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CHAPTER 2
STATICS OF PARTICLE

Expected Outcome:

» Able to determine the resultant of coplanar forces acting on a particle

» Able to resolve a force into its components

» Able to draw a free body diagram for a particle and solve a problems
involving the equilibrium of a particle
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Method to determine Resultant of the Forces

’ Resultant of Two Forces Resultant of Two or More than Two Forces
e Trigonometric rules * Rectangular component of the force

* Graphical solution
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» \ector: parameter possessing magnitude and direction
which add according to the parallelogram law. Examples:
displacements, velocities, accelerations.

o Scalar: parameter possessing magnitude but not
direction. Examples: mass, volume, temperature

* Negative vector of a given vector has the same magnitude
and the opposite direction.

» Equal vectors have the same magnitude and direction.
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Resultant of Two Forces

7 * Force?

- Action of one body on another; characterized A
by its _pomt of application, magnitude, line  ———
of action, and sense. -7

* The combined effect of two forces (P and Q)
can be represented by a single resultant force
(labelled as R).

» The resultant is equivalent to the diagonal of
a parallelogram which contains the two A
forces in adjacent legs.
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 Trapezoid rule for vector addition

B Addition of Vectors

—

 Triangle rule for vector addition

e Law of cosines,
R? = P? +Q% - 2PQcosB
R=P+Q
e Law of sines,

sinA _sinB _sinC
P R Q

e \ector addition is commutative,
P+Q=Q+P

e \/ector subtraction
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The two forces act on a bolt at A. Determine their resultant by using
a) Graphical solution (trapezoid rule)

b) Triangle rule
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1. Draw a parallelogram with sides equal to P and Q
Is drawn to scale.

a) Graphical solution Step —

2. Measure the magnitude and direction of the
resultant or of the diagonal to the parallelogram
are measured, R=98N o =35°

b) Trigonometric solution Step -

1. Atriangle is drawn with P and Q head-to-tail
and to scale.

2. Measure the magnitude and direction of the
resultant or of the third side of the triangle.

R=98N g =35°
courseware [




— Universiti
contnue Sample Problem 2.1 QMA.LXNG
Apply the triangle rule.

a) From the Law of Cosines,

R® = P? +Q%-2PQcosB
= (40N)? + (60N )? — 2(40N }(60N ) c0s155°

R=97.73N
b) From the Law of Sines,
sinA_sinB
Q R
sin A=sin B9
R 50N a = 35.04°
=sin155°
97.73N
A =15.04°
a=20°+A
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3 Sample Problem 2.2
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A barge is pu-lle.d by thd tugbbats. If the resultant of the forces exerted by the
tugboats is 5000 Ibf directed along the axis of the barge, determine:

a) the tension in each of the ropes for a = 45°, using both method
(graphical solution and triangle rule)

b) the value of a for which the tension in rope 2 is a minimum.
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~ a)Find the tension in each rope for o = 45°

— Ml Universiti
Malaysia
PAHANG

30° 5000 ”45°:’:\ * Graphical solution - Parallelogram Rule with
w ) , . . .
3004 -7 known resultant direction and magnitude,
il known directions for sides.
e T; =3700 Ibf T, = 2600 Ibf

B

» Trigonometric solution - Triangle Rule
with Law of Sines

5000 1b T _ Ty _EOOOIbf

sin45° sin30° sinl105°

T, =3660Ibf T, = 2590 Ibf




P
H b) the value of a for which the tension |
" rope 2 1s a minimum

» The angle is determined by applying the Triangle Rule and observing the
’ effect of variations in a.
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e The minimum tension in rope 2 occurs when

s > T, and T, are perpendicular.
L. T, = (50001bf )sin 30° T, = 2500 Ibf
[l T T, = (50001bf )cos30° T, = 43301bf
PER 2
5000 Ih o =90°-30° a =60°

30°
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Rectangular componets of a Forces

0

* F,and |: are referred to as rectangular vector
components and F =F, +|:

« Unitvectors 1 and j which are parallel to the x and y
axes.

I & _~Magnitude = 1
—ti» « \ector components may be expressed as
F=Fi+F,]

« F,and F, are referred to as the scalar components of

Fx=F cos 0 Fy=F sin 0
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» Wish to find the resultant of 3 or more
concurrent forces,

R=P+Q+S

"« Resolve each force into rectangular components
Ryl +RyJ =Pyl +PyJ+Qui +Qyj+S,i +S,]
= (P, +Q, +SX)T+(Py +Qy +Sy)T

» The scalar components of the resultant are equal

AR, j to the sum of the corresponding scalar
: components of the given forces.
|
| Ry =P +Qy +Sy Rszy+Qy+Sy
| = 2R =2Fy
A G- '« Tofind the resultant magnitude and direction,

R
R=,/Rf +Ry eztan‘lR—y
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F.
2 l‘.: =150 N

F,=100N

Four forces act on bolt A as shown. Determine the resultant of the
force on the bolt.
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* When the resultant of all forces acting on a particle is zero, the
particle is in equilibrium.

>

k-

* Newton’s First Law: If the resultant force on a particle is zero, the particle
/ will remain at rest or will continue at constant speed in a straight line.

100 1

o —
A
100 1h F. _rmu.w
Y F= 173210

 Particle acted upon by o Particle acted upon by three or more forces:

two forces: - graphical solution yields a closed polygon

- equal magnitude - algebraic solution
- same line of action R=YF=0

- opposite sense F. =0 F, =0
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SOLUTION:

» Resolve each force into rectangular components.

Y
LN _!| |

force mag X—Ccomp y —comp
F, | 150 +129.9 +75.0
. £, | 80 —27.4 +75.2
Fysin 15°) E, | 110 0 ~110.0
E, | 100 +96.6 ~25.9

Ry =+199.1] Ry =+14.3

» Determine the components of the resultant by
i  —— adding the corresponding force components.

-

iR

~=ia

R, = (143 N)j

e Calculate the magnitude and direction.
R =+/199.12 +14.32 R =199.6N

14.3N
tana = a=4.1°
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Space Diagram: A sketch showing Free-Body Diagram: A sketch showing
the physical conditions of the only the forces on the selected particle.
problem.
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In a ship-unloading operation, a 3500-1b automobile is supported by a cable.
A rope is tied to the cable and pulled to center the automobile over its
Intended position. What is the tension in the rope?
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SOLUTION:

 Construct a free-body diagram for the
particle at A.

« Apply the conditions for equilibrium.

 Solve for the unknown force magnitudes.
Tag  Tac  35001b

sin120° sin2° sin58°
Tag =35701b

Tac =1441b

3500 1
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