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136. 9709 _s20 qp_41 Q: 7

0.3kg

Q0 02kg
[ ]

1.5m

A particle P of mass 0.3 kg, lying on a smooth plane inclined at 30° to the horizontal, is released from
rest. P slides down the plane for a distance of 2.5 m and then reaches a horizontal plane. There is no
change in speed when P reaches the horizontal plane. A particle Q of mass 0.2kg lies at rest on the
horizontal plane 1.5 m from the end of the inclined plane (see diagram). P collides directly with Q.

(a) Itis given that the horizontal plane is smooth and that, after the collision, P conti moving in
the same direction, with speed 2 ms.

Find the speed of Q after the collision. [5]
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(b) Itis given instead that the horizontal plane is rough and that when P and Q collide, they coalesce

and move with speed 1.2ms™

Find the coefficient of friction between P and the horizontal plane. [5]
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137. 9709_s20 qp_43 Q: 2

A minibus of mass 4000 kg is travelling along a straight horizontal road. The resistance to motion is
S00N.

(a) Find the driving force when the acceleration of the minibus is 0.5 m § 2, [2]

(b) Find the power required for the minibus t@m a constant speed of 25 ms~!. [2]
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138. 9709 s20 qp 43 Q: 7

2mkg

0.8m

Two particles A and B, of masses 3mkg and 2mkg respectively, are attached to the e f a light

inextensible string. The string passes over a fixed smooth pulley which is attached to ge of a
plane. The plane is inclined at an angle 6 to the horizontal. A lies on the plane and vertically,
0.8 m above the floor, which is horizontal. The string between A and the pulley i to a line of

greatest slope of the plane (see diagram). Initially A and B are at rest. Py

(a) Given that the plane is smooth, find the value of 8 for which A re rest. [3]

It is given instead that ough, 6 = 30° and the acceleration of A up the plane is 0.1 ms~2.

(b) Show that the iction between A and the plane is 3. [5]

€1
10

?"t.’PapaCambridge



"
] o
-"Pﬁop aCambrldge CHAPTER 4. NEWTON’S LAWS OF MOTION

(¢) When B reaches the floor it comes to rest.

assume that A does not reach the pulley.]

[4]

Find the length of time after B reaches the floor for which A is moving up the prou may
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139. 9709 W20 qp 41 Q: 2

A car of mass 1400 kg is moving along a straight horizontal road against a resistance of magnitude
350N.

(a) Find, in kW, the rate at which the engine of the car is working when it is travelling at a constant
speed of 20m sh. [2]

(b) Find the acceleration of the car when its speed is 20 and the engine is working at 15kW.
{ 3 [3]
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140. 9709 W20 qp 41 Q: 5

CHAPTER 4. NEWTON’S LAWS OF MOTION

Two particles of masses 0.8 kg and 0.2 kg are connected by a light inextensible string that passes over
a fixed smooth pulley. The system is released from rest with both particles 0.5 m above a horizontal
floor (see diagram). In the subsequent motion the 0.2 kg particle does not reach the pz

nsion in the

(a) Show that the magnitude of the acceleration of the particles is 6 m s~2 and
string. [4]
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(b) When the 0.8 kg particle reaches the floor it comes to rest.
Find the greatest height of the 0.2 kg particle above the floor. [3]
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141. 9709 W20 qp_42 Q: 6

A block of mass 5 kg is placed on a plane inclined at 30° to the horizontal. The coefficient of friction
between the block and the plane is u.

(a)

Fig. 6.1

When a force of magnitude 40 N is applied to the block, acting up the plane & a line of
greatest slope, the block begins to slide up the plane (see Fig. 6.1).

Show that u < %\/5
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Fig. 6.2

When a force of magnitude 40 N is applied horizontally, in a vertical plane containing a line of
greatest slope, the block does not move (see Fig. 6.2).

