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2.4 Addition of a System of Concurrent 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 * /
. . F,
triangle, they can be determined from, /\g
- = x
F.=Fcoso and F,=Fsino F

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

the sides gives:

F. a a
Sx_ 84 or o
F ¢ i (1)

and Fi

F, _ b
Db o B = —F({—J
.

Here the y component is a negative scalar since F), is directed along the negative y
axis.
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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 can be used to designate the Tt
directions of the x and y axes, respectively, Fig. 2—-16. F,

Since the magnitude of each component of F is always L
a positive quantity, which is represented by the (positive)
scalars F, and F, , then we can express F as a Cartesian Fig. 2-16

vector ,
F=F.i+F,j

Concurrent Coplanar Force Resultants: We can use the method just described to
determine the resultant of several Concurrent 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. 2-17 a , which have x and y components shown in
Fig. 2—-17 b . Using Cartesian vector notation , each
force is first represented as a Cartesian vector, i.€., "?\ F,

Fi=Fii+Fy,] *
Fy=-Fo i+ Fy]
F3 = F1 'F3yj
The vector resultant is therefore, .
Fr=F + F, + F;
=Fi i+ Fyj-Fui+Fyj+tFs5i-F;5]
= (Fix-Fout F3) i+ (Fy,+ Fyy - F3) ]
= (Frol + (Fp))
If scalar notation is used, then from Fig. 2—-17 b , we

Fay

have:
(_)+) (FR)x:le'F2x+F3x
() (Frhy=Fiyt+Fy-Fy
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These are the same results as the i and j components of Fg determined above.

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,
1e.,

[-FR-].'I.' = EFr

2

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 7
vector addition, as shown in Fig. 2—17c .
From this sketch, the magnitude of Fy is then found from (o
the Pythagorean Theorem,; that is,

3 (e)
Fp = V(Fgl + (Fply

Fig. 2-17 {cont. )

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

from trigonometry:
(F RJ_r

[FRJ.r

|

# = tan~
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EXAMPLE |2:5

Determine the x and y components of Iy and F; acting on the boom ¥
shown in Fig, 2-18a. Express each force as a Cartesian vector.
F,=200N

SOLUTION

Scalar MNotation. By the parallelogram law, F, is resolved into x and
¥ components, Fig. 2-18b. Since I'jy acts in the —x direction, and Fy,
acts in the +y direction, we have A x

30°

F, = —200sin30° N = — 100N = 100N « Ans. n
F,,=200cos30°N = 173N = 173N Ans T2l

b

The force I; 15 resolved into its ¥ and y components, as shown in Fig, 2-18¢.
Here the slope of the line of action for the force is indicated. From this
“slope triangle” we could obtain the angle #, e, 6 = tan_l{l%),and then ¥
proceed to determine the magnitudes of the components in the same

manner as for I'y. The easier method. however, consists of using proportional £ =200N
parts of similar triangles.ie.,

F, 12 : 12
0N - 13 Fh—EB{]N(m)—EdUN L )
Fy =200 sin 30° N
Similarly, (b
5 j
F, = ZE.ON(E) = [00N ¥

Motice how the magnitude of the forigonial component, Fae, was
obtained by multiplying the force magnitude by the ratio of the
horizomtal 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 verrical leg divided
by the hypotenuse. Hence, using scalar notation to represent these 13

3
components, we have 12

Fa, = 260 (%) N
e X

|
1)

F=260N
Fr, =240N = 240N — Ans.

Fy, = —100N = 100N/ Ans =
Fig. 2-18

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, = {—100i + 173j}N Ans
Fy = {240i — 100j} N Ans.

