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Question1  (*¥)

O,

%

Two particlesA and B of respective masséskg and9 kg are each attached to the

two ends of a light inextensible string which passeer

a smooth pullef? .

The two particles are both held at rekfZ5m above a horizontal floor with the
portions of the strings, not in contact with thélgy vertical.

The system is then released from rest.

When in motion, each particle is subject to a camsair

resistance &.5N.

In the resulting motiorB reaches the floor befor& reachesP .

a) Calculate the tension in the string, for the pehefbre B reaches the floor.

b) Determine the speed with whid strikes the floor.

,

T=64N], |v»2.84 ms!

Created by T. Madas

o) SG- O MO ONSINUNC.
€90 PTI0E SOABATY 7z

@ T-35-54 = Sa i
M %-T-35 <% 3 . ¥
35
Kl

ADNING. THE (quATIONL Sy
> d4g-7= lba

= Wa= 22

= az 23w

TNDING. THE Thision
T-35-5%3 =5Sa
T-38 —ah = (1.5

T= eb%

b g Rons THe AcceLsoamion




Created by T. Madas

Question 2 (**+)

A B

F
<+— 4kg 6kg —» 30N

Two blocks A and B of respective massebkg and 6 kg lie on a smooth horizontal
surface and are connected by a light inextensthblegs

Two collinear forces, of magnitudds N and30 N, act on each of the blocks, and in
opposite directions, as shown in the figure above.

The system has constant acceleration of magninmms'z.

Determine the possible values Bf, and in each case the corresponding value of the
tension in the string.

, [F=10N, T =18N|, |[F=50N, T=42N
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Question 3 (***)

Two particlesA and B of respective masseéskg and m kg are each attached to the

two ends of a light inextensible string which passeer a smooth pullel? . The two
particles are held at rest, both at a height.@8m above a horizontal floor with the
portions of the strings not in contact with thelpulvertical.

The system of the two particles is then releaseuwh frest withB- accelerating towards
the floor at1.96ms 2, while A never reache®.

a) For the period befor® reaches the floor, calculate the tension in thagst
b) Determine the value an.
c) Calculate the speed with whidh strikes the floor.

When B reaches the floor it remains at rest.

d) Determine the greatest height above the floor reddyA .

,[T=385.28N|, [m=4.5], |v=2.24 ms?|, [y =2.816

[solution overleaf]
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Question 4 (***)

2 kg 5 kg

30°

Two particlesA and B, of mass2 kg and5 kg respectively, are attached to each of

the ends of a light inextensible string. The stipagses over a smooth pully, at
the top of a fixed rough plane, inclined2® to the horizontal.

Particle A is placed at rest on the incline plane wHles hanging freely at the end
of the incline plane vertically below , as shown in the figure above. The two
particles, the pulley and the string lie in a \@&tiplane parallel to the line of greatest
slope of the incline plane.

The particles are released from rest with the gti@ut. ParticleA begins to move up
the incline plane, where the coefficient betwe®rand the plane %«/5

Ignoring air resistance, calculate the tension ha string immediately after the
particles are released.

, [T=31.5N
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Question 5 (***)

A particle A and a small boXB8 , with respective masses 8fkg and7 kg, are
attached to the ends of a light inextensible string

B is held at rest on a rough plane inclinedyab the horizontal, wheréang =

Ao

The coefficient of friction between the box and ghane is0.6.

The string lies along the plane and passes. ovenal smooth pulleyP which is
fixed at the bottom end of the plane.

A is hanging vertically below the end of the plafmée string lies in the vertical

plane which contains the pulley and a line of ggetaslope of the inclined plane, as
shown in the figure abovB. is released from rest with the string taut.

After release, determine the acceleration of tlstesy and the tension in the string.

,la=3.7632 m&?|, {T =18.1104
[ ]
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Question 6 (***)

A car of massl500kg is towing a trailer of mas$000kg by means of a light

inextensible rope. The car is experiencing a consda resistance 0200 N, while
the corresponding constant air resistance on #ilertis 300 N .