Show that, correct to 3 decimal places, the least possible value of u is 0.152. 0 [4]
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CHAPTER 4. NEWTON’S LAWS OF MOTION

142. 9709 W20 _qp 43 Q: 7

As shown in the diagram, particles A and B of masses 2kg and 3 kg respectively are attached to the
ends of a light inextensible string. The string passes over a small fixed smooth pulley which is attached
to the top of two inclined planes. Particle A is on plane P, which is inclined at an angle of 10° to the
horizontal. Particle B is on plane Q, which is inclined at an angle of 20° to the horizontal. The string
is taut, and the two parts of the string are parallel to lines of greatest slope of their respective planes.

(a) Itis given that plane P is smooth, plane Q is rough, and the particles are in limiting equilibrium.

Find the coefficient of friction between particle B and plane Q. [5]
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(b) Itis given instead that both planes are smooth and that the particles are released from rest at the
same horizontal level.

Find the time taken until the difference in the vertical height of the particles is 1 m. [You should
assume that this occurs before A reaches the pulley or B reaches the bottom of plane Q.] [6]
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143. 9709 _s19 qp_42 Q: 4

CHAPTER 4. NEWTON’S LAWS OF MOTION

A constant resistance to motion of magnitude 350 N acts on a car of mass 1250kg. The engine of the
car exerts a constant driving force of 1200 N. The car travels along a road inclined at an angle of 8 to

the horizontal, where sin 8 = 0.05. Find the speed of the car when it has moved 100 m from rest in
each of the following cases.

e The car is moving up the hill.

e The car is moving down the hill. [7]

?‘]'PapaCambridge



T"’_']’PapaCambridge

199

144. 9709 _s19 qp_42 Q: 5

Two particles A and B, of masses 0.4 kg and 0.2 kg respectively, are connected by a light inextensible
string which passes over a fixed smooth pulley. Both A and B are 0.5 m above the nd. The
particles hang vertically (see diagram). The particles are released from rest. In the subs@ motion
B does not reach the pulley and A remains at rest after reaching the ground.

(i) For the motion before A reaches the ground, show that the magnitude of tion of each
particle is % ms~2 and find the tension in the string. [4]
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(ii) Find the maximum height of B above the ground. [4]
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145. 9709 s19 qp 43 Q: 4

13kg | A
B | 0.7kg
o
1.75m l
1m

Two particles A and B, of masses 1.3 kg and 0.7 kg respectively, are connected by a lig tensible
string which passes over a smooth fixed pulley. Particle A is 1.75 m above the flo rticle B
is 1 m above the floor (see diagram). The system is released from rest with ut, and the

particles move vertically. When the particles are at the same height the string

particle is 3 m s2

[4]

(i) Show that, before the string breaks, the magnitude of the accelerati
and find the tension in the string.
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(ii) Find the difference in the times that it takes the particles to hit the ground. [6]
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146. 9709 w19 qp 41 Q: 3

A block of mass 3 kg is at rest on a rough plane inclined at 60° to the horizontal. A force of magnitude
15 N acting up a line of greatest slope of the plane is just sufficient to prevent the block from sliding
down the plane.

(i) Find the coefficient of friction between the block and the plane. [5]
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The force of magnitude 15 N is now replaced by a force of magnitude X N acting @ne of greatest
slope.

(ii) Find the greatest value of X for which the block does not move. ‘\ [2]
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147. 9709 w19 qp 41 Q: 4

36 N

Two blocks A and B of masses 4 kg and 5 kg respectively are joined by a light inextensible string. The
blocks rest on a smooth plane inclined at an angle « to the horizontal, where tan o = 2—1. The string is
parallel to a line of greatest slope of the plane with B above A. A force of magnitude 36 N acts on B,
parallel to a line of greatest slope of the plane (see diagram).

