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INSTRUCTIONS:
Answer QUESTION ONE (Compulsory) and any other TWO QUESTIONS

QUESTION 1 (30 marks)

a) State the Newton’s 2"! Law of motion (2 marks)
b) State the principle of conservation of momentum (2 marks)
c) State and explain the three categories of errors. (6 marks)

d) Distinguish the following terminologies as used in mechanics

(i) Average acceleration and instantaneous acceleration (2 marks)
(i) Impulse and Momentum (2 marks)
(ii1) Kinetic friction force and static frictional force (2 marks)
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e) Suppose the displacement s of an object moving in a straight line under uniform acceleration
a is given as a function of time by the equation, s = ka™t" where k is a dimensionless
constant. Use dimensional analysis to find the values of the powers m and n. (3 marks)

f) As an approximation, assume the moon revolves around the Earth in a perfectly circular orbit
with a radius 7 = 3.85 X 10® m and takes 27.3 days (which is 2.36 X 10°s) to make a complete
revolution,

(1) What is the speed of the moon? (4 marks)
(i1) What is the magnitude of the radial acceleration of the moon toward the Earth’s center?
(3 marks)
g) Show that the maximum height H of a projectile projected at a velocity v, and an angle 8,

from the horizontal in two — dimensional motion is given by

2 '29
H = %0 <6, < > (4 marks)

QUESTION 2 (20 MARKYS)
a) A block is at rest on a rough inclined plane of angle 6
(i) Find the static frictional force f; in terms of N and 6 (2 marks)
(i1)) When the angle is increased until the block is on the verge of slipping at0 = 6, =
38.7°, find the value of the coefficient of static friction (3 marks)
(iii) The value of 8 was increased further to allow the block to accelerate and then decreased
again to the value 8 = 0’ = 26.6° to allow the block to move with constant speed, find
the coefficient of kinetic friction p;,. (3 marks)
b) A ball is launched from the ground with an initial speed v, of 40 m/s at an angle 8° = 60 °
towards a cliff of height h, the ball strikes the cliff after 5 s. Find:

u

Fig.1 ©
(i) The height h of the cliff, (3 marks)
(i1)) The maximum height H, (3 marks)
(ii1) The speed of impact, and (3 marks)
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(iv) The horizontal distance between the cliff and the firing point (3 marks)

QUESTION THREE (20 MARKS)
a) State and explain the two types of collisions (4 marks)
b) A projectile of mass m; = 1 kg moving along the x direction with a speed v; = 20 m/s
collides elastically with a stationary target of mass m, = 2 kg. After the collision, the
projectile is deflected at an angle of 60° from the horizontal
(i) What is the speed and angle of the target after collision? (3 marks)
(i1)) What is the final speed of the projectile and the fraction of kinetic energy transferred
to the target? (3 marks)
¢) Use dimensional analysis to show that the expression v = v, + at is dimensionally correct,
where v and v, represent velocities, a is acceleration, and ¢ is the time interval. (3 marks)
d) The position vector of a particle moving in two dimensions is given by7 = x(t)7 + y(t)]
where x(t) = 2t + 1, y(t) = 2t? and t is the time in seconds and all numerical coefficients
have the proper units so that 7 is in meters.

(i) Find the particle’s velocity vector ¥ as a function of time, and find its magnitude and

direction att =3 s. (4 marks)
(ii) Find the particle’s acceleration vector d att=4s. (3 marks)
QUESTION 4 (20 MARKYS)
a) Define the following terms giving examples in each;
(i) Conservative forces (2 marks)
(i1) Non-conservative forces (2 marks)

b) A 77 kg diver drops from a diving board 10 m above the water surface. Use conservation of

mechanical energy to find his speed 5 m above the water surface. (5 marks)

c) Calculate the error in finding the kinetic energy of an object using the formula
K(m,v) = %mvz where the mass of the object m = 0.497 + 0.005 kg and velocity
v=150 +£0.03m/s. (4 marks)
d) A block of mass m =21 kg hangs from three cords as shown in of Fig.2 below. Taking sin 8 =
4/5,cos 0 =3/5,sinp =5/13, and cos ¢ = 12/13, find the tensions in the three cords.
(7 marks)
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Fig.2

QUESTION 5 (20 marks)

a)

b)

d)

A bullet of mass m = 10 g is fired horizontally with a speed v into a large wooden stationary
block of mass M = 2 kg that is suspended vertically by two cords. In a very short time, the
bullet penetrates the pendulum and remains embedded. The entire system starts to swing
through a maximum height # = 10 cm. Find the relation that gives the speed v in terms of the
height 4, and then find its value. (5 marks)
A baseball has a mass of 0.2 kg and a speed of 30 m/s. After the batter strikes the baseball, its
velocity changed to 50 m/s in the opposite direction
(i) Find the change in momentum of the ball and the impulse of the strike. (3 marks)
(i) Find the average force exerted by the bat on the ball if remains in contact for 0.002 s.
(3 marks)
In a cathode ray tube of a TV set, an electron with initial velocity v, = 2 X 10* m/s enters
aregion 2 cm long, where it is accelerated electronically in a straight line. The electron emerges
from this region with a velocity v = 3 X 10° m/s.
(i) What was its acceleration, assuming it was constant? (2 marks)
(i1) How long will the electron be in this region? (2 marks)
A system of three particles of masses m; = 0.5 kg, m2 = 1 kg, and m3 = 1.5 kg are spread out
in two dimensions and located as shown in Fig.3. Find the center of mass of the system.

(5 marks)
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