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QUESTION ONE

(a) What do you understand by the term “frame of reference™? (2 marks)
(b) A particle of mass moves in space under the influence of a force field F. assume that at
the time t;and t, the velocity is v;and v,respectively, Prove that the work done is the

e = 1 1
change in kinetic energy, i.e [,*F - dr = Emvfl2 - Emv%. (4marks)
1

(c) (1) What is the physical meaning of the center of mass of a many-particle system?
(2marks)

(ii) Show that the Theorem of Perpendicular Axis is mathematical givenby I =1 +/ ;

(4marks)

(d) (1) Define the terms gravitational force, gravitational field and gravitational potential?

(3marks)
(ii) Prove that GM = gR* where M is the mass of the earth and R is its radius.
(3marks)
(e) Find the work done in moving an object along a vector r = 3i + 2j — 5k if the applied force is
F=2i—f—k. (4marks)
(f) Show that the force field F defined by F = (y?z3 — 6x22)i + 2xyz3j + (3xy?z? — 6x?2)k isa
conservative force field. (4 marks)
(z) Prove the work energy theorem (4marks)
QUESTION TWO

(a) An object is projected vertically upwards from the earth’s surface with initial speed v,.

Neglecting air resistance ,find

(1) the speed at a distance H above the earth’s surface and (6 marks)
(ii)  the smallest velocity of projection needed in order that the object never return.
(2 marks)

(b) Figure below shows a uniform disk with mass M and radius R. The disk is mounted on a
fixed axle. A block with mass m hangs from a light cord that is wrapped around the rim
of the disk. Find the acceleration of the falling block, the angular acceleration of the disk,
and the tension of the cord. (12 marks)
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QUESTION THREE

(a) Show that F = (2xy + z3)i + x%j + 3xz%k is a conservative force field. (4 marks)

(b)(i) Find the potential in (a) (4 marks)
(ii) the work done in moving an object in this field from (1,-2,1) to (3,1,4) (2 marks)

(c) Consider a rigid body rotating with angular velocity @ about an axis that is fixed in an
inertial frame of reference as shown in the figure. Derive an expression of the total
kinetic energy of this rotating body. (10 marks)

QUESTION FOUR

(a) Show that the moment of inertia of annular cylinder shown below is given by

axis of
rotation

12 %M(Rzz +R?). (5 marks)

(b) Consider a disc of mass M and radius R rolling down an inclined plane without slipping. Show

o
that the speed of its center of mass when it reaches the bottom of the incline is Y gh

(5 marks)
(c) State and prove the theorem of parallel axis (10 marks)



QUESTION FIVE

a) Let 7/ and ¥ be respectively the position vector and velocity of a particle v relative to the
center of mass. Prove that (a) vaFv’ =0, (b) vai}'; =0 (6 marks).

b) A block of mass M shown in the figure initially has velocity v, to the right, and its initial
position is such that the spring exerts no force on it, i.e. the spring is neither stretched nor
compressed. The block moves to the right a distance | before it stops. If k is the spring
constant, and L is the coefficient of kinetic friction between the block and the surface,

1. What is the work done on the block by the frictional force? (2 marks)
ii.  What is the work done on it by the spring force? (2 marks)
iii.  Are there some other forces working on the block, what work do they do? (2 marks)
iv.  What is the total work done on the block? (2 marks)
v.  Using work-energy calculate the value of | in terms of m, v,, py g, k. (2 marks)
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¢) (i) Define the following terms: Isobaric process and irreversible process (2 marks)
(i1) State both the first and second laws of thermodynamics (2 marks)