(i) Find the acceleration of the blocks and the tension in the string.
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(ii) At a particular instant, the speed of the blocks is 1 m s71. Find the time, stant, that it
takes for the blocks to travel 0.65 m. [2]
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148. 9709 w19 qp 41 Q: 5

FN

45N

75N

A small ring P is threaded on a fixed smooth horizontal rod AB. Three horizontal forces of magnitudes
4.5N, 7.5N and F N act on P (see diagram). 0

(i) Given that these three forces are in equilibrium, find the values of F" and 6. Q
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the ring is 1.5 ms™2. Find the mass of the ring.

(2]

(ii) It is given instead that the values of F" and 6 are 9.5 and 30 reé*l , and the acceleration of
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149. 9709 w19 qp 41 Q: 6

A particle of mass 0.4 kg is released from rest at a height of 1.8 m above the surface of the water in a
tank. There is no instantaneous change of speed when the particle enters the water. The water exerts
an upward force of 5.6 N on the particle when it is in the water.

(i) Find the velocity of the particle at the instant when it reaches the surface of the water. [2]

(ii) Find the time that it takes from the instant when the parti the water until it comes to
instantaneous rest in the water. You may assume that th, eep enough so that the particle
does not reach the bottom of the tank. [4]
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(iii) Sketch a velocity-time graph for the motion of the particle from th ébich it is released
until it comes to instantaneous rest in the water. * [3]
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150. 9709 w19 _qp_42 Q: 6

A block of mass 3kg is initially at rest on a rough horizontal plane. A force of magnitude 6 N is
applied to the block at an angle of 8 above the horizontal, where cos 8 = %. The force is applied for
a period of 5 s, during which time the block moves a distance of 4.5 m.

(i) Find the magnitude of the frictional force on the block. [4]

(ii) Show that the co
3 significant figur

friction between the block and the plane is 0.165, correct to
[3]
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(iii) When the block has moved a distance of 4.5 m, the force of magnitude 6 N is removed and the
block then decelerates to rest. Find the total time for which the block is in motion. [4]
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151. 9709 w19 qp 42 Q: 7

Two particles P and Q, of masses 0.3 kg and 0.2 kg respectively, are attached to the ends of a light

inextensible string. The string passes over a fixed smooth pulley which is attached to the edge of a
3

smooth plane. The plane is inclined at an angle 6 to the horizontal, where sin6 = 5. P lies on the
plane and Q hangs vertically below the pulley at a height of 0.8 m above the floor (see ). The
string between P and the pulley is parallel to a line of greatest slope of the plane. ed from

rest and Q moves vertically downwards.
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CHAPTER 4. NEWTON’S LAWS OF MOTION

Q hits the floor and does not bounce. It is given that P does not reach the pulley in the subsequent

motion.

(ii) Find the time, from the instant at which P is released, for  to reach the floor. [2]

(iii) When Q hits the floor the string becomes slack. Find the time, from the in hich P is
released, for the string to become taut again. [4]
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152. 9709 w19 _qp_43 Q: 7

N
N

A B
e o
mkg T kmkg
0.81m

i

Two particles A and B have masses mkg and km kg respectively, where k > 1. The particles are
attached to the ends of a light inextensible string. The string passes over a fixed smooth.pulley and
the particles hang vertically below it. Both particles are at a height of 0.81 m above hori ground
(see diagram). The system is released from rest and particle B reaches the gro r. The
particle A does not reach the pulley in its subsequent motion.

(i) Find the value of k and show that the tension in the string before BK ground is equal

to 12m N.

(71
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CHAPTER 4. NEWTON’S LAWS OF MOTION

At the instant when B reaches the ground, the string breaks.

(ii) Show that the speed of A when it reaches the ground is 5.97 ms™!, correct to 3 significant figures,
and find the time taken, after the string breaks, for A to reach the ground. [4]

(iii) Sketch a velocity-
released until A re

ph the motion of particle A from the instant when the system is
the oround. [2]
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153. 9709 _ml18 qp 42 Q:1

Two particles A and B, of masses 0.8 kg and 0.2 kg respectively, are connected by a light inextensible
string that passes over a fixed smooth pulley. The particles hang vertically. The system is released

from rest. Show that the acceleration of A has magnitude 6 m s~ and find the tension in the string.