The car and trailer are modelled as particles, \whth tow rope remaining taut and
horizontal throughout the motion.

a) Given that the driving force acting on the ca7&0 N, determine ...
i. ... the acceleration of the system.
ii. ....the tension in the tow rope.

Later in the journey, the car and the trailer egeeading on a road which inclined at
5° to the horizontal. The air resistance on the odrteailer are unchanged.

b) Assuming that the system now moves with constaeg¢dpcalculate ...
i. ... anew figure for the tension in the tow rope.

ii. ... anew figure for the driving force of the car.

[ ] |a=0.1ms?|, [T =400 N|, [T »1154 N[, [D » 2635 N
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Question 7 (***)

A car of masd4500kg is towing a trailer of massO0kg by means of a light rigid

horizontal towbar. The car is experiencing a camstar resistance 0300 N, while
the corresponding constant air resistance on #ilertis 100 N .

The car and trailer are modelled as particles.
a) Given the tension in the towbar200 N, calculate ...
i. ... the acceleration of the system.
ii. ...the driving force of the car.

Later in the journey, the car's driving force ism@ved and the car's brakes are
applied, providing a constant breaking force400 N, on the car only.

The air resistance on the car and trailer are urgdth
b) Determine ...
I. ...the deceleration of the system.

ii. ... the thrust in the towbar:

[ ].ja=0.2ms?|,[D=800 N], | =0.4 ms?|, [T =100 N]
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Question 8  (***)

recovery trucl

A recovery truck of mas2800Kkg is towing a car of mas200kg along a straight

horizontal road. The tow cable is inclined at amlarg to the horizontal, where
cosg = 0.7%, as shown in the figure above. The tow cable idefled a light
inextensible string and the two vehicles as paicl

The two vehicles were travelling at constant spechs * with the tow cable taut as
they were travelling in an urban area. On leavimg tirban area, the truck begins to
accelerate uniformly bringing their speed2d ms 1 over a distance o2.34 km.

a) Calculate the acceleration of the truck and the car

There is a constant resistance to the motion oftrinegk of 600 N, and a constant
resistance to the motion of the car2f0 N .

b) For the part of the journey during which the twohietes accelerate,
determine ...

i.. ... the force in the tow cable.

il.. ... the driving force of the truck

a=0.125ms?|, [T =560 N|, [D=1370 N
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Question 9  (***+)

A trailer of mass600 kg is connected to a car of maEs00kg by means of a light
rigid tow bar. The car is moving up a line of gesatslope of a plane inclined atto
the horizontal, whersing :215, as shown in the figure above.

A constant resistance of magnitud@0 N acts on the car, and a constant resistance
of magnitude300N acts on the trailer. The engine of the car produceonstant
forward driving force of8400N .

Determine the acceleration of the car and the oenisi the tow bar.

a» 0.923 ms?|, [T =2500
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Question 10 (***+)

O,

%

Two particlesA and B of respective masseskg and5 kg are attached to the ends

of a light inextensible string which passes overeoth pulleyP. The two particles
are held at rest, at the same level above a hdakdinor with the portions of the
strings not in contact with the pulley vertical.eTsystem is then released from rest.

a) For the period befor® reaches the floor, calculate ...
i. ... the acceleration of the system.
ii. ...the tension in the string.

Eventually B reaches the floof.5s after release andoes notrebound. In the
ensuing motionA does not reacl .

b) Determine the greatest height Afabove the floor.

[ ]|a=42ms?|, [T=28N], [h,=1.275
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Question 11 (***+)

®w

Two particlesA and B have masse8.5kg and0.2 kg, respectively. The patrticles

are attached to the ends of a light inextensibiagst ParticleB is held at rest on a
rough horizontal table. The string lies along thlelé¢ and passes over a small smooth
pulley P which is fixed to the edge of the table. Partiélas at rest on a smooth
plane which is inclined to the horizontal at an lang, wheretana = 0.7%. The
string lies in the vertical plane which containe flulley and a line of greatest slope of
the inclined plane, as shown in the figure above.

