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Question 1 (**)

A uniform disc, of mas$/ and radiusa, is rotating with constant angular velocity
w, in a horizontal plane, about a fixed smooth eaktaxisL , which is perpendicular
to the disc and passes through its cefitre

A particle of masanis gently lowered on to the disc at a dista%& from O, and

as soon as it touches the disc it adheres to fue di

Determine the new angular speed of the disc ingerihm, M and w.

2Mw
2M +m

Question 2 (**)

A flywheel, of moment of inertidM and radiusa, is rotating atL200 revolutions per
minute, when the source which was maintainingrbiigtion is switched off.

The flywheel comes to rest aftk% minutes due to a resistive couple

Determine the exact value af.
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Question 3 (**)

The centre of mass of a rigid body, of massm kg, lies at the origirO.

The point A with coordinateq3,- 4,1) lies onB.

When a forcer =(2ﬁ +14 - 1K ) N acts onA, it causesB an angular acceleration

of 22.75s5 2, aboutO .

Determine the moment of inertia & aboutO.

lo =8 kgn?
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Question 4 (**)

A uniform circular disc, of mas® and radiusR, is rotating with constant angular
velocity in a horizontal plane about a verticalsatirough its centr®.

A particle of maskM , wherek is a positive constant is gently placed on the dis
a distance% R from O. The particle becomes instantly attached to tke. di

Given that the disc now rotates with half its anegiangular velocity. Determine the
value ofk.
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Question 5 (**)

A uniform rod AB, of massm and length2a, is free to rotate in a horizontal plane
about a fixed smooth vertical axis, which is perpendicular to the rod and passes
through A.

The rod has angular speed when it strikes a stationary partick of massm,
which adheres to the rod.

Just beforeP adheres to the rod is at a distancex from A.

Given that afterP adheres to the rod, the angular speed of the eddces tof’—lw,

expressx in terms ofa.
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Question 6 (**)

A uniform rod AB, of massm and length2a, is free to rotate in a vertical plane

about a fixed smooth horizontal axis, which is eegicular to the rod and passes
through A.

When the rod is slightly displaced from its. positiof stable equilibrium it performs
small amplitude oscillations, with periad.

Find the length, in terms &, of a simple pendulum whose period of small araggt
oscillations is alsd@ .

I
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Q
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Question 7 (**)

A uniform rod AB, of mass3m and length2a, is free to rotate in a vertical plane
about a fixed smooth horizontal axis, which is pegicular to the rod and passes
through A. A particle of mas®2m is attached tdB .

When the rod is slightly displaced from its positiof stable equilibrium it performs
small amplitude oscillations, with period.

Show that

T»2p %

proof
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Question 8 (**+)

A pulley is in the shape of a disc of radiasand massV .

It is free to rotate in a vertical plane aboutxedi smooth horizontal axis through its
centreO. A light inextensible string passes over the pudad has a particle of mass
3m attached at one of its ends and a particle of Rassttached at the other end.

The particles are held initially at rest, at thensahorizontal level and at the same
vertical plane as the pulley, with the string taut.

The system is released from rest and the partigsn to move with the string not
slipping on the pulley.

Given that each the particles experience an aatelarof %g, expressM in terms

of m.
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Question 9  (**+)

A uniform circular disc, with centr€ , has mas2m and radiusa.

A particle of masan is attached at the poird on the circumference of the disc. The
disc is free to rotate about a smooth fixed hotiabaxis L , which is perpendicular to
the plane of the disc and passes through the goiah the circumference of the disc.

Given that the straight linACB is a diameter of the disc, show that if the disc i

slightly disturbed from its position of stable édaium, its subsequent motion will
be approximately simple harmonic.

proof
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Question 10 (**+)

A pulley is in the shape of a disc of radiasand massSm.

It is free to rotate in a vertical plane aboutxedi smooth horizontal axis through its
centreO. A light inextensible string has one end attacteed point on the rim of the
pulley and is wound several times around the rinthef pulley. The portion of the

string not wound on the pulley has len@ and has a particle of mass attached
to its free end.

The particle is held at the same level@sclose to the rim of the still pulley and is
released from rest.

Determine, in terms o& and g, the angular velocity of the pulley immediatefiea

the string becomes taut.
=8 \@ _ [649
5Va 25a
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Question 11 (**+)
Four uniform rods, each of mass and Iength2x/§a, are rigidly joined together to
form a square frameworRBCD.

The framework is free to rotate in a vertical plai®mut a fixed smooth horizontal
axis, which is perpendicular to plane of the fraraginand passes through.

