 2-41

2-42. Determine the magnitude and orientation 6 of Fz so
that the resultant force is directed along the positive y axis
and has a magnitude of 1500 N.

2-43. Determine the magnitude and orientation, measured
counterclockwise from the positive y axis, of the resultant
force acting on the bracket, if F = 600 N and 6 = 20°.

=700 N

Probs. 2-42/43



*2—-44. The magnitude of the resultant force acting on
the bracket is to be 400 N. Determine the magnitude of
F, if ¢ = 30°.

2-45. If the resultant force acting on the bracket is to be
directed along the positive u axis, and the magnitude of F, is
required to be minimum, determine the magnitudes of the
resultant force and F;.

2-46. If the magnitude of the resultant force acting on
the bracket is 600 N, directed along the positive u axis,
determine the magnitude of F and its direction ¢.

Probs. 2-44/45/46

2-47. Determine the magnitude and direction 6 of the
resultant force Fy. Express the result in terms of the
magnitudes of the components F; and F, and the angle ¢.

Prob. 2-47

2.4 ADDITION OF A SYSTEM OF COPLANAR FORCES 41

*2-48. If F, = 600N and ¢ = 30°, determine the
magnitude of the resultant force acting on the eyebolt and
its direction, measured clockwise from the positive x axis.

2-49. If the magnitude of the resultant force acting on the
eyebolt is 600 N and its direction measured clockwise from
the positive x axis is § = 30°, determine the magnitude of
F, and the angle ¢.

Probs. 2-48/49

2-50. Determine the magnitude of F; and its direction 6
so that the resultant force is directed vertically upward and
has a magnitude of 800 N.

2-51. Determine the magnitude and direction measured
counterclockwise from the positive x axis of the resultant
force of the three forces acting on the ring A. Take
F; = 500N and 6 = 20°.

Probs. 2-50/51
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*2-52. Determine the magnitude of force F so that the
resultant Fy of the three forces is as small as possible. What
is the minimum magnitude of Fy?

SkN

.~
30°
F

4kN
Prob. 2-52

2-53. Determine the magnitude of force F so that the
resultant force of the three forces is as small as possible.
What is the magnitude of the resultant force?

14 kN F

30° 4?"
! > S kN

AL\

Prob. 2-53

2-54. Three forces act on the bracket. Determine the
magnitude and direction 6 of F; so that the resultant force
is directed along the positive x’ axis and has a magnitude
of 1 kN.

2-55. If F; = 300 N and # = 20°, determine the magnitude
and direction, measured counterclockwise from the x’ axis, of
the resultant force of the three forces acting on the bracket.

Probs. 2-54/55

*2-56. Three forces act on the bracket. Determine the
magnitude and direction 6 of F, so that the resultant force is
directed along the positive u axis and has a magnitude of 50 1b.

2-57. If F,=1501b and 6 = 55°, determine the
magnitude and direction measured clockwise from the
positive x axis, of the resultant force of the three forces
acting on the bracket.

Probs. 2-56/57

2-58. If the magnitude of the resultant force acting on the
bracket is to be 450 N directed along the positive u axis,
determine the magnitude of F; and its direction ¢.

2-59. If the resultant force acting on the bracket is
required to be a minimum, determine the magnitude of F,
and the resultant force. Set ¢ = 30°.

Probs. 2-58/59



2.5 Cartesian Vectors

The operations of vector algebra, when applied to solving problems in
three dimensions, are greatly simplified if the vectors are first represented
in Cartesian vector form. In this section we will present a general method
for doing this; then in the next section we will use this method for finding
the resultant force of a system of concurrent forces.

Right-Handed Coordinate System. We will use a right-
handed coordinate system to develop the theory of vector algebra that
follows. A rectangular coordinate system is said to be right-handed if the
thumb of the right hand points in the direction of the positive z axis
when the right-hand fingers are curled about this axis and directed from
the positive x towards the positive y axis, Fig. 2-21.