[4]
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154. 9709 _ml18 qp 42 Q: 4

A particle of mass 12kg is on a rough plane inclined at an angle of 25° to the horizontal. A force of
magnitude PN acts on the particle. This force is horizontal and the particle is on the point of moving
up a line of greatest slope of the plane. The coefficient of friction between the particle and the plane

is 0.8. Find the value of P. [6]
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155. 9709_s18 qp_41 Q: 3

A particle P of mass 8 kg is on a smooth plane inclined at an angle of 30° to the horizontal. A force
of magnitude 100 N, making an angle of 8° with a line of greatest slope and lying in the vertical plane
containing the line of greatest slope, acts on P (see diagram).

(i) Given that P is in equilibrium, show that 8 = 66.4, correct to |1 decimal place, and find the normal
reaction between the plane and P. [4]
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156. 9709 _s18 qp_42 Q: 7

1.6kgé 2.5m

As shown in the diagram, a particle A of mass 1.6kg lies on a horizontal plane and a particle B of
mass 2.4 kg lies on a plane inclined at an angle of 30° to the horizontal. The particles are connected
by a light inextensible string which passes over a small smooth pulley P fixed at the top of the inclined
plane. The distance AP is 2.5 m and the distance of B from the bottom of the inclined plane is 1 m.
There is a barrier at the bottom of the inclined plane preventing any further motion of B. The part BP
of the string is parallel to a line of greatest slope of the inclined plane. The particles are released from
rest with both parts of the string taut.

(i) Given that both planes are smooth, find the acceleration of A and the tension in th@g. [5]
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(ii) Itis given instead that the horizontal plane is rough and that the coefficient of friction between A
and the horizontal plane is 0.2. The inclined plane is smooth. Find the total distance travelled
by A. [9]
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157. 9709 w18 qp_41 Q: 1

A particle of mass 0.2 kg moving in a straight line experiences a constant resistance force of 1.5 N.

When the particle is moving at speed 2.5m s™!, a constant force of magnitude F N is applied to it in
the direction in which it is moving. Given that the speed of the particle 5 seconds later is 4.5ms™!,

find the value of F. [4]
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158. 9709 w18 qp 41 Q: 4

Two particles A and B, of masses mkg and 0.3 kg respectively, are attached to the ends of a light
inextensible string. The string passes over a fixed smooth pulley and the particles hang freely below
it. The system is released from rest, with both particles 0.8 m above horizontal ground. Particle A
reaches the ground with a speed of 0.6 ms™'.

(i) Find the tension in the string during the motion before A reaches the ground. [4]
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159. 9709 w18 qp 41 Q: 6
A particle is projected from a point P with initial speed ums~! up a line of greatest slope PQR of a
rough inclined plane. The distances PQ and QR are both equal to 0.8 m. The particle takes 0.6 s to
travel from P to Q and 1 s to travel from Q to R.

(i) Show that the deceleration of the particle is %m s~ and hence find u, giving your answer as an

exact fraction. [6]
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(ii) Given that the plane is inclined at 3° to the horizontal, find the value of the coefTicient of friction
between the particle and the plane. [4]
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160. 9709 w18 qp 42 Q: 4

0.7kg

Two particles P and Q, of masses 0.4kg and 0.7 kg respectively, are attached to the ends of a light
inextensible string. The string passes over a fixed smooth pulley which is attached to the edge of a
rough plane. The coefficient of friction between P and the plane is 0.5. The plane is inclined at an
angle o to the horizontal, where tan o = %. Particle P lies on the plane and particle Q hangs vertically.
The string between P and the pulley is parallel to a line of greatest slope of the plane (see diagram).

