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Objectives

e

= Describe force as vector quantity

= Examine vector operation useful for the analysis of forces
= Determine the resultant of multiple forces acting on a particle
= Resolve forces into components

* Add forces that have been resolved into rectangular
components.

* |ntroduce the concept of F.B.D

= Use F.B.D to assist in the analysis of planer and spatial particle
equilibrium problems.
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Objectives

-

= Recall: The focus on particles does not imply a restriction to very
small bodies. Rather, the study is restricted to analyses in which
the size and shape of the bodies is not significant so that all

forces may be assumed to be applied at a single point.

= Application: The tension in the cable
supporting this person can be found
using the concepts in this chapter
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2.1B & C Vectors and vectors addition

e - — S —— S

= Vectors are defined as mathematical expressions possessing
magnitude and direction, which add according to the
parallelogram law. Examples: Forces, displacements, velocities,
accelerations, momenta ...Etc.

= Vectors are represented by arrows in diagrams and or as

boldface type (P) or as (ﬁ) in longhand writing.
= Vectors Types: A vector used to represent a force can be
* fixed, or bound, vector
* free vectors ; -
* sliding vectors. // //
* Fqual and negative vector A
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Addition of Vectors

e

—S— e —— ==

= Vectors add according to the barallelogram law, grapﬁi'cé“;/ L
analytically.

= Vector addition has the following properties

|

Il
o

A
(A + B)

+ A commutative property,
+

g
I
o

+
+ (B +C) associative property,

= Multiplication of a vector 4 and a scalar S produces a new vector
R where R = SA = AS. The magnitude of R is equal to the
magnitude of A multiplied by |S] .

-5
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RECALL - Fo

e =

A forceis vector
characterized by its point of
application, its magnitude,
and its direction.

The direction of a force is
define by its line of action
and the sense of the force.

rce Characteristics

—— R — —_— - = T

magnitude  sense
Line of / g
Action -7
(LOA) )
A 30°
el Fixed axis
Point of
Application

The line of action is the infinite straight line along which the
force acts; it is characterized by the angle it forms with some

fixed axis
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Force in a plane - Sections 2.1 to 2.3

y
4

> X

200 N

Weight
200N

Forces in a plane Forces in space

2-17
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Resultant of Concurrent Forces

= . — —S— e — = = e -

= Forces actingin a body is usually added to obtain the resultant
(R).

= Resultant (R) of two forces: The effect of two nonparallel
forces F1and F2 acting at a point A of a body is the same as the
effect of the single force R acting at the same point and
obtained as the diagonal of the parallelogram formed by F1 and
F2.

2-8
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Resultant of Concurrent Forces

—— P —— - _—— = e T

e

= Resultant of a system of n forces that all lie in a plane and
whose lines of action intersect at single point A. The resultant
can be obtained by adding the forces head-to-tail orthrough
successive application of the parallelogram law of forces.

Notes:

* The sequence of the addition is arbitrary; in particular, it is
immaterial which vector is chosen to be the first one

* Such asystem is called a coplanar system of concurrent forces.
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2.1 Addition of planar forces

e =

Forces can be added:

1. As vectors using the parallelogram law of forces
* Graphically
* Analytically

sinf, sinf sinf,

1T - B - C law of sines,

A= ./B24+C2—-2BCcosb,
B=,/A24C2—-2ACcosf,  law of cosines.
C = /A2 + B2 —2AB cos¥b,

2. Decomposition of Forces and summation of the components

2-10
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Example 1

The D ring shown has three
cords tied to it and the cords
support the forces shown,
determine the resultant force
applied to the D ring by the

| F, = 40N
cords, expressing the result as
a vector.
AN - iy

Note: you can construct 3 e S
several force polygons R S | ]

> PN I3
as shown __ &

2-11
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Solution

____ - S— R T —— —_— - = = T

1. Find F1+F2 P:\/F12+F22—2F1cmosa

= /(40N)2 + (60N)2 — 2(40N)(60N) cos(150°) = 96.73N,

* usethe law of sines, to find angle 8
P F
sine sinB’

0
F,=4N 0 R N o
sin = ' sin(150%) = %6 T3N sin(150%) = 0.3101.
B = sin~1(0.3101) = 18.1°.
2. FindP +F3 R= /P2 + F}—2PF;cosy

= \/(96.73 N)Z + (100 N)Z — 2(96.73 N)(100 N) cos(48.1°)
= 80.23 N. Fj R

sinff siny

e ysethelaw

of sines, to ot _ 100N . oo
/ sin 6 R siny = 80‘2Nsm48.l 0.928,

0 = sin™ U?)I%?a%)e_d é§ Aya BadaW|




2 1E Resolution of a Force 1into Components

e

=

——S— >

= |fthe forces (or vectors) P Q and S acting on particle A may be
replaced by a single force R that has the same effect on the
particle. Then conversely, a single force R acting on a particle
may be replaced by two or more forces that, together, have the
same effect on the particle. These forces are called components
of the original force R.

