Pulleys & Wedges
1.

Two masses A and B of mass m and km (k > 1) respectively are joined by an
inxtensible string around a smooth fixed pulley. When the system is released
from rest, find the common acceleration and the tension of the string. If k = 2,
find the acceleration of the particles and the stress of the string. Find the
reaction on the axis of the pulley. At 3s, find the speed and the distance
travelled by the particle B. Let g = 10 ms-2.

2.

One end of an inextensible string is attached to a fixedpoint O and goes around a smooth moving puelly A of
mass M and goes around a smooth fixed pulley B and the
other end is connected to a particle p of mass km and the
system is released from rest. Find the acceleration of the
particles and the tension of the strings.
i. k = 1.
M

ii. If k = m, find the acceleration of the particles
and the tension of the string.

3.

A particle p of mass M kg is kept on a smooth horizontal plane. An inextensible
string connects the particle p and the particle Q of mass kM, which is hanging
vertically, through a fixed smooth pulley A. When the system is released from
rest, find the acceleration of the particles and tension of the string. When k =
2, find the acceleration of the particles and tension of the string. If A is 2m
above the horizontal plane and the kM particle is released from A, find the
velocity of the particle when it comes to the horizontal plane.

4.

A particle of mass mkg is kept on a rough horizontal plane such that one end
of an inextensible string is attached, and the other end of the string is attached
to vertically hanging Mkg particle, through a smooth pulley at the end of the
plane.Let the coefficient of friction be 𝜇. Find the acceleration of the particles
and the tension of the strings. If M > μm, show that particle M moves
downwards.
An inextensible string attached to a particle P of mass mkg on one end goes
around a smooth fixed pulley A, and goes around a movable pulley B of mass
Mkg and goes around a fixed pulley C and is attached to particle Q of mass kmg
from the other end and the system is released from rest. Find the tension string
And acceleration of particles. When k=3, find the tension of the string and
acceleration of B.

5.

1

Pulleys & Wedges
6.

A partcle P of mass M kg is kept on a smooth horizontal plane such that one
end of an inextensible string is attached to it and the other end of the string is
attached to a smooth pulley B of mass mkg, through a pulley A. At the the two
ends of the inxtensible string around the pulley B two particles Q and R of
masses 2m and km respectively are attached. When the system is released
from rest find the acceleration of the particle P and when k = 2, find the tension
of the strings.

7.

A fixed pulley A is hung from point O in the roof. From the two sides of the
inextensible string around the pulley, a particle P of mass 2m and a smooth
pulley B of mass m are hung. At the the two ends of the inextensible string
around the pulley B two particles Q and R of masses m and km respectively
are attached. Find the acceleration of the pulley B. If k = 2, find the acceleration
of R relative to B and the tension of the strings.

8.

The inextensible string attached to the m1 kg particle, the other end is
attached to the particle m2 kg kept on a smooth plane, through a pulley A. The
inextensible string attached to m2 is drawn through the pulley B and attached
to a vertically hanging m3 particle, and the system is released from rest. Find
the acceleration of the particles and the tension of the strings. If m1 = 3mkg,
g
m2 = 2mkg, m3 = mkg, show that 𝑎 = 3 ms-2 and tension of the string 2mg.

9.

10.

An inextensible string is attached to a particle m1 on a smooth plane on one
end and goes around a pulley A and goes below the movable pulley B and goes
above the fixed pulley C and attached to a particle m2 on a smooth plane. Find
the tension of the string and the acceleration of the particles. If m1 = 2kg, m2
= 3kg and M = 4kg, find the acceleration of the particles and obtain the tension
of the strings.
An inextensible string is attached to a fixed-point O from one end and goes
below a movable smooth pulley A of mass M1 and above a fixed pulley B and
below a movable pulley C of mass M2 and the other end is attached to the pulley
A. Find the acceleration of A and C, when the system is released from rest.
Obtain the tension of the string and if 2M2 > M1, show that A move downwards.
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If M1 = 3m kg o M2 = m kg, deduce that acceleration of C is 7 downwards and
the tension is

9mg
7

.

11.

In the two ends of the inextensible string drawn around the fixed smooth
pulley A, two m mass, pulleys B and C are attached. In the two ends of the
inextensible string drawn around the smooth pulley B, two particles P and Q
of mass m and 2m respectively are attached. In the two ends of the inextensible
string drawn around the smooth pulley C, two particles R and S of mass m and
3m respectively are attached. Find the acceleration of the particles and the
tension of the strings, when the system is released from rest.

12.

A particle P of mass 2m is on a smooth plane. The inextensible string attached
to it goes around a smooth pulley A and below a smooth moveable pulley C of
mass M and again goes above a fixed smooth pulley B and from the other end
attached to a particle Q of mass m on a smooth horizontal plane. In the
beginning if AP = BQ = 1m, find the time for P and Q to reach A or B
respectively. Describe the motion of the system. Find the velocity of P or Q, at
the end of the motion.

13.

An inextensible string attached to a particle m1 on a
rough horizontal plane goes around fixed smooth
pulley A at the edge of the plane and below a smooth
moveable pulley of mass M and above a fixed pulley
B and at the other end it is attached to a particle m2
on a rough plane. Find the acceleration of the
particles and the tension of the strings when the
system is released from rest. Let coefficient of
friction of m1 and m2 be 𝜇1 and 𝜇2 respectively.
If m1 = 2m, m2 = m and 𝜇1 = 𝜇2 =

1
2

m1
m2

, find the acceleration of the particles

and show that the requirement for motion is 5M > 8m.

14.

An inextensible string is attached to a particle P of mass 2m on a rough
horizontal plane and goes around a smooth pulley A at the edge of the plane
and goes below a vertically hanging smooth pulley B of mass km and above a
smooth pulley C and attached to a particle Q of mass m on a smooth horizontal
plane from the other end. The system is released from rest. Let the coefficient
3
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of friction be 𝜇. Find the acceleration of the particles and the tension of the
1

1

strings. If k = 2, deduce that for motion it is required that 𝜇 < . If 𝜇 > 3, find
3

the acceleration of B and then find the velocity of B after 1 second.

15.

An inextensible string attached to a fixed point O goes below a smooth
moveable pulley A of mass 2m and above a smooth fixed pulley and attached
to a moveable smooth pulley C of mass m. The inextensible string around C is
attached to two particles P and Q of masses m and 2m respectively. The system
is released from a rest. Find the acceleration of the particles and the tension of
the strings.

16.

A particle M is on a rough plane 𝛼 inclined to the horizontal and attached to an
inextensible string such that the other end of the string is connected to a
particle m, through a fixed smooth pulley A, and the system is released from
rest. Let the coefficient of friction between the particle M and the plane is 𝜇.
Find the requirement for the particle to move downwards the plane. If is 2m
above the ground, find the time the particle m takes to reach A from the
ground.

17.

A particle m1 is on a rough plane 𝛼 inclined to the horizontal and attached to
an inextensible string such that the other end of the string is connected to A
particle m2 is on a smooth plane 𝛽 inclined to the horizontal, through a fixed
smooth pulley A. Find the acceleration of the particles and the tension of the
strings when the system is released from rest. If the particle m1 moves a x
distance to arrive at B, find the velocity of m1. If m1 = 4kg, m2 = 1kg, 𝛼 =
1

30° , 𝛽 = 𝑠𝑖𝑛−1 4 , 𝑥 = 4𝑚 and g = 10ms-2, find the velocity at which m1 reach
B.
18.

AB is a rough plane inclined 30° to the
1

horizontal. Let the coefficient of friction be 2. The

particle of mass mkg is on the horizontal plane.
An inextensible string attached to it goes around
a fixed smooth pulley D and below the fixed
smooth pulley C and above a smooth fixed pulley
B and attached to a particle of mass Mkg from the
other end. The particle M is released from B. If the height from the horizontal
4
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plane to D is am and AB = 2am, find the velocity at which the particle P reaches
D. If the rope were cut at that instance, find velcity with which the particle M
reaches A.
19.

An inextensible string is attached to particle
of mass Mkg kept on a plane 2𝛼 inclined to
the horizontal and through the smooth
pulleys B and D and is attached to m inside
the tunnel DE. The system is released from
rest. Find the acceleration of the particles
and show that requirement to maintain
m

motion is α < cos −1 (2M). If BC =2a and DE = a, find the velocity when the
particle M reaches D from E.
20.

A particle P of mass m kg is on a AB rough
plane of coefficient of friction

1

√3

and 30°

P
inclined to the horizontal, where AB = 2a,
and attached to an inextensible string of
length a such that the other end of the
string is connected to a particle Q of mass
M kg, through a smooth pulley A. The
particle Q is kept close to A and released slowly. Show that the common
M−m

acceleration of P and Q is (m+M) 𝑔. The particle Q hits on the inextensible floor

and comes to rest. Find the horizontal distance from A to the position where
the particle P hits the floor and the time for that action. Take the common
acceleration of the particles as 𝑎1 .
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21.

An inextensible string is attached to a particle P of
mass m on a rough plane with coefficient of friction
1

√3

inclined 30° to the horizontal and goes around a

smooth fixed pulley A at the top of the inclined
plane and goes below a smooth moveable pulley B
of mass M and goes around smooth fixed pulley C
which is 𝑙1 distance above B and goes below the
pulley D at the top of the smooth plane 60° inclined
to the horizontal and is attached to the particle Q
of mass 2m on the inclined plane. t time after
releasing the system from rest, if AP = x and DQ = y, find vertical distance from
B to C. Hence, find the acceleration of P and Q in terms of x and y, and find the
acceleration of B, if B moves downwards. Show that the tension of the string is
(6 + √3) mMg

22.

(8m+3M)

. Obtain the acceleration of P and Q.

An inextensible string attached to a particle P
from one end goes around a smooth fixed pulley
A and below the moveable smooth pulley B and
goes around the pulley C on top of the rough plane
60° inclined to the horizontal and is attached to a
particle Q on the inclined plane from the other
end of the string. Let the coefficient of
1

acceleration is 2. Let the masses of P, B and Q be

km, M and 4m respectively. If P moves
downwards and Q moves upwards and (10 + 4√3) m < 3M find the direction
of motion of B when k = 2. Obtain the acceleration and the tension of the string.
23.

An inextensible string is attached to a particle P of
mass 2mkg on a smooth horizontal plane from one
end and goes around a fixed smooth pulley A at the
edge of the plane and below a moveable smooth
pulley B of mass m and above a fixed smooth
pulley C and around a moveable smooth pulley D
of mass Mkg and as depicted in the diagram fixed
to the pulley B. The system is released from rest.
6
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Obtain the acceleration of P, B and D, and the tension of the string. If 4m < 3M
< 8m, deduce that B and D moves downwards.
24.