When the framework is slightly displaced from itssjion of stable equilibrium it
performs small amplitude oscillations, with period

Find the length, in terms &, of a simple pendulum whose period of small araggt
oscillations is alsa@ .

| =3/a

12
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Question 12 (**+)

A uniform rod AB, of mass3m and length2l , is free to rotate in a vertical plane
about a fixed smooth horizontal axis which is perpendicular to the rod and passes
through A.

A particle of massn is attached to the rod &.
The loaded rod is held in a horizontal position engkleased from rest.

Find, in terms ofg andl, the speed of the particle when the rod is fiestical.

v =,/5¢gl
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Question 13 (**+)

A uniform rectangular lamin®BCD, where|AB| =2a and|BC| = a, has mas2m.

The lamina is rotating with angular speed in a horizontal plane about a smooth
fixed vertical axis which passes through the ceofrthe lamina. A particle of mass
m is held at rest just above the surface of thenamnathen it adheres to the corrigr

Find, in terms ofw, the new angular speed of the now loaded lamina.
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Question 14 (***)

A uniform rod AB, of massm and length2a, is free to rotate in a vertical plane
about a fixed smooth horizontal axis which is perpendicular to the rod and passes

through the poin© of the rod, WhereDA=% a.

a) Find the moment of inertia of the rod abadut
The rod is held at rest witB vertically aboveO and is slightly displaced.
b) Determine, wherOB makes an anglg with the upward vertical, ...
i. ... the angular speed of the rod.
il. ... the magnitude of the angular acceleration ofrtite

c) Given that the length of the rod Zm, calculate the angular speed of the rod
when the force acting on the rod@tis perpendicular to the rod.

o~

lo

ma?|, q:\/@(l- cosg)|, :@sinq, w=2.8 rads!
7a f/a
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Question 15 (***)

A uniform rectangular lamingABCD, where AB=a and BC =4a, has masgim.
The lamina is free to rotate about the ed&e which is fixed and vertical.

A particle, of massn, is moving horizontally with speed in a direction which is
perpendicular to the lamina. The lamina is atwdstn it is struck by the particle &t.

The coefficient of restitution between the partiatel the lamina i19.75.

Find the angular speed of the lamina immediatefyrdhe impact.
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Question 16 (***)

A uniform square lamingABCD has side lengtla and massn. The lamina is free to
rotate in a vertical plane about a fixed horizomtals, which is perpendicular to the
plane of the lamina and passes thro@hthe centre of the lamina. Two particles,

each of massn, are attached to the verticésand B. The system is released from
rest with AB vertical.

Find, in terms ofa and g, the angular velocity of the system whaB is horizontal.

0 jw=32

/a

S BY_DETGMNING THE MOMAY of INFRTIA OF THE (DADED

Toes, NI Mook AN HEnCE W6 MAY Guott 1T,

W e
® B Te "steemy puE BACLORCRS el ‘ot s ove . Pe
IL; IL! = fma3 et Bes AFi, e,
AS THE IAMINA CoUPRESSES To 8o = o +wG) = L+ o
OF oW 20 § MASS W, wiTH ITe
CASTRE AT O -  mga- i(%‘\m&) PR

© B THE ROASINuAQ eeS THERMM , To )
PRAAMWIAL T THE PUTE oF THe Uing
IS @Qued BY

— Dgi = T

= 29 = %qnl
= s nd = we
@ loal=loal = Ta (b Prrpacoras) - &
o CONTHROTIN of Gt PACTIOL ) T Tie TGs '
MOMEST OF INKRE ARBIT © i€ Groba By e Nﬁ/
W) = 2ma?

€ TOTAL MOMAST of WEQTA- RS O

T o B
T S 2 (ame?) < %ml

(ROUNG- AT THE DIARL BEcow AN By (UDING: 6\0s

B <
B g
B 2 E\v 2
w
I, B - - < - 2o POTRTNAL Ul

Created by T. Madas



Created by T. Madas

Question 17 (***)
A uniform circular disc, with centr€ , has mas®m and radiusa.

The straight lineAB is a diameter of the disc.

A particle of masan is attached to the disc at the poMt, whereM is the midpoint
of AC. The disc is free to rotate about a smooth hotacaxis L, which lies in the
plane of the disc and is a tangent to the disB at

a) Find the moment of inertia of the loaded disc abaut

The loaded disc is released from rest wkB at an angle o#5° to the upward
vertical. WhenA is vertically belowB , the loaded disc has angular sp&&d

b) Show that

2 :269(1+x/—2).

