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Instructions

All questions are compulsory.
Each question carries 4 marks.
There is no negative marking.

Write the final answer in the space provided or mark the correct option.

a 0N =

Time: 45 minutes.

Questions

1. A body of mass 5 kg is acted upon by two perpendicular forces of 8 N and 6 N. Find:

(i) The magnitude and direction of the resultant acceleration
(ii) The distance travelled by the body in 10 s starting from rest

(iii) The work done by the resultant force in 10 s

2. A 50 g bullet is fired from a 5 kg gun with a velocity of 400 m/s. Find:
(i) The recoil velocity of the gun
(ii) The impulse imparted to the gun

(iii) The force exerted on the gun if the bullet takes 0.01 s to travel through the barrel

3. A block of mass 2 kg is placed on a rough horizontal surface with coefficient of friction 1 = 0.4.
A horizontal force F is applied. Taking ¢ = 10 m/s?, find:
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(i) The maximum static friction force
(ii) The acceleration of the block when F = 6 N

(iii) The acceleration of the block when F = 10 N

. A 10 kg block is placed on a 30° inclined plane with coefficient of friction y = 0.5. Find:

(i) The component of weight parallel to the incline
(ii) The friction force acting on the block

(iii) Whether the block slides down and if so, its acceleration

. Two blocks of masses 4 kg and 6 kg are connected by a light string passing over a frictionless
pulley. Find:

(i) The acceleration of the system
(ii) The tension in the string

(iii) The force on the pulley support

. A car of mass 1000 kg moves on a circular track of radius 50 m at a speed of 20 m/s. Find:

(i) The centripetal force required
(ii) The minimum coefficient of friction needed to prevent skidding

(iii) The banking angle required if no friction is used

. A ball of mass 0.5 kg moving with a velocity of 10 m/s strikes a wall normally and rebounds

with the same speed. Find:

(i) The change in momentum of the ball
(ii) The impulse imparted to the wall

(iii) The average force on the wall if the contact time is 0.1 s

. State and explain Newton’s three laws of motion. Give one example of each.

(i) Newton’s First Law (Law of Inertia) with example
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10.

11.

12.

13.

(i) Newton’s Second Law (F = ma) with example

(iif) Newton’s Third Law (Action-Reaction) with example

. A3 kgblock and a 2 kg block are placed in contact on a smooth horizontal surface. A horizontal

force of 15 N is applied on the 3 kg block. Find:

(i) The acceleration of the system
(ii) The contact force between the two blocks

(iii) The net force on each block

A body of mass m is suspended by two strings making angles « and  with the horizontal. Find:

(i) The tension in each string in terms of m, g, «, B
(ii) The special case when o« = B = 30°
(iii) The tension when o« = B = 60° and m = 2 kg

A block of mass m is placed on a horizontal turntable at a distance r from the centre. The

turntable rotates with angular speed w. Find:

(i) The centripetal force required to keep the block on the table
(ii) The maximum angular speed so that the block does not slip if y is the coefficient of friction

(iii) If r = 0.2m, p = 0.5, and g = 10 m/s?, find the maximum w

A rocket of mass 5000 kg is to be launched vertically. The exhaust gases are ejected at a rate of
50 kg/s with a speed of 2000 m/s relative to the rocket. Find:

(i) The thrust force on the rocket

(ii) The initial acceleration of the rocket
(iif) The net force on the rocket after 20 s (assuming constant exhaust rate)
A block of mass m is placed on a smooth inclined plane of angle 6 which is itself placed on a
smooth horizontal surface. Find:

(i) The acceleration of the block relative to the incline
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(ii) The acceleration of the incline

(iif) The condition for the block to remain stationary relative to the incline

14. A cricket ball of mass 150 g moving at 30 m/s is hit by a bat and returns along the same line at
40 m/s. The contact time is 0.02 s. Find:

(i) The impulse imparted to the ball
(ii) The average force exerted by the bat on the ball

(iif) The acceleration of the ball during contact

15. A body of mass 2 kg is moving with velocity 7 = 3{ 4 4] m/s. A constant force F = 2i — | N acts

on it for 5 s. Find:

(i) The change in momentum of the body
(ii) The final velocity of the body

(iif) The magnitude of the impulse imparted
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Answer Key

1 (D he=V8#+62=10N,a==L =12 =2m/s? direction
6 = tan~1(6/8) = tan"!(3/4) from the 8 N force; (ii)
s = 2at?> = 1(2)(100) = 100 m; (iii) W = Fs = 10 x 100 = 1000 J

2 (i) By conservation of momentum: 0 = 5v, 4- 0.05(400) = v, = —4 m/s
(recoil); (ii) Impulse = Ap = 5(4) = 20 Ns; (iii) F = % = 2—8 = 2000 N

3 (i) fmax = Hmg = 0.4(2)(10) = 8 N (ii) F = 6 N < fnax, 50 2 = 0; (i)
F=10N> fmax, Fnet =10—-8=2N,a =3 —1m/s

4 (i) mgsin30° = 10(10)(1/2) = 50 N; (ii)
fmax = pmg cos30° = 0.5(10)(10)(v/3/2) = 25v/3 ~ 43.3 N; (iii)
mgsin30° = 50 N > fmax = 43.3 N, so block slides; a = 25323 = 0.67 m/s?

5 ()a=rms = D00 — 9 mys2; (i) T = my(g +a) = 4(12) =48 N
(or T = my(g —a) = 6(8) = 48 N); (iii) Force on support = 2T = 96 N

. 2

6 (i) F = m = 100U00) _ go00 N (ii) pmg = F. = p = £ - B =08
(iff) tan 6 = % = 55*(00) =08 = 0 = tan"'(0.8) ~ 3866

7 (i) Ap = mvg — mv; = 0.5(-10) — 0.5(10) = —10 kg -m/s (magnitude 10
kg-m/s); (ii) Impulse on wall = 10 N-s; (iii) F = At = % =100 N

8 (i) First Law: A body at rest stays at rest, a body in motion stays in uniform

motion unless acted upon by an external force. E.g., a book on a table
remains at rest until pushed; (ii) Second Law: F = md. E.g., pushing a cart
harder gives greater acceleration; (iii) Third Law: Every action has an equal

and opposite reaction. E.g., a gun recoils when a bullet is fired

Prepared by M. Ram &) |PRugirem, = 5 = 3 M/sp4il) Eamtact force F, = maa = 2(3)omuNodiiiRelease 1.0
Net force on 3 kg block = 15 — 6 = 9 N, net force on 2 kg block = 6 N

10 1) Ticosae +-Trcos B =mo T-sinae = T»sin B: Solvine: T: = M
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