Particle B is released from rest with the string taut.

During the first1.5s of the motionB does not reach the pulley amdl moves
2.25m down the plane.

a) Find the tension in the string during the fitsbs of the motion.

b) Calculate the coefficient of friction betwedh and the table.

[T=194N, |m=1150.786
14
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Question 12 (***+)

In a fun fair ride, a miniature electric train femall children consists of an engine
with two carriages. The engine has magf kg towing a larger carriage of mass

300Kkg , which in turn tows a smaller carriage of mag§) kg. The above masses
include the driver and the children.

The engine and the carriages are modelled as learaad the couplings between the
engine and the carriages are modelled as light rigils. When in motion, the engine
and each of the carriages experiences a constasiargce ofLOON .

Given the engine provides a maximum driving for€el®d5 N, calculate ...
a) ... the maximum acceleration of the system.

b) ... the tension in the coupling between the engirgthe first carriage when
the train has maximum acceleration.

c) ... the tension in the coupling between the firstriege and the second
carriage when the train has maximum acceleration.

a=0.125ms?|, [T,=262.5 N[, [T, =125 N
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Question 13 (***+)

A particle A and a small boX8 , with respective masses @fkg and5 kg, are
attached to the ends of a light inextensible string

B is held at rest on a rough plane inclined3@t to the horizontal. The string lies
along the plane and passes over a small smootiypRliwhich is fixed at the bottom
end of the plane. The coefficient of friction beaémehe box and the plane@s8.

A is hanging vertically below the end of the plaf&e string lies in the vertical
plane which contains the pulley and a line of grstaslope of the inclined plane, as
shown in the figure above.

B is released from rest with the string taut.
a) Determine the acceleration & immediately afterB is released.

b) Calculate the magnitude and direction of force &xkion the pulley by the
string immediately afteB is released.

a»1.45 ms? ,IT»16.7 N, 60 to the vertic
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Question 14 (***+)

A car of masd400kg is towing a caravan of ma$f0 kg by means of a light rigid

horizontal towbar. The car is experiencing a camtséar resistance 0200 N, while
the corresponding constant air resistance on #ilertis 300 N .

The car and caravan are modelled as patrticles.
a) Given that the driving force of the car 2000N, determine ...
i. ... the acceleration of the system.
ii. ...the tension in the tow bar.
Later in the journey, the car descends a hill wisctleclined alL0° to the horizontal.

For this part of the journey the car’s driving fers removed and the brakes are
applied, providing a constant breaking force BfN , on the car only. The air
resistance on the car and caravan are unchanged.

b) “Given further that the deceleration of the systei.i ms 2, calculate ...
I. ...the value ofB.

ii. ...thethrustin the towbar.

B » 3103.5...

a=0.75ms2|, [T =750 NI, [T » 781.05...
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Question 15  (***+)

AN T

A block C, of mass4 kg, is placed on a rough horizontal table, wherectiefficient
of friction between the table ar@ is 0.65.

C .is connected by two light inextensible stringstéu@ more blocks,A and B, of
respective masseskg and7 kg.

Each of the strings passes over two smooth pullsah of the pulleys located at the

edge of the table, withA and B hanging freely at each of the two ends of theetabl
as shown in the figure above.

The system is released from rest with the strings t

By modelling the three blocks as particles, deteemin any order the acceleration of
the system and the tension in each of the twogsrin

[ ], |a=0.98ms?|,[T,=32.34 N, [T5 =61.74
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Question 16 (***+)
Two particlesA and B have massem kg and 4 kg, respectively.

The two particles are connected by a light inext@asstring which passes over a
smooth light fixed pulley. The two particles ardchat rest with the string taut and the
hanging parts of the string vertical.