Rectangular Components of a Vector. A vector A may have
one, two, or three rectangular components along the x, y, z coordinate
axes, depending on how the vector is oriented relative to the axes. In
general, though, when A is directed within an octant of the x, y, z frame,
Fig. 2-22, then by two successive applications of the parallelogram law,
we may resolve the vector into components as A = A’ + A, and then
A’ = A, + A, Combining these equations, to eliminate A’, A is
represented by the vector sum of its three rectangular components,

A=A, +A +A, (2-2)

Cartesian Unit Vectors. In three dimensions, the set of Cartesian
unit vectors, 1, j, k, is used to designate the directions of the x, y, z axes,
respectively. As stated in Sec. 2.4, the sense (or arrowhead) of these
vectors will be represented analytically by a plus or minus sign, depending
on whether they are directed along the positive or negative x, y, or z axes.
The positive Cartesian unit vectors are shown in Fig. 2-23.

Fig. 2-23

2.5 CARTESIAN VECTORS

Fig. 2-21

Z

Fig. 2-22
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Fig. 2-26

Cartesian Vector Representation. Since the three components
of A in Eq.2-2 act in the positive i, j, and k directions, Fig. 2-24, we can
write A in Cartesian vector form as

A=Ai+Aj+Ak (2-3)

There is a distinct advantage to writing vectors in this manner.
Separating the magnitude and direction of each component vector will
simplify the operations of vector algebra, particularly in three dimensions.

Magnitude of a Cartesian Vector. It is always possible to
obtain the magnitude of A provided it is expressed in Cartesian vector
form. As shown in Fig. 2-25, from the blue right triangle, A = VA’ + A2,
and from the gray right triangle, A’ = \/A} + Aj. Combining these
equations to eliminate A’ yields

A= VA + A} + A (2-4)

Hence, the magnitude of A is equal to the positive square root of the sum
of the squares of its components.

Direction of a Cartesian Vector. We will define the direction of
A by the coordinate direction angles « (alpha), B8 (beta),and y (gamma),
measured between the fail of A and the positive x, y, z axes provided they
are located at the tail of A, Fig. 2-26. Note that regardless of where A is
directed, each of these angles will be between 0° and 180°.

To determine «, 3, and vy, consider the projection of A onto the x, y, z
axes, Fig. 2-27. Referring to the blue colored right triangles shown in
each figure, we have

(2-5)

S
S
<
= [

X
cosa=; cosB =— cos y=

These numbers are known as the direction cosines of A. Once they
have been obtained, the coordinate direction angles «, B, y can then be
determined from the inverse cosines.



Ja , B |9
90 - = —

/ /

x X
Fig. 2-27

An easy way of obtaining these direction cosines is to form a unit
vector uy in the direction of A, Fig. 2-26. If A is expressed in Cartesian
vector form, A = A,i + A,j + AK, then u, will have a magnitude of one
and be dimensionless provided A is divided by its magnitude, i.e.,

A Ax Ay AZ
— B g DT Ty 2-6
w=_oso it dt (2-6)

where A = VA; + A} + AZ. By comparison with Eqgs. 2-5, it is seen that
the i, j,k components of u, represent the direction cosines of A, i.e.,

uy = cos ai + cos Bj + cosyk 2-7)

Since the magnitude of a vector is equal to the positive square root of
the sum of the squares of the magnitudes of its components, and u, has a
magnitude of one, then from the above equation an important relation
among the direction cosines can be formulated as

cos’a + cos’ B + cos’y = 1 (2-8)

Here we can see that if only two of the coordinate angles are known,
the third angle can be found using this equation.

Finally, if the magnitude and coordinate direction angles of A are
known, then A may be expressed in Cartesian vector form as

A= AUA
= Acosai + Acos Bj + Acos yk (2-9)
= Aj + Ajj + AK

2.5 CARTESIAN VECTORS

90°

-y



46 CHAPTER 2 FORCE VECTORS

A

\

S

<

Z

1A+ Bk

R

7,

(A, + B)j

(A, + By

Fig. 2-29

Sometimes, the direction of A can be specified using two angles, # and
¢ (phi), such as shown in Fig. 2-28. The components of A can then be
determined by applying trigonometry first to the blue right triangle,
which yields

A, =Acos¢
and
A" = Asin ¢
Now applying trigonometry to the gray shaded right triangle,
A, = A" cos = Asin ¢ cos 6
A, = A" sinf = Asin ¢ sin 6

Therefore A written in Cartesian vector form becomes
A =Asin¢gcosfi+ Asingdsinfj+ Acospk

You should not memorize this equation, rather it is important to
understand how the components were determined using trigonometry.