A force of magnitude X N, acting directly down the plane, is applied to P.

(i) Show that the greatest value of X for which P remains stationary is 6.2.
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(ii) Given instead that X = 0.8, find the acceleration of P. [4]
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161. 9709 w18 _qp_43 Q: 5

Y
N

03ke @ ® 05ke

hm

Two particles P and Q, of masses 0.3kg and 0.5 kg respectively, are attached to the ends of a light
inextensible string. The string passes over a fixed smooth pulley with the particles hanging freely
below it. Q is held at rest with the string taut at a height of # m above a horizontal floor
Q is now released and both particles start to move. The pulley is sufficiently high s
reach it at any stage. The time taken for Q to reach the floor is 0.6 s.

1agram)
oes not

(i) Find the acceleration of (Q before it reaches the floor and hence find
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( remains at rest when it reaches the floor, and P continues to move upwards.

(ii) Find the velocity of P at the instant when Q reaches the floor and the total time taken from the
instant at which Q is released until the string becomes taut again. [3]
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162. 9709 _ml17 qp 42 Q: 6

Two particles of masses 1.2 kg and 0.8 kg are connected by a light inextensible string that passes over
a fixed smooth pulley. The particles hang vertically. The system is released from rest with both
particles 0.64 m above the floor (see diagram). In the subsequent motion the 0.8 kg particle does not
reach the pulley.

(4]

(i) Show that the acceleration of the particles is 2 m s~2 and find the tension in
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(ii) Find the total distance travelled by the 0.8 kg particle during the first second after the particles
are released. [8]
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163. 9709 s17 qp_ 41 Q: 2

A particle of mass 0.8 kg is projected with a speed of 12ms™" up a line of greatest slope of a rough
plane inclined at an angle of 10° to the horizontal. The coefficient of friction between the particle and
the plane is 0.4.

(i) Find the acceleration of the particle. [4]

(ii) Find the distance moves up the plane before coming to rest. [2]
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164. 9709 s17 qp 41 Q: 7

As shown in the diagram, a particle A of mass 0.8 kg lies on a plane inclined at an angle of 30° to the
horizontal and a particle B of mass 1.2 kg lies on a plane inclined at an angle of 60° to the horizontal.
The particles are connected by a light inextensible string which passes over a small smooth pulley P
fixed at the top of the planes. The parts AP and BP of the string are parallel to lines of greatest slope
of the respective planes. The particles are released from rest with both parts of the string taut.

(i) Given that both planes are smooth, find the acceleration of A and the tension in L@ng. [6]
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(ii) It is given instead that both planes are rough, with the same coefficient of friction, u, for both
particles. Find the value of u for which the system is in limiting equilibrium. [6]
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165. 9709 _s17_qp_43 Q: 7

CHAPTER 4. NEWTON’S LAWS OF MOTION

Two particles A and B of masses mkg and 4 kg respectively are connected by a light inextensible
string that passes over a fixed smooth pulley. Particle A is on a rough fixed slope which is at an angle
of 30° to the horizontal ground. Particle B hangs vertically below the pulley and is 0.5 m above the
ground (see diagram). The coefficient of friction between the slope and particle A is 0.2.

(i) Inthe case where the system is in equilibrium with particle A on the point of moving directly up
the slope, show that m = 5.94, correct to 3 significant figures.

?‘]’PapaCambridge



237

T‘:_']’PapaCambridge

(ii) In the case where m = 3, the system is released from rest with the string taut. Find the total
distance travelled by A before coming to instantaneous rest. You may assume that A does not
reach the pulley. [8]
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166. 9709 w17 qp_ 41 Q: 1

A block of mass 3kg is initially at rest on a smooth horizontal floor. A force of 12N, acting at an
angle of 25° above the horizontal, is applied to the block. Find the distance travelled by the block in
the first 5 seconds of its motion. [4]

T"j_']'PapaCambridgzje



* jPPapaCambridge .