17a
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Question 18  (***)

Two uniform spheres, each of ma&ss and radiug , are attached to each of the ends
of a thin uniform rodAB, of massm and length6r . The centres of the spheres are
collinear with AB, and are locate@r apart.

The above described system is free to rotate abdiked smooth horizontal axis,
perpendicular toAB, and passing through a point on the @dwhere|AQ| = r.

The system is slightly disturbed from rest wBhvertically aboveA.

Determine the angular velocity of the system whewrertically aboveB .

_ |889
[t = 211

Created by T. Madas



Created by T. Madas

Question 19  (***)

2

Two identical uniform rodsAB and BC, each of massn and lengthl are rigidly
joined atB, so that ABC=90°. Three particles of masses, 2m and3m are
fixed at A, B andC, respectively. The system of the two rods and ttiree
particles can rotate freely in a vertical plane waba horizontal axis througM ,
where M is the midpoint of AB.

a) Show clearly that the moment of inertia of the sgstabout an axis through

M and perpendicular to the plakeBC is %Zmlz.

The system is released from rest wAlB horizontal andC vertically aboveB .

b) Determine, in terms of andl, the angular velocity of the system whB&
is horizontal andB is vertically belowA.
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Question 20 (***)

A compound pendulum consists of a thin uniform @@ of length8a and massn
is rigidly attached a€C to the centre of a thin uniform circular disc afliusa and
mass4m. The rod is in the same vertical plane as the disc

The pendulum is free to rotate in this verticalng@iathrough a smooth horizontal axis
through O, perpendicular to the plane of the disc.

a) Show that the moment of inertia of the pendulumuatibe above described

axis is%smaz.

b) Show further that the period of small amplitudeiltsoons of the pendulum,
about the position of the stable equilibriun?js /% .

proof
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Question 21  (***)

A thin uniform rod AB, of length2a and massn, is free to rotate in a vertical plane,
about a fixed smooth horizontal axis through

The rod is hanging in equilibrium, witB vertically belowA, when it receives a
horizontal impulse of magnitudm\/?g, in-a direction perpendicular to the axis
through A.

Find the angle by which the rod turns before comamstantaneous rest.
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Question 22 (***)

A thin uniform rod AB of length2a and mas2m is free to rotate in a vertical plane,
through a fixed smooth horizontal axis through The rod is hanging in equilibrium
with B vertically below A. A particle of massn, moving horizontally with speed

in a vertical plane perpendicular to the axis tigilod\, strikes the rod at the poitt
and adheres to it.

Given that the speed of the particle immediatelgrait adheres to the rod %u,
determine the distancAC

|Aq:%a

B e NP SN
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Question 23 (***)

A uniform square lamina has side len@. The lamina is free to rotate in a vertical
plane about a fixed smooth horizontal akis which is perpendicular to the lamina
and passes through one of the vertices of the Emin

The lamina is suspended through and hanging in stable equilibrium when it is
slightly displaced from that position.

Determine the period of small oscillation abousthosition, in terms gb,a andg.

T=2p
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Question 24 (***)

A thin uniform rod AB of length4l and massn is free to rotate in a vertical plane,
through a fixed smooth horizontal axis through ap® on the rod, which is at a
distancel from A. The rod is released from rest in a horizontaltpmsand when the
rod is vertical for the first time its angular veity is w.

Show that when the rod is first vertical, the magphé of the force acting on the rod at
Ois 173mg.

proof
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Question 25  (***)

A cartwheel, consisting @& spokes and a circular rim, is placed over a viEdch of
the 8 spokes is modelled as a uniform rod of m%sm and lengtha. The rim is
modelled as a uniform circular hoop of m&ss.

The 8 spokes are equally spaced on the rim and the atdle¢ centre of the hoadp.
The cartwheel is modelled as a two dimensionatirggiucture. A bucket of mass,
which is modelled as a particle, is attached to emek of a light inextensible string of
length8a. The other end of the string is attached to atpBiron the rim of the
cartwheel, so tha®P is horizontal.

The bucket is held next tB" and released from rest with string slack.

Determine, in terms o& and g, the angular velocity of the cartwheel just attes
instant the string becomes taut.
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Question 26 (***)
A pulley is modelled as a uniform circular discnedss4m and radiusa.

The pulley is free to rotate about a fixed smoathzontal axis through its centre and
perpendicular to its plane. A light inextensiblergj passes over the pulley and two
particles A and B, of respective mas@mand 5m are attached to the two ends of the
string.

The particles are released from rest with the gtiaut.

Assuming further that there is no slipping betwé®ss string and the pulley find, in
terms of g, the acceleration of the particles.
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Question 27  (***+)

A thin uniform rod of mas2m and length2a is freely pivoted atA and is hanging
at rest in a vertical position witB below A.