A wedge ABC of mass m1 kg is kept on a smooth plane inclined 𝛼 to the
horizontal. The 𝛼 inclined side AB of the wedge is horizontal. A particle m2 is
kept on A on the that plane, and the system is released from rest. If AB = a,
show that the time taken for the particle to move away from the plane is
2𝑎(m1 + m2 sin2 α)
.
1 + m2 ) sin α cos α

√g(m

Obtain the acceleration of the wedge. Find the reaction of

the points of contact. Draw the locus of the particle and the wedge in the frame
of reference of Earth. Find the displacement of the particle in the frame of
reference of the earth.
25.

A smooth wedge of mass M kg is on a
smooth horizontal plane. The inextensible
string attached to a particle of mass mkg on O
the 𝛼 inclined smooth plane of the wedge
goes through a smooth pulley A on top of
the wedge is attached to fixed O on the same
horizontal plane as the end A. The system is
released from rest. Find the acceleration of
the particle and the wedge. Find the reaction of the point of contact. Find the
requirement to continue motion. Depict the locus of the wedge and the particle
with a dotted line in the frame of reference of Earth.

26.

A M kg mass ABC wedge is kept on a smooth horizontal plane keeping A above
Bc and two particles of mass mkg and m’ kg is kept on the sides of the wedge
with the inclinations 𝛼 and 𝛼 ′ respectively, and the system is released from
rest. Find the acceleration fo the wedge. If 𝛼 = 𝛼 ′ = 30° , AB = 𝑙 and m > m’,
and the particles are released from A, find the displacement of the wedge when
the particle m reaches B.

27.

A mass Mkg smooth wedge is on a smooth horizontal plane, a mass m1 kg
particle is kept on the 𝛼 inclined smooth plane of the wedge and an
inextensible string is attached, and it goes through a smooth fixed pulley A on
the top of the wedge and the other end is attached to a m2 mass particle on the
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90 - 𝛼 inclined plane. The system is released from rest. Find the acceleration
of the wedge,
i. When 𝛼 = 45°, find the acceleration of the wedge and the particles.
ii. When 𝛼 = 45°, m1 = 2m and m2 = m, obtain the tension of the string
and the reaction of the points of contact.
28.

29.

A square cross section of a wooden log
of mass M is kept on a smooth horizontal
plane. An inextensible string is attached
to a point A from one end, and it goes
through a smooth pulley B on the top of
the wedge, and from the other end it is
attached to a particle of mass m on the 𝛼
inclined plane of the wedge on a smooth horizontal plane, and the system is
mass of the wedge is m1. released from rest. Write necessary equations to find
the acceleration of the parts in motion and the tension of the string. If M = m1
= m, find the acceleration and the tension. Find the requirement for motion
and show that the reaction between the wedge and the particle is
(

𝑐𝑜𝑠2 𝛼−4 cos 𝛼+1

) mg.

𝑐𝑜𝑠2 𝛼+2 cos 𝛼−5

The diagram illustrates a system of weights and pulleys. A
right circular cone of mass M and A,B,C semi vertical angle
𝛼. It is attached to a string which goes above a fixed smooth
pulley R and below a smooth pulley S. The slack string is
attached to the fixed-point O. The parts of the string where
it is not in contact with the pulleys are vertical. Two
particles of unit mass m are symmetrically kept on the
smooth surfaces of the cone. Show that the cone goes down
with an acceleration of

4mgsin2 α

. Also, find the tension of

3M+ 4msin2 α

the string. Mass of pulle S is 2M

8
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30.

Mass M trolley can slide along a A horizontal
rail fixed at B to a vertical wall. A light pulley C
is connected to the trolley and an inextensible
string is drawn over the pulley. One end of the
string is connected to a point D on the wall as
such the part from D to C is horizontal. The
other end of the string is attached to a particle
of mass m. The system is held as such the string
is not loosened and the system is released from rest. If with the motion the
string between the particle and the pulley makes a 𝜃 acute angle with the
vertical, show that

31.

sin 𝜃
(1−sin 𝜃)2

𝑚

= 𝑀 . Also show that the tension of the string is

(sec 𝜃 − tan 𝜃)mg. Find the reaction between the trolley and the rail.
A thin plane ABC of mass M is bent at B such that it
forms a right angle. AB part is horizontal. It is held
using the smooth rings X and Y. The particles P and
Q each of mass m is attached to a slacked
inextensible string and kept on the parts BC and AB
respectively. The system is released from rest.
Show that the vertical and horizontal components
of the acceleration of the particle P is

Q

(2m+M)g
2M+3m

. Find

the tension of the string and the reaction on the particle.
32.

The cross section of a wedge is a ABC triangle as such the C contains a right
angle angle and kept on a smooth horizontal plane as such the side AB is in
contact with the plane and the system is in rest. The particle released from rest
takes t1 time to slide along CA completely. Estimated time for CB is t2. If the
t

2

mass of the wedge is n times the mass of the particle, show that ( 1) =
n+ sin2 A

n + cos2 A

T2

t2

cot 2 A. When the wedge is fixed, deduce that T = tanA. Here, T1 and T2
1

are the time taken by the particle to slide downwards along CA and CB.
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33.

The diagram illustrates a smooth cross-section
APQR of a wooden log such that it takes the shape of
m
a rectangle. Let the mass of kg be M. Let RQ = √3 𝑎
and 𝑃𝐵 = 𝐵𝑄 = 𝑎. The particle of mass m is made to
move freely in the AB small smooth tunnel. If M =
2m, obtain the speed with which the particle leaves
the tunnel. Also obtain the speed of the wooden log. Find the velocity at which
the mass m hits the floor.

34.

The cross section of a smooth wedge of mass M is
a ABC triangle and kept on a smooth horizontal
table scuh that the side AB in contact with the
table. In the plane of BÂC = 𝛼 and a hole with a
small diameter is carved on the BC side parallel to
AB. A particle of mass m is kept inside the hole and
attached to an inextensible string going through
the vertex C and attached to the particle of m’ on the AC side, and the whole
system is slowly released from rest. If m > m’ cos𝛼, prove that the wedge
moves towards BA according to the order of letters. Find the acceleration of
mass m.

35.

As depicted in the diagram, the inextensible string
attached to point O in the ceiling goes around a
smooth pulley C of mass km and goes around fixed
smooth light pulley D and the other end is attached to
a light scale plate. Objects A and B each of mass m is
kept on the plate of the scale. When the system is
slowly released from rest, find the tension of the
string and the acceleration of the particles. If k > 4,
show that the scale moves up. Find the reactions
between A and B, and B and scale. Obtain the
resultant force on the ceiling. Let the acceleration of the C be
acceleration of the plate of the scale be 𝑎 ↓.
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36.

The BC and CD smooth surfaces depicted
in the picture are fixed. Let the coefficient

m2

1

of friction be 2√3. The particles m1, m2 and

m3 are joined with inextensible strings
and released from rest. Let BC be
horizontal. If show that the m1 particle
moves up the plane and if m1 > 2m3,
show that the m1 particle moves down the plane.
i. If m1 = 2kg, m2 = 2kg, m3 = 4kg
ii. If m1 = 5kg, m2 = 1kg, m3 = 2kg, explain the motion of the particles.
37.

Two particles X and Y of masses 2m and m kg
respectively are kept on the rough inclined planes
PA and PB respectively such that PA = PB = 2a and
joined by the two ends of an inextensible string
going through the smooth pulley P. In the
beginning when the string is stretched, the
distance from P to X is a m. Find the common
acceleration of the particles and the tension of the
string. Take coefficient of friction as M

38.

An 𝑎 inclined smooth wedge is kept on a smooth
horizontal table. The slacked inextensible string of
length 2 𝑙 is attached to two particles of mass m and
m’ (m > m’) and goes around a smooth pulley at the
topmost edge of the inclined plane. The particles are
in contact with the surface of the wedge. Initialiy, the
particals are positioned as such they are close to one
another and at a l distance from the pulley. Each part
of the string is taut and along the maximum slope
line of the inclined plane. Before the lighter particle m’ come to the pulley P,
(𝑚−𝑚′)2 g𝑠𝑖𝑛𝛼 𝑐𝑜𝑠𝛼

show that the acceleration of the wedge is 𝐹 = (𝑀+𝑚′)(𝑀+𝑚+𝑚′)−(𝑚−𝑚′)𝑐𝑜𝑠2𝛼 .
When m = 2m, m’ = m and M = 4m, deduce that the acceleration of the wedge
g𝑠𝑖𝑛2𝛼

g

is 41−𝑐𝑜𝑠2𝛼. Obtain that the maximum of F is 4√105.
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39.

From one end of an inextensible light string which goes through a fixed light
pulley, an object of mass m kg is hung. A child B of mass 2 m kg is hanging on
the other end. Find the acceleration with which the child goes down, when the
system is released from rest. The child goes up by pulling the rope such that
g
the child is in motion downwards with an acceleration of ms −2 . Find the
6

acceleration of A upwards. Find the acceleration of the child relative to the
rope.
40.

An inextensible string is drawn around the fixed smooth pulley. Two children
A and B of mass Mkg and mkg respectively are hanging from either side of the
string. If M > m, find the acceleration with which the child M goes down with.
g
At t = t, child B goes up the rope, with an acceleration of 2 relative to the rope,
by pulling the rope downwards. Find the acceleration with which A moves
upwards.

41.

Two sportsmen A and B of masses m1 kg and (m1 + m2)kg respectively are
hanging freely on either side of a rope drawn around a smooth fixed pulley.
The pulley is located at hm height from the ground. Both the sportsmen move
along the rope in uniform equal acceleration in the same moment relative to
the rope. The A sportsman reaches the pulley at the time t. Show that at that
m2

42.

moment the distance from B to the pulley is 2m

1 +m2

1

(h + 2 gt 2 ).

Two monkeys, X and Y each of mass m are hanging from either ends of a
slacked inextensible string going around a smooth fixed pulley P. The monkey
X starts to climb up the rope with a velocity u relative to the rope. Show that
u
both the monkeys X and Y reaches the P pulley with a constant speed 2. Find
the power of X and Y monkeys.

43.

At the two ends of the inextensible string drawn around the fixed smooth
pulley, two scale plates of mass m kg are attached. Two small animals, X and Y
of mass M kg stay without moving. When t = 0, the two animals move up the
string relative to the string with uniform velocities u and v ms-1. Find the initial
velocity of the string and the acceleration. Find the tension of the string in the
reverse motion.
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44.

45.

An object A of mass M kg on a smooth horizontal
plane is attached to inextensible string and is
attached to a pulley C of mass mkg at the other
end through a fixed smooth pulley. An extensible
string attached to a point O on the ground from
one end goes through a smooth pulley C and is
attached to a particle P of mass 2mkg. Let the
height from the floor to P when the system is
released from rest is 2m. Find the acceleration of
the particles and the tension of the strings. Show that the time taken for P to
2(9m+M)

reach the floor is √

5mg

.