167. 9709 _wi17_qp_41 Q: 7

Two particles A and B of masses 0.9kg and 0.4 kg respectively are attached to the ends of a light
inextensible string. The string passes over a fixed smooth pulley which is attached to the top of two
inclined planes. The particles are initially at rest with A on a smooth plane inclined at angle 8° to the
horizontal and B on a plane inclined at angle 25° to the horizontal. The string is taut and the particles
can move on lines of greatest slope of the two planes. A force of magnitude 2.5 N is applied to B
acting down the plane (see diagram).

(i) For the case where 6 = 15 and the plane on which B rests is smooth, find the acceleration of B.

[51
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(ii) For a different value of 8, the plane on which B rests is rough with coefficient of friction between
the plane and B of 0.8. The system is in limiting equilibrium with B on the point of moving in
the direction of the 2.5 N force. Find the value of 6. [5]
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168. 9709 w17 qp_ 42 Q: 1

A particle of mass 0.2 kg is resting in equilibrium on a rough plane inclined at 20° to the horizontal.

(i) Show that the friction force acting on the particle is 0.684 N, correct to 3 significant figures. [1]

The coefficient of friction between the particle and the plane is 0.6. A forcea
applied to the particle down a line of greatest slope of the plane. The particle
plane.

(ii) Find this acceleration.
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169. 9709 w17 _qp_42 Q: 6

CHAPTER 4. NEWTON’S LAWS OF MOTION

Q

Two particles P and @, each of mass m kg, are attached to the ends of a light inextensible string. The
string passes over a fixed smooth pulley which is attached to the edge of a rough plane. The plane is
inclined at an angle « to the horizontal, where tan o = 27—4. Particle P rests on the plane and particle Q

hangs vertically, as shown in the diagram. The string between P and the pulley is parallel to a line of
greatest slope of the plane. The system is in limiting equilibrium.

4
3

(i) Show that the coefficient of friction between P and the plane is
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A force of magnitude 10N is applied to P, acting up a line of greatest slope of the plane, and P

accelerates at 2.5ms 2.

243

(ii) Find the value of m. [5]
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170. 9709_w17_qp_43 Q: 3

A particle is released from rest and slides down a line of greatest slope of a rough plane which is
inclined at 25° to the horizontal. The coeflicient of friction between the particle and the plane is 0.4.

(i) Find the acceleration of the particle. [4]

(ii) Find the distanc y the particle in the first 3 s after it is released. [2]

?‘]'PapaCambridge



* jPPapaCambridge ,

171. 9709 _ml16 qp 42 Q:4

A particle P of mass 0.8 kg is placed on a rough horizontal table. The coefficient of friction between
P and the table is u. A force of magnitude 5 N, acting upwards at an angle o above the horizontal,
where tan o = %, is applied to P. The particle is on the point of sliding on the table.

(i) Find the value of p. [4]

(ii) The magnitude of the force acting on P is increased to 10N, with the direction of the force
remaining the same. Find the acceleration of P. [3]
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CHAPTER 4. NEWTON’S LAWS OF MOTION

Two particles A and B, of masses 0.8 kg and 0.2 kg respectively, are connected by a light inextensible
string. Particle A is placed on a horizontal surface. The string passes over a small smooth pulley P
fixed at the edge of the surface, and B hangs freely. The horizontal section of the string, AP, is of
length 2.5 m. The particles are released from rest with both sections of the string taut.