The system is released from rest ahdnovesupwards.

a) Determine the acceleration of the system in tefimm@and g.

b) Show that the tension in the string, whifeascends, isr?:—i.

At the instant whenA is 0.7 m above its original position, it has not yet reathiee
pulley and is travelling at.4 ms 1.

¢) Find the value oim.

[ |a=2-"g|, [m=3

_4+m
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Question 17 (***¥)

()
\—/

%

Two particlesA and B of respective masséskg and 2 kg are each attached to the

two ends of a light inextensible string which passeer a smooth pullef?. The two
particles are both held at re$t4m above a horizontal floor with the portions of the
strings, not in contact with the pulley, vertichhe system is then released from rest.
When in motion, each particle is subject to a camisair resistance of N.

In the resulting motiorA reaches the floor befor® reachesP .
a) Findthe acceleration of the system.
b) Calculate the tension in the string, for the pebetbre A reaches the floor.

c) Determine the greatest heigBtreaches above the floor.

a=2.2ms?|, [T =31N], [h»3.33

Created by T. Madas



Created by T. Madas

Question 18  (***¥)

3 kg 4 kg

Two particlesA and B, of mass3 kg and 4 kg respectively, are attached to each of

the ends of a light inextensible string. The stqpagses over a smooth pulléy, at
the top of a fixed rough plane, inclinedatto the horizontal, whertana = 0.7¢.

Particle A is placed at rest on the incline plane wHles hanging freely at the end
of the incline plane vertically below , as shown in the figure above.

The two particles, the pulley and the string li@iwertical plane parallel to the line of
greatest slope of the incline plane.

The particles are released from rest with the stiaug

Particle A begins to move up the incline plane, where thest@m ground friction
betweenA and the plane has magnituti@5N .

Ignoring air resistance, calculate ...
a) ... the acceleration of the system immediatelyrdfte particles are released.
b) ... the magnitude and direction of the force ecktiy the string orP .

2 s after release, while both particles are moving,stiing breaks.

c) Calculate the total distanc& moves up the plane from the instant since the
particles were released, assuming tAatloes not reach the pulley.

d »3.69 m

[ ].la=158ms?|, [F »58.8 N, [26.6 to the plar]

[solution overleaf]
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Question 19  (***¥)

Z

Two particlesA and B of respective massés5kg and 0.9 kg are attached to the

ends of a light inextensible string which passesra smooth pulley . The two
particles are held at rest, at the same lekdlim above a horizontal floor. The
portions of the strings not in contact with thelpulare vertical. The system is then
released from rest and the particles begin to motheut air resistance.

a) For the period befor® reaches the floor, calculate ...
I. ... the acceleration of the system.
ii. ...the tension in the string.

The string suddenly brealks5s after the particles were released.

b) Assuming A does not meet any obstacles in its consequenbmatalculate
the additional time it take#& until it reaches the floor.

a=28ms2| [T=6.3N]|, t:%(2+\/ﬂ) »0.757 ¢
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Question 20  (***¥)

Two particlesA and B of respective masse&dkg andmkg are connected by a light
inextensible string which passes over a smoottep!.

The two particles are held at rest, at the samd &have a horizontal floor, with the
portions of the strings not in contact with thelpylvertical.

The system is released aBdbegins to decelerate %tg ms 2.
a) Find the tension in the string for the period befBr reaches the ground.

The particleB hits the groun<€ S after release amdbes notrebound.

b) Calculate the magnitude of the impulse exertechbyflbor ontoB .

c) Determine the greatest height Afabove the ground in the subsequent motion.

T =36.75N|, [I =10.5 N3, [h,,, = 2.025

)
O] IMPuse = Gifnie 1 hombloy of B

Created by T. Madas



Created by T. Madas

Question 21 (***¥)

A patrticle A of mass2 kg is connected to small boR of mass3 kg by a light

inextensible string. The string passes over a kghooth pulleyP, which is located
at the end of a horizontal house roof. The box idg lo@ the roof with the particle
hanging vertically at the end of the roof, as shawthe figure above.

