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PARTA(COMPI]LSORY):

Ql FIGURE Ql shows a 0.02 kg bullet which is travelling at the speed of 3802/s. The

bullet strikes the 6 kg wooden block and then exit the other side of the block at l2ml s .

The coefficient of kinetic friction between the block and surface is Fr = 0.6 .

Q2

(c) Calculate the time the block slides before it stops.

( 8 marks )

( 4 marks )

Two smooth disks A and B, having a mass of I kg and 2 kg, respectively, collide with the

velocities shown in FIGURE Q2. The coefEcient of restitution for the disks is e =0,j5.

(a) Resolve each of the initial velocities into .r and y components.

(a)

(b)

(c)

Determine the speed of the block just after the bullet exit the block.

( 8 marks )

Find the average normal force on the block if the bullet passes through it in
1.5 ms .

Momentum of the system is conserved along the line

equation of momentum for the system.

Write the coefFrcient of restitution that relate the relative

along the line of impact, just before and after collision.

( 2 marks )

Determine the .r and y components of the final velocity of each disk just after

collision.

( 8 marks )

(b)

( 4 marks )

of impact. Write the

( 6 marks )

velocities of the disks

(d)
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PARTB:

Q3 (a) Explain the three (3) different types of rigid-body motions. Provide one (l)
example for each type of motion.

( 6 marks )

(b) Gear A of the winch tums gear B, raising the hook H as in FIGIIRE Q3(b). Gear

A starts from rest at time , = 0 and its clockwise angular acceleration (in

rad / s') is given as a function oftime by d,t =0.2t .

(D What is the upward velocity ofthe hook at / = l0 s?

(iD Determine how high the hook rises in lOs starting from rest.

(iii) Let P, be the point of gear A that is in contact with gear B at t =10s.

Determine the magnitude ofacceleratio& P/ at that instant.

( 14 marks)

Q4 (a) The shaper mechanism in FIGIIRE e4(a) is designed to give a slow cutting

stroke and a quick retum to a blade attached to the slider at C. If link AB is

rotating at angular velcr,ity a=4radls,

(D determine the velocity of the slidet block C at this instant usins vector

analysis, or scalar analysis.

(iD determine the velocity of the slider btock C at this instant using the

method of instantaneous center ofzero velocity.

( 10 marks)

(b) At a given instant the slider block B is moving to the right with the motion

shown in FIGIIRL Q4(b). Determine the angular acceleration of link AB and

the acceleration ofpoint A at this instant.

( l0 marks)
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A 10 kg block B is suspended by a cord which passes around a frictionless pulley of

negligible mass at D and is wrapped around a 100 kg wheel A as shown in FIGURE Q5.

The wheel A has a central radius of gyration fto =0.5n. If the wheel A rolls without

slipping

(a) Draw the free body diagram of the forces and motion of the wheel A and block

B.

(b) Write the equations of motion of the wheel A and block B.

(c) Determine the acceleration of block B, a" ml s2 when the

from rest.

(d) Determine the acceleration of block A, aomls2.

(e) Determine the tension of the cord on the wheel A, Zo .

( 2 marks )

( 3 marks )

system is released

( 5 marks )

( 5 marks )

( 5 marks )

a6 The slender bar AB as shown in FIGURE Q6 of mass 15 kg rotates at A with angular

veloc\ty o.lrad /s counterclockwise when it is at the horizontal position. The

unstretched length of the spring is 1.5 m, and the spdng constant is k = 5O N I m .

Show that the mass moment of inertia, 1, and 1o of the homogeneous slender

bar of mass, rz and length, I are lo=Qt})ml'? and, Ic=(1t12)ml2,

respectively (Use the mass element, d^=p dx where p is the mass per unit

length).

( 5 marks )

Determine the change in the potential energy due to gravity, LV,.

( 5 marks )

Determine the change in the potential energy due to spring stiffness, Aq.

( 5 marks )

Determine the angular velocity of the bar, rrr ral I s when it is in the position

shown. (Smarks)

ta,

(b)

(c)

(d)
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Fundamental Equations of Dynamics :

KINEMATICS
Particle Rectilinear Motion
Variable a Constont 0=ac

a -- dvf dt

v = d.sldt

ads=vdv
s=J0+vot+0.5a"r2

v' =vo' +2a,(s -so\

Principle of Work and Energy : Tt + U ,-, =7,
Kinait Eneryy

Particle r =(tt z)mvz

r =(trz)nrt +(rrz) roa'z

I), =l F cosl ds

U, = ({ cosd) As

Uw =-W LY

u, = - (o.sr"3 -o.sr,,')

Particle Curvilinear Motion

x,y,z Coordinates r,O,z Coordinates

vt=)c a,=r
v =ir a =i

^ _i

n,t,b Coordirntes

.dv
AS

v'
p

Rekltive Motion

Rigid Body Motion About a Fixed Axis
Variable a Constant a=a.

O =(Do +C[.,

o =oo +0ot + o.5a"r2

6'z = to,o'z + za"(O -00)
For Point P

s=0 r 1;=(Or at=g,r an=(D2 r
Relative General Plane Motion - Translating Axis
ln=vt*Yettlpin) dn=aalaattlpin)

Relative General Plane Motion - Tnns. & Rot. Axis
vo = v o + {lxr",o + (v 

",o),n
aB = aA+ {txrBtA +Qx(Oxru,r)+

zQx(v 
", 

),*x(a 
", 
),n

KINETICS

Mass Moment of Inertia 1 = | ,t dm

Couple mommt Uu =M Le
Power and EfEciency
P=duldt= F.v e = 1",lPn =U,*lU 

^
Conservation of Energr Theorem
Tt +Vr =Tz +V2

Potential Energ!
v =v s + v, wherev I =!wy,v, = +O.5ts']

Principle of Linear Impulse and Momentum

Pafticle mv, +ll Fdt = mv,

Rigid Body n(vo), +Ll rat = m(vo),

Conservation of Lin€ar Momentum
l(syst. rzv), = l(syst. nv),

ve =r€
v,='

a, =r - rH-

% =ft'+2iQ

Rigid Body
(Plnne Motion)

Wo*
Variable force
Constant force

WeiSht
Spring

| ." l.]/2
ll+ldvl &f IP=ffi

P't r ax"l

aB = 0A+ aBtA

o. = daldt
a=dAldt
@d@=affi

Paralkl-Axis Theorem

Radius of Gyration

I=Ic+mdz
k=^17 tm

ZMe=leaorZM"=Llm),

Coefficient of Res,nofion, = ffi
Principle of Angular Impulse and Momentum
Particle (n o), +2[ u oat =(a 11.,

where H o --ld\mv)

RigidBody (n o)r+LI u oat =(n o),
(Pbne nntion) where Ho=lo1x

(n o), +LI u oat =(n o),

'herc Ho=Io(t
Conservation of Angular Momentum

IGyst. //), =t(syst. n),