(i) Given that the surface is smooth, find the time taken for A to reach the pulley. [5]

(ii) Given instead that the surface is rough and the coefficient of friction between A and the surface
is 0.1, find the speed of A immediately before it reaches the pulley. [51
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10ke

Two particles of masses 5Skg and 10kg are connected by a light inextensible string that passes over
a fixed smooth pulley. The 5 kg particle is on a rough fixed slope which is at an angle of « to the
horizontal, where tan o = %. The 10kg particle hangs below the pulley (see diagram). The coefficient

of friction between the slope and the 5 kg particle is % The particles are released from rest. Find the
acceleration of the particles and the tension in the string. o [71
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~

A particle A of mass 1.6 kg rests on a horizontal table and is attached to one end of a light inextensible
string. The string passes over a small smooth pulley P fixed at the edge of the table. The other end of
the string is attached to a particle B of mass 2.4 kg which hangs freely below the pulley. The system
is released from rest with the string taut and with B at a height of 0.5 m above the ground, as shown
in the diagram. In the subsequent motion A does not reach P before B reaches the ground.

(i) Given that the table is smooth, find the time taken by B to reach the ground. 0 [5]

(ii) Given instead that the table is rough and that the coefficient of friction betw d the table is
%, find the total distance travelled by A. You may assume that A does pulley. [7]
®

N\
0(
°

Q°Q0
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A particle of mass 0.1 kg is released from rest on a rough plane inclined at 20° to the horizontal. It is

given that, 5 seconds after release, the particle has a speed of 2ms™!.

(i) Find the acceleration of the particle and hence show that the magnitude of the frictional force
acting on the particle is 0.302 N, correct to 3 significant figures. [3]

(ii) Find the coefficient of friction between the particle and the plane. [2]
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A particle of mass 2 kg is initially at rest on a rough horizontal plane. A force of magnitude 10N is
applied to the particle at 15° above the horizontal. It is given that 10 s after the force is applied, the
particle has a speed of 3.5ms™!.

(i) Show that the magnitude of the frictional force is 8.96 N, correct to 3 significant figures. [3]

(ii) Find the coefficient of friction between the particle and the plane. [3]
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A 7

t Floor

Particles P and (), of masses 7kg and 3 kg respectively, are attached to the two ends of a light
inextensible string. The string passes over two small smooth pulleys attached to the two ends of a
horizontal table. The two particles hang vertically below the two pulleys. The two particles are both
initially at rest, 0.5 m below the level of the table, and 0.4 m above the horizontal floor (see diagram).

(i) Find the acceleration of the particles and the speed of P immediately before it reaches the floor.

(4]

(ii) Determine whether Q comes to instantaneous rest before it reaches the pulley di @mve it.
(2]
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A block of weight 6.1 N slides down a slope inclined at tan™' (%) to the horizontal. The coefficient of

friction between the block and the slope is %. The block passes through a point A with speed 2ms™'.
Find how far the block moves from A before it comes to rest. [5]
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Particles A and B, of masses 0.3kg and 0.7 kg respectively, are attached to the ends of a light
inextensible string. Particle A is held at rest on a rough horizontal table with the string passing over
a smooth pulley fixed at the edge of the table. The coefficient of friction between A and the table
is 0.2. Particle B hangs vertically below the pulley at a height of 0.5 m above the floor (see diagram).
The system is released from rest and 0.25 s later the string breaks. A does not reach the pulley in the
subsequent motion. Find

(i) the speed of B immediately before it hits the floor, e [9]
(ii) the total distance travelled by A. [3]
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> !
o 0.5 | ®
|
re 0 I
t |
hm !
_2 ————————————————
'
Fig. 1 Fig. 2

Two particles P and Q have masses mkg and (1 — m) kg respectively. The particlesatached to
s h rest with

the string taut and both straight parts of the string vertical. P and Q are eac
horizontal ground (see Fig. 1). P is released and Q moves downwards. S 1
ground and comes to rest. Fig. 2 shows the velocity-time graph for P s moving downwards

or is at rest on the ground. (
(i) Find the value of A. [2]
(ii) Find the value of m, and find also the tension in the stgi ile J is moving. [6]

(iii) The string is slack while Q is at rest on the grou the total time from the instant that P is
released until the string becomes taut agai [3]