» (Clearly, each force F can be
resolved into an infinite number of
possible sets of components.

= However, sets of two components
are the most important as far as
practical applications are

concerned. -
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2.1E Resolution of a Force into Components

—Si—

e

= Even when a force is to be resolved to two
components, the number of ways in which
a given force F may be resolved is
unlimited (see figure).

* The cases are of particular interest are:

= One of the Two Components, P, Is Known.
We obtain the second component, Q, by
applying the triangle rule and joiningthe ——
tip of P to the tip of F. )
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2.1E Resolution of a Force into Components

e

____ ——S— >

=

2. The Line of Action of Each
Component Is Known. We obtain the
magnitude and sense of the
components by applying the
parallelogram law.

3. Thedirection of one componentis
known, while the magnitude of the 2 %
other component is to be as small as >
possible. AN -~

Possible / L. g
direction of |27\
X

4 , |-1 direction of
Q 1 “ | b

! P 2-1p
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Sample Problem 2.2

— —Si—

Two tugboats are pulling a barge. If the resultant of the forces

exerted by the tugboats is a 5ooo-Ib force directed along the axis
of the barge, determine

(a) the tension in each of the ropes, given that a = 45"

(b) the value of a for which the tension in rope 2 is a minimum.

2-16
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2.2 Adding forces by components

e

2.2A Rectanqular Components of a Force ;

= Rectangular Components of the force are
the two components (Fx and Fy) that are ¥,
perpendicular to each other.

@) F, x

* Those components can be written using the  Rectangular components

unit vectorslandj as of a force F.
Yy
= F'\‘ - F‘J F,=F,j=F sin 6j
‘y=ly)=1r Smuj
F=Fi+F,j i
|
. . Fy |
* Direction of a Force: tan 8 = — | |
Fy ‘ i F,=Fi=Fcosfi "

= Magnitude F of the force: F = \/sz + Ff

2-17
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2 2 Adding forces by components

— = -

= When several forces are actlng ona partlcle we obtaln the scalar
components R, and R, of the resultant R by adding algebraically
the corresponding scalar components of the given forces.

Rx=zFx
R, —ZF

Forces Components

2-18
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Sample Problem 2.3

= —S— P ——e e S = - i

Four forces act on bolt A as shown Determine the resultant ofthe
forces on the bolt.

F2=80NK F, = 150N

2-19
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Sample Problem 2.3

—— R —e e = = <z T
Force Magnitude, N x Component, N y Component, N y
F, 150 +129.9 +75.0 F,=150N
F, 80 -27.4 +75.2
F; 110 0 -110.0
F, 100 +96.6 -25.9 X
R, = +199.1 R". = +14.3 F,=100N

R=Ri+R,j R =(199.1 N)i + (14.3 N)j

R, 143 N , (F, cos 20°)
tanag=-== a=4. \ ————— e
R, 199.1 N ! (F, sin 30°)j |
| |
| |
R=123N_1906N R=1996Nx41 | (Fycos 301 |

S —(F, sin 20°)i |
_\ _____ (F4 cos 15°)i

—(F4sin 15°)j

v_l'i:j
R, = (143 N)j R, =(199.1 Ny

2-20
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2.3 Forces and equilibrium in a plane

—Si—

e

= According to Newton'’s First Law If the resultant force on a
particle is zero, the particle will remain at rest if it was at rest. In
this case the particle is said to be in equilibrium.

= Forexample a body subjected to two equal #:~_fig } F
and opposite force is in equilibrium and. K |
= Forexample a body subjected to several

forces that sums up to a close polygonisin
equilibrium or

e

* |nthe case of equilibrium, the following equations shall be
satisfied

R=zF=O, ZF,C:O anszy=0
2-21
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Free Body Diagrams and Problem Solv1ng

= Afree body dlagram (FBD) s a sketch ofa body or a portlon ofa
body that is separated or made free from its environment

and/or other parts of the structural system, that show all forces
acting on the body.