A patrticle of massn, travelling horizontally with speed, strikes the rod aB.

After the impact the particle remains at rest amel tod begins to rotate coming to
instantaneous rest whehB is at arcco% to the upward vertical througA.

Using a clear method, show that

2_32
u® =<ag.

proof

Created by T. Madas



Created by T. Madas

Question 28  (***+)

A uniform square lamin@ABCD, of massm and side2a, is free to rotate in a
vertical plane about a fixed, smooth, horizontakdx, which passes throughA and
is perpendicular to the plane of the lamina.

The lamina is released from rest wi#C horizontal.

Determine, in terms ofg, the magnitude of the component of the force exkeby
the lamina onL , along AC, when AC is vertical withC below A.

Nlut

mg
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Question 29  (***+)
A thin uniform rod of massn and length2a has a particle of mass attached aB .

The rod is freely pivoted af and is hanging at rest in a vertical position,hvBt

below A, when it is given an angular velocity aboiitof magnitude, /4—3 :

Determine, in terms ofm and g, the horizontal and vertical components of thedor
exerted on the axis of rotation whé&(B is in a horizontal position.

I:hor :%9mg ) I:ver :%mg
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Question 30 (***+)

A uniform disc, of masglim and radiusa, is free to rotate about a smooth, fixed
horizontal axis which is tangential to a point & trim of the disc and lies on the
plane of the disc.

The disc is hanging in stable equilibrium whensitstruck by a particle of mass
moving with speed in a direction perpendicular to the plane of tileedThe particle
hits the disc at the lowest point of the disc anthediately adheres to it.

Given that in the subsequent motion the disc per$oiull revolutions about its axis,
show that

23 54
uss ag.
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Question 31 (***+)

A small boxB and a particleA, of massm and 3m respectively, are attached to
each of the ends of a light inextensible string.

The string passes over a pullBy, at the top of a fixed rough plane, inclined at an
angle g to the horizontal, whertanq:% The pulley is modelled as a uniform disc

of mass2m and radiusa, rotating about a smooth fixed horizontal axis.

The small boxB is placed at rest on the incline plane whiles hanging freely at
the end of the incline plane vertically beld, as shown in the figure above. It is
further given tha#A, B, P and the string lie in a vertical plane parallethe line of
greatest slope of the incline plane.

The system is released from rest with the string. fthe boxB begins to move up
the incline plane, where the coefficient betwderand the plane i9.5. Ignoring air
resistance, find the acceleration Af immediately after the system is set in motion.

x=£g=3.92ms?

uino

e

[ \Ngr
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Question 32 (***+)

A uniform circular disc, of mass and radiusa, is free to rotate about a fixed
smooth horizontal axi& , tangential to a poinA on the circumference of the disc.

The centreO of the disc moves in a vertical plane that is padcular toL .

The disc is held with its plane horizontal and asked from rest.

Determine the magnitude of each of the componentshe radial and transverse
directions to the motion of the disc, of the fome L, when the disc has turned
through an angle 060°.

_13J2 1

Fr =——mg|, |FF =—m
RlogT g
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Question 33 (***+)

A thin uniform rod AB of length2a and massn is free to rotate in a vertical plane,
about a smooth horizontal axis through

The rod is held a’% to the upward vertical throughA, and released from rest.

Determine, in terms om and g, the magnitude and direction of the force exeaed
the axis atA, when B is vertically belowA.

~

%mg 10+3/2 , radially inwardk
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Question 34  (***+)
A thin uniform rod AB of length2a and massn is free to rotate in a vertical plane,
about a smooth horizontal axis through where| AQ :% a

When the rod is vertical witlB below O, the rod has angular veloci\ﬁg.
a

Determine, in terms ofm and g, the magnitude and direction of the force exeaed
the axis atO, when AB is horizontal

mg

N3]
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Question 35  (***+)

A uniform rod of mas®$ kg and length3 m is free to rotate in a vertical plane about
a fixed horizontal axis through one of the two eafithe rod.

The rod is released from rest in a horizontal pmsitA constant frictional couple of
magnitude36.75Nm opposes the motion.

a) Find the initial angular acceleration of the rod.

b) Determine the angle that the rod makes with thézbotal when its angular
acceleration is zero.

¢) Calculate the greatest angular speed of the rod.

g=2.45rads?|, [g=607, |g »1.83 rad &’
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Question 36 (***+)

A plane shapes of massm is formed by removing a circular disc with cen®eand
radiusa from a uniform circular disc with cent@ and radius3a.