The system is released from rest with the string sathat the distancBP is 4 m.
On release, the motion & takes place over a smooth section of the roof.

After B has moved fo2.5 m the roof becomes rough and the coefficient oftifsic
betweenB and the roof i9.75.

Calculate the speed with whidB hits P,

l:|, v>»4.26 ms?
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Question 22 (***¥)

A train consists of a locomotive of ma4800Ckg, pulling 20 identical carriages of
mass1000Ckg each. When in motion the locomotive experiencagsastance of
4R N while each carriage experiences a resistande Nf .

When the driving force of the locomotive3400CN the trains accelerates uniformly
reaching its maximum speed 40 ms L from rest, over a distance b6 km.

The locomotive and carriages are modelled as pesticl
a) Show thatR=1625.
b) While the train is accelerating, calculate the imm# the couplings between
I. ... the last two carriages.

il. ... the locomotive and the first carriage.

Later in the journey, the train maintains its maximspeed o40 ms 1
The resistances to motion remain unchanged.
c) Find an-amended figure for the driving force of kbheomotive.
d) Determine an amended figure for the tension irctheplings between ...
I. ...the last two carriages.

il. ... the locomotive and the first carriage.

T,o = 2125 N|, [T, =42500 N|, [D =39000 N|, [T,, =1625 N|, [T, =32500 N
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Question 23 (***¥)

A particle A of mass5 kg is connected to small boB of mass7.5kg by a light

inextensible string. The string passes over a lghooth pulleyP, which is located
at the end of a rough horizontal house roof. The isokeld on the roof with the
particle hanging vertically at the end of the rad,shown in the figure above.

The system is released from rest with the string tau
The string,A, P and B lie in a vertical plane at right angles to the efthe roof.

a) Given that the coefficient of friction betwedh and the roof i€.2, find in
any order...

I. ... the acceleration of the system.

ii. ... the tension in the string.

On releaseB is at a distancel m from P. When A has moved a distance 8f8 m
the string breaks. In the subsequent motromes to rest as it reachBs

b) Calculate the value adf .

[ |.|a=2.744ms?|, [T=3528N],[d=6.72m
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Question 24 (***¥)

A light rigid rod AB, whereA is vertically aboveB, has a particle of mas®.2 kg
attached to it atA and a particle of mas3.3kg attached to it aB.

The loaded rod is accelerated vertically upwardsabyertical force of magnitude
6 N, applied toB.

Find the thrust in the rod.

, [T=24N
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Question 25  (****+)

A
®

Two particlesA and B have masse2 kg and 3 kg, respectively. The particles are
attached to the ends of a light inextensible stritgyticle A is held at rest on a rough

horizontal table. The coefficient of friction betwethe particleA and the table i%.

The string lies along the table and passes overad smooth pulleyP which is fixed
to the edge of the table. Partidiis at rest on a rough plane which is-inclinedn® t
horizontal at an anglg, wheretang = 0.7t

The coefficient of friction between the partidi and the plane is als%.

A constant force= , of magnitude30 N, is applied to particléA, in the directionPA,
while the string between the two particles is tdiite string lies in the vertical plane
which contains the pulley and a line of greatespslof the inclined plane, as shown
in the figure above.

a) Find the tension in the string while the systenmisotion.
The string suddenly breaks aftebs.

b) Given thatB never reache®, determine théotal distance thaB travelsup
the plane.

,|T=2472 N, |d»1.64
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Question 26 (****+)

4.5kg 0.4 kg

Two particlesA and B, of mass4.5 kg and 0.4 kg respectively, are attached to
each of the ends of a light inextensible string. $timg passes over a smooth pulley
P, at the top of a fixed rough plane, inclined eatto the horizontal, where
tang = 0.7E. Particle A is placed at rest on the incline plane wHdeis hanging
freely at the end of the incline plane verticalldw P, as shown in the figure above.
The two particles, the pulley and the string li@iertical plane parallel to the line of
greatest slope of the incline plane. The partictesreleased from rest with the string
taut. ParticleA begins to move down plane.

