Chapter 2
Force Vectors

Chapter Objectives

e To show how to add forces and resolve them into components using the Para ram
Law.

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

e To introduce the dot product in order to determine the angle between@wo vettors or the

projection of one vector onto another.

2-1 Scalars and Vectors

All physical quantities in engineering mechanics are m ing ither scalars or vectors.

Scalar. A scalar is any positive or negative physical quahtity th n be completely specified by
h,

th a magnitude and a direction for its

its magnitude. Examples of scalar quantities i ss, and time.
Vector. A vector is any physical quan
complete description. Examples of tor§pencountered in statics are force, position, and
row. The length of the arrow represents the

moment. A vector is shown graphi@ally by ,an

magnitude of the vec en the vector and a fixed axis defines the direction
of its line of action. Th ip afythe arrow indicates the sense of direction of the vector,
Fig. 2-1.

In print, vector

vector is itali

simply an afiow above it A .



2-2 Vector Operations

Multiplication and Division of a Vector by a Scalar. If a vector is multiplied by a positi

scalar, its magnitude is increased by that amount. Multiplying by a negative scala al

change the directional sense of the vector. Graphic examples of these operations are s in

Fig. 2-2.
[ ]
A
Scalar multiplication and division ,
Fig. 2— \
Vector Addition. All vector quantities he'@arallglogram law of addition. To illustrate, the

two “component” vectors A and B insig. 2-3& arc added to form a “resultant” vector R=A + B
using the following procedure:

« First join the tails of ghe co
» From the head of B,

t to make them concurrent, Fig. 2-3 b.

pagallel to A. Draw another line from the head of A that is

parallel to B. These two lineSqgtersect at point P to form the adjacent sides of a parallelogram.

« The diagonal this parallelogram that extends to P forms R, which then represents the

result.ant verR =A+B Fig. 2-3c.
Q A )
4
& R=A+B
(a)

A

Parallelogram law

(b) (c)

Fig. 2-3



We can also add B to A, Fig. 2-4 a, 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. 2-4 b . The resultant R extends from the tail of
to the head of B. In a similar manner, R can also be obtained by adding A to B, Fig. 24 c.
nb

comparison, it is seen that vector addition is commutative; in other words, the vecto
added in either order, i.e.
R=A+B=B+A.

A
R
B A
B
R=A+B R=B+ A
Triangle rule Triangle rule
(a) (b) (c)

As a special case, if the two vectors Aland B ar linear, i.e., both have the same line of action,

the parallelogram law reduce i¢’' or scalar addition R = A + B, as shown in Fig. 2—
5. l

R

- >
A B

Addition of collinear vectors
Fig. 2-5
to action. The resultant of the difference between two vectors A and B of the same

be expressed as
R =A-B=A+(-B) (2-1)
is 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.



R 4 :‘

B -B

Parallelogram law Triangle construction

WVector subtraction

2.3 Vector Addition of Forces

Experimental evidence has shown that a force is a vector qualtity.since it has a specified
magnitude, direction, and sense and it adds according to llelo law. Two common
problems in statics involve either finding the resuliamt , k@mpwing its components, or
resolving a known force into two components.

Finding a Resultant Force.

The two component forces F1 and F» Fig. 2-7a can be added together to

form the resultant force, as shown in Ei

FrR=F1+F (2-2)
From this construction, or usi r le, Fig. 2-7c, we can apply the law of cosines or
the law of sines to the 'thian ordér to obtain the magnitude of the resultant force and its
direction.

-

Fr=F, +F

(b) ()
Fig. 2-7

inding the Components of a Force.
Sometimes it is necessary to resolve a force into two components in order to study its 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 intersec
with the v and u axes, forming a parallelogram. The force components F, and F, are t

established by simply joining the tail of F to the intersection points on the u and v axe
8b. This parallelogram can then be reduced to a triangle, which represents the triang

2-8c. From this, the law of sines can then be applied to determine the unknown

the components. A

(a) (b) (©)

Addition of Several Forces.

If more than two forces are to be add@d, sucaessive applications of the parallelogram law can be
carried out in order t i Ita rce. For example, if three forces Fi, Fo, F3 act at a
point O, Fig. 2-9, the re anydtwo of the forces is found, say, F1 + F> —and then this
e, yielding the resultant of all three forces; i.e.,

Fr=(F1 +k2) (2-3)

Usir% the

extensi icland trigonometric calculation to determine the numerical values for the

allelogram&law to add more than two forces, as shown here, often requires

magritude direction of the resultant. Instead, problems of this type are easily solved by using

“r lar component method.



Fig. 2-9

Procedure for Analysis
Problems that involve the addition of two forces can be solved as foll

Parallelogram Law.

» Two “component” forces F1 and F in Fig. 2-10 a INg to the parallelogram
law, yielding a resultant force Fr that forms the dia t rallelogram.
« If a force F is to be resolved into component§@long s u and v, Fig. 2-10b, then

start at the head of force F and construct patallel to the axes, thereby forming the
parallelogram. The sides of the paraldel ent the components, F, and F.
« Label all the known and unkn orce itudes and the angles on the sketch and
identify the two unknowns agithe mag and direction of Fg, or the magnitudes of its
components.
Trigonometry:
» Redraw a half i0 e parallelogram to illustrate the triangular head-to-tail
addition o compon
* Fro i , the magnitude of the resultant force can be determined using the law
@ of c@Sines, andgté direction is determined from the law of sines. The magnitudes of two

nts are determined from the law of sines. The formulas are given in Fig. 2—

10c.




Cosine law:
C=vVA"+ B —2ABcosc
Sine law:

A _B _C

sing sind sinc

(c)

EXAMPLE 2.1

The screw eye in Fig. 2-11a is subjected to two forces, F1 and F
direction of the resultant force.

ine the magnitude and

115°

Fig. 2-11

TION

arallelogram 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 F1. The resultant force Fr



extends to where these lines intersect at point A, Fig. 2-11 b. The two unknowns are the

magnitude of Fr and the angle u (theta).

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

Applying the law of sines to determine ©,

150N 212.6NN . 1ISO0N . .
- = — — sinf = (sin 115%)
sin 0 sin 1157 2126 N

# = 39.8°

Thus, the direction g (phi) of Fr, measured from the horizontal, is

¢ = 39.8° + 15.0° = 54.8°

NOTE: The results seem reasonable, since Fig. 2-11 b sho@vé’wagnitude larger than

its components and a direction that is between them

EXAMPLE 2.2
Resolve the horizontal 600-Ib force in Fig. 2—
and determine the magnitudes of these wne

a int@yco ents acting along the u and v axes

‘
600 Ib

(b) (c)

Fig. 2-12

allelogram is constructed by extending a line from the head of the 600-1b force parallel to

xis until it intersects the u axis at point B, Fig. 2-12b. The arrow from A to B represents

u. Similarly, the line extended from the head of the 600-Ib 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,  6001lb
sin 120°  sin 30°
F,= 1039 1b
F,  6001b
sin 30°  sin 30°
F, = 600 Ib

EXAMPLE 2.3

Determine the magnitude of the component force F in Fig. 2— and the nitude of the
resultant force Fr if Fr is directed along the positive y axis.

200 1b

200 1b

(a) (b) (€)
0 Fig. 2-13
SOLUTION
The parallelogra addition is shown in Fig. 2-13b, and the triangle rule is shown in Fig.

2— 1% The fiagnitudes QFFr and F are the two unknowns. They can be determined by applying

the IaW
F _2001b
sin 60° sin 45°
A A
F=2451b
&y
Fp 200 Ib

sin 75°  sin45°

Fp=2731b