S is free to rotate about a fixed smooth horizoatat L , which passes through
and lies in the plane d&. Initially S is at rest in a horizontal plane when a parti€le o
mass2m falls vertically and strikesS at the pointP, whereOP=2a and OP is
perpendicular tolL . Immediately before the particle strikés the speed of the
particle isu. The particle adheres 16 at P.

Find, in terms ofm andu, the loss in kinetic energy due to the impact.
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Question 37  (***+)
The pointsA, B, C andD lie on the circumference of a circular hoop of sas

and radiusa, so thatAC and BD are two perpendicular diameters of the hoop.

Two patrticles, each of madg , are attached té&\ andB.

The loaded hoop is free to rotate in a verticahelaabout a fixed smooth horizontal
axis throughD .

The system is released from rest, WA in a vertical positionA uppermost.
When AC is in a horizontal position the angular velocifitlte system igv.
Show that

=(m+4|\/|)g
(m+3M)a’

and hence deduce if the mass of the hoop is insignificant compatedhat of the

two particles.
- |49
uf= 5
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Question 38  (***+)

A uniform rod AB, of massm and length2l , is free to rotate in a vertical plane
about a fixed smooth horizontal axis which is perpendicular to the rod and passes
through A. The rod is released from rest in a horizontalitpmys and when the rod
first becomes vertical it hits a smooth peg atssadticel vertically below A.

The peg exerts an impulsk on the rod and the rod next comes to instantanessis
at arccox to the downward vertical through.

Determine the value ok given thatJ = 2m/% al.

,\_
"
N
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Question 39  (***+)

A patrticle of massn is attached to the poirg of a uniform rodAB, of massm and
length 2a.

The loaded rod is free to rotate about a smoothzdmtal axis through the poir®
-1
on the rod, wher¢OA = sa.

The rod is held in a vertical position withh aboveO and is slightly disturbed. When
the rod has turned by an angjefrom the upward vertical the magnitude of the éorc
exerted by the rod on the axisks.

Determine an expression fér, in terms ofm, g andg, and hence determine in
terms ofm and g, an expression foF when cosg :%

F =2 mgy/601- 1968cog+ 1656cHg|, |F =-2mgy319
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Question 40  (***+)
A bucket of masS8m is attached to one end of rope and moves in &gtline.

The rope passes vertically up from the bucket angdrapped several times around a
cylindrical drum of mas2m and radiusa.

The drum is free to rotate about its axis of symmnethich remains in a fixed
horizontal position.

The bucket is released from rest, with the ropé, tand begins to move vertically
downwards.

The bucket is modelled as a particle, the drum @sifarm cylinder rotating about its
fixed smooth axis, the rope as a light inextenssieg.

Ignoring that air resistance show that

a) ... the angular acceleration of the drum%% :
a

b) ... the time it takes the drum to complé&dull revolutions is4 /%
g

proof
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Question 41 (***+)

A light inextensible string has a particle of massattached to one end and a particle
of massém attached to the other end. The string passeseokaigh pulley, which is
modelled as a uniform disc of ma3s and radiusa.

The pulley rotates in a vertical plane throughxedi smooth horizontal axis which
passes through the centre of the pulley and isgpelipular to the plane of the pulley.

The system is released from rest with the string aad the parts of the string not in
contact with the pulley vertical. The string doest slip on the pulley during the
consequent motion. The pulley is experiencing astart frictional couple of

magnitudekmga, wherek is a positive constant.

Given that the angular acceleration of the puliez%, determine the value &.

,\_
"
N
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Question 42 (***+)

A particle A of massm is connected to small boB of mass2m by a light
inextensible string. The string passes over a puHe which is located at the end of a
smooth horizontal table. The box is held on thdetabith the particle hanging
vertically at the end of the table, as shown infipere above. The pulley is modelled
as a disc of masém and radiusa, rotating about a smooth horizontal axis through
its centre. The system is released from rest Wwighstring taut.

In the subsequent motion ...
. the string does not slip on the pulley.
. the section of the string’B not in contact with the pulley remains

horizontal at all times and the section of thengtrAP not in contact with
the pulley remains vertical at all times.

Find the acceleration of the system and hence shaiwhile the system is in motion
the force exerted on the pulley has magnitude

%)\/Emg

>
1]

Wl
Q@
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Question 43 (***+)

A pendulum is modelled as a uniform réd, of mass3m and length2a, which has

a particle of mas2m attached aB. The pendulum is free to rotate in a vertical
plane about a fixed smooth horizontal akisvhich passes through. The vertical
plane is perpendicular tb.