One end of an inextensible string is attached to M kg mass
stage at L, and the goes through a smooth pulley A and is
attached to a smooth pulley B of mass mkg. One end of an
inextensible string is attached to the stage at N, and the goes
through a smooth pulley B and is grabbed by a man of mass
2mkg.
i. If the man exerts a TN force to the string, when
the stage is in equilibrium, show that T =

(m+M)g
2

.

ii. When the stage is in equilibrium, show that the maximum mass of
the stage is 7m.
iii. If the distance from the stage to B is hm and M > 7m, show that the
M+19m h

46.

time taken by the man P to reach B is t = √( M−7m ) g .

𝛼Cross-section of a gate of a palace is
illustrated in the diagram. It consists
of two symmetrical parts of mass Mkg
and mkg. Let the space available to
enter when the gate is opened is 2𝑙m.
Show that when the system is
released, the time taken for the gates
𝑀+2𝑚(1−𝑐𝑜𝑠𝛼)

to close is 2𝑙√

𝑚𝑔 𝑠𝑖𝑛𝛼

𝛼

𝑙

𝛼

. Show that the tension of the string on the top of
mg sinα

the gate is {M + m (1 – cos𝛼)}[M+2m(1−cos α).]
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47.

A smooth wedge of mass M is kept at rest on a smooth horizontal table. A
particle of mass m is kept on the 𝛼 inclined face, and projected upwards at a
velocity V along the maximum slope line. Show that the acceleration of the
wedge and the acceleration of the particle relative to the wedge is a constant
ratio. Show that after a time
position.

48.

2V(M+msin2 α)
(M+m)gsinα

, the particle returns to the intial

Small smooth balls A, B and C of mass a, b and c respectively are kept on a
smooth horizontal table separately as such the center line of the balls are
aligned in a straight line. Along the center line, the ball A is projected with a u
velocity such that it collides on B. After that the ball B collides on C. Coefficient
of restitution for each couple of balls is e. Show that the velocity with which
the ball moves away is

(1+e)2 u
b
𝑎

c
b

. If it is given that after the first and second

(1+ )(1+ )

collisions, the balls A and B come into rest respectively, find the ratio a:b:c and
express that the remaining kinetic energy of the system is half of the initial
kinetic energy.
49.

ABC triangle is a cross-section of a smooth mass of Mkg such that AĈB is a right
angle. It is in rest such that the side AB is in contact with a smooth horizontal
plane and C is on top. Let AB = 2am. Let CÂB = 60° . Two particles P and Q each
of mass mkg is made to move along sides CA and CB of the wedge respectively
through the vertical plane through the center of the gravity of the wedge by
releasing them from C. First show that the particle P comes to A, and that the
1

𝑎√3 2

wedge comes to rest for a period of 2 ( 3g ) , and after that moves with an
√3mg

acceleration of 4M+m. Explain why when P leaves the wedge, it doesn’t leave
with an Impulse.
50.

A ABC smooth wedge of mass M is kept on a smooth horizontal plane. A
particle P of mass kmkg is projected upwards with a velocity of usin𝛼 from the
point A on the foot of the side AB inclined 𝛼 to the horizontal. Show that the

time taken for the particle to return to the point A is
displacement of the wedge during that time.
14
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51.

̂=
The Isosceles triangle ABC is a cross-section of a smooth wedge such that B
Ĉ = 𝛼. Let mass be M kg.the perpendicular distance from BC to A is h. The side
BC is in contact with a smooth horizontal plane and in equilibrium. A particle
P of mass mkg can just reach A with the velocity V ms-1, it was projected from
(M+m)2gh

B along BA plane with the velocity V ms-1. Show that V = √M+m sin2α. The

particle P reaches A, then after it is made such that, it slides along AC. .Show
that when the particle P comes to C, the displacement of the wedge is
52.

2h mcotα
M+m

.

PQR is a cross-section of a smooth wedge of mass M kg through the center of
̂R = 90°. The wedge is kept such that the side QR is in contact
gravity. Let QP
̂ R = 𝛼. Two particles A and
with a smooth horizontal plane. Let QR = 2a. Let PQ
B of mass mkg is kept on P such that they move along the sides PQ and PR
𝑎 cot 𝛼

respectively when released. Show that for time period of 2√

g

, the wedge

is in rest. When,
i. 𝛼 = 45°
ii. 𝛼 = 60°, deduce the time period the wedge is at rest.
iii. 𝛼 = 60°, find the distance the particle Q moves on the wedge after
the particle P leave. Show that the acceleration of the wedge during
mg√3

53.

that time period is 4M+m, and find the acceleration of Q.

As illustrated in the diagram, a smooth
wooden log is on the smooth horizontal
plane. Two particles P and Q of mass m
and 3mkg is on the smooth planes BC and
CD. The mass of the wooden log is Mkg.
The particle Q is kept close to C and
released when the string is stretched.
Find the displacement of the wooden log until the particle Q reaches D. The
length of the string is greater than 𝑎cosecα. If M = 4m, BC and CD are rough
1

planes with a coefficient of friction 3, find the acceleration of the particles

relative to the log. Take the acceleration of the wedge relative to the ground as
F, and the common acceleration of the particles P and Q relative to the wedge
as f.
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54.

A particle of mass mkg on a rough 60° inclined plane to the horizontal is
attached to an inextensible string, which goes through a smooth pulley A on
the top of the inclined plane and is attached to a particle of mass M kg (M >
m). Let the coeffiectient of friction between the inclined plane and the particle
1

of mass m be 2. The system is released when the particle M is above 1m from

the inextensible horizontal floor.
i. Find the common acceleration of the particles. Obtain the tension of
the string. Find the velocity at which the particle M hits the ground.
ii. The distance from m to A is 2m, find the velocity at which m reaches
A.
iii. If the height to A from the ground is 2m, find the time the m particle
moves under gravity when projected from A.
55.

Two scale plates A and B of mass m is attached to either ends of an inextensible
string which goes through smooth fixed pulley. An inextensible particle C of
mass M is kept on the B scale plate and the system is released from rest. Find
the common acceleration and the tension of the string. A particle D of mass 2M
begins to fall under gravity for 2 seconds as soon as the system is released
from rest, and then collides with B and merge. After the string underwent a
jerk, obtain the impulsive tension of the string and the velocity of the A and B
scale plates. Find the velocity of the A and B plates after 5 seconds.

56.

A smooth pulley of perimeter 2b is fixed 5𝑙 above an inextensible horizontal
table. Two particles A and B of mass 3m and 2m respectively are attached to
the either ends of a 6𝑙 + 𝑏 length inextensible string which goes through a
pulley. A and B are kept 2𝑙 above the table and are released from rest. Find the
common acceleration of the particles and the tension of the string. Show that
g𝑙

the velocity of B when A hits the table and comes to rest is 𝑉 = 2√ 5 .

i. The time taken for the particle A to hit the table.
ii. After the string is being jerked, find the time the particle A is at rest
before A starts the motion.
iii. Find the velocity with which the particle A leave the table.

57.

Two particles P and Q are attached to the either ends of an inextensible string
which goes through a fixed pulley A. Let masses be 2m and m respectively. The
16
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P particle is on the same vertical plane at rest. The particle Q is raised to the
level of A and released.
i. Find the velocity of Q moments before the string is stretched.
ii. Find the impulsive tension of the string and the velocity with which
P leaves the plane.
iii. Find the velocity with which Q hits the inextensible string.
iv. The velocity with which Q starts the motion again.
v. Find the impulsive tension of the string after the second jerk.
58.

A particle system is kept on a straight line on a smooth table. Let the mass of
the first particle be m and the mass of the other particles be M. m particle
collides with the second particle with a velocity of u and merge with it. Then,
the combined particle collides with the third particle. This action continues.
Show that the veclocity of the combined particle created by colliding with the
mu
rth particle is Vr−1 = m+(r−1)M. Find the reduction of the kinetic energy of the
3

system. When m =M, how many collisions are needed to reduce 4 of the initial
kinetic energy.
59.

At a place where a bridge is being constructed where a pile driver action is
being underwent a big hammer of mass metric ton M is being released on to a
pillar of mass metric ton m from a height of hm. If after the collision of the big
hammer, it doesn’t bounce back, find the velocity of the pillar and the big
hammer. Resistance to the motion of the pillar is constant and the resistance
h

is R metric ton. If the pillar and the big hammer goes a distance of m into the
ground, show that 𝑅 =

60.

2M2 +(m+M)2
m+M

.

2

i. Find the force which gives an acceleration of 20ms-2 on an object of mass 1 ton.
ii. Find the acceleration of an object of mass 4kg with a force of 60N. If the
acceleration acted for a time of 2 s, find the velocity obtained by the object and
the displacement of the object.
61.
i.

Forces of 8N and 4N act on an object of 2kg subtending 60° between them.
Find the magnitude and the direction of the acceleration of the particle.
17

Pulleys & Wedges
ii. A force of 4(𝑖 + √3𝑗) act on an object of mass 4kg. find the magnitude and the
direction of the vector of the acceleration of the particle.
62.
i.

When a force P is exerted onto an object of mass 60kg, the objects gains a
velocity of 90kmh-1 within a minute. Find P. Obtain the displacement of the
object.
ii. The mass of a train engine and train cabine is 100 ton. The engine give a
forward force (Tractive force) of 2 ton. The resistive force for 1 ton is 50 N.
a) Find the acceleration and deceleration and the distance travelled
under retardation.
b) Also, obtain the total distance travelled.
63.

i. An object of mass 500kg is dragged along a plane inclined 30° to the
horizontal with a force of 15KN. The coeffiecient of friction between the
1

object and the plane is 2√3. Find the time taken for the object to move along
the 75m inclined plane and the velocity obtained.

ii. A train of mass 200 ton moves along a flat railway track with a velocity of
36kmh-1. The driving force (tractive force) is constant, and the magnitude is
75KN. The resistive force for 1 ton is 25N. Find the time taken for the velocity
of the train to become 90kmh-1. Obtain the displacement during that time.
64.
i.

A vehicle of mass 500kg moves on a flat road. The resistive force for the motion
of the vehicle is 50N. The tractive force of the vehicle is 1000N. Find the time
taken by the vehicle to reach a velocity of 54kmh-1 from rest and the distance
travelled.
ii. An object is projected along a rough horizontal plane at a velocity of 36kmh-1.
1

The coeffiecient of friction between the object and the plane is 3. The time
taken for the object to come to rest and the distance travelled.
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65.
i.

A bullet of mass 5g traveling with a velocity of 400ms-1, hit a fixed horizontal
wooden log and get carved 10cm into the log. Find the resistence for the
motion of the bullet from the wooden log.
ii. A particle of weight W is pushed with a force of 3W on a rough horizontal
plane. Let the coefficient of friction be μ (μ < 1). If the time taken to travel a
distance of 𝑙m is t, show that 𝑙 = (3 − μ)

66.
i.

gt2
2

.