F normal

F tension

F tension

| F gravity 2-22
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Pulleys as particles in equilibrium

= Pulleys can be modeled as
particles as shown below

A’ A
1 T T
\r \r
(a) (b) (c)
= Forcesinropes or cables
is always tension (Pull). ?\T ry
T
. T I'TA JT
= |nfriction less pulleys, the / R i *@/ /
force in continuous rope Frictionless pulleys
- b
or cable is constant. ® &
2-23
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Sample Problem 2.4

In a ship-unloading operation, a :\ \\

3500-Ib automobile is supported by &= 3 B \
a cable. A worker tiesaropetothe
cable at Aand pullsonitin orderto
center the automobile over its |
intended position onthe dock. At O O O -~ 30° {
the moment illustrated, the
automobile is stationary, the angle I
between the cable and the vertical

is 2° , and the angle between the

rope and the horizontal is 30°

ZC\J . \

NI

What are the tensions in the rope
and cable?

3500 Ib 2-24
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Sample Problem 2.4

s EBD Ts _ Taic _ 35001b
sin 120°  sin 2°  sin 58°
T.s = 3570 1b T,= 144 1b
3500 1b
2-25
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Sample Problem 2.4

—Si—

Determine the magnitude and direction
of the smallest force F that maintains
the 30-kg package shown in equilibrium.
Note that the force exerted by the rollers
on the package is perpendicular to the
incline.

W = (30 kg)(9.81 m/s?)
i =204 N

) e
’2\1 294 N
.

F=(294N)sinig. =76.1N
o =15

/ 2-26
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Sample Problem

In the figure shorwn, determine the loads in all cables.

TAB
%TA\E

W= 300X9.81

) Tac
30°\Tg 60°
W=2943 TAB ‘3 TBD
60° 4
Tae

Particle A
2943 Tyg Typ

sin 60 - sin 30 - sin 90
Particle B

5398.3 _ Too Tsc Tor = 4905N and Tar = 5623.2N
—_ — —_ .
sm 60  sin83.13 BD and fpc 2.7

STUDEI\?FS HUB.C Uploaded By: Aya Badawi
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Sample Problem

PROBLEM 2.69

A 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 A and
supports a load P. Knowing that P =750 N, determine
(a) the tension in cable ACB, (b) the magnitude of load Q.

9B
SOLUTION
Free-Body Diagram: Pulley C
(a)
k|
T 5O
‘ACB \\ l-,:Aeg
ZSG
55¢ A /<
/ X
* (b)
Q

FLXF, =0: Tyep(cos25°—c0s55%) — (750 N)cos55°=0

Hence: Tycp =1292.88 N

+] TF, =0: Tp(sin25°+5in 55°) + (750 N)sin55°—Q =0

or

Tycp =1293N <

(1292.88 N)(sin 25°+sin55°) + (750 N)sin55°-Q =0

0=22198N Q=2220N <4
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2.4 Forces 1n space

e

» Forces in space can be defined by
* Two angles, one with one coordinate axis and a projection
angle on the plan of the other axis.
* Three angles, one with each axis
* The coordinates of two points in the force line of action

Y

B

N(x2, y2. 23)

dy=ys -y

d;:=2zy- 2, <0

Z =
STUDBENTS-HUB.com z Uploaded By: Aya Badawi
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2.4A Rectangular Components of a Force 1n Space

=

Y Y Y

B BA BA

(@)

Fy~= Fcosf, F = 1:"h cos ¢ = F sin6,, cos ¢

Frp = Fsind, F, = Fpsing = Fsin @, sin g

F2=F+Ffj,and Ff =F} +F} —>F?>=F+F +F}

= Magnitude of a force in space

F=J§+§+y
2-30
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Rectangular Components of a Force in Space

—Si—

=

1' .ll. .H-.

B B B

A ) A 7 A
4 ; £ 5 &
4 : F, i

0 >

(a) : (h) ) (€)

= |f the force angles with the coordinate axis are known as shown
above then as the shaded triangle are right triangles, the Scalar
components of a force F are:

F,=Fcos6, F,=Fcosf,, F,=Fcos0,
F., F, gl

cos O, = ?“ cos B, = ?‘ cos 0. = —

2 - 31
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Rectangular Components of a Force in Space

e

——S— >

p— =

* But considering the unit viétOrs‘l, J k

F=Fi+Ej+FEk
—>I3=F(cos€xi+c059yj+cosﬁzk)

= The previous equation shows that the force F
can be expressed as the product of the scalar F /
and the vector 1 =cosf,i+cosb,j+cosf,k

F=F)

= The Magnitude of A shall be 1 so that the magnitude of F to
remain constant. So A is a unit vector which means

1 = cos* 8, + cos* 8, + cos? 0,

2-32
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Force Defined by its Magnitude and Two Points

on its Line of Action

e — _ - . —

—Si—

= Considerthe vector MN joining M and N and of the same sense
asaforceF. - MN =d,i+d,j+d,k