Prepared by : Ass. Prof. Dr. Ayad A. Sulaibi



UNIVERSITY OF ANBAR

COLLEGE OF ENGINEERING

Engineering Mechanics - STATILS

EXAMPLE |2.:6

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

SOLUTION I

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

e (Fpl. = ZF,: (Fr)y = 600 cos 30° N — 400 sin45° N

(a) = 236.8 N—
+1(Fp), = 2F; (Fg), = 600 sin 30° N + 400 cos 45° N
= 5828 N
Y The resultant force, shown in Fig, 2-18c¢, has a magnitude of
F = 400N F =600N
! = — Fp = V(236.8N)* + (582.8 N)?
\{—-—" ’.-‘ e i
~ Al "\36" = 629N Ars.,
“ E & %
From the vector addition.
(b} g 3828 NY 3
# = tan (236.3 N) = 679 Ans

SOLUTION I

Cartesian Vector Notation. From Fig. 2-19b, each force is first
expressed as a Cartesian vector.

F, = {600 cos 30% + 600 sin 30°) } N
Fy = {—400 sin 45% + 400 cos 45° } N

Then,

(<)

Fp = 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 Fp 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 directfy, 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.

Prepared by : Ass. Prof. Dr. Ayad A. Sulaibi



UNIVERSITY OF ANBAR

COLLEGE OF ENGINEERING

Engineering Mechanics - STATILS

EXAMPLE |27 _'

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

fH=150N

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

B (Fply = 3F:  (Fp)y = —400 N + 250 sin 45°N — 200(2) N

; ! 250N

= —383.2N = 3832 N « 200N a5,
The negative sign indicates that Fp, acts to the left, i.e..in the negative a2
x direction, as noted by the small arrow. Obviously. this occurs because e —x
F) and F; in Fig. 2-20b contribute a greater pull to the left than Q 0N
which pulls to the right. Summing the y components vields
+T(Fp), = SF;  (Fp), = 250 cos45°N + 200(3) N

(b}

= 206.8N1

The resultant force, shown in Fig, 2-20¢, has a magniitide of

Fp= V(—383.2N) + (296.8 N)?
=485 N Ans.

From the vector addition in Fig. 2-2lc, the direction angle 8 is

206.8
= =1 = 3 i .
# = tan (333.2) 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 F; to this resultant.
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. FUNDAMENTAL PROBLEMS

I'2-7. Resolve each force acting on the post into its x and
¥ components

r2-7
128, Dretermine the magnitude and direction of the
resultant force.

400N

2%
I’2-40. Determine the magnitude of the resultant force
acting on the corbel and its direction # measured
counterclockwise from the x axis.

¥

F3 = 600 b F‘Z = 400 b

2=1. 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 8.

-4

IF2-11. [If the magnitude of the resultant force acting on
the bracket is to be 30 Ib directed along the u axis.
determine the magnitude of I and its direction 8.

I2-11
I'2-12. Determine the magnitude of the resultant force
and its direction # measured counterclockwise from the
positive ¥ axis.
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“eromews

4232, Determine the v and v components of the 800-1k 2-34. Resolve F| and F; into their ¥ and ¥ components.
force.

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

B0 b

Froh, 2-32

Fo=250N

Probs, 2-34/35

2-13  Determine the magnitude of the resultant force
and its direction. measured counterclockwise from the
positive x axis.

*3-36. Resolve each force acting on the gusset plate into
its ¥ and y components, and express each force as a
Cartesian vector.

¥ 2-37. Determine the magnitude of the resultant force
acting on the plate and its direction, measured counter-
FE=T750N clockwise from the positive ¥ axis.

BS6HN Fy = 850N

Proh. 2-33 Probs. 2-36/37
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#2552 Dretermine the magoitude of fopce T oso thal te
rzsultant kg of the three forces is as smazll as possiblz. What
is the minimum magnitude of Fg?

Sk

4k
I'rab. 2-52

253, Determine the magnitude of foree I oso that the
resnltant foree of the three forees is as small as possihie
What is the magnitude of the resultant force?®

14 kN F

Froh, 2-53

-5, Three forces act on the bracket, Determing  the
magnitide ard directicn # of F; sc that the resultant foice
is directed along the positive x' axis and hss a magnitude
af 1 kM.

2-5. IEF) — 300 Mand @ — 20F, detcrmine the magnitude
and direction, measured counterclockwise from the x° axis, of
the resultant force of the three forces acting on the bracket.

Prols. 25455
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