A lift of a mine is lifted by a rope. The mass of the lift and the man is Mkg. The
lift started from rest obtains a velocity of 4ms-1 within a distance of 6m.
a) Find the acceleration of the upwards motion and the tension of the
string.
b) If M = 300kg, deduce the value of the tension. Let g = 10ms-2. If the
mass of the man is mkg, find the reaction acting on the feet.

ii. Five concrete cubes of mass mkg is taken to a building of 10m in height using
a lift. It is rised up to a 6m height with an acceleration of ½ ms-2 from rest and
after that it travels in uniform decelaration and comes to rest at the top. If
cubes are kept on each other, find the reaction on each instance. If cubes were
kept on top of each other, find the reaction during each instance. Explain why
the reactions change. Obtain the tension of the string if M = 50kg and the mass
of the lift is 20kg. Let g = 10ms-2.
67.

ABCD is a room which can vertically move freely. Two
paprticles P and Q of mass mkg and 2mkg respectively is
hung using two strings from the roof as depicted in the
diagram.
i. Find the tension of the strings
ii. If ABCD moves upwards with an acceleration ↑
𝑎ms-2, find the tension of the strings.
iii. If m = 5kg, a = 2ms-2 and g = 10ms-2, find the
tension of the strings.
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68.

The illustration depicts a ballon filled with hot helium gas to go
up with the attached laboratory. The upward force of the
balloon is PN. The mass of the ballon and the laboratory is Mkg
and the mass of the scientist working in the laboratory is mkg.
The system has gone 25m up within 20s.
i. Find the upward force PN of the balloon.
ii. If the balloon is light, find the tensions of the four
strings with which the laboratory is hung.
iii. Find the reaction on the scientist.Let g = 10ms-2.
Obtain the observed weight difference.

69.

A worker B, who is on the first floor of a building to
paint, hangs a bucket of mass Mkg with a rope going
around a fixed pulley A.
B
i. The bucket comes to the ground from A
within 2s. Find the tension of the rope.
ii. 3mkg mass of paint is filled at ground and
is pulled the bucket to the upper floor
within 4s. Find the force applied by the
worker to drag the bucket. If M = 10, what is the force.
iii. Find the reaction between the bucket and the paint. Explain the
instance. Let g = 10ms-2.

70.

A jeep of mass Mkg pulls a trailer of mass M’kg. Let the coefficient of friction
1

be 2. A particle of mass mkg is hung from the roof of the trailer using an
inextensible string. In the first 2s, the string is inclined 45° behind the vertical
line. During the next 1 minute, it is vertical. 2s before coming to rest, the string
is inclined 45° forward to the vertical line.
i. Find the acceleration and the deceleration of the vehicle.
ii. Show that the tractive force when in motion with the acceleration
is 15 (M + m’ + m)N. Let g = 10ms-2.
iii. Also show that the total distance travelled is 1240m.
71.

A bucket of mass mkg is lowered into a well with a constant acceleration 4ms2 using a light inextensible string. It goes to the floor of the well within 3s. After
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filling water of mass 4mkg into the bucket, the bucket is pulled up with an
acceleration of 2ms-2 for 1s and after that pulled up with uniform velocity.
i. Depth of the well.
ii. The tension of the string when going down.
iii. Uniform velocity when drawing up.
iv. Initial tension of the string when pulled up.
v. Tension of the string during uniform velocity.
vi. Thrust at the bottom of the bucket during the upward motion.
vii. If m = 1kg, deduce the values found above. Let g = 10ms-2.
72.

An elevator in a building goes from its first floor to the upper most floor which
T

is hm in height. The time taken for this is Ts. In the first 3 seconds it moves with
uniform acceleration, and in the second

T
3

seconds, it goes with constant

acceleration and after that it moves with uniform deceleration. Draw a sketch
of the velocity time graph of the elevator. Show that the acceleration =
deceleration =

9hms−2
2T2

. A coin of mass m is kept on the floor of the elevator.

During different instances of the motion of the elevator, find the reaction

73.

between the coin and the floor of the elevator. What happens if h >

9

?

A lift in a building during its motion of moving down from the top, the first one
third it is at rest and comes down with a constant acceleration. In the next one
third it goes down with constant velocity. In the last one third it moves with
constant deceleration as such it comes to rest as it reaches foot of the building.
It is seen that time taken to descend is as much as time taken for a particle to
free fall four times the distance. Draw a sketch of the velocity time for the
motion. Prove that the initial reaction exerted by the floor on a man’s feet
when he’s standing in the elevator is
the last descend. ( Take g = 10ms-2 )

74.

2T2 g

23

. Find the Reaction on the man during

48

It is wanted to bring a water bucket of mass Mkg upto wall of a well which is
at a hm height. Let the maximum tension the rope can withstand safely be
2kMg(k > 1⁄2). Show that the minimum time taken for the water bucket to
kh

reach upto the well wall is 2√(2k−1)g.
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75.

Two particles P and Q of mass mkg and 2λmkg respectively is attached to two
ends of an inextensible string which goes through fixed smooth pulley A. The
system is released by keeping the two particles hm above the ground. Find the
tension of the string.
i. Find the time taken and the velocity with which the particles hit the
ground.
ii. If the horizontal plane is inextensible, find the time taken to hit the
ground and come to rest and start the motion again.
iii. If λ = 1 and h =2m, deduce that the time the particle Q is at rest on
the ground is

76.

2

15

√30. Let g =10ms-2.

Two particles P and Q of mass m1 and m2 (m2 > m1) respectively is attached to
two ends of an inextensible string which goes through fixed smooth pulley A
and the system is released from rest. Show that the common acceleration is
(m2 −m1 )g
(m1 +m2 )

2m m g

and the tension of the string is (m 1+m2 ) and if the mass of the pulley A
1

2

is m, show that the reaction on A from the axis the pulley is fixed is R =
4m1 m2 g
m1 +m2

+ mg. If m2 = 2kg, m1 = 1kg and m = 4kg deduce that the common

acceleration is

10
3

ms −2 and R =

200N
3

.

77.

On one side of an inextensible string, a particle R of mass 3mkg is attached and
on the other side two particles P and Q of mass 2mkg and mkg respectively are
attached and goes through a fixed pulley A. The system is at rest and the
particles are hanging. The particle Q falls by freeing from the string. The
motion occurred after that, find the common acceleration of the partiles P and
Q and the tension of the string. Show that at 4s, the velocity of R is 8ms-1. Let g
= 10ms-2. If at the moment the particle Q is released from the string, the pulley
is in motion downwards with g acceleration, show that the common
acceleraotion of P and R relative to A is zero. Show that T1 = 0 and explain this
instance.

78.

A particle Q of mass 2mkg is on an inextensible horizontal ground. The
inextensible string attached to it is attached to a particle P of mass 3mkg and
goes around a fixed smooth pulley A and the system is released from rest. The
height from P to the inextensible floor is am. Show that the common
g
acceleration of the system is ms −2 and also obtain the tension of the string.
5
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Show that the maximum height the particle Q reach is
2𝑎

79.

is 6√ 5g s.

6𝑎
5

m and the time taken

An inextensible string attached to a point O in the ceiling goes around a
moveable smooth pulley A of mass mkg and around a fixed smooth pulley B
hanging from the ceiling and the other end is attached to a particle P of mass
Mkg. The free parts of the string are vertical. The system is released from rest
at the moment the P particle is at a height of hm from the ground. Show that
(4M+m)h

the time taken for the particle P to come to the horizontal ground is √(2M−m)g s.
When M = 3 and m=1, deduce the time taken by the P particle to come to the

80.

ground is √

13h
5g

s.

An inextensible string is attached to a fixed point and goes around a smooth
moveable pulley B of mass m2 and above a smooth fixed pulley C and attached
to a particle m1 from the other end. The free parts of the string are vertical.
3m m g

Show that the tension of the string is (4m 1+m2 ). Show that during the time t, the
1

distance the movable pulley travelled is

2

(2m1 −m2 )gt2
2(4m1 +m2 )

mkg, deduce that the distance the pulley travelled is

. If m1 = 3mkg and m2 =
5gt2
26
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81.

Particle P of mass 2mkg is kept on a plane tan-1 3/4 inclined to the horizontal
and attached with an inextensible string which goes through a pulley A at the
top of the inclined plane and from the other end of the string, a particle Q of
mass 3mkg is attached. Q is hanging vertically. When the system is released
from rest, find the tension of the string and the acceleration of the particles in
the following instances.
i. The inclined plane is smooth.
ii. The inclined plane is rough, and the dynamic coefficient of friction
is 1/4.

82.

A particle X of mass 4kg is attached to one end of an inextensible string. The
other end Y is connected to two particles of mass 3kg and 2 kg. The string goes
around a smooth pulley A. The system is released when the particle X is on the
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smooth horizontal plane 6m below A and the string is lightly stretched. The
parts of the string which are not in contact are vertical. When the particle Y
moves a distance of 5/2 m, the particle of mass 2kg is carefully released from
the string and falls under gravity. Find the height the particle X reaches from
the table. Find the momentum of the particle X when it hits the table.
83.

Particles A and B of mass Mkg are attached to
either ends of an inextensible string and goes
around a smooth fixed pulley C. The particle A is on
the rough plane 𝛼 inclined to the horizontal. The
A
coefficient of friction is 𝜇. The string is parallel to
the maximum slope line of the inclined plane. The
particle B hangs vertically. Find the acceleration
with B goes down. Also obtain the tension of the string. If the particle B started
at C, find the velocity with which it reaches the ground. Find the momentum of
B, when it hits the ground.

84.

A particle P of mass mkg is kept on a smooth horizontal table. There is a hole
in the table at a distance of dm. P is attached to an inextensible string and it
goes through the hole and another particle Q of mass 3mkg is attached at the
other other end. The particle 3m is hanging vertically. When the system is
released from rest, find the tension of the string and the velocity with which
the particle P reach the hole. Instead of the particle Q, a light smooth pulley is
attached, and an inextensible string goes around the pulley where two
particles of mass mkg and 2mkg is attached. When the system is released show
8g

85.

that the acceleration of the particle P is 11 and find the tension of the strings.
A particle A of mass 2mkg is on a rough
horizontal plane. The string goes around a
smooth pulley P and attached to a particle B of
mass 3mkg. The coefficient of friction between
the plane and A is 1/3. The system is released
from rest when the particle B is at a height of hm
from the ground where the string is stretched.
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i. Tension of the string.
ii. If the B doesn’t bounce back after hitting the floor, and when A is in
motion and has not reached P, show that the velocity with which B
14gh

reaches the floor is √

15

.

iii. Show that the minimum length of the string is

12h
5

.

