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PH101: MECHANICS AND OSCILLATIONS i
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DURATION: THREE HOURS

Answer ALL parts of Section A and any THREE questions from Section B. Section

(a) (i)

(i)

(b)

(c)

(d)

A carries 40 marks and Section B carries 60 marks.

SECTION A

Use dimensional analysis to show that the expression v = vy + atis  [3]
dimensionally correct, where v and v, represent velocities, a is
acceleration, and t is a time interval.

Suppose we are told that the acceleration a of a particle moving with 4]
uniform speed v in a circle of radius r is proportional to some power

of 7, say r™, and some power of v, say v ™. Determine the values of n

and m and write the simplest form of an equation for the acceleration.

A person walks 3 km due East and then 2 km due Narth. What is his [5]
displacement vector?

Find the sum of the following two vectors: [4]
A=871437
B=-51-7/

A block of mass m is pushed up a rough inclined plane of angle 6 by a [5]

constant force F parallel to the incline, as shown in Fig. 1. The
displacement of the block up the incline is d. Calculate the work done
for m=2kg, y, = 0.5, g = 30°, F = 20N,
and d = 5m.
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Figure 1,1

A disk of mass M = 8 kg and radius R = 0.5 m accelerates about its
massless axle from rest to an angular speed w = 8.5 rad/s in atime

At = 2 s, see Figure 2,

Figure 2

Find:
the angular momentum of the disk
the required constant torque used for this acceleration.

A car accelerates uniformly from rest to a speed of 100 km/h in 18s.

Find the acceleration of the car.

Find the distance that the car travels.

If the car brakes to a full stop over a distance of 100 m, then find its
uniform deceleration.

Section B

Figure 2.1 shows the following three vectors.
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Figure 2.1

Find

the vector sum Rof these three vectors?
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the magnitude of B™R ?
the angle measured from the +x direction, (6 ) ?

A ball thrown from the top of a building has an initial speed of 20 m/s
at an angle of 30" above the horizontal. The building is 40 m high and

the ball takes time & before hitting the ground, see the Fig. 3.1, Take
g = 10m/s?.

Find the time &, for the ball to reach its highest point.
How high will it rise?

How long will it take to return to the level of the thrower?
Find the time of flight £ .

What is the horizontal distance covered by the ball during this time?
What is the velocity of the ball before striking the ground?

40m

Figure 3.1

A block of massm = 21 kg hangs from three cords as shown in part
(a) of Figure. 4.1. Taking sin 8 = 4/5,cos 8 = 3/5, sin® = 5/13,
and cos @ = 12/13, find the tensions in the three cords.
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Fugure 4.1
Discuss frictional force, [5]

A particle oscillates with a simple harmonic motion along the x axis. Its
displacement
from the origin varies with time according to the equation:

x = (2m) cos(0.5mt +T/3)
where t is in seconds and the argument of the cosine is in radians.
Find:

the amplitude, frequency, and period of the motion. %g
the velocity and acceleration of the particle at any time.

both the maximum speed and acceleration of the particle. [4]
the displacement of the particle between t = 0 and t = 2s. (6]

A block of mass m = 400 g is attached to a light spring of force
constant ky =10 Nm™!, see Figure 6.1 (a). The block is
pushed against the spring from  x =0tox; = —10cm, see Figure
6.1 {b), and then released to oscillate on a horizontal frictionless
surface.

Equilibrium pesition

Figure 6.1




Find:
b)
c)

the angular frequency and the period of the block-spring system.
the maximum speed and maximum acceleration of the block.

the position, speed, and acceleration of the block at any time.
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1.-i: Work, Power and Energy
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1.5: Cantre of Mass and Collision
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