Given that the coefficient of friction betweek and the plane 9.5, determine the
force exerted by the string on the pulley while $lggtem is in motion.

Only the motion beforeA reaches the end of the plane and bef®reeachesP is to
be considered.
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Question 27  (****+)

B

(o)
\—/

C

%

Two particlesA and B of respective massan kg and1kg are attached to the ends

of a light inextensible string which passes ovenwoth pulleyP . The particleB is
attached to a third particl€ of mass9 kg by another light inextensible string. The

three particles are held at rest, wighin contact with a horizontal floor, and the
portions of the strings not in contact with thelpulvertical. The system is released
from rest andC begins to accelerate towards the floor with thesiten in the string
BC being50.4N.

a) For the period befor€ reaches the floor, calculate ...
I. ... the acceleration of the system.
ii. ...thetension in the string that conneé¢tsand B .
iii. ... the value ofm.

C reaches the float.5s after release andoes notrebound. In the ensuing motion
A does not reacl? and B does not reach the floor.

b) Determine the greatest height Afabove the floor.

a=4.2ms?|, [T =56 N|, [m=4kg|, |h=8.1

a) N 5} YNEIATIC TR — B D77
9 v ®
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Question 28 (****¥)
Two particlesA and B have massed kg and1kg, respectively.

A small, smooth light fixed pulley, is located 1.6 m above a horizontal floor.

The two patrticles are connected by a light inextdasstring, of lengthL m, which
passes oveP .

The particles are held at rest, withlevel with the floor andA hanging above the
floor, with the string taut and the hanging paftthe string vertical.

The system is released from rest ahdits the floor, from which it does not rebound.
B continues moving upwards and comes to instantanestss it reacheB .

Determine the value oL .

| |, {L=2.2

ST R (G THE ACUQATION of The SISTM L WHEn [N MOTTon
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Question 29  (¥***¥)

A \ 30° 30°

Two particlesA and B have masse® kg and5 kg, respectively. The particles are

attached to the ends of a light inextensible strifige string passes over a small
smooth pulleyP which is fixed at the top of the cross sectioradfiangular prism
RPQ, where PRQ=  PQR=30°. The string lies in the vertical plane which

contains the pulley and lines of greatest slopthefinclined planesPR and PQ, as

shown in the figure above. Wheh is held atR with the string tautB is atP, on
the line of greatest slop®Q.

The pointM , lies onPQ so thatPM : MQ=1: 3.

The lines of greatest slope of the inclined plari®R,and PM, are smooth but the
line of greatest slop#Q is rough.

The system is released from rest with the string t@bhen A is atR andB is at P,
on the line of greatest slog®Q. The system initially accelerates but due to theho
sectionMQ, B comes to rest as it reach@s

Assuming that the string remains taut throughoetntiotion, show that the coefficient
of friction between theB and MQ is k+/3, wherek is a constant to be found.

[ ] k=i

[6)]

Lddyd

B b

J
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Question 30 (*¥****)

Pulley
A
7 kg
P B
1kg 8 kg

A rough plateP, of massl kg, is placed on a fixed rough plane, inclined abagle
a to the horizontal, wheréang = 0.7t.

A particle A, of mass7 kg, is placed on the top surface Bfand is connected to
another particleB, of mass3 kg, by a light inextensible string, which passes cver
smooth pulley that is located at the top the plane.

B is hanging freely at the end of the incline plaregtically below the pulley, as
shown in the figure above. The two particles, treeylthe pulley and the string lie in
a vertical plane parallel to the line of greatégps of the incline plane.

When the system is released from rest with thengsttaut, B begins accelerate
downwards a2 ms 2.

Given thatP is in equilibrium, whileA is accelerating on its top surface, determine
the range of possible values of the coefficiertiofion betweenP and the plane.

,|d»3.69m
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