86.

AB is a smooth inclined plane. The particle P
on AB is attached to one end of an
inextensible string and goes around a smooth
pulley A and below the smooth pulley C and
above the fixed pulley D and attached to
particle Q on the smooth horizontal plane
from the other end. Find the acceleration of
the particle and the tension of the string. If AB
= am, when the particle P is released close to A, find the time taken to come to
B and the velocity at which it reaches B.

87.

A particle A of mass 20kg is at rest on a plane inclined 30° to the horizontal.
The inextensible string attached to it goes around a smooth pulley on the top
of the inclined plane and is attached to a particle of mass 13kg vertically
hanging on the other end. The parts of strings along the inclined plane is
parallel to the maximum slope of the inclined plane. After the system is
released from rest, until the particle A moves for 1m, the contact is smooth.
1

After that, its rough. The coefficient of friction is 5. Before coming to rest, find
the disatanc travelled by A. Show that, as soon as the object A started to move
3g

88.

on the rough, the tension of the string increased by 26√33 N.
The system arranged as in the diagram is released
from rest. Find the acceleration of P, Q and B.
Show that the tension of the string is

4λ mg
3λ+1

.

If k >1, show that the pulley B moves upwards. If
λ = 2m and assuming in 1s B pulley hadn’t reach
5

C, show that the displacement of B in 1s is 7 m.
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89.

Two smooth pulleys A and B of mass M1 and M2
respectively are fixed to the ceiling using two slacked
vertical rods. As illustrated in the diagram an
inextensible string goes around the pulleys A, B and the
moveable pulley C of mass m3 and two particles of mass
m1 and m2 are attached to either ends. The aparts of the
string which are not in contact with the pulleys are
vertical. By showing that the tension of the string is
4m1 m2 m3 g
,
[4m1 m2 +m3 (m1 +m2 )]

Find the force exerted on the ceiling

by the system.
90.

The inextensible string going through the smooth fixed pulley A is attached to
a particle R of mass 3mg and on the other end to a pulley B of mass m. The
inextensible string going through the smooth fixed pulley B is attached to two
particles P and Q of mass m and 2km respectively. The system is released from
rest when the particle Q is
i.

1
2

m above the ground.

Write equations to find the acceleration of P, Q, R and B and the
tension of the strings.
ii. If k = 2, find the acceleration and the tension of the strings. When
the Q particle reaches ground, assuming that particles P and R
didn’t reach the pulley, show that the velocity with which the
5

91.

1

3

particle reaches the ground is 2√3 ms −1 and the time taken is 2 √5 s.

A light smooth pulley is hung from a light string. The
inextensible string which goes around the pulley is attached to
a particle of mass 4m from one end and from the other end a
second smooth pulley of mass m is attached. The second
inextensible string which goes around the second pulley is
attached to a particle of mass m from one end and from the
other end a particle of mass 2m. As illustrated in the diagram
the system is kept at rest and released. Show that the heavier
g
object falls down with an acceleration of 23 then find the
acceleration of the other particles. Find the pull on the ceiling.
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92.

The diagram illustrates an arrangement of an object A
of mass m on a smooth horizontal table attached to a
particle E of mass m’ using a slacked inextensible
string ABCDE and small pulleys. The string goes
around the smooth fixed pulley B and D. C is a moving
smooth pulley of mass M which is held by two parts
of the string. The AB part of the string is horizontal
and the BC, CD and DE parts of the string are vertical.
If at time t the length of AB and DE aparts are x and y respectively, write the
equation for the motion of the masses m, m’ and M. Deduce that the tension T
4

1

1

is obtained by T =3 [M + m + m′] g. Hence, if
stationary.

2

M

=

1

m

+

1

m′

show that C pulley is

93.

A particle of mass Mkg is kept on a smooth
horizontal plane and an inextensible string of
length l is attached at one end and goes through
a smooth pulley A at the end of the plane and
attached to a vertically hanging particle of mass
mkg. A is hm above the inextensible floor. The
system is released from rest when the particle m is near A and the string is
slightly stretched.
i. Find the common acceleration and the tension of the string.
ii. If l>h, find the velocity with which the m hits the ground and the
time taken.
iii. Find the distance from A to the point where m hits the floor.

94.

A particle on a rough horizontal plane where the coefficient of friction is 𝜇, is
attached to particle m2 by an inextensible string going around a smooth pulley
A. Find the common acceleration of the particles where a force P is applied on
m1 as such it moves away from A. If the particle m1 moves away from A, show
that P > (μm1 + m2 )g.
i. If P = 2𝜇m1g + m2g, show that the acceleration of the particle m1 is
μm1 g
.
m +m
1

2

ii. If the distance travelled by the particle is sm in 2s and the obtained
velocity is v, find s and v.
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95.

Two particles A and B of mass 3m kg and mkg respectively are attached to the
inextensible string going around the fixed smooth pulley. The particle 3m is
above a smooth inextensible table. The system is released from rest. Find the
time taken for the particle A to hit the table. Find the time taken for A to begin
the motion again. Let g = 10ms-2.

96.

Two particles A and B of mass Mkg and mkg respectively are attached to either
end of the inextensible string. The system is released from rest by putting the
string around the fixed smooth pulley. During the time t, if A move downwards
and B upwards find the velocity of the particles. Let’s take the common
acceleration of the two particles as a ms-2.

97.

A particle of mass m1kg is on a smooth plane 30° inclined to the horizontal and
an inextensible string is attached and goes through a smooth pulley A and at
the end if is attached to a vertically hanging particle of mass m2kg. At t = 0,
the distance from m1 to the A is d m, the distance from m2 to the ground is d1m.
If the system is released from rest when 2m2 > m1 and d1 > d, show that the
(2m2 −m1 )gd

velocity with which the particle m1 comes to A is √
d(m +m )
1

A smooth pulley A is fixed at the top of two planes AB and AC inclined 30° and
45° respectively to the horizontal. The particle of mass Mkg on the AB plane is
attached to an inextensible string which is attached to a particle of mass mkg
on the plane AC. Let AB = 𝑙m. If M > √2 m and the particle M move downwards
the AB plane with the common acceleration
tension of the string is

99.

ms −1 and the

time taken is t = 2√(2m 1−m 2)g. Also obtain the tension of the string.
2

98.

(m1 +m2 )

mM(1+√2)g
2(m+M)

.

(M−m√2)g
2(m+M)

also show that the

AB is a plane which is inclined 30° to the horizontal with a coefficient of
friction

1

√3

. A smooth pulley is fixed at B. Let AB = lm. Particles P and Q of

mass m and 3m is attached to either end of an inextensible string going
around the pulley B, and particle P is at A and the particle Q is at B, and the
system is released from rest where the string is slightly stretched. C is
vertically below B on the inextensible AC plane.
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i.

Find the common acceleration of the system and the tension of the
string.
𝑙

ii. Show that the particle Q comes to C at the time √2g with the
g𝑙

velocity√ 2 .

100.

3

2𝑙

iii. Show that the during the time 2 √ g , the system comes to rest.

A particle of mass m2kg is on the rough horizontal
plane. The inextensible string attached to it goes
around the smooth pulley A and is attached to a
vertically hanging particle of mass m3kg. The
inextensible string attached to the particle m2
goes around the smooth pulley B and is attached
to a vertically hanging particle m1. Let the
coefficient of friction be 𝜇. When the system is released from rest,
i. If m1 > m3 + 𝜇m2, show that the particle m1 move downwards.
ii. If m3 > m1 + 𝜇m2, show that the particle m3 move downwards.
1

iii. If m1 = 3m, m2 = 2m, m3 = m and 𝜇 = 2 , what happens to the
system? Show that the particle m1 starts the motion from B and
𝑙

101.

g𝑙

within time 2√ reaches the ground with a velocity of √ .
g
3

The inextensible string attached to the point O in the ceiling goes around the
smooth moveable pulley A of mass Mkg and goes above a smooth light fixed
pulley B and the other end is attached to scale plate C of mass M. Unit objects
D and E each of mass mkg is kept on a scale plate as such on top of each other.
The system is released from rest. Find the acceleration of A and C, and the
tension of the string. Show that the reaction between D and E is
Show that the reaction on the scale plate is
on the ceiling.

102.

2m(3M−4m)g
5M+4m

(3M−4m)2mg
(5M+4m)

.

. Find the resultant force

One end of an inextensible string is attached to the ceiling. The string goes
below a moveable smooth pulley C of mass km and above a fixed smooth pulley
and other end is attached to a scale. There are two objects A and B as such that
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B on A. The parts of the string which are not in contact with the pulley are
vertical. The mass of A and B are m. When the system is released from rest,
find the acceleration of the particles and the tension of the strings. If k > 4,
show that the scale goes up. Find the reaction between A and B. If k = 5 and
the mass of Q is mkg, show that the force on the ceiling is
103.

103mg

In the system illustrated, the surfaces BC and CD
are smooth. Let AB be rough. Let the coefficient

13

.

1

of friction be 2√3. Smooth pulleys are fixed at B

and C. Let ABCD be fixed. Let BC be horizontal.
̂ C = 30° . The particles m1, m2 and
Let BÂD = AD
m3 are attached as illustrated in the diagram
using two inextensible strings and the system is released from rest. Show that
the motion occurs according to m1 > 2m3 or m1 <

2m3
3

. If m1 = 4kg, m2 = 2kg

and m3 = 1kg, show that the acceleration of the particles is
tension of the strings.
104.

2g
9

. Also obtain the

The diagram illustrates a fixed cross section of a wedge.
Let PA and PB be rough. Let PA = PB = 2a and those
planes are inclined 𝛼 to the horizontal. The inextensible
string goes around the smooth pulley P and are
attached to particles X and Y of mass 2mkg and mkg
respectively at the either end. Let the initial distance
from P to X be a. Let the coefficient of friction between
the particle and the plane be 𝜇. When the system is released from rest, if the
particles move, find the acceleration of the particles and the tension of the
1

strings. If 𝜇 = 4 tan 𝛼, find the speed with which the particle X reaches A. Show

that if the string is cut at that moment, the particle Y returns to starting point
1

8𝑎g𝑠𝑖𝑛𝛼 2
B with a speed of [
] . If 𝛼
5
𝑎g

to the starting point B is 2√
16

𝑎

B is 15 (4√3 + √5)√ g .

5

= 30° , show that the speed with which Y return

ms−1 . Also show that the time taken to return to
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105.

106.

PA and PB are two smooth fixed planes. At the two
ends of an inextensible string two paticles of mass m
and Mkg are attached. When the system is released
from rest, if √3 M > m, show that the particle m
move towards P. Also find the tension of the string.
If 𝑙 > d, show that the velocity with which m reaches
P is [

m+M

].