The pendulum is hanging at rest in a vertical pasjitwith B below A, when it
receives a horizontal impulse of magnitudle The impulse acts @ in a vertical
plane which is perpendicular to.

Given that the pendulum turns through an angle6@fbefore first coming to
instantaneous rest show that my/21ag.

proof
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Question 44 (***+)

A pulley is modelled as a uniform circular discnedss16m and radiusa. The pulley

is free to rotate about a fixed horizontal axi®tigh its centre and perpendicular to its
plane. A light inextensible string passes overpbley and two particle® andB,

of respective mas@mand 5m are attached to the two ends of the string.

The particles are released from rest with the gti@uit.
A constant couple of magnitude ofga resists the rotation of the pulley about its axis.
In the consequent motion there is no slipping betwtbe string and the pulley.

Determine, in terms oimg, the tension in each of the two sections of thimgtto
which the two particles are attached.

1 ra=2mg. [T =mg
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Question 45  (***+)

A uniform rod AB, of massm, is free to rotate about a smooth fixed horizoatas
L, which passes througA.

The rotation of the rod takes place in a vertidahp.

The rod is held so thaAB makes an angle d&30° with the upward vertical and
released from rest.

a) Given that the moment of inertia of the rod abdutis 12ma®, show that in
the subsequent motion

dg 2 3
—7 =—=(1- 2
t 8a( cogj),

whereq is the angle thaAB makes with the upward vertical.

b) Determine, in terms o, g andg, the magnitude and direction of the radial
force exerted o by the rod.

[ 1 %mg(ZGcosq- 9 , radially outwarg
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Question 46 (****)
The pointO lies on a uniform rodAB so that the ratipAQ| :|OH is 3 : 5 .

The rod is held in a horizontal position on a rodgirizontal table so thafB is
perpendicular to the straight edge of the table.

The part of the rodAO is in contact with the table and the p@B overhangs the
edge of the table.

The rod is released from rest and begins to retadit O .
When the rod has turned by an anglat begins to slip.
If the coefficient of friction between the rod atine table is/ , show that

16/ = 25taa
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Question 47 (****)

Four identical rods, each of mass and length2a are joined together to form a
square rigid frameworkABCD.

A fifth rod AC, of mass3m, is added to the framework for extra support.

The 5 rod framework is free to rotate about a smootkdikorizontal axid., which
passes througl\, so that the rotation of the framework takes piaca vertical plane.

The framework is held so th& is vertically aboveA and released from rest.

On the subsequent rotation, whBnis vertically belowA, a stationary particle of
massM adheres tdB .

Given that the angular speed of the frameworky #fie particle has adhered to it, is

2 /219
9V a '’

determineM in terms ofm.

<

I
wiho

S
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Question 48  (****)

A uniform circular disc, of radiu8a and mas®2m, is free to rotate about a smooth
fixed horizontal axisL, which is perpendicular to the plane of the disd & passing
through the pointA, which lies at the circumference of the disc. Tise is held with
its centreO at the same horizontal level &s and released from rest.

Show that the horizontal component of the forcatextonL has magnitude

%mg\/1+ 485ir?q ,

whereq is the angle thaBO makes with the horizontal.
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Question 49 (****)

A uniform rod AB, of massm and length4a, is free to rotate in a vertical plane
about a fixed smooth horizontal axispassing through the poif@, where|AQ| = a.
The vertical plane is perpendicular ita

The rod is hanging at rest in a vertical positiaith B below A, when it is struck at
its midpoint by a particld® of mass3m, travelling horizontally with speed. The
path of P on impact with the rod is in a vertical plane whis perpendicular td. .

Given thatP attaches itself at the midpoint of the rod on iotpdetermine, in terms
of m and g, the magnitude of the force acting on the rod. atwhen the rod first

comes to instantaneous rest.

%mg«/ﬁ
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Question 50  (****)

A uniform rod AB, of massm and length2a, is free to rotate in a vertical plane
about a fixed smooth horizontal axis passing throughA. The vertical plane is
perpendicular td. .

The rod is hanging at rest in a vertical positiith B below A, when it receives a
horizontal impulse of magnitudm\/a—g. The impulse acts @ in a vertical plane
which is perpendicular ta .

Determine, in terms om and g, the magnitude of the force acting on the rod. at
when the rod first comes to instantaneous rest.

%mg\/163
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Question 51 (****)

A uniform circular disc, of radiua and massn, is free to rotate about a smooth
fixed horizontal axisL, which is perpendicular to the plane of the disd & passing
through the pointA, which lies at the circumference of the disc. Tise is held with
its centreO at the same horizontal level &s and released from rest.