2.6 Addition of Cartesian Vectors

The addition (or subtraction) of two or more vectors is greatly simplified
if the vectors are expressed in terms of their Cartesian components. For
example, if A = A, + A,j + Ak and B = B,i + B,j + Bk, Fig. 2-29,
then the resultant vector, R, has components which are the scalar sums of
the i, j, k components of A and B, i.e.,

R=A+B=(@A,+B)i+ (@A +B)j+ A + Bk

If this is generalized and applied to a system of several concurrent
forces, then the force resultant is the vector sum of all the forces in the
system and can be written as

Fr = 3F = 3Fi + 3F,j + 3Fk (2-10)

Here XF,, X%F,,and % F, represent the algebraic sums of the respective
x, y, z or i, j, k components of each force in the system.
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Important Points

o Cartesian vector analysis is often used to solve problems in three
dimensions.

¢ The positive directions of the x, y, z axes are defined by the
Cartesian unit vectors 1, j, k, respectively.

o The magnitude of a Cartesian vector is A = VA + A] + AZ.

o The direction of a Cartesian vector is specified using coordinate
direction angles «, B, y which the tail of the vector makes with
the positive x, y, z axes, respectively. The components of the unit
vector uy = A/A represent the direction cosines of «, 8, y. Only
two of the angles «, B, y have to be specified. The third angle is
determined from the relationship cos> @ + cos’ 8 + cos’y = 1.

o Sometimes the direction of a vector is defined using the two
angles 6 and ¢ as in Fig. 2-28. In this case the vector components
are obtained by vector resolution using trigonometry.

o To find the resultant of a concurrent force system, express each
force as a Cartesian vector and add the i, j, k components of all
the forces in the system.

EXAMPLE | 2.8

Express the force F shown in Fig. 2-30 as a Cartesian vector.

SOLUTION z
Since only two coordinate direction angles are specified, the third
angle « must be determined from Eq.2-8;1i.e.,
cos’a + cos’ B + cos’y = 1
cos’ a + cos® 60° + cos®45° = 1
cosa = V1 — (0.5)? — (0.70772 = 0.5
Hence, two possibilities exist, namely,
a =cos '(0.5) = 60° or a=cos (—0.5) = 120°

By inspection it is necessary that @ = 60°, since F, must be in the +x
direction.
Using Eq. 2-9, with F = 200 N, we have

F=Fcosai+ FcosBj+ Fcosyk
= (200 cos 60° N)i + (200 cos 60° N)j + (200 cos 45° N)k
= {100.0i + 100.0j + 141.4k} N Ans.

Show that indeed the magnitude of F = 200 N.

Fig. 2-30
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EXAMPLE | 2.9

Determine the magnitude and the coordinate direction angles of the
resultant force acting on the ring in Fig. 2-31a.

l z Fy = {50i — 40j + 180k} Ib Z

F, = {60j + 80k} Ib

F, = {50i — 100j + 100k} Ib

(a) (b)
Fig. 2-31

SOLUTION

Since each force is represented in Cartesian vector form, the resultant

force, shown in Fig. 2-31b, is

Fp, = 3F = F, + F, = {60j + 80k }Ib + {50i — 100j + 100k }Ib
= {50i — 40j + 180k }1b

The magnitude of Fy is

Fr = V(50 1b)2 + (—401b)*> + (1801b)*> = 191.0Ib
= 1911b Ans.

The coordinate direction angles «, 8, y are determined from the
components of the unit vector acting in the direction of Fy.

Fp 50 | 40 180
up = — = i— J+ k
ko Fe 1910 191.0 191.0
= 0.2617i — 0.2094j + 0.9422k

so that
cos o = 0.2617 a = 74.8° Ans.
cos B = —0.2094 B = 102° Ans.
cosy = 0.9422 vy = 19.6° Ans.

These angles are shown in Fig. 2-31b.