An inextensible string is attached to particle Mkg on a
smooth horizontal table goes around the smooth pulley D
at the edge of the table and around a movable smooth
pulley C and goes around a smooth fixed pulley B at the
edge of the table and goes around the pulley A on the
other end of the table and the other end of the string is
attached to the vertically hanging particle Q. When the
system is released from rest, find the acceleration of the
particles and then show that the tension of the string is
3mMg

107.

1

dg(√3M−m) 2

.

3M+m

A particle P of mass mkg is kept on a rough plane
with a coefficient of friction 𝜇. The inextensible
string attached to it goes around the smooth
fixed pulley A at the edge of the plane, and
around the smooth moveable pulley C of mass
Mkg and after that goes around the smooth fixed
pulley B and is attached to the particle Q of mass m’ on the rough horizontal
plane with the coefficient of friction 𝜇′. The system is released from rest. Find
the tension of the string and the acceleration of the particles. If the system is
in motion in manner, deduce that

108.

4

M

+

1

m′

<

2+μ′
μm

and

4

M

+

1

m

<

2+μ′
μ′m′

.

A particle mkg on a rough horizontal plane is attached to an inextensible string
which goes around a smooth pulley A at the edge of the plane, and below a
moveable pulley C of mass 4mkg, and goes around the pulley B at the end of
the plane and attached to the particle Q of mass 4mkg on the other end of the
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rough horizontal plane. The parts of the string which are not in contact with
the pulley are either horizontal or vertical. Let the coefficient of friction
between Q and the plane be 𝜇. Let the coefficient of friction between P and the
plane be 1/2.
i.

Show the tension of the string is

2𝑚𝑔
9

(5 + 2𝜇) and the acceleration

of P and Q.
ii. If 𝜇 = 1/4, deduce that P and C move but Q does not move. If at 1s,
P had not reached A, find the velocity of C.
109.

A wedge of mass Mkg is on a smooth horizontal plane. A particle of mass m is
kept on A of the AB plane inclined 𝛼 to the horizontal. A force of 4mgN is
4m

applied such that the particle moves up along AB. Show that 𝛼 < tan−1 (m+M).
When the particle moves from A to B along the plane of the wedge, show that
7𝑎mg

110.

the distance the wedge moved is 5m+M.

A wedge of mass M, which is capable of freely moving on a smooth horizontal
plane, is at rest. The inclined side of a wedge makes an 𝛼 angle with the
vertical. A particle of mass m is projected upwards from the bottom of the
wedge along the maximum slope line of the smooth inclined plane in the
vertical plane through the center of gravity of the wedge with a velocity
sufficient to just reach a maximum height of h from the horizontal plane. Find
the required projection velocity, show that the horizontal distance travelled
when the particle returns back to the wedge is

111.

4mhcotα
.
(m+M)

Let ABC be the vertical cross section through the center of a regular smooth
̂ C = π/2 and BÂC = 𝛼(< 𝜋/4), a wedge is kept on a 𝛼
wedge of mass M. AB
inclined plane to horizontal as A is below B and the side AB is along the
maximum slope line of the inclined plane. An inextensible string going through
C is attached to either ends. Two particles P and Q of mass m1 and m2
respectively are kept on sides AC and CB respectively as such the string is in
the ABC plane. If the strings are not loosened and the system is released from
rest, assume that the particles are in contact with the wedge, find,
i. Acceleration of the wedge

32

Pulleys & Wedges
ii. Acceleration of P and Q with respect to the wedge. Reaction of the
wedge on the plane. If P and Q in rest with respect to the wedge,
show that m2 = m1 sin𝛼.
112.

Cross section of a uniform wedge of mass M is an equilateral triangle. 𝐴̂ =𝐵̂ =
𝛼. The wedge is at rest as such the AB is in contact with a smooth horizontal
table. A particle of mass m is projected from A along AC with a velocity of u
2gh(M+m)

such that it just reaches the C vertex. Show that u2 = M+msin2 . Here, h is the
α

height of C which is above AB. Then, the particle goes above the C vertex and
comes into contact with the other side of the wedge. When the particle reach
B, find the distance from the wedge to its initial position.
113.

A wedge of mass M with an angle 𝛼 is kept on a smooth fixed 𝛼 inclined plane
such that its upper side is horizontal. In the beginning the system is kept at
rest. A particle of mass m is kept on the smooth horizontal side of the wedge.
Find the acceleration of the wedge and the particle. Show that the reaction of
the wedge and the plane is
space?

114.

M(M+m)g cos α
M+msin2 α

. How is the locus of the particle in the

The cross-section of a prism is the ABC triangle. Let ∠ACB = 𝜋/2, ∠CAB =
𝛼(< 𝜋/4) and AB = 𝑎. Side AB of the prism with the mass M is in contact with
a smooth horizontal table and is in rest. Two particles of unit mass m are kept
on the height point C of the prism and made to slide along the smooth sides CA
and CB. Show that the prism is at rest for time of
moves with an acceleration of

115.

mgsinα cos α
M+mcos2 α

.

2𝑎
g

cotα and the after that it

A wedge is kept on a table as such a particle of mass m is in contact with the
smooth inclined side of the wedge. The mass of the wedge is M and the angle
of the inclination to the horizontal is 𝛼. If the system is released from rest,
show that the acceleration of the wedge is

mg sinα cos α
M+msin2 α

. If the wedge moves a

distance of d when the particle travels a distance of s along the side of the
M

wedge, show that (1 + m) d = s cos α. Show that the reaction between the
M(M+m)g

wedge and the table is M+m sin2 .
α
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116.

A wedge with an inclination of 𝛼 is kept on a horizontal table. A particle is kept
at the bottom of that side of the wedge. The wedge is made to move with a
constant acceleration F along the table. If F > gtan𝛼, prove that the particle
goes up along the inclined side of the wedge. The wedge is in motion in this
manner for a period of T, after that it moves with a constant velocity. If T =
[

2gh secα

F(F cos α−g sin α)

plane.
117.

1
2

] , show that the particle reaches a vertical height of h along the

ABC is a cross section of a smooth wedge. Let
̂ C = tan−1 (4). Let the mass
AĈB = π/2. Let BA
3

be 5mkg. The wedge is on a smooth horizontal
plane. Two particles P and Q of mass mkg each
are kept on the planes of the wedge and joined
by an inextensible string. O is a fixed point on
the plane. In t time, OA = 𝑥. Let PC = y. Show
that,
i. 𝑦̇ = 5𝑥̇ .
ii. Show that 35𝑥̇ 2 + 10𝑦̇ 2 − 14𝑥̇ 𝑦̇ − 2g𝑦 = is a constant. Hence, show
g
that the acceleration of the wedge is 43. Also show that the tension
of the string is

118.

30mg
43

.

Let the cross section of the wedge be ABC.
Let the mass be Mkg. Let the AC plane be
smooth. A particle P of mass 2Mkg is on AC.
The system is released from rest. Let OA =
x and CP = y in t time. Show that,
i. 3𝑥̇ = 2𝑦̇ cos 𝛼.
ii. Show that 2𝑥̇ 2 + 2𝑦̇ 2 − 4𝑥̇ 𝑦̇ cos 𝛼 − 4g𝑦 sin 𝛼 is a constant. Also
show that the acceleration of the wedge is

119.

gsin2α

.

2−cos2α

A wedge of mass M is on a rough horizontal plane. Let the coefficient of friction
be 𝜇. If a particle of mass m is kept on the smooth 𝛼 inclined plane of the wedge
and tan 𝛼 > 𝜇, show that the acceleration is
34

(mg sin α cos α−μm gcos2 α−μMg)
(M+msin2 α−μm sin α cos α)

.
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120.

A particle of mass 5m is kept on a rough horizontal table. Let the coefficient of
friction be 𝜇. The inextensible light string attached to the particle from one end
goes around a smooth pulley at the edge of the table and a smooth light pulley
A is attached at the other end. Two particles of mass 3m and 2m are attached
at the either ends of the inextensible string going around A. The system is
released from rest. Show that the acceleration of the particle on the table is
(24−25𝜇)g

121.

24

. Deduce 𝜇 < 25. Obtain the tension of the string.

49

A smooth wedge with an 𝛼 inclination is
kept on a smooth horizontal table. Two
particles m and m’ (m > m’) are attached
to a slacked inextensible string of length
2𝑙 and goes around a small smooth peg P
on the top of the inclined plane. The
particles are in contact with the face of
the wedge. In the beginning particles are arranged as such particles are close
to each other and 𝑙 distance away from the peg. Each part of the string is not
loosened and in the maximum slope line. Prove that before the lightest
particle comes towards the peg, the acceleration of the wedge is
(m−m′)2 g sin α cos α

. Here, M is the mass of the wedge. (Assume that

M(m+m′)+4mm′ +(m−m′)2 sin2 α

the distance from the P peg to the bottom edge of the wedge is 2𝑙) Deduce
that when particle of mass m’, reaches the P peg, the wedge should have
moved a distance of
122.

𝑙(m−m′) cos α
M+m+m′

along the table.

A wedge of mass M and an 𝛼 (< 𝜋/2) inclination is kept on rough horizontal
table. Here, let the coefficient of friction be 𝜇. A smooth particle of mass m
(≥M) is projected with a velocity V upwards along the maximum slope line
through the face of the wedge. If the wedge moves, show that its acceleration
m cos α sin(α−λ)−M sinλ

is [m sin α sin(α−λ)+M cosλ] g. Here 𝜇 = 𝑡𝑎𝑛𝜆 and 0 ≤ 𝜆 < 𝛼. Find the time taken
by the particle to return to the projection point.

123.

A particle is hanging by a spring balance hung on a ceiling of a lift. The upward
motion of the lift occurs in 3 stages. In the first instance, the lift was in rest and
move up with a constant acceleration. Then the readings of the spring balance
𝑎

is (1 + g )kg. In the second instance during tos time the lift goes up with v ms-1
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with a constant velocity. Then the reading of the spring balance is 1kg. In the
third instance, the lift moves in constant deceleration until the lift comes to
𝑎

rest. Then the reading of the balance is (1 − g )kg. Here, 0 < 𝑎 ≤ g. if the total
distance travelled by the lift is hm and the total time taken is T, find the
acceleration of the lift in each instance.
i. Draw the acceleration-time graph for the motion of the lift and
deduce that to = T -

2𝑣
𝑎

.

ii. Draw the velocity-time graph for the motion of the lift, Hence, show
ℎ

that v2 – 𝑎Tv + 𝑎h = 0. Deduce that T ≥ 2√ .
g

124.