?‘]’PapaCambridge



T‘f]’PapaCambridge

255

181. 9709 _s15 _qp 43 Q: 6
A small box of mass 5kg is pulled at a constant speed of 2.5ms™' down a line of greatest slope
of a rough plane inclined at 10° to the horizontal. The pulling force has magnitude 20 N and acts
downwards parallel to a line of greatest slope of the plane.
(i) Find the coefficient of friction between the box and the plane. [5]

The pulling force is removed while the box is moving at 2.5 m sl

(if) Find the distance moved by the box after the instant at which the pulling force is removed. [4]
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A particle of mass 0.5 kg starts from rest and slides down a line of greatest slope of a smooth plane.
The plane is inclined at an angle of 30° to the horizontal.

(i) Find the time taken for the particle to reach a speed of 2.5 ms. [3]

When the particle has travelled 3 m down the slope from its starting point, it reaches rough horizontal
ground at the bottom of the slope. The frictional force acting on the particle is 1 N.

(if) Find the distance that the particle travels along the ground before it comes to rest. [3]
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A lorry of mass 24 000 kg is travelling up a hill which is inclined at 3° to the horizontal. The power
developed by the lorry’s engine is constant, and there is a constant resistance to motion of 3200 N.

(i) When the speed of the lorry is 25ms™!, its acceleration is 0.2 ms 2. Find the power developed
by the lorry’s engine. [4]

(ii) Find the steady speed at which the lorry moves up the hill if the power is S00kW and the
resistance remains 3200 N. [2]
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FN
70° 20N
A 30° 0 .Ll_'s_.o > B
RN

10N

A small bead Q can move freely along a smooth horizontal straight wire AB of length 3m. Three
horizontal forces of magnitudes F'N, 10N and 20N act on the bead in the directions shown in the
diagram. The magnitude of the resultant of the three forces is RN in the direction shown in the
diagram.

(i) Find the values of F and R. [5]

(ii) Initially the bead is at rest at A. Tt reaches B with a speed of 11.7ms"'. Find @ss of the
bead. [3]
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e ot
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A smooth inclined plane of length 2.5 m is fixed with one end on the horizontal floor and the other
end at a height of 0.7 m above the floor. Particles P and Q, of masses 0.5 kg and 0.1 kg respectively,
are attached to the ends of a light inextensible string which passes over a small smooth pulley fixed
at the top of the plane. Particle Q is held at rest on the floor vertically below the pulley. The string is
taut and P is at rest on the plane (see diagram). Q is released and starts to move vertically upwards
towards the pulley and P moves down the plane.

(i) Find the tension in the string and the magnitude of the acceleration of the particles before Q

reaches the pulley. % [51

At the instant just before Q reaches the pulley the string breaks; P continues to m he plane
and reaches the floor with a speed of 2ms.

(if) Find the length of the string. ‘\ [3]

°
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0.195 N
? 4
9
0.195 N

Fig. 1 Fig. 2

A small ring of mass 0.024 kg is threaded on a fixed rough horizontal rod. A light inextensible string
is attached to the ring and the string is pulled with a force of magnitude 0.195 N at an angle of 8 with
the horizontal, where sin 8 = 15—3 When the angle 0 is below the horizontal (see Fig. 1) the ring is in
limiting equilibrium.

(i) Find the coefficient of friction between the ring and the rod. [6]
When the angle 0 is above the horizontal (see Fig. 2) the ring moves. 0

[4]

(ii) Find the acceleration of the ring.
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Particles A and B, of masses 0.35kg and 0.15 kg respectively, are attached to the ends of a light
inextensible string which passes over a fixed smooth pulley. The system is at rest with B held on the
horizontal floor, the string taut and its straight parts vertical. A is at a height of 1.6 m above the floor
(see diagram). B is released and the system begins to move; B does not reach the pulley. Find

(i) the acceleration of the particles and the tension in the string before A reaches the @ [4]

(ii) the greatest height above the floor reached by B. [3]
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