NOTE: In particular, notice that 8 > 90° since the j component of up,
is negative. This seems reasonable considering how F; and F, add
according to the parallelogram law.
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EXAMPLE | 2.10

Express the force F shown in Fig. 2-324 as a Cartesian vector. z

SOLUTION F=1001b
The angles of 60° and 45° defining the direction of F are not coordinate
direction angles. Two successive applications of the parallelogram law
are needed to resolve F into its x, y, z components. First F = F' + F_,

thenF' = F, + F,,Fig.2-32b. By trigonometry, the magnitudes of the — 60°
components are

45°

100 sin 60° 1b = 86.6 1b

F’' =100 cos 60°1b = 501b

F, = F'cos45° = 50 cos 45°1b = 35.41b
F, = F'sin45° = 50sin 45°1b = 35.41b

o
I

Realizing that F,, has a direction defined by —j, we have

F=1001b
F = {354i — 35.4j + 86.6k} Ib Ans.

To show that the magnitude of this vector is indeed 100 1b, apply
Eq.2-4,

F=VF,+F +F
FI
= V(3542 + (35.4)> + (86.6)> = 100 1b /

If needed, the coordinate direction angles of F can be determined from
the components of the unit vector acting in the direction of F. Hence,

F Za Fy q Fz
u=—=—i+—j+—k
F F F F F=1001b
354, 354, 866
= i— JjT k
100 100 100
= 0.354i — 0.354j + 0.866k
so that
a = cos 1(0.354) = 69.3°
B = cos '(—0.354) = 111°
y = cos '(0.866) = 30.0° Fig. 2-32

These results are shown in Fig. 2-32c.
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EXAMPLE | 2.11

z Two forces act on the hook shown in Fig. 2-33a. Specify the magnitude
of F, and its coordinate direction angles so that the resultant force Fp

F
/ ’ acts along the positive y axis and has a magnitude of 800 N.
120°
SOLUTION

60’2, Y To solve this problem, the resultant force Fy and its two components,
45° F; and F,, will each be expressed in Cartesian vector form. Then, as
Fy=300N shown in Fig. 2-33b, it is necessary that F = F, + F,.
x Applying Eq. 2-9,

(@)

F, = Fycos aji + Fcos B;j + F;cosyk
= 300 cos 45°i + 300 cos 60° j + 300 cos 120° k
= {212.1i + 150j — 150k } N
F, = Fpi + F,j + Fk
Since Fy has a magnitude of 800 N and acts in the +j direction,
Fr = (800 N)(+j) = {800j} N
We require
700N F,=F +F,
800j = 212.1i + 150j — 150k + Fy,i + Fp,j + Fp.k
800j = (212.1 + Frpi + (150 + F,)j + (=150 + Fp)k

B, =218  Fp=800N
To satisfy this equation the i, j, k components of Fz must be equal to
the corresponding i, j, k components of (F; +F,). Hence,

0=212.1 + F,, F,, = —212.1N
(b) 800 = 150 + F, F,, = 650N

Fig. 2-33 0= —150 + F,, F,, = 150N
The magnitude of F, is thus

Fy, = V(=212.1 N)? + (650 N)> + (150 N)?
= 700 N Ans.

We can use Eq.2-9 to determine «,, 3,, ».
—212.1

cos a, = 200 a, = 108° Ans.
650

=— = 21.8° Ans.

cos B, 700 B> ns.
150

COS Y, = 7700; v, = 77.6° Ans.

These results are shown in Fig. 2-33b.




2.6 ADDITION OF CARTESIAN VECTORS 51

. FUNDAMENTAL PROBLEMS

F2-13. Determine the coordinate direction angles of the F2-16. Express the force as a Cartesian vector.
force.

F2-16

F2-17. Express the force as a Cartesian vector.

F=1751b

F2-13
F2-14. Express the force as a Cartesian vector.

z F=500N

60°

7

<

F2-17
" y
F2-18. Determine the resultant force acting on the hook.
F2-14
F2-15. Express the force as a Cartesian vector.

z
45°

= |

F=500N 60 Y
X

F2-15
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| PROBLEMS

FORCE VECTORS

*2-60. The stock mounted on the lathe is subjected to a
l force of 60 N. Determine the coordinate direction angle 8

and express the force as a Cartesian vector.

2-61. Determine the magnitude and coordinate direction
angles of the resultant force and sketch this vector on the

coordinate system.

2-62. Specify the coordinate direction angles of Fy and F,
and express each force as a Cartesian vector.