A wedge of mass M, height h and 𝛼(< 𝜇/2) inclination is kept on a large
smooth horizontal floor of a lift as such it can freely move on a direction
perpendicular to its edge. The lift moves up with a constant acceleration of 𝑎.
A particle of mass kM (k ≥ 1) is projected up from the foot of the wedge along
its face with a velocity of V. Assuming that the particle moves along the
maximum slope line of the inclined face, show that the reaction R between the
wedge and the particle is obtained at any moment of time using R =
kM(g+𝑎) cos α
1+k sin2 α

. If v >

1

2(1+k)(g+𝑎)h 2
[ 1+k sin2α ] ,

prove that the particle doesn’t return to the

projection point. What is the reaction between the particle and the floor of the
lift at any given time?
125.

A particle of mass m slide on the 𝛼 inclined smooth face of the wedge. The mass
of the wedge is M and it rests on a rough horizontal table. The coefficient of
friction between the table and the wedge is 𝜇.
i.

m sin α cos α

When it is given that μ > (M+m cos2α), show that thrust on the table

is (M + m cos2𝛼)g.

m sin α cos α

ii. When it is given that μ < (M+m cos2α), show that thrust on the table
(M+m)Mg

is M+msin α (sin α − μ cos α) then find the acceleration of the wedge.
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126.

A light smooth pulley is hung from the ceiling using a light
rope. A light inextensible string is attached to a particle of
mass 4m from one end and goes around the pulley and
attached to a second smooth pulley of mass m. The second
light inextensible string which goes around the second pulley
is attached to particles of mass m and 2m from the either
ends. The system is arranged as illustrated in the diagram
and released from rest. By showing that the heaviest particle
g
moves down with the acceleration 23, find the acceleration of
the other particles. Find the force exerted on the ceiling.

127.

A P object of mass Mkg is kept on a rough
horizontal plane and attached to light
inextensible string which goes around
smooth fixed pulley Q and attached to a
smooth moving pulley R of mass mkg. The
light inextensible string is attached to a
point O and goes around the moving pulley
R and is attached to an object S of mass 3mkg from the other end and the
system is released from rest. The height from the ground to S is hm. If 𝜇 = 1/2,
the velocity with which S reaches the ground is 12m > M, show that the
(12m−M)g

128.

acceleration is 2√

M+13m

. Also obtain the tension of the strings.

The inextensible string goes around a fixed smooth pulley A and are attached
to the particles P and Q of mass 2mkg and mkg respectively and the system is
g
released from rest. Show that the common acceleration of the particles is 3
according to the conservation of energy theorem. Obtain the tension of the
string.
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129.

An inextensible string is attached to a particle P of mass
mkg on a smooth horizontal plane and goes around a
fixed pulley A and below a smooth vertically hanging
pulley Q of mass 2mkg and above a smooth fixed pulley
R and the other end is attached to the fixed-point O in
the ground. The pulley Q is released from A as such the
system is released from rest. Show that the acceleration
of Q is

2g
3

according to the conservation of energy

theorem. Find the tension of the string. Show that the
6h

130.

time taken for Q to reach the ground is √ g .

A lift of mass m1 kg moves down with an acceleration of 𝑎 ms-2 (𝑎 < g). A man
of mass Mkg is inside the plane of the lift. A particle of mass m kg is on his
hands.
i. If the reaction between the parcel and the hand is R1, show that R1
= m (g – 𝑎).
ii. If the reaction between the feet of the man and the lift is R2 kg, show
that R2 = (m+M) (g – 𝑎).
iii. If the tension of the cable which gives force to the lift is T, show that
T = (M+m+M1) (g – 𝑎).
iv. When the man drops the parcel, assuming that the acceleration of
the lift doesn’t change, find T and R2 for the following instances.
a) The parcel is in motion in the space.
b) The parcel drops onto the inextensible floor of the lift.
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131.

A smooth wedge of mass M and angle α is placed on a fixed smooth plane of
inclination α to the horizontal, in such a way that the upper face of the wedge
is horizontal; on this horizontal face is placed a particle of mass m, and the
system is released from rest. Write down the equations of motion, to
determine the accelerations of the particle and the wedge. Prove that the
acceleration of the particle is of magnitude

132.

(M + m)g sin2 α
M + m sin2 α

. What is its direction?
2000 A/L

A particle of mass m slides down a smooth face, of inclination α to the
horizontal, of a wedge of mass M which is free to move on a smooth horizontal
table. Show that the acceleration of the wedge is
reaction between the particle and the wedge.

mg sin α cos α
M+m sin2 α

and find the
2001 A/L

133.

The diagram gives a vertical cross-section ABC of a wedge of mass M with
smooth faces AB and AC, inclined at angles ϕ and θ(sin 2 ϕ > sin 2 θ)
respectively to the horizontal.
Two particles P and Q, each of mass m, slide
down along AB and AC respectively. If the wedge
is fixed, find the accelerations of P and Q.
If the wedge is smooth and free to move on a
fixed smooth horizontal plane, write down the
equations to determine the acceleration of the
wedge and the particles relative to the plane.
mg (sin 2 ϕ−sin 2 θ)

Show that the wedge moves with an acceleration 2[M+m (sin2 θ+

sin2 ϕ)]

When

𝜃 = ϕ show that the wedge moves with uniform velocity and hence, or
otherwise, find the accelerations of P and Q.
2003 A/L
134.

The figure represents a vertical cross section of a smooth block of mass M with
PQ and RS inclined at an angle α to the horizontal, and QR and PS being
horizontal. A smooth light inelastic string passes over two small smooth
pulleys at Q and R. Two small smooth particles A and C of masses m1 and m3
respectively are attached to the ends of the string. A third small smooth
particle B of mass m2 is attached to the string in between Q and R. The block is
free to move on a smooth horizontal plane. Write down equations to
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determine the acceleration of the block
relative to the plane, the accelerations of
the particles relative to the block, and
the tensions in the portions AB and BC
of the string. If mass of the particle B is
negligible, show that the tensions in the
two portions AB and BC of the string are the same.
If, further the mass of the block is also negligible, show that each of the
2m1 m2

magnitudes of the reactions of the block on A and C is equal to m
135.

1 + m3

g cos α.

2004 A/L

Two smooth pulleys A and B of masses M1 and M2
respectively are fixed to a ceiling with two vertical
light rods. A light inelastic string passes round A, B
and a movable smooth pulley C of mass M3, with
particles of masses m1 and m2 attached to the ends
of the string, as shown in the figure. The portions
of the string not in contact with the pulleys are
vertical.
Show that the tension in the string is
exerted by the system on the ceiling.

4 m 1 m 2 M3 g

4 m1 m2 + M3 (m1 + m2 )

and find the force
2005 A/L

136.

A smooth wedge of mass M, rests on a smooth horizontal table. Initially, a
particle of mass m is gently placed on its face inclined at an angle α to the
horizontal. Show, using the principle of conservation of momentum, or
otherwise, that when the particle has acquired a velocity v relative to the
mv cos α
wedge, the velocity of the wedge is M+m .
If, at this instant, the particle impinges on an inelastic obstacle fixed to the
wedge and comes to rest relative to the wedge, find the velocity of the wedge
and the impulse on the table.
2006 A/L

137.

A light inextensible string passes over a light smooth pulley fixed to the ceiling
of a lift and carries particles of masses m and Km (K > 1) at its ends. The lift is
made to move vertically upwards with constant acceleration F, and at the same
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time, the particles are released from rest. Find the acceleration of each particle
relative to the lift and show that the tension in the string is
the value of F in order that the heavier particle is stationary.

2 Km
K+1

(g + F) Find
2007 A/L

138.

A smooth wedge of mass M rests on a smooth horizontal table. A particle of
mass m is placed on a face of the wedge, of inclination α to the horizontal and
is projected with velocity V up a line of greatest slope of the face. Show that
the magnitude of the acceleration of the wedge and the magnitude of the
acceleration of the particle relative to the wedge are in a constant ratio.
Show further that the particle returns to its starting, point on the wedge after
a time

139.

2V (M+m sin2 α)
(M+m)g sin α

2008 A/L

The cross-section of a smooth wedge of mass 2m, through its centre of mass,
is a triangle ABC right-angled at C. A small smooth pulley is fixed at the vertex
̂ C being 600. A light inextensible string passes over the pulley
A, the angle BA
and has particles P and Q of masses 3m and m respectively attached to its ends.
The wedge is placed on a smooth horizontal table with the face BC in contact
with the table. The particle Q is held at rest vertically below A, in contact with
the vertical face AC and the particle P lying on the inclined face AB. If Q is now
set free, show that the acceleration of the wedge is
the string.

√3𝑔
23

and find the tension in
2009 A/L

140.

A light inextensible string of length 𝑙 attached
to a point O on a vertical wall passes over a
smooth pulley fixed at the vertex A of the
triangular vertical cross section ABC of a
smooth wedge of mass M through its centre
of mass. With the face through BC placed on a
fixed smooth horizontal floor. A particle P of mass m is attached to the other
end of the string and the string is kept taut in a vertical plane as shown in the
diagram, with OA being horizontal.
If F is the magnitude of the acceleration of the wedge relative to the floor and
𝑓 is the magnitude of the acceleration of the particle P relative to the wedge,
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show that f = F. If AC is inclined to the horizontal at an angle α, write down the
equations of motion for the particle P along AC, and for the system
horizontally.
Hence or otherwise, show that the wedge moves towards the wall with an
mg sin α

acceleration M+2m (1−cos α) The system is initially at rest with B at a horizontal

distance d from the vertical wall If PC is greater than d, show that B will strike
2d {M+2m (1−cos α)}

the wall after a time√

mg sin α

2d mg sin α

with speed√M+2m (1−cos α) Show also

that, the speed of the particle P relative to the floor, just before B strikes the
dmg sin α (1−cos α)

wall, is √

141.

M+2m (1−cos α)

2010 A/L

One end of a light inextensible string which passes over a
smooth fixed pulley carries a particle of mass 2m. The string
passes under a smooth light pulley which carries a particle of
mass m. The other end of the string is attached to a ceiling as
shown in the figure. The system moves freely under gravity. Show
2

that the tension of the string is 3 mg.
142.

2011 A/L

A small smooth pulley is fixed at the vertex A of
the triangular vertical cross-section ABC of a
smooth wedge of mass 2m through its centre of
mass. The face through BC is placed on a fixed
smooth horizontal table. It is given that AB and
AC are lines of greatest slope of the relevant faces
̂ C = AĈB = α . Two smooth particles P and
and AB
Q of masses m and λ m (λ > 1) respectively, are
attached to the ends of a light inextensible string. The string passes over the
pulley and the particles P and Q are placed on AB and AC respectively, with the
string taut as shown in the figure. The system is released from rest. Obtain the
equations of motion for the particles P and Q along BA and AC respectively,
and for the system horizontally. Show that the magnitude of the acceleration
(λ−1) (λ+3) g sin α

of each of the particles P and Q relative to the wedge is (λ+ 1)[(λ+3)− (λ+1)cos2 .
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When the particle Q reaches C, the string is suddenly broken. Assuming that P
has not reached the pulley, write down the magnitude of the acceleration of
the particle P relative to the wedge just after the string is broken.
2011 A/L
143.

