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Brief introduction to Statics

Brief Concept:

Definition of Mechanics as a subject of study: Mechanics is the science
that describes and predicts the conditions of rest or motion of bodies
under the action of forces. It is the foundation of most engineering
sciences and is an indispensable prerequisite to their study.

The foundation of the mechanics is Statics. A subject that deals with
Equilibrium of bodies with either:

«Stationary

*Move with constant velocity

The idealizations throughout this course are:
*Particles =»has a mass and size can be neglected
*Rigid Body =» a combination of a large number of particles that do
not deform
*Concentrated Force =» the effect of a loading
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Brief introduction to Statics

Fundamental Laws:
Newton’s First Law: If the resultant force on a particle is zero, the particle will
remain at rest or continue to move in a straight line.

Newton’s Second Law: A particle will have an acceleration proportional to a
nonzero resultant applied force.

Newton’s Third Law: The forces of action and reaction between two particles
have the same magnitude and line of action with opposite sense.
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2D-Vector

Basic 2D Vector:

Parallelogram Law * Principle of Transmissibility

Cosine Law:

R? = P? +0* -2PQcosB

R=P+0
Sine Law:
sin A ~ sin B ~ sinC
0 R A
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2D-Vector

Commutative, Associative.

P+0=0+P

P+Q+§=(P+Q)+§=I3+@+§J
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2D-Vector

{1 _
—~JFH=1MN
Example: /
Q1. Determine the magnitude and direction of the i = 10N
) = [N}
resultant force. i\ /I('
N\ 2 - 15¢
| ( L’ 1 .
§
Al: h'
a. Parallelogram A

360 — 2(65°

o= ]

J
90° = 25° = 65°



. oowutmmy
2D-Vector

Apply Cosine Law:

F, =100~} + (150N § =2(100N Y150 )eos115°
= /10000 + 22500 - 30000(- 0.4226 ) = 212.6N = 213N

ly Si :
fpplySine e 150N 212.6N

sinf  sinll5°

150N (0.9063)
12.6N

sinf =




2D-Vector * &

a Determine the resultant force for the system shown. 3 B

4
b. Determine the change in the mass M if the resultant
force is horizontal.
A2:
b.
HZE,=0
400sin30° + 600sin8 ~ Mg =0
(+1ZF,=R,
e Mg = 200 + 360
R, = 400sin30° + 600sinB — 20g
M=57.1kg
a. = —
fy= oMt End mass added: 57.1 -20=237.1 kg
(+=) 2 F.=R, R,=3638N 1t
R, = 400cos30° - 600cos8 R=V363.8" +133.6°=387.6 N }
R,=346.4 - 480 =~ 133.6 6= tan '(363.8/133.6) = 69.8°
R.=133.6N «
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R is the resultant of three forces P,, P. and P, (P, acts on the line
aa). Determine the force P, and R.

2D-Vector ™

b. Determine the two components of the force P, along the aa and x

axes.
A3
a.
) =N
~ 100 cos 30° + 100 sin 30° - P, cos 30° = - R sin 30° ~ 100 sin 30° + 100 cos 30° + P, sin 30° = R cos 30

~866+50-0866P,=-05R ~50+R66+05P,=0866R

3660866 P,=—0.5R 36.6+0.5 P, = 0.866 R @

36.6+0.866 P,= 0.5 R m

(1)+0866  423+P,=0577R  (3) } input R = 26.8 N into (3)

(2)+05732+P,=172R  (4) 423+ P, =0.577(26.8)
~309=-1155R P,=-268N
R=268N P=268N 3



2D-Vector

a.

R is the resultant of three forces Py, P. and P, (P, acts on the line

aa). Determine the force P, and R.

Determine the two components of the force P, along the aa and x

axces.

b.
P
300 K2
Pizs '%1/0051
sin rule _]00 - .Pm - _P"
sin30° sin30° sinl20°
P,..=100N “30°

P,=1732N«




2D-Vector

Q4

Four forces; F1,F2,F3 and F; (not shown) are applied onto

a stationary particle.

a. Find the force F; for the particle to remain stationary.

b. Find the vertical component of F; to start moving
the particle along the x-axis.

C Explain the condition of force F; to start moving
the particle along the y-axis.

F1=8i+20j kN




2D-Vector

A4
a TF1+0F2+_ F3+ F4=R=0 b.
(+1) 20+10035-60sin300+F4y=0
(+—=) 8+10045+60cos300+F4x=0 Fdy=-50 N
Fdx=-140 N Fay=50N ()
F4x=140N («)
(+1) 20+10035-60sin300+F4y=0 C
F4y=-50N (+—=) 8+10045+60cos300+F4x=0
F4y=50N (|) F4x=-140 N
F4x=140N (<)
~F4y=1 40N and
Fay#+50 N

F4=1402+502=148.7 N
f=tan-150140=19.650



2D-Vector Practice Problems

Practice: A
PO1. 100N
3 30
Determine components of the 100 N force along >
AB and BC axes. B :
PQ2
y

a R is the resultant of three forces P,, P, and P. (P, acts Pi=1000N 4

on the line Oa). Determine the forces P, and R. R

. &0 8¢

b. Determine the two components of the force P, along .

the Oa and x axes. © ‘-\}3&- '

P, =500 N \'G
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2D-Vector Practice Problems

PO3

[f rp = 100 kg determine ms, mc and mp so 50° 60°

that the system is in equilibrium.
607 707 60°

PO4

200N force is to be resolved into components along a-a’ and b-b'".
Determine the angle a knowing that along b-b' is 120N. Also

compute the a-a'
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2D-Vector Practice Problems

PQS

R =100 N is the resultant of three forces P,, P, and P, (acts :
R=100
on the line aa). Determine the angle & and the force Pi. ? o

Determine components of the resultant along the x and aa axes.

PQ 6

Four forces act on a bird in flight, as shown in the figure; its
weight, the thrust F7, the lift F; provided by the wings, and
the drag F), resulting from its motion through air. Determine £ ='5N

a the resultant of the four forces and its line of action W=10N" A\

with respect to the x — axis.

b. the components of the resultant in the gg and x’x’ directions.
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2D-Vector Practice Problems

PQ7

A 6 kg mass at £ is supported as shown. Determine tension
in the spring and cable AB.