= We can obtain a unit vector A along the line of action of F (i.e.,
along the line MN) by dividing the vector MN by its magnitude

MN
A= MN i+ dk
MN d( Lty )

> F =F/1=E(dxi+dyj+dzk)

= Scalar components of force F

d d d
F,=F~ FE=F—2 E=F—

d Y d z d

= Direction cosines of force F
d d d
cosf, =% cosB,=—" cosf, = —~

STUDENTS-HUB.com
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@ N(xy, y2, 27)

f‘ dy=y,—- y;

gl e ——— e ———

d:=72p-71<0

2-33
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Addltlon of Concurrent Forces 1n Space

e

——S— >

* Graphical or trlgonometrlc methods are generally not practlcal in
the case of forces in space. However, we can determine the
resultant R of two or more forces in space by summing their
rectangular components.

}?:ZF in+Ryj+RZk=(ZFx>i+<ZFy>j+<ZFZ>k

* Magnitude and direction of the Resultant of concurrent forces in
space

R=\/R,%+R§+R§

R R
costzwx cosHyzfy cosf, = —

2 -34
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Sample Problem 2.7

B

50 11

AN
£ %4,7730

The tension in the guy wire is
2500 N. Determine:

a) components f,, F, F, of the
force acting on the bolt at
A,

b) the angles g,, q,, g, defining

the direction of the force

(the direction cosines)
STUDENTS-HUB.com

—Si—

SOLUTION:

e Determine the unit vector pointing from A

towards B.
AB = (—40m) + (80m)j + (30m )k
AB = /(- 40m ) + (80m )’ + (30m )
—943m
(s fous s

—0.4247 +0.848 +0.318k

e Determine the components of the force.

F=FJ

— (2500 N)—0.4247 +0.848 + 0318 )

= (=1060N)i + (2120 N)/ +(795 N)k

e direction cosines

A = cosO, 1 + cos,f + cosf,k
= —0.4241 + 0.848j + 0.318k

6, =115.1°
6, =32.0

A

U

TUOUUAU LU D
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What 1if..?

S — - - — p— —— R ———— S = = i T

SOLUTION:

e Since the force in the guy wire must be

;B the same throughout its length, the
B \ | force at B (and acting toward A) must
A be the same magnitude but opposite in
F \ direction to the force at A.
AB

ﬂfhr—;y"

=(1060N)i +(~2120 N);j + (- 795 N)k

w3
#f
i 4
W
¥
1
s -
. ,
:'_;'r'r. ;

What are the components of the
force in the wire at point B? Can
you find it without doing any
calculations?

Give this some thought and
discuss this with a neighbor.
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2.5 FORCES AND EQUILIBRIUM IN SPACE

—S——

Y F =0,
o (SE)i+(Sh) i+ (Sr)E=i
or ZF-" = 0 and ZF\ =0 and ZF::O'

2-37
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Sample Problem

—S——

Determine the tension in the cables in order to support the 100- kg
crate in the equilibrium position shown.

™

.
Go_

2-38
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Sample Problem - solution

Force Vectors: We can express each of the forcds oﬂ ﬁ:e free-bbdy diagram shown in Fig. (c;)
Fap = Fppi
Fac =-Fuc)

(2-0)i+(2-0)j+(1-0k J 2 2 1 4

= _-FADi+—3FADj+ ;FADk

o] 3

J(-z- 0)% +(2- 0)2 +(1-0)2

W =[-100(9.81)k]N =[-981Kk]N

Equations of Equilibrium: Equilibrium requires
IF=0;, Fup+Fyu +Fup+W=0

2 2 1
FABi+(—F/Cj)+(—-3'FADi+—3'FADj+3FADk)+(—-98lk)=0 W=100(9-81) N
2 2 1 (@

Fag =3 Fap p+| ~Fac +SFap B+| 3Fap — N1 k=0

Equating the i, j, and k components yields
Fap - %FAD =0 @
—Fac +%FAD =0 (2)

-_;-FAD-%1=0 &)

Solving Eqgs. (1) through (3) yields
Fap = 2943 N = 2.94kN

STUDENTS fug) = Eamn=1962N = 1.9¢ kN

P E
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Sample Problem - solution 2

_ . _Typ _
Z FZ = TADZ — TAD Sin 91 —_ T —_ W — TAD — 2943N
V8
Z E. = Tgpxy Typ cosb Tap ( /3
y TAC = TADY = TAny COoS 92 = \/E = \/7 = \/E = 1962 N
Tapxy Tap cosb Tap <\/§/ 3)
ZFx =0 Tup =Tupx = Tapxysind, = A A 1962 N -
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