F, =801b

Prob. 2-60

30°

Probs. 2-61/62

YE =1301b

2-63. The bolt is subjected to the force F, which has
components acting along the x, y, z axes as shown. If the
magnitude of Fis 80 N,and @ = 60°and y = 45°, determine
the magnitudes of its components.

Z

-
/ Y
= ,
Fy a
F,
X
Prob. 2-63

*2-64. Determine the magnitude and coordinate
direction angles of F, = {60i — 50j + 40k} N and
F, = {—40i — 85j + 30k } N. Sketch each force on an x, y,
z reference frame.

2-65. The cable at the end of the crane boom exerts a force
of 250 1b on the boom as shown. Express F as a Cartesian
vector.

F=2501b

Prob. 2-65
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2-66. Express each force acting on the pipe assembly in 2-70. The beam is subjected to the two forces shown.
Cartesian vector form. Express each force in Cartesian vector form and determine
the magnitude and coordinate direction angles of the

2-67. Determine the magnitude and the direction of the resultant force.

resultant force acting on the pipe assembly.

F, =2501b

F,=4001b Prob. 2-70

Probs. 2-66/67
2-71. If the resultant force acting on the bracket is
directed along the positive y axis, determine the magnitude
" . of the resultant force and the coordinate direction angles of
2-68. Express each force as a Cartesian vector. F so that 8 < 90°.
2-69. Determine the magnitude and coordinate direction

angles of the resultant force acting on the hook.

Fy= 500N

Probs. 2-68/69 Prob. 2-71
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*2-T72. A force F is applied at the top of the tower at A. If 2-75. Determine the coordinate direction angles of
it acts in the direction shown such that one of its components force F;.

lying in the shaded y-z plane has a magnitude of 80 Ib,
determine its magnitude F and coordinate direction angles

a, B, y.

*2-76. Determine the magnitude and coordinate direction
angles of the resultant force acting on the eyebolt.

Prob. 2-72 Probs. 2-75/76

2-73. The spur gear is subjected to the two forces caused
by contact with other gears. Express each force as a
Cartesian vector.

2-77. The cables attached to the screw eye are subjected
to the three forces shown. Express each force in Cartesian
vector form and determine the magnitude and coordinate
2-74. The spur gear is subjected to the two forces caused direction angles of the resultant force.

by contact with other gears. Determine the resultant of the

two forces and express the result as a Cartesian vector.

F,=350N

Probs. 2-73/74 Prob. 2-77



2-78. Three forces act on the ring. If the resultant force Fy
has a magnitude and direction as shown, determine
the magnitude and the coordinate direction angles of force F;.

2-79. Determine the coordinate direction angles of F,;
and Fp.

Z
F;
Fr=120N
F,=110N
Fy = 80 Néer 3 45°
34 / Y
30°

Probs. 2-78/79

*2-80. If the coordinate direction angles for F; are
az = 120°, B3 = 45°and y; = 60°,determine the magnitude
and coordinate direction angles of the resultant force acting
on the eyebolt.

2-81. If the coordinate direction angles for F3 are a; = 120°,
B3 = 45°, and 7y; = 60°, determine the magnitude and
coordinate direction angles of the resultant force acting on
the eyebolt.

2-82. If the direction of the resultant force acting on the
eyebolt is defined by the unit vector ug, = cos 30°% +
sin 30°k, determine the coordinate direction angles of Fj
and the magnitude of Fp.

Z

/F3 =800 Ib
Y,
L

F, = 600 1b

F,=7001b

Probs. 2-80/81/82

2.6 ADDITION OF CARTESIAN VECTORS 55

2-83. The bracket is subjected to the two forces shown.
Express each force in Cartesian vector form and then
determine the resultant force Fy. Find the magnitude and
coordinate direction angles of the resultant force.

Z

F, = 400N

Prob. 2-83

*2-84. The pole is subjected to the force F, which has
components acting along the x, y, z axes as shown. If the
magnitude of F is 3 kN, 8 = 30°, and y = 75°, determine
the magnitudes of its three components.

2-85. The pole is subjected to the force F which has
components F, = 1.5kN and F, = 1.25kN. If B = 75°,
determine the magnitudes of F and F,.

Probs. 2-84/85



