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a. Consider point P rotating about point O at a constant angular velocity, @, as
shown in the below figure. When viewed from position C point P appears to
move with simple harmonic motion. Prove that the velocity, v, of P, when

viewed from C, is given by v = /(X2 —x2). When would P appear to have
its greatest velocity when viewed from position C?
[5 Marks]

C
b. Consider a mass on a spring as shown below, show that the natural frequency

is given by f= Zi % [5 Marks]
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c. A thin uniform bar of mass, m, is placed on two identical discs
which rotate with equal but opposite speeds as shown below.
Show that if the centre of gravity of the bar is displaced from
the mid position by a distance X, that the bar will oscillate with

a periodic time given byT =27 (Lj where u is the
2}

coefficient of friction between the discs and the bar and 2l is

the distance between the centres of the two discs.

[10 marks]
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a. A mass of 700kg falling 0.2m is used to drive a pile of mass 500kg into the
ground. Assuming that there is no rebound, find the common velocity of the
driver and pile at the end of the blow.

[3 Marks]

i. Calculate the loss of Kinetic Energy. Where has this energy been
transferred?
[3 Marks]

ii. If the resistance of the ground is constant, find its value if the pile is
driven 50mm. How realistic is this assumption?
[4 Marks]

b. A winding drum raises a cage of mass 300kg through a height of 80m. The
winding drum has a mass of 205kg, a radius of 0.45m and a radius of gyration
of 0.4m. The mass of the rope is 1.5kg/m. The cage has at first an
acceleration of 1.2ms™ until a velocity of 7ms™ is reached, after which the
velocity is constant until the cage nears the top, then the final retardation is
4ms™. Find;

i. The time taken for the cage to reach the top
[5 Marks]

ii. The starting torque on the drum
[5 Marks]



3.
a.
In the context of complex stress, explain what is meant by the terms ‘Principal Stress’
and ‘Principal Plane’?
[3 marks]
b.
At a given section a shaft is subjected to a bending stress of 20MPa and a shear stress of
40MPa.

1) Draw a Mohrs circle to represent the above condition. [5 marks]

Hence determine;
i) The principal stresses and the planes on which these act.

[4 marks]
iii) The maximum shear stress and the plane on which this acts
[2 marks]

iv) Determine the tensile stress, which acting alone would produce the same
maximum shear stress.
[3 marks]

V) Determine the shear stress, which acting alone would produce the same
maximum tensile principal stress.
[3 marks]
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A simply supported beam is loaded as shown above. Show that;
a. The slope at A is given by: dy _ =540
dx El
[14 Marks]
b. The slope at C is given by: dy _606.6
dx El
[3 Marks]
c. The deflection at B is given by: y = _123'3

[3 Marks]



FORMULA SHEET

Free Vibrations;

v:a)W/iXZ—xzi

a=w’x
fol

T 2rx

Dynamics

Assume g = 9.81ms™ in all calculations
2

Centripetal Force =
r

Momentum = Mass x Velocity
Force = Mass x Acceleration
T=la

| = mk?

Kinetic Energy = % mv?

Linear acceleration
v=u+at
s=ut+%at’
v = u? + 2as

Slope and deflection of beam theory;
d’y

El o M Bending moment.
X
3
Q=El % Shear Force
X
4
w = El d’y Load

X4



Graph paper for question 3b

N

SRt O |