Show that the horizontal component of the forcatextonL has magnitude
mg|sin 2],
whereq is the angle thaAO makes with the horizontal.

proof
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Question 52 (****)

A circular flywheel F , of radius0.2 m, is free to rotate about an axis which is
perpendicular to the plane of the flywheel and tigloits centre. The motion &f is
smooth.

The flywheel receives a tangential impulse, inglane of F , of 180Ns.

a) Given that the moment of inertia & aboutL is 6 kg m?, determine the
angular speed of after it receives the impulse.

A resistivecoupleC Nm is then applied td= whose magnitude is given by

20° O0£t£0.5
75 05<tf£T

where g is the angular speed & at timet s, bringing F to rest in timeT s.

b) Form and solve a differential equation,gn to find the angular speed &f
whent =0.5s.

c) Calculate the value of .

w=6rads?|, qt:05=3 radst|, [T=2.94
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Question 53 (****)
A uniform circular disc with centr® has massn and radiusa.

The disc is free to rotate in a vertical plane abamdixed smooth horizontal axis
through a pointA on the disc, Wheré)A:% a.

The disc is held at rest in a position withvertically aboveA. The disc is then
released and begins to rotate abQut The angle betwee®A and the upward
vertical is denoted by .

a) Find, interms ofa, g andg, ...
i. ... the angular speed of the disc.
ii. ...the angular acceleration of the disc.

b) Determine, in terms ofm, g andg, the radial and tangential component of
the force acting aiA.

c) Calculate, in terms ofng, the magnitude of the force acting &t when the
radial component of the force is zero.

_ [49(1- cogyy _ 2gsing _ _
qg= % q=== R—:—lamg(Scosq- 9, T—%mgsmq,
2\ 21
F=——mg
15
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Question 54 (****)

A uniform equilateral triangular laminABC has massn and side length of/3a.

a) Show, by integration, that the moment of inertiatled lamina about an axis
through one of its vertices and perpendicular eplane of the lamina is

5 n2
4ma.

[In this proof, you may assume standard resultsfermoment of inertia of uniform rogls.

The lamina is free to rotate in a vertical planewtla fixed smooth horizontal axls,
which passes througA and is perpendicular to the lamina. The midpoinBE€ is
the pointM .

The lamina is held withAM making an angle of 60° with the upward vertical

through A and is projected with angular speégg :
a

b) Find, in terms ofa and g, the speed oM when M is vertically belowA.

v:,/%ag
20
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Question 55  (****)

A uniform circular disc with centre &, has radiusa and massn. The disc is free
to rotate in a vertical plane about a fixed smohbtrizontal axis. This axis is
perpendicular to the plane of the disc and paskesugh a pointP , at the

circumference of the disc.

The disc is held at rest witRQ horizontal, wherdP?Q is a diameter of the disc, and
released from rest. At timeafter release, the diametBQ makes an anglg below
the horizontal, whereg is acute.

a) Find expressions, in terms af, g andg, for ...

i. ...the radial component of the force exerted ordike by the axis.

ii. ... the transverse component of the force exertedhendisc by the
axis.

When PQ is vertical the disc is brought to instantaneast by a horizontal impulse
J, acting througlhO.

b) Show clearly that

J=my/3ag.

Readial :% mgsing|, ransverse:% mgcosy
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Question 56 (****)

3a

A (¢

«<—o—>
3

A uniform rod AB of massm and length3a is free to rotate in a vertical plane about
a horizontal axis througl\. The rod is held at rest witB is vertically aboveA and

is released from rest. At time after release the rod makes an anglevith the
upward vertical.

a) Determine expressions, in termsmf, g andg, for the magnitudes of the
components of the reaction At, parallel to AB and perpendicular té\B.

When B gets vertically belowA, the rod collides with a particle of masswhich
was at rest at a distaneevertically below A. The particle attaches to the rod and the
resulting system continues to move until the B makes an anglg with the
downward vertical.

b) Calculate the value gf .

o=l mend]. R mlseos 3

/ =arccoT10 » 84.28
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Question 57  (****)

A composite body consists of a thin uniform ra&8, of massm and length3a, with
the endB rigidly attached to the centi®@ of a uniform circular lamina, of radiuza
and massn. The rod is perpendicular to the plane of theil@nThe body is free to
rotate in a vertical plane about a fixed smoothizomtal axis throughA, and
perpendicular toAB.

a) Find the moment of inertia of the body about thevabdescribed axis.