One end of a light inextensible string is attached to a ceiling which is at a height
of 3 meters from a horizontal floor. The string passes under a smooth light
movable pulley P to which a particle of mass m is fixed and then over a smooth
light pulley fixed to the ceiling. A particle Q of mass M (>m) is attached to the
other end of the string. When the movable pulley P and the particle Q are at
1

heights 2 metres and 1 metre respectively from the floor and the portions of

the string not in contact with pulleys are vertical, the system is released from
rest. Find the acceleration of the particle Q and the tension of the string. Show
4M+m

that the particle Q will reach the floor after time √(2M−m)g seconds and the
1

pulley P will rise to a height 2 +
144.

145.

3M

4M+m

metres from the floor.

A particle of mass m rests on a fixed smooth plane inclined
at an angle α to the horizontal and is connected by a light
inextensible string passing over a small smooth pulley at
the top of the plane to a mass M (M > m sin α) hanging
freely. The system is released from rest with the mass M
close to the pulley with the string taut and lying in a line
of greatest slope of the plane, as shown in the diagram.
Show that the speed v of the particle of mass m when it
has moved a distance d upwards along the plane is given
by (M + m)v2 = 2gd (M -msin α).

2012 A/L

2013 A/L

The triangle ABC is a vertical cross-section through the centre of gravity of a
uniform smooth wedge of mass M. The line AC and BC are lines of greatest
slope of the respective faces, and the lines BA and AC make equal angles α
π

(0 < α < 4 ) with BC.
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The wedge is placed with the face containing
BC on a fixed smooth plane of inclination α to
the horizontal, with AB horizontal as shown in
the figure. Two particles P and Q of masses m1
and m2 respectively, placed on AB and AC
respectively are connected by a light
inextensible string which passes over a small
smooth pulley at the vertex A. The system is
released from rest with the string taut.
Write down the equations of motion, for the particle P along BA, for the
particle Q along AC and for the whole system along BC, in order to determine
the acceleration of each particle relative to the wedge and the acceleration of
the wedge. Show that if m1 = m2, the acceleration of each particle relative to
the wedge is zero, and the magnitude of the acceleration of the wedge is g sin
α.
2013 A/L
146.

Two particles A and B of masses m and 2m respectively are attached to the
two ends, of a light inextensible string of length 2l, which passes over a fixed
small light smooth pulley C. The system is held with each particle at a depth l
below C and released from rest in this position. Using the principle of
conservation of energy, show that the speed V of each particle after moving a
distance x (< l) is given by v2 =
of the system.

2gx
3

, Hence or otherwise, find the acceleration
2015 A/L

147.

The triangle ABC in the given figure represents a
vertical cross-section through the centre of gravity
of a uniform smooth wedge of mass M. The line AB
̂C
is a line of greatest slope of the face contain it, AB
π
= α, AĈB = 2 and BC = a. The wedge is placed with

the face containing BC on a smooth horizontal floor.
A particle of mass m is gently placed on the line AB
at the point A and released from rest. Show that
until the particle leaves the wedge, the acceleration of the wedge is
mg sin α cos α
M+m sin2 α

and find the acceleration of the particle relative to the wedge.
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π

Now, suppose that α = and M =
4

5m
2

show that the speed of the wedge at the
2ag

instant when the particle wedge leaves the wedge is √ 21
148.

2014 A/L

The triangle ABC in the given figure
represents a vertical cross section
through the centre of gravity of a
uniform smooth wedge of mass M.
There is a thin smooth groove DE
parallel to BC, within the wedge. The
lines AB and AC are the lines of
greatest slope of the respective faces,
̂ C= a and BA
̂ C = π.
AB
2

The wedge is placed with the face containing BC on a fixed smooth horizontal
table. Two particles P and Q each of mass m, placed on DE and DB respectively,
are connected by a light inextensible string which passes over a small smooth
m
light pulley at the point D. A particle S of mass 2 is placed at a point on AC, and

the system is released from rest in this position, with the string connecting P
and Q taut.
Write down the equations of motion for particle P along ED, for particle Q
along DB and for particle S along AC. Further, write down the equation of
motion for the whole system along BC. Hence show that the acceleration of the
mg sin α
wedge is
in the direction of ⃗⃗⃗⃗⃗
BC.
2M+3m−2m cos α

149.

2015 A/L’

The triangle ABC in the figure is a vertical cross section through the centre of
gravity of a uniform wedge of mass 2m. The line AB is a line of greatest slope
̂ C = π.
of the face containing it and AB
4
The wedge is placed with the face containing
BC on a rough horizontal floor. The face
containing AB is smooth. A particle of mass m
is held on AB as in the figure and the system
is released from rest. It is given that the
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wedge moves in the direction of ⃗⃗⃗⃗⃗
BC and that the magnitude of the frictional
R

force exerted on the wedge by the floor is ,
6

where R is the magnitude of the normal reaction exerted on the wedge by the
floor. Obtain equations which are sufficient to determine R, in terms of m and
g.
2016 A/L
150.

In the diagram, PABCD is a light inextensible string
attached to a particle of mass m placed on a fixed
smooth plane inclined at 300 to the horizontal. The
string passes over a fixed small smooth pulley at A
and under a smooth pulley of mass 2m. The point D
is fixed, PA is along a line of greatest slope, and AB
and CD are vertical. The system is released from
rest with the string taut. Show that the magnitude
of the acceleration of the particle is twice the
magnitude of the acceleration of the movable pulley and write down equations
sufficient to determine the tension of the string.
2017 A/L

151.

The trapezium ABCD shown in the
B
figure is a vertical cross-section
through the centre of gravity of a
smooth uniform block of mass 2m.
The lines AD and BC are parallel,
and the line AB is a line of greatest
slope of the face containing it. Also,
̂ D = α where 0 < α < π and cos α = 3. The block is placed with
AB = 2a and BA
2

5

the face containing AD on a smooth horizontal floor.
A light inextensible string of length l (> 2a) passes over a small smooth pulley
at B and has a particle P of mass m attached to one end and another particle Q
of the same mass m attached to the other end. The system is released from rest
with the string taut, the particle P held at the mid-point of AB and the particle
Q on BC, as shown in the figure. Show that the acceleration of the block relative

45

Past Papers
to the floor is

4

17

g and find the acceleration of P relative to the block. Also, show
17a

that the time taken by the particle P to reach A is √ 5g .
152.

2017 A/L

A particle P of mass m in and a particle Q of mass λm are
attached to the two ends of a light inextensible string which
passes over a smooth fixed pulley. The system is released
from rest, with the string taut, as shown in the figure.
g
The particle P moves downwards with acceleration . Show
2

1

that λ = . If the particle P strikes a horizontal inelastic floor
3
with speed v and the particle Q never reaches the pulley, find
the time taken by the particle Q to reach the maximum
height from the instant when the particle P struck the floor.

Q
P

2018 A/L
153.

̂ D = π, shown in the figure, is a
The trapezium ABCD such that AB = a and BA
6

vertical cross-section through the centre of gravity of a smooth uniform block
of mass 2m. The lines AD and BC are parallel, and the line AB is a line of
greatest slope of the face containing it. The block is placed with the face
containing AD on a smooth horizontal floor.
A particle P of mass m is placed at the point A and it is given a velocity u along
7ga
⃗⃗⃗⃗⃗
as shown in the figure. Show that the retardation of P
AB, where u2 =
3

relative to the block is

2g
3

and find the velocity of the particle P relative to the

block when the particle P reaches B. Also,
there is a small hole on the upper face of the
block at the point E on BC such that
𝐵𝐸 =

√3𝑎
. By considering
2

the motion relative to the
block, show that the particle P will fall into the hole at E.
2018 A/L
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154.

Two particles, A and B, each of mass m,
attached to the two ends of a light inextensible
string which passes over a smooth fixed pulley,
hang in equilibrium. A small bead C, also of
mass m, released from rest from a point at a
distance a vertically above A, moves freely
under gravity and collides and coalesces with A
(see the figure.). Write down equations
sufficient to determine the impulse of the string
at the instant of the collision between A and C,
and the velocity acquired by B just after the
above collision.

C
m
a
A

B

m

m

2019 A/L
155.

The triangles ABC and LMN
in the figure, are vertical
cross - sections through the
centers of gravity of two
identical smooth uniform
wedges X and Y
respectively, with 𝐴𝐶̂ 𝐵 =
̂ 𝑀 = 𝜋 and 𝐴𝐵̂ 𝐶 =
𝐿𝑁
3

̂ 𝑁 = 𝜋 such that the faces
𝐿𝑀
2

A

L

Q

P

2m

m

C

𝜋
3

Y

X
3m
B

M

containing BC and MN are
placed on a smooth horizontal floor. The wedge X of mass 3m
is free to move on the floor and the wedge Y is kept fixed. The lines AC and LN
are the lines of greatest slope of the relevant faces. Two ends of a light
inextensible string passing over two smooth small pulleys fixed at A and L,
are attached to particles P and Q of masses m and 2m, respectively. At the
initial position, the particles P and Q are held on AC and LN respectively such
that AP = AL = LQ = a and the string taut, as in the figure. The system is
released from rest. Obtain equations sufficient to determine the time taken
by X to reach Y in terms of a and g.
2019 A/L

47

N

Past Papers
156.

Two particles A and B, each of mass m, attached to the
two ends of a light inextensible string which passes over
a fixed smooth pulley are in equilibrium with the
particle A at a height 𝑎 from a horizontal floor and the
particle B touching the floor, as shown in the figure.

Now, the particle A is given an impulse 𝑚𝑢 vertically
downwards. Find the velocity of the particle A just after

the impulse. Write down the time taken by A to reach the floor.
2020 A/L
157.

The triangle ABC in the figure is the
vertical

cross-section

through

the

centre of gravity of a smooth uniform
wedge of mass 3m with 𝐴𝐶̂ 𝐵 = 𝛼,
𝜋
𝐴𝐵̂ 𝐶 = 2 and AB = 2𝑎 such that the face

containing BC is placed on a smooth
horizontal floor. The line AC is a line of

greatest slope of the face containing it.
The point D is a fixed point in the plane of ABC such that AD is horizontal. Two
particles P and Q of masses m and 2m, respectively are attached to the two ends of
a light inextensible string of length 3𝑎 passing over smooth small pulleys fixed at
A and D. The system is released from rest with the particle P held on AC and the
particle Q hanging freely such that 𝐴𝑃 = 𝐴𝐷 = 𝐷𝑄 = 𝑎, as shown in the figure.
Obtain equations sufficient to determine the time taken by the particle Q to reach
the floor.
2020 A/L

48

