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SECTION A (Total: 100 marks)

INSTRUCTION: Answer ALL questions.
Please use the answer booklet provided.

Question 1
With reference to the force vectors.

a) Figure 1 shows the link is subjected to two forces Fiand F2.

Figure 1: Two forces acting on an object.
i. Calculate the x-component and y-component of all forces.

(4 marks)

ii. Calculate the magnitude of the resultant force and its direction.

(6 marks)

b) An object is subjected to two forces, F1and F2 as shown in Figure 2. If the magnitude of the
resultant force is to be 500 N, directed along the positive y axis, determine the magnitude of

force F1 and its direction @
(10 marks)

Figure 2: Two forces give.é a resultant force of 500 N
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Question 2
With reference to the equilibrium of a particle and a rigid body

a) The towing pendant AB is subjected to the force of 50 kN exerted by a tugboat.

\SﬁkN

Figure 3: Towing load applied by tugboat on cable AB

i. llustrate a free body diagram indicating all the acting forces.

(4 marks)
il Calculate the force in each of the bridles, Fac and Feo, if the ship is moving forward with
constant velocity.
(8 marks)
b) Figure 4 shows a 10 kg cylinder connected to pinned cables at points A and B.
Figure 4: Cable support system for a 10 kg mass cylinder.
i lllustrate a free body diagram indicating all the acting forces.

(4 marks)

ii. Determine the tension developed in wires Fca and Fcg required for equilibrium of the

10kg cylinder. Take 6 = 40°.
(6 marks)
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Question 3
With reference to the kinetic of a particle: Force, acceleration & Newtons Law.

The motor pulls the cable with constant acceleration, causing the 20 kg crate to travel 6 min 3s,

starting from rest.

Figure 5: A crate pulied by a motor along an inclined plane

i. llustrate a free body diagram showing all the external force that act on the crate.
(5 marks)

ii. Calculate normal force, Fy
(5 marks)

iii. Find the tension developed in the cable. The coefficient of kinetic friction between the crate
and the plane is px = 0.3.

(10 marks)
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Question 4
With reference to the kinetic of a particle: Work, power, and energy.

The material hoist and the load have a total mass of 800 kg and the counterweight C has a mass of
150 kg. At a given instant, the hoist has an upward velocity of 2 m/s and an acceleration of 1.5 m/s?.

Figure 6: A vertical hoist lifting a load, connected by pulleys and a rope to a counterweight
labeled C.

i. lllustrate a free body diagram.

(4 marks)
. Calculate all the tension force involved.
(10 marks)
iii. Determine the power generated by the motor M at this instant if it operates with an efficiency of
e=0.8.
(6 marks)
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Question 5
With reference to the kinetic of a particle: impulse and momentum:

a) Figure 7 illustrates a 50 kg crate being pulled by a constant force, P. Starting from rest, the
crate reaches a speed of 10 m/s in 5 seconds.

Figure 7: A crate pulled by constant force on rough surface.

i. lllustrate a free body diagram showing all the external force that act on the crate.
(5 marks)

i. Determine the tension developed in the cable and normal force, Fn. The coefficient of
kinetic friction between the crate and the ground is px = 0.2.

(15 marks)

END OF EXAMINATION PAPER

LGB 13403 STATIC AND DYNAMICS .~ _ | . . . Pagesof8



APPENDIX
1. TABLE OF FORMULAE
Multiple Exponential form Prefix S| Symbol

1 000 000 000 10° giga G
1 000 000 108 mega M
1000 103 kilo 4
Submultiple

0.001 103 Mili m
0.000 001 10® Micro H
0.000 000 001 10° nano n
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Vector:

Parallelogram Law:

>
PV
"{f’ ot e
=

Pythagorean Theorem:

3 Fyy
Fp=F.+F,; and@=tan" FR}
R

Cosine faw:

T=VAT+ B° = 2ABcosc
Sine law:

A . B . C_

sina sy sine

X
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Kinematics

Particle Rectilinear Motion:

Variable a Constant a = a,
a= _‘?_?,_ N v=1y+ad
dt - R T S UK A
h )
- & s==30+vot+%actz.
dr
ads = vdv v = v§ + 2a.(5 — %)
Equations of motion: Principles of Work and Energy:
Q. F =ma T+ 3U;2 =T,
Kinetic Energy
Work
Particle: Variable force Ug = f Fcos 0 ds
T = %mvz Constant force Up = (F,cos8) As
Power and efficiency: Conservation of Energy Theorem
dau T1 + ,Vl = Tg G Vz
Pe=—=Fv i
dt
€= P out:: Uout
‘Piﬂ Um

Principles of Linear Impulse and Momentum:

Particle ‘ my; + = j Fdt = mv,

Rigid Body l m(vg) + 2 f Fdr = m(vg),
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