The body is released from rest wikB making an anglea with the downward
vertical throughA.

b) Determine simplified expression for the transveasd radial components of
the force acting on the axis, whelB is making an angley with the
downward vertical through, whereg<a.

I :16ma2 ' I:\)radiaI:% mg(3cosa B COQ) J ransverse:%mgsmq
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Question 58  (****+)

A uniform circular disc with centre &, has radiug and massn.
The disc is free to rotate in a vertical plane al@ofixed smooth horizontal axis. This

axis is perpendicular to the plane of the disc paskses through a poift, which is

3
4r from O.

The disc is initially at rest witlD vertically belowP .

A horizontal impulse of magnitud%w/ZSSgr is applied at the lowest point on the
circumference of the disc and in the plane of tise.d

a) Show clearly that the disc ...

i. ... begins to move with angular veIoci%dZBr‘l:’g :

ii. ... first comes to rest whelRO is inclined atarcsin% above the

horizontal.

b) Determine the magnitude of the force exerted ordibe by the axis, when the
disc first comes to rest.

F :_'145mg
17
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Question 59  (****+)

A system consists of a rodB of length8a and massn and a particle of mas3m
attached aB . The system is freely hinged at the midpoint &f thd and can rotate in
a vertical plane.

The system is held in a horizontal position andaséd from rest.

When the system has turned by an amgléhe magnitude of the reaction force at the
axis of rotation isF , whereF = f (m, g,g).

Determine an expression fér .

1
N

F =2 mgy196+ 4293siAg

o

3
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Question 60 (****+)

A uniform circular disc, of radiu@r and massn, is free to rotate about a smooth
fixed horizontal axisL, which is perpendicular to the plane of the died & at a
distancer from the centre of the dist.

The disc is held at rest wit@ vertically aboveL . The disc is slightly disturbed and
from its position of rest and begins to rotate @bou

Determine, in terms off andr , the angular velocity of the disc at the two posi
where the magnitude of the force exerted on the laas magnitud% mg.

_ |29 ,_ |109
9 9r’q 2k
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Question 61 (****+)

A pulley is in the shape of a disc of radiasand massim.

The pulley is free to rotate in a vertical planewatta rough horizontal axis through its
centreO. The rotation of the pulley is opposed by a ceuglmagnitudeC.

A light inextensible string has one end attached pmint on the rim of the pulley and
is wound several times around the rim of the pullElge portion of the string not
wound on the pulley has leng#tih and has a particle of mass attached to its free
end. The particle is held at the same leveDa<lose to the rim of the still pulley and
is released from rest.

The particle comes to rest at a vertical distaicbelow the level of its release.

Determine, in terms ofm, g anda, the magnitude o€ .

@)
I
Wi
3
(@]
Q
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Question 62 (****+)

A heavy pulley is modelled as a uniform circular disc afliusa, free to rotate
through a horizontal axis passing though the ceoftihe disc and perpendicular to
the plane of the disc.

A light inextensible string passes over thagh rim of the pulley.

Two particles of massn and2m are attached to each of the two ends of the string
and hang vertically with the string taut until tm@ment that are gently released from
rest, from the same level above horizontal ground.

After the two particles are released, the stringsdoot slip in the pulley, both
particles are moving in vertical directions andtimei particle reaches the ground or
the pulley.

In the subsequent motion the ratio of the tensiothe section of the string that the
particle of massan is attached, to that of the tension in the seatibthe string that
the particle of mas@m is attached, i2 : 3.

When the angular velocity of the pulley reacmeshe string suddenly breaks.
A couple of constant magnitude brings the pulleyetd.

If the pulley covers an angje since the couple was applied, show that the madeit

of this couple is/% mn? a
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Question 63 (****+)

A uniform circular disc, of radiug and massn, is free to rotate about a smooth
fixed horizontal axisL, which is coplanar to the disc and tangential fwomt A at
its circumference.

When the centre of the dis@©, is vertically belowA, the angular velocity of the disc
is [—.
g

The angleOA makes with the downward vertical throughis denoted byg.

2./29

When cog =k the magnitude of the resultant force on the 59<+s—is— mg.

Determine the exact value &f.

,\_
1
cn|o'|
~lo
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Question 64  (*****)

A uniform rod, of massn and length2a, lies at rest on a smooth horizontal surface
and its free to rotate about a smooth vertical xisugh its centr®©.

A patrticle of massn, moving on the surface with spebd, strikes the rod at right
angles at the poin® on the rod, so thdOC| =% a.

Given that the collision is perfectly elastic, detee whether there is another
collision between the particle and the rod.

[there is an other colissit
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