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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 kinetic of a particle.

a) A sphere is fired downwards into @ medium with an initial speed of 27 m/s. If it experiences a
deceleration of a = (-6t) m/s?, where t is in seconds, calculate the distance traveled before it
stops.

(10 marks)

b) A bicyclist starts from rest and after traveling along a straight path a distance of 20 m reaches a
speed of 30 km/h. Calculate his acceleration if it is constant. Also, how long does it take to reach
the speed of 30 km/h?

(10 marks)
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Question 2

With reference to the kinetic of a particle: Force, acceleration & Newtons Law.

Figure 1 shows a truck carries a 200 kg crate on a level surface with a static friction coefficient of
p=0.3.

Figure 1: A truck carries a 200 kg crate.

i. Draw and labeled free body diagram showing all the external force that act on the object
(5 marks)

ii. Determine the shortest time for the truck to reach a speed of 60 km h, starting from rest with

constant acceleration, so that the crate does not slip. Determine the velocity of the crate.
(15 marks)
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Question 3
With reference to the kinetic of a particle: work, power, and energy.

a) Figure 2 shows two forces act on a 100 kg crate resting on a horizontal plane. Given that the
crate starts from rest and the surface has a kinetic friction coefficient of k= 0.2

800N 1000 N

Figure 2: A crate is subjected to the action of the two forces.

i. Draw and labeled free body diagram showing all the external force that act on the object
(2marks)

i.  Determine the distance it slides in order to attain a speed of 6m/s
: (8 marks)

b) Figure 3 shows a motor lifts a 60 kg crate vertically at a steady speed of 2.50 m/s to a height of
5 meters in 2 seconds. Given that the motor’s indicated power is 3.2 kW.

Figure 3: A crate is lifted using a motor.

i. Draw and labeled free body diagram showing all the external force that act on the object
(2marks)

ii. Determine the power efficiency
(8 marks)
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Question 4

With reference to the kinetic of a particle: principle of impulse énd momentum & conservation of linear
momentum:

a) Figure 4 shows the 50 000 kg tugboat accelerates uniformly from rest over 35 seconds. The
propeller provides the propuision force F which gives the tugboat forward motion, whereas the
barge moves freely. The barge has a mass of 75 000 kg.

e e ot b"’“ =i+ STl
— —e

Figure 4: Propeller force acting on tugboat with attached barge

i. Calculate the tension force of the rope, Fr on the barge.

(5 marks)
ii. Determine F acting on the tugboat

(5 marks)

b) A 5 kg block as shown in Figure 5 is moving at 14 m/s when it is 6 meters away from a wall.
Given the coefficient of kinetic friction between the block and the horizontal plane is px = 0.3.
Determine the impulse of the wall on the block necessary to stop the block. Neglect the friction
impulse acting on the block during the collision.

(10 marks)

By = ]'-’smf".i -——6m»—-—-——-—-——~—~’

Figure 5: A block moves with a velocity of 14m/s
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Question 5
With reference to power transmission by belts and gears

An open belt drive has two pulleys having diameters of 1.2 m and 0.5 m. The pulley shafts are
parallel to each other with axes 4 m apart. The mass of the belt is 1 kg per meter in length. The
tension is not allowed to exceed 2000 N. The larger pulley is the driving pulley, and it rotates at
200 rpm. The speed of the driven pulley is 450 rpm due to the belt slip. The coefficient of friction is
0.3.

Open beit drive

Figure 6: Open belt drive with driving pulley

Determine:
i. power transmitted
(8 marks)
ii. power lost in friction
(8 marks)
iii. the efficiency of the drive.
(4 marks)
END OF EXAMINATION PAPER
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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 k
Submultiple
0.001 103 Mili m
0.000 001 10¢ Micro
0.000 000 001 10° nano
Kinematics
Particle Rectilinear Motion:
Variable a Constant a = a,
dv
q = = =1+ ad
dt
ds 1
V= — smso+?}gt+§ac{2
dt
2 ‘s ik ' — K
ads = vdv v* = o5 + 2a,s — s0)

Equations of motion:

ZF=ma

Principles of Work and Energy:

T+ ZUy2 =T,

Kinetic Energy

Work
Particle: Variable force Us =
T = %mvz Constant force Up =

Work = Force x distance

/Fcoseds

(F.cos8) As

Power and efficiency:

dUu
—*-‘.-—"“‘"=F' i
P T v
¢ = Pou_ Uon
Pm Uin

Conservation of Energy Theorem

Ti‘*‘%::Tz“l’Vz

useful energy transferred by the device
total energy supplied to the device
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Principles of Linear Impulse and Momentum:

Particle ‘ mw+EjF&=m&

Rigid Body l m(vgh + 2 ] Fdt = m{vg),

Conservation of Linear Momentum:
m, (V) + mp(vpy) = mu(Vy,)+ mp(vp,)

Kinetics of a rigid body
h+Uisp =T,
7y, T, = initial and final total kinetic energy of
particles forming body
U,y = total work of internal and external forces
acting on particles of body.
For spring,
1
—Zks?) =
T) + (Me ks ) ()
T 2
T=5lw
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power transmission by belts and gears

oG
. 1.2
Velocity of the belt (1) = 20.93 x >

Centrifugal tension (7)) = m }7

Active tension on tight side (7)) = T — T

0 = IR0 - 23
_I; — et ®
2

N

Power transmitted (P) = T; L.l - ;-%-3-] x1256

T B, 3 1 o ds
(b} Poweroutput =1 (l — 43)x 3

Power fransuitied

Efficiency of the drive =
ereney o Power input

w
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