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QUESTION ONE (30 marks)

a. A rigid body is rotating with angular speed 7 radians per second about a fixed axis through
the points 4(2.3,—1), B(~4,0.1). The rotation is in the left handed sense relative to AB. Find

\ the angular velocity vector of the body. (4 marks)
b. A cylinder of radius 1m rolls without slipping along a horizontal plane AB as shown in the
figure. Its centre has a uniform velocity of 20m/s. Find the velocity of points D, E and F on

the circumference of the cylinder.

F
E » 20m/s
A B
(6 marks)
c. Prove that the magnitude of a vector A= A i+ A, ]+ Ak is Hl = JAI+ A+ A
(3 marks)

ii.Given p=2i-3; +k and §=—i—4)+ 3k . find a unit vector perpendicular to both

pand q. (3 marks)

d. i.Show that for a body rotating about an axis with constant angular acceleration @,

0 = w® +2a(0-0,) where w,,,0 and 8, are the angular velocity, initial angular velocity,

angular displacement and inititial angular displacement respectively. (5 marks)
ii. A flour mill shaft motor is switced on and reaches to the rated speed of 1800rpm with

an acceleration of 4rad/s®. When it is switched off, it decelerates at the rate of

—2rad | s* . Determine the number of revolutions it has turned to

1. attain the rated speed (3 marks)
2. come to rest (3 marks)
e. find the angle between the vectors © = 21 +2j~k 459 §=61 —37+2K

(3 marks)



QUESTION TWO (20 marks)

a. i. Derive the formula for the acceleration of a particle in the polar co-ordinate system:
= (i" —ré? )F - (rfj + 2#9)63 (9 marks)

ii. A particle sliding along a radical groove in a rotating turntable has polar coordinates
at time / given by r=crand 0= Qfwhere cand Q are positive constants. Find the
velocity and acceleration vectors of the particle at time ¢ and find the speed of the
particle at time/. Deduce that 7 >0, the angle between the velocity and acceleration
vectors is always acute. (8 marks)

b. Given 7, =31 +2] —k,7, =2i —4] -3k and 7, =—i +2] +2k determine [} +7 +7,
(3 marks)

QUESTION THREE (20 marks)

a) Two ends Pand Qof a rigid bar of length 5m slide along the y —and x—axes respectively
as shown below:
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If the velocity of point 7 is 10m/ s vertically downwards, determine the

i. Velocity of point QO (5 marks)

ii. Angular velocity of the rigid bar. (3 marks)

iii. Velocity of the point R when it makes an angle of 60" with the horizontal. (8 marks)
b) The position of an electron in metres is given by r = 310 4413_}'+2!€ where ¢ is the time in
seconds. Determine the magnitude and direction of the velocity of the electron at

{ = 2seconds. (4 marks)



/

QUESTION FOUR (20 marks)

a. Given a=2i—j— 2k. b= 3 -4k and 6 =7 < Tof 3k, verify that
i a.(bx¢)=(axh)e (4 marks)
ii. ax(bx¢)=(ac)b—(ab)c 16 1aties)
b. Consider a rigid body rotating about a fixed axis AA' , show that the acceleration a of a
point P of the body with position vector 7 is given by a =ax7 +@xv where ais the

angular  acceleration and @is the angular velocity. (6 marks)

c. Distinguish between;
i. Rectilinear and curvilinear translation motion (2 marks)
ii. Rotation motion about a fixed axis and general plane motion (2 marks)

QUESTION FIVE (20 marks)

a. The position of a particle P at a time 7 is given by 7 = (20> =3)i + (41 +4) ]+ (1* +21° )k .
Find

i. The distance OP when 1 =0 (2 marks)
ii. The velocity when 7 =1 (2 marks)
iii. The acceleration of P when ¢ =2 (2 marks)

b. A fish swimming in a horizontal plane has a velocity v, =47+ at a point in the ocean
whose position vector 1s 7, = 10/ =4 relative to a cliff. After the fish swims with constant

acceleration for 20sec onds, its velocity ¥ =20i -5
i.  What are the x and y components of the aceleration? (2 marks)

il. What is the direction of the acceleration with respect to the fixed x — axis ?
(2 marks)
iii. Where is fish at 7 =25seconds, what is its speed and in what direction is it

moving? (7 marks)
c¢. The position of a particle relative to a fixed frame Sis 7 = (¢’ 2 w4 Ty 1)}'+l4!::. If
the origin of a rectilinear moving frame S'is moving along a vector

R(t)= (" +3t+1)i +(t* +20) ] +1°k relative to S, calculate

I F' (2 marks)

i v (1 mark)



